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Introduction



Insects represent the most successful groups antenglescribed animal
fauna. Out of 5.57-9.8 million estimated animalghe world, about 4-8 million
species are insects, which implies that three-fsudf the total described living
organisms present on earth are insects (LokeshamariShantibala, 2010). Insects
show remarkable uniqueness in both species diyaasi abundance. The origin of
insects was dated to the Early Ordovician periol79-million years ago), insect
flight to the Early Devonian period (~406 Ma), timajor extant lineages belong to
the Mississippian period (~345 Ma) and the majovediification of the
holometabolous insects to the Early Cretaceouo@dMisof, 2014; Mayer et al.,
2014).

In every terrestrial ecosystem, insects play keplagical roles in
functionally various ecological processes includmgrient cycling, seed dispersal,
bioturbation, pollination, and pest control. Insg@s drivers of ecosystem functions,
play a pivotal role in agro-ecology, the managenwnagricultural systems in an
ecologically sound and sustainable way by encongaghe existing ecosystem
services (ES) (Jankielsohn, 2018). Terrestrialdtssare typical in contributing to

the biodiversity to a great extent.

Insects have always been predominantly considassdompetitors in the
race for their own survival. The dominant biotitateonship found to be existing in
the ecosystem is the insect-plant relationship.pQsmduction possesses a direct
proportion with ecosystem functions provided byeuts, thus proving insects to be

vital part of human survival. Globally, the insqmillination services estimated to



contribute 9.5% to the total yield of crop prodaoatiin the agricultural sector.
Insects also improve fertility of agricultural soiby increasing nitrogen,
phosphorous, potassium, calcium and magnesium tal pootein content which
significantly elevates the crop yield.

Along with the development in agricultural praeS¢ pests became co-
evolved as an unavoidable fauna. Due to the incelef pests, the crop productivity
grown for human consumption is at great risk (Og8@06). As a result the insect
pest has become the major constraints for agri@allitrop sector. Among the pest
fauna, the frequent visitors affecting the vegetabhclude different species under
the orders Lepidoptera, Homoptera, Hemiptera, GQxéa, Orthoptera, Diptera,
Thynanoptera and Acarina. The pests are reallyeptibte to seeds, roots, stems,
leaves and fruit. The range of insect damage usteiges from reduced plant vigor
to plant death hence causing heavy crop loss. Todenof insect damage is by
chewing foliages, sucking juices, laying eggs aaddmitting diseases. The proper
identification of insect pests is an essential stepheir proper management and
control of successful vegetable farming, hencetéethe beginning of a successful
integrated pest management (IPM) strateegies. Alaegest screening provides
early warning of problems allowing favourable ecmim ecological, and social

consequences.

Cucurbits contribute an important group of vegktatrops, extensively
cultivated in both subtropical and tropical coussti The subfamily Cucurbitoideae
specifically includes all the cultivable specieseTruit of Cucurbita maxima is the
largest known fruit among all flowering plants @aegy. In the world, the prime and
popular cucurbit crop is watermelon, followed bycember produced from the
leading producing countries China and Turkey. Tamily incorporates about 130
genera and 800 species. The important genera ixtluake Trichosanthes,
Lagenaria, Luffa, Benincasa, Momordica, Cucumis, Citrullus, Cucurbita,
Bryonopsis and Corallocarpus. Cucurbit plants were used as traditional herbal
remedies against various diseases as anti-inflaomgnatntitumor, hepatoprotective,

cardiovascular and immunoregulatory agents. The lmeesnof this group have



always been considered as rich source of prot&ith, many biological activities
like anti-fungal, anti-bacterial, antiviral, antiathetic, anti-tumor and anti-AIDS.
They also reported to incorporate several bioact@mpounds such as
cucurbitacins, triterpenes, sterols and alkaloidsrbivorous insects cause 18%

damage of world agricultural production.

As the insects forms an important and diverse grou the field of
agricultural entomology, their accurate speciestifieation becomes difficult. The
systematics and IPM are invariably interdependemnt iterconnected. Thus the
advancement in the area of taxonomic knowledgesléadbetter pest management.
As the basic foundation of all the meaningful bgal research is confined to
biosystematics, taxonomy plays an important rolpest management programmes
(Narendran, 2001).

The Classical Taxonomy is the conventional oritraahl taxonomy method
based mainly on the external morphology which isthupported and supplemented
by ethological and ecological data (Sheeba andridiaae, 2008). The availability of
taxonomical and identification experts has redugedecent times. Hence, the
alternative sources for accurate and prompt ideatibn which a non expert can
perform are in requisite. Systematics includes naxay, identification,
nomenclature and classification. The basic foundatf biological research is the
biosystematics of the organisms. Better controhséct pest is directly proportional
to enhancement of taxonomic knowledge. Molecularkera are considered as the
indispensable tools used for determining the genetriation and biodiversity with
high levels of accuracy and reproducibility. Thes®lecular markers can be
classified as mitochondrial and nuclear markerse Trtitochondrial DNA markers
commonly used are 12S rDNA > 16S rDNA > cytochrdoe control region (CR)
in their decreasing order of conserved sequendass the highly conserved
sequences is 12S rDNA and highly variable is CRe fiaclear markers commonly
used for DNA fingerprinting include random ampldipolymorphic DNA (RAPD),
restriction fragment length polymorphism (RFLP), pdiffred fragment length
polymorphism (AFLP) and microsatellites.



The properties of ideal molecular marker are:Aaingle-copy gene used
which is satisfied by the mitochondrial and nucléanctional genes; (b) easy
alignment (c) optimum substitution rate (d) easwikability; (e) minimum base
variation among the taxa (Arif and Khan, 2009). &tallar phylogenetics is one
aspect of molecular systematics, comprehending uke of molecular data
in taxonomy and biogeography. There exist a pasitirelation between molecular
phylogenetics and molecular evolution. The mutaiahmolecular levels, mainly in
gene sequences and proteins, during various plodsaglution lead to molecular
evolution. Molecular phylogenetics makes inferened®er confirmation of the
evolutionary relationships of molecular evoluticenke resulting in the construction

of a phylogenetic tree (Patwardhan et al., 2014).

The identification of insects based on the traddi perspective is quite
difficult because their morphological changes mayuse due to seasonal and
geographic variation. Organisms alter themselvesysiplogically and
morphologically to thrive in the adverse conditioifiese mutations accumulate
leading to the changes in the species outlook hemseilting in the misleading
towards species identification. The molecular dat@ comparatively more
numerous and consistent than fossil records, e@smtain, have no sampling bias,
hence helps to correct the gaps in real fossilrosc¢eading to construct a robust
phylogenetic tree. The molecular data are genebal$ed on nucleic acids and, each
nucleotide position, considered as a character twlidndependent. Normally the
morphological adaptations of organisms are mirrdreds cellular biomolecules
and vice versa. In the absence of correct ideatibia of the pest organisms, it is

quite difficult to chart their proper pest managebtsrategy.

DNA sequences help in establishing the speciesrsity, allow analyzing
evolutionary relationships within groups, identifgi specimens and resolving
species boundaries in populations of exhibitingaaeptly similar organisms. A
short standardized sequence of DNA fragment (400-8p) generated in
characterization of almost all species is the bpsaiciple of DNA barcodes. DNA

barcoding shows users to efficiently recognize kmospecies for the speedy



discovery of species found in nature. The mairegatfor the DNA barcoding is to
use the information of specific or a few gene ragito identify all life.

The site-specific nucleotide or the domain spedimino acid substitution
models and the phylogenetic analyses of both ntidee@and amino acid sequences
directs to statistically robust and congruent rsstilence resolving controversial
phylogenetic relationships. The closely relateccegseare likely to have higher rate
of accumulation of new mutations. DNA sequenceyaislof a uniform target gene
to enable species identification has been terd@i¢d barcoding, similar with the
Uniform Product Code barcodes on manufactured goddse analysis of
mitochondrial cytochrome oxidase subunit | (COIl) sequences among closely
related species across diverse phyla in the arkimgtom help to distinguish better
species discrimination (Hebert et al., 2003a). Eyddc nuclear genes encoding for
the 18S rRNA, the 5.8S rRNA and the 28S rRNA suisumire organized in
tandemly repeated units, separated by transcrib&®,(ITS1 and ITS2) and non-
transcribed (IGS) spacers. The largest subunit,S288nit is composed of a mosaic
of core regions and hypervariable expansion segnetéo known as Divergent
Domains (Hassouna et al., 1984; Bennet-Clark, 1984)

Metazoan mitochondrial DNA (mtDNA) are doubleastied, circular with
size ranging from approximately 14-39 kb, enogdi3 protein-coding genes
(COI — lll, Cytb, ND1 — 6, ND4L, ATP6, and ATP8),rRNA genes (16S and 12S
rRNAs), and 22 tRNA genes. Additionally, it alsospesses the adenine (A) +
thymine (T)-rich region, which serve as the origmh heavy-strand mtDNA
replication in case of vertebrates (Gholamzadehlaoekara, 2016). The popularity
of mtDNA in both phylogenetics and population genetudies is based upon
i) developments in methodology of mtDNA isolatiar), nucleotide differences
detection using restriction enzymes iii) PCR depsients and iv) DNA

amplification using universal primers.

Molecular systematic studies proved that the gé6€d and COIl) evolved
at an appropriate rate for the phylogenetic recangon at the generic level. Both
the COI and COIl genes codes for two out of sevelypeptide subunits in the
cytochrome ¢ oxidase complex. The COI gene sizestih500 bp. Both are applied



in phylogenetic problems at a wide range of hidraa levels in insects, in closely
related species to genera and subfamilies, famitied orders. The most slowly
evolving COI gene and 12S rRNA is most appropriatdulfiling the putative

phylogenetic accuracy in distinguishing the taxeitierent taxonomic level.

The DNA barcodes and molecular taxonomic tools iftsect pests of
Cucurbitaceae of Kerala remain unexplored. Furtimerphological identification of
eggs and early instar larvae, damaged specimensagments of specimens are
difficult and limited taxonomic expertise promotddNA-based identification
system. They act as important tool for species tifieation in biomonitoring.
Therefore the identification of insects in the ramult stage using conventional
taxonomy is a wearisome process. Therefore theecbidentification of insect
fauna helps in better control measures and IPM.

In the present study, molecular barcoding and quesetic assessment of
insect pest of Cucurbitaceae from selected distraft Kerala using COIl gene
sequences were performed. The mitochondrial paail sequences were used for
the construction of phylogenetic tree and to amalysylogenetic relationships. The
genetic divergence and nucleotide composition efdhtire insect pest is also well
studied.

Objectives of the Present Study

. To study the genetic structure of mitochondriabceyitrome oxidase subunit |
gene in the common insect pests of Cucurbitaceae $elected districts of

Kerala.
. To analyze the genetic divergence within and betvekerent pest species.
. To develop mitochondrial cytochrome oxidase sublugéne sequence based

barcode for the proper identification of these ahgeests.

. To determine the evolution and phylogenic statughef insect pests of
Cucurbitaceae of Kerala.
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Review of Literature



Insects are the fellow inhabitants of our Eartlil(& and Cranston, 2014).
They are the most exuberant and diverse group artttngnimal fauna. They are
economically and ecologically important and are aid@ to exploit every
conceivable environment (Chandra, 2011; Raman .et2all4). They play very
crucial role that ensures numerous ecosystem sarvihich are important aspects
of human livelihood (Raman et al., 2014). Aimosteth fourth of the total living
creatures on earth are identified as insects (BedQ02). Out of the 5.51 — 9.8
million estimated animals in the world, 4-8 millorare filled up by the Class
Insecta (May, 1990; Hammond, 1995). Even thouglerg precise check listing of
Indian fauna are not yet been done accurately,oappately 0.1 million insect
species belong to Indian sub continent (Venkate2f@y7). Recent data estimated
that the number of described insect species indyrerossed one million (current
status ~1,060,704). Insects represent 61 — 71% guh&0 — 1.74 million described
eukaryotic species (May, 1990; Costello et al.,1201

Insects are important because of their divergtglogical niche and their
influence on environment, agriculture, human healid natural resources. Insects
create a biological foundation for all terrestrgiosystems. They are promising in
cycling nutrients, pollinate plants, disperse seessintain soil structure and
fertility, control populations of other organismsdaprovide a major food source for
other taxa. Generally insects are habitat specificnature and hence, highly
sensitive to disturbances, particularly habitagfn@ntation and pollution (Kearns et
al., 1998; Aizen and Feinsinger, 1994; Ashworthaet 2004). Especially the



terrestrial insects are the most different gatlysrirof creatures on earth and

contribute to the biodiversity to a huge degreah(@i et al., 2016).

Most of the insect radiations likely rely on thmal size, along with short
generation time, sensory and neuromotor complegigjutionary interaction with
plants and organisms, metamorphosis and versatilged adults. The substantial
time taken since the beginning of each significens#ect group has permitted
numerous opportunities for ancestry diversificatidresent day species decent
variation results from either higher rates of spgon or lower rate of species
elimination from the pool (Gullan and Cranston, £201nsects are fundamental and
accompany various ecosystem functions, such agenusupplement reusing, plant
propagation counting pollination and seed dispersBheir ecologies are
unimaginably variable. Maintenance of plant commuastructure and composition
through phytophagy, including seed sustaining, isbument for insectivorous
vertebrates, maintenance of animal community sirectthrough transmission of
malady of vast creatures, predation and paratizadiosmaller ones (Gullan and
Cranston, 2014).

Most of the described insect species are verysiodod hence it necessitates
efficient and appropriate sampling techniques fogirt collection (Russo et al.,
2011). The accurate and prompt documentation adcissis the most important
aspect for the study of their biodiversity and gapan dynamics (Althaf et al.,
2016). Certain coleopteran insects like beetles giiound dwelling insects like ants
(formicidae), soil insects etc can be sampled tipnopitfall trapping method. The
diurnal insects that are low flying can be collécspecifically through various traps
like Malaise trap and Sweep net method (Marinand Dutra, 1997; Aguiar and
Santos, 2010; Malaise, 1937; Mazon and Bord26®8). There are thousands of
diverse nocturnal insect species that cannot Ismply collected by these
conventional methods and in such cases light trepps the best method
(Szentkiralyi, 2002).

The present insect fauna consisted of represeasatiom the four important

stages of evolution. The first evolutionary stagecludes wingless insects,



exemplified in the existing fauna by two orderss frhysanura (silver fish) and the
Entotrophi. This phylogenetic assemblage of winglessects is termed the
Apterygota. The second stage in the evolution séats is the development of wing
during the lowest Carboniferous strata. The firsiged insects or Paleoptera had a
simple wing articulation and were capable of fleximem back and forth even at
rest. The third stage in insect evolution begatm wie modification of certain plates
of wing articulation in order to permit wing flexgnand these insects are called
Neoptera. Later, the Paleopterous insects whichddo be dominant during the
Carboniferous and Permian, began to wane and tbptbia started to flourish. This
trend in insect evolution continued to the predene, 90% of the existing orders
including 97% species are now Neoptera (Carpet@33). The development of a
complex metamorphosis is the fourth stage of ewmiytwhere the larvae show

slight resemblance with the adult.

One of the most challenging issues before theogist is the disentangling
evolutionary background of the arthropods. Arthidgare grouped mainly into five
principal general gatheringsz. Trilobites (extinct since the end of the Paleozoi
~4,000 species described); Cheliceriformes (~75,868cribed living species);
Crustaceans (~50,000 described living species);idggds (~14,000 described
living species) and Hexapods (~ 8,78,000 to 1.Hianilliving species). There
reported a close sister group relationship betwkentwo phyla namely Tardigrada
and Arthropoda (Garey et. al., 1996). About 1.02.8% million described arthropod

species are found in practically all environmeptaidition over the earth.

Among the 150,000 described species, the rankintpeo insect orders is
Coleoptera, Lepidoptera, Diptera and Hymenopteraheir abundance (Grimaldi
and Engel, 2005; Beutel and Pohl, 2006). The plefetic courses of action of the
higher gatherings of insects have always been aggtative since Linnaeus. The 32
(approximately) surviving hexapod orders contairylbeathe most assorted, diverse
and universal creatures on earth. Great advancebkas made through the
examination of anatomical highlights exemplified Byodgrass (1933) and the

epistemological unrest realized by Hennings (1968)is convention proceeds



through the basic and mechanical work decribed bgtéhsen (1975, 1981, 1991,
1995 and 1998). Most recently molecular data or latib-atomic grouping
information have offered extra data on occasiortremendous (Kristensen and
Skalski, 1998). This investigation mainly endeavimrgoordinate novel sub-atomic
information with the anatomical and conduct hightgyanalyzed in the course of

recent hundreds of years (Wheeler et al., 2001).

The described members of the Class Insecta atpegdoin 29 orders. About
80% of all the described living species are comimgler the orders Coleoptera,
Diptera, Hymenoptera and Lepidoptera of which tbh&eapterans are far leading
ahead followed by Lepidoptera and Diptera (Polasz2®05). Approximately
4,00,000 species of the insect fauna are well knagvplant feeders. According to
Strong et al. (1984), the phytophagous insects makaearly 25% of living species
on the earth. The members of the orders Hemipteaidoptera and Orthoptera are
almost entirely phytophagous (Brues et al., 1994 effect of insects, as plant
feeding organisms exceeds that of all other anifaaha (Grimaldi and Engel,
2005). Since history, humans practiced agricultarap production; pests became
inevitable part of their crops (Jankielsohn, 201&Imost all the insects
predominantly perceived certain competition in ittrace for survival. The insect-
plant relationship is one of the dominant biotitenactions in the nature (Samways,
1993). Approximately half of described insect speciare categorized as
herbivorous, with most of the species feeding @nisl in one or some related plant
families (Schoonhoven et al., 2005). Herbivorouseats together cause 18%
damage of world agricultural production (Losey araughan, 2006). Insects are
vital for human survival, because crops can onlypbeduced with a balanced
ecosystem functions provided by insects. Around 7&%he world’s crops are
dependent on insects for pollination directly adtiractly (Dicke, 2017). Pollinating
insects improve and stabilize the yield of onedtaf all types of crop production by

volume globally (Schwagerl, 2016).

10



| nsects as Pests

Phytophagous insects can be potential pests #mhave deadly effect on
the host, but only less than 2% have reached #tassbf being minor pest. The
insect defoliators have devastating effect on thewth (Mott et al.,, 1957) and
survival of the forest trees (Morris, 1951), and edter the forest-ecosystem balance
function (Naiman, 1988; Carson et al., 2008). Feunlagists have the argument that
the world’s most destructive insects are the ptempers (Nault, 1994). They cause
more than $1.23 billion losses to rice every yeaimty from feeding injury and by
transmission of plant viruses reported from Sowgh@aia (Herdt, 1987). According
to Baron (1972), the desert locusts have seveeetedhn African crops. Pfadt (1962)
reported various pests from corn, cotton, fruitsugeholds, legumes, livestock,

poultry, small grains, stored products, and vedetatops.

Major insect pests in agriculture are usuallyddtrced species without their
natural biological control agents (Pimentel, 201hfroduced insect species are
responsible for 5-8 billion USD annual damage amwitrol costs (Pimentel, 2014).
The transmission of plant-diseases through insest been known since long
(Leach, 1940). For instance, sugarcaacc¢harum officinarum L.) is the most
important cash-cum-industrial crops of Bangladestafl et al., 1987; Begum et al.,
2004, 2006). In the world it is ranked second igayroduction but in Bangladesh
it ranks first (Ahad et al., 1987). Insect pestsnal cause damage ranging from 20-
60% of productivity (Alam, 1967). Among the recaddiactors of yield reduction;
insect pests inflicts considerable losses, estidnatde nearly 20% in cane yield and
15% in sugar recovery (Avasthi and Shafee, 1988weéver, according to various
studies, about 70 species of the insect pests baem identified to feed on

sugarcane in Bangladesh.

Among the insect pests of Black pepper, the kihgpies, biting black ants
(Tetramorium species), black pepper flea beetlsorgitarsus species), leaf gall
thrips (Liothrips species) and stink bugs (Pentatomidae) were redordlatively
with high infestation and damage level from almalssurveyed areas (Girma et al.,

2008; Purseglove et al., 1981). The pepper is tefely about 56 general species of

11



insects damaging various parts of plant such as stem, shoot, leaves, spikes and
berries (Devasahayam, 2000). Among them,pbiu beetle is considered as major
pest depending on the severity and extent of darfalpeved by top shoot borer,
leaf gall thrips and scale insects.

Almost twenty species of insect pests were comstleas prominently
destructors in paddy fields of Jaffna, Sri LankaiuWgoban and Ramanan, 2014).
Thirteen insect species were recorded from graneBbuses of Northern Cyprus
during the study. It was determined that among th&smen species were primary,
four species were secondary, and two species wkgvely insignificant (Gozuacik
et al., 2016). Some insect pests initiate damagtheatcrop ripening stage and
continue their damage throughout till storage. Majources of infestations include
old bags, storage structure, old containers, aomdscover infestation (Hem and
Mohan, 1950; Srivastava and Subramanian, 2016).

The insect pests of stored grain are categorigedagor or minor pests based
on the severity of damage. On the basis of thedifeg preference, these are further
grouped as external and internal feeders. Extéeralers are the insects feeding on
germ and endosperm from outside. Hence the whelé aed germinal portion are
damaged. These insect pests or any of their demgigtages are generally visible
among the seeds e.g. rice weevil, pulse beetleagyaveevil, Angoumois moth etc.
On the other hand internal feeders mostly lay eéggjde or on the surface of grains,
spending a part or entire larval and pupal lifadesthe grains and emerge as an
adult. They contribute significant loss of germioatwhich is not detectable from
outside. Secondary feeders include insects andsmwtieich develop after the
primary infestation by other pests and they feedcaihand broken seeds, moulds
and detritus, dead insects, animal wastes e.g.mmmgrain mite, cheese mites, and
psocids. These damage result in ultimate loss whigation, contamination such as
webbing and ball formation and inconspicuous detation of grains or seeds. The
damage by these also invites fungal activity, hoitsfprmation and moisture

migration across the stored grains (SrivastavaSarmamanian, 2016).
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The dipterans, true flies or two winged flies, #ire most diverse insect order
with a current record nearly 1,60,000 extant sgefi®ape et al., 2011). They are
highly diverse in structure, life habits, habitaplitation and interactions with
human (Henning et al., 1982; McAlpine et al., 198&arvas and Papp, 2000; Brown
et al.,, 2001; Skevington and Dang 2002; Pape ¢R@09; Marshall and Sinclair,
2012). The Diptera have colonized almost all sbrhabitat leaving open sea and
glaciers. The group includes approximately 40 fasiland more than 55,000
species worldwide (Pape et al.,, 2011). A large remf fruit flies belongs to
Tephritidae are even capable of causing damagettoftuits and vegetables, hence
making the dipterans important to the agricultuBowell and Wange, 1986;
Norrbom et al., 2007). They mostly include planters, gall midges, plant part
feeders and so on.

The suborder Heteroptera has been categorizedynato seven infraorders
and 24 superfamilies (Schuh and Slater 1995; H&0§9). Hemiptera is generally
considered to be fifth largest suborder, compridadf of the estimated 90,000
species (Cassis et al., 2006). They exhibit bothtqgihagous and zoophagous
feeding habits (Schuh and Slater, 1995). The huge losses caused by Heteroptera
every year, add to the single most important redasastudy this diverse suborder.
The Heteroptera fall into broad feeding regimesanplfeeders and predators
(Schaefer and Panizzi, 2000; Wheeler et al., 2000eeler, 2001); blood sucking
parasites or water quality indicators.

Beetles occupy a major portion of the known indaaha and they are the
most diverse group on the Earth. The estimated eurmbdescribed insect species
is between 3,00,000 and 4,50,000 (Nielsen and Mo2@d0). The development of
the forewing into sclerotized elytra (Lawrence dBitton, 1994) and the close
historical association of most diverse groups ddtles with the flowering plants
during their own period of diversification adds the beetles diversification
(Barraclough et al., 2007; Mckenna et al., 201%)e True coleopterans appeared in
the Triassic period (Lawrence and Slipinski, 20a8) they played pivotal role in

agricultural—crop sector.
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The Lepidoptera — moths, butterflies, and skippersepresents the three
most species rich and the largest evolutionaryatai of herbivorous animals
(Scoble, 1992; Wahlberg et al., 2013). The Juramsgn of the Lepidoptera makes
them the youngest of the five mega diverse ordensy account for economically
and agriculturally significant example towards &ireagriculture and stored product
pests (Boettner et al., 2000).

The insects and mites cause serious damage taabégge during all
developmental stages of growth mainly aphid, thagitefly, leafhopper, two
spotted spider mite, squash bug, pumpkin beetles,deetles, hadda &pilachna
beetles, eggplant shoot and fruit borer, cutworhmsnworms, tomato fruit borer,
tobacco caterpillar and melon fruit fly. Almost aégetables are susceptible to pest
attack, and so also their roots, stems, leavesedisaw fruits are all subjected to
injury. Purrington et al., (2017) reported variaqyerden pests commonly found on
vegetable cultivations and recommended the usensdcticides for their better
control. Moran (1983) reviewed about the phytophsgarthropods of cultivated
plants in South Africa. The characterization of thena was done based on taxon,
relative pest status, and original domicile andading to host plant choice, feeding
habits and plant damage. The analyses were foaus&d?2 species of insects and
mites, many of which was generalist in infestatiamd that warrant attention
because of their agricultural importance. As a lteguwas noticed that there were
eleven orders of insects and mites of agricultumglortance in South Africa which
included, twenty-five most important families ofsatts and mites. Lepidoptera
(31.0%), Homoptera (29.8%) and Coleoptera (14.286pant for 75% of the pest
problems on cultivated plants (Moran, 1983). Howeitevas added that indigenous
and introduced species of insects and mites aratapually important on alien
crops. Among the pest insects, more than 78%, alglpagous species. These
results are quite similar when the analysis of lobstice is done in accordance with

the pest status.
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Cucurbits

The name, Cucurbitaceae, is likely to be deriviexinf Latin word corbis
meaning basket or bottle (Prazak, 1941), reflectihg usage of their fruits.
Cultivation of cucurbits as the vegetable souragabeoughly 3000 years ago. From
India, the cucumber was carried to Greece and, Italhere it played a pivotal role
throughout the Roman Empire. From Rome, it spreadhina and southern Russia
and then to Europe by the Romans. The first recordsicumber cultivation were in
France during the 9th century, then Great Britdidtl{ century), followed by
Caribbean (late 15th century) and North Americad(héth century) (Dhiman and
Chawla, 2005). The world’s largest producers ofuchits are China, India, Iran,
Turkey, Egypt and USA. Among them China is the darleading producer of the
major cucurbits, exporter of fresh fruits, wateramrgland squash seeds (Maynard et
al., 2001).

The Cucurbitaceae, the largest family of vegetadtgps originated from
tropical parts of the world (Jeffrey, 2005) but maf its known genera were
originated from Asia, America and largely Africau€@irbits are categorized mainly
into two groups: Zanonioideae and Cucurbitoideae Shbfamily Cucurbitoideae
mainly consists of crop plants, particularly vedpta (Maynard and Maynard,
2000). The actual number of the genera of Cucurlgitstill in controversy.
According to Chakravarthy (1982) Cucurbitaceae udel 117 genera and 825
species and Yamaguchi (1983) reported 100 genetanare than 750 species.
Subrahmanyam (2004) reported 100 genera and 8@iespaong with Mabberley
(2008) who confirmed 122 genera and 940 specidsidited along tropical and

warm temperate regions of the world (Fapohund#& ,e2@18).

Asia dominates the world production of cantaloafmng with other melons
with more than 71% of the total tonnage followedHyrope, North America and
Central America, which accounts for more than 2G%he total global production
(Esquinas-Alcazara, 1983). According to the avédalrhecklists of the
Cucurbitaceae, India possess 94 described speafesvhich 10 are endemic)

varieties included under in 31 genera. Among th&rthosanthes with 22 species,
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Cucumis with 11 (all but two wild) Momordica with 8, andZehneria with 5 are the
most species-rich genera. From evolutionary pointi@v, India has special status
because it harbors a wide range of lineages, ingudelatively old and
phylogenetically isolated.

The cucumber is believed to be originated in Ingreere it has been grown
for thousands of years (Zeven and Zhukovsky, 197Bg ancient Egyptians also
cultivated cucumbers. Later, cucumbers spread tmaCand Greece about 2,000
years ago (Whitaker and Davis, 1962; Robinson armtkBr-Walters, 1997).
Phytogeographically the north eastern and pening@gions in India have the
richest species diversity, while the Jammu Kasland Himachal regions have very
few Cucurbitaceae (Renner and Pandey, 2013). Cuacele is highly specialized,
medium sized and largest family of summer climbtgnts. Cucurbitaceae family
contains about 100 genera with 800 species whiemarstly tropical or subtropical
in distribution, with a few species in temperatenete (Subrahmanyam, 2004). The
cultivated species under investigation belong ® dgleneraBenincasa, Cucurbita,
Citrullus, Cucumis, Lagenaria, Momordica, Luffa and Trichosanthes. These have
considerable economic value and are used as fanilsvegetables, (Purseglove,
1968). Most members of the family Cucurbitaceaenao@oecious in nature, and a
few are dioecious too. A number of hermaphrodité andromonoecious cultivars
are also reported. These are all summer season ara@pare extremely susceptible
to frost (Choudhury, 1967).

Among the family, the gener&ucumis, Cucurbita and Citrullus are
considered to have the highest economic importa@€eabout 3000 plant species
commonly used for human consumption, only 150 ssecare -cultivated
extensively, and the elite genuSitrullus is ranked twenty-fourth (Raven et al.,
1993). A striking feature in cucurbits cultivatietheir adaptation to a wide variety
of agricultural environments (Bates et al., 199)curbits were reported from both
New and OIld World and were listed as important pfamilies that supply human
with edible products and useful fibers. Cucurbres @assified mainly into five sub-

families: Fevilleae, Melothrieae, Cucurbitaceaey8ideae and Cyclanthereae.

16



Morphological characteristics include:

a) Vines, usually annuals, with five-lobed or palayattivided leaves with long

petioles; leaves arranged alternately.

b) Tendrils are spring-like

C) Monoecious

d) Flowers with five fused petals and five stamensl¢nand an inferior ovary
(female).

e) Fruits large and fleshy, usually with a hard owevering (a special type of

berry termed a pepo).
f) Parietal placentation
0) Many large, fairly flat seeds with two very largatyledons
h) Hard exocarp

The most important cultivated genera include

Cucurbita — squash, pumpkin, zucchini, some gourds

. Lagenaria — mostly inedible gourds

. Citrullus — watermelon(. lanatus, C. colocynthis) and others

. Cucumis— cucumber . sativus), various melons

. Luffa — the common name is also luffa, sometimes sp&ia@h (when fully

ripened, two species of this fibrous fruit are tbeurce of the loofah

scrubbing sponge)

The Cucurbitaceae is a remarkable plant familyjrigaeconomic, aesthetic,
cultural, medicinal and botanical significancethe Old and New Worlds, cucurbits
were associated with human nutrition and agricaltior more than 12,000 years
(Brothwell and Brothwell, 1969; Lira-Saade, 199bhus, the Cucurbitaceae, along
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with Brassicaceae and Asteraceae, are of extramgdimportance to humans as
they follow cereals and legumes in their econongaiicance to human economy
(Whitaker and Davis, 1962; Nayar and More, 1998)kiv&tsava and Roy (2013)
have highlighted the ethno-medicinal importance caturbits and to improve
productivity on sustainable basis as it comprisath lwild and cultivable varieties
(Shrivatsava and Roy, 2013). Cucurbitaceae seedsfraits possess purgatives,
emetics and antihelmintics properties due to thesgmce of cucurbitacin, a
secondary metabolite. Cucurbitacins constitutecagrof triterpenoid, well known

for its bitterness and toxicity (Dhiman et al., 2D.1

Family Cucurbitaceae possess tremendous medipiogderties including
anti-HIV, anxiolytic, antipyretic, anti-diarrhoeal,carminative, antioxidant,
antidiabetic, antibacterial, laxative, anthelmintiantitubercular, purgative and
hepatoprotective. They are also employed as antifdient, diuretic and
cardiotonic agent. Added to the above, they shomengt anti-inflammatory,

antitussive, cytotoxic, and expectorant propeifiRaasree et al., 2016).
I nsect Pests of Cucurbits

The major insect pests of cucurbits are Fruit Rgd pumpkin beetle, Flea
beetle, spotted beetle, Green stinky bug, blise bnd the major diseases are
bacterial wilt, Downey mildew, Cucumber mosaic sirand Anthracnose etc
(Marwaha et al.,, 1998; Neupane, 2002). Red pumpieetle Raphidopalpa
foveicallis), a very destructive pest of cucurbitaceous vdxeterops, defoliate the
cucurbit leaves and cause severe damage in thestagles of the crop. Two species
of fruit flies namelyBactrocera cucurbitae andBactrocera tau flies lay eggs inside
the developing fruit or flower and the developingrvbe cause fruit rotting
(Neupane, 2002). Striped cucumber beethgalymma vittatum Fab found
exclusively feeding on cucurbits are consideredbé¢othe most important cucurbit
pest in the United States (Gould, 1943). The sgotticumber beetle,
Diabroticaundecim punctata howardi (Barber), possesses a wide host range of over
200 plants (Radin and Drummond, 1994). They caaseage to cucurbits either by
feeding on seedlings, roots, flower or even foligtey, 1927, 1929). The most
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troublesome insects of cucumber include cucumbestld®e Diabrotica and
Acalymma, vector of bacterial wilt),Epilachna beetles, greasy wormAgrotis

ipsilon), the melon fruit fly Dacus) and aphids (Welbaum et al., 2014).

In India, Aulacophora foveicollis and A. attripennis are the most common
cucurbit pests. Their larvae found feeding mostlyroots and stem and the adults
are confined to the foliage, petals and fruits scayusevere damagdé. foveicollis
shows the highest preference for cucumber, therpgumbottle gourd, snake gourd
and least towards ridge and bitter gourd. The g&aphkidopalpa was a synonym of
Aulacophora, which includes the most important cucurbit pestindia (Sohi and
Mann, 1987). Khan and Hajela (1987) reported tHa tnsect pest shows
preferences towards many cucurbitaceae species. choéce of preference
accordingly wasCucurbita maxima followed by CucumberCitrullus vulgaris
Var fistulosus, Loffah and Bottle gourd in the decreasing ordére bitter gourd
showed highest resistant against chrysomelids, eglsecucumber muskmelon and
watermelon showed moderate and round melon isubkeeptible cucurbit (Mehta
and Sandhu, 1992).

The insect pests of cucurbit plants cause dambgbaut 20 to 100 percent
of its gross productivity. It was observed thatO-gercent loss in cruciferous fruits
was merely due to the pest attack. Sagarika anadju\(2017) reported that the
devasting major insect pest on Bottle gourd aloaggetic plains of West Bengal
include Bactrocera tau (Melon fruit fly), Aulacophora foveicollis (Red pumpkin
beetle), Aphis gossypii (Melon aphid), Diaphania indica (pumpkin caterpillar),
Henosepilachna vigitioctopunctata, Epilachna dodecastigma, Spenarches caffer
(Bottle gourd plume moth)Thrips palmi (Melon thrips) andBemisia tabaci (white

fly).

The susceptibility of cucurbits to Tephritids bas fruit damage rates and
infestation rates, at different agroecological lties in Southern Cameroon was
assessed and found that losses were mofeahium edule andCucurbita moschata

at Yaounde and o8. edule, Citrullus lanatus (watermelon),Cucumis melo (sweet
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melon), Cucumis sativus and Cucurbita moschata at Koutaba.Cucumis melo var.

agrestis was the least susceptible species at both sitekdM et al., 2014).

The winter and summer squash cucumber and watennagk found to be
invariably attacked by striped and spotted cucunbeetles. The larvae of cucumber
beetle generally feeds on cucurbit roots and abektles cause economically
important damage. The striped cucumber beetlestaofly specialists on cucurbits
while spotted cucumber beetles are quite generdbsiding on other plants in
addition to cucurbits. In North American cucurbrbjgs, two species of cucumber
beetles, the striped cucumber bee#elymma vittatumin the eastern US arfd
trivittatumin the western US) and the spotted cucumber be@iabrotica

undecimpunctata) caused destructive effects (Williams et al., 2015

Cucurbits are generally infested by a varietyinsiect pests right from the
germination till the harvesting stage, but a fewham like red pumpkin beetle, fruit
flies and hadda beetle are categorized as sepEatGupta and Verma, 1992). Red
pumpkin beetle Aulacophora foveicollis (Lucas), a polyphagous pest of cucurbit
crops in India (Butani and Jotwani, 1984), attacksumber, bitter gourd and
sponge gourd equally (Khan and Hajela, 1987; Meatal Sandhu, 1992).
Cucurbitacins are widely distributed in cucurbitd)ich may play a major role in
host attraction. A feeding deterrent was found itteb gourd, which is a

triterpenoid, Glucoside (Chandravadana and Pal3)198

The beetles cause the retardation of growth ofseellings due to severe
foliar damage. The beetle resumes its activity murMarch and continues till
October with the peak being April to June and tlwpuybation declines from
September onwards ( Butani and Jotwani, 1984).hHudela beetleenosepilachna
vigintioctopunctata (Fabricius), is another serious pest having attical
importance in Asia, Australia, Africa, East Indiesd Japan (Rajgopal and Trivedi,
1989; Hirano, 1994). Its preference was proved tdwasolanaceous and
cucurbitaceous crops of mid-hills and plains inidnd

Both the larval and adult beetles scrap and femdciously on the green
matter of the leaf resulting in skeletonizing itarcharacteristic manner leaving the
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upper epidermal tissue intact. The adults are acfilers and are capable of
damaging large crop areas during their peak iniestaThe adults usually confined
to the upper leaf surface whereas the grubs cahfioghe lower surface of leaves
(Chaudhuri et al., 2001). Hence on severe pesstatien there happens the plant

defoliation.

The Tephritidae, a dipteran family consists ofrlyed000 species, of which
700 species belong to the Dacine fruit flies (Flet¢ 1987). Fruit flies are
polyphagus and are ranked as one among ten mastsgroblems of the entire
agriculture. Of 207 described species of fruitdlfeund in India, nine were found to
be major pests and economically important (Saradred., 2005). The two species
namelyBactrocera cucurbitae (Coquillett) andBactrocera tau (Walker), commonly

known as melon fruit flies, mostly infest the cuuits.

The findings evidenced that the 45 pests of cutunwvere recorded in
Bangladesh, of which 21 arthropod pests (that dedul2 insect pests and a mite
pests); 19 disease causing pathogens and 5 weedsngAthese insect pests of

cucurbits, cucurbit fruit fly was the most damagamgnpared to others.
I nsect Taxonomy

In the Eastern world, earliest pharmacopoeias weiten by Shen Nung,
Emperor of China around 3000 BC. During 1500 B@ thedicinal plants were
illustrated on wall paintings in Egypt. Among thee@ks and Romans, Aristotle
(384-322 BC) classified all living things while Tdghrastus (370-285 BC)
classified all plants; Dioscorides (40-90 AD) atped on medicinal plants and
Plinius (23-79 AD) wrote many books important oneludeNaturalis Historia, a
work elaborated in 160 volumes. One of the earlistonomic authors was
Caesalpino (1519-1603) of Italy, who referred totlas first taxonomist. During
Linnaean era, the starting point of modern taxono@arl Linnaeus (1707-1778) is
regarded as the man of modern botanical and zaalbtgixonomy. The initiation of
a zoological code started even somewhat later842,1a British ornithologist Hugh
Edwin Strickland (1811-1853) elaborated the fistnenclatural laws for Zoology,
the Strickland Code. From phenetics to phylogeset@harles Darwin (1809-1822)

21



and Alfred Russel Wallace (1823-1913) introducedeatolutionary theory in 1858.
Later, Ernst Haeckel (1834-1919) and August Wilh&8ithler (1839-18878), the
two German biologists laid the foundation for tlemstruction of evolutionary trees
(Manktelow and Nyberg, 2005).

The taxonomic studies originated in the eighteerghtury with Carolous
Linneaus work orgystema Naturae, first published in 1735. Systematics, in addition
to classification and naming, also deals with ta&tronships and environmental
adaptations, thus drawing attention to the evotuie well as phylogeny. The term
biodiversity was coined by Wilson (1989) as a ntimia of biological diversity,
represents the diversity of life at all taxonongedls including genetic, species, and
ecosystem diversity and is the core of naturaluess for sustainable development
and biotic capital for sustenance of the ongoifegdupport system (Lu et al, 2006).
Grimaldi and Engel (2005) has estimated about Ofbspecies of living insects.
Systematics Agenda 2000 (Jansen, 1993) clearlgtegisthe taxonomy mission as to
discover and describe the Earths species, to piere in a predictive, phylogenetic
classification and to make the species data addes§lanzen and Philips, 2006).
The reasons to learn our world’s species diversitg largely self evident,
sustainable ecosystem and even the evolutionaegdim is also comprised of species
(Wheeler et al., 2004). The comparative morphokagigaleontological and
molecular studies have confirmed a great deal sedhsystematics at higher taxa
(Grimaldi and Engel, 2005). According to Wagele Q2)) the complexity of
characters is one of the most significant criterichomology. The morphological
characters are testable and transparent as theypeatentially falsified by

contradictory evidences (Rieppel, 2004).

Taxonomy is the branch of science dedicated wiglcavering, describing,
naming, and identifying species or other taxa (128§)2; DeCarvalho et al., 2008).
In recent decades, the most significant advancesnsect taxonomy are the
development of molecular data techniques, spetiifidche DNA sequence and
genomics data so as to analyse the relationshipgy have provided evidence

where morphological synapomorphies and yielded cinteelationships, even
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overturning the long held ideas (Grimaldi and En@€l05). Later on, the Sanger
sequencing technology has been replaced by nerratgn (Next-Gen) sequencing
techniques. The next generation parallel sequentiathod have resulted in new
openings towards genomics and promise to revolizgorthe knowledge of

interaction between variation, both in the genome phenotype (Pevsner, 2015).

Classical taxonomy is concerned with four prineipkders, which includes
generality or resemblance; composition or collestivhierarchy; genealogy or
evolution (McGhee et al, 2004). Classical taxonasnyne conventional taxonomical
method based on external morphological featurepmtgd and supplemented by
ethological and ecological data. Some taxonomisassdy based on phenetic
similarities and maximum number of characters (rholpgical, behavioral,
karyological and so on) with equal weightage callddmerical taxonomy.
Molecular taxonomy, a relatively recent researd@dmbh, includes DNA barcoding,
analyses of isosymes, molecular cytogenetics andnaber of other such related
techniques altogether. DNA barcoding is an accepa@dnomic method using a
short genetic marker in the mitochondrial DNA (mtBN\bf an organism for prompt
identification of species. Genomic barcoding isareigd as a supplementary tool to
the conventional classical taxonomy (especiallydiffierentiating sibling species)
and not to replace it completely. The problem, as@ldi and Engel (2007) pointed
out, is that high tech descriptions (such as mddedaxonomy) are seen by some as
more scientific and this view is not acceptablentimy scientists who believe that all
branches of science is equally important especialign classical taxonomy is still
making startling discoveries (for instance discgvefr a new insect order recently
viz. Matophasmatoidea) even now. As Ogura (196#)ted out, classical taxonomy
will continue to reign supreme complemented withAblarcoding in many more

future years to come (Narendran, 2008).

Hebert et al. (2003) incited the study of moleculaversity considering the
inherent limitations of morphology, and the steaiBcrease in the number of
taxonomic specialists. DNA barcoding is a wealtlicomputable data that in many

ways are much easier to work compared to classeabnomic descriptions.
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Voucher specimens are a potential currency for bla¢htaxonomic literature and
sequence databases. An obstacle for classical agprs the lack of stable,
resolvable specimen identifiers. The number of gseon Earth is uncertain and
inconsistent, and they show no signs of conver§@aey et al., 2014). According
to taxonomic €orts it suggests that two-thirds of all speciesehalready been
described (Costello et al., 2011). Contrast to widely scattered taxonomic
knowledge, most of the genomic information is hygbéntralised and stored in the
three separate components of the International édtide Sequence Database
Collaboration (INSDC), namely GenBank, EMBL and th®BJ (Benson et al.,
2012). DNA sequences are unigue for each spetieg;dan be viewed as genetic
barcodes and have the potential to solve varioobl@ms inherent to the kind of
taxonomy practiced. The mitochondrial cytochromexidase | (COI) gene as
barcode source was originally proposed so as tatifgeand delimit animal species
(CBOL, Consortium for the Barcode of Life). The anjzation aims for eukaryotic
mitochondrial COI, which was chosen for animal lbaing because of so many
advantageous characteristic like insertions anetidels are very rare, availability of
universal primers for amplification, and it possesgreat range of phylogenetic
information with fast rate of nucleotide substitutithat enable the discrimination of

extremely cryptic species (Hebert et al., 2003).

The contemporary systematics of insects, basethanphological traits is
limited both by high variability and complicatioms comparisons of remote taxa
having low number of common traits (Polukonova dt@rmokov, 2013). The
generally depending morphological data are ofteneticonsuming and need
taxonomic specialists, whereas DNA barcoding tegnes is a uniform and practical
method of species identification in insects, irexdfwe of their developmental
stages. Molecular systematic studies initiatedesit®70, for the first time ribosomal
RNA were used for the classification of bacteriaxfet al., 1980). Over the time,
the application of DNA sequence data both in taxey@nd species diagnosis has
aroused a great deal of controversy, but the geagraement convince that genetic
information is inevitable for associating differetgvelopmental stages of organisms
and for identifying morphologically impotent or pafly preserved specimens
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(Vences et al., 2005; Wheeler et al., 2004; Wiklet 2005). Mitochondrial markers
as well as DNA and protein markers reveal phylogemelationships among related
groups and taxa. The mitochondrial DNA (mtDNA) e tmost widely accepted
molecule in phylogenetic analyses of eukaryotes Thtochondrial genome is
double stranded circular DNA molecule, which raageund 14 kb to 19 kb in size
(Beckenbach and Joy, 2009; Boulton-Lewis et al95)9present in multiple copies
in each and every cell and is also maternally itder It possesses genes of different
functions and hence have different rate of evohary divergence - quite conserved
while the others more variable and most of the entalle substitutions occur at
neutral sites. Mitochondria are under strong selecand evolve under unusual
evolutionary rules when compared with the otherogess. Hurst and Jiggins (2005)
suggested that selection can act directly on tH2NA{ or can also arise indirectly
from disequilibrium with other maternally transreit DNA sequences. The
mitochondrial DNA, considered to be a neutral molecmarker that reflecting the
history of the species, Ballard and Whitlock (20843 Bazin et al. (2006).

Molecular traits of taxa, are also revealed by afseytochrome-c-oxidase |
(COl), these are less variable and more unifornth\Wéspect to the genetic marker,
the intra- and inter-phylogenetic relationships evanalysed by using the sequence
data obtained from the COI marker gene amplificatiBelative homogeneity is
maintained by concerted evolution, where the momatirapidly spread to other
members of the gene family located at differentonfwsomes (Arnheim, 1983;
Gerbi, 1986; Tautz et al., 2002). The absence tobms, simple alignment, limited
exposure to recombination and the availabilityafust primer sites makes the COI

as an ideal marker for species-identification irats (Hebert et al., 2003a).

The COIl is also a frequently used marker amontpechiondrial genes in
phylogenetic analyses of several arthropods edpecia insects (Liu and
Beckenbach, 1992; Simon et al., 1994). Extensiva da COIl gene contributed in
Collembola (Carapelli et al.,, 1995; Frati et al99T) is useful to reconstruct
relationships between species and genera of Adwop. Various species among

animal groups have been discriminated reliably gislifferent fragments of the

25



mitochondrial gene, cytochrome c oxidase 1 (COBHett et al., 2003, 2004; Hogg
and Hebert, 2004).

Among insects, the mitochondrial genome is cinculdh size ranging from
15 to 20kbp approximately, and an A+T rich contregjion showing substantial
length variation among taxa. Advances in methodlath generation and analysis
have led to accumulation of large amount of DNAussge data from most major
insects group. This helps easier comparison oftioglship and evolution. The
cytochrome oxidase | (COl), cytochrome oxidaseCO(l), 16S rRNA, 18S rRNA
and Elongation Factor-1 (EFI) genes are widely wesatlinformative in wide range
of mitochondrial divergence in insects. These aseduas standards for insect
molecular systematics. Insect mitochondria contaAtsrRNA genes encoding 12S
and 16S ribosomal RNA in which the former is usedrésolving diversity in phyla
while the latter is used for families or generae Tihylogenetic status @factylopus
of Mexico using 12S rRNA sequence and the phyloggrtgrmites, cockroaches as
well as damselflies using 16S rRNA sequence are dlassical examples
(Kambhampati, 1995, 1996). Among the different neargenes in mitochondria,
protein coding genes are known to be having fastetutionary rates compared to
rRNA gene sequences. They are classified into @b, ND5, ND2, Cyt b and
COl), medium (COIl, COIIl, ND1) and poor (ATPaseND3, ATPase 8 and ND4)
on the basis of resolving evolutionary relationshi@ardoya & Meyer, 1996).
Recent advances in high-throughput DNA sequena@ucgrtology (Shendure et al.,
2004) and reductions in costs (Hajibabaei et &052 have made the generation of

large volumes of DNA data much more straightforw@alali et al., 2015).

In animals, species boundaries are successfutbbleshed using barcode
analysis. Variation in the divergence thresholdused to diagnosis species and
detection percentage between congeneric speciedlyrapcreases beyond 1-2%
(Hebert et al., 2003). The COI barcoding is an atife tool for protistologists
capable of differentiating closely related cilisgpecies. The COI barcoding for
species identification of the gentlistrahymena showed divergence by <1% belong
to same species and >5% belong to different spg€ikandini et al., 2011). The
partial (780 bp) mitochondrial cytochrome oxidasbunit (COI) and nuclear 18S
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rRNA (1780 bp) sequences were directly comparedassess their relative

usefulness as markers for species identificatiod @hylogenetic analysis of

coccidian parasites (Phylum: Apicomplexa). The olks#ons demonstrated that
partial COI sequence provides more synapaomorgtacacters at the species level
than 18S rRNA sequences from the same taxa. Itbearconcluded that COI

performs well as a marker for the identificationcotccidian taxa (Eimeriorina) and
will make an excellent DNA ‘barcode’ for coccidi@@gedengbe et al., 2011). Two
molecular identification techniques like PCR and_RRwvere used for differentiating

six Lepidopteran pests infesting apples in KorelaréSta et al., 2009). A 489 bp
sequence of COI showed variation in their DNA segeewith 142 mutation

consists of 56 transition, 66 transversion and 2@ation with both transition and

transversion.

Extraction and amplification of specific DNA fromsects, including eggs
and larvae, has no technical challenge (Ball anshsdong, 2006). Barcoding of
water beetles was done by Monaghan and Haussmd®6)(2ising the genus
Copelatus from Fiji. Four DNA markers (three mitochondriggions namely COlI,
cytochrome b, and 16S rRNA and the nuclear his®gene) used for sequencing
for 118 specimens collected from 20 islands (Floyf09). The accurate
identification of mosquito species has been doneutir allozyme electrophoresis,
DNA hybridization and restriction fragment lengtblymorphism (RFLP) (Fanello
et al., 2002). Sequencing-based approaches hawee balen used extensively,
focusing mainly on genes other than mitochondri@l (Kent et al., 2004; Marrelli
et al.,, 2005; Michel et al., 2005). However, recetidies have exerted that the
standard COI barcode marker serves effectivelysfmcies-level discrimination in
surveys of Canadian (Cywinska et al., 2006) andamdKumar et al., 2007)
mosquitoes. Foley et al (2007) constructed a médecphylogeny data of the
Australian Anopheles annulipes species complex based on four different loci,
including both nuclear and mitochondrial (COI, CONS2, and EF-d). Molecular
barcodes enabled the linking of the various ligss of the Lepidoptera, both the
males and females of sexually dimorphic specieszgla and Philips, 2006). This
advancement is particularly very relevant for ttentification of pest and invasive
species (Balland Armstrong, 2006).
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3

Materials and Methods



1. I nsect collection, identification and preservation

The adult specimens of insect pests were colleft@ah almost all the
districts of Kerala on the basis of occurrence esqbrts. Collections were done
using active collection methods mainly sweeping method, hand picking and
passive collection methods like colour trap, yellpan trap, sticky trap, light trap
(Jackman and Drees, 1998). The preliminary mormicéd identification was done
by using authentic identification keys and guid€ke identified specimens were
photographed and stored at -2Q° in the repository of Molecular Biology
Laboratory, Department of Zoology, University ofliCat as voucher specimens for

future references.
2. Mitochondrial DNA Extraction

The genomic DNA was extracted using commercialigilable genomic
DNA preparation kit following manufacturer’s insttions. The insect specimens
were taken out, washed primarily in running wated ¢hen 2 — 3 times in distilled
water. One of the legs of each specimen was gralodi|eg mortar and pestle and
complete tissue lysis was done with Proteinaseng&ybating the tissue at 56 for
1-3 hours (Shere-Kharwar et al., 2013). This methadided a non-destructive way
for extracting DNA that involves soaking samplesGumanidinium hydrochloride
(GuHCI) with subsequent adsorption of DNA to sil{@ohland et al., 2004). Silica
gel binds tightly towards the positively chargelicai particles. After centrifugation

process, DNA molecules were eluted under Ilow strendy Tris-
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EDTA buffer (TE buffer) or distilled water for peanent storage of DNA (Esser et

al., 2006). The DNA isolated was confirmed using d§arose gel electrophoresis.
3. Primer designing

Primer designing is essential for a successful R&iRtion. It requires a brief
sequence of dNTPs to the DNA polymerase to worlama additionally allows in
restricting the amplification in the desired targegions. Usually the primers are 18-
25 bases in length and are complementary to theottite regions of DNA to be
copied. The cocktails of specific forward and reeemprimers were designed.
Cytochrome oxidase subunit | gene (COI) sequentesrous related groups of
insects were fetched from GenBank using BLAST paogne of NCBI and primers
were designed using Primer 3 software (Untergasisal.,, 2012). The details of the
primers specifically designed and used for PCR dimgion in the present study is

represented in Table 1.

Table 1: The list of specific primers used for P@&Rplification of the present study

Name of
Sl. No. t_he Direction Sequence description
primer
Forward 5'- CATTGGAGATGACCAAATTTATAATG - 3'
! HEP Reverse 5'- TGAAATTAATCCAAATCCAGGTAAA - 3
Forward 5'- ATTCAACCAATCATAAAGATATTGG -3
g BTL Reverse 5'- TAAACTTCTGGATGTCCAAAAAATCA -3'
Forward 5'- GGAATAGTAGGATCAGCAATAG - 3'
3 BUG Reverse 5'- GGATCTCCTCCTCCTGAAGGATC - 3'
Forward 5'— GGTCAACAAATCATAAAGATATTGG - 3
4 P2 Reverse 5'- TAAACTTCTGGATGTCCAAAAAATCA -3'

4, PCR amplification and DNA sequencing

The mitochondrial cytochrome oxidase subunit | [C§&ne of the collected
specimen was amplified separately using the spes#t of forward and reverse

primer. The PCR reaction mixture consisted of 2hgemomic DNA (1u), 1ul each
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forward and reverse primers at a concentration @fulld, 2 ul 10X reaction
buffer(with MgChb), 2 pl of dNTPs (2 mM), 0.201 Tag polymerase (5 Wl) and
12.8pl distilled water. The PCR profile consisted ofiattial denaturation step of 5
min at 95° C, followed by 30 cycles of 10 sec at @5melt, 1 min 50 sec at 50° C
anneal and 1 min at 72° C extend, ending with al faxtension phase at 72° C for 3
minutes. The PCR products were resolved on 2% Adstate EDTA (TAE) —
Agarose gel, stained with Ethidium Bromide (Russell Sambrook, 2001) and
documented using a gel documentation system. A DINA Ladder (Thermo
Scientific GeneRuler, Product No SM 0242) was usedetermine the size of the
product. The PCR amplified product was portrayedifferent size of DNA band
depending up on the set of primers used. The P@Rupt was column purified
using Gene JEI PCR Purification Kit (Fermentas Life Science Inisigned for
rapid purification of single stranded or doubleastted PCR amplification products
from other components in the reactions such aptingers, dNTPs, unincorporated
labelled nucleotides, enzymes and salts from thie pr@ducts. The purified product
was again resolved on 2% agarose gel to confirnptagence of amplified DNA.

The PCR amplified DNA was mixed with binding buffend added to the
purification column. The chaotropic agent in thading buffer denatures proteins
and promotes DNA binding to the silica membranehie column. Binding buffer
contained a colour indicator which allows for easynitoring of the solution pH for
optimal DNA binding (Boom et al., 1990). The imgies were removed by a simple
wash step. Purified DNA was then eluted from thieirom with elution buffer. The
sequencing of the purified DNA template from botld® using the Sanger’s dideoxy
chain termination sequencing method (Sanger andsGou1975) was done at
Agrigenome Laboratories Ltd., Cochin with ABI 37304utomated sequencer. By
sequencing from each ends using forward and reyensers it was feasible to urge

longer sequences than by employing a primer indireetion.
5. Alignment and analyses of DNA sequences

The sequence information records containing Ebptterogram were

analysed with the aid of a reader-kind programmiec{F TV) for checking and

30



annotation of forward and reverse primer sequendesotated sequences were
imported and primer sequences had been removedtifr@imeginning and the end of
the obtained sequence and sequence ambiguitiesbéaa resolved. The COI
sequences obtained were multiple aligned usingt@lyg (Thompson et al., 1994)
programme. The aligned COI sequences have beeslatah to amino acids to
assess for the presence of premature stop codamsinidticate the presence of
nuclear pseudogenes or sequencing errors. The FA&T#Aat of the final sequence
was used to search for its similarity utilising asic Local Alignment Search Tool
(BLAST) (Altschul et al., 1997) of NCBI (http://wwwcbi.nim.nih.gov). The
BLAST search identifies the sequences which aredhogous to the query sequence
acquired by the present study. The nucleotide sexpseobtained in the study were
deposited in the public databases and have begmnadswvith accession numbers in
NCBI GenBank (National Centre for Biotechnologydmhation, USA) of INSDC
(International Nucleotide Sequence Database Catidion).

6. Phylogenetic analyses

Final nucleotide sequences were analyzed usinyltiiecular Evolutionary
Genetics Analysis version 6 (MEGA®G) software spealfy designed for statistical
analysis of sequence data (Tamura et al., 2013).ifterspecific and intraspecific
genetic diversity were generated using Kimura 2ampester model, and a
phylogenetic tree was generated using the Neighklmining algorithm (Saitou and
Nei, 1987). Bipartitions in the Neighbor — Joinitige were examined by bootstrap
analyses over 500 replicates (Felsenstein, 1988B)s Dootstrap analysis was
important for calculating the confidence intervdl monophyletic groups within
phylogenies. Percentage nucleotide distances adilonl were performed using

MEGAG6 software. The results were depicted in thenfof respective figures.
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4
Coleoptera



The Coleoptera are endopterygotes (insects withptete metamorphosis),
having mesothoracic wings modified into hard elydrainto haltere-like structures.
They have biting type mouthparts and the head hdistenct gular region below.
They represent the largest group of organisms orthEavith over 3,50,000
described species. The word Coleoptera was orgginfabm the Greek word®leos
(means sheath), amtera (means wings). Of the two pairs of wings, thetfpair is
enlarged and thickened into a pair of hard sheathslytra, that cover the delicate,
membranous and large hind wings. Their 2-5 segrdetdesi are the important
morphological character for taxonomic identificatigWhite, 1983). Adults are
oligophagous with biting and chewing mouthpartse Téeding habits of beetles are
extremely varied and, being holometabolous, adultslarvae may feed on different
food resources. Many beetles play vital role in teomposition of plant and
animal matter, some act as predators of insectscéhamportant biological control
agents) and others act as pests of crops, stooels fand other products (Bouchard
et al., 2011).

The production of cucurbits is drastically affettey the onset of diseases
and insect pests, inadequate availability of quageds, lack of maintenance of
genetic varieties and naturally occurring biodiitegs, and the lack of knowledge
on the international standard of quality productaord postharvest handling (Nath
and Velu, 2006). The major insect pests included fruit fly, Red pumpkin beetle,
Flea beetle, spotted beetle, Green stinky bug;thednajor diseases are Bacterial

wilt, Downey mildew, Cucumber mosaic virus and Aatinose etc (Marwaha et al.,
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1998; Neupane, 2002). Red pumpkin beeRapkidopalpa foveicallis) is a very
destructive and notorious pest of cucurbitaceoggtables. Red and blue pumpkin
beetles cause defoliation of the cucurbit leave$ @an cause severe damage at
early stage of the crop production. Striped cucurbieetle Acalymma vittatum Fab.
(Coleoptera: Chrysomelidae), potent pest of cutsirbieeds exclusively on
cucurbits, studies from United States (Gould, 1944he spotted cucumber beetle,
Diabroticaundecim punctata howardi (Barber) (Coleoptera: Chrysomelidae),
known widely as the southern 8 corn rootworm, pesse a host range of about
200 plants (Radin and Drummond, 1994). The insedtspcause damages to
cucurbits in four ways by: feeding on seedlinggdiag on roots, damage flower
and foliage and transmission Bfwinia tracheiphila E.F.Sm., causing bacterial wilt
(Isley, 1929). Aulacophora foveicollis Lucas (Coleoptera:Chrysomelidae) and
Epilachna dodecastigma (Wied.)(Coleoptera: Coccinellidae) are herbivoestp of
Momordica cochinchinensis Spreng (Cucurbitaceae) ever recorded. It is regorte
that Aphtonasp. (Coleoptera, Chrysomelidae) attacks cucurbEsypoasca
decipiens, Paoli (Homoptera, Cicadellidae) attack squash amalrbits. Out of the
harmful insect specid®ruchidius kamtshaticus, Mast (Coleoptera, Curculionidae)
was recorded for the first time from Turkey. Flesethe attacks cucurbit crops. Flea

beetles feeds up on cotyledons, stems, and fo{Mgécalf and Metcalf, 1993).

The systematic position of coleopteran pests afurhits collected and
identified during the present study is given below:
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Order: Coleoptera; Suborder: Polyphaga

1 Superfamily: Chrysomeloidea
1.1. Family: Chrysomelidae
1.1.1 Subfamily: Galerucinae
. Mantura chrysanthemi (Koch, 1803)
. Mantura rustica (Linnaeus, 1766)
. Aulacophora foveicallis (Lucas,1849)
. Aulacophora frontalis (Baly,1888)
. Aulacophora lewisii (Baly,1888)
. Sphenoraia bicolor (Hope 1831)
1.1.2. Subfamily: Eumolpinae
. Paria thoracica (Wilcox, 1954)
. Rhabdopterus praetextus (Say, 1824)
1.1.3. Subfamily: Cassidinae
. Oocassida pudibunda (Boheman, 1856)
. Dactylispa carinata (Chen and T’an, 1961)
2. Superfamily: Coccinelloidea
21. Family: Coccinelidae
2.1.1. Subfamily: Epilachinae
. Henosepilachna septima (Dieke,1947)
. Henosepilachna vigintioctopunctata (Motschulsky, 1857)
. Epilachna septima (Dieke, 1947)
3. Superfamily: Cucujoidea
3.1. Family: Nitidulidae
3.1.1. Subfamily: Carpophilinae
. Carpophilus marginellus (Motschulsky, 1858)
3.1.2. Subfamily: Epuraeinae

. Epuraea luteolus (Erichson, 1843)

A brief description on the relevant higher taxad ahe taxonomic key

prepared for classification and morphological idemtion (with the help of
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suitable identification guides and expert consigigtof all the coleopteran pests of

cucurbits collected during the present study avergbelow:
Key to the suborders of Order Coleoptera

1. Hind coxae large, immovably articulated to metaster, tarsi nearly always
filiform and 5-segmented; completely dividing firstisible abdominal
sternite; first three visible abdominal sternitesnmate; prothorax with
notopleural sutures usually distinct; antennae Ipedways filiform and 11-
segmented, maxillary galea 2-segmented, palp-ldegth never less than
L oMM e ————————————————————————————— ADEPHAGA

- Hind coxae movably articulated to metasternumxsit various; non-
completely dividing first abdominal sternite; prothx rarely with distinct
noto-pleural suture; antennae structure variousfiliform; maxillary galea
not palp-like; length less than 1mm........ccccceeeeiiiiiieennnnl POLYPHAGA

SUBORDER: POLYPHAGA

Polyphaga represents the largest and most digats@der among beetles. It
comprises 144 families in 16 superfamilies, withelo\x800,000 described extant
species. It displays an enormous variety in bo#tisization and adaptation of life.
The namepolyphaga is derived from two Greek wordgoly (many) andhagein (to
eat), meaning as the ‘eaters of many things’. Téxe ¢haracteristics of Polyphaga
includes the hind coxa (base of the leg), non ewdidfirst and second
abdominal/ventral plates (sternites) and the alesehthe notopleural suture (found

under the pronotal shield) in prothorax (Johnsaal.e2004).
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Key to the superfamilies of Suborder Polyphaga

1.

Tarsi pseudotetramerous on all legs, fourth trgensmt extremely minute; if
antennae clubbed, head rostrate or basal abdostiraites connate; front
coxal cavities wholly or partially closed behindndh coxae flat or slightly
inclined; prothorax often without distinct side ders; abdomen rarely with

more than five ViSIDIE STEINITES ... ov e 2

Tarsi pseudotrimerous or rarely pseudotetransgrantennae clubbed,
antennal club rarely involving more than three apmegments, head not
roetrate; front coxae transverse or rounded; prathavith distinct side

borders; all abdominal sternites free, tergite lmdaminal segment 8 usually

1o [0 [T o ISR Cucujoidea

Antennae filiform or slightly thickened apicallyphinserted in grooves or
pits; head not or slightly rostrate; gular sutwlesinct and separate; middle
coxal cavities rarely closed outwardly by sterfi@doi all abdominal sternites

freely articulated ... Chrysomeloidea

Antennae more or less clubbed, often genicuilaserted in pits or grooves ;
head more or less rostrate, gular sutures neaslgyal obsolete or confluent
(fig. 10); middle coxal cavities almost always sém outwardly by sterna ;
abdomen with at least two basal stemites moressrdennate .......................

........................................................................................ Curculionoidea

SUPERFAMILY: CHRYSOMELOIDEA

Superfamily Chrysomeloidea, with more than 63,0@€scribed extant

species; comprises the families Chrysomelidae, rGleyaidae, Megalopodidae,

Vesperidae, Oxypeltidae, Lacordaire, Disteniidae d anOrsodacnidae

(Hunt et al., 2007). Chrysomeloidea is considered be the sister group of

superfamily Curculionoidea, the group of weevils afvaldi et al., 2009;

McKenna et al., 2015). They together form a cladéormally known as the

Phytophaga, which is the largest and most divegmtion of phytophagous beetles,

with around 125,000 described extant species.dupies second largest lineage of
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phytophagous animals next to the order Lepidop{&m@amaldi and Engel, 2005).
Superfamily Chrysomeloidea includes mostly woodptant feeders with varied
body shape and non-clubbed antennae beetles. $eper@es in this superfamily
are important as pests of crop plants.

FAMILY: CHRYSOMELIDAE

Chrysomelidae (leaf beetles), which were formartfuded under the family
Bruchidae (presently Bruchinae). The watthrysomela (pl. Chrysomelidae) was
derived from Greekhrusomelon meaning‘golden apple’. Among phytophagus
families, the leaf beetles positioned the secondumber to Curculionidae. There
reported more than 35,000 species spans in 2,00€rgevorldwide (Medvedev and
Ilwan, 2006; Hieke, 1968; Verma and Jolivet, 2008 key characteristics defining
the family include small, oval shaped body, vaoatin colour, short elbowed beak;
adults having an apparent 4-4-4 tarsal formulathire tarsal segment are bifid and
notched for the terminal segment (Costa et al.0200livet et al., 2008). It was
known since the beginning of last century that lde# beetles are serious pests of
cereals (Vereschagin and Baryshnikov, 1989). Adamgmber of the Chrysomelidae
are the pest insects of both agricultural and tdiiekls. The damage caused rarely
leads to the total loss of host plants but worsea physiological condition
consequently result in decreased plant growth,dsarand productivity. The larvae
are voracious feeder on varied host parts and #itbck to the plant is to various
degree (Jurado et al., 2009; Garzia et al., 20@&cBmpe et al., 2014). The most
featured particularity of the leaf beetles is neky limited trophic range, ie, every
pest species determine solid trophic links to tmaged species and they possess
extremely varied biology. Leaf beetles are the nuesitructive pests of crops and

ornamental plants (Jolivet et al., 2008).
Key to the subfamilies of Family Chrysomelidae

1. Head vertical or pro-erect, Mouth anterior in posit................ccccevvveeennns 2.
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- Head bent inwards, mouth not anterior and hiddeaxillary palpi two

segmented, rotundate or oval form with explanatergmaall around;

antennae and legs non-visible in repoSe ......cevvvveeviiiiiinnnnns Cassidinae
2. Antennae not widely separated at base, elytra nooréess soft texture,
anterior coxae conically prominent at apeX ....cccccceeeeeeeeeennne. Galerucinae

- Antennae widely separated at base, elytra wahd hexture, thorax with
distinct lateral margins, eyes not prominent, mosim broad, last joint of
tarsi deeply bilobed, thorax narrower than elytrbase, legs not compressed

............................................................................................. Eumolpinae
SUBFAMILY: GALERUCINAE

Galerucinae (cucumber beetles), one of the largest groupsaifiieetles is a
key group to study the phylogeny of polyphaga (Yab@l., 2017). There exists a
special relationship betwe&alerucinae and its host plants, which makes the group
as a good model to study the evolution of herbaxdmetles, the co-evolution of
insect fauna with plants (Futuyma and McCaffert99d) and the evolutionary
mechanisms of biodiversity (Farrell et al., 20043lult Galerucinae have oval to
oblong body, with the head inserted into the pratko The mouthparts directed
forwards and downwards; not flattened. The antehaa eleven segments; the
antennal insertions are situated close togeth&oimt or between the eyes. Frontal
tubercles well developed and the elytral sens#iipis single (Nadein and Bezdek,
2014). The key morphological character used toindjstsh Galerucinae is the
metafemoral extensor tendon (MET) in the hind fean@tso known as metafemoral
spring, metafemoral apodeme, or Maulik’s orgarstracture that helps large jumps
for predator evasion (Furth and Suzuki, 1990; Nadmd Betz, 2016). Both the
adults and larvae d@dalerucinae are herbivorous (on both monocotyledon and
dicotyledon plants) and highly host specific. Irddidn, many species are used for
biological control of weeds or are important pgstaes of agriculture (Morton and
Vencl, 1998; Alonso-Zarazaga et al,2014).
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Key to the species of pests collected from Subfamily Galerucinae

1.

4(1).

4(2).

Elytra dark brown or blackish with metallic tingelytral tips black and
brown, striated elytral punctures, base of pronotsnwide as front of
BIYIT A e 2.(Mantura)

Elytra black and shining, ventral surface black...............cccccccooiiiiis 3..

Dark brown with metallic bronze reflection or somegs reddish brown with
a weaker reflection; shiny, relatively rounded -alpypronotum with two
short grooves (sometimes faint) running forwardsnfibase, 1.8-2.7mm size

...................................................................................... M. chrysanthemi

Metallic green or bluish head and pronotum,ralgark and reddish brown,
usually with the third apical except the suturdloyeish; sometimes entirely
dark reddish brown, rarely dark blue or blue greeth yellow tips, 2.0-
2.8IMIM SIZE ... e e e e e eeeeaee M. rustica

Anterior coxal cavities closed behind, Tarsal clappendiculate or simple,
Pronotum without a distinct fovea...........ccccevvinnnnnn. Sphenoraia bicolor

Anterior coxal cavities open behind, Tarsal daifid, Pronotum with a
transverse depression, Elytral epipleuron narrolmeddnd basal one-third .....

....................................................................................... 4 (Aulacophora)

Upper surface of elytra generally shinninggd@minal sternite black insect
smaller in size; length 6.75 mm, breadth 3.5 mmgthe male humerus

covered With ereCt Nairs ... A. foveicollis

Whole elytron black, ventral surface blacktemnomeres Il to V triangular
in case of males, antennomere Ill longer than wade vertex having
longitudinal grooves in males and in females amtemeres VIl to X

relatively SIENAEr..........ueeiiii i A.frontalis
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4(3). Whole elytron black and shinning, ventrafface black, antennomeres Il to
V filiform in either sexes, antenna of male widkan that of females,apical

margin of abdominal ventrite V sinuate in females.................... A. lewisii
SUBFAMILY EUMOLPINAE

The Eumolpinae includes > 500 genera and 7000iep€Gomez et al.,
2005; Jolivet et al., 2008). Eumolpinae can be gaed as oval, and convex in
form, and measure up to 10 mm in size. And theratitin for this subfamily of
beetles ranges from bright yellow to dark red wgpotting. Many species
are iridescent or brilliantly metallic blue or green appearance (Bouchard et al.,
2011).They can be recognized by their rounded tesamore or less spherical or
bell-shaped, and significantly narrower comparedtie mesothorax as covered by
the and front coxae rounded and third tarsal segmiébed beneath . Additional
features include a small head set deeply into lloeak and well-developed legs.
Adult and larvae both occurs during the crop grgvseason. The adult feeds
voraciously on plant foliage which can be detedigdhe presence of characteristic

‘bored leaf’ damage. The soil inhabiting larvae lau@e destructive.
Key to the species of pests collected from Subfamily Eumolpinae

1. Anterior margin of prosternum arcuate forming postar lobe, Pronotum
not deeply, coarsely punctuate, Ocular groovesomaabove eyes; colour

yellow, orange or black, Elytra entirely black................... Paria thoracica

- Anterior margin of prosternum without lobe, Rstaim without distinct
margins, Head without distinct grooves above eyesnotal margin
irregular or undulating®rosternum wide, nearly parallel side...................

.......................................................................... Rhabdopterus praetextus
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SUBFAMILY CASSIDINAE

The Cassidinae, tortoise beetles or gold bugs deew of >3,000 species
and over 125 genera with greatest diversity init@datitudes (Arnett, 1968). The
distinguishing features of cassidines are roundiraa body with edges of the
pronotum and elytra spreading out over the legsheadl. They have colourful and
metallic body, with the ability to change the calamhich is present below the
translucent cuticle. The mouthparts is reduced antavity in the head capsule and
the legs have four segmented tarsi (Bottcher e¢t28l09). The larvae are slow
moving showing peculiar defense mechanisms. Theeament of leaf feeders and
their defense is enhanced with the accumulatiofa@fes and exuviae on a coudal
fork and used against predators (Eisner et al.7)19bhe adults are conspicuous,
diurnally active feeding on young and rapidly growivegetation. The larval
feeding leads to rolling of leaves while adult fdsdscraping and producing linear

scars on the leaves (Prathapan and Konstantin@3)20
Key to the species of pests collected from Subfamily Cassidinae

1. Body elongate and oval, colour dirty brown, withfaant greenish tinge,
antennae are short; the third joint is a littlegenthan the second and almost
equal to the fourth, pronotum have a groove osidte for antenna reception,
the elytra possesses faint longitudinal red stalpalong the suture ...............

............................................................................... Qocassida pudibunda

- Body elongate and subconvex; colour yellowishbtack; head small,
vertex with medial sulcus, interocular space subkdo width of an eye;
cleye; eye; clypeus large, generally setose, aatenfiliform; reaches to
humerus; with 11-antennomeres; antennomere 1 sati@swithout spine,
pronotum transverse, lateral margin with 3 spiragerior angle rounded,
anterior margin curved, with branched spine on eside, elytral lateral

margin straight with long Spines..........cccceeevvvvvvevinnnns Dactylispa carinata
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SUPERFAMILY COCCINELLOIDEA

Coccinelloidea are characterized by the followdegnbination of anatomical
features: adults with reduced tarsal formulad{4 or 33-3), lack closed radial cell
and reduced anal veins in hindwings, hind coxaarsepd by more thatt coxal
width, intercoxal process of abdominal ventrite tbdaly rounded or truncate
(most), when retracted aedeagus rest on side, pimalldbase) tegmen reduced
(exception: Coccinellidae). Both the larvae andltadte economically important

pest of agricultural fields and orchards (Perrglet2007)
FAMILY COCCINELLIDAE

Coccinellids are found worldwide, with over 6,0§@ecies described (Allen
et al., 2000; Seago et al., 2011). Coccinellidaeiswidespread family of
small beetles ranging in size from 0.8 to 18 mmag@eeet al., 2011). Most
coccinellids have round to elliptical body with eex dorsum and flattened venter,
clubbed antennae.There is usually the presence pdsécoxal line on the first
abdominal ventrite. The tarsal formula of most sgeds 4-4-4 with the third
tarsomere minute and tucked within the broad tugergsecond (cryptotetramerous
or pseudotrimerous), only a few have the tarsomma@® equal (truly tetramerous),
and some have tarsi reduced to 3-3-3 (truly trimgyoDome-shaped bodies with six
short black legs, head and antennae. Coccinellidsotien prominently coloured
with yellow, orange, or red and have small blacktspn their wing covers. The
majority of coccinellid species are generally ukgbuedators, which prey on
herbivorous homopterans like aphids or scale isseethich are regarded as
important agricultural pests. These coccinellidstlzeir eggs directly in aphid and
scale insect colonies and ensures immediate foaccsaand supply (Verma and
Jolivet, 2008).

SUBFAMILY EPILACHNINAE

However, some species are themselves pests, thepmminent are of the
subfamily Epilachninae (include Mexican bean begetlehich are herbivorous

themselves. The distinguishing feature is antemseried between rather than in
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front, anterior margins of compound eyes present the tip of the mandibles is

multidentate and without basal tooth (Li, 1961)ublyy, epilachnines are regarded

as minor agricultural pests, feeding the leaveghefr host. Their numbers can

explosively increase when their natural enemiesatoid wasps) number are few.

That means there exists inverse proportionalitywbeh prey-predator relation.

Key to the species of pests collected from Subfamily Epilachninae

1.

Elytral tips angular, brown-yellow, with 14 blackas on each elytron; male
genitalia with basal knife, edge of the median Itiadf the length of the

latter, siphon slightly bent at the apeX ...

................................................................ Henosepilachna vignitioctopunctata

Elytral tips rounded, male genitalia not as a&av.............ccccceeeeiiiieneeeennn. 2..

Elytral spot No. 4 generally not touching the emédrmargin of the elytra;
male genitalia with median lobe not dentulate dbrsapex of siphon

sharply pointed on one side like a nib ...............Henosepilachna septima

Elytral spots vary from six to fourteen on eatytron; male genitalia sipho
bented near the basal third, apex sharply narrawedne side and pointed;
median lobe with a sudden curve at apex to forargel pointed hook, dorsal
side with a blade or knife-edge of nearly half lgnvegth of median lobe ........
.................................................................................... Epilachna septima

SUPERFAMILY CUCUJOIDEA

Cucujoidea families are characterized by the ¥olhg features: adults with

procoxal cavities internally opened (mostly), tarkamula 55-5 in female and

5-5-5 or 55-4 in male (rarely 4-4), tergite VIII in female is dorsally concealed by

tergite VII, tergite X (proctiger) found in male isompletely membranous

(Lawrence et al., 2011).
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FAMILY NITIDULIDAE

Subfamily Nitidulidae, “sap beetles” have beenndueeding on flowers,
fruits, sap, fungi, decaying and fermenting plaissues or dead animal tissue
(Parsons, 1943, Higashi et al., 2006). They hase béen recognized as vectors of
fungi (Dowd, 2000). Adult sap beetles are variahlsize, 0.9 to 15 mm in length,
antennae are usually eleven segmented with thal dletee segments forming a
club. The clubbed portion, however, is quite vagadnd peculiar within species
(Parsons, 1943). Presence of antennal groovesareltra or wing covers entire or
sometimes shortened to expose two or three abdbreegments are the other
characteristic feature of this family. The tarsaknfiula is 5-5-5 having five
segmented tarsi with normal size first tarsal segmemall fourth and long fifth
tarsal segment. The VIII abdominal segment of madeseavily sclerotized, well
raised and large and in females it is reduced amnhembranous (Dowd, 2000).
Several species are well known minor agriculturagtp of both field and stored

products.
SUBFAMILY CARPOPHILINAE

Subfamily Carpophilinae, have free Labrum, whigstlusually clearly visible
but may be retracted and partly hidden below algpbase of antenna is visible or
not in dorsal aspect, front usually notched abdsepoint of insertion, the elytra
short exposing pygidium and preceding one or twgnmsnts. The evenly convex
abdomen with sternites 2 and 3 shorter, while gggnl, 4 and 5 longer
(McNamara, 1991; Habeck, 2002).

SUBFAMILY EPURAEINAE

Subfamily Epuraeinae, are small sized speciesnfgafime decumbent setae
in dorsal surface of body, elytron lacking sutwstia; ventral head with antennal
grooves posteriorly convergent, triangular or cahigshaped submentum; genital
capsule visible along hind margin of pygidium inlesa labrum with anterior
margin deeply emarginate medially; lateral margifipronotum and elytra without

fringe of fimbriate setae.
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Key to the species of pests collected from Family Nitidulidae

1. Body darker, dark rufous to black; length about 3rprenotum and elytra
with or without setal fringe; Mesosternum withoutagsed medial line, with

auxillary space larger.......ccceeeeeeeiiieiieeeeeeeiiiiinnnn 4 Carpophilus marginellus

- Body granulated above, bearing lanceolate otukgia short setae; length
about 4mm, frontal median setae present; Ninth ol segment with
about 2 granules before each pregomphus, whichn wigeved from above,
are arranged in an arcuate row with pregomphuserdigs of cephalic
portion of tergum irregularly strewn or connectedach other ......................

...................................................................................... Epuraea luteolus

The morphological description, distribution, natwf the damage caused to
the crops, analyses on mitochondrial COIl gene semse molecular evolutionary
divergence and phylogenic status of each pest rmgecicollected under Order

Coleoptera during the present study are as follows:
1. Mantura chrysanthemi (Koch, 1803)

Specimen details:

Voucher specimen : CUMC-01-Al

Date of collection : 30-Aug-2017

Locality :  Thiruvananthapuram: Neyyatinkara
Lat- Lon : 8.4016° N, 77.0871° E

GenBank accessions : MH674105
Description and distribution:

Mantura chrysanthemi are leaf mining forms with a size ranging betwegh 1
— 2.7mm without any spots on the body surface (ieigul). They are generally dark
brown or red brown with bronze reflection or fametallic shell, hind femora may
be darkened (Saroli et al., 2016). Sexual dimorphis apparent in the posterior
margin of the fifth abdominal ventrite, which iseedy rounded in case of females

and lobate in males. The aedeagal length-widtho reti comparatively greater
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(Konstantinov and Prathapan, 2008). T

elytral punctuation is arranged in rows a
the pronotum is with confused punctuatio
Antennae of male and femaleM.
chrysanthemi are of similar length.
Protarsomeres exhibits sexual dimorphis
The first tarsomere in males is larger a T

broader than females. The ratio of the widg=Te[N(=R: &Y VEYeslaVo:liip= 1]
of the first tarsomere to the second is 2:1 bu
in females it is 1:1 (Saroli et al., 2016). Theg anainly palaearctic and tropical in

distribution.
Damage:

The larvae bore into the underground stem of yoptemts / seedlings
leading to the crop loss. The adult beetles arenoftontaminated with bacteria
which cause bacterial wilt of cucurbits.

Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial CéheyofM. chrysanthemi
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification yielded 582 bp and 597 bp long prdduor the specimens obtained
from two different locations. The DNA sequence tiptet, representative molecular
barcode, conceptual translation product and elpb&mgram are exhibited in
Figures 4.2 — 4.5 respectively and the comparis@ercentage of frequencies in the

nucleotide composition with its kin species is esgnted in Table 4.1.
Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 4.2 and Figure 4.6 respectively.
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>Mantura chrysanthemi CDS-2018 / 597 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucherMdC-01-Al

> Mantura chrysanthemi

GITGEGACTTCATTAAGTATATTAATTCGTACAGAAT TAGGAGCCCCTGGATCATTAATT
GGAAATGACCAAATTTATAATGT TATTGTAACAGCCCATGCATTCATTATAATTTTTTTC
ATAGT TATACCAATTATAAT TGCGGEGAT TTGGAAATTGAT TAGT CCCCTTAATAAT CGGA
GCTCCAGATATAGCTTTTCCACGAATAAATAATATAAGATTTTGATTACTTCCTCCTTCC
TTATTTCTACTAATTATAAGT AGAGT GGT CGAAAGGEGEGT GCTGGAACAGGT TGAACAGT T
TATCCCCCTTTATCTTCTAATATTGCCCACGGAGGATCTTCAGT GGACTTAGCTATTTTT
AGCCTTCATTTAGCAGGAATTTCATCAATTTTGCGAGCAATTAATTTTATTACTACAGTT
ATTAATATACGACCTATAGGAATAACCT TAGATCGAATACCCT TATTTGI GTGAGCAGT A
GTAATCACTGCTATTTTACTTCTTCTATCCTTGCCTGT CTTAGCAGGAGCTATTACTATA
CTTTTAACAGATCGTAATCTAAATACATCATTTTTCGAT CCT GCAGGAGGEGEEGTGAC

Figure 4.2: The partial DNA sequence of the mitoch@al COI gene oMantura
chrysanthemi

0 596

Figure 4.3: Molecular barcode of the mitochondri@Ol gene of Mantura
chrysanthemi

> Mantura chrysanthemi / 193AA / cytochrome oxidase subunit | (CO
gene, partial cds; mitochondrial / voucher CUMCAIL-

)
> Mantura chrysanthemi

M.I RTELGAPGSLI GNDQ YNVI VTAHAFI M FFMWVPI M GGFGNWLVPLM GAPDIVAF
PRWMNNVEFW.LPPSLFLLI MSSVWESGAGTGM VYPPLSSNI AHGGSSVDLAI FSLHLAG
I SSI LGAI NFI TTVI NVRPMGMILDRVPLFVWAWVI TAI LLLLSLPVLAGAI TMLLTDRN
LNTSFFDPAGGGED

Figure 4.4: The translation product of the mitodireed COI gene ofMantura
chrysanthemi
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Sample :P68_CP1.FORWARD_7173-39_P1056 Run start: 2017/12/04 21:23:47

s Trim Start :24 Run stop: 2017/12/04 23:21:22

Mantura Cblj santhem] Trim End 673 PDF created: 2017/12/07 15:47:12
Qu20 Bases :649

T GAGCTGGGAAGTT GGG/CTTCAT TAAGTATAT TAAT T CGTACAGAAT TAGGAGCCCC TGGATCAT TAATT GGAAAT GACCAAAT TTATAAT GTTAT T GTAACAGCCCATGCAT
10 20 30 40 50 60 70 80 90 100

110

gVt ettt ot ot o st ol

TCATTATAATTTTTTTCATAGTTATACCAATTATAAT TGGGGGATTTGGAAATTGAT TAGTCCCCTTAATAAT CGGAGCTCCAGATATAGCT TTTCCACGAATAAATAATATAAGATTTT GATTACTTCCTCCT TCCTTATT
120 140 150 160 170 180 190 200 210 220 230 240 250

130

M AAAAAAR M antA s s A AAAAAAMANAAAAAAAAN AR AN AAAA AN AN A AN A AR AN AR A A MAAANANAAMANAAAAAAANAR

TCTACTAATTATAAGT AGAGTGGT CGAAAGGGGT GCTGGAACAGGT TGAACAGT TTATCCCCCTT TATCTTCTAATATT GCCCACGGAGGATCTTCAGTGGACTTAGCTATTTTTAGCCTTCATT TAGCAGGAATTTCAT CAA
260 270 280 290 300 310 320 330 340 350 360 370 380 39 44

TTTTGGGAGCAATTAATT TTAT TACTACAGTTATTAAT ATACGACCTATAGGAAT AACCTT AGATCGAATACCC TTAT TTGTGT GAGCAGT AGTAATCACTGCTATTTTACTTCTTCTATCCT TGCCTGTCTTAGCAGGAGC
410 420 430 440 450 460 470 480 490 500 510 520 530 540

/\ AA[\jh‘x

TATTACTATACTTT TAACAGATCGT AAT CTAAATACAT CATT T TTCGATCCT GCAGGAGGGGGTGACCCTATTCTTTATCAACAT TTATTTTGATTTTTTGGACATC
550 560 570 580 590 600 610 620 630 640
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AN MM W My Al A iy 006NNy
Sample :P68_CP1.REVERSE_7173-40_P1056 Run start: 2017/12/04 21:23:47
. Trim Start :20 Run stop: 2017/12/04 23:21:22
Mantura Ch‘:’ santhem] Trim End  :681 PDF created: 2017/12/07 15:47:14

Qu20 Bases :661

TAAAAGTATAGTAATAGCTCCTGC TAAGACAGGCAAGG ATAGAAGAAGTAAAATAGCAGTGATTACT
60 70 80 90 100 110

ACTGC TCACACAAATAAGGGTAT TCGATCTAAGGTTAT TCCTATAGGTCGTATATTAATAACTGT AGTAATAAAATTAAT TGCTCCCAAAATTGATGAAATTCCT GCTAAATGAAGGCTAAAAATAGC TAAGT CCACTGAAGA
120 130 140 50 160 170 180 190 200 2 0 230 240 251 26

15 210 220 250 26(

MJM ottt vt Aot s na ot sttt ssnn A Aot At

[TCCTCCGTGGGCAATATTAGAAGATAAAGGGGGATAAACTGTTCAACCTGTTCCAGCACCCCTTTCGACCACT CTACTTATAATTAGTAGAAATAAGGAAGGAGGAAGTAAT CAAAATCTTATATTAT TTATT CGTGGAAAAG
270 280 290 300 310 320 33 340 350 360 370 3 39( 400

0
AAA/\AAAM )

380

Al A/\A/\/\/\' A /\/\/\ M AN AN A

GGTCATTTCCAATTAATGA
530 540

CTATATCTGGAGCTCCGATT

ATGGGC
410 420 500

ATTAAGGGGACTAATCAATTTCCAAATCCCCCAATTATAATT GGTATAACTAT GAAAAAAAT TATAAT GAAT GC
430 440 450 464 470 480 490

TGTTACAATAACATTATAAATTT
510 52

TCCAGGGGCTCCTAATT CTGTACGAAT TAATATACTT AATGAAGT CCCAACTATCCCAGCTCATACTCCAAAAATAAAGI ACAATGI TCCAATATCT TTAT GAITGGGI TGAAT
550 560 570 580 590 600 610 620 630 640 650 (,(\q\
|

Figure 4.5: Electropherogram showing the nucledeiguence of the mitochondrial
COI gene oMantura chrysanthemi using Forward and Reverse primers.

The mitochondrial COIl gene nucleotide sequence a@alysed for the

nucleotide composition oM. chrysanthemi voucher collected during the present

study (Table 4.1). It showed bias to nucleotide Aith nucleotide composit
with T = 37.4%, C =17.2%, A = 29.5% and G = 15.9%.
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Table 4.1: Comparison of Nucleotide frequencieS®@Il gene sequence bfantura chrysanthemi with its kin species

Name of the species NUCLEOTIDE FREQUENCIES ( %)

T C A G | Total| T-1|C-1|A-1|G-1|T2/C-2| A2|G-2|T-3|C-3| A-3|G-3
MH674105 Mantura chrysanthemi 374 | 172 | 295 | 159 | 553.0 | 37 | 222 | 200 | 205 | 46 | 13.0 | 326 | 87 | 29 | 163 | 359 | 185
KU557525 Mantura sp. 374 | 172 | 295 | 159 | 553.0 | 37 | 222 | 200 | 205 | 46 | 13.0 | 326 | 87 | 29 | 16.3 | 369 | 185
KJ677801 Galerucinae sp. 378 | 157 | 315 | 15.0 | 553.0 | 36 | 23.2 | 205 | 20.0 | 48 | 92 | 353 | 71 | 29 | 147 | 386 | 17.9
KU697451 Aphthona strigosa 376 | 156 | 320 | 148 | 553.0 | 37 | 222 | 211|200 | 45 | 98 | 380 | 76 | 32 | 147 | 370 | 16.8
KC185740 Paridea biplagiata 382 | 159 | 30.7 | 152 | 553.0 | 37 | 222 | 200 | 205 | 46 | 114 | 348 | 76 | 31 | 141|375 | 174
KF653209 Mantura chrysanthemi 369 | 154 | 32.7 | 15.0 | 553.0 | 37 | 222 | 205 | 205 | 41 | 103 | 429 | 6.0 | 33 | 13.6 | 348 | 185
KC185742 Paridea transversofasciata | 38.2 | 16.1 | 29.7 | 16.1 | 553.0 | 37 | 227 | 20.0 | 205 | 48 | 109 | 326 | 82 | 29 | 147 | 364 | 196
MG587922 Aulacophora lewisii 374 | 157 | 313 | 15,6 | 553.0 | 36 | 227 | 211 | 20.0 | 43 | 109 | 375 | 82 | 33 | 13.6 | 363 | 185
AB794766 Monolepta sp. 382 | 16.1 | 295 | 16.3 | 553.0 | 37 | 227 | 200 | 205 | 47 | 98 | 348 | 87 | 31 | 1568 | 33.7 | 196
LT991425 Ochthebius klapperichi 410 | 145|293 | 1562 | 553.0 | 36 | 238 | 195|211 | 583 | 76 | 326 | 65 | 34 | 120 | 3569 | 179
KM446929 Luperomorpha xanthodera | 38.2 | 14.8 | 30.9 | 16.1 | 553.0 | 36 | 238 | 195|205 | 45 | 87 | 375 | 92 | 34 | 120 | 3569 | 185
MG298995 Tachinidae sp. 403 | 134 | 309 | 154 | 553.0 | 37 | 238 | 195|200 | 48 | 7.1 | 380 | 65 | 36 | 9.2 | 353 | 19.6
KU917773 Longitarsus tabidus 383 | 145 | 327 | 145 | 553.0 | 37 | 222 | 205 | 20.0 | 43 | 103 | 413 | 54 | 35 | 109 | 364 | 179
KM448517 Olibrusliquidus 389 | 165 | 291 | 156 | 553.0 | 36 | 249 | 184 | 211 | 48 | 103 | 332 | 82 | 33 | 141 | 359 | 174
KM446101 Longitarsus anchusae 378 | 159 | 325 | 13.7 | 553.0 | 36 | 232 | 211|195 | 45 | 103 | 386 | 6.0 | 32 | 141 | 380 | 158
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Table 4.2 Percentage of evolutionary divergenddaftura chrysanthemi with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of

No. No Organism divergence
1. MH674105 | Mantura chrysanthemi (Kerala)
2. KU557525 | Mantura sp.(Kerala) 0.00%
3. KF653209 | Mantura chrysanthemi (Spain) 9.21%
4, KJ677801 | Galerucinae sp. 12.96%
5. KU697451 | Aphthona strigosa 14.35%
6. MG587922 | Aulacophora lewisii 14.37%
7. KC185742 | Paridea transversofasciata 14.56%
8. KC185740 | Paridea biplagiata 14.76%
9. KM446101 | Longitarsus anchusae 15.69%
10. AB794766 | Monolepta sp. 15.77%
11. KM448517 | Olibrusliquidus 15.94%
12. KU917773 | Longitarsus tabidus 15.97%
13. KM446929 | Luperomorpha xanthodera 17.04%
14. LT991425 | Ochthebius klapperichi 17.21%
15. MG298995 | Tachinidae sp. 17.89%
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100 | @ MH674105 Mantura chrysanthemi

71 | @ KU557525 Mantura sp.
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Figure 4.6: Phylogenetic relationship Mbntura chrysanthemi inferred by NJ tree
method

DISCUSSION

Both the nucleotide and peptide BLAST analysiswst that Mantura
chrysanthemi (MH674105) has 100% sequence similarity to Mantura species
reported from Kerala (KU557525). This species haenb found in various
geographically isolated areas, their sequence dhawmedation of 9.21% with the
same species from Spain. It has been found thsitsghecies represents one of the
common species of Palearctic regions. Hence theeptestudy stress that the
barcode generated can be used to easily spot duengn and also to analyse its

phylogeny.

The number of base substitutions per site betwgegunences were analysed
using the Maximum Composite Likelihood model. Th®ICsequence ofM.
chrysanthemi showed bias to nucleotide AT, with following consgmn of
nucleotides T = 37.4%, C = 17.2%, A = 29.5% and ®&59%. This greater AT
content (66.9%) over GC content (33.1%) is mainkg ¢o the mutational pressure

on a single nucleotide substitution during the etiohary period of timeM.
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chrysanthemi showed variation in the total composition of notige in each of the
position of codons in comparison with other relaspécies isolated from different

geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Even though the COI sequences has hegmrted from different
geographical locations, it showed 0% to 17.89 %etkhces in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has no divergence (0%) those fromaldewhile have 9.21% from
Spain (Table 4.2). On the basis of the data obdeihie species may be rooted from
those found in Spain which diverted into differesiades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while possess changes from those reportad Bpain during the course of

evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species ®. chrysanthemi with related speciesM.
chrysanthemi isolated from Kerala (MH674105) showed 9.21% djesce with
Mantura chrysanthemi (KF653209) from Spain and 17.89% divergence with
Tachinidae sp(MG298995) from California. The phylogeny tree gented by using
NJ method reveals the phylogenetic statusiothrysanthemi isolated from Kerala.
Closest relative ofM. chrysanthemi collected during the present study N&.

chrysanthemi from Spain represented within the same clade.
2. Mantura rustica (Linnaeus, 1766)

Spoecimen details:

Voucher specimen : CUMR-02-Al

Date of collection :  30-Aug-2017

Locality . Thiruvananthapuram: Neyyatinkara
Lat- Lon :  8.4016° N, 77.0871° E

GenBank accession : MH674106
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Description and distribution:

Mantura rustica are epidermal miners

with size ranging between 2-2.8 mm havi
flattened body and head (Figure 4.7). They «
dark reddish brown with rear third of elytr
usually yellowish in colour, except suture
Metallic greenish or bluish coloured pronotou
is attached to head, orange to brown colou
leg with darkened hind femora (Cox, 1976 Figure 4.7Mantura rustica

These are Euroasiatic species, distributed in wholeope, Asia Minor eastwards

reaching to Mongolia and China.
Damage:

The larvae are voracious leaf miners. The minesadnitish and serpentine,
on the upper leaf surface, with frass in irregulark lumps and strings . The adult
pest feeding results in closely spaced, oval togdte shaped holes penetrating the
host plant leaf giving it a pitted, stippled apzeae.

Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C@hey of M. rustica
collected has been amplified using the primer BTLalle 3.1). The PCR
amplification yielded 431 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 4.8 -1 4réspectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 4.3.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition oM. rustica voucher collected during the present study
(Table 4.3). It showed bias to nucleotide AT, wnitlrcleotide composition with T =
36.4%, C = 16.5%, A = 30.2% and G = 16.9%.
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Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are

exhibited in Table 4.4 and Figure 4.12 respectively

> Mantura rustica CDS-2018/ 431 bp / cytochrome oxidase subunit | 1JCO
gene, partial cds; mitochondrial / voucher CUMRAIRR-

> Mantura rustica

GAGCCCCTGGATCATTAATTGGAAATGACCAAATTTATAATGT TATTGTAACAGCCCATG
CATTCATTATAATTTTTTTCATAGI TATACCAATTATAATTGGGGGATTTGGAAATTGAT
TAGTICCCCTTAATAAT CGGAGCT CCAGATATAGCT TTTCCACGAATAAATAATATAAGAT
TTTGATTACTTCCTCCTTCCTTATTTCTACTAATTATAAGT AGAGT GGT TGAAAGEGEGT G
GTGGAACAGGTTGAACAGT TTATCCCCCTTTATCT TCTAATATGGECCCACCGAGGATCTT
CAGTGGAATTAGCTATTTTTAGCCT TCATTTAGCAGGAAT TTCATCAATTTTGGGAGCAA
TTAATTTTATTACTACAGT TATTAATATACGACCTATAGGAATAACCTTAGATCGAATAC
CCTTATTTGIG

Figure 4.8: The partial DNA sequence of the mitoadrial COl gene oMantura
rustica

0 430
I

Figure 4.9: Molecular barcode of the mitochond@&ll gene oMantura rustica

> Mantura rustica / 121AA / cytochrome oxidase subunit | (COIl) gen
partial cds; mitochondrial / voucher CUMR-02-A1

> Mantura rustica
M FFMWMPI M GGFGNWLVPLM GAPDVAFPRVNNVBFW.LPPSLFLLI MSSWESGGGT

GWMVYPPLSSNVAHGGSSVELAI FSLHLAG SSI LGAI NFI TTVI NVRPMGMTLDRMPLF
\%

Figure 4.10: The translation product of the mitauial COl gene ofMantura
rustica
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Sample :P.67_CP1.FORWARD_7173-37_P1080 Run start: 2017/12/08 10:08:15

) Trim Start :46 Run stop: 2017/12/08 12:22:51

Mantura I'Hst]ca Trim End :510 PDF created: 2017/12/08 16:29:11
Qu20 Bases :464

TTCATTAAGTATATTAATT CGTACAGAAT TA CGAGCCCC TGG ATCAT TAATT GGAAATGACCAAAT TTATAATGT TAT TGTAACAGCCCATGCATT
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ICTACTAATTATAAGTAGAGT GGTCGAAAGGGGT GCTGGAACAGGTTGAACAGTTTATCCCCCTTTATCTTCTAATATT GCCCACGGAGGATCTTCAGTGGACTTAGC TATT TTTAGCC TTCATT TAGCAGGAATTTCAT CAA
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Sample :P.67_CP1.REVERSE_7173-38_P1080 Run start: 2017/12/08 10:08:15
s Trim Start :56 Run stop: 2017/12/08 12:22:51
Mantura rustica

Qv20 Bases :604

TATTTA GAT TAC GAT CT GT TAAAAGTATAGTAATA GCTCCTGCTAAGACAGGCAAGG ATAGAAGAAGT AAAAT AGCAGTGATTACTA|
10 0 0 40 50 60 70 80

o L

A S DesaN AN e ANl B s AN A I 20 s AOA A e A rera AN

CTGCTCACACAAATAAGGGTAT TCGATCTAAGGT TATTCCTATAGGTCGTATAT TAATAACTGT AGTAATAAAAT TAATT GCTCCCAAAATTGATGAAATTCCTGC TAAATGAAGGCTAAAAAT AGCTAAT TCCAC TGAAGAT
90 100 110 120 130 140 150 160 170 180 200 210 2

A T T T T T T T T T

CCTCCGTGGGC CATAT TAGAAGATAAAGGGGGAT AAACTGTTCAACCTGT TCCACCACCCCTTTCAACCACTCTACTTATAATTAGTAGAAAT AAGGAAGGAGGAAGT AATCAAAATC TTATATTATTTATTC GTGGAAAAG
240 250 260 270 280 290 3 320 330 370

300 310 340 35 360

) B s sn AN A AN AN N AV AN AN o AN ASANANA AN s 8NN WA DN

TATATCTGGAGCTCCGATTATTAAGGGGACTAATCAATTT CCAM TCCCCCAATTAT AAT TGGTATAACTATG AMAAAAAATTAT MT GAATGCAT GGGCTGT T ACAATAACAT TATAAATTTGGTCATTTCCAATT AAT GA
380 390 00 410 420 430 440 450 6 470 48( 490 500 510

A AA AN AN S aars s Anafiapy VWM A AL NN AN ONANA AN WA NN 2t M Mcanlannl)

CCAGGGGCTCCTAATTCTGI CCAAATT AATATACT TAATGAAGTC CCA AC TATCCCAA CTCATACTCCAA AMTAAAGTACAATGT TCC
520 530 540 550 560 570 580 590 600
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Figure 4.11: Electropherogram showing the nucleotidcequence of the
mitochondrial COIl gene ofMantura rustica using Forward and
Reverse primers.
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Table 4.3: Comparison of Nucleotide frequencie€01 gene sequence bfantura rustica with its kin species

NUCLEOTIDE FREQUENCIES (%)

Name of the species T|c| A| G |T1| c1| A1| G1| T2 c2 A2 G2 T3 C3 ABG3
MH674106 Mantura rustica 36.4| 165 30.2 169 24 154 336 273 44 236 131B8| 41| 10.4| 438 49
KUS557525 Mantura sp. 36.9| 16.2| 30.2 167 24 1309 340 278 44 245 131B2| 42| 10.4| 431 4.2
KJ677800 Galerucinae sp. 30.0| 142| 302 167 28 1309 313 292 44 231 1203| 47| 56| 465 .7
MG587922 Aulacophora lewisii 37.8| 15.3| 205 174 28 132 31|19 292 44 229 1208 44| 98| 441 21
MF140520 Luperomorpha sp. 37.6| 14.8| 30.2 174 25 147 30,1 301 44 229 12208| 44| 69| 479 14
KF652714 Mantura chrysanthemi 36.2| 14.8| 31.6 174 27 1255 313 292 43 231 1248.0| 38| 90| 507 2.1
KC185695 Aulacophora indica 36.6| 14.8) 30.8 178 25 1309 31j9 292 42 215 158.8| 42| 90| 451 35
KU917809 Galerucella lineola 38.3| 15.3| 205 169 24 153 313 292 44 231 1203 47| 7.6| 444 14
KC185688 Apophylia epipleuralis 38.4| 14.6| 292 178 24 14/ 31j9 299 42 215 158.8| 49| 7.6| 403 28
KC185740 Paridea biplagiata 36.8| 155 29.9 17.8 25 1309 31j9 292 42 215 158.8| 43| 11.1] 424 3.9
KM842073 Tricholochmaea cavicallis 38.1| 15.3| 20.2 174 28 118 313 285 44 231 1283 42| 11.1] 438 3.9
KM842407 Tricholochmaea cavicallis 38.1| 15.3| 28.8 177 28 118 313 285 44 231 12803 42| 11.2| 427 4.2
KC185742 Paridea transver sofasciata 37.0| 15.3| 30.1 176 28 132 326 285 42 215 16a.1| 43| 111 417 4.2
KU697451 Aphthona strigosa 38.7| 14.4| 30.4 165 28 132 340 264 44 229 13®1| 46| 70| 441 28
KU906966 Dasytes niger 36.9| 13.7| 329 165 39 132 299 271 43 238 141B2| 38| 42| 542 4.2
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Table 4.4: Percentage of evolutionary divergenceMahtura rustica with its
closely related species accessible from NCBI GekBan
Sl Accession : Per centage of
No. No Organism divergence
1. MH674106 | Mantura rustica (Kerala)
2. KU557525 | Mantura sp.(Kerala) 1.20%
3. KF652714 | Mantura chrysanthemi 9.70%
4, KJ677800 | Galerucinae sp. 11.58%
5. KC185695 | Aulacophoraindica 13.13%
6. MG587922 | Aulacophora lewisii 13.33%
7. KU917809 | Galerucella lineola 13.82%
8. MF140520 | Luperomorpha sp. 14.66%
9. KC185742 | Paridea transversofasciata 14.74%
10. KM842073 | Tricholochmaea cavicollis 14.85%
11. KC185740 | Paridea hiplagiata 14.88%
12. KM842407 | Tricholochmaea cavicollis 15.21%
13. KU697451 | Aphthona strigosa 15.95%
14. KC185688 | Apophylia epipleuralis 16.19%
15. KU906966 | Dasytes niger 18.18%
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MG587922 Aulacophora lewisii

42
24 —| KC185695 Aulacophora indica
23 MF140520 Luperomorpha sp.
KC185740 Paridea biplagiata
25 7' KC185742 Paridea transversofasciata
61 KU917809 Galerucella lineola
KC185688 Apophylia epipleuralis
57 KU697451 Aphthona strigosa
| 33| | KM842073 Tricholochmaea cavicollis

100 L KM842407 Tricholochmaea cavicollis
KF652714 Mantura chrysanthemi

29 —— @ MH674106 Mantura rustica
100 L KU557525 Mantura sp.
KJ677800 Galerucinae sp.
65 KU906966 Dasytes niger
| o |
0.02

Figure 4.12: Phylogenetic relationship bfantura rustica inferred by NJ tree
method

DISCUSSION

Both the nucleotide and peptide BLAST analysiswsd that Mantura
rustica (MH674106) has 98.8% sequence similarity to threesgenus reported from
Kerala, Mantura sp. (KU557525). Even though this species has beendf in
various geographically isolated areas, their secgigmossesses slight variation.
Hence the present study stress that the baraatkrated can be used to easily spot

the specimen and also to analyse its phylogeny.

The number of base substitutions per site betvseenences were analysed
using the Maximum Composite Likelihood model. Th@lGequence o¥. rustica
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
36.4%, C = 16.5%, A = 30.2% and G = 16.9%. Thisage AT content (66.6%)
over GC content (33.4%) is mainly due to the matatl pressure on a single

nucleotide substitution during the evolutionaryipérof time. M. rustica showed
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variation in the total composition of nucleotidedach of the position of codons in

comparison with other related species isolated fadferent geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed 1.20% to 18.18fferénces in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has 1.20% divergence withntura species from Kerala and 9.70%
with Mantura chrysanthemi from Spain (Table 4.4). On the basis of the data
observed this species may be rooted from thosedfauispain which diverted into
different clades due to geographical variation. URethus concluded that this
species have slight changes within India and pssskeanges from those reported

from Spain during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated speciesMf rustica with related specie$d. rustica isolated
from Kerala (MH674106) showed 9.21% divergence Wiintura sp (KU557525)
from Kerala and 18.18% divergence with (MG2989®&ntura sp. from Canada.
The phylogeny tree generated by using NJ methoghis\the phylogenetic status of
M. chrysanthemi isolated from Kerala. Closest relative Mf rustica is M. species

from Kerala represented within the same clade.
3. Aulacophora (Raphidopalpa) foveicollis (Lucas, 1849)

Soecimen details:

Voucher specimen . CUAF-01-A1

Date of collection . 8-Dec-2017

Locality . Malappuram: Kondotty
Lat- Lon : 11.1458° N, 75.9643° E
GenBank accession :  MH590763
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Description and distribution:

They are commonly called as re

pumpkin beetles. The larval size range up
15 mm, body is yellow — white coloured wit
dark-browned head (Figure 4.13). Genera
adults are brown in colour, metasternum a
abdominal sternites entirely or largely blac
The body size of the adult is 7mm long a
3-3.75 mm wide. The colour of the elytricTs 4.13:Au|acophorafovei;;nis
varies from pale orange-yellow to brig
orange-red to medium brown, and the abdomen ikbiaih soft white hairs (Lee
and Beenen, 2015). The male humerus covered wettt bairs. From the egg to the
imago life cycle varies from 32-55 dayaulacophora foveicollisis polyphagous,
attacking more than 80 plant species, preferringen@ucurbitaceae family. The
grubs are found in the soil with size range up3arin and are slender and creamy-
yellow, with pale brown heads and prothorax. They ound throughout Asia,

Pakistan, Africa and Mediterranean region (Agaaral Rastogi, 2008).
Damage:

Adult pumpkin beetles feed on the foliage and #osvof the host plants
(members of Cucurbitaceae family); seedlings maydestroyed by its massive
attacks and young plants may also be severelytatfe&everal beetles cluster on a
single leaf and feed between the veins, often rayitind removing circular discs
which they then eat, leaving other leaves untouchadvae feed on roots result in
plant rot and withering and adult feeding on sewgiay retard plant development
(Islam et al., 2011; Muniappan, 2012).

Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C@heay of Aulacophora
foveicallis collected has been amplified using the primer BTable 3.1). The PCR
amplification yielded 514 bp and 590 bp long prdduor the specimens obtained
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from two different locations. The DNA sequence fiptet, representative molecular
barcode, conceptual translation product and epherogram are exhibited in
Figures 4.14 — 4.17 respectively and the compardqrercentage of frequencies in
the nucleotide composition with its kin speciegeigresented in Table 4.5.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition oAulacophora foveicollis voucher collected during the
present study (Table 4.5). It showed bias to nuicleoAT, with nucleotide
composition with composition T = 39.9%, C = 16.386; 28.0 and G = 15.8%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are

exhibited in Table 4.6 and Figure 4.18 respectively
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> Aulacophora foveicollis CDS-2016/ 590 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucherARJ01-Al

> Aulacophora foveicollis

ATAGTAGGAACT TCCCTAAGAGT CCTAATTCGAACAGAAT TAGGAAGCCCTGGATCTTTA
ATTGGAAATGATCAAATTTATAATGTAATTGT CACTGCCCATGCATTCATTATAATTTTT
TTTATAGI TATACCAATTATAATCGGAGEGT TTGGAAACTGATTAGTACCCTTAATAATT
GGAGCTCCTGATATAGCTTTCCCTCGTATAAATAATATAAGATTTTGATTACTTCCTCCT
TCTCTATTTTTATTAATTATAAGTAGAGT TGT TGAAAGAGGGEECTGEGACTGGT TGAACT
GITTACCCTCCTCTTTCTTCAAATATTGCCCATGGAGGT TCTTCTGTTGATTTAGCAATT
TTCAGT TTACATTTAGCCGGAATTTCTTCAATTTTAGGAGCAATTAATTTTATCACAACC
GTAATTAATATGCGT CCTAAAGGAATAACACT AGACCGAATACCACTATTTGTATGAGCT
GITGITATTACAGCTGTATTATTATTATTATCTCTACCAGTI TTTAGCTGGAGCCATTACA
ATATTATTAACAGATCGAAATCTAAATACTTCCTTTTTTGATCCTGCTGG

Figure 4.14: The partial DNA sequence of the mitoarial COl gene of
Aulacophora foveicollis

0 589

Figure 4.15: Molecular barcode of the mitochondi@DIl gene ofAulacophora
foveicoallis

> Aulacophora foveicollis / 196AA [/ cytochrome oxidase subunit | (COI
gene, partial cds; mitochondrial / voucher CUAFAIL-

> Aulacophora foveicollis

MVGTSLSVLI RTELGSPGSLI GNDQI YNVI VTAHAFI M FFMVIVPI M GGFGNW.VPLM
GAPDIVAFPRWNNVEFWL L PPSLFLLI MSSWESGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAGQ SSI LGAI NFI TTVI NVRPKGVTLDRVPLFWWAWVI TAVLLLLSLPVLAGAI T
M_LLTDRNLNTSFFDPA

Figure 4.16: The translation product of the mitauifreal COI gene oAulacophora
foveicollis
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Sample :1.4_CP1F_23166-7_7780 Run start: 2015/09/21 09:36:28

2 = Trim Start :25 Run stop: 2015/09/21 11:52:29
Aulacophora fovelcouls Trim End  :671 PDF created: 2015/09/21 12:48:10
Qv20 Bases :646

N AGCAGG ATAGTAG GMCTTCCC TAAGAGTCC TAAT TCGAACAGAATTA GGAAGCCC TGGATCT TTAATT GGAAAT GAT CAAATTTATAAT GTAATT GTCACTGCCCATGCATT
/\ 10 20 30 40 50 60 70 80 90 100 110

0 A NN ./W\A/\/\/\”N\/\/\AM/\/\/\ Nt A M aInananin,
CATTATA

ATTTTTTTTATAGTTATACCAATTATAATCGGAGGGT TT GGAAACT GATTAGTACCC TTAATAATTGGAGC TCCTGATATAGCTT TCCCTCGTATAAATAATATAAGATTTT GATTACT
120 130 140 150 160 170 180 190 P

TCCTCCTTCTCTATT

200 21 220 230 240 50

DA AN AN AN AR AN AN WA AN AN AMAAN AN

AATTATAAGTAGAGI TGITGAAAGAGGGGCT GGGACTGGT TGAACT GTTTACCCTCCTCTTTCTTCAAATAT T GOCCATGGAGGTTCTTCTGI TGAT TTAGCAAT TTTCAGI TTAC:
260 270 280 290 300 310 320 330 3

GCCGGAATTTCTTCA

340 350 360 370 380 390
A s AN A A AN AN AN AN W A AN AWV WA
TTTTAGGAGCAATTAAT TT TAT CACAACCGT AAT TAATAT GCGTCCTAAAGGAAT AACACTAGACCGAATACCACTATTTGT ATGAGCTGT TGT TAT TACAGCTGTAT TAT TATTATTAT CTCTACCAGT TTTAGC TGGAGC!
400 410 420 430 440 450 460 47 80 490 500 510 520 30

(I AN AN AN AN AANAAN A AN N
CATTACAATATTAT TAACAGAT CGAAATCTAAATACTTCCTTTTTT GATCCTGCTGGT GGAGGI GATCCTATTTTATAT CAACATTTATTTT GATTTTTTGGACATC
540 550 560 570 580 590 600 610 620 630 640

(e e 0n) LN A0 A0 el SO0 000000 N0
Sample :.4_CPR_23178-4_7781 Run start: 2015/09/22 09:50:34
. . Trim Start :33 Run stop: 2015/09/22 12:06:36
AuIacopbor a foveicollis Trim End  :674 PDF created: 2015/09/22 13:00:03

Qu20 Bases :641

CCAGCAGG AU CAAAAAAGGAAGE AT TTA GATTT CGAT CT GI' TAATAATAT T GI AAT GGCTCCAGC TAAAACT GGTAGAGATAAT AATAAT AAT ACAGC TGTAATAACAACA
10 20 30 40 50 60 70 80 90 100 110

aa=ocl ye o AWt e A s i s At aninen

CTCATACAAATAGTGGTATTCGGTCTAGTGT TATTCCTTTAGGACGCATAT TAATTACGGT TGTGATAAAAT TAATT GCTCC TAAAATTGAAGAAAT TCCGGC TAAAT GTAAACT GAAAATT GCTAAAT CAACAGAAGAA
120 130 140 150 160 170 180 190 200 210 220 230 240 250

[CCTCCATGGGCAAT ATTT GAAGAAAGAGGAGGGT AAACAGT TCAACCAGTCCCAGCCCCTCTTTCAACAACTCTACTTATAAT TAATAAAAATAGAGAAGGAGGAAGTAAT CAAAATCT TATATTATT TATACGAGGGAAAG
260 270 280 290 300 310 320 330 340 350 360 370 380 390

Ml WA A A 2 MW AN WA AN A AANABAMANAAA AN AW WA WA

TATATCAGGAGCTCCAATTATTAAGGGT ACTAAT CAGT T TCCAAACCC TCCGATTATAATT GGT ATAACTATAAAAAAAATT AT AAT GAAT GCAT GGGCAGT GACAAT TACAT TATAAATTTGATCATTTCCAAT TAAAGAT
400 410 420 430 440 450 460 470 480 490 500 510 520 530

P N A Al s e W g iAo ssonaone s A M s R e el

CCAGGGCTTCCTAATTCTGI' TCGAATTAGGACTCTTAGGGAAGTTCCTACTATT CCTGCTCAAACT CCAAAAAT AAAATATAAT GTTCCAATATCTTTATGAT G
540 550 560 570 580 590 1 62 63 640

600

e T e S | e S M)&W\WMCM‘

Figure.4.17 Electropherogram showing the nucleoticequence of the

mitochondrial COI gene o&ulacophora foveicollis using Forward and
Reverse primers.
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Table 4.5: Comparison of Nucleotide frequencieS®©Il gene sequence Alilacophora foveicollis with its kin species

NUCLEOTIDE FREQUENCIES ( %)
Name of the species

T C A G T-1| C1| A1l G1] T2 C2 A2 G2 T- C- A-BG-3
MH590763 Aulacophora foveicollis (Kondotty) 39.9| 16.3] 28.0 158 2¢1 164 292 275 45 250 128.4| 48| 7.6| 421 2.3
KU557524 Aulacophora foveicollis 37.9| 16.5| 294 16.1 24 15)]7 326 279 46 240 128.1| 44| 99| 433 2.3
KY846455 Aulacophora indica 374 16.3| 29.8 165 25 14|6 32.7 2&13.1 A4  23.4 129.9| 44| 11.00 43.6 1.7
MG587922 Aulacophora lewisii 36.2| 16.0) 309 16.9 26 135 322 2é.7 A5 234 119.9| 38| 11.00 48.8 2.3
KC185685 Anadimonia potanini 35.9| 15.3] 320 16.Y 23 140 36.6 26.7 42 227 159.8| 43| 94| 444 35
AB794742 Monolepta sp. 39.9| 13.8/ 29. 16.Y 26 12|]8 33.1 2&13.5 A4  23.4 129.9| 50| 5.3 43.3 1.8
KR425318 Galerucinae sp. 39.1| 148/ 29 165 25 14/0 333 Zé.l A4 23.4 129.9| 48| 7.0f 430 1.7
KC185733 Monolepta atrimarginata 36.9| 14.0/ 33.0 161 24 12)]8 349 279 42 233 1489.8| 44| 5.8| 49.7 .6
KF134566 Longitarsus atricillus 374 156/ 31.1 16.0 21 123 339 269 44 234 129.3| 41| 11.00 46.5 1.7
KU697451 Aphthona strigosa 36.8| 15.2| 319 16.1 24 14)0 355 26.7 44 240 129.3| 43| 7.6| 474 2.3
KF134558 Longitarsus bedeli 37.9| 15.0/ 31.3 158 2¢¥ 11)7 339 269 44 234 129.3| 42| 99| 471 1.7
KU915650 Longitarsus atricillus 37.0| 16.0) 315 156 21 12)]3 345 263 44 240 129.3| 40| 11.6f 471 1.2
MG058721 Glyptina abbreviate 35.6| 154 321 16.9 24 14)0 337 279 44 234 1299| 38| 8.8| 503 249
KC185708 Euliroetis ornate 36.7| 15.9| 30.7 16.Yy 23 15)7 355 256 43 227 189.2| 44| 94| 4183 5.3
KU915449 Longitarsus gracilis 375| 17.1) 294 16.0 25 14|0 345 263 44 240 129.3| 44| 13.4] 40.7 23
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Table 4.6 Percentage of evolutionary divergencéuwacophora foveicollis with
its closely related species accessible from NCBiEzaak

Sl. Accession . Per centage of
No. No Organism divergence
1. MH590763 | Aulacophora foveicollis (Kondotty)

2. KU557524 | Aulacophora foveicollis (Kerala) 0.00%
3. KY846455 | Aulacophora indica (Pakisthan) 2.25%
4. MG587922 | Aulacophora lewisii 16.22%
5. KU697451 | Aphthona strigosa 20.97%
6. KU915449 | Longitarsus gracilis 21.90%
7. KF134566 | Longitarsus atricillus 22.63%
8. KF134558 | Longitarsus bedeli 23.28%
9. KU915650 | Longitarsus atricillus 23.28%
10. KR425318 | Galerucinae sp. 25.87%
11. KC185685 | Anadimonia potanini 26.08%
12. AB794742 | Monolepta sp. 26.56%
13. KC185733 | Monolepta atrimarginata 27.51%
14. MGO058721| Glyptina abbreviate 28.54%
15. KC185708 | Euliroetis ornate 28.72%

_99{ @ MH590763 Aulacophora foveicollis (kondotty)
100 @ KU557524 Aulacophora foveicollis
42 L— KY846455 Aulacophora indica
19 MG587922 Aulacophora lewisii
KC185685 Anadimonia potanini
20 20

KU697451 Aphthona strigosa
MG058721 Glyptina abbreviata
20 KU915449 Longitarsus gracilis
. —— KF134558 Longitarsus bedeli

89

100 _|: KF134566 Longitarsus atricillus
64 KU915650 Longitarsus atricillus

KR425318 Galerucinae sp.

KC185708 Euliroetis ornata

26| AB794742 Monolepta sp.

—

KC185733 Monolepta atrimarginata
0.02

Figure 4.18: Phylogenetic relationship Adilacophora foveicollis inferred by NJ
tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswakob thatAulacophora
foveicollis (MH590763) has 100% sequence similarity to theesganus and species
reported from Kerala (KU557524). This species hasenb found in sevsral

geographically isolated areas, but their sequepesrtt have any kind of variation.

The number of base substitutions per site betvseenences were analysed
using the Maximum Composite Likelihood model. ThellCsequence of
Aulacophora foveicollis showed bias to nucleotide AT, with following consion
of nucleotides T = 39.9%, C = 16.3%, A = 28.0% &hd 15.8%. This greater AT
content (66.9%) over GC content (32.1%) is mainkg b the mutational pressure
on a single nucleotide substitution during the wettohary period of time.
Aulacophora foveicollis showed variation in the total composition of nutide in
each of the position of codons in comparison witleorelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
geographical locations, it showed 0% to 28.72%ed#hces in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has no divergence (0%) from Kevelde 28.72%with Euliroetis
ornate (KC185708) from China (Table 4.6). On the basishaf data observed this
species may be rooted from those found in Chinachvldiverted into different
clades due to geographical variation. Result tluladed that this species doesn't
have any major changes in India while slightly aesfrom those reported from

China during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species Abilacophora foveicollis with related species.
Aulacophora foveicallis isolated from Kerala (MH590763) showed 0% divergen
with Aulacophora foveicollis (KU557524) from Kerala and 28.72%ith Euliroetis
ornate (KC185708) from China. The phylogeny tree generaby using
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NJ method reveals the phylogenetic statuswécophora foveicollis isolated from
Kerala. Closest relative @dfulacophora foveicollis is Aulacophora foveicollis from

Kerala represented within the same clade.
4. Aulacophora frontalis (Baly, 1888)

Specimen details:

Voucher specimen . CUAF-03-A1

Date of collection . 8- Apr-2016

Locality . Eranakulam: Tripunithura
Lat- Lon :9.9487° N, 76.3464° E
GenBank accession :  MH674107

Description and distribution:

Aulacophora frontalis is generally
brown coloured, elytra black cooured, in ma
ventral area of head on each side with
prominence, the upper edge of which
compressed and curved; antennae with

segment 3 not shorter than segment 4; len

1mm

5.75 mm (Lee and Beenen, 201B).frontalis [RECESSCRAUEVYERvyelE

is with modified antennomeres Ill to V in males dodgitudinal grooves on the

vertex (Figure 4.19). They are specialized havirgyarslender antennomere Il in
males and more wider antennomere VII to X in femafellacophora frontalis is
distributred in India, Indonesia, China, Cambod&gs, Malaysia, Taiwan, Thailand
and Vietnam.

Damage:

These adult feed on the leaves of young seedimadses shot holes on them
(Sarwar, 2014; Lee and Beenen, 2015). Grubs baoetle roots, causing them to
swell, discoloured and eventually retard the ptaontvth (Muniappan, 2012)
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of A. frontalis
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification yielded 601 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 4.20 23 4respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 4.7.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition of. frontalis voucher collected during the present study
(Table 4.7). It showed bias to nucleotide AT, witlcleotide composition with T =
37.9%, C =17.1%, A =29.8% and G = 15.2%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are

exhibited in Table 4.8 and Figure 4.24 respectively
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> Aulacophora frontalis CDS-2018/ 601 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucherARJ03-Al

> Aulacophora frontalis

ATAGTAGGGACATCTTTAAGAATCTTAATTCGGCTAGAAT TAGGAACCCCAAGAGCATTA
ATTGGAAATGACCAAATTTACAATGTAATTGT TACCCCTCATGCTTTCATTATAATTTTT
TTCATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGT CCCCTTAATAATT
GGGGECTCCAGATATAGCTTTTCCTCGATTAAATAATATAAGATTTTGATTGCTACCTCCT
GCTCTTTCTCTTTTAATTTTAAGAAGT TTAGT AGAAAGGGGAGCCGGTACTGGT TGAACA
GTATACCCACCTCTATCATCTAATATTGCCCATGGAGGT TCTTCTGTAGATTTAGCAATC
TTTAGTCTTCATTTAGCTGGAATTTCTTCTATTCTAGGAGCAGT TAATTTTATTACTACA
ATTTTTAACATACGTCCTTTTGGAATAACATTAGAAAAAATACCTTTGITTGI TTGATCA
GITTTGATTACTGCCGT TCTACTACTTCTATCTTTACCAGI TTTAGCAGGAGCTATCACC
ATACTATTAACAGACCGAAATATTAATACATCATTTTTTGACCCCGCAGGAGGAGGAGAT
C

Figure 4.20: The partial DNA sequence of the mitmhial COI gene of
Aulacophora frontalis

Figure 4.21: Molecular barcode of the mitochond@DI gene ofAulacophora
frontalis

> Aulacophora frontalis / 200AA / cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUAF-03-Al

> Aulacophora frontalis

MVGTSLSI LI RLELGTPSALI GNDQ YNVI VTAHAFI M FFMVIVPI M GGFGNW.VPLM
GAPDIVAFPRLNNVSFW. L PPALSLLI LSSLVESGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAGQ SSI LGAVNFI TTI FNVRPFGVTLEKMPLFWASVLI TAVLLLLSLPVLAGAI T
MLLTDRNI NTSFFDPAGGGD

Figure 4.22: The translation product of the mitauthdal COI gene of
Aulacophora frontalis
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Sample :P54_CP1.FORWARD_7173-17_P1056 Run start: 2017/12/04 21:23:47
. Trim Start :15 Run stop: 2017/12/04 23:21:22
Aulacophora frontalis TimEnd 75 PDF croated: 2017/12/07  15:46:53

Qu20 Bases :660

lGGGIl\IG\G((GG\ I \Gl \GGG‘(,\I(I I I\'\G\\I(I I AAT XCG[KI\G\\I I \GG\\L(((\\G\GC\I TAAT IGG\\\IG\LL\\\I T l\(\\IGI AAT IGH'\((GCIC\IG(I ll
30

g r‘/\/\/\/A/\[\AWAA“/\/\Mﬂ /HJ\A AﬂﬂAA/\A[\NV\JJ\M

CATTATA. \TTTTTTT( \f \GT AATACC; \ \TT ATA. \TTGG AGG \TTTGG \ AATTGATT. \GTCCCCTT \'\T\ \TTGGGOCTCC AGATAT. \GCTTT I'CCT(G\TT AAATA, \T ATAAG/ \TTTTG\T'I GCT/ \CCTC( TGCTCTTTC

ool A J&AA/\/\/\/\/V\/\/\AWWM/\/\I\/\/\/WWMW w 'WW/\/\/\A“/\AAN\V\/\/\/\/\AAAM/\/\/W

i '\/\“"'V\N\IV\“‘\/\/\W\/\""W\ M\MA

CTTTTAATTTTAAGAAGITTAGT AGAAAGGGGAGCCGGTACTGGTTGAACAGTATACCCACCTCTATCATCTAATATTGCCCATGGAGGT TCTTCTGTAGATTTAGCAATCT TTAGTCT TCATTTAGCTGGAATTTCTTCTA
270 280 290 300 310 320 330 340 354 360 370 380 390 400

TTCTAGGAGCAGITAATTTTATTACTACAATTTT TAACATACGTCCTT TTGGAATAACAT TAGAAAAAATACCTTTGI TTGITTGATCAGT T TTGATTACT GCCGT TCTACTACTTCTATCTT TACCAGTTTTAGCAGGAGC
410 420 430 440 450 460 470 480 490 500 510 520 530 540

10ttt oo ool

[TATCACCATACTAT TAACAGACCGAAATAT TAATACAT CATTTT TTGACCCCGCAGGAGGAGGAGATCCTAT TTTATATCAACACTTATTT TGATTTTTTGGACAT CA G AAA
550 560 570 580 59 600 610 620 630 640 650

oo A e g i

n
f\

il o

Sample :P54_CP1.REVERSE_7173-18_P1056 Run start: 2017/12/04 21:23:47
. Trim Start :20 Runstop:  2017/12/04 23:21:22
Aulacophor a frontalis Trim End 671 PDF created: 2017/12/07 15:46:55

Qv20 Bases :651

GGATCTCCT LTQ(TG(GG(XJT( AAAAAAT GAT GTATTAATATTTC: G(JTLTGTT\\T\GT AT GGT GAT, \G( TCCTGCTAAAACT GGTAAAGATAGAAGTAGT. \G\\LGG{ \(JT\\T( AA
10 30 40 60 80 90 100

\
z MWMWAW\/\MA{\NVWNVWWW\A/WM iy w\/\/ij\mvm A WA A

IAMACTGATCAAACAAACAAAGGTATTTT TTCTAATGT TATTCCAAAAGGACGTATGTTAAAAATT GT AGTAATAAAATT AACTGCTCCTAGAATAGAAGAAATTCCAGC TAAATGAAGACTAAAGATTGCTAAATCTACAGAAGA|
120 30 140 150 160 170 180 190 200 210 220 230 240 250 260

'V\/\M/\/\/\/\/\/\/\N’\A\AAAN\/\/\/\/\/\M sttt astanaaitn M\Amw \a\ w“u Waniaatingnaly V\A[\/\/\A WA M/J’

'GGGCAATAT TAGATGATAGAGGTGGGTATACT GTTCAACCAGTACCGGCTCCCCTTTCTACTAAACTT CTTAAAATTAAAAGAGAAAGAGCAGGAGGT AGCAATCAAAAT CTTATAT TATTTAATCGAGGAAAAG
280 290 300 310 320 330 340 350 360 370 380 390 400

oot ot oot AN A AN A o s o

CTATAT CTGGAGCCCCAATTAT TAAGGGGACTAAT CAATT TCCAAATCCTCCAATTATAATTGGT ATTACTATGAAAAAAATTAT AAT GAAAGCATGAGCGGTAACAAT TACATTGTAAAT TT GGT CATTTCCAATTAAT GC
410 420 430 440 450 460 470 480 490 500 510 520 530 540

Wit aannatsss Mane s s st iinasa s\ s Vi Ay W e

TCTTGGGGI TCCTAATTCTAGCCGAATTAAGAT TCTTAAAGAT GTCCCTACTATTCCGGCTCATAACCCAAAT AAAAAAT ATAAAGT TCCAATATCT TTATGA
550 560 570 580 590 600 610 620 630 640 650 I\

T L ey N PoA e S

Figure 4.23: Electropherogram showing the nucleotidequence of the
mitochondrial COIl gene oAulacophora frontalis using Forward and
Reverse primers
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Table 4.7: Comparison of Nucleotide frequenoie€0OI gene sequence Atilacophora frontalis with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES ( %)

T C A G | T-1 A-1 C-2 T-3| C-3| A-3| G-3
MH674107 Aulacophora frontalis 37.9| 17.1| 298 152 42 94 448 36 25 1 PHA6 | 25.4] 12.4 16.
MF140507 Cryptogonus bimaculatus 38.9| 16.3] 29.8 151 44 83 446 36 27 1 P56 | 25.4| 12.4 16.
MHO095178 Coccinellidae sp. 379| 17.1) 289 16.1 44 94 417 47 26 1 p744 | 259 14.5 16.
KU915137 Platynaspis luteorubra 389| 142 314 154 41 52 508 26 28 1 PSAT | 24.4) 11.4 17.
KP421153 Coleoptera sp. 40.7| 13.7| 30.6 151 46 36 482 26 Bl 1 P56 | 25.5( 12.0 16.
KU912574 Hyperaspis reppensis 38.0| 15.2 321 14% 41 5y 523 10 27 1 P56 | 25.4) 119 17.
KJ637381 I berorhyzobius rondensis 40.7| 15.1| 28.9 154 49 6.3 432 16 27 1 P6A6 | 249 11.4 17.
KU919344 Rhyzobius litura 39.0| 164/ 29.2 154 47 78 430 26 25 1 646 | 25.4) 119 17.
GU073957 Scymnus subvillosus 39.6| 147/ 31.4 140 44 6.2 487 10 B0 1 P55 | 26.4) 13.5 15.
KU908200 Hyperaspis concolor 37.7| 155/ 31.8 150 40 5F 518 21 7 1 PA6 | 25.4/ 11.9 17.
KU914339 Rhyzobius chrysomeloides | 39.0| 16.1] 30.1 149 4% 88 451 140 26 1 P46 | 25.4) 119 17.
MG061360 Coccidula lepida 37.4| 17.3] 29.8 156 41 10 453 31 Pp5 1 2 46 | 24.9 12.4 16.
KU875353 Leptalia macilenta 39.4| 15.2| 29.7 15.y 47 4. 466 2.1 26 1 P85 | 259 124 16.
MF594716 Brumoides sp. 38.2| 142 3253 152 42 .6 513 31 p7 1 M6 | 249 119 17.
KM842010 Hyperaspis oregona 38.3| 15.0f 32.1 145 41 2 528 5 P71 P56 | 24.9] 11.9 17.
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Table 4.8: Percentage of evolutionary divergenc@ubfcophora frontalis with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. MH674107 | Aulacophora frontalis (Kerala)
2. MF140507 | Cryptogonus bimaculatus (Meghalaya) 12.12%
3. MHO095178 | Coccinellidae sp. 13.81%
4, KU919344 | Rhyzobius litura 15.58%
5. KU912574 | Hyperaspis reppensis 15.71%
6. KU915137 | Platynaspis luteorubra 15.73%
7. KU914339 | Rhyzobius chrysomel oides 15.96%
8. KU908200 | Hyperaspis concolor 16.18%
9. GUO073957 | Scymnus subvillosus 16.37%
10. KJ637381 | Iberorhyzobius rondensis 16.41%
11. KP421153 | Coleoptera sp. 16.44%
12. MG061360 | Coccidula lepida 16.72%
13. KM842010 | Hyperaspis oregona 17.12%
14. MF594716 | Brumoides sp. 17.55%
15. KU875353 | Leptalia macilenta 18.47%
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100 KU912574 Hyperaspis reppensis
100 KU908200 Hyperaspis concolor
42 KM842010 Hyperaspis oregona
19 MG061360 Coccidula lepida
GU073957 Scymnus subvillosus
KP421153 Coleoptera sp.
43 | KU919344 Rhyzobius litura
100 | KU914339 Rhyzobius chrysomeloides
KU915137 Platynaspis luteorubra
— @ MH674107 Aulacophora frontalis
43 — MF140507 Cryptogonus bimaculatus
wol MH095178 Coccinellidae sp.
KU875353 Leptalia macilenta
8 KJ637381 Iberorhyzobius rondensis
—=1 MF594716 Brumoides sp.

(4]

M
0.02

Figuure 4.24 Phylogenetic relationship Afiacophora frontalis inferred by NJ tree
method

DISCUSSION

Both the nucleotide and peptide BLAST analysiswsktb that this species
has 87.88% sequence similarity ©ryptogonus bimaculatus reported from
Meghalaya (MF140507). There is considerably highréle of variation in their COI
gene sequences with their related species amorgg theported from various
geographically isolated areas. The number of Isabstitutions per site between
sequences were analysed using the Maximum Compbigidihood model. The
COIl sequence ofAulacophora frontalis showed bias to nucleotide AT, with
following composition of nucleotides T = 37.9%, C1Z.1%, A = 29.8% and G =
15.2%. This greater AT content (67.7%) over GC eoh{32.3%) is mainly due to
the mutational pressure on a single nucleotidetgubsn during the evolutionary
period of time.Aulacophora frontalis showed variation in the total composition of
nucleotide in each of the position of codons in parson with other related species

isolated from different geographical locations.
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The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed varied differenge the nucleotides sequences.
The divergence table plotted by maximum likely hooethod clearly showed that it
has (12.12%) divergence with those from Meghaldgble 4.8). On the basis of the
data observed this species may be rooted from tfms®d in Meghalaya which
diverted into different clades due to geographicaiation. Result thus concluded
that this species doesn’t have any major changdadia while slightly changes

from those reported from Malaysia and Thailandmiyithe course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species @llacophora frontalis with related species.
Aulacophora frontalis isolated from Kerala (MH674107) showed 12.12% with
Cryptogonus bimaculatus (MF40507) from Meghalaya and 18.47% divergencé wit
Leptalia macilenta (KU875353) from Canada. The phylogeny tree generated by
using NJ method reveals the phylogenetic statuaubdcophora frontalis isolated
from Kerala. Closest relative ddulacophora frontalis is Platynaspis luteorubra
(KU915137) of Germany an@ryptogonus bimaculatus (MF140507) of Meghalaya

represented within the clade.
5. Aulacophora lewisii (Baly, 1886)

Spoecimen details:

Voucher specimen : CUAL-01-A1

Date of collection : 14- Nov-2015

Locality . Kasaragod: Nileshwaram
Lat- Lon : 12.2557° N, 75.1341° E
GenBank accession : MH590776

Description and distribution:

Aulacophora lewisii, is with bright yellowish brown to dark yellowidiody

along with black shinning elytron and easily idéad by the filiform antenna in
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males and the sinuate apical margin of

abdominal ventrite V in females (Lee and Benng
2015). The antenna of male not modified but fa
stout, length 5.51 mm (Figure 4.25). The elytr
slightly uneven, not very shiny having punctur
mostly one-third to half as wide as interspac
(Lee, 2002). This pest species is distributfsleEVEREVYQEIEVEL

mainly in Bhutan, Cambodia, China, India, Indongsiapan, Laos, Taiwan,

Thailand and Vietnam.
Damage:

The adult feeds on flowers and leaves, thus cgusamious damage. The
seedling is heavily attacked till total destructi@rubs boring to the roots lead to
swelling, discolouration and misshappening. Ultiehgt the plants growth gets

retarded or the plant gets killed.
Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C@hey of A. lewisii
collected has been amplified using the primer BTLalle 3.1). The PCR
amplification yielded 601 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 4.26 29 4respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 4.9.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition oA. lewisii voucher collected during the present study
(Table 4.9). It showed bias to nucleotide AT, witlcleotide composition with T =
36.9%, C =16.1%, A = 30.7% and G = 16.3%.
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Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related spgeateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 4.10 and Figure 4.30 respedtivel

>Aulacophora lewisii CDS-2018/ 601 bp / cytochrome oxidase subunit| |
(COI) gene, partial cds; mitochondrial / voucherALl01-Al

> Aulacophora lewisii

AGCTGGTATAGT TGGAACCTCTTTAAGAATACT AATTCGAACAGAGT TAGGAAGCCCAGG
GICTTTAATTGGAAATGATCAAATTTATAATGT TATTGTAACAGCCCATGCATTCATTAT
AATTTTTTTCATAGT TATGCCAATTATGATTGGTGGCTTTGGAAATTGATTAGI TCCTTT
AATAATTGGAGCTCCAGATATAGCATTTCCTCGTATAAATAATATAAGATTTTGATTATT
ACCCCCTTCCTTATTTTTATTAATTATAAGAAGT GTTGT TGAAAGAGGCGCT GGAACAGG
ATGAACCGTTTATCCCCCACTATCTTCAAATATTGCCCATGGAGGATCCTCAGI TGATCT
AGCAATTTTTAGICTTCATTTAGCAGGAATTTCTTCAATTTTAGGAGCAATTAATTTTAT
TACAACAGT TATTAATATGCGACCTAAAGGAATAACT TTAGACCGAATACCATTATTCGT
ATGAGCGGTAGTAATTACAGCAATTTTATTGCTTCTATCACTACCTGT TTTAGCTGGTGC
AATTACGATATTATTAACAGACCGAAATTTAAATACTTCCTTTTTTGATCCT GCAGGAGG
C

Figure 4.26: The partial DNA sequence of the mitoarial COl gene of
Aulacophora lewisii

Figure 4.27: Molecular barcode of the mitochond@DI| gene ofAulacophora
lewisii

> Aulacophora lewisii / 198AA / cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUAL-01-A1l

> Aulacophora lewisii

MVGTSLSMLI RTELGSPGSLI GNDQ' YNVI VTAHAFI M FFMWIVPI M GGFGNW.VPLM
GAPDIVAFPRVNNVEFWLL PPSLFLLI MSSVWWESGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAG SSI LGAI NFI TTVI NVRPKGMTL DRVPLFWWAWVI TAI LLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAGG

Figure 4.28: The translation product of the mitauhdal COI gene of
Aulacophora lewisii using Forward and Reverse primers
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Sample :P.21_CP1.F_32446-3_9188 Run start: 2016/10/25 13:58:03
Trim Start :30 Run stop: 2016/10/25 15:55:37
Trim End :679 PDF created: 2016/10/25 16:05:51
Qu20 Bases :649

AGC TGGTATAGTT GG MOCT C TTTAAGAATAC TAAT TC GAACAGAGTTAGGAAGCCCAGGGTCTT TAAT TGGAAATGATCAAATTTATAATGTTATT GTAACAGCCCATG
10 20 30 40 50 60 70 80 11

S T L L T A LY

ATTCAT TATAATT TTTTTCATAGTTATGCCAATTATGAT TGGTGGCT T TGGAAATTGAT TAGTTCCTTTAATAATT GGAGC TCCAGAT ATAGCAT TTCCTCGTATAAAT AATATAAGATTT
220 230

TGATTATTACCCCCTTCCTT
120 130 140 150 160 170 200 210 2

250

“AATT TTAGGAGCAAT TAATTT TAT TACAACAGT TATTAATAT GCGACCTAAAGGAAT AACTT TAGACCGAATACCATTAT T CGTATGAGCGGT AGTAATT ACAGCAAT TTTATTGCTTCTAT CACTACCTGTTTTAGCTGG
400 410 420 430 440 450 460 470 480 490 500 510 520 530

GCAATTACGATATTATTAACAGACCGAAATTTAAATACTT CCTTTTTTGAT CCTGCAGGAGGC GGGG ACCC TATTCTAT ATCAACATTT ATTTT GATTTTTTGIGACAT CA
540 550 560 570 580 590 600 610 620 630

Sample :P.21 CP1.R 324464 9188 Runstart:  2016/10/25 13:58:03
. Trim Start :33 Run stop: 2016/10/25 15:55:37
Aulacophor a lewisii Trim End 677 PDF oreated:  2016/10/25 16:05:53
Qu20 Bases :644
G CCTCCTGCAGG ATCAAAAAAGGAAGTAT TTAAATT TCGGICTGT TAATAATATC GTAATT GCACCAGC TAAAACAGGT AGT GATAGAAGCAATAAAATTGCT GTAAT
/”\ 10 20 30 40 50 60 70 80 90 100

L L T T v

[FACTACCGC TCATACGAATAAT GGTAT TCGGTCTAAAGTTATTCCTT TAGGTCGCATATT AATAACTGTTGTAATAAAATTAAT TGC TCCTAAAATTGAAGAAATTCCTGC TAAATGAAGACTAAAAATT GCTAGATCAACT
110 120 130 140 150 160 170 180 190 200 210 220 230 240 23|

s wvine i asinpelnesnavn Ao et nsnwinalasnoinn WA

IGAGG ATCCTCCATGGGCAAT ATTT GAAGATAGTGGGGGAT AAACGGTTCATCCTGT TCCAGCGCCTCTTTCAACAACACT TCTTATAAT TAATAAAAAT AAGGAAGGGGGT AAT AATCAAAATCTTATATTATTT ATACGAGG
260 270 280 290 300 310 320 330 340 350 360 370 38 390

pery i i sl e Ve Y e WV by

LA AW WV N

AAATGCTATAT CTGGAGCTCCAAT TATTAAAGGAACT AATCAATT TCCAAAGCCACCAATCATAAT TGGCATAACTAT GAAAAAAAT TATAAT GAAT GCATGGGCTGT TACAATAACATTATAAATTT GATCATT T CCAAT
400 410 420 430 440 450 460 470 480 490 500 510 520 530

TAAAGACCC TGGGCTTCCTAACTCTGTTCGAATTAGTATT CTTAAAGAGGT TCCAACTAT ACCAGC TCAGACACCAAAAATAAAATAT AATGTACC AATATCTTTATGAT

540 550 560 570 580 590 600 610 620 630 640
e M0 X0 2000060000000 o0 o000 0ol

Figure 4.29: Electropherogram showing the nucleotidequence of
mitochondrial COI gene oAulacophora lewisii using Forward
Reverse primers
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Table 4.9: Comparison of Nucleotide frequenoie€0OI gene sequence Atilacophora lewisii with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES ( %)

T C A G | T-1| C-1| A1l] G-1] T-2 C2 AZ G2 TB CB A3BG3
MH590776 Aulacophora lewisii 36.9| 16.1| 30.7| 16.3| 25| 14.7| 33.0| 27.4| 45| 25.0| 12.8| 17.3| 41| 8.6| 46.2| 4.1
KC185696 Aulacophora lewisii 37.4| 15.6| 30.5| 16.6| 24| 14.2| 33.0| 28.4| 45| 23.9| 13.2| 18.3| 43| 8.6| 45.2| 3.0
MG587922 Aulacophora lewisii 37.3| 15.4| 30.8| 16.4| 25| 14.2| 335| 27.4| 46| 23.9| 12.2| 18.3| 41| 8.2| 46.9| 3.6
KY833124 Chrysomelidae sp. 37.1| 16.9| 30.8| 15.1| 25| 14.7| 33.0| 26.9| 46| 25.0| 11.7| 17.3| 40| 11.2| 47.7| 1.0
KF654042 Calomicrus fallax 38.3| 14.4| 31.4| 15.9| 25| 13.7| 32.5| 28.4| 46| 245| 11.2| 18.4| 44| 51|50.3| 1.0
KJ677807 Galerucinae sp. 40.0| 14.4| 30.0| 15.6| 25| 13.7| 33.0| 27.9| 46| 245| 12.2| 16.8| 48| 5.1|44.7| 2.0
KU914889 Longitarsus 37.3| 17.5| 30.2| 15.1| 27| 13.2| 33.0| 26.9| 46| 25.0| 11.7| 17.3| 39| 14.2| 45.7| 1.0
KY846455 Aulacophoraindica 38.0| 16.3| 29.7| 16.1| 25| 14.2| 31.5| 28.9| 46| 24.5| 11.7| 17.9| 43| 10.2| 45.7| 15
KF653479 Calomicrus foveolatus 38.5| 14.7| 30.3| 16.4| 24| 14.7| 32.0| 28.9| 46| 24.0| 11.2| 18.4| 45| 56| 47.7| 2.0
KR489849 Glyptina abbreviata 36.4| 15.9| 31.9| 15.8| 26| 14.7| 32.5| 26.9| 46| 24.5| 11.7| 17.9| 38| 86| 51.3| 25
KU557524 Aulacophora foveicollis 37.8| 16.9| 29.3| 15.9| 24| 15.7| 32.0| 28.4| 45| 25.4| 12.7| 17.3| 45| 9.7| 43.4| 2.0
KF654246 Mantura chrysanthemi 37.3| 14.6| 32.9| 15.3| 28| 13.2| 32.0| 26.9| 46| 24.0| 12.2| 179| 38| 6.6| 54.3| 1.0
KT175583 Monolepta quadriguttata 39.0| 13.2| 32.0| 15.8| 26| 13.2| 345| 26.4| 46| 23.9| 11.7| 18.8| 45| 2.6| 50.0| 2.0
KY769285 Paria thoracica 36.6| 17.3| 29.7| 16.4| 24| 15.7| 32.5| 279| 45| 25.4| 12.2| 17.3| 41| 10.7| 444| 4.1
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Table 4.10:

Percentage of evolutionary divergericBubacophora lewisii with its

closely related species accessible from NCBI GekBan

Sl Accession : Per centage of
Organism .

No. No divergence
1. MH590776 | Aulacophora lewisii (Kerala)

2. KC185696 | Aulacophora lewisii (China) 0.37%
3. MG587922 | Aulacophora lewisii 0.37%
4, KY833124 | Chrysomelidae sp. 13.51%
5. KR489849 | Glyptina abbreviate 14.00%
6. KF654042 | Calomicrus fallax 14.18%
7. KU914889 | Longitarsus 14.41%
8. KF654246 | Mantura chrysanthemi 14.50%
9. KJ677807 | Galerucinae sp. 14.70%
10. KY769285 | Pariathoracica 14.81%
11. KF653479 | Calomicrus foveolatus 14.88%
12. KY846455 | Aulacophora indica 15.12%
13. KU557524 | Aulacophora foveicollis 15.14%
14. KT175583 | Monolepta quadriguttata 15.45%

oo — @ MH590776 Aulacophora lewisii
100 |- MG587922 Aulacophora lewisii
32 |- KC185696 Aulacophora lewisii
— KY833124 Chrysomelidae sp.
2 1001 KU914889 Longitarsus
KF654246 Mantura chrysanthemi
60 KY769285 Paria thoracica
100 [~ KY846455 Aulacophora indica
56 L Kus57524 Aulacophora foveicollis
KR489849 Glyptina abbreviata
KJ677807 Galerucinae sp.
" KT175583 Monolepta quadriguttata
93 — KF654042 Calomicrus fallax
ol KF653479 Calomicrus foveolatus
0.02

Figure 4.30: Phylogenetic relationship Adilacophora lewisii inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 99.7% sequence similarity to the same genustegpfrom China (KC185696).
The COI gene sequence of this species doesn’t Aayeind of variation among
those reported from various localities. The numbkebase substitutions per site
between sequences were analysed using the Maximampg&site Likelihood
model. The COI sequence éfilacophora lewisii showed bias to nucleotide AT,
with following composition of nucleotides T = 36.9% = 16.1%, A = 30.7% and G
=16.3%. This greater AT content (67.6%) over G@tent (32.4%) is mainly due to
the mutational pressure on a single nucleotidetgutisn during the evolutionary
period of time.Aulacophora lewisii showed variation in the total composition of
nucleotide in each of the position of codons in panson with other related species
isolated from different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species has a monophyletic ancestrylamahbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
geographical locations, it showed only 0.37% to4%% differences in the
nucleotides sequences. The divergence table plditeadmaximum likely hood
method clearly showed that it has slight divergeftc87%) those from China and
Bangladesh while 15.45% Meghalaya (Table 4.10). tbm basis of the data
observed this species may be rooted from thosedfaninChina and Bangladesh
which diverted into different clades due to geobrepl variation. Result thus
concluded that this species doesn’'t have any n@ganges in India while slightly
changes from those reported from China and Banghadiiring the course of

evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species @fulacophora lewisi with related species.
Aulacophora lewisii isolated from Kerala (MH590776) showed 0.37% diesaice
with Aulacophora lewisii (KC185696) from China and 17.89% divergence with
Monolepta quadriguttata (KT175583) from Meghalaya. The phylogenetic tree
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generated by using NJ method reveals the phyloges&tus of Aulacophora
lewisii isolated from Kerala. Closest relative Aflacophora lewisii is Aulacophora

lewisii from China represented within the same clade.
6. Sphenoraia bicolor (Hope, 1831)

Specimen details:

Voucher specimen . CUSB-02-Al

Date of collection :  21- Mar-2016

Locality :  Kannur: Azhikode

Lat- Lon : 11.9171°N, 75.3354° E
GenBank accession : MH656688

Description and distribution:

The body is brown coloured with seve

black spots on pronotum and each elytr
(Basu et al.,, 2017) (Figure 4.31). Gene
colour dark brown with black spots and patch
on dorsal and ventral side in a great numbe
varities; but generally each elytron with sev¢
spots (2:2:2:1) and pronotum with four spot : 1mm
scutellum always black; vertical area of hecEEEST W RIRS =0 Y Iee s
labrum and antennae (except three basal segmelhtgysa black; pronotum
distinctly convex before middle; elytral punctruesre regularly arranged in rows;
length 8.0-8.5 mm. They are active during rainysseadiapause during winter and
continues it to summer (Kalaichelvan and Verma, 200hey are distributed
throughout India: West Bengal (Darjiling, Haora a@d Parganas), Assam,
Himachal Pradesh, Kerala, Maharashtra, Meghalaikking and Uttar Pradesh.
Elsewhere: Bunna and Nepal.
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Damage:

They are extensive leaf miners.The adult are eatdeeders of leaves. The

larvae are gregarious on leaves (Basu et al., 2017)
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@heay of Sohenoraia
bicolor collected has been amplified using the primer CRsble 3.1). The PCR
amplification yielded 596 bp and 642 bp long praduor the specimens obtained
from two different locations. The DNA sequence iiptet, representative molecular
barcode, conceptual translation product and elgbmgram are exhibited in
Figures 4.32 — 4.35 respectively and the comparnidqgrercentage of frequencies in

the nucleotide composition with its kin specieseigresented in Table 4.11.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition diphenoraia bicolor voucher collected during the present
study (Table 4.11). It showed bias to nucleotide, &ith nucleotide composition
with T = 35.8%, C = 17.7%, A = 29.6% and G = 16.9%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 4.12 and Figure 4.36 respedtivel
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> Sphenoraia bicolor CDS-2018/ 642 bp / cytochrome oxidase subunitQIjC
gene, partial cds; mitochondrial / voucher CUSBA11-

> Jphenoraia bicolor

AAGGATCAAAAAATGAAGTATTTAAATTTCGGT CTGT TAATAATATTGTAATTGCTCCAG
CTAAAACT GGTAAAGATAAGAGTAGTAAGATAGCT GTAAT TACCACAGAT CAAACAAATA
GCGGTATTCGATCAAGTGT TATACCTTTAGGACGT ATATTAATTACAGT TGT AATAAAAT
TAATTGCTCCTAAAAT TGAAGAAAT TCCAGCTAAATGAAGACTAAAAATAGCTAAATCAA
CTGAAGCTCCATTATGT GCAATATTGGECT GACAGT GGCGGATATACAGT TCAACCAGITC
CTGCTCCTCTTTCTACTACTCTTCTTATAAT GAGAAGAAAAAGAGAGGEEGEGGTAAAAGT C
AAAATCTTATGT TATTTAGT CGCGEGAATCCTATGT CAGGGEGCACCGATTATTAAGGEGA
CTAATCAGI TTCCAAAACCT CCAATTATAATTGGCATTACTATGAAGAAAATCATAATAA
AAGCATGGEECTGTAACAATAACATTGTAAATTTGATCATTACCGATCAATGATCCTGEEC
TTCCCAATTCTACTCGAATTAAAATTCTTAGGGAAGI TCCTACTATACCTGCTCAGATTC
CAAAAATAAAATAAAGT GTACCAATATCTTTATGATTTGI TG

Figure 4.32: The partial DNA sequence of the mitmahrial COI gene of
Sohenoraia bicolor

0 641

Figure 4.33: Molecular barcode of the mitochondi@DI gene ofSphenoraia
bicolor

> Jpohenoraia bicolor / 195AA / cytochrome oxidase subunit |1 (COI) gene
partial cds; mitochondrial / voucher CUSB-01-Al

> Sphenoraia bicolor

MVGTSLSI LI RVELGSPGSLI GNDQ YNVI VTAHAFI M FFMVIVPI M GGFGNW.VPLM
GAPDIVAFPRLNNVSFW. L PPSLFLLI MSSWESGAGT GM VYPPLSANI AHNGASVDLAI
FSLHLAGQ SSI LGAI NFI TTVI NVRPKGVITLDRVMPLFWASWVI TAI LLLLSLPVLAGAI T
M_LLTDRNLNTSFFDP

Figure 4.34: The translation product of the mitaultreal COI gene ofphenoraia
bicolor
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Sample :P28_CP2.F_32777-11_9234 Run start: 2016/11/08 12:45:53
. . Trim Start :377 Run stop: 2016/11/08 14:43:35
Sphenoraia bicolor

Trim End  :663 PDF created: 2016/11/08 14:44:59
Qv20 Bases :286

30

GITGATTTAGCTATTTTTAGICTTCATT TAGCT GGAATTTCTT CAAT
I 10 20 3 40

VW Viinarinaaa Wisnasnsnl s Wheamasinlfh

TTTAGGAGCAATTAATTTT AT TACAACTGTAATT AAT ATACGT CCTAAAGGT ATAACACTT GAT CGAATACCCCTATTT GTTTGATCTGT GGTAATT ACAGC TATCTT ACTACTC TTATCTTTACCAGT TTTAGCTGGAG
50 60 70 80 90 100 110 120 130 140 150 160 170 180

ICAATT AC AATAT TAT TAACAGACCGAAAT TTAAATACTT CAT TTT TTGAT CC TGCT GGAGGAGGAGATCC TATCCTATACCAACACTT ATTTTGATTTT
190 200 210 220 230 240 250 260 270 280

NN AN I AN e Dl e YR NS 00 Do o

Sample :P28_CP2.R_32777-12_9234 Run start: 2016/11/08 12:45:53
2 2 Trim Start :40 Run stop: 2016/11/08 14:43:35
‘SI)’leI‘OI'aIa bICOIor Trim End :687 PDF created: 2016/11/08 14:45:01

Qu20 Bases :647

CAGG ATCAAA AAAT GAAGTATT TAAATTTCGGTCTGI TAATAATATT GTAATT GCTCCAGC TAAAACTGGTAAAGAT AAGAGT AGT AAGATAGCTGTAATT
10 20 30 40 50 60 70 80 90 100

TAAAAATAGCTAAATCAACTG

ACCACAGAT CAAACAAATAGGGGTATTCGATCAAGTGT TATACC TTTAGGACGT ATAT TAAT TACAGTT GTAATAAAATTAAT T GCTCCTAAAATT GAAGAAATTCCAGC TAAAT GAAGH
11 120 130 140 150 0 180 190 200 210 220 230 240

AAGCTCCATTATGTGCAATATT GGCT GACAGTGGGGGATAT ACAGTTCAACCAGT TCCTGCTCCTCTTTCTACTACTCTTCTTATAAT GAGAAGAAAAGAGAGGGGGGTAAAAGT CAAAATCTTATGTTATT TAGTCGGGG
250 260 270 280 290 300 310 320 330 340 350 360 370 380

ATTTGAT CATTACCGAT

GAATGCTATGTCAGGGGCACCG AT TAT TAAGGGGACT AATCAGT TTCCAAAACCT CCAATTATAATT GGCATT ACTAT GAAGAAAAT CATAAT AAAAGCATGGGCT GTAACAA
390 400 4 2 3 4 5 48 490 10

TAACAT TGTAA.
430 440 450 460 470 5 5

500

“TACTC GAAT TAAAAT TCTTAGGGAAGTTCCTAC TATACCTGCTCAGAT TCCAAAAATAAAATAAAGTGI ACCAATAT CTTTATGAT T TGTTGACCA

AATGATCCTGGGCTTCCCAATT
0 550 560 570 580 590 600 610 620

530 sS4

Figure 4.35: Electropherogram showing the nucleotidequence of

mitochondrial COIl gene ofphenoraia bicolor using Forward a
Reverse primers
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Table 4.11: Comparison of Nucleotide frequenoCOIl gene sequence §fhenoraia bicolor with its kin species

NUCLEOTIDE FREQUENCIES (%)
T C A| G|T1/C1/A1|G1|T-2|C-2|A2|G-2|T-3|C-3|A3]|G-3

Name of the species

MHG656688 Sohenoraia bicolor 358 | 17.7| 296| 169 40| 140 405 56 22 186 380602 45 | 205| 153 19.1
KC255440 Sphenoraia bicolor 360 | 17.8| 205| 167 42| 135 408 3F 28 172 312842 43 | 228| 163 181
KY835900 Chrysomelidae sp. 38.7 | 159| 290| 164 46| 86 424 33 26 193 311 327 44 | 239| 134| 187
KC185726 Macrima sp. 365 | 16.3| 31.8| 154 42| 107 470 1§ 26 183 321 428 43 | 229| 164| 173
KC573813 Phalera assimilis 385 | 150| 316| 149 46| 60 472 9 28 143 309 72 41 | 249| 166| 171
KC255426 Phaedon armoraciae 384 | 155| 30.2| 158 48] 70 442 9 25 163 298 82B. 42 | 233 | 167| 177

KC185715 Gallerucida ornatipennis | 37.6 | 165| 20.7| 163] 43| 121 39f 4y 27 144 330602 43 | 228| 163| 181

KC255442 Hespera lomasa 367 | 157 | 305| 171 43| 7.4 465 38 25 1§58 302 320 43 | 237 | 149| 186

KC185698 Brachyphora nigrovittata | 37.2 | 152 | 310| 166 43| 74 470 28 25 144 312 428 42 | 237| 149| 191

MG061719 Acalymma vittatum 371 | 161 | 306| 162 42| 76 476 24 25 167 301 .827 44 | 239| 13.9| 187
KC185707 Doryidomorpha fulva 372 | 141| 322| 164 43| 51 512 9 2y 135 307 320 42 | 237 | 149| 191
KF656383. Aphthona albertinae 36.3 | 187 | 297| 153 38| 163 43p 19 27 163 311582 44 | 236| 144| 183
KM286140 Dinoptera collaris 411 | 137| 295| 158/ 51| 29 452 10 20 134 292 228 43 | 249| 139| 182
KF654912 Longitarsus cerinthes 382 | 157 | 304| 158 44| 91| 450 1.9 27 144 316 327 44 | 236| 144 183
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Table 4.12:

Percentage of evolutionary divergerfc8pbenoraia bicolor with its

closely related species accessible from NCBI GekBan

Sl Accession , Per centage of

No. No Organism divergence
1. MH656688 | Sphenoraia bicolor (Kerala)
2. KC255440 | Sohenoraia bicolor (China) 7.31%
3. KY835900 | Chrysomelidae sp. 24.34%
4. KC185726 | Macrima sp. 25.76%
5. KF654912 | Longitarsus cerinthes 26.00%
6. KC185698 | Brachyphora nigrovittata 26.10%
7. KC255442 | Hespera lomasa 26.12%
8. KC185707 | Doryidomorpha fulva 26.29%
9. MGO061719 | Acalymma vittatum 26.32%
10. KM286140 | Dinoptera collaris 26.33%
11. KF656383 | Aphthona albertinae 26.36%
12. KC185715 | Gallerucida ornatipennis 26.80%
13. KC573813 | Phalera assimilis 26.86%
14. KC255426 | Phaedon armoraciae 27.87%

KC573813 Phalera assimilis

—

2

I o

KM286140 Dinoptera collaris voucher

4

KC185698 Brachyphora nigrovittata

KC185726 Macrima sp.

21

MGO061719 Acalymma vittatum

i
o

4

KC255442 Hespera lomasa
KC185707 Doryidomorpha fulva

KF654912 Longitarsus cerinthes
KC255426 Phaedon armoraciae

45 _|
43

—1

KC185715 Gallerucida ornatipennis

KY835900 Chrysomelidae sp.

KF656383. Aphthona albertinae

0.02

I
100 | KC255440 Sphenoraia bicolor

@ MH656688 Sphenoraia bicolor

Figure 4.36: Phylogenetic relationship §fhenoraia bicolor inferred by NJ tree

method



DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 92.7% sequence similarity to the same genustegpfrom China (KC255440).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COI waace of Sphenoraia
bicolor showed bias to nucleotide AT, with following comjpims of nucleotides T
= 35.8%, C = 17.7%, A = 29.6% and G = 16.9%. Thesater AT content (65.2%)
over GC content (34.6%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipérof time. Sphenoraia bicolor
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed 7.31% to 27.87fferénces in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has 7.31% divergence with those f@nma while 27.87% from
Beijing (Table 4.12). On the basis of the data okesk this species may be rooted
from those found in Beijing which diverted into feifent clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while wide changes from those reported fromn@ and Beijing during the

course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species &phenoraia bicolor with related species.
Sohenoraia bicolor isolated from Kerala (MH656688) showed 7.31% djegice
with Sphenoraia bicolor (KC255440) and 27.87% divergence witlPhaedon
armoraciae (KC255426) from Beijing. The phylogeny tree gemedaby using NJ

method reveals the phylogenetic statusSafenoraia bicolor isolated from Kerala.
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Closest relative ofSphenoraia bicolor is the Sphenoraia bicolor from China

represented within the same clade.
7. Paria thoracica (Wilcox, 1954)

Spoecimen details:

Voucher specimen : CUPT -01 - A2

Date of collection : 30-Apr-2016

Locality . Kasaragod: Chandragiri
Lat- Lon »12.4991° N, 74.9989° E
GenBank accession : MH590759

Description and distribution:

The body lenth is 3.5mm (Figure 4.37). T
body entirely black but head and pronotum yellc

coloured, punctuation fine or absent, front fe
have no tooth, posterior claws with inner lobeglo
three-quarters length of outer lobe, elytra bl
coloured and moderately punctuate, aedeagus

1mm

large lateral lobes nearly as long as broad mec
lobe, the median lobe moderately broad (James, e (RECEREIECIEINE I

1995). Found in India, South and North America.
Damage:

The larvae feed on the male flower head and gulatich on leaves (Krischik
and Denno, 1990).

Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial Céhe ofParia thoracica
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification yielded 610 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual t#aosl product and
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electropherogram are exhibited in Figures 4.38 41 4respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 4.13.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition oParia thoracica voucher collected during the present
study (Table 4.13). It showed bias to nucleotide, &ith nucleotide composition
with T = 36.3%, C = 17.4%, A = 29.6% and G = 16.8%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 4.14 and Figure 4.42 respedtivel
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>Paria thoracica CDS-2018/ 610 bp / cytochrome oxidase subunit@IjC
gene, partial cds; mitochondrial / voucher CUPTARL-

> Paria thoracica

TGAGCCGGGATAGI TGGGACT TCATTAAGTATATTAATTCGT ACAGAAT TAGGAGCCCCT
GGATCATTAATTGGAAATGACCAAATTTATAATGI TATTGTAACAGCCCATGCATTCATT
ATAATTTTTTTCATAGI TATACCAATTATAATTGGEGCGATTTGGAAATTGATTAGT CCCC
TTAATAATCGGAGCTCCGGATATAGCT TTTCCACGAATAAATAATATAAGATTTTGATTA
CTTCCTCCTTCCTTATTTCTACTAATTATAAGT AGAGT GGTCGAAAGGGGT GCTGGAACA
GGTTGAACAGT TTATCCCCCTTTATCTTCTAATAT TGCCCACGGAGGATCTTCAGTGGAC
TTAGCTATTTTTAGCCTTCATTTAGCAGGAATTTCATCAATTTTGGGAGCAATTAATTTT
ATTACTACAGT TATTAATATACGACCT ATAGGAATAACCT TAGATCGAATACCCTTATTT
GITGTGAGCAGTAGTAATCACTCCTATTTTACTTCTTCTATCCTTGCCTGT CTTAGCAGGA
GCTATTACTATACTTTTAACAGATCGTAATCTAAATACATCATTTTTCGATCCTGCAGGA
GGGEGEGTGACC

Figure 4.38: The partial DNA sequence of the mityahial COI gene oParia
thoracica

0 609

Figure.4.39. Molecular barcode of the mitochond@i@ll gene ofParia thoracica

> Paria thoracica / 200AA / cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUAF-01-A2

199

> Paria thoracica

MVGTSLSMLI RTELGAPGSLI GNDQI YNVI VTAHAFI M FFMWIVPI M GGFGNW.VPLM
GAPDIVAFPRVNNVEFWLL PPSLFLLI MSSVWWESGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAGQ SSI LGAI NFI TTVI NVRPMGVTLDRVPLFWWAWVI TAI LLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAGGGD

Figure 4.40: The translation product of the mitoulfreal COI gene ofParia
thoracica
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Sample :P66_CP1.FORWARD_7173-35_P1056 Run start: 2017/12/04 21:23:47
Trim Start :11 Run stop: 2017/12/04 23:21:22

Paria thoracica Trim End 1675 PDF created: 2017/12/07 15:47:08

Qu20 Bases :664

G ATCATTAATT GGAAAT GACCAAAT TTATAAT GTTATTGTAACAGCCCATGCAT
0 0 90

100 110 120

TTT G GAGTAT GAGCC GGG ATAGTT GGG/CTT CATTAAGTATAT TAAT TC GTACAGAAT TAGGAGCCCC T
20 30 0 50 60

N () / N M A AN A Vs VA AN WP A Wi

N \ i

TAGTCCCCTTAATAATCGGAGCTCCGGATATAGCTTTTCCACGAATAAATAATATAAGATTTT GATTACTTCCTCCTTCCTTATT
0 0

3 240 250 260

[TCATTATAATTTTT TTCATAGT TATACCAATTATAAT TGGGGGAT TTGGAAATTGAT'
3 4 220 23¢

150 160 170 180

oot

'GGAGGATCTTCAGTGGACTTAGCTATTTTTAGCCTTCATT TAGCAGGAATTTCATCA
) 360 370 380 390 400

TCTACTAATTATAAGT AGAGT GGT'CGAAAGGGGTGCTGGAACAGGTTGAACAGT T TATCCCCCTTTATCTTCTAATAT TGCCX
270 280 290 300 310 320 330 340

TATTACTATACTTT TAACAGAT CGTAATCTAAATACAT CATTT TTCGATCCT GCAGGAGGGGGTGACCCTATTCTTTATCAACATTTATTTTGATTTTTTGGACATCCA G AM
3 60 570 580 590 600 610 620 630 640 650 660 n

50 56

o e A oo g

Sample :P66_CP1.REVERSE_7173-36_P1056 Run start: 2017/12/04 21:;
Trim Start :17 Run stop: 2017/12/04 2

Parla thoracjca Trim End :668 PDF created: 2017/12/07 15:47:10

Qv20 Bases :651

i

Y N T T rw\wwmw e oo

GGGI'GACCCCC TCCTGAAGGAI CGAAAAAT GAT GIAT T TAGAT TACGAT CT GI'TAAAAGIATAGIAAT AGCTCCTGC TAAGACAGGCAAGG AT AGAAGAAGIAAAATAGCAGT GATTACTA|
10 20 30 40 50 60 70 80 90 100 110 124

23(

CTGC TCACACAAATAAGGGTAT TCGATCTAAGGT TATTCC TATAGGTCGTATATTAATAACTGTAGTAAT AAAAT TAAT T GCTCCCAAAATT GAT GAAATTCCT GC TAAATGAAGGC TAAAAATAGC TAAGTCCAC TGAAGAT
130 140 150 160 170 180 190 200 210 220 23 240 250 260

Movanin /\M’“/\A/\M'\/\/\NVV\A/\AW‘V\N\/\N\A At m/\NA A J\/\/\/\A/\ANM/\/\/W[\/“M/\/\I\NJL\/WNJ\’\ llainsnaninsstaanfa w‘ﬂ‘w

ICCTCCGTGGGCAATAT TAGAAGATAAAGGGGGAT AAACTGTTCAACCTGT TCCAGCACCCCTTTC GACCACTCTACTTATAAT TAGTAGAAAT AAGGAAGGAGGAAGTAAT CAAAATCTTATATTATTTATTCGT GGAAAAGC
270 280 290 0 310 320 330 340 350 360 370 380 390 400

300

T L L T

TATATCCGGAGCTCCGAT TATT AAGGGGACTAAT CAATTTCCAAATCCCCCAATTATAATTGGT ATAACTATGAAAAAAATTATAAT GAATGCATGGGCTGT TACAATAACATTATAAATTT GGTCAT T TCCAATTAATGAT
10 420 3C 40 450 460 470 480 490 500 510 520 530 540

Ly L N LT T L o T e,

[CCAGGGGCTCCTAATTCTGTACGAAT TAATATACTT AAT GAAGTCCCAACTATCCCGGC TCATACT CCAAAAATAAAGT ACAAT GT TCCAATATCT TTATGA
550 560 570 580 590 600 610 620 630 640 650 i

Figure 4.41: Electropherogram showing the nucleotidequence of

the

mitochondrial COIl gene ofParia thoracica using Forward and

Reverse primers
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Table 4.13: Comparison of Nucleotide frequencieS©I gene sequence Bfria thoracica with its kin species

NUCLEOTIDE FREQUENCIES (%)

Name of the species
T C A| G |T1C1 A1 G1|T-2|C-2| A-2|G-2|T-3|C-3| A-3|G-3
MH590759 Paria thoracica 36.3| 17.4) 29. 16.8 24 155 33.0 27.8 45 258 11B5| 40| 10.8 43.2[3 5.2
KY769285 Paria thoracica 36.3| 17.4 299 165 23 16/0 33.0 2Y.8 45 258 11BS5| 41| 10.3 44.213 4.1
KU557525 Mantura sp. 37.5| 16.8] 294 16.8B 24 155 325 2Y.8 46 24.2 1240 42| 10.8§ 43.3 4.1
KJ677801 Galerucinae sp. 38.3| 15.3| 30.6 158 23 165 325 284 46 24.2 1130| 46| 5.2| 479 1.0
KC185740 Paridea biplagiata 37.8| 155 304 1683 25 13|19 335 2Y.3 45 23.2 1286| 43| 93| 44.8 3.1
KU697451 Aphthona strigosa 37.3| 156/ 314 156 24 155 34.0 26.3 @45 242 1280| 42| 7.2| 479 2.6
KF652923 Mantura chrysanthemi 37.5| 148 324 151 28 12|19 32.0 26.8 46 24.2 11B5| 38| 7.2| 54.1 1.(
MG587922 Aulacophora lewisii 37.3| 15.6| 304 16y 2% 144 33.0 2Y.8 46 24.2 1136| 41| 8.2 46.9 3.6
LT991425 Ochthebius klapperichi | 41.1| 149 27.8 16.2 27 13]9 299 289 46 253 11B5| 50| 57| 423 2.1
MF 140520 Luperomorpha sp. 37.5| 15.6 30.6 16.8B 24 155 314 289 46 24.2 1186| 42| 7.2 49.0 1.5
KU917773 Longitarsus tabidus 38.0| 15.3] 31. 151 27 12|19 335 2y.8 47 242 11B5| 40| 88| 510 .0
KM448517 Olibrus liquidus 38.8| 16.7| 27.8 16.fy 24 180 299 284 45 258 11B5| 47| 6.2| 423 4.1
KF737784 Gaurotes tuberculicollis | 40.1| 13.6| 30.4 16.0 27 13|3 333 26.7 43 23.7 1480| 51| 3.6| 428 3.1
KC185762 Hespera brevipilosa 37.1| 15.6 299 174 25 14|14 299 304 45 23.7 1380| 41| 8.8| 46.4 3.6
KF653323 Longitarsusminusculus | 39.2| 155 294 16.0 28 12{4 33.0 26.8 47 24.2 11B5| 43| 9.8| 43.8 3.6
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Table 4.14: Percentage of evolutionary divergenteéParia thoracica with its
closely related species accessible from NCBI GekBan

Sl Accession : Per centage of

No. No Organism divergence
1. MH590759 | Pariathoracica (Kerala)
2. KY769285 | Pariathoracica (Kerala) 0.32%
3. KU557525 | Mantura sp. 4.75%
4, KJ677801 | Galerucinae sp. 9.18%
5. MG587922 | Aulacophora lewisii 10.84%
6. KF652923 | Mantura chrysanthemi 10.91%
7. KU697451 | Aphthona strigosa 11.25%
8. KC185762 | Hespera brevipilosa 11.52%
9. KU917773 | Longitarsus tabidus 11.70%
10. MF140520 | Luperomorpha sp. 12.00%
11. KC185740 | Paridea biplagiata 12.12%
12. KF737784 | Gaurotes tuberculicollis 12.30%
13. KF653323 | Longitarsus minusculus 12.51%
14. LT991425 | Ochthebius klapperichi 12.53%
15. KM448517 | Olibrus liquidus 13.69%
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32 KC185740 Paridea biplagiata
22 KC185762 Hespera brevipilosa
42 MG587922 Aulacophora lewisii
MF140520 Luperomorpha sp.
23 KJ677801 Galerucinae sp.
KU917773 Longitarsus tabidus
96 KF653323 Longitarsus minusculus
KF652923 Mantura chrysanthemi
"o KU557525 Mantura sp.
” — @ MH590759 Paria thoracica
100 L KY769285 Paria thoracica
L 7991425 Ochthebius klapperichi
;L KF737784 Gaurotes tuberculicollis
25 KU697451 Aphthona strigosa
7' KM448517 Olibrus liquidus

H
0.01

Figure 4.42: Phylogenetic relationship Bfria thoracica inferred by NJ tree
method

DISCUSSION

Both the nucleotide and peptide BLAST analysiswsktb that this species
has 99.7% sequence similarity to the same genwustegpfrom Kerala (KY769285).
The number of base substitutions per site betweguences were analysed using
the Maximum Composite Likelihood model. The COlsmace ofParia thoracica
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
36.3%, C = 17.4%, A = 29.6% and G = 16.8%. Thisage AT content (65.9%)
over GC content (34.2%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Paria thoracica
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatsgd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
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geographical locations, it showed only 0.32% to6%% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (0)3&Yihose from Kerala while
13.69% from Germany (Table 4.14). On the basidhefdata observed this species
may be rooted from those found in Germany whicteded into different clades due
to geographical variation. Result thus concludeat this species doesn’t have any
major changes in India while slightly changes frimse reported from Germany
during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species Bfria thoracica with related speciesParia
thoracica isolated from Kerala (MH674105) showed 0.32% diesige withParia
thoracica (KY769285) from Kerala and 13.69% divergence wihbrus liquidus
(KM448517) from Germany. The phylogeny tree gerestaby using NJ method
reveals the phylogenetic status Pdria thoracica isolated from Kerala. Closest
relative of Paria thoracica is Paria thoracica from Kerala represented within the
same clade.

8. Rhabdopterus praetextus (Say, 1824)

Spoecimen details:

Voucher specimen : CURP-02-A1

Date of collection . 6- Apr-2016

Locality : Malappuram: Kadalundi
Lat- Lon : 11.03°N, 76.05° E
GenBank accession : MH674108

Description and distribution:

They are small sized and possess whitish anteamégalpi with pale legs,
eye emargination and pronotal lateral margin absprdthorax cylindrical and
transverse. Aedeagus oblong, sides slightly comvergthe apex are abruptly,
sinuately truncate with a short median process ufieigd.43). Apical tooth of

aedeagus are short and rounded. The male havetibiag with lower carina
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obsolescent. They are phytophagus distribu

in India, Vietnam, South and North Americ
(Krischik and Denno,1990).

Damage:

The adults are regarded as

1mm

Fig. 4.43:Rhabdopterus praetextus
the leaves indicate the voracious night time

polyphagus leaf eaters. Curved holes or slits

feeding ofRhabdopterus species especialkghabdopterus praetextus.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Rhabdopterus
praetextus collected has been amplified using the primer §Table 3.1). The PCR
amplification yielded 601 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 4.44 47 4respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 4.15.

The mitochondrial COl gene nucleotide sequence amelysed for the
nucleotide composition oRhabdopterus praetextus voucher collected during the
present study (Table 4.15). It showed bias to mticle AT, with nucleotide
composition with T = 37.8%, C = 15.5%, A = 31.4% &k = 15.3%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 4.16 and Figure 4.48 respedtivel
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> Rhabdopterus praetextus CDS-2018/ 601 bp / cytochrome oxidase subunit |
(COl) gene, partial cds; mitochondrial / voucherRRJ02-Al

> Rhabdopter us praetextus

ATAGT TGGGACTTCTTTAAGAGT GTTAATTCGACT TGAACT TGGAACAACAAGAACTTTA
ATTGGAAACGACCAAATTTATAACGTAATTGTAACAGCCCATGCATTCATTATAATTTTT
TTTATAGI TATACCCATTATAATTGGAGGATTTGGAAATTGATTAGTGCCTTTAATAATT
GGGGECTCCAGATATAGCCTTTCCTCGATTAAATAATATAAGATTTTGATTATTACCTCCC
TCACTAACTTTTCTAATTTTAAGAAGAAT TGTAGAAAGAGGGEGCAGGAACAGGT TGGACA
GICTACCCTCCTTTATCTTCAAATTTAGCCCATGCGEEGATCTTCTGTAGATTTAGCTATT
TTTAGATTACATTTAGCTGGAATTTCTTCAATTTTAGGAGCAGTAAATTTCATTTCTACA
ATTATTAATATACGAACT TACGGAATAACCT TTGAAAAAATACCTTTATTTGITTGATCA
GITTTTATTACAGCCATTTTATTACTACTTTCACTACCAGTCTTAGCAGGTGCTATTACA
ATGCCTATTAACAGATCGAAATATTAATACATCCTTTTTTGATCCTGCTGGAGGAGGAGAC
C

Figure 4.44: The partial DNA sequence of the mitmahrial COI gene of
Rhabdopter us praetextus

Figure 4.45: Molecular barcode of the mitochond@#| gene ofRhabdopterus
praetextus

> Rhabdopterus praetextus / 200AA / cytochrome oxidase subunit | (COI
gene, partial cds; mitochondrial / voucher CURPA12-

> Rhabdopter us praetextus

MVGTSLSVLI RLELGITSTLI GNDQ YNVI VTAHAFI M FFMWVPI M GGFGNW.VPLM
GAPDIVAFPRLNNVSFWLLPPSLTFLI LSSI VESGAGT GM VYPPLSSNLAHGGSSVDLAI
FSLHLAGQ SSI LGAVNFI STI | NVRTYGMITFEKMPLFWASVFI TAI LLLLSLPVLAGAI T
MLLTDRNI NTSFFDPAGGGD

Figure 4.46: The translation product of the mitowhdal COIl gene of
Rhabdopter us praetextus
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Sample :P50_CP1.FORWARD_7173-13_P1056 Run start: 2017/12/04 21:23:47

Trim Start :20 Run stop: 2017/12/04 23:21:22
Rhabdopterus praeteXtus Trim End :676 PDF created: 2017/12/07 15:46:49
Q20 Bases :656

TATGAGCAGG A TAGTT GGGACTTCTTTAAGAGT GITAATTCGACTTGAACT TGG AACAACAAGAACTTTAATTGGAAACGACCAAATT TATAACGTAAT TGTAACAGOCCATGCAT
10 2 30 40 50 60 70 80 9 100 1o
coenV\W Dol pee e larnaanli Mansnatinansniin A Ao
TCATTATAATTTTTTTTATAGTTATACCCATTATAAT T GGAGGATTTGGAAATTGATTAGT GCCTT TAATAAT TGGGGC TCCAGATATAGCCTTTCCTCGATTAAATAAT ATAAGATTTT GAT TAT TACCT COCTCACTAAC
120 130 140 150 160 170 180 190 200 210 220 230 240 250
A A A aManaNsnshadssashonsislanananssnsanbasnansacallan AAANAAAA nessalnnnafian .
[TTTTCTAATTTTAAGAAGAAT TGTAGAAAGAGGGGCAGGAACAGGTT GGACAGT CTACCC TCCTTTATCTTCAAATTTAGCCCATGGGGGAT CTTCT GTAGATTTAGCTATT TTTAGATTACATT TAGCTGGAATTTCTTCAA
260 270 280 290 300 310 320 330 340 350 360 370 380 390 400]
N lonnhan A anAAAA AN A ANAANANAAAANAAAANANANN selanainataennaasnaamn NaMA AN
TTTTAGGAGCAGTAAATT TCATTTCTACAATTATTAATATACGAACT TACGGAATAACCTT TGAAAAAATACCTT TAT TTGTTTGATCAGT TTTTATTACAGCCATTT TATTACTACT TTCACTACCAGT CTTAGCAGGTGC
410 420 430 440 45 460 470 480 490 500 510 520 530 540
AN Aen Aanal\ Ml Ry par A\ Dy % NNV NS A NAW AN
ITATT ACAAT GCTAT TAACAGAT CGAAATAT TAAT ACAT CCTTT TTT GATCCTGCTGGAGGAGGAGACCCTATTTTATACCAACACT TATTTTGATTTTTT GGACATCCA G AAA
550 560 570 58( 600 610 620 630 640 650
) \/ww/\N\ \ Mgy AN AN NN AN Onr MO
Sample :P50_CP1.REVERSE_7173-14_P1056 Run start: 2017/12/04 21
Trim Start :21 Run stop: 2017/12/04 23:21:22
Rhabdopterus praetextus TimEng 682 PDF croated: 20171207 154651

Qu20 Bases :661

GGGTCTACTCCTCAGCAGG AT CAAAAAAGGAT GTATTAATAT T TCGAT CTGT TAATAGCATT GTAATAGCACCTGCTAAGAC TGGTAGT GAAAGTAGT AATAAAAT GGCTGTAATAA
10 20 30 60 70 80 90 100 110

N T Y T L MA[\A 1\ ““A‘W\A/WY\A/\WMW s\

AAACTGATCAAACAAATAAAGGTATTTTTTCAAAGGTTATTCC GTAAGTTCGTATATTAATAAT T GTAGAAAT GAAATT TACT GC TCCTAAAATT GAAGAAATTCCAGC TAAATGTAATCTAAAAATAGCTAAATCTACAGA
120 130 140 150 17¢ 180 190 200 210 220 230 240 250 26(

w/\/\W\ WA AN AN A \/\/\“W\/\/\W\AA/\N\AN”"V\/\/\N WY A/M\AMV\/\M« AMANAANNAN ANV

GATCCCCCATGGGCTAAATTT GAAGATAAAGGAGGGT AGACTGTCCAACCTGT TCCTGCCCCTCTTTCTACAAT TCTTCTTAAAATTAGAAAAGT TAGT GAGGGAGGT AATAATCAAAAT CTTATAT TATT TAAT CGAGGAA
270 280 290 300 310 320 330 340 350 360 370 380 390 400

i f . 5 a \ A
Joalnaomins bonsatstsetollaasssa el sV e et e s AN A e

AGGCTATATCT GGAGC
410

AATTATTAAAGGCACTAAT CAATTTCCAAAT C( AATTATAAT GGGTATAACT ATAAAAAAAATTATAAT GAATGCATGGGCT GTTACAATTACGT TATAAATTTGGTCGTTTCCAATT AA
0 430 440 450 460 470 3 490 500 510 520 530 540

Wi WA WA A @/\N\d s iveewinnaian e M i fp e ipn

GITCTTGT TGTTCCAAGT TCAAGT CGAAT TAACACTCTTAAAGAAGT CCCAACTAT TCCTGCTCATAAGCCAAAAAGAAAGT ATAAAGI TCCAATAT CT TTAT GATTGOGT TGAA
550 560 570 580 590 600 610 620 630 40 650

Figure 4.47: Electropherogram showing the nucleotide sequenae the

mitochondrial COIl gene oRhabdopterus praetextus using Forward
and Reverse primers

98



Table 4.15: Comparison of Nucleotide frequenoieSOIl gene sequence Bhabdopterus praetextus with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T C|A| G |T1/C1AL1|G1|T-2|C-2|A2|G-2|T-3|C-3|A-3|G-3
MH674108 Rhabdopterus praetextus | 37.8| 15.5| 31.4 15. 46 24/4 128 169 40 8.7 47.71 (428 | 13.4) 33.7 25.
KM440433 Scymnus impexus 38.3| 14.5| 31.1 16. 44 23]8 134 186 43 6.4 46.85 |327 | 13.4| 33.1 26.
JF887875 Didion longulum 40.4| 13.3] 30.9 15. 45 23|]8 128 186 A9 .9 4742 |128 | 13.4) 32.6 26.
KJ163825 Coccinellidae sp. 39.3| 14.1] 315 15. 45 23|8 128 186 45 b.2  49.5 | .28 | 13.4| 32.4 26.:
MHO094933 Coleoptera sp. 39.4| 15.6] 31.0 14. 46 27]1 129 141 42 .6 47.19 |230 | 12.3] 32.7 25.
KU918863 Scymnus nigrinus 38.4| 149 31. 157 44 2318 134 186 42 3.7 46.53 |228 | 12.2| 33.1 26.
GU073957 Scymnus subvillosus 39.5| 14.3] 31.§ 14. 46 25|0 128 16.3 42 6.4 50.62 |131 | 11.6/ 32.0 25.
KM440972 Scymnus interruptus 38.5| 15.1] 309 155 44 238 134 186 #4 8.1 46.27 |127 | 13.4) 33.1 26.
KM441516 Scymnus limbatus 39.1| 145 31.1 15. 45 23|18 128 186 43 r.5 48.07 |130 | 12.2| 32.6 25.
KM448896 Scymnus abietis 39.1| 141 304 164 44 2318 134 186 42 3.1 45.16 |431 | 10.5| 32.6 26.
KM445762 Scymnus haemorrhoidalis | 38.7| 14.1| 30.2 17. 45 23|]3 128 19.2 44 b.8 4458 |527 | 13.4| 33.1 26.
MF140494 Scymnus posticalis 38.8| 15.3|] 31.9 14 46 24/4 128 169 42 3.1 46.59 |228 | 13.4| 33.7 25.
KU918430 Scymnus ferrugatus 37.5| 155 304 164 44 238 134 186 40 104 4540 | 28| 12.21 32.6 26.
KR490680 Scymnus caurinus 38.9| 13.2| 32.1 15. 44 23|13 134 19.2 43 5.8 49.78 |130 | 10.5| 33.3 26.
KM444040 Scymnus mimulus 38.2| 15.1| 31.4 15. 45 24]4 122 180 42 3.1 48.32 |127 | 12.8] 34.3 26.

L4
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Table 4.16:

Percentage of evolutionary divergenteRmabdopterus praetextus

with its closely related species accessible frorBNGenBank

Accession Organism Per_ centage of
No divergence

1. MH674108 | Rhabdopterus praetextus (Kerala)

2. MHQ094933 | Coleoptera sp.(Germany) 7.59%
3. KM440433 | Scymnus impexus 10.85%
4, GUO073957 | Scymnus subvillosus 10.94%
5. KR490680 | Scymnus caurinus 11.53%
6. KU918430 | Scymnus ferrugatus 11.79%
7. KM441516 | Scymnus limbatus 12.10%
8. KM448896 | Scymnus abietis 12.11%
9. KU918863 | Scymnus nigrinus 12.16%
10. KJ163825 | Coccinellidae sp. 12.65%
11. JF887875 | Didion longulum 12.73%
12. KM440972 | Scymnus interruptus 12.99%
13. KM445762 | Scymnus haemorrhoidalis 13.03%
14. MF140494 | Scymnus posticalis 13.20%
15. KM444040 | Scymnus mimulus 14.31%

i| JF887875 Didion longulum
81 KJ163825 Coccinellidae sp.
29 KM441516 Scymnus limbatus

KU918863 Scymnus nigrinus
KM448896 Scymnus abietis

KR490680 Scymnus caurinus
GUO073957 Scymnus subvillosus
KM440972 Scymnus interruptus

KU918430 Scymnus ferrugatus
KM445762 Scymnus haemorrhoidalis
KM444040 Scymnus mimulus
MF140494 Scymnus posticalis
KM440433 Scymnus impexus

@ MH674108 Rhabdopterus praetextus

MH094933 Coleoptera sp.

0.01
Figure 4.48: Phylogenetic relationship Rfiabdopterus praetextus inferred by NJ
tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 92.5% sequence similarity to the same genusrtegp from Germany
(MH094933). The number of base substitutions ptr setween sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Rhabdopterus praetextus showed bias to nucleotide AT, with following comjtios
of nucleotides T = 37.8%, C = 15.5%, A = 31.4% &hd 15.3%. This greater AT
content (69.2%) over GC content (30.8%) is mainkg b the mutational pressure
on a single nucleotide substitution during the wetrohary period of time.
Rhabdopterus praetextus showed variation in the total composition of notige in
each of the position of codons in comparison witleorelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed only 7.59% to31% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (7)59fase from Germany (Table
4.16). On the basis of the data observed this epenay be rooted from those found
in Germany which diverted into different clades degeographical variation.
Result thus concluded that this species doesn’e ey major changes in India
while slightly changes from those reported from r@&ny during the course of

evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species Bhabdopterus praetextus with related species.
Rhabdopterus praetextus isolated from Kerala (MH674108) showed 7.59%
divergence witlColeoptera sp. (MH094933) from Germany and 14.31% divergence
with Scymnus mimulus (KM444040) from Germany. The phylogeny tree getesta
by using NJ method reveals the phylogenetic stafuRhabdopterus praetextus
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isolated from Kerala. Closest relative Bhabdopterus praetextus is Coleoptera

sp.from Germany represented within the same clade.
9. Oocassida pudibunda (Boheman, 1856)

Soecimen details:

Voucher specimen : CUOP -01-A1l1

Date of collection . 6- Sep-2016

Locality : Malappuram: Kadalundi
Lat- Lon : 11.03° N, 76.05° E
GenBank accession :  KX603663

Description and distribution:

Length is 7 mm; breadth, 4 mm (Figu

4.49). Tarsal hair have no comb like structu
at its base, pronotum have a groove on its s
for antenna reception, the elytra possesses f
longitudinal red stripe all along the sutu
(Rawat and Modi, 1972). Body elongate
oval in shape. Colour dirty brown, with a fai
greenish tinge (elytra green in life), the narrc
explanate margins lighter, with a faint re Fig. 4.49:0ccassida pudibunda
stripe along the suture; the central part of theeuside black, but not the legs. The
antennae are short; the third joint is a littlegenthan the second and almost equal
to the fourth, the fifth and sixth each shortemttiae fourth, and the club more hairy
and darker. Prothorax as broad as the elytra abdke, with the basal edge gently
bisinuate, and the whole of the upper surface toly the explanate margins
uniformly and closely punctate. Scutellum is smaatd impunctate. Elytra strongly
convex, with the suture raised. There is a shartedlar row of punctures and ten
complete rows on each elytron, the centre of thecfawes being black. Underside
black, except the sides of the abdominal segmentspth, shining and impunctate;
the legs brown. These are found to be distributtenlighout India.
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Damage:

The larvae feed from the lower surface of the laafina, while the adults
feed on both sides of the leaf. Resting beetlesngfirefer the upper surface of the
apical region of the leaf. The feeding of both &and the adults is in the form of
small irregular scraping. They feed on the entaa&f I(primary and secondary ribs

and petiole) and changing to next leaf only whengrevious was totally eaten.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@he of Oocassida
pudibunda collected has been amplified using the primer BTable 3.1). The PCR
amplification yielded 564 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 4.50 53 4respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 4.17.

The mitochondrial COIl gene nucleotide sequence amalysed for the
nucleotide composition ofDocassida pudibunda voucher collected during the
present study (Table 4.17). It showed bias to mticle AT, with nucleotide
composition with T = 34.8%, C = 15.4%, A = 34.6% &k = 15.2%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 4.18 and Figure 4.54 respedtivel
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>Qocassida pudibunda CDS-2016/ 564 bp / cytochrome oxidase subuni\l I
(COI) gene, partial cds; mitochondrial / voucher@rRJ01-Al

> Oocassida pudibunda

CGTCATTAAGAATTTTAATTCGAGCTGAATTAGGAAGT CCAGGAACT TTGATCGGTAATG
ATCAAATTTATAATTCTATTGTAACTGCCCACGCATTTGI TATAATTTTTTTTATAGTAA
TACCTATTATAATTGGAGGAT TTGCGAAAT TGATTAGTACCACTAATAT TAGGAGCACCAG
ACATAGCATTCCCACGACTAAATAATATAAGATTTTGACT TTTACCACCCTCAATTAGAT
TTTTAGTATTAAGAAGAAT TGT TGAAAGAGGGEGT AGGAACAGGT TGAACAGTATACCCCC
CATTATCAAATAATAT TGCCCATAGAGGATCATCAGTAGATCTAGCAATTTTCAGI TTAC
ATTTAGCAGGTATTTCATCAATTTTAGGGCCAATTAATTTTATTTCAACAATTATAAATA
TACGACCATCAGGAATAAATCTTGATAAAATAGCCTTATTTGT TTGATCAGTAATTATTA
CAGCTATTCTTTTACTACTATCACT GCCAGTATTAGCAGGGECTATTACTATATTACTAA
CAGATCGTAATATAAATACATCTT

Figure 4.50: The partial DNA sequence of the mitmhial COI gene of
Oocassida pudibunda

0 563

Figure 4.51: Molecular barcode of the mitochondri@DIl gene ofOocassida
pudibunda

> Qocassida pudibunda / 154AA [/ cytochrome oxidase subunit | (COI
gene, partial cds; mitochondrial / voucher CUOPA1-
> Oocassida pudibunda

M FFMWMPI M GGFGNW.VPL ML GAPDVAFPRLNNVBFWL L PPSI SFLVLSSI VESGVGT
GMVYPPLSNNI AHSGSSVDLAI FSLHLAG SSI LGAI NFI STI MNIVRPSGVNL DKMAL F
VWEVI | TAI LLLLSLPVLAGAI TMLLTDRNIWNTS

Figure 4.52: The translation product of the mitaulirial COI gene ofDocassida
pudibunda
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Sample :PCG._CP1F_23166-3_7780 Run start: 2015/09/21 09:36:28

7 7 Trim Start :41 Run stop: 2015/09/21 11:52:29
OocaSSIda I)'ltill)lllltla Trim End  :677 PDF created: 2015/09/21 12:48:15
Qv20 Bases :636

. CGTCAT TAA GAAT TTTAAT TCGAGCTGAAT TAGGAAGICCAGGAACT T TGATC GGTAAT GATCAAATT TATAAT TCTAT TGTAACTGCC CACGCAT
o 10 20 30 40 50 60 70 9

TTGTTATAATTTTTTT TATAGTAATACC TATTATAATT GGAGGAT TT GGAAATTGAT TAGT ACCACTAATAT TAGGAGCACCAGACATAGCATTCCCACGACTAAATAAT ATAAGATTTT GACTT TTACCACCCTCAATTAG|
1 120 130 140 150 160 170 180 190 200 210 3

ATTTTTAGTATTAAGAAGAAT T GI' TGAAAGAGGGGT AGGAACAGGTT GAACAGTATACCCCCCATTATCAAAT AATATT GCCCAT AGAGGATCATCAGTAGAT CTAGCAAT TTTCAGTTTACATT TAGCAGGTATTTCATCA
240 250 260 270 80 290 300 310 320 330 340 0 360 7

TT
35 380

TTTTAGGGGCAATTAATTTTATTTCAACAATTAT AAATATAC GACCATCAGG
&l 4 410 420 430

AATAAATCTTGATAAAAT AGCCTTATT TGITTGATCAGTAATT ATTACAGCTATTCT TT TACTACTATCACTGCCAGTATT AGCAGGGGC
440 450 4 7 490 500 510 520

TATTAC ACTAACAGATCGTAATATAAATACAT CTTTTT TT GACCCAGCAGGAGGAGGT GATCCTAT CTTGTATCAACACTT AT GGACATCCAGGA A
540 550 560 570 580 0 600 610 630
Sample :PCG._CPR_23178-2_7781 Run start: 2015/09/22 09:50:34
. 3 Trim Start :49 Run stop: 2015/09/22 12:06:36
Oocassida pUdlbqua Trim End :680 PDF created:  2015/09/22 12:59:59
Qv20 Bases :631
. MG GIAT TTATATTACGAT CTGI TAGTAAT ATA GTAATA GCCCC TGO TAAT ACT GGCAGT GATAGTAGTAAAAGAATAGC TGTAATAATTACTG
/\ 10 20 3 5 60 70 80
AT CAAACAAATAAGGCTATTTTATCAAGATTTATTCCTGATGGTCGTATATT TATAAT T GTT GAAATAAAATTAATT GCCCC TAAAATT GAT GAAATACCTGC TAAATGTAAACTGAAAATT GCTAGATCTACT GATGATCCT
100 110 120 130 140 150 160 170 180 190 200 210 220 230

PN VWA A A WA W WA A s s AN WA A s A A s A s A AW WA

CTATGGGCAATATTATTT GATAAT GGGGGGT ATACTGT TCAACCTGT TCCTACCCC TCTTTCAACAATTCTTCTTAATACTAAAAAT CTA.
250 260 270 8 3

ATTGAGGGI GGI'AAAAGTCAAAAT CTTATATTATTTAGTCGTGGGAAT GCT

240 280 290 300 310 32 330 340 350 360 370 38
(A AW s anasivanAsnssnanf s an WM s s AW A AN I AN A AWM i
TGTCTGGTGCTCCTAATAT TAGTGGTACTAATCAATT TCCAAATCCTCCAATTATAAT AGGT AT TAC TATAAAAAAAAT T AT AACAAATGCGT GGGCAGT TACAATAGAATT ATAAAT TTGAT CATT ACCGAT CAAAGTTCC
390 400 410 420 430 450 470 480 4 500 510 520

O A AT e NVl A S 0 e L T e e YN D N A A O S A A e A ek

TGGACTTCCTAATTCAGCTCGAATTAAAATTCTT AAT GACGTTCCT AATAT TCTTGATCAAAATCCAAAAATAAAATATAAT GTTCCAAT ATCTTTAT GAT GGG TTGA
530 540 55C 570 0

590 600 610 620 630

bloar 0o XA 00O X000 0000000000000 AL

Figure 4.53: Electropherogram showing the nucleotide sequenae the

mitochondrial COIl gene oDocassida pudibunda using Forward and
Reverse primers
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Table 4.17: Comparison of Nucleotide frequenoieSOI gene sequence Obcassida pudibunda with its kin species

NUCLEOTIDE FREQUENCIES (%)

Name of the species

T|c|A| G|T1cCc1|A1|G1|T2|C2|A2|G2|T3|C3|A3|G3
KX603663 Oocassida pudibunda | 34.8| 15.4| 34.6| 15.2| 36 | 59| 55.1 3.2 | 24 | 15.6 34.9| 25.3| 44 | 24.6| 13.9| 17.1
KX051834 Cassida compuncta 34.7|16.5|33.6| 15.2| 35 | 9.1| 53.2 2.7 | 25| 155 33.2| 26.2| 44 | 24.7| 14.5| 16.7
KJ966318 Cassida murraea 35.0| 16.3|33.2| 155 37 | 7.0 | 51.3 4.3 | 24| 15.6 34.9| 25.8| 44 | 26.2 13.4| 16.6
ﬁ;?gfg:;igypocmda 35.4|17.5(31.6| 155 36 | 11.8(48.1| 3.7 | 24| 16.6 34.2| 25.1| 46 | 24.2| 12.4| 17.7
KM451640 Cassida rubiginosa 32.9|17.7|34.3| 15.2| 27 | 13.9|55.1| 3.7 | 26 | 14.4 34.8| 24.6| 45 | 24.7| 12.9| 17.2
MH322762 Cassida sanguinolenta | 36.8| 15.5| 32.7| 15.0| 41 | 6.4| 49.7 3.2 | 25| 15.5 35.3| 24.6| 45 | 24.7| 12.9| 17.2
KM451192 Cassida azurea 35.5| 17.5| 32.3| 14.6| 36 | 11.8/ 49.7| 2.7 | 26 | 15.5 34.8| 24.1| 45 | 25.3| 12.4| 17.2
KU910819 Cassida stigmatica 35.0|16.8|32.1| 16.1| 37 | 9.1| 48.1 5.9 | 23| 17.1 34.8| 25.1| 45 | 24.2| 13.4| 17.2
KU917781 Cassida ferruginea 355 16.8| 31.8| 15.9| 36 | 9.6 | 48.1 5.9 | 25| 16.0 34.2| 24.6| 45 | 24.7| 12.9| 17.2
KJ963600 Cassida nebulosa 36.1| 15.7|32.0| 16.3| 40 | 6.4 | 49.7 4.3 | 23| 15.6 34.9| 26.3| 45 | 25.1| 11.2| 18.2
FJ819705 Laccophilus sp. 38.9| 14.1|30.7| 16.3| 44 | 3.2| 50.8 2.1 | 28| 14.4 29.9| 27.8| 45 | 24.7| 11.3| 18.8
KM554912 Ectoedemia quadrinotata | 38.9| 13.6| 32.5| 15.0| 41 | 43| 529 1.6 | 30| 12.3 31.0| 26.2| 45 | 24.2| 13.4| 17.2
JIN201715 Ectoedemia harald 39.8| 135(32.1| 14.6| 43 | 37| 524 5 | 31| 11.8 30.5| 26.7| 45 | 25.1| 13.4| 16.6
KF397116 Philobota atrisignis 40.4|15.0(30.2| 14.5| 49 | 53| 444 1.1 | 27| 15.0 32.6| 25.1| 45 | 24.7| 13.4| 17.2
KJ195306 Chiridopsis ventralis 33.4| 16.6| 34.8| 15.2| 31 | 10.8/ 55.9| 2.2 | 24 | 13.9 36.4| 25.7| 45 | 25.1| 12.3| 17.6
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Table 4.18: Percentage of evolutionary divergerid@azassida pudibunda with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of

No. No Organism divergence
1. KX603663 | Oocassida pudibunda (Kerala)
2. KX051834 | Cassida compuncta (France) 13.31%
3. FJ819705 | Laccophilus sp. 17.59%
4. KJ966318 | Cassida murraea 17.96%
5. KF654910 | Hypocassida meridionalis 19.08%
6. KM554912 | Ectoedemia quadrinotata 19.66%
7. KM451640 | Cassida rubiginosa 19.79%
8. MH322762 | Cassida sanguinolenta 19.96%
9. KM451192 | Cassida azurea 20.34%
10. JN201715 | Ectoedemia haraldi 20.43%
11. KU917781 | Cassida ferruginea 20.73%
12. KJ195306 | Chiridopsis ventralis 20.73%
13. KF397116 | Philobota atrisignis 20.87%
14. KU910819 | Cassida stigmatica 21.11%
15. KJ963600 | Cassida nebulosa 21.71%

79

KM451640 Cassida rubiginosa
KU917781 Cassida ferruginea

—

MH322762 Cassida sanguinolenta

H' KU910819 Cassida stigmatica
KJ966318 Cassida murraea
KM451192 Cassida azurea

KF654910 Hypocassida meridionalis
KJ963600 Cassida nebulosa

@ KX603663 Oocassida pudibunda

KX051834 Cassida compuncta
KJ195306 Chiridopsis ventralis

FJ819705 Laccophilus sp.
KF397116 Philobota atrisignis

0.02

81

p—

KM554912 Ectoedemia quadrinotata
JN201715 Ectoedemaia haraldi

Figure 4.54: Phylogenetic relationship@dcassida pudibunda inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 86.7% sequence similarity to the related geremorted from France
(KX051834). The number of base substitutions pe¥ between sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
M. chrysanthemi showed bias to nucleotide AT, with following consggmn of
nucleotides T = 34.8%, C = 15.4%, A = 34.6% and &52%. This greater AT
content (69.2%) over GC content (30.6%) is mainkg b the mutational pressure
on a single nucleotide substitution during the etiohary period of timeOocassida
pudibunda showed variation in the total composition of nutlg® in each of the
position of codons in comparison with other relaspécies isolated from different

geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed 13.31% to 21.differences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has divergence (13.31%) those froande while 21.71% from
Finland (Table 4.18). On the basis of the data meskthis species may be rooted
from those found Finland which diverted into diffat clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteahirFinland during the course of

evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species @focassida pudibunda with related species.
Oocassida pudibunda isolated from Kerala (KX603663) showed 13.31% djesice
with Cassida compuncta (KX051834) from France and 21.71% divergence
with Cassida nebulosa (KJ963600) from Finland. The phylogeny tree getesta

by wusing NJ method reveals the phylogenetic statols Oocassida

108



pudibunda isolated from Kerala. Closest relative@bcassida pudibunda is Cassida

compuncta from France represented within the same clade.
10. Dactylispa carinata (Chen and T'an, 1961)

Specimen details:

Voucher specimen : CUDC -02-A1

Date of collection . 20-Apr-2016

Locality : Kannur: Madayi

Lat- Lon :12.0308° N, 75.2395° E
GenBank accession :  MH674110

Description and distribution:

D. carinata have shorter spines and boc
usually much more widened apically (Figure 4.5!
The body is subparallel, lateral marg
of pronotum and elytra with long, stiff spines
antennomere 1 without spine, pronotum wWillSTREIHE WIS =Re= gly F|
anterior margin with branched spine on each sibjgaewith spines or tubercles on
disc. These are found to be distributed in Indiaing@, various parts of Neotropical
regions (Chen et al., 2005).

Damage:

They are inhabitants of leaves of host plant &&aitet al., 2014)Larvae of
this Dactylispa carinata mine in leaves, while adults eat the cuticula per&b the

leaf veins.
Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C@he of Dactylispa
carinata collected has been amplified using the primer §Table 3.1). The PCR
amplification yielded 612 bp long products for thgecimens obtained from two

different locations. The DNA sequence interprepresentative molecular barcode,
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conceptual translation product and electropherogaeerexhibited in Figures 4.56 —
4.59 respectively and the comparison of percentddeequencies in the nucleotide

composition with its kin species is representedable 4.19.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition dbactylispa carinata voucher collected during the present
study (Table 4.19). It showed bias to nucleotide, &ith nucleotide composition
with T = 33.9%, C = 17.6%, A = 33.1% and G = 15.4%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 4.20 and Figure 4.60 respedtivel
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> Dactylispa carinata CDS-2018/ 612 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucher[@Ti02-Al

> Dactylispa carinata

TCTGATCTGGTATAGTAGGAACAGCT CTGAGAAT TCTAATTCGAACAGAATTAGGAAACC
CTGGTACATTTATCGGAAATGATCAAATCTACAATGT TATTGTAACCGCTCATGCATTTA
TTATAATTTTTTTTATAGTAATACCAATTATAATTGGAGGATTTGGTAACTGATTAGTAC
CACTAATAATTGGAGCACCT GATATAGCATTCCCTCGTCTAAATAATATAAGATTCTGGEC
TTCTTCCACCTTCAATTTTTCTTTTAATAATAAGAAGAAT GATTGAAAGAGGGGECAGGAA
CCGGATGAACAGTATATCCTCCTTTATCATCAAATATTGCTCACAGECGAGCCTCAGI TG
ATCTAGCAATTTTTAGATTACATTTAGCTGGTATTTCATCAATCTTAGGAGCTATTAATT
TTATCTCAACCATTATAAATATACAGCCAACAATAATAAAATTTGATAAAACACCTCTGT
TCGITTGAGCAGTATTAATTACAGCAATCCTTCTATTACTATCACTACCGGTACTAGCAG
GAGCAATTACAATATTATTAACT GATCGAAACT TAAATACATCGT TTTTTGACCCAGCAG
GAGGAGGTGACC

Figure 4.56: The partial DNA sequence of the mitmhial COIl gene of
Dactylispa carinata

0 611

Figure 4.57: Molecular barcode of the mitochond@DI gene ofDactylispa
carinata

> Dactylispa carinata / 199AA / cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUDC-02-Al

> Dactylispa carinata

VGTALSI LI RTELGNPGTFI GNDQ' YNVI VTAHAFI M FFWMPI M GGFGNWLVPLM G
APDVAFPRLNNVSFWLLPPSI FLLMVESM ESGAGTGM VYPPLSSNI AHSGASVDLAI F
SLHLAGQ SSI LGAI NFI STI MNMQPTMVKFDKTPLFVWAVLI TAI LLLLSLPVLAGAI TM
LLTDRNLNTSFFDPAGGGD

Figure 4.58: The translation product of the mitaulfrial COI gene oDactylispa
carinata
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Sample :P.57_CP1FORWARD_7173-23 P1075 Run start: 2017/12/07 04:07:33

T ¥ Trim Start :19 Run stop: 2017/12/07 06:04:43

DﬂCtyl]Spa carinata Trim End 675 PDF created: 2017/12/07 15:46:23
Qv20 Bases :656

GAI'TCT GATCT GGTATAGTAGGAACAGC I( TGAGAATTCTAAT] HG\"\(\G\\I TAGGAAACCCTGGTACAT T TATC GGAAAT GAT CAAATCTACAATGTTATT GTAACCGC TCATGCATT
10 20 4 90

TATTATAATTTTTTTTATAGTAATACCAATTATAATTGGAGGAT TTGGTAACTGATTAGTACCAC TAATAATT GGAGCACCTGATATAGCAT TCCC TCGTC TAAATAAT ATAAGATTCTGGCTTCTTCCACCTTCAATTTTT

130 140 150 160 170 180 190 200 210 220 230 240 250 260
A AN WA st s A DA s AN s AN A AN
ICTTTTAATAATAAGAAGAAT GAT TGAAAGAGGGGCAGGAACC GGATGAACAGTATAT CCTCCTTTATCATCAAATATT GC TCACAGGGGAGCCTCAGTTGATCTAGCAAT TTTTAGATTACAT TTAGCTGGTATTTCATCAAT
270 280 290 300 310 320 330 340 350 360 7 380 9

otV nasViane o s AN it s Ao eV

CTTAGGAGCTATTAATTTTATC I(A"\(( AT I—\IA-\-\I ATAC. 4(}((—\\(%-\] AATAAAATTTGATAAAACACC l( IGI TCGIT1 IG\G( AGTATT. &Al TACAGC: \\l(( TTCTATT l-\(l\l( ACT
410 420 460 47 501

"CGGTACTAGCAGGAGCA
540

DA AN A AN A AN A AN AN s v A A A A A i

\I I ACAATATTATTAACT GATCGAAACTTAAAT ACATCGT TTTTT GACCCAGCAGGAGGAGGT GACCCTATTCTTTATCAACACCTAT TTTGATTTTTT GGACATCAA
560 570 580 590 600 610 620 630 640 650

e s e A AN s A A A M i) \

Sample :P.57_CP1.REVERSE_7173-24_P1080 Run start: 2017/12/08 10:08:15
2 3 Trim Start :17 Run stop: 2017/12/08 12:22:51
Dactybspa camata Trim End :664 PDF created: 2017/12/08 16:29:04

Qu20 Bases :647

GGGICLCCTCCTCCTGCTGGGTCWAAAACGAT GTAT TTAAGT TTCGATCAGT TAATAATATT GTAAT T GC TCCTGC TAGTACCGGTAGTGATAGTAATAGAAGGATTGCT GTAATTAAT|
10 20 30 40 50 60 70 80 90 100 1 120

ACTGCTCAAACGAACAGAGGTGTT TTATCAAATTTTATTAT TGTTGGCTGTATATTTATAAT GGTTGAGATAAAAT TA, \T AGCTCCTAAGATTGATGAAATACCAGCTAAATGTAATCTAAAAATT GCTAGAT CAACTGAGG

130 140 150 160 170 180 190 200 210 220 230 240 250 260

NJM m\/\A«N\AM\A/\/\N‘M A/\/\/\’\/\N‘W\A/\A/\AWM\/\/M AA/\A/\/V‘W

vt ‘V\N\V\[\I‘NJ\“/\/\N\/\/\/MM[\/W\/\/\[\“ /\N\M IVl

TCCCCTGTGAGCAATATTT GAT GATAAAGGAGGATATACT GTT CATCCGGTTCCTGCCCCTCTTTCAATCATTCTTCTTAT TATTAAAAGAAAAATT GAAGGT GGAAGAAGCCAGAATCTTATAT TAT TTAGACGAGGGAAT
270 280 290 300 310 320 330 340 350 360 370 380 390 400

AV fN\wv”‘ww\MfmWVWWMM/WWWWNWWWMWN\/rww'm\ﬁA/V\w/wmw b/l

I,

GCTATATCAGGTGCTCCAATTATTAGT GGT ACTAATCAGT TACCAAATCCTCCAATTATAAT TGGT AT TACTATAAAAAAAAT TATAATAAAT GCAT GAGCGGT TACAATAACAT TGTAGAT TTGATCATTTCCGATAAATG
410 420 430 440 450 460 470 480 490 500 510 520 530 540

TACCAGGGTTTCCTAATTCT GI' TCGAAT TAGAATTCT CAGAGCTGT TCCTACTATACCAGAT CAGAAT CCAAAAAT GAAAT ATAGT GT TCCAATATCTTT
550 560 570 580 590 600 610 620 630 640

Figure 4.59: Electropherogram showing the nucleotide sequenae the
mitochondrial COl gene obDactylispa carinata using Forward and
Reverse primers
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Table 4.19: Comparison of Nucleotide frequencie€0f gene sequence bhctylispa carinata with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T C A G | T1| C1] Al Gy T-2 C-2 A2 G2 T C- A-B8G-3
MH674110 Dactylispa carinata 33.9| 17.6] 33.1] 154 34 94 506 44 21 183 35.6.62%6| 25.0f 13.3 16.
KF655345 Hispa atra 39.4| 14.1] 314 150 46 50 456 39 26 150 35.04p#M7 | 222 139 16.
KY833634 Dicladispa armigera 359| 170 324 144 38 11(7 489 11 P23 161 3586 46| 23.3] 13.9 16.
KM440095 Hippuriphila modeeri 36.2| 16.7] 32.3 14. 37 12{3 486 2.2 26 150 3504 46| 22.8 13.3 17.
KJ677801 Galerucinae sp. 38.9| 14.4| 30.7 15. 48 50 467 © 23 15.0 33.332846 | 23.3| 12.2 18.
KM451450 Dicladispa testacea 326| 18.1] 34.1 152 31 13|13 533 28 P2 178 3580 45| 23.3 139 17.
KU918516 Chrysomela cuprea 36.1| 17.2| 30.7 159 41 11{7 450 2.8 P3 16.7 3288 45| 23.3 144 17.
AB794744 Monolepta sp. 40.2| 13.7| 30.0 16.1 448 50 450 1.7 26 128 33.38p2746 | 23.3] 11.7 18.
KU697481 Lypnea pubipennis 39.6| 14.6] 31.1 146 47 6.Y 444 22 26 139 36.19pP3%#6 | 23.3] 12.8§ 17.
KY833674 Dicladispa armigera 36.3| 17.0] 32.3 144 40 1111 478 11 P3 167 3586 46| 23.3] 13.9 16.
MHO051936 Rhopalomesites proximus | 34.3| 18.1| 32.§ 14. 37 11{7 483 28 23 17.2 3589R 42| 25.6] 144 17.
KM843013 Hapalaraea megarthroides | 38.9| 13.7| 31.9 156 4% 28 517 B 27 18.3 31782744 | 250 12.7 18.
MF495677 Longitarsus nigripennis 38.5| 15.2] 30.1 15.6 44 56 461 28 24 144 34472646 | 256 11.7 17.
KM285766 Colydium elongatum 38.7| 14.1] 313 15.7¥ 4§ 44 500 6 26 189 31.732845 | 23.9| 12.8§ 18.
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Table 4.20:

Percentage of evolutionary divergerfcd@autylispa carinata with its

closely related species accessible from NCBI GekBan

Sl Accession : Per centage of

No. No Organism divergence
1. MH674110 | Dactylispa carinata (Kerala)
2. KF655345 | Hispa atra (Spain) 15.34%
3. KY833674 | Dicladispa armigera 17.01%
4, KY833634 | Dicladispa armigera 17.48%
5. KM440095 | Hippuriphila modeeri 18.91%
6. KM451450 | Dicladispa testacea 18.92%
7. KU918516 | Chrysomela cuprea 19.52%
8. MF495677 | Longitarsus nigripennis 19.94%
9. KJ677801 | Galerucinae sp. 20.39%
10. AB794744 | Monolepta sp. 21.07%
11. MH051936 | Rhopal omesites proximus 21.58%
12. KU697481 | Lypnea pubipennis 21.89%
13. KM285766 | Colydium elongatum 22.88%
14. KM843013 | Hapalaraea megarthroides 23.47%

20

o

KM843013 Hapalaraea megarthroides
KM285766 Colydium elongatum

12

KJ677801 Galerucinae sp.

85

MF495677 Longitarsus nigripennis

34

AB794744 Monolepta sp.

KU697481 Lypnea pubipennis

KM440095 Hippuriphila modeeri

55

@ MH674110 Dactylispa carinata

KF655345 Hispa atra

I

58

KM451450 Dicladispa testacea
- KY833634 Dicladispa armigera

100 L KY833674 Dicladispa armigera

KU918516 Chrysomela cuprea

0.02

MHO051936 Rhopalomesites proximus

Figure 4.60: Phylogenetic relationship Déctylispa carinata inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 84.7% sequence similarity to the related regddrom Spain (KF655345). Even
though this species has been found in various gebgrally isolated areas, their
sequence doesn’t have any kind of variation. Thabar of base substitutions per
site between sequences were analysed using themaxiComposite Likelihood
model. The COI sequence DBlactylispa carinata showed bias to nucleotide AT,
with following composition of nucleotides T = 33.9% = 17.6%, A = 33.1% and G
=15.4%. This greater AT content (67.0%) over G@tent (33.0%) is mainly due to
the mutational pressure on a single nucleotidetgutisn during the evolutionary
period of time.Dactylispa carinata showed variation in the total composition of
nucleotide in each of the position of codons in panson with other related species
isolated from different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
geographical locations, it showed only 15.34% ta42% differences in the
nucleotides sequences. The divergence table plditeadmaximum likely hood
method clearly showed that it has divergence (26)3#om Spain while 23.47%
from Canada (Table 4.20). On the basis of the dh&erved this species may be
rooted from those found in Canada which divertet idifferent clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frdrase reported from Spain and

Canada during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species d&actylispa carinata with related species.
Dactylispa carinata isolated from Kerala (MH674105) showed 15.34% djeeice
with Hispa atra (KF655345) from Spain and 23.47% divergence Witpalaraea
megarthroides (KM843013) from Canada. The phylogeny tree geeerdty using

NJ method reveals the phylogenetic statusDa€tylispa carinata isolated from
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Kerala. Closest relative dactylispa carinata is Hispa atra from Spain represented

within the same clade.
11. Henosepilachna vigintioctopunctata (Motschulsky, 1857)

Specimen details:

Voucher specimen : CUHV-01-Al

Date of collection . 26-Nov-2017

Locality :  Palakkad: Ottapalam
Lat- Lon : 10.7723° N, 76.3695° E
GenBank accession : MH590761

Description and distribution:

These are commonly know

as the 28-spotted potato ladybird ¢
the Hadda beetles (Figure 4.61). T
body of the beetle is nearly 7mm i
length, round, convex and glossy. T
colour is reddish brown with 13 blac
spots on each elytron and one or mc
is found on either side of the thora
The newly emerged adult is straw ¢ Fig.4.61:Henosepilachna vigintioctopunctata
cream Yyellow in colour, the 28 spot of variableesappear on the dorsal side. The
whole body is covered with fine short hairs. Theladarken on with age and attain
orange brown colour with a bronze tinge. The athdtes are smaller than females.
H. vigintioctopunctata are distributed over a wide range from Japan (Abdtaal.,

1985) to South Asia and Australia (Kalashoven, 1$8&hards, 1983).
Damage:

Both the adult and larvae (grubs) are found orelosurfaces of the leaves,

scrapping and feeding gregariously on the parenehwmd the lower epidermis
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between the veins and skleletonize leaving intppeu epidermis and tougher tissue

in the form of “windows”.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Céhey ofHenosepilachna
vigintioctopunctata collected has been amplified using the primer I(E&ble 3.1).
The PCR amplification yielded 512 bp long produdie DNA sequence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 4.62 65 4respectively and the
comparison of percentage of frequencies in theemticle composition with its kin
species is represented in Table 4.21.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition oHenosepilachna vigintioctopunctata voucher collected
during the present study (Table 4.21). It showeds hbio nucleotide AT, with
nucleotide composition with T = 38.5%, C = 18.0%5R&7.7% and G = 15%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 4.22 and Figure 4.66 respedtivel
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> Henosepilachna vigintioctopunctata CDS-2018/ 512 bp / cytochrome
oxidase subunit |1 (COI) gene, partial cds; mitoataa / voucher CUHV-01-
Al

> Henosepilachna vigintioctopunctata

GATTTTTTTTATAGTAATACCAATTTTAATTGGAGGT TTTGCGAAATTGACTAGTACCTTT
AATAATTGGEECECTCCCGATATAGCT TTCCCTCGACTAAATAATATAAGATTTTGACTTCT
TCCCCCAGCTTTAACATTCTTACTTTTAAGAAGAATAGT AGAAAGAGGGEGCAGGAACAGG
CTGAACAGT TTACCCGCCTCTTTCAGCTAATATTGCCCATAGAGGTCCTTCTGITGATTT
AGCTATTTTTAGATTACATTTAGCTGGTGTATCATCAATTTTAGGGECAATTAATTTTAT
TACTACCATGATTAATATACGACCTATTGGTATACAATTAGATAAACTTCCTTTATTTGC
TTGGTCAGT TTTAATTACTGCTATTTTACTTCTTCTTTCCCT CCCTGTATTAGCAGGAGC
AATCACTATCCTTTTAACAGATCGAAATATTAATACTTCATTTTTTGACCCT GCAGGAGG
TGGEGATCCTATTTTATACCAACACTTATTTT

Figure 4.62: The partial DNA sequence of the mitoadrial COl gene of
Henosepilachna vigintioctopunctata

0 511

Figure 4.63: Molecular barcode of the mitochond@&!| gene oHenosepilachna
vigintioctopunctata

> Henosepilachna vigintioctopunctata / 167AA / cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrigbicher CUHV-01-Al

> Henosepilachna vigintioctopunctata

MMPI LI GGFGNW.VPLM GAPDVAFPRLNNIVSFWLL PPAL TFLLL SSMWESGAGT GATV
YPPLSANI AHSGPSVDLAI FSLHLAGVSSI LGAI NFI TTM NVRPI GMQL DKLPLFAWSV
LI TAI LLLLSLPVLAGAI TMLLTDRNI NTSFFDPAGGGDPI LYQHLF

Figure 4.64: The translation product of the mitowhdal COIl gene of
Henosepilachna vigintioctopunctata
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Sample  :P.43.F_Lepto.F_7333-1_P1087 Run start: 2017/12/11 18:47:43
Henosepilachna vigintioctopunctata il S Runstop:  2017/12/11 21:02:10

Trim End :586 PDF created: 2017/12/14 15:15:56
Qv20 Bases :561

I'GAI'T'TTT TTTATA GIAATACCAAT T T TAATT GGAGGIT'T'T GGAAATT GACTAGTACCTT TAATAAT T GGGGC TCCCGATATGGC T TTCCCTCGACTAAATAATATAAGAT T'T'T
10 20 30 40 50 60 70 80 90 100 10

5 i Il
(N " 0 [ Lot b \ I e
Y \‘ | b M P A i A \‘”\f\v M|

GACTTCTTCCCCCAGC TTTAACATT CTTACTTT TAAGAAGAAT AGTA GAAAGAGGGGCAGGAACAGGCTGAACAGT TTACCCGCCTCTTTCAGC TAATATT GCCCATAGAGGTCCTTCTGTTGATTTAGCTATTTTTAGATTA
120 130 140 150 170 180 190 200 210 220 230 240 250

Sample :P.43.R_Lepto.R_7333-2_P1087 Run start: 2017/12/11 18:47:43
0 o o g Trim Start :29 Run stop: 2017/12/11 21:02:10
Heﬂosepl’achﬂa Vlg]ﬂtlﬂctﬂpuﬂctﬂta Trim End :585 PDF created: 2017/12/14 15:15:58

Qv20 Bases :556

T CMAATAA GI GI'T GGTATAAAATA GGAT CCCCACCTCCTGCAGGG TCAMAAAAT GAAGTATTAATAT TTCGATCT GT TAAAAGCATAGT GATTGCTCCTGC TAATACAGGG
10 20 30 40 5( 60 70 8 90 100 110

%GA\\G\A()A\GIA-\\—\I AGCAGT \\1 I \'\A\LI(J’\(L-\\G( AAATAAAGGAAGTTTATCTAATTGTATACCAATAGGTCGTATAT TAATC. \l()GIAGI AAT. \'\AAI TAAT I()(((( I AAAATT GAT GAT. \(4((—\(}( TAA
120 3(

160 170 180 190 200 20 240

It N\[\‘W\ at st /\M\WMMvavu\AMMWwval\M\” A

AT GT AATCTAAAAATAGC TAAATCAACAGAAGGACCTCTATGGGCAATATTAGCTGAAAGAGGC GGGTAAACT GTTCAGCCTGTTCCTGCCCCTCTTTCTACTATTCTTCTTAAAAGT AAGAATGT TAAAGCTGGGGGAAGA|
260 270 280 290 300 310 320 330 340 350 360 370 380 390

Figure 4.65: Electropherogram showing the nucleotide sequenae the
mitochondrial COI gene dfienosepilachna vigintioctopunctata using
Forward and Reverse primers.
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Table 4.21: Comparison of Nucleotide frequencie€01f gene sequence lenosepilachna vigintioctopunctata with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T|C|A| G| T1| C1| Al| G1] T2l C2 AZ G2 T3 CB3 ABG3
MH590761 Henosepilachna vigintioctopunctata | 38.5| 18.0| 27.7 158 25 19|9 292 257 44 259 1365| 46| 82| 404 5.3
KU234200 Henosepilachna vigintioctopunctata | 37.9| 15.2| 30.1 16.8 27 140 327 257 43 234 148.7| 43| 82| 429 59
AB002180 Henosepilachna vigintioctopunctata | 37.9| 15.2| 30.4 16.8 27 14/0 327 257 43 234 1487| 43| 82| 429 59
KY842764 Coccinellidae sp. 38.1| 15.8/ 29.7 16.4 27 1518 310 26.3 44 241 1388| 44| 7.6| 444 41
AB002232 Henosepilachna yasutomii 385| 15.8/ 30.5§ 152 25 1518 333 257 43 234 1487| 47| 82| 435 1.2
AB002222 Henosepilachna niponica 385| 15.6| 30.7 152 29 15/8 333 257 43 234 148.7| 47| 7.6| 441 1.2
LC228588 Henosepilachna pustul osa 38.0| 15.6| 30.4 156 24 1518 339 26.3 43 234 1483| 47| 7.6| 439 1.2
KU234209 Henosepilachna vigintioctopunctata | 38.7| 15.6| 30.5§ 152 25 158 333 257 43 234 1487| 48| 7.6| 435 1.2
AB002229 Henosepilachna yasutomii 38.7| 15.6| 30.4 152 25 158 333 257 43 234 1487| 48| 7.6| 435 1.2
AB002209 Henosepilachna pustulosa 385| 15.8/ 30.5§ 152 25 1518 333 257 43 234 1487| 47| 82| 435 1.2
AB002184 Henosepilachna yasutomii 385| 15.4| 30.71 154 2§ 1512 333 251 43 234 1887| 46| 7.6| 435 24
AB002231 Henosepilachna yasutomii 385| 15.8/ 30.3 154 25 1518 327 26.3 43 234 1487| 47| 82| 435 1.2
AB002181 Henosepilachna vigintioctopunctata | 38.5| 14.8| 30.1 16.6 25 15|18 333 257 43 234 18587| 48| 53| 418 53
AB002195 Henosepilachna vigintioctomaculata | 38.1| 16.0 29.9 16.0 25 16/4 333 2%7 43 234 1487| 46| 82| 418 35
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Table 4.22: Percentage of evolutionary divergencd Blenosepilachna
vigintioctopunctata with its closely related species accessible from
NCBI GenBank
Sl Accession . Per centage of
Organism .
No. No divergence
1 MH590761 Henosepilachna vigintioctopunctata
(Kerala)
5 KU234200 Henos_:epllachna vigintioctopunctata 1.11%
(Tamilnadu)
3. ABO002180 | Henosepilachna vigintioctopunctata 1.11%
4. KY842764 | Coccinellidae sp. 1.87%
5. AB002181 | Henosepilachna vigintioctopunctata 5.84%
6. AB002222 | Henosepilachna niponica 5.85%
7. AB002232 | Henosepilachna yasutomii 5.87%
8. AB002195 | Henosepilachna vigintioctomaculata 6.06%
9. LC228588 | Henosepilachna pustulosa 6.08%
10. KU234209 | Henosepilachna vigintioctopunctata 6.08%
11. AB002229 | Henosepilachna yasutomii 6.08%
12. AB002209 | Henosepilachna pustulosa 6.08%
13. AB002184 | Henosepilachna yasutomii 6.08%
14. AB002231 | Henosepilachna yasutomii 6.10%
AB002229 Henosepilachna yasutomii
35| AB002184 Henosepilachna yasutomii
w KU234209 Henosepilachna vigintioctopunctata
LC228588 Henosepilachna pustulosa
40 AB002222 Henosepilachna niponica
09 AB002232 Henosepilachna yasutomii
s |il AB002231 Henosepilachna yasutomii
AB002209 Henosepilachna pustulosa
AB002195 Henosepilachna vigintioctomaculata
AB002181 Henosepilachna vigintioctopunctata
KY842764 Coccinellidae sp.
s @ MH590761 Henosepilachna vigintioctopunctata
98 KU234200 Henosepilachna vigintioctopunctata
99 1AB002180 Henosepilachna vigintioctopunctata
0.005

Figure 4.66: Phylogenetic

inferred by NJ tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 98.9% sequence similarity to the same genusrtegp from Tamilnadu
(KU234200). The number of base substitutions per ketween sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Henosepilachna vigintioctopunctata showed bias to nucleotide AT, with following
composition of nucleotides T = 38.5%, C = 18.0%; &7.7% and G = 15.8%. This
greater AT content (66.2%) over GC content (33.8%)mainly due to the
mutational pressure on a single nucleotide sulistituduring the evolutionary
period of time. "Henosepilachna vigintioctopunctata showed variation in the total
composition of nucleotide in each of the positidncodons in comparison with

other related species isolated from different gaplical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 1.11% to 0%l differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (1)11%rom Tamilnadu while
6.10% from Japan (Table 4.22). On the basis ofidta observed this species may
be rooted from those found in Japan which diveited different clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes fréimose reported from Japan

during the course of evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species lénosepilachna vigintioctopunctata with related
species.Henosepilachna vigintioctopunctata (MH590761) isolated from Kerala
showed 1.11% divergence from Tamilnadu (KU234206H showed 6.10%
divergence witlHenosepilachna yasutomii (AB002231) from Japan. The phylogeny
tree generated by using NJ method reveals the gbégkiic status of

Henosepilachna vigintioctopunctata isolated from Kerala. Closest relative of
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Henosepilachna vigintioctopunctata is Henosepilachna vigintioctopunctata from

Tamilnadu and Japan represented within the sande.cla
12. Henosepilachna septima (Dieke,1947)

Spoecimen details:

Voucher specimen . CUHS-04-A1

Date of collection : 25-July-2016

Locality . Malappuram: Parappanangadi
Lat- Lon : 11.06°N, 75.85° E

GenBank accession : KX503056

Description and distribution:

Newly emerged adult are purely yello

in colour, without any markings/spots and a
inactive. Within few hours it turns darker a
the black spots on the elytra appears (Fig
4.67). These beetles are oval in shape ha
convex body, elytra dark brown in colour wit o

12 black spots (6 on each elytra) (Ghule et S ik ueliCECsilic
2014). Usually females are bigger than males. $pexies is distributed throughout
Asia and Australia.

Damage:

Both the adult and the larvae feed on the epidetissues of leaves and
fruits, resulting in considerable economic los$sth grub and adult feeds on leaf
lamina and leaving papery epidermis intact (Ghulalg 2014). They prefer more

the leaves and fruits of the host plants.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Céhey ofHenosepilachna

septima collected has been amplified using the primer EThble 3.1). The PCR

123



amplification yielded 553 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 4.68 +#1 4respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 4.23.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition oHenosepilachna septima voucher collected during the
present study (Table 4.23). It showed bias to mticle AT, with nucleotide
composition with T = 36.7%, C = 16.4%, A = 29.9%l & = 17.0%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 4.24 and Figure 4.72 respedfivel
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> Henosepilachna septima CDS-2018/ 553 bp / cytochrome oxidase subun
(COI) gene, partial cds; mitochondrial / vouchertl€2J04-A1

> Henosepilachna septima

CTCCAGGATCATTAAT TGGAAAT GACCAAATTTACAATGCAATTGTAACAGCTCATGCTT
TCATTATGATTTTTTTTATGGT TATGCCTATTTTAAT TGGGGGATTCCGAAACTGACTAA
TTCCTTTAATAATTGGAGCTCCTGATATAGCTTTCCCTCGT TTAAACAATATAAGATTTT
GACTTTTACCTCCAGCATTAACTTTTCTTCTTTTAAGAAGACT GGT TGAGATGGAGCT GG
GATGATGGATGAACAGT TACCCCCCCCTTTCTCAAATATTGCTCATGGAGGACCT TCTGT
AGATTTAGCTATTTTTAGTCACATTTAGCTGGATTTCCTCTCTATTTAGGAGCAATTAAT
TTTATTACTACAATGT TAATAATACGACGACCAAAGGGATACTTTGGATAAATTCCCTTA
TTTGCCTGACAGT TGTAATTACAGCATTTTACTTCTTCTTTCTCTTCCTGTATTAGCAGGA
GCCATTACTATGCTATTAACTGACCGAAATAAAATACTTCTTTTTTGACCCAGCAGGAGG
AGGAGACCCAATC

Figure 4.68: The partial DNA sequence of the mitoadrial COl gene
Henosepilachna septima

0 552

tl

of

Figure 4.69: Molecular barcode of the mitochond@&l gene oHenosepilachna

septima

> Henosepilachna septima / 150AA / cytochrome oxidase subunit | (CO
gene, partial cds; mitochondrial / voucher CUHSAM-

> Henosepilachna septima

M GSSLSI LI RVELGTPSSLI GNDQI YNVI VTAHAFI M FCTVIVPI LI GGFGNWLI PLM
GAPDIVAFPRLNNVSFW. L PPAL TFLLL SSLVESGAGT GM VYPPLSANI AHSGPSVDLAI
FSLHLAGQ SSI LGAI NFI TTM NVRPKGWN

Nr

Figure 4.70: The translation product of the mitouthdal COI gene of

Henosepilachna septima
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Sample :P.17_CP1.F_32462-1_9190 Run start:

2016/10/25 17:54:45
Henosepilachna septima T ST 772 Run stop:

2016/10/25 19:52:17
Trim End  :622 PDF created: 2016/10/26 12:03:54
Qu20 Bases :544

CTCCAGGATCATTAATT GGAAAT GAOCAAAT T TACAATGCAATT GTAACAGC TCATGCTTTCATTATGATTT
10 20 30 4 50 60 70

TTTTTATGGI TATGCCTATTTTAATT GGGGGAT TC GGAAACT GACTAATTCCTT TAATAATT GGAGCTCC TGAT ATAGCTTTCCCTCGI TTAAACAAT ATAAGATTTT GACT TTTACCTCCAGCATTAACT TT TCT TCTT T TAAGAAGAC TGH TGAGAT G|
80 90 100 110 120 130 140 150 160 170 180 190

200 210 220 230
GAETGGGA TGGA GAACAG T TACQCCCCCCTTTC TCAAATATT GCTCAIGGAGGACCT TCTGIAGATTT AGETAT TTT TAGIC ACATTTAGETGG ATTTCCTCTATTT AGGAGCAATTAATTTTAT TACTACAATG TTAATATACGACCAAM GIGA TA C
240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390

FTTAGAT AMA TTQCCTTATTTGCT GA CAGTGTAATTACAGCA TTTTACT TCITCT TTCTCT TCCTGIAT TAGCAGGAGCAT TACTAT GETAT TAACTGAUGAAY
400 410 5

ATA AAATACTTC TTTTTTGAACAGAGGAGG' GGG CCAAT C
420 430 440 450 460 470 480 490 500 510 520 530 540
. . Sample :P.17_CP1.R_32462-2 9190 Runstat:  2016/10/25 17:54:45
Henosepllaclma Sept]ma Trim Start :135 Run stop: 2016/10/25 19:52:17
Trim End  :657

PDF created: 2016/10/26 12:03:56
Q20 Bases :522

TT

NAAACTG ATCAAGCAAATAAGGGAAGT TTATCCAAATTTATTCCCTT TGGI CGTATATTAAT CAT TGT AGTAAT AAAATTAAT TGC TCCTAAAATAGAGGAAATTCCAGC TAAATGAAGACTAAAAATAGCTAAATCTACAG AA
10 20 30 40 50 60 70 80 90 100 110 120 130 140

GGICCTCTATG AGCAATATT TGCTGAAAGGGGTGGGT ATACT GTTCATCCTGTCCCAGCTCC TC TCTCAAC C AGCC TTC TTAAAAGAAGAAAAGI TAATGCTGG AGGTAAAAGICAAAACCT TATATTGI'T TAAACGAGGGA
150 160 170 180 190 200 210 220 230 240 250 0 270 28

280

AGCTATAT CAGGAGCTCCAAT TATTA AAGGAAT TAGTCAGTTTCCGAAACCCCCAATTAAAATAGGCATAACCATAAAAAAAATCATAATGAAAGCAT GAGCTGT TACAATTACAT TGT AAATTTGGTCATT TCCAATTA
290 300 3 3 3 35! 3

310 320 330 340 350

360 370 380 390 400 410 21
ATGATCTTGG AGTACC TAATT CTATCICGAATTAAAATT CTTAGTG A GAAQCC AACTATT C CTGC TCACAGGCCAAATAATAAAAT AT AAT GT
430 440 450 460 470 480 490 500 510 520

Figure 4.71: Electropherogram showing the nucleotide sequenae the

mitochondrial COIl gene oHenosepilachna septima using Forward
and Reverse primers
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Table 4.23: Comparison of Nucleotide frequencieS®I gene sequence biienosepilachna septima with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T C A| G |T1| C1| A1l| G1] T2 C2 A2 G2 TB C8 ABG3
MH656689 Henosepilachna septima 37.6| 17.7| 28.1 16.6 29 227 267 21.3 #6 159 2526| 37| 146 325 15
AB002176 Henosepilachna septima 37.4| 16.2| 29.2 17.3 28 192 3141 219 45 173 2118.0| 39| 11.9 351 13.
KX503056 Henosepilachna septima 36.7| 16.4| 299 17.0 27 213 300 213 #6 167 226.3| 37| 11.2] 37.5 145
EU392441 Epilachna anhweiana 36.1| 17.0| 31.2 157 32 188 289 208 #4 172 238.6| 32| 151 40.8 11.
AB002173 Henosepilachna enneasticta | 38.7| 15.0/ 30.5 157 30 152 318 225 48 187 1718.0| 38| 11.3 424 8.6
KF523749 Autosticha modicella 405| 14.4| 299 153 29 18)7 287 240 49 18.0 1840| 43| 6.6| 421 79
HQ923098 Haereta cryphimaea 38.3| 14.6| 319 153 29 187 293 233 45 193 2218.0| 41| 59| 441 8.6
HQ921150 Scaptesyle dictyota 40.9| 14.8| 29.2 15.0 2§ 19)3 287 240 50 17.3 1840| 45| 7.9| 40.] 7.2
KF393430 Macrobathra monostadia 40.9| 15.0| 28.5 155 27 207 287 240 47 187 2040| 49| 59| 36.2 8.6
MH415593 Pioneabathra olesialis 39.8| 13.7| 31.0 15% 30 17/3 293 233 47 187 193.7| 42| 53| 441 8.8
KR661971 Hylemyza partita 41.2| 13.5| 29.0 164 28 19)3 273 253 50 160 20@0| 45| 53| 39.5 99
KP189249 Lespesia aletiae 39.8| 13.7| 30.1 164 28 187 293 240 pHO 152 198.2| 42| 7.3| 411 9.9
HQ923099 Haereta cryphimaea 38.3| 14.6| 31.4 155 29 187 293 233 45 193 2216.0| 41| 59| 434 9.2
KF492075 Rachiplusia virgula 40.5| 14.6| 296 153 29 18/0 287 240 #9 180 1930| 43| 7.9| 40.8 79
EU392444 Afissula kambaitana 36.5| 15.9| 323 153 29 19/5 302 215 44 166 2318.2| 36| 11.8 42.§ 9.2
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Table 4.24: Percentage of evolutionary divergeriddenosepilachna septima with
its closely related species accessible from NCBiEzaak

Sl Accession , Per centage of
No. No Organism divergence

1. KX503056 | Henosepilachna septima (Kerala)

2. AB002176 | Henosepilachna septima (Japan) 1.30%
3. EU392441 | Epilachna anhweiana 22.64%
4. AB002173 | Henosepilachna enneasticta 27.67%
5. HQ921150 | Scaptesyle dictyota 30.77%
6. EU392444 | Afissula kambaitana 31.00%
7. KF523749 | Autosticha modicella 31.28%
8. KF492075 | Rachiplusia virgule 34.20%
9. HQ923098 | Haereta cryphimaea 34.30%
10. KP189249 | Lespesia aletiae 34.54%
11. HQ923099 | Haereta cryphimaea 35.01%
12. KR661971 | Hylemyza partita 35.05%
13. KF393430 | Macrobathra monostadia 36.05%
14. MH415593 | Pioneabathra olesialis 40.82%

42 HQ921150 Scaptesyle dictyota
16 KF492075 Rachiplusia virgula
28 KF523749 Autosticha modicella
74 KF393430 Macrobathra monostadia
MH415593 Pioneabathra olesialis
96 HQ923098 Haereta cryphimaea
- 4100[— HQ923099 Haereta :rl;lphimaea
KR661971 Hylemyza partita
85 KP189249 Lespesia aletiae
458| EU392441 Epilachna anhweiana
EU392444 Afissula kambaitana

AB002173 Henosepilachna enneasticta
48 — @ MH656689 Henosepilachna septima

100 l_ AB002176 Henosepilachna septima
%6 | @ KX503056 Henosepilachna septima

0.02
Figure 4.72: Phylogenetic relationship teénosepilachna septima inferred by NJ
tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 98.7% sequence similarity to the same genustegpfrom Japan (AB002176).
Even though this species has been found in vamgeagraphically isolated areas,
their sequence shows mild kind of variation. Thenbar of base substitutions per
site between sequences were analysed using themaxiComposite Likelihood
model. The COI sequence of. septima showed bias to nucleotide AT, with
following composition of nucleotides T = 36.7%, C16.4%, A = 29.9% and G =
17.0%. This greater AT content (66.6%) over GC eoh{33.4%) is mainly due to
the mutational pressure on a single nucleotidetgutisn during the evolutionary
period of time Henosepilachna septima showed variation in the total composition of
nucleotide in each of the position of codons in panson with other related species

isolated from different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
geographical locations, it showed only 1.30% to82% differences in the
nucleotides sequences. The divergence table plditeadmaximum likely hood
method clearly showed that it has divergence (1)3@%h those from Japan while
40.82% Madagascar (Table 4.24). On the basis aldkee observed this species may
be rooted from those found in Madagascar whichrtkdeinto different clades due
to geographical variation. Result thus concludeat this species doesn’t have any
major changes in India while slightly changes fritvose reported from Madagascar

during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species Henosepilachna septima with related species.
Henosepilachna septima isolated from Kerala (KX503056) showed 1.30%
divergence wittHenosepilachna septima (AB002176) from Japan arRioneabathra
olesialis (MH415593)from Madagascar. The phylogeny tree generated img i\J
method reveals the phylogenetic statusHehosepilachna septima isolated from
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Kerala. Closest relative d¢fenosepilachna septima is Henosepilachna septima from

Japan represented within the same clade.
13. Epilachna septima (Dieke, 1947)

Soecimen details:

Voucher specimen : CUES-02-A3

Date of collection : 25-July-2016

Locality . Malappuram: Parappanangadi
Lat- Lon : 11.06°N, 75.85° E

GenBank accession : MH656689

Description and distribution:

The general body size range from 6.1

7.1mm in males and 7 to 7.6mm in females.

shape of the elytral apex rounded. Head

spotless, pronotum with 2-6 spots (Figure 4.7 =~ g

Each elytron is with 8-15 spots. Sipho of the m¢ F19.4.73:Epilachna septima
genitalia is sharply narrowed down and pointed,dies have the inner margin of
the genital plate deeply notched. The genital pidtthe female oE. septima was

deeply notched with the notched parts overlapdimghe male genitalia, the apex of
the sipho is sharply narrowed on one side and odiftlotorious pest of Asia and

Africa (Nakano and Katakura, 1999).
Damage:

E. septima is an oligophagus, multivoltine pest of the cliess miners. Adult
and grub, both, scrape and skeletonize the ledeese resulting in drying up of the

leaves and causing debilitation to the crops thnougithe stages.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Epilachna

septima collected has been amplified using the primer CRible 3.1). The PCR
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amplification yielded 505 bp long products for thgecimens obtained from two
different locations. The DNA sequence interprepresentative molecular barcode,
conceptual translation product and electropherogaaich are exhibited in Figures
4.74 — 4.77 respectively and the comparison of gggage of frequencies in the

nucleotide composition with its kin species is esgnted in Table 4.25.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition dEpilachna septima voucher collected during the present
study (Table 4.25). It showed bias to nucleotide, &ith nucleotide composition
with T = 36.9%, C =19.2%, A=29.0 and G = 14.9%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 4.26 and Figure 4.78 respedfivel
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> Epilachna septima CDS-2018/ 505 bp / cytochrome oxidase subunit 1JCC
gene, partial cds; mitochondrial / voucher CUESA®R-

> Epilachna septima

GITACAGCCCATGCTTTTATTATGATTTTCTTCATAGITAATGCCAATTATAAT TGGAGGT
TTTGGAAACTGATTAGT CCCCTTAATAAT CGGTGCCCCT GACATAGCATTCCCCCGACTA
AATAACATAAGATTTTGACTTTTACCCCCCTCTCTTTTTCTTCTCATTATAAGAAGAGTA
GTAGAAAGAGGAGCAGGAACTGGTTGAACTGTATATCCCCCACT GTCAGCCAATATTGCA
CATAATGGAGCTTCAGT TGATTTAGCTATTTTTAGTCTTCATTTAGCTGGAATTTCTTCA
ATTTTAGGAGCAATTAATTTTATTACAACTGTAATTAATATACGT CCTAAAGGTATAACA
CTTGATCGAATACCCCTATTTGT TTGATCTGTGGTAATTACAGCTATCTTACTACTCTTA
TCTTTACCAGI TTTAGCT GGAGCAATTACAATATTATTAACAGACCGAAATTTAAATACT
TCATTTTTTGATCCTG

Figure 4.74: The partial DNA sequence of the mitmhrial COI gene of
Epilachna septima

0 495

Figure 4.75: Molecular barcode of the mitochond@Dl gene ofEpilachna
septima

4

> Epilachna septima / 158AA / cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUES-02-A3

> Epilachna septima

M FFMWMPI M GGFGNW.VPLM GAPDVAFPRLNNVEFWLLPPSLFLLI MSSVWESGAGT
GWMVYPPLSANI AHNGASVDLAI FSLHLAG SSI LGAI NFI TTVI NVRPKGMTLDRMPLF
VWAEWI TAI LLLLSLPVLAGAI TMLLTDRNLNTSFFDP

Figure 4.76: The translation product of the mitowth@al COI gene oEpilachna
septima
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Sample  :P30_CP2.F_32777-13_9234 Run start: 2016/11/08 12:45:53
Trim Start :121 Run stop: 2016/11/08 14:43:35

EPIIQChHa Septmlﬂ Trim End :664 PDF oreated: 2016/11/08 14:45:03

Qv20 Bases :543

GTTACAGCCCATGCT

TTTATTATGATTTTCTTCATAGTAAT GCCAATTATAATT GGAGGTTT TGGAAACT GATTAGTCCCCTTAATAATCGGTGCCCC TGACATAGCAT TCCCCCGACT AAATAACATAAGATTTT GACTTTTACCC
30 60 0 5 0 110 120 130 140

[TTTCTTCTCATTATAAGAAGAGT AGTAGAAAGAGGAGCAGGAACTGGT TGAACTGTAT AT CCCCCAC TGTCAGCCAATATC GCTAT GAATG GAT GATCAGT TGATTTAGCTATTTTTAGTCTTCATTTAGC TGGAATTTCTT
160 70 180 190 0 220 230 240 250 260 270 280 290

AATTTTAGGAGCAATTAATT TTAT TACAACTGTAATTAATATACGTCCTAAAGGT ATAACACT T GATCGAATACCCCT ATTTGT TT GATCT GTGGTAATT ACAGC TATCTTACTACTCTTATCTTTACCAGT TTTAGCT GG
3 33 3 350 37 420 44

300 310 320 330 340 360 370 380 390 400 410

e AN AN LAAONNM NN A
AGCAATT ACAATAT TATTAACAGACCGAAATTT AAATACTT CATT T GAT CCTGCTGGAGGAGGGGAT CC TATCCTATACCAACACT TATTTTGATTTTTT
450 460 470 480 490 500 510 520 530 540
LAY 0D AN MO N 0N e e o ool A =
Sample :P30_CP2.R_32777-14_9234 Run start: 2016/11/08 12:45:53
o o Trim Start :39 Run stop: 2016/11/08 14:43:35
Epilachna septima Tim End 695 PDF croated:  2016/11108 144505

Q20 Bases :646

CAGG ATCAAAAAAT GAAGTAT TTAAAT TT C GGTCTGI TAATAATAT T GT
10 2 30 0

AT TGC TCCAGC TAAAACTGGTAAAGATAAGAGTAGTAAGATAGCT GTA
20 50 60 70 80 90

50

TTACCACAGATCAAACAAATAGGGGTATTCGAT CAAGTGTTATACCTTTAGGACGT ATATTAAT TACAGTTGTAATAAAAT TAATT GCTCCTAAAATT GAAGAAAT TCCAGC TAAAT GAAGACTAAAAATAGC TAAAT CAAC|
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

TGAAGCTCCATTAT GT GCAATATT GGC T GACAGT GGGGGAT ATACAGTTCAACCAGTTCCTGCTCCTCTT TCTACTACTCTTCTTATAAT GAGAAGAAAAAGAGAGGGGGGT AAAAGT CAAAATCTTATGT TATTTAGTCG
250 260 270 280 290 300 310 320 330 340 350 360 370 380

(GGGGAAT GCTATGTCAGGGGCACCGAT TAT TAAGGGGACTAAT CAGI TTCCAAAACCT CCAATTATAATT GGCATT ACTATGAAGAAAATCATAAT AAAAGCAT GGGCT GTAACAATAACAT TGTAAATTT GATCATTACCG
390 410 42( 4 450 460 70 480 500 510 520

3

ATCAATGATCCTGGGCTTCCCAAT TCTACT CGAATT AAAATTCT TAGGGAAGT TCCTACTATACCT GCTCAGATTCCAA AAAT AMMATAAAGT GT AC CAAT ATCTTTATGAT T TGTTGACCA
530 540 550 560 570 580 590 600 610 620 630 640

Figure 4.77: Electropherogram showing the nucleotide sequenae the
mitochondrial COIl gene oEpilachna septima using Forward and
Reverse primers
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Table 4.25: Comparison of Nucleotide frequencie€0f gene sequence Bpilachna septima with its kin species

Name of the species NUCLEOTIDE FREQUENCIES (%)

TU| C | A | G | Total| T-1| C1| A1l G1 T2 C2 A2 G2 J{C3| A3| G3
MH656689 Epilachna septima 36.9| 19.2| 29.0 149 496/0 238 181 31.9 27.1 |46 262.1| 152 42| 127 43D 24
KU578138 Epilachna sp. 35.3| 18.1| 29.2 17.3 4960 21 17.6 32.7 29.1 |45 2298.3| 19.3| 41| 139 418 3B
KC255440 Sphenoraia bicolor 35.1| 17.5| 30.0 17.3 4960 21 1857 349 283 |43 21uB8| 194 41| 152 394 4p
KY835900 Chrysomelidae sp. 36.9 | 15.7| 30.8 165 496/0 24 152 352 26.1 |44 23B.3| 20.0 43| 9.0 44D 3p
KF656634 Aphthona albertinae 36.1| 18.3| 30.2 15.3 4960 24 158 345 255 |44 23B9| 194 40| 163 42p 1p
KM286367 Acmaeops marginatus | 40.5| 14.1| 28.4 165 4960 26 13.9 321 279 (43 23B.9| 194 52| 4.8 404 24
KF654908 Longitarsuscandidulus | 37.3 | 15.1| 32.7 149 496/0 25 139 352 255 |44 238.3| 19.4| 42| 84 494 .
MG061719 Acalymma vittatum 37.1| 143 321 165 4960 24 139 345 27.3 |45 2227| 200 42| 6.6/ 488 2.4
MGO057938 Psylliodes cucullatus | 35.1 | 16.1| 30.§ 17.9 4960 23 139 349 27.7 |44 23B.7| 19.4| 38| 109 448 6.J
KU697467 Euphitrea piceicollis 40.3 | 14.7| 29.2 157 496/0 25 145 349 259 (45 23P1| 194 51| 6.7| 406 1B
KC185777 Pallasiola absinthii 345 16.1| 31.9 175 496/0 22 181 36.1 27.1 (43 21B.2| 200 39| 115 442 55
MHO020282 Prionus coriarius 40.7 | 14.1] 29.4 153 4960 27 133 325 27.1 (43 298.3| 182 52| 3.6/ 436 .6
KU917112 Dinoptera collaris 40.1| 13.1] 30.4 159 4960 28 121 327 273 |42 2429| 19.4| 50| 3.00 458 1p
KF655810 Longitarsus exsoletus | 37.3 | 15.5| 32.5 147 4960 26 139 352 248 |44 2389| 188/ 42| 9.6 482 .6
KF653719 Aphthona depressa 36.3| 17.5| 30.2 159 496/0 27 145 389 24.8 (44 23B.3| 200/ 39| 151 434 3P
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Table 4.26: Percentage of evolutionary divergerfcEpilachna septima with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of

No. No Organism divergence
1. MH656689 | Epilachna septima (Kerala)
2. KU578138 | Epilachna sp.(Kerala) 0.00%
3. KC255440 | Sphenoraia bicolor 3.45%
4. KU697467 | Euphitrea piceicollis 23.07%
5. KF655810 | Longitarsus exsoletus 23.31%
6. KY835900 | Chrysomelidae sp. 24.00%
7. KC185777 | Pallasiola absinthii 25.49%
8. KF656634 | Aphthona albertinae 26.16%
9. MHO020282 | Prionus coriarius 26.84%
10. KU917112 | Dinopteracollaris 26.84%
11. KM286367 | Acmaeops marginatus 26.87%
12. KF654908 | Longitarsus candidulus 27.02%
13. MGO061719 | Acalymma vittatum 27.02%
14. KF653719 | Aphthona depressa 28.31%
15. MGO057938 | Psylliodes cucullatus 32.60%

82
46

KF654908 Longitarsus candidulus

36

—

Figure 4.78: Phylogenetic relationship Bpilachna septima inferred by NJ tree
method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswskth that this species
has 100% sequence similarity to the same genusteepivtom Kerala (KU578138).
The number of base substitutions per site betwegunesces were analysed using
the Maximum Composite Likelihood model. The COI wemce of Epilachna
septima showed bias to nucleotide AT, with following consfiton of nucleotides T
= 36.9%, C = 19.2%, A = 29.0% and G = 14.9%. Thesater AT content (65.9%)
over GC content (34.1%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryiperof time. Epilachna septima
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical
locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed only 0% to 32.6if#ferences in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has no divergence (0%) those fromalidewhile 32.60% from
Canada (Table 4.26). On the basis of the data wédehis species may be rooted
from those found Canada which diverted into differelades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteahirCanada during the course of
evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated specieskyilachna septima with related specie&pilachna
septima isolated from Kerala (MH656689) showed 0% divergewith Epilachna
sp. (KU578138) from Kerala and 32.60 % divergendcth Wsylliodes cucullatus
(MGO057938) from Canada. The phylogeny tree generate using NJ method
reveals the phylogenetic statuskpyilachna septima isolated from Kerala. Closest
relative ofEpilachna septima is Epilachna septima from Kerala represented within
the same clade.
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14. Carpophilus (Semocarpolus) marginellus (Motschulsky, 1858)

Soecimen details:

Voucher specimen . CUCM-02-A1

Date of collection : 23-Nov-2017

Locality . Wayanad: Sulthan Bathery
Lat- Lon : 11.6656° N, 76.2627° E
GenBank accession : MH590768

Description and distribution:

Carpophilus spp. is minute beetles wit

body 2-4 mm in length and sho
truncate elytra that partially cover the
abdomen (Figure 4.79). The adults
Carpophilus marginellus are brown, black-
brown, or black with yellow-red coloured legs
short elytra are generally yellow-brown and t
antennae are 11-segmented. The larvae I

1mm

whitish or yellowish with a brown head, fing Fig. 4.79:Carpophilus
length 5-7 mm. Elytron darker, dark rufous marginel|us
black, some specimens with faint to distinct pglets;, pronotum and elytra with or
without setal fringe; usually in decaying plant er&l. Mesosternum without a
raised medial line, its surface not divided, orifveak line is present, elytra not
distinctly patterned; prosternal process withoutedian ridge; elytron color various
but without sharply defined spots as above; puitctatarious, less coarse. It is
found distributed in Australia, Europe and Northé&sia (excluding China), India,

North America and Oceania.
Damage:

They are polyphagus pest and infest ripeningdroit the tree and on the
ground. The adult enter the fruit, usually throtlyé calyx end, feeding on the pulp
and thereby causing damage.

137



Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial COleng of
Carpophilus marginellus collected has been amplified using the primer BTable
3.1). The PCR amplification yielded 593 bp long darct. The DNA sequence
interpret, representative molecular barcode, camedpranslation product and
electropherogram are exhibited in Figures 4.80 83 4respectively and the
comparison of percentage of frequencies in theewticle composition with its kin
species is represented in Table 4.27.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition o€arpophilus marginellus voucher collected during the
present study (Table 4.27). It showed bias to mticle AT, with nucleotide
composition with T = 36.2%, C = 17.8%, A = 29.3%l & = 16.7%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 4.28 and Figure 4.84 respedtivel
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> Carpophilus marginellus CDS-2018/ 593 bp / cytochrome oxidase subunit |
(COl) gene, partial cds; mitochondrial / voucher@W-02-Al

> Carpophilus marginellus

GATCAGGAATAGT GGGTACCTCATTAAGAATTCTTATTCGAACAGAAT TAGGATCCCCCG
GATCTTTAATTGGTAATGATCAAATTTATAATGTAATTGT TACAGCCCACGCATTTATTA
TAATTTTTTTTATGGTAATACCTTTTATAATTGGAGGATTTGGAAATTGATTGGTACCAC
TAATAT TAGGAGCCCCAGATATGGECCT TCCCTCGAATAAACAATATAAGATTTTGATTAC
TTCCCCCCTCATTATCTTTACTTTTAATAAGAAGAAT TGT TGAAAGAGGEGECECAGGCACTG
GATGAACAGTATACCCCCCTCTGTCATCTAATATCGCTCATGGTGGATCATCAGTAGATT
TAGCCATTTTTAGCCTTCATTTAGCAGGTATTTCTTCAATTTTAGGAGCAGTAAATTTTA
TTACTACTGTAATTAATATACGACCAACAGGAATAACGT TTGATCGAATACCCCTATTCG
TTTGAGCTGTTGTAATTACTCCTGI TTTATTACTTTTATCCCTTCCTGTATTAGCAGGAG
CTATTACTATATTATTAACAGATCGAAATTTAAATACTACTTTTTTCGATCCT

Figure 4.80: The partial DNA sequence of the mitmahrial COI gene of
Carpophilus marginellus

0 592

Figure 4.81: Molecular barcode of the mitochond@Dl gene ofCarpophilus
marginellus

> Carpophilus marginellus / 195AA / cytochrome oxidase subunit | (COI
gene, partial cds; mitochondrial / voucher CUCMAXR-

> Carpophilus marginellus

MVGTSLSI LI RTELGSPGSLI GNDQ YNVI VTAHAFI M FFMWMPFM GGFGNWLVPL ML
GAPDIVAFPRMNNIVEFW. L PPSLSLLLMSSI VESGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAGQ SSI LGAVNFI TTVI NVRPTGVTFDRVPLFWWAWVI TAVLLLLSLPVLAGAI T
MLLTDRNLNTTFFDP

Figure 4.82: The translation product of the mitauthdal COI gene o€arpophilus
marginellus
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Sample :P.71_CP1.FORWARD_7173-41_P1087 Run start: 2017/12/11 18:47:43
Trim Start :20 Run stop: 2017112/11 21:02:10

Calpophllus marg]ﬂe”us Trim End :670 PDF created: 2017/12/12 10:09:12

Qv20 Bases :650

ATG AT CA GG AATA GT GGGTACCTCAT TAAGAAT TCTTAT TCGAACAGAATTAGGATCCCCCGG ATCTT TAATT GGTAAT GATCAAAT TTATAAT GTAAT TGT TACAGCCCACGCATT
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Figure 4.83: Electropherogram showing the nucleotide sequenae the
mitochondrial COIl gene o€arpophilus marginellus using Forward
and Reverse primers
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Table 4.27: Comparison of Nucleotide frequenoieSOIl gene sequence Garpophilus marginellus with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T C A G |T1/C1| A1|G-1{T-2|C-2| A2| G-2| T-3] C-3| A3| G-3
MH590768 Carpophilus marginellus | 36.2| 17.8| 29.3| 16.7| 39 | 10.9/ 46.4| 3.8 | 25| 15.8 30.6| 28.4| 45 | 26.6| 10.9| 17.9
KU916283 Carpophilus marginellus | 36.6| 17.9(29.2| 16.3| 39 | 11.5/ 46.4| 3.1 | 26 | 15.6 30.2| 28.1| 45 | 26.6| 10.9| 17.7
MGO060352 Car pophilus sp. 36.6|17.9(28.8| 16.7| 39 | 11.5|45.3| 4.2 | 26| 15.6 30.2| 28.1| 45 | 26.6| 10.9| 17.7
KU914959 Carpophilus marginellus | 37.0| 17.7| 29.0| 16.3| 40 | 10.9/ 46.4| 3.1 | 27| 15.6 29.7| 28.1| 45 | 26.6| 10.9| 17.7
KU918768 Carpophilus sexpustulatus | 35.8| 18.2| 28.3| 17.7| 36 | 13.5|43.2| 7.3 | 27| 15.1 30.7| 27.6| 45 | 26.0| 10.9| 18.2
KM850647 Carpophilus pallipennis | 36.1| 20.1| 26.2| 17.5| 39 | 16.7| 37.0| 7.3 | 24| 17.2 30.7| 27.6| 45 | 26.6| 10.9| 17.7
KR484408 Carpophilus brachypterus | 37.5| 18.2| 27.4| 16.8| 42 | 12.0/ 41.1| 4.7 | 26| 16.1 30.2| 28.1| 45 | 26.6| 10.9| 17.7
GU217467 Carpophilus obsoletus 38.6(15.9(29.7| 15.7| 44 | 58| 47.4 23| 27| 15.1 30.2| 27.9| 45 | 26.7| 11.6| 16.9
KU919608 Omosita discoidea 37.2|16.7|30.4| 15.8| 39 | 10.9|47.4| 3.1 | 28| 13.5 31.3| 27.1| 45 | 25.5| 12.5| 17.2
KR488443 Car pophilus sp. 37.3|18.6|27.1|17.0| 42 | 125/ 40.1| 5.2 | 25| 16.7 30.2| 28.1| 45 | 26.6| 10.9| 17.7
KR481234 Aleochara curtula 41.0|113.4]129.9|15.8| 49 | 1.6| 48.4 1.0 | 29| 13.0 29.2| 29.2| 45 | 25,5/ 12.0| 17.2
GU217499 Carpophilus davidsoni 344|21.2|26.8| 17.7| 38 | 15.8/ 38.0| 8.2 | 20| 20.9 30.8| 27.9| 45 | 26.7| 11.6| 16.9
KU874983 Epuraea terminalis 345/ 20.3(28.1|17.0| 34 | 17.2/ 43.2| 5.7 | 24| 17.7 30.2| 27.6| 45 | 26.0| 10.9| 17.7
KR483076 Epuraea linearis 36.3|19.1{285|16.1| 40 | 13.0/44.3| 3.1 | 24| 18.2 30.2| 27.6| 45 | 26.0/ 10.9| 17.7
MG988541 Cymatodera linsleyi 38.8| 15.3|129.7|16.2| 45| 6.3 | 47.1) 21| 27| 13.5 31.3|28.1| 45 | 26.0| 10.9| 18.2
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Table 4.28:

Percentage of evolutionary divergenteCarpophilus marginellus

with its closely related species accessible frorBNGenBank

Sl Accession , Per centage of

No. No Organism divergence
1. MH590768 | Carpophilus marginellus (Kerala)
2. KU916283 | Carpophilus marginellus (Germany) 0.44%
3. MGO060352 | Carpophilus sp. 0.88%
4, KU914959 | Carpophilus marginellus 0.89%
5. KR481234 | Aleochara curtula 34.11%
6. GU217499 | Carpophilus davidsoni 36.41%
7. KU918768 | Carpophilussexpustulatus 37.56%
8. GU217467 | Carpophilus obsoletus 39.01%
9. KM850647 | Carpophilus pallipennis 39.99%
10. KU874983 | Epuraea terminalis 40.31%
11. KR483076 | Epuraea linearis 40.56%
12. KU919608 | Omosita discoidea 42.68%
13. KR484408 | Carpophilusbrachypterus 43.96%
14. KR488443 | Carpophilus sp. 45.17%

55

s | @ MH590768 Carpophilus marginellus
99 ’LKU914959 Carpophilus marginellus

MKUM 6283 Carpophilus marginellus
601 MG060352 Carpophilus sp.

GU217499 Carpophilus davidsoni

15

KU918768 Carpophilus sexpustulatus

GU217467 Carpophilus obsoletus

MG988541 Cymatodera linsleyi
KU919608 Omosita discoidea

KR481234 Aleochara curtula

100 [~ KR484408 Carpophilus brachypterus

34

L KR488443 Carpophilus sp.

KM850647 Carpophilus pallipennis
EE— KU874983 Epuraea terminalis

M
0.05

ool KR483076 Epuraea linearis

Figure 4.84: Phylogenetic relationship @érpophilus marginellus inferred by NJ
tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 99.6% sequence similarity to the same genusrtegp from Germany
(KU916283). The number of base substitutions per ksetween sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Carpophilus marginellus showed bias to nucleotide AT, with following com jtias
of nucleotides T = 36.2%, C = 17.8%, A = 29.3% &hd 16.7%. This greater AT
content (65.5%) over GC content (34.5%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the wetrohary period of time.
Carpophilus marginellus showed variation in the total composition of nudié® in
each of the position of codons in comparison witleorelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed only 0.4% to 4%1 differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has least divergdfct%) from Germany while
45.17% from Canada (Table 4.28). On the basis ®fdéita observed this species
may be rooted from those found in Canada whichrtideinto different clades due
to geographical variation. Result thus concludeat this species doesn’t have any
major changes in India while slightly changes frdmse reported from Canada

during the course of evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species ©&rpophilus marginellus with related species.
Carpophilus marginellus isolated from Kerala (MH590768) showed 0.4%
divergence withCarpophilus marginellus (KU916283) from Germany and 45.17%
divergence withCarpophilus sp. from Canada. The phylogeny tree generated by

using NJ method reveals the phylogenetic stat@agbophilus marginellusisolated
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from Kerala. Closest relative ofCarpophilus marginellus is Carpophilus

marginellus from Germanyepresented within the same clade.
15. Epuraea (Haptoncus) luteola (Erichson, 1843)

Soecimen details:

Voucher specimen . CUEL-01-A1

Date of collection : 23-Nov-2017

Locality . Kasaragod: Chandragiri
Lat- Lon :12.4991° N, 74.9989° E
GenBank accession : MH674104

Description and distribution:

These are often referred as s

feeding beetleskt. luteola is oblong ovate,
subdepressed. Epuraea luteola are
somewhat shiny, yellowish brown coloure
The anterior margin of pronotum is wit
trapezium like emargination (Figure 4.8
The male hind tibia is curved and dilated

the middle, have finely punctuated dorsu

Fig.4.85:Epuraea (Haptoncus)

the cuticle is with moderately dense, a
luteola

decumbent pubescenc®&ody granulated
above, bearing lanceolate or spatulate short sBtady length about 4 mm. Head-
capsule about 0.46 mm in breadth; frontal mediamespresent. Relative lengths of
1st to 3rd antennal joints are in the ratio 6:1B6tae of thoracic and abdominal
terga are shorter. Ninth abdominal segment withuatid granules before each
pregomphus, which, when viewed from above, arenged in an arcuate row with
pregomphus; asperities of cephalic portion of terguegularly strewn or connected
to each other as illustrated. Widely distributed\sia, Australia and Oceania.
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Damage:

Both direct and indirect damage can be cause@abgophilus sp., sap beetle
adults, larvae and their damage on varieties afsfland vegetables. The sap beetle
attacks ripe, nearly ripe or decaying strawberoytfby boring into the berry and
devouring a portion in the fieldpuraea luteolus apparently feeds on decomposing
fruit material. The presence Bpuraea luteolus on fruit may be more of an issue of

contamination by beetles possibly by larvae leadlinigacterial attack.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Céne ofEpuraea luteola
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification yielded 603 bp long product. The DNsgequence interpret,
representative molecular barcode, conceptual @#osl product and
electropherogram are exhibited in Figures 4.86 89 4respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 4.29.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition oEpuraea luteola voucher collected during the present
study (Table 4.29). It showed bias to nucleotide, &ith nucleotide composition
with T = 38.9%, C = 16.1%, A = 28.4% and G = 16.6%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 4.30 and Figure 4.75 respedfivel
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> Epuraea luteola CDS-2018/ 603 bp / cytochrome oxidase subunit@I{C
gene, partial cds; mitochondrial / voucher CUELANL-

> Epuraea luteola

ATAGTAGGAACTTCATTAAGAATTTTGATTCGAACT GAAT TGEGECTCCCCCGECTCTCTA
ATTGGTAATGATCAAATTTATAATGT TATTGTGACTGCTCACCCTTTTATTATAATTTTT
TTTATAGI TATACCTTTTATAATTGGAGGATTTGGAAATTGATTAGI CCCTTTAATACTA
GGAGCCCCTGATATAGCATTCCCTCGAATAAATAATATGAGATTTTGATTACT TCCCCCA
TCTTTATCTCTTTTAATTATAAGAAGAAT TGTAGAAAGAGGGEGCT GGAACAGGT TGAACT
GITTATCCACCTCTTTCATCTAATATTGCCTCATGGAGGT TCTTCCGTAGATTTAGCTATT
TTTAGACTTCATTTAGCTGGAATTTCTTCAATTCTTGGEGCTGTAAATTTTATTACTACT
GTAATTAATATACGACCAACT GGAATAAGGT TAGATCGAATACCACTATTTGT TTGAGCT
GTAATTATTACAGCCGTTTTACTACTCTTATCATTACCAGTAT TAGCAGGAGCAATTACA
ATACTACTTACTGATCGAAATTTAAATACTACCTTTTTTGACCCCT CAGGAGGAGGAGAC
CCA

Figure 4.86: The partial DNA sequence of the mitoadrial COIl gene oEpuraea
luteola

0 602

Figure 4.87: Molecular barcode of the mitochond@@all gene oEpuraea luteola

> Epuraea luteola / 201AA / cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUEL-01-A1

> Epuraea luteola

MVGTSLSI LI RTELGSPGSLI GNDQ YNVI VTAHAFI M FFMWMPFM GGFGNWLVPL ML
GAPDIVAFPRWNNIVEFWL L PPSLSLLI MSSI VESGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAGQ SSI LGAVNFI TTVI NVRPTGVESLDRVPLFWWAVI | TAVLLLLSLPVLAGAI T
M_LLTDRNLNTTFFDPSGGCGDP

Figure 4.88: The translation product of the mitaultrial COI gene ofEpuraea
luteola
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Sample  :P.72_CP1FORWARD_7173-43_P1075 Run start: 2017/12/07 04:07:33
Trim Start :21 Run stop: 2017/12/07 06:04:43

Ele‘ aea luteola Trim End 671 PDF created: 2017/12/07 15:46:35
Qv20 Bases :650

CATGATCT GG A TAGTAGGAACTT CAT TAAGAATTTT GAT TCGAACT GAAT T GGGCTCCCOCCGGCTCTCTAATT GGTAAT GAT CAAAT TTATAATGTTATTGT GACTGCTCACGCTTT
2 110

) 30 40 50 60 70 80 90 100

TATTATAATTTTTTTTATAGTTATACC TT TTATAATT GGAGGATTTGGAAATT GATTAGTCCCTTTAATACTAGGAGCCCCTGATATAGCATTCCCTCGAATAAATAATAT GAGATTTT GATTACTTCCCCCATCTTTATCT
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120 130 140 150 160 170 180 190 200 210

A s s A AR A AL /\s"»AAmmﬂz"wwm/v\Amw A A AR

TTTTAATTATAAGAAGAAT TGT AGAAAGAGGGGCTGGAACAGGT TGAACTGT TTATCCACCTCTTTCATCTAATAT TGCTCATGGAGGT TCT TCCGTAGATTTAGCTATTTTTAGACTTCATTTAGCTGGAATTTCTTCAAT
p60 270 280 290 300 310 320 330 340 350 360 370 380 390 400

ptoptaanl o MNMW/\/\A&WJ\/\/MWMN\VWMNV\/V\WN\MW“\mﬂxmm/“\J”w\M'\mf‘\ It M AW

[TCTTGGGGCTGTAAATTTTATTACTACTGTAAT TAATATACGACCGACTGGAATAAGGI TAGATCGAAT ACCACTAT TTGTTTGAGCTGTGATTATTACAGCCGT TTTACTACTCTTATCATTACCGGTATTAGCAGGAGCA
3 7 E 500 510 520 530 540

ATTACAATACTACT TACTGAT CGAAATTTAAATACTACCTT TTTT GACCCC TCAGGAGGAGGAGACCCAATTCTATACCAACATTTAT TTTGATTTTTTGGACAIC
550 560 570 580 590 600 610 620 630 640 650

Sample :P.72_CP1.REVERSE_7173-44_P1080 Run start: 2017/12/08 10:08:15
Trim Start :16 Run stop: 2017/12/08 12:22:51
Epuraea luteOIa Trim End  :667 PDF created: 2017/12/08 16:29:15

Qu20 Bases :651

TT GGGTCTA TCCTCCTGAGGGGT CAMMAAAAGGTAGT AT TTAAATTT C GATCAGTAAGTAGTATT GTAAT T GCTCCTGC TAATAC TGGTAAT GATAAGAGTAGT AAAACGGC TGTAATAA
10 20 30 40 50 60 70 80 90 100 110 124

\ AN ) A P Ay i

TACAGCTCAAACAAATAGTGGTATTCGATCTAACCTTAT TCCAGT TGGTCGTATAT TAATTACAGTAGTAATAAAATTTACAGCCCCAAGAATTGAAGAAATTCCAGC TAAATGAAGTCTAAAAATAGCTAAATCTACGGA
130 140 150 160 170 180 190 200 210 220 230 240 250 260

AN f\WW\/\/WA“/\/V\N\/\/\/\KWVV\NV\/\/\/v s s WA A s VA eV e A AN ARG

[CATATTATTTATTCGAGGG
390 400

[CTACAATTCTTCT TATAATTAAAAGAGATAAAGATGGGGGAAGT AATCAAA/
330 340 354 360 370 38

350

IWGAACCTCCATGAGCAAT AT TAGATGAAAGAGGT GGATAAACAGT TCAACCTGTTCCAGCCCCTCT
270 280 290 300 310 320

il I A N N A \ [ )
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AATGCTAT ATCAGGGGCTCCTAGTATTAAAGGGACTAATCAATTTCCAAAT CCTCCAATTATAAAAGGTATAACTATAAAAAAAATTATAATAAAAGCGTGAGCAGT CACAATAACAT TATAAATTTGATCAT TACCAATTAG|
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Figure 4.89: Electropherogram showing the nucleotide sequemte the
mitochondrial COIl gene ofpuraea luteola using Forward and

Reverse primers
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Table. 4.29. Comparison of Nucleotide frequenofeSOIl gene sequence Bpuraea luteola with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T C A G |T1/C1| A1 G-1| T-2/C-2| A-2| G-2| T-3| C-3| A3 | G-3
MH674104 Epuraea luteola 38.9|16.1|28.4| 16.6| 43 | 25.5/ 12.8| 18.8| 50 | 6.7 | 38.9 40| 23| 16.1 33.6| 26.8
KX054052 Nitidulidae sp. 39.8| 15.7| 28.2| 16.3| 46 | 26.8| 9.4 | 17.4| 48 | 2.7 | 45.0 40| 25| 17.4 30.2| 27.5
KR480683 Epuraea rufa 37.8|116.8| 28.0| 17.4| 43 | 24.8| 12.8| 19.5| 40 | 12.8/ 42.3| 4.7 | 30| 12.8 28.9| 28.2
JN290428 Coleoptera sp. 37.8|16.8| 27.5| 17.9| 43 | 24.8/ 12.8| 19.5| 40 | 12.8/ 40.9| 6.0 | 30| 12.8 28.9| 28.2
KU913042 Epuraea melina 36.7|17.7|28.0| 17.7| 43 | 24.8/ 12.8| 19.5| 38 | 141/ 41.6| 6.0 | 29| 14.1 29.5| 27.5
KU907805 Epuraea terminalis 36.5|17.9|28.6| 17.0| 43 | 24.8/ 12.8| 19.5| 40 | 12.8/ 43.6| 4.0 | 27| 16.1 29.5| 27.5
KJ961742 Epuraea placida 36.2| 17.2| 30.0| 16.6| 43 | 24.8/ 12.8| 19.5| 42 | 10.1| 44.3| 3.4 | 23| 16.8 32.9| 26.8
MH322728 Arima marginata 39.8|13.2|30.4| 16.6| 44 | 22.8/ 13.4|195| 48 | 4.7 | 443 2.7 | 27| 121 33.6| 27.5
KU919592 Longitarsus pratensis 37.6|15.0(31.1| 16.3| 44 | 22.8/ 13.4| 19.5| 42 | 10.1| 45.6| 2.7 | 27| 12.1 34.2| 26.8
KR485404 Longitarsus scutellaris 37.6|15.0( 31.1| 16.3| 44 | 22.8/ 13.4| 19.5| 42 | 10.1| 45.6| 2.7 | 27| 12.1 34.2| 26.8
HQ983161 Carpophilus brachypterus | 37.4| 17.9| 27.3| 17.4| 43 | 24.8/ 12.8| 19.5| 42 | 13.4/ 39.6| 5.4 | 28| 15.4 29.5| 27.5
KP193938 Leucophenga spilossoma | 37.8| 15.2| 29.8| 17.2| 41 | 24.2| 15.4|195| 48 | 54| 456 .7 | 24| 16.1 28.2| 31.5
KU913847 Omosita colon 38.5|17.0129.1|154| 43 | 24.2{ 13.4|195| 43 | 14.1|42.3| .7 | 30| 12.8 31.5| 26.2
MF639827 Epuraea avara 36.5| 18.8| 28.0| 16.8| 43 | 25.5| 12.1| 19.5| 42 | 13.4/40.9| 3.4 | 24| 17.4 30.9| 275
KU916489 Vincenzellusruficollis 39.6|15.2]28.2|17.0| 43 | 24.2{ 13.4|195| 51 | 6.0| 423 .7 | 25| 15.4 28.9| 30.9
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Table 4.30:

Percentage of evolutionary divergentdemuraea luteola with its

closely related species accessible from NCBI GekBan

S Accession . Per centage of

No. No Organism divergence
1. MH674104 | Epuraea luteola (Kerala)
2. KX054052 | Nitidulidae sp.(France) 0.00%
3. KU913042 | Epuraea melina 2.14%
4. HQ983161 | Carpophilus brachypterus 2.14%
5. KR480683 | Epuraea rufa 2.70%
6. JN290428 | Coleoptera sp. 2.70%
7. MH322728 | Arima marginata 2.70%
8. KU907805 | Epuraea terminalis 3.23%
9. KJ961742 | Epuraea placida 3.23%
10. KU913847 | Omosita colon 3.23%
11. KU919592 | Longitarsus pratensis 3.27%
12. KR485404 | Longitarsus scutellaris 3.27%
13. MF639827 | Epuraea avara 3.78%
14. KU916489 | Vincenzellusruficollis 4.96%
15. KP193938 | Leucophenga spilossoma 8.75%

10

31
94

KR480683 Epuraea rufa
96 1JN290428 Coleoptera sp.
@ MH674104 Epuraea luteola
KX054052 Nitidulidae sp.

35

MF639827 Epuraea avara

49

81
9

KU907805 Epuraea terminalis
941KJ961742 Epuraea placida

—— MH322728 Arima marginata
KU919592 Longitarsus pratensis
61KR485404 Longitarsus scutellaris

0.01

HQ983161 Carpophilus brachypterus
KU913847 Omosita colon
KU913042 Epuraea melina

KU916489 Vincenzellus ruficollis

KP193938 Leucophenga spilossoma

Figure 4.90: Phylogenetic relationship Bpuraea luteola inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 100% sequence similarity to the related germgorted from France
(KX054052). The number of base substitutions per between sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Epuraea luteola showed bias to nucleotide AT, with following comitios of
nucleotides T = 38.9%, C = 16.1%, A = 28.4% and ®&6-6%. This greater AT
content (67.3%) over GC content (32.7%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the ewtohary period of timeEpuraea
luteola showed variation in the total composition of nutid® in each of the
position of codons in comparison with other relaspécies isolated from different

geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 8.7&%erences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) those froamée while 8.75% from China
(Table 4.30). On the basis of the data observezl species may be rooted from
those found in China which diverted into differeciades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteohir China during the course of

evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species Bpuraea luteola with related speciesEpuraea
luteola isolated from Kerala (MH674104) showed 0% divergemnath Nitidulidae
sp (KX054052) from France and 8.75% divergence Wwehcophenga spilossoma
(KP193938) from China. The phylogeny tree generatedsing NJ method reveals
the phylogenetic status &puraea luteola isolated from Kerala. Closest relative of

Epuraea luteola is Nitidulidae sp from France.
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Consolidated Phylogenetic Tree

7] KU557525 Mantura species(Parappanangadi)

85| MH674105 Mantura chrysanthemi(Neyyatinkara)
%9 L MH674106 Mantura rustica(Neyyatinkara)

MH590759 Paria thoracica(Chandragiri)

L MH590776 Aulacophora lewisii(Nileshwar)
MH590763 Aulacophora foveicollis (kondotty)
99 1 KU557524 Aulacophora foveicollis(Parappanangadi)
MH674107 Aulacophora frontalis(Tripunithura)
MH674108 Rhabdopterus praetextus(Kadalundi)
KX503056 Henosepilachna septima(Parappanangadi)

65

15

12
MH590761 Henosepilachna vigintioctopunctata(Ottapalam)
MH656689 Epilachna septima(Azhikode)
KX603663 Oocassida pudibunda(Malappuram)
MH674110 Dactylispa carinata(Madayi)
L MH674104 Epuraea luteola(Chandragiri)
MH590768 Carpophilus marginellus(Sulthan bathery)
MH656688 Sphenoraia bicolor(Azhikode)

M
0.2

Figure 4.91: Phylogenetic relationship of differentoleopteran pests of
cucurbitaceae isolated from selected districts efaka

The evaluation of the composition of nucleotidathiw the COI sequences
of Coleopteran pest of cucurbits of Kerala has agagthat the nucleotides found to
be varied within the every third position of thedoa. The analysis involved 15
species nucleotide sequences (Figure 4.91). Thieogdryetic relationships among
them was analysed by NJ tree method. Families decluin the superfamily
Chrysomeloidea is Chrysomelidae, superfamily Cagtoirdea is Coccinellidae and
superfamily Cucujoidea is Nitidulidae. The spediesn these three families are
aligned nearly in the phylogenetic tree with a nygmgetic origin. Species from the
family Chrysomelidae are originated from a mairdeland various species from the
genusMantura and Aulacophora are aligned in a single clade and then branches to
subcladesOocassida pudibunda and Dactylispa carinata are aligned in a same
clade and they are included in the Cassidinae sulyfaCarpophilus marginellus
and Epuraea luteolus are aligned in a same clade and they are includette
Nitidulidae subfamily.Sphenoraia bicolor is situated as an outgroup to all other
pests in the phylogenetic tree.
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5
Hemiptera



Hemiptera is the largest and very diverse ordebrggmhemimetabolous
insects, not undergo complete metamorphosis (GaltmhCook, 2007)), containing
> 75,000 named species (Coulson et al, 1993). Bheyconomically important in
agriculture, known to cause direct damage to plagteerbivory and indirectly by
transporting diseases (Popov, 1990). Predatory gterans are used as biological
control systems against control agricultural péStl, 1998).

The defining feature of hemipterans is "stylet"pdified mandibles and
maxillae, sheathed within a modified labium (Gullah al, 1994). The stylet is
capable of piercing tissues and sucking liquidppsuted by the labium. The tubular
proboscis at front of head, X-pattern formed bynfravings on back, triangular
scutellum in centre of back leathery front winggla Segments 8 and 9 are
modified to form the genitalia (Slater and Barankiw4978) are other supporting

characters.

According to Kaur and Sharma (2017), Cucurbits infested with a wide
variety of insect pests right from the primordighges till the harvest of the crop
products.Empoasca decipiens Paoli (Homoptera, Cicadellidae) are pest on squash
and cucurbit. Squash bugnasa tristis DeGeer (Hemiptera: Coreidae), sap feeding
endemic pest species and is one among the magbiopequash and pumpkins in
the United States. Squash bugs attacks plantseingémus Cucurbita especially
Squash and pumpkins. Over 50% of the total squaghelggs collected statewide
were parasitized (Wilson and Kuhar, 2017). Repddtes that all stages of

Megymenum brevicorne, F., attacks grenadilla Péssiflora quadrangularis),
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pumpkin (Cucurbita maxima), and snake gourd (Trichosanthes anguina) in Malaya
(Miller, 1929). Family Pentatomidae are represented by Nezara viridula Linn.,
which is pest upon tomato, potato, bringal, cucurbits .

The systematic position of hemipteran pests of cucurbits collected and
identified during the present study is given below:

Order: Hemiptera; Suborder: Heteroptera

1. Superfamily: Pentatomoidea
1.1. Family: Pentatomidae
1.1.1 Subfamily: Pentatominae
. Nezara viridula (Linnaeus, 1758)
. Soermatodes variolosa (Walker, 1867)
. Agonoscelis nubilis (Fabricius, 1775)
. Carbula scutellata (Distant, 1887)
. Halymor pha halys (Stahl, 1855)
1.1.2. Subfamily: Asopinae
. Zicrona caerulea (Linnaeus, 1758)
2. Superfamily: Lygaeoidea
21. Family: Lygaeidae
2.1.1. Subfamily: Lygaeinae
. Oncopeltus nigriceps (Distant, 1903)
2.2.  Family: Geocoridae
2.2.1. Subfamily: Geocorinae
. Geocoris varius (Uhler, 1860)
3. Superfamily: Coreoidea
3.1. Family: Alydidae
3.1.1. Subfamily: Micrelytrinae
. Paraplesius unicolor (Scott, 1874)
3.2.  Family: Coreidae
3.2.1. Subfamily: Coreinae
. Cletus schmidti (Kiritshenko, 1916)
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4, Superfamily: Pyrrhocoroidea
4.1. Family: Pyrrhocoridae
4.1.1. Subfamily: Pyrrhocorinae
. Dysdercus ocreatus (Uhler, 1886)
5. Superfamily: Miroidea
5.1. Family: Miridae
5.1.1. Subfamily: Phylinae

. Campylomma vendicarina (Carapezza, 1991)

A brief description on the relevant higher taxad ahe taxonomic key
prepared for classification and morphological idemtion (with the help of
suitable identification guides and expert considtgtof all the hemipteran pests of

cucurbits collected during the present study avergbelow:
Key to the suborders of Order Hemiptera

1. Rostrum touches sternum in between fore coxae; lytnaglaced slanting
and side by side upon abdomen, uniformly coriaceQus..........cccceeveeeeeeeen...
....................................................................... AUCHENORRHYNCHA

- Rostrum never touches sternum on repose; hemaelsg always overlapping

with proximal membranous and distal coriaceous..... HETEROPTERA
SUBORDER: HETEROPTERA

Heteroptera comprises the so called true bugs. They have @mphd
important roles in the balance of nature. There alse heteropterans that act as
carriers of diseaseAntennae are slender with 4-5 segments; proboSefs
segmented and arising from front of head and ugualtving below the body;
pronotum large, trapezoidal or rounded; presencé&iafgular scutellum present

behind pronotum; 2 or 3 segmented tarsi (Wheel@31p
Key to the superfamilies of Suborder Heteroptera

1. OCElll PrESENT ...t e e e e e e e e e e e e bbb nnnnneeeee 2
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2. Antennae 5 segmented, scutellum enlarged to cheealidomen ...................

........................................................................................ Pentatomoidea

- Antennae 4 segmented, scutellum small, not dkignbeyond half of the

DO .o 3

3. Antennae inserted on the upper side of the headeath® line drawn from
the eyes to the base of the rostrum; front wingrgamany veins; hind tibiae

in some species expanded giving leaf like appearanc........... Coreoidea

- Antennae inserted below a line drawn througtireenf the eyes; front wing

in lygaeids have only four to five veins.........cvvveennnnnn......LLYygaeoidea
4, Hemelytra with broad corium without appendix, btigltoloration,
predominantly red and black ...............occeeeeevvviiiiennnennn. Ryrrhocoroidea

- Hemelytra with distinct corium with appendix riadle coloration, triangular
heads, four segmented beak and antennae, foreaiaggted at the distinct

angle along posterior of abdomen...........ccoeeeviiiiiiiiiniiiiieeeee, Miroidea
SUPERFAMILY: PENTATOMOIDEA

The Pentatomoidea are most commonly referredstshild bugs, chust
bugs, and stink bugs. There are ~7000 species upPeetatomoidea , in 14 or
15 families (Chinery, 1993). Since they belong tentjtera, share a common
arrangement of sucking mouthparts. The Pentatoraoate characterized by a
highly developed scutellum, the hardened extensidhe thorax over the abdomen;
five segmented antennae; tarsi having two or tlsegments. Shield bugs have
defensive glands located in the thoraces of finskt second pair of legs that produce
a foul-smelling liquid, which is used to deter putel predators (Grazia et al.,
2008).
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FAMILY: PENTATOMIDAE

Pentatomidae are a family of insects under therddgmiptera, which are
generally called stink bugs or shield bugs. Thetegdluum body is half of an inch
long, green or brown coloured, usually trapezoidaghape, giving this family the
name "shield bug". The tarsi are 3-segmented. Tnewings of stink bugs are
called hemelytra, with the basal half thickened ameimbranous apex (as are the
hindwings) (Chinery, 1993). Sternite viii concealedmales; Pendergrast’s organs

absent in case of females; trichobothria singlesdradt frena present.
SUBFAMILY: PENTATOMINAE

Pentatominae features include paired trichobgthriahobothrium nearest
spiracle on sternite vii is lateral of imaginargdiwhich is tangential to spiracular
opening on sternites vi and vii by distance eqoafjreatest diameter of spiracular
opening; base of abdominal venter mesial tubercié metasternum produced
flattened; frena one third or more length of sduteland scutellum not reaching
apex of abdomen (Grazia et al., 2008pecies on this subfamily are phytophages

and several are considered agricultural pests.
Key to the species of pests collected from Subfamily Pentatominae

1. Body usually not pilose, if pilose hind tibiae satle; bucculae usually
angulate or with tooth; abdominal sternites withoaédian longitudinal

furrow, if present, deeply furrowed ........ e eeeeeeeeeiiiiiiiiiiii e, 2.

- Body with long, erect, rather sparse pilosityjind tibiae not sulcate,
bucculae smooth, rounded, not angulate or toothwdriarly; abdominal

sternites usually with shallow, median longitudifwatow .......................
................................................................. Agonoscelis nubilis

2. Scutellum triangular, elongate or U-shaped exposgrgater part of
NEMEIVIIA .o e s 3
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Scutellum ampliated from the very base, withioeiha and covering greater

part of hemelytra and abdomen ............ovceceeeee i 4.

Humeral angles of pronotum spined or sometimes wibhnt spine,
peritreme either elongate, groove-shaped and mgcbinly middle of
metapleuron or short, spout-shaped and not regchiddle of metapleuron;
scutellum variable in colour, sometimes with spm¢h at basal angles and
at apex of scutellum, lateral and inner marginsm@indibular plates not
reflexed and head slightly narrowing in front oesyfemales with rounded
ovipositor, posterior margin of third, fourth andtlf visible abdominal
sternites with row of hairs in males and femalmsatimes with sparse hairs

.................................................................................... Carbula scutdllata

Humeral angles of pronotum lobe-like or roundedr subprominent,
peritreme elongate either reaching or extendingobé middle of
metapleuron; anterolateral margins of pronotum gmoo rarely with slight
crenulations; labium shorter, reaching at most tfourisible abdominal
sternite; second segment of labium longest; valyousloured bugs with
brownish or transparent veins on hemelytral mendratead shorter than
pronotum, anterior margin of pronotum not reflexadallose, anterolateral
margins of pronotum weakly reflexed, shar ; abda@histernites with
punctae either absent or with brown or black ca@dysunctae .......................

.................................................................................... Halymorpha halys

Lateral margins of head and pronotum densely amfdranly punctate; head
distinctly longer than broad between eyes, metastexarina with or without
notch posteriorly, punctation present on metapleuegion laterad to
metepimeral pseudosuture, peritreme short, nondkig beyond middle of

MELAPIEUION ... Nezara viridula

Lateral margins of head and pronotum not expéaranterolateral margins of
pronotum smooth or crenulate; antennal segmentsdeidal; ventrolateral
area of abdominal sternites devoid of longitudipahd of striations; body
generally ovoid, never conspicuously elongate....Spermatodes variolosa
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SUBFAMILY: ASOPINAE

The subfamily Asopinae comprises about 300 desdr#pecies in 69 genera
worldwide. They are predatory stink bugs or soldiegs are of moderate to large
size, ranging in length from 7 to 25 mm, and areally elliptical in shape. The
piercing-sucking mouthparts with a four-segmentestrum or beak (labium) forms
a sheath that encloses a pair of mandibular andllargxstylets. In asopines, the
first segment of the rostrum is markedly thickersewl free, which enables the

rostrum to swing forward fully (Bonte and Clerc@03).

From this subfamily, only a single specimen idexikd during the present
study,Zicrona caerulea.

SUPERFAMILY: LYGAEOIDEA

The Lygaeoidea is the second largest super fanmlythe infraorder
Pentatomomorpha, consisting about 700 genera ame than 4,200 species in the
world (Sweet, 2000). These bugs are known as ‘beed’, with 1.2-12 mm long,
have variability in shape and color and shows apasie coloration (Baranowski
and Slater, 2005). Sweet (2000) reviewed them germad minor pest species of

economic concern.
Key to the families of Superfamily L ygaeoidea

1. Head narrower with eyes smaller, if convex and yiyetant not extending
posterior of anterior lateral angle of pronotumd@iinal spiracle on
segment 2nd to 7th located dosally, apical marfjzodum straight, brightly

(070 ] (01U 1 =T Lygaeidae

- Head very broad with eyes large and protubexadtextending posteriorly to
envelope anterior angles of pronotum, abdominabsf@ of segment 5th to
7th located ventrally, antennal segment 1 shoftan tcombined length of
segments 2 and 3, and shorter than head length.................Geocoridae
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FAMILY: LYGAEIDAE

Lygaeidae are typically medium sized insects, irapgn size ~1 to 12mm.
Aposematism is widespread within the family, pauiecly within the subfamily
Lygaeidae (Aldrich et al. 1997) also majority oéth are cryptically colored (Schuh
and Slater 1995). They are oval in shape and géneesemble the shape of the
seeds they feed on (Schuh and Slater 1995). Masiege four segmented antennae,
although some Lygaeidae have only three. They @nlistinguished from their
close relatives, the Coreidae, by the number ohs/gresent on the forewing.
Lygaeidae have five or fewer, while coreids havedimore. The Lygaeidae also
closely resemble the Miridae but, unlike the miritteey lack a distinctive cuneus
and possess ocelli. The identification of key motpbical features of Lygaeidae is

problematic due to their polyphyletism (Aldrichadt, 1997).
SUBFAMILY: LYGAEINAE

Accoding to Slater and Baranowski (1990), there &B genera under
Lygaeinae. The Lygaeinae features include impuacpabnotum and scutellum;
black coloured body with red markings; claval regi@f hemelytra forming median
commissure; apical margin of corium. Pronotum iteral aspect with anterior
lateral angle impressed and concave for recepfieyea general color mainly black,
often with red or orange markings; legs fuscouslagk; coarse punctation reduced,
dorsally restricted to anterior submarginal and ialeidansverse areas of pronotum,
and ventrally on prosternum and propleuron; seta®us, small and appressed to
short and recurved, or some specimens with eretjelo bristles on head and

pronotum. straight; dark coloured elytral membrane

From this subfamily, only a single specimen idexikd during the present

study,Oncopeltus nigriceps.
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FAMILY: GEOCORIDAE

Geocoridae are commonly called as Big-eyed bugs. A small family (<300
species), composed of common generalist predatory Heteroptera. They are being
assayed for controlling turf grass pests and occasionally feed on plants by sucking
the sap. Adults are small (approximately 1/4 inch); wide head that gives the big-
eyed appearance; antennae arising close together in the lower middie of the "face";
lack of triangular plates ("cuneus") on the front wings, antennae have 4 segments
(Torres and Boyd, 2009).

SUBFAMILY: GEOCORINAE

The members of this subfamily are large sized and kidney-shaped. They are
easily recognized by protruded eyes, reniform projecting caudolateral around
anterior corner of pronotum, femore of anterior legs are not incrassate or provided
with arow of spines, dorsoventrally flattened prothorax and abdomen. Pronotum is
large and fronto-laterally without hairs. Body is stout and oval. Clavusis tapered at
the distal part of scutellum. Spiracles are dorsal at abdomina segments 2-4, and
ventral at the 5-7th abdomina segments. They are partially or entirely predators in
many species. Thirteen genera are known in this subfamily, and are distributed in

all of the major zoogeographic regions of the world (Slater and Baranowski, 1990).

From this subfamily, only a single specimen is collected during the present

study, Geocoris varius
SUPERFAMILY: COREOIDEA

Superfamily  Coreoidea, true bugs belongs to the infraorder
Pentatomomorpha, comprises of leaf-footed bugsand allies. The Coreoidea as a
whole represent a part of a close-knit group with the Lygaeoidea and Pyrrhocoroidea
and hence these three superfamilies areparaphyletic. The families include:
Alydidae (broad-headed bugs), Coreidae (leaf-footed bugs and sguash bugs),
Hyocephalidae, Rhopalidae (scentless plant bugs), Stenocephalidae.
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Key to the families of Superfamily Coreoidea

1. Head broad and triangular, last antennal segmeatslangated and curved,
hind femur bearing spines, trichobothria of abdahsternum five (visible
sternum 3) arranged in a row lateral or anteriosgacle, compound eyes
globular and protruding, and they also have odalisus three segmented .....

Alydidae

- Head longitudinally impressed near central Iodfejominal spiracle dorsal,
Metathoracic scent gland auricles large and conspig, never bristly,
ovipositor usually flattened and plate like, if laeite then tibiae not sulcate
and abdominal pore bearing organs lacking, tibidease, posterior angles of
dorsal surface of sixth abdominal segment in malended, obtuse, or
straight, or somewhat prominently recurved; tildheve generally sulcate or

[0 [ E=1 <Y o TR RRRRURRTRPRTRRRRNS @10 < [0 F- 1<)

FAMILY: ALYDIDAE

The broad-headed bugs (alydids) are small to medized, slender, with a
triangular head. They are divided into two subfasj Alydinae and Micrelytrinae
Schaefer (2004), having slight modifications. Tlaenfly Alydidae has over 50
genera with around 250 species; in the neotropiesetare over 20 genera. The

alydids of economic importance in the world werdewed by Panizzi et al. (2006).

These are broad-headed bugs up to 10-12 milliméxd—0.5 in) long, and
have slender bodies with very thin legs of duskyblaickish coloration. The most
notable characteristics of the family are thattibad is broad, often similar in length
and width to the pronotum and the scutellum, aiad tite last antennal segments are
elongated and curved. The compound eyes are glohald protruding, and they
also have ocelli. The femora of the hindlegs beaegrl strong spines; the tarsus has
three segments. Most species have well-developeellgera (forewings), allowing
them to fly well, but in some cases hemelytra &stigial. The membranous parts of

the hemelytra are with several closely spaced {@ugs (Oliveira, 1985)They have
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scent glands that produce a stink with smell andserothan that of other true stink
bugs (Schaefer, 1999).

SUBFAMILY: MICRELYTRINAE

Micrelytrinae is distinguished with pronotum slityhwider and longer than
head, second rostral segment usually distinctlgéorcompared to posterior two
together, hind femora without spines, pygophoreirfga@ median posterior spine
and aedeagus with dorsal pair of thecal appendagjes. femur without spines,

trichobothria of abdominal sternum five arrangea imiangle posterior to spiracle

From this subfamily, only a single specimen idexikd during the present

study,Parapl esius unicolor
FAMILY: COREIDAE

The coreids, known as leaf-footed bugs or squasis,bare, generally,
medium to very large in size, with strong robusg$uwand strikingly colorful,
presenting expansion of femora, tibiae, humerallemygor antennae. They are
distributed worldwide, but are found more abundenthe tropics (Packauskas,
2010). Coreids are polyphagous plant feeders onnggperms and angiosperms,
monocots and dicots (Schaefer and Mitchell, 1988)chell (2000) reviewed the

coreids for its econornic importance.
SUBFAMILY: COREINAE

Coreinae (Stal, 1867), hind wing cell without arhus; head in front of eyes
with a median sulcus; tibiae sulcate on outer serfa_arge subfamily comprising a
great diversity of forms classified into many tsband of world-wide distribution.
This subfamily is classified into many tribes anél world-wide distribution.

Includes numerous species of economic importance

From this subfamily, only a single specimen idexikd during the present
study,Cletus schmiditi
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SUPERFAMILY: PYRRHOCOROIDEA

China and Miller (1959) used the following chaeast to typify the
Pyrrhocoroidea. Presence of abdominal trichobatlsrizall scutellum small, shorter
than the clavus, a distinct claval commisure presersible Antennophores,
Antennae four segmented, absence of ocelli absé¢embrane of the hemelytra
usually with two basal cells, from which 7 - 8 behimg longitudinal veins extend to

the apical margin, medium to large, brightly cothresually phytophagous bug.
FAMILY: PYRRHOCORIDAE

Pyrrhocoridae (Red bugs or Stainers) are elonpakbugs. Show warning
colouration. They are brightly marked with red didck. Membrane having more
branched veins and cells. Feeding injury causedth®ge bugs leads to the
contamination and destruction by the fungus, Nespim hence resulting in

yellowish brown discolouration of the lint.
SUBFAMILY: PYRRHOCORINAE

Pyrrhocorinae are characterized as robust insedts bright coloration
(predominantly red and black), absence of ocettbald corium without appendix.

The key distinguishing feature is sixth ventralreegt of female entire.

From this subfamily, only a single specimen idexikd during the present

study, Dysder cus ocreatus
SUPERFAMILY: MIROIDEA

Miroidea includes at least 4,800 described spedibese are characterized
with triangular heads. They have varied colouration aredevoid of ocelli. The
antennae are four segmented and hemelytra witinctigtorium with appendix. The

forewings are tilted at the distinct angle alongtpaor of abdomen.
FAMILY: MIRIDAE

They form one of the most diverse and specioseilfamithin the
Heteroptera, comprising about 1,300 genera andyn&ar000 described species
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throughout the world. Mirids are known as plant $uy capsids and are usually
small to medium sized, elongated to ovoid bugsnwaviriangular heads; they show
variable coloration, being omnivorous. Distinguidlieature include four segmented
beak and antennae, hemelytra with distinct coriclayus and cuneus; the forewings
are tilted at the distinct angle along posterioabflomen. Nymphs and adults feed
on plant juice and some species cause phytotoxdmgato the injection of toxic
saliva (Schuh et al., 2009). They are importantgas agricultural crops, and the
predatory species show potential towards biologomaltrol programs. This is the
largest family in the order. Most species are pfastlers, but many are predaceous

on other insects. Some of the plant feeding spégipssts of cultivated plants.

The mirids are soft bodied bugs, mostly 4-10 mmgJowhich may be
variously coloured. Some species are brightly ndhrkéh red, orange, green or
white. Members can be recognized by the preseneecaheus and only one or two
closed cells at the base of the membrane. The rareand beak are four segmented,

the ocelli are lacking.
SUBFAMILY: PHYLINAE

Phylinae is a subfamily of insects in the familyirislae, the plant bugs
(Mazon et al., 2016). The Phylinae are diagnosadapily by the structure of male

genitalia, which are distinctive in their possessamd pretarsal structure.

From this subfamily, only a single specimen idemikd during the present
study,Campylomma vendicarina

The morphological description, distribution, natwf the damage caused to
the crops, analyses on mitochondrial COIl gene semse molecular evolutionary
divergence and phylogenic status of each pest rmgecicollected under Order

Hemiptera during the present study are as follows:
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1. Nezara viridula (Linnaeus, 1758)

Soecimen details:

Voucher specimen : CUNV-01-A4

Date of collection . 24-Aug-2016

Locality . Kerala: Parappanangadi
Lat- Lon : 11.0510° N, 76.0711° E
GenBank accession : KX603657

Description and distribution:

Nezara viridula, plant sap feeders, arg

commonly known as the Southern green sti
bug (Figure 5.1). The adult males body leng
(from front to elytral apex) is about 12.
millimetres, while females are bigger, having
size of about 13.1 millimetres. The body

bright green and shield-shaped and the eyes

usually reddish or sometimes blackish. Sti Fig. 5.1:Nezara viridula

bugs of Pentatomidae are recognized by t
shield-shape, five-segmented antennae, and theiodoraus scent (Buschman,
1980). They have distinct shape for their scemdl@penings, which are short and
wide. They are highly polyphagous herbivore (Yukaval., 2007)Nezara viridula
are widely distributed all over India, SoutheastaA&thiopea, and Australasia.

Damage

Both larvae and adult attack the host by insertimgr piercing sucking
mouthparts into tissue and introducing the digesewnzymes (Jones and Caprio,
1994). Feeding on flower buds by adult causes praneabscission, and damage to
seed pods. The bug attacks many important majdichtiural, vegetable and field

crops, with a preference for crucifers.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Céney ofNezara viridula
collected has been amplified using the primer BUGab{e 3.1). The PCR
amplification yielded 462 bp, 449 bp, 427 bp longducts for the specimens
obtained from different locations. The DNA sequenngerpret, representative
molecular barcode, conceptual translation prodund @lectropherogram are
exhibited in Figures 5.2 — 5.5 respectively and t¢benparison of percentage of
frequencies in the nucleotide composition withkits species is represented in Table
5.1.

The mitochondrial COI gene nucleotide sequence a@alysed for the
nucleotide composition oNezara viridula voucher collected during the present
study (Table 5.1). It showed bias to nucleotide Aith nucleotide composition
with T = 33.7%, C = 18.7%, A = 31.6% and G = 15.9%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.2 and Figure 5.6 respectively.
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> Nezara viridula CDS-2016/ 462 bp / cytochrome oxidase subunit 1 1JCO
gene,partial cds; mitochondrial / voucher CUNV-04-A

>Nezara viridula

AAGTGTTTGEEEGT TGTGTAAATTTTTTACCCT TTGGEECGACCGEGT GCTTTAGAGGTGT
CATTCCGGTCGAATAATTTTTTCCGATTCTGACAAAAACCCCCATCATTAACCCTTTTAA
TAGTAAGAAGAT TAGCAGAAT CTGGAGCAGGGACAGGATGAACTGT TTATCCTCCTTTAT
CTAGTAACTTATCCCATAGAGGAGCTTCAGTGGATTTAGCTATTTTTTCATTACATCTAG
CAGGAGTATCATCAATTTTAGGT GCAGTAAATTTCATTTCAACTATTATTAATATACGAC
CAACAGGTATAACTCCAGAACGAGT GCCACTATTTGT TTGATCAGT TGGAATCACAGCAC
TATTATTACTACTTTCATTACCT GTACTAGCAGGGGCAATTACAATATTATTAACAGATC
GAAACTTTAATACATCATTCTTTGACCCT TCAGGAGGEGEGEGAG

Figure 5.2: The partial DNA sequence of the mitoeh@l COI gene oNezara
viridula

0 461
I

Figure 5.3:  Molecular barcode of the mitochond@&ll gene oNezara viridula

> Nezara viridula / 121AA [/ cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUNV-01-A4

3%

> Nezara viridula

MVSSLAESGAGT GWMVYPPL SSNL SHSGASVDLAI FSLHLAGVSSI LGAVNFI STI I NVR
PTGVMITPERVPLFVWSVG TALLLLLSLPVLAGAI TMLLTDRNFNTSFFDPSGGGEXXXXXX
X

Figure 5.4: The translation product of the mitodlried COI gene ofNezara
viridula
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Sample :P2_LEPTO.F_26402-3_8179 Run start: 2016/02/25 10:29:34
Trim Start :162 Run stop: 2016/02/25 12:44:20

Nezara viridula Trim End :589 PDF created: 2016/02/25 12:55:04

Qu20 Bases :427

e

ATCTAGCAGGAGTATCATCAATTTTAGGT GCAGTAAAT TTCATTTCAACTATTATT AATATACGACCAACAGGT ATAACT CCAGAACGAGTGCCAC TATTTGTTTGATCAGT TGGAAT CACAGCACTATTATTACTACTTTC
120 3 4 0 170 180 190 200 210 220 230 240 5

250

130 140 151 160

ATTACCTGTACTAGCAGGTGCAATTACAATATTAT TAACAGATCGAAACTTTAATACATCATTCT TTGACCCTTCAGGAGGGGGAGACCCCATTCTT TATCAACACT TATTTTGATTCTTTGGT CACCCTGAAGTTTACATT
260 270 280 290 310 320 340 350 360 370 380 390

300 330

TTAATTTTACCTGGATTTGGATTTAAT TTCA
400 410 420

Sample :P2_LEPTO.R_26402-4_8179 Run start: 2016/02/25 10:29:34
L) Trim Start :168 Run stop: 2016/02/25 12:44:20
Nezara Wndula Trim End  :592 PDF created:  2016/02/25 12:55:07

Qu20 Bases :424

TAGATGT AAT GAAAAAATAGCTAAATCCACTGAAGC TCCTCT AT GGGAT AAGTTACTA GAT AAAGGAGGAT AAACAGT TCATCCT GTCCCTGCTCCAGATTCT GCTAATCTT CTT ACTATTAAAAGGGT TAAT GAT GGGGGT
120 30 0 150 160 170 180 190 200 210 220 230 240 250

oo Ao A AN e i

“TAATCAATTTCCAAATCCTCCAAT TAT GATT GGCATTACTATAAAGAAAATTATTACAAATGCGT GAGCTGTT
20 330 340 350 360 370 380 390

AATAGTCAGAATCTTATATT GTTTAT TCGAGGGAAT GC TAT GTCT GGGGCACCAATCATT AAAGGT.
260 270 0 290 300 310

32(

CTACTACATTATAAATTT GGTCAT C TCCA
400 410 420

Figure 5.5: Electropherogram showing the nucleotide sequerafe the
mitochondrial COIl gene oNezara viridula using Forward and Reverse
primers.
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Table 5.1: Comparison of Nucleotide frequenoie€OI gene sequence WNezara viridula with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G |T-1|C1| A1| G-1| T-2|C-2| A-2| G-2| T-3] C3| A3 | G-3
KX603658 Nezara viridula (Kerala) | 33.7 | 18.7| 31.6| 15.9| 27 | 16.9| 28.2| 27.5| 44 | 28.9| 9.9 | 16.9| 29 | 10.5/56.6| 3.5
KX587504 Nezara viridula (Kerala) | 33.7 | 18.5/ 31.6| 16.2| 27 | 16.8/ 28.0| 28.0| 44 | 28.9] 99 | 16.9| 30 | 99| 57.0 35
KX603657 Nezara viridula (Kerala) | 34.7 | 19.0/ 31.6| 14.8| 27 | 17.5/ 29.4| 26.6| 45 | 28.4| 12.1| 14.2| 32 | 11.2|53.1| 3.5
KX351397 Nezara viridula 33.0| 15.9| 33.0| 18.0| 26 | 14.8| 28.2| 31.0| 43 | 23.2| 13.4| 20.4| 30 | 9.8 | 57.3 2.8
KU578143 Coccinella transversalis 32.1| 16.6| 33.3| 18.0| 25 | 14.8/ 28.9| 31.7| 42 | 25.2/ 13.3| 19.6| 30 | 9.9 | 57.7 2.8
KX503049 Riptortus pedestris 33.3| 18.5/31.9|16.4| 25 | 17.6| 28.2| 28.9| 45| 28.0/ 10.5|16.8| 30 | 9.9 | 57.0 35
KU163626 Acrosternumgramineum | 32.1 | 16.6| 33.3| 18.0| 26 | 14.0| 28.7| 31.5| 42 | 24.6| 13.4| 19.7| 28 | 11.3| 57.7| 2.8
KC135971 Nezara antennata 33.5| 16.6/ 32.1| 17.8| 26 | 13.4| 28.2| 32.4| 44 | 246/ 13.4|17.6| 30 | 11.9| 54.5| 3.5
JNO087429 Plagiodera versicolora 32.1| 16.9] 33.3| 17.8| 25 | 14.0|1 29.4| 31.5| 42 | 25.4| 13.4|19.0| 29 | 11.3| 57.0| 2.8
GQ415599 Anthocoris expansus 31.6| 17.8/35.6| 15.0| 24 | 16.8/ 34.3| 25.2| 42 | 26.1| 14.1| 17.6| 29 | 10.6/ 58.5| 2.1
KM023126 Zicrona caerulea voucher | 36.3 | 15.7/ 30.4| 17.6| 25 | 15.5/ 28.9| 30.3| 43 | 23.9| 13.4|19.7| 41 | 7.7 | 49.0 2.8
KY492344 Tolumnia basalis 36.5| 15.0{ 31.4|17.1| 29 | 12.0/ 28.9| 30.3| 43 | 23.9/13.4|19.7| 38 | 9.1 | 51.7 1.4
KY206850 Bagrada ginlingensis 34.0| 14.3] 35.8| 15.9| 25 | 13.3| 34.3| 27.3| 43 | 19.7/ 20.4|16.9| 34 | 99| 52.8 35
KJ541515 Eysarcoris ventralis 34.2| 14.8/34.7|16.4| 27 | 14.1] 30.3| 28.9| 43 | 23.9/134|19.7| 33 | 6.3 | 60.1 .7
MF934944 Chlorochroa ligata 34.0| 16.6| 32.1| 17.3| 27 | 14.8| 28.2| 30.3| 43 | 23.9/13.4| 19.7| 32 | 11.2| 545| 2.1
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Table 5.2:

Percentage of evolutionary divergenteNerara viridula with its

closely related species accessible from NCBI GekBan

S Accession : Per centage of

No. No Organism divergence
1. KX603657 | Nezara viridula (Kerala)
2. KX603658 | Nezara viridula (Kerala) 0.00%
3. KX587504 | Nezaraviridula (Kerala) 1.09%
4. KX351397 | Nezaraviridula (Meghalaya) 1.09%
5. KU578143 | Coccinella transversalis 1.09%
6. KX503049 | Riptortus pedestris 1.09%
7. KU163626 | Acrosternum gramineum 12.14%
8. KC135971 | Nezara antennata 12.14%
9. GQ415599 | Anthocoris expanses 29.91%
10. MF934944 | Chlorochroa ligata 22.53%
11. KM023126 | Zicrona caerulea 26.46%
12. KY206850 | Bagrada ginlingensis 27.21%
13. KJ541515 | Eysarcorisventralis 29.91%
14. GQ415599 | Anthocoris expanses 29.91%
15. KY492344 | Tolumnia basalis 29.91%
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o4 | @ KX603658 Nezara viridula(Kerala)
_| @ KX603657 Nezara viridula (Kerala)
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KX351397 Nezara viridula
KU578143 Coccinella transversalis
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GQ415599 Anthocoris expansus

KJ541515 Eysarcoris ventralis

Phylogenetic relationship dfezara viridula inferred by NJ tree




DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 100% sequence similarity to the same genusteepivtom Kerala (KX603658).
Even though this species has been found in vamgeagraphically isolated areas,
their sequence doesn’'t have any kind of variatidre number of base substitutions
per site between sequences were analysed usingMéseémum Composite
Likelihood model. The COI sequence Nézara viridula showed bias to nucleotide
AT, with following composition of nucleotides T =33%, C = 18.7%, A = 31.6%
and G = 15.9%. This greater AT content (65.3%) @&€rcontent (34.6%) is mainly
due to the mutational pressure on a single nudeosubstitution during the
evolutionary period of time.Nezara viridula showed variation in the total
composition of nucleotide in each of the positidncodons in comparison with
other related species isolated from different gaplical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Even though the COI sequences has hegmrted from different
geographical locations, it showed only 0% to 29.differences in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has no divergence (0%) with thosenfKerala while 29.91% China
(Table 5.2). On the basis of the data observedsiiesies may be rooted from those
found in Karnataka which diverted into differentadés due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteohir China during the course of

evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species NEzara viridula with related speciesNezara
viridula isolated from Kerala (KX603657) showed 0% divergemith Nezara
viridula (KX603658) of kerala and 29.91% divergence wAtiithocoris expanses
(GQ415599) of ChinaThe phylogeny tree generated by using NJ methoeaisv

the phylogenetic status ofNezara viridula isolated from Kerala. Closest
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relative of Nezara viridula is Nezara viridula from Kerala represented within the

same clade.
2. Spermatodes variolosa (Walker, 1867)

Spoecimen details:

Voucher specimen . CUsSV-01-A1

Date of collection . 26-Mar-2016

Locality X Malappuram: Nilambur
Lat- Lon : 11.2794° N, 76.2398° E
GenBank accession @  MH590762

Description and Distribution

Spermatodes variolosa are very small, ochraceour, thickly punctate, head
anterior area of pronotum, basl margin of scutelamd body beneath brassy green,
a sub triangular discal spot to scutellum castetwus,central spots on anterior area
of pronotum, three spots at basal margin of sautellThe body is piceous beneath
and thickly punctuated (Figure 5.7). The late

margins and a series of segmental spots present
the lateral margins luteous. Antennal formul
1<2<3<4<5. The scutellum is large and extending
apex of abdomen. The eyes are prominent

extending beyond the anterior margin of pronot Fig.5.7: Spermatodes variolosa

(Mathew and Koshy, 1986). They are prese

throughout India.
Damage

They are serious pest and they suck the plantf\afhew and Koshy, 1986).
Adults and larval stages feed on the flowers andealamage.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Spermatodes
variolosa collected has been amplified using the primer BTable 3.1). The PCR
amplification yielded 591 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 5.8 -1 5réspectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.3.

The mitochondrial COIl gene nucleotide sequence aalysed for the
nucleotide composition ofpermatodes variolosa voucher collected during the
present study (Table 5.3). It showed bias to nuiceoAT, with nucleotide
composition with T = 31.3%, C = 20.8%, A = 31.5% &k = 16.4%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree catstt with NJ method are
exhibited in Table 5.4 and Figure 5.10 respectively
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> Spermatodes variolosa CDS-2018/ 591 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucherS3J01-Al

> Spermatodes variolosa

CCCTATAAGATTAATTATTCGTATTGAAGTAGGACAACCT GCGAGATTTATTGGAGATGA
TCAAATTTATAATGTAATAGT AACAGCTCATGCATTTGTAATAATTTTCTTTATAGTAAT
ACCAATTATAATTGGAGGAT TCCGTAACT GGECTAGT GCCTTTAATAAT TGGAGCCCCTGA
TATAGCATTCCCTCGAATAAATAATATAAGAT TCTGACT TCTACCCCCCTCATTAACATT
ATTAATAATTAGAAGAT TAACAGAAT CAGGAGCCGGAACCGGATGAACAGI TTATCCCCC
TCTATCAAGCAACCTCTCCCACAGAGGAATATCAGT TGACTTAGCCATTTTTTCACTTCA
CCTGGECCGGTGTATCATCAATCCTAGGT GCAGTAAATTTCATCTCAACTATTATAAATAT
ACGACCT GAAGGAATAACCCCTGAACGAACTCCTTTATTTGTATGATCAGTAGGTATCAC
AGCCTTATTGITACTTCTATCTTTACCAGIACTAGCCGGAGCTATTACAATATTACTCAC
AGACCGAAATTTTAACACATCTTTTTTCGACCCAT CGEGEEGAGGAGACCC

Figure 5.8: The partial DNA sequence of the mitoch@al COI gene of
Spoermatodes variolosa

Figure 5.9:  Molecular barcode of the mitochondi@®DI gene ofSpermatodes
variolosa

> Spermatodes variolosa / 195AA / cytochrome oxidase subunit | (COI)
gene, partial cds; mitochondrial / voucher CUSVAIL-

> Jpermatodes variolosa

MSLI | RI EVGQPGSFI GDDQl YNVWTAHAFVM FFWMPI M GGFGNWLVPLM GAPDM
AFPRMNNVSFWLLPPSLTLLM SSLTESGAGT GM VYPPLSSNL SHSGVSVDLAI FSLHL
AGVSS| LGAVNFI STI MNVRPEGMITPERTPLFVWSVG TALLLLLSLPVLAGAI TMLLTD
RNFNTSFFDPSGGEGED

Figure 5.10: The translation product of the mitauiial COI gene oSper matodes
variolosa
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Sample :P56_CP1.FORWARD_7173-21_P1056 Run start: 2017/12/04 21:23:47
Trim Start :43 Run stop: 2017/12/04 23:21:22
Trim End  :684 PDF created: 2017/12/07 15:47:01
Qu20 Bases :641

CCGCTATAAGAT TAAT TAT TC GTATT GAACTAGGACAACCT GGG AGATTTATT GGAGAT GAT CAAATT TATAAT GTAATAGTAACAGC TCATGCAT
10 5 60 7 8 9

20 30 40 50 70 80

[

) i

TGTAATAATTTTCTTTATAGTAATACCAATTATAATT GGAGGATTCGGTAACTGGCTAGTGCC TTTAATAAT TGGAGCCCC TGATATAGCAT TCCCTCGAATAAATAATATAAGATTCTGACTTCTACCCCCCTCAT TAACA
100 11 0 130 140 150 170 180 190 200 210 220 230

TTATTAATAAT TAGAAGAT TAACAGAATCAGGAGCCGGAACCGGATGAACAGT T TATCCCCCTCTATCAAGCAACC TCTCCCACAGAGGAATATCAGT TGACTTAGCCATTTTTTCACTTCACCTGGCCGGTGTATCATCAAT
240 250 260 270 280 290 300 310 320 330 340 350 360 370 38(

CCTAGGTGCAGTAAATTTCATCTCAACTATTATAAATAT ACGACCTGAAGGAATAACCCCTGAACGAACT CCTTTATTTGTATGATCAGTAGGT ATCACAGCCTTATTGTTACTTCTATCTTTACCAGTACTAGCCGGAGCT
390 400 410 420 430 440 45 460 470 480 490 500 510 520

ATTACAATATTACTCACAGACCGAAATT TTAACAC
530 540 550

"GGACATCCA GAAGTTTAA
630 640

- AT
610 620

Sample :P56_CP1.REVERSE_7173-22_P1056 Run start:
= Trim Start :20 Run stop: 2017/12/04 23:21:22
SpermatOdes varIOIOSa Trim End :660 PDF created: 2017/12/07 15:47:03

Qv20 Bases :640

A GGGICT CCTCCCCCCGATGGGT CGAMAAMAGAT GT GTTAAAATT T CGGT CTGTGAGTAAT AT T GTAATAGCTCCGGC TAGTACT GGTAAAGATAGAAGT AACAATAA GGCTGTGATACCTAC]
1 20 30 40 50 60 70 80 90 100 110 120

\ T e L o L L R N L YTV L Y VeV

TGATCATACAAATAAAGGAGTTCGTTCAGGGGTTATTCCTTCAGGTCGTATATTTATAATAGTTGAGATGAAAT T TACT GCACC TAGGATTGATGAT ACACCGGCCAGGTGAAGT GAAAAAATGGC TAAGTCAACTGATATTC
130 140 150 160 170 180 190 200 210 220 230 240 250 260

s nta ANy

MM/W\W 2NN AN AR J\/\/\ AN A A AN AA AN AR

TCTGTGGGAGAGGT TGCTTGATAGAGGGGGAT AAACTGTTCATCCGGT TCCGGCTCCTGATTCTGTTAATCTTCTAATTATTAATAATGT TAAT GAGGGGGGT AGAAGT CAGAATCT TATATTAT TTATT CGAGGGAATGCT
270 280 290 300 310 320 330 340 350 360 370 380 390 400

AT ATCAGGGGCTCCAATT ATTAAAGGCACTAGCCAGT TACCGAATCC TCCAAT TATAATT GG ATTACTAT AAAGAAAAT TAT TACAAATGCATGAGCTGT TACTATTACATTAT AAATT T GAT CATCT CCAATAAATCTCC
410 420 430 440 450 460 470 480 490 500 510 520 530 540 5

58

CAGGTTGI CCTAC TTCAATACGAATAATTAATCTTATAGCGGATCCTACTAT ACCTGC TCATATACCGAAAAT GAAGT ATAAGGI TCCA
560 570 590 600 610 620 630

|
oalilornall LAl [ywinotnconlesncstmansnsssWienatmasdiescronseanaliaioann(AL

Figure 5.11: Electropherogram showing the nucleotide sequenae the
mitochondrial COIl gene dfpermatodes variolosa using Forward and
Reverse primers.
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Table 5.3: Comparison of Nucleotide frequencie€01 gene sequence §bermatodes variolosa with its kin species

Name of the species NUCLEOTIDE FREQUENCIES (%)
TW| c | A| G |T1| C1| Al| G1] T2 C2 A2 GZ T8 C3A3| G3
MH590762 Spermatodes variolosa (Kerala) | 31.3 | 208| 315 164 29 173 503 36 23 1B8 30.5.92 42| 264| 137 1738
KY492346 Spermatodes variolosa 320 200| 315 166 28 162 513 41 23 1B3 31042 44| 254 122 18]
KX960067 Graphosoma lineatum 31.3| 186| 343 157 26 122 599 15 24 158 30.B42 43| 269 127 17.
MF673705 Pentatomidae sp. 325| 19.3| 320 162 27 173 538 20 26 147 30842 44| 259 11.7 18]
GQ292256 Zicrona caerulea 365| 17.3| 301 161 41 86 477 2[5 25 168 29.9.42844 | 26.4| 12.7 174
MF673706 Pentatomidae sp. 325| 19.3| 31.8 164 27 173 533 2|5 26 147 30842 44| 259 117 18
KY492352 Acesines bambusana 357 | 159| 33.0 154 3§ 7.6 563 .5 27 147 30592745 | 254| 122 1748
KF273395 Halyomorpha halys 347 | 17.3| 31.6 164 33 117 523 41 28 142 31.B92 44| 259 117 18
KR034008 Melanaethus robustus 330| 17.9| 327 164 2§ 132 558 25 26 152 30842 45| 254| 11.7 18]
KJ866504 Carbula biguttata 345| 16.6| 325 164 34 91 553 15 25 152 29.9.42944 | 254| 122 18.3
HQ333534 Carbula insocia 347| 169| 321 162 35 96 543 15 26 152 29.4.42944 | 259| 127 1748
MG298985 Neohalys acuticornis 333| 181 325 161 31 122 548 20 24 173 3104 45| 249 117 183
HQ236459 Catacanthus incarnatus 33.7| 17.1| 337/ 156 3Q 11)7 569 15 27 1B7 32.0.42 44 | 259| 122 17.+
JQ218463 Oebalus poecilus 33.0| 18.8| 31.6 16.4 30 137 523 36 25 1B2 29.B42 43| 26.4| 127 17.+
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Table 5.4:

Percentage of evolutionary divergencgpefmatodes variolosa with

its closely related species accessible from NCBiEza&k

Sl Accession . Per centage of
No. No Organism divergence
1. MH590762 | Soermatodes variolosa (Kerala)
2. KY492346 | Spermatodes variolosa (Karnataka) 1.11%
3. KX960067 | Graphosoma lineatum 20.29%
4. MF673705 | Pentatomidae sp. 21.25%
5. MF673706 | Pentatomidae sp. 21.25%
6. KJ866504 | Carbula biguttata 22.04%
7. HQ333534 | Carbulainsocia 22.47%
8. KF273395 | Halyomorpha halys 23.18%
9. JQ218463 | Oebalus poecilus 23.35%
10. KY492352 | Acesines bambusana 23.43%
11. GQ292256| Zicrona caerulea 24.13%
12. KR034008 | Melanaethus robustus 24.56%
13. HQ236459| Catacanthus incarnates 24.83%
14. MG298985| Neohalys acuticornis 25.04%

100 [ KJ866504 Carbula biguttata

L HQ333534 Carbula insocia
8 KX960067 Graphosoma lineatum
JQ218463 Oebalus poecilus
GQ292256 Zicrona caerulea
KY492352 Acesines bambusana
HQ236459 Catacanthus incarnatus
KR034008 Melanaethus robustus

r MF673705 Pentatomidae sp.

100 L YIF673706 Pentatomidae sp.

100 f‘ MH590762 Spermatodes variolosa(Kerala)
L KY492346 Spermatodes variolosa

KF273395 Halyomorpha halys
MG298985 Neohalys acuticornis

41

21

—=l

0.02
Figure 5.12: Phylogenetic relationship §bermatodes variolosa inferred by NJ
tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 98.9% sequence similarity to the same genusrtegp from Karnataka
(KY492346). The number of base substitutions per between sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Soermatodes variolosa showed bias to nucleotide AT, with following com jtias
of nucleotides T = 31.3%, C = 20.8%, A = 31.5% &hd 16.4%. This greater AT
content (62.8%) over GC content (37.2%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the wetrohary period of time.
Soermatodes variolosa showed variation in the total composition of nutikd® in
each of the position of codons in comparison witleorelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. The COIl sequences has been reported diffexent geographical
locations, it showed 1.11% to 25.04% differencethannucleotides sequences. The
divergence table plotted by maximum likely hood moet clearly showed that it has
divergence (1.11%) those from Karnataka while 2&drom Canada (Table 5.4).
On the basis of the data observed this speciesbmapoted from those found in
Canada was diverted into different clades due tmgpohical variation. Result thus
concluded that this species doesn’'t have any n@janges in India while slightly

changes from those reported from Canada duringdbese of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species 8bermatodes variolosa with related species.
Soermatodes variolosa isolated from KeralaM[H590762 showed 1.11% divergence
with Spermatodes variolosa (KY492346) of Karnataka and 25.04% divergence with
Neohalys acuticornis (MG298985) of Canadalhe phylogeny tree generated by
using NJ method reveals the phylogenetic statuSpefmatodes variolosa isolated
from Kerala. Closest relative @&permatodes variolosa is Spermatodes variolosa

from Karnataka represented within the same clade.
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3. Agonoscelis nubilis (Fabricius, 1775)

Spoecimen details:

Voucher specimen . CUAN-01-A1
Date of collection . 10-Feb-2016

Locality . Kasaragod: Cheemeni
Lat- Lon . 12.2425° N, 75.2333° E

GenBank accession : MH590760

Description and Distribution

Agonoscelis nubilis  possess elongate
oval shape with remote and long pilosity, over
brownish creamy body with coarse blac
punctures, central faint blackish band —
pronotum which is posteriorly continued on JEECESREFeSeIRNIVIIE
the scutellum, connexivum orange yellow with minbtack spots at the posterio
lateral apex, antennae black, tibia, tarsi andespof femora black, a series of lateral
black spots on sternum and abdomen, underneath tmadyly yellow but lateral
margins of sternum and abdomen with a tinge of ggafrigure 5.13). Head: head
slightly narrowed at front but rounded at apex, imednd lateral lobes are of equal
length. Thorax: lateral margins of pronotum enticg serrate. Scutellum long and
triangular. Mesosternum with a central carina. émklytra, membrane smoky with
dark veins. Abdomen moderately sulcate (Alan, 2004gse are distributed all over
India, Sri Lanka, Burma, also found in China, Japdalay peninsula and several

islands of the Malayan archipelago.
Damage

These are plant feeders and suck the sap of lestess and fruits (Nath and
Arnowitt, 1975). Adults and nymphs suck the sapmfrthe host plants, hence

heavily infested plants shows light defoliationuiéisg in stunting.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Agonoscelis
nubilis collected has been amplified using the primer BU@b(e 3.1). The PCR
amplification vyielded 495 bp long product. The DNsequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 5.14 27 Srespectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.5.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition ohgonoscelis nubilis voucher collected during the present
study (Table 5.5). It showed bias to nucleotide Aith nucleotide composition
with T = 32.1%, C = 20.0%, A = 30.9 and G = 17.0%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree catstt with NJ method are
exhibited in Table 5.6 and Figure 5.18 respectively
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> Agonoscelis nubilis CDS-2018/ 495 bp / cytochrome oxidase subunit |
(COl) gene, partial cds; mitochondrial / voucherANJO1-Al

> Agonoscelis nubilis

TTATTGGCGATGATCAAATTTATAACGT AATCGT TACAGCCCACGCATTTATTATAATCT
TTTTTATAGT TATGCCAATTATAATTGGAGGATTCGGAAATTGATTAGTACCCT TAATAA
TTGGAGCACCCGATATAGCAT TCCCTCGAATAAATAATATAAGATTCTGECTACTGCCCC
CCTCATTGACCCTTTTAATAATAAGAAGACT TACAGAAGCAGGGECCTGGGACAGGATGAA
CAGTTTACCCCCCT CTATCAAGAAACATCTCT CACAGAGGAGCATCAGT TGATCTAGCAA
TTTTCTCACTGCATCTAGCAGGAGTATCTTCAATTTTGGEGTGCAGTAAACTTTATCTCAA
CCATTATTAATATACGCCCAGT TGGAATAACACCAGAGCGAATTCCATTGI TTGTCTGAT
CAGTTGGAATTACAGCTCTATTGTTATTATTATCTTTACCTGTACTAGCAGGAGCTATTA
CAATACTATTAACAG

Figure 5.14: The partial DNA sequence of the mitmahrial COI gene of
Agonoscelis nubilis

0 494
|

Figure 5.15: Molecular barcode of the mitochondi@DIl gene ofAgonoscelis
nubilis

> Agonoscelis nubilis / 147AA | cytochrome oxidase subunit | (COIl) ger
partial cds; mitochondrial / voucher CUAN-01-Al

—

> Agonoscelis nubilis

M FFMWMPI M GGFGNW.VPLM GAPDVAFPRVNNVEFWL L PPSLTLLMVBSLTEAGAGT
GWMVYPPLSSNI SHSGASVDLAI FSLHLAGVSSI LGAVNFI STI | NVMRPVGMTPERI PLF
VWEVGE TALLLLLSLPVLAGAI TMLLT

Figure 5.16: The translation product of the mitautiial COl gene oAgonoscelis
nubilis
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Sample :P9_PN.F_27017-3 8258 Run start: 2016/03/18 10:31:52
) i -4 Trim Start :33 Run stop: 2016/03/18 12:46:32
Agonoscelis nubilis EmE £ PP IR (B

Qu20 Bases :535

I'TATT GGGGAI' GAI' CAAAT TTATAACGTAAT CGI'TACAGCCCACGCAT T TAT TATAATCTTTT TTATAGT TAT GCCAAT TATAATTGGAGGAI' TC GGAAAT T GA
10 20 30 40 50 60 70 80 90 100

Sample  :P9_PN.R_27017-4_8258 Run start: 2016/03/18 10:31:52
g 2k Trim Start :22 Run stop: 2016/03/18 12:46:32
AgOHOSCCIIS HUbIIIS Trim End :564 PDF created: 2016/03/18 13:31:56

Qu20 Bases :542

TCTGTTATAGTATT GT AATA GCTCCT GC TAGTACAGGTAAAGATAAT AAT AACAATAGAGCT GTAAT TCCAACTGATCAGACAAACAATGGAATTCGC TCTGGTGTTAT TCCAACTGG
10 20 3 40 50 60 70 80 90 100 110

30

IGCGTATATTAATAAT GGTTGAGATAAAGT TTACT GCACCCAAAAT TGAAGATACTCCTGC TAGATGCAGTGAGAAAATTGCTAGATCAACTGATGC TCCTCTGTGAGAGATGT TTCTTGATAGAGGGGGGT AAACTGTTCATC
120 130 140 150 160 170 180 190 200 210 220 230 240 250 26(

CTGTCCCAGCCCCTGCTTCTGTAAGTCT TCTTATTAT TAAAAGGGT CAATGAGGGGGGCAGTAGCCAGAATCTTATATTATTTATTCGAGGGAAT GCTATATCGGGTGCTCCAATT AT TAAGGGTACTAATCAATTTCCGA
270 280 290 300 310 320 330 340 350 360 370 380 390 400

TCCTCCAATTATAATT GGCATAACTATAAAAAAGAT TATAATAAATGCGTGGGCTGTAACGAT TACGT TATAAAT TT GAT CATCCCCAATAAATCTTCCAGGT TGACCTAGT TCAATACGAAT GAT GACACT TATTQCT
410 420 430 440 450 460 470 480 490 500 510 520 530 540

MM«MMMI\WWvw“vw»wwn&vmwW\M&M\WM”MWwM“MMW@(WwWMWNwM‘MWMWMM

Figure 5.17: Electropherogram showing the nucleotide sequenae the
mitochondrial COI gene oRgonoscelis nubilis using Forward and
Reverse primers.
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Table 5.5: Comparison of Nucleotide frequencie€@Il gene sequence Afjonoscelis nubilis with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TW| C | A| G |T1| C1| Al| G1] T2 C2 A2 G2 TB C-BA3|G3
MH590760 Agonoscelis nubilis (Kerala) | 32.1 | 20.0] 30.9 17.0 22 18)2 315 279 45 273 1158| 28| 145 49.7 7.
MG838334 Agonoscelis sp. 31.5| 20.4| 315 16.6 22 18/8 315 279 #5 273 1258| 28| 152 509 6.1
KY492355 Agonoscelis nubilis 31.1| 19.0) 324 17.8 20 182 333 285 43 242 139.4| 30| 145 49.7 5]
LC099273 Acanthosoma forficula 31.9| 19.2| 31.7 172 25 13/9 321 285 42 248 120.0| 28| 18.8 50.3 3.0
KY206850 Bagrada ginlingensis 343 | 149| 343 164 235 13]9 327 279 B9 224 208.2| 38| 85| 50.3 3.
KU873983 Aelia americana 32.3| 184| 323 17.0 23 15[8 315 297 42 255 120.0| 32| 13.9 52.7 1.
GQ292101 Eurystylus coelestialium 333| 152| 343 172 23 145 339 285 42 248 1388| 35| 6.1| 55.2 4.2
KY508434 Pentatoma sp. 345| 158/ 33.7 16.0 23 13]3 339 273 42 255 1200| 36| 85| 545 .6
KP753723 Cletus punctiger 349 | 184| 299 168 24 17/6 315 267 #3 255 138.2| 38| 121 448 5.5
JQB888560 Castolus ferox 33.7 | 17.6| 311 17.6 22 15]8 327 291 42 255 120.0| 37| 115 479 3.4
KM022889 Neottiglossa pusilla 343| 162 339 156 25 13/9 352 255 43 242 138.4| 35| 10.3] 53.3 1.8
KM022520 Rhaphigaster nebulosa 354 | 16.0 31.9 168 23 13/9 321 285 42 248 139.4| 38| 9.1| 50.3 24
KU601554 Chlorochroa persimilis 31.3| 188 31.3 186 23 17/0 303 297 42 248 12B.0| 29| 145 503 6.1
KP753788 Cletus punctiger 35.2| 182 29.7 17.0 24 17/6 315 267 #3 255 1382| 38| 11.5 442 6.]
KJ541549 Carpocoris fuscispinus 315| 17.8| 32.7 18.0 22 16/4 327 291 43 242 138.4| 30| 127 521 5]
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Table 5.6:  Percentage of evolutionary divergencAgmnoscelis nubilis with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. MH590760 | Agonoscelis nubilis (Kerala)
2. MG838334 | Agonoscelis sp. (Maharashtra) 0.36%
3. KY492355 | Agonoscelis nubilis 0.72%
4. KY508434 | Pentatoma sp. 17.14%
5. KP753723 | Cletus punctiger 17.58%
6. KP753788 | Cletus punctiger 17.58%
7. LC099273 | Acanthosoma forficula 18.66%
8. GQ292101| Eurystylus coelestialium 19.12%
9. KU873983 | Adlia Americana 19.34%
10. KM022889 | Neottiglossa pusilla 20.08%
11. KY206850 | Bagrada ginlingensis 20.70%
12. KJ541549 | Carpocoris fuscispinus 20.73%
13. KM022520 | Rhaphigaster nebulosa 21.69%
14. JQ888560| Castolus ferox 22.02%
15. KU601554 | Chlorochroa persimilis 22.06%
o — @ MH590760 Agonoscelis nubilis (Kerala)
100 | L MG838334 Agonoscelis sp.
69 |— KY492355 Agonoscelis nubilis
r KP753723 Cletus punctiger
30| 100 L KP753788 Cletus punctiger
KU601554 Chlorochroa persimilis
” KY206850 Bagrada qinlingensis
;L KM022520 Rhaphigaster nebulosa
17 KY508434 Pentatoma sp.
?| KMO022889 Neottiglossa pusilla
62 GQ292101 Eurystylus coelestialium
JQ888560 Castolus ferox
| KU873983 Aelia americana
31 _| LC099273 Acanthosoma forficula
37

KJ541549 Carpocoris fuscispinus

0.02
Figure 5.18: Phylogenetic relationshipAgfonoscelis nubilis inferred by NJ tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 99.7% sequence similarity to the same genusrtegp from Maharashtra
(MG838334). The number of base substitutions pier Isetween sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Agonoscelis nubilis showed bias to nucleotide AT, with following compias of
nucleotides T = 32.1%, C = 20.0%, A = 30.9% and &7-0%. This greater AT
content (63.0%) over GC content (37.0%) is mainkg b the mutational pressure
on a single nucleotide substitution during the wetrohary period of time.
Agonoscelis nubilis showed variation in the total composition of nutig® in each
of the position of codons in comparison with othelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0.36% to08% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has no divergence&60®) with those from
Maharashtra while 22.06% from USA (Table 5.6). ©a basis of the data observed
this species may be rooted from those found in W8&¥ch diverted into different
clades due to geographical variation. Result tliunladed that this species doesn’t
have any major changes in India while slightly aesfrom those reported from
USA during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species @fgonoscelis nubilis with related species.
Agonoscelis nubilis isolated from Kerala (MH590760) showed 0.36% dieaiae
with Agonoscelis sp. (MG838334) from Maharashtra and 22.06% divergemith
Chlorochroa persimilis (KU601554) from USA.The phylogeny tree generated
by using NJ method reveals the phylogenetic staifisAgonoscelis nubilis

isolated from Kerala. Closest relative @fgonoscelis nubilis is Agonoscelis
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sp. of Maharashtrand Agonoscelis nubilis of Karnataka represented within the

same clade.
4. Carbula scutellata (Distant, 1887)

Soecimen details:

Voucher specimen . CUCS-11-Al
Date of collection . 14-Jan-2016

Locality . Kannur: Payyanur

Lat- Lon » 12.1051° N, 75.2058° E

GenBank accession :MH590777
Description and Distribution

The head and dorsum ofCarbula

scutellata shinning greenish brown, mottled wit
presence of ochraceous spots, antennae

white mainly first three segments, presence
triangular pale white area on scutellar di
(Figure. 5.19). Peritreme short, anterolate
margins of pronotum crenulated and poster
margin of third, fouth and fifth visible, abdomin M E————
sternite with a row of hairs, humeral angles of nmtam lobe like, triangular
scutellum, head is flattened dorsally (Knight, 1910istributed in India, Thailand

and Taiwan.
Damage

Adults pierce the plant tissue and suck the j(ikagght, 1941).
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial CQnay of Carbula
scutellata collected has been amplified using the primer BTable 3.1). The PCR
amplification yielded 593 bp long product. The DNsgequence interpret,
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representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 5.20 23 5respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 5.7.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition ofarbula scutellata voucher collected during the present
study (Table 5.7). It showed bias to nucleotide Aith nucleotide composition
with T = 33.3%, C =19.9%, A = 29.4% and G = 17.3%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are

exhibited in Table 5.8 and Figure 5.24 respectively
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> Carbula scutellata CDS-2018/ 593 bp / cytochrome oxidase subunitQIjC
gene, partial cds; mitochondrial / voucher CUCSA11-

> Carbula scutellata

GCTGGAATAGT GEGGT CCGCAATAAGCCT AATTAT TCGAATTGAACTAGGEGCAACCT GGA
AGATTTATTGGAGATGACCAAATCTACAATGTAGTAGT CACAGCCCACCCTTTTGTAATA
ATTTTCTTCATAGTI TATGCCAATCATAATTGGT GGATTCGGECAATTGACTAGITCCTTTA
ATAATTGGAGCCCCTGATATAGCATTCCCCCGTATAAATAATATAAGATTCTGATTATTA
CCCCCCTCACTAACACTATTAATAGTAAGTAGACT TGCT GAAT CGGGAGCCGGAACT GGA
TGAACTGTATATCCCCCT CTATCAAGAAACAT CTCCCATAGAGEGEGCATCTGITGATTTA
GCTATTTTCTCATTACACTTAGCAGGAGTATCATCCATTTTAGGTGCAGTAAATTTTATT
TCAACTATCATCAATATGCGACCAGAAGGGATAACTCCTGAACGAATTCCATTATTTGT G
TGATCCGTAGGTATTACTGCTCTTTTATTATTATTATCCTTGCCAGTATTAGCTGGTGCA
ATTACAATATTATTAACTGACCGAAATTTCAATACCTCTTTCTTTGATCCTTC

Figure 5.20: The partial DNA sequence of the mitoahrial COl gene o€arbula
scutellata

0 502
|

Figure 5.21: Molecular barcode of the mitochondriaDl gene of Carbula
scutellata

> Carbula scutellata / 195AA / cytochrome oxidase subunit | (COI) geng
partial cds; mitochondrial / voucher CUCS-11-Al

\v

> Carbula scutellata

MVGSANMSLI | RI ELGOPGSFI GDDQl YNVWTAHAFVM FFMIVPI M GGFGNW.VPLM
GAPDIVAFPRWNNVEFW. L PPSLTLL MVSSLAESGAGT GM VYPPLSSNI SHSGASVDLAI
FSLHLAGVSSI LGAVNFI STI | NVRPEGVTPERI PLFWASVG TALLLLLSLPVLAGAI T
M_LLTDRNFNTSFFDP

Figure 5.22: The translation product of the mitaufreal COI gene ofCarbula
scutellata
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Sample :P.19_CP1.F_32446-1_9188 Run start: 2016/10/25 13:58:03
Trim Start :30 Run stop: 2016/10/25 15:55:37

Ca‘rbUIa SCUtellata' Trim End :676 PDF created: 2016/10/25 16:05:47
Qu20 Bases :646

GCTGG ATAGT GGGGICC GC AATAAGCCTAAT TATT CGAATTGAACTAGGGCAACC TGG \‘G ATTT: \TTGG AGAT GACCA. \ \T(T\(,\\TGT AGTAGTC \C \G(CC\CG

MMWMWHMM R A

CTTTTGTAATAATTTTCTTCATAGTTATGCCAATCATAATTGGTGGATTCGGCAATTGACTAGT TCCTTTAATAATTGGAGCCCC TGATATAGCATTCCCCCGTATAAATAATATAAGAT TCT GAT TATTACCCCCCTCAC
0 120 130 140 150 160 170 180 190 200 210 220 230 240

P Dot el s\l Vsl envia AN vty

ITAACACTAT TAATAGTAAGT AGACTTGCTGAATCGGGAGCCGGAACTGGAT GAACTGT ATATCCCCCTCTATCAAGAAACATCTCCCAT AGAGGGGCATCTGT TGATTTAGCTAT TTT CTCATTACACTTAGCAGGAGTATCA
250 260 270 280 290 300 310 320 330 340 350 360 370 380 390

[TCCATTTTAGGTGCAGTAAATTTTATTTCAACTATCAT CAATATGCGACCAGAAGGGAT AACTCCTGAACGAAT TCCAT TATTTGTGT GATCCGTAGGTAT TACT GCTCTTTTAT TAT TATT ATCCTTGCCAGTATTAGCTG
400 410 420 430 440 450 460 470 480 490 500 510 520 530

GI'GC AATTACAATAT TATTAACTGACCGAAATTTCAATACCTCTTTCTTTGATCCTTCTGGAGGAGGAGATCCTATTTT ATATCAACACTT ATT CT GATTTTTTGGACAT CA
540 550 560 570 580 590 600 610 620 630

Sample :P.19_CP1.R_32446-2 9188 Run start: 2016/10/25 13:58:03
Trim Start :37 Run stop: 2016/10/25 15: 7
Carbula scutellata Trim End  :683 PDF created: 2016/10/25 16:05:49

Qu20 Bases :646

G AAGG AT CAAAGAAAG. \GGT ATTGAA. \TTTCGGTC\GTT\ ATAATAT TGTAAT T GCACCAGC TAATACT GGCAAGG ATAATAAT AATAAAAGAGCAGT AA
0 0 90 109

1 IU 120 130 140 150 160 170 H«U 190 200 2I() 220 230 240

[CCH “TACTTACTATTAAT \GI(]'I l'\Gl(J\(lG(ﬂ)Gl AAT AAT C/
300 310 330 360

[ e AN i s e N s AN Ao e i s VI W e

ATTGCC GAATCCACCAAT TATGATTGGCAT AACT ATGAAGAAAAT TAT TACAAAA GCGT GGGCTGTGACTACTACAT TGT AGATTT GGI'CATCTCCAA
3 4 45 470 490 500 510 520

480

GGAATGCTATATCAGGGGCTCCAATTATT AAAGGAACTAGTC:
390 40( 0

Pofretvnner st e it st s i e e A sansaninr s e eine~ o el ornninet el aootern

AAATCTTCC. \GGIIGC( TAGTTCAATT CGAATAATT AGGCTTATT GCGGACCCCACTATTCC. \Cfl(\l AT, \(‘('\\\I ATAAAATAA AGT GT TCCAAT, \I("l'lvl'\'l'G\[ (Knl IG\\I
630

53 550 560 570 58 90 610 620 3 i

L0 A N 0o 00000 00030002000 x0000C 0O oA |

Figure 5.23: Electropherogram showing the nucleotide sequenafe the
mitochondrial COIl gene o€Carbula scutellata using Forward and
Reverse primers.
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Table 5.7: Comparison of Nucleotide frequenoie€0OIl gene sequence Garbula scutellata with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU) | C A| G |T1| C1| A1| G1] T2 Cc2 A2 G2 T8 CBA3|G3
MH590777 Carbula scutellata (Kerala)| 33.3 | 19.9] 29.4 173 32 179 454 51 25 158 29.6.62 43| 26.0f 13.3 17.
GU247473 Carbula scutellata 304 | 20.1| 31.1 184 335 14]3 423 87 19 174 36.22P 38| 28.4| 14.7 19.
MG676483 Carbula insocia 340| 18.2| 31.8 16.0 32 13/8 536 5 26 153 29.6.62944 | 255 12.2 17.
KR032364 Chlorochroa uhleri 340 | 179 314 165 32 11/7 536 26 26 163 29.9.1P 44| 255 12.2 17.
LC209910 Eysarcoris guttigerus 355 | 16.5| 321 158 37 87 526 20 28 143 30.6.62742 | 26.5| 13.3 17.
KR037941 Chlorochroa granulosa 340| 179/ 31 16.7 32 117 531 31 26 163 29.9.1P 44| 255 12.2 17.
KR582065 Chlorochroa ligata 34.7| 170 321 162 32 112 551 15 28 143 29.9.1p 44| 255/ 127 17.
LC209923 Eysarcoris annamita 34.0 | 17.2| 325 163 32 11/7 546 20 28 18.8 29.6.1P 43| 26.00 13.3 17.
LC209891 Eysarcoris guttigerus 354 | 16.8| 321 156 36 102 526 15 28 143 30.8.62 43| 26.00 13.3 17.
KJ866504 Carbula biguttata 345| 165 327 163 34 9.2 556 15 26 14.8 30.1.62944 | 255 122 17.
JX231168 Epicephala mirivalvata 34.7| 165 321 167 31 122 546 20 28 12.8 29.6.62 45| 245 127 18.
KY492344 Tolumnia basalis 36.2 | 158/ 31.4 163 34 102 536 20 B0 11.7 29.8.1P 45| 255 117 17.
KU874601 Chlorochroa rossiana 349 | 170 31.8 163 33 112 536 26 28 143 29.8.6QR 44| 255 123 17.
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Table 5.8:

Percentage of evolutionary divergenc€abula scutellata with its

closely related species accessible from NCBI GekBan

S Accession . Per centage of
No. No Organism divergence
1. MH590777 | Carbula scutellata (Kerala)

2. MG676483| Carbula insocia (Punjab) 11.87%
3. LC209910 | Eysarcoris guttigerus 22.42%
4. LC209923 | Eysarcoris annamita 22.99%
5. JX231168 | Epicephala mirivalvata 23.49%
6. LC209891 | Eysarcoris guttigerus 23.65%
7. KY492344 | Tolumnia basalis 24.43%
8. KJ866504 | Carbula biguttata 25.70%
9. GU247473| Carbula scutellata 25.83%
10. KR032364 | Chlorochroa uhleri 26.08%
11. KR037941 | Chlorochroa granulose 26.51%
12. KR582065 | Chlorochroa ligata 26.55%
13. KU874601 | Chlorochroa rossiana 27.05%

99

100 | KR032364 Chlorochroa uhleri
KR037941 Chlorochroa granulosa

79

99

99

[ KR582065 Chlorochroa ligata

1 100 KU874601 Chlorochroa rossiana
KJ866504 Carbula biguttata

KY492344 Tolumnia basalis

100 I: LC209910 Eysarcoris guttigerus
LC209891 Eysarcoris guttigerus

92 l LC209923 Eysarcoris annamita

100 L JX231168 Epicephala mirivalvata

MG676483 Carbula insocia

@ MH590777 Carbula scutellata (Kerala)

M

0.05

GU247473 Carbula scutellata

Figure 5.24: Phylogenetic relationship Gérbula scutellata inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 88.2% sequence similarity to the same genusrtegp from Punjab
(MG676483). The number of base substitutions peer Isetween sequences were
analysed using the Maximum Composite Likelihood etodhe COI sequence of
Carbula scutellata showed bias to nucleotide AT, with following compios of
nucleotides T = 33.3%, C = 19.9%, A = 29.4% and G&7=3%. This greater AT
content (62.7%) over GC content (37.2%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the etrohary period of timeCarbula
scutellata showed variation in the total composition of notide in each of the
position of codons in comparison with other relaspécies isolated from different

geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 11.87% ta02% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (24)8With those from Punjab
while 27.05% from USA (Table 5.8). On the basishef data observed this species
may be rooted from those found in USA which diverieto different clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes fribrose reported from USA during

the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species @drbula scutellata with related specieCarbula
scutellata isolated from Kerala \i[H590777%) showed 11.87% divergence with
(MG676483) Carbula insocia from Punjab and 27.05% divergence with
Chlorochroa rossiana (KU874601) from USA.The phylogeny tree generated by

using NJ method reveals the phylogenetic statu@aobula scutellata isolated from
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Kerala. Closest relative ofarbula scutellata is Carbula insocia from Punjab

represented within the same clade.
5. Halyomorpha halys (Stahl, 1855)

Soecimen details:

Voucher specimen : CUHH-02-A1

Date of collection . 28- Mar-2016

Locality : Eranakulam: Aluva
Lat- Lon : 10.1076° N, 76.3457° E
GenBank accession : MH674109

Description and Distribution

The adult Halyomorpha halys are

larger than other native stink bug specie
ranging from 12 to 17 mm in length (Figure
5.25). The base colour is a mixture of bro
dark red and black on the dorsal surface,
a beige or cream colored ventral surfa
punctuated with metallic green markings ¢
the ventral thorax. Key identification feature Fig. 5.25:Halyomorha halys
of the adult include white bands on antennae
and legs, green arrows representing the bandintpeantennae, absence of humeral
spines and alternating dark and light bands omtaegin of the abdomen (Aldrich et

al., 2009). The brown marmorated stink bHglyomorpha halys is native to eastern

Asia, including China, Taiwan, Korea, and Japare(éeal., 2013).
Damage

Halyomorpha halysis highly polyphagous in both its native and inedd
rangesH. halys, both nymph and adult causes direct damage tdagplanportantly

to many commercial crops, through its feeding #@ttiy and can cause indirect
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damage through the transmission of plant diseasdading Paulownia witches’
broom (Joseph et al., 2016).

Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Halyomorpha
halys collected has been amplified using the primer BThable 3.1). The PCR
amplification yielded 596 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 5.26 29 5Srespectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 5.9.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition dflalyomorpha halys voucher collected during the present
study (Table 5.9). It showed bias to nucleotide Aith nucleotide composition
with T = 33.3%, C = 19.9%, A = 29.4% and G = 17.3%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related spgeateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.10 and Figure 5.25 respedtivel
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>Halyomorpha halys CDS-2018/ 596 bp / cytochrome oxidase subunitQIjC
gene, partial cds; mitochondrial / voucher CUHHAR-

> Halyomorpha halys

ATAGTAGGGTCATCATTAAGATGAATTATCCGGAT TGAAT TAGGTCAACCAGGACCCTTC
ATTAACGATGACCAAATTTATAATGTAGTAGTAACAGCTCATGCCTTTTATTATAATTTTC
TTTATAGI TATGCCAATCATAATTGGAGGATTTGGTAATTGATTAGTACCCTTAATAATT
GGAGCCCCTGATATAGCATTCCCCCGACT TAACAATATAAGATTTTGACTTTTACCTCCT
TCATTAACATTATTAATCACTAGAAGTATAGT TGAAAAGGGAGCTGGAACAGGATGAACA
GTATACCCGCCTTTATCAAGCAACAT TTCCCACAGAGGAGCCTCAGTAGACCTAGCTATC
TTTTCATTACACTTAGCAGGAGTATCATCAATCTTGCGAGCAATTAACTTCATCTCAACC
ATTTCAAATATACGACCAAGAGGAATAATCCCAGAACGAATTCCTTTATTCGTATGATCA
GIAGGAATTACCGCAATTCTTCTACTTACATCACTACCAGTACTAGCAGGAGCTATTACA
ATACTTTTAACTGATCGAAACCTAAATACATCATTCT TTGATCCAACAGGAGGAGG

Figure 5.26: The partial DNA sequence of the mitoarial COI gene of
Halyomorpha halys

0 595
|

Figure 5.27: Molecular barcode of the mitochond@#l gene ofHalyomorpha
halys

> Halyomorpha halys / 198AA / cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUHH-02-A1

\

> Halyomorpha halys

MVGSSLSW | RI ELGOPGPFI NDDQI YNVWTAHAFI M FFMVIVPI M GGFGNW.VPLM
GAPDIVAFPRLNNVSFW.LPPSLTLLI TSSMEKGAGT GM VYPPLSSNI SHSGASVDLAI
FSLHLAGVSSI LGAI NFI STI SNVRPSGM PERI PLFWASVGE TAI LLLTSLPVLAGAI T
M_LTDRNLNTSFFDPTGG

Figure 5.28: The translation product of the mitouthdal COI gene of
Halyomorpha halys
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Sample  :P47_CP1.FORWARD_7173-9_P1056 Runstar:  2017/12/04 21:2347
Trim Start :19 Run stop: 2017/12/04 23:21:22
Halyomorpha halys Trim End 671 PDF created: 2017/12/07 15:46:41

Qv20 Bases :652

TAT GAGCT GG A TAGTAGGGI CAT CAT TAA GAT GAAT TAT CC GGAT TGAATTA GGT CAACCA GG ACCCTTCATTAACGATGACCAAAT TTATAAT GTAGTAGTAACAGCTCATGCTTTT
10 0 30 5 60 70 80 90 100 110

o Mo oA s Wi M st VAR AM A i A/\A/\/\,w WAMVJ\AA

AGATTTT GACTTTTACCTCCTTCATTAACAT
230 %

ATTATAATTTTCTTTATAGTTAT GCCAATCATAATT GGAGGAT TTGGTAATTGATTAGTACCC TTAATAATT GGAGCCCC TGATATAGCAT TCCCCCGACTTAACAATATA,

120 130 140 150 160 1 180 190 200 210 220 23 240 250 26/
A .
AN AN afn M astansiant e stsann et sathannanaasll AWMANAAN AN ManaV AN,
[TATTAAT CACTAGAAGTATAGTTGAAAAGGGAGCTGGAACAGG ATGAACAGT ATACCCGCCTTTATCAAGCAACATT TCCCACAGAGGAGCCTCAGTAGACCTAGCTATCT TTTCAT TACACTTAGCAGGAGTATCATCAATC
280 290 300 310 320 330 340 350 360 370 380 390 400

M afanal paan A AM AN AN AN A AN INAAAAANAA 0 AN AN A AN AN AN AN A AR

TTGGGAGCAATT AACTTCATCTCAACCATTTCAAATAT ACGACCAAGAGGAAT AAT CCCAGAACGAATTCCTTTAT TCGTATGAT CAGTAGGAAT TACCGCAATTCTTCTACT TACAT CACTACCAGTACTAGCAGGAGCTA
3 40 470 480 490 500 510 520 530 540

430

) A AN AN WA I i pd AW T N N L v

[ TACAATACTTT TAACTGAT CGAAACCTAAATACATCAT TCTTTGATCCAACAGGAGGAGGAGACCCTATCTTATATCAACACT TATTT TGATTTTTTGGACAICA G
550 560 570 580 590 600 610 620 640 650

L T T D e e o

Sample  :P47_CP1.REVERSE_7173-10_P1056 Run start: 2017/12/04 21:23:47
Trim Start :27 Run stop: 2017/12/04 23:21:22

Halyomomha halys Trim End 671 PDF created: 2017/12/07 15:46:43

Qu20 Bases :644

TCCTCCTCCTGTTGGAT CAAGAAT GAT GTAT TTAGGTTTCGATCAGT TAAAAGTAT T GTAATAGC TCCTGC TAGTACT GGTAGTGATGTAAGTAGAAGAAT TGC GGTAATTCC
30 4 5 0 i 0 90 100 110

50

ATTCCTCTTGGTCGTATATT TGAAATGGT TGAGATGAAGT TAATTGCTCCCAAGATTGATGAT ACTCC TGC TAAGTGTAATGAAAAGATAGCTAGGTCTACTGAG
0 0 9 2 230 240 250

TACTGATCATACGAATAAAGGAATTCGTTCTGGGAT T
20 3 5 160 170 180 190 200 210 220 2

130 140 150

ootV oot it arscatteetn st sttt

ATATTGITAAGICGGGGGA
3 390

380

GCTCCTCTGTGGGAAATGI TGCTTGATAAAGGCGGGTATACT GTTCATCCTGTTCCAGCTCCCTTTTCAACTATACTT CTAGTGAT T AATAAT GTTAAT GAAGGAGGTAAAAGICAAAAT CTT:
260 270 280 290 300 310 320 330 340 350 360 370

TATAATAAAAGCATGAGCTGTTACTACTACAT TATAAAT TT GGTCATCGT TAAT GAAG
490 500 510 520 530 54

TGCTATATCAGGGGCTCCAATTATT AAGGGTACTAAT CAATTACCAAATCCTCCAAT TAT GATTGGCATAACTATAAAGAAAAT
400 410 420 430 440 450 460 470 48

0

/J\/W el M N etV e M e VW vl

GGTCCTGGTTGACCTAATTCAAT CCGGATAATT CATCTTAATGAT GACCCTACTAT TCCAGCTCAT AT ACCAAATAT GAAGT AT AGT GT TCCAAT ATCT TTAT
550 560 570 § 590 600 610 620 630 640 A

Figure 5.29: Electropherogram showing the nucleotide sequenae the
mitochondrial COI gene oHalyomorpha halys using Forward and

Reverse primers.
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Table 5.9: Comparison of Nucleotide frequencie€01 gene sequence Bfalyomorpha halys with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU| C | A | G |T1| C1| All G1| T2 C2 AZ G2 T8 CBA3|G3
MHG674109 Halyomorpha halys 309 | 20.1| 3314 159 24 17/6 322 266 42 26.6 136.1| 27| 16.2 53.5 3.0
HQ105989 Neoneides muticus 36.6 | 14.3| 339 153 29 14[1 317 256 #4 246 138.1| 37| 40| 56.4 2.0
GQ292219 Acanthocoris sordidus 33.1| 18.0| 31.5 174 27 151 322 261 43 261 128.6/| 30| 12.6 50.0 7.4
KR036557 Drymus unus 309 | 183| 36.4 143 23 17/6 352 246 44 253 136.7| 26| 12.1] 60.8 1.5
KM021994 Phytocoris dimidiatus 33.1| 17.1| 34 151 28 13/6 317 271 44 253 137.2| 27| 12.6 59.1 1.
KU242572 Macrocheraia grandis 31.2| 186| 351 151 23 1911 317 266 44 261 12A81| 27| 106 61.6 5
MF673706 Pentatomidae sp. 324 | 193] 320 163 27 14/6 307 281 44 258 12A82| 27| 17.6] 53.3 2.5
KY835820 Coreidae sp. 36.7 | 15.4| 327 151 29 15]1 296 26.6 45 253 127.7| 37| 6.0| 56.3 1.0
KX523454 Probergrothius sexpunctatus | 30.4 | 18.6| 352 158 22 19]1 327 261 #3 258 128.7| 26| 11.1 60.3 2.5
KR041581 Criustristicolor 33.1| 16.4| 349 156 25 166 312 276 44 258 128.7| 31| 7.0| 60.8 1.5
KM022490 Berytinus crassipes 332 | 17.4| 337 156 26 16/6 307 26.6 44 242 1382| 29| 11.6 57.3 2.
KM021972 Neides tipularius 376 | 136/ 329 159 30 12)6 317 261 44 258 1mB.2| 39| 25| 553 3.5
KR579718 Emblethis vicarius 289 | 225/ 331 156 23 19]1 322 261 44 263 12A8.2| 20| 22.1 543 3.5
KRO035951 Tropidosteptes amoenus 324 | 168/ 359 149 26 146 332 266 45 253 12A8.2| 27| 10.6 61.§ 1.0
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Table 5.10: Percentage of evolutionary divergerfcdabyomorpha halys with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. MH674109 | Halyomorpha halys (Kerala)

2. KR036557 | Drymus unus (Canada) 26.60%
3. GQ292219| Acanthocoris sordidus 26.65%
4. KM021994 | Phytocoris dimidiatus 27.32%
5. HQ105989 | Neoneides muticus 27.97%
6. KR035951 | Tropidosteptes amoenus 29.04%
7. MF673706 | Pentatomidae sp. 30.30%
8. KMO022490 | Berytinus crassipes 30.42%
9. KY835820 | Coreidae sp. 30.62%
10. KR041581 | Oriustristicolor 30.69%
11. KU242572 | Macrocheraia grandis 31.29%
12. KX523454 | Probergrothius sexpunctatus 31.49%
13. KM021972 | Neidestipularius 31.49%
14. KR579718 | Emblethis vicarious 31.62%
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100

38
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0.05

HQ105989 Neoneides muticus

KMO021972 Neides tipularius
KM022490 Berytinus crassipes
@ MH674109 Halyomorpha halys

GQ292219 Acanthocoris sordidus

KU242572 Macrocheraia grandis
KX523454 Probergrothius sexpunctatus

MF673706 Pentatomidae sp.

KY835820 Coreidae sp.

KR579718 Emblethis vicarius

KR036557 Drymus unus

KR041581 Orius tristicolor

KM021994 Phytocoris dimidiatus

KR035951 Tropidosteptes amoenus

Figure 5.30: Phylogenetic relationship léélyomorpha halys inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 73.4% sequence similarity to the related geremorted from Canada
(KR0O36557). Even though this species has been fanndarious geographically

isolated areas, their sequence shows wide variation

The number of base substitutions per site betvseenences were analysed
using the Maximum Composite Likelihood model. ThellCsequence of
Halyomorpha halys showed bias to nucleotide AT, with following comjpims of
nucleotides T = 30.9%, C = 20.1%, A = 33.1% and ®&59%. This greater AT
content (64.0%) over GC content (36.0%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the wettohary period of time.
Halyomorpha halys showed variation in the total composition of nutié® in each
of the position of codons in comparison with othelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Even though the COI sequences has legmrted from different
geographical locations, it showed only 26.60% ta63% differences in the
nucleotides sequences. The divergence table plditesdmaximum likely hood
method clearly showed that it has divergence (26)6@ith those from Canada
while 31.62% from Canada (Table 5.10). On the basithe data observed this
species may be rooted from those found in Canadahwdiverted into different
clades due to geographical variation. Result tluladed that this species doesn't
have any major changes in India while slightly aesfrom those reported from

Canada during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species éfalyomorpha halys with related species.
Halyomorpha halys isolated from KeralaMH674109 showed 26.60% divergence
with Drymus unus (KR036557) from Canada and 31.62% divergence with
Emblethis vicarious (KR579718) from Canadalhe phylogeny tree generated by
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using NJ method reveals the phylogenetic statusiasfomorpha halys isolated
from Kerala. Closest relative éfalyomorpha halys is Acanthocoris sordidus from

Korea represented within the same clade.
6. Zicrona caerulea (Linnaeus, 1758)

Specimen details:

Voucher specimen . CUzC-01-A1

Date of collection : 03- Feb-2016

Locality :  Malappuram: Parappanangadi
Lat- Lon : 11.0605° N, 75.8508° E

GenBank accession : KU201287
Description and Distribution

Zicrona caerulea, belonging to are

commonly named as Blue shield-bug (Figu
5.31). Adult size range about 5-8 mm (0.2(
0.31in). The dorsal body is uniformly metall
blue-green and in the immatures the abdome
red with black markings. The distinguished featu ‘ g
. ) ) Fig. 5.31:Zicrona caerulea
include absence of subapical spine on forefemd®e®

This species is present in Eurasia and in North dgae
Damage

These bugs are known to be useful predators df lhestles of the
genusAltica, but it also feeds upon plants. The adult feedtherleaves and stem of
the plant (Lee et al., 2013).

Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial CéneyofZicrona caerulea
collected has been amplified using the primer BUGab{e 3.1). The PCR
amplification vyielded 490 bp long product. The DNsequence interpret,
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representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 5.32 35 5respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 5.11.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition oZicrona caerulea voucher collected during the present
study (Table 5.11). It showed bias to nucleotide, &ith nucleotide composition
with T = 38.0%, C = 16.7%, A = 29.2% and G = 16.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.12 and Figure 5.36 respedfivel
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>Zicrona caerulea CDS-2016/ 490 bp / cytochrome oxidase subunit | (COI)
gene, partial cds; mitochondrial / voucher CUZC-01-Al

> Zicrona caerulea

TTTATTGGAGATGACCAAATTTATAATGT GGTAGT TACAGCTCATGCCTTTGI TATAATT
TTCTTTATAGI TATACCAATTATAATTGGAGGATTTGGGAATTGACTAGI TCCTTTAATA
ATTGGAGCCCCTGATATAGCATTTCCTCGAATAAATAATATAAGATTTTGACTGT TACCC
CCTTCATTAACACTCCTAATAAT TAGT AGAT TAACAGAAGCAGGEGECCCGAACT GGGTGA
ACAGTTTATCCTCCTTTATCTAGTAATCTTTCCCATAGAGGAGCTTCAGI TGATTTAGCT
ATTTTTTCATTACATTTAGCAGGAGTATCTTCTATTTTAGGAGCTGTAAATTTCATTTCT
ACGATTATTAATATACGACCAGCAGGAATAATTCCTGAACGAATTCCTTTATTCGITTGA
TCAGTTGGAATTACAGCATTATTATTACTTCTTTCATTACCT GTACTAGCAGGAGCTATT
ACTATACTAT

Figure5.32: The partial DNA sequence of the mitochondrial COI gene of Zicrona
caerulea

0 489
|

Figure5.33: Molecular barcode of the mitochondrial COl gene of Zicrona
caerulea

> Zicrona caerulea / 145AA | cytochrome oxidase subunit | (COI) gene,
partia cds; mitochondrial / voucher CUZC-01-A1

> Zicrona caerulea

M FFMWMPI M GGFGNW.VPLM GAPDVAFPRVNNVEFWLLPPSLTLLM SSLTEAGAGT
GWMVYPPLSSNLSHSGASVDLAI FSLHLAGVSSI LGAVNFI STI | NMRPAGM PERI PLF
VWEVGE TALLLLLSLPVLAGAI TML

Figure5.34: The trandation product of the mitochondrial COIl gene of Zicrona
caerulea
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Sample :PB1_PA.F_22403-1_7673 Run start: 2015/08/12 10:16:53
Trim Start :30 Run stop: 2015/08/12 12:33:03

Zicrona caerUIea Trim End :565 PDF created: 2015/08/12 12:41:55

Qu20 Bases :535

TTTATT G GAGAT GACCAAAT TTATAAT GT GGTAGT TACAGCTCATGCCT TTGTTATAAT TTTCTT TATAGT TATACCAAT TATAATT GGAGGATTT GGGAATTGACTAG
10 20 30 40 50 60 70 80 90 100

TTCCTTTAATAATT GGAGCCCC TGATATAGCATTTCCTCGAATAAATAATAT AAGATTTT "TGTTACCCCCTTCAT TAACACT CCTAATAATTAGTAGAT TAACAGAAGCAGGGGCCGGAACTGGGT GAACAGTTTATCCT
110 120 R 210 220 230 240 250

CCTTTATCTAGTAATCTTTCCCATAGAGGAGC TTCAGTTGATTTAGCTATTTTTTCATTACATTT AGCAGGAGTATCTTCTATTT TAGGAGCT GTAAAT TTCATTTCTACGATTATT AATATACGACCAGCAGGAATAATTCC
260 270 280 290 300 310 320 330 340 350 360 370 380 390

[TGAACGAATTCCTT TAT TCGTTTGATCAGT TGGAAT TACAGCATTATTATTACTTCTT TCAT TACCT GTACTAGCAGGAGCT AT TACTATACTATTAACTGACCGAAATT TCAATACAT CTTTCTT TGATCCTTCAGGG
400 410 420 430 440 450 460 470 480 490 500 510 520 530

Sample :PB1_PA.R_22403-2_7673 Run start: 2015/08/12 10:16:53
5 Trim Start :20 Run stop: 2015/08/12 12:33:03
Zlcrona caeHI]ea Trim End  :564 PDF created: 2015/08/12 12:41:57

Qv20 Bases :544

GTTA TAGTATA GTAATA GCT CCT GC TAGTACAGGT AAT GAAAGAAGTAATAAT AAT GCT GTAAT TCCAACTGAT CAAACGAATAAAGGAATTCGTTCAGGAATTATTCCTGCTG
10 20 30 40 50 60 70 80 90 100

110

S TCGTATAT TAATAATCGTAGAAATGAAATTTACAGCTCCTAAAATAGAAGAT ACTCC TGCTAAATGTAAT GAAAAAATAGCTAAATCAACTGAAGCTCC TCTATGGGAAAGAT T ACTAGATAAAGGAGGATAAACTGTTCAC
120 130 140 150 160 170 180 190 200 210 220 230 240 0

AVt A AN AR A A /‘/\/\/\/\/\AA ol et i AW VA At

CCAGTTCCGGCCCCTGCTTCTGTTAATCTACTAATTATTAGGAGT GTTAAT GAAGGGGGTAACAGTCAAAAT CTTATATTAT TT AT TCGAGGAAAT GCTATATCAGGGGCTCCAATTATTAAAGGAACT AGTCAATTCCCAA
260 270 280 290 300 310 320 330 340 350 360 370 380 390

reashdvnasadaven it sAtsasafaaaiany AWM e SMANA A A AN e fiArran

ATCCTCCAATTATAATTGGT ATAACTAT AAAGAAAATTATAACAAAGGCAT GAGCTGT AACT ACCACATTATAAATTT GGTCATCTCCAATAAATCT TCCGGGTTGTCCTAATTCAATCCGAATAATTAATCTT ATTGCT GAT|
400 410 420 430 440 450 460 470 480 490 500 510 520 530 540

Figure 5.35: Electropherogram showing the nucleotide sequenake the
mitochondrial COI gene oFicrona caerulea using Forward and
Reverse primers.
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Table 5.11: Comparison of Nucleotide frequencieS®©I gene sequence dicrona caerulea with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G |T-1]C1| A1| G-1| T-2|C-2| A-2| G-2| T-3| C-3| A3 | G-3
KU201287 Zicrona caerulea (Kerala) | 38.0 | 16.7| 29.2| 16.1| 25 | 17.1| 29.3| 28.7| 45 | 27.0| 11.7| 16.0| 44 | 6.1 | 46.6 3.7
GQ292256 Zicrona caerulea 36.3| 15.7/ 30.4| 17.6| 23 | 15.9/ 31.1| 29.9| 43 | 245/ 129|19.6| 43 | 6.7 | 47.2 3.1
KY063087 Arma chinensis 35.1| 15.7/ 31.0| 18.2| 25 | 14.0/ 29.3| 31.7| 42 | 23.9/14.7| 19.0| 38 | 9.2 | 49.1 3.7
KC155929 Arma custos 35.1| 15.7 31.2| 18.0| 25 | 14.0| 29.9| 31.1| 42 | 23.3| 15.3|19.0| 38 | 9.8 | 48.5 3.7
KY063105 Arma maculata 35.5| 14.9/ 31.6| 18.0| 26 | 12.8| 30.5| 30.5| 42 | 23.9/ 15.3| 19.0] 39 | 8.0 | 49.1 4.3
KY063102 Arma ferruginea 35.5| 15.1) 31.8| 17.6| 26 | 13.4| 30.5| 30.5| 42 | 23.9| 15.3|18.4| 39 | 8.0 | 49.7 3.7
KY063104 Arma koreana 34.7| 16.1 33.1| 16.1| 27 | 16.5| 29.9| 26.8| 41 | 21.5|/ 19.6| 17.8| 36 | 10.4| 49.7| 3.7
KM022180 Rhacognathus punctatus | 37.1 | 14.5/ 31.6| 16.7| 25 | 12.3| 31.3| 31.3| 42 | 25.8| 13.5|19.0| 45 | 55| 50.0 .0
KC155930 Arma tubercula 35.1| 15.9 31.0| 18.0| 24 | 15.2| 29.9| 31.1| 42 | 23.3| 15.3|19.0| 39 | 9.2 | 479 3.7
KY206884 Eurydema maracandica 37.3| 14.1) 33.3| 15.3| 31 | 14.6/ 28.7| 25.6| 41 | 21.5/ 19.6| 17.8| 40 | 6.1 | 51.5 2.5
KR346365 Podisus brevispinus 36.3| 16.3 29.2| 18.2| 26 | 13.5/ 30.1| 30.7| 43 | 24.5| 13.5| 19.0| 40 | 11.0{ 43.9| 4.9
KR816890 Thyrinteina leucoceraeca | 33.5| 18.8/ 30.4| 17.3| 21 | 17.2| 30.1| 31.3| 43 | 24.5| 12.9| 19.6| 36 | 14.6| 48.2| 1.2
KR042272 Podisus brevispinus 36.1| 16.5/ 28.8| 18.6| 26 | 13.5| 30.1| 30.7| 43 | 24.5| 13.5| 19.0| 40 | 11.6/42.7| 6.1
KY206854 Eurydema liturifera 345 | 145/ 35.3| 15.7| 26 | 15.2| 34.8| 24.4| 43 | 19.6|/ 20.9| 16.6| 35| 8.6 | 50.3 6.1
KX262839 Eurydema ventralis 35.3| 15.5/33.9| 15.3| 27 | 17.7/ 29.9| 25.6| 41 | 21.6/ 19.8|17.9| 38 | 7.3 | 51.8 2.4
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Table 5.12: Percentage of evolutionary divergence of Zicrona caerulea with its
closely related species accessible from NCBI GenBank

S Accession . Per centage of
No. No Organism divergence

1 KU201287 | Zicrona caerulea (Keraa)

2. GQ292256 | Zicrona caerulea (Korea) 1.80%

3. KY 063087 | Arma chinensis 17.09%

4. KC155929 | Arma custos 17.09%

5. KX262839 | Eurydema ventralis 18.37%

6. KR042272 | Podisus brevispinus 18.65%

7. KY?206854 | Eurydema liturifera 19.19%

8. KR346365 | Podisus brevispinus 19.36%

0. KY 063104 | Arma koreana 19.45%
10. KM022180 | Rhacognathus punctatus 19.79%
11. KY063105 | Arma maculate 20.49%
12. KY063102 | Arma ferruginea 20.49%
13. KC155930 | Arma tubercula 21.04%
14. KY?206884 | Eurydema maracandica 21.28%
15. KR816890 | Thyrinteina leucoceraea 21.70%

3 q KY206884 Eurydema maracandica
55 KY206854 Eurydema liturifera
56 KX262839 Eurydema ventralis
18 | KM022180 Rhacognathus punctatus
— @ KU201287 Zicrona caerulea (Kerala)
" 100 L 60292256 Zicrona caerulea
100 [~ KY063104 Arma koreana
L KC155930 Arma tubercula
39 e
99 | KY063105 Arma maculata
100 | KY063102 Arma ferruginea
KR816890 Thyrinteina leucoceraea
T — KR346365 Podisus brevispinus
100 L KR042272 Podisus brevispinus
0.02
Figure 5.36: Phylogenetic relationship of Zicrona caerulea inferred by NJ tree
method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 98.2% sequence similarity to the same genusteebfrom Korea (GQ292256).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COlws&ace oZicrona caerulea
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
38.0%, C = 16.7%, A = 29.2% and G = 16.1%. Thisagme AT content (67.2%)
over GC content (32.8%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Zicrona caerulea
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 1.80% to7@% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (1)8@%bh those from Korea while
21.70% from Netherlands (Table 5.12). On the bas$ithe data observed this
species may be rooted from those found in Nethéslavhich diverted into different
clades due to geographical variation. Result tliunladed that this species doesn’t
have any major changes in India while slightly aesfrom those reported from
Netherlands during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species dfrona caerulea with related speciesZicrona
caerulea isolated from KeralaU201287 showed 1.80% divergence withcrona
caerulea (GQ292256) from Korea and 21.70% divergence withyrinteina
leucoceraea (KR816890) from Netherland3.he phylogeny tree generated by using

NJ method reveals the phylogenetic statugiafona caerulea isolated from Kerala.
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Closest relative oZicrona caerulea is Zicrona caerule from Korea represented

within the same clade.
7. Oncopeltus nigriceps (Distant, 1903)

Spoecimen details:

Voucher specimen : CUON-01-A1l
Date of collection . 30-Nov-2017

Locality :  Kannur: Payyanur

Lat- Lon » 12.1051° N, 75.2058° E

GenBank accession : MH590766
Description and Distribution

According to Harry (1993) the ke

features of Oncopeltus nigriceps include -

Head and pronotum pilose (Figure 5.37), bo

| I—

1mm

red, with head, pronotum anteriorly, base _ il
Fig. 5.37:0ncopeltus nigriceps
scutellum, transverse band across middle ®8
corium and the membrane, black; the last with basgle and discal spot, white.
Pleurites with broad black bands, anteriorly. Sibwte is tumid and swollen with a
weak median longitudinal carina, lateral areas eatavated, lacks a subbasal
transverse carina, apical corial margin straightt imd wing possessing a subcosta
but lacking intervanals The majority of Lygaeidae kcerate-flush feeders (Schuh
and Slater, 1995). Similar to all Hemiptera, thesgess piercing—sucking mouth
parts and feed through a flexible feeding tubebpsgis. They are distributed in

India, China and Japan (Slater, 1972).
Damage

Both the adult and nymph are found usually onpibés of the plants, where
they feed on the developing seeds within the pods.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@heay of Oncopeltus
nigriceps collected has been amplified using the primer BTable 3.1). The PCR
amplification yielded 596 bp and 599 bp long praduor the specimens obtained
from two different locations. The DNA sequence liptet, representative molecular
barcode, conceptual translation product and elgbmgram are exhibited in
Figures 5.38 — 5.41 respectively and the comparnidqgrercentage of frequencies in

the nucleotide composition with its kin speciegeigresented in Table 5.13.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition @ddncopeltus nigriceps voucher collected during the present
study (Table 5.13). It showed bias to nucleotide, &ith nucleotide composition
with T = 34.2%, C = 17.0%, A = 32.8% and G = 15.9%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree catstt with NJ method are
exhibited in Table 5.14 and Figure 5.42 respedtivel
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> Oncopeltus nigriceps CDS-2018/ 599bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucher@\-01-Al

> Oncopeltus nigriceps

AGGCCATAGTAGGATCATCCATAAGATGAATTATTCGAAT TGAAT TAGGACAGCCAGGAAT
ATTCATTGGAAATGATCAAATTTATAATGT AATCGTAACAGCCCATCCCTTTATTATAAT
TTTTTTTATAGTAATACCTATTATAAT TGGAGGGT TCGGAAATTGGT TAGTACCTTTAAT
AATTGGEEECTCCTGACATGECATTCCCACGAATAAATAATATAAGATTTTGATTGCTACC
ACCTTCATTAACCTTGT TATTATCTAGAAGCAT TACAGAAAGAGGEGGECTGGAACAGGATG
AACTGTTTATCCTCCTCTATCAAATAGAATCTTTCATAGAGGECCCTTCTGTAGATATAAC
AATTTTTTCCTTACACCTAGCAGGTATCTCATCAATTCTAGGTGCTATTAATTTTATCTC
AACCATTATTAATATACGACCAACAGGTATGACCT TAGAAAAAATCCCACTATTTGTATG
ATCTGTAGGAATTACAGCCTTACTTCTACTATTATCATTACCAGTAT TAGCAGGAGCTAT
TACTATATTATTAACTGATCGAAACTTCAATACTTCATTTTTTGACCCTACAGGEGGAG

Figure 5.38: The partial DNA sequence of the mitoadrial COI gene of
Oncopeltus nigriceps

0 598
I

Figure 5.39: Molecular barcode of the mitochondi@DIl gene ofOncopeltus
nigriceps

> Oncopeltus nigriceps / 198AA / cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUON-01-Al

W

> Oncopeltus nigriceps

MVGSSMVBW | RI ELGOPGWFI GNDQI YNVI VTAHAFI M FFMWIVPE M GGFGNW.VPLM
GAPDIVAFPRVMNNVEFWL L PPSLTLLLSSSI TESGAGT GM VYPPLSNSI FHSGASVDMT |
FSLHLAGQ SSI LGAI NFI STI | NVRPTGUTLEKI PLFWASVG TALLLLLSLPVLAGAI T
M_LTDRNFNTSFFDPTGG

Figure 5.40: The translation product of the mitaulfreal COl gene oOncopeltus
nigriceps using Forward and Reverse primers.
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Sample :P.51a.F_CP1F_8343-5_P1283 Run start: 2018/01/27 13:53:11

- g Trim Start :32 Run stop: 2018/01/27 15:50:46
Oncopeltus mgI‘ICepS Trim End  :683 PDF created: 2018/01/30 18:23:49
Qu20 Bases :651

T CAGGCATAGTAGGAT CAT CCAT AAGAT GAATTAT T C GAATT GAAT TA GGACA GCCAGG AATAT T CATT GGAAAT GAT CAAAT TTATAAT GTAAT CGTAACAGCCCATGCCTT
10 30 ( 50 60 70 80 9 100 110

\ DA AN A Ao\ anand o cal\annn

[ITATTATAATTTTTTTTATAGTAATACCTAT TATAATTGGAGGGTTCGGAAATT GGT TAGTACC TT TAATAATTGGGGCTCCTGACATGGCATTCCCACGAATAAATAAT ATAAGATTTT GATTGCTACCACC TTCATTAACC
120 130 140 150 160 170 180 190 200 210 220 230 0 250

A Aanasn A Aanal Nesnannl pentAAAAANAN A an s n AN AnaAarsARaRsArall fanfaan Adaan)
I TGTTATTATC TAGAAGCATTACAGAAAGAGGGGCTGGAACAGGATGAACTGTT TATCCTCC TCTATCAAATAGAATC TTTCATAGAGGGGCT TCT GTAGATATAACAATT TTTTCCTTACACC TAGCAGGTATCTCATCAAT
260 270 280 290 300 310 320 330 340 350 360 370 380 390
Masnan AnaA AN s A sa AR AR A A A A AN AN A A A pansns NAAAMAAK Aoanalia
[ TCTAGGTGCTATTAATTT TATCTCAACCATTAT TAATATACGACCAACAGGTATGACCT TAGAAAAAATCCCACTATTTGT ATGAT CTGTAGGAATTACAGCCTTACTTC ATTATCATTACCAGTATTAGCAGGAGCT
400 410 420 430 440 450 460 0 80 4 00 520 530 54

\wAMANAAAMAAAN AN A A A AN AN M INANA AN AN A A A
ATTACTATATTATTAACT GAT CGAAACT TCAATACT TCATTT TTTGACCCTACAGGGGGAGGGGATCCTATTT TATACCAACAT TTGTTTT GATT TTTTGGACATCCAG AA
550 560 570 580 590 600 610 620 630 640 650
Leard N\l DAPNNNNNANY AN A A LAANNANNA AN M
Sample :P.51a.R_CP1R_8343-6_P1283 Run start: 2018/01/27 13:53:11
Oncopeltus nigriceps TimEna a1 POF cnatt 20181130 182560

Qv20 Bases :644

CTGTAGGGI CMAAAAT GAAGIAT'T GAAGI T'TC GAT CAGT TAATAATATA GITAATAGC TCCT GCTAATACTGGTAAT GATAAT AGI AGAAGTAAGGC T GIAATTCC
10 20 30 40 50 60 70 0 0 1 110

% Palsi Mt AV AV “M\/W\A[\Al\" O O A A e o

ACAGAT CATACAAATAGT GGGATTTTTTCTAAGGTCATACCTGTTGGTCGTATATTAATAAT GGT TGAGATAAAAT TAATAGCACC TAGAATTGATGAGATACC TGCTAGGTGTAAGGAAAAAATT GTTATAT CTACAGAAG
120 130 140 150 160 170 180 190 200 210 220 230 240 250

non . i fhoa N A i
AN“,N“\-AA/\AAN‘\ [nnanpdWiaal anannall AN rV\N\MAL\ fhadlina s AR AR

TGTAAT GCTTCTAGATAAT AACAAGG ATGAAGGT GGTAGCAAT CAAAA TAT
330 340 350 360

Wi AR /\A/\A/\/”“AAAAA/\/\AAA/\ [y

CTATGAAAGAT
60 27

[nn)

GCCATGTCAGGAGCCCCAATTATTAAAGGT ACTAACCAATT TCCGAACCCTCCAAT TATAATAGGTAT TACTATAAAAAAAATTATAATAAAGGCATGGGC TGT TACGAT TACAT TATAAATT TGATCATT TCCAATGAATAT
400 410 420 430 440 450 460 470 480 490 500 510 520 530 540

TCCTGGCTGTCCTAAT TCAATTCGAATAATTCATCTTAT GGAT GAT CCTACTATGCCTGATCAT AT TCCGAAT AT GAAGT ATAAAGT TCCAATATCTTTATG
550 560 570 580 90 600 61 62 4

6

Figure 5.41: Electropherogram showing the nucleotide sequenuke the

mitochondrial COI gene oDncopeltus nigriceps using Forward and
Reverse primers.
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Table 5.13: Comparison of Nucleotide frequenoifeSOI gene sequence Ghcopeltus nigriceps with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C | A| G |T1| C1| A1l| G1 T2 C2 A2 G2 TB C-BA3|G3
MH590766 Oncopeltus nigriceps (Kerala) | 34.2 | 17.0 32.4 159 33 108 505 54 Pp5 151 3587p 45| 25.3 124 17.
MH590767 Oncopeltus nigriceps (Kerala) | 34.4 | 17.2| 324 158 34 108 50.0 54 p5 156 3558.2P 45| 25.3] 124 17.
AB619246 Oncopeltus nigriceps 342|179/ 323 156 3% 11/3 484 54 p5 161 34472 43| 26.3 140 16.
KU 188489 Margarinotus niponicus 36.2| 158 321 159 33 9F 500 54 28 134 339202445 | 242 124 18
GQ292265 Ninomimus flavipes 35.1| 16.3| 32.6 159 34 10{2 495 65 P7 134 34872 45| 253 134 16.
KM023017 Tropidothorax leucopterus 36.7| 14.7| 339 147 33 75 554 16 B0 124 33.92p445| 24.2| 124 18.
KC425122 Oncopeltus fasciatus 35.1| 158/ 355 13.6 39 12|3 476 16 P8 156 36.0.4P2 39| 19.5 22.7 18.
KC425139 Lygaeus kalmii kalmia 358 | 152| 353 13.6 39 12{3 471 21 B0 134 36042 39| 20.0, 22.7 18.
KC425117 Neacoryphus nigrinervis 36.2 | 143 355 140 39 107 476 27 B0 13.0 3685P 40| 19.4 22.0 18.
KC425110 Lygaeus reclivatus 36.0| 151/ 351 138 39 11/8 465 27 B0 134 36042 39| 20.0 22.7 18.
KR037952 Melanopleurus pyrrhopterus 36.6| 154/ 330 151 38 75 505 43 26 151 35512346 | 23.7| 129 17.
KR032820 Lygaeospilus brevipilus 37.3| 152| 330 145 39 7.0 527 16 28 145 33.9723:45| 24.2| 124 18.
KR562526 Lygaeus reclivatus 37.1| 15.1| 331 142 38 75 543 B 28 184 34472345 | 242 124 18.
MF140487 Spilostethus pandurus militaris | 37.1 | 159| 32.3 147 38 9.7 505 16 27 13.4 34472446 | 24.7| 118 17.
KM021453 Arocatus longiceps 37.1| 16.1| 323 145 36 113 511 16 Bl 124 333.7R2 45| 247 124 18.
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Table 5.14: Percentage of evolutionary divergenc®rcopeltus nigriceps with
its closely related species accessible from NCBiEzaak

Sl. No. | Accession No Organism Pgs(e;;gﬁig

1. MH590766 | Oncopeltus nigriceps (Kerala)

2. MH590767 | Oncopeltus nigriceps (Kerala) 0.00%
3. AB619246 | Oncopeltus nigriceps 1.37%
4. KC425122 | Oncopeltus fasciatus 16.89%
5. KR032820 | Lygaeospilus brevipilus 18.35%
6. GQ292265 | Ninomimus flavipes 18.84%
7. KC425139 | Lygaeus kalmia kalmia 18.97%
8. KU188489 | Margarinotus niponicus 19.54%
9. KC425110 | Lygaeus reclivatus 19.55%
10. KR037952 | Melanopleurus pyrrhopterus 19.66%
11. KR562526 | Lygaeusreclivatus 20.82%
12. KM023017 | Tropidothorax leucopterus 21.53%
13. KM021453 | Arocatus longiceps 21.70%
14. MF140487 | Spilostethus pandurusmilitaris 22.64%
15. KC425117 | Neacoryphus nigrinervis 23.11%

KC425110 Lygaeus reclivatus
100 FE KR562526 l}.,flgaeus reclivatus
74 L keazstas Lygaeus kalmii kalmii
27 KC425122 Oncopeltus fasciatus

KC425117 Neacoryphus nigrinervis
36 o3 KR032820 Lygaeospilus brevipilus

KMO021453 Arocatus longiceps
KMO023017 Tropidothorax leucopterus

70

82 — KU188489 Margarinotus niponicus
w0l 6292265 Ninomimus flavipes

— ABG619246 Oncopeltus nigriceps

100 @ MH590766 Oncopeltus nigriceps(Kerala)

T' @ MH590767 Oncopeltus nigriceps(Kerala)
KR037952 Melanopleurus pyrrhopterus
—52| MF140487 Spilostethus pandurus militaris

0.02

Figure 5.42: Phylogenetic relationship @ficopeltus nigriceps inferred by NJ tree
method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 100% sequence similarity to the same genusteepivom Kerala (MH590767).
The number of base substitutions per site betweguesces were analysed using
the Maximum Composite Likelihood model. The COI s&ace of Oncopeltus
nigriceps showed bias to nucleotide AT, with following comjpiims of nucleotides
T =34.2%, C =17.0%, A = 32.8% and G = 15.9%. Thiater AT content (67.0%)
over GC content (32.9%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipeérof time.Oncopeltus nigriceps
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed 0 % to 23.11%extinces in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thosenfKerala while 23.11% from
USA (Table 5.14). On the basis of the data obsetivisdspecies may be rooted from
those found in USA which diverted into differentadés due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteonir USA during the course of

evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species @ncopeltus nigriceps with related species.
Oncopeltus nigriceps isolated from KeralaMH590767 showed 0% divergence
with Oncopeltus nigriceps (MH590767) from Kerala and 23.11% divergence
with Neacoryphus nigrinervis (KC425117) from USA. The phylogeny tree
generated by using NJ method reveals the phylogers¢htus of Oncopeltus

nigriceps isolated from Kerala. Closest relative d@ncopeltus nigriceps is
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Oncopeltus nigriceps from Kerala andOncopeltus nigriceps from Japan represented

within the same clade.
8. Geocorisvarius (Uhler, 1860)

Spoecimen details:

Voucher specimen . CUGV-01-A1
Date of collection : 28-Nov-2017

Locality :  Kannur: Payyanur

Lat- Lon » 12.1051° N, 75.2058° E

GenBank accession : MH590772
Description and Distribution

Geocorisspecies are  commonl

known as big-eyed bugs (Figure. 5.43),

generalist omnivores insect occurri
naturally worldwide (Tamaki and Weeks
1972).Geocoris species prey on a variety @

insects, including economically importa

Imm

agricultural pests (Eastop, 1970) but are a Fig. 5.43:Geocoris varius
been reported to feed upon plant matera
(Tillman and Mullinex, 2003), mostly attacking theeds (Sweet, 1960). According
to Kobor (2018) only extreme base of head blackienexceeding the level of
ocelli. Antennal segment | ochraceous, segmenté brownish, segment II-11l with

apex ochraceous. Humeral angles with irregular amdous spot of various extent.
Punctuation of hemelytra fine, dense in M-R regiGompound eye large, without
stalk; compound eye curved backward and reachirigeggronotum. Body glossy
and dorsal exoskeleton coarsely punctate. Speti€eocoris predate also small
arthropods, although they primarily eat plant. Fbuistributed in India, China,

Formosa and Japan (Slater, 1972).
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Damage

Geocoris varius is an omnivorous generalist insect. The adult fepdon

plant material particularly on seedlings and yoptamts (Schuman et al., 2013).
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C&heay ofGeocoris varius
collected has been amplified using the primer LERb(e 3.1). The PCR
amplification yielded 515 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 5.44 47 Srespectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.15.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition ofseocoris varius voucher collected during the present
study (Table 5.15). It showed bias to nucleotide, &ith nucleotide composition
with T = 35.1%, C = 18.3%, A = 31.5% and G = 15.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.16 and Figure 5.48 respedtivel
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> Geocoris varius CDS-2018/ 515 bp / cytochrome oxidase subunit | IJCC(
gene, partial cds; mitochondrial / voucher CUGVAIL-

\ )

> (Geocorisvarius

AATTTTTTTTATAGT TATACCAATTATAATTGGAGGATTTGECAATTGATTAGTACCTTT
AATAATTGGAGCCCCAGATATAGCATTCCCCCGAATAAATAATATATCATTTTGACTTTT
ACCCCCTTCTTTAACATTATTATTATCAAGT AGAATAGT AGAAATAGGEGEECAGGAACCGG
ATGAACAGTATATCCTCCTCTATCAAATAGATTATTTCATAGAGGAGCATCAGTAGATAT
AGCAATCTTTTCATTACAT1CTAGCAGGAGT TTCATCAATTCTTGCGGECTATTAATTTTA
TTTCCACTATTATAAATATACGACCAGAAGGAATATCATCTGAACGAATTCCATTATTTG
TTTGATCAGTAGGGATCACTGCATTACTTTTACTCCTATCCTTACCCGT TTTAGCT GGGG
CTATCACTATATTATTAACAGACCGTAATATTAATACAACATTCTTTGACCCTACAGGAG
GGGGAGACCCTATCTTGTATCAACACTTATTCTGAT

Figure 5.44: The partial DNA sequence of the mityahrial COI gene o6Geocoris
varius

0 514
|

Figure 5.45: Molecular barcode of the mitochond@&ll gene ofGeocoris varius

> Geocoris varius / 168AA [/ cytochrome oxidase subunit | (COIl) gene
partial cds; mitochondrial / voucher CUGV-01-Al

> Geocorisvarius

MWMPI M GGFGNW.VPLM GAPDVAFPRMNNIVSFWL L PPSLTLLLSSSMEMGAGT GATV
YPPLSNSLFHSGASVDVAI FSLHLAGVSSI LGAI NFI STI MNVRPEGVISSERI PLFVWBV
G TALLLLLSLPVLAGAI TMLLTDRNI NTTFFDPTGGCGDPI LYQHLFW

Figure 5.46: The translation product of the mitaulfreal COI gene ofGeocoris
varius
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Sample  :P.46.F_Lepto.F_7333-3_P1087 Run start: 2017/12/11 18:47:43

Geocoﬁs Vaﬁus Trim Start :25 Run stop: 2017/12/11 21:02:10

Trim End :585 PDF created: 2017/12/14 15:16:00
Qv20 Bases :560

TAATTTTTTTTATA GTTATACCAAT TATAAT T GGAGGAT TT GGCAAT T GAT TAGTACCTT TAATAATT GGAGCCCCAGATATA GCATTCCCCCGAATAAATAATATATCATTTT
10 20 30 40 50 60 70 80 90 ) 110

100

oo M WA s issl v st iaanal raMaana/ anl A

IGACTT TTACCCCC TTCTTTAACATTAT TATTATCAAGTAGAATAGT AGAAATAGGGGCAGGAACCGGATGAACAGTATATCCTCCTCTATCAAATAGAT TATTTCATAGAGGAGCATCAGT AGATATAGCAATCTTTTCATT
120 130 140 150 6 180 190 200 210 220 230 240 250

MAMAAAMANAANAANAN A palnasfin s MR AN A s AR A AN AN AN AN A A AN s AN

CATCTAGCAGGAGTTTCATCAATTCTTGGGGCTATTAATTT TATTTCCACTATTATAAATATACGACCAGAAGGAAT ATCATCTGAACGAATTCCATTATTT GIT TTGATCAGTAGGGATCACTGCATTACTTTTACTCCTAT
260 270 280 290 300 310 320 330 340 350 360 370 380 390

\anAAA M/\r"wv\/\m/vm/\[\m/\/v\mm R MW s sl stV an s AN A A s M A e i

CCTTACCCGTT TTAGCTGGGGCTATCACTATATT AT TAACAGACCGTAATATTAATACAACAT
400 410 420 430 440 450 46(

TCTTTGACCCTACAGGAGGGGGAGACCCTATCTTGTATCAACACTTATTCTGAT TCT TTGGCCACCCTGAAGICTATAT
) 470 480 490 500 510 520 530 540

fonnhnanfinnny

TCTTATTTTACCTGGATTT

I A PPl e A s A s

550
vl
Sample :P.46.R_Lepto.R_7333-4_P1087 Run start: 2017/12/11 18:47:43
. 2 Trim Start :24 Run stop: 2017/12/11 21:02:10
Geocons varius Trim End :582 PDF created: 2017/12/14 15:16:02

Qv20 Bases :558

GA TCAGAATAAGT GI'T GATACAA GATAGGGT CTCC
20 30

JCCTCCTGTAGGGTCAAAGAAT GT TGTAT TAATATTAC GGTCT GTTAATAATATA GT GATAGCCCCAGC TAAAACGG
10 20 0 0

50 60 70 80 90 100 110

B ‘

0 A \
A /X [\ / A N W AV A A

(GTAAGGAT AGGAGTAAAAGTAAT GCAGTGATCCC TACTGATCAAACAAATAAT GGAATTCGTTCAGATGATAT TCC TTCTGGTCGTATATT TATAATAGT GGAAATAAAATTAATAGCCCCAAGAATTGATGAAACTCCTGCT
120 130 140 150 160 170 180 190 200 210 220 230 240 250

Vi inalesnaeansaflainaanton sttt enins s aasens i nainalae

AGATGTAAT GAAAAGATT GCTAT AT CTACTGAT GCTCCTCTATGAAATAAT CTATT TGATAGAGGAGGAT AT ACT GT TCATCCGGTTCCTGCCCCTATTTCTACTATTCTACTTGATAATAATAAT GT TAAAGAAGGGGGTA
260 270 280 290 300 310 320 330 340 350 360 370 380 390

e e anina oot el sl neassa s aiaan i vwian W oo s

AAAGTCAAAATGATATATTATTTATTCGGGGGAATGCTATATCTGGGGCTCCAAT TATTAAAGGTACTAAT CAATTGCCAAATCCTCCAATTAT AATT GGT ATAACTATAAAAAAAATT ATAATAAAGGCATGAGCT GTTAC|
400 410 420 430 440 450 460 470 480 490 500 510 520

A WA A A s Maas i i it s et Wi s s st iy

AATAACATTATAAATTTG T
550

540
Y S A\

Figure 5.47: Electropherogram showing the nucleotide sequenafe the
mitochondrial COI gene ofGeocoris varius using Forward and
Reverse primers.
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Table 5.15:

Comparison of Nucleotide frequencie€01 gene sequence Gkocoris varius with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T | C | A | G |T1| C1| A1l| G1] T2 C2 A2 G2 T- C-3| A3 | G-3
MH590772 Geocorisvarius (Kerala)| 35.1 | 18.3| 31.5 151 33 116 523 35 B30 163 295002 43| 26.9 12.9| 17.
GQ292262 Geocoris varius 340 | 17.9| 317 165 33 99 520 47 24 186 30.2.72644 | 250 12.8| 18.
KMO022381 Geocoris grylloides 342 | 165/ 342 151 33 87 576 12 27 1p.3 30.8.22643 | 246/ 140 18.]
HQ978682 Geocoris atricolor 36.1| 15.3] 328 157 39 58 529 23 26 1p.3 31.4.22643 | 240 14.0| 18.]
HQ105701 Geocoris pallens 36.3| 15.1| 324 16.1 38 6.4 517 35 27 151 31.4.22643 | 240 14.0| 18]
HQ105688 Geocoris bullatus 357 | 155 332 15% 37 7.0 541 17 27 1p.7 31.4.22643 | 240/ 14.0| 18.
KR039107 Neoneides muticus 36.3| 142 332 163 3§ 2.9 558 29 27 145 31472643 | 251 123 | 19
KU875103 Geocoris howardi 359 | 155/ 328 157 38 7.0 529 23 27 1p.7 31.4.22643 | 240/ 14.0| 18.
KU875099 Geocoris discopterus 36.5| 15.0/ 32.2 163 39 58 512 41 27 151 31.4.22643 | 240 14.0| 18]
KR034338 Jalysus wickhami 36.9 | 146/ 328 157 41 41 547 p 27 157 3J0.872643 | 240/ 129 19
KM022291 Geocoris dispar 33.8| 17.7| 332 153 32 11l6 552 12 26 169 30.B.7p 43| 246/ 140/ 18.
HQ105784 Jalysus wickhami 37.3| 155/ 322 150 41 52 5213 12 26 157 32.0.72645| 257 12.3| 17.
KRO37560 Peritrechus convivus 359 | 15.1| 342 148 3¢ 7.6 552 12 28 184 33.7.42443 | 246 135| 18.]
KM022926 Geocoris ater 355 | 16.1| 328 155 35 105 523 17 28 14.0 32.6.2p 43| 240/ 140/ 18.
HQ106089 Peritrechus convivus 36.9 | 142 344 146 38 52 558 p 29 1p8 33.742443 | 246| 135 18.

218



Table 5.16: Percentage of evolutionary divergenteéseocoris varius with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. MH590772 | Geocorisvarius (Kerala)

2. GQ292262| Geocorisvarius (Korea) 5.92%

3. KMO022381 | Geocoris grylloides 13.03%

4. KR039107 | Neoneides muticus 15.06%

5. KR034338 | Jalysus wickhami 15.14%

6. HQ105784 | Jalysus wickhami 15.14%

7. HQ978682 | Geocoris atricolor 16.61%

8. KM022926 | Geocoris ater 17.12%

9. KR037560 | Peritrechus convivus 17.13%

10. HQ106089| Peritrechus convivus 17.17%

11. KM022291 | Geocoris dispar 17.51%

12. HQ105701| Geocoris pallens 18.69%

13. KU875099 | Geocoris discopterus 18.71%

14. HQ105688| Geocoris bullatus 19.22%

15. KU875103 | Geocoris howardi 19.27%

04 I: HQ105701 Geocoris pallens
36 KU875099 Geocoris discopterus

{ HQ105688 Geocoris bullatus
97
98 KU875103 Geocoris howardi

99

74

HQ978682 Geocoris atricolor
KM022926 Geocoris ater
KM022381 Geocoris grylloides

98 KMO022291 Geocoris dispar

44

100 [ @ MH590772 Geocoris (Kerala)
| GQ292262 Geocoris varius
KR039107 Neoneides muticus

72

| KR034338 Jalysus wickhami

100 | HQ105784 Jalysus wickhami
— KR037560 Peritrechus convivus

0.02

0l HQ106089 Peritrechus convivus

Figure 5.48: Phylogenetic relationship Geocoris varius inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 94.1% sequence similarity to the same genustegbfrom Korea (GQ292262).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COlwauce ofGeocoris varius
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
35.1%, C = 18.3%, A = 31.5% and G = 15.1%. Thisagme AT content (66.6%)
over GC content (33.4%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Geocoris varius
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 5.92% to2I% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (5)9&#h those from Korea while
19.27% from USA (Table 5.16). On the basis of tatadbserved this species may
be rooted from those found in USA which divertedbimlifferent clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes fribrose reported from USA during

the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species G&ocoris varius with related speciesseocoris
varius isolated from KeralaMH590772 showed 5.92% divergence wi@eocoris
varius (GQ292262) from Korea and 19.27% divergence v@#ocoris howardi
(KU875103) from USA. The phylogeny tree generated by using NJ method

reveals the phylogenetic status @éocoris varius isolated from Kerala. Closest

220



relative of Geocoris varius is Geocoris varius from Korea represented within the

same clade.
9. Paraplesiusunicolor (Scott, 1874)

Soecimen details:

Voucher specimen : CUPU-01-A1

Date of collection . 30-Apr-2016

Locality : Malappuram: Nilambur
Lat- Lon : 11.2794° N, 76.2398° E
GenBank accession : MH590772

Description and Distribution

The plant feedingParaplesius unicolor,

has a body length range is 12-14mm (Figu
5.49). They possess green and light yellow
brown colour with scattered black spot; t
length of the head and front chest, back &
stomach is identical; the bottom of the body
yellowish brown and black center front, as JERSIRRIHEIEIIESTINgTe0 lols
whole body is bar shaped (Sun et al., 2012). igted in Temperate Asia, Eastern
Asia and Japan.

Damage

The adult and nymph either feed on the phloenooe nto the stem causing
complete death of the host plant (Sun et al., 2012)

Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C@hey of Paraplesius
unicolor collected has been amplified using the primer ETable 3.1). The PCR
amplification yielded 608 bp long product. The DNsequence interpret,
representative  molecular barcode, conceptual t#aosl product and
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electropherogram and are exhibited in Figures 5:58.53 respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.17.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition d?araplesius unicolor voucher collected during the present
study (Table 5.17). It showed bias to nucleotide, &ith nucleotide composition
with T = 34.3%, C = 18.7%, A = 29.3% and G = 17.7%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related spgeateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 5.18 and Figure 5.54 respedtivel
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> Paraplesius unicolor CDS-2018/ 608bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucherRI101-Al

> Paraplesius unicolor

GCTGCGATAGTGGGTACATCCTTAAGATGAAT TAT TCGTATTGAAT TAGGACAACCAGGA
TCTTTTATTGGTGATGACCAAATTTACAATACTATTGTAACTGCACATGCCTTTGTAATA
ATTTTCTTTATAGT TATACCTATTATAATTGGEEEEGT TTGGTAACTGATTAGTACCGT TA
ATAATCGGTGCTCCTGATATAGCAT TCCCACGAATAAACAATATAAGATTTTGACTACTT
CCTCCTTCTCTAACACTATTATTAACTAGTAGAAT TGT TGAAAAGGGAGT TGGTACAGGA
TGAACCGT TTACCCTCCTCTAGCAAGT AATAT TGCCCATAGAGGGCCTGCAGTAGATTTA
GCAATTTTTAGCCTTCACT TAGCAGGAGTATCTTCAATTTTAGGGGECTGTAAACTTCATT
TCAACTATTATCAATATACGT CCCAAGGGAATAAT TCCTGAACGAATTCCCTTATTTGTA
TGATCAGTAGCGATTACTGCCTTATTATTATTATTATCCCTCCCTGTACT AGCAGGAGCT
ATTACTATACTATTAACCGATCGAAACTTTAATACCT CATTCT TTGACCCAGCAGGEGEEGA
GGGGATCC

Figure 5.50: The partial DNA sequence of the mitmadrial COI gene of
Paraplesius unicolor

0 607

Figure 5.51: Molecular barcode of the mitochondi@Dl gene ofParaplesius
unicolor

> Paraplesius unicolor / 200AA / cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUPU-01-Al

> Paraplesius unicolor

MVGTSLSW | RI ELGOPGSFI GDDQI YNTI VTAHAFVM FFMVIVPI M GGFGNW.VPLM
GAPDIVAFPRWMNNVEFWL L PPSLTLLLTSSI VEKGVGT GM VYPPLASNI AHSGPAVDLAI
FSLHLAGVSSI LGAVNFI STI | NVRPKGM PERI PLFWASVG TALLLLLSLPVLAGAI T
MLLTDRNFNT SFFDPAGGGED

Figure 5.52: The translation product of the mitaultrdal COI gene oParaplesius
unicolor
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Sample :P.60_CP1FORWARD_7173-27_P1075 Run start: 2017/12/07 04:07:33

.- g Trim Start :24 Run stop: 2017/12/07 06:04:43
ParapleSIHS HHICOIOr Trim End  :676 PDF created: 2017/12/07 15:46:27
Q20 Bases :652

AGCTGGGAI \GI GGGl ‘(_\I CLI I \\G\lG\\l TAT I(GI ATTGAATTAGGACAACCAGG AT CTTTTATT GGT GATGACCAAATT TACAAT ACTATTGTAACT GCACATGCCTT
100 110

/ A MMWMMMMMW\{\ M*MJJ\’N\ANV\W\MMMMM MW\M N\AMM/W\N

GTAATAATTTTCTTTATAGT TAT. \CCT ATTAT: \\TTGGGGGGTTTGGT AACTG: \TT \GT ACCGTTAATAAT CGGTGCTCC TGATATAGCATTCCCACGAATAA \C\ ATATAAGATTTT GACTACTTCCTCCTTCTCTAACAC
120 130 150 180 190 200 210 220 230 240 250

aly i MMN\/\W\I\/\W I ANWM\AN‘WM\A/VJ\’\/W\AM ottt A

[TATTATTAACT. \Gl' \G \\TTGTTG \\\\GGG AGTTGGTACAGGATG. \\CCGTTT \CCCTCCT(T \GC AAGTAAT AT T GCCCAT/ \G \GGGCCTGC \GT AGATTTAGCAATTTTT! \GCCTTC \CTT \GC AGGAGTATCTTCAATT
260 290 300 310 330 360 390

il MI\A/W/\W\/\/\M mwmmwwwmww mwMM‘W\/\mN\ﬂM Lol

TTAGGGGCTGTAAACTTCAT TTCAACTATTATCAATATACGTCCCAAGGGAATAATT CCTGAACGAATTCCCTTATTT GTATGAT CAGT AGGGAT TACTGCCTT AT TATTATTAT TATCCCTCCCTGTACTAGCAGGAGCTA
400 410 420 430 440 450 460 470 480

510 520 530 540|

TTACTAT \Cl AT TAACCGATCGAAACT T TAATACCTC. \| TCTT |G\(‘(_(‘\G( AGGGGGAGGGGATCCTATTCTAT. \CC\\( ACCTATT l IG\I T IC)(‘I'\(\IC AGAA
550 560 570 580 600 610 650 /\
s e Yy
Sample :P.60_CP1.REVERSE_7173-28 P1080 Run start: 2017/12/08 10:08:15
P 1 . 3 1 Trim Start :15 Run stop: 2017/12/08 12:22:51
arapiesius unicolor Trim End 1663 PDF created:  2017/12/08 16:29:08

Qv20 Bases :648

AGG AT CCCC TCACCCTGCTGGGTCMAGAAT GAGGTATTAAAGITT C GAT CGGT TAATA GTATAGTAAT AGCTCCTGCTAGTACAGGG AGGGAT AATAAT AATAATAAGGCAGTAATCCCTA
10 20 30 40 50 60 70 80 90 100 110 120

IGAI(-\I-\( —\AMA\G(JGA-\I TCGTTCAGGAATTATTCCCT I(JGGALG[-\I—\I TGATAATAGT IGA-\AIG-\AGI 1 l-\(-\G((.(.( l-\%—\-\l TGAAGAT -\L [(( I'GC I—\-\GIGAA()G,IA-\\—\-\IIG( TAAATCTACTGCAGGCC
30 150 160 180 90 250 260

: a
iy «/\AAA/\/v‘\/w/\/\AA/\/\Am/h‘\ﬂA/\N\/\/\/\A/\/‘l\/\/\f”/\/\Af”‘ A Wi AN AR V\r“M/\/\/\[\AMw\A/\ﬁW\Wr /‘V\/\/\/\NM\A/W\AA/\M/\/\/\

CICI\I"GGGC%—\IAI TACTTGCTAGAGGAGGGT AAACGGTTCATCCTGTACCAACTCCCTTTTCAACAAT lClACli\Gl TAATAATAGT GIT: AG—\G{—\(E-\CGAAGI AGTCAAAATCTTATATT GITTATTCGTGGGAATGCT
2 280 290 300 310 320 330 34 350 360 371 380 390 400

I NN i W\/\/\/\/V\FN\/\A[\M/\N wwwd\/\/vwvmﬂ/ww‘wwmmww\ AN s A WMMN\MAM e

AT ATCAGGAGCACCGAT TATTAACGGTACTAAT CAGTT ACCAAACCCCCCAATTATAATAGGTATAACTATAAAGAAAATT AT TACAAAGGCATGT GCAGT TACAATAGTATT GT AAATTT GGTCATCACCAATAAAAG: \TC
490 500 510 520 530 540

410 420 430 440 450 460

Figure 5.53: Electropherogram showing the nucleotide sequenafe the

mitochondrial COI gene oParaplesius unicolor using Forward and
Reverse primers.
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Table 5.17: Comparison of Nucleotide frequencieS@I gene sequence Baraplesius unicolor with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU| C | A| G |T1| C1| A1l G1] T2 C2 A2 G2 T8 CBA3|G3
MH590770 Paraplesius unicolor (Kerala)| 34.3 | 18.7| 29.3 17.7 338 13/5 430 55 23 17.0 318.0p 43| 255 135 18.
GQ292200 Paraplesius unicolor 32.7| 19.0| 31.2 172 34 150 475 35 Pl 180 328.0Pp 44| 240 135 109.
KJ541631 Sictopleurus crassicornis 40.2 | 145/ 284 165 47 6.0 430 45 B0 18.0 30.502745| 245 13.0 18.
MG924623 Himacer us apterus 350| 155/ 33.2 163 34 65 570 30 27 155 29.55p845 | 245 13.0 175
KM022743 Stictopleurus abutilon 37.7| 155/ 31.2 157 39 85 505 25 80 1B.5 30.55Pp645 | 245 12.5 18.
LC099269 Lindbergicoris hochii 37.3| 17.3| 28.1 167 41 115 435 45 P8 145 30.05pP 44| 26.0 125 18.
MG924567 Himacer us nodipes 365| 153 32.3 158 36 9.0 540 20 29 1p.5 30.0.5P845 | 245 13.Q 18.
MG924534 Nabicula flavomarginata 33.2| 19.2| 31.3 163 34 13/0 510 20 Pp1 205 298.5pP 45| 240 135 175
LC099268 Lindbergicoris gramineus 37.7| 17.0| 285 168 41 115 425 55 P9 135 3030PpR 44| 26.0 125 18.
KM021640 Nabis flavomar ginatus 33.3| 19.0| 315 162 3% 125 515 15 P1 205 2985P 45| 24.00 13.5 175
KR032818 Notonecta kirbyi 357 | 158/ 333 152 3% 65 575 10 29 145 29552744 | 265 13.Q 17.
KM022180 Rhacognathus punctatus 382| 145/ 31.3 160 43 55 515 0 28 120 30.003044 | 26.0, 125 18.
HQ106088 Pentacora signoreti 348| 152| 342 158 35 55 585 15 26 155 31.0.5P744 | 245 13.0 185
HQ106390 Stictopleurus punctiventris 39.7| 14.2| 29.8 163 45 50 460 40 30 138.0 30.5.02745 | 245 13.Q 18.
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Table 5.18: Percentage of evolutionary divergenc®avaplesius unicolor with
its closely related species accessible from NCBiEzaak

Sl Accession . Per centage of
No. No Organism divergence

1. MH590770 | Paraplesius unicolor (Kerala)

2. GQ292200| Paraplesius unicolor (Korea) 9.15%

3. KM022180 | Rhacognathus punctatus 21.18%
4. LC099269 | Lindbergicoris hochii 21.20%
5. MG924623 | Himacerus apterus 21.27%
6. KJ541631 | Sictopleurus crassicornis 22.03%

7. LC099268 | Lindbergicoris gramineus 22.24%
8. MG924567 | Himacerus nodipes 22.61%
9. KM022743 | Stictopleurus abutilon 22.89%
10. HQ106088| Pentacora signoreti 23.86%
11. KM021640 | Nabis flavomar ginatus 24.17%
12. MG924534| Nabicula flavomarginata 24.17%
13. HQ106390| Stictopleurus punctiventris 24.51%
14. KR032818 | Notonecta kirbyi 24.92%

_67| @ MH590770 Paraplesius unicolor(Kerala)
28 GQ292200 Paraplesius unicolor
o —— LC099269 Lindbergicoris hochii
ol ) c099268 Lindbergicoris gramineus
KM022180 Rhacognathus punctatus
KMO022743 Stictopleurus abutilon
97 | KJ541631 Stictopleurus crassicornis
100 | HQ106390 Stictopleurus punctiventris
05 KR032818 Notonecta kirbyi
HQ106088 Pentacora signoreti
MG924623 Himacerus apterus
b 488' MG924567 Himacerus nodipes

41 — MG924534 Nabicula flavomarginata
100 L KM021640 Nabis flavomarginatus

M
0.02

Figure 5.54: Phylogenetic relationship Fdraplesius unicolor inferred by NJ tree
method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 90.9% sequence similarity to the same genustegbfrom Korea (GQ292200).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COI @w&ce ofParaplesius
unicolor showed bias to nucleotide AT, with following comptims of nucleotides T
= 34.3%, C = 18.7%, A = 29.3% and G = 17.7%. Thesater AT content (63.6%)
over GC content (36.4%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipeérof time.Paraplesius unicolor
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed 9.15% to 24.92fferénces in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has divergence (9.15%) with thosenfKorea while 24.92% from
Canada (Table 5.18). On the basis of the data wédehis species may be rooted
from those found in Canada which diverted intoat#ht clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteahirCanada during the course of

evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species ®araplesius unicolor with related species.
Paraplesius unicolor isolated from KeralaMH59077(Q showed 9.15% divergence
with Paraplesius unicolor (GQ292200) from Korea and 24.92% divergence
with Notonecta kirbyi (KR032818) from Canadalhe phylogeny tree generated
by wusing NJ method reveals the phylogenetic stawfs Paraplesius
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unicolor isolated from Kerala. Closest relative daraplesius unicolor is

Paraplesius unicolor from Korea represented within the same clade.
10. Cletus schmidti (Kiritshenko, 1916)

Spoecimen details:

Voucher specimen . CUCS-09-A1

Date of collection . 07-Sep-2016

Locality :  Malappuram: Calicut University
Lat- Lon : 11.1340° N, 75.8952° E

GenBank accession KX603656
Description and Distribution

Cletus schmidti (Figure. 5.55) are sap

feeders with small elongate body, dorse
reddish brown coloration, pale yellowish :
some places, ventrally pale cream in cold
legs of the same color as abdomen ventra
antennae reddish brown; head somew
triangular, eyes large relative to the size

1mm

head, ocelli slightly closer to eyes than to ea _ L
Fig 5.5E: Cletus schmidti
other, entire antenna granular and setoSt,
Rostrum long and extending beyond the mid coxXdard joint of antenna not
foliaceously dilated on each side, pronotum witierial angles not dilated, abdomen
profoundly ampliated; pronotal angles acutely pamtly abdominal segmental
angles not exteriorly acutely prodiet They are found to be distributalbng Asia-

Temperate, Eastern Asia, Korea, between KannvyaJsbeni (Kiritshenko, 1916).
Damage

The bugs are sap feeders, usually seen feedingames and fruits of the
host plants. It suck the skin of immature fruitseetwally influencing the seed

germination (Ding et al., 2004).
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Céney of Cletus schmiditi
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification vyielded 463 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual ##aosl product and
electropherogram are exhibited in Figures 5.56 59 5Srespectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.19.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition o€letus schmidti voucher collected during the present
study (Table 5.19). It showed bias to nucleotide, &ith nucleotide composition
with T = 37.7%, C = 16.1%, A = 30.7% and G = 15.5%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.20 and Figure 5.60 respedtivel
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> Cletus schmidti CDS-2017/ 463 bp / cytochrome oxidase subunit | I[JCC
gene, partial cds; mitochondrial / voucher CUCSA19-

> Cletus schmidti

AATTTATAATGT CATCGT TACAGCTCATGCATTCATTATAATTTTTTTTATAGTAATACC
TATTATAATTGGTGGGT TTGGAAACT GACT TGTACCATTAATAAT TGGEGCACCTGATAT
AGCATTCCCACGTATAAATAATATAAGATTTTGATTATTACCACCTTCACTAACCCTTTT
ATTGACTAGTAGAATAGT AGAAAAAGGT GCTGGAACT GGT TGAACAGT TTATCCCCCTCT
ATCAAGTAATTTATCACATAGAGGT GCATCAGTAGATTTAGCAATTTTCTCATTACATTT
AGCAGGAGTATCCTCGATTTTAGGGEGCTGI TAACTTTATTTCTACTATTATTAATATACG
CCCAGTAGGAAT GATCCCCGAGCGT ACCCCATTATTCGT TTGATCTGTAGGAATTACAGC
ACTTTTATTATTATTATCACTGCCTGT GT TAGCAGGAGCAATC

Figure 5.55: The partial DNA sequence of the mitoadrial COl gene ofletus
schmidti

0 462
I |

Figure 5.56: Molecular barcode of the mitochond@&ll gene ofCletus schmidti

[{%)

> Cletus schmidti / 142AA | cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUCS-09-Al

> Cletus schmidti

M FFMWMPI M GGFGNW.VPLM GAPDVAFPRVNNVEFWLLPPSLTLLLTSSMVEKGAGT
GWMVYPPLSSNLSHSGASVDLAI FSLHLAGVSSI LGAVNFI STI | NMRPVGM PERTPLF
VWEVG TALLLLLSLPVLAGAI

Figure 5.57: The translation product of the mitauiial COI gene ofCletus
schmidti
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Sample :LB.3_FOM.F_22632-1_7701 Run start: 2015/08/24 10:01:37

2 2 Trim Start :13 Run stop: 2015/08/24 12:17:40

Cletus schmidti Trim End :672 PDF created:  2015/08/24 13:37:53
Qv20 Bases :659

T GGATTT GAT CT GGTATAGTAGG AACTT CATTAAGTATAT TAAT T CGAACT GAAT TAGGTAAT CCAGGATCAT TAAT T GGTAAT GACCAAATTTATAAT GTAAT T GTTACT GCCCATGCAT
10 20 30 40 50 60 70 80 90 00 110 120

TTTACTT TTAATAAGT %()-\-\I TGT. \()A\\(HGGG(K'\(IQ\\( AGGT I()\\( TGTT IA((( TCC lIl\I(( ICT \AIAI I()(((-\I-\()A(J(JI(X ATCAATTGATC I-\()( I ATTTTTAGACTTCATTT! '\(J( TGGAATC [(AI(I
270 360 380

ot il NWW/II“”IMIWI\“N\IINVIW\NI/WIIWN\/M it

ATTTT. \(JG'I(II\II\\ITI I\I[\(\’\( \(JI\\I( \’\(’\'I \((JI(( ‘\(x(((;(x‘\\[\‘\(\ll\()\I(UI’\I()(( I'Tl \III(J1II(]\G( AGTAACAATTAC, \(}((J\I I TTACTGC I I(III(I(II((\GI\I I'\G(I(JG\(J
420 480 500

oot oo WMWIMWMMMW

\\IC\( T '\]\(‘[\II'\\(’IG\I((VI \\III\\\I \('I I(II]III]G\I(C\Cfc(ﬂ\Cﬁ\GG\GT((\\'\I((] TTATC: &\(\[II\IIIIG\IIIIIIGGI( (Cl(m
560 610 630 640

ww’ﬁm MMWMWW%MMMM

Sample :LB.3_FOM.R_22632-2_7701 Run start: 2015/08/24 10:01:37

. . Trim Start :14 Run stop: 2015/08/24 12:17:40

Cletus schmidti Trim End 668 PDF created:  2015/08/24 13:37:55
Qv20 Bases :654

GAIT GGGI(ILI ree I(TGG( TGGAT CAMAAAAAGAAGT \l T TAAATT. \(‘G\I(\GI TAATAGTAT \GIG\I TGCTCC \G( TAATAC] IGG\\G\G\\\G\\({ AGI \\\\I(‘G( TGTAAT l(‘l
30 60 10 12

100

ITACTGCTCAAACAAAT, \ \ AGGCAT. \CG \TCT A \TGTT \TTCCGGCTGG ACGT. \TGTTG ATT. \CTGTTGT AATAA, \\TT AATAGC, \CCT AAAATAGATGAGATTCC: \GCT AAAT GA: \GTCT AAAAAT AGCTAGATCAATT GATG
0 220 250 260

13

‘IMII/\/WMV\W\/W Wi AII/\/WMA/W_\IINMNIAN\WMIWMW\/MN\ ol ‘MMA/WV AW

CACCTCTATGGGCAATATT AGAGGAT AAAGGAGGGT AAACAGT TCAACCTGTTCCTGCCCCTCTTTCTACAAT TCTACTT ATTAAAAGT AAAAAT AAAGAAGGAGGT AGT AGCCAAAATCT TATATT GT TCAT TCGGGGGAA
270 280 290 300 310 320 330 340 350 360 370 380 390 400

[ GCTATAT CT GGGGCTCCGAT TATT AAAGGGAC TAATCAATTACCAAAACCACCAATTATAATAGGT ATTACCATAAAAAAAAT TAT AAT GAAT GCATGGGCAGT AACAAT TACAT TATAAATTTGGICATTACCAATTAAT
410 420 430 440 450 460 470 480 490 500 510 520 530 540 551

O T L O e L L L e

J\ICCIGG\I-I ACCTAAT IC/\GI TCGAAT I \\I ATACTT. \/\IG\\GIICC] ACTATACCAGAT CAAAT IC(\\\'\\I \\\\I ATAATGT ICC\‘\I \ICIII\I(iv
560 610

Mwwmmwm“m %@mmm MWM\

Figure 5.59: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene ofCletus schmidti using Forward and
Reverse primers.
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Table 5.19: Comparison of Nucleotide frequencieS@I gene sequence Gfetus schmidti with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G | T1|C1| A1|G1T-2|C-2| A-2| G-2| T-3] C-3 A3 G-3
KX603656 Cletus schmidti (Kerala) | 37.7 | 16.1) 30.7| 15.5| 43 | 8.4 | 445 4.2 | 26| 13.6 33.9| 26.3| 44 | 26.3| 13.6| 16.1
KP753681 Cletus trigonus 36.2 | 16.8/ 30.9| 16.1| 41 | 10.8| 44.6| 3.6 | 25| 15.1] 33.1| 26.6| 42 | 24.5| 15.1| 18.0
KP753680 Cletus trigonus 36.2| 16.8/ 30.9| 16.1| 41 | 10.8/ 44.6| 3.6 | 25| 15.1] 33.1| 26.6| 42 | 245/ 15.1| 18.0
KP753671 Cletus trigonus 36.0| 17.0] 30.7| 16.3| 40 | 11.5|/43.9| 43| 25| 15.1] 33.1| 26.6| 42 | 24.5| 15.1| 18.0
KP753566 Cletus pugnator 35.3| 18.2/ 30.2| 16.3| 39 | 14.4| 42.4| 43| 24| 15.8 33.1| 26.6| 42 | 245/ 15.1| 18.0
KP753564 Cletus pugnator 35.7| 17.7/ 30.0| 16.5| 40 | 129/ 41.7| 5.0 | 24| 15.8 33.1| 26.6| 42 | 24.5| 15.1| 18.0
KP753563 Cletus pugnator 35.5| 18.0/ 30.2| 16.3| 40 | 13.7|42.4| 4.3 | 24| 15.8 33.1| 26.6| 42 | 24.5| 15.1| 18.0
KP753626 Cletus schmidti 38.6| 15.1) 30.0| 16.3| 48 | 5.8 | 41.7 43| 25| 15.1] 33.1| 26.6| 42 | 245/ 15.1| 18.0
MG299062 Cletus punctulatus 35.6 | 16.4| 30.7| 17.3| 38 | 11.0| 45.2| 5.8 | 26| 14.3 32.5| 27.3| 43 | 24.0| 14.3| 18.8
KP753604 Cletus punctulatus 35.5| 17.0, 31.9| 15.6| 40 | 10.8| 47.5| 2.2 | 24| 15.8 33.1| 26.6| 42 | 24.5| 15.1| 18.0
KX351382 Cletus rubidiventris 34.7| 18.0] 30.9| 16.5| 37 | 13.4|455| 45| 25| 15.8 31.6| 27.8| 43 | 24.6| 15.7| 17.2
KP753538 Cletus graminis 345| 17.7/ 31.4| 16.3| 36 | 13.7| 46.0| 4.3 | 25| 15.1] 33.1| 26.6| 42 | 24.5| 15.1| 18.0
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Table 5.20:

Percentage of evolutionary divergenteCletus schmidti with its

closely related species accessible from NCBI GekBan

Sl. No. ACC on Organism Psri\(;?égig

1. KX603656 | Cletus schmidti (Kerala)

2. KP753681 | Cletustrigonus (China) 0.22%

3. KP753680 | Cletustrigonus 0.22%

4. KP753671 | Cletustrigonus 0.67%

5. KP753566 | Cletus pugnator 5.96%

6. KP753564 | Cletus pugnator 6.26%

7. KP753626 | Cletus schmidti 6.43%

8. KP753563 | Cletus pugnator 6.53%

9. KP753604 | Cletus punctulatus 7.86%
10. MG299062 | Cletus punctulatus 8.18%
11. KX351382 | Cletus rubidiventris 8.22%
12. KP753538 | Cletus graminis 8.51%

20 | KP753681 Cletus trigonus
54’_|{K153680 Cletus trigonus
99 KP753671 Cletus trigonus
77 |— @ KX603656 Cletus schmidti (Kerala)
KP753566 Cletus pugnator
100 KP753564 Cletus pugnator
[ %‘— KP753563 Cletus pugnator
KP753626 Cletus schmidti
63 MG299062 Cletus punctulatus
100 KP753604 Cletus punctulatus
| KX351382 Cletus rubidiventris
100 L Kp753538 Cletus graminis
———
0.01

Figure 5.60: Phylogenetic relationship Gletus schmidti inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 99.8% sequence similarity to the same genustegpfrom China (KP753681).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COlsence ofCletus schmiditi
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
37.7%, C = 16.1%, A = 30.7% and G = 15.5%. Thisagme AT content (68.4%)
over GC content (31.6%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Cletus schmidti
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0.22% to 185 differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (0)22%h those from China while
8.51% from China (Table 5.20). On the basis ofdat observed this species may
be rooted from those found in China which diverieth different clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frdmose reported from China

during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species Gletus schmidti with related speciesCletus
schmidti isolated from Kerala KX603656 showed 0.22% divergence with
Cletus trigonus (KP753681) from China and 8.51% divergence \@k&us graminis
(KP753538) from China.The phylogeny tree generated by using NJ method

reveals the phylogenetic status ofCletus schmidti isolated from
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Kerala. Closest relative @letus schmidti is Cletus trigonus from Chinarepresented

within the same clade.
11. Dysdercus ocreatus (Uhler, 1886)

Specimen details:

Voucher specimen : CUDO-01-A1
Date of collection : 03-Dec-2017

Locality . Palakkad: Parli

Lat- Lon : 10.7977° N, 76.5627° E

GenBank accession :MH674102
Description and Distribution

Dysdercus ocreatus are small to medium

sized(9.5-12.5 mm); ground colour red; poster
and lateral margins of pronotum and a transve
fascia on hemelytra usually black; abdom
concolorous red (Vandoesburg, 1968). Ad
causes severe damage to plants resulting
fungal attack. Head not strongly bent down
front of the eyes. The adults have various si: - g

and colours, usually not brachypterous. Apex F19.5.61 Dystlercus ocreatus
corium is acute. Larger and brighter coloured itsed2 - 20 mm). General color
black and red or brown. The ‘cotton stainers’, \éentisually with contrasting
stripes. They are found to be distributed throuwgheurasian countries (Figure.
5.61).

Damage

The adult and the nymph feed on the flower budssiog it eventually to
shed.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Dysdercus
ocreatus collected has been amplified using the primer ETable 3.1). The PCR
amplification yielded 561 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 5.62 65 5Srespectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.21.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition dbysdercus ocreatus voucher collected during the present
study (Table 5.21). It showed bias to nucleotide, &ith nucleotide composition
with T = 37.8%, C = 16.6%, A = 29.8% and G = 15.9%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.22 and Figure 5.66 respedtivel
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> Dysdercus ocreatus CDS-2018/ 561 bp / cytochrome oxidase subunit
(COI) gene, partial cds; mitochondrial / voucher@®-01-Al

> Dysdercus ocreatus

TTCCTTAAGATTCCTAATTCGT GCAGAACT TGGAAGGCCAGGCTCTCTTATTGGAGACGA
TCAAATTTATAATGT TATTGTAACAGCCCACGCTTTTGTAATAATTTTTTTTATAGI TAT
ACCAATTATAATTGGAGGAT TTGGCAACTGATTAGTACCT TTAATGT TAGGAGCACCAGA
TATAGCTTTCCCTCGTATAAATAATATAAGATTTTGGT TATTACCCCCTTCTTTAACACT
CCTTTTAATAAGAAGAAT GGTAGAAAGAGGECGCAGGAACT GGT TGAACAGTATATCCTCC
TTTATCTTCTAATATTGCTCATGGAGGATCTTCAGT TGATTTAGCTATTTTTAGICTTCA
TTTAGCAGGAATTTCCTCAATTCTAGGAGCTGTAAATTTTATTACTACAGT TATTAATAT
ACGCCCCAATTGGTATAACTTTTGATCGTATACCATTATTTGTATGAGCAGTAGTAATTAC
TGCTGTACTTCTTTTATTATCTTTACCTGI TTTAGCAGGAGCAATTACAATATTATTAAC
AGACCGAAATTTAAATACATC

Figure 5.62 The partial DNA sequence of the mitoch@ COl gene of
Dysder cus ocreatus

0 560
|

[

Figure 5.63: Molecular barcode of the mitochondriaDI gene ofDysdercus
ocreatus

> Dysdercus ocreatus / 153AA / cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUDO-01-Al

> Dysdercus ocreatus

M FFMWMPI M GGFGNW.VPL M. GAPDVAFPRVNNVEFWL L PPSLTLLL MSSMVESGAGT
GWMVYPPLSSNI AHGGSSVDLAI FSLHLAG SSI LGAVNFI TTVI NVRPI GMTFDRMPLF
VWAWVI TAVLLLLSLPVLAGAI TMLLTDRNLNT

Figure 5.64: The translation product of the mitaulrial COI gene oDysdercus
ocreatus
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Sample  :P.61.F_CP1.F_8343-9_P1291 Runstatt:  2018/01/30 10:15:12
Trim Start :46 Run stop: 2018/01/30 12:30:03
Dy sdercus ocreatus Trim End 683 PDF created: 2018/01/30 18:23:56

Qu20 Bases :637

CTTCCTTMGATTCCTAATTC GI GCAGAACTT GGAAGGICAGGCTCTCTTATT GGAGACGAT CAAAT TTAT AAT GTTAT T GTAACAGCCCACGCT
10 20 30 40 50 60 70 80 90

TTTGIAATAATTTTTTTTATAGTTATACCAATTATAATTGGAGGAT TT GGCAACTGATTAGTACCTT TAAT GI' TAGGAGCACCAGATATAGCTTTCCCTCGTATAAATAATAT AAGATTTT GGT TATTACCCCC TTCTTTAACACTCC
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

TTTAATAAGAAGAAT GGT AGAAAGAGGCGCAGGAACTGGTTGAACAGTATAT CCTCCTTTATCTTCTAATAT TGCTCAT GGAGGAT CTTCAGT TGAT TTAGCTATT TTTAGTCTTCATTTAGCAGGAATTTCCTCAATTCTAGG
250 260 271 280 290 300 310 320 330 340 350 360 370 380

AGCTGTAAATTT TATTACTACAGTTATTAATATACGCCCAATTGGTATAACT TTTGATCGTATACCATTATTTGTAT GAGCAGTAGTAATTACT GCTGTACTTCTTT TATTATCTTTACCTGI TT TAGCAGGAGCAATTAC
390 il 41 42( 30 440 450 460 470 480 490 500 510 520

AATATTATTAACAGACCGAAATTTAAAT ACATCTT TCTTTGACCC TGC TGGAGGAGGAGACCCTATTTTAT ACCAACATTTATTTTGATTT TTT GGACATCCAGA AGT
530 540 550 560 570 580 590 600 610 620 630

Sample :P.61.R_CP1R_8343-10_P1283 Run start: 2018/01/27 13:53:11
Trim Start :48 Run stop: 2018/01/27 15:50:46
Dysdercus ocreatus TimEnd. 51 PDF creatod: 201801120 16:2056

Qv20 Bases :603

AGAT GI' ATT TAAATTTC GGTCT GTTAATAATAT T GTAAT T GCTCC TGC TAAAACAGGTAAAGATAATAAAAGAAGT ACAGCAGTAATTA
3 70

20 30 40 50 60

CTACTGC TCATACAAATAAT GGTAT AC GATCAAAAGT TATACCAATTGGGCGTATAT TAATAACTGTAGTAATAAAAT TTACAGCTCC TAGAATT GAGGAAATTCCTGCTAAAT GAAGAC TAAAAATAGCTAAATCAACTGA
0 20 130 140 150 160 170 180 190 200 210 220 230

AGATCCTCCATGAGCAAT ATT AGAAGATAAAGGAGGAT ATACTGTT CAACCAGTTCCTGCGCC TCTTTCTACCAT TCT TC TTATTAAAAGGAGT GT TAAAGAAGGGGGT AAT AACCAAAATCTTATATTAT TTATACGAGGG
240 250 260 270 280 290 300 310 320 330 340 350 360 370

SAGAGCCTGGCCTTCCAAGTTCTGCAC GAAT TAGGAAT CTTAAGGAAGT TCCCAC TAT TCCT GCTC AAGCCCCAAMTAAAAAGIA TA
520 530 540 550 560 570 580 590 600

AN

Figure 5.65: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene obysdercus ocreatus using Forward and
Reverse primers.
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Table 5.21: Comparison of Nucleotide frequencieS@I gene sequence Dfysder cus ocreatus with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G | T1|C1| A1 |G1|T-2|C-2| A-2| G-2| T-3] C-3| A-3| G-3
MH674102 Dysder cus ocreatus 37.8| 16.6| 29.8| 15.9| 43 | 8.0| 46.5 2.1 | 25| 16.0 30.5| 28.3| 45 | 25.7| 12.3| 17.1
KJ204201 Agabus arcticus 36.0| 15.3/ 29.2|194| 37 | 59| 476 9.6 | 26| 15.0 28.9|29.9| 45 | 25.1| 11.2| 18.7
KC491230 Brachypeplus glaber 39.4| 14.8/30.5|15.3| 48 | 3.2| 47.6 1.6 | 26| 16.0 30.5|27.3| 44 | 25.1| 13.4| 17.1
LT991366 Ochthebius arefniae 41.0| 14.1/28.5|16.4| 49 | 48| 439 2.1 | 28| 12.3 29.9|29.4| 45 | 25.1| 11.8| 17.6
JF888119 Eusphalerum fenyesi 36.2 | 15.2| 33.2| 155| 37 | 43| 57.8§ 5 | 26| 16.0 29.9| 28.3| 45 | 25.1| 11.8| 17.6
LT991393 Ochthebius viridescens 30.8| 14.6/29.4| 16.2| 45| 64| 47.1 1.1 | 28| 12.3 29.4(29.9| 45 | 25.1| 11.8| 17.6
KU918952 Pterostichus strenuus 39.9| 13.9/29.8|16.4| 47 | 3.2| 48.7 1.6 | 28| 12.8 29.4|29.4| 45| 25.7| 11.2| 18.2
KU918208 Pogonus chalceus 39.6| 13.2/31.0]16.2| 45| 1.1| 529 1.1 | 29| 12.8 28.9(29.4| 45 | 25.7| 11.2| 18.2
EU162478 Onthophagus xanthomerus | 39.8 | 15.5| 27.8| 16.9| 50 | 5.3| 42.2 2.7 | 26| 13.9 29.9| 29.9| 43 | 27.3| 11.2| 18.2
KJ371161 Pogonus reticulates 38.0| 13.9/32.3|15.9| 42 | 27| 55.1 .5 | 27| 13.4 30.5|28.9| 45| 25.7| 11.2| 18.2
KM447323 Pogonus iridipennis 39.0| 135/ 30.5[16.9| 44 | 16| 51.9 2.7 | 28| 13.4 28.3|29.9| 45 | 25.7| 11.2| 18.2
KM445212 Laccophilus poecilus 39.9| 12.8/31.4|159| 45| 16| 524 1.1 | 30| 11.8 30.5|27.8| 45| 25.1| 11.2| 18.7
MF638533 Pseudopsis montoraria 37.4| 15,9/ 31.0| 15.7| 42 | 7.0| 49.7 1.6 | 26| 155 31.6|27.3| 45 | 25.1| 11.8| 18.2
KY683690 Leptura annularis 38.9| 15.2/ 29.6|16.4| 45| 5.3| 48.7 1.1 | 27| 15.0 28.3|29.9| 45 | 25.1| 11.8| 18.2
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Table 5.22:

Percentage of evolutionary divergerfcBysder cus ocreatus with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. MH674102| Dysdercus ocreatus (Kerala)
2. KU918208| Pogonus chalceus 17.88%
3. LT991366 | Ochthebius arefniae 17.89%
4. KJ204201| Agabus arcticus 18.18%
5. KM447323| Pogonus iridipennis 18.21%
6. KM445212| Laccophilus poecilus 18.26%
7. KC491230| Brachypeplus glaber 18.26%
8. MF638533| Pseudopsis montoraria 18.32%
9. JF888119| Eusphalerum fenyesi 19.00%
10. KJ371161| Pogonus reticulates 19.02%
11. | KU918952| Pterostichus strenuous 19.05%
12. KY683690| Leptura annularis 19.05%
13. LT991393| Ochthebius viridescens 19.06%
14. EU162478 Onthophagus xanthomerus 19.46%
i' KC491230 Brachypeplus glaber
45 JF888119 Eusphalerum fenyesi
LT991366 Ochthebius arefniae
1o 472' LT991393 Ochthebius viridescens
EU162478 Onthophagus xanthomerus
18124 KY683690 Leptura annularis
KM445212 Laccophilus poecilus
Py KU918952 Pterostichus strenuus
28 KJ371161 Pogonus reticulatus
100 li KU918208 Pogonus chalceus
49 KM447323 Pogonus iridipennis
MF638533 Pseudopsis montoraria
@ MH674102 Dysdercus ocreatus
47 KJ204201 Agabus arcticus
——

0.02

Figure 5.66: Phylogenetic relationship Dsdercus ocreatus inferred by NJ tree

method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswatb that this species
has 82.2% sequence similarity to the same genastegpfrom Kerala (KU918208).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COI w&uce of Dysdercus
ocreatus showed bias to nucleotide AT, with following consfitmn of nucleotides T
= 37.8%, C = 16.6%, A = 29.8% and G = 15.9%. Thesater AT content (67.6%)
over GC content (32.5%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryiperof time. Dysdercus ocreatus
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed 17.88% to 19.46fierences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has divergence (17.88%) with tHosen Germany while 19.46%
from USA (Table 5.22). On the basis of the dateeoled this species may be rooted
from those found in USA and Germany which diverit@o different clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frimse reported from Germany
and USA during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species d&@ysdercus ocreatus with related species.
Dysdercus ocreatus isolated from KeralaMH6741029 showed 17.88% divergence
with Pogonus chalceus (KU918208) from Germany and 19.46% divergence with
Onthophagus xanthomerus (EU162478) from USA. The phylogeny tree
generated by using NJ method reveals the phylogerstatus of Dysdercus
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ocreatus isolated from Kerala. Closest relative Di/sdercus ocreatus is Agabus

arcticus from Canadaepresented within the same clade.
12. Campylomma vandicarinum (Carapezza, 1991)

Spoecimen details:

Voucher specimen . CUCV-01-A1
Date of collection . 20-Dec-2017

Locality . Kannur: Edat

Lat- Lon :12.1006° N, 75.2306° E

GenBank accession :MH674101
Description and Distribution

Campylomma vandicarina is the

only representative of the genus feedi
on Juniperinus (Carapezza, 199
(Figure. 5.67). The specimens diffe
from the typical form in the basis o

following characters: ocular index i

male 1.3-1.6, in female 1.6-1.8, leng _ mm_ :
Fig. 5.67:Campylomma vandicarina
of third tarsal segment of posteric
tarsus with second tarsal segment in ratio is1135, vesica with absence of spines
and teeth on the anterior blade (Yee and Alstoh2p0r otally black appearance and
first two antennal segments in both sexes make gpexies easily distinguished
from all the other species of the ger@ampylomma. This species is distributed in

India, Sicily, Tunusia and East Mediterranean regio
Damage

The Campylomma bug causes extensive damage. Damage is inflicteatidoy
nymphs, which feed on developing fruits causing gling and fruit distortion
(Alston and Redding, 2011).
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Campylomma
vandicarinum collected has been amplified using the primer BThble 3.1). The
PCR amplification yielded 587 bp long product. TD&IA sequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 5.68 #1 5respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 5.23.

The mitochondrial COIl gene nucleotide sequence aalysed for the
nucleotide composition dampylomma vandicarinum voucher collected during the
present study (Table 5.23). It showed bias to mticle AT, with nucleotide
composition with T = 29.6%, C = 21.2%, A = 34.4% & = 14.8%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaeeessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 5.24 and Figure 5.72 respedtivel
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I (COI) gene, partial cds; mitochondrial / vouckayCV-01-Al

> Campylomma vendicarina

ATTAGCCACATCACTAAGATGAATCATTCGTATTGAATTAGGTATACCAGGATCATTTAT
TGGAGATGATCAAACATATAATGT TGTAGTAACCGCACACCCATTCATCATAATTTTCTT
TATAGTAATACCAGT TATAATTGGAGGATTCGGAAACT GACTAGTACCATTAATAATTGG
AGCTCCCGATATAGCAT TCCCCCGAATAAATAATATAAGATTCTGATTACTACCACCATC
AATTACACTTTTAATTATAAGAAGAAT TGTAGAAAACGGT GCAGCCACAGGATGAACTGT
ATACCCACCCCTATCAACAACAATCTCCCATAATGGAGCATCAGTAGACCTCCCAATTTT
TTCCCTACACCTAGCCGGT GTATCATCAATCTTAGGGGCTGTAAACT TTATCTCAACCAT
TATAAATATACGATCAATCGGAATAACAATAGAACGAATCCCTTTATTCGT CTGATCAGT
AGGAATTACAGCCCTACTACTATTATTATCACTACCCGT GT TAGCAGGT GCAATCACTAT
ATTATTAACCGACCGAAATTTCAATACATCATTTTTTGACCCTTCAG

> Campylomma vendicarina CDS-2018/ 587 bp / cytochrome oxidase subt

nit

Figure 5.68: The partial DNA sequence of the mitadrial COl gene of

Campylomma vendicarina

0 586
|

Figure 5.69: Molecular barcode of the mitochond@®Il gene ofCampylomma

vendicarina

> Campylomma vendicarina / 181AA / cytochrome oxidase subunit | (COI

gene, partial cds; mitochondrial / voucher CUCVAIL-

> Campylomma vendicarina

MPGSFI GDDQTYNVWTAHAFI M FFWMVPVYM GGFGNW.VPLM GAPDVAFPRIVNNIVISF
WLLPPSI TLLI M5SI VENGAGTGWM VYPPLSTTI SHNGASVDLAI FSLHLAGVSSI LGAV
NFI STI MNVRSI GMTMERI PLFVWABVG TALLLLLSLPVLAGAI TMLLTDRNFNTSFFDP
S

Figure 5.70: The translation product of the mitauhdal COI gene
Campylomma vendicarina
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Sample  :P.65.F_CP1.F_8343-11_P1291 Run start: 2018/01/30 10:15:12

s 8 Trim Start :41 Run stop: 2018/01/30 12:30:03

Campylomma Vendlcanna Trim End  :683 PDF created: 2018/01/30 18:24:00
Qv20 Bases :642

TAT TAG GCACAT CAC TAAGAT GMTCAT TCGTAT TGAAT TAGGTATAC CAGG ATCAT T TAT TGGAGAT GATCAAACATATAAT GTTGTAGTAACCG
10 20 30 40 50 60 70 80 90

can\ ‘ corl\anN\y
ICACACGCATTCATCATAATT TTCTT TATAGTAAT ACCAGTTATAAT TGGAGGAT TC GGAAAC TGACTAGTACCATTAATAATTGGAGCTCCCGATATAGCATTCCCCCGAATAAATAAT ATAAGATTCT GAT TACTACCACC
100 110 120 130 140 150 160 170 180 190 200 210 220 230
A N A A oloan . A 2 R A

ATCAATTACACTTT
240 25

TAATTATAAGAAGAATTGT AGAAAACGGT GCAGGCACAGGATGAACT GIATACCCACCCCTATCAACAACAAT CTCCCAT AATGGAGCATCAGT AGACC TCGCAATTTTTTCCCTACACCTAGCCGGT
260 270 280 290 300 310 320 330 340 350 360 370 38

A AAN AR o W A Lo\ VORG 0

GIATCATCAATCTTAGGGGCTGTAAACT T TATCTCAACCATTATAAATATACGAT CAAT CGGAAT AACAATAGAACGAATCCCTT TAT TCGTCTGATCAGTAGGAAT TACAGCCC TACTACTAT TAT TAT CACTACCCGTGI
390 400 410 420 430 440 450 460 470 480 490 500 510 520

2 o~ ALY ~ _ e

TAGCAGGTGCAAT CACTATATTAT TAACCGAC CGAAATTTCAATACATCAT TTTT TGACCCTTCAGGTGGGGGAGATCCTATCT TATATCAACACT TATTCTGATTTTTT GGACATCCAG
530 540 550 560 570 580 590 600 610 620 630 640

0 0 = e N A e N o . et (NN S \
Sample :P.65.R_CP1.R_8343-12_P1291 Run start: 2018/01/30 10:15:12
o = Trim Start :32 Run stop: 2018/01/30 12:30:03
Campylomma Vendlcanna Trim End :675 PDF created: 2018/01/30 18:24:02

Qv20 Bases :643

CCTGAAGGGT CAAAAAAT GAT GIAT T GAAAT T TC GGICGGI TAATAAT ATA GI GAT T GCACC TGC TAACACGGGT AGTGATAATAATAGTAGTAGGGCT GI AATTC
20 30 40 50 60 70 80 0

'CAGACGAAT AAAGGG: CTATTGITATTCC GATTGATCGTAT AT AATGGTTGAGATAAAGT TTACAGCCCC TAAGATTGAT GAT ACACC GGC TAGGT GTAGGGAAAAAAT TGC GAGGTCTACT GA
120 130 L 150 160 170 180 190 200 210 220 230 240

[TGCTCCATTATGGGAGATTGT TGTT GATAGGGGT GGGT ATACAGT TCATCCTGTGCCTGCACCGTTTTCTACAATTCTTCTTATAATTAAAAGTGT AATT GATGGT GGT AGTAATCAGAATCTTATATTAT TTAT TCGGGGG
250 260 270 280 290 300 310 320 330 340 350 360 370 380 x

AATGCTAT ATCGGGAGCTCCAATTATTAAT GGT ACTAGTCAGT TTCCGAATCCTCCAAT TATAACTGGI ATTACT ATAAAGAAAAT TAT GAT GAAT GC GI GTGCGGT TACT ACAACAT TATAT GTTT GATCATCTCCAATAA
400 410 420 430 440 450 460 470 480 490 500 5 520 530

ATGATCCTGGT ATACCTAATTCAAT ACGAATGAT TCAT CTTAGTGAT GI' GCCTAAT AT TCCTGCTCAT ATTCCAAAGAT GAAGI ATAAAGTCCCAATATCT TTATGAT GGG
540 550 560 570 580 590 600 610 620 630 640

Figure 5.71: Electropherogram showing the nucleotide sequenafe the
mitochondrial COI gene ofampylomma vendicarina using Forward
and Reverse primers.
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Table 5.23: Comparison of Nucleotide frequenoieSOIl gene sequence @ampylomma vendicarina with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU) | C A| G |T1| C1| A1| G1| T2 C2 A2 G2 T8 C-3A3|G3
MH674101 Campylomma vendicarina | 29.6 | 21.2| 344 148 24 18/0 376 20.1 B9 249 1618.6| 25| 20.6] 49.2 4.9
MF673679 Campylomma sp. 31.0| 20.1| 333 155 23 19/ 360 21.7 B9 249 169.6| 32| 159 471 5.3
AY253050 Neurocolpus arizonae 316 | 18.0| 349 155 25 15/9 392 201 B9 234 1&8.7| 31| 147 489 5.
HQ106147 Phytocoris sewar di 316 | 185 340 159 26 16/9 360 206 B8 238 180.1| 30| 14.8 481 6.
KR044534 Neurocol pus nubilus 323 | 17.8| 34.2 157 25 175 381 196 B9 233 1&0.6| 33| 12.7| 47.6 6.9
MG165718 Psallus confusus 29.5| 20.8| 339 159 23 21)2 344 212 B8 249 1&06| 27| 16.4 50.8 5.8
KM022015 Adel phocoris seticornis 319 | 175) 34 160 26 14]8 376 212 B8 238 176.6| 31| 13.8 487 6.
KR038177 Phytocoris sulcatus 31.0| 189 340 160 26 153 376 206 B9 233 176.6| 28| 18.0 47.1 6.
KR032651 Taedia scrupea 323 | 182| 337 159 28 143 376 201 B9 233 17B.6| 30| 16.9 46.0 6.
KM021994 Phytocoris dimidiatus 33.0| 17.1| 343 155 28 1544 356 213 B9 228 180.1| 32| 13.2] 49.2 5.3
GQ292102 Proboscidocorisvaricornis | 31.7 | 18.9| 33.5 159 26 17)6 362 20.7 B7 265 160.1| 33| 12.6/ 479 6.9
KMO022238 Oncotylus punctipes 33.0| 17.6| 33.0 164 27 153 365 212 B9 249 1&0.1| 33| 12.7] 46.0 7.
EF016736 Creontiades pacificus 31.0| 19.9| 333 157 25 17/6 356 21.8 B8 259 1619.6| 31| 16.3 47.4 5.8
EF016735 Creontiades pacificus 309 | 20.1| 332 159 25 17/ 356 218 B8 259 169.6| 30| 16.8 46.§ 6.
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Table 5.24:

Percentage of evolutionary divergerfc@amnpylomma vandicarinum

with its closely related species accessible frorBNGenBank

Sl Accession . Per centage of
No. No Organism divergence

1. MH674101 E:}?enr]g?/;?mma vendicarina

2. MF673679 | Campylomma sp. (France) 7.61%

3. KR044534 | Neurocol pus nubilus 22.23%

4. AY253050 | Neurocolpus arizonae 22.60%

5. EF016736 | Creontiades pacificus 22.99%

6. GQ292102 | Proboscidocoris varicornis 23.01%

7. EF016735 | Creontiades pacificus 23.45%

8. KM022015 | Adelphocoris seticornis 23.68%

9. MG165718 | Psallus confuses 23.83%
10. HQ106147 | Phytocoris sewardi 24.04%
11. KM021994 | Phytocoris dimidiatus 24.09%
12. KR038177 | Phytocoris sulcatus 24.19%
13. KM022238 | Oncotylus punctipes 25.15%
14. KR032651 | Taedia scrupea 26.02%

100 IEF016736 Creontiades pacificus
100 EF016735 Creontiades pacificus
48 MF673679 Campylomma sp.

@ MH674101 Campylomma vendicarina

GQ292102 Proboscidocoris varicornis

MG165718 Psallus confusus

93

41

KM022238 Oncotylus punctipes
KMO022015 Adelphocoris seticornis

o

AY253050 Neurocolpus arizonae

KR044534 Neurocolpus nubilus

KR032651 Taedia scrupea

42

KR038177 Phytocoris sulcatus

=

HQ106147 Phytocoris sewardi

0.02

KMO021994 Phytocoris dimidiatus

Figure 5.72: Phylogenetic relationship@dmpylomma vendicarina inferred by NJ
tree method
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DISCUSSION

Both the nucleotide and peptide BLAST analysiswskth that this species
has 92.4% sequence similarity to the same genwstegpfrom France (MF673679).
The number of base substitutions per site betwegunesces were analysed using
the Maximum Composite Likelihood model. The COIl wence ofCampylomma
vendicarina showed bias to nucleotide AT, with following comptiosm of
nucleotides T = 29.6%, C = 21.2%, A = 34.4% and ®&4-8%. This greater AT
content (64.0%) over GC content (36.0%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the wettohary period of time.
Campylomma vendicarina showed variation in the total composition of notige in
each of the position of codons in comparison witleorelated species isolated from
different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed 7.61% to 26.02fferénces in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has divergence (7.61%) with thosenfFrance while 26.02% from
Canada (Table 5.24). On the basis of the data wédehis species may be rooted
from those found in Canada which diverted intoat#ht clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteatrirFrance and Canada during the
course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species @ampylomma vendicarina with related species.
Campylomma vendicarina isolated from Kerala \iH67410) showed 7.61%
divergence witiCampylomma sp. (MF673679jrom France and 26.02% divergence
with Taedia scrupea (KR032651)from Canada.The phylogeny tree generated by
using NJ method reveals the phylogenetic statuCafpylomma vendicarina
isolated from Kerala. Closest relative @impylomma vendicarina is Campylomma
spfrom France represented within the same clade.
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Consolidated Phylogenetic Tree

100 | MH590767 Oncopeltus nigriceps(Payyanur)

91 | MH590766 Oncopeltus nigriceps(Payyanur)

35 MH590772 Geocoris varius(Payyanur)

MH674109 Halyomorpha halys(Aluva)
52 MH590770 Paraplesius unicolor(Nilambur)
_|— KX603656 Cletus schmidti(Calicut university)
e 17 MH674102 Dysdercus ocreatus(Parli)
40 ?|— MH674101 Campylomma vendicarina(Edat)

MH590760 Agonoscelis nubilis(Cheemeni)

MH590777 Carbula scutellata(Payyanur)
MH590762 Spermatodes variolosa(Nilambur)

KU201287 Zicrona caerulea(Parappanangadi)

KX603658 Nezara viridula(Parappanangadi)
KX587504 Nezara viridula(Malappuram)

KX603657 Nezara viridula(Payyanur)

H
0.02

Figure 5.73: Phylogenetic relationship of differertiemipteran pests of
cucurbitaceae isolated from selected districts exfaka.

The analysis on the nucleotide composition of @@l gene sequences of
Hemipteran pest of cucurbits of Kerala found toviagied within the every third
position of codon. The analysis involved 12 spengdeotide sequence comparison
(Figure 5.73). The phylogenetic relationships amtiregn was analysed by NJ tree
method. Families included in the analysis are Rent@ae (superfamily
Pentatomoidea), Lygaeidae and Geocoridae (supdyfaggaeoidea), Alydidae and
Coridae (superfamily Coreoidea), Pyrrhocoridae ésigmily Pyrrhocoroidea) and
Miridae (superfamily Miroidea). The species fronesk five families are aligned
nearly in the phylogenetic tree and monophyletiornigin. Species from the family
Pentatomidae are originated from a main clade &ed branches to subclades.
Nezara viridula species are aligned in a same clade and theynaheded in the
Pentatominae subfamilyseocoris varius are aligned as an outgroup @mcopeltus
nigriceps and they are included in the Lygaeinae subfamily.
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6
Lepidoptera



Lepidoptera is an order of insects including &diies and moths. Among
10 per cent of the total described living speciabput 180,000 species are
lepidopterans (Capinera, 2008). It is considerethdcone of the most widespread
and widely recognizable insect order. Lepidoptracharacterized mainly by three
derived features. The most apparent among theheipresence of scales covering
the bodies, wings, and a proboscis. The scalesnaxdfied, flattened "hairs", and
giving them their wide variety of colors and paterAlmost all species have some
form of membranous wings, except a few having reduwings or are wingless.
Lepidopteran species undergo holometabolism or [det® metamorphosis".
The larvae of most lepidopteran species are maacuwdtural pests. Lepidopteran
species are soft bodied, fragile, and almost defess, while the immature stages
move slowly or are immobile, so all the stages exposed to predation (Powell,
2009). Lepidoptera of Indian subregion belongsue major families, Papilionidae,
Pieridae, Nymphalidae, Lycaenidae and Hesperiiddassified under two
superfamilies, Papilionoidea and Hesperioidea. [&tgest representative from India
are under two families Nymphalidae with 450 spe@es Noctuidae with 1500
species respectively. Even though most butterfires moths have negative affect on
the economy, some species are a valuable econ@sucince. Some of the major
Lepidopteran pests are included under Tortricietuidae, and Pyralidae
(Kristensen, 1999).

Among the various pest specigéphis gossypii Glov. (Homoptera,

Aphididae) cause maximum destruction to waterméhkkaya and Uygun, 1997).
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Pickleworms, the larvae ddiaphania nitidalis Cramer (Lepidoptera: Crambidae),
are a pest of cucurbits found in Hawaii, North Amar (primarily in the
Southeastern United States), Central and South iBajeand the West Indies
(Quaintance, 1898; Smith et al., 2013; Dupree .etlb5; Van Balen, 1976; Heu et
al., 2016). They are found feeding up on the fruisds, flowers, and stems of
cucurbits (Quaintance, 1898; Smith et al., 2013 Balen, 1976). Newly-hatched
larvae concentrate mainly on vegetative tissuesispand flowers, while older
larvae tend to feed on fruits or tunnel the stemgshie unavailability of former
(Dupree et al., 1955; Smith et al., 2013; Liu et @016). Diaphania indica
(Saunders) (Lepidoptera: Pyralidae) also knownuasgkin caterpillar, is the major
pest of Cucurbitaceae (Ferguson and Opler, 2006¢lomdvorm,Diaphania
hyalinata Linnaeus, occurs throughout most of Central angtts@&merica and the
Caribbean (Medina Gaud et al., 1989). The attaadk®én semiloopefT{ichoplusia
ni) is during prime vegetative growth stage of cbducrop production and caused
about 7.5 — 19.2% foliage damage. The cucumber ymbthphania indica
(Saunders) (Lepidoptera: Crambidae), often knownPampkin caterpillar is a
polyphagous pest and is particularly affecting chits. During their outbreak larvae
mainly attacks the leaves, infest flowers and $ruitausing considerable yield loss.
They are also reffered as the cotton caterpillal pumpkin caterpillar (Clavijo et
al., 1995; Pandy, 1997). The incidencéadiphania nitidalis (Stoll) as major pest in

bitter gourd crop from Suriname is well reportec§draju et al., 2010).

The systematic position of Lepidopteran pests wfudbits collected and

identified during the present study is given below:
Order: Lepidoptera; Suborder: Glossata

1 Superfamily: Noctuoidea
1.1. Family: Erebidae
1.1.1 Subfamily: Erebinae
. Ophiusa coronate (Fabricius, 1775)
. Mocis proverai (Zilli, 2000)
1.1.2. Subfamily: Aganainae
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. Asota orbona (Vollenhoven, 1863)
. Asota caricae (Fabricius, 1775)
1.1.3. Subfamily: Calpinae
. Eudocima cocalus (Cramer, 1780)
1.1.4. Subfamily: Hypocalinae
. Hypocala deflorata (Fabricius, 1794)
1.2.  Family: Noctuidae
1.1.2 Subfamily: Noctuinae
. Polytela gloriosae (Fabricius, 1781)
Superfamily: Bombycoidea
21. Family: Sphingidae
2.1.1. Subfamily: Macroglossinae

. Acosmeryx anceus subdentata (Rothschild and Jordan,
1903)

Superfamily: Pyraloidea
3.1. Family: Crambidae
3.1.1. Subfamily: Spilomelinae
. Diaphania indica (Saunders, 1851)
. Glypholes bicolor (Swainson, 1821)
Superfamily: Papilionoidea
4.1. Family: Nymphalidae
4.1.1. Subfamily: Satyrinae
. Melanitis leda (Linnaeus, 1758)
Superfamily: Gelechioidea
5.1. Family: Xyloryctidae
5.1.1. Subfamily: Xyloryctinae
. Cryptophasa atecmarta (Turner, 1917)

A brief description on the relevant higher taxad ahe taxonomic key

prepared for classification and morphological idemtion (with the help of

suitable identification guides and expert consigtgtof all the lepidopteran pests of

cucurbits collected during the present study avergbelow:
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SUBORDER: GLOSSATA

Glossata includes a majority of the species, ighmost obvious difference
- non-functioning mandibles, and elongated maxillgaleae or the proboscis.
The retension of ancestral features of the wingtuting fore and hindwings are
with relatively complete venation. Glossata corgathe division Ditrysia, which
contains 98% of all described species in Lepidept@esh and Carde, 2009).
Hindwings Rs with 3 o r4 branches, forewing almalstays with jugal lobe marked
produced. Maxillary galeae forming a proboscis;allyuspirally coiled in repose;
sometimes secondarily reduced or absent; mandibfeen strongly reduced,

articulations with head capsule undeveloped.

Key to the superfamilies of Suborder Glossata

1. Antennae pectinate, apically dilate, or simple; &bsema absent........... 2.
- Antennae clavate, apically dilate, or simplea€liosema absent ............. 3....
2. Tympanal organs present in metathorax, frenulunriypwedways present,

small or medium sized; forewings with M2 and M3 apqimated at origin ...

.............................................................................................. Noctuoidea

- Tympanal organs absent, frenulum nearly alwad, llarge and stout
species; wings non-aculeate, with heteroneurantinand amplexiform

(o018 o] 11 0o PP Bombycoidea

3. Proboscis scaled; sternum Il with paired anterppdemes, wing membrane
devoid of microtrichia; female genital system witbpulatory orifice (on

VIII) separate from more PoOSterior OVIPOIe.....ceeeeeeeevieeeeeeeeiiiiiiiiee e 4..

- Proboscis not scaled; antennae close togethesisas and knobbed at tips;
wings nonaculeate with heteroneuran venation angleatifiorm coupling;
hind pair with R 1 coincident with Sc forming Rsda@u present, vinculum
V -shaped produced into saccus; fore wings wittaR®@ R4 stalked...............
.......................................................................................... Papilionoidea
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4, Labial palps porrect, beak like or ascending; tyngb@rgans present at base

of abdomen; sternum 1l of tortricoid type....w.ccevveeeenneee......Byraloidea

- Labial palps recurved, apical segment may exeeedx, usually tapering;

hindwing vein Rs unbranched, forewing with jugdléo......... Gelechioidea
SUPERFAMILY: NOCTUOIDEA

Noctuoidea is one of the largest Lepidopteran gapely, called night owl
or owlet moths, with more than 70000 describediggecThe monophyly of
Noctuoidea is well developed by the apomorphicgames of metathoracic tympanal

organs and associated abdominal structures (Kgchia Rawlins, 1999).
Key to the families of Superfamily Noctuoidea

1. Basal abdominal brushes absent, direct articuldigiween the tegumen and
vinculum, pleural sclerite fused to anteroventradrgn of tegument; if
tympanum present, bar or flat plate sclerite defipesterior margin of the
tympanum proper, tympanal pocket 4 open, tympandlad separated,
heavily sclerotised scaphium ...............coecieinne e, Erebidae

- Basal abdominal brushes present, no directudation between the tegumen
and vinculum, pleural sclerite not fused to anterdxal margin of tegumen,
nodular sclerite defines posterior margin of thpatyum proper, tympanal

pocket 4 closed, tympanal bullae fused, membrasoaghium ......................

FAMILY: EREBIDAE

According to Fibiger and Lafontaine, 2005 Erebidae characterized by the
features such as spinneret with apical flaps, daapisclerotised, larvae mainly on
fungi, lower frons bare, possess double tympanaldhéemale frenulum to single

setae.
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Key to the subfamilies of Family Erebidae

1.

Tympanal organ absent; chaetosemata present.............cccceevvvvvvvvnnnnnns 2..
Tympanal organ present; chaetosemata absent...............ccccooeeeeeeee. 3..

Forewing without orbicular stigma in discal cellnth wing plesiomorphic,
tegmen longer than vinculum; juxta not fused withheavily sclerotised

ANCIIUS .. e Erebinae

Fore wing with orbicular stigma in discal celind wing vein M2 located
near the bottom of the cell adjacent to veins M3ul, and Cu2antennae
ciliate, filiform or slightly bipectinate; lower gpeofrons with distinct

o= 1[] LTS | (=T Aganainae

Scale tuft along the inner margin forewing, foregvimariable in shape,
sometimes with prominent bulge in middle of outeargin, pattern and
colour variable; hindwing rounded to squared, pattesually dull, rarely

VEIY CONEFASTING eeevvviiiiinniiaase e e e e e s ettt e e e e e e e e e e e eeeeeenennes Calpinae

Scale tuft absent on forewing, forewing slighgballoped on outer margin,
sometimes with bulge in middle of outer margin,iadale in pattern, or grey
with a series of prominent white dots composing kbwer part of the
postmedial line; hindwing squared to rounded, blaitk yellow streaks .......

............................................................................................ Hypocalinae

SUBFAMILY: EREBINAE

Erebinae, larvae normally found and feed on vascplants.They possess

palpi beak, pleurite fused to tegument and vein adfacent to M3 (Mitter et al.,

2017).

Key to the species of pests collected from Subfamily Erebinae

1.

Head and thorax pale reddish-brown; abdomen orasgegments fringed
with black; forewings irrorated with dark speckssteort sub-basal dark line;

255



hindwing yellow coloured with two broad brown arcs............cccceevvvvvvvvnnnnn

..................................................................................... Ophiusa coronate

- Head and thorax light yellowish brown; abdomezigb. Forewing light
beige, with sparse brown scales; elements of pattark brown; postmedial
defined internally by pale yellowish beige ..cccceeoooooeo. Mocis proverai

SUBFAMILY: AGANAINAE

Large sized and brightly coloured moths, anteruiligae, filiform or slightly
bipectinate, the pectinations slender, stronglyedrand invested with a basal fan of
fine cilia, tymbal organ absent, fore wing with arbicular stigma in discal cell
(Kitching and Rawlins, 1999). Male retinaculum ejate and narrow and is more
than two times as long as wide ("barshaped"”). Matamaculum wider than long,
lower part of clypeofrons with a small but distiiscaleless area.

Key to the species of pests collected from Subfamily Aganainae

1. Hindwing yellow or white without black spots; forewy with contrast veins
and with discal and antemedial yellow to yellowrgea spots..........cccc.euvveeeeee
........................................................................................... Asota orbona

- Hindwing yellow with dark spots or bands; foragigray-brown or dark
brown without white coastal fascia, one white sreplt at centre...................

........................................................................................... Asota caricae
SUBFAMILY: CALPINAE

These are usually moderate-sized erebids, oftddlybgatterned, with
distinct scale tufts on inner margin of forewing.n Chead ocelli present,
chaetosemata absent, head scales usually rougboder® naked and heavily
sclerotized which is sharply pointed apically, adneith tearing hooks and with
basiconic sensilla modified into erectile barbsbib& palps are ascending, long,
slender or tufted. Antennae are filiform or pedimaometimes with long sensillae,
with two scale rows per segment, half forewing kegth or less. Thorax with

dorsal scale tuft, with metathoracic tympanum; wirgge heteroneurous, forewing
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variable in shape, sometimes with prominent butgeniddle of outer margin, with
scale tuft along inner margin, pattern and coloariable; hindwing rounded to
squared, pattern usually dull, rarely very contmasthind tibial spurs short, hind
tarsal spines present. Abdomen smooth to hairg|yravith dorsal scale tuft, rarely
brightly coloured.

From this subfamily, only a single specimen idexikd during the present

study,Eudocima cocalus Cramer, 1780.
SUBFAMILY: HYPOCALINAE

Medium sized, often boldly patterned, with distirscale tufts on inner
margin of forewing. On head ocelli present, chamtmsta absent, head scales
usually rough. Proboscis naked and heavily sclegdtiwhich is sharply pointed
apically, armed with tearing hooks and with basicaensilla modified into erectile
barbs. Labial palps are ascending, long, slendéufted. Thorax with metathoracic
tympanum; wings heteroneurous, forewing slighthalleped on outer margin,
sometimes with bulge in middle of outer margin,iafale in pattern, or grey with a
series of prominent white dots composing the lopart of the postmedial line;
hindwing squared to rounded, black with prominesitoyv streaks or drab brown;
hind tibial spurs long, hind tarsal spines presé&tidomen smooth, sometimes

boldly patterned, sometimes with dorsal scale(tdéndfield, 1999).

From this subfamily, only a single specimen idexikd during the present
study,Hypocala deflorata Fabricius, 1794.

FAMILY: NOCTUIDAE

Noctuidae are commonly known as owl moths, cutweoand armyworms.
The family name was derived from the fact that thagturnal species have eyes,
which on reflection gives an orange glow. Theysamall to large moths with a wing
span ranging 10 to 170 millimetres in size depemdin the species. Majority of
them are grey to brown in colour, often with dariddight areas on forewings.
Most of the species are nocturnal and are lightetd (Kitching and Rawlins,
1999).
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SUBFAMILY: NOCTUINAE

The members of subfamily Noctuinae, are charasdrby having stoutly
built bodies covered with long dense scales. Thealg are known as cutworms and
feed on a wide variety of low growing agricultueadd ornamental plants. The name
cutworm came from the behavioural pattern of thede, cutting off plant parts
during the night which they drag back to their ows in the soil so as to feed upon.
Resting posture with forewings overlapping so astam appearing parallel to the

long axis of the body is a distinguished featuréNmctuinae.

From this subfamily, only a single specimen idemikd during the present
study,Polytela gloriosae Fabricius, 1781

SUPERFAMILY: BOMBYCOIDEA

Bombycoidea is an ecologically diverse and specisgperfamily of the
order Lepidoptera. This superfamily includes mangdel organisms, even then
taxonomy and classification of the superfamily hamained largely in disarray.
Following Zwick (2008) and Zwick et al. (2011), téamilies were recognized:
Anthelidae, Apatelodidae, Bombycidae, Brahmaeidaatthaeidae, Endromidae,
Eupterotidae, Phiditiidae, Saturniidae and SphiagidBombycoidea is characterized
by having stout species with heteromorphic antenmestigial proboscis, pectinate
antennae, absence of tympanal organs, frenuluntyredarays lost (Kitching et al.,
2018).

FAMILY: SPHINGIDAE

The Sphingidae family of moths, commonly knownhasvk moths, sphinx
moths, and hornworms; it includes about 1,450 ggedihe family name was given
by French Zoologist Pierre Andre Latreille in 18(&toble et al., 1995). It is best
represented mainly in the tropics, but speciesadmeost cosmopolitan. They are
basically moderate to large sized species and iatenglished among moths for
their rapid, sustained flying ability (van Nieukerk et al.,2011). Their narrow
wings and streamlined abdomens are adaptationtedorrapid flight.
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SUBFAMILY: MACROGLOSSINAE

The Macroglossinae are a sub-family of Sphingida¢hs in the order
Lepidoptera. The subfamily is divided into threeibds: Dilophonotini,
Macroglossini and Philampelini. Most of species arepuscular or nocturnal, but
some of them are sometimes diurnal. Both malesfamles are relatively long
lived (10 to 30 days). Prior to flight, most of tepecies shiver their flight muscles
to warm them up, and, during flight, it was notickdt body temperatures may

surpass 40 °C.

From this subfamily, only a single specimen idexikd during the present
study,Acosmeryx anceus subdentata Rothschild and Jordan, 1903

SUPERFAMILY: PYRALOIDEA

The superfamily Pyraloidea comprises more tha®7¥ described species
worldwide (van Nieukerken et al.,, 2011). Among ldgptera, pyraloids
encompasses very varied life history adaptatiomeirTdistinguished features are
Sternum Il with paired anterior apodemes, wing memée devoid of microtrichia,
female genital system with copulatory orifice (oHlVseparate from more posterior
ovipore. Due to their diverse feeding habits, mapgcies feed either internally or
externally on plants as leaf rollers, webbers, laaiers, borers, root feeders, and

some as seed feeders in their imago stage.
FAMILY: CRAMBIDAE

The Crambidae belong to the Superfamily Pyralaiddare than 11,500
species have been described worldwide. Crambidsdeserse and variable in
morphology and biology. Habits and morphology at/¢ée are also highly variable
among subfamilies, and include agricultural pescss. A large family containing
the narrow-winged Crambinae 'grass-moths' su¢heaSrambus andAgriphila spp.
as well as broad-winged species such as Pyraastimhich includes the
colourful Pyrausta sp. The Crambidae possess a structure in the' 'ealled
the praecinctorium, which joins two tympanic membranes, which is ab$em the

Pyralidae.
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SUBFAMILY: SPILOMELINAE

Spilomelinae is a very large subfamily of the teypteran family Crambidae,
the crambid snout moths. They were formerly inctudeder Pyraustinae as tribe
Spilomelini; Spilomelinae is usually treated as epaate subfamily within
Pyralidae. They are characterized with well devetbpings, hind wing veins Rs is
unbranched; forewing with jugal lobe having not keal produced. Wing membrane
usually with more or less extensive cover of migebia; sternum Il without

anterior apodemes; female with a single genitahoye
Key to the species of pests collected from Subfamily Spilomelinae

1. Forewings without white marks; head not pattermathout pigmented spot
at genal angle; mandible with a projection on Htanargin; a pair of
transverse plates posterior to dorsal pinacula @sothorax; prothoracic
shield without dark reniform spot; abdominal segtaevithout conical black

Chalazag.........oooeviiiiiiiieee e Diaphaniaindica

- Forewings with two white marks on basal partirofer margin; a black-
edged semihyaline white medial band not reachimgcibsta, often with a
spot in the cell before it; a large oval black-ediggyaline white postmedial
patch between the subcostal and vein 2, with alsuingtie triangular spot on
costa; hindwing with the basal area hyaline whiteter area blackbrown,
with a black line on inner edge and a fine margblatk line; the cilia white;
black-brown colour, head, collar, and patagia nyosthite; palpi black,

white below; anal tuft black...........ccoooveeeeeiiiiiiin Glypholes bicolor
SUPERFAMILY: PAPILIONOIDEA

The superfamily Papilionoidea contains major datflies except for the
skippers, which were classified in superfamily Hasgdea . Butterflies are
considered as being the best group of insects riatyaing the patterns and the
distribution of terrestrial biotic diversity (Robis and Opler, 1997; Boriani et al.,
2005). The Papilionoidea are medium to large, yaselall lepidopterans. They are

among the most specialized Lepidopterans bothrmgeof behavior and ecology
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and also display aposematic or warning coloratiod @&ngage in mimicry
relationships (Daly and Buntin, 2005). The supeifarPapilionoidea comprises
five families that including Nymphalidae, LycaerggaPapilionidae, Pieridae and
Satyridae. The largest families among Papilionoida@® Lycaenidae and
Nymphalidae (Daly and Buntin, 2005; Ayberk et 2007).

FAMILY: NYMPHALIDAE

Nymphalidae, are characterized with brush-footedtelflies having the
ventral surface of the antennae tricarinate angpleeies are with four walking legs.
Head is mostly angular or covered with spines. Abial prolegs with triordinal
crochlets usually. Secondary setae fairly equémgth or larvae with distinct warts

or spines. It was reported that there are abo@06species worldwide.
SUBFAMILY: SATYRINAE

The Satyrinae, otherwise known as satyrines gridat commonly known
as the browns, are a subfamily of the Nymphalid@esh-footed butterflies),
formerly considered a distinct family, SatyridaduisIgroup contains nearly half of
the known diversity of brush-footed butterflies.efé are about more than 2400 of
the Satyrinae species worldwide.They prefer maist semishaded habitats and are
generally weak fliers and often shun bright surilighhe caterpillars feed chiefly
on monocotyledonous plants such as palms, grassedoos and small agricultural

plants.

From this subfamily, only a single specimen idemikd during the present
study,Melanitis leda Linnaeus, 1758.

SUPERFAMILY: GELECHIOIDEA

Gelechioidea (the name originated from the typmug&elechia, "keeping to
the ground") is the superfamily of moths that imels the case-bearers, twirler
moths, and relatives, also simply called curvedilmapths or gelechioid moths. The
name "curved-horn moths" refers to one of the fewspicuous features found in

(almost) every Gelechioidea, and, at least in e extreme developments,
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uniqueness include the well developed labial pathsugh not thickened, and form
more or less gently curved protrusions with thewdr@ut, pointed tip. Their
proboscis is generally well-developed, allowing fong-lived imagines (adults);
the proximal part of the proboscis is scaly. TheleG@oidea vary extensively
in their habitus; most have small hindwings withdo hairy fringes, .are not easily
seen in the living animal as they are tucked uriderforewings at rest. The body is

usually compressed, either dorsoventrally or l#liera
FAMILY: XYLORYCTIDAE

Xyloryctidae is a family of moths under the supenfly Gelechioidea
described by Edward Meyrick in 1914. Most genegafaund in the Indo-Australian
region. While many of these moths are tiny, but sanembers of the family grow
to a wingspan of up to 66 mm, making them giantoragnthe micromoths.
The larvae of most members of this family are agbbrwhether they burrow into
branches, bore into flower heads, tunnel under,lmarteed on lichens. Moths of the
genus are pests and have crossed over from thieirast plant to become serious

pests even for the cultivated stone fruit treegjqaarly cherries.
SUBFAMILY: XYLORYCTINAE

The Xyloryctinae are a subfamily of Gelechioid hmtwhich were first
identified by examining the habits of some of tHaimvae, which make residential
tunnels in wood, collecting leaves by night whidlreyt secure with silk to the
entrance of the burrow, feeding on them as theyadiy Although most feed on
leaves, some feed on bark, cambium, or lichengrnationally, Xyloryctines are
pests of commercial tree-grown crops, including taffee, cocoa, coconut, and

macadamia.

From this subfamily, only a single specimen idexikd during the present

study,Cryptophasa atecmarta Turner, 1917
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1. Ophiusa coronata (Fabricius, 1775)

Spoecimen details:

Voucher specimen . CUOC-01-A1

Date of collection : 25-July-2016

Locality :  Malappuram: Parappanangadi
Lat- Lon : 11.0605° N, 75.8508° E
GenBank accession KX503057

Description and distribution:

Ophiusa coronata have wing

expansion 90 mm (Figure 6.1). Head a
thorax is pale reddish-brown; abdome
orange, segments fringed with black. Fo
wing irrorated with dark specks with a sho
sub-basal dark line. Hind wing orange, wi —
broad and sub-marginal fuscous bla
bands not reaching inner margin, the lat Fig 6.1.: Ophiusa coronata

widest towards costa. The adult moths are charaeteby having brown forewings
with a dark spot at the centre, the hindwings hrighlow coloured with two broad
brown arcs, the wingspan is about 6 cms. The dltegpare the brown loopers,
with a black head that having two white stripeseach side and have two black and
white knobs on the tail (Richardson, 2015). Thecsse occur commonly in
countries from India to the islands of the Pacifi;luding Myanmar, Sri Lanka,

Java, Hong Kong, Tabhiti, Thailand and Australia.
Damage

This moth is an important agricultural pest, cagsiamage by introducing
to fruit by piercing the fruit with its strong proscis into the fruits to suck its juice.

The caterpillars are voracious feeders mainly entées (Richardson, 2015).
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial CénegofOphiusa coronata
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification vyielded 462 bp long product. The DNsgequence interpret,
representative molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 6.25+€&spectively and the comparison
of percentage of frequencies in the nucleotide asitipn with its kin species is

represented in Table 6.1.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition dDphiusa coronata voucher collected during the present
study (Table 6.2). It showed bias to nucleotide Aith nucleotide composition
with T =40.2%, C = 14.9%, A = 31.0% and G = 13.9%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 6.2 and Figure 6.6 respectively.
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>Ophiusa coronata CDS-2016 / 552 bp / cytochrome oxidase subunit | (COI)
gene, partial cds; mitochondrial / voucher CUOC-01-A1

> Ophiusa coronata

AGATTGTGAACTTCATTAAGT TTATTAATTCGAGCAGAAT TAGGTAATCCTGGATCATTA
ATTGGAGATGATCAAATCTATAATACCATTGT TACAGCTCATCCTTTTATTATAATTTTT
TTTATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGI TCCCTTAATATTA
GGAGCTCCTGATATAGCTTTCCCTCGAATAAATAATATAAGT TTTTGACTTCTTCCCCCT
TCTTTAACATTATTAATTTCAAGTAGAAT TGTAGAAAAT GGAGCAGGAACT GGATGAACT
GITTACCCCCCTTTATCATCAAATATTGCTCACAGTGGAAGATCAGTAGATTTACGCTATT
TTTTCTCTACATTTAGCAGGTATTTCTTCAATTTTAGGAGCTATTAATTTTATTACTACA
ATTATTAATATACGATTAAATAATTTAATGI TTGATCAAATACCTTTATTTGI TTGAGCT
GTAGGAATTACTGCATTCTTACTATTATTATCTTTACCTGI TTTAGCAGGAGCTATTACC
ATACTTCTAACT

Figure6.2: The partial DNA sequence of the mitochondrial COI gene of Ophiusa
coronata

0 551
|

[

Figure 6.3: Molecular barcode of the mitochondrial COI gene of Ophiusa coronata

> Ophiusa coronata / 147AA [ cytochrome oxidase subunit | (COI) gene,
partial cds;, mitochondrial / voucher CUOC-01-A1l

> Ophiusa coronata

M FFMWMPI M GGFGNW.VPL M. GAPDVAFPRVNNVBFWLLPPSLTLLI SSSI VENGAGT
GWMVYPPLSSNI AHSGSSVDLAI FSLHLAG SSI LGAI NFI TTI I NMRLNNLM-DQVPLF
VWAVG TAFLLLLSLPVLAGAI TMLLT

Figure6.4: The trandation product of the mitochondria COI gene of Ophiusa
coronata
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Sample :FF_CPIF_23181-7_7784 Run start: 2015/09/23 09:26:14
- Trim Start :30 Run stop: 2015/09/23 11:42:05
Ophiusa coronata

Trim End  :669 PDF created: 2015/09/23 13:41:18
Qv20 Bases :639

GG ATAGI T GGMCTTCAT TAAGTTTAT TAAT T CGAGCAGAAT TA GGTAAT CCTGGAT CAT TAATT GGAGAT GAT CAAAT CTATAATACCATTGTTACAGC TCATGCTTT
10 20 30 40 50 60 70 80 90 100

110

\\(J ,‘60

620 630

Sample :FF_CPIF_23181-7_7784 Run start: 2015/09/23 09:26:14
- Trim Start :30 Run stop: 2015/09/23 11:42:05
Ophiusa coronata :

Trim End  :669 PDF created: 2015/09/23 13:41:18
Qv20 Bases :639

GG ATAGIT GGMCTTCAT TAAGT TTAT TAAT T C GAGCAGAAT TA GG \\IL( TGGATCAT TAATT GGAGAT GAT CAAAT CTATAAT: \(('\I TGTTACAGCTCATGCTTT
10 20 30 60 70

ATTATAATTTTT TTTATAGTAATACCAATTAT: A\\TTGGAGG-\TTTGG-\AA\TTGATTAGTTCCCTT-\\T-’\TT-\GGAGCTCCTG ATATAGCTTTCCCTCGAATAAAT. {\T-\T-\\GTTTTTG-\CTTCTTCCCCCTTCTTT{—\CAT
110 120 130 140 160 180 190 200

250

e MNWN\M\[\ il “\A[\‘MN\/\[J\‘ A Aol /\/AMW\N\ Z\IWW\/VW\[\N\AMW\

TATTAATT]] C-\AGI AGA-\I IGI AGAAAATGGAGCAGGAACTGGAT GAACTGTTTACCCCCCTT TATCATCAAATATTGC ICACAGIGGA—\GAI CAGT —\GAI TTAGCT AI l TTTTCTCT. -\C—\l I'T. -\GC-\C(}IA TTCT] IC\-\I

g &M&M&’MWMMMV«MW\ mf\m Wl W\/WW‘N\[WMW\W Lot

IIA(IJ\G(I-\II\—\]IIIAII\(I\(—\AII\II-\\IAI f\(()-\ll\—\\[-\%lll\-\l(yl[lG\l(/\’\%lA(( ITT. \I]IGIIIG\G [GI\GG\—\IIA(I()(—\I](II\(IAI TAT I-\l(III\(( lGIllIA()(»\GGA(J( TA
420 430

e M wwMMMMMWMMMMWA oA

TTACCATACTTCTAACTGATCGAAATTTAAATACT TCATTTTTT GATCCTGCCGGAGGAGGT GATCCTATT TTATATCAACATT TATTTTGATTTTTTGGAC
600 610 620 630

540 550 560 570

Figure 6.5: Electropherogram showing the nucleotide sequenake the

mitochondrial COI gene oDphiusa coronata using Forward and
Reverse primers.
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Table 6.1: Comparison of Nucleotide frequenoie€OI gene sequence Ophiusa coronate with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G | T1|C1| A1 |G1|T-2|C-2| A-2| G-2| T-3] C-3| A3 | G-3
KX503057 Ophiusa coronate (Kerala) | 40.2 | 14.9/ 31.0| 13.9| 47 | 54| 46.2 1.1 | 29| 13.6 33.2| 245| 45 | 25,5/ 13.6| 16.3
KF491953 Ophiusa coronata 40.6 | 14.3/31.0| 14.1| 48 | 54| 46.2 5 | 29| 13.0 32.6| 25.0| 45 | 24.5| 14.1| 16.8
HQ950440 Ophiusa coronata 40.6 | 14.3/30.8|14.3| 48 | 54| 457 1.1 | 29| 13.0 32.6|25.0| 45 | 245/ 14.1| 16.8
HQ950439 Ophiusa hituense 40.4| 15.0130.4|14.1| 48 | 7.1| 446 .5 | 29| 13.6/ 32.6| 25.0| 45 | 24.5| 14.1| 16.8
HQ950444 Ophiusa microrrhaea 415 13.6/30.8|14.1| 53 | 1.1| 45.7 .5 | 27 | 15.2/ 32.6|25.0| 45 | 24.5|14.1| 16.8
JN304502 Noctuidae sp. 41.8| 145 29.7| 13.9| 52 | 54| 424 .0 | 29| 13.6/ 32.6| 25.0| 45 | 24.5| 14.1| 16.8
HQ950445 Ophiusa microrrhaea 415 13.6/30.8|14.1| 53 | 1.1| 45.7 .5 | 27 | 15.2/ 32.6|25.0| 45 | 245/ 14.1| 16.8
MF132708 Mimophisma delunaris 404 | 14.3 31.3| 13.9| 47 | 6.0 47.3 .0 | 30| 125 32.6|25.0| 45 | 245/ 14.1| 16.8
HQ950424 Ophiusa discriminans 39.3| 14.7/32.11139| 44 | 65| 495 .0 | 29| 13.0132.6| 25.0| 45| 245/ 14.1| 16.8
KX862493 Clytieillunaris 40.8 | 13.4/ 31.5|14.3| 47| 3.8| 484 5 | 30| 12.0 32.6| 25.0| 45 | 24.5| 13.6| 17.4
KP083431 Ophiusa tirhaca 40.8 | 13.4/31.7|14.1| 47 | 3.8| 489 .0 | 30| 12.0  32.6| 25.0| 45 | 24.5| 13.6| 174
MF131783 Euclystis guerini 40.9| 15.2/1 29.9|13.9| 53 | 4.3| 424 5 | 26| 15.8/ 33.2| 25.0| 44 | 25.5| 14.1| 16.3
MF131814 Catocala californica 41.8| 145 29.9| 13.8| 53 | 43| 424 .0 | 28| 14.7/33.2|245| 45 | 245/ 14.1| 16.8
MF130755 Catocala hermia 42.0| 14.3) 29.9|13.8| 54 | 3.8| 424 .0 | 28| 14.7/33.2| 245| 45 | 245/ 14.1| 16.8
KJ380868 Ophiusa triphaenoides 40.0| 13.9/ 32.1|13.9| 47 | 2.7| 495 5 | 28| 13.6/ 33.2| 25.5| 45 | 25.5| 13.6| 15.8
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Table 6.2:

Percentage of evolutionary divergenc®dliusa coronata with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of

No. No Organism divergence
1. KX503057 | Ophiusa coronate (Kerala)
2. KF491953 | Ophiusa coronate (USA) 0.00%
3. HQ950440 | Ophiusa coronate 0.30%
4. HQ950439 | Ophiusa hituense 8.23%
5. HQ950444 | Ophiusa microrrhaea 9.54%
6. JN304502 | Noctuidae sp. 9.92%
7. HQ950445 | Ophiusa microrrhaea 9.93%
8. HQ950424 | Ophiusa discriminans 10.31%
9. MF131783 | Euclystis guerini 11.03%
10. KX862493 | Clytieillunaris 11.44%
11. KP083431 | Ophiusatirhaca 11.52%
12. MF130755 | Catocala hermia 11.59%
13. KJ380868 | Ophiusa triphaenoides 11.97%
14. MF132708 | Mimophisma delunaris 11.98%
15. MF131814 | Catocala californica 12.00%

39

100

68

41| KF491953 Ophiusa coronata
‘— HQ950440 Ophiusa coronata

|0 KX503057 Ophiusa coronate (Kerala)

HQ950439 Ophiusa hituense

r HQ950444 Ophiusa microrrhaea

ol HQ950445 Ophiusa microrrhaea

100 [— MF131814 Catocala californica

50

| MF130755 Catocala hermia

KJ380868 Ophiusa triphaenoides

97

43 4’7
93

KX862493 Clytie illunaris
HQ950424 Ophiusa discriminans

KP083431 Ophiusa tirhaca

36
53

0.01

MF132708 Mimophisma delunaris

JN304502 Noctuidae sp.
MF131783 Euclystis guerini

Figure 6.6: Phylogenetic relationship@phiusa coronata inferred by NJ tree method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus rep&nbed USA (KF491953). The
number of base substitutions per site between seggewere analysed using the
Maximum Composite Likelihood model. The COI sequené Ophiusa coronata
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
40.2%, C = 14.9%, A = 31.0% and G = 13.9%. Thisagme AT content (71.2%)
over GC content (28.2%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipérof time. Ophiusa coronata
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 12%ediénces in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thosenftJSA while 12% to North
America (Table 6.2). On the basis of the data oleskethis species may be rooted
from those found in North America which divertedoirdifferent clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frdmose reported from North

America during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species ©@phiusa coronata with related specieOphiusa
coronata isolated from KeralaKX503057 showed 0% divergence witBphiusa
coronate (KF491953) from USA and 12% divergence wifatocala californica
(MF131814) from North America. The phylogeny tree generated

by using NJ method reveals the phylogenetic staifisOphiusa coronata
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isolated from Kerala. Closest relative @phiusa coronata is Ophiusa coronata

from USA represented within the same clade.
2. Moaocisproverai (Zilli, 2000)

Spoecimen details:

Voucher specimen . CUMP-01-A1
Date of collection . 24-Apr-2016

Locality . Malappuram: Nilambur
Lat- Lon : 11.2794° N, 76.2398° E

GenBank accession :MH590771
Description and distribution:

Mocis proverai belongs to Erebidae

family (Figure. 6.7). According to Zilli and
Pavesi (2015), the background
M. proverai is often light -coloured,
particularly in the distal half of the medie
field of the forewing, hence producing
contrasting pattern with dark markings. T ;
male possess unequal superior and infe L L

1mm

processes of the left clasper, the superior Fig. 6.7:Mocis proverai
usually more than twice as long as t
inferior, there by conferring a pronounced asymgnéin the female genitalia, the
appendix bursae dfl. proverai is weakly sclerotized and poorly defined, consggti

of some posterolateral ribs lying on the flank ofpus like a pouch, but practically
becoming part of the corpus when this is fully exiied. The length of the forewings
ranges between 18-21 mm (0.71-0.83 M) proverai is found to be distributed in

Asia, Africa and the Arabian Peninsula.
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Damage:

The larvae feed on various grasses (Zilli and Bia2®15). The young larvae
scrape the top surface of the leaf, the lattelanssteed on the entire leaves. They
feed at night to avoid predation and spend theidayshelter at the base of the leaf
(Davis, 1967).

Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C&hey ofMocis proverai
collected has been amplified using the primer BTLalle 3.1). The PCR
amplification yielded 603 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 6.8 -1 6réspectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 6.3.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition oMocis proverai voucher collected during the present
study (Table 6.3). It showed bias to nucleotide Aith nucleotide composition
with T = 39.0%, C = 15.5%, A = 31.2% and G = 14.3%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COI gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 6.4 and Figure 6.12 respectively
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> Mocis proverai CDS-2018/ 603 bp / cytochrome oxidase subunit | I[JCO
gene, partial cds; mitochondrial / voucher CUMPARL-

> Mocis proverai

AGCTGGTATAGTAGGAACTTCATTAAGATTACTAATTCGAGCT GAAT TAGGAAACCCT GG
ATCTTTAATTGGAGATGATCAAATTTATAATACTATTGT TACTGCTCACGCTTTTATTAT
AATTTTTTTTATAGT TATACCAATTATAATTGGCGGATTTGGAAACTGATTAGTACCTTT
AATATTAGGAGCTCCTGATATAGCATTCCCACGAATAAATAATATAAGT TTTTGACTTTT
ACCACCCTCATTAACTCTTTTAATTTCAAGTAGAATTGTAGAAAACGGAGCAGGTACT GG
ATGAACTGTTTATCCCCCACTTTCATCTAATATTGCTCATAGAGGTAGTTCAGI TGATTT
AGCTATTTTTTCATTACATTTAGCCGGAATTTCTTCAATTTTAGGAGCTATTAATTTCAT
TACAACAATTATTAATATACGACT TAATAACT TGATATTTGATCAAATACCTTTATTTGT
ATGAGCAGTAGGAATTACTGCTTTTCTATTACTCCTTTCTTTACCAGTATTAGCAGGAGC
TATTACTATATTATTAACAGATCGAAATTTAAATACATCTTTTTTCGATCCAGCAGGAGG
AGG

Figure 6.8: The partial DNA sequence of the mitoeh@l COIl gene oMocis
proverai

0 602
| |

Figure 6.9: Molecular barcode of the mitochond@&ll gene oMocis proverai

> Mocis proverai / 198AA / cytochrome oxidase subunit | (COI) gepartial
cds; mitochondrial / voucher CUAF-01-Al

> Mocis proverai

MVGTSLSLLI RAELGNPGSLI GDDQY YNTI VTAHAFI M FFMWMPI M GGFGNWLVPLIML
GAPDIVAFPRVNNVEFWLLPPSLTLLI SSSI VENGAGT GM VYPPLSSNI AHSGSSVDLAI
FSLHLAGQ SSI LGAI NFI TTI1 | NVMRLNNLMFDQVPLFWWAWVGE TAFLLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAGG

Figure 6.10: The translation product of the mitoultrial COI gene ofMocis
proverai
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Sample :P.59_CP1FORWARD_7173-25_P1075 Run start: 2017/12/07 04:07:33

2 s Trim Start :26 Run stop: 2017/12/07 06:04:43
MOCIS pI'OVCI'aI Trim End :680 PDF created: 2017/12/07 15:46:25

Qu20 Bases :654

GAGCTGGTATAGTA GGACTT CATTAAGAT TACTAATT CGAGC TGAAT TAGGAAACCCTGGATCTTTAATT GGAGAT GAT CAAATTTATAATACTAT TGTTACTGCTCACGCT
10 20 30 40 50 60 70 80 90 100 110

[T TATTATAATTTTTTTTATAGTTATACCAATTATAATT GGGGGAT TT GGAAACTGATTAGTACCT TTAATATTAGGAGCTCCTGATATAGCATT CCCACGAATAAATAATATAAGTTTTT GACTTTTACCACCCTCATTAA
120 130 140 150 160 170 180 190 200 210 220 230 240 250

A AN AN Maneatiasniansfnisaainst sdaanamsastadaansin Mg faraan AN AR AN AN
CTCTTTTAATTTCAAGTAGAATT GTAGAAAACGGAGCAGGT ACT GGATGAACTGTTTATCCCCCACTTTCATCTAATAT TGCTCATAGAGGT AGT TCAGTTGATTTAGCTATTTTTTCATTACAT TTAGCCGGAATTTCTTC
260 270 280 290 300 310 320 330 340 350 360 370 380 390
A AN ANAAN A A A A A A A A
A AN A A Al m/\mm \N\L\/\AAN WA vvJ\/v\/mNJ\/w anaV WA AN WVWAWWN

AATTTTAGGAGCTAT TAATTTCATTACAACAAT TATTAATATACGACT TAATAACTTGATAT TTGATCAAATACCTT TATTTGTAT GAGCAGT AGGAATTACTGCTTTTCTATTACTCCTTTCTTTACCAGTATTAGCAGGA
400 410 420 430 440 450 460 470 480 490 500 510 520 530

[rarna A Pl T T

CTATTACTATATTATTAACAGAT CGAAATTTAAATACAT CTTT TTTCGATCCAGCAGGAGGAGGAGAT CCTAT TTTATAT CAACACTTATTTT GATTTTT T GGACATRICA G AM
540 550 560 570 580 590 600 1 620 630 0 650

bt A WAy AN NN ) S A Tl
Sample  :P.59_CP1.REVERSE_7173-26_P1080 Runstart:  2017/12/08 10:08:15
M . . Trim Start :23 Run stop: 2017/12/08 12:22:51
OC1S proveral Trim End 667 PDF created: 2017/12/08 16:29:08

Qv20 Bases :644

TOCTCCTCCT GCT GGAT CGAAAAAAGAT GI'AT TTAAATT T C GAT CT GT TAATAATAT AGT AAT AGC TCCTGC TAATACT GGTAAAGAAAGGAGTAATAGAAAAGCAGT AATTCCT
10 20 30 40 50 60 70 80 90 100 110

NCTGCTCATACAAATAAAGGT ATT TGATCAAATATCAAGTTATTAAGTCGTATATTAATAAT T GT TGTAAT GAAAT TAATAGCTCC TAAAATTGAAGAAATTCC GGC TAAATGTAAT GAAAAAATAGCTAAATCAACTGAACTA
120 130 15 160 170 180 190 200 210 220 230 240 250

‘A/J\/NV\’“\AN‘VAJVW[\/\(\L“[\/VWMWWWW~W\AW\[\AANW\§ ool sl wsalornlaaenostlinnsd

CCTCTATGAGCAATATTAGAT GAAAGT GGGGGAT AAACAGT T CATCCAGTACCTGCTCCGTTTTCTACAATTCTACTTGAAATTAAAAGAGT TAAT GAGGGT GGT AAAAGT CAAAAACT TATATTATTTATT CGTGGGAATG
260 270 280 290 300 310 320 330 340 350 360 370 380 390 400

O R N J /\AN\"\N\/ww“N\AA/WV\MV\/\[W\A«/\/\/\[\/\W\/WAA/\MWMWWMADMvmzv\/\(www\/\MMWWM\nJ\/w/“w[\

ICTATAT CAGGAGCTCC TAATATTAAAGGTACTAATCAGT TTCCAAATCCCCCAATTATAATT GGTATAACTATAAAAAAAATTATAATAAAAGCGTGAGCAGTAACAATAGTAT TATAAATTTGATCAT CTCCAATTAAAGA
410 420 430 440 450 460 470 480 490 500 510 520 530 540

CCAGGGTTTCCTAATTCAGCTCGAAT TAGTAAT CT TAATGAAGI TCCTACTATACCAGCTCAAATACCAAAAATAAAATATAAT GTTCCAATATCT TTAT
550 560 570 580 590 600 610 620 630 640

Figure 6.11: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene ofMocis proverai using Forward and
Reverse primers.
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Table 6.3: Comparison of Nucleotide frequencie€01 gene sequence bfocis proverai with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G | T1 C1| A1 |G1|T-2| C2| A2| G-2| T3] C-3 A3 G-3
MH590771 Mocis proverai (Kerala)| 39.0 | 15.5| 31.2 143 46 6[1 465 10 27 146 32.33p&44 | 259 147 15.
KX860613 Macis proverai 39.6 | 14.8/ 31.0 145 47 56 465 1.0 P27 141 32.88p%A5| 249 13.7 16.
KX861467 Mocis proverai 39.8| 147 31.0 145 47 501 465 10 27 141 32.88pPHA5| 249 13.7 16.
KJ380874 Mocisfrugalis 39.0| 15.2| 314 145 47 51 472 10 27 146 3233643 | 25.8 14.6 16.
JQ344624 Lepidoptera sp. 39.6 | 148/ 31.0 145 47 56 465 10 27 141 32.88pHA5| 249 13.7 16.
KJ380850 Noctuidae sp. 38.6| 155 31.0 148 46 61 462 20 27 146 3233pA3 | 25.8 14.6 16.
KJ380681 Mocis latipes 406 | 14.2) 309 148 49 45 460 5 P8 13.6 32.382H45 | 24.4| 14.2 16.¢
KJ374994 Mocis latipes 40.5| 142 309 145 49 40 460 1210 P8 13.6 32.88 A5 | 24.9 13.7 16.
HQ555235 Lepidoptera sp. 40.3| 14.3] 31.0 148 48 4H5 465 5 P8 13.6 32.88 245 | 249 13.1 16.¢
MF130206 Mocis disseverans 395| 15.0f 314 142 46 61 475 0 27 141 32882445 | 24.9] 13.7 16.
MF131097 Mocis disseverans 39.3| 15.2| 309 14y 46 66 460 15 P27 141 32.88pHA5| 249 13.7 16.
MF133168 Mocis texana 403 | 13.7) 31.7 1438 47 3p 485 5 29 126 3288 2HA5| 249 13.7 16.
MF126702 Mocis texana 403 | 13.7) 31.7 1438 47 3p 485 5 29 126 3288 2HA5| 249 13.7 16.
GU336767 Mocis diffluens 40.1 | 14.7) 31.0 142 49 45 465 0 27 146 328825 | 249 13.7 16.
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Table 6.4: Percentage of evolutionary divergenceMaicis proverai with its
closely related species accessible from NCBI GekBan

Sl. Accession . Per centage of
No. No Organism divergence
1. MH590771 | Mocis proverai (Kerala)
2. KX860613 | Mocis proverai (Pakisthan) 0.00%
3. JQ344624 | Lepidoptera sp. 0.00%
4. KX861467 | Mocis proverai 0.14%
5. KJ380874 | Mocisfrugalis 0.27%
6. KJ380850 | Noctuidae sp. 0.69%
7. KJ380681 | Mocis latipes 3.25%
8. HQ555235| Lepidoptera sp. 3.25%
9. KJ374994 | Mocis latipes 3.26%
10. MF130206 | Mocis disseverans 3.41%
11. MF131097 | Mocis disseverans 3.74%
12. MF133168 | Mocis texana 3.85%
13. MF126702 | Mocis texana 3.85%
14. GU336767| Mocis diffluens 4.13%
21 KX861467 Mocis proverai
21 JQ344624 Lepidoptera sp.
79 | 4 MH590771 Mocis proverai(Kerala)
23 KX860613 Mocis proverai
100 r KJ380850 Noctuidae sp.
L KJ380874 Mocis frugalis
| T MF130206 Mocis disseverans
' MF131097 Mocis disseverans
89 KJ374994 Mocis latipes
100 KJ380681 Mocis latipes
%{ HQ555235 Lepidoptera sp.
GU336767 Mocis diffluens
93 | MF133168 Mocis texana
100 | MF126702 Mocis texana
0.005

Figure 6.12: Phylogenetic relationship dfocis proverai inferred by NJ tree

method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus reptmetdKerala (KX860613). The
number of base substitutions per site between seggewere analysed using the
Maximum Composite Likelihood model. The COIl sequertd Mocis proverai
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
39.0%, C = 15.5%, A = 31.2% and G = 14.3%. Thisagme AT content (70.2%)
over GC content (29.8%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Mocis proverai
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 4.1@%erences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thosenfPakisthan while 4.13% to
Canada (Table 6.4). On the basis of the data obdahis species may be rooted
from those found in Canada which diverted intoat#ht clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteahirCanada during the course of

evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species bfocis proverai with related speciesMocis
proverai isolated from KeralaMH59077) showed 0% divergence withNlocis
proverai (KX860613)from Pakisthan and 4.31% divergence wiilocis diffluens
(GU336767) from Canada.The phylogeny tree generated by using NJ

method reveals the phylogenetic status Mcis proverai isolated from
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Kerala. Closest relative oMocis proverai is Mocis proverai from Pakisthan

represented within the same clade.
3. Asota orbona (Vollenhoven, 1863)

Soecimen details:

Voucher specimen . CUAO-01-A1

Date of collection . 07-Sep-2016

Locality . Malappuram: Parappanangadi
Lat- Lon : 11.0605° N, 75.8508° E

GenBank accession 1 KX603654

Description and distribution:

Asota orbona moth belongs to Noctuidag
family (Figure. 6.13). They are characterized

the yellowish coloured wing with brown shadin ' R el \
#1 LD

forewing possess four spots with black dots on ni 2305
Fig.6.13.:Asota orbona

thorax and the bases of the forewing. Hindwi
with yellow ground colour, without black spots. réaing with yellow to yellow

orange spots, with contrast veins and with a yelltiscal spots and with discal and
antemedial spots. The wings are patterned in tWerdint ways: wings close to the
body are orange with small black dots, further gltime wing they are orange and
brown with two large creamy coloured markings othesi of them. It has been

reported from India, Indonesia, New Guinea and Qslead.
Damage:

Final instar larvae forage voraciously on pioneest leaves, which is active
at night but elusive during day light (van Nieukemket al., 2011).

Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Asota orbona

collected has been amplified using the primer LERb(e 3.1). The PCR
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amplification yielded 525 bp long product. The DNsequence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 6.14 217 6respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 6.5.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition oAsota orbona voucher collected during the present study
(Table 6.5). It showed bias to nucleotide AT, witlrcleotide composition with T =
39.2%, C =17.5%, A =29.5% and G = 13.7%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 6.6 and Figure 6.18 respectively
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> Asota orbona CDS-2016/ 525bp / cytochrome oxidase subunit | (Gfehe,
partial cds; mitochondrial / voucher CUAO-01-Al

> Asota orbona

CCTTTATTATAATTTTCTTTATAGI TATACCTATTATAATTGGAGGATTTGGTAATTGAT
TAGTACCTCTTATATTAGGAGCCCCCGATATAGCT TTCCCCCGAATAAATAATATAAGT T
TTTGACTTCTTCCCCCCTCATTAACTCTACTAATTTCAAGAAGAATTGT TGAAAAT GGAG
CAGGTACCGGATGAACAGT TTACCCCCCACTTTCATTTAATATCGCTCATGGAGGAAGAT
CAGTTGATTTAGCTATTTTTTCATTACATTTAGCTGGAATTTCTTCAATTTTAGGAGCTA
TTAACTTTATTACTACAATTATTAATATACGATTAAATAATTTATCATTTGATCAAATAC
CTTTATTTGTATGAGCTGTAGGAATTACAGCATTTTTATTACTTTTATCCTTACCAGTAT
TAGCTGEGECTATTACTATACTTCTCACTGATCGAAATTTAAATACATCTTTCTTTGACC
CTGCTGGAGGAGGAGATCCAATTTTATACCAACACTTATTTTGAT

Figure 6.14: The partial DNA sequence of the mitoadrial COIl gene ofAsota
orbona

0 524
|

|

Figure 6.15: Molecular barcode of the mitochond@&ll gene ofAsota orbona

> Asota orbona / 172AA / cytochrome oxidase subunit | (COIl) gepartial
cds; mitochondrial / voucher CUAO-01-Al

> Asota orbona

M FFWMPI M GGFGNW.VPLM_GAPDVAFPRVNNVSFWLLPPSLTLLI SSSI VENGAGT
GWMVYPPLSFNI AHGGSSVDLAI FSLHLAG SSI LGAI NFI TTI I NMRLNNL SFDQVPLF
VWAVGE TAFLLLLSLPVLAGAI TMLLTDRNLNTSFFDPAGGGDPI LYQHLFW

Figure 6.16: The translation product of the mitoulirtal COI gene ofAsota
orbona
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Sample :P3_LEPTOF_26321-1_8181 Run start: 2016/02/25 09:52:40
Trim Start :30 Run stop: 2016/02/25 12:07:02

ASOta OI'bOHa Trim End  :597 PDF created: 2016/02/25 13:48:46

Qu20 Bases 567

ATTTTCTTTATAGI r\r\(‘( | ATTATAAT TGGAGGAT'T IGGI AATT GATTAGTACC TCT TATAT TAGGAGCC
10 30 50 60 70

CCG AT \I\(.Cl ] ICC(‘((G\\I\\\I AATATAAGTTT
100 11

150 180

TACATTTAGCTGGAATTTCTTCAATTTTAGGAGC TAT TAACTTTATTACTACAAT TATTAATATACGATT AAATAAT TTATCATTTGAT CAAATACCTTT AT TTGT AT GAGCTGTAGGAATTACAGCATTTT TAT TACTTTT
260 270 280 290 300 310 320 330 340 35 360 370 380 390

ol ottt Ml Wt

ATCCTTACCAGTAT TA GCTGGGGC TATT ACTATACTTCTCACTGATCGAAATTTAAAT ACAT CTTTCTTTGACCCTGCTGGAGGAGGAGAT CCAAT TT TATACCAACACT TAT TTTGATTCTTTGGT CACCCTGAAGT TTAT
400 10 420 430 460 470 St 510 520 530

45 6 4 48 490

Sample  :P3_LEPTOR 26321-2 8181 Runstart:  2016/02/25 09:52:40
Trim Start :30 Run stop: 2016/02/25 12:07:02
Asota orbona Trim End 1545 PDF created: 2016/02/25 13:48:48

Qv20 Bases :515

AAAT \\GIGI \GGI Al \\\\I IGG\!([((I(LI((\G(\GGGI(\\\G\\\G\IG] ATTTAAATT l(u\l(\GJG\G\\Gl ATAGT \\| \G((u '\G(I\\I ACTG|
60

'\ 0 50 80

A0 e iMoo I A s M v AN A AL AL M A nngl

GT\-\GG AT. \\{\GT-\-\T{\ X&\TC(TGT-\-\TTCCT\C\GCTC\T ACAAATAAAGGT/ %TTTG%TC\\\TG\T \-\ATT\TTT \\TCGT ATATT/ \\TA\‘\TTGT\GT-\AT AAAGTT: ’AT AGCTCCT.: \\{-\TTG%\G \-\-\TTCC-XGC
150 160

pnalta An A A AN AR

GAAATTAGTAGAGT TAAT GAGGGGGGA
370 380 390

laarnNMnanamaaisnssafaatansnfinan

TAAATGT AATGAAAAAATAGC TAAAT CAACTGATCTT!
250 260 270 280

'CCATGAGC
290 300

naalWiaaananaataasan AN sa AN AR s ptanallannaa AR s AN AN s Sransa N AARAN

AGAAGTCAAAAACT TAT AT TATTTAT IL(,(,(,GG\'\\(,LI\I \\LG(;G(,(lIL‘L TAATATAAGAGGI \u \\IL\\H \((,\\\IL(,IL(\\I TATAAT; \(,(,\ ATAACT ATAAAGAAAATT ATAA
400 410 430 450 500 510

Nl AAANANANINNANAAANAAA foaliana AN AN M AN AAMANNA AN ANANAN sl ngee s A Manaions

Al Y /\/\A/W\m/\/\”J\ A

Figure 6.17: Electropherogram showing the nucleotide sequenake the
mitochondrial COI gene oAsota orbona using Forward and Reverse
primer.
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Table 6.5: Comparison of Nucleotide frequencie€01 gene sequence Asota orbona with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU) | C A| G |T1| c1| A1l T2 C2 A2 G2 TB CBA3|G3
KX603654 Asota orbona 39.2 | 17.5| 295 13.7 44 1009 446 6 29 16.6 29.7.62445| 251 143 16.
KX862642 Asota caricae 38.7 | 15.4| 31.2 147 46 80 457 0 27 1B.7 33.132643 | 246 149 17]
HQ569734 Asota plana plana 385 | 15.8| 31.0 147 46 91 451 0 27 1B.7 33.132643 | 24.6] 149 17.]
HQ569654 Asota paliura 385 | 158/ 31.0 147 46 86 451 0 26 143 33.132643 | 246 149 17.]
GU662357 Asota heliconia venalba 385 | 158/ 31.0 147 46 8.6 451 0 26 143 33.132643 | 246| 149 17.
HQ569790 Asota plaginota plaginota 383| 16.0/ 31.0 147 46 86 451 0 26 149 33.132643 | 246/ 149 17.]
KC499401 Asota darsania 38.3| 15.6| 31.0 150 45 91 446 11 27 1B8.1 33.7.32643 | 24.6| 149 17.]
HQ569723 Asota plana plana 385 | 15.8| 309 147 45 97 451 0 28 1B.2 32.842643 | 24.6] 149 17.]
HM395494 Asota albiformisternatensis | 38.7 | 15.6/ 31.0 147 46 86 451 0 27 1B7 33.132643 | 246/ 149 17.]
KF549916 Asota eusemioides 38.3| 16.8| 307 143 43 91 469 6 27 154 30932644 | 25.7| 14.3 16.
GU662399 Asota sulawesiensis 38.3| 16.4| 30.7 147 45 103 446 (0 27 1B8.7 33.1.312643 | 25.1| 143 17.
KJ013116 Asota trinacria 37.3| 17.0| 305 152 43 11/4 440 17 p6 143 33.6.3p 43| 251 143 17.
KC499398 Asota clara donatana 38.1| 16.0/ 31.0 149 4% 9F 451 [ 27 1B.7 33.132643 | 24.6)/ 149 17.]
KU722730 Asota sp.floresiensis 37.7| 16,6/ 30.7 15.0 45 103 440 11 Pp6 149 33.6.32 43| 246 149 17.
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Table 6.6:

Percentage of evolutionary divergenceAsdta orbona with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. KX603654 | Asota orbona (Kerala)

2. KX862642 | Asota caricae (Pakisthan) 0.39%
3. HQ569734 | Asota plana plana 1.98%
4. KC499398 | Asota clara donatana 2.37%
5. GU662357 | Asota heliconia venalba 2.39%
6. HQ569723 | Asota plana plana 2.39%
7. HQ569654 | Asota paliura 2.80%
8. HQ569790 | Asota plaginota plaginota 2.80%
9. KC499401 | Asota darsania 3.21%
10. HM395494 | Asota albiformisternatensis 3.21%
11. KF549916 | Asota eusemioides 3.62%
12. KU722730 | Asota floresiensis 3.64%
13. GU662399| Asota sulawesiensis 3.65%
14. KJ013116 | Asota trinacria 4.98%

29

47

494,7 @ KX603654 Asota orbona
KX862642 Asota caricae
59

— GUG662357 Asota heliconia venalba

57 HQ569654 A
66 | HQ569790 A

sota paliura

sota plaginota plaginota

49

0.005

HM395494 Asota albiformis ternatensis
HQ569734 Asota plana plana

51
72 HQ569723 Asota plana plana

KC499401 Asota darsania
KF549916 Asota eusemioides
GU662399 Asota sulawesiensis

32 _,7 KC499398 Asota clara donatana
41

KU722730 Asota sp. floresiensis

KJ013116 Asota trinacria

Figure 6.18: Phylogenetic relationshipsgbta orbona inferred by NJ tree method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
99.7% sequence similarity to the same genus reapdren Kerala (KX862642).
Eventhough this species has been found in vari@egrgphically isolated areas,
their sequence doesn’t have any kind of variatitence the present study stress that
the barcode generated can be used to easilyttgpapecimen and also to analyse

its phylogeny.

The number of base substitutions per site betwgegunences were analysed
using the Maximum Composite Likelihood model. Th®IGCequence ofAsota
orbona showed bias to nucleotide AT, with following consimn of nucleotides T
= 39.2%, C = 17.5%, A = 29.5% and G = 13.7%. Thesater AT content (68.7%)
over GC content (31.2%) is mainly due to the matal pressure on a single
nucleotide substitution during the evolutionaryipérof time.Asota orbona showed
variation in the total composition of nucleotidedach of the position of codons in
comparison with other related species isolated fddferent geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
geographical locations, it showed only 0.39% to8%?9 differences in the
nucleotides sequences. The divergence table plditeadmaximum likely hood
method clearly showed that it has divergence (0)3@8th those from Pakisthan
while 4.98% to Philippines (Table 6.6). On the basf the data observed this
species may be rooted from those found in Philgpwwhich diverted into different
clades due to geographical variation. Result tluladed that this species doesn't
have any major changes in India while slightly aesfrom those reported from

Philippines during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated speciesAdota orbona with related speciedAsota orbona
isolated from Kerala (KX603654) showed 0.39% diesrce with Asota caricae
(KX862642) from Pakisthan and 4.98% divergence with (KJO13126dta
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trinacria from Philippines. The phylogeny tree generated by using NJ method
reveals the phylogenetic status A$ota orbona isolated from Kerala. Closest
relative of Asota orbona is Asota caricae from Pakistharrepresented within the
same clade.

4. Asota caricae (Fabricius, 1775)

Specimen details:

Voucher specimen : CUAC-02-A1

Date of collection . 24-Aug-2016

Locality . Malappuram: Parappanangadi
Lat- Lon : 11.0605° N, 75.8508° E

GenBank accession KX587505
Description and distribution:

The marked identification ofAsota

caricae include upturned palpi; antenna
fasciculated in male and ciliated in fema
(Figure. 6.19). Head, thorax and abdomen ora
coloured ; palpi having a black spot on 1st a
2nd joints; a black spot on tegulae; a dorsal se
of black spots on abdomen expanding into ba : :
Fig.6.19:Asota caricae
Fore wings are fuscous brownish ; a basal ora
patch with one basal and two sub-basal black spudsseries of three on its outer
edge; the veins streaked with white; a white spdbwer angle of cell. Hind wing
orange yellow; a black spot at end of cell, oneobely one below vein 2, a
submarginal irregular series which sometimes becamearly complete marginal
band, the veins crossing it is yellow (HampsorQ2)8Asota caricae is distributed

in India, Philippines and Australia.
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Damage:

The folivorous caterpillars feed nocturnally angpate on folded leaves or

down in the earth. Adult ecloses during the dughtli
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Asota caricae
collected has been amplified using the primer LERb(e 3.1). The PCR
amplification yielded 532 bp and 532bp long produictr the specimens obtained
from two different locations. The DNA sequence iiptet, representative molecular
barcode, conceptual translation product and elgbmgram are exhibited in
Figures 6.20 — 6.23 respectively and the comparnidqgrercentage of frequencies in

the nucleotide composition with its kin speciegeisresented in Table 6.7.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition cAsota caricae voucher collected during the present study
(Table 6.7). It showed bias to nucleotide AT, witlcleotide composition with T =
40.2%, C = 16.9%, A = 28.8% and G = 14.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related spgeaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 6.8 and Figure 6.24 respectively
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> Asota caricae CDS-2016/ 532 bp / cytochrome oxidase subunitQIj@ene,
partial cds; mitochondrial / voucher CUAC-02-Al

> Asota caricae

CATGCTTTTATTATAATTTTTTTTATAGT TATACCTATTATAATTGGAGGATTTGGTAAT
TGATTAGTACCTCTTATATTAGGAGCCCCCGATATAGCT TTCCCCCGAATAAATAATATA
AGTTTTTGACTTCTCCCCCCCTCATTAACTCTTCTAATTTCAAGAAGAATTGT TGAAAAT
GGAGCAGGTACTGGATGAACAGT TTACCCCCCACT TTCATCTAATATTGCTCATGGGGEGA
AGATCAGT TGATTTAGCTATTTTTTCACTGCATTTAGCTGGAATTTCTTCAATTTTAGGA
GCTATTAACTTTATTACTACAATTATTAATATACGATTAAATAATTTATCATTTGATCAA
ATACCTTTATTTGTATGAGCTGTAGGAATTACAGCATTTTTATTACTTTTATCTTTACCA
GTATTAGCTGGAGCTATTACTATACTTCTCACTGATCGAAATTTAAATACATCTTTTTTT
GACCCTGCTGGAGGEEGAGATCCAATTTTATACCAACACTTATTTTGATTTT

Figure 6.20: The partial DNA sequence of the mitoalrial COl gene ofAsota
caricae

0 531
|

Figure 6.21: Molecular barcode of the mitochond@i@ll gene ofAsota caricae

> Asota caricae / 173AA [/ cytochrome oxidase subunit | (COI) gepatrtial
cds; mitochondrial / voucher CUAC-02-A1l

> Asota caricae

M FFMWMPI M GGFGNW.VPL M. GAPDVAFPRVNNVBFWLLPPSLTLLI SSSI VENGAGT
GWMVYPPLSSNI AHGGSSVDLAI FSLHLAG SSI LGAI NFI TTI I NMRLNNLSFDQVPLF
VWAVG TAFLLLLSLPVLAGAI TMLLTDRNLNTSFFDPAGGGEDP! LYQHL FWF

Figure 6.22: The translation product of the mitoultrtal COI gene ofAsota
caricae
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Sample :YM_LEPTO.F_22632-9_7701 Run start: 2015/08/24 10:01:37
Trim Start :21 Run stop: 2015/08/24 12:17:40

Asota caricae Trim End :581 PDF created: 2015/08/24 13:37:43

Qv20 Bases :560

ATMT TTT TTTTATA GT TATACCTATTATAAT T GGAGGATTT GGTAAT T GATTA GTACCTC TTATATTA GGAGCCCCCGATATAGCT TTCCCCCGAATAAATAATATAAGTTTT
0 20 30 40 50 60 70 80 90 100 110

A | .
I\ ML | ,‘(\ i sﬁ\/‘”‘ M\ A W

GACTTCTCCCCCCCTCATTAACTC TTCTAATT TCAAGAAGAAT TGTTGAAAATGGAGCAGGTACTGGATGAACAGTTTACCCCCCACTTTCATCTAATATTGCTCATGGGGGAAGAT CAGTTGATTTAGCTATTTTTTCACTG
120 130 140 50 160 170 180 190 200 210 22(¢ 230 240 250

320 330 350 380

I'TTACCAGT. \H\()(l()(y\(x(lA]l\( TATACTTCTCAC XG\I(G\\\III\\\I AC. \l( |||]I[|(J‘\((( TGC I(L\()G()()()\U\I((/\\]I II\I‘\((\\( \(II’\I IT I(J\l]IHI()()(‘( ACCC I(J\\(JIII\I AT
30 4 450 460 510 540

[[TTAATTTTACCT GGATA
550

Sample :YM_LEPTO.R_22632-10_7701 Run start: 2015/08/24 10:01:37
2 Trim Start :33 Run stop: 2015/08/24 12:17:40
ASOta caricac Trim End  :580 PDF created: 2015/08/24 13:37:46

Qu20 Bases :547

TAAGT GTT GGT ATAAAATT GG \T(,TC(‘CC(‘T(L AGC/ \GGGT(/\\ AAAA; \G\TGT ATTTAAATT TCGATC \GTG AGAAGTATAGT AAT; \G(,TCL AGCTAATACTG|
60 80 100

b@&%wwwwmw R

GTAAAGATAAAAGT AATAAAAAT GCTGTAATTCCTACAGCTCATACAAATAAAGGTATTT GATC! \\ ATGATAAATTATTTAATCGTATATTAATAATT GTAGTAATAAAGTTAATAGCTCCTAAA; \TTG\\G AAATTCCAGC
120 130 140 150 160 70 180 190 200 210 220 230

lavaalvnsaning A/A/\/\/\ s nennan s A sl AN AR s A A A s a A AN ARAA o

(1 \(Jl(v\\\\\\l AGCT: \\\I(\'\( I(|\I( iy I(I’(‘(‘("\'I'G\(J( AATAT I \(J\ILv\\\(JI(J()(\((_(]I AAACTGTTC \I(( \Lvl ACCTGC I(( ATTT I(\’\L \\I TCTTCTTGAAATTAGAAGAGTT, \\I(J‘\Lv(v(ijh(v(v

320 360 370

nealasdantaamnenns i ssainattan st waneanac astonalnsne M naiisanainsan s larsaliManaa

AGAAGTCAAAAACTTATATTATT TATT CGGGGGAAAGCTATATCGGGGGCTCCTAATATAAGAGGTACTAAT CAATTACCAAATCCT CCAATTAT AATAGGT ATAACTATAAAA AAAATTATAATAAAAGCAT GGGCTGT A
390 400 410 420 430 440 450 460 470 480 490 500 510 520

\L \\I AGCAT I'\I AAATT

el

Figure 6.23: Electropherogram showing the nucleotide sequenafe the
mitochondrial COIl gene ohsota caricae using Forward and Reverse
primers.
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Table 6.7: Comparison of Nucleotide frequencie€01 gene sequence Afota caricae with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

NJ

N

TW)| ¢ | A| G |T1| C1| Al] G1| T-2 C2 A2 G2 TB CBA3|G3
KX587505 Asota caricae (Kerala) 40.2 | 16.9| 28.8 14.1 40 129 326 140 B4 237 238.1| 46| 141 299 10.
KU201286 Asota caricae (Kerala) 40.2 | 16.9| 28.9 141 40 12/9 326 140 B4 23.7 238.1| 46| 14.1] 299 10.
GU662335 Asota caricae caricae 39.3| 17.9| 29.14 13.7 39 13/0 345 136 B3 258 22B5| 46| 14.7) 305 9.0
HQ569651 Asota paliura 385 | 158/ 304 150 40 107 410 79 B1 19.2 27.2.6Q 44| 175 23.7 14.
GU662357 Asota heliconia venalba 38.5| 15.8| 31.0 14.7 40 10/7 4146 7|3 Bl 19.2 27.26Q 44| 175 243 14.
HQ569790 Asota plaginota plaginota 38.3| 16.0 31.0 147 41 101 416 73 B1 19.8 27.2.6Q 44| 181 243 14.
AB684348 Asota heliconia lanceolata | 38.9 | 16.5| 30.1 145 41 112 382 96 B2 220 2409P 44| 16.4/ 27.1 13.
HQ569734 Asota plana plana 385 | 158/ 31. 147 41 10{1 416 73 B1 19.2 27.26Q 44| 18.1| 243 14.
HM395494 Asota albiformisternatensis | 38.7 | 15.6| 31.0 147 41 10{1 416 7|3 Bl 192 27.26p 44| 175 243 14
GU662388 Asota albivena 38.5| 156/ 31.0 148 41 96 421 73 31 108 27162244 | 175 237 14]
KC499398 Asota clara donatana 382 | 160| 31.d 148 49 1077 4le 7o B1 102 2726p 44| 181 243 14,
KJ013115 Asota trinacria 37.6 | 16.7| 305 152 39 11/8 399 90 B1 19.8 27.2.6P 43| 186 243 14.
KU722730 Asota sp.floresiensis 37.8| 16,5 30.8 150 40 107 404 84 B0 203 27.2.6p 43| 186 243 14.
KF549916 Asota eusemioides 38.2 | 16.7| 305 147 40 107 388 101 B2 215 24£95| 42| 181 27.7 12.
HM862401 Asota clara clara 383| 157| 313 148 41 96 418 7|3 30 203 27.16p244 | 17.2| 247 14
GU662410 Asota antennalis 385 | 158 304 148 42 96 416 73 81 102 27160243 | 186 2371 14]
AB684344 Asota australis sinuosa 37.6 | 17.7| 30.3 145 40 12/4 382 96 B3 21.5 240.9p 40| 19.2| 27.7 13.
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Table 6.8:

Percentage of evolutionary divergenceAsdta caricae with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. KX587505 | Asota caricae (Kerala)

2. KU201286 | Asota caricae (Kerala) 0.00%
3. GU662335| Asota caricae caricae 0.33%
4. HQ569651 | Asota paliura 0.33%
5. GU662357 | Asota heliconia venalba 1.01%
6. HQ569790 | Asota plaginota plaginota 1.01%
7. HM862401 | Asota clara clara 1.71%
8. GU662388 | Asota albivena 2.41%
9. KC499398 | Asota clara donatana 2.41%
10. AB684348 | Asota heliconia lanceolata 2.41%
11. GU662410| Asota antennalis 2.43%
12. HQ569734| Asota plana plana 2.76%
13. HM395494 | Asota albiformis ternatensi 2.76%
14. KU722730 | Asota sp.Floresiensis 3.14%
15. KJ013115 | Asota trinacria 4.25%
16. KF549916 | Asota eusemioides 4.98%
17. AB684344 | Asota australis sinuosa 5.71%
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60 I: KC499398 Asota clara donatana
36 KU722730 Asota sp. Floresiensis

29 | —— GU662410 Asota antennalis
ABG684348 Asota heliconia lanceolata
21 87 1 GU662388 Asota albivena
HM862401 Asota clara clara

KJ013115 Asota trinacria
50 34 _|: HQ569734 Asota plana plana
60 HM395494 Asota albiformis ternatensis

GU662357 Asota heliconia venalba

HQ569790 Asota plaginota plaginota

HQ569651 Asota paliura

GU662335 Asota caricae caricae

@ KX587505 Asota caricae (Kerala)

59 | @p KU201286 Asota caricae (Kerala)
KF549916 Asota eusemioides

ABG684344 Asota australis sinuosa

—
0.005

Figure 6.24: Phylogenetic relationshipAsbta caricae inferred by NJ tree method
DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus reptedKerala (KU201286). The
number of base substitutions per site between segsewere analysed using the
Maximum Composite Likelihood model. The COIl sequeraf Asota caricae
showed bias to nucleotide AT, with following compia® of nucleotides T =
40.2%, C = 16.9%, A = 28.8% and G = 14.1%. Thisagge AT content (69.0%)
over GC content (31.0%) is mainly due to the matal pressure on a single
nucleotide substitution during the evolutionaryiperof time.Asota caricae showed
variation in the total composition of nucleotidedach of the position of codons in
comparison with other related species isolated fddferent geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
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one clade. Eventhough the COI sequences has bemmte@d from different
geographical locations, it showed only 0% to 5.7di#terences in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has no divergence (0%) with thosenfiKerala while 5.71% to
Indonesia (Table 6.8). On the basis of the datames this species may be rooted
from those found in Indonesia which diverted intdfedent clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frthrase reported from Indonesia

during the course of evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated speciesAxdota caricae with related specie®isota caricae
isolated from Kerala (KX587505) showed 0% divergemgth (KU201286)Asota
caricae from Kerala and 5.71% divergence witAsota australis sinuosa
(AB684344) from IndonesiaThe phylogeny tree generated by using NJ method
reveals the phylogenetic status A$ota caricae isolated from Kerala. Closest

relative ofAsota caricae is Asota caricae fr represented within the same clade.
5. Eudocima cocalus (Cramer, 1780)

Soecimen details:

Voucher specimen . CUEC-01-A1

Date of collection : 10-Nov-2015

Locality . Malappuram: Munniyoor
Lat- Lon : 11.0748° N, 75.8921° E

GenBank accession : KX603659
Description and distribution:

Eudocima cocalus, the cocalus fruit piercing moth, is a moth of the
family Erebidae family (Figure. 6.25). The wingspambout 100 mm.The female
adult moths of this species have forewings thatdam& brown with several white
spots. The hindwings are yellow with a broad bladgin. The male moths have
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patchy brown forewings with no white spots, b

the hindwings are orange with a broad bl
margin. For both sexes, each forewing has
hooked wingtip, and a concave hind margin. T
head andthorax are dark brown, but t
abdomen is bright orange. The wingspan is ab
6 cms. It is found distributed in the nort
eastern part of the Himalaya, to Sundaland & Fig. 6.25:Eudocima cocalus
east to Queensland, along  South India,

Australia and the Solomons.
Damage:

The larvae feed oBocculusspecies. The adults are a pest inlychee,
carambola orchards and polyphagus to agriculting@bsc They pierce the fruit in

order to suck the juice.
Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial CéneyofEudocima cocalus
collected has been amplified using the primer BTLalle 3.1). The PCR
amplification yielded 585 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 6.26 29 6respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 6.9.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition dEudocima cocalus voucher collected during the present
study (Table 6.9). It showed bias to nucleotide Aith nucleotide composition
with T = 39.7%, C = 16.8%, A = 29.7% and G = 13.8%.

292



Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of the specimen at COIl gene
sequence level with its most closely related species accessible from NCBI GenBank
database and corresponding phylogenetic tree constructed with NJ method are
exhibited in Table 6.10 and Figure 6.30 respectively.

> Eudocima cocalus CDS-2017/ 585 bp / cytochrome oxidase subunit | (COI)
gene, partial cds; mitochondrial / voucher CUEC-01-A1l

> Eudocima cocalus

GGAACTTCTCTTAGITTATTTAATTCGAGCT GAAT TAGGAAATCCAGGATCATTAATTGG
AGATGATCAAATTTATAATACTATTGTCACAGCTCATGCTTTTATTATAATTTTTTTTAT
AGTAATACCTATTATAATTGGAGGATTCGGAAATTGATTAGT TCCTCTTATATTAGGAGC
CCCTGATATAGCTTTCCCTCGAATAAATAATATAAGT TTCTGACTCCTTCCCCCCTCTTT
AACTCTTCTTATTTCAAGAAGAATTGTAGAAAAT GGAGCAGGAACT GGATGAACAGT TTA
CCCCCCACTTTCATCTAATATTGCACATGGAGGTAGCTCAGI TGATTTAGCTATTTTTTC
ATTACACTTAGCTGGTATTTCATCAATTTTAGGAGCTATTAATTTTATTACAACAATTAT
TAATATACGATTAAATAATTTATCATTTGATCAAATACCATTATTTATTTGAGCTGITGG
AATTACTGCATTCTTATTACTTCTTTCTTTACCTGTATTAGCAGGTGCTATTACTATACT
TTTAACAGATCGAAATTTAAATACATCTTTTTTTGACCCCGCTGG

Figure6.26: The partidl DNA sequence of the mitochondrial COlI gene of
Eudocima cocalus

0 584

Figure 6.27: Molecular barcode of the mitochondrial COl gene of Eudocima
cocalus

> Eudocima cocalus / 159AA / cytochrome oxidase subunit | (COI) gene,
partial cds, mitochondrial / voucher CUEC-01-A1

> Eudocima cocalus

M FFMWMPI M GGFGNWLVPLM-GAPDVAFPRMNNVSFW.L PPSLTLLI SSSI VENGAGT
GWMVYPPLSSNI AHGGSSVDLAI FSLHLAG SSI LGAI NFI TTI I NVRLNNL SFDQVPLF
| WAVG TAFLLLLSLPVLAGAI TMLLTDRNLNTSFFDPA

Figure 6.28. The trandation product of the mitochondrial COI gene of Eudocima
cocalus
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Sample :P5_CP1F_26917-1_8252 Run start: 2016/03/16 10:18:58
Trim Start :25 Run stop: 2016/03/16 12:33:18

Eudocima cocalus Trim End 670 PDF created: 2016/03/16 13:03:29

Qv20 Bases :645

GCAGGTATAGTAGGAACT T CTCTTAGTTTATTAATT CGAGCTGAATTAGGAAATCCAGG ATCAT TAAT T GGAGATGATCAAATTTATAATACTAT TGTCACAGC TCATGCTT
10 20 30 40 50 60 70 80 90 100 110

TTATTATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATTCGGAAATTGATTAGTTCCTCT TATAT TAGGAGCCCCTGATATAGCTTTCCCTCGAATAAATAATATAAGTTTCTGACTCCTTCCCCCCTCTTTAAC
120 130 140 50 160 170 180 190 200 210 220 230 240 250

[[CTTCTTATTTCAAGAAGAATTGTAGAAAATGGAGCAGGAACTGGATGAACAGTTTACCCCCCACTTTCATCTAATATT GCACATGG AGGTAGCTCAGT TGATTTAGCTAT TTTTTCAT TACACTTAGCTGGT ATTTCATCAA
260 270 280 290 300 310 320 330 340 350 360 370 380 390

L

L £ol\ LY
[T TTAGGAGCTATTAATTTTATTACAACAATTATTAATATACGATTAAATAATT TAT CATTTGATCAAATACCATTATTTATTTGAGCTGTTGGAATTACT GCATTCTTAT TACT TCTT TCTTTACCTGTAT TAGCAGGTGCT
400 410 420 30 440 450 460 470 480 490 500 510 520 530 540

ATTACTATACTTT TAACAGATCGAAATTTAAATACATCTTT TTTT GACCCCGC TGGTGGAGGAGACCCTAT TTTATACCAACAT TTATT TTGATTTTTT GGACAT
550 57 5 0 620 630 640

560 570 580 590 600 61(

Sample :P5_CP1R_26917-2_8249 Run start: 2016/03/15 10:10:03
4 Trim Start :32 Run stop: 2016/03/15 12:23:27
Eudocima cocalus Tim End 185 POF costed: 201610315 14:4138

Qv20 Bases :653

CCAGCGGGGTCMAAAAAGAT GTATT TAAATTT CGAT CT GT TAAAAGTAT AGTAATAGCACC TGCTAATACAGGTAAAGAAAGAAGT AATAAGAAT GCAGTAAT TCCA
10 20 30 40 50 60 70 80 90 100

= DM NI WA i W) /\/\/L/\/\/\\A Naal v, P\ i

ACAGC TCAAATAAATAAT GGTAT TT GATCAAATGAT AAATTAT TTAATCGTATATTAATAATT GTTGTAATAAAATTAATAGCTCCTAAAATTGAT GAAATACCAGC TAAGTGTAAT GAAAAAAT AGCTAAATCAACT GAGC
110 120 130 140 150 6 170 180 190 200 210 220 230 240 25

n A ,»/\ AAMMAAAAANRAAAANAAAMNAAAAAAAAMNAAAANNAANAA AR AL AAMAANAAAAANAAA AN A \annan A AA

TCTACAATTCTTCTTGAAATAAGAAGAGT TAAAGAGGGGGGAAGGAGTCAGAAACTTATAT TAT TTATTCGAGGGAA
320 330 340 350 360 370 380 390

TACCTCCATGTGCAATATT AGAT GAAAGTGGGGGGTAAACTGTTCATCCAGTTCCTGCTCCAT
260 270 280 290 300 310

A sssnann AaA s sfaaAAAAsanlls MaalanassMAA A A A AN A AAA N SAMAAN VAN A A A

GCTATATCAGGGGCTCC TAATATAAGAGGAACT AAT CAATTTCCGAATCCTCCAATTATAATAGGTAT TACTATAAAAAAAATTATAATAAAAGCATGAGCTGT GACAATAGT ATTATAAATTT GAT CATCTCCAATTAATG
5 7 Y 490 5

410 420 430 440 450 460 470 500 510 520 530
naneaMANINANA A\t AN A, NN NN snAAY reanverlnennnn e A o
ATOCTGGATTTCCTAATTCAGCT CGAATTAAATAAACTA AGAGA AGT TCCTACTAT ACCTGCTCAAATACCM AAATAAAATATAA T GI'TCCAAATAT CT TTAT GAITTGGT TGAAT A
550 560 570 590 600 610 620 630 640 650

szv/\'va” O PPN ma/\(wm A M'MW A

Figure 6.29: Electropherogram showing the nucleotide sequenuke the
mitochondrial COl gene oEudocima cocalus using Forward and

Reverse primers.
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Table 6.9: Comparison of Nucleotide frequencie€@I gene sequence Bfidocima cocalus with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G | T1/C1| A1| G-1| T-2|C-2| A-2| G-2| T-3| C-3| A-3| G-3
KX603659 Eudocima cocalus 39.7| 16.8| 29.7 13.8 44 25/6 159 149 49 B2 426 | .27 | 16.4| 30.8§ 26.2
HQ949157 Eudocima cocalus 40.3| 15.7) 29.9 140 4% 23|6 114 138 48 [7.2 426 |228| 16.4 29.1 25.6
HQ949151 Eudocima phalonia 395| 164 30.3 138 44 24|]1 179 138 48 [1.2 426 |227 | 17.9 30.3 25.1
JN674870 Eudocima divitiosa 40.4| 15.6| 2953 146 4% 238 166 145 HO0 b1 41.Q4 |427 | 17.9 30.6 25.0
HQ949147 Eudocima iridescens 405| 15.6| 29.9 140 4% 24{1 169 138 49 b6 426 |328| 16.9 30.3 25.1
HQ949150 Eudocima jordani 40.0 | 15.7| 304 13.8 4% 236 119 183.8 48 H.2 436 |227 | 17.4 303 251
KU205355 Eudocima hypermnestra | 41.4 | 15.0f 29.7 13.8 4% 24/6 169 1838 B2 [B.6 42.16 (228 | 16.9 303 25.1
KP898255 Eudocima materna 41.4| 15.0f 29.1 13.8 4% 246 169 13.8 pH2 pB.6 4216 |228 | 16.9 30.3 25.1
KJ380871 Eudocima homaena 39.8| 159| 30.8§ 135 43 253 145 144 49 6.1 439D 128 | 16.4/ 30.8 25.1
KT988573 Eudocima tyrannus 39.7| 15.7) 30.6 140 44 24/6 179 138 W47 pB.7 43.6 329 | 159 30.3 25.1
HQ571016 Eudocima apta 41.5| 14.7) 299 138 4% 24|]1 149 13.8 B2 p6 42.6 |227 | 17.4f 30.3 25.1
HM884517 Lepidoptera sp. 41.4| 149 299 138 4% 24{1 169 1838 pH2 pB.1 426 (227 | 17.4 30.3 25.1
HM893264 Eudocima sp. 39.1| 16.8 29.9 142 44 246 144 144 @47 [7.7 421 |327| 17.91 30.3 25.1
KF491730 Eudocima salaminia 40.0| 15.9 29.9 142 4% 23|6 174 138 48 bp.2 42.6 |327| 17.9 29.1 25.6
MF126815 Eudocima serpentifera 409 | 15.0f 299 142 4% 24|6 144 13.8 49 4.1 43.6 |328| 16.4] 30.3 25.1
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Table 6.10:

Percentage of evolutionary divergenc&ualocima cocalus with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence

1. KX603659 | Eudocima cocalus (Kerala)

2. HQ949157 | Eudocima cocalus (Canada) 0.00%

3. KU205355 | Eudocima hypermnestra 1.12%
4. KP898255 | Eudocima maternal 1.12%

5. HQ571016 | Eudocima apta 1.40%

6. HM884517 | Lepidoptera sp. 1.40%

7. HQ949147 | Eudocima iridescens 1.40%

8. KF491730 | Eudocima salaminia 1.40%

9. HQ949150 | Eudocima jordani 1.68%
10. MF126815 | Eudocima serpentifera 1.68%
11. HQ949151| Eudocima phalonia 1.68%
12. JN674870 | Eudocima divitiosa 1.69%
13. KJ380871 | Eudocima homaena 1.69%
14. KT988573 | Eudocima tyrannus 1.97%
15. HM893264 | Eudocima sp. 1.97%

HQ571016 Eudocima apta
36 470{ HM884517 Lepidopter: sp.
74 | KP898255 Eudocima materna
35 KU205355 Eudocima hypermnestra
10 _| HQ949147 Eudocima iridescens. .
20 MF126815 Eudocima serpentifera
KJ380871 Eudocima homaena
o4 | @ KX603659 Eudocima cocalus
| HQ949157 Eudocima cocalus
18 | JN674870 Eudocima divitiosa

60 | KF491730 Eudocima salaminia

HQ949151 Eudocima phalonia

HQ949150 Eudocima jordani

KT988573 Eudocima tyrannus
HM893264 Eudocima sp.

29

_2s|
E—

H
0.002

Figure 6.30: Phylogenetic relationship Blidocima cocalus inferred by NJ tree
method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus repémedKerala (HQ949157). The
number of base substitutions per site between seggewere analysed using the
Maximum Composite Likelihood model. The COI sequent Eudocima cocalus
showed bias to nucleotide AT, with following comiiimm of nucleotides T =
39.7%, C = 16.8%, A = 29.7% and G = 13.8%. Thisagme AT content (69.4%)
over GC content (30.6%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipérof time. Eudocima cocalus
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 1.9d#kerences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thosenfilCanada while 1.97% to
Ontario (Table 6.10). On the basis of the data eskthis species may be rooted
from those found in Ontario and Canada which deceinto different clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frttmse reported from Ontario

during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated speciesEidocima cocalus with related specie€udocima
cocalus isolated from KeralaKX603659 showed 0% divergence witBudocima
cocalus (HQ949157) from Canada and 1.97% divergence \tldocima sp.
(HM893264) from Ontario. The phylogeny tree generated by using NJ

method reveals the phylogenetic status Eidocima cocalus isolated from
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Kerala. Closest relative dfudocima cocalus is Eudocima cocalus from Canada

represented within the same clade.
6. Hypocala deflorata (Fabricius, 1794)

Soecimen details:

Voucher specimen . CUHD-02-A1

Date of collection . 21-Mar-2016

Locality . Malappuram: Parappanangadi
Lat- Lon : 11.0605° N, 75.8508° E

GenBank accession : KX603655
Description and distribution:

Hypocala deflorata have paler head, thorax, and fore wing (Figur81y.
Distinguished character include hind wing with trange area larger; the marginal
black area reduced and the two orange spots cagolinderside with the black on
fore wing reduced to two bars and that on hind vdlsgp much reduced (W.8. 38
mm) (Gurule, 2013).Hypocala deflorata is

found to be distributed along Africa, India,
Lanka, Thailand, China, Japan; Australia, Ho
Kong and Borneo (Subhalakshmi et al., 2017

Damage:

The adult moth is a generalized feed ) Tmm
. . : Fig.6.31:Hypocala deflorata
and attacks fruit, penetrating the skin to s 9 P

juice.
Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial C@iney of Hypocala
deflorata collected has been amplified using the primer I[(E&ble 3.1). The PCR
amplification yielded 434 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual t#aosl product and
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electropherogram are exhibited in Figures 6.32 35 6respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 6.11.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition dflypocala deflorata voucher collected during the present
study (Table 6.12). It showed bias to nucleotide, &ith nucleotide composition
with T =40.1%, C = 15.7%, A = 30.4 % and G = 13.8%

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 6.12 and Figure 6.36 respedtivel
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> Hypocala deflorata CDS-2016/ 434 bp / cytochrome oxidase subunit
(COl) gene, partial cds; mitochondrial / voucherdIJ02-Al

> Hypocala deflorata

ATTGGAGGATTTGGAAATTGATTAGT TCCCTTAATAT TAGGAGCTCCTGATATAGCTTTC
CCTCGAATAAATAATATAAGTTTTTGACTTCTTCCCCCTTCTTTAACATTATTAATTTCA
AGTAGAAT TGTAGAAAAT GGAGCAGGAACT GGATGAACT GT TTACCCCCCTTTATCATCA
AATATTGCTCACAGT GGAAGATCAGTAGATTTAGCTATTTTTTCTCTACATTTAGCAGGT
ATTTCTTCAATTTTAGGAGCTATTAATTTTATTACTACAATTATTAATATACGATTAAAT
AATTTAATGI TTGATCAAATACCTTTATTTGT TTGAGCTGTAGGAATTACTGCATTCTTA
CTATTATTATCTTTACCTGI TTTAGCAGGAGCTAT TACCATACTTCTAACTGATCGAAAT
TTAAATACTTCATT

Figure 6.32: The partial DNA sequence of the mitoarial COI gene of
Hypocala deflorata

0 433
l !

Figure 6.33: Molecular barcode of the mitochondr@Dl gene of Hypocala
deflorata

> Hypocala deflorata / 133AA / cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUHD-01-Al

> Hypocala deflorata

M_GAPDVAFPRVMNNIVBFWLLPPSLTLLI SSSI VENGAGT GWTVYPPLSSNI AHSGSSVDL
Al FSLHLAG SSI LGAI NFI TTI1 I NMRLNNL MFDQVPLFVWAVG TAFLLLLSLPVLAGA
| TMLLTDRNLNTS

Figure 6.34: The translation product of the mitaugal COl gene oHypocala
deflorata
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Sample :BM_LEPTO.F_23390-1_7816 Run start: 2015/10/07 12:05:44
Trim Start :52 Run stop: 2015/10/07 14:03:15

Hwocala deﬂorata Trim End  :592 PDF created: 2015/10/07 15:10:57

Qv20 Bases :540

ATT GGAGGATTT GGAAATT GATTACTT CCCTTAATAT TAGGAGCTCCTGATATAGCT TTCCCTCGAATAAATAATATAAGTTTTT
10 20 30 40 50 60 70 80

GACTTCTTCCCCCTTCTTTAACAT TATTAATTTCAAGTAGAATTGTAAAAAAT GGAGCAGG AACTGGATGAACTGT TTACCCCCCTTTATCAT CAAATATT GCTCACAGT GG AAGATCAGT AGATTTAGCTATTTTTTCTCTAC
90 100 110 120 130 140 150 160 170 180 190 200 210 220

A A A A .

ATTTAGCAGGT ATTTCTTCAATTTTAGGAGCTAT TAATTTTAT TACTACAATTATTAATATACGATTAAATAAT TTAAT GTTT GAT CAAATACCTT TATTT GTTTGAGCTGTAGGAATTACT GCATTCTTACTATTATTATCT
30 240 250 260 270 280 290 300 310 320 330 340 350 360 370

A A

TTACCTGTTTTAGCAGGAGCTATTACCATACTT CTAACTGATCGAAATTTAAATACTTCATTTTTTGATCCTGCCGGAGGAGGI GATCCTATTTTATATCAACAT TTATTT TGAT TTTTT GGICAT CCAGAAGI T TATATT
380 390 400 410 420 430 440 5 460 470 30 490 500 510

450

A
TAATTTTACCTGGATTTGGAT T AATT
520 530
N
Sample :BM_LEPTO.R_23390-2_7816 Run start: 2015/10/07 12:05:44
Trim Start :77 Run stop: 2015/10/07 14:03:15
Hypocala deﬂorata Trim End :586 PDF created: 2015/10/07 15:10:59

Qv20 Bases :509

AATGAAGTATTTAAATTTCGATCAGT TAGAAGTAT GGTAAT AGC TCCTGC TAAAACAG]
10 20 30 40 50

A Lonooasda VNS : nal\ AT

GTAAAGATAATAATAGTAAGAAT GCAGTAATTCCTACAGCTCAAACAAATAAAGGTAT TTGATCAAACAT TAAATTAT TTAATCGTATAT TAATAATTGTAGTAAT AAAATTAATAGC TCCTAAAATTGAAGAAATACCTGC
60 70 80 90 110 120 130 ( 50 16/ 20f

N rnnaalinsaNsahaahaaioall AaAMAAA panfann A NANA R AR AN AARAA, A A naa A
ITAAAT GTAGAGAAAAAAT AGCT AAATCTACTGATCTTCCACTGTGAGCAAT ATT TGAT GATAAAGGGGGGT AAACAGTTCAT CCAGT TCCTGC TCCATTTTCTACAATTCTACTTGAAATTAATAAT GT TAAAGAAGGGGGA
210 220 230 240 250 260 270 280 290 300 310 320 330 340
alanon Nenstrosnansalla casfonn AAAAAARAN A A s ANAAAAAA, A psal\ panl\anan

IAGAAGTCAAAAACTT ATATTATTTAT TCGAGGGAAAGCTATAT CAGGAGCTCC TAATATT AAGGGAACTAAT CAATT TCCAAATCCTCCAATTATAAT TGGTAT TACTATAAAAAAAATTAT AATAAAAGCAT GAGCT GTAA
350 360 370 380 390 400 410 420 430 440 450 460 470 480

A A A A\atann, A M \aany AN v

AATGGCATTAT AAATTT GGTCATC
490 500

Figure 6.35: Electropherogram showing the nucleotide sequenafe the
mitochondrial COI gene oHypocala deflorata using Forward and
Reverse primers.
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Table 6.11: Comparison of Nucleotide frequenoieSOIl gene sequence Hiypocala deflorata with its kin species

Name of the species NUCLEOTIDE FREQUENCIES (%)
TU| ¢ | A| G |T1| C1| A1l| G1 T2 C2 A2 G2 TB CBA3| G3
KX603655 Hypocala deflorata (Kerala) | 40.1 | 15.7| 304 138 48 56 458 7 30 145 31.712443| 269| 13.8 16.6
KF924008 Hypocala deflorata 385| 15.0/ 31.1 154 48 55 462 D 26 13.2 33312741 | 26.2| 13.§ 19.3
MF131442 Euclystis guerini 40.3| 147| 200 159 52 48 421 7 27 145 3L062742| 250/ 13.9 194
MF127030 Euclystis sp. 403| 147| 200 159 52 48 421 F 27 145 d1.062742 | 250 139 19.4
JF844307 Lepidoptera sp. 406 | 145 288 161 53 41 414 14 27 145 31.0.62742| 250/ 13.9 194
HQ949292 Acantholipes zuboides 38.6| 145/ 31.2 157 46 56 486 p 28 131 31062742 | 250 13.9 194
HQ950435 Ophiusa hituense 38.9| 15.2| 30.2 157 47 7.6 455 D 28 131 31062742 | 25.0| 13.9 194
MF132708 Mimophisma delunaris 385| 14.7| 311 157 4% 6.9 483 D 29 124 31062742 | 25.0/ 13.9 194
KX862493 Clytieillunaris 39.6| 13.4| 311 159 48 34 483 7 30 11.7 31.062742| 25.0/ 13.9 19.4
KP083432 Ophiusa tirhaca 38.7| 13.8| 334 141 48 42 479 D 26 131 35982442 | 241| 166 17.2
KY370722 Clytieillunaris 40.3| 12.7| 31.3 157 49 21 490 30 11.0 31.062742 | 25.0/ 13.9 19.
MF131530 Mimophisma delunaris 385| 14.7| 309 159 45 6.9 476 [ 29 124 31062742 | 250/ 13.9 194
KJ380868 Ophiusa triphaenoides 38.2| 13.8| 33.2 147 47 28 500 [ 26 1B.1 35252542 | 255 145 174
KF392463 Bastilla nielseni 39.9| 145 2977 159 51 41 441 7 27 145 31.062742| 25.0/ 13.9 19.
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Table 6.12: Percentage of evolutionary divergerfcHypocala deflorata with its

closely related species accessible from NCBI GekBan
Sl Accession . Per centage of
No. No Organism divergence
1. KX603655 | Hypocala deflorata (Kerala)
2. KF924008 | Hypocala deflorata (Tamilnadu) 0.00%
3. HQ950435 | Ophiusa hituense 9.06%
4. HQ949292 | Acantholipes zuboides 9.14%
5. MF131442 | Euclystis guerini 9.90%
6. MF127030 | Euclystis sp. 9.90%
7. JF844307 | Lepidoptera sp. 10.57%
8. KF392463 | Bastilla nielseni 12.16%
9. KX862493 | Clytieillunaris 12.89%
10. MF132708| Mimophisma delunaris 12.96%
11. KY370722 | Clytieillunaris 12.96%
12. MF131530| Mimophisma delunaris 12.96%
13. KJ380868 | Ophiusa triphaenoides 12.98%
14. KP083432| Ophiusa tirhaca 13.02%
20| MF127030 Euclystis sp.
100 I—— JF844307 Lepidoptera sp.
65 MF131442 Euclystis guerini
19 KF392463 Bastilla nielseni
] KJ380868 Ophiusa triphaenoides
%6 KP083432 Ophiusa tirhaca
| 22 KX862493 Clytie illunaris
46 KY370722 Clytie illunaris
HQ950435 Ophiusa hituense
100 |0 KX603655 Hypocala deflorata (Kerala)
| KF924008 Hypocala deflorata
48 HQ949292 Acantholipes zuboides
84 l_ MF132708 Mimophisma delunaris
100 L mF131530 Mimophisma delunaris
—
0.01

Figure 6.36: Phylogenetic relationship léfpocala deflorata inferred by NJ tree

method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus repéted Tamilnadu (KF924008).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COI wence of Hypocala
deflorata showed bias to nucleotide AT, with following compia® of nucleotides
T =40.1%, C =15.7%, A = 30.4% and G = 13.8%. Thiater AT content (70.5%)
over GC content (39.5%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipérof time. Hypocala deflorata
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 13.0fifferences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) those fromiliadu while 13.02% to South
Africa (Table 6.12). On the basis of the data obese@rthis species may be rooted
from those found in South Africa which diverted andifferent clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frémose reported from South
Africa during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species ¢fypocala deflorata with related species.
Hypocala deflorata isolated from KeralaKX603655 showed 0% divergence with
Hypocala deflorata (KF924008) from Tamilnadu and 13.02% divergencehwi
Ophiusa tirhaca (KP083432) from South AfricaThe phylogeny tree generated by

using NJ method reveals the phylogenetic statitypbcala deflorata isolated from
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Kerala. Closest relative oHypocala deflorata is Hypocala deflorata from

Tamilnadurepresented within the same clade.
7. Polytela gloriosae (Fabricius, 1781)

Soecimen details:

Voucher specimen . CUPG-01-A1

Date of collection : 21-Mar-2016

Locality :  Malappuram: Parappanangadi
Lat- Lon : 11.0605° N, 75.8508° E

GenBank accession 1 KX603662
Description and distribution:

Polytela gloriosae, identification

include, Eyes hairy; proboscis full
developed; palpi porrect and roughly scale
the 3rd joint short (Figure. 6.37). Head a
thorax is blue-black; the basal joint of pal
and antennae orange; three orange speck
metathorax; abdomen black, the termi

segments orange. Fore wing blue-black;

1mm

orange speck at base; the subbasal Fig. 6.37:Polytela gloriosae

antemedial waved lines filled in with orang
with an orange speck between them in cell, andgiwk and black lunules towards
inner margin; the orbicular yellow ring-mark; theniform yellow, with the upper
part centred with pink, the lower with fuscous; soanange specks on costa towards
apex; the curved lunulate double postmedial liflediin with yellow and with a
series of pink and black lunules beyond it; largenge blotches at apex and outer
angle; cilia black and orange. Hind wings are fusgowith traces of an angled
postmedial line; the cilia orange. (WZS29 mm). It is found in Sri Lanka, India and

probably in Indonesia.
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Damage:

The caterpillar is considered as a minor pestewersl plant families. The
larvae feed voraciously on leaves. The later ing&ds on tissues and plants

destroying it completely. This stage lasts for @ays.
Mitochondrial COI gene sequence analyses.

The partial coding sequence of mitochondrial Cé€neyofPolytela gloriosae
collected has been amplified using the primer LERb(e 3.1). The PCR
amplification vyielded 465 bp long product. The DNsequence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 6.38 .41 6respectively and the
comparison of percentage of frequencies in theemticle composition with its kin
species is represented in Table 6.13.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition dPolytela gloriosae voucher collected during the present
study (Table 6.13). It showed bias to nucleotide, &ith nucleotide composition
with T =41.9%, C =16.1%, A =28.4 % and G = 13.5%

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 6.14 and Figure 6.42 respedfivel
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|

> Polytela gloriosae CDS-2018/ 465 bp / cytochrome oxidase subunit 11{C(¢
gene, partial cds; mitochondrial / voucher CUPGA(1-

> Polytela gloriosae

TCTAACTGTGAATGAAAAATTTTTTATGT TTACTGEGGGTTTTGGTAATTTCCTTGITCC
TTTAATATTAGGAGCT CCTGATATAGCATTTCCTCGAATAAATAATATAAGT TTTTGACT
TCTTCCTCCTTCCTTAACTTTACTTATTTCAAGTAGAAT TGTAGAAAAT GGAGCAGGAAC
AGGATGAACAGT TTATCCCCCACTTTCATCTAATATTGz CTCATGGAGGTAGI TCAGTAG
ACTTAGCTATTTTTTCTCTTCATTTAGCTGGTATTTCCTCAATTCTCGGAGCTATTAATT
TTATTACTACAATTATTAATATACGATTAAATAATTTATCTTTCGATCAAATACCTTTAT
TTATTTGAGCTGTAGGAATTACTGCTTTTTTACTATTATTATCTTTACCTGTATTAGCTG
GAGCTATTACTATACTTTTAACAGACCGAAATTTAAATACATCTTT

Figure 6.38: The partial DNA sequence of the mityahrial COI gene oPolytela
gloriosae

0 464
| |

Figure 6.39: Molecular barcode of the mitochondr2Dl gene of Polytela
gloriosae

> Polytela gloriosae / 146AA [/ cytochrome oxidase subunit | (COI) gene
partial cds; mitochondrial / voucher CUPG-01-Al

> Polytela gloriosae

MFTGGFGNFLVPLM.GAPDVAFPRMNNIVEFWLLPPSLTLLI SSSI VENGAGT GAMTVYPPL
SSNI AHGGSSVDLAI FSLHLAG SSI LGAI NFI TT1 I NMRLNNLSFDQWPLFI WAVG TA
FLLLLSLPVLAGAI TMLLTDRNLNTS

Figure 6.40: The translation product of the mitoutial COI gene ofPolytela
gloriosae
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Sample :SM_LEPTO.F_23390-3 7816 Run start: 2015/10/07 12:05:44
Trim Start :81 Run stop: 2015/10/07 14:03:15

POIytela glOﬁosae Trim End :593 PDF created: 2015/10/07 15:10:53

Qu20 Bases :512

CTTTAATATTAGGAGCTCCTGATATAGCATT TCCTCGAATAAATAATATAAGTTTT

10 20 30 40 50
AadlaBAANAN A S0al\\ A
TGACTTCTTCCTCCTTCCTTAACTTTACTTATTTCAAGTAGAATTGTAGAAAATGGAGCAGGAACAGG ATGAACAGT TTATCCCCCACT TTCATCTAATATT GCTCATGGAGGTAGT TCAGTAGACTTAGCTATTTTTTCTC
60 70 90 0 110 120 130 140 150 160 170 180 190
A A A AafnnBAanaAanal A AsanA Y A A Nazany A A

[TTCATTTAGCTGGTATTTCCTCAATT CTCGGAGCTATTAATTTTATTACTACAATTATT AATATACGATTAAATAATTTATCTTTCGATCAAATACCTTTATTTATTT GAGCTGT AGGAATTACTGCTTTTTTACTATTAT TA
200 210 20 230 240 250 260 270 280 290 300 310 320 330 340

pansN\an, A MANAMNAAAAMANANAAA / 2AAN A A \ana\asa A\ A AAAAAAN
ACCAACATTTATTTT GATTCTTCGGACATCCTGAAGT TTATA|
) 450 460 470 480

TCTTTACCTGTATTAGCTGGAGCTATTACTATACTTTTAACAGACCGAAATTTAAATACATCTTTTTTTGATCCAGCTGGAGGAGGTGATCCAATTTTAT.
350 360 370 380 390 400 410 420 430 44(

al\ Aanal\ny BAANAN, r NVWMANN NN A a s NAAAANAAN Al A "D MA
TTTTAATTTTACCT GGATTTGGAT TAATT
490 500 510
corMapnnadlMannaNape e

Sample :SM_LEPTO.R_23390-4_7816 Run start: 2015/10/07 12:05:44

> Trim Start :79 Run stop: 2015/10/07 14:03:15

POI) tela glonosae Trim End  :590 PDF created: 2015/10/07 15:10:55

Qv20 Bases :511
AGAT GTATTTAAATTT CGGTCTGTTAAAAGT AT AGT AATAGC TCCAGCTAATACA
10 20 30 40 50

Ao

GGTAAAGATAATAAT,
0

AGTAAAAAAGCAGTAATTCCTACAGC TCAAATAAATAAAGGT AT TT GATCGAAAGATAAATTATT TAAT CGTATAT TAAT AATTGTAGTAATAAAATTAAT AGCTCCGAGAATT GAGGAAATACCAG|
70 80 90 120 130 140 150 170 180 190

100 110 160

A - A A

CTAAAT GAAGAGAAAAAATA TTTCTACAATTCTACTTGAAATAAGTAAAGTTAAGGAAGGAGG
200 210 300 310 320 330

TGAGCAATATT AGAT GAAAGT GGGG
250 260

AAGAAGT CAAAAACTTATAT TATT TATT CGAGGAAAT GCTAT ATCAGGAGC TCCTAAT AT TAAAGGAACAAGT CAATTACCAAAT CCTCCAAT TATAATAGGT ATAACTATAAAAAAAAT TATAATAAAT GCATGAGCTGT A
340 350 360 370 380 390 400 410 420 430 440 450 460 470 480

ACAATAGCATT ATAAATTTGGICAT CTCCA
490 500 510

) A

Figure 6.41: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene oPolytela gloriosae using Forward and
Reverse primers.
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Table 6.13: Comparison of Nucleotide frequenoieSOI gene sequence Bblytela gloriosae with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G |T1| C1] A1 G-1 T2 C2Z A2 G2 T3 C-BA3|G-3
KX603662 Polytela gloriosae 419 | 16.1) 284 135 3% 200 245 20.0 p2 155 &S| 39| 129 34.2 14.p
KT879854 Polytela gloriosae 40.6 | 16.3] 28.2 148 3% 206 232 21.3 48 155 2RI | 39| 129 342 14
KX043776 Lacanobia oleracea 41.1| 135 3058 148 38 219 200 20.0 pHO 6.5 41.8B [135| 12.3] 29.7 23.2
KP253339 Lacanobia splendens 40.4 | 14.2| 305 148 38 219 200 200 49 V.7 41.98 |134| 129 29.1 23.2
GU828571 Diaphone sp. 39.0| 147 31.0 153 38 21{2 199 205 W7 9.1 4228 |131| 13.6/ 31.2 24.0
KJ393988 Lacanobia nevadae 39.8| 15.7] 299 146 37 23|]1 212 186 49 9.7 3J7.P |334| 142 31.0 2138
JF852847 Lacanobia radix 39.8| 15.3] 299 151 38 21}9 200 20.0 48 9.7 408 |134 | 142 29.0 232
KX281210 Mamestra configurata | 39.8 | 14.2| 30.3 157 38 21{8 192 205 49 84 403 |132| 12.3] 31.6 245
KX043003 Lacanobia suasa 39.4 | 15.7] 308 142 37 23]2 213 187 K48 9.7 3946 |233| 142 31.6 218
KJ381520 Hada sutrina 39.6 | 15,5 30.1 148 38 22/6 194 20.0 47 9.7 41.8 |134 | 14.2| 29.0 23.2
HQ951038 Metopiora sanguinata | 38.5| 14.4| 32.0 151 38 21]9 200 20.0 44 7.7 469 |134| 135 29.7 23.2
MG522740 Papestra biren 40.0 | 14.4| 303 153 38 219 200 20.0 48 8.4 41.3 |134| 129 29.1 23.9
KT782674 Conisania leineri 39.6| 148/ 3053 151 38 2119 20.0 200 46 9.7 41.9 |134| 129 29.7 23.2
KX045425 Anarta stigmosa 39.4| 148 31.2 146 38 219 200 200 45 110 41n®| 35| 116/ 31.6 21.9
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Table6.14: Percentage of evolutionary divergence of Polytela gloriosae with its
closely related species accessible from NCBI GenBank

Sl Accession . Per centage of
No. No Organism divergence

1 KX603662 | Polytela gloriosae (Kerala)

2. KT879854 | Polytela gloriosae (Karnataka) 0.00%

3. JF852847 | Lacanobia radix 9.45%

4. MG522740 | Papestra biren 9.45%

5. HQ951038 | Metopiora sanguinata 9.50%

6. KX043776 | Lacanobia oleracea 10.60%

7. KP253339 | Lacanobia splendens 11.15%

8. KT782674 | Conisania leineri 11.15%

9. GU828571 | Diaphone sp. 11.20%
10. KJ393988 | Lacanobia nevadae 11.70%
11. KX281210 | Mamestra configurata 11.70%
12. KX043003 | Lacanobia suasa 12.82%
13. KX045425 | Anarta stigmosa 11.82%
14. KX043003 | Lacanobia suasa 12.82%

91— KJ393988 Lacanobia nevadae
L KX043003 Lacanobia suasa
17 KP253339 Lacanobia splendens
KX043776 Lacanobia oleracea
KT782674 Conisania leineri
GU828571 Diaphone sp.
KX281210 Mamestra configurata
KX045425 Anarta stigmosa
JF852847 Lacanobia radix
KJ381520 Hada sutrina
HQ951038 Metopiora sanguinata
—— MG522740 Papestra biren
|0 KX603662 Polytela gloriosae
100 | KT879854 Polytela gloriosae
0.01

Figure 6.42: Phylogenetic relationship of Polytela gloriosae inferred by NJ tree

method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus repfnded Karnataka (KT879854).
Eventhough this species has been found in vari@egrgphically isolated areas,
their sequence doesn’t have any kind of variatitence the present study stress that
the barcode generated can be used to easilyttgpapecimen and also to analyse

its phylogeny.

The number of base substitutions per site betwgegunences were analysed
using the Maximum Composite Likelihood model. Th@IGequence oPolytela
gloriosae showed bias to nucleotide AT, with following compim® of nucleotides
T=41.9%, C =16.1%, A = 28.4% and G = 13.5%. Thiater AT content (70.3%)
over GC content (29.6%) is mainly due to the matal pressure on a single
nucleotide substitution during the evolutionaryipérof time. Polytela gloriosae
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatsd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed only 0% to 12.8##ferences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thoeenfKarnataka while 12.82% to
England (Table 6.14). On the basis of the datargbdethis species may be rooted
from those found in England which diverted into feliént clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frtmose reported from England

during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species Pdlytela gloriosae with related species?olytela
gloriosae isolated from Kerala KX603662 showed 0% divergence with
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Polytela gloriosae (KT879854) from Karnataka and 12.82% divergenceh wit
Lacanobia suasa (KX043003) from England. The phylogeny tree generated by
using NJ method reveals the phylogenetic statu®btela gloriosae isolated from
Kerala. Closest relative d¢tolytela gloriosae is Polytela gloriosae from Karnataka

represented within the same clade.
8. Acosmeryx anceus subdentata (Rothschild and Jordan, 1903)

Soecimen details:

Voucher specimen . CUAA-02-A1

Date of collection . 04- DEC-2015
Locality . Palakkad: Parali

Lat- Lon : 18.8453° N, 76.5198° E

GenBank accession :MH656690
Description and distribution:

Acosmeryx anceus subdentata is a moth of

the family Sphingidae (Figure. 6.43). They are t
smallest species of the genus. The wingspan is
88 mm. Fore wing distinctly angulate at R3, ofts
with traces of teeth. Upper side tawny cinnamon
chestnut brown in colour; an oblique distal ba

1mm

diffuse through posteriorly. Hind wing fuscou: Fig.6.43/AcoSTEryX anceus
Acosmeryx  anceussubdentata was  described subdentata
by Caspar Stoll in 1781, and it is known from Indiew Guinea, and Queensland

(Australia).
Damage:

The larvae are considered as a minor pest on aeplmt families. The
larvae feed voraciously on leaves. The later in&&ds on tissues and plants

causing massive destruction.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@heay of Acosmeryx
anceus subdentata collected has been amplified using the primer I(E&ble 3.1).
The PCR amplification yielded 514 bp and 515 bmlpnoducts for the specimens
obtained from two different locations. The DNA seqoe interpret, representative
molecular barcode, conceptual translation productl a@lectropherogram are
exhibited in Figures 6.44 — 6.47 respectively amel tcomparison of percentage of
frequencies in the nucleotide composition withkits species is represented in Table
6.15.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition acosmeryx anceus subdentata voucher collected during
the present study (Table 6.15). It showed biasudeontide AT, with nucleotide
composition with T = 41.9%, C = 16.1%, A = 28.4 fdas = 13.5%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 6.16 and Figure 6.48 respedfivel
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> Acosmeryx anceus subdentata CDS-2018/ 514 bp / cytochrome oxidase
subunit | (COI) gene, partial cds; mitochondrigblicher CUAA-02-Al

> Acosmer yx anceus subdentata

ATAATTTTTTTTATAGTAATACCAATTATAATTGGAGGATTTGGAAATTGATTAGTACCT
TTAATATTAGGAGCCCCT GATATAGCATTCCCACGAATAAATAATATAAGATTTTGACTT
CTCCCACCTTCATTAACATTATTAATTTCTAGAAGTATTGTAGAAAAT GGAGCAGGTACT
GGATGAACAGTATACCCCCCTTTATCTTCTAATAT TGCCCATAGAGGAAGCTCTGT TGAT
TTAGCAATTTTTTCCCTTCATTTAGCTGGTATTTCATCAATTATAGGAGCAGTTAATTTT
ATTACCACAATTATTAATATACGAATTAATAATTTATCATTTGATCAAATACCATTGITT
GTATGAGCTGTAGGAATTACAGCTTTCCTTTTACTTTTATCTTTACCTGTATTAGCAGGA
GCAATTACCATACTATTAACTGACCGAAATTTAAATACATCATTTTTTGATCCTGCTGGA
GGAGGAGATCCTATTTTATATCAACATCTATCTG

Figure 6.44: The partial DNA sequence of the mitoarial COI gene of
Acosmeryx anceus subdentata

o 513
|

Figure 6.45: Molecular barcode of the mitochondi@Dl gene of Acosmeryx
anceus subdentata

> Acosmeryx anceus subdentata / 171AA / cytochrome oxidase subunit
(COI) gene, partial cds; mitochondrial / voucherAAJ02-Al

> Acosmeryx anceus subdentata

M FFMWMPI M GGFGNW.VPL M. GAPDVAFPRVNNVBFWLLPPSLTLLI SSSI VENGAGT
GWMVYPPLSSNI AHSGSSVDLAI FSLHLAG SSI MGAVNFI TTI | NVRI NNLSFDQVPLF
VWAVG TAFLLLLSLPVLAGAI TMLLTDRNLNTSFFDPAGGGEDPI LYQHLS

Figure 6.46: The translation product of the mitaulfraal COl gene ofAcosmeryx
anceus subdentata
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Sample  :P.34_LEPTO.F_32446-11_9188 Run start: 2016/10/25 13:58:03
Trim Start :25 Run stop: 2016/10/25 15:55:37

Acosmelyx anceus SUbdeDtata Trim End :595 PDF created: 2016/10/25 16:05:59
Qv20 Bases :570

ATAAT TTTTTTTATA GTAATACCAA TTATAAT TGGAGGAT TTG GAAATT GATTAGTACCT T TAATAT TAGGAGCCCC TG ATATAGCATTCCCACG AATAAATAATATAAG
10 20 30 40 50 60 70 90 100 11

80

0 Aa M|

TTTTGACTTCTCCCACCTTCATTAACATTATTAATTTCTAGAAGTAT TGTAGAAAATGGAGCAGGTAC TGGATGAACAGT ATACCCCCC TTTATCTTCTAATATTGCCCATAGAGGAAGCTCTGT TGAT TTAGCAATTTTT
120 13 140 150 160 170 180 190 00 210 220 230 - 250

300 31

TCCCTTCATTTAGCTGGT AT TTCATCAATTATAGGAGCAGTTAATTTTATTACCACAATTAT TAATATACGAATTAATAATTTATCAT TTGATCAAATACCAT TGTTTGTAT GAGC TGTAGGAAT TACAGCTTTCCTT TTACT
260 270 280 290 0 320 330 340 350 360 370 380 390

[TTTATCTTTACCTGTATTAGCAGGAGCAAT TACCATACTATTAACTGACCGAAAT TTAAATACATCATTTTTTGATCCTGCTGGAGGAGG AGATCCTATTT TATATCAACATCTATTCTGAT TTTTT GGGCACCCAGAAGTT
400 410 42 43 44 45 460 470 480 490 500 510 0 30

52

"ATTCTTATTTTACCTGGATTTGGA TTAATT
S4 55 560

et pead e e

Sample :P.34_LEPTO.R_32446-12_9188 Runstart:  2016/10/25 13:58:03
Trim Start :29 Run stop: 2016/10/25 15:55:37
Acosmeryx anceus subdentata Trim End 584 PDF created: 2016/10/25 16:06:01

Qv20 Bases :555

CA GA TAGAT GT T GATATAAAATA GGAT CTCCTCCTCCAGCAGGATCAAAAAAT GAT GTATTTAAATT TCGGTCAGTTAATAGTAT GGTAAT T GCTCC TGC TAATAC
N\ 10 20 30 a0 50 60 70 80 90 100
NN e n s A e s A AWM A IR A AN
AGGTAAAGAT AAAAGTAAAAGGAAAGCTGTAATTCCTACAGCTCATACAAACAATGGTAT TT GATCAAATGATAAATTATTAATTCGTATAT TAATAAT T GT GGT AATAAAATTAACT GCTCCTATAATT GAT GAAATACCAG
110 120 130 140 150 160 170 180 190 200 210 220 230 240

s \vinaan A AN N A A 2N\ NN AN AN NSNS AN ANAANA s A

CTAAATGAAGGGAAAAATT GCTAAATCAACAGAGC TTCCTCTATGGGCAAT ATTAGAAGATAAAGGGGGGTAT ACT GTTCATCCAGT ACCTGCTCCATT TTCTACAATACTT CTAGAAATT AAT AAT GT TAAT GAAGGT GGG
270 280 290 300 310 320 330 340 350 360 370 380 390

250 260

AGAAGTCAAAATCTT ATTCGTGGGAAT GCTATATCAGGGGCTCCTAATATTAAAGGT ACTAAT CAATT TCCAAATCCTCCAATTATAAT TGGI AT TACTATAAAAAAAAT TATAATAAAT GCAT GAGCT GTAA|
400 410 420 430 440 450 460 470 480 490 500 510 520 530

[t nsn AR AN AN M ool Ao N00car M0 OocantpllocsD0a000c

CAATTGCATTATAAATTTGGE
540 550

e

Figure 6.47: Electropherogram showing the nucleotide sequenafe the
mitochondrial COI gene ofAcosmeryx anceus subdentata using
Forward and Reverse primers.
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Table 6.15: Comparison of Nucleotide frequenoieSOIl gene sequence Atosmeryx anceus subdentata with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TW)y | ¢ | A| G| T1| C1| Al| G1| T2| C2 A2 G2 T3 C3A3|G3
ggggr?tg?g &ceo;F:)ryx anceus 381 | 16.3| 315 140 43 7.0 49 6 28 157 308 62543 | 26.3| 14.6 158
KJ168175 Acosmeryx anceus subdentata | 37.7 | 15.1| 324 148 43 7.0 48 12 2 184 33.7.62543 | 251| 146 175
KJ168113 Acosmeryx anceus subdentata | 37.5 | 15.3| 326 14.6 42| 7.6 49 6 27 1B4 337 62543 | 251| 14.6 17.9
KJ168151 Acosmeryx anceus 369 | 159| 326/ 146 40 9.9 49 6 28 128 337 62543 | 251| 146 175
KC182155 Acosmeryx naga hissarica 37.1 | 15.7| 324/ 148 41 93 48 12 2 1p.8 33.7.62543 | 251| 146 175
JING677661 Acosmeryx socrates 371 | 159| 324 146 42 87 48 6 27 140 337 62543 | 251| 146 175
JIN677653 Acosmeryx formosana 37.9 | 155| 320 146 44 7.6 47 6 27 140 33762543 | 251| 14.6 174
JNG677652 Acosmeryx castanea 36.9 | 155| 330 146 40 87 50 6 28 128 33762543 | 251| 14.6 17.4
JING677659 Acosmeryx shervillii 375 | 155| 320 150 41 93 47 17 2 102 33.7.62543 | 251| 146 175
JING677660 Acosmeryx sinjaevi 37.7 | 15.7| 32,00 14.6 44 7.6 47 6 26 145 33762543 | 251| 146 175
JING77656 Acosmeryx omissa 369 | 16.3| 32.0 148 41 105 47 112 2 184 33662 43 | 251| 144 171
JIN677865 Dahira rubiginosa 384 | 150 322 144 45 7.0 48 O 28 128 33762543 | 251| 146 175
JING77657 Acosmeryx pseudomissa 36.7 | 16.3| 3220 148 40 110 48 12 2 1p.8 33562 43 | 251| 144 17.1
KJ168880 Acosmeryx miskini 36.7 | 16.1| 328 144 41 93 50 O 27 140 33762543 | 251| 14.6 174
KJ168562 Acosmeryx miskinoides 36.7 | 16.5| 322 14.6 40 11)0 48 6 47 1B4 3I3.7.62543 | 251| 14.6 17.5
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Table 6.16: Percentage of evolutionary divergencef QAcosmeryx
anceus subdentata with its closely related species accessible from
NCBI GenBank

S. Accession Organism Per centage of
No. No divergence

1. MH656690 | Acosmeryx anceus subdentata (Kerala)

2. KJ168175 Acosmeryx anceus subdentata 0.41%

(Myanmar)
3. KJ168113 | Acosmeryx anceus subdentata 1.23%
4. KJ168151 | Acosmeryx anceus 5.06%
5. KC182155 | Acosmeryx naga hissarica 6.11%
6. JN677660 | Acosmeryx sinjaevi 6.98%
7. JN677653 | Acosmeryx formosana 6.98%
8. KJ168880 | Acosmeryx miskini 6.98%
9. JN677865 | Dahira rubiginosa 7.04%
10. JN677656 | Acosmeryx omissa 7.46%
11. JN677652 | Acosmeryx castanea 7.49%
12. JN677661 | Acosmeryx Socrates 7.56%
13. KJ168562 | Acosmeryx miskinoides 8.41%
14. JN677659 | Acosmeryx shervillii 8.91%
15. JN677657 | Acosmeryx pseudomissa 9.29%
58 JN677652 Acosmeryx castanea
32 — JIN677865 Dahira rubiginosa
21 L KC182155 Acosmeryx naga hissarica
JN677656 Acosmeryx omissa
T' JN677657 Acosmeryx pseudomissa
KJ168151 Acosmeryx anceus
20 KJ168113 Acosmeryx anceus subdentata
98 I: @ MH656690 Acosmeryx anceus subdentata (Kerala)
78 KJ168175 Acosmeryx anceus subdentata
Y JN677653 Acosmeryx formosana
L JN677660 Acosmeryx sinjaevi

33| JN677659 Acosmeryx shervillii

JN677661 Acosmeryx socrates

42 4|7 KJ168880 Acosmeryx miskini
64

KJ168562 Acosmeryx miskinoides

56

0.01

Figure 6.48: Phylogenetic relationshipAwmfosmeryx anceus subdentata inferred by
NJ tree method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
99.6% sequence similarity to the same genus repéden Myanmar (KJ168175).

The number of base substitutions per site betwgegunences were analysed
using the Maximum Composite Likelihood model. THelGequence ofcosmeryx
anceus subdentata showed bias to nucleotide AT, with following compias of
nucleotides T = 38.1%, C = 16.3%, A = 31.5% and ®&4-0%. This greater AT
content (69.6%) over GC content (30.3%) is mainkg ¢bo the mutational pressure
on a single nucleotide substitution during the wetrohary period of time.
Acosmeryx anceus subdentata showed variation in the total composition of
nucleotide in each of the position of codons in parson with other related species

isolated from different geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COIl sequences has bemmteg from different
geographical locations, it showed only 0.41% to9%?2 differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (0)dth those from Myanmar
while 9.29% to Malaysia (Table 6.16). On the basithe data observed this species
may be rooted from those found in Malaysia whicredied into different clades due
to geographical variation. Result thus concludeat this species doesn’t have any
major changes in India while slightly changes frimse reported from Malaysia

during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species @cosmeryx anceussubdentata with related
species.Acosmeryx anceus subdentata isolated from KeralaMH656690 showed
0.41% divergence wittAcosmeryx anceus subdentata (KJ168175) from Myanmar
and 9.29% divergence witAcosmeryx pseudomissa (JN677657) from Malaysia.
The phylogeny tree generated by using NJ methoceatsvthe phylogenetic
status of Acosmeryx anceussubdentata isolated from Kerala. Closest
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relative of Acosmeryx anceus subdentata is Acosmeryx anceus subdentata from

Myanmarrepresented within the same clade.
9. Diaphanaindica (Saunders, 1851)

Soecimen details:

Voucher specimen : CUDI-01-A1

Date of collection . 12- Feb -2016

Locality . Kerala: Malappuram
Lat- Lon : 11.0510° N, 76.0711° E

GenBank accession 1 KX587508
Description and distribution:

The wingspan of the adult mot

Diaphana indica is 30 mm (Figure. 6.49)
Adults have translucent whitish wings a
having broad dark brown borders. The bo
is whitish below, and brown on top ©
head, thorax and the end of the abdo
with a tuft of light brown "hairs" on the tig
of the abdomen, vestigial in the male b Fig.6.49:Diaphana indica
well developed in the case of females. It
formed by long scales, carried in a pocket on eside of the 7th abdominal

segment, from where they can be everted to forniutie. In the male, the clasper's
harpe is twice as long as it is wide, with the aaatd sacculus running parallel and
being strongly sclerotized, and a rounded cucullbe natural range of this moth
seems to extend from South Asiato southern Chmdalaiwan, and south

through Southeast Asia to the Maluku Islands obhesia.
Damage

The caterpillar larvae are a frequent visitor agricultural pests, perhaps

mostly noticed as a pest of cucumbdds.indica is quite polyphagous and prefers
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other Cucurbitoideae to cucumbers. Typically, thesd upon the leaves of the food

plants.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial CéneyofDiaphana indica
collected has been amplified using the primer LERb(e 3.1). The PCR
amplification yielded 525 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 6.50 53 6respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 6.17.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition obiaphana indica voucher collected during the present
study (Table 6.17). It showed bias to nucleotide, &ith nucleotide composition
with T = 40.0%, C = 15.6%, A = 29.9% and G = 14.5%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related spgeaceessible from NCBI GenBank
database and corresponding phylogenetic tree catestt with NJ method are
exhibited in Table 6.18 and Figure 6.54 respedtivel
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p—g

> Diaphania indica CDS-2018/ 525 bp / cytochrome oxidase subunit 11JCC
gene, partial cds; mitochondrial / voucher CUDIA1L-

> Diaphaniaindica

TTTATTATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGATTA
GTACCTTTAATATTAGGAGCACCTGATATAGCT TTCCCACGAATAAATAATATAAGTTTT
TGATTACTTCCACCCTCATTAACCTTACTAATTTCTAGAAGAAT TGT TGAAAAT GGGEGECT
GGAACAGGATGAACAGT GTACCCCCCACTTTCATCTAATATTGCTCATGGAGGAAGATCA
GTAGATTTAGCTATTTTTTCATTACATTTAGCTGGAATTTCCTCTATTTTAGGAGCAATT
AATTTTATTACTACAATTATTAATATACGAATTAATGGACTTAATTTTGATCAAATACCT
TTATTTGITTGAGCTGTAGGAATTACAGCCCTTCTTTTATTATTATCTCTACCAGTTTTA
GCTGGAGCTATTACCATACTTTTAACAGATCGAAATTTAAATACTTCTTTTTTTGACCCT
GCAGGT GECEGAGATCCTATTCTATACCAACATTTATTTTGATTT

Figure 6.50: The partial DNA sequence of the mitoadrial COI gene of
Diaphania indica
0 524
|

Figure 6.51: Molecular barcode of the mitochondi@Dl gene ofDiaphania
indica

[¢2)

> Diaphania indica / 173AA / cytochrome oxidase subunit | (COI) gen
partial cds; mitochondrial / voucher CUDI-01-Al

> Diaphaniaindica
M FFMWMPI M GGFGNWLVPLM.GAPDIVAFPRMNNVSFW.LPPSLTLLI SSSI VENGAGT

GWMVYPPLSSNI AHGGSSVDLAI FSLHLAG SSI LGAI NFI TTI | NVRI NGLNFDQWPLF
VWAVG TALLLLLSLPVLAGAI TMLLTDRNLNTSFFDPAGGGEDP! LYQHL FWF

Figure 6.52: The translation product of the mitaudrial COI gene oDiaphania
indica
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Sample :P1_LEPTO.F_26402-1_8179 Run start: 2016/02/25 10:29:34
L L) . > Trim Start :28 Run stop: 2016/02/25 12:44:20
Dlapbanla Indlca Trim End :586 PDF created: 2016/02/25 12:54:59

Qu20 Bases :558

TTT TTTTATAGTAATACCTAT TATAATT GGAGGATTT GGTAATT GATTAGTACCTT TAATATTAGGAGCACC TG ATATAGCTTTCCCACGAATAAATAATATAAGTTT
80 o

20 30 40 50 60 70 0 100
N\
A \ 1\ . \
_ YA AL A MV Ml A M A Manal n
TGATTACTTCCACCCTCATTAACCTTACTAATT TCTAGAAGAATTGTT GAAAAT GGGGC |GG%-\( AGGATGAAC. -\(JIGIA(‘CC(TC(.:—\( TTTCATCTAATATTGC l(.»'\lm-\GG%%G»\l(. AGTAGATTTAGCTATTTTTTCAT)
110 120 130 140 150 160 180 90 200 210 230 240 230

360 390

Sample :P1_LEPTO.R_26402-2 8179 Run start: 2016/02/25 10:29:34
-y ' s : Trim Start :26 Run stop: 2016/02/25 12:44:20
DIaphama Ind,ca Trim End  :584 PDF created: 2016/02/25 12:55:02

Qu20 Bases :558

AT CAAAAT / \\\T GI'T GGTATAGAATA GGAT CT CCCCC '\((TG(,\GGGTL\'\\'\\\\G\'\GI' \TTT\\\TTT(G\T(TGTT\\\\GT \TGGT'\\T \GLT(L \GLT'\\’\\LTGG
10 (

20 30

W\ —ecol P tPoocansmaniraniinns sl st maanaal)

TAGAG: \T \\T AATAAAAG/ \\GGGCTGT \\TTCCT ACAGC TCAAACAAATAAAGGT/ \TTTG\TC AAAATTAAGTCC/ \TT AATTCGT# \T \TT AAT/ \\TTGT AGTAAT! \&\\TT \XTTCK‘TCCT AAAAT: \GAGG‘\\\TTCC AGCTA
130 150 160 180 240

Ml Lol anann A AN WA AN A AN AN AN AN AN

AAT GT AATGAAAAAAT AGCTAAATCTACT GATCT TCC TCCATGAGCAATATT AGAT GAAAGTGGGGGGT ACAC TGTTCATCC TGTTCCAGCCCCATTTTCAACAATTCTTCTAGAAATTAGTAAGGTTAATGAGGGTGGAAG
260 270 280 290 300 310 320 330 340 350 360 370 380 390

T L L L Y e ) WM INA A ol O

ATAGCATTATAAATTTGG
550

Figure 6.53: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene oDiaphania indica using Forward and
Reverse primers.
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Table 6.17: Comparison of Nucleotide frequenoieSOI gene sequence Dfaphania indica with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

("2

U7

T(V) C A G | T-1| C-1] A1 G-I T2 C2 A2 G2 TB C-BA3 | G-3
KX587508 Diaphania indica 40.0 | 15.6| 29.9 145 47 5/ 451 1.7 28 16.6 30.3.1p%45| 246 143 16.
KR868762 Diaphania indica 39.0 | 15.0f 31.0 14. 4] 50 469 11 26 149 32.09p&44 | 25.1] 14.3 16.
KX052416 Crambidae sp. 38.5| 13.5| 32.2 15. 46 40 474 23 P26 126 3439p643 | 24.00 149 18.
JQ561266 Diaphania sp. 39.6 | 13.7| 31.2 154 50 34 457 11 26 13.1 33.7.9p643 | 24.6| 14.3 18.
HQ934090 Lepidoptera sp. 39.8| 135 31.4 154 50 29 457 11 P6 13.1 33.79p643 | 246 143 18.
JQ525706 Desmia sp. 394 | 14.3| 31.4 15. 47 6.3 463 b 29 1p.0 33.132643 | 24.6| 143 18.
JQ553788 Diaphania elegans 39.2 | 13.3] 322 152 47 34 486 b 27 12.0 33.792643 | 24.6| 14.3 18.!
MF432558 Peridroma saucia 38.7| 14.7) 320 147 43 46 509 11 29 13.7 3147 A3 | 25.7| 13.7 17.
KF389795 Rehimena | eptophaes 39.2| 135 320 152 46 46 486 6 29 1014 33.192643 | 24.6| 143 18.
KF388991 Scoparia pediopola 40.0 | 12.6| 32.4 14. 48 2B 497 [0 29 109 33.732643 | 24.6| 14.3 18.
HQ953158 Nosophora hypsalis 38.1| 13.7| 33.3 149 4% 4p 503 |6 27 1.0 34932643 | 24.6| 149 17.]
HQ953057 Syllepte nigriscriptalis | 39.2 | 12.6| 33.3 149 46 29 514 0 28 114 34332644 | 23.4| 14.3 18.
HQ952494 Hyalobathra minialis | 38.3 | 13.7| 328 152 4% 46 497 B 27 1.6 34332643 | 24.0, 143 18.
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Table 6.

18: Percentage of evolutionary divergenic®iaphana indica with its
closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. KX587508 | Diaphania indica (Kerala)

2. KR868762 | Diaphania indica (Rajasthan) 0.00%
3. KX052416 | Crambidae sp. 2.25%
4. KF389795 | Rehimena leptophaes 6.58%
5. HQ953158 | Nosophora hypsalis 7.82%
6. HQ952494 | Hyalobathra minialis 8.65%
7. JQ553788 | Diaphania elegans 8.65%
8. KF388991 | Scoparia pediopola 8.65%
9. JQ525706 | Desmia sp. 8.66%
10. JQ561266 | Diaphania sp. 9.06%
11. HQ934090| Lepidoptera sp. 9.06%
12. MF432558 | Peridroma saucia 9.49%
13. HQ953057| Syllepte nigriscriptalis 10.77%

100 |JQ561266 Diaphania sp.

11

16

| HQ934090 Lepidoptera sp.

JQ553788 Diaphania elegans

HQ952494 Hyalobathra minialis

HQ953057 Syllepte nigriscriptalis

KF388991 Scoparia pediopola

19

—

HQ953158 Nosophora hypsalis

JQ525706 Desmia sp.
MF432558 Peridroma saucia

43

KF389795 Rehimena leptophaes
KX052416 Crambidae sp.

M

0.01

100 @ KX587508 Diaphania indica
99 1 KR868762 Diaphania indica

Figure 6.54: Phylogenetic relationship Dfaphania indica inferred by NJ tree

method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus rep@nted Rajasthan (KR868762).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COlssace ofDiaphana indica
showed bias to nucleotide AT, with following compio® of nucleotides
T =40.0%, C = 15.6%, A = 29.9% and G = 14.5%. Thater AT content (69.9%)
over GC content (30.1%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Diaphana indica
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 10.7differences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thoeenfRajasthan while 10.77% to
Australia (Table 6.18). On the basis of the datseoled this species may be rooted
from those found in Australia which diverted intaffefent clades due to
geographical variation. Result thus concluded th& species doesn’t have any
major changes in India while slightly changes frdrose reported from Australia

during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species Difaphana indica with related specie€iaphana
indica isolated from KeralaMH656690 showed 0% divergence withiaphana
indica (KR868762) from Rajasthan and 10.77% divergenceh w#yllepte
nigriscriptalis (HQ953057) from AustraliaThe phylogeny tree generated by using

NJ method reveals the phylogenetic statuBiaphana indica isolated from Kerala.
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Closest relative oDiaphana indica is Diaphana indica from Rajasthamepresented

within the same clade.
10. Glyphodesbicolor (Swainson, 1821)

Soecimen details:

Voucher specimen . CUGB-01-A1

Date of collection . 14- Nov-2014

Locality . Kasaragod: Cheruvathur
Lat- Lon : 12.2165° N, 75.1626° E

GenBank accession :MH674103
Description and distribution:

Glyphodes bicolor is small in size with

the wing span of about 20 mm (Figure. 6.5°"
Adults are dark brown having transluce
white patches on each wing. The wings fring
by long white hairs, forewing with transluce
white coloured triangles, hind wings with bas

white bands. These are commonly flush

1mm

Fig.6.55:Glyphodes bicolor

from herbage beneath the vegetatic
Distribution range includes Africa, India
Srilanka, Nepal, Thailand, China, New Guine

and Australia.
Damage:

Since they are polyphagus larvae feed on thersifjadleries on grasses and

lower vegetations especially agricultural crops.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@heay of Glyphodes
bicolor collected has been amplified using the primer CPable 3.1). The PCR
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amplification yielded 604 bp long product. The DNs$equence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 6.56 59 6respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 6.19.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition oBlyphodes bicolor voucher collected during the present
study (Table 6.19). It showed bias to nucleotide, &ith nucleotide composition
with T = 38.6%, C = 14.2%, A = 32.1% and G = 15.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 6.20 and Figure 6.60 respedfivel
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> Glyphodes bicolor CDS-2018/ 604 bp / cytochrome oxidase subunit | (COI)
gene, partial cds; mitochondrial / voucher CUGB-01-A1

> Glyphodes bicolor

ATAGTAGGAACATCTCTAAGT TTATTAATTCGAGCAGAAT TAGGAAATCCAGGATCTTTA
ATTGGAGATGATCAAATTTATAATACTATTGT TACAGCTCATCCTTTTATTATAATTTTT
TTTATAGI TATGCCAATTATAATTGGAGGATTTGGTAACTGATTAGTACCATTAATACTT
GGAGCTCCAGATATAGCATTTCCTCGAATAAATAATATAAGATTCTGATTATTACCCCCA
TCATTAACTTTATTAATTTCTAGAAGAAT TGTAGAAAAT GGAGCTGGAACTGGT TGAACA
GITTATCCCCCTCTTTCTTCTAATATTGCACATGGAGGAAGATCAGT TGATTTAGCAATT
TTTTCATTACATTTAGCTGGAATTTCATCAATTTTAGGAGCAATTAATTTTATTACAACT
ATTATTAATATACGAATTAATGGCTTATCTTTTGATCAAATACCTTTATTTGTATGAGCT
GITGGAATTACAGCATTACTTCTTTTACTATCATTACCAGI TTTAGCAGGTGCTATTACT
ATATTATTAACAGATCGTAATTTAAATACATCATTTTTTGAT CCTGCAGGAGGAGGAGAT
CCAA

Figure 6.56: The partidl DNA sequence of the mitochondrial COl gene of
Glyphodes bicolor

0 603
|

Figure 6.57: Molecular barcode of the mitochondrial COI gene of Glyphodes
bicolor

> Glyphodes bicolor / 201AA / cytochrome oxidase subunit | (COI) gene,
partial cds;, mitochondrial / voucher CUGB-01-A1l

> Glyphodes bicolor

MVGTSLSLLI RAELGNPGSLI GDDQY YNTI VTAHAFI M FFMWMPI M GGFGNWLVPLIML
GAPDIVAFPRWNNVEFWLLPPSLTLLI SSSI VENGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAQ SSI LGAI NFI TTI | NVRI NGLSFDQVPLFWWAWVG TALLLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAGGCGDP

Figure 6.58: The trandation product of the mitochondrial COI gene of Glyphodes
bicolor
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Sample  :P20_CP2.F_32777-1_9234 Run start: 2016/11/08 12:45:53

H Trim Start :24 Run stop: 2016/11/08 14:43:35

GlyphOdes bICOIOr Trim End  :668 PDF created: 2016/11/08 14:44:43
Qv20 Bases :644

A GAGGATA GTAGGAACAT CT CTAAGT TTAT TAAT T C GAGCAGAAT TAGGAAATCCA GGATCT T TAAT T GGAGAT GATCAAATTTATAATACTATTGT TACAGC TCATGCTTT
10 20 3 40 50 60 70 8( 90 100 110

TTATTAATTTCT! \(v\'\(:\'\l TGl \(1—\\'\\1()(1\(1 I(x()\\( TGGT I(JAA( AGTTT. \I('(‘(‘("('IL I[I( TTCTAAT! \l TGC, \(AI(J(,\()()\'\(,\I( AGTTGATTT \()( AATTTTT I( \I TACATTT. \()( TGGAATT I(’\I( AA
260 330 350

AL m[\u il \M\w I el gV M\NW\W \,

[TTTAGGAGCAAT TAATTTTATTACAACTATTAT TAAT ATACGAATTAATGGCTTATCTT TTGATCAAATACCT TTATT TGTAT GAGCTGT TGGAAT TACAGCATTACTTCTTTTACTATCAT TACCAGTTT TAGCAGGTGC
400 410 420 430 440 450 460 470 480 490 8 510 520 530

Sample :P20_CP2.R_32777-2_9234 Run start: 2016/11/08 12:45:53
» Trim Start :19 Run stop: 2016/11/08 14:43:35
GIWhOdCS bICOIOr Trim End :671 PDF created: 2016/11/08 14:44:45

Q20 Bases :652

I'T GGA'CTCCTCCTCCTGCAGGAI CAAAAAAT GAI' GTAT T TAAAT TACGAT CT GI'TAAT AATATAGTAATA GCACC TGC TAAAACT GGIAAT GATAGIAAAAGAAGIAAT GC TGIAATT
10 20 30 40 50 6( 70 80 90 00 110

A AWM WA A A A AN A AR A s

TCTTCCTCCATGTGCAATATT AGAAGAAAGAGGGGGAT AAACTGT TCAACCAGTTCCAGCTCCATTT TCTACAATTCTT CTAGAAATTAATAAAGT TAAT GAT GGGGGT AAT AATCAGAATCTTATATTAT TTATTCGAGGA
270 280 290 300 310 320 330 340 350 360 370 380 390 400

I v v sinsandias A VWA A Y s A A A A WA )

AATGC l A\li\IClGG-\CClCCr-\\GlAI TAATGGT —\Cl-\_—\lCi\Gl TACCAAATCCTCCAATTATAAT lGGC-\l 'AACTATAAAAAAAATTATAATAAAAGC AIGAGCIGI AACAATAGTATTATAAAT l lG—\l CATCT 1((4\%1 TA|
410 430 4 480 500

520

v M A A A AN A A A i e A A N

AAGATCCTGGATT TCCTAATTCT GCTCGAATT AAT AAACT TAGAGAT GT TCCTACTATTCCTCTTCAAATTCCAAAAAT AAAAT ATAAAGT ACCAATAT CTTTATG
550 560 570 580 590 600 610 62( 630 640 650

N L Y Tl T A A U N e e e el M ocoedh|

Figure 6.59: Electropherogram showing the nucleotide sequenafe the
mitochondrial COIl gene ofslyphodes bicolor using Forward and
Reverse primers.
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Table 6.19: Comparison of Nucleotide frequencie€01f gene sequence Glyphodes bicolor with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| ¢ | A| G| T1| C1| A1l| G1| T2 C2 A2 G2 T3 CBA3|G3
MH674103 Glyphodes bicolor (Kerala)| 38.6 | 14.2| 32.1 151 27 13/9 312 277 42 264 1469| 46| 25| 507 .5
HQ952843 Glyphodes bicolor 384 | 14.6| 323 147 2§ 12/9 328 259 44 249 139.4| 43| 59| 50.0 1.d
AB158240 Glyphodes stolalis 40.4 | 12.7| 321 147 29 12}4 322 267 42 249 15%4| 50| 1.0/ 488 .0
KF808403 Lepidoptera sp. 39.4 | 13.7| 321 147 29 119 323 264 44 254 138.9| 45| 4.0 50.0 1.0
HQ952965 Cirrhochrista annulifera 40.4 | 13.6| 31.5 146 29 124 323 264 44 254 13189| 49| 3.0/ 480 5
KX042561 Eudonia angustea 38.6 | 13.2| 336 14.6 30 114 328 259 44 254 138.9| 42| 3.0/ 54.0 1.0
HQ952956 Palpita uedai 40.2 | 13.9| 31.5 144 29 12/9 318 264 44 254 1318.9| 48| 3.5 485 .0
HQ952846 Glyphodes microta 39.2 | 13.4| 326 147 29 12/4 323 264 44 254 138.9| 45| 25| 51.5 10
HQ952834 Glyphodes cosmarcha 40.4 | 13.6| 31.6 144 2§ 12]9 323 264 44 254 138.9| 49| 25| 485 .0
MH416568 Glyphodes shafferorum 39.7 | 13.7| 321 144 2§ 12]9 323 264 44 254 138.9| 47| 3.0/ 500 .0
MH415901 Maruca fuscalis 39.2 | 13.9| 323 146 30 11}4 318 264 44 254 1389| 44| 50 510 5
KX863217 Cirrhochrista annulifera 39.9| 14.1| 315 146 2§ 12]9 323 264 44 254 1318.9| 48| 4.0/ 480 5
HQ952833 Glyphodes cosmarcha 40.6 | 13.6| 31.5 144 2§ 129 323 264 44 254 138.9| 50| 25| 480 .0
HQ952819 Glyphodes onychinalis 39.6 | 13.4| 328 142 30 114 328 259 44 254 138.9| 45| 35| 515 .0
AB158241 Glyphodes multilinealis 40.4 | 13.2| 315 149 29 119 317 272 42 249 15%4| 50| 3.0/ 473 .0

330



Table 6.20: Percentage of evolutionary divergenc&lgphodes bicolor with its
closely related species accessible from NCBI GekBan
Sl Accession . Per centage of
No. No Organism divergence
1. MH674103 | Glyphodes bicolor (Kerala)
2. HQ952843 | Glyphodes bicolor (Australia) 2.11%
3. HQ952956 | Palpita uedai 6.40%
4. KX042561 | Eudonia angustea 11.95%
5. AB158240 | Glyphodes stolalis 12.22%
6. KF808403 | Lepidoptera sp. 12.67%
7. HQ952965 | Cirrhochrista annulifera 13.31%
8. MH415901 | Maruca fuscalis 13.31%
9. HQ952834 | Glyphodes cosmarcha 13.58%
10. MH416568| Glyphodes shafferorum 13.81%
11. KX863217 | Cirrhochrista annulifera 13.95%
12. HQ952833| Glyphodes cosmarcha 13.95%
13. HQ952819| Glyphodes onychinalis 13.91%
14. HQ952846| Glyphodes microta 14.27%
15. AB158241 | Glyphodes multilinealis 15.02%
498|:AB158240 Glyphodes stolalis
94 MH416568 Glyphodes shafferorum
83 AB158241 Glyphodes multilinealis
a4 r HQ952834 Glyphodes cosmarcha
100 L HQ952833 Glyphodes cosmarcha
- MH415901 Maruca fuscalis
‘ KX042561 Eudonia angustea
12 KF808403 Lepidoptera sp.
21 HQ952819 Glyphodes onychinalis
HQ952846 Glyphodes microta
100 [ HQ952965 Cirrhochrista annulifera
L KX863217 Cirrhochrista annulifera
HQ952956 Palpita uedai
22 | @ MH674103 Glyphodes bicolor (Kerala)
09 | HQ952843 Glyphodes bicolor
—
0.01

Figure 6.60: Phylogenetic relationship Gfyphodes bicolor inferred by NJ tree

method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
97.9% sequence similarity to the same genus repdmen Australia (HQ952843).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COI weace of Glyphodes
bicolor showed bias to nucleotide AT, with following comppims of nucleotides T
= 38.6%, C = 14.2%, A = 32.1% and G = 15.1%. Thesater AT content (70.7%)
over GC content (29.3%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryipeérof time. Glyphodes bicolor
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 2.11% to02% differences in the
nucleotides sequences. The divergence table pldijfeadnaximum likely hood
method clearly showed that it has divergence (2)1Mth those from Australia
while 15.02% to Indonesia (Table 6.20). On the $adi the data observed this
species may be rooted from those found in Indonekiah diverted into different
clades due to geographical variation. Result tliunladed that this species doesn’t
have any major changes in India while slightly aesfrom those reported from

indonesia during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species d@blyphodes bicolor with related species.
Glyphodes bicolor isolated from KeralaMH674103 showed 2.11% divergence
with Glyphodes bicolor (HQ952843) from Australia and 15.02% divergencehwit
Glyphodes multilinealis (AB158241) from Indonesialhe phylogeny tree generated
by using NJ method reveals the phylogenetic statuSlyphodes bicolor isolated
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from Kerala. Closest relative dBlyphodes bicolor is Glyphodes bicolor from

Australiarepresented within the same clade.
11. Méeanitisleda (Linnaeus, 1758)

Soecimen details:

Voucher specimen : CUML-01-A1

Date of collection . 20- Feb -2016

Locality . Kerala: Malappuram
Lat- Lon : 11.0510° N, 76.0711° E

GenBank accession 1 KX587506
Description and distribution:

Melanitis leda, the common

evening brown,is a common speci
found flying at dusk (Figure. 6.61). The
possess highly describing peculiariti
During wet season form: Forewing - ape
subacute; termen slightly angulated |
below apex, or straight. Upperside of t
body is brown in appearance. Forewi
with two large subapical black spots, ea
with a smaller spot outwardly of pur Fig.6.61:Melanitis leda
white, costal margin is narrowly pale. Hindwing kvd dark, white-centred, fulvous-
ringed ocellus subterminally in interspace two. bhsitle paler, densely covered
with transverse dark brown striae; a discal cudadk brown narrow band is present
on forewing. Dry-season form: Forewing - apex obtasd more or less falcate;
termen posterior to falcation straight or sinudupperside is ground colour similar
to that in the wet-season form, the markings, @appgche ferruginous lunules

inwardly bordering the black sub-apical spots orefdng, larger, more extended
below and above the black costa. Hindwing: the losein interspace 2 absent,

posteriorly replaced by three or four small whitdterminal spots. Underside varies
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in colour greatly. Antennae, head, thorax and atmionm both seasonal forms
brown or greyish brown: the antennae annulated witite, ochraceous at apex.
They are found to be distributed in Africa, Southsidhand South East
Asia extending to parts of Australia (Wilson et 2010)

Damage:

The caterpillars are highly polyphagus and feed anwide variety
of agricultural crops and grasses. Adults feed tpabm nectar, and in rare cases

visit even rotting fruits.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hay of Melanitis leda
collected has been amplified using the primer CH2blke 3.1). The PCR
amplification yielded 571 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 6.62 65 6respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 6.21.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition d#lelanitis leda voucher collected during the present study
(Table 6.21). It showed bias to nucleotide AT, withcleotide composition with
T =40.3%, C = 16.6%, A =29.9% and G = 13.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 6.22 and Figure 6.66 respedtivel
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> Meélanitis leda CDS-2016/ 571bp / cytochrome oxidase subunit | (CO
gene, partial cds; mitochondrial / voucher CUML-A1-

> Meélanitisleda

AACATCCCTTAGI TTAATTATCCGTATAGAATTAGGAAATCCTGGATTTTTAATTGGAGA
TGATCAAATTTATAATACTATTGI TACTGCCCATGCTTTTATTATAATTTTTTTCATAGT
TATACCAATTATAATTGGAGGATTTGGAAATTGACTTGT TCCCTTAATATTAGGAGCTCC
TGATATAGCATTCCCTCGAATAAATAATATAAGI TTTTGACT TTTGCCCCCATCATTAGT
CTTATTAATTTCAAGTAGAT TAGTAGAAAAT GGAGCAGGAACT GGATGAACAGTI CTATCC
CCCCCTTTCATCTAATATTGCTCACAGIGGTACTTCAGT TGATTTAGCAATTTTTTCTCT
TCATCTTGCTGGAATTTCTTCAATTTTAGGAGCTATTAACTTTATTACTACAATCATTAA
TATACGAATTAATAATATAACT TATGATCAAATACCACTATTTGT TTGAGCCGT CGGAAT
TACAGCTTTACTTCTTTTACTTTCATTACCTGTATTAGCTGGAGCTATTACTATATTATT
AACAGATCGTAATTTAAATACTTCCTTTTTT

Figure 6.62: The partial DNA sequence of the mityahrial COI gene ofMeanitis
leda

0 570

Figure 6.63: Molecular barcode of the mitochond@&ll gene oMelanitis leda

> Melanitisleda / 182AA / cytochrome oxidase subunit | (COIl) gepartial
cds; mitochondrial / voucher CUML-01-A1l

> Melanitis leda

MELGNPGFLI GDDQ YNTI VTAHAFI M FFMVMPI M GGFGAWLVPL M. GAPDVAFPRVN
NVBFWLLPPSLVLLI SSSLVENGAGTGATVYPPLSSNI AHSGTSVDLAI FSLHLAG SS|
LGAI NFI TTI | NVRI NNMTYDQVPLFVWAVGH TALLLLLSLPVLAGAI TMLLTDRNLNTS
FF

Figure 6.6: The translation product of the mitoathwed COI gene ofMelanitis
leda
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Sample :P7_CP2F_27108-1_8277 Run start: 2016/03/24 09:33:56
ik Trim Start :40 Run stop: 2016/03/24 11:47:40
Melanltls Ieda Trim End :675 PDF created: 2016/03/24 13:20:06

Q20 Bases :635

AACAT CCCT TAGTTTAATTAT CC GTAT AGAATTA GGAAATCCT GGATTTTTAATT GGAGAT GATCAAATTTATAATACTATTGTTACT GCCCATGCTTTTAT
20 30 40 50 60 70 80 90 100

TATAATTTTTTTCATAGTTATACCAAT TATAATT GGAGGATTT GGAAAT TGAC TTGT TCCCTTAATAT TAGGAGC TCCTGATATAGCAT TCCCTCGAATAAAT AATATAAGT TTTT GACTTT TGCCCCCATCATTAGTCTT
110 120 130 140 150 160 170 0 190 200 210 220 230 240

IWTTAATTTCAAGTAGATT AGT AGAAAAT GGAGCAGGAACTGGATGAACAGTCTATCCCCCCCTTTCATCTAATATTGC
250 260 270 290 300

i ACAGTGGTACTTCAGT
280 90 310 320 330 3

CAATTTTTTCTCTTCATCTTGCTGGAATTTCT TCAATTT
40 350 360 370 380

[TAGGAGCTATTAACT TTATTACTACAATCATTAATATACGAATTAATAAT ATAACT TAT GAT CAAATACCACTATTTGTTTGAGCCGT CGGAAT TACAGCTTTACTTCTTTTACTT TCATTACCTGT AT TAGCT GGAGCTAT
39 420 430 440 450 460 470 490 500 510 520

ACTATATTATTAACAGATC GT AATTTAAATACTTCCTTTTT TGATCC TGCTGGAGGAGGAGACCCT ATTCTTTAT CAACACTTATTTTGATTT TTT GGACAT CAAG
530 540 550 0 70 580 59 6 3

590 60! 1 620 63

Sample :P7_CP2R 27108-2 8277 Runstat:  2016/03/24 09:33:56
Melanitis led Trim Start 38 Runstop:  2016/03/24 11:47:40
elanitis leda Trim End :665 PDF created:  2016/03/24 13:20:08

Qv20 Bases :627

AAAAAA GGAAGT AT TTAAAT TAC GAT CT GT TAATAAT AT A GT AAT AGCTCCAGC TAAT ACAGGTAAT GAAAGTAAAAGAAGTAAAGCTGTAATTCCGA
0 20 40 5 70 80 9

[CGGCTCAAACAAATAGTGGTAT T TGATCATAAGTTATATTAT TAATTCGTATATTAATGAT TGTAGTAATAAAGT TAATAGCTCC TAAAATTGAAGAAAT TCCAGCAAGATGAAGAGAAAAAATTGCTAAATCAACTGAAG
100 120 140 50 180 1 0 210 30

110 130 170 0 2( 220 230

[FACCACTGTGAGCAAT AT TAGAT GAAAGGGGGGGAT AGACT GT TCATCCAGTTCCTGCTCCATTTTCTACTAATCTACTTGAAAT TAAT AAGACTAATGAT GGGGGCAAAAGTCAAAAACT TATATTATTTAT TCGAGGGAAT
40 250 260 270 280 290 300 310 320 330 340 350 360 370 380

GCTATATCAGGAGCTCCTAATAT TAAGGGAACAAGTCAATTTCCAAATCCTCCAATTATAAT TGGT AT AACTATGAAAAAAAT TAT AAT AAAAGCAT GGGCAGT AACAATAGT ATTATAAATTT GAT CATCTCCAAT TAAAA
390 400 410 420 430 440 450 460 470 480 490 500 510 520

9

ATCCAGGAT TTCCTAATT CTATACGGATAAT TAAACTAAGGGAT GTTCCTACTATACCTGCTCAAATT CCAAAAAT AAAAT AT AAAGTTCCAATATCTTTATG
530 540 550 560 570 580 590 600 610 620

Figure 6.65: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene d¥lelanitis leda using Forward and Reverse
primers.
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Table 6.21: Comparison of Nucleotide frequenoieSOI gene sequence Blielanitis leda with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G |T1|C1|A1l| G1| T2 C2| A2| G2| T-3] C3| A3| G-3
KX587506 Melanitis leda 40.3| 16.6| 29.9| 13.1| 26 | 15.8| 34.2| 24.2| 45 | 25.3] 15.3| 14.7| 50 | 89| 40.3 .5
KM111608 Melanitis leda 39.6 | 16.6| 30.1| 13.7| 25 | 15.7| 34.0| 25.1| 44 | 25.3/ 15.3|15.3| 49 | 89| 411 5
KJ459747 Melanitis phedima 39.1| 16.6| 30.8| 13.5| 23 | 17.3| 34.6| 25.1| 45 | 24.7/15.3|153| 49| 79| 426 .0
DQ338759 Gnophodes chelys 40.1| 14.4131.2|14.4| 27 | 14.1|335|25.7| 44 | 24.7| 14.7| 16.3| 49 | 4.2 | 453 1.1
KU219623 Gnophodes betsimena 37.3| 16.8/ 31.3| 14.5| 26 | 15.7| 33.5| 25.1| 43 | 23.2/16.8| 17.4| 44 | 11.6/43.7| 1.1
MF172192 Calisto batesi 40.5| 15.2/29.4|149| 26 | 14.7| 32.6| 26.3| 45 | 24.21 14.2|16.3| 50 | 6.8 | 414 2.1
KM111653 Callerebia baileyi 412 | 159 29.4| 135| 25| 16.2| 34.0| 24.6| 44 | 25.3/15.3|15.3| 54 | 6.3 | 38.9 5
KF054340 Calisto archebates 38.7| 16.5/ 30.3| 14.5| 25 | 15.8| 33.7| 25.8| 44 | 24.7) 14.2| 16.8| 47 | 89| 429 1.0
GQ864761 Dynamine serina 41.5| 14.7/29.9| 13.8| 28 | 14.2| 32.6| 25.3| 45 | 24.2| 14.7|16.3| 52 | 58| 424 .0
FJ663880 Paralasa hades 41.2 | 15.2/29.6|14.0| 26 | 14.2| 34.7|24.7| 45 | 24.2| 14.2|16.3| 52 | 7.3 | 39.8 1.0
DQ176406 Pararge aegeria aegeria | 38.7 | 15.9/ 31.2| 14.2| 25 | 15.7| 34.0| 25.1| 44 | 25.3| 14.7| 16.3| 47 | 6.8 | 44.7 1.1
GUB59575 Eunica alcmena 39.9| 14.7)30.8| 14.5| 28 | 13.2| 32.1| 26.3| 45 | 25.3| 13.7| 16.3| 47 | 5.8 | 46.6 1.0
GQ200968 Melanargia halimede 40.1| 15.8/ 29.4|14.7| 26 | 14.2| 33.7| 25.8| 45 | 24.7| 14.2| 16.3| 49 | 84| 403 2.1
FJ663540 Kirinia eversmanni 41.7) 14.0/ 30.1| 14.2| 27 | 13.7| 33.7| 25.3| 44 | 253/ 14.2|16.3| 53 | 3.1 | 424 1.0
MF172178 Calisto tragius 40.5| 159/ 28.5|15.1| 26 | 15.3| 31.6| 27.4| 45 | 24.2| 13.7| 16.8| 50 | 84| 40.3 1.0
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Table 6.22:

Percentage of evolutionary divergenteMelanitis leda with its

closely related species accessible from NCBI GekBan

Sl Accession . Per centage of
No. No Organism divergence
1. KX587506 | Melanitisleda (Kerala)

2. KM111608 | Méelanitisleda (China) 0.00%
3. KJ459747 | Melanitis phedima 7.35%
4, DQ338759 | Gnophodes chelys 12.06%
5. KU219623 | Gnophodes betsimena 14.05%
6. MF172192 | Calisto batesi 15.51%
7. KF054340 | Calisto archebates 17.44%
8. MF172178 | Calisto tragius 17.71%
9. FJ663540 | Kirinia eversmanni 17.95%
10. KM111653| Callerebia baileyi 18.15%
11. GU659575| Eunica alcmena 18.57%
12. GQ864761| Dynamine serina 18.67%
13. DQ176406| Pararge aegeriaaegeria 18.78%
14. FJ663880 | Paralasa hades 18.97%
15. GQ200968| Melanargia halimede 20.10%

14

—

96
41

MF172192 Calisto batesi

MF172178 Calisto tragius
KM111653 Callerebia baileyi
DQ176406 Pararge aegeria aegeria
FJ663540 Kirinia eversmanni

KF054340 Calisto archebates

FJ663880 Paralasa hades

82

GQ200968 Melanargia halimede

GQ864761 Dynamine serina

GU659575 Eunica alcmena

I

DQ338759 Gnophodes chelys

Figure 6.66: Phylogenetic relationship bfelanitis leda

92

0.02

method

KU219623 Gnophodes betsimena
KJ459747 Melanitis phedima

99 | @ KX587506 Melanitis leda

100 | KM111608 Melanitis leda
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DISCUSSION

This species is known to be observed mainly ina@aictic and regions
(Saroli, 2016). Larval stage is found to be greatlgctious. It mainly bores the
underground part of the crop plant leading to thienate loss in productivity. Both
nucleotide and peptide BLAST analysis showed thiatdpecies has 100% sequence

similarity to the same genus reported from Chinsi{K1608).

The number of base substitutions per site betwgegunences were analysed
using the Maximum Composite Likelihood model. Th@lGequence oMeanitis
leda showed bias to nucleotide AT, with following compms of nucleotides
T =40.3%, C = 16.6%, A = 29.9% and G = 13.1%. TOnesater AT content (70.2%)
over GC content (29.7%) is mainly due to the matal pressure on a single
nucleotide substitution during the evolutionary ipérof time. Meanitis leda
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatsgd from different geographical

locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@d from different
geographical locations, it showed only 0% to 20.1di#ferences in the nucleotides
sequences. The divergence table plotted by maxitikety hood method clearly
showed that it has no divergence (0%) with thosenfiChina while 20.10% to
Ontario (Table 6.22). On the basis of the data meskthis species may be rooted
from those found in China which diverted into diffiet clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteahirOntario during the course of

evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated speciesMéanitis leda with related speciedlelanitis leda
isolated from Kerala KX587509 showed 0% divergence wittMeanitis
leda (KM111608) from China and 20.10% divergence witfielanargia
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halimede (GQ200968) from OntarioThe phylogeny tree generated by using NJ
method reveals the phylogenetic statusMdanitis leda isolated from Kerala.
Closest relative oMéelanitis leda is Melanitis leda from Chinarepresented within
the same clade.

12. Cryptophasa atecmarta (Turner, 1917)

Specimen details:

Voucher specimen . CUCA-01-A1

Date of collection : 11- Dec -2015

Locality . Kerala: Malappuram
Lat- Lon : 11.0510°N, 76.0711° E

GenBank accession KX587510
Description and distribution:

Cryptophasa atecmarta is a moth in

the Xyloryctidae family (Figure. 6.67). It

was described by Turner in 191
The wingspan is of the adult moth is abo
32 mm. The forewings are grey with spar
fuscous irroration and several indistin
markings, presence of a fuscous dot in t —
disc at one-fourth, a second in the mMidCEEEESTRNTHORYs (e o1t etz 8e]
and a third at three-fourths. This last dot
forms the apex of a darker shape, the terminal laegag paler grey (Puhringer and
Kallies, 2004). The hindwings are pale fuscodisis found to be distributed along

Asia, Australia, New South Wales, Queensland andtévie Australia.
Damage:

The larvae feed on a wide variety of vegetatiadhsy are highly adapted as

stem borers and cause complete wilt of the hositpla
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Cryptophasa
atecmarta collected has been amplified using the primer ETable 3.1). The PCR
amplification yielded 600 bp long product. The DNsgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 6.68 #1 6respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 6.23.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition o€ryptophasa atecmarta voucher collected during the
present study (Table 6.23). It showed bias to mticle AT, with nucleotide
composition with T = 40.3%, C = 16.6%, A = 29.9%l &k = 13.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree catestt with NJ method are
exhibited in Table 6.24 and Figure 6.72 respedtivel
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> Cryptophasa atecmarta CDS-2018/ 600 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucher@AJ01-Al

> Cryptophasa atecmarta

ATAGTAGGTACATCTTTAAGATTATTAATTCGAGCTGAATTAGGTAATCCTGGATCTTTA
ATTGGAAATGATCAAATTTATAATACTATTGTAACTCCTCATGCATTTATTATAATTTTT
TTTATAGTAATACCAATTATAATTGGTGGATTTGGAAATTGATTAGTACCTTTAATACTT
GGTGCACCAGATATAGCCTTTCCACGAATAAATAATATAAGATTTTGATTATTACCCCCA
TCTTTAACTCTTTTAATTTCTAGAAGT ATAGTAGAAAAT GGAGCAGGAACT GGATGAACG
GITTACCCCCCCCTTTCATCTAATATTGCCCATGGAGGAAGATCCGTAGATTTACGCTATT
TTTTCCCTTCATTTAGCTGGAATTTCATCTATTTTAGGAGCTATTAATTTTATTACTACA
ATTATTAATATACGATTAAGAAATTTATCTTTTGATCAAATACCCCTTTTTGI TTGAGCT
GITGGTATTACAGCTTTCCTTTTACTTTTATCTTTACCTGT TTTAGCTGGAGCTATTACT
ATATTATTAACTGATCGAAATTTAAATACATCTTTCT TTGACCCT GCGGGAGGAGGAGAT

Figure 6.68: The partial DNA sequence of the mitoarial COI gene of
Cryptophasa atecmarta

0 599
|

Figure 6.69: Molecular barcode of the mitochondDI gene ofCryptophasa
atecmarta

> Cryptophasa atecmarta / 200AA / cytochrome oxidase subunit | (COI
gene, partial cds; mitochondrial / voucher CUCAANL -

> Cryptophasa atecmarta

MVGTSLSLLI RAELGNPGSLI GNDQI YNTI VTAHAFI M FFMWMPI M GGFGNWLVPLIML
GAPDIVAFPRWNNIVEFWL L PPSLTLLI SSSMVENGAGT GM VYPPLSSNI AHGGSSVDLAI
FSLHLAQ SSI LGAI NFI TTI | NVRLSNLSFDQVPLFWWAVG TAFLLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAGGGD

Figure 6.70: The translation product of the mitaudtraal COI gene o€ryptophasa
atecmarta
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Sample :P6_CP1F_26917-3_8252 Run start: 2016/03/16 10:18:58
Trim Start :25 Run stop: 2016/03/16 12:33:18

CIyI)tophasa atecma‘rta Trim End 671 PDF created: 2016/03/16 13:03:31

Qv20 Bases :646

I'GAGG ATAGTAGGIACAT CTT TAAGAT TAT TAAT T CGAGCTGAAT TAGGTAATCCTGGATCTTTAAT T GGAAAT GATCAAATT TATAATACTATTGIAACTGCTCATGCAT
10 20 30 40 50 60 70 80 90 100 110]

~ NIV

TTATTATAAT TTTT TTTATAGTAATACCAATTATAATT GGTGGAT TTGGAAATTGATTAGTACC TTTAATACTTGGTGCACCAGATATAGCCTTTCCACGAATAAATAAT AT AAGATT TTGATTATTACCCCCATCTTTAAC
120 130 140 150 160 170 180 190 200 210 220 230 240 250

TCTTTTAATTTCTAGAAGTATAGT AGAAAAT GGAGCAGGAACTGGATGAACGGTTTACCCCCCCCTTTCATCTAAT ATTGCCCATGGAGGAAGATCCGTAGATTTAGCTATTTTTTCCCT TCAT TTAGCTGGAATTTCATCT
270 28 290 300 310 320 330 340 350 360 370 380 390

260 ( 280

ATTTTAGGAGCTATTAATTTTATTACTACAATT AT TAATATACGATTAAGAAATTTATCTT TTGATCAAATACCCCTTTTTGI T TGAGCTGT TGGTATTACAGCTTTCCTTTTACT TTTAT CTT TACCTGT TTTAGCTGGAG

400 410 420 430 440 450 460 470 480 490 500 510 520 530

CTAT TACTATAT TATT AACT GAT CGAAAT TTAAATACAT CTT TCT TTGACCCTGCGGGAGGAGGAGATCCAATT TTATATCAACAT TTATTT TGATTTTTTGGACATCA
540 550 560 570 580 590 600 610 620 630 640

Sample :P6_CP1R_26917-4 8249 Run start: 2016/03/15 10:10:03
Trim Start :22 Run stop: 2016/03/15 12:23:27
Cryptophasa atecmarta T me R

Q20 Bases :658

AT CT CCT CCTCACGCAGGG TCAAAGAAAGAT GTAT TTAAATT T CGATCAGT TAATAATAT AGTAAT AGC TCCAGC TAAAACAGGTAAAGATAAAA GTAAAAGGAAAGCTGTAATACCA
0 2 30 0 80 S

30

ACAGCTCAAACAAAAAGGGGTATTT GATCAAAAGATAAATTTCT TAATCGTATAT TAATAATT GTAGTAATAAAATTAATAGCTCC TAAAATAGAT GAAAT TCCAGC TAAAT GAAGGGAAAAAAT AGC TAAATCTACGGATC
120 130 140 150 170 180 190 200 210 220 230 240 250 26

I A A A WY A af i f hoA A nf\ / )
AN\ \/\A/\M»V\/\/\/\s’ww el AR M AR M AR A A A s A AR AN A A A A

[ TCCTCCATGGGCAAT AT TAGAT GAAAGGGGGGGGT AAACCGTTCATCCAGT TCCTGCTCCATT TTCTACTATACTT CTAGAAATT AAAAGAGT TAAAGAT GGGGGTAATAAT CAAAATCTTATATTATTT ATT CGTGGAAAG]
280 290 300 310 320 330 340 350 360 370 380 390 400

/\/\/\/\/\/\MA/\MM I A AR A A AN MM A s A Jovy

GCTATATCT GGTGCACCAAGTATTAAAGGTACTAATCAATT TCCAAATCCACCAAT TATAATTGGTAT TACTATAAAAAAAATTAT AATAAAT GCATGAGCAGT TACAAT AGTATTAT AAATTT GATCATTTCCAATTAAAG
410 420 3 450 460 470 480 490 500 510 520 530 540

430

A l\/\L\A/\A[\N ool Mg e\qﬂ&fﬁ\a‘"wﬂy\/\/\f‘/\/\’“ I i WJJ\(WA/\&NM/NW A O

ATCCAGGATTACCTAATTCAGCTCOGAATTAATAATC TTAAAGAT GT ACCTAC TATT CCTGATCAAATACCAA AAATAAMM TATAAT GTTCCAATATCTTTATGAT TAEGITG
550 560 570 580 590 600 610 620 630 640 650

o o e ooVl o oo s oo Ml

Figure 6.71: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene o€ryptophasa atecmarta using Forward
and Revers primers.
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Table 6.23: Comparison of Nucleotide frequenoieSOI gene sequence Gf yptophasa atecmarta with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TU)| C A G |T-1|C1| A1| G1| T-2|C2| A2 | G-2| T-3| C3 A3 G-3
KX587510 Cryptophasa atecmarta 39.8| 153/ 29.8/15.0/ 50| 6.0| 43.5 1.0| 28| 14.0 31.5| 27.0| 43 | 26.0/ 14.5| 17.0
KF398977 Cryptophasa atecmarta 39.1| 14.8/31.8|14.3| 47| 45| 48.8 .0 | 27| 15.0 32.5| 26.0| 44 | 25.0| 14.0| 17.0
KF406000 Cryptophasa sp. 38.8| 15.1/31.4|146| 45| 6.0| 47.8§ 1.0 | 27| 145 325| 26.0| 44 | 25.0/ 14.0| 17.0
MF103614 Datana angusii 40.6| 13.6/ 31.4|14.3| 49| 35| 473 .5 | 29| 12.5 32.5| 26.0| 44 | 25.0| 14.5| 16.5
KF406273 Lichenaula sp. 41.6| 143/ 29.8|143| 53| 3.5| 428§ 5 | 28| 145 32.0| 26.0| 44 | 25.0/ 14.5| 16.5
MF103453 Datana diffidens 40.8| 13.5(31.4|14.3| 49| 35| 473 .5 | 30| 12.0 32.5| 26.0| 44 | 25.0] 14.5| 16.5
KF405171 Cryptophasa sp. 38.4| 155/ 316145 44| 70| 47.8§ 1.0 | 27| 145 33.0| 25.5| 44 | 25.0/ 14.0| 17.0
JQ546934 Bolica sp. 40.6| 141/ 31.3|14.0/ 50 | 3.0| 47.3 .0 | 28| 14.0 32.5| 25.5| 44 | 25.5| 14.0| 16.5
MF103603 Datana integerrima 39.7| 145/ 31.3|14.5| 47| 5.0| 47.0 1.0 | 28| 13.5 32.5| 26.0| 44 | 25.0| 14.5| 16.5
MF102926 Datana diffidens 40.8| 13.5(31.5(14.2) 49| 35| 47.3 5 | 30| 12.0 325|26.0| 44 | 25.1| 14.6| 16.1
MF103658 Datana major 40.8| 13.5(31.4|14.3| 49| 3.0| 473 .5 | 29| 12.5 32.5| 26.0| 44 | 25.0] 14.5| 16.5
MF103651 Datana contracta 40.1| 1411 31.3|145| 48| 40| 46.8§ 1.0 | 28| 13.5 325|26.0| 44 | 25.0/ 14.5| 16.5
MF103302 Datana integerrima 39.8| 145/ 31.3|14.5| 47| 5.0| 46.8 1.0 | 28| 13.5 32.5| 26.0| 44 | 25.0] 14.5| 16.5
MF103024 Datana ministra 40.3| 14.0/31.6|14.1| 48| 45| 47.8 .0 | 29| 12.5 32.5| 26.0| 44 | 25.0] 14.5| 16.5
KX042384 Macaria carbonaria 39.9| 143/ 31.3|145| 48| 40| 46.8§ 1.0 | 28| 14.0 325| 26.0| 44 | 25.0/ 14.5| 16.5
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Table 6.24: Percentage of evolutionary divergerideérgptophasa atecmarta with
its closely related species accessible from NCBiEzaak

Sl Accession . Per centage of
No. No Organism divergence
1. KX587510 | Cryptophasa atecmarta (Kerala)

2. KF398977 | Cryptophasa atecmarta (Australia) 2.62%
3. KF406000 | Cryptophasa sp. 3.76%
4. KF405171 | Cryptophasa sp. 4.52%
5. KX042384 | Macaria carbonaria 12.41%
6. MF103614 | Datana angusii 13.04%
7. KF406273 | Lichenaula sp. 13.30%
8. JQ546934 | Bolica sp. 13.60%
9. MF103651 | Datana contracta 13.77%
10. MF103658 | Datana major 13.79%
11. MF102926 | Datana diffidens 13.81%
12. MF103453| Datana diffidens 13.81%
13. MF103024 | Datana ministra 13.81%
14. MF103603| Datana integerrima 14.18%
15. MF103302 | Datana integerrima 14.18%

g1 | MF103453 Datana diffidens
53 MF102926 Datana diffidens
52 MF103024 Datana ministra
ol MF103658 Datana major
100 MF103614 Datana angusii
—— MF103651 Datana contracta
MF103603 Datana integerrima
[ ) T{ MF103302 Datana in tezerrima
KX042384 Macaria carbonaria
45 @ KX587510 Cryptophasa atecmarta
27 JQ546934 Bolica sp.
KF406273 Lichenaula sp.
72 KF398977 Cryptophasa atecmarta
100 KF406000 Cryptophasa sp.
—94|_— KF405171 Cryptophasa sp.
—
0.01

Figure 6.72: Phylogenetic relationship Gfyptophasa atecmarta inferred by NJ

tree method

345




DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
97.4% sequence similarity to the same genus repémen Australia (KF398977).
The number of base substitutions per site betwegunesces were analysed using
the Maximum Composite Likelihood model. The COIl wmuce ofCryptophasa
atecmarta showed bias to nucleotide AT, with following comjtims of nucleotides
T =39.8%, C = 15.3%, A = 29.8% and G = 15.0%. Thiater AT content (69.6%)
over GC content (30.3%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipér of time. Cryptophasa
atecmarta showed variation in the total composition of nutig® in each of the
position of codons in comparison with other relaspécies isolated from different
geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmteg from different
geographical locations, it showed only 2.62% tol1l&% differences in the
nucleotides sequences. The divergence table plditesdmaximum likely hood
method clearly showed that it has 2.62% with thfose Australia while 14.18% to
North America (Table 6.24). On the basis of theadaiserved this species may be
rooted from those found in North America which dted into different clades due
to geographical variation. Result thus concludeat this species doesn’t have any
major changes in India while slightly changes frdmose reported from North
America during the course of evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species Gfyptophasa atecmarta with related species.
Cryptophasa atecmarta isolated from Kerala (KX587510) showed 2.62%
divergence withCryptophasa atecmarta (KF398977)from Australia and 14.18%
divergence withDatana integerrima (MF103302) from North America. The
phylogeny tree generated by using NJ method rewbalsphylogenetic status of
Cryptophasa atecmarta isolated from Kerala. Closest relative @fryptophasa
atecmarta is Cryptophasa atecmarta from Australiarepresented within the same
clade.
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Consolidated Phylogenetic Tree

100 | MH614375 Acosmeryx anceus subdentata(Parali)

0 | MH656690 Acosmeryx anceus subdentata(Parappanangadi)

MH674103 Glypholes bicolor(Ch th
. lypholes bicolor(Cheruvathur)
72 KX587510 Cryptophasa atecmarta(Malappuram)

KX587508 Diaphania indica(Malappuram)
KX603659 Eudocima cocalus(Munniyoor)
—— KX603654 Asota orbona(Ullanam)

49

99 KX587505 Asota caricae(Parappanangadi)
99 1KU201286 Asota caricae(Ullanam)

MH590771 Mocis proverai(Nilambur)

— KX603662 Polytela gloriosae(Parappanangadi)
KX587506 Melanitis leda(Malappuram)

55

43 | KX503057 Ophiusa coronate(Parappanangadi)
100 | KX603655 Hypocala deflorata(Parappanangadi)

0.02

Figure 6.73: Phylogenetic relationship of differentepidopteran pests of
cucurbitaceae isolated from selected districts erfalia.

The analysis of phylogenetic relationships amo2ggecies of Lepidopteran
pest of cucurbits of Kerala by NJ tree method wased(Figure 6.73). Families
included in the superfamily Noctuoidea are Erebidad Noctuidae, superfamily
Bombycoidea is Sphingidae, superfamily PyraloideaCrambidae, superfamily
Papilionoidea is Nymphalidae, superfamily Geledtgai is Xyloryctidae and
Geometroidea are Geometridae. The species frone thigsfamilies are aligned
nearly in the phylogenetic tree and monophyletiorigin. Species from the family
Erebidae are originated from a main clade and uargpecies from the genAsota
are aligned in a single clade and then branchesilioladesOphiusa coronate and
Hypocala deflorata are aligned in a same cladeolytela gloriosae and Melanitis
leda are aligned in a same clad&arpophilus marginellus and Epuraea luteolus are
aligned in a same clade.
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Diptera



The order Diptera, the ‘true’ or two-winged flies, true flies have a single
pair of wings. They are one among the most speansset orders, constituting over
160,000 described species globally. The remarkddabitat exploration, both
terrestrial and aquatic helped them to flourishhbat richness and diversity
(Gregory et al, 2015). The key identifiable featigehe reduced hind wings with
club-shaped structures called halters, the membgarfoont wings serve as
aerodynamic surfaces (Courtney and Cranston, 2015¢. halteres vibrate and help
the insect in maintaining balance, thus acting bkgyroscope. The dipterans have
greater economic impact on humans compared to gtioaip of insects (DeMeyer,
2016).

The fruit flies Bactrocera cucurbitae and Bactrocera tau are important
cucurbit pests. Adult flies cause fruit rotting lgying eggs inside the newly
developing fruit or flower (Neupane, 200Daucus cucurbitae coq., fruit fly are
attracted to both the flowers and fruit of pumpkimd bottlegourd. Fruit infestation
by melon fruit fly in bitter gourd has been repdrt® vary from 41 to 89 percent
(Gupta and Verma, 1992). According to report theuchit fruit fly infested 95
percent of bitter gourd fruits in Papua New Guinmad 90 percent of snakegourd
and 60 to 87 percent pumpkin fruits in Solomon rid& (Hollingsworth and
Allwood, 2000). Fruit flies Dacus cucurbitae) are distributed all over the world,
causing destruction to almost all Cucurbitaceae begma Myopardalis

pardalina Bigot (Diptera, Tephritidae) was reported on muskan.
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The systematic position of dipteran pests of cucurbits collected and identified

during the present study is given below:
Order: Diptera; Suborder: Brachycera
1 Superfamily: Lauxanioidea
1.1. Family: Celyphidae
1.1.1 Subfamily: Eurychoromyiinae
*  Spaniocelyphus falcatus (Tenorio, 1972)
*  Spaniocelyphus pilosus (Tenorio, 1972)
*  Celyphus obtectus (Dalman 1818)
2. Superfamily: Tephritoidea
21. Family: Tephritidae
2.1.1. Subfamily: Dacinae
*  Bactroceratau (Walker, 1849)
3. Superfamily: Muscoidea
3.1. Family: Anthomyiidae
3.1.1. Subfamily: Pegomyinae

*  Pegomya circumpolaris (Ackland and Griffiths, 1983)

A brief description on the relevant higher taxa and the taxonomic key
prepared for classification and morphological identification (with the help of
suitable identification guides and expert consultation) of all the dipteran pests of

cucurbits collected during the present study are given below:
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SUBORDER: BRACHYCERA

Brachycera constitute a monophyletic suborder isndne among the 58
fauna Europaea major. The most species rich fasnifieluded are agromyzidae,
dolichopodidae, empididae, syrphidae and tachinitd@vemeyer, 2000). Their
most distinguishing characteristic features incluceduced antennal segmentation,
the maxillary palp with two or fewer segments tarval head capsule extended
into the prothorax, in males the epandrium and hgigam of the genitalia are well
separated and premandible absent. The venatidigemation of wing in the CuA2
and Al is marked distinctly (Thomas et al., 2Q008)

Key to the superfamilies of Suborder Brachycera

1 Antennal flagellum not compact and the antennadtaris bare to long
plumose; vertex not strongly excavate, but roundedarinate; postocellar
bristles distinctly convergent; eyes not promingiilging and vertex not
sunken; coasta unbroken, subcoasta complete anérdra vein 1 (R1); anal
cell (CuP) short not angularly produced; vein 6 ACHlA) discontinued
well before wing margin; vibrissae absent and osmfoo of simple, flexible,

LE8] 01U F=T Y o= Lauxanioidea

- Antennal flagellum not compact, very rarely mtman 8 segments, apical

segments often modified into a stylus or ariSta.............cccceeeeeiiiieeeeeeeenn. 2..

2. Greater ampulla rarely present or developed toedanlegree; pedicel
sometimes with dorsal seam; vibrissa present oerdpbdower calypter

absent or linear, its margin rarely weakly convex............... Tephritoidea

- Greater ampulla present as a distinct bulbowelisgy below wing base and
fused to the anepimeron. Vibrissae usually pregemiennal pedicel always
with an entire dorsal seam; thorax not overly éaéid hind coxa close

together, tarsal claws small, somewhat curved, meathed..............ccccenen.
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SUPERFAMILY: LAUXANIOIDEA

Lauxaniidae are small flies with size range 2—7 mrength. They are often
categorized as plump, dull, or partly lustroussflidindra et al, 2013). The body
colour varies from yellow to brown or black, or itheombination. The head have
variable shape, the face either projecting or atitng, convex, flat or concave,
usually without oral vibrissae. The frons are widéh two pairs of frontal bristles,
interfrontal bristles totally absent. The ocellaistles are present or sometimes
minute. The antennae are variable and the arigtumose, pubescent to bare. The
thorax has bristles, behind the suture. Excepthfermarginal bristles the scutellum
is bare. All tibiae have a preapical bristle. Thiagg are marked (spots along the
veins) or unmarked, complete wing venation and inapus costa, the subcosta
entire and ends in costa. The apical cell usualtlely opened and the second basal
and anal cells short. The abdomen is oval, rarelygated.

FAMILY: CELYPHIDAE

Celyphidae are easily recognizable small to meesirad flies. The family
name, Celyphidae is derived from the Greek wordpfaa or shell. Celyphidae are
shiny or metallic in colour, enlarged scutelluminfiing protective shell over the
abdomen, giving them a beetle-like resemblance. fgsd consisted with a few
bristles. At rest, the wings are usually folded dsth the scutellar "shell". The
aristae of the antenna are flattened and leafdikéhe base. Male celyphids have
paired gonapophyses for copulation and lack aededwey have key taxonomic

significance (Gaimari, 2017).
SUBFAMILY: EURYCHOROMYIINAE

This subfamily can be differentiated from othauXaniids by the following
characteristics. The head is always wider thansitigal width, with the vertex
distinctly concave in dorsal view. The frons hasyvbroad fronto-orbital plates,
with the condition of fronto-orbital setae varyiaghong species as follows: either
with 2 reclinate pairs (anterior seta either dinives or reaching 0.6 X the length of

the posterior seta), or with 1 diminutive reclinaéta in the upper part of the fronto-
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orbital plate (this is sometimes so diminutive @a@ppear absent at first look). The
ocellar triangle is small, slightly raised, andgald anterior to the vertex. The ocellar
setae are either present (tiny or normal-sized)clprate and diverging, or are
absent. The postocellar setae are either presentdit normal-sized) and cruciate,
or are absent. The eye is longer than high, andeght of the subgena and gena
together approaches or exceeds the eye heighsuligena is enlarged, bulging and
conspicuous. The lunule is straight. The face ikeast slightly bulging and visible
in profile.

Eurychoromyiinae include broad-flat-headed flidscording to Gaimari and
Silva (2010), Eurychoromyiinae are characterizedfdye without spots but have
reticulated pattern of brown and yellowish pruitypsibroad subgena, elongated
wing, length 3 times height or greater; vein Aldpalmost reaching wing margin,
fore tarsus is less than 1.5 times longer than tarsis.

Key to the species of pests collected from Subfamily Eurychoromyiinae

1. Vertex rounded, postvertical bristles absent orraosicopic, artista very
conspicuously widened on more than its basal hedf-like, its greatest
width almost, or quite, as great as that of thinteanal segment; distinct
cross vein separating the discal and posteriorl badls of wing; species
entirely testaceous in colour, blue mark below dperax fulvous with a
distinct blue tinge, scutellum metallic blue .................Ceyphus obtectus

- Vertex sharp, postvertical bristles reducedlweat, arista leaf like at least

basal half, palpi slender and not expanded at 8piCe...........ccccevveeeeeennn. 2..

2. Scutellum rugose, with distinct depression ....... Spaniocelyphus falcatus

SUPERFAMILY: TEPHRITOIDEA

The Tephritoidea is a large group of acalyptréites fincluding over 7300
described species arranged in eight families (Kggme 2006): the Lonchaeidae,
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Piophilidae, Pallopteridae, Richardiidae, Ulidiid@eOtitidae, and D Pterocallidae),
Platystomatidae, Pyrgotidae, and Tephritidae (midg Tachiniscidae) (Han and
Ro, 2005). They are very diverse not only in Tle@fritoidea, includes flutter
flies, fruit flies, skippers, signal flies. Bodyihg with weakly differentiated setae,
frons with two pairs of orbital setae, males withpdirs of functional abdominal

spiracle and females wit{"&ternite and tergite separate.(Martin et al., 1980
FAMILY: TEPHRITIDAE

Tephritids are small to medium-sized (2.5-10 moojpurful flies having
pictured wings. The subcostal vein curves forward aight angle. The head is
hemispherical and short. The face is vertical aree¢ing with broad frons with
ocelli and cellar bristles. The post vertical Bestare parallel to divergent, two to
eight pairs of frontal bristles present. The frorigstles are inserted on a raised
tubercle. True vibrissae are absent, but some gemare strong bristles near the
vibrissal angle. The CuA2 vein is rarely straigihtoonvex, the tibiae lacking a
dorsal preapical bristle. The female has an ovis¢hferz, 1994; White, 1988).

SUBFAMILY: DACINAE

Dacinae are characterized with the following cheas, dorsocentral seta
usually absent, if present, then aligned with pdsital supra-alar seta ,wing
predominantly hyaline with a costal band and nareowal streak, wing variously
marked with longitudinal and transverse bands; @ntvo scutellar setae; females

have two spermathecae (David and Ramani, 2011).

From this subfamily, only a single specimen idexikd during the present
study,Bactrocera tau (Walker, 1849).

SUPERFAMILY: MUSCOIDEA

Muscoidea is a superfamily of flies under the swhen Calyptratae.
Muscoidea, with approximately 7000 described spedrecludes 5% of the known

species level diversity of the Diptera, the truesfl Most of them are saprophagous,
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coprophagous or necrophagous as larvae, but soecgespare parasitic, predatory,

or phytophagous (Ding et al., 2015).
FAMILY: ANTHOMYIIDAE

Vein Al reaching to wing-margin. One of the himgisbmere has a distinct
but short subbasal ventral seta. Scutellum surredinvdth a group of soft and pale
hairs on ventral surface at tip (Michelson, 2015).

SUBFAMILY: PEGOMYINAE

Pegomya is a large group of anthomyiid flies wpiborly differentiated
species complexes. The landmark study by Hennig3Jl €haracterized them based

on differences in the male terminalia as a keypecges recognition.

From this subfamily, only a single specimen idexikd during the present

study,Pegomya circumpolaris.

The morphological description, distribution, natwf the damage caused to
the crops, analyses on mitochondrial COIl gene sexmpse molecular evolutionary
divergence and phylogenic status of each pest mmgecicollected under Order
Diptera during the present study are as follows:

1. Celyphus obtectus (Dalman, 1818)

Specimen details:

Voucher specimen . CUCO-01-A1
Date of collection . 28- Mar-2016

Locality . Ernakulam: Aluva

Lat- Lon : 10.1076° N, 76.3457° E
GenBank accessions : MH590775

Description and Distribution

The gener&Ceyphus is composed of small and medium sized beetles like
insects, the peculiarity is caused by the immensedsscutellum, covering the

whole abdomen and wings at rest (Sheets-PyensoBl).19hey are usually
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characterized by convex and long scutellum t

mesonotum, having no scutellar bristles, hi
tibia without terminal spur, arista broadened a
leaf like (Tenorio, 1969).Celyphus obtectus
(Figure 7.1) is one-sixth of an inch in lengt
head yellow, the last joint of antennae is bla
the thorax and scutellum are of bluish bla i
Fig.7.1: Celyphus obtectus
colour with violet reflection, the former i
broader than long, the abdomen is fawn colour,l¢élge and wings yellowish the
latter with base brown (Sheets-Pyenson,19&1).obtectus is distinguished by
having the discal and'2basal cells distinct, the vertex rounded, posticarbristles
reduced or absent, arista thickened at its midtémdrio, 1969). They are found in

India, China and Java.
Damage

They are polyphagus and highly generic insect. jestvae are saprophytic

and adults are leaf miners (Tenorio, 1972).
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C&nleyofCelyphus obtectus
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification yielded 599 bp long products. The DNgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 7.25+&spectively and the comparison
of percentage of frequencies in the nucleotide asitjpn with its kin species is

represented in Table 7.1.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition ofelyphus obtectus voucher collected during the present
study (Table 7.1). It showed bias to nucleotide Aith nucleotide composition
with T = 36.7%, C = 16.9%, A = 28.9% and G = 16.9%
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Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related spgeateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 7.2 and Figure 7.6 respectively.

> Celyphus obtectus CDS-2018/ 599 bp / cytochrome oxidase subunitQIjC
gene, partial cds; mitochondrial / voucher CUCOA11-

> Celyphus obtectus

ATAGTAGGAACTTCCCTAAGAATCTTAATTCGT GCTGAAT TAGGACACCCCGGAGCTTTA
ATTGGTGATGATCAAATTTATAATGTTATTGT TACAGCTCATGCCTTTGITATAATTTTT
TTTATAGTAATACCTATTATAATTGGAGGGT TTGGAAATTGACTGGT TCCCTTAATATTA
GGAGCCCCAGATATAGCATTCCCTCGAATAAATAATATAAGATTTTGATTATTACCTCCT
TCATTAACCTTACTTTTAGT GAGAAGT ATAGT TGAAAACGGAGCT GGAACAGGATGAACT
GITTACCCCCCTCTTTCTTCAGGAAT TGCTCACGGAGGAGCT TCAGTTGATCTTGCAATT
TTCAGT TTACATTTAGCCGGAATTTCTTCAATTTTAGGAGCAGT AAATTTTATCACAACA
GITATTAATATACGATCGACAGGGATTACATTTGATCGAATACCATTATTTGTATGATCA
GTAGCTATTACTGCTCTACTTTTATTACTTTCTTTACCTGTACTAGCAGGAGCAATTACT
ATACTTTTAACGGATCGAAATTTAAATACTTCATTCT TTGACCCAGCAGGAGGAGGAGA

Figure 7.2: The partial DNA sequence of the mitoahi@al COI gene o€elyphus
obtectus

0 508

Figure 7.3: Molecular barcode of the mitochondrfaDl gene of Celyphus
obtectus

> Celyphus obtectus / 199AA / cytochrome oxidase subunit |1 (COI) gen
partial cds; mitochondrial / voucher CUCO-01-Al

> Celyphus obtectus

MVGTSLSI LI RAELGHPGALI GDDQY YNVI VTAHAFVM FFMWMPI M GGFGNWLVPL ML
GAPDIVAFPRVNNVEFWL L PPSLTLLLVSSMVENGAGT GM VYPPLSSG AHGGASVDLAI
FSLHLAGQ SSI LGAVNFI TTVI NVRSTG TFDRVPLFWABVAI TALLLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAGGG

Figure 7.4: The translation product of the mitoaiiried COI gene ofCelyphus
obtectus
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Sample :P41_CP1.FORWARD_7173-1_P1056 Run start: 2017/12/04 21:23:47
Trim Start :25 Run stop: 2017/12/04 23:21:22

Celwhus Obtccms Trim End :672 PDF created: 2017/12/07 15:46:37

Q20 Bases :647

AGCAGGA T/ '\Cl AGGAACT I(((I\\G\\ICI TAAT IfGIG(‘IG\\I T \GG\(‘('('(T‘GG‘G(III\\I IGGIG'\IG\I( AAATT I\I\\IGI TATTGI TACAGCTC: \IG(( I'T
80 100

o WM WWMM»MMMM P MM\‘ i ’\/\M’WWJ\A/W\AA\N\/\ /\/\/\/\M[\N\A/\

120 130 140 150 160 170 180 190 200 210 220 230 240 250

'TTAGGAGCAGT AAATTTTATCACAACAGTTATTAATATACGATCGACAGGG AT TACATTTGATCGAATACCATTATTTGTATGAT CAGTAGCTATTACTGCTCTACTTTTATTACTTTCTTTACCT GTACTAGCAGGAGCAA
400 0 420 430 440 450 460 470 480 490 500 510 520 530 54

Ittt r”‘M/\/WMW/\/WW\W\ZJ\mMWW/

TACTAT, \(.TTTT AACGG: \T(G\ AATTTAA. \T \( TTC: \TT(,TTTG ACCC. \G( AGGAGG/ \GG \G ATCCA. \TTTT ATACCAA \(, \T( TTTTCT(J \TTTTI'TG{J‘( AIC A
56

640
1 I
W e o WWMMMM”M MMW%AW NM
Sample  :P41_CP1.REVERSE_7173-2_P1056 Runstart:  2017/12/04 21:23:47
Trim Start :20 Run stop: 2017/12/04 23:21:22
Celypbus obtectus Trim End 671 PDF created:  2017/12/07 15:46:39

Q20 Bases :651

GA' CTOCTCCTCCTGCT GGGTCMAGAAT GAAGTAT T TAAATT TCGATCCGT TAAAAGTATAGTAAT T GCTCC TGC TAGTACAGGTAAAGAAAGT AATAAAAGTAGAGCAGTAATAGC
10 20 30 40 50 60 70 80 90 100

F|gure75 Electropherogram showmg the nucleotlde sequenufe the
mitochondrial COIl gene ofelyphus obtectus using Forward and
Reverse primers.
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Table 7.1: Comparison of Nucleotide frequencie€01 gene sequence G yphus obtectus with its kin species

Name of the species NUCLEOTIDE FREQUENCIES (%)
TU)| C A G | T-1/C-1] A1| G-1| T2 C-2| A2 | G-2| T-3] C-3|] A3 G-3

MH590775 Celyphus obtectus 37.3| 16.9/ 28.9| 16.9| 44 | 22.1| 18.4 157 40 123 386 94 28 16.3 29.76
MF818105 Spaniocelyphusfalcatus | 29.3 | 16.7| 37.1| 16.9| 35 | 23.4| 27.5 14.0 36 58 436 145 17 209 40.11
MF818104 Spaniocelyphusfalcatus | 29.2 | 16.7| 37.2| 16.9| 35 | 23.4| 275 14.0 36 58 439 146 17 209 40.11
EU435786 Dicranosepsis hamata 36.9| 15.3/ 30.5|17.3| 42 | 16.9| 25. 15.7 40 123 374 99 28 169 2852
KR649705 Lonchaea sp. 39.8| 14.8/ 28.2| 17.3| 47 | 16.9| 20.3 15.7 43 123 357 94 B0 151 2857
KU876327 Tethina thula 379| 14.2/ 31.8| 16.1| 42 | 16.9| 25 151 41 105 398 88 B0 151 30.24
KM626415 Sepsidae sp. 38.4| 148/ 28.9|17.9| 44 | 16.3| 23.3 16.3 43 129 333 105 28 151 30.27
KR688930 Scatella stagnalis 37.1] 15.0/29.9|18.1| 43 | 16.9| 23.3 16.3 42 129 36.3 88 26 15.1 29.71
EU435784 Dicranosepsis distincta | 37.3 | 15.3/ 29.9| 17.5| 43 | 18.0| 23.3 157 40 1147 380 105 P9 16.3 28.52
JN964757 Sarcophaga australis 36.5| 15.3/ 31.7| 16.5| 45 | 16.9| 22.1 157 39 11{7 415 82 26 174 31.46
JN860450 Dictya texensis 36.5| 17.9 28.3| 17.3| 42 | 20.3| 21.5 157 42 140 345 99 26 19.2 29.12
KR262649 Neosilba zadolicha 38.1| 151/ 29.5|17.3| 44 | 16.3| 244 157 42 146 333 99 28 145 30.82
AY154408 Drosophila subquinaria | 38.9 | 14.4/ 29.8| 16.9| 46 | 16.4| 23.4 140 46 105 339 99 25 16.3 32.07
MF884189 Hydrotaea unispinosa 39.0| 13.6/ 31.1|16.3| 46 | 16.3| 22.7 151 41 9.9 409 82 B0 145 29.7
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Table 7.2:  Percentage of evolutionary divergenc€ayphus obtectus with its
closely related species accessible from NCBI GekBan

NSlo'. Accession No Organism Psri\(/;grngtgggig
1. MH590775 | Celyphus obtectus (Kerala)
2, EU435786 ?S'frzgggﬁs)'s hamata 6.73%
3. KM626415 | Sepsidae sp. 7.07%
4, JN860450 | Dictya texensis 7.40%
5. EU435784 | Dicranosepsis distinct 7.52%
6. AY154408 | Drosophila subquinaria 8.24%
7. KR688930 | Scatella stagnalis 8.28%
8. KR649705 | Lonchaea sp. 8.66%
9. KR262649 | Neosilba zadolicha 8.66%
10. MF884189 | Hydrotaea unispinosa 9.05%
11. JN964757 | Sarcophaga australis 10.27%
12. KU876327 | Tethinathula 10.28%
13. MF818105 | Spaniocelyphus fal catus 20.63%
14. MF818104 | Spaniocelyphus fal catus 20.63%
100 [ EU435786 Dicranosepsis hamata
25 EU435784 Dicranosepsis distincta
KR649705 Lonchaea sp.
%5 KR262649 Neosilba zadolicha
iyt
— KM626415 Sepsidae sp.
g — KU876327 Tethina thula
50 [I° MF884189 Hydrotaea unispinosa
— KR688930 Scatella stagnalis
| — AY154408 Drosophila subquinaria
JN964757 Sarcophaga australis
| MF818105 Spaniocelyphus falcatus
100 | MF818104 Spaniocelyphus falcatus
ITI

Figure 7.6: Phylogenetic relationship GElyphus obtectus inferred by NJ tree
method

359



DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus repémed Singapore (EU435786).
The number of base substitutions per site betweguesnces were analysed using
the Maximum Composite Likelihood model. The COI weuce of Celyphus
obtectus showed bias to nucleotide AT, with following compims of nucleotides T
= 36.7%, C = 16.9%, A = 28.9% and G = 16.9%. Theater AT content (65.9%)
over GC content (33.8%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionaryiperof time. Celyphus obtectus
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 6.73% to63% differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (6)7&%#h those from Singapore
while 20.36% from Moscow (Table 7.2). On the basishe data observed this
species may be rooted from those found in Moscodv@ingapore which diverted
into different clades due to geographical variatiBesult thus concluded that this
species doesn’t have any major changes in Indi¢evetightly changes from those
reported from Moscow during the course of evolution

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species@dyphus obtectus with related specie<elyphus
obtectus isolated from Kerala (MH590775) showed 6.73% diesge with
Dicranosepsis hamata (EU435786) from Singapore and 20.64% divergendd wi
(MF818104) Spaniocelyphus falcatus (MF818104) from Moscow. The phylogeny

tree generated by using NJ method reveals the gbégkiic status of
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Celyphus obtectus isolated from Kerala. Closest relative G8lyphus obtectus is

Dicranosepsis hamata from Singaporeepresented within the same clade.
2. Spaniocelyphusfalcatus (Tenorio, 1972)

Spoecimen details:

Voucher specimen : CUSF-01-A1

Date of collection . 14- Nov-2014

Locality :  Kasaragod: Cheruvathur
Lat- Lon o 12.2165° N, 75.1626° E
GenBank accessions : MH590779

Description and Distribution

Spaniocelyphus falcatus (Figure 7.7) are characterized by having the head
with carinate and sharp vertex margin, postvertimastles minute, reduced or
absent, a cross vein separating discal cell frdfhbasal cell, palpi slender and
slightly expanded apically, antennal aristae flate and widened leaf like at least
on basal half, palpi slender and not expanded iaespThey are distinguished with

abdominal tergites having lateral longitudin

sutures which divide each tergite into o
dorsal and two lateral wide plates. Mesonot
is rugose at least medio apically, scutell
rugose, mesonotum or scutellum witho

pilosity (Datta and Parui, 1991). They are fou

1mm

Damage

This pest species cause severe damage to almerst tgype of agricultural
crops. The adults are extensive leaf miners andsfem sap of the vegetation.
Larvae are saprophagus, feeds generally on litiérdamage the vegetables and

rootlets of seedlings.
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Cé&neay of Spaniocelyphus
falcatus collected has been amplified using the primer EThble 3.1). The PCR
amplification yielded 578 bp, 578 bp long producisthe specimens obtained from
different locations. The DNA sequence interprepresentative molecular barcode,
conceptual translation product and electropherogaeenexhibited in Figures 7.8 —
7.11 respectively and the comparison of percentddequencies in the nucleotide

composition with its kin species is representedable 7.3.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition ofoaniocelyphus falcatus voucher collected during the
present study (Table 7.3). It showed bias to nuicleoAT, with nucleotide
composition with T = 37%, C = 17.3%, A = 29.6% &Bd 16.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 7.4 and Figure 7.12 respectively
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> Spaniocelyphus falcatus CDS-2018/ 578 bp / cytochrome oxidase subunit
(COI) gene, partial cds; mitochondrial / voucherSFRJ01-Al

> Spaniocelyphus fal catus

AGTAGGAACTTCCCTAAGAATCTTAATTCGT GCTGAAT TAGGACACCCCGGAGCT TTAAT
TGGTGATGATCAAATTTATAATGI TATTGT TACAGCTCATGCCTTTGT TATAATTTTTTT
TATAGTAATACCTATTATAAT TGGAGGAT TTGGAAATTGACTGGT TCCCCTAATATTAGG
AGCCCCAGATATAGCATTCCCTCGAATAAATAATATAAGATTTTGACTATTACCACCTTC
ATTAACCTTACTTTTAGT GAGAAGTATAGT TGAAAAT GGAGCT GGAACAGGATGAACTGT
TTACCCCCCTCTTTCTTCAGGAAT TGCTCACGGAGGAGCTTCAGT TGATCTTGCAATTTT
CAGTTTACATTTAGCCGGAATTTCTTCAATTTTAGGAGCAGT AAATTTTATCACAACAGT
TATTAATATACGAT CGACAGGAATTACAT TTGACCGAATACCATTATTTGTATGATCAGT
AGCTATTACTGCTTTACTTTTATTACTTTCTTTACCTGTACTAGCTGGAGCAATTACTAT
ACTTTTAACTGATCGAAATTTAAATACTTCATTCTTTG

Figure 7.8: The partial DNA sequence of the mitozh@al COIl gene of
Spaniocelyphus fal catus

Figure 7.9:  Molecular barcode of the mitochond@#&bl gene ofSpaniocelyphus
falcatus

> Spaniocelyphus falcatus / 156AA / cytochrome oxidase subunit | (COI
gene, partial cds; mitochondrial / voucher CUSFA11-

> Spaniocelyphus fal catus

M FFWMPI M GGFGNW.VPL M. GAPDVAFPRVNNVSFWL L PPSLTLLLVSSMWENGAGT
GMVYPPLSSA AHGGASVDLAI FSLHLAG SSI LGAVNFI TTVI NVRSTA TFDRVPLF
VWEVAI TALLLLLSLPVLAGAI TMLLTDRNLNTSFF

Figure 7.10: The translation product of the mitauial COIl gene of
Spaniocelyphus fal catus
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Sample :PCB._CP1F_23166-1_7780 Run start: 2015/09/21 09:36:28

Spaniocelyphus falcatus Trim Start :37 Run stop: 2015/09/21 11:52:29

Trim End  :684 PDF created: 2015/09/21 12:48:12
Qu20 Bases :647

AGTAGGMCTT CCC TAAGAAT CT TAATT CGI GCTGAATTAGGACACCCCGGAGCTTTAAT T GGT GAT GATCAAAT TTATAAT GI TATT G
10 20 30 40 50 60 70

TTACAGCTCATGCCT
80 90 100

TTGTTATAATTTTTTTTATAGTAATACC TATTATAATT GGAGGAT TT GGAAATT GACTGGTTCCCCTAATAT TAGGAGCCCCAGATAT AGCAT TCCC TCGAATAAATAATATAAGATT TTGACTATTACCACCTTCATTAAC
110 120 130 140 150 160 170 180 190 00 210 2 230 240

50

TTTTAGTGAGAAGIATAGTT GAAAATGGAGCTGGAACAGGAT GAACTGTTTACCCCCCTCTTTCTTCAGGAAT TGCTCACGGAGGAGCTTCAGT TGATCT TGCAATTTTCAGT TTACAT TTAGCCGGAATTTCTTCAA
260 270 280 290 300 310 320 330 340 350 360 370 380

TTTTAGGAGCAGTAAATTTT ATCACAACAGT TATTAAT ATACGATCGACAGGAAT TACAT TT GACCGAATACCATTATT TGT AT GATCAGTAGCTATTACTGCT TTACTT TTATTACTTTCTTTACCTGTACT AGCTGGAGC
390 400 410 420 430 440 450 460 471 90 500 510 520 530

AATTACTATACTTTTAACTGAT CGAAATTT AAATACTT CATTCT TTGACCCAGCGGGAGGAGGGGATCCAAT TTTATAT CAACATCTTT TCTGATTTTTT GGACATCCAGGAAGT T

540 550 560 570 580 590 600 610 620 630 640
Sample :PCB._CPR_23178-1_7781 Run start: 2015/09/22 09:50:34
ani Trim Start :43 Run stop: 2015/09/22 12:06:36
Sp ocel.yphus falcatus Trim End  :682 PDF created: 2015/09/22 12:59:56
Qv20 Bases :639
. CAMAGAAI GAA GIAT'T TAAATT'T C GAT CAGI TAAAAGIATA GI'AAT T GC TCCAGC TAGTACAGGI AAAGAAAGT AATAAAAGI AAAGCAGI AATAGCTAC TG
P \ 10 20 30 40 S 60 70 80 90 100

TCATACAAATAATGGTATTCGGTCAAAT GTAATTCCTGTCGATCGT AT AT TAATAACTGT TGTGATAAAATT TACTGC TCCTAAAATTGAAGAAATTCCGGCTAAATGTAAACT GAAAATTGCAAGATCAACTGAAGCTCC
110 120 130 140 150 160 170 180 190 200 210 220 230 240

[FCCGTGAGCAATT CCTGAAGAAAGAGGGGGGTAAACAGTTCAT CCTGT TCCAGCTCCATTTTCAACTATACTTCT CACTAAAAGT AAGGT TAAT GAAGGT GGTAATAGTCAAAATCTTATATTATTTATTCGAGGG:
250 260 270 280 290 300 310 320 330 340 35 360 37

AATGCT
380
M N NVN\Z\AA/\(‘M/\/\/\AN\/W\L\[\/V\M\N\/Wv AW A M A A A WA WY

ATATCTGGGGCTCCTAATATTAGGGGAACCAGT CAATTTCCAAAT CCT CCAATTATAATAGGTATTACTATAA/
390 400 2

Lol

AAAAAATTATAACAAAGGCAT GAGCTGTAACAATA ACAT TATAAATT TGAT CATCACCAATTAAAGCTC
420 430 440 450 460 470 480 490

AWM A MY WA A AN A AN AN A W u e L T D e A D 01w

ICGGGGTGTCCTAAT TCAGCACGAATTAAGATTCTTAGGGAAGTTCCTACTAT TCCTGCTCAAGCACCAAATAGAAAAT ATAATGT T
540 55 560 570 580 590 600 610

CAATATCTTTATGAT GGGE T GAAT

T Y T e e

Figure 7.11: Electropherogram showing the nucleotide sequenake the

mitochondrial COI gene ofpaniocelyphus falcatus using Forward
and Reverse primers.
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Table 7.3: Comparison of Nucleotide frequenoie€OIl gene sequence §fanioce yphus falcatus with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

T | C | A| G| T1| C1| A1l| G1| T2 C2 A2 G2 T3 C-BA3|G3
%T}i?g\i;?hﬁ??n'ocelyphusfalcatus 370 | 17.3] 206 161 44 266 125 167 42 88 47.26 |L24 | 16.6| 290 30.]
JIN964737 Sarcophaga australis 37.0 | 159| 31.9 161 49 26/4 119 166 41 63 52.10 [125 | 15.0/ 29.0 30.6
KM626415 Sepsidae sp. 39.1 | 151| 28.7 171 49 266 115 172 45 57 46.66 [227 | 13.0/ 280 31.6
MF885441 Lonchaea sp. 40.3 | 15.4| 28.0 16.3 45 26/6 115 167 50 47 446 |.25 | 150 28.0 31.4
KU876327 Tethina thula 389 | 142| 313 156 45 27{1 115 167 43 36 528 |.29 | 11.9] 295 295
KR152335 Anopheles sergentii 38.4 | 16.6| 282 168 44 27(1 120 172 47 7.8 4351 [225 | 150/ 29.0 31.
DQ851706 Drosophila recens 38.2 | 16.1| 29.2 164 45 260 115 172 42 88 485 |.27 | 13.5| 28.0 31.4
JNB860450 Dictya texensis 37.4 | 189| 27.2 166 49 26/6 115 172 49 7.8 4156 (118 | 22.3] 285 31.
HQ981398 Drosophila falleni 39.3 | 159| 28.0 168 45 266 115 172 47 7.8 44.60 (126 | 13.5| 28.0 32.]
DQ851615 Drosophila subquinaria | 39.8 | 14.7| 29.4 16.4 45 26/0 115 17.2 46 57 47/ |.28 | 12.4| 28.0 31.
KM930426 Drosophila munda 39.1 | 152| 285 171 49 26/6 115 172 46 6.2 4566 [227 | 13.0/ 285 31.6
KT894990 Chrysomya chani 38.8 | 14.4| 315 154 44 25/4 140 166 44 52 513 [.29 | 125/ 29.2 29.]
JF877925 Opacifrons convexa 405 | 135| 294 16.6 45 26/6 115 172 48 21 4876 |129 | 11.9| 28.0 31.1
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Table7.4:  Percentage of evolutionary divergence of Spaniocelyphus falcatus
with its closely related species accessible from NCBI GenBank

Sl Accession . Per centage of
No. No Organism divergence

1. MH590779 | Spaniocelyphus falcatus (Kerala)

2. JF877925 | Opacifrons convexa (Canada) 3.56%

3. JN860450 | Dictyatexensis 4.15%

4. KM626415 | Sepsidae sp. 4.18%

5. HQ981398 | Drosophilafalleni 4.20%

6. MF885441 | Lonchaea sp. 4.21%

7. IN964737 | Sarcophaga australis 4.22%

8. DQ851615 | Drosophila subquinaria 4.52%

0. KM930426 | Drosophila munda 4.83%

10. DQ851706 | Drosophilarecens 4.83%

11. KR152335 | Anopheles sergentii 4.91%

12. KU876327 | Tethina thula 5.16%

13. KT894990 | Chrysomya chain 5.47%

36

32

KM930426 Drosoph

52

|
sol KT894990 Ch

DQ851706 Drosophila recens
DQ851615 Drosophila subquinaria
HQ981398 Drosophila falleni

ilamunda
JN964737 Sarcophaga australis
rysomya chani

KUB876327 Tethina thula

34 { KM626415 Sepsidae sp.
81 JF877925 Opacifrons convexa

MF885441 Lonchaea sp.
KR152335 Anopheles sergentii
li @ MH590779 Spaniocelyphus falcatus
89 JN860450 Dictya texensis
| |
0.005

Figure 7.12: Phylogenetic relationship of Spaniocelyphus falcatus inferred by NJ
tree method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
96.5% sequence similarity to the same genus repénden Canada (JF877925). The
number of base substitutions per site between seggewere analysed using the
Maximum Composite Likelihood model. The COI sequeraf Spaniocelyphus
falcatus showed bias to nucleotide AT, with following compims of nucleotides T
= 37.0%, C = 17.3%, A = 29.6% and G = 16.1%. Thesater AT content (66.6%)
over GC content (33.4%) is mainly due to the matal pressure on a single
nucleotide substitution during the evolutionary ipér of time. Spaniocelyphus
falcatus showed variation in the total composition of nutig® in each of the
position of codons in comparison with other relaspécies isolated from different

geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 3.56% to 7%4 differences in the
nucleotides sequences. The divergence table pldijeadnaximum likely hood
method clearly showed that it has divergence (3)56#h those from Canada while
5.47% from Germany (Table 7.4). On the basis ofiita observed this species may
be rooted from those found in Canada and Germary direrted into different
clades due to geographical variation. Result tliunladed that this species doesn’t
have any major changes in India while slightly aesfrom those reported from
Canada and Germany during the course of evolution.

The evolutionary divergence analysis depicts #regntage of divergence of
geographically isolated species §baniocelyphus falcatus with related species.
Spaniocelyphus falcatus isolated from Kerala (MH590779) showed 3.56%
divergence with Opacifrons convexa (JF877925) of Canada and 5.47% divergence
with (KT894990)Chrysomya chain of Germany. The phylogeny tree generated by
using NJ method reveals the phylogenetic stati@arfiocelyphus falcatus isolated
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from Kerala. Closest relative @paniocelyphus falcatus is Dictya texensis from

USA represented within the same clade.
3. Spaniocelyphus pilosus (Tenorio, 1972)

Soecimen details:

Voucher specimen . CUSP-01-A1

Date of collection . 18-Apr-2016

Locality : Kannur: Payyannur
Lat- Lon : 12.0328° N, 75.2684° E
GenBank accessions : MH590773

Description and Distribution

Spaniocelyphus pilosus (Figure 7.13)

may be distinguished by having a sha
vertex, reduced or absent postvertical bristl
and a cross vein separating discal cell frc
second basal cell, scutellum longer th
broad, wing with discal and basal cel
separated by a cross vein that may
incomplete, abdomen with segments 1-6 w
terga divided into three parts, a dorsal plé Fi9-7-1325panioce|3|/phu5 pilosus

and two large lateral plates These are leaf mirames,distinguished with slender
palpi, which is not expanded at its apices. Thiecgs is distributed throughout
Vietnam, Asia and Europe.

Damage

The adults are extensive leaf miners. The larvamatje the ripe fruits,

vegetables, rootlets of seedlings (Lahiri and M2680).
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Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial Cé&neay of Spaniocelyphus
pilosus collected has been amplified using the primer BThble 3.1). The PCR
amplification yielded 599 bp long products. The DNgequence interpret,
representative  molecular barcode, conceptual t#aosl product and
electropherogram are exhibited in Figures 7.14 27 7respectively and the
comparison of percentage of frequencies in theewticle composition with its kin

species is represented in Table 7.5.

The mitochondrial COIl gene nucleotide sequence w@alysed for the
nucleotide composition ofpaniocelyphus pilosus voucher collected during the
present study (Table 7.5). It showed bias to nuicleoAT, with nucleotide
composition with T = 36.7%, C = 16.5%, A = 29.0%l & = 17.7%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related spgeateessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 7.6 and Figure 7.18 respectively
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> Spaniocelyphus pilosus CDS-2018/ 599 bp / cytochrome oxidase subunit |
(COI) gene, partial cds; mitochondrial / voucherSRJ01-Al

> Spaniocelyphus pilosus

ATAGTAGGGACTTCTCTAAGAATTTTAATTCGAGCAGAACT TGGACACCCTGGAGCACTA
ATTGGAGATGACCAAATTTATAATGT TATTGTAACACCTCATCCTTTTGTAATAATTTTT
TTTATAGI TATGCCAATTATAATTGGAGGATTTGGAAATTGATTAGI TCCATTAATACTT
GGAGCTCCTGATATGCECTTTCCCTCGAATGAATAATATAAGATTTTGACTTTTACCTCCT
TCTCTTACACTATTATTAGT CAGTAGTATAGT GGAAAACGGAGCTGGAACCGGATGAACA
GITTATCCACCTCTTTCTTCTGGAATTGCTCATGGAGGT GCATCAGT TGATTTGCCAATT
TTTAGACTTCATTTAGCAGGAATTTCTTCTATTCTAGGAGCAGTAAATTTTATTACTACA
GTAATTAATATACGATCTACAGGAATTACATTTGATCGAATGCCTTTATTCGTATGATCA
GITGCTATTACTGCTTTATTATTGITACTATCTCTTCCTGTCTTAGCTGGAGCAATCACT
ATATTATTAACAGATCGAAATTTAAACACT TCATTCT TTGACCCAGCAGGAGGAGGAGA

Figure 7.14: The partial DNA sequence of the mitoarial COI gene of
Spaniocel yphus pilosus

0 598
I

Figure 7.15: Molecular barcode of the mitochondG&I gene ofSpaniocelyphus
pilosus

> Spaniocelyphus pilosus / 199AA / cytochrome oxidase subunit | (COIl)
gene, partial cds; mitochondrial / voucher CUSPAQ1-

> Spaniocelyphus pilosus

MVGTSLSI LI RAELGHPGALI GDDQ YNVI VTAHAFVM FFMWMPI M GGFGNWLVPL ML
GAPDIVAFPRWNNIVEFW. L PPSLTLLLVSSMVENGAGT GM VYPPLSSG AHGGASVDLAI
FSLHLAGQ SSI LGAVNFI TTVI NVRSTG TFDRVPLFWASVAI TALLLLLSLPVLAGAI T
MLLTDRNLNTSFFDPAGGG

Figure 7.16: The translation product of the mitauial COI gene of
Spaniocel yphus pilosus
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Sample :P55_CP1.FORWARD_7173-19_P1056 Run start: 2017/12/04 21:23:47
= o Trim Start :19 Run stop: 2017/12/04 23:21:22
Spaniocelyphus pilosus

Trim End :667 PDF created: 2017/12/07 15:46:57
Qv20 Bases :648

GCTTGAGCAGGA TAGTAGGG/CTTCTCTAAGAAT TTTAATT C GAGCAGAACTT GGACACCC TGG AGCACTAATTGGAGAT GACCAAATTTATAAT GT TATT GTAACAGCTCATGC TT
10 20 30 50

0 80 100 0
ot W AN\AM /\"M'M’W\/\NW Do w\/\/\/\/\/\/\f\J\/W\/

TGTAATAATTTTTTTTATAGTTATGCCAATTATAAT T GGAGGATTT GGAAATTGATTAGTTCCATTAATACTTGGAGCTCCTGATATGGCTT TCCCTCGAATGAATAATATAAGATTTT GACTTT TACCTCCTTCTCTTAC
120 130 140 150 160 170 180 190 200 210

230 25

st s et ’A\A/\“‘AV\AAA/M’AW\N\I\ANW'\/\[\/\A/W\/V\/\N\A'"W\NV\/V/\‘W”W\‘ Il

CTATTATTAGTCAGT AGTATAGTGGAAAACGGAGCTGGAACCGGATGAACAGT TT ATCCACCTCTTTCTTCTGGAATTGCTCATGGAGGTGCATCAGTTGATTT GGCAATTTTT! \G\CTTC-\TTT AGC/ \G}{\TTTCTTCT
260 270 280 290 300 310 3 330 340 350 360 370

Dl sl

ottt Pttt At ol

ATTCTAGGAGCAGT AAATTTTATTACTACAGTAATTAAT ATACGAT CTACAGGAATTACAT l lG-\lCG—\\lGCC”I'l l—\'[lCGlA\IG-\lCAGflC(‘lAll-\ClGC'[lIAFI—\l IGFI\CI\IC]C] TCCTGICTTAGCTGGAG
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AATCACTATATTATT AACAGAT CGAAATTTAAACACTTCATTCTT TGACCCAGCAGGAGGAGGAGACCCAATTCTTTATCAACATCTATTTTGATTTTTTGGAC
550 560 570 580 610 620 630 640

T L o s A

Sample :P55_CP1.REVERSE_7173-20_P1056 Run start: 2017/12/04 21:23:47
> - Trim Start :18 Run stop: 2017/12/04 23:21:22
Spaniocelyphus pilosus moatas

PDF created: 2017/12/07 15:46:59
Qu20 Bases :649

GGTCTCCTCCTCCTGCT GGGTCMAGAAT GAAGTGTTTAAATT TC GAT CT GTTAATAATATA GT GATT GCTCCAGCTAAGACAGGAAGAGATAGT AACAATAAT AAAGCAGT AATAGC
10 20 30 40 50 60 70 80 90 100 11

A A
\ \ I ) )
XA i "y [ o etV Wiand o antanll Y

CACCTCCATGAGCAATTCCAGAAGAAAGAGGT GGATAAACTGTTCATCCGGTTCCAGCTCCGTTTTCCACTATACTACTGACTAAT AAT AGT GT AAGAGAAGGAGGT AAAAGT CAAAATCT TATATTAT TCATTCGAGGGAAA
270 280 290 300 310 320 330 340 350 360 370 80 390
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[ TCCAGGGTGTCCAAGTTCTGCTCGAATTAAAAT TCT TAGAGAAGTCCCTACTATTCCTGCT CAAGCACCAAATAAGAAAT ATAAAGT TCCAATATCTTTATG
550 560 570 580 590 600 2 63 /\\
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Figure 7.17: Electropherogram showing the nucleotide sequenuke the

mitochondrial COI gene d#aniocelyphus pilosus using Forward and
Reverse primers.
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Table 7.5: Comparison of Nucleotide frequenoie€0OI gene sequence §baniocelyphus pilosus with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TW| c| A| G |T1| c1| Al| G1| T2 C2 A2 G2 T8 CBA3|G3
MH590773 Spaniocelyphus pilosus (Payyanur) 36.7 | 165 29.0 17.7 23 170 285 315 43 265 1310.5| 44| 6.0| 457 44
EU435802 Saltella bezzi 389 | 157| 29.00 164 28 145 27,5 30.0 #3 256 13166| 46| 7.0/ 464 1.9
MG383395 Chrysomya chani 381 | 14.2| 319 159 2§ 12/5 290 310 #4 265 131%5| 43| 35 533 .0
MG673830 Pegoplata infirma 40.1 | 149| 284 167 27 140 295 30.0 45 261 12166| 49| 45| 430 3.9
KC960755 Stomoxys uruma 411 | 140| 287 162 26 1455 295 300 #5 26.0 13165| 53| 15| 437 2.0
GQ154221 Ceratitis fasciventris 39.1| 165 282 162 25 16/ 271 312 45 265 12185| 47| 65| 455 10
AF295549 Compsomyiops callipes 387 | 14.7| 307 159 29 14j0 290 280 43 255 14150 44| 45| 487 2.8
KU565752 Leucophenga argentata 30.7 | 145 29.2 1653 26 140 285 315 45 26.0 1215.0| 49| 35| 467 1d
KU243345 Phortica longipenis 40.1 | 15.0| 28.0 169 27 1655 265 305 44 255 13195| 50| 3.0/ 442 2§
KU565747 Leucophenga argentata 40.7 | 139/ 29.0 164 26 140 285 315 45 260 129.0| 52| 15| 462 5
KR658315 Liohippelates bishoppi 37.7 | 140 324 159 23 130 290 305 45 266 121B6| 41| 25| 560 .5
AB669755 Drosophila kanapiae 39.4 | 13.4| 306 167 29 14]1 276 296 44 255 13195| 46| 5| 505 3.0
MG967871 Compsomyiops callipes 389 | 145 309 157 28 130 295 295 45 261 12166 44| 45| 505 10
KR678992 Anthomyiidae sp. 407 | 144 289 16.0 28 131 296 29.6 45 260 131B5| 50| 4.0| 440 2d
KR665987 Liohippelates bishoppi 379 | 139 324 159 2§ 130 290 305 #5 266 121B6| 42| 2.0/ 564 .5
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Table 7.6:  Percentage of evolutionary divergencgpahiocelyphus pilosus with
its closely related species accessible from NCBiEzaak

Sl Accession . Per centage of
No. No Organism divergence
1. MH590773 | Spaniocelyphus pilosus (Kerala)
2. MG383395 | Chrysomya chain (Germany) 23.53%
3. EU435802 | Sltella bezzi 23.98%
4. KU243345 | Phortica longipenis 24.32%
5. KC960755 | Stomoxys uruma 24.76%
6. MG673830 | Pegoplata infirma 24.89%
7. AF295549 | Compsomyiops callipes 25.10%
8. KU565752 | Leucophenga argentata 25.26%
9. KU565747 | Leucophenga argentata 25.41%
10. GQ154221 | Ceratitis fasciventris 26.04%
11. AB669755 | Drosophila kanapiae 26.08%
12. MG967871 | Compsomyiops callipes 26.67%
13. KR658315 | Liohippelates bishoppi 27.25%
14. KR665987 | Liohippelates bishoppi 27.69%
15. KR678992 | Anthomyiidae sp. 27.94%
100 I:AF295549 Compsomyiops callipes
96 MG967871 Compsomyiops callipes
84 ——— MG383395 Chrysomya chani
—— MG673830 Pegoplata infirma
2 w0l KR678992 Anthomyiidae sp.
[ KR658315 Liohippelates bishoppi
- 100 L KR665987 Liohippelates bishoppi
KC960755 Stomoxys uruma
56 27 — KU565752 Leucophenga argentata
wol  KU565747 Leucophenga argentata
KU243345 Phortica longipenis
63 ABG669755 Drosophila kanapiae
& MH590773 Spaniocelyphus pilosus
EU435802 Saltella bezzii
T' GQ154221 Ceratitis fasciventris
|
0.02

Figure 7.18: Phylogenetic relationship §baniocelyphus pilosus inferred by NJ
tree method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
76.5% sequence similarity to the same genus repdrten Kerala (MG383395).
Eventhough this species has been found in vari@egrgphically isolated areas,
their sequence have wide variation. Hence the ptesedy stress that the barcode

generated can be used to easily spot the specintealso to analyse its phylogeny.

The number of base substitutions per site betwgegunences were analysed
using the Maximum Composite Likelihood model. ThellCsequence of
Spaniocelyphus pilosus showed bias to nucleotide AT, with following comitios
of nucleotides T = 36.7%, C = 16.5%, A = 29.0% &hd 17.7%. This greater AT
content (65.7%) over GC content (34.2%) is mainkg do the mutational pressure
on a single nucleotide substitution during the wettohary period of time.
Spaniocelyphus pilosus showed variation in the total composition of nutid® in
each of the position of codons in comparison witieorelated species isolated from

different geographical locations.

The phylogenetic tree constructed by Neighbouripg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@d from different
geographical locations, it showed only 23.53% ta92% differences in the
nucleotides sequences. The divergence table plditeadmaximum likely hood
method clearly showed that it has divergence (28)5®ith those from Germany
while 27.94% from Canada (Table 7.6). On the basishe data observed this
species may be rooted from those found in Canadahwdiverted into different
clades due to geographical variation. Result tluladed that this species doesn’t
have any major changes in India while slightly aesfrom those reported from

Canada during the course of evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species §paniocelyphus pilosus with related species.
Spaniocelyphus pilosus isolated from Kerala (MH590773) showed 23.53%
divergence with Chrysomya chain (MG383395) from Thailand and 27.94%
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divergence withAnthomyiidae sp. (KR678992) from Canada. The phylogeny tree
generated by using NJ method reveals the phylogestttus ofSpaniocelyphus
pilosus isolated from Kerala. Closest relative §faniocelyphus pilosus is Saltella
bezzii of Singapore represented within the same clade.

4. Bactroceratau (Walker,1849)

Specimen details:

Voucher specimen . CUBT-01-A1

Date of collection : 14- Nov-2015

Locality . Kerala: Malappuram
Lat- Lon : 11.0510°N, 76.0711° E
GenBank accessions : MH590778

Description and Distribution

Bactrocera tau (Figure 7.19) adult

have orange brown scutellum marked wi
black and with lateral and medial yello
stripes, with facial spots, anterior supra a
setae, prescutellar setae, 4 scutel
setae,wing have coastal band overlapp
vein R2+3 and expanded apically into
spot (Singh and Wells, 2013). According
Leblanc et al. (2015), wing @&. tau is with Fig.7.19:Bactrocera tau
infuscations restricted to the costal band and atrabk, apex of costal band on
wing not greatly expanded; have well developed oyellmedian and lateral
postsutural vittae; Face fulvous with a pair otuclar to oval black spots; apex of
wing costal band expanded into an apical spot; snate attracted to cuelure. They

are frugivorous (Singh et al., 2010). This spe@atistributed throughout Asia.
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Damage

Larval instars are apodous and frugivorous, larfesmel on the fruit tissue

initially and later on rotten tissue.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@hey of Bactrocera tau
collected has been amplified using the primer BTLakle 3.1). The PCR
amplification yielded 598 bp, 598 bp long producisthe specimens obtained from
different locations s. The DNA sequence interpegtyesentative molecular barcode,
conceptual translation product and electropherogaeerexhibited in Figures 7.20 —
7.23 respectively and the comparison of percentddequencies in the nucleotide

composition with its kin species is representedable 7.7.

The mitochondrial COIl gene nucleotide sequence a@alysed for the
nucleotide composition dactrocera tau voucher collected during the present study
(Table 7.7). It showed bias to nucleotide AT, witlcleotide composition with T =
36.0%, C =18.2%, A = 28.4% and G = 17.5%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecenen at COIl gene
sequence level with its most closely related speaceessible from NCBI GenBank
database and corresponding phylogenetic tree cmtstt with NJ method are
exhibited in Table 7.8 and Figure 7.24 respectively
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>Bactrocera tau CDS-2016/ 598 bp / cytochrome oxidase subunit ©I§jC
gene, partial cds; mitochondrial / voucher CUBTAIL-

> Bactroceratau

CAGGTATAGTAGGAACATCTCTTAGAATTTTAGT TCGGGECAGAACT AGGGCACCCAGGAG
CTTTAATCGGAGATGACCAAATCTATAATGTAATCGTAACAGCTCATGCATTTGI TATAA
TTTTTTTCATGGTAATGCCTATTATAATTGGAGGATTTGGAAATTGATTAGTACCTCTAA
TATTAGGAGCACCAGATATAGCGT TCCCTCGAATGAATAATATAAGATTTTGATTATTAC
CTCCCTCTCTTACATTACTTTTAGI GAGCAGTATAGTAGAAAACGGAGCTGGTACAGGT T
GAACTGTTTACCCTCCCCTTTCATCAATTATCGCTCATGGTGGAGCCTCAGT TGATTTAG
CTATTTTTTCTCTACATTTAGCTGGTATTTCATCAATTTTAGGGCCTGTAAATTTCATTA
CTACAGTAATTAATATACGATCAACAGGAATTACATTTGACCGAATACCTTTATTCGITT

GAGCTGTAGTATTAACAGCTCTTCTTTTACTTCTATCTCTCCCAGTATTAGCTGGAGCTA
TTACTATACTTTTAACAGACCGAAACTTAAATACATCTTTCTTCGACCCAGCTGGT GG

Figure 7.20: The partial DNA sequence of the mitoarial COI gene of
Bactrocera tau

0 597
|

Figure 7.21: Molecular barcode of the mitochond@&ll gene oBactrocera tau

> Bactrocera tau / 197AA [/ cytochrome oxidase subunit | (COI) gené¢
partial cds; mitochondrial / voucher CUBT-01-Al

U

> Bactrocera tau

MVGTSLSI LVRAEL GHPGALI GDDQY YNVI VTAHAFVM FFMWNMPI M GGFGNWLVPL ML
GAPDIVAFPRVNNVEFWL L PPSLTLLLVSSMVENGAGT GM VYPPLSSI | AHGGASVDLAI
FSLHLAGQ SSI LGAVNFI TTVI NVRSTG TFDRVPLFWAWWLTALLLLLSLPVLAGAI T
M_LTDRNLNTSFFDPAG

Figure 7.22: The translation product of the mitauifreal COl gene oBactrocera
tau
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Sample :P12_CP1F_26917-5 8249 Run start: 2016/03/15 10:10:03
Trim Start :30 Run stop: 2016/03/15 12:23:27

Bactrocera tau TrimEnd 1683 PDF created:  2016/03/15 14:41:43

Qv20 Bases :653

CAGGTATAGTAGGACAT CTCTTAGAATT TTAGI TC GGGCAGAACTAGGGCACCCAGG AGCT T TAATCG GAGAT GACCAAATCTATAAT GTAAT CGTAACAGC TCATGCAT T
10 20 30 40 50 60 70 80 90 100 110

“TTTCATCAATTATCGC
320 33

TT TAGGGGCTGT AAATT TCAT TACTACAGTAAT TAATATACGATCAACAGGAATTACAT TTGACCGAATACCTT TATTCGIT TGAGCTGTAGT ATTAACAGCTCT TCTTTTACT TCTATCTCTCCCAGTATTAGCT GGAGCT
400 410 420 430 440 450 460 470 480 490 500 510 520 530

ATTACTATACT TT TAACAGACCGAAACT TAAATACATCT T TCTTCGACCC AGCTGGTGGT GGGGATCCTAT TT TATACCAACACTTATT TTGATTTTTTGGACATCCAG AAGT T
540 550 560 570 580 590 600 610 620 630 640 650

Yl i e M vl el e N A W g

Sample :P12_CP1R_26917-6_8252 Run start: 2016/03/16 10:18:58
Trim Start :29 Run stop: 2016/03/16 12:33:18
Bacu'ocera tau Trim End :670 PDF created: 2016/03/16 13:03:27

Qu20 Bases :641

CCACCAGCTGGGTCGAAGAAAGAT GTATT TAAGT TT CGGTCT GT TAAAAGTATA GTAAT A GC TCCAGC TAATACT GGGAGAGAT AGAAGTAAAAGAAGAGCTGT TAATA
N 10 20 30 40 50 60 70 80 90 100
/‘
/\
\
coonstfManac iAo e an s\ ranh s wsnnsnasnmal\saiinasny
CTACAGCTCAAACGAATAAAGGTATTCGGTCAAATGTAAT TCCTGTTGATCGTATAT TAAT TACTGTAGTAAT GAAAT TTACAGOCCC TAAAATTGATGAAATACCAGC TAAATGT AGAGAAAAAAT AGCTAAATCAACTGA
110 120 130 144 150 160 170 180 190 200 210 220 230 240 250
ywnanhsanatanssliaaantaanflan rnannanianll A A anaafinn Anainn / A
GGCTCCACCATGAGCGATAATT GATGAAAGGGGAGGGTAAACAGTTCAACC TGTACCAGCTCCGTTTTCTACTATACTGCTCACTAAAAGT AATGT AAGAGAGGGAGGT AATAATCAAAATCTTATATTATT CATTCGAGGG
260 270 280 290 300 310 320 330 340 350 360 370 380 390
Arepanaalh MAAN AN AN vl pnanlananan ol pnala AN [ YN
AACGCTATATCTGGTGCTCCTAATAT TAGAGGTACTAATCAATTTCCAAATCC TCCAATTATAATAGGCAT TACCATGAAAAAAATTATAACAAAT GCAT GAGCTGTTACGATTACATTATAGAT TTGGTCATCTCCGATTAA
400 410 420 430 440 450 460 470 480 490 500 510 520 530
M ANV AN MANN WA rre M NANANANL] Noina
TGGGTGCCCTAGTTCTGCCCGAACTAAAATTCTAAGAGAT GT TCCTACTATACCT GCTCAAGC TCCGAAAATAAAATATAAT GTTCCAATATCTTTATG
560 570 580 590 600 610 620 630 640
i
| ‘\
’ [\
Laonnan/Magf\sny [doerenoonatnerollonne el oo CA |

Figure 7.23: Electropherogram showing the nucleotide sequenake the
mitochondrial COIl gene ddactrocera tau using Forward and Reverse
primers.
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Table 7.7: Comparison of Nucleotide frequenoie€0OI gene sequence Béactrocera tau with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TV) | C A G | T1| C1| A1| G1| T2 C2 A2 G2 T8 C3A3|G3
MH590778 Bactrocera tau (Kerala)| 36.0 | 18.2| 284 175 22 180 2719 317 46 266 114.3| 40| 9.8| 459 4.4
KX603660 Bactrocera tau (Kerala) | 36.0 | 18.2| 284 175 22 18/0 279 317 46 266 114.3| 40| 9.8| 459 44
KT151119 Bactrocera tau 36.2 | 18.4| 289 163 23 180 27|19 306 45 26.8 13163| 40| 10.3| 457 3.4
DQ116244 Bactrocera cucurbitae | 36.2 | 18.4| 29.1 164 23 18/0 27|19 306 45 266 1315.2| 40| 10.4| 464 3.3
MF095186 Zeugodacus tau 36.7 | 17.5| 285 173 25 169 27|13 311 45 257 12169 | 40| 9.8| 46.2 3.8
GQ154088 Bactrocera calumniata | 36.7 | 17.5| 285 17.3 23 169 273 311 45 257 1218.9| 40| 9.8| 46.2 3.8
KF660184 Bactrocera tau 37.1 | 17.8| 285 163 25 186 27|19 284 46 251 12168| 40| 9.8| 451 54
DQ116243 Bactrocera cucurbitae | 36.2 | 18.4| 29.1 164 24 1755 27|19 306 45 266 1316.2| 39| 109 46.4 3.3
KF660137 Bactrocera tau 375 | 176/ 284 163 26 180 27/9 284 46 251 12168| 40| 9.8| 444 54
KT588405 Bactrocera tau 369 | 18.7| 28.0 164 25 1941 257 30.1 46 257 14122 40| 11.4| 440 4.9
MF970789 Zeugodacus choristus 358 | 18.7| 282 17.3 23 1755 279 311 44 273 1316.8| 40| 114/ 435 4.9
JQ671147 Bactrocera chorista 36.2 | 18.9| 27.8 171 23 180 27|19 306 45 2656 1315.2| 40| 120 42.6 5.5
KM024432 Bactrocera vultus 358 | 17.3| 28.2 187 24 158 283 321 44 251 131w5| 39| 109 432 6.4
KF660130 Bactrocera synnephes 36.4 | 18.0| 275 182 25 1609 273 311 45 257 12169 | 39| 11.4| 429 6.5
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Table 7.8:  Percentage of evolutionary divergenceBadtrocera tau with its
closely related species accessible from NCBI GekBan

Sl. No. | Accession No Organism Pgrisgrnégﬂig

1. MH590778 | Bactroceratau (Kerala)

2. KX603660 | Bactroceratau (Kerala) 0.00%

3. KT151119 | Bactrocera tau 0.79%

4. DQ116244 | Bactrocera cucurbitae 1.19%

5. MF095186 | Zeugodacus tau 1.19%

6. KF660137 | Bactroceratau 1.19%

7. KT588405 | Bactrocera tau 1.19%

8. DQ116243 | Bactrocera cucurbitae 1.59%

9. GQ154088 | Bactrocera calumniate 1.59%
10. KF660184 | Bactroceratau 1.60%
11. MF970789 | Zeugodacus choristus 4.93%
12. JQ671147 | Bactrocera chorista 5.82%
13. KM024432 | Bactrocera vultus 5.82%
14. KF660130 | Bactrocera synnephes 5.82%

DQ116244 Bactrocera cucurbitae
51 i‘— DQ116243 Bactrocera cucurbitae
a2 L GQ154088 Bactrocera calumniata

KF660137 Bactrocera tau
53 9| KF660184 Bactrocera tau
271 KT588405 Bactrocera tau
@ MH590778 Bactrocera tau (kerala)
87 | 0 KX603660 Bactrocera tau (kerala)
KT151119 Bactrocera tau
— MF095186 Zeugodacus tau
70 [ MF970789 Zeugodacus choristus
L Q671147 Bactrocera chorista

| KM024432 Bactrocera vultus
90 | KF660130 Bactrocera synnephes

74

100

0.005

Figure 7.24: Phylogenetic relationship 8&gactrocera tau inferred by NJ tree
method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
100% sequence similarity to the same genus reptmetdKerala (KX603660). The
number of base substitutions per site between seggewere analysed using the
Maximum Composite Likelihood model. The COI sequeeraf Bactrocera tau
showed bias to nucleotide AT, with following compio® of nucleotides
T =36.0%, C =18.2%, A = 28.4% and G = 17.5%. Thater AT content (64.4%)
over GC content (35.7%) is mainly due to the matatl pressure on a single
nucleotide substitution during the evolutionary ipérof time. Bactrocera tau
showed variation in the total composition of nutig® in each of the position of
codons in comparison with other related specidatisd from different geographical

locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has begmmteg from different
geographical locations, it showed only 0% to 5.8@%erences in the nucleotides
sequences. The divergence table plotted by maxinikety hood method clearly
showed that it has no divergence (0%) with thosmfKerala while 5.82% to China
(Table 7.8). On the basis of the data observedsitesies may be rooted from those
found in China which diverted into different claddge to geographical variation.
Result thus concluded that this species doesn’e ey major changes in India
while slightly changes from those reported from r@hiduring the course of

evolution.

The evolutionary divergence analysis depicts gregntage of divergence of
geographically isolated species Bdctrocera tau with related specieBactrocera
tau isolated from Kerala (MH590778) showed 0% divergenath Bactrocera tau
(KX603660) from kerala and 5.82% divergence wiBactrocera synnephes
(KF660130)of China. The phylogeny tree generated by usingréfshod reveals

the phylogenetic status oBactrocera tau isolated from Kerala. Closest
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relative of Bactrocera tau is Bactrocera tau from Kerala represented within the

same clade.
5.  Pegomya circumpolaris (Ackland and Griffiths, 1983 )

Soecimen details:

Voucher specimen . CUPC-02-A1

Date of collection . 30-Apr-2016

Locality :  Kasaragod: Chandragiri
Lat- Lon : 12.4991° N, 74.9989° E
GenBank accessions : MH590769

Description and Distribution

Pegomya circumpolaris (Figure 7.25) is

a small sized pest having a wing length ree
up to 5.5 mm. Males have subtle differenc
that include mid and hind femora distinct
yellow coloured at extreme basal portions. Hi ., L
femur on third basal with a row of fine setul RN E o1 =Xe Tl 1y oo 1T

standing out from the surrounding ground setula@dHibia with apical av seta
long, terminalia differ most significantly by langsternite V with stronger lateral
setae, have surstylus broader in lateral view, fanthles with lower half of frontal
vitta orange yellow coloured and apical av setdiod tibia strong, oviscapt shorter
than combined length of tergites Ill and V. Distribd along Asia and Alaska

(Michelson, 2015).
Damage

They are polyphagus and larvae are often epiddeagminers.
Mitochondrial COI gene sequence analyses:

The partial coding sequence of mitochondrial C@ne of Pegomya
circumpolaris collected has been amplified using the primer ETable 3.1). The
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PCR amplification yielded 605 bp long products. TDNA sequence interpret,
representative  molecular barcode, conceptual #&#Hosl product and
electropherogram are exhibited in Figures 7.26 29 7respectively and the
comparison of percentage of frequencies in theemticle composition with its kin

species is represented in Table 7.9.

The mitochondrial COl gene nucleotide sequence amalysed for the
nucleotide composition oPegomya circumpolaris voucher collected during the
present study (Table 7.9). It showed bias to nuiceoAT, with nucleotide
composition with T = 37.9%, C = 15.2, A = 29.8% &d 17.1%.

Evolutionary divergence and Phylogenic status:

The percentage of evolutionary divergence of thecsnen at COIl gene
sequence level with its most closely related speaczessible from NCBI GenBank
database and corresponding phylogenetic tree cmtestt with NJ method are
exhibited in Table 7.10 and Figure 7.30 respedfivel
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>Pegomya circumpolaris CDS-2018/ 605 bp / cytochrome oxidase subunir |
(COI) gene, partial cds; mitochondrial / voucherRiLi02-Al

> Pegomya circumpolaris

AGCAGGTATAGTAGGAACTTCATTAAGAATTTTAATTCGGGECT GAAT TAGGGCATCCAGG
GCCATTAATTGGTGATGATCAAATTTATAATGTAATTGTCACTGCTCATGCTTTTATTAT
AATTTTTTTTATAGT TATACCTATCATAATTGGAGGGT TTGGAAATTGATTAGITCCTTT
AATACTAGGAGCTCCAGATATAGCATTTCCACGAATAAATAATATAAGT TTTTGATTACT
ACCTCCTTCTTTAACTTTATTATTAGT CAGAAGCATAGT AGAAAAT GGEGCT GGGACAGG
ATGAACCGTTTACCCCCCCTTATCATCAGIAATCGCT CATGGAGGAGCTTCAGI TGATTT
AGCTATTTTTTCTCTTCATTTAGCAGGAGCTTCTTCAATTTTAGGGCCAGTAAATTTTAT
TACTACAGTAATTAATATACGATCTACAGGAATTACTCTTGATCGAATACCTTTATTTGT
TTGAGCTGTAGTAATTACAGCATTTTTACTTTTATTATCTTTACCTGTATTAGCTGGAGC
AATTACTATACTATTAACAGATCGAAACTTAAATACTTCATTTTTTGATCCAGCT GGAGG
GGGAG

Figure 7.26: The partial DNA sequence of the mitoadrial COI gene oPegomya
circumpolaris

Figure 7.27: Molecular barcode of the mitochondr@Dl gene of Pegomya
circumpolaris

> Pegomya circumpolaris / 199AA / cytochrome oxidase subunit | (COI)
gene, partial cds; mitochondrial / voucher CUAFAIL-

> Pegomya circumpolaris

MVGTSLSI LI RAELGHPGALI GDDQI YNVI VTAHAFI M FFMWWMPI M GGFGNWLVPL ML
GAPDIVAFPRMNNIVEFW. L PPSLTLLLVSSMVENGAGT GM VYPPLSSVI AHGGASVDLAI
FSLHLAGASSI LGAVNFI TTVI NVRSTG TLDRVPLFWWAWVI TAFLLLLSLPVLAGAI T
MLLTDRNLNTSFFDPAGGG

Figure 7.28: The translation product of the mitauitrial COIl gene ofPegomya
circumpolaris
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Sample  :P.64_CP1FORWARD_7173-31_P1075 Runstart:  2017/12/07 04:07:33
. . Trim Start :22 Run stop: 2017/12/07 06:04:43
P c€gomya CIr cumpolans Trim End 671 PDF created: 2017/12/07 15:46:29

Qv20 Bases :649

TG AGCAGGTATAGTA GGAACTT CATTAAGAATTT TAATT C GGGC TGAAT TAGGGCATCCAGGGGCATTAATT GGT GAT GATCAAATT TATAAT GTAATT GTCACTGC TCATGCTT
10 20 30 40 50 70 80 90 100 110

60

TTATTATAATTTTTTTTATAGT TATACC
130 1

'CATAATTGGAGGGTTTGGAAATTGAT TAGT TCCTTTAATACTAGG AGCTCCAGATATAGCATTT JGAATAAATAATATAAGT TTTTGATTACTACCTCCTTCTTTAAC
120 150 160 170 180 230 240 250

190 200 21 f) 220

P AMANAM ranst st s AR VAR A AN AA AN A MAAAAAANN WA

CTTATCATCAGTAAT CGCTCATGGAGGAGC TTCAGTTGATTTAGCTATT TTTTCTCT TCATTTAGCAGGAGCTTCTTCA
330 340 350 60 370 380 390

TTTATTATTAGTCAGAAGCATAGT AGAAAAT GGGGCTGGGACAGGATGAACCGTTTACCCC
2! 280 290 300 310

ATTTTAGGGGCAGTAAATTTTATT ACTACAGTAATTAATATACGAT CTACAGGAATTACTCTTGATCGAATACCTTTATTTGT TTGAGCTGTAGTAATTACAGCATTTTTACTTT TATTAT CTT TACCTGTATTAGCT GGAG
KO0 410 420 430 440 450 460 470 480 490 500 510 520 530 540

ANMAAMAANARANMANN AN AN el Wsae s A sy WAV (| penal\rsnfonaMon
ICAAT TACTATACTATTAACAGATCGAAACTTAAATACT TCAT TTTTTGATCCAGCTGGAGGGGGAGATCCTATTCT TTACCAACATTTAT TT TGAT TTTTT GGACATC
550 560 570 580 590 600 610 620 630 640
= /\\
(nonn ) (AN NN AN MO A M \
Sample :P.64_CP1.REVERSE_7173-32_P1080 Run start: 2017/12/08 10:08:15
£ = Trim Start :18 Run stop: 2017/12/08 12:22:51
Pegomya circumpolaris TrimEnd. 667 PDF croated: 201712008 16:29:09

Qu20 Bases :649

GAT CTCACCCTCCAGCTGGAT CAAAAAAT GAAGTAT TTAAGTTT CGAT CT GTTAATAGTATAGTAAT T GCTCCAGCTAATACAGGTAAAGATAAT AAAAGTAAAAAT GCTGTAATTACT
20 30 60 70 90 10¢ 110

A
LQ@O@«(\J%WMWwWMW i ivesniiasfsandissamn et

ACAGC TCAAACAAATAAAGGTAT TCGATCAAGAGTAAT TCCTGTAGATCGTATATTAAT TACTGT AGTAATAAAATTTACTGCCCCTAAAATT GAAGAAGCTCC TGCTAAATGAAGAGAAAAAATAGCTAAATCAACTGAAG
120 130 140 150 160 170 200 210 220 230 240 250 260

180 190

NanaaMa AR AMAAAAAA]L M/\/\/\AMA A WA Mot /,m/\/va/\/\ AaanAMA “A\/\/\/\/\/\/\AAAN\\J\/\”\ Nadnanasshaansmaatiin

TCCTCCATGAGCGATTACT GATGATAAGGGGGGGTAAACGGTTCATCCTGTCCCAGCCCCATTTTCTACTATGCTTCTGACTAAT AAT AAAGT TAAAGAAGGAGGT AGT AAT CAAAAACTTATATTATTTATTCGTGGAAAT |
270 280 290 300 310 320 330 340 350 360 370 380 390 400

Nardarnaloansnafasasaninnansnnanianfianans NN A 2 /MANAAN AR A NN A
GCTATATCT GGAGCTCCTAGTAT TAAAGGAACTAATCAAT TTCCAAACCCTCOCAAT TAT GATAGGTAT AACTATAAAAAAAATT AT AAT AAAAGCAT GAGCAGTGACAATTACAT T ATAAAT TT GAT CATCACCAATTAATG
410 4 430 440 450 460 470 480 490 500 510 520 530 540
o/ ANV NN NN AAANAWAWAAWAAAAAANAANNAAANANAANAAAANN AN ANV NJ\

|CCCCTGGATGCCCTAATTCAGCCCGAAT TAAAATTCTTAATGAAGT TCCTACTATACCTGCTCAAGCCCCGAAGATAAAATATAAAGT TCCAATATCTTTATG
550 560 570 580 590 600 610 620 630 640

A ‘_ /\
Lol [y 2700 ol emerentinalirenallose o) toe-crenprennN M e~ ooCA |

Figure 7.29: Electropherogram showing the nucleotide sequenafe the
mitochondrial COI gene oPegomya circumpolaris using Forward
and Reverse primers.
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Table 7.9: Comparison of Nucleotide frequencieS®©l gene sequence Begomya circumpolaris with its kin species

Name of the species

NUCLEOTIDE FREQUENCIES (%)

TW)y| ¢ | A| G | T1| C1| Al| G1| T2l C2| A2 G2 T8 CBA3|G3

MH590769 Pegomya circumpolaris (Kerala)| 37.9 | 15.2| 29.8) 171 27 135 2714 317 43 274 1215.3| 44| 48| 493 24
KM861302 Pegomya circumpolaris 39.8 | 14.1| 30.6 155 27 1309 288 298 44 269 131B.3| 48| 14| 498 5
MG115201 Pegomya sp. 39.8 | 14.1| 306 153 27 139 288 298 44 269 1313 | 48| 14| 498 5
KT959818 Pegoplata tundrica 402 | 14.7| 290 162 2§ 130 288 298 44 269 1313 | 48| 43| 450 24
KM270848 Allobaccha sp. 413 | 131| 299 157 2§ 125 293 303 #4 258 131%.7| 52| 10| 464 .0
KR678992 Anthomyiidae sp. 402 | 146| 285 164 2§ 1300 284 308 44 263 1219.2| 49| 43| 442 24
KY775351 Amiota minufoliolata 395 | 13.9| 306 16.0 27 134 282 311 44 260 131%.3| 48| 24| 495 5
LT707503 Cheilosia vicina 395 | 14.6| 302 157 28 139 279 303 43 269 131%.3| 47| 29| 493 5
LT707502 Cheilosia impudens 395 | 14.6| 302 157 27 149 279 303 43 269 131%.3| 48| 19| 493 5
MG968248 Opsomeigenia xylota 40.2 | 14.6| 30.6 1471 29 135 298 274 #4 274 125%3| 47| 29| 493 5
KM861538 Pegoplata nigroscutellata 405 | 14.2| 296 157 29 1200 288 298 44 269 1313 | 48| 3.8| 469 1.0
HM412441 Phthitia plumosula 38.1 | 15.8| 294/ 166 2§ 135 27,9 308 44 269 121%.8| 43| 7.2| 478 24
KP697245 Leucophenga nigriventris 395 | 144| 299 162 27 130 288 308 44 269 121%8| 47| 33| 483 10
KP697142 Leucophenga concilia 389 | 14.6| 30.6 160 28 134 292 297 44 260 1303| 45| 43| 495 10
HM412730 Oscinisoma alienum 384 | 144| 310 162 28 125 288 303 44 274 121%3| 43| 33| 517 19
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Table7.10: Percentage of evolutionary divergence of Pegomya circumpolaris with
its closely related species accessible from NCBI GenBank

Sl Accession . Per centage of
No. No Organism divergence
1. MH590769 | Pegomya circumpolaris (Kerala)
2. KM861302 | Pegomya circumpolaris (Canada) 11.30%
3. MG115201 | Pegomya sp. 11.30%
4, KT959818 | Pegoplatatundrica 15.05%
5. KR678992 | Anthomyiidae sp. 15.71%
6. KM861538 | Pegoplata nigroscutellata 15.99%
7. HM412441 | Phthitia plumosula 16.32%
8. KY775351 | Amiota minufoliolata 16.35%
0. KP697245 | Leucophenga nigriventris 16.74%
10. KP697142 | Leucophenga concilia 17.26%
11. KM270848 | Allobaccha sp. 18.15%
12. MG968248 | Opsomeigenia xylota 18.65%
13. LT707502 | Chellosiaimpudens 18.83%
14. LT707503 | Chellosiavicina 18.93%
15. HM412730 | Oscinisoma alienum 20.53%
100 [ KT959818 Pegoplata tundrica
o8 L KR678992 Anthomyiidae sp.
63 KM861538 Pegoplata nigroscutellata
" | KM861302 Pegomya circumpolaris
100 | MG115201 Pegomya sp.
20 @ MH590769 Pegomya circumpolaris(KERALA)
— KP697245 Leucophenga nigriventris
wol  KP697142 Leucophenga concilia
KY775351 Amiota minufoliolata
51 MG968248 Opsomeigenia xylota
ﬁ| HM412441 Phthitia plumosula
HM412730 Oscinisoma alienum
23 KM270848 Allobaccha sp.
89 — LT707503 Cheilosia vicina
oL | T707502 Cheilosia impudens
0.02

Figure 7.30: Phylogenetic relationship of Pegomya circumpolaris inferred by NJ
tree method
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DISCUSSION

Both nucleotide and peptide BLAST analysis showet this species has
88.7% sequence similarity to the same genus rapdrben Canada (KM861302).
The number of base substitutions per site betweguesces were analysed using
the Maximum Composite Likelihood model. The COI w&uce of Pegomya
circumpolaris showed bias to nucleotide AT, with following comipiiasm of
nucleotides T = 37.9%, C = 15.2%, A = 29.8% and &7-1%. This greater AT
content (67.7%) over GC content (32.3%) is mainkg ¢b the mutational pressure
on a single nucleotide substitution during the etiohary period of timePegomya
circumpolaris showed variation in the total composition of nutig® in each of the
position of codons in comparison with other relaspécies isolated from different
geographical locations.

The phylogenetic tree constructed by Neighbourifg method clearly says
that this species have a monophyletic ancestryl asemnbers were separated from
one clade. Eventhough the COI sequences has bemmte@ from different
geographical locations, it showed only 11.30% ta52% differences in the
nucleotides sequences. The divergence table plditeadmaximum likely hood
method clearly showed that it has divergence (24)3@ith those from Canada
while 20.53% to Canada (Table 7.10). On the bdasibeodata observed this species
may be rooted from Canada which diverted into déffi: clades due to geographical
variation. Result thus concluded that this sped@ssn’t have any major changes in
India while slightly changes from those reporteahirCanada during the course of

evolution.

The evolutionary divergence analysis depicts #gregntage of divergence of
geographically isolated species Begomya circumpolaris with related species.
Pegomya circumpolaris isolated from Kerala (MH590769) showed 11.30%
divergence withPegomya circumpolaris (KM861302) from Canada and 20.53%
divergence withOscinisoma alienum (HM412730) from Canada. The phylogeny
tree generated by using NJ method reveals the gbégktic status oPegomya
circumpolaris isolated from Kerala. Closest relative Bégomya circumpolaris is
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Pegomya circumpolaris andPegomya sp.from Canada represented within the same
clade.

Consolidated Phylogenetic Tree

97 | MH590779 Spaniocelyphus falcatus(Cheruvathur)
MH656693 Spaniocelyphus falcatus(Cheruvathur)
87 L MH590775 Celyphus obtectus (Aluva)

MH590773 Spaniocelyphus pilosus(Payyanur)
MH590769 Pegomya circumpolaris(Chandragiri)

| KX603660 Bactrocera tau(Malappuram)
100 | MH590778 Bactrocera tau(Cheemeni)

10

o

M
0.02

Figure 7.31: Phylogenetic relationship of differeigpteran pests of cucurbitaceae
isolated from selected districts of Kerala.

The evaluation of the composition of nucleotidathiw the COI sequences
of Dipteran pest of cucurbits of Kerala revealedttthe nucleotides are varied
within the every third position of codon. The arsadyinvolved 5 species nucleotide
sequences (Figure 7.31). The phylogenetic relatipgssamong them was analysed
by NJ tree method. Families included in the sumeilfa Lauxanioidea is
Celyphidae, superfamily Tephritoidea is Tephritidae superfamily Muscoidea is
Anthomyiidae. The species from these three famiées aligned nearly in the
phylogenetic tree and monophyletic in origin. Spscifrom the family
Chrysomelidae are originated from a main cladeabus species from the genus
Spaniocelyphus and Celyphus are aligned in a single clade and then branches to
subcladesSpaniocelyphus falcatus, Spanicelyphus pilosus and Celyphus obtectus
are aligned in a same clade and they are includedhe Eurychoromyiinae

subfamily.Pegomya circumpolaris is situated as an outgroupBactrocera tau.
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L P68 P67 14 P54 P21 P28 P66 P50 PCG P57 P43 P17 P30 P71 P72

Gel electropherogram indicating PCR amplified product of 15 coleopteran insect pests of
cucurbitaceae isolated from selected districts of Kerala, visualised by ethidium bromide staining
marking.

L P2 P56 P9 P19 P47  PB1 P51a P46 P60 LBr P61 P65

1000 bp
900 bp

800 bp
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300 bp

200 bp

100 bp

Gel electropherogram indicating PCR amplified product of 12 hemepteran insect pests of
cucurbitaceae isolated from selected districts of Kerala, visualised by ethidium bromide staining
marking.



Coleoptera

Mantura chrysanthemi P68
Mantura rustica P67
Aulacophora foveicollis 14
Aulacophora frontalis P54
Aulacophora lewisii P21
Sphenoraia bicolor P28
Paria thoracica P66
Rhabdopter us praetextus P50
Oocassida pudibunda PCG
Dactylispa carinata P57
Henosepilachna vigintioctopunctata P43
Henosepilachna septima P17
Epilachna septima P30
Carpophilus marginellus P71
Epuraea |uteolus P72
Hemiptera

Nezara viridula P2
Spermatodes variolosa P56
Agonoscelis nubilis PO
Carbula scutellata P19
Halymor pha halys P47
Zicrona caerulea PB1
Oncopeltus nigriceps P5la
Geocoris varius P46
Paraplesius unicolor P60
Cletus schmidti LBr
Dysdercus ocreatus P61
Campylomma vendicarina P65




L FF P59 P3 YM P5 BM SN P34 P1 P20 P7 P6

1000 bp
900 bp

800 bp
700 bp
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400 bp

300 bp

200 bp

100 bp

Gel electropherogram indicating PCR amplified product of 12 lepidopteran insect pests of
cucurbitaceae isolated from selected districts of Kerala, visualised by ethidium bromide staining
marking.

L PCB P55 P41 P12 P64
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Gel electropherogram indicating PCR amplified product of 5 dipteran insect pests of cucurbita-
ceae isolated from selected districts of Kerala, visualised by ethidium bromide staining marking.



L epidoptera

Ophiusa coronate FF
Mocis proverai P59
Asota orbona P3
Asota caricae YM
Eudocima cocalus PS5
Hypocala deflorata BM
Polytela gloriosae SM
Acosmeryx anceus subdentata P34
Diaphania indica Pl
Glypholes bicolor P20
Melanitis leda P7
Cryptophasa atecmarta P6
Diptera
Spaniocelyphus fal catus PCB
Spaniocelyphus pilosus P55
Celyphus obtectus P41
Bactrocera tau P12
Pegomya circumpolaris P64




List of cucurbitaceaeinsect pestsused for CO1 gene sequencing in the present study

NSld. Order Family Organism GenBank Accession No. Locality

1. Coleoptera | Chrysomelidae | Mantura chrysanthemi MHG674105 Thiruvananthapuram
2. Coleoptera | Chrysomelidae | Mantura species KU557525 Parappanangadi

3. Coleoptera | Chrysomelidae | Mantura rustica MHG674106 Thiruvananthapuram
4, Coleoptera | Chrysomelidae | Aulacophora foveicollis KU557524 Parappanangadi

5. Coleoptera | Chrysomelidae | Aulacophora foveicollis MH590763 Kondotty

6. Coleoptera | Chrysomelidae | Aulacophora frontalis MHG674107 Thripunithura

7. Coleoptera | Chrysomelidae | Aulacophora lewisii MH590776 Nileshwar

8. Coleoptera | Chrysomelidae | Sphenoraia bicolor MH656688 Azhikode

0. Coleoptera | Chrysomelidae | Sphenoraia bicolor MH656692 Azhikode

10. | Coleoptera | Chrysomelidae | Pariathoracica MH590759 Chandragiri

11. | Coleoptera | Chrysomelidae | Rhabdopterus praetextus MHG674108 kadalundi

12. | Coleoptera | Chrysomelidae | Oocassida pudibunda KX603663 Malappuram

13. | Coleoptera | Chrysomelidae | Dactylispa carinata MHG674110 M adayi

14. | Coleoptera | Coccinellidae | Henosepilachna septima KX503056 Parappanangadi

15. | Coleoptera | Coccinellidae | Henosepilachna vigintioctopunctata MH590761 Ottapalam

16. | Coleoptera | Coccinellidae | Epilachna septima MH656689 Parappanangadi

17. | Coleoptera | Nitidulidae Carpophilus marginellus MH590768 Sulthanbathery

18.. | Coleoptera | Nitidulidae Epuraea luteolus MHG674104 Chandragiri




No. Order Family Organism GenBank Accession No. Locality
19.. | Hemiptera | Pentatomidae | Nezaraviridula KX 603658 Payyanur

20. | Hemiptera | Pentatomidae | Nezaraviridula KX603657 Parappanangadi
21. | Hemiptera | Pentatomidae | Nezaraviridula KX587504 Malappuram
22. | Hemiptera | Pentatomidae | Spermatodes variolosa MH590772 Nilambur

23. | Hemiptera | Pentatomidae | Agonoscelisnubilis MH590760 Cheemeni

24. | Hemiptera | Pentatomidae | Carbula scutellata MH590777 Payyanur

25. | Hemiptera | Pentatomidae | Halymorpha halys MH674109 Aluva

26. | Hemiptera | Pentatomidae | Zicrona caerulea KU201287 Parappanangadi
27.. | Hemiptera | Lygaeidae Oncopeltus nigriceps MH590767 Payyanur

28. | Hemiptera | Lygaeidae Oncopeltus nigriceps MH590766 Payyanur

29. | Hemiptera | Geocoridae Geocoris varius MH590762 Payyanur

30. | Hemiptera | Alydidae Paraplesius unicolor MH59070 Nilambur

31. | Hemiptera | Pyrrhocoridae | Dysdercus ocreatus MHG674102 Parali

32. | Hemiptera | Miridae Campylomma vendicarina MH674101 Edat

33. | Hemiptera | Coreidae Cletus schmidti KX 603656 Cdicut University
34. | Lepidoptera | Erebidae Ophiusa coronate KX503057 Parappanangadi
35. | Lepidoptera | Erebidae Mocis proverai MH590771 Nilambur

36. | Lepidoptera | Erebidae Asota orbona KX 603654 Ullanam

37. | Lepidoptera | Erebidae Asota caricae KX587505 Ullanam




No. Order Family Organism GenBank Accession No. Locality
38. | Lepidoptera | Erebidae Asota caricae KU201286 Parappanangadi
39. | Lepidoptera | Erebidae Eudocima cocalus KX603659 Munniyoor

40. | Lepidoptera | Erebidae Hypocala deflorata KX 603655 Parappanangadi
41. | Lepidoptera | Noctuidae Polytela gloriosae KX 603662 Parappanangadi
42. | Lepidoptera | Sphingidae Acosmeryx anceus subdentata MHG614375 Parali

43. | Lepidoptera | Sphingidae Acosmeryx anceus subdentata MH656690 Parappanangadi
44. | Lepidoptera | Crambidae Diaphania indica KX587508 Malappuram
45. | Lepidoptera | Crambidae Glypholes bicolor MHG674103 Cheruvathur
46. | Lepidoptera | Nymphalidae | Melanitisleda KX587506 Malappuram
47. | Lepidoptera | Xyloryctidae Cryptophasa atecmarta KX587510 Malappuram
48. | Diptera Celyphidae Spaniocelyphus fal catus MHG656693 Cheruvathur
49. | Diptera Celyphidae Spaniocelyphus fal catus MH590779 Cheruvathur
50. | Diptera Celyphidae Spaniocelyphus pilosus MH590773 Payyanur

51. | Diptera Celyphidae Celyphus obtectus MH590775 Aluva

52. | Diptera Tephritidae Bactrocera tau KX 603660 Malappuram
53. | Diptera Tephritidae Bactrocera tau MH590778 Cheemeni

54. | Diptera Anthomyiidae | Pegomya circumpolaris MH590769 Chandragiri




8

Conclusion



Family Cucurbitaceae is the largest family of climbing plants, contains about
100 genera with 800 species which are mostly tropical or subtropical in

distribution, with afew speciesin temperate climate.

Among this, the genera Cucumis, Cucurbita, and Citrullus are considered to

have high economic importance.

Cucurbits possess tremendous medicinal properties including anti-HIV,
anxiolytic, antipyretic, anti-diarrhoeal, carminative, antioxidant, antidiabetic,
antibacterial, laxative, antihelmintic, antitubercular, purgative and

hepatoprotective.

Insects are the most exuberant and diverse group of anima fauna,
economically and ecologicaly important because of their diversity,
ecological role, influence on agriculture, human health etc. and are capable

to exploit every conceivable environment

Insect-plant relationship is one of the most dominant and potent biotic
interaction and a total 18% damage of world agricultural production are

caused merely by the herbivorous insect pests.

Deciphering the species composition of agricultural pests and accurate
identification are crucial for their management strategies. An unambiguous
molecular leve identification of the pest faunawill facilitate the development of
most appropriate IPM strategies for the better management of the insect pest.
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The accurate identification of insect pests in their infectious non-adult stage
or morphologically damaged stage using conventional classical taxonomy is

awearisome process.

The classicd taxonomy of most of these pests was well described using
morphological characteristics. But the proper identification of many of the
Hemipteran and Lepidopteran pests are till tedious as there reported the

existence of cryptic and sibling species.

The most slowly evolving genes like mitochondrial COI, COIl and 12S
rRNA are the most appropriate markers in fulfilling the putative

phylogenetic accuracy in distinguishing the taxa at different taxonomic level.

The COI sequence of the insect pest is an effective identification tool at
every stage of its life cycle. Also, pair-wise distance estimated during the
study describes the taxonomic implications for the phylogeographic

inferences.

The present study targetted the collection, molecular level identification
using mitochondrial COIl gene sequences as marker and phylogenetic
analysis of mgjor insect pests from selected cucurbit cultivationsin Kerala.

Altogether 54 voucher specimens from 44 species of insect pests belonging
to 4 orders were molecular barcoded using COI gene sequences and the
resultant marker sequences were deposited in NCBI GenBank database for

worldwide accession and retrieval.

The universal barcode sequence data will help in discriminating the closely
related species and constructing the phylogenetic tree for evaluation of

evolutionary relationship between the species.

The variation among the nucleotides within these collected voucher
specimens proved that the nucleotide and amino acid variation are relatively
comparable. It implies that the interspecies variation is large compared to

intraspecies variation.
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The evaluation of the composition of nucleotides within the COI sequences
of 15 species of Coleopteran, 12 species of Hemipteran, 12 species of
Lepidopteran and 5 species of Dipteran pests during the present study has
revealed that the nucleotides found to be varied within the every third

position of the codon.

The information on the genetic diversity and interspecies relationship of
insect pests of the selected cucurbit cultivations from Keraa can be used for
tracing its origin, evolutionary history and phylogenic relationship with such

other groups from other parts of the world.

The present study describes the mitochondrial COI gene sequences as the
most potent tool for molecular identification and barcoding for the species
accuracy and rectification of ambiguously identified insect pests.
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Molecular Phylogenetic Study of Bactrocera tau
using Mitochondrial Cytochrome Oxidase Subunit I
Gene Sequence

Priya Bhaskaran K. P, Sebastian C.D.”

Molecular Biology Laboratory, Department of Zoology, University of Calicut

Abstract: Diptera, order of winged insects is commonly known as flies. They are one of the most successful groups of organisms on
Earth. They are very diverse biologically and occupies virtually every terrestrial niche. Many have co-evolved in association with plants
and other invertebrates. Bactrocera tau is one of the most severe and economically important agricultural pest. B.tau, “devastating pest
of cucurbits” is a serious pest in many of the Asian countries. The damage is done by the B.tau larvae that feeds in the fruit. We have
developed the phylogenetic reconstruction and analysis of the B. tau (Genbank Accession No. KX603660.1) using mitochondrial
cytochrome oxidase subunit I (COI) gene. The knowledge of the dipteran genomic structures will create new method of integrated pest
management and will contribute for the sustainable agriculture and maintenance of biodiversity.

Keywords: B.7au, COI, biodiversity, pest, dipteran, cucurbits
1. Introduction

Bactrocera (Zeugodacus) tau (Walker), is one of the serious
pests of cucurbitaceae. The larvae are phytophagous.
Females deposit eggs in living, healthy plant tissue using
their telescopic ovipositors. The larvae find their food upon
emerging. The larvae develop in leaves, stems, flowers,
seeds, fruits, and roots of the host plant, depending on the
species.

This species was found to be of regular occurrence and
active during late summer. Pest management tools mainly
rely on proper identification of arthropod species. However,
keeping in mind the shortcomings and limitations of the
conventional taxonomical identification methods of pest
identification, DNA barcoding is used. A major feature of
DNA barcoding is that it allows prompt identification of pest
young instars, as well as of the fragmentary cuticular body
parts. Partial DNA sequences of the mitochondrial gene such
as Cytochrome oxidase I (COI) and other molecular markers
have been used to identify and discover new species. The
mitochondrial DNA has been extensively analysed [1] and
proven to be an important tool in species delimitation as it
possesses biological properties making it suitable as a
marker for molecular biodiversity [2] and [3]. DNA
barcoding has proved to be a versatile tool with a variety of
applications, for example, by facilitating the association
between different developmental stages in insects.

The molecular phylogenetic analysis using the mitochondrial
COI gene sequences were carried out by many workers in
varied group of organisms such as  Culex
quinquefasciatus[4], Armigeres subalbatus[5], green bottle
fly, Lucilia sericata[6], cockroaches[7] and odonates[8].

2. Materials and Method

Bactrocera (Zeugodacus) tau (Walker) used in the present
study was collected from Malappuram district in Kerala,
India (Figure 1).

ra tau

Mitochondrial genomic DNA was extracted from the
experimental insect. The tissue was homogenized using a
glass pestle and mortar. The genomic DNA in the
homogenate was extracted using a GeNei Ultrapure
Mammalian Genomic DNA Prep Kit in accordance to the
manufacturer’s instructions. About 2 ng of genomic DNA
was amplified for mitochondrial cytochrome oxidase
subunit I (COI) gene using the forward primer with DNA
sequence 5- GGTCAACAAATCATAAAGATATTGG
-3' and reverse primer with DNA sequence 5'-
TAAACTTCAGGGTGACCAAAAAATCA -3'. The PCR
reaction mixture consisted of 2 ng of genomic DNA, 1l
each forward and reverse primers at a concentration of 2.5
uM, 2.5 pl of dNTPs (2mM), 2.5 pl of 10X reaction
buffer, 1.20 pl of Taq polymerase (3U/ul) and 11.8 nul H20.
The PCR profile consisted of an initial denaturation step of 2
minutes at 95°C, followed by 30 cycles of 5s at 95°C, 45s
at 50°C and 45s at 72°C and ending with a final phase of
72°C for 3 minutes. The PCR products were resolved on a
1% TAE-agarose gel, stained with Ethidium Bromide and
photographed using a gel documentation system. After
ascertaining the PCR amplification of the corresponding
COI fragment, the remaining portion of the PCR
products were column purified using Mo Bio Ultraclean
PCR Clean-up Kit (Mo Bio Laboratories, Inc. California)
as per the manufacturer’s instructions. The purified PCR
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products were sequenced from both ends using the
forward and reverse primers used for the PCR wusing
Sanger’s sequencing method (Sanger, 1975)[9]. The
forward and reverse sequences obtained were trimmed for
the primer sequences, assembled by using ClustalW and
the consensus was taken for the analysis. The nucleotide
sequence and peptide sequence were searched for its
similarity  using BLAST programme of NCBI
(www.ncbi.nlm.nih.gov/) and Inter and intra specific genetic
diversity were calculated using Kimura 2-parameter model
with the pair wise deletion option and the difference in the
nucleotide in codon usage partial COI sequence of

100

Bactrocera tau using MEGAG6 software.
3. Results and Discussion

The PCR of the COI gene fragment of Bactrocera tau
yielded product size of 598 bp. The BLAST search using
the sequences revealed that the sequences obtained in this
study was novel. The evolutionarily close relative of
Bactrocera tau is Bactrocera cucurbitae (Genbank
Accession No. DQ116246.1) from Newzealand submitted to
NCBIL

_;-r‘ KM024432.1 Bactrocera vultus
KF660133.1 Bactrocera synnephes

KM024430.1 Bactrocera stenoma
= | KM024435.1 Bactrocera paradiospyri

: KX603660.1 Bactrocera tau
DQ116246.1 Bactrocera cucurbitae

0.005

Figure 2: Comparison of phylogenetic status of Bactrocera tau using nucleotide

Table 1: The Evolutionary Nucleotide Divergence of
Bactrocera tau with other related Species

KX603660.1 Bactrocera tau

DQ116246.1 Bactrocera cucurbitae 1.1
KM024432.1 Bactrocera vultus 3.8
KF660133.1 Bactrocera synnephes 3.8
KMO024430.1 Bactrocera stenoma 4.0
KMO024435.1 Bactrocera paradiospyri 4.0

The evolutionary history was inferred using the
Neighbor-joining method using COI partial sequence.
The analysis of the evolutionary history of Bactrocera tau
was done using the Neighbor- joining method (Figure 2).

4. Conclusions

Variation in the nucleotide is a fundamental property of all
living organisms which can be used for the identification
and phylogenetic status assessment. The COI sequence
obtained in this study showed nucleotide variation between
Bactrocera tau and Bactrocera cucurbitae (Genbank
Accession No. DQ116246.1) to be 1.1% (Table. 1). BLAST
result concludes that COI gene sequence of B.tau was
found to be novel. The genetic level identification remains
a prospect although COI divergence appear too low to
regularity in enabling species diagnosis within the insects.
Phylogeny analysis using NJ tree revealed the sharing of
common ancestor for various species and is found to be
in a diverged clade. The phylogenetically close species of
Bactrocera tau is Bactrocera cucurbitae (Genbank
Accession No. DQ116246.1). Inter specific divergence of
partial coding fragment of COI gene is very efficient for
species identification (Hebert ef al., 2003)[10].

The present study suggests that the best phylogenetic
inferences can be generated through moderately divergent
nucleotide database from mitogenomes, among which the
COI gene is best studied.
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ABSTRACT

DNA barcoding has become the method of choice for a rapid, reliable, and cost-effective identification of pest species. Since DNA barcoding have
proven to be highly efficient in identifying both immatures and adults, it is used to differentiate invasive and native pests. It has been used in
managing species complexes in agricultural, IPM systems and also in the cases unpredictable species. Recently, DNA barcoding of partial
mitochondrial COI gene is very popular in DNA based identification of various agricultural pest species. The present study investigates the molecular
evolution of the Asota species using COI gene and its usefulness for reconstructing phylogenetic relationships within and among different Asota

species.

Keywords: DNA barcoding, phylogenetic evolution, pest, mitochondrial COI gene.

INTRODUCTION

Asota is a genus of noctuoid moths in the Erebidae family
(Lepidoptera: Insecta). Insect pests are one of the major
concerns for farmers across the world and more than 10,000
species of insects have been recorded damaging the agricultural
crops'. Detection of pests belonging to different groups is
required for the protection of horticultural crops since they cause
serious damage to various vegetation’s.

In Asota species, palpi are upturned, where the second joint
reaching vertex of head and third joint slender in variable
lengths. In males the antennae is fasciculate but ciliated in
females. Forewings with vein 5 is from the lower angle of cell or
slightly just above from it. The 6th vein starts from the upper
angle or below it. Areole is absent throughout in both.
Hindwings have vein 5 from just above lower angle of cell.
Veins 6 and 7 emerge from the upper angle.

However, keeping the shortcomings and limitations of the
conventional ~ taxonomical identification = methods  of
identification of the pest species, DNA barcoding is used. A
major feature of DNA barcoding is that it allows prompt
identification of pest during young instars>* The mitochondrial
DNA has been extensively analysed and proven to be an
important tool in species delimitation as it possesses biological
properties making it suitable as a marker for molecular
biodiversity. Fragment size of mitochondrial cytochrome
oxidase subunit I (COI) gene has been shown to provide high
resolution to identify cryptic species, thereby increasing
taxonomy-based biodiversity estimates and its usefulness has
been confirmed for identifying  Coleoptera®, Diptera®®,
Odonata’, Hemiptera®®, Hymenoptera!® and Lepidoptera!l'2,
DNA barcoding has proved to be a versatile tool with a variety

of applications, for example, by facilitating the association
between different developmental stages in insects.

MATERIALS AND METHODS

The experimental organisms, Asota orbona and Asota caricae,
were collected from Kannur and Malappuram districts (Kerala:
India) respectively. These are morphologically identified by
expert consultation and preserved in 70% alcohol.

The genomic DNA in the homogenate was extracted using a
GeNei Ultrapure Genomic DNA Prep Kit in accordance to the
manufacturer’s instructions. About 2 ng of genomic DNA
was amplified for mitochondrial cytochrome oxidase subunit I
(COI) gene using the specifically designed forward primer

with nucleotide sequence 5-
GGTCAACAAATCATAAAGATATTGG-3' and reverse
primer with sequence 5-

TAAACTTCAGGGTGACCAAAAAATCA-3. The PCR
reaction mixture consisted of 2ng of genomic DNA, 1ul each
forward and reverse primers at a concentration of 2.5 uM, 2.5
ul of dNTPs (2mM), 2.5 pul of 10X reaction buffer, 1.20 pl of
Taq polymerase (3U/ul) and 11.8 pl H20. The PCR profile
consisted of an initial denaturation step of 2 minutes at 95 °C,
followed by 30 cycles of 5s at 95 °C, 45s at 50 °C and 45s at
72 °C and ending with a final phase of 72 °C for 3 minutes.
The PCR products were resolved on a 1% TAE-agarose gel,
stained with Ethidium Bromide and photographed using a gel
documentation  system.  After ascertaining the PCR
amplification of the corresponding COI fragment, the
remaining portion of the PCR products were column purified
using Mo Bio Ultraclean PCR Clean-up Kit (Mo Bio
Laboratories, Inc. California) as per the manufacturer’s
instructions. The purified PCR products were sequenced from
both ends using the forward and reverse primers used for
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the PCR using Sanger’s sequencing method'>. The forward
and reverse sequences obtained were trimmed for the primer
sequences, assembled by using ClustalW and the consensus
was taken for the analysis. The nucleotide sequence and peptide
sequence were searched for its similarity using BLAST
programme of NCBI (www.ncbi.nlm.nih.gov/) and Inter and
intra specific genetic diversity were calculated using Kimura 2-
parameter model with the pair wise deletion option and the
difference in the nucleotide in codon usage partial COI
sequence of A. orbona and A. caricae was analysed using
MEGAG6 software'*.

RESULTS AND DISCUSSION

The PCR of the COI gene fragment of Asota orbona (KX
603654) and Asota caricae (KU 201286) yielded product
size of 525bp and 532 bp respectively. The BLAST search
using the sequences revealed that the sequences obtained in this
study was novel. The CO I gene in the mitochondrial genome

has been proved to be an excellent source of information for the
set of closely related families belonging to the order
Lepidoptera. The evolutionary nucleotide divergence of A.
caricae and 4. orbona with various other Asota species is shown
in Table 1.

Variation in the nucleotide is fundamental property of all living
organisms which can be used for their identification and
phylogenetic status. The average nucleotide frequencies for the
species are A = 30.13%, T/U = 38.90%, C = 17.18% and G =
13.79%. The probability of substitution (r) from one base to
another was calculated for 12 nucleotide sequences is shown in
Table 2.

The evolutionary history was inferred using the Neighbor-
joining method using COI partial sequence. The analysis of
the evolutionary history of 4. orbona and A. caricae was done
using the Neighbor- joining method (Figure 1). Closely related
species have 90% similarity in the standardized DNA sequence
and distantly related species have less than 90% similarly in the
same genus'> 1%,

Table 1: The evolutionary nucleotide divergence of A. caricae and A. orbona with various other Asota species

Organism with Accession No. % of divergence
KX603654.1 Asota orbona

KC499489.1 Asota plana 1.31%
HQ569654.1 Asota paliura 2.11%
HQ569644.1 Asota heliconia clavata 1.85%
KU201286.1 4sota caricae 2.68%
HQ569790.1 Asota plaginota plaginota 2.39%
KC499401.1 Asota darsania 2.39%
GU662416.1 4sota albivena 1.31%
HM395494.1 Asota albiformis ternatensis 2.11%
KF549916.1 Asota eusemioides 2.66%
GU662413.1 Asota sulawesiensis 2.40%
KJ013129.1 Asota trinacria 3.24%

(r) from one base (Row) to another base (Column)

A T C G
A - 2.0772 0.9176 5.2596
T 1.6092 - 22.2339 0.7364
C 1.6092 50.3319 - 0.7364
G 11.4940 2.0772 0.9176 -

s0| HQ569654.1 Asota paliura

HQ569790.1 Asota plaginota plaginota
HQ569644.1 Asota heliconia clavata
KU201286.1 Asofa caricae

= KC499489.1 Asota plana

a1 GU662416.1 Asota albivena

KX603654.1 Asota orbona

GU662413.1 Asota sulawesiensis

KJ013129.1 Asota trinacria

57 HM395494.1 Asota albiformis ternatensis

Table 2: Maximum composite likelihood estimate of the pattern of nucleotide substitution. Each Entry shows the probability of substitution

KC499401.1 Asota darsania

B

—
0.002

KF549916.1 Asota eusemioides

Figure 1: Phylogenetic status of A. caricae and A. orbona with various other Asota species using NJ tree method.
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CONCLUSION

Variation within the genomic nucleotide sequence is one of
the fundamental properties of all living organisms which can
be used as the major criteria for unambiguous molecular

level

taxonomic identification and phylogenetic status

analysis. The mitochondrial COI gene partial sequence
obtained in this study showed nucleotide variation between the
species A. caricae and A. orbona as 1.31%. Phylogeny analysis
using NJ tree revealed the sharing of common ancestor for
various Asota species and the two species A. caricae and A.
orbona, is in a diverged clade. The phylogenetically close
species of A. caricae and A. orbona are A. trinaria and A.
darsania respectively. It is concluded that inter specific
divergence of specific coding fragment of COI gene is very
efficient for accurate species identification.
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ABSTRACT

Eudocima cocalus, the cocalus fruit piercing moth, is a moth of the Erebidae family. The adult moths are one of the
most severe and economically important agricultural pest among variety of fruits and vegetables. The moths pierce the fruit to
suck the juice, thereby damaging the fruit and allowing the ingress of fungal spores and bacteria. Molecular approaches have led
to species identification, which allowed rapid detection, discrimination, and identification of cryptic or sibling species based on
DNA sequence data. We have developed the phylogenetic reconstruction and analysis of the Eudocima cocalus (GenBank
Accession No. KX603659) using mitochondrial cytochrome oxidase subunit I (COI) gene. The knowledge of the lepidopteran
genomic structures will create new method of integrated pest management which can contribute for the sustainable agriculture

and maintenance of biodiversity.

KEYWORDS: Fudocima cocalus, Erebidae, Cryptic Species, Sibling Species, Biodiversity.

Lepidoptera is a major order of insects that
includes butterflies and moths and is the second most
diverse insect pest order outnumbered only by the beetles.
About 180,000 species of the Lepidoptera are described, in
126 families and 46 superfamilies [Capinera, 2008], 10%
of the total described species of living organisms [Jim,
2007]. As pollinators of many plants, adult moths and
butterflies are usually beneficial insects that feed on nectar
using their siphoning proboscis. The caterpillars, almost
always have chewing mouthparts that are suitable for
feeding on various parts of a plant. Most caterpillars are
defoliators or miners of succulent plant tissues. Most of
the cultivated plants as well as the agricultural crops are
attacked by at least one of the lepidopteran pest. Thus, pest
insects have adverse and damaging impacts on agricultural
crop production. Pest insects may cause problems by
damaging crops and food production, parasitising
livestock, or being a nuisance and health hazard to
humans.

This beautiful looking moth is in fact a great pest,
on account of the fact that it likes to make holes in fruits
and also suck out the juices. Unfortunately, this can cause
crop losses of more than 50% in many crops-by allowing
microorganisms to enter-such as Lychee and Carambola.

The female adult moths of this species have forewings that
are dark brown with several white spots. The hindwings
are yellow with a broad black margin. The male moths
have patchy brown forewings with no white spots, but the
hindwings are orange with a broad black margin. For both
sexes, each forewing has a hooked wingtip, and a
concave inner margin. The head and thorax are dark
brown, but the abdomen is bright orange. The wingspan is
about 6cms.
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DNA barcoding is a taxonomic method that uses
a short genetic marker in an organism’s DNA to identify it
as belonging to a particular species [Leong and Kueh,
2011]. Standardisation of a universal and sequenceable
locus present in most of the taxa of interest for DNA
barcoding that can be amplified with universal PCR
primers is the best method to assess a large variation
between species yet a relatively small amount of variation
species [Hebert et.al., 2003]. Molecular
phylogenetic analysis using DNA barcoding, especially

within a

mitochondrial COI gene sequences were adopted by
several workers in various insect orders like Odonata
[Jisha Krishnan and Sebastian, 2015], Diptera [Rukhsana
et.al., 2014, Bindu and Sebastian, 2014 & Priya Bhaskaran
and Sebastian, 2014], Hemiptera [Sreejith and Sebastian,
2014], Hymenoptera [Rukhsana et.al., 2014] and
Lepidoptera [Akhilesh and Sebastian, 2014 & Pavana and
Sebastian, 2014]. The result of a molecular phylogenetic
analysis can be expressed in a phylogenetic tree and is one
aspect of molecular systematics, a broader term that also
includes the use of molecular data in taxonomy and
biogeography.

MATERIALS AND METHODS
Collection and Identification of Specimen

The selected insect specimen Eudocima cocalus
(Figure 1), was collected from Malappuram, Kerala. A
diverse geographical status is spoken about the location,
including lowland, highland and marshy areas, and the
area exhibits a high diversity of organisms. The specimens
were collected from the agricultural fields by employing
the sweep net technique. Collected adult specimens were
identified morphologically by consulting an expert. The
collected specimens were stored at -20°C until the DNA is
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extracted and voucher specimen is restored.

DNA Extraction, Amplification and Sequencing

DNA was extracted from the tissue of thoracic
leg of the specimen, using Origin Kit as per the
manufactures guidelines. The DNA isolated was
confirmed using 1% agarose gel and 2ng was
amplified for COI gene wusing the appropriate
forward (5'- cattggagatgaccaaatttataatg -3') and reverse
(5'-tgaaattaatccaaatccaggtaaa-3') primers. The PCR
reaction mixture comprised of 2ng of genomic DNA
(1ul), 1ul each of forward and reverse primer at a
concentration of 5uM, 1ul of dNTPs (2.5mM), 2ul 10X
reaction bufer, 0.20ul Taq polymerase (5U/ul) and
13.8u1 H,O. The PCR profile consisted of initial

denaturation step of Smin at 95°C followed by 30 cycles
of 10 sec at 95°C, 1 min at 50°C and 45 sec at 72°C
and ending with a final phase of 72°C for 3 min. The
PCR product was resolved on a 2% TAE-agarose gel,
stained with  ethidium bromide. To
unincorporated primers and dNTPs the resultant PCR
product was column purified using the nucleic acids
purification kit of Gene JET of Fermentas Life Science.
The purified PCR product was sequenced by Sanger’s
dideoxy chain termination method using an ABI
3730XL sequence analyser. The sequences were
submitted to NCBI GenBank with accession number
KX603659.

remove

Alignment and Analyses

Chromatogram was analyzed for annotation with
forward and reverse sequences. Annotated sequences were
trimmed off primer sequences and any sequence ambiguity
was resolved. The final sequence obtained were aligned
using Clustal W programme [Rukhsana et.al., 2014].

Phylogenetic Analyses

Nucleotide sequences were analyzed using
MEGAG6 software [Bindu and Sebastian, 2014]. The

matrix of corrected DNA distances was generated
using Kimura Two parameter model and a
phylogenetic tree was generated
neighbor- joining algorithm [Priya Bhaskaran and

Sebastian, 2014 & Sreejith and Sebastian, 2014].
RESULTS AND DISCUSSION

using the

The PCR amplified sequences of mitochondrial
cytochrome oxidase subunit I gene of Eudocima cocalus
yielded a single product of 585 bp. The sequence has been
deposited in the NCBI GenBank with Accession No.
(KX603659). The phylogenetic tree plotted using
Neighbor-joining method is presented in Figure 2. NJ
clustering analysis showed that Fudocima cocalus belong
to single monophyletic clade without any overlap. The
evolutionary history of Eudocima cocalus clearly infers
both the inter and intra species divergence. The Eudocima
cocalus (KX603659) collected from Kerala exhibit 96%
similarity to FEudocima phalonia (HQ949151) from
Canada. Inter species divergence is found to be between 5-
10%.

971 KU205355.1
100 KP898255.1

© L MF129821.1
N HQ949147.1
% KJ380871.1
KF491730.1
JN674870.1
KX603659.1
- HQ949151.1
464(_‘ HQ949150.1
2 KT988813.1

—
0.005

Figure 2: Phylogenetic relationship of Eudocima
cocalus inferred by Neighbor-Joining method

CONCLUSION

The shortcomings and limitations of the

conventional ~ taxonomical identification = methods
highlighted need for new and simple methods of pest
identification. The present study on molecular
evolutionary analysis on partial mitochondrial cytochrome
subunit I (COI) gene explicates phylogenetic relationships
of Eudocima cocalus. The study emphasizes that the best
phylogenetic studies and inferences can be created through
moderately divergent nucleotide data from mitogenomes
of which the CO I gene is best suited for deciphering the
Lepidopteran taxonomic levels.
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