MOLECULAR CHARACTERIZATION AND MOLECULAR
PHYLOGENETIC ASSESSMENT OF SELECTED FAMILIES
OF ODONATES IN NORTH KERALA

Thesis submitted to the University of Calicut
for the award of the degree of
DOCTOR OF PHILOSOPHY IN ZOOLOGY
under the Faculty of Science

By
JISHA KRISHNAN E. K.

DIVISION OF MOLECULAR BIOLOGY
DEPARTMENT OF ZOOLOGY
UNIVERSITY OF CALICUT
KERALA, INDIA

NOVEMBER, 2018



DECLARATION

I do hereby declare that the work entitled “MOLECULAR
CHARACTERIZATION AND MOLECULAR PHYLOGENETIC
ASSESSMENT OF SELECTED FAMILIES OF ODONATES IN NORTH
KERALA” is an authentic record of the work carried out by me under the
supervision and guidance of Dr. Sebastian C.D., Associate Professor, Division
of Molecular Biology, Department of Zoology, University of Calicut and that
no part of this has been published previously or submitted to the award of any

other degree / diploma.

JISHA KRISHNAN E. K.



CERTIFICATE

This is to certify that the thesis entitled “MOLECULAR
CHARACTERIZATION AND MOLECULAR PHYLOGENETIC
ASSESSMENT OF SELECTED FAMILIES OF ODONATES IN NORTH
KERALA” submitted to the University of Calicut in partial fulfillment of the
Degree of Doctor of Philosophy in Zoology ,in the record of the original
work done by Ms. Jisha Krishnan E.K., in the Department of Zoology
under my supervision and guidance, and it has not formed on the basis for the
award of any degree / diploma or other similar title to any candidate of any

University.

Calicut University Dr. SEBASTIAN C.D.
November, 2018 Supervising teacher



ACKNOWLEDGEMENTS

Firstly, I would like to express my sincere gratitude to my advisor,
Dr. Sebastian C. D., Associate Professor, Department of Zoology,
University of Calicut for the continuous support of my Ph. D. study and
related research, for his patience, motivation and immense knowledge.
His guidance helped me in all the time of research and writing of this

thesis. I could not have imagined having a better advisor and mentor for

my Ph. D. study.

Besides my advisor, I would like to thank the rest of my thesis
committee: Dr.Y. Shibu Vardhanan, Dr. N. Ramani, Dr. V. M. Kannan
and Dr. B. S. Harikumaran Thampi for their insightful comments and
encouragement and also for the hard questions which urged me to widen

my research to various perspectives.

I am grateful to Dr. Y. Shibu Vardhanan, Associate Professor and
Head, Department of Zoology, University of Calicut who permitted access
to the laboratory and research facilities. Without the precious support it
would not be possible to conduct this research. lamalso grateful to former

Heads of the Departments: Dr. M. Nasser and Dr. V. M. Kannan.

My sincere thanks goes to Dr. K. G. Emiliyamma, Scientist C,
WGRC, Zoological Survey of India, Kozhikode who helped me for the
authentic identification of odonates and provided -certain valuable

information that helped me for the execution of research.

A very special gratitude goes out to all down at Kerala State
Council for Science, Technology and Environment (KSCSTE) and also E-
grantz National Fellowship for the financial assistance throughout the

research period.



I sincerely says gratitude to Mr. Akhil and also students from
G.B.H.S.S. Tirur for helping me to take photos of odonates and also for

their cooperation during the collections.

I thank my fellow labmates: Mr. Akhilesh V. P., Dr. Mashoor K.,
Dr. Rukhsana K., Ms. Priya Bhaskaran K. P., Ms. Bindu P. U., Ms. Surya
P., Ms. Sreevidya P., Ms. Ramya P., Dr. Sreejith Kanholi, Ms. Reshma K.,
Dr. Vidya P. and Mr. Muhamed Ali V. C. for the stimulating discussion
during the execution of thesis and also the fun we have had in the last

four years.

I do express my thanks to Mr. Santhoshkumar K. V., Librarian,
Department of Zoology, University of Calicut for his help.

I express my deep sense of gratitude to all the teaching and non
teaching staffs of Department of Zoology for all their possible help

extended to carry out this work successfully.

Last, but not the least, I would like to thank my family: my parents
and brothers for supporting me spiritually throughout writing this thesis

and my life in general.

Thanks for all your encouragement!

JISHA KRISHNAN E. K.



CONTENTS

Chapter Description Page
1 INTRODUCTION 1-10
2 REVIEW OF LITERATURE 11-30

2.1. Taxonomy 11
2.2. Classical Taxonomy and its limitations 11
2.3. Emergence of Molecular Taxonomy 14
2.4. Molecular Markers 16
2.5. DNA Barcoding and Its Application 17
2.6. Order Odonata 20
2.7. Ecological Importance of Odonates 23
2.8. Molecular Phylogenetic Studies of Odonates 24
2.9. Odonates of Kerala 30
3 METHODOLOGY 31-34
3.1. Insect collection, identification and Preservation 31
3.2. Mitochondrial DNA Extraction 31
3.3. Primer designing 32
3.4. PCR amplification and DNA sequencing 32
3.5. Alignment and Analysis of DNA sequences 33
3.6. Phylogenetic analysis 34
4 RESULTS AND DISCUSSION 35-130

4.1. SUBORDER: ZYGOPTERA 46
4. 1.1. Super family: Coenagrionoidea (closed wings) 47
4.1.1.1. Family: Coenagrionidae (Pond damselflies) 47
4.1.1.1.1 Subfamily: Coenagrioninae 48

1. Ceriagrion coromendelianum (Fabricius, 1798) 48

4.1.1.1.2. Subfamily: Agriocnemidinae 51



2. Agriocnemis pygmaea (Rambur, 1842)

3. Agriocnemis keralensis Peters, 1981
4. 1.1.1.3. Subfamily: Ischnurinae

4. Ishnura aurora (Brauer, 1865)

5. Ishnura senegalensis (Rambur, 1842)

6. Aciagrion occidentale Laidlaw, 1919
4.1.1.2. Family: Platycnemididae (Brook damselfly)
4.1.1.2.1. Subfamily: Platycnemidinae

7. Copera marginipes Rambur, 1842

o~

. 1.2. Superfamily: Calopterygoidea

o~

. 1.2.1. Family: Calopterygidae

SN

. 1.2.1.1. Subfamily: Calopteryginae
8. Vestalis apicalis Selys, 1873
9. Vestalis gracilis (Rambur, 1842)
. 2. SUBORDER: ANISOPTERA
. 2.1. Superfamily: Aeshnoidea
. 2.1.1. Family: Gomphidae

A A D

.2.1.1.1. Subfamily: Onychogomphinae

1. Onychogomphus malabarensis Fraser, 1924
4.2.1.1.2. Subfamily: Aeshninae
2. Anaciaeschna jaspidea (Burmeister, 1839)

3. Anax parthenope (Selys, 1839)

o

. 2.2. Superfamily: Libelluloidea

o

.2.2.1. Family: Libellulidae (common skimmers)
. 2.2.1.1. Subfamily: Libellulinae
4. Orthetrum sabina (Drury, 1770)

o

5. Neurothemis intermedia (Rambur, 1842)
6. Potamarcha congener (Rambur, 1842)
7. Brachydiplax chlybea Brauer, 1868

8. Trithemis aurora (Burmeister, 1839)

52
54
S7
S7
60
62
65
65
65
68
68
68
68
71
77
77
78
78
78
80
80
83
85
85
85
85
88
90
92
94



9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Neurothemis fulvia (Drury, 1773)
Crocothemis servilia (Drury, 1770)
Trithemis pallidinervis (Kirby, 1889)
Trithemis festiva (Rambur, 1842)
Brachythemis contaminata Fabricius, 1793
Diplacodes trivialis(Rambur, 1842)
Bradinopyga geminata(Rambur, 1842)
Rhyothemis variegata Linneus, 1763
Pantala flavescence (Fabricius, 1798)
Acisoma panorpoides Rambur, 1842
Neurothemis tullia (Drury, 1773)
Lathresia asiatica (Rambur, 1842)
Aethriamanta brevipennis (Rambur, 1842)

Brachydiplax sobrina (Rambur, 1842)

4. 3. Phylogenetic relationship of odonates from North
Kerala

CONCLUSION

LITERATURE CITED

ANNEXURE — I: Publications
ANNEXURE — II: Genbank Submissions

97
97
101
103
106
108
111
113
115
117
120
122
124
126
128

131 - 137
138 — 159



INTRODUCTION

Insects are the abundant invertebrate aniceatisgorizedinder the the
most diversed and largest class of Insecta uhe@gPhylum Arthropoda.The
word Insecta came from a Latin wordngectum” meaning “notched or
divided body“. They are characterised by outer tér chitionous
exoskeleton all over the body, three pairs of ginappendages, a pair of
compound eyes and a pair of antennae. The numbesexdts were known to
be 6-8 million species which represents 90 % odltanimal life on earth
(Chapman, 2006; Novotny, 2002; Erwin, 1982). THeywn to be existed in
almost all environments with their highest abundaseen in tropics. As they
have short life span and high fecundity, they aidely used in many research
areas like Genetics, Evolution, Ethology, developtak biology, Forensic
biology, physiology....etc and play an importanerm research field. There
are 30 insect orders coming under this class andngnthem the Order
Odonata represents most ancient aquatic as welkegs primitive winged

insects existing today.

As the time progresses, Earth biota has been amnisly changing
due to certain modification in the environment. Ekent is very essential to
know about the proper managing of sustainabilitypiotiversity. Taxonomy
Is the best suited scientific field of biology hielgp for biodiversity studies.
This branch is mainly concerned with identifyinggsdribing and naming
different organisms and there by providing a ursaelccessibility to every
organism. Literally it means “arrangement with lawend it is mainly
concerned with categorising each organism in lae@nt manner for
reflecting their evolution and relatedness. Forssilging each organism |,
there exists a perfect ranking system consistihgpbomain, Kingdom,
Phylum, Class, Order, Genus and Species. Thusngelpio facilitate the



communication between specialists working in Emareas to understand

the relationship between various group of insects.

Molecular techniques became a more common procethurethe
species identification of many organisms in thédfigf Entomology (Roques
et al., 2009). About 20 years back onwards, thasedeen widely used DNA
sequences for predicting and comparing evolutionafgtionships among
different organisms. Here DNA sequences themsehatsas a reference
system for comparing and confirming taxonomic idgntA particular gene
of interest whose sequences that differs each dtyenaximum number of
base pairs are taken as for comparing and confiyndentity in DNA
taxonomy. According to Floyd et al. (2002), thesguences are termed as
Molecular operational taxonomic units (MOTU). In BNtaxonomy,
molecular data inputs are analysed and interprétgdmany statistical
innovations present in the concerned softwarewohre used. As it provide
a better result on the base of DNA sequences thast a wide accessibility
to molecular systematic than traditional taxonoifiyus the DNA sequences
available on the online database helps to enhamc&mmwledge about earth
biodiversity biota in a more easier way and therébiping to unweil the
hidden relationship among different organisms. Thius very essential to
make a need to stimulate and advance taxonomyrnmstef investment and

popularity at the species and population level.

Generally the molecular systematics utilises DNAJ/ARand protein
sequences for predicting evolution on the basshahges in their sequences.
This method has a lot of advantages over tradititmanomy because it is
more numerous and based on gene level, it is @asptain and no need of
sampling method. Traditional method generally basedossil record for the
prediction of evolution make a great problem if th@mple is damaged.

Molecular taxonomy actually helps to reconstrucylppeny at phyla, class,



order and family level as it became inconveniendistinguish between two
organisms merely on their morphological data. As th mainly working on
the basis of gene level, it helps to predict thelwion of a gene as time
progresses and to know about how a single chantieeingene sequence can

lose its function.

Mitochondrial DNA became a popular phylogeneticsol tdor
population studies because of its easy isolatisa,af restriction enzymes to
detect nucleotide differences, development of PCRBthodologies and
applicability of universal primers for amplificatioof DNA (Brown et al.,
1982). It is a powerful tool for the species ley#ylogenies of many
organisms as the arrangement of genes are vamdbtd are separated by
many noncoding regions of genetic DNA. (Anand,et2014). Mitochondrial
cytochrome oxidase | (COI) and cytochrome oxidag€OIl) are the energy
transfer enzymes in the respiratory chain. Theyresgnts the common
candidates used in the phylogenetic problems tolwesmany taxonomic
hierarchial levels in insects from closely relaggecies to genera, subfamily,
family and even Orders. They are popularly knowithas “Molecular fossils”
of systematic studies and widely used for the coatpee analysis of many
related organism. The COI gene is a slowly evohgege compared to other
protein coding genes and is a good performer iowegng an expected tree
(Zardoya et al.,1996).

DNA barcoding is a new innovative research in tieddfof modern
systematics. It is the easiest tool for taxonomentification using a universal
standard gene region among different organismss Téthnique was first
described by Paul Hebert in 2003 and this methoaviges a unique
“barcode” to every organism in the world for eadgntification. The main
advantage of this technique is the easy diagndsspecies irrespective of

their life stages (as larvae, nymph, adult etcinages and body decay therby



helping for accurate identification and taxonomglatedness. Generally
morphology based taxonomic (classical or traditipmaethod uses fossil
records to reveal phylogenetic ancestry and isidamaged make a great
problem. Theoretically the DNA sequences of apprately 600bp
mitochondrial cytochrome oxidase | gene containsremthan enough
information to distinguish millions of species ahtias been widely accepted
a universal “barcode “ region. The usual methogplmvolves extracting
DNA from any sample and compare those sequenced RN#&nst the
barcode library for identification thus helps teegict the origin, evolution

and evolutionary relationships.

Even though molecular based systematic studiespapailar now,
morphology based phylogenetic studies are essettiainake a “reality
check” to molecular results (Doyle, 1992). Only ertp such as taxonomists
and grand technicians can identify taxa accuraslyt requires special skills
acquired through extensive experience. Most of thkeoratory based
morphology studies are essential not only for otemy studies but also
other fields like ecolgy, behaviour and physioldtaddisson, 1996). For the
better understanding of evolution and systematic,isi essential for
understanding relationship between different groapgopulation at their

species level.

The insect order Odonata represents the most pranitinged insects
existing today and known to be here in the univatseut 250 million years
ago since the caboniferous period. The term Odaraatae from a greek word
“odontos’ having a meaning of “toothed flies or teeth onnaidles” and it
was Fabricius who coined the term Odonata (Mick884). They are known
as “primitive winged ones” because their wings adrfolded backward due
to the articulation of wing muscles and hence knoas ‘Palaeoptera’.

Taxonomically this order is very close to mayfliaad hence both were



placed under this category.Generally there are swdivisions under this
order as Anisoptera (dragonflies) and Zygopter (@klfties). Most of the
species are habitat specialists and generally fassbciated with aquatic
ecosystems like ponds, streams, rivers etc. Moshef species are seen in
tropical areas but odonates of both the major isldve occur in every faunal
region except Antarctica. A third suborder, Anisgagtera, largely known
from fossils, is represented by one extant speicietapan and one in the

Himalayas only.
GLOBAL DIVERSITY OF ODONATA

Extant Odonata has been divided into 3 subordershenbasis of
morphological differences. They are Anisoptera drdlies), Zygoptera
(damselflies) and a third suborder Anisozygopte®dobally there is an
estimate of 6256 species distributed in 39 familigsder 686 genera
(Subramanian and Babu, 2017). The 39 families nigllinto 3 distinct
suborders consisting of 27 families under Suborggjoptera and 11 families
under Suborder Anisoptera and only one family undeuborder
Anisozygoptera. The representing 27 families undggoptera are the
following: Hemiphlebiidae (Genera: 1; Species: Rgrilestidae (Genera: 2;
Species: 19); Synlestidae (Genera: 9; Species: [383tidae (Genera: 9;
Species: 153); Platystctidae (Genera: 9; Specié2); 2 Amphipterygidae
(Genera: 1; Species: 5); Argiolestidae (Genera: &pecies: 114);
Calopterygidae (Genera: 21; Species: 180); Chlgoickae (Genera: 20;
Species: 156); Devadattidae (Genera: 1; SpecigsDi&eriadidae (Genera:
2; Species: 2); Euphaeidae (Genera: 9; SpeciesHeéfg@ragrionidae (Genera:
2; Species: 56); Hypolestidae (Genera: 1; SpeBigd.estoideidae (Genera:
2; Species: 9); Megapodagrioniiidae (Genera:3; [8pe9); Pentaphlebiidae
(Genera:1; Species:3); Philogangiidae (Genera:Eci®p:4); Philoginiidae
(Genera: 2; Species: 40); Philosinidae (Gener&p2cies: 12); Polythoridae



(Genera: 7; Species: 6); Pseudolestidae (Genefpegies: 1); Rimanellidae
(Genera: 1; Species: 1); Thaumatoneuridae (Gengra:Species: 1);

Isostictidae  (Genera:12; Species:45); Placticneenida(Genera:43;
Species:455); Coenagrionidae (Genera:121; Spe8ekilThe 11 families of
the concerned Suborder Anisoptera includes theviahlg: Austropetaliidae
(Genera:4; Species:1); Aeshnnidae (Genera:54; &pd80); Petaluridae
(Genera:5; Species:11); Gomphidae (Genera:101; i&p#010);

Chlorogomphidae (Genera:3; Species:52); Cordulegar (Genera:3;
Species:55); Neopatalidae (Genera:l; Species:l)ynth®mestidae
(Genera:26; Species:147); Macromiidae (Genera:d¢i®p:125); Corduliidae
(Genera:21; Species:165); Libellulidae (Genera: Bpkcies:1035). The third
suborder Anisozygoptera is represented by only fangly Epiophlebiidae

(Genera:1; Species:3). (Subramanian and Babu, 2017)

DIVERSITY IN INDIA

About 488 species and 27 subspecies distributdd4ngenera and 18
families are known to be existing in India.This enos order is told to be
abundantly found in Western Ghats, Eastern Himadyas Andaman Nicobar
island in India (Subramanian and Babu, 2017). Thbosler Zygoptera
consists of about 211 species falling under 59gereerd 9 families. The
representing families are Lestidae (Genera: 5; i8pe@5); Synlestidae
(Genera:1; Species: 6); Platystictidae (Generg@ciges:15); Coenagrionidae
(Genera:12; Species: 60); Calopterygidae (Genera: SPecies: 9);
Chlorocyphidae (Genera: 8; Species: 22); Euphaeid&enera: 6;
Species:19); Philogangiidae (Genera:1l; Speciesri) Rlacticnemiididae
(Genera:15; Species:53). The ssuborder Anisoptersists of about 276
species categorized in 94 genera and 8 families.répresenting families are
Aeshnidae (Genera: 13; Species: 49); Gomphidaegi@ef9; Species: 85);
Cordulegastridae (Genera:3; Species: 9); Chlorodgnae (Genera:3;



Species: 8); Corduliidae (Genera: 2; Species: ®)ellulidae (Genera: 40;
Species: 91); Macromiidae (Genera: 2; Species:yhthemestidae (Genera:
2; Species: 15). The third suborder Anisozygopierapresented by only one
family Epiophlebiidae (Genera: 1; Species: 1).(8uianian and Babu,
2017).

DIVERSITY IN KERALA

About 142 species spreading in 74 genera and 13lidamare
distributed in Kerala.(Kiran and Raju, 2011). Thebarder Anisoptera
consists of about 48 genera and 85 species fallmder 6 families. The
representing families are Aeshnidae (Genera: 3ci8pe 7); Gomphidae
(Genera: 13; Species: 19); Chlorogomphidae (Geher&pecies: 2);
Corduliidae (Genera: 2; Species: 4); Libellulid&eera: 27; Species: 47);
Macromiidae (Genera: 2; Species: 6). The suborggo@tera consists of 26
genera and 57 species under 7 families.The refdnegdamilies are Lestidae
(Genera: 2; Species: b5); Platystictidae (Genera: Shecies: 10);
Coenagrionidae (Genera:10; Species: 21); Caloptagg (Genera: 2;
Species: 3); Euphaeidae (Genera: 2; Species: 4); Rlacticnemiididae
(Genera:1; Species:1); Protoneuridae (Genera: &ci€g 13).Recently the
same authors has reported about 154 speciesdevata.

Odonates are medium to large sized amphipterygsects which are
hemimetabolous and carnivorous. Both larvae andtsdare voracious
predators of many insects and hence ecologicalportant as indicators of
healthy ecosystem. They are always associated \&thy ragroecosystems as
it feeds on wide variety of crop pests and alscaquatic ecosystem for
feeding various larvae. Adults feed a lot of moswmpiilarvae and hence in
some countries they are rearing for this purpose.dlife cycle of these
insects are strictly correlated with water sincelsdare generally oviposit

near the aquatic vegetations.Egg directly hatchigsrniymphs after one week



of ovipostion they directly develops into adultsldrave an average life span
of 4 months to one years depending on the spe@eagonflies is the
common name given to notify this order. There exastlear difference in the
morphology of both dragonflies and damselflies fioeit adult and larval
stages. Dragonflies are more prominent and dommigaiver damselflies and
even some dragonfly species are cannibalic to dé8irese Dragonflies are
strong and heavly bodied with rounded head,eyest meehe front with
wings always placed horizontally on rest. Damgdflare unlikely small
bodied ones, widely separated eyes on either sidevéth their wings placed
vertically at rest. The distribution of Odonatesama different families are
considering to be the drifting apart of southerntoent Gondwana occurred
at an earlier time. Some species are cosmopolitonature, some are locally
distributed and some in cool streams, rivers, post@gnant waterbodies and
also to marshy lands. Among Anisopterans, Liballgéi represent the most
wide spread and species rich family while Coenanygli@e is the dominant
one in Zygoptera. The most restricted one is marotyHemiphlebiidae
(Zygoptera), only known from six or so small reeaiyols in south-eastern

Australia.

Odonates are considered as the indicator of ecanygtiality because
their local faunal composition is strongly affecteygl changes in water flow,
turbidity etc, or in aquatic or waterside vegetasioThose animals which are
generally found at the lower position of food icheauses a great change in
the health of ecosystem than do in the top. As @tisnare placed in the low
aquatic food chain, they can be used as an inditataletermining the health
of ecosystem. Inland fishermen may know dragordiywde as "mud-eyes”
and use them as bait. Adult dragonflies are a miood item in some
countries, and the larvae sometimes have beentosehtrol pest insects (eg.
mosquitos in domestic water tanks). Their mainaation for humans is

aesthetic. The present study aims to employ DNAdme technique using



partial cytochrome oxidase subunit | gene to prewedtimates of provisional

species diversity in the study areas.

The state of Kerala lies mainly in the tropicalioegwhich experiences
humid tropical wet climate by Earth’s rain foreéit.receives an average
rainfall of 3107mm with an average of about 120-14hy days per year.
Odonates are strictly correlated with aquatic est@ys and this state is
blessed with 44 rivers, it makes a suitable halfgatmany more Odonata
species. Most of the Odonata works from Keralaromted by Fraser (1933,
1934, 1936), Peters (1981), Rao and Lahiri (19&piliyamma and
Radhakrishnan (2000) as well as Kiran and Raju3201

From Kerala there are 154 species reports (KirahRaju, 2013) but
there was no barcode data available for this otileio date. In Kerala the
molecular aspects of odonata fauna are scanty ancelthe present work is
mainly based upon the molecular phylogenetic armalgé odonates from
Northern Kerala. As Northern Kerala is a part of sStéen Ghats, it is
significantly important as a species diversed afé#és COIl gene based study
in Kerala is a pioneer molecular taxonomic workha field of Odonatology.
The present study has surveyed and collected Oelorieam 7 districts of
Northern Kerala. The cytochrome oxidase | gene h&f $pecimens were
amplified using specifically designed primers ahdnt sequenced. The COI
genes used for phylogenetic studies and delinetde phylogenetic
relationships. Genetic divergence and nucleotidapasition of 20 different

Odonata specimens were described. The major olgsotif the present study

includes:
. To compliment the classification of odonates usimglecular
systematics.



To evaluate the relationship between the diffespeicies of Odonata.

To generate a database for the partial COlI genaeseg of these
species.

To delineate their phylogenetic relationships wother related insect
groups.

To evaluate the direction of the evolution of Odargpecies.

10



REVIEW OF LITERATURE

Taxonomy

Taxonomy is the basic science deals with the s@erstudy of
identifying, naming, and classifying differentganisms existing in the
world. A biologist who is working in any scientiffield would be incapable
to interpret their findings without prior informati regarding their target
organisms. Thus this field help to classify thesions of organisms existing
in the planet into different categories like famijenus, species etc. for their
easy study and proper understanding. Wilson €2803) reported that there
about 5 -100 million species are awaiting for theigcovery and description
and hence there exists an immediate urge to augtaeomomy in terms of
need (Godfrey, 2002; Hebert, 2003). It help us ndeustand what type of
characters are present in an organisms, its positithe evolutionary history
of organisms, how each animal are different inrth@hysical and mental
development, their geographical distribution et@l$o makes a baseline data
available for conservation and ecology studies, affdrds humans the
possibility to take advantage of the underutilizedources offered by the
earths' biodiversity (Wilson, 2004). Generally Tagmy has divided into 2

categories- Classical taxonomy and Molecular tarono
Classical Taxonomy and its limitations

The branch of taxonomy in which members have caisgd in
specific groups on the basis of their own similaorphmological and
anatomical characters is called classical taxonomyraditional taxonomy.
Here each species are mainly classified on thes lodgibservable similarities.
Appropriate taxonomic keys have used for the sgeadentification and also

for the proper management of biological collectiohbere exists a perfect

11



hierarchal system for the classification of evemgamism starting from
kingdom, domain, phylum, class, order, family, gerand finally to the
species level. The main drawback of this methodsisnability to identify

immature, damaged or incomplete specimens andalisedict phenomenon
like cryptic morphology and polymorphism existingn@ng different species.
Hence traditional taxonomy requires high levelseapertise in any given

group and is therefore restricted to specialists.

Identification using conventional taxonomy is redsy due to the
morphological changes in the organisms caused dgos@l and geographical
variations. They alter themselves physiologicatitg anorphologically due to
certain unfavourable conditions in the environmditese morpho variations
gets accumulate in the species concerned leadirgdi@stic change in the
outlook or appearance. This in turn causes thedemification of species
(Pushparaj et al., 2012). Actually the traditioteonomic methods make a

intractable problem for cryptic and polymorphic sies.

Cryptic speciation is a common phenomenon existmgng metazoan
taxa and this is often observed in all sorts albitats and biogeographic
zones (Bickford et al., 2007; Pfenninger et al.020Trontelj et al., 2009).
Those groups which are subjected to poor dispaftshties are greater prone
to cryptic speciation ( Neusser and Schrodl, 2@dsu et al., 2004). But this
kind of morphological similarities which exists the same species make it
difficult for traditional taxonomist to reveal tliggrompt identity. There is no
specific taxonomic key to resolve species exhigitioryptic speciation
because it is continually changing over time duerteironmental impact. But
uncovering this phenomenon one could clearly undedsthe processes of
evolution, historical biogeography, ecology andoaltheir conservation
approaches (Bickford et al., 2007; Pfenninger et 2007; Trontelj et al.,

2009). So it represents one of the complicated ase@n of taxonomic

12



incompleteness. Teo et al. (2017) analyzed the itapoe of cryptic
speciation for conservation by scrutinizing the tBolEuropean cryptic
complex of the subterranean amphipdilpbagus stygius sensu lato) using

uni locus and multi locus delineation method. E(®@#16) states that cryptic
species which are evolutionary young from poputatio species level and
their ancestors are not getting diverged indicdtat tthey have little
importance of conservation. But those species warehphylogenetically old
and reproductively isolated through strong biolagibarriers needs high

needs of conservation (Trontelj et al., 2009).

The process of polymorphism is another thing emajing to
traditional taxonomists. Due to the natural setsttirecent evolutionary
radiation has generated diverse colour patterns @hdr morphometric
differences among animals. The evolution of biatayispecies diversity has
often been accompanied by a corresponding expressiomorphological
variations, colour patterns, mouth and beak shd@eish et al., 2000).
Most of the polymorphic species exhibits spatiad &mporal heterogeneity
and the morphological differences are actually tiuthe sexual dimorphism
(Larvae and adults), epigenetic development andjrggdbic variation (Xiao
et al., 2010). It becomes a very difficult task éotraditional taxonomist when
either of the sex became difficult to collect (RdIB86). Fig wasps are well
known for exhibiting both polymorphism and crypspeciation. Xio et al.
(2010) differentiated six polymorphic males and rfaxtremely sexually
dimorphic species of fig wasps using COIl gene arffl imnolecular markers

when traditional taxonomy fails to work over it unliguously.

Geographic variation among individuals is anotiagonomic problem
confronted by conventional taxonomists. It is tagtlidinal, longitudinal and
altitudinal variations. Certain  environmental didions may additionally

influences the selective gain to them at a padicstage in their life cycle
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which persists and leads to the formation of neecss. So the knowhow
about each species regarding their relationshipthir close relative’s

traditional line of taxonomy is not at all an eaagk.

Among insects, sexual dimorphism and mimicry ofteads to the
misidentification of the original species. Sexualigtion represents one of
the best morphological variations exhibited by aalsnlt is the difference in
physical appearance of both sexes other than Htimction in sex organs. It
includes difference in colouration, size and bottyures between sexes. It
permits not only in the larval and juvenile perip@sit even in their adult
stage also. According to Shine (1989), the primelaggcal cause for the
sexual dimorphism is the competition between sdmesxistence and the
evolution of foraging specialization is discovered be the most essential

cause of sexual dimorphism.

Thus the adoption of manual taxonomy, on the basithe above
mentioned limitations, leads to misidentificatioh tbe species in between.
This trouble has thus influenced the emergencd@fntolecular taxonomic
frame work studies for the conformation and thetdsatent in the

identification of species.
Emergence of Molecular Taxonomy

Molecular systematics is one of the most unexpigtexpanding
fields in modern biology, but our grasp of sampfenmlecular evolution
remains relatively superficial. The theoretical niwork for molecular
systematics used to be laid in the 1960’s mainlytlom works of Emile
Zuckerkandl, Emanuel Margoliash, Linus Pauling anlter M. Fitch.
Analysis of molecular statistics has verified todssential for perception of
phylogenetic relationship, examining populationusture within a species

and assigning unknown specimens. The use of malechlaracters for fast
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identification of unknown organisms has been prowete useful and pretty
effective. The genes encoded in the mitochondriBllAD(mt DNA) have
dominated in the field of molecular systematic hmsea of their maternal

inheritance, restrained recombination and speediugon.

The major steps used in most systematic studietuda taxon
sampling, choice of appropriate markers and arwalystudies. One of the
key elements in designing a molecular systematidysts selecting ingroup
and outgroup taxa. Most studies agree that saqpkm significantly affect
phylogenetic inference. Sequencing is generallgtrappropriate for studies
at inter specific levels or even higher. Otherhods like restriction fragment
length polymorphism (RFLP), single-stranded confational polymorphism
(SSCP), random amplification of polymorphic DNA (RB) etc are also
used nowadays. DNA sequencing has become domiretinigue for
generating molecular data for comparative analy§l®&e DNA sequences
exhibit certain properties like inherent compai@pibf sequence data that
facilitates the connectivity and unique insight &ds evolutionary processes

deriving diversification of DNA itself.

The use of molecular data in taxonomy has sewhahntages. First
and foremost, the classification schemes for grasysh as Fungi, whose
phylogeny has long confounded many taxonomists wdlg upon more
traditional morphological characters, can now béemheined more easily.
Secondly, organisms typically have many thousahdff@rent genes, so that
there is a potential data base of characters whighitually unlimited in size.
Third, as the changes in DNA form the basis for @her evolutionary
changes such as changes in morphology, comparisgene sequences allow
study of evolution at most basic level. Comparasiuadies of morphology
will continue to play an important role in taxonorbyt gene sequences are

becoming more widely used for easy comparisonxartamy.
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Molecular techniques provides powerful tool for tteidy of insect
systematics. Similar morphology and high geneteity poses problems in
phylogenetic studies of insects. To solve thesélpros, mitochondrial based
markers have been adopted and are increasingly as@dolecular markers
for phylogenetic studies. Varied markers have hesad for different species
of insects, viz. markers for 16S rRNA, 12S rRNA, NID6 genes), ATPase
and control regions. Molecular phylogenetics usesdtructure and function
of molecules and how they change over time to irfese evolutionary

relationships.
Mitochondrial DNA markers

Mitochondrial markers considered as promisingrursent for Insect
systematics (Cameron et al., 2014). It is a higldgserved 15-18 kbp long
DNA span containing 37 functional genes comprisit®) protein coding
genes, 2 rRNA genes and 22 tRNA genes (Boore ,e1299). Among these
techniques, the analysis of mitochondrial DNA isrtigalarly useful in
discriminating between closely related species. Tw that mitochondrial
DNA has maternal inheritance, its high mutatiorerdtie to limited repair
system, high nucleotide substitution rate (5-10e8nmore rapidly than
nuclear) and relatively simple conserved structarakes it suitable for
examining population and subpopulation structuresorsg related taxa
(Brown et al., 1979). Also the robustness of mtDIldgainst degradation
makes them ideal markers for many species levelstmues. Mutation
hotspots or adaptive substitution are known to tekaismtDNA causing

heterogeneous evolutionary rates across genes.

Among insects, the mitochondrial genome is cinculdh size ranging
from 15 to 20kbp approximately, and an A+T rich ttohregion showing
substantial length variation among taxa. Advancesmethod of data

generation and analysis have led to accumulatiolargie amount of DNA
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sequence data from most major insects group. EiEsleasier comparison of
relationship and evolution. The cytochrome oxidas@gCOl), cytochrome
oxidase Il (COIl), 16S rRNA, 18S rRNA and Elongatieactor-1 (EFI) genes
are widely used and informative in wide range dfoetiondrial divergence in
insects. These are used as standards for inseetutat systematics. Insect
mitochondria contains two rRNA genes encoding 128 &6S ribosomal
RNA in which the former is used for resolving disky in phyla while the
latter is used for families or genera. The phylagenstatus oDactylopus of
Mexico using 12S rRNA sequence and the phylogeny tearimites,
cockroaches as well as damselflies using 16S rR&tfuesnce are the classical

examples (Kambhampati et al., 1995, 1996).

Among the different marker genes in mitochondpagtein coding
genes are known to be having faster evolutionatgsraompared to rRNA
gene sequences. They are classified into good (WD, ND2, Cyt b and
COl), medium (COIl, COIIl, ND1) and poor (ATPaseMN)3, ATPase 8 and
ND4) on the basis of resolving evolutionary relasbips (Zardoya et al.,
1996).

DNA barcoding and its applications

DNA barcoding is a novel system designed to prevabid, accurate
and automatable species identification by combinegagpnomy, genetics and
computer science that automates the process oinoigaexpert species
identification. It differs from molecular phylogeng that barcoding is not
used to determine classification but to identifyumknown sample in terms of
a known classification. Thus this technique doesraquire any taxonomist
for identification process DNA barcoding technigisemainly based upon
idea that sequence diversity of standard gene megimongst different

organisms which can serve as a tool to identifyicspens to known species
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and potentially discover new species (Hebert et 2003). It provides a

universally accessible format across the widespsesahtific community.

The public consortia for DNA sequences includeermational
Nucleotide Sequence Database Collaboration (INSE&)prised of NCBI
(National Centre for Biotechnology Information), BM (European
Molecular Biology Laboratory) and DDBJ (DNA Datamaof Japan) as well
as BOLD (Barcode of Life Data system) (Ratnasingeauth Hebert, 2007).

The COI gene is used for barcoding as it is thgelst gene among the
three mitochondrial genes encoding cytochrome @ddaibunit and has high
insertion deletion events. Hebert et al. (2003xdbed a 648 bp region in the
mitochondrial COI gene for animal barcoding becaitseshowed high
efficiency for the identification of bird, fish,ifls and other animals. Also it
has a high rate of nucleotide substitution helpiagdiscriminate cryptic
species also. Hence this region is considered asutiiversally accepted

barcode region in molecular studies.

DNA barcoding essentially provide the case of Bpen identification
using simple molecular protocol irrespective of @peen’s life stages, sex,
location of collection as well as non availabilty taxonomic expertisation
(Teletchea et al., 2010). It has a lot of applmatin various ways like
invasive species, identification of botanicalsed&bn of specific substitution
in sea foods and also biomonitoring of ecosysteaithé Adamowicz, 2015).
Creer et al. (2010) says that DNA barcoding canitakxe traditional
taxonomy in conjunction with ecological, morphologji and other genetic

studies.

In animals, species boundaries are successfullgbleshed using
barcode analysis. Variation in the divergence tiwkbis used to diagnosis

species and detection percentage between congeseecies rapidly
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increases beyond 1-2% (Hebert et al., 2003). Thd B#&coding is an
effective tool for protistologists capable of diéatiating closely related
ciliate species. The COIl barcoding for species tifleation of the genus
Tetrahymena showed divergence by <1% belong to same speciés>a%

belong to different species (Chandini et al., 2011)

The partial (780 bp) mitochondrial cytochrome @sd | subunit (COI)
and nuclear 18S rRNA (1780 bp) sequences weretljiresmpared to assess
their relative usefulness as markers for specientification and phylogenetic
analysis of coccidian parasites (Phylum: Apicomp)exThe observations
demonstrated that partial COl sequence providese msynapaomorphic
characters at the species level than 18S rRNA seggerom the same taxa. It
can be concluded that CO | performs well as a mdikethe identification of
coccidian taxa (Eimeriorina) and will make an ela@l DNA ‘barcode’ for
coccidian (Ogedengbe et al., 2011). Two molecul@niification techniques
like PCR and RFLP were used for differentiating s$igpidopteran pests
infesting apples in Korea (Shresta et al., 2009)489 bp sequence of COI
showed variation in their DNA sequence with 142 atiohs consists of 56

transition, 66 transversion and 20 mutation witthkdoansition and transversion.

DNA barcoding methods in human and veterinary élfp understand
pathogen life cycle more easily. A eukaryotic unsa primer to amplify 758 bp
of vertebrate COIl gene was designed for the ideatibn of blood sucking
arthropod. They were amplified in PCR. The analg$immosquito, phlebetomic,
sucking bugs and ticks revealed upto 40 vertebraists, 23 avian, 16

mammalian and 1 reptilian species (Alcaidalet2009).

Non coding satellite DNA (satDNA) usually has ahiturnover rate
frequently leading to species specific patternan&sat DNA families evolve
more slowly and can be found in several relatedisge Martinsen et a{2009)
analyzed the mode of evolution of PDO500 satDNAiRamsing 12 Dolichoda
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cave crickets. 199 genomic or PCR amplified satDM#&eats of PDO500
family from these species were sequenced. The PIDB&E(DNA exhibits the
molecular evolution at a gradual rate that is omlyghtly faster than
mitochondrial COIl sequences. The PDO50 phylogeny basically congruent
with mtDNA phylogenies. Thus PDO500 satDNA was fdunformative and

could be used as one of the phylogenetic marker.

The internal transcriber spacer 2 (ITS-2) whiclhpasates nuclear
ribosomal genes 5.8S and 28S constitute a rapidolvieg nuclear DNA
fragment and proved very useful in inferring phyaogtic relationships of
closely related species in plants and fungi. Inlib#erfly family Lycaenidae,
ITS-2 structure was analyzed to align sequenceslifbérent sub tribes in
Polyommatini and produce a phylogenetic tree of their tribeclviwas obtained
with COIl and COIl. The usage of ITS-2 marker andarelter based
phylogenetic method can improve versatility of If&rker and characterize

phylogenetic studies (Weimees et al., 2009).

DNA barcoding is a challenge in the field of bi@mmatics. Virgilio et
al., (2010)compared the performance of DNA based barcodingtiftization
among insect orders and concluded that distancedba#terion showed higher
and more robust performance than the tree basecatba Character based
identification provides more accurate result simcelirectly uses nucleotide
variation in each base position as a diagnosticacher and better than distance
based method. Dasmahapatra et al. (1985) emphabaeAFLP marker can be

used as an effective tool to check the resultsdADarcoding experiments.
ORDER ODONATA

Odonata is one of the ancient groups of wingeddatss dating back to
the permian period (Grimaldi and Engel, 2005). Thegn be easily

recognised by their long, slender abdomen, largbughr eyes often making
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upon large head, short antennae, long wings witisgicuous nodus and have
pterostigma. Extant dragonflies are divided intos@borders Zygoptera
(Damselflies) and the Anisoptera (Dragonflies) aad third suborder
Anisozygoptera under the new name Epiprocta. Zygyaphave a broad head
with widely separated eyes, similar sized fore himdlwings. The larvae are
slender and having 2-3 caudal gills for respiratinisoptera are little larger
than Zygoptera and are robust bodied ones. Thed Wings are broader at
their base than the forewings and in most of tinglfas with their eyes touch
on the top of the head. Larvae are stouter tharogigga are lacking caudal
gills. Oxygen is absorbed through rectal gills.sSTorder has been divided into
2 suborders in which Anisoptera (12 families) andya@ptera (24 families).
About 6000 species of Odonata and subspecies beipihm 652 genera have

been documented worldwide (Schorr et al., 2010).

Odonates are aquatic carnivorous and hemimetadatsect with their
pupal stage is wanting during their life cycle.e.ifycle begins as eggs and
oviposition takes mostly on plants found above @oWw water surface. Their
hatching period found to be 7-9 days upto severahths depending on
species. Larvae moult about 30 times and haveeaspfn of 4 months to 10
years. Adults are spending most of their time asaberedators and well
known as aerodynamic fliers in the insect worldeyhgenerally feeds upon
whatever prey is abundant in the nature and maaslymosquitoes, bees,

wasps, butterflies and other insects.

The taxonomy of Indian Odonata is well worked aedcriptions are
available for all the reported species (Fraser,319®34, 1936; Prasad and
Varshney, 1995; Subramanian, 2014). Introductionfield guides from
Emiliyamma et al. (2005), Subramanian (2005), Na611) and Kiran and
Raju (2013) have recently accelerated the procésdata collection in

odonates. Information regarding the number of otkmaas derived mainly
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from the Global species database for the catalofjlige. Emiliyamma et al.
(2007) reported 137 species and sub species of @alspread over 79

genera, 12 families and 31 subfamilies from Kerala.

The suborder Anisoptera consists of dragonfliesciwvrexisted 250
million years ago in the carboniferous period. Tdyisup composed of 3012
species in 348 genera in 11 families (Suhling, 20They are characterised
by robust stout body, prothorax covered by pronotiused meso and meta
thorax (Synthorax), stout abdomen having 10 segsnenpair of compound
eyes, legs and different sized forewing and hindwiaving pterostigma. The
characteristic feature is the differently sizedefeing and hindwing, anal
appendage consists of both cerci and epiproct ¢ddifig the prey, cubital
vein forms the basal side of discoidal cell, ar@ihvforms anal loop which is
differently shaped (Silsby, 2011). Coenagrionidad aibellulidae represents
the most dominant families of these two subordehngchvare known to be
recently originated (Rehn, 2003; Jisha and Selm<s2@l5a). Dragonflies are
the most recognizable of insects and their progendre known to date in the
Carboniferous period and probably the most widelpwkn extinct insects.
They are widely used in the studies of morpholdgghaviour, ecology and
evolution (Corbet et al., 1999).

The suborder Zygoptera represents one of the m@in@eaborder
commonly called as ‘Damselflies’. They existed 2&Mlion years ago with
primitive proto odonates existed in the Mesozoia E&rimaldi and Engel,
2005). This group have 2942 extant species list8DD genera categorised in
28 families (Suhling, 2015). They are known to leegyraphically distributed
in all biological realms except Antartica (Nilssoh997). This suborder
characteristically have widely separated eyes,dud®rax, a pair of tiny
antennae, legs and long slender abdomen havingedtents. The tenth

abdominal segment characteristically has cerci @ar@procts (Paulson and
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Dennis, 2011). Their wings are similar in size,otwed or uncoloured and
supported by many cross veins filled with Haemoliinggilsby, 2001). About
6256 species exist till now and out of which 488a@es in 152 genera and 18
families are existed in India. About 12 families ofi 31 are mostly found in
running waters within the tropical forest habitafhis suborder
characteristically have widely separated eyes,dud®rax, a pair of tiny
antennae, legs and long slender abdomen havinged®ents. The tenth
abdominal segment characteristically has cerci @ar@procts (Paulson and
Dennis, 2011). Their wings are similar in size,otwed or uncoloured and
supported by many cross veins filled with Haemoliimphe characteristic
feature of this group is that the cubital vein ferthe posterior margin of
discoid cell and the anal vein generally fusedhat wing border (Silsby,
2001). The shape of quadrilateral cell (discoidall)cis a distinguishing
feature for resolving different families of this bseuder. It is a skewed
trapezium in Coenagrionidae and Lestidae, triangléestidae and fewer
triangles in Platycnemidae. This structure is atbgr absent in

Calopteryygidae and they composed of many rectangells (Silsby, 2001).
ECOLOGICAL IMPORTANCE OF ODONATES

Most of the species are found in the temperatmmelgave a dramatic
decline in the distribution and abundance becawsk di the species are
reduced due to habitat destruction, eutrophicageidification and pollution
of aquatic habitats. These carnivorous insects baea looked as biocontrol
agent against mosquitoes (Andrew et al., 2008%oime countries they have
been widely used as food and as magical or modiésdurce at a local scale.
They features as the natures management in theetateregion of the world
(Westfall et al.,, 1996) also used as an indicatoertvironment health and
conservation management. They are very much sensdistructural habitat

quality such as forest cover and water chemistrg amphibious habitat

23



makes them well suited for environmental changefomy term and short
term, above and below the water surface (Clark &ays 1996; Sahlen and
Ekestubbe, 2001; Claushizer, 2003).

Agricultural fields provide a unique ecosystem fmrtain odonate
species in order to complete their life cycle. Besilarvae and adults of
odonates are regarded as important predators alyp@elds, they are also
well abundant because of the aquatic nature andabilidy of prey species

that are major pests of crops ((Bambaradeniya ,e2@04).
MOLECULAR PHYLOGENETIC STUDIESOF ODONATES

The most notable pre-cladistic studies of Odomatee mostly based
on wing venation (Needham, 1903; Munz, 1919). Hameestral states are
classified as their forewings and hindwings ar&eatind derived states as
forewings and hindwings are differentiated. Modemgonflies are a well
supported monophyletic group (Rehn, 2003; Kristanskd75; Wheeler,
2001). They share several unique characters mésblyahe secondary male
genitalia and the prehensile labial mask of thedar Some controversy has
existed within the order Odonata regarding whichosder is monophyletic
and which is paraphyletic. According to NeedhamO@)9there existing a
dichotomy between Anisoptera and Zygoptera. Ane@ptis divided into
Libellulidae and Aeshnidae with Aeshnidae reprasgna primitive branch.
Zygoptera are in turn divided into Calopterygidasl @Agrionidae. Munz
(1919) argued for dichotomy between Zygoptera amisdptera where the
Agrionidae are a grade including monophyletic Cgelmamidae. Zygoptera
are seen as being derived from Anisopzygotera. eTlage two convergent
phylogenetic theories that are at the centre ofdiflgate. One phylogenetic
theory was put forth by Handlirsch (Trueman et &001) that states
Anisozygoptera is a paraphyletic group from whilsa thonophyletic groups

Anisoptera and Zygoptera were derived. Tillyardu@man et al.,, 2001)
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regards Zygoptera as the paraphyletic group froncthvkhe monophyletic
groups Anisoptera and Anisozygoptera were derividds debate has been
going on for years and will likely continue untividence from fossils or

DNA will reveals, the true phylogeny.

Cytochrome oxidase (CO) gene and Nitrogen dehyrage (ND)
gene represents 2 effective molecular marker gersesi for resolving
phylogeny among dragonflies. Cytochrome oxidas€Q®Ij gene serve as a
core of a global bio-identification system for atlimal phyla. The Nitrogen
dehydrogenase sequence analysis provides strongrspecific and
intraspecific differences in the population struetwf all species that have
been shown to be highly informative at differenkai@omic levels in
dragonflies (Hebert et al., 2003).

Laltanpuii et al. (2017) used COI and NDI geneuseges to reveal
the phylogenetic relationships between differentminers of Libellulidae
family. It was inferred using Maximum likelyhoodaiBimony and Neighbour
joining methods of phylogenetic tree constructidimong the 18 genera
analysed,Trithemis, Neurothems, Tramea and Orthetrum were resolved as
monophyletic. The nucleotide distance betwé&eamea limbata and Tramea
basilaris were found to be lowest and it was highestHotamrcha congener
and Neurothemis tulllia. Their study also states that there exists a faogumit
correlation between species richness with temperatnd humidity was

found but rainfall did not significantly affect tlspecies richness.

Ricardo et al. (2017) studied about the DNA bamgdof 38
Neotropical odonate species using COI gene seqgseiibe 130 cytochrome
oxidase | genes sequenced from the collected spesimhowed a distinct
gap between 0-2% intraspecific and more than 15%aspecific variations.
Joan et al. (2017) resolved the DNA sequence direrg among the genus

complex ofSympatrum using COI gene and ITS gene. The complex involved
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4 species namelySympatrum vulgatum vulgatum, Sympatrum vulgatum
decoloranum and Sympatrum vulgatum ibericum in the west palaeartic. They
have differentiated parapatric distribution and icezible morphological
differences in colour and body size to debate tkeonomic status. The
phylogenetic tree based on the mitochondrial COtkeragene inferred that
all sequences frorBympatrum vulgatum exhibit a highly supported clad8.
vulgatum ibericum and S wulgatum decoloration were recovered as
monophyletic. The maximum genetic distance $fmpatrum vulgatum
ibernicum with respect tdS vulgaticum decoloratum is (3 mutation, 0.4 %
uncorrected P distance) much lower than the typiteérgence between
generally accepted sister or closely related spemfieodonates. Based on the
ITS sequence analysis also it was proved 8yatpatrum vulgatum is the
highly supported clade. It was observed that thd Géhe sequences of
Sympatrum striolatum were highly diverged (6.3%) from that 8ympatrum
vulgatum and further remarkable sequence divergence (moae t10%)

betweersS. vulgatum andS. striolatum.

Princess et al. (2018) generated around 134 C@lotdas from 36
morphologically identified species of odonates espnting 10 families in 19
genera from the islands of Philippines archipeladbeir intraspecific
sequence divergence ranges from 0 to 6.7 % withdpacies showing more
than 2% while intraspecific sequence divergencemff.5 to 23.3% with
seven species show less than 2%. The geograpHhatiaso between the
islandes might have facilitated rapid speciationd aresulted in low

interspecies sequence divergences among closatedeyroup of species.

The molecular phylogenetic relationships among e of different
genera of Libellulidae were studied using 735bpnotochondrial COl and
416bp of 16S ribosomal RNA gene sequences by Thamals (2011)Ladona

and Plathemis were often placed as subgenera lobellula genus. Here
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parsimony and maximum likelihood analysis of thpasate and combined data
sets indicated tha&lathemis is a basal clade arichdona is a sister clade to the
remaining Libellulidae genera. Jessica et al. (2@&Efformed a well sustained
phylogeny of the Libellulidae from 2 gene fragmeotsl6S and 28S rRNA. A
total of 93 ingroup taxa and 6 outgroup taxa wemgldied for 28S rRNA
fragment and 78 ingroup taxa and 5 outgroup tax@ amplified for 16S rRNA
fragment. Bayesian, likelyhood and parsimony anslgé the combined data
produced well resolved phylogenetic hypothesis wite conclusion that the
Macromiinae, Cordullidae and Libellulidae familieef odonates are
monophyletic. This study showed the inherent prnwblef using poorly
developed inaccurately scored characters like wirgation for taxonomic

identification.

Relationships of North American damselflies of tgenus Ischnura
(Coenagrionidae) were investigated using a total205 bp portion of three
mitochondrial genes cytochrome b, cytochrome oxddaand 12S rDNA (Paul
et al., 1999). Protein coding genes exhibited tleatgst number of changes in
the third codon position and the fewest at tAt pgsition. Cyt b is strongly
towards transition at first and third positions lwdivergence between 0.4% to
16.9% and transversion accounts for second posgidrstitution. Estimated
number of transition and transversion substitutifmmsl2S rDNA appears to be
equal and showed a divergence from 0 to 14.6%. TBé¢l gene sequence
examination showed that 131 of the 363 positionewariable and of these 84
were parsimony informative. Phylogenetic analysdidated that several species
of Ischnura form monophyletic group within North America thigkely is of
recent origin. The analysis of taxa ranging thraughthe Caribbean and the rest
of American areas suggested that the North Ameiisamuran fauna is having

a Neotropical ancestry.
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DNA barcoding approaches can be character badestevspecies are
identified through the presence or absence of elisanucleotide substitution
within a DNA sequence. Potential of character baB&A barcodes were
demonstrated by analyzing 833 Odonate specimens ft03 localities
belonging to 64 species (Hadrys et al., 2006). Har®chondrial NADH
dehydrogenase | (NDI) gene region was exploredifaling character based
DNA barcodes for taxonomic units in odonates. Th® N has been
successfully applied to phylogenetic and populatgenetic studies in
odonates and found that it is well suited as adtéve or compliment to COI
sequencing. Similar reports were generated thrdliglstudies on 54 species

and 22 genera of odonates by Rach et al. (2008).

Mitochondrial DNA barcode gene COIl and morpholagitaits were
used to reveal the relationship among four popataf the Neotropical
damselflyPolythore procera in the Colombian Andes foot hills. The lack of
morphological differentiation coupled with 3% genetlivergence at the
molecular level showed the phenomenon of cryptecition in this species
(Mellisa et al., 201D Sandra et al(2010) used character based DNA
barcoding data method in a dragonfly model systewm discovered two
visually cryptic speciegrithemis stictica. Deciphering NDI and COI gene
sequences, three genetically distinct clustersTathemis species were
discovered. Lin et al. (2010) studied the first pdete mitochondrial genome
structure of a damselflyfEuphaea formosa and reconstructed a phylogeny
based on 13 protein coding genes of mitochondriehoghes in 25
representative hexapods to examine the relatioaskimong the basal
Pterygota. The gene arrangement, nucleotide cotnposand codon usage
pattern of the mitochondrial gene arrangement mndas across these three
odonate species suggested a conserved genomei@vaolithin the Odonata

members.
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Sexual dimorphism is particularly high in the Ulbédae and
Aeshnidae families of Odonates. Pushparaj et @l12p carried out DNA
barcoding method using COI gene for the accuratatification of selected
dragonfly species of the family of Libellulidae aAdshnidae along with
three other evident species retrieved from NCBI Bzek. The phylogenetic
tree was created using NJ (Neighbour Joining) ntetbaletermine the origin
and evolutionary relationships of the species. GamBank results showed
maximum identity of 100% fobDiplacodes trivialis, 98% for Bradinopygea
geminata, and 87% forAnaciaeschna jaspidea. Study concluded that the
DNA barcoding is a valuable tool for the autherttara of the species. Thus
DNA barcoding provides crucial information in thiygtic species discovery
and also to analyse the relationship among theodifdgs even up to sub

species level.

Migratory behaviour is relatively unrevealed amotige odonates
species (Russel et al., 1998). Their migrationnievikn to occur only in one
direction and it is relevant to intraspecific phy¢émgraphic studies because
extensive gene flow will homogenize phylogenetitigra. Artiss studied the
phylogeography of a facultative migratory dragonflibellulla quadricacus
using COI gene in Asia, Europe and North Americd proved that there is
only limited genetic distance of 1-2% between papahs and does not
influence the phylogenetic relationships of popaolatbetween continents
(Artiss et al., 2001).

The identification of odonate larvae is a majoaldnge to scientists
(Rach et al., 2008). It is always make difficulties some morphologically
similar species. But DNA barcoding allows for catent and reliable results
which compliments traditional morphological idem#tion (Rach et al.,
2008). Bedjanic et al. (2016) studied about theomaxny and molecular

phylogeny of the Platystictidae of Srilanka usingl@cular characters. About
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five new species have been identified and descrineddall members showed
monophyletic ancestry. One of the South Indian igged®latysticta

deccanensis was found not been placed under Srilankan Clade.
ODONATESOF KERALA

The Kerala state represents a narrow stretchetdf@amd in between
Southern Western Ghats and Arabian sea. This geloiged area is well
known for vertebrate fauna and having a latitud&°af8’-12° 48’ N. As this
state is blessed with 44 rivers and having a aeeramfall of 3107mm, it
make a suitable habitat for many odonate specidbegsare being aquatic
insects. A total of 154 species spreading in 79%gerand 12 families are
known from Kerala (Kiran and Raju, 2013; Emiliyamn2005). In Kerala
most of the information regarding odonate fauna bh&sed on the works of
Fraser (1933, 1934, 1936), Peters (1981), Rao ahiil(1982), Mathavan et
al. (1989), Emiliyamma and Radhakrishnan (2000,220&iran and Raju
(2011), Kiran and Kakkasery (2007) and Kakkas2006).

Shuan and Kakkassery (2013) conducted taxonomit diversity
studies of odonate nymphs by using their exuviaeofding to them, exuvia
can be used for the identification of nymphs at $pecies level without
disturbing the live specimens and reported five rspecies belonging to 3

different families in Thrissur district, Kerala.

Odonates are ecologically important as the pregatbomany rice field
pests (Fraser, 1933; Krishnaswamy, 1984; Gunatméget al., 1999). A
survey conducted on the odonate diversity amongitieefield of Palakkad
district found that their maximum abundance waseoled during harvesting
stage (Palot et al., 2005). According to them pafielgs are continuously
changing microhabitat and most of the species aracious predators of rice

pests resulting the maximum odonate diversity ducumltivation season.
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MATERIALS AND METHODS

1. Insect collection, identification and preservation

The adult specimens of odonates were collected from seven major
districts of Northern Kerala. Collections were done mainly by hand net
sweeping method and preliminary morphological identification was done by
using authentic identification keys and guides. Expert taxonomist in the field
of odontology, Dr. K. G. Emiliyamma, Scientist-D, Western Ghat Field
Research Centre, Zoological Survey of India, Calicut was consulted for
species confirmation. The identified specimens were photographed using
different cameras such as Canon EOS 1200D and Nickond d40x. These
specimems were stored at 20°C in the repository of Molecular Biology
Laboratory, Department of Zoology, University of Calicut as voucher

specimens for future references.
2. Mitochondrial DNA Extraction

The genomic DNA was extracted using commercially available
genomic DNA preparation kit following manufacturer’s instructions. The
insect specimens were taken out, washed primarily in running water and then
2 — 3 times in distilled water. One of the thoracic legs of each specimen was
grounded using mortar and pestle and complete tissue lysis was done with
Proteinase K, incubating the tissue at 56  C for 1-3 hours (Shere-Kharwar et
al., 2013). This method provides a non-destructive way for extracting DNA
that involves soaking samples in Guanidinium hydrochloride (GuHCI) with
subsequent adsorption of DNA to silica (Rohland et al., 2004). Silica gel
binds tightly towards the positively charged silica particles. After
centrifugation process, DNA molecules are eluted under low strength by Tris-
EDTA buffer (TE buffer) or distilled water for permanent storage of DNA
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(Esser, 2006). The DNA isolated was confirmed using 1% agarose gel

electrophoresis.
3. Primer designing

Primer designing is essential for a successful PCR reaction. It requires
brief sequence of dNTPs to the DNA polymerase to work on and additionally
allows in restricting the amplification in the desired target regions. Usually
the primers are 18-25 bases in length and are complementary to the end of the
regions of DNA to be copied. The cocktails of specific forward and reverse
primers were designed. Cytochrome oxidase subunit | gene (COI) sequences
of various related groups of insects were fetched from GenBank using
BLAST programme of NCBI and primers were designed using Primer 3
software (Untergasser et al., 2012). The details of the primers specifically
designed and used for PCR amplification in the present study is represented in
Table 1.

4. PCR amplification and DNA sequencing

The mitochondrial cytochrome oxidase subunit | (COI) gene of the
collected specimen was amplified separately using the specific set of forward
and reverse primer. The PCR reaction mixture consisted of 2ng of genomic
DNA (1ul), 1ul each forward and reverse primers at a concentration of 10
uM, 2 ul 10X reaction buffer, 2 pl of ANTPs (2 mM), 0.20ul Taq polymerase
(5 U/ul) and 12.8 ul distilled water. The PCR profile consisted of an initial
denaturation step of 5 min at 95° C, followed by 30 cycles of 10 sec at 95° C
melt, 1 min at 50° C anneal and 45 sec at 72° C extend, ending with a final
extension phase at 72° C for 3 minutes. The PCR products were resolved on
2% Tris Acetate EDTA (TAE) — Agarose gel, stained with Ethidium Bromide
(Sambrook and Russell, 2001) and documented using a gel documentation
system. A 1Kb DNA Ladder (Thermo Scientific GeneRuler, #SM 0242) was
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used to determine the size of the product. The PCR amplified product was
portrayed by different size of DNA band depending up on the set of primers
used. The PCR product was column purified using Gene JETTM PCR
Purification Kit (Fermentas Life Science), designed for rapid purification of
single stranded or double stranded PCR amplification products from other
components in the reactions such as the primers, dNTPs, unincorporated
labelled nucleotides, enzymes and salts from the PCR products. The purified
product was again resolved on 2% agarose gel to confirm the presence of
amplified DNA.

The PCR amplified DNA was mixed with binding buffer and added to
the purification column. The chaotropic agent in the binding buffer denatures
proteins and promotes DNA binding to the silica membrane in the column.
Binding buffer contained a colour indicator which allows for easy monitoring
of the solution pH for optimal DNA binding (Boom et al., 1990). The
impurities were removed by a simple wash step. Purified DNA was then
eluted from the column with elution buffer. The sequencing of the purified
DNA template from both ends using the Sanger’s dideoxy chain termination
sequencing method (Sanger and Coulson, 1975) was done at SciGenom
Laboratories Ltd., Cochin with ABI 3730XL automated sequencer. By
sequencing from each ends using forward and reverse primers it was feasible

to urge longer sequences than by employing a primer in one direction.
5. Alignment and analyses of DNA sequences

The sequence information records containing chromatogram were
analysed with the aid of a reader-kind programme (Finch TV) for checking
and annotation of forward and reverse primer sequences. Annotated
sequences were imported and primer sequences had been removed from the
beginning and the end of the obtained sequence and sequence ambiguities had

been resolved. The COI sequences obtained were multiple aligned using
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ClustralW (Thompson et al., 1994) programme. The aligned COI sequences
have been translated to amino acids to assess for the presence of premature
stop codons that indicate the presence of nuclear pseudogenes or sequencing
errors. The FASTA format of the final sequence was used to search for its
similarity utilising the Basic Local Alignment Search Tool (BLAST)
(Altschul et al., 1997) of NCBI (http://www.ncbi.nlm.nih.gov). The BLAST
search identifies the sequences which are homologous to the query sequence
acquired by the present study. The nucleotide sequences obtained in the study
were deposited in the public databases and have been assigned with accession
numbers in NCBI GenBank (National Centre for Biotechnology Information)
of INSDC (International Nucleotide Sequence Database Collaboration) and
BOLD (Barcode of Life Data system) (Ratnasingam and Hebert, 2007).

6. Phylogenetic analyses

Final nucleotide sequences were analyzed using the Molecular
Evolutionary Genetics Analysis version 6 (MEGAG6) software specifically
designed for statistical analysis of sequence data (Tamura et al., 2013). The
interspecific and intraspecific genetic diversity were generated using Kimura
2 parameter model, and a phylogenetic tree was generated using the Neighbor
— Joining algorithm (Saitou and Nei, 1987). Bipartitions in the Neighbor —
Joining tree were examined by bootstrap analyses over 500 replicates
(Felsenstein, 1985). This bootstrap analysis was important for calculating the
confidence interval of monophyletic groups within phylogenies. Percentage
nucleotide distances calculation were performed using MEGAG software. The

results were depicted in the form of respective figures.

34



RESULTSAND DISCUSSION

The order Odonata, consisting of dragonflies aachgklflies, are the
most popular insects in the public figure. Theylatewn to be existed in the
carboniferous period along with mayflies and welbwn as the enchanting
“Charismatic fauna” of the insect world due to testence of variety of
colours. They are the living representatives ofngive winged insects found
in all biological realms except Antarctica. Histai studies proved that most
of the species exists today are truly the descdadainproto-odonates and
their fossils resembles to those existed in theddeis era (Emiliyamma et
al., 2005). Scientists still have a controversy floe correct phylogenetic
position of dragonflies due to their unique flighttd mating behaviour. As
both life stages are tightly correlated with aqudtabitat, they are widely
used for studying ecological, behavioural, biocleahiand evolutionary
aspects (Corbet, 1999).

Generally, most of the members have freely aditng head, narrow
neck, short inconspicuous 3-7 segmented filiformteanae, biting and
chewing mouth parts, reduced prothorax, fused nasb metathorax, thin
long legs, membranous wings and long slender abdo@eler Odonata has
been divided mainly into 2 suborders due to théetthce in morphology as
Anisoptera (Dragonflies) and Zygoptera (Damselflie&nisopterans have
difference in the size of their forewings and himuys while Zygopterans
have similar sized. This is the crucial diagnos$éature for differentiating

these two suborders.

The systematic and phylogeny based studies of &@denwere
pioneered during 1980s. As insects are exposedferanht ecological niche,
they exhibit a great deal of morphological variatidAlso their ability of

metamorphosis from egg to adult makes a lot ofagi@n in their morphology
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causing superficial differences. This made the nporation of molecular
methods too in systematic studies. Molecular studiethe Order Odonata
has been widely used since 2002 onwards andheisiost effortless, reliable
and faster method for interpreting phylogeny. Se ttombined use of
morphological and molecular methods became a moneegul and essential
methodology for the prediction of phylogeny. Thegent study analyzed the
morphological and molecular characterisation ofdBferent odonate species
under 4 superfamilies: Coenagrionoidea, Caloptadggy Gomphoidae,
Aeshnoidea and Libelluloidea. The specimens welleated from the study

area spanning the seven major districts of Nortfalee
STUDY AREA

The present study investigates the morphologicntification,
molecular and phylogenetic analysis of odonates) fidorthern Kerala. The
Northern Kerala or Malabar area has been selectethé present study as it
represents the western side of Western Ghats,dolesgh abundant annual
rainfall due to south west monsoon and thereby ntpki perfect homage for
many odonate species. The study area consists \@nsdistricts viz.
Kasaragod, Kannur, Wayanad, Kozhikode, Malappurdtalakkad and
Thrissur (Table 1). Each district was represented three different
ecosystems such as Agro-ecosystem, Forest ecosysatam Riparian
Ecosystem. The selection of adopting these thresystems was due to the
high occurrence of odonates for various reasonis ascsocial developmental
activities, pest management strategies, food scawvaéability and also their

role in ecosystem nutrient recycling.
1. Riparian ecosystems

Riparian ecosystems are the transitional zone dmwaquatic

ecosystem and terrestrial ecosystem. As it possesse characteristics of
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both these ecosystems, a good habitat is avaitable variety of organisms.
This ecosystem generally depends upon various ttimiaydrological and
ecological environments and hence the biodiversityeach area will also
changes. Also different latitudes and longitudesisea changes in the
precipitation and temperature supporting differencen the riparian
communities in different areas. Due to the aboagesgtents and odonates are
being semi aquatic insects with their developmerittl/ correlated with
water habitat, Riparian ecosystems had selectemh@®f the study area for
the present study. The selected riparian ecosysspesfied in each district
include Kasaragod: Periya (11.500° N 75 °50"E), ian Koothuparamba
(11.8319° N 75.655° E), Wayanad: Vythiri (11.551M° 76.0403° E),
Kozhikode: Beypore (11.1736° N 75.8040° E), Malappu Tirur (10.9146°
N 75.9221° E), Palakkad: Ottapalam (10.7723° N&3b3 E) and Thrissur:
Peramangalam (10.5303° N 76.214° E). The locatstaild were represented

in Table 1 and site photographs were representEdyure 1.
2. Forest ecosystems

Forest ecosystem includes biotic component ofstoagea. As these
ecosystems have rich biodiversity they have unigxmting and fascinating
features. Biota is changing over different seasondorest and so the
associated biodiversity will also be changes. Mdshe adult dragonflies are
often seen in forest ecosystem. Their ecology aqetial behaviour makes
them unique to adapt into the forest ecosystenfolest ecosystem, visual
observation and selective catches with sweepingaretgenerally used for
specimen collection. The significance of selecfiogest ecosystem as study
area are as follows. It offers abundant food saunmoainly dipterans and
hymenopterans that constitute a major food itemathrlt dragonflies. Hence
they are incorporated into the trophic chains obsvef forest ecosystem for

regulating the abundance of many insect specieso Ahey frequently
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observed these areas in search of finding matengnand also the protection
of home range. The selected forest ecosystems figgean each district
include Kasaragod: Parappa (12.36745° N 75.22535K&nnur: Aaralam
(11.9676° N 75.7720° E), Wayanad: Sulthan’s Batli#ty6656° N 76.2627°
E), Kozhikode: Thusharagiri (11.473022° N 76.0528%), Malappuram:
Nilambur (11.2794° N 76.3695° E), Palakkad: Attapgtil.114893° N
76.6180° E) and Thrissur: Peechi (10.5270382° R60&3 ° E). The location
details were represented in Table 1 and site phapbg were represented in

Figure 2.
3. Agro-ecosystems

Agro-ecosystem is an artificial ecosystem managetiumans for the
production of plants and animals in accordance withir needs. This
represents a highly dynamic ecosystems and nowadaysoculture is
practicing everywhere. As this ecosystem is perfiogmfor getting
economically beneficial crop yield, the pesticidee always practicing. This
in turn alters the biodiversity of plants and arnlsn&s odonates are general
predators of a wide variety of crop pests and usetthe crop management
strategy, this ecosystem has been selected forptesent study. Agro-
ecosystems are used not only for the productidoad but also the recycling
of nutrients, regulation of microclimate, local hgtbgical process
suppression of undesirable organisms and detokditaof noxious
chemicals. The selected agro-ecosystems speciiieghch district include
Kasaragode: Kangangad (12.332° N 75.096° E), Karayyanur (12.1051°
N 75.2058° E), Wayanad: Pulpally (11.7923° N 763P6E), Kozhikode:
Ramanattukara (11.1785° N 75.865° E), Malappuraitiurwviyal (11.1340°
N 75.895° E), Palakkad: Thrithala (10.803° N 769P3&) and Thrissur:
Kunnamkulam (10.601° N 76.202° E). The locatioraifletwere represented

in Table 1 and site photographs were representEdyure 3.
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The list and taxonomic key prepared for all thecgge selected under
present study as per the suitable identificatiordegi and their molecular
characterization and phylogenetic analysis wergo aflone based on

mitochondrial cytochrome oxidase subunit | genaisage is as follows:..
Systematic position of species selected for the present study

1. Suborder: Zygoptera
1.1. Super family: Coenagrionoidea (closed wings)
1.1.1. Family: Coenagrionidae (Pond damselflies)
1.1.1.1 Subfamily: Coenagrioninae
1 Ceriagrion coromendelianum (Fabricius, 1798)
1.1.1.2. Subfamily: Agriocnemidinae
2. Agriocnemis pygmaea (Rambur, 1842)
3. Agriocnemis keralensis Peters, 1981
1.1.1.3. Subfamily: Ischnurinae
4. shnura aurora (Brauer, 1865)
5. Ishnura senegalensis (Rambur, 1842)
6.Aciagrion occidentale Laidlaw, 1919
1.1.2. Family: Platycnemididae (Brook damselfly)
1.1.2.1. Subfamily: Platycnemidinae
7. Copera marginipes Rambur, 1842
1.2. Superfamily: Calopterygoidea
1.2.1. Family: Calopterygidae
1.2.1.1. Subfamily: Calopteryginae
8 Vestalis apicalis Selys, 1873
A/estalis gracilis (Rambur, 1842)
2. Suborder: Anisoptera
2.1. Superfamily: Aeshnoidea
2.1.1. Family: Gomphidae
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2.2.

2.1.1.1. Subfamily: Onychogomphinae
1. Onychogomphus malabarensis Fraser, 1924
2.1.1.2. Subfamily: Aeshninae
2.Anaciaeschna jaspidea (Burmeister, 1839)
3. Anax parthenope (Selys, 1839)
Superfamily: Libelluloidea
2.2.1. Family: Libellulidae (common skimmers)
2.2.1.1. Subfamily: Libellulinae
4. Orthetrum sabina (Drury, 1770)
5. Neurothemisintermedia (Rambur, 1842)
6.Potamarcha congener (Rambur, 1842)
7. Brachydiplax chlybea Brauer, 1868
8. Trithemisaurora (Burmeister, 1839)
9. Neurothemis fulvia (Drury, 1773)
10. Crocothemis servilia (Drury, 1770)
11.Trithemis pallidinervis (Kirby, 1889)
12. Trithemis festiva (Rambur, 1842)
13.Brachythemis contaminata Fabricius, 1793
14.Diplacodestrivialis (Rambur, 1842)
15.Bradinopyga geminata (Rambur, 1842)
16.Rhyothemis variegata Linneus, 1763
17.Pantala flavescence (Fabricius, 1798)
18. Acisoma panor poides Rambur, 1842
19. Neurothemis tullia (Drury, 1773)
20. Lathresia asiatica (Rambur, 1842)
21.Aethriamanta brevipennis (Rambur, 1842)
22 Brachydiplax sobrina (Rambur, 1842)
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Key to the suborders of Odonata

1.

The forewings and hindwings are of the same shapk aeadth,
petiolate; eyes arevell separated; slender body, male with two
superior and two inferior anal appendages..................... Zygoptera
The forewings and hindwings are of variable shapd hindwing
usually broad at base, not petiolate; eyes arellyst@anfluent across
the middle line or separated (as in Gomphidaeytdtody, male with

two superior and one inferior anal appendage................ Anisoptera

Key to the superfamilies of Zygoptera

1.

Wings with two antenodal nervures, petiolate; pogdat nervures are
in line with the cross veins below; pterostigmaae/ present ..............
................................................................................. Coenagrion@ide
Wings with more than two antenodal nervurdglhly petiolated;
postnodals are not in line with the cross veingbel............cccccceee...
Calopterygoidea (Family: Calopterygidae); pterasigabsent (Genus:
Vestalis Selys)

Key to the families of Superfamily Coenagrionoidea

Discoidal cell elongate, the costal or anterioesstightly shorter than
the basal, the distal end subacute.........cooeiiiiiiii
Platycnemididae [genuSopera Kirby: two hind pairs of tibiae bright
orange to dull reddish, moderately dilated; supeapal appendage
only one fourth the length of inferiors (p. marginipes (Rambur)]

Discoidal cell short, the anterior side much shotitan the basal, the

distal end very acute. .............oooovviieeeeemreeiee e e Coenagrionidae
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Key to the genus of Family Platycnemididae

- GenusCopera Kirby :2" segment of antennae as long as or even
longer than the '3 segment (spC. marginipes (Rambur)] two hind
pairs of tibiae bright orange to dull reddish, meadely dilated;

superior anal appendage only one fourth the leabjihferiors
Key to the genera of Family Coenagrionidae

1. Arc situated at the level of the distal antenodalbare ........................ 2

- Arc situated away from the distal antenodal negvu................oovvvnnnnn..
............................................................................ Agriocnemis Selys

2. ab (anal bridge) arising at the level af; a prominent ridge on the
frons; pterostigma similar in shape and size ithbeings of male;
segment 10 without apical tubercles..........ccccvvviiiiiiiiiii i,
Ceriagrion Selys [spcoromandelianum (Fabr.): abdomen bright citron
yellow, without markings |

- ab arising at the level or well proximal &x; no ridge on the frons;
pterostigma different in shape and size in bethgs of male;
segment 10 of male with a pair of dorsal apicaétales ..................... 3

3. ab arising well proximal to the level dc; anterior border of thorax
usually with a  pair of small horseshoe shapedksp@ostnodal
nervures 8 to 10 in the forewings ................ISChnura Charpentier

- ab arising at the point wher@ meets hinder border of wing; anterior
border of thorax simple, without hooks; postnodaivares 10 to 13 in
forewings....... Aciagrion Selys PA.occidentale Laidlaw: very slender
specimen; blue coloured with black markings on heaadrax and

abdomen; abdominal segment 8 with a black elongategular mark]
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Key to the species of genus Agriocnemis Selys

1. Labrum metallic blue; segment 2 without eyespdds sipectacles; .......
........................................................................... pygmaea (Rambur)

- Labrum non-metallic; segment 2 of abdomen with oalr black
marking along with a pair of small greenish eyespite spectacles on

the hood of @ CODIa .......evvviiieee e keralensis Peters
Key to the species of genus I schnura Char pentier

1. Abdominal segments 1 to 7 bright yellow, 8 tol0 raziblue;
pterostigma in forewing rose red, that in hindwurgform pale grey ...
............................................................................... aurora (Brauer)

- Abdomen black, marked with yellow and blue, ptdgma in
forewing black, that in hindwing uniform pale brown.......................

..................................................................... senegalensis (Rambur)

Key to the species of Genus Vestalis Selys

1. Tips of wings black; two rows of cells between argyof Cuii and IA-.
.................................................................................. apicalis Selys
- Tips of wings hyaline; two rows of cells be®n origins of Cuii and

LA e —————— e gracilis (Rambur)
Key to the super families of suborder Anisoptera

1. Discoidal cell in fore and hind wings more or Iegsilar in shape........
....................................................... Aeshnoidea (Family: Aeshnidae)

- Discoidal cell in fore and hind wings diféen shape ...............cccc........ 2

2. Eyes broadly confluent on vertex...Libellda (Family: Libellulidae)

- Eyes widely separated ..................... Goompba (Family: Gomphidae)
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Key to the genera of family Gomphidae

1.

Discoidal cell, hypertrigone and subtrigone of batings entire, anal
loop present; anal triangle usually 4 celled; abidahsegment 8 and 9
without or with pseudo lateral dilations; supermal appendage much
straighter and curled only at tips; inferiors vetgsely apposed and
curled strongly upto meet the SUPEeriors .......ccccoovvveiiiiiiie e
............................. Onychogomphus Selys [spO. malabarensis Fraser
Labrum yellow, with black border; frons black, withbroad yellow
stripe; vertex and occiput black, with a yellow spb the middle of
occiput, which is raised into a small tubercle;yonhe row of cells
betweerRil anNAIRIT ......oooveeii e

............................ malabarensis Fraser] (spC. marginipes (Rambur)]

Key to the genera of family Aeshnidae

1.

Base of hind wing without a notch; tornus of hinthgvrounded in
both sexes; anal triangle absent; IRiii not forkedgments 4 to8 of
abdomen with longitudinal supplementary ridgestmndides; superior
anal appendages of male o0btuse at APEX...coecceeeeseeereeriiieerieiiiiieenenns
Anax Leach [A. parthenope (Selys): thorax pale brown; three — fourth
of wings tinted with yellow; frons with pale blug&ipe]

Base of hind wing deeply notched; tornus of hincigvangulated in
the male, rounded in the female; anal triangle génvpresent]Riii
forked into two equal branches near inner end efgstigma; superior
anal appendages with apex prolonged and curled wavds abruptly.
----------- Anaciaeschna Selys A.jaspidea (Burmeister):

thorax reddish brown with two greenish yellow s8p wings partly

tinted with yellow]
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Key to the genera of Family Libellulidae

1. Distal antenodal nervure in forewing complet e ..coovveeeeeeeiiiinnnnn. 2
- Distal antenodal nervure in forewing incomplete. ................ccceceun. 3
2. Upper surface of frons metallic; wings with 6-9Qexmtdal nervures.......

Brachydiplax Brauer [sp.B.chalybea (Brauer): bases of all wings and
abdomen with burnt brown or golden brown colour]

- Upper surface of frons non-metallic; wingsthwi9-16 antenodal
NEIVUIES  ..eiitieiiieeeeeeseeeitteee e e e e e eeeaaseesaaanssseaeeeeaeeeeaeaanssnsseeeeeeennnnnes
Orthetrum Newman [sp. O.sabina (Drury): abdomen extremely
swollen at base, then very slim and narrow, atdhd dilated and
compressed; green with pale yellow markings onakand abdomen]

3. Sectors of arc lying betweerf®2 and 3 antenodal nervure; upper
surface of frons black, never metallic; wing basgheut black or
reddish brown spot; thorax and abdomen with blukyalow colour ..
Potamarcha Karsch [P.congener (Rambur): adults with bluishckla
thorax and base of abdomen; remaining segmentddiinaen bright
yellowish, laterally black stripes, enclosed witHlgw colour]

- Sectors of arc lying betweert'and 2° antenodal nervure; upper
surface of frons metallic violet, reddish or redidisrown; wing base
with black or reddish brown spot ..., 5

5. Wings with several cubital nervures in forewingsd anindwings;
reticulation very close; wing base black or reddisown .....................
.......................................................................... Neurothemis Brauer

- Wings with 1 cubital nervure in both fore and himnthgs; reticulation
not very close; wing base never black or reddrsiwh ...................... 6

6. Discoidal field strongly convergent at wing borderforewing; upper
surface of frons metallic violet.............ccccecvvvnnnnnnnn. Trithemis Brauer

- Discoidal field widely divergent at wing border forewing; upper

surface of frons bright blood red ...........cceeiiii i,
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Crocothemis Brauer [sp. C.servilia (Drury): Eyes blood red ao
labrum, face, frons and vesicle bright blood-réaréx bright reddish
brown,; abdomen blood-red, a black mid dorsal stgpesent along the

whole length of abdomen; wing base yellowish brown]

K ey to the species of Genus Neurothemis Brauer

1.

Wings dark reddish brown from base to about middig@terostigma,
tips of wings also narrowly reddish brown to pamiyclosing a clear
and uncoloured area .........cccceeeeeeeeiieeeeeni e fulvia (Drury)
Base of all wings tinted with pale yellow, and withbroad basal amber
yellow marking; costal and subcostal spaces alsedi with yellow

and extend up to pterostigma............cceeeeeeeennn. intermedia (Rambur)

Key to the species of Genus Trithemis Brauer

1.

Pterostigma bicoloured, black with creamy white $£nolody yellow
marked with black ...........cccccoovviiiii e pallidinervis (Kirby)
Pterostigma uniclorous; body colour variabl€........ccceieieeeeiiinnnn2
Thorax and abdomen violaceous crimson colourece basvings with
a broad amber yellow fascia, with dark yellowisioven rays in
subcostal and cubital spaces; neuration crimsaaurora (Burmeister)
Thorax and abdomen violaceous black; base of himglwiith a dark
brown spot with dark rays in subcostal and culsfzces; neuration
BIACK. ... o festiva (Rambur)

1. SUBORDER: ZYGOPTERA

Zygoptera represents one of the ancient subo®amonly called as

“Damselflies”. They existed 250 million years agathwprimitive proto

Odonates existed in the Mesozoic Era (Grimaldi@ngel, 2005). This group

have 2942 extant species listed in 309 genera aaseg in 28 families
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(Suhling et al., 2015). They are known to be geplgically distributed in all

biological realms except Antartica (Nilsson, 1997).

This suborder characteristically have widely sefsd eyes, fused
thorax, a pair of tiny antennae, legs and long dderabdomen having 10
segments. The tenth abdominal segment charaatatigtihas cerci and
paraprocts (Paulson and Dennis, 2011). Their wiags similar in size,
coloured or uncoloured and supported by many cresas filled with
Haemolymph (Silsby, 2001).

1.1. Superfamily: Coenagrionoidea (closed wings)

The superfamily Coenagrionoidea consists of mosthe smallest and
largest damselflies of varying colours. It includg@samilies and they are
characterized by uncoloured closed petiolate wourssists of two antenodal
nervures, uncrossed quadrilateral vein, fused\aalat the base of wing and
postnodal nervures are in line with the cross Me#fow. Pterostigma is

always present.
1.1.1. Family: Coenagrionidae (Pond damselflies)

This is the largest and dominant damselfly fandilstributed globally.
About 1100 species existing in this group and al®®@ugenera are currently
accepted till to date. This family consists of sinbfamilies which are:
Agriocneminae, Coenagrioninae, Ischnurinae, Leinia&, Argininae and
Pseudogrioninae. They are characteristically hbleek pattern, green, blue,
yellow, orange or purple coloured body, colourlessgs and small slender
abdomen. Female members often exhibit polymorphiEhe@ characteristic
feature of this family are narrow stalked bodylocoess and clear wings,
two antenodal cross veins and vein M3 arising me@arenodus than arculus
(Kirby, 1890). The discoid cell of the wing is shor which the anterior side

much shorter than the basal and the distal endrisacute.
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1.1.1.1. Subfamily: Coenagrioninae

This dominant subfamily is geographically disttéxaiin temperate and
tropical regions. They can be easily diagnosed ayirly petiolate wings
composed mostly of rectangular, trapezoidal andodtisl cells with separate

anal vein, and sharp acute distal angle of the \(@igby, 2001).

The description on the morphological identificatio molecular
barcoding and molecular phylogeny analysis of eapecimen under

Zygoptera are as follows:
Ceriagrion coromandelianum Fabricius, 1798

Ceriagrion coromandelianum is a medium sized green coloured
damselfly having olive green thorax, bright yell@bdomen, yellow with
black spined legs and transparent wings with golgelfow spot (Fig. 4).
Female have golden brown thorax, olivaceous abdandn wings with pale
yellow spot (Subramanian, 2009). This speciesvismas seen associated with
ponds with male species specifically found in geasdesides aquatic

habitat. This is widely distributed in Oriental regs (Subramanian, 2009).

The partial coding sequence of mitochondrial @&he ofCeriagrion
coromendelianum, collected from Palakkad district (10.4621° N 7&39E)
of Kerala state has been amplified using the prid@C (Table 2). The PCR
amplification yielded a product of 573 bp amplifiddNA. The DNA
sequence interpret, representative molecular barcoohceptual translation
product, nucleotide BLAST, peptide BLAST, line diamh and molecular
phylogenetic tree are presented in the figures)40(d (g) respectively. The
sequence was deposited in nucleic acid databasgsilbtic accession having
NCBI GenBank Accession No. KT222949 and Barcodeife Data System
BIN Cluster ID — BOLD: AA25825 with Specimen ID —BMIN88578-17
(Table 65).
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The COI sequence dTeriagrion coromendelianum showed bias to
nucleotide AT, with following composition of nucleédes T = 34.0%, C =
17.1%, A = 32.1% and G = 16.8% (Table : 3). ThghhAT content of 66.1%
over 33.9% of GC is mainly due to the mutationatssure on a single

nucleotide substitution during the evolutionaryipérof time.

The BLAST analysis showed that this species isingavi00%
sequence similarity to the same species reported Belgium and Karnataka
with respective accession numbers KU220871 and R887. The analysis
involved 9 nucleotide sequences retrieved from N@ml the codon positions
included were 1st+2nd+3rd+Noncoding. There weretal bf 573 positions
in the final dataset after eliminating all positsotontaining gaps and missing
data. The phylogenetic tree plotted by Neighbouming method depicts that
the common ancestor of all tikeriagrion members were spitted into 2 clades
at an earlier time with one clade contal®eiagrion coromendelianum and
Ceriagrion olivaceum as sister clades while the other contaesiagrion
glabrum andCeriagrion suave (Fig. 4g). On the basis of COIl gene similarity,
C. coromendelianum species from Belgium and Karnataka were more blose
related as they are seems to be sister taxa thapared with those species
from Kerala. As all the Eoromendelianum sp. were found in one clade, we
can confirm the molecular taxonomic identity ofstlpecies. The percentage
of divergence table plotted by maximum likely haodthod showed that the
nearest neighbour of this species is found taCbelivaceum followed by
Ceriagrion glabrum and Ceriagram suave with a respective divergence of
0.18%, 9.24% and 11.53% (Table 4). The sequencealsassubmitted in
BOLD system, another database to confirm the speaighenticity. The
analysis showed 98-99.82% sequence similarity taodb@0 different similar
matches already reported in BOLD system. The liagrdm of this species
for the confirmation of above statement is shown(kig. 4f). The close

matching BIN of the species is found to be 3% dredmost similar species
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was found to beC. coromendelianum reported from Mizoram having the
accession number AAZ5825. The average and maximugteotide distance
to this species is found to be 0.43% (p-distance) 4.61% (p-distance)
respectively. Here also the nearest neighbour @esagrion olivaceum

(BOLD: ADC4050) with an average and maximum nuctsotdistance of

1.63% and 0.64% (p-distance) respectivelhus this morphologically
identified species was confirmed with their molecubxonomic identity due
to its high sequence similarity with the same sggaon various locations and

also inferred its phylogeny.
DISCUSSION

Ceriagrion coromendelianum is a widely distributed Coenagrionidae
species known from India (Prasad and Varshney, J19%¥eelanka, Nepal,
Pakistan and also certain records from China (N&excii931). This is one of
the dominating species in the paddy fields asati$eon various varieties of
paddy pests like leafhoppers, plant hoppers, midgesflies (Krishnasamy et
al., 1984). Hence this species is an ecologicadigelicial insect due to its
pest management strategy. Here we have done betmdnphological and
molecular identification of C. coromendelianum using conventional
taxonomic keys and modern DNA based taxonomy. Belresult confirmed
that the molecular identification method is stsictiorrelated with classical
taxonomy. The cytochrome oxidase | geneCefiagrion coromendelianum
yielded a product having 573bp amplified DNA and tdorrespondent 191bp
long translated amino acid sequence. Both thelteedunucleotide and
protein BLAST analysis from NCBI states thadriagrion coromendelianum
found in Belgium and Karnataka were more closelgteel than from Kerala.
As the branch length of a phylogram was strictlyrelated with a specific
trait like gene sequences and hence their differesowed a divergence in

the evolution of time. The shorter branch lengtiovedd slower evolution

50



while the longer branch represents many sequenemgels and faster
evolution. The phylogenetic tree @. cormendelianum showed thatC.
coromendeliaum from Kerala has a longer branch and may be hafaster
evolution than those compared from Belgium and K&ka. Even though
Karnataka and Kerala are adjacent states, the espani Begium and
Karnataka were found to be closeier related eabhrofThe Kerala species
showed only 0.18% divergence to the same specmstesl from the above
two. According to the BOLD system, if there existedeep divergence of >
2% from the existing reports, we can confirm iteasew species. But here
there was only a slight difference and hence it wasfirmed strictly as

Ceriagrion coromendelianum.

The phylogenetic tree constructed by Neighboumidgi method
clearly showed that during an earlier period of lettonary process the
ancestors oCeriagrion members had spitted into two different main clades
one contain€eriagrion coromendelianum andCeriagrion olivaceum as sister
clades while the other contail@eriagrion glabrum and Ceriagrion suave.
The branch length of the tree suggesting tlatcoromendelianum is
phylogenetically more close t©. olivaceum followed byC. glabrum andC.
suave (Jisha and Sebastian, 2015f). The percentage efgbnce table plotted
using Maximum Composite Likelihood model supportieel above statement
because of the respective divergence of 9.24, 14mi311.81 respectively.
Thus the results of both BOLD and NCBI databasketlstrconfirmed the

taxonomic identity of this species @sriagrion coromendelianum.
1.1.1.2. Subfamily: Agriocnemidinae

This subfamily encompasses the smallest damggiblup consists of
only 5 genera of 63 species. Most members are gpbmally distributed in

all tropical zones of the world. Their wings aredcterized by having short
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stems, scanty wing venation and differently shgpedostigmas on fore and
hind wing (Silsby, 2001).

Agriocnemis pygmaea, Rambur 1842

This species popularly called as “Wandering midgmt ‘Pygmy
darlet’ (Subramanian, 2014). These are green stigh@ck coloured (males)
or brick red coloured (females) sexually dimorp8igcenagrionidae member.
Males have specifically black coloured eyes abawe pale green coloured
below. Thorax and abdomen were black in colour fmatvided with pale
green coloured stripes on the sides of abdomentlandip of the abdomen
was found to be orange in colour (Fig. 5). Its vginvgere transparent having
yellow coloured wingspot at forewing and black aoskd in hindwing.
Female species were differently coloured, some vsareglar to male and
some members were rusty red in colour. Eyes spatiifihave blue coloured
cap above with black colour and on dorsal regicth gieen colour on ventral
region. Its wings were also transparent but thegspot was yellowish in both
forewing and hindwing. It is usually observed dgrimorning time.This

species is widely distributed in Oriental regions.

The partial coding sequence of mitochondrial COgéne of
Agriocnemis pygmaea was PCR amplified using JAF as primer (Table 2e Th
PCR amplification of partial COIl sequenceAgfriocnemis pygmaea collected
from Malappuram (11.0300° N 76.0500° E) districtrdla, India yielded a
product having 567bp. The DNA sequence interpegirasentative molecular
barcode, conceptual translation product, nucledddAST, peptide BLAST
Jine diagram and molecular phylogenetic tree waesented in the figures
5(a) to 5(g) respectively. The sequence was degbsih nucleic acid
databases for public accession having NCBI GenB#agkession No.
KU871002 and Barcode of Life Data System BIN Cludi@ — BOLD:
ADC3017 with Specimen ID — GBMIN88575-17 (Table 65)
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The COI sequence @éfgriocnemis pygmaea showed bias to nucleotide
AT, with following composition of nucleotides T =3%%, C = 17.8%, A =
30.5% and G = 18.2% (Table 5). This high AT con&né4 % over 36% of
GC is mainly due to the mutational pressure on mglsi nucleotide

substitution during the evolutionary period of time

The BLAST analysis showed that this species way wose to
Agriocnemis minima reported from Thailand (KT957464). The analysis
involved 12 nucleotide sequences retrieved from N@Bd the codon
positions included were 1st+2nd+3rd+Noncoding. €heere a total of 567
positions in the final dataset after eliminating) @bsitions containing gaps
and missing data. The phylogenetic tree construbtedNeighbour joining
method interprets thafgriocnemis pygmaea is having 100% sequence
similarity to Agriocnemis minima reported from Thailand. The number of
base substitutions per site between sequence®wensim Table 6 using the
Maximum Composite Likelihood model. The above stast is strictly
correlated to the percentage of divergence taldéenl by maximum likely
hood method (Table 5). The tree also confirmeddkenomy ofAgriocnemis
genera as all the retrieved sequencesgrfocnemis sp were found in one
clade. On the basis of COIl gene similarity, thi®ces is very close to
Agriocnemis minima. Morphological characters also showed that thigelsy
close toAgriocnemis minima than other members. Phylogenetic analysis and
divergence analysis confirmed the genus taxonomythid species as
Agriocnemis. The sequence has also submitted in BOLD systemthan
database to confirm the species authenticity. Trayais showed 98-99 %
sequence similarity to out of 20 different simitaatches already reported in
BOLD system. The line diagram of this species far ¢onfirmation of above
statement is shown in (Fig. 5f). The close matchiy of the species is
found to be 3% (BOLD: ADC3017) and the most simdpecies was found to

be Agriocnemis minima reported from Thailand having the accession number
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KT957464 The average and maximum nucleotide distance tosphesies is
found to be 0.95% (p-distance) and 2.29% (p-diganespectively. Here also
the nearest neighbour wagriocnemis minima (BOLD: ADC3017) with an
average and maximum nucleotide distance of 0.61&61a22% (p-distance)
respectively. Thus the above result confirmed tttas morphologically
identified providing a molecular id to easily spanhd also to infer

phylogenetic relationship with other Agriocnemidaembers.
Agriocnemis keralensis Peter, 1981

Agriocnemis keralensis represents one of the endemic species of
Western Ghats known to be distributed only in figeations of Kerala and
Goa (Kakassery, 2011). It has a dark coloured thaiith pale green stripes,
pale green eyes, reddish orange abdomen, bluiste Wdgs and wings with
pale yellow spot. The second abdominal segmentactenstically has a
spectacle mark which is the easy diagnostic charadiemale members
exceptionally have an orange thorax and reddishgeraeyes (Fig. 6). This
species was often seen along wAtriocnemis pygmaea as small groups and

usually found in grassy areas besides paddy fetdssmall streams.

The partial coding sequence of mitochondrial COéneg of
Agriocnemis keralensis from Kannur district (12.8700° N 74.9000° E) of
Kerala was PCR amplified using JPF as the primabi@ 2). The PCR
product yielded about 628bp amplified DNA and 208ire acid sequence.
The DNA sequence interpret, representative moledudaicode, conceptual
translation product, nucleotide BLAST, peptide BLASine diagram and
molecular phylogenetic tree are presented in tigarés 6 (a) to 6 (f)
respectively. The sequence was deposited in nuatetcdatabases for public
accession having NCBI GenBank Accession No. KU133&6d Barcode of
Life Data System BIN Cluster ID — BOLD: ACF9984 WwiSpecimen ID —
GBMIN88574-17 (Table 65).
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The COI sequence ofRAgriocnemis keralensis showed bias to
nucleotide AT, with following composition of nucleédes T = 30.3%, C =
19.3%, A = 31.7% and G = 18.8% (Table 7). This Mghcontent of 61.9%
over 38.1% of GC was mainly due to the mutatiom&spure on a single

nucleotide substitution during the evolutionaryipérof time.

The nucleotide and peptide BLAST analysis of NGBbwed that it is
100% similar to Agriocnemis forcipata reported from Netherland
(KF369284). The analysis involved 9 nucleotide semes and the codon
positions included were 1st+2nd+3rd+Noncoding. €heere a total of 560
positions in the final dataset after eliminating) @bsitions containing gaps
and missing data. The phylogenetic tree construbtedNeighbour joining
method interprets thafgriocnemis keralensis has been rooted from the
ancestral clade which has spitted into two clades, containsAgriocnemis
pygmae and Agriocnemis femina as sister clades while the other contains
Agriocnemis keralensis and Agriocnemis femina. These two species were
evolutionarily very much related with each otherowéver tree depicts
monophyletic ancestry to thigriocnemis genus as all members were found
in one clade. Molecular taxonomic relationshipto$ tspecies to others was in
the order asAgriocnemis forcipata followed by Agriocnemis femina and
Agriocnemis pygmeae. This result was fully supported by the percentafe
divergence table plotted by Maximum Likelihood nutli{Table 8). The table
showed respective dibvergence Agriocnemis keralensis to other members
as 0% forAgriocnemis forcipata, 3.83% forAgriocnemis femina and 4.44%
for Agriocnemis pygmeae. The sequence has also submitted to BOLD system
database for ensuring the taxonomic conformity. &halysis also showed
that this species has 100% sequence similarityAgdocnemis forcipata
having the BIN cluster ID (KF369284) and sequerizé¢dDOPH089-13 COI
-5P). It also showed around 99-100% sequence sityildo different

Agriocnemis members reported in BOLD system.The above stateiméruly
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correlated to the line diagram plotted in BOLD systover 15 similar
matches (Figure 6i). Thus for both NCBI and BOLDstsyn, the barcode

generated is a new report can be used to easitylgpepecimen.
DISCUSSION

Agriocnemis keralensis is a small damselfly species known to be
endemic to Western Ghats (Kakkasseri, 2011). A&nesv that odonates are
indicators of healthy aquatic ecosystem, this gseisi known to be threatened
in water polluted areas due to the continued ugmesficides on paddy fields
(Kakkassery, 2011). Morphologically this species vsry similar to
Agriocnemis pygmeae and always seen associated with it grassy areas ne
paddy fields. Even though this species is morphollly similar to
Agriocnemis pygmeae, it is phylogenetically more related #griocnemis
forcipata on the basis of nucleotide sequences. The avdratecontent of
AT base pair over GC content is mainly due to theation pressure on the
third position of nucleotide sequence. All the thatse analysis finally
confirmed that this report is a novel one and coméd the monophyletic
ancestry to allAgriocnemidae members. As this species is endemic to
Southern India, no other taxonomic work has beeorted till date. The tree
depicted thatAgriocnemis femina and Agriocnemis pygmeae were rooted
many years ago anbigriocnemis keralensis phylogenetically more close to
Agriocnemis femina followed by Agriocnemis pygmeae. Thus the present
work concluded that this morphologically identifisgpecies in Kerala has
been provided with a molecular id to easily spa #pecimen and also to

infer phylogeny.
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1.1.1.3. Subfamily: Ischnurinae

This widely distributed subfamily consists of 28ngra.Most of the
species are characterised by having petiolate wa@sir of spot or bands on
the top of the occipit, different sized pterostignm male and female
wings.Female species often exhibits polymorphisrd arales are usually
Andromorphs (Silsby, 2001)

|shnura aurora Brauer, 1865

Ishnura aurora commonly called as ‘Aurora blue tail’ (Theischinge
2006). Males are characterised by having blackathavith green stripes,
greenish white legs, transparent wings with ptégos is rose red in
forewing and pale grey in hind wing (Fig. 7). Theecond and seventh
segments have upper narrow and broad black mahiesaidominal segments
1 to 7 are bright yellow, segments 8-10 are enti@ture blue and 10
segment is having an upper black spot (SubramaB@09). Females are less
bright coloured than males and do not have bluekimge on abdomen

(Manoj, 2011). This species usually observed besmads and rivers.

The partial coding sequence of mitochondrial C@hey of Ishnura
aurora collected from Malappuram (11.0300° N 76.0500° digtrict was
PCR amplified using OCM as primer (Table 2). TheRP&nplification of
partial COIl yielded a product of 628bp amplified Rnd 209bp translated
amino acid sequence. The DNA sequence interpnetesentative molecular
barcode, conceptual translation product, nucledddAST, peptide BLAST,
line diagram and molecular phylogenetic tree aesg@nted in the figures 7 (a)
to 7 (f) respectively. The sequence was depositedicleic acid databases for
public accession having NCBI GenBank Accession K&149808 and
Barcode of Life Data System BIN Cluster ID — BOLBAH6873 with
Specimen ID — GBMH0673-15 (Table 65).
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The COI sequence d$chnura aurora showed bias to nucleotide AT,
with following composition of nucleotides T=34.3%+16.2%, A=31.8% and
G=17.6% (Table: 9). This high AT content of 66.1%e033.8% of GC is
mainly due to the mutational pressure on a singleleotide substitution

during the evolutionary period of time.

The nucleotide and protein BLAST analysis lsthnura aurora
showed 100 % sequence similarity to the same spemported from
Netherland (KF369414). The evolutionary history wagerred using the
Neighbor Joining method and the analysis involvBdhicleotide sequences
and the codon positions included were 1st+2nd+8Hdoositions containing
gaps and missing data were eliminated. There wéreahof 487 positions in
the final dataset and the evolutionary analysesweenducted in MEGAG.
The phylogenetic tree constructed by Neighbouripginmethod showed that
this species showed a sister taxa relationshiphéset those reported from
Netherland. However tree analysis clearly showrt #ikalschnuraaurora
members were found in one main clade arrangedstes saxa with each other
indicating monophyletic ancestry. All the membersrevdiverged from the
main clade having the confidence value of 100 tfesuipporting the above
statement. Phylogenetically this species is moosecltolschnura delicata
followed by Ischnura verticalis and Ischnura asiatica (Fig. 7g). This was
supported by the percentage of divergence tabligegidy Maximum likely
hood method (Table 9). The result proved that $ipiscies has no sequence
divergence to those reported from geographicallffecint areas like
Netherland and France and its close relatives Yoened to be respectively as
Ischnura delicate, Ischnura verticalis and Ischnura asiatica with respective
divergence of 0.01%, 0.05% and 0.54% (Table 10js $hquence has been
submitted to BOLD system and found that about 99-8200% sequence
similar to the same species reported from varioesgraphically isolated

regions. This is supported by the line diagram 6f different matched
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sequences already reported in BOLD system (Fig. Ttig close matching
BIN of the species is found to be 3% and the miosiiar species is found to
be Ischnura aurora reported having the accession number AAH6873 wafith
average distance of 0.34% (p-distance) and maximistance of 1.18% (p-
distance). The nearest member of this speciesuisdf®o bel. delicata with
an average distance of 0.04 % and 0.44 % maximstardie (AB22396).

DISCUSSION

Ischnura aurora was popularly known as ‘aurora blue tail’
(Theischninger and Endersby 2009) due to the poeséwo blue colour
markings on the 8 and 9' abdominal segment. They are geographically
distributed in Australia, Pacific Islands, Easta#aind South East Asia (Dow
et al.,, 2013). According to Westfall and May (199Bchnura aurora is
considered to be a cosmopolitan genus consistih§9 species lists widely
distributed in North America, Eurassia, India &@ualth China. This species
is found to be originated during Oligocene periading 25-45 million years
ago (Bechley, 2000).

In the present work, the morphological identifica of this species
was done using available keys (Emiliyamma et @05} and molecular
identification and phylogeny using cytochrome osield gene analysis. This
is a pioneer work from India and found that thi#@ps doesn’'t have any
sequence divergence till now compared with thosensen different
geographically isolated countries. The tree depictd all Ischnura aurora
members were having a common ancestry or they ame rapecifically
monophyletic in origin. This was supported by th®algsis of molecular
taxonomy of Ischnura genus done by Dumont (2013) who made the
phylogeny of differentschnura members with special emphasis on the old
world taxa. Here the result made an assumptionttispecies doesn’'t have

any sequence divergence as time progresses acitlystris a monophyletic
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species with its nearest members were found tedaura delicate followed

by Ischnura verticalis and Ischnura asiatica (Jisha and Sebastian, 2015b).
Even though there exists a slight difference in riin@phology of different
Ischnidae members no classical taxonomic work lees weported till now.
But it was shown that classical taxonomy moves harthnd with molecular
taxonomy as no sequence divergence has been mpiortealmost all
phylogeny based works. Hence the present studyetfietp confirm the
taxonomy and the barcode generated can be usesity spot the specimen

and also for interpreting phylogenetic relationship
Ishnura senegalensis (Rambur, 1842)

Ischnura senegalensis have black to bronze black thorax, black legs,
hyaline wings with diamond shaped pterostigma whschlack in forewing
and uniform pale green in hindwing (Dawn, 2018)eTilbiae and tarsi are
yellow coloured and its abdomen is black in colmarked with yellow and
blue (Fig. 8).Ischnura senegalensis represents one of the most wide spread
species of Ishnurinae subfamily commonly observedlow stagnant waters
and forests free areas (Dayakrishna, 2015; MagQdj1 R

The partial coding sequence of mitochondrial C@hey of Ishnura
senegalensis collected from Thrissur district (10.5200° N 7680P1 E) was
PCR amplified using JAP as primer (Table 2). TheRR®oduct yielded a
603bp amplified COI DNA segment. The DNA sequenceerpret,
representative molecular barcode, conceptual &aasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are
presented in the figures 8 (a) to 8 (f) respecyivelhe sequence was
deposited in nucleic acid databases for public sstoea having NCBI
GenBank Accession No. KT305961 and Barcode of D#da System BIN
Cluster ID — BOLD: ABWO0501 with Specimen ID — AGIBA3-17 (Table
65).
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The COI sequence d$chnura senegalensis showed bias to nucleotide
AT, with following composition of nucleotides T=286, C=18.1%,
A=30.3% and G=17.4% (Table 11). This high AT conteh 64.5% over
35.5% of GC is mainly due to the mutational pressum a single nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinyldaatthe same species
reported from Japan having the accession number7%8838). The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Hmalysis involved 10
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 603itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that albchnura senegalensis members have a
monophyletic origin with the indication of the cormom ancestry. The
percentage of divergence table plotted by Maximikelihood also states that
no sequence divergence to the species with thgserteel from various
geographically isolated areas (Table 12). The sexmpibas also submitted for
BOLD system to confirm the species authenticity.e Ténalysis showed
99.83-100% sequence similarity to out of 23 differenatches of the same
species already reported in BOLD system. The lingrdm of this species for
the confirmation of above statement is shown ig.(Bh). The close matching
BIN of the species was found to be 3% and the rawsilar species was
found to be having average and maximum nucleotigsiance as 0.43% (p-
distance) and 1.3%(p-distance) respectively. Theres¢ neighbour (BOLD
ID: ADC4050) was found to be having 0.27% (p-dis®nand 1.22% (p-

distance).
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DISCUSSION

Ischnura senegalensis is popularly known as ‘Senegal golden dartlet’.
They are widely distributed in India, Oriental athiopian regions (Manoj,
2011). This species is a highly ubiquitous membesns to be salt and
pollution tolerant as it is seen in many stagnamt slow water bodies. This
species is known to be having high survival chaagen in the unfavourable
condition because of short adult pre-reproductivase (Kadoya et al., 2008).
This species was having a habit of migration reggbmh Cape Verde. Here the
morphological identification was done using avdgakeys (Emiliyamma et
al., 2005) and molecular identification with physsgetic status also with
cytochrome oxidase | gene marker. This is a piomeek from India and the
barcode generated can be used to identify and sséhe relationship of this
species to other geographically isolated areas.@: lasis of certain
morphological features like vulvar spine (Hovmaglle006) there existed a
monophylety for all Ischnurinae members having dyaenetic support
(Sharma and Clausnitzer, 2016&jowever all the database analysis clearly
showed that there is no sequence divergence tosp@sies reported, even
from the geographically isolated areas, confirmihg conserved nature of
COI gene sequences during its evolution. Thus athap speciation doesn’t
work here during the course of evolution. Hence species identity was

confirmed in both morphological and molecular level
Aciagrion occidentale L aidlaw, 1919

Aciagrion occidentale is a Coenagrionidae member widely distributed
in India, Srilanka, Vietham and Thailand. The badylong and slender
provided with pale green stripes on black thorasthviong slender blackish
abdomen tipped with black spot on the last abdohsegment (Fig. 9). They
occur as loose groups. It is commonly seen in nyatahd and usually
distributed in India, Vietnam, Sreelanka and ThadléMitra, 2010).
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The partial coding sequence of mitochondrial Céhey of Aciagrion
occidentale collected from Malappuram (11.0300° N 76.0500° Es)ritt of
Kerala was PCR amplified using AOD as primer (TaBle The DNA
sequence interpret, representative molecular barcoohceptual translation
product, nucleotide BLAST, peptide BLAST, line diamh and molecular
phylogenetic tree are presented in the Figureg #(8 (f) respectively. The
sequence was deposited in nucleic acid databasgsilitic accession having
NCBI GenBank Accession No. KM096996 and Barcodeitd Data System
BIN Cluster ID — BOLD: ACG1133 (Table 65).

The COI sequence difciagrion occidentale showed bias to nucleotide
AT, with following composition of nucleotides T #31%, C = 17.5%, A =
29.2% and G = 19.0% (Table 13). This high AT contdr63.6% over 36.4%
of GC is mainly due to the mutational pressure omiregle nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and pros@guences showed
that this species is having 100% sequence sinyldaatthe same species
reported from Netherland having the accession nuntk€369275). The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 13
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 522itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that Aciagrion occidentalehasister clade relationship
with Aciagrion boorenense and this clade is sister to other damselfly member
like Enallagma sp, Ischnura asiatica, Africallagma elongatum with the
indication of confirming Zygoptran phylogeny. Théoae statement is
confirmed by the percentage of divergence tabletgaoby Maximum
likelihood (Table 14).

63



The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis |thWw8-99.82% sequence
similarity to out of 12 different similar matchefemdy reported in BOLD
system. The line diagram of this species for thefiomation of above
statement is shown in (Fig. 9f). The close matchil of the species is
found to be 3% and the most similar species wasidoio beAciagrion
occidentale (BOLD: ACG1133. The average and maximum nucleotide
distance to this species is found to be 0.3% (fade) and 1.37% (p-
distance) respectively. Here also the nearest heighwas found to be
Aciagrion hispa (BOLD: ADC4230) with an average and maximum
nucleotide distance of 0.95% and 1.68% (p-distanegpectively.Thus the
above result confirmed species identity by prowidan unique molecular id

and also to infer its phylogenetic relationship.
DISCUSSION

Aciagrion occidentale is popularly known as “Green striped slender
darlet”. As this species is very small in size,sitwell known for being
migration (Fraser, 1933). Morphological identificet done with available
taxonomic keys and expert consultation confirmesl species identity.
Molecular identification done using cytohrome oxddal gene analysis by
both BOLD and NCBI confirmed its generic taxonorfylogenetically this
species is close tA. boorneense by NCBI analysis whilé. hispa by BOLD.
This is a pioneer molecular work from Kerala ane barcode generated can
be used to easily spot the specimen and also $otviag its phylogeny (Jisha
and Sebastian, 2015a).
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1.1.2. Family: Platycnemididae (Brook damselfly)

This family is commonly known as ‘white legged dsiflies’
consisting of 42 genera including 400 species. Tdfésn found among long
grasses bordering brooks and streams. They areactbased by laterally
expanded heads with shallow labial cleft and tibaath long dense spines
(Rehn, 2003; Carle et al., 2008). Members of thds family can be easily
identified by having dilation of the tibiae in maland sometimes in female
(Silsby, 2001). The two hind pairs of tibiae arggbt orange to dull reddish,
moderately dilated and the superior anal appendegéund only one fourth
of the length of inferiors. The discoidal cell oing is elongate with its costal
or anterior side is slightly shorter than the basal its distal end seems to be

subacute.
Copera marginipes Rambur, 1842

Copera marginipes is characterised by having bronze black colour
with yellow lines on thorax, bright yellowish orandegs, transparent wings
with brown wing spot and bronze black coloured abeéo in males (Fig.10).
Female members are brown coloured thorax, browags) transparent wings
with pale brown coloured wing spot and brown coéalrabdomen
(Subramanian, 2009). This species is usually oleskirv streams. It is widely

distributed in Asia and Newguinea.

The partial coding sequence of mitochondrial C@hey of Copera
marginipes collected from Kasaragod (12.5000° N 75.000° Estrait was
PCR amplified using OCM as primer (Table 2) anddgd a product having
616bp and translated sequence of 205bp. The DNAieseg interpret,
representative molecular barcode, conceptual &aasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are

presented in the figures 10(a) to 10(g) respectivdlhe sequence was
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deposited in nucleic acid databases for public sstoa having NCBI
GenBank Accession No. KR149804 and Barcode of Déta System BIN
Cluster ID — BOLD: ABA1480 with Specimen ID — GBMBB0-15 (Table
65).

The COI sequence dfopera marginipes showed bias to nucleotide
AT, with following composition of nucleotides T #B6%, C = 15.8%, A =
31.4% and G = 18.3% (Table 15). This high AT coht#r66.0% over 34.1%
of GC is mainly due to the mutational pressure omirggle nucleotide
substitution during the evolutionary period of timehe BLAST analysis
showed that this species is 100% sequence sinvlathé same species
reported from Netherland (KF369351).

The evolutionary history was inferred using theigkibour-Joining
method and the evolutionary history of the taxa w&aalyzed. The analysis
involved 8 nucleotide sequences and the codon ipositincluded were
1st+2nd+3rd+Noncoding. There were a total of 602itmms in the final
dataset after eliminating all positions containgeps and missing data. The
phylogentic tree confirmed the taxonomic identifytlus species a€opera
marginipes due to sister taxa relationship with the same ispec
Phylogenetically this clade is sister to the cladssessingCopera nyansana
andCopera silikkassoenis indicating genus level taxonomy and monophyletic
origin (Fig. 10g). The percentage of divergencdetgilotted by Maximum
Composite Likelihood model confirmed the aboveestant. The nucleotide
sequence showed respective divergence of 16.08%/.With Copera
nyansana and Copera sikassoensis (Table 16). The sequence has also
submitted for BOLD system, another database to itonthe species
authenticity. The analysis showed 99.82-100% sexpismilarity to out of
15 different similar matches already reported inLBOsystem. The line

diagram of this species for the confirmation of \@batatement is shown in
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figure: 10f. The close matching BIN of the speaiss found to be 3% and its
average and maximum distance was respectively8&8@0and 2.5% (BOLD:
ABA1480). The average and maximum nucleotide di#ato the nearest
member was found to be 0.43% (p-distance) and 1.gpddistance)
respectively (BOLD: ADC5413). The 100% similar sigscwas found to be
reported from Gujarat and Malaysia having accessiombers (BOLD:
ABA1480 and KF369351).

DISCUSSION

Copera marginipes is popularly known as ‘Yellow bush dart’. The
highest diversity of this species has been repoftedh tropical Asia,
Southeastern Asia and New Guinea (Lim et al.,, 20Mdrphological
identification of the species was done using taxaicdkey (Emiliyamma et
al.,, 2005) and with online photographs. The winghat®n and other
morphological characters of this species clearlycdbed that it is a
Plactinimidinae member having the unique feature€apera marginipes.
Morphological features confirmed a monophyletic easslage to all
Platicnemidae members due to its characteristihéedike tibiae (Dijkstra et
al., 2014). Most of the male members of this fanallg having white, yellow,
orange, red, blue or black tibiae. Molecular idécdtion and phylogenetic
status of this species clearly states that the ezwed sequence of
cytochrome oxidase | gene doesn’t have major enmulaty change as time
progresses. Those species reported from GujaratMaddysia are 100%
sequence similar indicating no means of sympatnecstion. The
phylogenetic tree says that the ancestor€aglera genus were splitted at an
earlier time withCopera nyansana and Copera sikassoensis were found in
one clade as sister taxa a@dpera marginipes from Kerala and Malaysia
were found in another clade as sister taxa. Phylemally its nearest

member was found to b€opera nyansana and Copera sikassoensis with
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respective divergence of 16.02 and 17.18%. Theabesult is confirmed by
the previous works done by Lim et al. (201Gppera marginipes was found
to be evolved for the first time followed I§opera sikassoensis and Copera
nyansana. Thus the result confirmed that all the genera Isphéted from one
clade indicating monophyletic origin. Most of theomphological unique
features indicated phylogeny shown that this gdmas been originated in
Eastern Asia (Indonesia to Japan) and it is sgrectPalaearctic representative
(Dijkstra et al., 2014). Thus both morphology andleoular analysis
provided a unique result and its molecular taxomoichican be used to easily

spot the species and also to infer evolutionati@iships.
1.2. Super family: Calopterygoidea

The Superfamily Calopterygoidea is characterisegd d$ightly
petiolated broad winged damselflies possessing antenodal nervures on

wings. The postnodals are not in line with the srosins below.
1.2.1. Family: Calopterigidae (Broad winged damselfly)

These are broad winged, 1.5 to 2.5 long small d#dhies commonly
observed as metallic green or black coloured ohlesy have long antennae,
long and slender abdomen, broad blue coloured wimgsales and brownish
to green coloured wings in females. Their wingsraavenly veined consists
of 18 or more antenodal veins. This family congtitabout 16 genera
consisting of 161species (Cordoba and Adolfo, 200hey are often seen

associated with forests, streams and rivers.
Vestalis apicalis Selys, 1873

This species has an emerald coloured body witargo®loured head,

thorax and abdomen, dark brown eyes, brown cololegd and amber
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coloured wings having black tip (Fig. 10). This sips is observed in both

forest and also certain streamy areas.

The partial coding sequence of mitochondrial C@hey of Vestalis
apicalis collected from Malappuram (11.0300° N 76.0500° diStrict was
PCR amplified using JAG as primer (Table 2). Th&rRnplification yielded
a product having 561bp amplified COIl segment of DNFe sequence
obtained, DNA sequence interpret, representativelecatar barcode,
conceptual translation product, nucleotide BLASEptde BLAST, line
diagram and molecular phylogenetic tree are presentthe figures 11 (a) to
11 (g) respectively. The sequence was depositedidieic acid databases for
public accession having NCBI GenBank Accession Kt510326 and
Barcode of Life Data System BIN Cluster ID — BOLBCS6273 with
Specimen ID — GBMIN88573-15 (Table 65).

The COI sequence &festalis apicalis showed bias to nucleotide AT,
with following composition of nucleotides T = 30.3% = 22.1%, A = 27.5%
and G = 20.1% (Table: 17). This high AT conten5df8% over 42.2% of GC
iIs mainly due to the mutational pressure on a simglcleotide substitution

during the evolutionary period of time.

The 561bp sequence obtained by amplification m®geelded 187bp
translated amino acid sequence.Both nucleotidepaoigin BLAST analysis
showed that this species is 100% sequence sinvlathé same species
reported from Kerala (KM675770). The evolutionangtbry was inferred
using the Neighbour-Joining method and the evahatig history of the taxa
was analyzed. The analysis involved 10 nucleotetipiences and the codon
positions included were 1st+2nd+3rd. All positioosntaining gaps and
missing data were eliminated and there were a @it&l55 positions in the
final dataset. Evolutionary analyses were conduawdg MEGA7 software

and the phylogenetic tree constructed by Neighlpmomg method showed a
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sister clade relationship to the same species tegpdrom Kerala indicating

no divergence. The phylogenetic tree interpretd thashowed a closer
relationship withV. gracilis and its nearest neighbour is found to e
ambalis (KF369576). The percentage of evolutionary divaoge table
confirmed this result due to the divergence of 0&0ah.83% withVestalis
gracilis andVestalis ambicalis (Table 18). The sequence has also submitted
for BOLD system, another database to confirm thecigs authenticity. The
analysis showed 99-100% sequence similarity toadud different similar
matches already reported in BOLD system. The liagrdm of this species

for the confirmation of above statement is showg.(ELf).
DISCUSSION

Vestalis apicalis is popularly known as ‘Black tipped forest gloand
found to be geographically distributed in India &ekelanka (Dow, 2009).
Morphological identification of this species hasndowith available keys
(Emiliyamma et al., 2005) and also with online migraphs. Morphologically
this species seems very closéVistalis gracilis and they were always seen
flying together in forest habitat. These 2 specias be easily distinguished
by looking at its wingsy. apicalis is having a black spot at the extreme end
of the transparent wing while the oth&f. gracillis) is without the marking.
They were usually seen associated aquatic halmtéhe forest ecosystem
(Manoj, 2011). Molecular identification method irCBI and BOLD database
showed the conformity of this species Vsstalis apicalis. Here also the
phylogenetic relationship showed that it was velgse toVestalis gracilis
morphologically. Phylogenetic tree interprets thHtVestalis genera have a
common ancestry as all are bifurcated from oneecldd showed that the
ancestor has been diverted into 2 clades at arereéirhe with one clade
containsVestalis apicalis andV. gracilis as sister taxa while all other closely

related damselflies on another clade. Thus resoiftficned the Vestalis
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genera and also Zygopteran phylogeny. All the coresk species in the tree
may have evolved from their common ancestor aeckfit period of time and
found in separate clades in relation with littiléferences in the nucleotide
sequences. Thus both classical taxonomy and DNAodarg technique
provided a better taxonomic tool for confirming ttexonomic identity and

prediction of evolutionary relationships.
Vestalis gracilis (Rambur, 1842)

Vestalis gracilis is characterised by iridescent emerald colouredath
and abdomen, dark brown coloured legs, dark broyes end transparent
with a blue sheen wings in male (Fig. 12). Femadenioers are exceptionally
having dull coloured abdomen (Subramanian, 2009)s Talopterygidae

species is often seen in shady forest paths anesexfgstreams.

The partial coding sequence of mitochondrial C@hey of Vestalis
gracilis collected from Kozhikode district (11.1352° N 7833° E) was PCR
amplified using JAG as primer (Table 2). The PCRphfimation product
yielded 587bp long amplified DNA. The DNA sequendeterpret,
representative molecular barcode, conceptual @aasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are
presented in the figures 12(a) to 12(g) respectivlhe sequence was
deposited in nucleic acid databases for public sstoa having NCBI
GenBank Accession No. KX503058 and Barcode of Dfga System BIN
Cluster ID — BOLD: ACS6273 with Specimen ID — GBMA8673-17 (Table
65).

The COI sequence dofestalis gracilis showed bias to nucleotide AT,
with following composition of nucleotides T = 32.1% = 21.1%, A = 27.0%
and G = 19.9% (Table: 19). This high AT conten66f1% over 41% of GC
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iIs mainly due to the mutational pressure on a simglcleotide substitution

during the evolutionary period of time.

The 561bp sequence obtained by amplification m®geelded 187bp
translated amino acid sequence. Both nucleotidepantegin analysis showed
this species is having 100% sequence similar to siu@e species. The
evolutionary history was inferred using the Neigibdoining method and
the evolutionary history of the taxa was analyZBoe analysis involved 10
nucleotide sequences and the codon positions iedlwdere 1st+2nd+3rd.
The phylogenetic tree showed that W#stalis gracilis were found in one
clade with a sister clade relationship whfestalis apicalis. This is again
supported by the divergence table plotted by Maxmmiukelihood (ML)
method in which the conserved sequence doesn’t hayeind of sequence
variation as it showed 0% divergence to\é@étalis members (Table 20). The
sequence has also submitted for BOLD system forfircoing species
authenticity. The analysis showed 99-100% sequsm#arity to the same
species by analysing 4 different similar matchgsored in BOLD system.
The line diagram of this species for the confirmatof above statement is
shown in (Fig. 12f). The close matching BIN of gpecies is found to be 3%
with 100% sequence similarity (BOLD: AC S6273) hayithe average and
maximum distance of 0.89% (p-distance) and 3.07%digfance)
respectively. The closest neighbour is found t&/ésalis ambalis having the
distance of 17.18% (p-distance) with 84.38% seqeiasiuilarity (Table 20)

DISCUSSION

Vestali gracilisis popularly known as ‘Clearwinged forest gloryhis
species is geographically distributed in South EAsta (Dow, 2009).
Morphological identification clearly proved thatig strictly Vestalis gracilis
species as per the taxonomic key (Emiliyamma ¢t28l05). Cytochrome

oxidase | gene analysis also showed the same dselto similarities in the
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conserved nucleotide sequence. Both NCBI and BOhddyais confirmed its
taxonomic identity and the unique barcode generesedbe used to spot the
specimen very easily. Phylogenetic tree showed tth@atnearest member is
Vestalis apicalis and nearest genera Mestalis ambicalis. The tree also
depicts the close relation of this species to otbdonate families like
Aeshnidae Anax) and Libellulidae Aethriamanta) (Fig. 12g). Thus the result
showed that zygopteran members are having a ctet®ronship with other
anisopteran members indicating different periotiroé of origin. Thus it can
be confirmed the result that all odonate membergrderrelated on the basis

of nucleotide sequences and may have evolvedfateiitt period of time.
PHYLOGENETIC STATUS OF ZYGOPTERAN MEMBERS

Zygoptera represents small slimmer bodied odonatéh their
ancestors known to be existed in Eocene period 8%¢&r30 million years
ago, called protozygopterans. There are about 28¥2ant species of
damselflies spreading in 309 genera were repoitbdy are distributed in
almost all biological region with maximum diversiiyund in Oriental region
(Suhling, 2015). The families like Coenagrionida@latycnemidae and
Platystictidae were the dominant ones across worggopterans are
characterised by having similar sized hindwing afodewing, widely
separated eyes and wings are placed verticallgsat(Needham, 1903). They
generally feed on flies, mosquitos and other snmsliécts and existed in a
variety of habitats. Most of the damselflies ardi¢ators of ecosystem quality
since their larval development depends on watethdeyater movement and
pH (Katherine, 2009).

The mitochondrial genome is known to be evolvedsaderably faster
than nuclear gene and hence it has many meritpréaicting phylogenetic
divergence. Also the nucleotide substitutions waresidered to be lower in
Nuclear DNA compared to mitochondrial DNA (Brown adt, 1979; 1982).
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The commonly used markers for resolving phylogeoynf species to family
level were 16S and 28S and COI gene. The presedy $ a pioneer work
from Kerala and it confirmed the taxonomic identiywd phylogenetic
relationship of different damselfly species foumd Kerala. Here different
species of damselflies from 7 major districts of riNern Kerala were
identified morphologically by the available taxonomkeys (Emiliyamma et
al., 2005; Subramanian, 2009; Fraser, 1936) andnieeal for molecular
analysis to confirm its taxonomic identity andcafer the analysis of its
phylogenetic relationships. Here 3 different faesliof Zygopteran suborder

have been taken to analyse the above taxonomissaseat.
Platycnemididae

Platicnemididae represents one of the family urstiédy consisting of
about 400 species worldwide which usually seenaatea with streams and
rivers. Adults often have laterally expanded headh shallow labial cleft
and no trace of postfrontal suture and tibiae amviged with dense long
spines. Platycnemidinae seems to be a sister tta@®enagrionoidea. The
genusCopera is limited to the palaeartic region and the specepera
marginipes has unique larval characters and adults are pedwdth feather
like tibiae with dense spines (Rehn, 2003; Carlal.e2008). Eventhough the
barcode sequence has also be reported from Netdertais conserved
sequences doesn’t have any kind of sequence diveege@dicating neutral
speciation. The generic status of this speciesitoefl monophyly indicating
Copera marginipes (India and Netherland) were found in one clade and
Copera nyasana andCopera silikkasosis in another clade. This monophyly of
Copera marginipes were also supported by the previous work of Linalet
(2013). Copera marginipes showed closer relationship to other
Coenagrionidae members likeAgriocnemis sp and Ceriagrion

coromendelianum in the phylogenetic tree. This indicates a closéation of
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Platicnemididae and Coenagrionidae families (Fig. 13). This result was well
supported by the previous works of Dumont et al1(®) and Bybee et al.
(2008).

Coenagrionidae

Coenagrionidae represents one of the largest diyrfsenily found in
all biological realms .It consists of about 1100edps distributed
cosmopolitically. It represents the most dominaamdelfly family in every
checklist studies of odonate population (Jisha &adbastian, 2015c). It
consists of 3 families and 6 subfamilies from whié&griocnemidae,
Coenagrionidae and Ishnurinae subfamilies werectzlefor the present
taxonomic studies. The phylogenetic tree plottedusipg Neighbour joining
method confirmed monogeneric status of the resgedtdividuals in the
concerned subfamily (Fig. 13). All members in tlsehinurinidae subfamily
are having monophyletic ancestry (Jisha and Selms?015b; Hovmoller,
2006) because all species were found in one cladeitais sister to the
monophyletic Agriocnemis members. The tree also depicts ti@dpera
marginipes in Platycnemidae family is found sister Agriocnemis species
indicating a closer relation with Coenagrionidaemifg. Thus the
phylogenetic tree plotted for all zygopteran memisrowed a monophyletic
relationship with a closer relationship of Coenagiilae and Platicnemididae.
The above statement found well supported by theigue works of Dumont
et al. (2010) and Bybee et al. (2008).

Calopterygidae

Calopterygidae is also another Zygopteran familthwnost of the
species are confined to forest ecosystems. Twoiesped Vestalis viz. V.
apicalis andV. gracilis were taken in the present studlymake a taxonomic

conformity through morphological validation and DNs#equence analysis.
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The result confirmed a monophyletic ancestry tes thenus. Most of the
previous works done in this family provided a momgptic ancestry with
good support (Rehn, 2003; Bybee et al., 2008). Vestalis ambalis and
Vestalis smaragdina were found as sister clades (Klass et al., 2014).
Taxonomically this family is found outer to the @éacontaining Ischnurinae

and Coenagrionidae.

There exist a lot of controversies whether theostdr is coming under
Zygoptera and also whether this suborder is moneghyor paraphyletic.
According to Bechley (1996) and Truemann (1996Qgaptera generally have
a paraphyletic ancestry on the basis of many madogleal features and
molecular characters (Saux et al., 2003). But REMDO3) produced a
controversial result that this suborder has monlgticyancestry on the basis
of morphological features only because they usedildd analysis of merely
the skeletal morphology and wing venation charactéjer et al. (2004)
produced the same results on the basis of 18S rRB@uences. Both
morphological and molecular analysis of the conedrfamilies was strictly
correlated to those reports already done in variocations. The phylogenetic
tree plotted by using morphological features andemdar method strongly
suggested the closer relationship of CoenagrioaddeCalopterygidae (Pfau,
1991; Bechly, 1996; Rehn, 2003; Carle, 1982; Fletlal., 2008) while the
combined analysis of both of these showed thatethe existing a
monophyly to this suborder with a close relatiopsbi Coenagrionidae and
Platycnemididae family as sister taxa and Calopidae family seems to be
separate to this clade (Dumont et al., 2010; Bydiesd., 2008). Phylogenetic
tree by Neighbour joining method showed monogenetade to some
families (Calopterygidae) and Coenagrionidae. Klassal. (2014) studied
about the comprehensive molecular phylogeny of gyg@ans in which all
traditional families recovered are monophyletic btgorganised the

superfamily Coenagrionidae into 3 families: Isodaliae, Platycnemididae
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and Coenagrionoidea. They have proved COI, 16S rRIN4 28S rRNA
genes as the most accurate molecular markers ina@and established that
it provides well resolved and supported trees fspacies to family level. The
findings of Silsby (2001) seem better applicableg fbe definition of
representing families as it is strictly on the basi traditional classification.
Calopterygidae families were well studied by Dumenal. (2005). The COI,
16S rRNA and 28S rRNA gene sequence data provitetest phylogenetic
trees from species to family level. Thus the presgody confirmed the
taxonomic identity of all species both morphologicaand also at the
molecular level and the closer association of thandlies was established as
Coenagrionidae and Platicnemididae in the sisexted with Calopterygidae

found outer to this clade.
1. SUBORDER: ANISOPTERA

This suborder consists of dragonflies existed 2&lflon years ago in
the carboniferous period. This group composed aR3pecies in 348 genera
and 11 families (Suhling, 2015). They are charaxerby robust stout body,
prothorax covered by pronotum, fused meso and hwtt (synthorax),
stout abdomen having 10 segments, a pair of contpeyes and legs and
different sized forewing and hindwing having ptéigsa. The characteristic
feature is the differently sized forewing and himalgy anal appendage
consists of both cerci and epiproct for holding pihey, cubital vein forms the
basal side of discoidal cell, anal vein forms aalp which is differently
shaped (Silsby, 2001).

2.1. Super family: Aeshnoidea

This primitive group of dragonflies are fast fBer They are

characterised by similar shaped triangles in botbviing and hindwing. Base
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of the hindwing of male are usually angulated andh@ry antenodals are

evident.
2.1.1. Family: Gomphidae

This family consist of 90 genera and 900 spedibs. members of this
family have a club like swelling at their abdomerddence the name. They
are characterised by widely separated eyes, g@ered eyes and black with
yellow or green marking on thorax. They have 40A7i total length and
often seen in streams and rivers. This group pssadstriangles in which the

discoidal cell of the hindwing is more elongatedrttiorewing.
2.1.1.1. Subfamily: Onychogomphinae

This subfamily consists of about 19 genera whiale aidely
distributed in Palaearctic, Ethiopian and Orientagjions. Hindwing is
provided with second primary antenodal cross vesarer to first primary
antenodal cross vein and provided with a intermediaoss vein. The
abdominal segment 8 and 9 without or with pseutkra dilations; superior
anal appendage much straighter and curled onipstinferiors very closely

apposed and curled strongly up to meet the sugerior
Onychogomphus malabarensis Fraser, 1924

This species is commonly known as ‘Pincertailsis Itharacterised by
yellow labrum with black border; black colored feowith a broad yellow
stripe; vertex and occiput black in colour havingedlow spot at the middle
of occiput and it is raised into a small tuberdtey( 14). Further one row of
cells found between Rii and IRii (Fraser, 1936).isitcommonly seen in

terrestrial and freshwater habitat.

The partial coding sequence of mitochondrial COéneg of
Onychogomphus malabarensis collected from Palakkad district (10.4621°N
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76.3950° E) was PCR amplified using JCC as thearifhable 2). The PCR
amplification product yielded 602bp amplified segreof cytochrome
oxidase | gene. The DNA sequence interpret, reptaBee molecular
barcode, conceptual translation product, nucledddAST, peptide BLAST
Jine diagram and molecular phylogenetic tree aesgnted in the figures 14
(@) to 14 (g) respectively. The sequence was degmbsh nucleic acid
databases for public accession having NCBI GenB#agkession No.
KU133368 and Barcode of Life Data System BIN Cludi@ — BOLD:
AAA4278 with Specimen ID — GBMIN88722-17 (Table 65)

The COI sequence d@dnychogomphus malabarensis showed bias to
nucleotide AT, with following composition of nucledes T = 34.6%, C =
17.6%, A = 31.7% and G = 16.1% (Table: 21). ThighhAT content of
66.3% over 33.7% of GC is mainly due to the mutel@ressure on a single

nucleotide substitution during the evolutionaryipérof time.

The 602bp sequence obtained by amplification m®geelded 200bp
translated amino acid sequence. Both nucleotidepanteéin BLAST analysis
showed closer match t@phiogomphus anomalus reported from America
(KX890962). The evolutionary history was inferreding the Neighbour-
Joining method and the evolutionary history of tara was analyzed. The
analysis involved 10 nucleotide sequences and alkerc positions included
were 1st+2nd+3rd. All positions containing gaps andgsing data were
eliminated and there were a total of 602 positiomsthe final dataset.
Evolutionary analyses were conducted using MEGA7#twswe. The
phylogenetic tree says that this species is strectbomphidae member due to
100% sequence similarity to other Gomphidae memidersOphiogomphus
anomalus and Ophiogomphus mainensis. The number of base substitutions
per site between sequences is shown in Table 2iguie Maximum

Composite Likelihood model. It showed 0% divergerice even other
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members of Gomphidae family indicating conservedegsequences among
all Gomphidae members during the course of evalutibable 22). The
sequence has also submitted for BOLD system to irmonfspecies
authenticity. The analysis showed 100 % sequencailasity to
Ophiogomphus anomalus and Ophiogomphus mainensis out of 20 different
matches reported in BOLD system. The line diagrdrthis species for the

confirmation of above statement is shown in FidLdé
DISCUSSION

Onychogomphus malabarensis is an endemic species known to be
reported only from the Palakkad district of Kerdladia (Subramanian and
Dow, 2010). Morphological identification was doneg lavailable keys
(Emiliyamma et al., 2005) and also with online mysaphs. As this species
is a pioneer report to the available databasesnulckeotide BLAST, Protein
BLAST percentage of divergence table and BOLD systeearly demarcated
this as a Gomphidae member because it doesn't imayer changes in the
nucleotide sequences. The average nucleotide fnetgseare A = 31.73%, T
= 34.55%, C = 17.61% and G = 16.11% indicating lAghcontent. This was
supported by the reports of Chippindale et al. ©9®&ho stated that the
overall A + T content were high among the order &da. The present study
provided novel report to all databases and its umibarcode can be easily
spot and analyze the phylogenetic position of #pscies based on DNA

sequences.
2.1.2. Family: Aeshnidae

This family represents the largest and fast flyiagisopterans
commonly known as ‘Darners’. They generally havweebbr green coloured
body, compound eyes, biting mouth parts and loagds#r abdomen. Most of

the species are 2-3 inches in length and movesatenby squirting water
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through abdomen. Female’s abdomen looks like argeweedle and hence

the name “darner”.
2.1.2.1. Subfamily: Aeshninae

This subfamily possesses most of the largest difige consisting
about 20 genera. Members are characterised bykeisuon the wings having

cross veins and R4 and anterior median graduailyexge.
Anaciaeschna jaspidea (Bur meister, 1839)

Anaciaeschna jaspidea havebluish grey eyes, reddish brown thorax,
black legs, reddish brown abdomen and transparangswwith bright
ochreous wing spot (Fig. 15). Females have deegaortbrownish coloured
wings different to male. It was observed as a @pular species and often

seen in dense vegetation. This is often seen adsdavith brackish waters.

The partial coding sequence of mitochondrial COénay of
Anaciaeschna jaspidea collected from Kasaragod district (12.500° N
75.0000° E) was PCR amplified using FOM as prinTable 23). The PCR
amplification yielded a product having 591bp. ThEAsequence interpret,
representative molecular barcode, conceptual @aasl product, nucleotide
BLAST, peptide BLAST and molecular phylogeneticetare presented in the
Figures 15(a) to 15(g) respectively. The sequenes weposited in the
GenBank having the accession number KR149806 (Tathle

The COI sequence ofAnaciaeschna jaspidea showed bias to
nucleotide AT, with following composition of nucledes T = 32.9%, C =
16.5%, A =32.9% and G = 17.7% (Table 23). ThisyAg content of 65.8%
over 34.2% of GC is mainly due to the mutationaéssure on a single

nucleotide substitution during the evolutionaryipérof time.
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The 591bp sequence obtained by amplification m®geelded 200bp
translated amino acid sequence. Both nucleotidepamigin BLAST analysis
showed that this species is 100% sequence sinolathé same species
reported from Tamil Nadu (JX306649). The evolutignaistory was inferred
using the Neighbour-Joining method and the evahatig history of the taxa
was analyzed. The analysis involved 9 nucleotidpiseces and the codon
positions included were 1st+2nd+3rd+Noncoding. €hsere a total of 334
positions in the final dataset after eliminating @bsitions containing gaps
and missing data. The phylogenetic tree confirnmed this species showed a
sister clade relationship to the same species ffamil Nadu. This was
supported by the divergence table plotted by Maxmuwomposite
Likelihood model (Table 24). This result showedtthidas species has been
rooted from Orthetrum glacum which divides the main clade into two
separate clades havidgaciaeschna jaspidea and Rhyothemis Phyllis in one
clade and Rhyothemis variegata in another one. Phylogenetically

Anaciaeschna jaspidea andRhothemis phyllis are very close together.

DISCUSSION

Anaciaeschna jaspidea is popularly known as ‘Australian duskhawker
and it is widely distributed in Australia, India,epal, China and Japan
(Theischinger & Hawking, J. 2006This Aeshnidae member is
morphologically identified with the available kegstaxonomic experts along
with online photographs. The molecular id developedthis species is a
pioneer work from Kerala and it showed a closeatrehship with the same
species reported from Tamil Nadu. This result coméd the closer
association of Aeshnidae and Libellulidae membeestd its similarities with

other Libellulidae members likedRhyothemis variegate and Rhyothemis

phyllis.
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Anax parthenope (Selys, 1839)

This Aeshnidae member, commonly known as ‘Lessepegor’, is
geographically distributed over Southern EuropejrtiNcAfrica and Asia
(Mitra, 2010a). This species can be easily diaghdsehaving a pale brown
coloured thorax; three — fourth of wings tinted twigellow and the frons
possess pale blue stripe (Fig. 16). They are ussakn in ponds, lakes and

still waters.

The partial coding sequence of mitochondrial C@hey of Anax
parthenope collected from Thrissur district (10.5200° N 760R1 E) of the
Kerala state was PCR amplified using FOM as prifiable 2). The PCR
amplification yielded a product having 607bp. TBNA sequence interpret,
representative molecular barcode, conceptual &aasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are
presented in the figures 16(a) to 16(g) respectivdlhe sequence was
deposited in the GenBank having the accession nu{B149805. The
sequence was deposited in nucleic acid databasgsilbtic accession having
NCBI GenBank Accession No. KR149805 and Barcodeifef Data System
BIN Cluster ID — BOLD: ABX6596 with Specimen ID —BBMH0633-15
(Table 65).

The COI sequence dhax parthenope showed bias to nucleotide AT,
with following composition of nucleotides T = 35.8% = 15.4%, A = 31.9%
and G = 16.8% (Table 25). This high AT content 8f/86 over 32.2% of GC
is mainly due to the mutational pressure on a simglcleotide substitution

during the evolutionary period of time.

The 607bp sequence obtained by amplification m®geelded 202bp
translated amino acid sequence.The nucleotide aviéip BLAST analysis

showed that this species is 100% sequence sinolathé same species
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reported from South Korea (KC13589). The evolutrgrtastory was inferred
using Neighbour-Joining method and the evolutiorfasyory of the taxa was
analyzed. The analysis involved 8 nucleotide segeenand the codon
positions included were 1st+2nd+3rd. All positioosntaining gaps and
missing data were eliminated and there were a tit&07 positions in the
final dataset. Evolutionary analyses were conduatdg MEGA7 software.
Phylogenetic tree constructed by Neighbour joinmgthod says that this
species is strictly adnax parthenope due to its sister clade relationship with
the same species reported from South Korea. Tadedks sister to the clade
containsAnax imperator. So the phylogenetic tree interprets the mpnophyly
of Anax genus and its nearest neighbour is seems An&eimperator due to
sister taxa arrangement and it is followedAmax junius and other Aeshnidae
member (Fig. 16g). This is supported by the evohdry divergence table
plotted by maximum likely hood method with respeetievolutionary
divergence of 0% witlAnax parthenope, 0.89% -1.42% withAnax imperator
and 2.09 % withAnax junious (Table 26). The sequence has also submitted
for BOLD system to confirm the species authenticithe analysis showed
99-100% sequence similarity to out of different mmmatches reported in
BOLD system. The line diagram of this species far ¢onfirmation of above
statement is shown in (Fig. 16f). The average arakimum nucleotide
distance to this species is found to be 0.64% gpadce) and 2.38% (p-
distance) respectively and the nearest neighboarfaiand to beAnax junius
(BOLD: AAC9113) having a nucleotide distance of 262

DISCUSSION

Anax parthenope is popularly known as ‘Lessor emperor’. This spseci
Is geographically distributed in South East Eurdperth Africa to Japan and
South to Australia. This morphologically identifiegpecimen by taxonomic

keys also confirmed its molecular taxonomic idgnés Anax parthenope on
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the basis of nucleotide sequences. This speciewesh@ monophyletic
ancestry because most of tAeax generafound in one clade and it was
splitted into 2 clades in whicAnax imperator and Anax parthenope were
found as sister clades and this main clade isrsigstéhose clade possessing
Anax junious and other Aeshnidae members. The nucleotide catigos
showed difference in the composition of bases wither closely related
individuals showed high AT content ratio. This Iscasupporting the above
fact. Thus the database analysis showed same @sdilalso the result is
being the pionner work from Kerala, its moleculdrcan be easily spot the

specimen and also for inferring phylogeny.
2.2. SuperFamily: Libelluloidea

This is the most dominant superfamily of the SdeorAnisoptera. The
most diagnostic feature is the presence of foopathanal loop in the hind
wing with  differently sized triangles in forewirand hindwings. Eyes are

broadly confluent on vertex.
2.2.1. Family: Libellulidae (common skimmers)

This cosmopolitan family includes brightly colodrenedium sized
dragonflies consisting of 1000 species. The magyahistic key of this group
is the presence of foot shaped anal loop in the Wimg, notch found on the
posterior side of compound eye and triangles inviimgs dissimilar in size
and orientation. They are usually seen associatdd pends, lakes and still

waters with their highest peak seen in April to t8epber.
Orthetrum sabina (Drury, 1770)

Orthetrum sabina species can be easily identified by having a gsken
yellow with black stripes on thorax, black colouregs, transparent wings

having black reddish brown spot and green colowledomen with broad
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black rings swollen at the base (Fig. 17). Thiscgsewas observed besides

ponds, tanks and grassy vegetation.

The partial coding sequence of mitochondrial Cé&hey ofOrthetrum
sabina collected from Kozhikode district (11.1352° N 7838° E) was PCR
amplified using JOS as primer (Table 2). The PCRldiration yielded a
product having 500 bp amplified segment of DNA. TDh&IA sequence
interpret, representative molecular barcode, caneépranslation product,
nucleotide BLAST, peptide BLAST, line diagram andletular phylogenetic
tree are presented in the figures 17 (a) to 1dgpectively. The sequence
was deposited in nucleic acid databases for puwdaession having NCBI
GenBank Accession No. KP938529 and Barcode of Déa System BIN
Cluster ID — BOLD: AAH6870 with Specimen ID — GBM88805-17 (Table
65).

The number of base substitutions per site betwssgguences were
analysed using the Maximum Composite Likelihood eiodThe COI
sequence oOrthetrum sabina showed bias to nucleotide AT, with following
composition of nucleotides T = 35.5%, C = 17.6%; 29.7% and G = 17.2%
(Table 27). This high AT content of 65.2% over 34.8f GC is mainly due
to the mutational pressure on a single nucleotidlestsution during the

evolutionary period of time.

The 500 bp sequence obtained by amplificationgsegielded 166bp
translated amino acid sequence (Fig. 17c and Hig). Both nucleotide and
peptide BLAST analysis showed that this specid93% sequence similar to
the same species reported from Mizoram and Pukj@li?234, KT961626).
The evolutionary history was inferred using the didiour-Joining method
and the evolutionary history of the taxa was aredyZ he analysis involved 8
nucleotide sequences and the codon positions iedludwere

1st+2nd+3rd+Noncoding. There were a total of 498itmms in the final
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dataset after eliminating all positions containgeps and missing data. The
phylogenetic tree constructed by Neighbour joinmethod clearly says that
this species have a monophyletic ancestry as athlvees were separated
from one clade. Eventhough the COIl sequences hes beported from
different geographical locations, it showed only @841.63% differences in
the nucleotides sequences. The divergence tabteeglby maximum likely
hood method clearly showed that it has no divergeft®o) those from
Punjab, Mizoram and Thailand while 1.63% to Indamesnd 1.01% to
Malaysia (Table 28). On the basis of the data ofeskthis species may be
rooted from those found in Malaysia and Thailand waverted into different
clades due to geographical variation. Result thargleided that this species
doesn’t have any major changes in India while sijgbhhanges from those
reported from Malaysia and Thailand during the seuof evolution. The
analysis in BOLD system showed 97-100% sequencé#asity to out of 30
different similar matches already reported in BOldatabase. The line
diagram of this species for the confirmation of &batatement is shown in
(Fig: 17f). The close matching BIN of the speciedaund to be 3% and the
most similar species was found to Kthetrum sabina reported from
Mizoram having the BIN Cluster ID accession humB&LD: AAH6870.
The average and maximum nucleotide distance tcgesies was found to be
1.63% (p-distance) and 3.08% (p-distance) respagtivhis species is found
to be more close 0. sabina (BOLD: ADC4050) with an average distance of
1.63% and 0.64% (p-distance) respectively.

DISCUSSION

Orthetrum sabina is commonly known as ‘Slender skimmer’ (Mitra,
2013). This species is known to be observed indptan, Oriental and
Australian regions (Subramanian, 2009). Morpholalgidentification done

using wing venation and other superficial charactgrictly confirm it as
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Orthetrum sabina. Molecular identification done using cytochromadase |
gene also confirmed it taxonomy. About 14 specie®nthetrum have been
reported from India (Subramanian, 2014). It is knaw cannibalic on other
odonate members having size greater than its ovisby$2001).The present
study confirmed a monophyletic ancestry to@ithetrum members and this
result is supported by the phylogenetic studie®hetrum genera already
done in Mizoram (Lallanpuii, 2014). Eventhough this species has beemdfou
in various geographically isolated areas, theiusaege doesn’t have any kind
of variation. It has been told that this specigsre@sents one of the Asia’s
dominant species and gets migrated into Northerrc&f Turkey and Europe
(Dilkstra et al., 2014). Hence the present studgsst that the  barcode

generated can be used to easily spot the specimetralao to analyse its

phylogeny.
Neurothemisintermedia Rambur, 1842

Neurothemis intermedia have rusty brown thorax, reddish brown legs
and reddish brown face. Their wings are transpardthave yellow patch in
all four wings with a reddish brown spot and albt red colour abdomen
(Fig. 18). This libellulidae member commonly obsivin streams and also
besides paddy fields. This species is known to lgely distributed in Asian

countries (Subramanian, 2010b).

The partial coding sequence of mitochondrial COénay of
Neurothemis intermedia collected from Kozhikode district (11.1352° N
75.8933° E) using JNT as the primer (Table 2). R@R amplification
yielded a product having 612bp. The DNA sequenterpnet, representative
molecular barcode, conceptual translation produuicleotide BLAST,
peptide BLAST, line diagram and molecular phylogentee are presented
in the Fig. 18 (a) to 18 (g) respectively. The sae was deposited in

nucleic acid databases for public accession haNi@gl GenBank Accession
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No. KU052672, KP835514 and Barcode of Life Datat&ysBIN Cluster ID
— BOLD: ADJ7302 with Specimen ID — GBMIN8879-17 pla 65).

The number of base substitutions per site betwssyuences was
analysed using the Maximum Composite Likelihood eiodThe COI
sequence oNeurothemis intermedia showed bias to nucleotide AT, with
following composition of nucleotides T = 33.8%, @8.5%, A = 27.3% and
G = 18.5% (Table 29). This high AT content of 61.b%er 39% of GC is
mainly due to the mutational pressure on a singleleotide substitution

during the evolutionary period of time.

The 527bp sequence obtained by amplification m®geelded 204bp
translated amino acid sequenc. Both the nuclectide protein BLAST
analysis showed that this species has 100% seq@ndarity to the same
species reported from Mizoram (KC122227). The evmhary history was
inferred using the Neighbour - Joining method arlde evolutionary history
of the taxa was analyzed. The analysis involvedidlaotide sequences and
the codon positions included were 1st+2nd+3rd+Ndmzp There were a
total of 352 positions in the final dataset aftéimeating all positions
containing gaps and missing data. The phylogenitie constructed by
Neighbour joining method showed that this specgesaving a sister taxa
relationship with those reported from Mizoram (FiBg). Also the tree
depicts that it infers a monophyletic ancestry vathNeurothemis sp. were
diverged from one clade and it is phylogeneticallyre close tdNeurothemis
fluctans. The respective divergences are 1.44% and 1.74Bb totermedia
and N. fluctans (Table 30). The sequence has also submitted for BBOL
system inorder to confirm the species authentidibe analysis showed 99.48
% sequence similarity to the same species, 95.02%urothemis intermedia
atlanta and 94.67% tdNeurothemis fluctans. The line diagram of this species

for the confirmation of above statement is show(Fig. 18f).
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DISCUSSION

Neurothemis intermedia is popularly known as ‘Paddy field parasol’
(Subramanian, 2010b; Fraser, 1936). This is widdiktributed in Asian
countries (Subramanian, 2010b). Morphological ideation done using
available keys helps to confirm its taxonomic idkntNeurothemis, the
commonly called ‘Red dragonflies’ is a libellulideeember commonly found
in drains, ditches, shallow streams, paddy fields &here are about 18
species are known to exist and out of which 3 gseare commonly found in
Kerala. Most of the species looks similar in terofstheir appearance,
behaviour and other notable characteristics b tlose look and detailed
study, they all found to be reproductively isolat@bw and Clausnitzer,
2012). Most of the genus exhibits female-limitedypworphism with a clear
difference in the wing and body coloration (Schetral., 2010). Phylogenetic
analysis showed that this genus is having a morefthgncestry which was
supported by the evolutionary study made in diffieideurothemis species in
Kerala (Jisha and Sebastian, 2015d). The closeweslaf this species is found
to be Neurothemis fluctans with a divergence of 1.74%. Thus both
morphological and molecular helps for providing ettér taxonomic tool to

identify and analyse phylogenetic relationships.
Potamarcha obscura (Rambur, 1842)

The male species have bluish black thorax, hyaliimgs, brown eyes,
and black with orange striped abdomen. Wings aadirg with brown tips
and dark reddish brown coloured pterostigma.Abdaieppendages are
black in colour (Fig. 19). This species is commoahserved besides small

weedy ponds.

The partial coding sequence of mitochondrial CéneyofPotamarcha
obscura collected from Palakkad district (10.5200° N 7®Q@1E) of Kerala
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has been done using JPC as primer (Table 2). ThedMplification yielded
a product having 633bp. The DNA sequence interprepresentative
molecular barcode, conceptual translation produuicleotide BLAST,
peptide BLAST and molecular phylogenetic tree aesented in the Fig. 19
(a) to 19 (g) respectively. The sequence was degabsi the GenBank having
the accession number KX503060 (Table 65).

The COI sequence d¢fotamarcha obscura showed bias to nucleotide
AT, with following composition of nucleotides T =386, C = 16.0%, A =
32.7% and G = 14.6% (Table: 31). This high AT canhtef 69.4 % over
30.4% of GC is mainly due to the mutational pressum a single nucleotide

substitution during the evolutionary period of time

The 633bp sequence obtained by amplification m®geelded 211bp
translated amino acid sequences.Both nucleotideeotdin BLAST analysis
showed that this species is 100% sequence sinilaritthe same species
reported from Mizoram (KC122230). The evolutiondigtory was inferred
using the Neighbour-Joining method and the evahaiig history of the taxa
was analyzed. The analysis involved 10 nucleotepiences and the codon
positions included were 1st+2nd+3rd. The analysi®lved 10 nucleotide
sequences and the codon positions included wer€ddt3rd+Noncoding.
There were a total of 611 positions in the finaladat after eliminating all
positions containing gaps and missing data. Théogleyetic tree constructed
by Neighbour joining method confirmed the taxonomdientity of this species
asPotamarcha obscura due to sister clade relationships with the saneeisg
from Mizoram. This result is supported by the eviolary divergence table

plotted by Maximum likely hood method (Table 32).
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DISCUSSION

Potamarcha obscura is popularly known as ‘Yellow tailed ashy
skimmer’ (Theischinger et al., 2006). This spedgesvidely distributed in
Asian countries (Mitra and Dow, 2017). The morplgatal identification of
the specimen did using the available keys uphotiedunique features of
Potamarcha obscura (Emiliyamma et al., 2005)All the database analysis
showed that the conserved sequence of this spece=s1't have any kind of
sequence change. This is a pioneer molecular work Kerala and hence its
molecular id can be used to easily spot the spetiam& can be used for
further research.Evolutionary relationship showat this family is very close

to Lepidopterans as its sequence similarity todoflies Pieris candida).
Brachydiplax chalybea Brauer, 1868

It is commonly called as ‘Yellow patched lieuati (Cheong et al.,
2008). Most of the male members are characterigdthbing powdery bluish
colour body, light bown on sides and dark tip ordaben. Wings are
transparent and brown colour at the base (Figuje Pi@ey are generally
found in disturbed habit.

The partial coding sequence of mitochondrial COéneg of
Brachydiplax chalybea collected from Wayanad district (11.6050° N
76.0830° E) was PCR amplified using JPF as primiable 2). The PCR
amplification yielded a product having 574bp.The ADBequence interpret,
representative molecular barcode, conceptual &tasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are
presented in the figures 20 (a) to 20 (g) respebtivThe sequence was
deposited in nucleic acid databases for public sstoa having NCBI
GenBank Accession No. KT372721 and Barcode of D#ga System BIN
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Cluster ID — BOLD: ACD4364 with Specimen ID — GBVBR778-17 (Table
65).

The COI sequence oBrachydiplax chalybea showed bias to
nucleotide AT, with following composition of nucledes T = 32.9%, C =
18.8%, A =30.7% and G = 17.6% (Table 33). ThisxAg content of 63.6%
over 36.4 % of GC is mainly due to the mutationedsgure on a single

nuceotide substitution during the evolutionary permf time.

The 574bp sequence obtained by amplification m®gogelded 191
long translated amino acid sequence. Both nucleatidd protein BLAST
analysis showed that this species is 100% sequsmegar to the same
species reported from Mizoram (KC287156). The eNmhary history was
inferred using the Neighbour-Joining method andewelutionary history of
the taxa was analyzed. The analysis involved 9emiicle sequences and the
codon positions included were 1st+2nd+3rd+Noncodifigere were a total
of 423 positions in the final dataset after elintimg all positions containing
gaps and missing data. The phylogenetic tree amtstt by Neighbour
joining method clearly says that this Bsachydiplax chalybeae due to its
sister clade relationship with the same speciem fMizoram. The above
result is confirmed by the divergence table plothgdMaximum Composite
Likelihood model (Table 34). Phylogenetically tegecies is very close to the
other Libellulidae members such aAcisoma inflatum and Acisoma
attenboroughi. The analysis showed 97-100% sequence similariputaf 20
different matches of different species reportedB@LD system. The line
diagram of this species for the confirmation of \@batatement is shown in
(Fig. 20f). The close matching BIN of the spec®d$aund to be 3% and the
most similar species is found to be repoiBedchydiplax chalybeae (BOLD:
ACDA4364) from Mizoram. It showed an average and imar nucleotide

distance of 0.73% (p-distance) and 2.27% (p-distarespectively.
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DISCUSSION

Brachydiplax chalybeae is popularly known as ‘Yellow patched
lieutendant’ (Cheong et al., 2008). This speciesligen widely distributed in
Eastern Asia including India, Japan and Indonesi2ow| 2010).
Morphological identification was done using taxonoikeys (Emiliyamma et
al.,, 2005) by observing its wing venation charactand other superficial
characters. The cytochrome oxidase | gene anay$iss species is a pioneer
work from Kerala and its phylogenetic analysis aonéd the taxonomic
identity of this species due to the conserved serpieNo other taxonomic
work of this species has been reported till nowreHihe database analysis
confirmed the above result and its closer relabgnsvith other Libelluidae
members Acisoma sp.) indicating confirmed family relationships. Rkghus
depicted that it doesnt have any sequence diveegdnaong the course of

evolution.
Trithemisaurora (Burmeister, 1839)

Trithemis aurora is characterised by having reddish brown face,
crimson eyes, black legs, red with purple pruineseghorax, violet coloured
abdomen and transparent wing with dark reddish brepot (Fig. 21).
Female has bright reddish brown face, dark grey, lelivaceous thorax with
characteristic median black lateral stripes, dadygvith yellow striped legs
and reddish abdomen. Their wings are transpareht bvown tips and have
bright yellow coloured venation. It is often seam\@getation near to water

bodies.

The partial coding sequence of mitochondrial C@hey of Trithemis
aurora collected from Kasargode district (12.5000° N PB@ E) was PCR
amplified using JPF as primer (Table 2). The PCRldiration yielded a

product having 606bp. The DNA sequence interpegirasentative molecular
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barcode, conceptual translation product, nucledBdAST, peptide BLAST,
line diagram and molecular phylogenetic tree aesg@nted in the Figures 21
(a) to 21 (g) respectively. The sequence was degubsi the GenBank having
the accession number KT305963. The sequence wasitkgbin nucleic acid
databases for public accession having NCBI GenBAwgkession Nos.
KT305962, KT305963 and Barcode of Life Data Sys®IiN Cluster ID —
BOLD: AAQ0253 with Specimen ID — GBMIN88911-17 (Tal65).

The COI sequence dfrithemis aurora showed bias to nucleotide AT,
with following composition of nucleotides T = 32.6% = 18.0%, A = 32.8%
and G = 16.6% (Table 35). This high AT content 5486 over 34.6% of GC
is mainly due to the mutational pressure on a simglceotide substitution

during the evolutionary period of time.

The 606bp sequence obtained by amplification m®gogelded 202
long translated amino acid sequence.The BLAST aimlshowed that this
species was 100% sequence similar to the sameespeeported from
Mizoram (JN817428). The evolutionary history wadeired using the
Neighbour-Joining method and the evolutionary mistof the taxa was
analyzed. The analysis involved 9 nucleotide segeenand the codon
positions included were 1st+2nd+3rd+Noncoding. €hsere a total of 451
positions in the final dataset after eliminating) @bsitions containing gaps
and missing data. Phylogenetic tree depicted a ptorletic ancestry to
Trithemis aurora because all similar species distributed in various
geographical areas were found in one clade. Phykgmlly it is very near to
Trithemis festiva than other members (Fig. 21g). This is shown ia th
divergence table plotted by the Maximum Composiikelihood model
(Table 36). The tree depicts that this species ribdmve any sequence
divergence to the species found in Mizoram whilevehd.5% to 2%

divergence to the same species reported from Pugald Japan.
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Taxonomically this species seems to be very cloge testiva, T. grouti and
T. werneri with respective divergence of 13.33%, 13.55% ardd33%
respectively. As the sequence has been reported Kizoram, Punjab and
Japan, it showed showed greater divergence to treymmrted from Japan.
Hence geographical barrier acted as an evolutiotawl for the sequence
divergence. The sequence has also be depositedirtDBsystem for the
confirmation of taxonomic identity which revealsaththe species is 100%
sequence similar to the same species reported fwbroram (BOLD:
AAQO253) while 98.83% to those reported from Punjite line diagram of
this species also confirmed the above statemerd: (Eif). The close
matching BIN of the species is found to be 3% dredmost similar species
showed an average and maximum distance of 1.188ts{gAce) and 3.21%
(p-distance) respectively. The distance to the estaneighbour Trithemis
festiva) is found to be having a distance of 10.27% (jpadlise).

DISCUSSION

Trithemis aurora is commonly known as ‘Crimson marsh glider
(Subramanian and Dow, 2010). It is widely distrdaltin Oriental region
(Subramanian, 2009; Kiran and Kakassery, 2007). Thmarphological
identification was done using available taxonomeyk through observing
wing venation characters and other superficial attaristics confrmed its
morphotaxonomyEmiliyamma et al., 2005). Both NCBI and BOLD syste
showed that this is strictljrithemis aurora due to its high sequence similaity
in the conserved COI region even though they anendoin various
geographically isolated areas. Thus the phylogertedie depicts that their
common ancestor has been divided into two maineslad whichTrithemis
aurora andTrithemis festiva were found in one clade whilgithemis grouti
and Trithemis wernerii were foud in another clade indicatinyithemis

aurora is taxonomically very close ftrithemis festiva.However tree says that
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all Trithemis aurora are having a monophyletic orgin as all are deseend
from a single clade. Hence both analysis confirtiedtaxonomic identity to

this species and inferred it's the phylogenetitusta
Neurothemisfulvia (Drury, 1773)

Neurothemis fulvia is a rusty colored dragonfly species diagnosed by
reddish brown coloured head, thorax and abdomenailes. Their wings are
dark reddish and opaque having reddish brown pgigroa and also a
transparent triangular area at the tip (Fig. 22k Temale members are paler
and rusty brown in colour with their wings are amipellow in colour. This
rusty coloured dragonfly commonly observed as larglenies in almost all

dense vegetation areas.

The partial coding sequence of mitochondrial COénay of
Neurothemis fulvia collected from Malappuram district (11.0300° N 760%
E) was PCR amplified using JNT as primer (TableTe PCR amplification
yielded a product having 600bp length. The DNA usggre interpret,
representative molecular barcode, conceptual &tasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are
presented in the Figures 22 (a) to 22 (g) respelgtivihe sequence was
deposited in nucleic acid databases for public sstoea having NCBI
GenBank Accession No. KP835515 and Barcode of Dé¢a System BIN
Cluster ID — BOLD: ACD6379 with Specimen ID — GBVBR796-17 (Table
65).

The COI sequence dfleurothemis fulvia showed bias to nucleotide
AT, with following composition of nucleotides T =33%, C = 20.0%, A =
27.7% and G = 18.6% (Table 37). This high AT cont#r61.4% over 38.6%
of GC is mainly due to the mutational pressure orsirggle nuceotide

substitution during the evolutionary period of time
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The 600bp sequence obtained by amplification m®ogelded 200
long translated amino acid sequence. Both nucleddiod protein BLAST
analysis showed that this species is 100% sequ&nu&rity to the same
species reported from Mizoram (JN817427). The dimiary history was
inferred using the Neighbour-Joining method andetelutionary history of
the taxa was analyzed. The analysis involved 1(eotide sequences and the
codon positions included were 1st+2nd+3rd+Noncodifigere were a total
of 583 positions in the final dataset after elintimg all positions containing
gaps and missing data. The phylogenetic tree amistt by Neighbour-
Joining method clearly showed that this speciesmibdave any sequence
divergence as time progressed. Phylogenetically gpecies is very close to
close toN. intermedia, N. fluctans andN. tullia with respective the divergence
of 17.6%, 18.10% and 18.55% respectively. The alesslt is confirmed by
the divergence table plotted by Maximum Composiikelihood model
(Table 38).The BOLD database analysis showed 980826 similarity
sequences already reported in BOLD system. Thedimgram of this species
for the confirmation of above statement is showr(kig. 22 f). The close
matching BIN of the species is found to be 3% dredrhost similar species is
found to be reported from Mizoram having the adosssiumber BOLD
ACDG6379. The average and maximum nucleotide distdacthis species is
found to be 0.43% (p-distance) and 1.61% (p-digtamespectively. The
generic close neighbour wa¥eurothemis tullia having a divergence of 1%
(BOLD: ADK3152).

DISCUSSION

Neurothemis fulvia is commonly known as ‘Fulvous forest skimmer’
and is geographically distributed in Asian courgriéMitra, 2010b).
Morphological identification was done using the haitic taxonomic keys

(Emiliyamma et al.,, 2005). This species is alwagens associated with
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agroecosystem and also in ponds and other aquattitah This is a pioneer
molecular work from Kerala and its sequence wasdoto be conserved
during the evolutionary period of time. This sequeedoesn’t have any kind
of sequence divergence to the same species.Phglicgtly this species is
very close to Neurothemis tullia by NCBI and BOLEs®m. However all
Neurothemis genus are having a monophyletic ancestry as athlmees were
splitted from a single node (Jisha and Sebasti@h5®). Hence the barcode
generated helped to easily spot the specimen vemgnd also to infer

phylogenetic status.
Crocothemis servillia Drury, 1770

It is medium sized bloods coloured species with lesa
characteristically bear red eye, red face, ferreges to orange colored
thorax, red colored abdomen and hyaline wings \aithber colored base
provided with dark brown wingspot (Fig. 23). Fematembers are pale
yellow in color with their eyes are brown above aalivaceous below, dark
brown coloured thorax and legs and transparent winily pale yellow
wingspot. Abdomen is yellowish brown with a chaeaistic mid dorsal black
stripe.They are commonly observed in ponds, wédaks, ditches and

paddy fields.

The partial coding sequence of mitochondrial COéneg of
Crocothemis servillia collected from Wayanad district (11.6050° N 76.083
E) was PCR amplified using OTF as primer (Tablelhe PCR amplification
yielded a product having 603bp. The DNA sequenterpnet, representative
molecular barcode, conceptual translation produaicleotide BLAST,
peptide BLAST, line diagram and molecular phylogentee are presented
in the figures 23 (a) to 23 (g) respectively. Tlegence was deposited in

nucleic acid databases for public accession haNi@gl GenBank Accession
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No. KR149807 and Barcode of Life Data System BINiSB#r ID — BOLD:
AAQO0252 with Specimen ID — GBMH0652-15 (Table 65).

The COI sequence d@rocothemis servillia showed bias to nucleotide
AT, with following composition of nucleotides T &A8%, C = 17.1%, A =
31.3% and G = 16.8% (Table 38). This high AT cohtd#r66.1% over 33.9%
of GC is mainly due to the mutational pressure omsirggle nuceotide

substitution during the evolutionary period of time

The 603bp sequence obtained by amplification m®gogelded 201
long translated amino acid sequence.Both the ntideeand protein BLAST
analysis showed this species is having 100% segu&nalarity to the same
species reported from Mizoram (JN817425). The dimiary history was
inferred using the Neighbour-Joining method andewelutionary history of
the taxa was analyzed. The analysis involved 1@eontide sequences and the
codon positions included were 1st+2nd+3rd+Noncodifigere were a total
of 537 positions in the final dataset after elintimg all positions containing
gaps and missing data. The phylogenetic tree depiat this species is
having a sister taxa arrangement to the same spezperted from Mizoram
and thereby confirmed its taxonomic identity. Treetalso depicts that it has
a monophyletic ancestry due to the splitting frommoamon ancestry. This
was supported by the divergence table plotted byitdam Composite
Likelihood model (Table 40). Phylogenetically ttspecies is very close to
close toCrocothemis erythraea having a divergence of 2.71. The analysis
showed 98.02-100% sequence similarity to the sapeeiss reported in
BOLD system. The line diagram of this species ha ¢onfirmation of above
statement is shown in (Fig. 23f). The close maighN of the species is
found to be 3% and the most similar species wasddo be reported from

Mizoram having the BIN cluster ID: AAQ0252. The sage and maximum
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nucleotide distance to this species is found toO&2% (p-distance) and

2.32% (p-distance) respectively.
DISCUSSION

Crocothemis servillia is popularly known as ‘Scarlet skimmer’ and it is
geographically distributed in East and South EasiaADow et al., 2013).
This is commonly seen in man made and disturbeddiand considered to
be an oppurtunitic species (Dow, 2017). Morpholabiclentification was
done using taxonomic keys (Emiliyamma et al., 20@ppbserving its wing
venation characters and other superficial charact@&his is a pioneer
molecular work from Kerala and phylogenetic treeiprets a monophyletic
ancestry to this genus due to closer relationstiilp @ther species of the same
genus. Most of the database results showed 99%aquiesice similarity to the
same species reported from various geographicafiglated areas.
Phylogenetic tree also interprets such a monoptylthis genus and those
species from Mizoram is found to be closer tharo#reas. Phylogenetically
this species is very close @ocothemis erythreae. This species was formely
treated as a subspecies @focothemis erythreae and later described &S

servillia on the basis of its uniqgue morphological features.
Trithemis pallidinervis (Kirby, 1889)

Trithemis pallidinervis is a medium sized yellowish brown dragonfly
having reddish brown eyes, olivaceous brown thotaack legs, bright
yellow abdomen and transparent wings with reddishation provided with
black coloured pterostigma (Fig 24). It is commomlgserved in weedy

ponds.

The partial coding sequence of mitochondrial C@hey of Trithemis
pallidinervis collected from Kannur district (12.8700° N 74.900Bf was
PCR amplified using OTF as primer (Table 2), yidlde product having
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580bp size. The DNA sequence interpret, represeatatolecular barcode,
conceptual translation product, nucleotide BLASTnel diagram, peptide
BLAST and molecular phylogenetic tree are presemdtle figures 24 (a) to
24 (g) respectively.The sequence was depositedigieit acid databases for
public accession having NCBI GenBank Accession K&149803 and
Barcode of Life Data System BIN Cluster ID — BOLBAQO0251 with
Specimen ID — GBMH0999-15 (Table 65).

The COI sequence drithemis pallidinervis showed bias to nucleotide
AT, with following composition of nucleotides T =Z38%, C = 16.2%, A =
29.8% and G = 16.2% (Table 41).This high AT contdrd7.6% over 32.4 %
of GC is mainly due to the mutational pressure omiregle nucleotide

substitution during the evolutionary period of time

The 580bp sequence obtained by amplification m®gogelded 193
long translated amino acid sequence.Both the BLA8Balysis showed that
this species is having 100% sequence similaritthéosame species reported
from Mizoram and Thailand (KJ499455 and KT95750B)e evolutionary
history was inferred using the Neighbour-Joining thod and the
evolutionary history of the taxa was analyzed. Tdmalysis involved 8
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 588itmms in the final
dataset after eliminating all positions containiggps and missing data.
Phylogenetic tree interprets that this species awing a sister clade
relationship to the same species repoted from MizoiThis clade is sister to
the clade containinglrithemis pallidiervis from Thailand. This result is
supported by the divergence table plotted by Maxmuwomposite
Likelihood model (Table 42). The analysis showed629100% sequence
similarity to different similar matches already ogj@d in BOLD system. The

line diagram of this species for the confirmatidrabove statement is shown
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in (Fig. 24f). The close matching BIN of the sped®found to be 3% and the
most similar species is found to Heithemis pallidinervis reported from
Mizoram having the BIN cluster ID: AAQ0251. The aage and maximum
nucleotide distance to this species is found t0.886 (p-distance) and 0.92%
(p-distance) respectively. The genetic distandbeonearest member is found
to be 11.11%. The phylogenetic tree constructed Neyghbour joining
method clearly showed that this species doesn’tehawny sequence
divergence to the species reported from Mizoram d&nwhiland and
phylogenetically this species is very close to elds T. glacum with a

respective divergence of 14.51.
DISCUSSION

Trithemis pallidinervis is popularly known as ‘Long legged marsh
glider and is widely distributed throughout the i&s countries
(Subramanian, 2010a). Morphological identificatiomas done using
taxonomic keys (Emiliyamma et al., 2005) by obssgvits wing venation
characters and other morphological differencess Thbellulidae member
have also confirmed the species identity by thelyaisa of conserved
cytochrome oxidase | gene analysis. This is a momnolecular work from
Kerala and those species which are reported fromoMm and Thailand
doesn’'t have major sequence divergence indicatiegtral evolution.
However this speces have a monophyletic ancesiytaluhe divergence of
similar genera from one clade. Thus the above tresulsed for easily spot

the specimen by using cytochrome oxidase | gene asd to infer its

phylogeny.
Trithemisfestiva (Rambur, 1842)

This libellulidae member commonly called as ‘Blaskkeam glider’

(Fraser, 1936). Male species characteristicallyehdark brown eyes, black
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with deep purple coloured thorax, black legs armhdparent wing with a
brown mark at the base of the wing. Abdomen seeblask in colour and
fully covered by blue pruiniscence (Fig. 25). Feasdhave a dirty brown face,
dark olive brown thorax, black legs and dark yelloabdomen

characteristically having medial and lateral blatripes.

The partial coding sequence of mitochondrial C@&heay of Trithemis
festiva collected from Wayanad district (11.6050° N 76 @8E) was PCR
amplified using OTF as primer (Table 2). The PCRpkiication yielded a
product of 567bp amplified segment of Cytochromielage | gene. The DNA
sequence interpret, representative molecular barcocohceptual translation
product, nucleotide BLAST, peptide BLAST, line diagh and molecular
phylogenetic tree are presented in the figuresa@Sd 25 (g) respectively.
The sequence was deposited in nucleic acid dataldasgublic accession
having NCBI GenBank Accession No. KR149802 and Baecof Life Data
System BIN Cluster ID — BOLD: AAQ0247 with Specime -
GBMHO0998-15 (Table 65).

The COI sequence dirithemis festiva showed bias to nucleotide AT,
with following composition of nucleotides T = 37%,= 16.3%, A = 29.0%
and G = 17.6% (Table 43). This high AT content 6¥6over 33.9% of GC is
mainly due to the mutational pressure on a singleleotide substitution

during the evolutionary period of time.

The 567bp sequence obtained by amplification m®ogelded 189
long translated amino acid sequences. Both nudieand protein BLAST
analysis showed that this species is having 100§aesee similarity to the
same species reported from Mizoram (JN817429). &hwdutionary history
was inferred using the Neighbour-Joining method dhe evolutionary
history of the taxa was analyzed. The analysis lved 9 nucleotide

sequences and the codon positions included werrddg+3rd+Noncoding.
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There were a total of 551 positions in the finaladat after eliminating all
positions containing gaps and missing data. Théogeyetic tree constructed
by Neighbour joining method clearly showed thas tpecies is a sister clade
to the same species reported from Mizoram andrtias clade is sister to
those reported from Punjab. The above result isimoed by the divergence
analysis table plotted by Maximum likelihood meth@@ble 44). There was
only 1.10% divergence to those reported in Punfitylogenetically this
species seems to be very close Tiothemis stictica, Trithemis werneri,
Trithemis furva and Trithemis grouti with respective divergence as 11.60%,
12.00%, 12.10% and 12.20%. The analysis showed6900% sequence
similarity to different similar matches reportedBOLD system. The line
diagram of this species for the confirmation of &batatement is shown in
(Fig. 25f). The close matching BIN of the speciedaund to be 3% and the
most similar species is found to be reported fromdvam having the BIN
cluster ID: AAQ0247. The average and maximum nudeodistance to this
species is found to be 1.23% (p-distance) and 3.@b8élistance) respectively.
The nearest neighbour of this species is founa Grithemis stictica (BOLD:
ABA9530).

DISCUSSION

Trithemis festiva, popularly known as ‘Black stream glider is
geographically distributd from Asia to New Guine®og, 2009a).
Morphological identification was done using taxonorkeys by observing
wing venation characters and other morphologicatuiees.This is a pioneer
molecular work from Kerala and its phylogeny depictonophyletic ancestry
with a closer relationship witfirithemis stictica. Morphologically Trithemis
festiva is very similar tolrithemis sticticta in most of the features with only a
little difference in eye colour. The DNA sequenc®lgsis showed 11.60%

divergence withlrithemis stictica species and found in a separate clade sister
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to the branch having manirithemis festiva members.Thus we can confirm
the result that phylogenetically this species ig/\wose toTrithemis sticticta.

Hence the barcode generated can be used to gasilthe specimen.
Brachythemis contaminata Fabricius, 1793

Brachythemis contaminate is one of the dominant Libellulidae member
in Asian countries. They generally inhabit on wepdwyds, lakes and streams,
sewage canal and ditches (Sharma, 2010). Males diamaeeous face,brown
colored eyes, olivaceous brown to reddish browmathgrovided with two
lateral reddish brown stripes and dark brown cadulegs. Abdomen is
bright red in colour and the transparent wingshanang reddish venation and
rusty wing spot. A broad orange patch is seen extgnfrom wing base to
wing spot in both wings-emales have yellwish white face, brown to bluish
grey eyes, greenish yellow thorax, with a brownsdbrspine and brown
coloured legs. Wings are transparent without wiatglpes. Its hindwings are
tinted with yellow and have rusty wing spot.Abdomisnpale olivaceous

brown with a black middorsal srig€ig. 26).

The partial coding sequence of mitochondrial COéneg of
Brachythemis contaminata collected from Palakkad district (10.4621° N
76.3950° E) of Kerala was PCR amplified using J&@®ramer (Table 2). The
DNA sequence interpret, representative molecularcdae, conceptual
translation product, nucleotide BLAST, peptide BLRSine diagram and
molecular phylogenetic tree are presented in tigares 26 (a) to 26 (Q)
respectively. The sequence was deposited in nuateétcdatabases for public
accession having NCBI GenBank Accession No. KP93&&3d Barcode of
Life Data System BIN Cluster ID — BOLD: ADC3495 wiSpecimen ID —
GBMIN8878--17 (Table 65).
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The COI sequence oBrachythemis contaminata showed bias to
nucleotide AT, with following composition of nucleédes T = 32.8%, C =
16.9%, A = 31.2% and G = 19.1% (Table: 45). ThghbAT content of 64%
over 36% of GC is mainly due to the mutational puee on a single

nucleotide substitution during the evolutionaryipérof time.

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinylaatthe same species
reported from Karnataka having the accession nun@R87157. The
evolutionary history was inferred using the Neigibdoining method and
the evolutionary history of the taxa was analyZBEoe analysis involved 13
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 383itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that &8achythemis contaminate species from various
geographical areas are separated from one commade @lith the indication
of common ancestry. The percentage of divergendse tplotted by
Maximum likelihood also confirmed the above statetnend showed only
that only 0.02% sequence divergence to the sameiespérom various
geographically isolated areas such as Karnatakaorsiin and China (Table
46).

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis €thWw8-99.82% sequence
similarity to similar matches already reported OB system. The line
diagram of this species for the confirmation of \@batatement is shown in
(Fig. 26h). The close matching BIN of the specgefound to be 3% and the
most similar species was found to Beachythemis contaminate reported
from Bengaluru having the BIN cluster ID ADC3495dait showed an

average and maximum nucleotide distance of 0.92#isgance) and 0.92%
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(p-distance) respectively.Thus the above resultficoed the taxonomic
identity to this species aBrachythemis contaminata on the basis of DNA

sequence.
DISCUSSION

Brachythemis contaminate is commonly known as “ditch jewel”,
widely distributed in Asian countries. The preseatdy investigated to
confirm the taxonomic identity of this species bwthb morphological
identification and molecular characterisation.Therphological features is
strictly correlated with the previously identifisgecimens by taxonomic keys
and online photographihis is a pioneer molecular work from Kerala but
other reports were also reported in Mizoram,Bermgaland China.Even
though this species is reported from various locatit showed more closer
relationship with those reported from Mizoram. B@LD analysis says that
it is more close to those from Karnataka. Anyhow tmique molecular id
produced can be used to easily spot the specim@odemetic relationship
was also determined on the basis of conserved @0@¢ gequence, which
showed and its nearest neighbour is found tBipkacodes trivalis than other

Libellulidae members.
Diplacodes trivialis (Rambur, 1842)

Diplacodes trivalis is one of the commonest libellulid dragonfly
species found in garden, paddy fields, and playgloand it is commonly
known as ‘Ground skimmer’ or ‘Blue percher’ . Thisbkilulidae species is
widely distributed in Oriental region and Pacifstands. This species showed
an extreme case of sexual dimorphism with cleatingis morphological
differences in both the sexes.Male has beautifué ldyes, pale azure blue
face with reddish brown coloured eye above and palesh or yellowish

colour below. Thorax is greenish yellow or olivaseoThe dorso-lateral area
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Is violet brown and is speckled with minute dotegk are greenish yellow
marked with black and the wings are transparentdoftinal segments 1-7
are greenish yellow with middorsal and subdorsalcllstripes and the
remaining segments are black in colour (Fig. 2Meyl usually breed in

muddy puddles, tanks and ponds (Subramanian, 2009).

The partial coding sequence of mitochondrial CéneofDiplacodes
trivialis collected from Kozhikode (11.1352° N 75.8933° Kasargode
(12.5000° N 75.000° E), Kannur (12.8700° N 74.9@)° and Thrissur
(10.5200° N 76.2100° E) districts of Kerala wereRP@mplified using ODT
as primer (Table 2). The DNA sequence interprgiregentative molecular
barcode, conceptual translation product, nucledBdAST, peptide BLAST,
line diagram and molecular phylogenetic tree aesg@nted in the Figures 27
(a) to 27 (g) respectively. The sequence was degmbsh nucleic acid
databases for public accession having NCBI GenB#agkession No.
KP835512 and Barcode of Life Data System BIN Ciudi2 — BOLD:
AAH6874with Specimen ID — GBMH065-15 (Table 65).

The COI sequence diplacodes trivialis showed bias to nucleotide
AT, with following composition of nucleotides T 538%, C = 16.7%, A =
29.4% and G = 18% (Table 47). This high AT con@n65.2% over 34.8%
of GC is mainly due to the mutational pressure omirgle nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinyildatthe same species
reported from other locations of Kerala and Mizorhaving the accession
numbers KP087931, KP087932, KP087933, KP087934, 38583 and
JX306647. The evolutionary history was inferredngsithe Neighbour-
Joining method and the evolutionary history of tara was analyzed. The

analysis involved 18 nucleotide sequences and akerc positions included
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were 1st+2nd+3rd+Noncoding. There were a totaléf gositions in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that Bliplacodes trivalis members have a monophyletic
origin with the indication of the common ancestijhe percentage of
divergence table plotted by Maximum likelihood alkst@ates that no major
sequence divergence to the species has been ikpbden various

geographically isolated areas (Table 48).

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis |th®9.82-100% sequence
similarity to out of 34 different similar matchefemady reported in BOLD
system. The line diagram of this species for thefiomation of above
statement is shown in (Fig. 27f). The close maighdN of the species is
found to be 3% having the BIN accession number A3®%6 The average
and maximum nucleotide distance of this specie®usd to be 0.37% (p-
distance) and 0.95% (p-distance) respectively. Thins above result
confirmed the molecular taxonomic identity to tisigecies by providing a
unique molecular id and also its phylogenetic retahip with other

Diplacodes members.
DISCUSSION

Diplacodes trivalis is commonly known as “Blue ground skimmer”,
widely distributed in Oriental region and Pacifstainds. This species is well
known being sexually dimorphic and Morphologicdfelience between male
and femaleD. trivalis could be externally identified using authenticereihce
guides. The molecular phylogenetic analysis of bathle and female
members of the same species showed the confirmafidine sequence and
conserved gene evolution with those reported frarious geographically
isolated areas (Jisha Krishnan and Sebastian, 20lkbehe present study

Diplacodes trivalis from various districts of the Kerala state prodlisame
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sequence similarity with 0% sequence divergence ewalutionary more
related to those reported from Mizoram than othewggaphically different
areas. Phylogenetic analysis and divergence tdloieed closer relationship
with Acisoma panorpoides than other members. This is also a pioneer work
from Kerala and hence the unique barcode generxardoe used to easily

spot and evaluate its phylogeny.
Bradinopyga geminata (Rambur, 1842)

Bradinopyga geminate is a medium sized Libelllulidae member
commonly observed besides rocky pools, walls ofnigga and rocky
substratum.Male species have dirty pale yellow itevmarbled thorax, dirty
black or grey coloured abdomen and pale creamyevappendage$-ig. 28).
Wings are transparent with black wing spot and broeyes. It is a

widespread species all over the world (Mitra, 1991)

The partial coding sequence of mitochondrial COénay of
Bradinopyga geminata collected from Malappuram district (11.0300° N
760500° E) of Kerala was PCR amplified using FOMpasner (Table 2).
The DNA sequence interpret, representative moledodaicode, conceptual
translation product, nucleotide BLAST, peptide BLRSine diagram and
molecular phylogenetic tree are presented in tlgurEs 28 (a) to 28 (Q)
respectively. The sequence was deposited in nuatetcdatabases for public
accession having NCBI GenBank Accession No. KM0%688d Barcode of
Life Data System BIN Cluster ID — BOLD: ABY3063 WwitSpecimen ID —
GBMIN22799-13 (Table 65).

The COI sequence &radinopyga geminata showed bias to nucleotide
AT, with following composition of nucleotides T = 31%, C = 15.5%, A =
30.1% and G = 17.0% (Table: 49). This high AT cantef 67.5% over
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32.5% of GC is mainly due to the mutational pressum a single nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and prosaguences showed
that this species is having 100% sequence sinyldaatthe same species
reported from Tamilnadu having the accession numb¢806648. The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 14
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 468itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicted that this species is ha@ingpnophyletic origin as all
members of the differently geographically isolateeas are closely related
each other..All members were found in one cladaam supported by the
percentage of divergence table plotted by Maximikelihood (Table 50).
This species showed 0.04, 0.08 to 0/.11 % of semp€ivergence to those

reported from Tamilnadu and China respectively.

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity.The analysis shibw8.5-99% sequence
similarity matches already reported in BOLD systédime line diagram of this
species for the confirmation of above statemerghiswn in (Fig. 28f). The
close matching BIN of the species is found to be &%d the most similar
species was found to HBradinopyga geminata reported from Tamilnadu
having BIN cluster id ABY3063. The average and maxin nucleotide
distance of this species is found to be 1.64% ¢padce) and 2.76% (p-
distance) respectively. Here also the nearest heighwas Bradinopyga
geminata (BOLD: CBL014-12). Thus the above result confirméle
molecular taxonomic identity to this species byvmling a unique molecular

id and also its phylogenetic relationship with athidellulidae members.
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DISCUSSION

Bradinopyga geminate is commonly known as “Granite ghost” and this
species is well known for being predators of mosglarvae ofAedes agypti
(Venkatesh and Tyagi, 2013). Morphological idensfion done with
taxonomic keys and expert consutation confirmed tiésxonomy as
Bradinipyga geminate. Eventhough this species has been reported from
various geographical areas, this species showesgrclelationship to those
reported from Mizoram.Phylogenetically this speciss very close to
Orthemis cultriformis, another Libellulidae member and hence the present

study concluded a conserved gene evolution aspgnogresses.
Rhyothemis variegata Linneus, 1763

It is a wide spread Libellulidae member in Soustiddwhich often seen
in marshes, ponds and paddy fields (SubramaniabQd@0It is a medium
sized dragonfly with golden wings variegated witadk and yellow patches.
Males are characterised by irridiscent green thoraback legs, black
abdomen, transparent and golden yellow wing. Thexdwing is
characteristically have a “w”shaped brown markhvatblack coloured wing

spot.Also the tip of the hindwing possesss a gledow spot (Fig. 29).

The partial coding sequence of mitochondrial Céhe ofRhyothemis
variegata collected from Malappuram (11.0300° N 76.0500° ditrictof
Kerala was PCR amplified using JRV as primer (Tab)e The DNA
sequence interpret, representative molecular barcoohceptual translation
product, nucleotide BLAST, peptide BLAST, line diagn and molecular
phylogenetic tree are presented in the Figuresa290(29 (g) respectively.
The sequence was deposited in nucleic acid dataldasgublic accession
having NCBI GenBank Accession No. KP938530 and &aecof Life Data
System BIN Cluster ID — BOLD: ABX8023 (Table )65
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The COI sequence &thyothemis variegata showed bias to nucleotide
AT, with following composition of nucleotides T 3%, C = 15.8%, A =
32.2% and G = 17.3% (Table 50). This high AT coht#r66.9% over 33.1%
of GC is mainly due to the mutational pressure omirgle nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinyldaatthe same species
reported from Mizoram having the accession numb&2&7151. The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. ®Emalysis involved 13
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 458itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts thRhyothemis variegate is having a close relationship
to the same species from variously geographicaitadt areas and thereby
confirmed the species taxonomy.Also the result ico@dd its genus
taxonomy as its close relationshipRophyllis. The above statement is strictly
correlated to the percentage of divergence tabtdtgqul by Maximum
likelihood (Table 51). It showed also states thmsaquence divergence to the

species with those reported from various geografiigicsolated areas.

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis ®thv®9.82% sequence
similarity to out of 20 different similar matchefemady reported in BOLD
system. The line diagram of this species for thefiomation of above
statement is shown in Fig: 29f. The close matctily of the species is
found to be 3% and the most similar species wasddo beRhyothemis
variegate reported from Mizoram having the BIN cluster ID: XB023. The

average and maximum nucleotide distance of thicispeis found to be
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0.61% (p-distance) and 2.07% (p-distance) respagtivhus the above result
confirmed the molecular taxonomic identity to tlepecies by providing
molecular id and also its phylogenetic relationshiph other Rhyothemis

members.
DISCUSSION

Rhyothemis variegate is commonly known as “picture wing” or
“variegated flutter”, widely distributed in South smn countries.
Morphologically this species is often mistaken wothtterflies (Fraser, 1936).
About 24 different species are coming under thisugeHere also both
morphological and molecular taxonomic analysis cordd the taxonomic
identity of this species strictly @&hyothemis variegate. This species doesn’t
have any kind of major evolutionary change durihg tourse of evolution
and phylogenetically this is very similar to thossported from Mizoram
followed by those reported from Japan.As this sgas phylogenetically
very close taR. phyllis, confirmed its genus taxonomy. Thus the presemlystu
confirmed the taxonomic identity of this species lbgth morphological

identification and by the molecular characterizatio

Pantala flavescence (Fabricius, 1798)

Pantala flavescence is a wide spread Libellulidae member in all
continents except Antartica and rarely in Europds la medium sized one
having rusty thorax, reddish brown abdomen, reddisbwn eye and
transparent wing with reddish brown spot. Malesehlarrght yellow or orange
colored face, olivaceous or rusty thorax coatedh wellowish hair and black

legs. This species can be observed in all haletaispt fores(Fig. 30).

The partial coding sequence of mitochondrial C@hey of Pantala
flavescence collected from Kozhikode district (11.1352° N 75339 E) was
PCR amplified using JRV as primer (Table 2). TheAD&&quence interpret,

115



representative molecular barcode, conceptual &aasl product, nucleotide
BLAST, peptide BLAST, line diagram and molecularylggenetic tree are
presented in the Figures 30 (a) to 30 (g) respegtivihe sequence was
deposited in nucleic acid databases for public sstoa having NCBI

GenBank Accession No. KR11198 and Barcode of LiaDSystem BIN

Cluster ID — BOLD: AAH6890 (Table 65).

The COI sequence dtantala flavescence showed bias to nucleotide
AT, with following composition of nucleotides T 3%, C = 19.4%, A =
26.6% and G = 16.9% (Table: 53). This high AT cantef 63.6% over
36.4% of GC is mainly due to the mutational pressum a single nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinyildatthe same species
reported from Malaysia having the accession numK&080077. The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 14
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 444itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that this species have a phgtetic origin with the
indication of the common ancestry. The percentafjedieergence table
plotted by Maximum likelihood also supported th@ebresult as it has only
a slight sequence divergence of 0.09 - 0.011%essze divergence to the
same species with those reported from various g@bgrally isolated areas
(Table 53).

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis ®=v®9.82% sequence

similarity to out of 20 different similar matchefemady reported in BOLD
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system. The line diagram of this species for thefiomation of above
statement is shown in Figure 30f. The close matcidiN of the species is
found to be 3% and the most similar species wasidoto be Pantala

flavescence reported from Gujarat having the BOLD accession Imem
BOLD: ANGENO67. The average and maximum nucleotid#ance of this
species is found to be 1% (p-distance) and 2.89%isjance) respectively.
Here also the nearest neighbour wassoma inflatum with an average and
maximum nucleotide distance of 1.52% and 2.75% igadce)

respectively. Thus the above result confirmed thelemgar taxonomic

identity and also inferred its phylogeny.
DISCUSSION

Pantala flavescence is commonly known a “globe skimmer” or” globe
wanderer”. This is a ubiquiotous and migratory asroceans before and after
monsoon as huge swarm. This genus has high ragersd flow among all
geographic regions and can be considerd as a gpawahictic populations
(Daniel et al., 2016). This species is often obsérduring daytime and
cosmopolitan in distribution and always seen asugso The morphological
identification strictly correlated with the availabkeys and guides. This
molecular work is the pioneer work from India boedn’'t show major line of
evolutionary sequence divergence to the same gspefiem various
geographically different areas. It shows only ghdlivariation in the sequence
and hence indicated a neutral evolution. Thus #redale generated can be
used to identify and analyse its phylogenetic statithe molecular level.
Phylogenetically the nearest neighbour was foundbdd\cisoma inflatum

than other Libellulidae member by BOLD analysis.
Acisoma panorpoides Rambur, 1842
This medium sized dragonfly is a common Libellakdmember often

seen in weeded tanks and lakes.This is geographdiatributed in almost all
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Indian subcontinent and usual inhabitance of swanmad marshy
habitats.The characteristic feature of this specgeshe “trumpet” like
structure of Abdomen as itd'5abdominal segment is very dilated and hence
the name “trumpet tail”. Male have blue face andebkyes, azure blue
colored thorax ,black legs ,transparent wings amadrea blue colored
abdomen.lts 1-5 abdominal segments are dilated) &f& cylindrical, 3-5

consists of large lateral spots while 6-7 have @ablwe spot (Fig. 31).

The partial coding sequence of mitochondrial C@hay of Acisoma
panorpoides collected from Malappuram (11.0300° 68NOF00° E) district
was PCR amplified using JAP as primer (Table 2)e Shquence obtained,
DNA sequence interpret, representative molecularcdae, conceptual
translation product, nucleotide BLAST, peptide BLRSine diagram and
molecular phylogenetic tree are presented in tlgures 31 (a) to 31 (Q)
respectively. The sequence was deposited in nuateétcdatabases for public
accession having NCBI GenBank Accession No. KT2Z284d Barcode of
Life Data System BIN Cluster ID — BOLD: ADL6242 (la 65).

The COI sequence dcisoma panorpoides showed bias to nucleotide
AT, with following composition of nucleotides T 2%, C = 16.5%, A =
30.3% and G = 16.1% (Table 55). This high AT cohtdr67.5% over 32.5%
of GC is mainly due to the mutational pressure omirggle nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinyildatthe same species
reported from Mizoram having the accession numb€Ci1@2228). The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 21
nucleotide sequences and the codon positions iedludwere

1st+2nd+3rd+Noncoding. There were a total of 473itmms in the final
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dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that alcisoma panorpoides members have a
monophyletic origin with the indication of the commmancestry. This species
has also be reported from Mizoram and Karnatakatheitpresent species
showed closer relationship to those from MizoramantiKarnataka with
respective divergence of to 0.04 % and 0.018%.pEreentage of divergence
table plotted by Maximum likelihood states onlyligls sequence divergence
to the species with those reported from variougyggahically isolated areas
(Table 56).

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis ®=v®9.82% sequence
similarity to out of 20 different similar matchefemady reported in BOLD
system. The line diagram of this species for thefiomation of above
statement is shown in Figure: 31f). The close matcBIN of the species is
found to be 3% and the most similar species wasidoio be Acisoma
panorpoides reported from Bengaluru having the accession nuriléa D:
ACK2137. The average and maximum nucleotide digtanfcthis species is
found to be 0.63% (p-distance) and 1.12% (p-diganespectively. Here also
the nearest neighbour wasisoma panorpoides (BOLD: ACK2137) with an
average and maximum nucleotide distance of 1.07&61293% (p-distance)
respectively. Thus the above result confirmed thelemgar taxonomic
identity to this species by providing a moleculdrand also for inferring its

phylogenetic relationships.
DISCUSSION

Acisoma panorpoides is commonly known as “trumpet tail” (Mens et
al., 2016). This libellulidae member is taxonomigatientified by running
keys and also from experts. Both morphological amolecular analysis

confirmed the taxonomic identity of this speciesAasoma panorpoides. As
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similar sequences have been reported from Mizorard &arnataka,
phylogenetically this species is very close to ¢hesquences reported from
Mizoram. The nearest generic neighbour of this iggees A. inflatum
followed byA. variegatum and A. attenborooughi. Thus the molecular work
helped to easily identifiAcisoma panorpoides species by providing a barcode

and to infer its phylogeny.
Neurothemistullia (Drury, 1773)

Neurothemis tullia is a dragonfly species commonly called as “Pied
Paddy Skimmer”, widely distributed in south and theast Asia. It is a small
black dragonfly with black and white (male) or browand black (female)
wings. They abundantly seen as large colonies angg and heavily-weeded
tanks, aquatic weeds. They usually have two or rgeresration per year and

its nymphal stage is usually seen associated vehfields(Fig. 32).

The partial coding sequence of mitochondrial COéney of
Neurothemis tullia collected from Malappuram (11.0300° N 76.0500° E)
district was PCR amplified using JNT as primer (€ahl). The DNA
sequence interpret, representative molecular barcoohceptual translation
product, nucleotide BLAST, peptide BLAST, line diamh and molecular
phylogenetic tree are presented in the Figuresa32o( 32 (g) respectively.
The sequence was deposited in nucleic acid dataldaseublic accession
having NCBI GenBank Accession No. KP835513 and &aecof Life Data
System BIN Cluster ID — BOLD: ABX8024 (Table 65).

The COI sequence dfleurothemis tullia showed bias to nucleotide
AT, with following composition of nucleotides T =38%, C = 17.4%, A =
28.3% and G = 20.5% (Table: 57). This high AT cantef 62.1% over
37.9% of GC is mainly due to the mutational pressum a single nucleotide

substitution during the evolutionary period of time
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The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 100% sequence sinyildatthe same species
reported from Mizoram having the accession numbeZl1®&229. The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 21
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 383itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
also the tree depicts that aleurothemis tullia members have a monophyletic
origin with the indication of the common ancestijhe percentage of
divergence table plotted by Maximum likelihood atgates that no sequence
divergence to the species with those reported framous geographically
isolated areas (Table 58). It showed the respechivergence of 0.12, 0.10
and 0.09 % divergence to the same species repooedMizoram, Thailand

and Japan.

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis s#bwW9-100% sequence
similarity to out of 10 different similar matchefemady reported in BOLD
system.The line diagram of this species for thefioomation of above
statement is shown in Figure: 32f. The close matgBIN of the species is
found to be 3% and the most similar species wasaddo beNeurothemis
tullia reported having the BIN cluster id as BOLD: ABX&802Zhe average
and maximum nucleotide distance of this specie®usd to be 0.63% (p-
distance) and 1.28% (p-distance) respectively. Halso the nearest
neighbour wadeurothemis fluctans having the BOLD ID: ADC4643 with an
average and maximum nucleotide distance of 0.75% h68.64% (p-
distance) respectivelyThus the above result confirmed the molecular
taxonomic identity of this species by providing alecular id and also for

inferring its phylogenetic relationship with otHéeurothemis members.
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DISCUSSION

Neurothemis tullia is popularly known as “Pied paddy skimmer”
known to be widely distributed in South and SouttstEAsia. They have 2
generation per year and its nymphal stage is fonrstagnant water around
rice fields.They are ecologically important as ginedators of rice pests such
as Plant hoppers, leaf hoppers and stem borersgCdile 2000). The female
polymorphism is one of the mechanisms exhibitedNbyrothemis tullia and
it has been known to be reported from North eastetes of India (Kumar,
1988; Mitra, 1991). In the preent study morpholagikeys strictly says its
morphotaxonomy as Neurothemis tullia.Eventhougdxitibits polymorphism
the male, female and andromorphic female (polymarfpemale) showed
similar DNA sequences when its cytochrome oxidasgehe was PCR
amplified and analysed (Jisha and Sebastian, 20Eyen though this species
has been reported from various geographical anelaglogenetically this
species is found to those reported in the followimgnner Mizoram, Thailand
and Japan. Phylogenetically this species is vargectoNeurothemis fluctans
than othemMeurothemis genera by both NCBI and BOLD analysis. Thus the
present study concluded that both morphological amaecular analysis

showed similar result that helped to resolve itgqdeny.
Lathresia asiatica (Rambur, 1842)

Body is metallic bluish black in colour having desh brown eys, dark
brown colour thorax on the dorsal and bright yellonvlateral sides with two
black “Y” shaped markings with narrow black strig€sg. 33). This species
Is sparingly distributed in India exept in dry zenand usually seen in
colonies.Their breeding is known to be occur inlpd&miliyamma et al.,
2005).
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The partial coding sequence of mitochondrial C@he ofLathresia
asiatica collected from Kozhikode district (11.1352° N 7833° E) of Kerala
state was PCR amplified using JPF as primer (Tapl&@he DNA sequence
interpret, representative molecular barcode, canegpranslation product,
nucleotide BLAST, peptide BLAST, line diagram andletular phylogenetic
tree are presented in the Figures 33 (a) to 33egpectively. The sequence
was deposited in nucleic acid databases for puwdaession having NCBI
GenBank Accession No. KU052671 and Barcode of D&ta System BIN
Cluster ID — BOLD: ADJ7302 with Specimen ID — GBM3RI787-17 (Table
65).

The COI sequence tfthresia asiatica showed bias to nucleotide AT,
with following composition of nucleotides T = 33.7% = 20.7%, A = 27.2%
and G = 18.4% (Table 59). This high AT content 09856 over 39.1% of GC
is mainly due to the mutational pressure on a simglcleotide substitution

during the evolutionary period of time.

The BLAST analysis of both nucleotide and prosquences showed
that this species is having 100% sequence sinyilaiot Neurothemis
intermedia reported from Kerala having the accession numbes2672The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 16
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 40%itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
the tree depicted thatathresia sp is having close relationship to Neurothemis
members than other Libellulidae members. This & aupported by the
percentage of divergence table plotted by Maximikelihood method. This
showed 0 to 0.11% sequence divergence to oberrothemis species

reported from various geographically isolated afd@able 60).
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The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis sthWw7-99.82% sequence
similarity to out of 10 different similar matchefemady reported in BOLD
system. The line diagram of the species for thefigoation of above
statement is shown in Figure 34h. The close magcBIlN of the species is
found to be 3% having the accession number BOLDJZAID2. The distance
to the nearest neighbour is found to be 5.33 %.Ttnes above result
confirmed the molecular taxonomic identity to tlepecies by providing
molecular id and also for inferring its phylogeretelationship with other

Neurothemis members.
DISCUSSION

Lahresia asiatica is a common Libellulidae member found during
rainy season. This is a pioneer molecular work fiagia and its COI gene
analysis showed its closer relationship whieurothemis intermedia, another
Libellulidae member. This species showed closerati@thip with
Neurothemis genus than other Odonata species. There is nodaxo work
has been reported for this species till now andcéghe barcode generated

can be used to easily spot the specimen and alstetats phylogeny.
Aethriamanta brevipennis (Rambur, 1842)

Aethriamanta brevipennis is a small dragonfly having black thorax and
scarelet abdomen.They are usually seen in manynAsiantries and consist
of face which is covered with short and stiff blakkirs, dark chocolate
thorax, black legs and transparent wings with bdrgiden yellow venation
(Fig. 34). The common habitat of this species is found to leedy lakes,
ponds and lakes (Manoj, 2011).

The partial coding sequence of mitochondrial COénegy of
Aethriamanta brevipennis collected from Malappuram (11.0300° N 76.0500°
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E) district was PCR amplified using JAT as primé&alfle 2). The DNA
sequence interpret, representative molecular barcoohceptual translation
product, nucleotide BLAST, peptide BLAST, line diagn and molecular
phylogenetic tree are presented in the Figuresap4o( 34 (g) respectively.
The sequence was deposited in nucleic acid datdioageublic accession
having NCBI GenBank Accession No. KU510325 (Talig 6

The COIl sequence oRethriamanta brevipennis showed bias to
nucleotide AT, with following composition of nucleédes T = 31.1%, C =
21.3%, A = 27.4% and G = 20.3% (Table 61). ThisyAg content of 58.5%
over 41.5% of GC is mainly due to the mutationaéssure on a single

nucleotide substitution during the evolutionaryipeérof time.

The BLAST analysis of both nucleotide and pros#quences showed
that this species is having 99 % sequence sinyil&miinax speratus reprted
from Netherland having the accession numbers KU285hd KU565930.
The evolutionary history was inferred using thed¥ior-Joining method and
the evolutionary history of the taxa was analyZBoe analysis involved 12
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 508itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
the tree depicts that this species showed a s@tate relationships to
Aeshidae members than other Libellulidae membertheiasiss of sequence
similarity. The above statement is also supportgdtie divergence table
plotted in maximul likelyhod method. It showed 0%7sequence divergence

to Anax speratus on the basis of COI gene analysis.
DISCUSSION

Aethriamanta brevipennis is commonly known as “Scarelet marsh

hawk” widely distributed in Asian countries. Morpbgical identication done
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with online photographs and taxonomic keys stristys it asAethriamanta
brevipennis. This is the pionner molecular report from Indralats unique id
developed by PCR method strictly says it as a lubdhe member by
Nucleotide and Protein analysis. Phylogeneticatiy tibellulidae member
showed closer relationship with Gomphidae membéwsax parthenope)

indicating a closer relationship of Libellulidaeda@omphidae.
Brachydiplax sobrina Rambur, 1842

Brachydiplax sobrina is a Libellulidae member widely distributed in
India, Myanmar, Bangladesh, Nepal, Sreelanka aralditd (Subramanian,
2009). Males have yellowish white and black withtaitlee blue green head,
dark brown thorax, black legs and transparent wingh brown base.
Abdomen is black with bluish white in colour. Thase commonly observed

in marshes, ponds and rivers (Subramanian andgnkaishnan, 2005).

The partial coding sequence of mitochondrial COénay of
Brachydiplax sobrina collected from Kasargode district (12.5000° N
75.0000° E) of Kerala was PCR amplified using JBpramer (Table 2). The
DNA sequence interpret, representative molecularcdae, conceptual
translation product, nucleotide BLAST, peptide BLRSine diagram and
molecular phylogenetic tree are presented in tlgures 35 (a) to 35 (Q)
respectively. The sequence was deposited in nuatetcdatabases for public
accession having NCBI GenBank Accession No. KT302dad Barcode of
Life Data System BIN Cluster ID — BOLD: ACD4364 wiSpecimen ID —
GBMIN88787-17 (Table 65).

The COI sequence d@rachydiplax sobrina showed bias to nucleotide
AT, with following composition of nucleotides T =12%, C = 20.0%, A =
30.9% and G = 17.9% (Table 63). This high AT cont#r62.1% over 37.9%
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of GC is mainly due to the mutational pressure omiregle nucleotide

substitution during the evolutionary period of time

The BLAST analysis of both nucleotide and prosaguences showed
that this species is having 100% sequence simyilariBrachydiplax chalybae
reported from kerala having the accession numbef3{R721). The
evolutionary history was inferred using the NeighBoining method and the
evolutionary history of the taxa was analyzed. Emalysis involved 15
nucleotide sequences and the codon positions iedludwere
1st+2nd+3rd+Noncoding. There were a total of 423itmms in the final
dataset after eliminating all positions containgaps and missing data. Here
the tree depicted th@rachydiplax genus taxonomy, which also confirmed by
the distance table analysis.The distance tableysisathowed 0.13 — 0.16%
divergence toBrachydiplax chalybeae species reported from Kerala and
Mizoram respectively in MEGA analysis. The percgetaf divergence table
plotted by Maximum likelihood also showed the respe divergence to the
species with those reported from various geografiigicsolated areas (Table
64).

The sequence has also submitted in BOLD systeathandatabase to
confirm the species authenticity. The analysis #bvw8-99% sequence
similarity to out of 20 different similar matchefemady reported in BOLD
system. The line diagram for the confirmation obwd statement is shown in
Figure 35f). The close matching BIN of the spetsef®und to be 3% and the
most similar species was found to be reported figerala having the
accession number BOLD ACD4364. The average andmani nucleotide
distance to this species is found to be 0.73% mksiaand 2.27% (p-distance)
respectively. Here also the nearest neighbour wafund to be having

10.27% of divergence. Thus the above result comfitnthe molecular
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taxonomic identity to this species by providing alacular id and also to

infer its phylogenetic relationships.
DISCUSSION

Brachydiplax sobrina is popularly known as “Little Blue Marsh
Hawk”. Morphological identification done by runningeys and expert
consultation confirmed it aBrachidiplax sobrina. Molecular identification
method in NCBI and BOLD database showed the confgrai this species
as inBrachydiplax genera. Here the phylogenetic relationship showed that it
was very close t®rachydiplax chalybaea. Phylogenetic tree interprets that
all Brachydiplax genus have a common ancestry as all are bifuréadedone
clade. As this is a pioneer molecular work from &ay the barcode generated

can be used to easily spot the specimen and alatetgphylogeny.
PHYLOGENETIC ANALYSISOF ANISOPTERA

Anisoptera represents one of the suborders of Qhder Odonata
known to be evolved during Triassic period abou?-260 million years ago
(Grimaldi and Engel, 2005). They are characteribgddifferently sized
forewing and hindwings, large sized, brightly cofediand stout bodied ones.
The present study investigates the taxonomic oxlahip of Libellulidae,
Aeshnidae and Gomphidae family of the Superfamilibelluloidea.
Libelluidae represents one of the most successidiracently differentiated
Anisopteran families. They are cosmopolitan in ribsttion and these
ubiquitous members are usually seen in all lenéibitats. This is the most
dominant family of Anisoptera in all diversity siad (Jisha and Sebastian,
2015a; Dayakrishna, 2015; Khan, 2018). It has Hbeeld that Libellulidae
were evolved during cretaceous period about 142H66m years ago
(Jarzembowski and Nel, 1996). It consists of 14Bege and 969 species.
This is considered to be the most recently origidadragonfly family. This
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family can be easily recognised by having brigletjoured or patterned wing
with a boot shaped series of veins (anal loop)hi hindwing. The adult
reproductive behaviour, feeding behaviour, ecolagy biogeography of all
these members are varying and hence it made insive study by various
workers (Carle, 1982; Corbet, 1999). Most of therphological studies of
this family were based on wing venation characfrgy, 1890; Needham,
1903; 1931; Fraser. 1936; Bechly, 1996; Carle et 2008; Rehn, 2003).
Some studies are mainly based upon egg, genifigdilat musculature, colour,
and larval characteristics (Theischinger et alQ@0Several recent molecular
studies were also reported (Kambanpati and Charli®99; Artiss et al.,
2001; Jisha and Sebastian, 2015c) which were mdabed upon single
marker gene analysis. However all morphology bamsdl molecular based
studies produced a monophyletic ancestry to thisilja Gomphidae
represent another family taken for analysis. Spedieersity of Gomphidae is
likely higher than of any other Anisopteran suboreecept Libellulidae but
no phylogenetic studies of Gomphidae has been tegbdill now. Carle
(1982) provided the most recent and comprehendagsification based on
morphological synapomorphies but it did not prodig#ylogenetc analysis.
Jessica et al. (2007) made the first molecular qugmetic analysis of
Gomphidae. She classified all members in this famito 4 divisions in
which the subdivision Lindenia possess the subfar@hychogomphinae.
Onychogomphus malabarensis is an Onychogomphinae member and here the
morphological identification, its molecular taxonemconformity and
phylogenetic analysis has been done. The phylogetree confirmed its
taxonomic identity and phylogeny showed its closetationship with
Ophiogomphus species indicating Gomphidae genus. Another family
Aeshnidae has taken represented by two speciesaséeiax parthenope and
Anaciaeshna jaspidea which also showed closer relation ship as sisiea.t

This family was found to be closer to Libellulidae.
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The phylogenetic tree constructed by Neighburipgmmethod showed
the phylogenetic relationship of all Anisopterannfbers in the representing
families such as Libellulidae, Aeshnidae and Gomgéi (Fig. 36). In the
present study among the 28 genera analy$ethemis, Neurothemis,
Brachydiplax and Agriocnemis genera were represented by more than one
species.Trithemis, Agriocnemis and Neurothemis were represented by three
and Brachydiplax by two voucher specimens. Both these genera shawed
monophyletic ancestry. AFithemis genera is represented by three species in
which Trithemis festiva andTrithemis aurora are found sister taxa with each
other whileTrithemis pallidinervis was not made a conclusive result since the
support value is lower and found outer to this eladlso amongdNeurothemis
genus, Neurothemis fulvia and Neurothemis intermedia were arranged as
sister taxa and\. tullia found outer to this clade. This conclusion is siign
supported by the previous study of Laltanpuii et(aD17). The nucleotide
frequencies of all these members are A = 30.3%,38.2%, C = 18.3%, G =
17.4% with the codon positions includind € 2"+ 3%+ non coding. The
nucleotide frequencies are high in AT (64.4%) and GC (35.7%) which is

typical for Arthropods in many previous studies.

A consolidated list of nucleic acid database asoesdetails for the

species analysed during the present study is pexsénTable 65.
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CONCLUSION

The insect order Odonata along with mayflies represents the most basal
group of primitive winged insect commonly known as Palaeoptera. They were
known to be diverged during Jurassic period and widely used to trace out the
history of the entire insect fauna as being the primitive winged ones. The
ancestors of the modern odonates were known to be existed during the middle
Carboniferous period (325 million years ago) and these proto-odonates were
very similar to the modern ones with respect to their ability for fast flight and
the habit of voracious feeding. The first fossil record appeared dates from
Permian period (250 million years ago) exhibited the characteristics of either
Protoanisoptera or Protozygoptera. The Odonata of India is represented by
488 species and 27 subspecies in 154 genera and 18 families. The Suborder
Zygoptera comprises of 211 species under 59 genera and 9 families;
Anisozygoptera consist one species under one genera and one family while
Anisoptera has 276 species under 94 genera and 18 families. Out of this

abundance, 154 species were authentically reported from Kerala so far.
Morphological studies

During the present study, the odonates were collected from seven
major districts of Northern Kerala by selecting each district with three
different ecosystems on the basis of the observed specimen abundance. The
morphological identification of each species was done with the aid of
available keys and was confirmed from taxonomic experts. Based on the
morphologically identified characters, the collected specimens were classified
into 4 super families falling to 6 different families such as Coenagrionidae (6
sp), Plactinemididae (1 sp) and Calopterygidae (2sp) (Zygoptera: Super

families Coenagrionoidea and Calopterygoidea); Libellulidae (25 sp),
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Aeshnidae (2 sp) and Gomphidae (1 sp) (Anisoptera: Super families

Libelluloidea and Aeshnoidea).
Molecular studies

Molecular studies based on cytochrome oxidase | (COI) gene analysis
confirmed the taxonomic position and phylogenetic status of the
representative members selected under the study. This is a pioneer molecular
work from Kerala and the COI gene sequences (barcode sequences) of 37
voucher specimens has been submitted to public nucleotide databases for
confirming their species identity. The submission data includes five new
reports globally, means two endemic species from Kerala (Onychogomphus
malabarensis and Agriocnemis keralensis), two Coenagrionidae members
(Ceriagrion coromandelianum and Aciagrion occidentale), one Libellulidae
member (Lathresia sp.) along with 5 other pioneer reports from India (Table
66).

There existed a lot of controversies for the prediction of interfamily
relationship among the concerned suborders. It was over last 45 years,
phylogenetic hypothesis have been made to resolve the phylogenetic
relationship based on the morphological features like wing venation
characters, flight apparatus and also copulatory structures. But most of these
phylogenetic studies showed different outcomes when considered either

morphological features or molecular characteristics as the tool.

The previous hypotheses of odonate phylogeny based on the analysis
of morphological features can be explained as follows: Among Anisopterans;
Libellulidae and Aeshnidae are sister clades with each other with Gomphidae
as outgroup. At the same time there were other reports that Gomphidae and
Libellulidae are sister clades with Aeshnidae family as outer. Among

Zygopterans; Coenagrionidae and Calopterygidae are sister clades.
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Phylogenetic analysis done using molecular methods were also supported the

above interfamily relationship of Anisoptera and Zygptera to certain extend.

The phylogenetic analysis done using MEGA software by Neighbour
joining method in the present study revealed a close relationship of all
members under study and the respective families also. It was established that
a phylogenetic tree with sum of branch length 1.82 (Jukes cantor method) as
evolutionary distance only can be taken into account as an optimal
evolutionary tree. The generic taxonomy of Trithemis, Neurothemis, Ischnura,
Agriocnemis Brachydiplax and Vestalis has been confirmed by the present
phylogenetic tree analysis. Further the monophyly of both suborders
(Anisoptera and Zygoptera) were confirmed as it seems diverged from a
single ancestral clade. The interfamily relationships among these orders were

also proved.

Among Anisopterans, interfamily relationships are exhibited by three
families (Libellulidae, Gomphidae and Aeshnidae) with a closer relationship
of Aeshnidae + Libellulidae to Gomphidae. This relationship was supported
by the morphological studies of Carle (1982), Truemann (1996) and Rehn
(2003) and also the molecular study reported by Saux et al. (2003).

Among Zygopterans, interfamily relationships are established among
three families (Coenagrionidae, Platicnemididae and Calopterygidae) with a
close relationship of Coenagrionidae + Platicnemididae to Calopterygidae.
This relationship was also supported by Fleck et al. (2008), Dument et al.
(2010) and Bybee et al. (2008) through their combined analysis based on both
molecular and morphological characters. Thus it can be confirmed that among
Anisoptera; Aeshnidae and Libellulidae families are more related with each
other whereas in in Zygoptera; Plactinemidae and Coenagrionidae families.

Thus cytochrome oxidase | gene sequence provided a better molecular tool
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for confirming the taxonomic identity and also the phylogenetic relationship

of the different members of the order Odonata.

In order to understand how the order Odonata has been related to other
insect groups, one each representative species were taken from different
insect families that are closely related to this order, namely Ephemeroptera,
Coleoptera and Lepidoptera, for the construction of phylogenetic tree. The
result showed that damselflies are more closely related to Ephemeroptera
whereas dragonflies to Coleoptera and Lepidoptera. This indicates different
rate of divergence of insect families during their evolution over time. Further
on the basis of the COIl gene nucleotide substitution analysis, it can be
attributed that the odonate members from Kerala doesn’t have any major
sequence divergence to those reported from various other geographical areas

indicating their neutral evolution.
BIOGEOGRAPHY OF ODONATES

The geographical distribution of the odonates existing today is known
to be attributed to the continental drift forces coupled with natural dispersal
and adaptive radiation over 300 million years. This in turn leads to the
speciation and endemism in tropical regions as most of them, especially
anisopterans, are strong fliers and some species are migratory in nature. It can
be concluded that most of the anisopterans exhibit vicariance and dispersal
events while speciation among zygopterans are on the basis of adaptation to
climatic variations. In short it can be established that this insect order has

dispersal ability mainly influenced by biogeographic patterns.
BIOGEOGRAPHY OF ZYGOPTERA

These small sized damselflies” distributions coincide with
climatologically distinct zones and known to be more diverse along equator

where they experienced high temperature. A limited number of studies have
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explored the effects of key biogeographical events on individual damselfly
taxa (De Marmels, 2001; Dumont et al., 2005; Groeneveld et al., 2007,
Polhemus, 1997; Turgeon et al., 2005). Tropical regions hold the greatest
number of species, and it has been suggested that this high diversity can be
explained by the abundance of aquatic habitat in tropical forest (Orr, 2006)
and as tropical mountains provide a diverse niche and regional refugia
(Kalkman et al., 2008).

Coenagrionidae represents the most diverse and abundant family and it
known to be existed in all continents except Antartica due to its high capacity
for colonization. In the present study, there are seven Coenagrionidae species
from Kerala has taken for phylogenetic assessment, which doesn’t show much
more sequence variation from its individual species in the geographically
isolated areas by molecular analysis. Calopterygidae represents another
family and here two species (Vestalis apicalis and Vestalis gracilis) from
Kerala was taken for inferring the phylogeny through molecular analysis. This
family, which is known to be distributed in all continents except Australian
region possessing similar habitat, morphology and mating displays, showed
very less sequence variation from its counterparts in the other geographically
isolated areas. The tree indicated a monophyletic ancestry which is in tune
with the previous works of Bybee et al. (2008) and Dumont et al. (2005) and
clearly rejects the postulates of Mullen and Andres (2007) on geographic

pattern of distribution.

Plactinemidae is the other family studied, which was represented by
only one species, Copera marginipes. Here also the COIl gene sequence
comparison has confirmed the taxonomic identity and inferred the
monophyletic evolution of this species. This is a pioneer study from India and
this species is very similar to those reported from Netherlands indicating no

geographical pattern of divergence.
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Thus the Zygopteran phylogeny analysis during the present study
revealed a conserved sequence evolution among the representative members
and can be concluded that this suborder doesn’t have any major evolutionary

changes in the geographically different areas.
BIOGEOGRAPHY OF ANISOPTERA

Anisoptera represents the active fast flying geographically vast
individuals. The phylogeny of this suborder is still unclear due to
contradictory outcome of results from various studies. There exist a lot of
disagreements for the prediction of interfamily relationships. Here there are
28 species distributed in 3 families (Libellulidae: 25sp, Aeshnidae: 2sp and
Gomphidae: 1sp) has been taken for phylogenetic analysis. Libellulidae was
the dominant and most abundant family throughout the entire duration of
study represented with 25 species and most of the species showed similarity
in the concerned sequences showing conserved evolution. It has been proved
that the superfamily Libelluloidea was diverged during the Jurassic (Thomas
et al., 2011) and Early Cretaceous periods (Jarzembowski and Nel, 1996;
Fleck et al., 2008). At that time the Pangaea land mass begun to split creating
southwest Indian Ocean rift which separated South America and Africa from
East Gondwanaland as well as India from Antartica (Dietz and Holden, 1970).
Most of the previous works had shown that Gondwanaland begun to apart
during cretaceous period leading to dispersal and isolated population
(Veevers, 2004). Thus the phylogenetic study of Libellulidae represents the
conserved gene sequence in the geographically isolated regions of all similar
species under study and their taxonomic relationship produced monophyletic
divergence. Gomphidae is another family represented with only 1 species
(Onychogomphus malabarensis), which also emphasised the family
conformity. This family showed a close relation to Libellulidae than other

family members in the suborder. Still, there exists a disagreement to where
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this family has to be placed unambiguously. Evolutionarily it has been told
that these two families are closely related on the basis of possessing exophytic
oviposition behaviour and reduced vestigial ovipositor (Mellisa, 2010). In the
present molecular based analysis also they were shown to be arranged very
close to each other confirming their taxonomic relatedness. Aeshnidae family
Is represented by two species, Anax parthenope and Anaciaeshna jaspidea,
which also showed no difference in their COIl gene sequences with their
counterparts from the geographically different areas. Thus the present study
proved that even though Libellulidae has been related to Gomphidae, it is
more close to Aeshnidae as more members are found near its clade on the

basis of nucleotide sequences.

The maximum likelihood tree generated showed monophyly for both
suborders. Here the phylogenetic tree can be divided into two distinct clades
(Al and A2), in which Al clade represents Anisopteran families while A2
clade represents Zygopteran families (Fig. 38). This monophyly is supported
by the previous molecular works done by Rehn (2003), Truemann (1996) and
Pfu (1991). Thus the present study concluded that even though the
representing members of each families are distributed in various
geographically isolated areas by continental shift, there is no much
considerable variations has been observed on the basis of COI gene sequence
analysis and hence can predict the neutral evolution and monophyletic origin

for odonate fauna.
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Table 23: The Nucleotide substitution table of Anaciaeschna jaspidea

TU) | C A G T-1 |C1 |A1 |G1 |T-2 |C2 |A2 |G2 |T-3 |C3 |A3 |G3
KR149806.1 Anaciaeschna jaspidea (Kerala) 329 | 16.5| 329 | 17.7 33 3.6 | 58.0 5.4 251|144 | 279 | 324 41 | 31.5 | 12.6 | 15.3
AB709110.1 Rhyothemis phyllis 329 | 16.5| 329 | 17.7 33 3.6 | 58.0 5.4 251|144 | 279 | 324 41 | 315 | 126 | 15.3
AB709113.1 Rhyothemis variegata 32.6 | 168 | 329 | 17.7 32| 45580 5.4 251|144 | 279 | 324 41 | 315 | 126 | 15.3
JX306649.1 Anaciaeschna jaspidea 329 | 16.5| 329 | 17.7 33 3.6 | 58.0 5.4 251|144 | 279 | 324 41 | 31.5 | 126 | 15.3
KC287151.1 Rhyothemis variegata 326 | 16.5| 33.2 | 17.7 32 3.6 | 589 5.4 251|144 | 279 | 324 41 | 315 | 126 | 15.3
KP938530.1 Rhyothemis variegata 329 | 16.5| 329 | 17.7 33 3.6 | 58.0 5.4 251|144 | 279 | 324 41 | 31.5 | 126 | 15.3
KT957511.1 Rhyothemis phyllis phyllis 329 | 16.5| 329 | 17.7 33 3.6 | 58.0 5.4 251|144 | 279 | 324 41 | 315 | 126 | 15.3
KU361232.1 Orthetrum glaucum 350 | 17.1 | 32.0 | 159 41 2.7 | 55.4 9 231171 | 279 | 315 41 | 315 | 126 | 15.3
KU496893.1 Orthetrum glaucum 350 | 17.1 | 32.0 | 159 41 2.7 | 55.4 9 231171 | 279 | 315 41 | 31.5 | 126 | 15.3
Avg. 333 | 16.6 | 328 | 17.3 35 35| 575 | 44 25| 15.0 | 27.9 | 32.2 41 | 315 | 126 | 15.3




Table 39: The Nucleotide substitution table of Crocothemis servilia

Domain: Data

TU) | C A G T-1 |C1 A1 |G1 |T2 |C2 |A2 |G2 |T3 |C3 |A3 |G-3
KR149807.1 Crocothemis servilia (Kerala) 348 | 171 | 31.3 | 16.8 23| 168 | 29.1 | 31.3 44 | 26.3 | 14.5 | 151 37 8.4 | 50.3 3.9
JN817425.1 Crocothemis servilia 348 | 17.1 | 31.3 | 16.8 23| 168 | 29.1 | 31.3 44 | 263 | 145 | 151 37 8.4 | 50.3 3.9
KY847585.1 Crocothemis erythraea 350 | 16.6 | 31.3 | 17.1 23| 168 | 285 | 313 44 | 263 | 145 | 151 37 6.7 | 50.8 5.0
KY847584.1 Crocothemis erythraea 348 | 168 | 31.1 | 17.3 23| 16.8 | 285 | 31.3 44 | 26.3 | 14.5 | 151 37 7.3 | 50.3 5.6
KY847583.1 Crocothemis erythraea 350 | 16.6 | 31.3 | 17.1 23| 168 | 285 | 313 44 | 263 | 145 | 151 37 6.7 | 50.8 5.0
KY847582.1 Crocothemis erythraea 350 | 166 | 31.3 | 17.1 23| 16.8 | 285 | 31.3 44 | 26.3 | 145 | 151 37 6.7 | 50.8 5.0
KC912240.1 Crocothemis erythraea 350 | 16.6 | 31.3 | 17.1 23| 16.8 | 285 | 31.3 44 | 263 | 145 | 151 37 6.7 | 50.8 5.0
KC912241.1 Crocothemis erythraea 350 | 166 | 31.3 | 17.1 23| 16.8 | 285 | 31.3 44 | 263 | 145 | 151 37 6.7 | 50.8 5.0
KC912238.1 Crocothemis erythraea 348 | 168 | 31.1 | 17.3 23| 16.8 | 285 | 31.3 44 | 263 | 145 | 151 37 7.3 | 50.3 5.6
KY847581.1 Crocothemis erythraea 348 | 168 | 31.3 | 171 23| 16.8 | 285 | 31.3 44 | 263 | 145 | 151 37 7.3 | 50.8 5.0
Avg. 349 | 16.7 | 31.2 | 171 23 | 16.8 | 28.6 | 31.3 44 | 263 | 145 | 151 37 7.2 | 50.6 4.9




Table 15: The Nucleotide substitution table of Copera marginipes

Domain: Data

T(U) C A G T-1 | C1 | A1 | G1 | T2 | C2 | A2 | G2 | T3 | C3 ]| A3 ]| G3
KR149804.1 Copera marginipes (KERALA) | 34.6 | 158 | 31.4 | 181 | 24 | 159 | 284 | 31.8 | 43 | 27.0 | 13.5 | 165 | 37 45 | 525 | 6.0
KF369351.1 Copera marginipes 346 | 158 | 314 | 181 | 24 | 159 | 284 | 31.8 | 43 | 270 | 135 | 165 | 37 45 | 525 | 6.0
KT879906.1 Elattoneura vittata 351 | 156 | 319 | 173 | 25 | 129 | 299 | 318 | 43 | 27.0 | 13.0 | 17.0 | 37 7.0 | 53.0 | 3.0
KF369352.1 Copera nyansana 348 | 163 | 303 | 186 | 23 | 154 | 289 | 323 | 43 | 27.0 | 13.0 | 17.0 | 38 6.5 | 49.0 | 6.5
KX890965.1 Ophiogomphus smithi 351 | 165 | 316 | 168 | 23 | 154 | 289 | 323 | 43 | 275 | 135 | 16.0 | 39 6.5 | 525 | 2.0
KX890938.1 Ophiogomphus smithi 351 | 165 | 316 | 168 | 23 | 154 | 289 | 323 | 43 | 275 | 135 | 160 | 39 6.5 | 525 | 2.0
KX890940.1 Ophiogomphus westfalli 348 | 16.8 | 31.6 | 16.8 23 159 | 289 | 32.3 43 27.5 | 135 | 16.0 39 7.0 | 525 | 2.0
KF369353.1 Copera sikassoensis 344 | 163 | 31.1 | 181 | 25 | 144 | 284 | 323 | 43 | 27.0 | 13.0 | 17.0 | 36 75 | 52.0 | 5.0
Avg. 348 | 16.2 | 314 | 176 | 24 | 152 | 288 | 322 | 43 | 272 | 133 | 165 | 38 63 | 521 | 4.1




Table 33: The Nucleotide substitution table of Brachydiplax chalybaea

Domain: Data

T(U) |cC A G T-1 |Cc1 |A1 |G1 |T2|C2 [A2 |[G2 |T3|C3 |A3 |G3

KT372721.1 Brachydiplax chalybea | 33.0 | 189 | 30.7 | 17.4 | 44| 274 | 142 | 147 | 32| 126| 505| 47| 23| 168|274 | 326
(KERALA)

KC287156.1 Brachydiplax chalybea 330 | 189 | 307 | 174 | 44| 274 | 142| 147| 32| 126 | 505| 47| 23| 168|274 | 326
KX281798.1 Acisoma inflatum 368 | 163 | 305 | 163 | 43| 274 | 142 | 153 | 44| 42| 495| 21| 23| 174|279 | 316
KX281797.1 Acisoma attenboroughi | 358 | 17.0 | 312 | 160 | 43| 274 | 142 | 153 | 41| 63| 51.6| 11| 23| 174|279 | 316
KX281792.1 Acisoma attenboroughi | 354 | 17.4 | 311 | 161 | 43| 274 | 142 | 153 | 40| 74| 51.1| 16| 23| 174|279 | 316
KX281796.1 Acisoma attenboroughi | 35.6 | 17.2 | 31.1 | 161 | 43| 274 | 142 | 153 | 41| 68| 51.1| 16| 23| 174|279 | 316
KX281795.1 Acisoma attenboroughi | 354 | 17.4 | 312 | 160 | 43| 274 | 142 | 153 | 40| 74| 516| 11| 23| 174|279 | 316
KX281794.1 Acisoma attenboroughi | 354 | 17.4 | 312 | 160 | 43| 274 | 142 | 153 | 40| 74| 516| 11| 23| 174|279 | 316
KX281793.1 Acisoma attenboroughi | 354 | 17.4 | 312 | 160 | 43| 274 | 142 | 153 | 40| 74| 516| 11| 23| 174|279 | 316
Avg. 351 | 175 | 31.0 | 164 | 43| 274 | 142| 151 | 39| 80| 51.0| 21| 23| 173|278 | 318




Table 43: The Nucleotide substitution table of Trithemis festiva

Domain: Data

T(U) A G T-1 |C1 | A1 |G1 |[T-2|C2 |A2 |G2 T-3 | C-3 | A3 | G-3
KR149802.1 Trithemis festiva (KERALA) 36.3 15.1 | 31.8 | 16.9 24| 152 | 283 | 32,6 | 43| 27.7 | 141 15.2 42 | 22| 53.0| 27
F]358469.1 Trithemis stictica 37.0 16.3 | 29.0 | 17.6 22| 16.8 | 288 | 326 | 43| 27.2 | 141 158 | 46| 49| 443 | 4.4
FJ358477.1 Trithemis grouti 36.7 16.7 | 29.0 | 17.6 22| 168 | 283 | 326 | 43| 272 | 141 158 | 45| 6.0 | 448 | 4.4
FJ358481.1 Trithemis furva 36.7 16.0 | 30.5 | 16.9 23| 158 | 283 | 326 | 43| 27.2 | 141 158 | 44| 49| 492 | 22
JN817429.1 Trithemis festiva 36.3 15.1 | 31.8 | 16.9 24| 152 | 283 | 326 | 43| 27.7 | 141 15.2 42 | 22| 53.0| 27
KT961629.1 Trithemis festiva 36.7 149 | 31.0 | 17.4 24| 152 | 283 | 326 | 43| 27.7 | 141 15.2 43| 16| 508 | 4.4
KU566418.1 Trithemis anomala 35.2 176 | 299 | 17.2 20| 185 | 288 | 326 | 43| 27.2| 141 158 | 43| 71| 470 | 33
KU566456.1 Trithemis stictica 36.8 165 | 29.2 | 174 22| 163 | 288 | 326 | 43| 27.2 | 141 158 | 45| 6.0 448 | 3.8
KU566458.1 Trithemis werneri 35.9 15.6 | 31.2 | 17.2 23| 158 | 283 | 32,6 | 43| 27.7 | 141 15.2 42 | 33| 514 | 38
Avg. 36.4 16.0 | 304 | 17.2 23| 162 | 284 | 326 | 43| 274 | 141 15.5 44 | 43| 487 | 3.5




Table 27: The Nucleotide substitution table of Orthetrum sabina

Domain: Data

TU) | C A G T-1| C-1 A1 |G1 |T-2|C2 |A2 |G2|T-3|C3 |A3 |G-3
KP938529.1 Orthetrum sabina (Kerala) 354 | 176 | 298 | 17.2 | 44| 275 | 13.2 | 150 | 39 84| 479 | 48| 23| 169 | 283 | 319
KT961626.1 Orthetrum sabina 354 | 176 | 298 | 17.2 | 44| 275 | 13.2 | 150 | 39 84| 479 | 48| 23| 169 | 283 | 319
KT957506.1 Orthetrum sabina 354 | 176 | 298 | 172 | 44| 275 | 13.2 | 150 | 39 84| 479 | 48| 23| 169 | 283 | 319
KT957505.1 Orthetrum sabina 354 | 176 | 298 | 17.2 | 44| 275 | 13.2 | 150 | 39 84| 479 | 48| 23| 169 | 283 | 319
KC122234.1 Orthetrum sabina 354 | 176 | 298 | 17.2 | 44| 275 | 13.2 | 150 | 39 84| 479 | 48| 23| 169 | 283 | 319
KT957507.1 Orthetrum sabina 352 | 178 | 298 | 17.2 | 44| 275 | 13.2 | 150 | 38 90| 479 | 48| 23| 169 | 283 | 319
KU361234.1 Orthetrum sabina 349 | 18.0 | 29.7 | 174 | 44| 275 | 13.2 | 15.0 | 37 9.6 | 476 | 54| 23| 169 | 283 | 319
KX670387.1 Orthetrum sabina 348 | 182 | 30.0 | 170 | 44| 275| 132 | 150 | 37| 102 | 485 | 42 | 23| 169 | 283 | 319
Avg. 352 | 178 | 298 | 17.2 | 44| 275 | 13.2 | 15.0 | 38 88| 479 | 48| 23| 169 | 283 | 319




Table 17: The Nucleotide substitution table of Vestalis apicalis

Domain: Data

TU) | C A G T-1|{C1 |A-1 |G1 |T-2|C2 |A-2 |G-2 |T-3|C3 |A3 |G3
KU510326.1 Vestalis apicalis (KERALA) 303|221 (275|201 | 22|215|258|312| 41|259 168|168 | 29| 188 | 39.8 | 12.4
KM675770.1 Vestalis apicalis 303|221 (275|201 | 22|215|258|312| 41|259|168|168 | 29| 188 |39.8 | 124
KM675768.1 Vestalis gracilis 303|221 (275|201 | 22|215|258|312| 41|259|168|168 | 29| 188 |39.8 | 124
KX503058.1 Vestalis gracilis 303|221 (275|201 | 22|215|258|312| 41| 258|167 |16.7 | 29| 189 | 40.0 | 12.4
KJ493064.1 Metagrion fornicatum 309|203 (311|176 | 23| 194|296 | 285 | 41| 249|168 | 173 | 29 |168 | 47.0| 7.0
F]J812855.1 Nesobasis selysi 30.0 | 21.2 | 312|176 | 22| 199 | 274 | 30.6 | 42| 254 | 168 | 162 | 26 | 183 | 49.5| 59
F]812847.1 Nesobasis selysi 30.0 | 21.2 | 312|176 | 22 | 199 | 274 | 30.6 | 42| 254 | 168 | 162 | 26 | 183 | 49.5| 59
KT879907.1 Euphaea fraseri 30.7119.2 | 336|165 | 21199 | 306 | 285 | 41| 249|168 | 173 | 30| 129|532 | 3.8
KJ493062.1 Metagrion sp 296 | 214 | 320|171 | 22 |204 | 306|274 | 41| 254|168 | 173 | 27 | 183 | 484 | 6.5
KF369576.1 Vestalis amabilis 289|226 | 289|196 | 22| 183 | 285|312 | 41| 254|168 | 168 | 24 | 242 | 414 | 108
Avg. 30.1 | 214 (298|186 | 22| 204 |27.7 |302| 41| 255|167 | 168 | 28| 184 | 448 | 89




Table 21: The Nucleotide substitution table of Onychogomphus malabarensis

Domain: Data

TU) | C A G T-1|C1 A1 |G1 |T-2|C2|A2 |G2|T3|C3 |A3 |G3
KU133368.1 Onychogomphus malabarensis CUOM 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 28.5 | 30.5
KX890962.1 Ophiogomphus anomalus 346 | 176 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 285 | 30.5
KX890932.1 Ophiogomphus mainensis 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 285 | 30.5
JN420156.1 Ophiogomphus mainensis 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 28.5 | 30.5
JN420133.1 Ophiogomphus mainensis 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 285 | 30.5
JN420085.1 Ophiogomphus mainensis 346 | 176 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 28.5 | 30.5
JN420057.1 Ophiogomphus sp. 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 28.5 | 30.5
JN420056.1 Ophiogomphus sp. 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 285 | 30.5
JN420053.1 Ophiogomphus sp. 346 | 176 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 28.5 | 30.5
JN420024.1 Ophiogomphus sp 346 | 17.6 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 285 | 30.5
Avg. 346 | 176 | 31.7 | 16.1 | 43| 264 | 154 | 154 | 38 | 85| 51.2 | 25| 23| 18.0 | 28.5 | 30.5




Table 5: The Nucleotide substitution table of Agriocnemis pygmaea

Domain: Data

TU) | C A G T-1|C1 |A-1 |G1 |T-2|C-2 |A-2 |G2 |T-3|C3 |A3 |G3
KU871002.1 Agriocnemis pygmaea (KERALA) 336|179 (304 | 182 | 23 171 | 273|326 | 42 |278|144 160 | 36| 86 |495| 59
KT957464.1 Agriocnemis minima 33.0 193 (305|171 | 21 (187 | 273|326 | 42| 278|144 | 16.0| 36| 11.3 | 50.0 | 2.7
KT957463.1 Agriocnemis minima 3321193 | 298 | 17.7 | 21 | 18.7 | 27.3 | 32.6 | 42 | 27.8 | 144 | 16.0 | 37 | 11.3 | 47.8 | 4.3
KT957465.1 Agriocnemis minima 3321193 (300 | 175 | 21 (187 | 273|326 | 42| 278|144 | 16.0 | 37 | 11.3 | 484 | 3.8
KT957462.1 Agriocnemis minima 33.0 195 (302|173 | 21 (187 | 273|326 | 42| 278|144 | 16.0 | 36| 11.8 | 489 | 3.2
KT957461.1 Agriocnemis minima 329 119.6 | 30.0 | 175 | 21 | 187 | 273 | 32.6 | 42 | 278 | 144 | 16.0 | 35| 124 | 484 | 3.8
KF369578.1 Xanthagrion erythroneurum 334 | 17.7 | 32.0 | 170 | 24 | 16.0 | 273 | 32.6 | 42 | 283 | 144 | 155 | 34| 8.6 | 543 | 2.7
KF369446.1 Metaleptobasis mauritia 338|163 (332|168 | 25|15.0 | 273|326 | 42 |273|144 160 | 34| 65 |581]| 1.6
KU566458.1 Trithemis werneri 355|159 (313|173 | 23 |16.6 | 278 | 32.6 | 42 | 278|144 | 155 | 41| 3.2 | 516 | 3.8
KF369562.1 Teinobasis rufithorax 334|168 | 32.7 | 17.1 | 25 |16.0 | 26.2 | 33.2 | 42| 273|144 |16.0| 33| 7.0 | 575 ]| 2.2
AB757983.1 Ischnura senegalensis 3391182 (298|180 | 23 (171 | 273|326 | 42 |278 | 144 | 155 | 37| 9.7 |478| 59
AB758091.1 Ischnura senegalensis 341118.0 (302 | 17.7 | 23 |17.1 | 273 | 32.6 | 42| 278|144 | 155 | 37| 9.1 | 489 | 4.8
Avg. 336|181 (308 | 174 | 23 (174 | 272|327 | 42 |278 | 144|159 | 36| 9.2 |509| 3.7




Table 7: The Nucleotide substitution table of Agriocnemis keralensis

Domain: Data

TU) | C A G T-1 | C-1 | A-1 G1 | T2 |C2 |A2 |G2 |T-3 |C3 |A3 |G3
KU133367.1 Agriocnemis keralensis (KERALA) 30.3 | 19.3 | 31.7 | 18.8 20| 184 | 282 | 335 42 | 27.7 | 13.6 | 17.0 29 | 11.7 | 534 | 58
KF369284.1 Agriocnemis forcipata 30.3 | 19.3 | 31.7 | 18.8 20| 184 | 282 | 335 42 | 27.7 | 13.6 | 17.0 29 | 11.7 | 534 | 58
KT957459.1 Agriocnemis femina 33.7 | 163 | 30.3 | 19.7 23| 16.0 | 27.2 | 34.0 42 | 27.2 | 13.6 | 17.5 36 58| 500 | 7.8
KF369283.1 Agriocnemis femina 33.7 | 163 | 30.1 | 19.9 22| 165 | 272 | 34.0 42 | 27.2 | 13.6 | 17.5 37 531|495 | 83
KT957460.1 Agriocnemis femina 338 | 16.2 | 30.3 | 19.7 23 | 16.0 | 27.2 | 34.0 42 | 27.2 | 13.6 | 17.5 37 53|500| 7.8
KT957458.1 Agriocnemis pygmaea 31.1 | 19.3 | 30.4 | 19.3 21| 18.0 | 27.2 | 34.0 42 | 27.2 | 13.6 | 17.5 31| 126 | 505 | 6.3
KT957456.1 Agriocnemis pygmaea 31.2 | 19.1 | 30.6 | 19.1 21| 175 | 272 | 34.0 42 | 27.2 | 13.6 | 17.5 31| 126 | 51.0 | 58
KT957453.1 Agriocnemis pygmaea 31.2 | 19.1 | 30.4 | 19.3 21| 175 | 272 | 34.0 42 | 27.2 | 13.6 | 17.5 31| 126 | 505 | 6.3
Avg. 319 | 18.1 | 30.7 | 19.3 21173 | 27.4 | 33.9 42 | 27.3 | 13.6 | 17.4 33 9.7 | 51.0 | 6.7




Table 25: The Nucleotide substitution table of Anax parthenope

Domain: Data

TU) | C A G T-1|C1|A1 |G1|T-2|C2 |A2 |G2 |T-3|C3 |A3 |G-3
KR149805.1 Anax parthenope (Kerala) 358 | 154 | 319 | 168 | 42| 3.2 | 516 | 3.7 | 22| 163 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
KC135891.1 Anax parthenope 358 | 154 | 319 | 168 | 42| 3.2 | 516 | 3.7 | 22| 163 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
KX161841.1 Anax imperator 358 | 156 | 319 | 16.7 | 42| 3.7 | 516 | 3.2 | 22| 163 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
KU565916.1 Anax imperator 354 | 16.0| 319 | 16.7 | 41| 42| 516 | 3.2 | 21| 168 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
KX781748.1 Aeshnidae sp. 365|153 | 318 | 165 | 43| 3.2 | 511 | 26| 22| 158 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
KR143134.1 Anax junius 370 | 149 | 316 | 165 | 45| 21| 505 | 26| 22| 158 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
AY555548.1 Anax junius 365|151 | 319 | 165 | 43| 26 | 51.6 | 26| 22| 158 | 30.5 | 31.6 | 44 | 268 | 13.7 | 15.3
KF584974.1 Anax imperator 360 | 154 | 319 | 16.7 | 42| 3.2 | 516 | 3.2 | 22| 163 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3
Avg. 36.1 | 154 | 319 | 166 | 42| 3.2 | 514 | 3.1 | 22| 162 | 305 | 31.6 | 44 | 268 | 13.7 | 15.3




Table 29: The Nucleotide substitution table of Neurothemis intermedia

Domain: Data

TU) | C A G T-1|{C1 |A-1 |G1 |T-2|C-2 |A-2 |G-2 |T-3|C-3 |A3 |G3
KU052672.1 Neurothemis intermedia (KERALA) 338|205 (273|185 | 42 (322|119 |13.6| 35| 120|419 | 11.1| 24 |17.1 | 282 | 30.8
KT222948.1 Neurothemis intermedia 338|205 (273|185 | 42322 |119 |13.6 | 35| 120|419 | 11.1| 24 |17.1 | 282 | 30.8
KC122227.1 Neurothemis intermedia 347 |1 19.6 | 27.6 | 18.2 | 42 | 322|119 | 13.6 | 38| 9.4 | 42.7 | 103 | 24| 17.1 | 28.2 | 30.8
KT957504.1 Neurothemis fluctuans 338|205 (270|188 | 42 |322| 119 |13.6 | 35| 120 | 41.0 | 120 | 24 | 17.1 | 28.2 | 30.8
AB709004.1 Neurothemis fluctuans 344|202 | 273|182 | 42| 322|119 |13.6| 37 | 111 | 419 | 103 | 24 | 17.1 | 28.2 | 30.8
KT372719.1 Neurothemis intermedia 338|205 (273|185 | 42322 (119 |13.6 | 35| 120|419 | 11.1| 24 |17.1 | 282 | 30.8
KP835514.1 Neurothemis intermedia 34.7 | 19.6 | 27.6 | 18.2 | 42 | 32.2 | 119 | 13.6 | 38| 9.4 | 42.7 | 103 | 24 | 17.1 | 28.2 | 30.8
AB709003.1 Neurothemis fluctuans 358 19.0 | 26.7 | 185 | 42 | 322|119 | 13.6 | 38| 103 | 40.2 | 11.1 | 26 | 14.5 | 28.2 | 30.8
Avg. 343 | 20.0 | 27.2 | 184 | 42| 322|119 | 13.6 | 36 | 11.0 | 41.8 | 109 | 24 | 16.8 | 28.2 | 30.8




Table 41: The Nucleotide substitution table of Trithemis pallidinervis

Domain: Data

TU) | C A G T-1|C1 |A-1 |G1 |T-2|C-2 |A-2 |G-2 |T-3|C-3|A3 |G-3
KR957509.1 Trithemis pallidinervis (KERALA) 378 |16.2 | 298 | 16.2 | 23 | 165|289 | 314 | 44| 275 | 14.0 | 145 | 46 | 4.7 | 46.6 | 2.6
KT957508.1 Trithemis pallidinervis 378|162 | 298 | 16.2 | 23 | 165|289 | 314 | 44| 275 | 14.0 | 145 | 46 | 4.7 | 46.6 | 2.6
KT149803.1 Trithemis pallidinervis 378 | 16.2 | 298 | 16.2 | 23 | 165|289 | 314 | 44| 275 | 14.0 | 145 | 46 | 4.7 | 46.6 | 2.6
KJ499455.1 Trithemis pallidinervis v 378 |16.2 | 298 | 16.2 | 23 | 165|289 | 314 | 44| 275 | 14.0 | 145 | 46 | 4.7 | 46.6 | 2.6
KT957510.1 Trithemis pallidinervis 376 | 164 | 29.7 | 164 | 23 | 165|289 | 314 | 44| 275 | 14.0 | 145 | 46 | 52 | 46.1 | 3.1
KU496892.1 Orthetrum glaucum 372|164 | 30.7 | 157 | 22 | 175|289 | 314 | 44| 275 | 14.0 | 145 | 46 | 41 | 49.2 | 1.0
KU496893.1 Orthetrum glaucum 374|164 | 305 | 157 | 23 |17.0| 289 | 314 | 44| 275 | 14.0 | 145 | 46 | 4.7 | 487 | 1.0
Avg. 376|163 | 30.0 | 16.1 | 23 | 16.7 | 289 | 314 | 44 | 275 | 14.0 | 145 | 46 | 4.7 | 47.2 | 2.2




Table 11: The Nucleotide substitution table of Ischnura senegalensis

Domain: Data

TU) | C A G T-1] C-1 A-1 G-1 | T-2|C-2 A-2 G-2 T-3 | C-3 A-3 G-3
KT305961.1 Ischnura senegalensis (KERALA) 342 | 181 | 303 | 174 | 37| 104 | 473 | 55| 24| 179 | 274 | 308 | 42| 259 | 164 | 159
AB758088.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758084.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758083.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758082.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758081.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758080.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758079.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758078.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758077.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 27.2| 30.7 | 42| 259 | 164 | 159
AB758076.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758075.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
AB758074.1 Ischnura senegalensis 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159
Avg. 342 | 180 | 304 | 174 | 37| 104 | 475 | 54| 24| 178 | 272 | 30.7 | 42| 259 | 164 | 159




Table 31: The Nucleotide substitution table of Potamarcha obscura

Domain: Data

TU) | C A G T-1|C1 |A1 |G1 |T-2|C2 |A2 |G2 |[T-3|C3]|A3 |G3
KX503060.1 Potamarcha obscura (KERALA) 36.7 | 16.0 | 327 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 69 | 51.2 | 1.5
KC122230.1 Potamarcha obscura 36.7 | 16.0 | 327 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 69 | 51.2 | 1.5
KT175605.1 Pieris canidia 36.7 | 16.2 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 7.4 | 50.7 | 1.5
LC090563.1 Pieris canidia 368 | 16.0 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 41 | 69 | 50.7 | 1.5
JQ965750.1 Pieris canidia 36.7 | 16.0 | 32.7 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 69 | 51.2 | 1.5
GU372552.1 Pieris canidia kaolicola 365|165 (322 | 147 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 84 | 498 | 2.0
KJ423050.1 Pieris canidia 368 | 16.0 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 41 | 69 | 50.7 | 1.5
]X242477.1 Pieris canidia 365|164 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 79 | 50.7 | 1.5
KJ423047.1 Pieris canidia 36.7 | 16.2 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 7.4 | 50.7 | 1.5
KJ423043.1 Pieris canidia 36.7 | 16.2 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 7.4 | 50.7 | 1.5
Avg. 36.7 | 16.2 | 326 | 146 | 26 | 152 | 324 | 26.0 | 43 | 26.0 | 14.7 | 16.2 | 40 | 7.3 | 50.8 | 1.5




Table 61 : The Nucleotide substitution table of Aethriamanta brevipennis

Domain: Data

TU) | C A G T-1|{C1 |A1 |G1 |T-2|C2 |A2 |G2 |T3|C3 |A3 |G3
KU510325.1 Aethriamanta brevipennis (KERALA) | 31.1 | 21.2 | 275 | 202 | 21| 192 | 281 | 31.7 | 43| 293 | 12.0 | 16.2 | 30| 15.0 | 425 | 12.6
KU565929.1 Anax speratus 348 | 178 | 304 | 170 | 23| 168 | 287 | 31.7 | 43 | 293 | 120 | 156 | 39 7.2 | 50.6 3.6
KU565930.1 Anax speratus 346 | 178 | 306 | 170 | 23 | 168 | 287 | 31.7 | 43 | 293 | 120 | 156 | 38 7.2 | 51.2 3.6
KU565923.1 Anax speratus 346 | 178 | 304 | 172 | 23| 168 | 287 | 31.7 | 43 | 293 | 120 | 156 | 38 7.2 | 50.6 4.2
KU565925.1 Anax speratus 348 | 17.6 | 308 | 168 | 23| 168 | 287 | 31.7 | 43 | 293 | 120 | 156 | 39 6.6 | 51.8 3.0
KU566457.1 Trithemis tropicana 362 | 164 | 304 | 170 | 25| 168 | 275 | 31.1 | 44| 287 | 120 | 156 | 40 3.6 | 51.8 4.2
KY773653.1 Telebasis digiticollis 354 | 184 | 29.0 | 172 | 25| 168 | 269 | 31.7 | 44| 281 | 120 | 16.2 | 38| 10.2 | 48.2 3.6
KR080108.1 Pantala flavescens 380 | 182 | 262 | 176 | 23| 174 | 275 | 31.7 | 44| 287 | 12.0 | 156 | 47 8.4 | 39.2 5.4
KR080127.1 Pantala flavescens 382 | 180 | 26.6 | 17.2 | 23| 174 | 275 | 31.7 | 44| 287 | 12.0 | 15.6 | 48 7.8 | 40.4 4.2
KX890927.1 Ophiogomphus colubrinus 348 | 182 | 300 | 170 | 25| 16.2 | 281 | 31.1 | 43 | 293 | 120 | 156 | 37 9.0 | 50.0 4.2
KU566453.1 Trithemis osvaldae 354 | 184 | 29.6 | 166 | 25| 16.2 | 281 | 31.1 | 44| 287 | 120 | 156 | 38| 10.2 | 48.8 3.0
MF174502.1 Orthetrum caledonicum 368 | 158 | 302 | 172 | 26 | 15.0 | 28.1 | 31.1 | 44 | 28.7 | 12.0 | 156 | 41 3.6 | 50.6 4.8
MF174500.1 Orthetrum caledonicum 370 | 156 | 304 | 170 | 26 | 144 | 28.1 | 31.1 | 44 | 28.7 | 12.0 | 156 | 41 36| 51.2 4.2
KX890937.1 Ophiogomphus severus 354 | 18.0 | 30.0 | 166 | 25| 16.2 | 281 | 31.1 | 43 | 293 | 120 | 156 | 39 8.4 | 50.0 3.0
KU566454.1 Trithemis osvaldae 356 | 182 | 294 | 168 | 25| 16.2 | 281 | 31.1 | 44| 28.7 | 120 | 156 | 39 9.6 | 48.2 3.6
KU566452.1 Trithemis osvaldae 356 | 182 | 294 | 168 | 25| 16.2 | 281 | 31.1 | 44| 287 | 120 | 156 | 39 9.6 | 48.2 3.6
KU566423.1 Anectothemis apicalis 356 | 182 | 294 | 168 | 25| 16.2 | 281 | 31.1 | 44| 28.7 | 120 | 156 | 39 9.6 | 48.2 3.6
KU566422.1 Anectothemis apicalis 356 | 182 | 294 | 168 | 25| 16.2 | 281 | 31.1 | 44| 28.7 | 120 | 156 | 39 9.6 | 48.2 3.6
Avg. 355|179 | 294 | 172 | 24| 165 | 281 | 314 | 43 | 289 | 120 | 156 | 39 8.2 | 48.3 4.3




Table 13 : The Nucleotide substitution table of Aciagrion occidentale

Domain: Data

TU) | C A G T-1|C-1 | A1 G-1 |T-2|C-2 A-2 G-2 | T-3]|C-3 A-3 | G-3
KM096996.1 Aciagrion occidentale (KERALA) 346 | 174 | 29.7 | 182 | 25| 135 | 304 | 31.0 | 44| 271 | 135| 153 | 35| 11.8 | 453 | 8.2
KF369275.1 Aciagrion borneense 344 | 176 | 303 | 176 | 25| 14.0 | 31.0 | 304 | 45| 271 | 135 | 147 | 34| 118 | 465 | 7.6
KU565891.1 Africallagma quingentum 350 | 164 | 33.1| 155 | 24| 146 | 304 | 31.0 | 45| 271 | 141 | 141 | 36 7.6 | 54.7 | 1.2
KU565890.1 Africallagma quingentum 350 | 1644 | 33.1 | 155 | 24| 146 | 304 | 31.0 | 45| 271 | 141 | 141 | 36 7.6 | 54.7 | 1.2
KU565889.1 Africallagma quingentum 350 | 1644 | 33.1 | 155 | 24| 146 | 304 | 31.0 | 45| 271 | 141 | 141 | 36 7.6 | 54.7 | 1.2
KU565888.1 Africallagma quingentum 350 | 164 | 33.1| 155 | 24| 146 | 304 | 31.0 | 45| 271 | 141 | 141 | 36 7.6 | 54.7 | 1.2
KU565887.1 Africallagma quingentum 350 | 164 | 33.1| 155 | 24| 146 | 304 | 31.0 | 45| 271 | 141 | 141 | 36 7.6 | 54.7 | 1.2
KF369279.1 Africallagma elongatum 348 | 164 | 323 | 164 | 24| 146 | 304 | 31.0 | 45| 271 | 141 | 141 | 36 7.6 | 524 | 41
KF369280.1 Africallagma vaginale 346 | 16.6 | 325 | 162 | 22| 164 | 304 | 31.0 | 45| 271 | 141 | 141 | 37 6.5| 529 | 35
JN419694.1 Enallagma sp 348 | 168 | 319 | 164 | 25| 146 | 298 | 31.0 | 45| 271 | 135 | 147 | 35 88| 52.4 | 35
KC135957.1 Ischnura asiatica 354 | 168 | 315 | 162 | 24| 152 | 298| 31.0 | 45| 271 | 135 | 14.7 | 38 82| 51.2| 29
LC101610.1 Ischnura asiatica 354 | 168 | 31.7 | 16.0 | 24| 152 | 298 | 31.0 | 45| 271 | 135 | 14.7 | 38 82| 518 | 24
LC101585.1 Ischnura asiatica 356 | 16.6 | 315 | 162 | 24| 152 | 298 | 31.0 | 45| 271 | 135 | 14.7 | 38 7.6 | 51.2 | 29
Avg. 350 | 16.7 | 321 | 162 | 24| 148 | 303 | 309 | 45| 271 | 13.8| 144 | 36 84| 52.1| 3.2




Table 55 : The Nucleotide substitution table of Acisoma panorpoides

Domain: Data

TU) | C A G T-1 |C1 |A1 |G1 |T-2|C2 |A2 |G2 |T3|C3 |A3 |G3
KT222947.1 Acisoma panorpoides (KERALA) 372 | 165 | 303 | 161 | 46| 281 | 119 | 144 | 43| 44| 494 | 31| 23| 170 | 29.6 | 30.8
KC122228 Acisoma panorpoides 372 | 165 | 303 | 161 | 46| 281 | 119 | 144 | 43| 44| 494 | 31| 23| 17.0| 29.6 | 30.8
KT879899.1 Acisoma panorpoides 376 | 163 | 303 | 159 | 46| 281 | 119 | 144 | 44| 38| 494 | 31| 23| 17.0| 29.6 | 30.2
KX281820.1 Acisoma panorpoides 376 | 167 | 294 | 163 | 46| 281 | 119 | 144 | 44| 44| 469 | 44| 23| 176 | 29.6 | 30.2
KX281827.1 Acisoma panorpoides 380 | 163 | 29.2 | 165 | 46| 281 | 119 | 144 | 46| 31| 463 | 50| 23| 17.6 | 29.6 | 30.2
KX281825.1 Acisoma panorpoides 380 | 163 | 29.2 | 165 | 46| 281 | 119 | 144 | 46| 3.1 | 463 | 50| 23| 176 | 29.6 | 30.2
KX281824 Acisoma panorpoides 380 | 163 | 29.2 | 165 | 46| 281 | 119 | 144 | 46| 3.1 | 463 | 50| 23| 17.6 | 29.6 | 30.2
KX281818 Acisoma panorpoides 376 | 167 | 294 | 163 | 46| 281 | 119 | 144 | 45| 38| 469 | 44| 22| 182 | 29.6 | 30.2
KX281813.1 Acisoma panorpoides 374 | 167 | 299 | 161 | 46| 281 | 119 | 144 | 44| 44| 481 | 38| 23| 176 | 29.6 | 30.2
KX281812.1 Acisoma panorpoides 374 | 167 | 299 | 161 | 46| 281 | 119 | 144 | 44| 44| 481 | 38| 23| 176 | 29.6 | 30.2
KT957514.1 Acisoma panorpoides 378 | 163 | 294 | 165 | 46| 281 | 119 | 144 | 45| 31| 469 | 50| 23| 176 | 29.6 | 30.2
KX281823.1 Acisoma panorpoides 374 | 169 | 294 | 163 | 46| 281 | 119 | 144 | 44| 44| 469 | 44| 22| 182 | 29.6 | 30.2
KX281814.1 Acisoma panorpoides 374 | 169 | 296 | 161 | 46| 281 | 119 | 144 | 44| 50| 475 | 38| 23| 17.6 | 29.6 | 30.2
KT957515.1 Acisoma panorpoides 376 | 16.7 | 296 | 16.1 | 46 | 281 | 119 | 144 | 44| 44| 469 | 44| 23| 176 | 30.2 | 29.6
KX281804.1 Acisoma inflatum 374 | 169 | 303 | 154 | 46| 281 | 119 | 144 | 44| 50| 494 | 19| 23| 176 | 29.6 | 30.2
KX281810.1 Acisoma inflatum 376 | 165 | 30.7 | 152 | 46| 281 | 119 | 144 | 43| 50| 506 | 13| 24| 164 | 29.6 | 30.2
KX281841.1 Acisoma variegatum 374 | 16.7 | 30.7 | 152 | 46| 281 | 119 | 144 | 43| 50| 506 | 13| 23| 17.0| 29.6 | 30.2
KX281839.1 Acisoma variegatum 374 | 16.7 | 30.7 | 152 | 46| 281 | 119 | 144 | 43| 50| 506 | 13| 23| 17.0 | 29.6 | 30.2
KX281797.1 Acisoma attenboroughi 36.7 | 169 | 311 | 152 | 46| 281 | 119 | 144 | 42| 50| 519 | 13| 23| 176 | 29.6 | 30.2
KX281796.1 Acisoma attenboroughi 363 | 173 | 311 | 152 | 46| 281 | 119 | 144 | 41| 63| 519 | 13| 23| 176 | 29.6 | 30.2
KX281830.1 Acisoma trifidum 370 | 16.7 | 296 | 16.7 | 46| 281 | 119 | 144 | 40| 63| 481 | 56| 25| 157 | 289 | 30.2
Avg. 374 | 166 | 300 | 160 | 46| 281 | 119 | 144 | 44| 44| 485 | 34| 23| 174 | 296 | 30.2




Table 59 : The Nucleotide substitution table of Lathrecista sp

Domain: Data

TU) |(C G T-1 C-1 A-1 G-1 T-2 | C-2 A-2 G-2 T-3 | C-3 A-3 G-3
KU052671.1 Lathrecista sp (KERALA) 329 | 20.1 28.0 | 189 40| 309 | 132 | 154 | 35| 118 | 426| 103 | 23| 178 | 281 | 311
KT372719.1 Neurothemis intermedia 332 | 204 269 | 19.6 41| 320 | 125)| 148 | 36| 117 | 414 | 109 | 23| 173 | 268 | 33.1
KT222948.1 Neurothemis intermedia 33.7 | 20.6 279 | 17.8 41| 313 | 133 | 141 | 36| 125| 414 | 102 | 24| 181 | 29.1| 29.1
AB709004.1 Neurothemis fluctuans 329 | 204 283 | 184 40 | 309 | 132 | 154 | 35| 125 | 434 88| 23| 178 | 281 | 311
KT957504.1 Neurothemis fluctuans 32.7 | 204 27.8 | 19.2 40| 309 | 13.2| 154 | 35| 125| 419| 11.0| 23| 178 | 281 | 311
KC122227.1 Neurothemis intermedia 33.7 | 194 283 | 187 40 | 309 | 13.2| 154 | 38 9.6 | 434 96| 23| 178 | 281 | 31.1
KP835514.1 Neurothemis intermedia 343 | 19.2 28.6 | 17.8 42 | 306 | 129 | 145 | 37 9.8 | 431 98| 24| 171 | 30.1 | 293
AB709003.1 Neurothemis fluctuans 34.6 | 189 27.3 | 19.2 40| 309 | 13.2| 154 | 38| 103 | 404 | 11.0| 25| 156 | 281 | 311
KC122229.1 Neurothemis tullia 344 | 194 27.3 | 189 40 | 309 | 132 | 154 | 42 74| 404 | 103 | 21| 20.0| 281 | 31.1
KT957502.1 Neurothemis tullia 334 | 198 28.0 | 188 40 | 31.1| 133 | 156 | 40 8.1 | 42.2 96| 20| 20.1| 284 | 31.3
KT957494.1 Neurothemis tullia 329 | 20.0 28.2 | 188 40| 31.1| 133 | 156 39 89 | 43.0 96| 20| 20.1| 284 | 31.3
AB709007 Neurothemis ramburii 33.8 | 187 303 | 17.2 40 | 306 | 134 | 15.7| 38 82| 493 45| 23| 17.2| 284 | 313
KT957503.1 Neurothemis tullia 334 | 198 27.7 | 19.1 40 | 31.1| 133 | 156 | 40 81| 415| 104 | 20| 20.1| 284 | 313
KT957501.1 Neurothemis tullia 334 | 198 27.7 | 19.1 40 | 31.1| 133 | 156 | 40 81| 415| 104 | 20| 20.1| 284 | 313
KT879900.1 Neurothemis tullia 329 | 203 27.2 | 19.6 40| 31.1| 133 | 156 39 96| 400 | 119 | 20| 201 | 284 | 313
Avg. 334 | 198 28.0 | 187 40 | 31.0| 132 | 153 | 38| 100 | 424 99| 22| 184 | 283 | 31.1




Table 49: The Nucleotide substitution table of Bradinopyga geminate

Domain: Data

TU) | C A G T-1| C-1 A-1 G-1 T-2 | C-2 A-2 G-2 T-3 | C-3 | A-3 G-3
KM096995.1 Bradinopyga geminate (Kerala) 375 | 154 | 302 | 169 | 26| 135 | 276 | 327 | 45| 269 | 141 | 141 | 41| 58| 49.0| 39
]X306648.1 Bradinopyga geminata 378 | 152 | 30.0 | 170 | 26| 135 | 276 | 327 | 45| 271 | 135 | 142 | 42| 52| 49.0 | 39
KM245283.1 Bradinopyga geminata 373 | 157 | 303 | 16.7 | 26 | 135 | 282 | 321 | 45| 271 | 135 | 142 | 41| 65| 49.0| 39
JN817424.1 Bradinopyga geminata 377 | 153 | 304 | 166 | 26| 135 | 27.7| 323 | 45| 271 | 135 | 142 | 42| 52| 50.0 | 3.2
MF774498.1 Bradinopyga geminata 36.5| 150 | 311 | 174 | 26| 135 | 288 | 321 | 45| 277 | 135 | 142 | 39| 39| 51.0| 58
KY947476.1 Orthemis cultriformis 36.3| 168 | 31.0 | 159 | 25| 154 | 269 | 327 | 45| 271 | 135 | 142 | 39| 78| 52.6 .6
KY947477.1 Orthemis cultriformis 36.3| 17.0| 309 | 159 | 25| 154 | 269 | 327 | 45| 271 | 135 | 142 | 39| 84 | 523 .6
KY947422.1 Orthemis cultriformis 36.3| 170| 309 | 159 | 25| 154 | 269 | 327 | 45| 271 | 135 | 142 | 39| 84| 52.3 .6
KY947421.1 Orthemis cultriformis 36.3| 17.0| 309 | 159 | 25| 154 | 269 | 327 | 45| 271 | 135 | 142 | 39| 84 | 52.3 .6
KY947420.1 Orthemis cultriformis 36.3| 170 | 309 | 159 | 25| 154 | 269 | 327 | 45| 271 | 135 | 142 | 39| 84 | 52.3 .6
KU980966.1 Libellulidae sp 337 | 176 | 322 | 165 | 23| 173 | 269 | 327 | 45| 271 | 135 | 142 | 33| 84| 56.1 | 2.6
KY947386.1 Orthemis discolor 343 | 174 | 315 | 16.7 | 22| 179 | 269 | 32.7 | 45| 271 | 135 | 142 | 35| 7.1 | 542 | 3.2
KX055147 Tramea limbata 371 | 163 | 288 | 178 | 26| 141 | 276 | 327 | 45| 271 | 129 | 148 | 41| 7.7 | 458 | 58
KX055146.1 Tramea limbata 371 | 163 | 288 | 178 | 26| 141 | 276 | 327 | 45| 271 | 129 | 148 | 41| 7.7 | 458 | 58
Avg. 36.5| 163 | 306 | 166 | 25| 148 | 274 | 326 | 45| 271 | 135 | 143 | 39| 7.1 | 508 | 3.0




Table 47: The Nucleotide substitution table of Diplacodes trivialis

Domain: Data

TU) | C A G T-1]C1 | A-1 G-1 | T-2|C-2 A-2 G-2 T-3 | C-3 A-3 G-3
KT879902.1 Diplacodes trivialis(KERALA) 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KP835512.1 Diplacodes trivialis (KERALA) 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 265 | 329 | 45| 27.7 | 129 | 14.2
KP087934.1 Diplacodes trivialis (KERALA) 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KP087933.1 Diplacodes trivialis (KERALA) 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KP087932.1 Diplacodes trivialis (KERALA) 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KP087931.1 Diplacodes trivialis (KERALA) 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KC287153.1 Diplacodes trivialis 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
]X306647.1 Diplacodes trivialis 358 | 167 | 294 | 180 | 38| 58| 487 | 7.1 | 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KT957542.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 265 | 329 | 45| 27.7 | 129 | 14.2
KT957540.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KT957538.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KT957537.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KT957536.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 265 | 329 | 45| 27.7 | 129 | 14.2
KT957535.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KT957533.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 265 | 329 | 45| 27.7 | 129 | 14.2
KT957532.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KT957531.1 Diplacodes trivialis 358 | 167 | 296 | 178 | 38| 58| 494 | 64| 24| 168 | 26,5 | 329 | 45| 27.7 | 129 | 14.2
KC122228.1 Acisoma panorpoides 374 | 161 | 301 | 163 | 45| 39| 49.0| 26| 23| 174 | 27.7 | 323 | 45| 271 | 135 | 14.2
KY947419.1 Orthemis discolor 345 | 172 | 318 | 165 | 35| 71| 545 | 3.2 | 23| 174 | 271 | 323 | 45| 27.1| 135 | 14.2
KY947454.1 Telebasis willinki 370 | 157 | 292 | 181 | 38| 71| 484 | 65| 28| 135 | 258 | 329 | 45| 265 | 135 | 148
KU566497.1 Zygonyx flavicosta 353 | 185| 292 | 170 | 40| 9.0 | 47.7| 32| 21| 194 | 265 | 335 | 45| 271 | 135 | 14.2
Avg. 359 | 168 | 296 | 177 | 39| 6.0 | 492 | 62| 24| 168 | 26,5 | 329 | 45| 27.6| 13.0 | 14.2




Table 57: The Nucleotide substitution table of Neurothemis tullia

Domain: Data

TU) | C A G T-1] C-1 A-1 G-1 T-2 | C-2 A-2 G-2 T-3 | C-3 A-3 G-3
KP835513 Neurothemis tullia (KERALA) 325| 195 | 272 | 207 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 36 8.0 | 42.0| 143
KT957503.1 Neurothemis tullia 325| 195 | 275 | 204 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 36 8.0 | 429 | 134
KT957501.1 Neurothemis tullia 325| 195 | 275 | 204 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 36 8.0 | 429 | 134
KT957499.1 Neurothemis tullia 325| 195 | 275 | 204 | 20| 195 | 274 | 32.7| 42| 310 | 124 | 15.0| 36 8.0 | 429 | 134
KT879900.1 Neurothemis tullia 322 | 198 | 272 | 207 | 20| 195 | 274 | 32.7| 42| 310 | 124 | 150 | 35 89 | 42.0| 143
KC122229.1 Neurothemis tullia 325| 195 | 269 | 210 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 36 80| 411 | 152
KT957502.1 Neurothemis tullia 325| 195 | 278 | 201 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 36 80| 438 | 125
KT957500.1 Neurothemis tullia 325| 195 | 278 | 201 | 20| 195 | 274 | 32.7| 42| 310 | 124 | 15.0| 36 80| 438 | 125
KT957497.1 Neurothemis tullia 322 | 198 | 275 | 204 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 35 89| 429 | 134
KT957495.1 Neurothemis tullia 322 | 198 | 275 | 204 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 35 89| 429 | 134
KT957494.1 Neurothemis tullia 322 | 195 | 278 | 204 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 35 8.0 | 438 | 134
KT957498.1 Neurothemis tullia 325| 198 | 272 | 204 | 20| 195 | 274 | 327 | 42| 310 | 124 | 150 | 36 89| 420 | 134
KT957496.1 Neurothemis tullia 325| 19.2 | 275 | 207 | 20| 195 | 274 | 32.7| 42| 310 | 124 | 15.0| 36 71| 429 | 143
AB709007.1 Neurothemis ramburii 335| 18.7 | 303 | 175 | 22| 179 | 27.7 | 321 | 42| 310 | 124 | 15.0| 37 7.1 | 509 5.4
AB709005.1 Neurothemis ramburii 332 | 190 303 | 175 | 22| 179 | 27.7 | 321 | 42| 310 | 124 | 15.0| 36 8.0 | 509 5.4
KC122227.1 Neurothemis intermedia 325| 198 | 278 | 198 | 22| 177 | 274 | 32.7| 42| 310 | 124 | 150 | 34| 10.7 | 43.8| 116
AB709003.1 Neurothemis fluctuans 344 | 18.7 | 270 | 199 | 23| 170 | 27.7 | 321 | 42| 31.0| 124 | 15.0| 38 80| 411 | 125
AB709004.1 Neurothemis fluctuans 332 | 196 | 276 | 196 | 22| 179 | 27.7 | 321 | 42| 310 | 124 | 15.0| 36 98| 429 | 11.6
KT957504.1 Neurothemis fluctuans 326 | 202 | 270| 202 | 22| 179 | 27.7 | 321 | 42| 310 | 124 | 150 | 34| 116 | 41.1| 134
KUO052672.1 Neurothemis intermedia 325| 203 | 272 | 200 | 22| 179 | 27.7 | 321 | 41| 313 | 125 | 152 | 34| 11.7 | 414 | 126
KT222948.1 Neurothemis intermedia 325| 203 | 272 | 200 | 22| 179 | 27.7 | 321 | 41| 313 | 125 | 152 | 34| 11.7 | 414 | 126
AB709009.1 Neurothemis terminata 314 | 201 | 284 | 201 | 23| 171 | 279 | 324 | 41| 313 | 125 | 152 | 31| 11.7 | 45.0| 126
AB709010.1 Neurothemis terminata 314 | 201 | 284 | 201 | 23| 171 | 279 | 324 | 41| 313 | 125 | 152 | 31| 11.7 | 45.0| 126
KP835514.1 Neurothemis intermedia 332 | 186 | 288 | 193 | 23| 153 | 296 | 316 | 40| 303 | 131 | 162 | 36| 102 | 439 | 10.2
Avg. 326 | 196 | 278 | 200 | 21| 185 | 276 | 325 | 41| 310 | 124 | 151 | 35 9.1 | 434 | 124




Table 51: The Nucleotide substitution table of Rhyothemis variegata

Domain: Data

TU) | C A G T-1]C-1 A-1 G-1 T-2 | C-2 A-2 G-2 T-3 | C-3 | A-3 G-3
KP938530.1 Rhyothemis variegata (KERALA) 329 | 163 | 332 | 175 | 26| 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 32| 3.7 | 59.3 | 4.6
KC287151.1 Rhyothemis variegata 326 | 163 | 335 | 175 | 26| 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 31| 3.7 | 60.2 | 4.6
LC366724.1 Rhyothemis variegata 329 | 163 | 332 | 175 | 26| 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 32| 3.7 | 59.3 | 4.6
AB709110.1 Rhyothemis phyllis 329 | 163 | 332 | 175 | 26| 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 32| 3.7 | 59.3 | 4.6
AB709113.1 Rhyothemis variegata 326 | 166 | 332 | 175 | 26| 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 31| 4.6 | 59.3 | 4.6
KC912256.1 Orthetrum brachiale 336 | 173 | 315 | 176 | 25| 176 | 259 | 315 | 41| 306 | 13.0 | 157 | 35| 3.7 | 556 | 5.6
KC912258.1 Orthetrum brachiale 336 | 173 | 315 | 176 | 25| 176 | 259 | 315 | 41| 306 | 13.0 | 157 | 35| 3.7 | 556 | 5.6
LC366850.1 Rhyothemis phyllis 326 | 163 | 345 | 166 | 26 | 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 31| 3.7 | 63.0 | 19
LC366849.1 Rhyothemis phyllis 326 | 163 | 345 | 166 | 26| 147 | 275 | 321 | 41| 306 | 13.0 | 157 | 31| 3.7 | 63.0 | 19
KU361232.1 Orthetrum glaucum 351 | 169 | 320 | 160 | 24| 174 | 275 | 31.2 | 41| 306 | 13.0 | 157 | 41| 2.8 | 55.6 9
KU496893.1 Orthetrum glaucum 351| 169 | 320 | 160 | 24| 174 | 275 | 31.2 | 41| 306 | 13.0 | 157 | 41| 2.8 | 55.6 9
KU496892.1 Orthetrum glaucum 345 | 17.2 | 323 | 160 | 23| 183 | 275 | 31.2 | 41| 306 | 13.0 | 157 | 40| 2.8 | 565 9
KU496891.1 Orthetrum glaucum 355| 16.7 | 315 | 164 | 24| 176 | 269 | 315 | 41| 306 | 13.0 | 157 | 42| 19| 546 | 19
Avg. 336 | 16.7 | 328 | 170 | 25| 161 | 272 | 318 | 41| 306 | 13.0 | 157 | 35| 34| 582 | 3.3




Table 63: The Nucleotide substitution table of Brachydiplax sobrina

Domain: Data

TU) | C A G T-1| C-1 A-1 G-1 T-2 | C-2 A-2 G-2 | T-3 | C-3 A-3 G-3
KT372720.1 Brachydiplax sobrina (KERALA) 31.5| 196 | 310 | 179 | 40| 31.2 | 138 | 152 | 32| 109 | 50.7 | 65| 23| 168 | 285 | 32.1
KT372721.1 Brachydiplax chalybea 31.5| 196 | 310 | 179 | 40| 31.2 | 138 | 152 | 32| 109 | 50.7 | 65| 23| 168 | 285 | 32.1
KC287156.1 Brachydiplax chalybea 31.5| 196 | 31.0 | 179 | 40| 31.2 | 13.8| 152 | 32| 109 | 50.7 | 65| 23| 168 | 285 | 32.1
MF358746.1 Brachydiplax chalybea 305 | 206 | 308 | 182 | 40| 31.2 | 138 | 152 | 30| 123 | 50.7 | 65| 21| 182 | 27.7 | 32.8
AB708947.1 Brachydiplax chalybea 308 | 206 | 312 | 174 | 40| 319 | 13.0| 152 | 32| 109 | 529 | 43| 20| 19.0 | 27.7 | 32.8
MF358747.1 Libellula quadrimaculata 316 | 201 | 306 | 177 | 40| 319 | 13.0| 152 | 34| 102 | 51.1 | 5.1 | 21| 182 | 27.7 | 328
MF358748.1 Libellula quadrimaculata 335 187 | 303 | 175 | 40| 319 | 13.0| 152 | 38 73| 504 | 44| 23| 168 | 27.7 | 32.8
AB708628.1 Planaeschna ishigakiana 325|177 | 320 | 177 | 39| 319 | 138 | 152 | 33 73| 540 | 58| 26| 139 | 285 | 321
KY947485.1 Dythemis multipunctata 345 | 189 | 296 | 170 | 40| 31.2 | 13.8 | 15.2 | 42 73| 474 | 3.6 | 22| 182 | 27.7| 32.1
KY947366.1 Dythemis multipunctata 345 | 189 | 296 | 170 | 40| 31.2 | 13.8 | 15.2 | 42 73| 474 | 3.6 | 22| 182 | 27.7| 32.1
KU980970.1 Libellulidae sp. 342 | 192 | 294 | 172 | 40| 31.2 | 138 | 152 | 41 8.0 | 46.7 | 44| 22| 182 | 27.7| 32.1
KY947486.1 Dythemis multipunctata 342 | 192 | 296 | 170 | 40| 31.2 | 13.8| 15.2 | 41 80| 474 | 3.6 | 22| 182 | 27.7| 32.1
KY947365.1 Dythemis multipunctata 342 | 192 | 296 | 170 | 40| 31.2 | 13.8| 15.2 | 41 80| 474 | 3.6 | 22| 182 | 27.7| 32.1
KY947364.1 Dythemis multipunctata 342 | 192 | 296 | 170 | 40| 31.2 | 138 | 152 | 41 80| 474 | 3.6 | 22| 182 | 27.7| 32.1
KY947363.1 Dythemis multipunctata 342 | 192 | 296 | 170 | 40| 31.2 | 138 | 152 | 41 80| 474 | 3.6 | 22| 182 | 27.7| 321
Avg. 329 | 194 | 303 | 174 | 40| 314 | 13.6 | 152 | 37 9.0 | 495 | 48| 22| 176 | 279 | 32.3




Table 9: The Nucleotide substitution table of Ischnura aurora

Domain: Data

TU) | C A G T-1 | C-1 | A1 G-1 | T-2 | C-2 A-2 G-2 T-3 | C-3 A-3 G-3
KR149808.1 Ischnura aurora (KERALA) 34.3 16.2 31.8 176 | 36| 79| 527 | 30| 24| 15.2 28.7 | 323 | 43 25.6 14.0 17.7
KF369414.1 Ischnura aurora 34.3 16.2 31.8 176 | 36| 79| 527 | 30| 24| 15.2 28.7 | 323 | 43 25.6 14.0 17.7
KX053528.1 Ischnura aurora 34.3 16.2 316 | 178 | 36| 79| 521 | 36| 24| 152 28.7 | 323 | 43 25.6 14.0 17.7
KX053526.1 Ischnura aurora 34.3 16.2 316 | 178 | 36| 79| 521 | 36| 24| 152 28.7 | 323 | 43 25.6 14.0 17.7
KX053524.1 Ischnura aurora 34.3 16.2 31.6 178 | 36| 79| 521 | 36| 24| 15.2 28.7 | 323 | 43 25.6 14.0 17.7
KX053532.1 Ischnura aurora 34.1 16.4 | 31.6 178 | 36| 8.5 521 3.6 | 24| 15.2 28.7 | 323 | 43 25.6 14.0 17.7
KX053525.1 Ischnura aurora 34.1 164 | 316 | 178 | 36| 85 521 3.6 | 24| 15.2 28.7 | 323 | 43 25.6 14.0 17.7
KX053531.1 Ischnura aurora 34.1 164 | 316 | 178 | 36| 85 521 3.6 | 24| 15.2 28.7 | 323 | 43 25.6 14.0 17.7
KX053529.1 Ischnura aurora 341 164 | 31.8 176 | 36| 8.5 521 | 3.6 | 24| 15.2 29.3 31.7 | 43 25.6 14.0 17.7
KX053530.1 Ischnura aurora 34.3 16.2 31.6 178 | 36| 79| 521 | 36| 24| 152 28.7 | 323 | 43 25.6 14.0 17.7
KY843451.1 Ischnura delicate 33.9 16.2 32.5 174 | 35| 85 545 | 24| 24| 14.6| 287 | 323 | 43 25.6 14.0 17.7
KY844428.1 Ischnura delicata 33.9 16.2 32.5 174 | 35| 85 545 | 24| 24| 14.6| 287 | 323 | 43 25.6 14.0 17.7
KY838304.1 Ischnura delicata 34.1 16.1 324 173 | 35| 85 543 | 24| 25 147 | 288 | 319 | 43 25.2 14.1 17.8
KY832433.1 Ischnura delicata 341 16.3 32.3 173 | 35| 8.5 539 | 24| 25 147 | 288 | 319 | 43 25.6 14.0 17.7
KM535165.1 Ischnura verticalis 33.9 158 | 31.6 187 | 36| 6.1 521 | 6.1 | 23 15.9 28.7 | 323 | 43 25.6 14.0 17.7
KM532708.1 Ischnura verticalis 33.9 158 | 31.6 187 | 36 | 6.1 521 | 6.1 | 23 15.9 28.7 | 323 | 43 25.6 14.0 17.7
KM536053.1 Ischnura verticalis 34.0 159 | 314 187 | 36| 6.1 518 | 6.1 | 23 16.0 28.2 325 | 43 25.6 14.0 17.7
KC135957.1 Ischnura asiatica 331 16.4 | 32.3 183 | 33| 8.5 545 | 42| 24| 15.2 28.7 | 323 | 43 25.6 13.4 18.3
Avg. 34.0 16.2 31.9 179 | 36| 79| 528 | 3.7 | 24| 15.2 28.7 | 32.2| 43 25.6 14.0 17.7




Table 3: The Nucleotide substitution table of Ceriagrion coromandelianum

Domain: Data

TU) | C A G T-1|C1 |A-1 |G1|T-2|C2 |A2 |G2 |T-3|C-3 |A3 G-3
KT222949.1 Ceriagrion coromandelianum (KERALA) 340|171 (321|168 | 32| 99 |550| 26| 26| 152 (272|319 | 44| 262 | 141 | 15.7
KU220871.1 Ceriagrion coromandelianum 340 11711319 |169 | 32| 99 |545| 3.1 | 26| 152 (272|319 | 44| 262 | 141 | 15.7
KT879897.1 Ceriagrion coromandelianum 3391173 (321|168 | 32 |105|550| 26| 26| 152 (272|319 | 44| 262 | 141 | 15.7
KU220869.1 Ceriagrion olivaceum 339|166 332|164 | 32| 84 |581| 16| 26| 152 (272|319 | 44| 262 | 141 | 15.7
KU566000.1 Ceriagrion suave 347 | 155|328 | 169 | 35| 47 |571| 31| 25| 157 (272|319 | 44| 262 | 141 | 15.7
KU565956.1 Ceriagrion glabrum 349 | 154 328|169 | 36| 42 |571| 31| 25| 157 (272|319 | 44| 262 | 141 | 157
KU565947.1 Ceriagrion glabrum 349 | 154 328|169 | 36| 42 |571| 31| 25|157 (272|319 | 44| 262 | 141 | 157
KU565990.1 Ceriagrion suave 342|162 326|169 | 35| 58 |565| 31| 24| 168|272 |319| 44 |262 | 141 | 157
KU565964.1 Ceriagrion glabrum 347|155 (328|169 | 35| 47 |571| 31| 25|157 272|319 | 44| 262 | 141 | 157
Avg. 344 | 162 | 326 | 168 | 34| 69 |564 | 29| 25| 156 | 272|319 | 44| 262 | 141 | 157




Table 19: The Nucleotide substitution table of Vestalis gracilis

Domain: Data

TU) | C A G T-1|{C1 |A1 |G1 |T-2|C2 |A-2 |G-2 |T-3|C-3 |A3 |G3
KM675768 Vestalis gracilis (KERALA) 303|221 (275|201 | 22|215|258|312| 41| 259|168 | 168 | 29| 188 | 39.8 | 12.4
KM675770.1 Vestalis apicalis 303|221 (275|201 | 22|215|258|312| 41|259 168|168 | 29| 188 | 39.8 | 12.4
KU510326.1 Vestalis apicalis 303|221 (275|201 | 22|215|258|312| 41|259|168|168 | 29| 188 | 39.8 | 124
KX503058.1 Vestalis gracilis 303|221 (275|201 | 22|215|258|312| 41| 258|167 | 167 | 29| 189 | 40.0 | 12.4
KJ493064.1 Metagrion fornicatum 309|203 (311|176 | 23| 194|296 | 285 | 41| 249|168 | 173 | 29| 168 |47.0| 7.0
F]J812855.1 Nesobasis selysi 30.0 | 21.2 312|176 | 22| 199 | 274 |30.6 | 42| 254|168 | 162 | 26 | 183 | 49.5| 59
FJ812847.1 Nesobasis selysi 30.0 | 21.2 312|176 | 22| 199 | 274 | 30.6 | 42| 254 | 168 | 16.2 | 26 | 183 | 49.5| 59
KT879907.1 Euphaea fraseri 30.7 |1 19.2 | 336|165 | 21| 199|306 | 285 | 41| 249|168 | 173 | 30| 129|532 | 38
KJ493062.1 Metagrion sp 296 | 21.4 | 320 | 17.1 | 22 | 204 | 306 | 274 | 41| 254|168 | 173 | 27 | 183 | 484 | 6.5
KF369576.1 Vestalis amabilis 289|226 289|196 | 22183 | 285|312 | 41| 254|168 | 168 | 24 | 242 | 414 | 108
Avg. 30.1 | 214 (298|186 | 22 |204 | 277|302 | 41| 255|167 |168 | 28| 184 | 448 | 89




Table 21: The Nucleotide substitution table of Onychogomphus malabarensis

Domain: Data

TU) | C A G T-1|1C1 |A1 |G1 |T-2|C2|A2 |G2|T-3|C3 |A3 |G3
KU133368.1 Onychogomphus malabarensis (KERALA) 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0| 28.5 | 30.5
KX890962.1 Ophiogomphus anomalus 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0| 28.5 | 30.5
KX890932.1 Ophiogomphus mainensis 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5
JN420156.1 Ophiogomphus mainensis 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0| 28.5 | 30.5
JN420133.1 Ophiogomphus mainensis 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0| 28.5 | 30.5
JN420085.1 Ophiogomphus mainensis 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5
JN420057.1 Ophiogomphus sp. 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5
JN420056.1 Ophiogomphus sp. 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5
JN420053.1 Ophiogomphus sp. 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5
JN420024.1 Ophiogomphus sp 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5
Avg. 346 | 176 | 31.7 | 16.1 | 43 | 264 | 154 | 154 | 38| 85| 51.2 | 25| 23 | 18.0 | 28.5 | 30.5




Table 35: The Nucleotide substitution table of Trithemis aurora

Domain: Data

TU) | C A G T-1 C1|A1 |G1 |T-2]|C-2 A2 | G2 |T-3 |C3 |A3 G-3
KT305963.1 Trithemis aurora (KERALA) 32.6 | 18.0 | 32.8 | 16.6 321 53|589| 33| 24| 18.0 | 26.0 | 32.0 | 41| 30.7 | 133 | 147
JN817428.1 Trithemis aurora 32.6 | 18.0 | 32.8 | 16.6 321 53|589| 33| 24| 18.0| 26.0 | 32.0 | 41| 30.7 | 133 | 147
MF358779.1 Trithemis aurora 328 | 182 | 32.6 | 164 33| 53|583| 33| 24| 187 | 260|313 | 41| 30.7| 133 | 14.7
MF358791.1 Trithemis aurora 324 | 184 | 328 | 164 32| 60|589| 33| 24| 187 | 260 | 31.3 | 41| 30.7| 133 | 14.7
KT961627.1 Trithemis aurora 33.0 | 182 | 324 | 164 34| 53|576| 33| 24| 187 | 26.0 | 31.3 | 41| 30.7| 133 | 147
AB709237.1 Trithemis aurora 324 | 184 | 33.0 | 16.2 321 60|596| 26| 24| 187 | 26.0 | 31.3 | 41| 30.7| 133 | 147
AB709236.1 Trithemis aurora 32.6 | 182 | 328 | 164 32| 53|589| 33| 24| 187 | 260|313 | 41| 30.7| 133 | 14.7
KU566458.1 Trithemis werneri 344 | 17.1 | 322 | 164 371 33|563| 33| 25| 173 | 26.7 | 31.3 | 41| 30.7| 133 | 14.7
FJ358477.1 Trithemis grouti 359 |18.0| 29.0| 171 42 | 6.0 | 470 | 46| 24| 180 26.7 | 313 | 41| 300 | 133 | 153
FJ358478.1 Trithemis grouti 359 | 18.0 | 288 | 17.3 42 | 6.0 | 464 | 53| 24| 180 26.7 | 313 | 41| 300 | 133 | 153
Avg. 335 18.0 | 319 | 16.6 35|54 |561| 36| 24| 183 | 262|315 | 41| 305 | 133 | 148




Table 37: The Nucleotide substitution table of Neurothemis fulvia

Domain: Data

TU) | C A G T-1 | C-1 A1 | G1 | T-2|C-2 A2 | G2 |T-3|C3 |A3 G-3
KP835515.1 Neurothemis fulvia (KERALA) 33.7 | 20.0 | 27.7 | 18.6 21| 200|272 (318 | 43| 26.7 | 149|154 | 37 | 133 | 41.0| 87
JN817427.1 Neurothemis fulvia 33.7 | 20.0 | 27.7 | 18.6 21| 200|272 318 | 43| 26.7 | 149|154 | 37 | 133 | 41.0| 87
KC122229.1 Neurothemis tullia 344 | 193 | 26.0 | 20.2 20| 20.0 | 282|318 | 43| 26.7 | 149|154 | 40| 113 | 351 | 134
KT957504.1 Neurothemis fluctuans 342 | 188 | 27.4 | 19.7 22| 179|282 (318 | 43| 26.7 | 149|154 | 37 |11.8| 39.0 | 11.8
KC122227.1 Neurothemis sp 342 | 18.6 | 27.5 | 19.7 22| 179|282 318 | 43| 26.7 | 149|154 | 37 | 113 | 39.5| 118
KU566458.1 Trithemis werneri 36.2 | 154 | 31.5 | 16.9 24| 164 | 282|318 | 43| 26.7 | 149|154 | 42| 3.1 | 513 | 3.6
KU566447.1 Trithemis legrandi 338|178 | 309 | 17.4 22| 19.0 | 27.7 | 31.8 | 43| 26.7 | 149|154 | 37| 7.7 | 503 | 5.1
KU566445.1 Trithemis legrandi 338|178 | 309 | 17.4 22| 19.0 | 27.7 | 31.8 | 43| 26.7 | 149|154 | 37| 7.7 | 503 | 5.1
KU566444.1 Trithemis legrandi 339|178 | 30.8 | 17.5 22| 19.0 | 27.7 | 318 | 43| 268 | 144|155 | 37| 7.7 | 503 | 5.1
KU566446.1 Trithemis legrandi 340 | 17.6 | 309 | 17.4 22| 19.0 | 27.7 | 31.8 | 43| 26.7 | 149|154 | 37| 72| 503 | 5.1
Avg. 342 | 183 | 29.1 | 18.3 22| 188|278 (318 | 43| 26.7 | 148|154 | 38| 94| 448 | 79




Table 53: The Nucleotide substitution table of Pantala flavescens

Domain: Data

TU) | C A G T-1 | C-1 A-1 | G-1 | T-2 |C-2 A-2 | G-2 | Pos#2 | T-3 | C-3 A-3 | G-3
KR011198.1 Pantala flavescens (KERALA) | 36.9 | 19.4 | 26.6 | 17.1 | 22 196 | 27.0 | 31.1 | 41| 31.1| 135|149 | 148.0 | 48 741392 | 54
LC366762.1 Pantala flavescens 36.7 | 19.8 | 264 | 17.1 | 22 203|264 | 311 | 41| 311|135 | 149 | 148.0 | 47 81392 | 54
KR080114.1 Pantala flavescens 374 | 195 | 26.0 | 17.2 | 23 201 | 262|309 | 41| 309|134 | 148 | 149.0 | 48 74 | 383 | 6.0
KR080089.1 Pantala flavescens 37.8 | 19.0 | 264 | 168 | 24 188 | 26.2 | 309 | 41| 309 | 13.4 | 148 | 149.0 | 48 74 | 39.6 | 4.7
KR080079.1 Pantala flavescens 3711 19.7 | 26.2 | 17.0 | 23 201 | 2621309 | 41| 309|134 | 148 | 149.0 | 48 811|389 | 54
KR080077.1 Pantala flavescens 371|195 | 264 | 17.0 | 23 201 | 2621309 | 41| 309|134 | 148 | 149.0 | 48 741396 | 54
KR080131.1 Pantala flavescens 38.0 | 188 | 264 | 168 | 24 188 | 26.2 | 309 | 41| 309 | 134 | 148 | 149.0 | 49 6.7 | 39.6 | 4.7
KR080120.1 Pantala flavescens 37.8 | 19.0 | 26.2 | 17.0 | 24 188 | 26.2 | 309 | 41| 309 | 134 | 148 | 149.0 | 48 74| 389 | 54
KR080112.1 Pantala flavescens 374 | 195 | 26.2 | 17.0 | 23 201 | 2621309 | 41| 309|134 | 148 | 149.0 | 48 74| 389 | 54
KR080110.1 Pantala flavescens 3711 19.7 | 26.0 | 17.2 | 23 20112621309 | 41| 309|134 | 148 | 149.0 | 48 811|383 | 6.0
KR080108.1 Pantala flavescens 37.8 | 19.0 | 26.2 | 17.0 | 24 188 | 26.2 | 309 | 41| 309 | 134 | 148 | 149.0 | 48 74389 | 54
KR080100.1 Pantala flavescens 37.8 | 19.0 | 26.2 | 17.0 | 24 188 | 26.2 | 309 | 41| 309 | 134 | 148 | 149.0 | 48 74389 | 54
KR080095.1 Pantala flavescens 37.8 | 19.0 | 26.2 | 17.0 | 24 188 | 26.2 | 309 | 41| 309 | 13.4 | 148 | 149.0 | 48 74| 389 | 54
KR080076.1 Pantala flavescens 37.8 | 19.0 | 26.2 | 17.0 | 24 188 | 26.2 | 309 | 41| 309 | 13.4 | 148 | 149.0 | 48 74| 389 | 54
Avg. 375|193 | 26.2 | 17.0 | 23 194 | 26.2 | 309 | 41| 309|134 | 148 | 1489 | 48 75139.0 | 54




Table 45: The Nucleotide substitution table of Brachythemis contaminata

Domain: Data

TU) | C A G T-1|C1 |A-1 |G-1 |T-2 C-2 |A2 | G2 | T3 C-3 A-3 | G-3
KP938531.1 Brachythemis contaminate (KERALA) | 32.8 | 169 | 31.5 | 188 | 22 | 153 | 29.0 | 33.9 42 | 258 | 129 | 194 35 9.7 | 52.4 | 3.2
KT879898.1 Brachythemis contaminata 328|169 | 315|188 | 22| 153 | 29.0 | 33.9 42 | 258 | 129 | 194 35 9.7 | 52.4 | 3.2
KM658172.1 Brachythemis contaminata 325|172 | 312|191 | 21 |16.1 | 29.0 | 33.9 42 | 258 | 129 | 194 35 9.7 | 51.6 | 4.0
KC287157.1 Brachythemis contaminata 328 | 169 | 309 | 194 | 22 | 169 | 27.4 | 339 42 | 258 | 129 | 194 35 8.1| 524 | 48
KU566425.1 Trithemis donaldsoni 332 | 159|313 | 19.7 | 22 |16.1 | 28.2 | 339 42 | 25.0 | 129 | 20.2 36 6.5 | 528 | 49
KT957542.1 Diplacodes trivialis 332|159 | 305|205 | 21 |169 | 274 | 34.7 42 | 258 | 129 | 194 37 49 | 512 73
KT957540.1 Diplacodes trivialis 332|159 | 305|205 | 21 |169 | 274 | 34.7 42 | 258 | 129 | 194 37 49 | 512 73
KT957538.1 Diplacodes trivialis 332|159 | 305|205 | 21 |169 | 274 | 34.7 42 | 258 | 129 | 194 37 49 | 512 73
KT957537.1 Diplacodes trivialis 332|159 | 305|205 | 21169 | 274 | 34.7 42 | 258 | 129 | 194 37 49 | 512 73
KT957527.1 Diplacodes trivialis 332|159 | 305|205 | 21 |169 | 274 | 34.7 42 | 258 | 129 | 194 37 49 | 512 73
KT957526.1 Diplacodes trivialis 332|159 | 305|205 | 211|169 | 274 | 34.7 42 | 258 | 129 | 194 37 49 | 512 73
KU566468.1 Urothemis venata 334 | 175|294 | 197 | 21 | 169 | 27.4 | 34.7 42 | 258 | 129 | 194 37 9.8 | 48.0 | 4.9
KU566466.1 Urothemis venata 334 | 175|294 | 19.7 | 21 | 169 | 27.4 | 34.7 42 | 258 | 129 | 194 37 9.8 | 48.0 | 4.9
Avg. 331|165 | 306 | 198 | 21 |16.6 | 279 | 344 42 | 25.7 | 129 | 194 36 7.1 | 512 | 5.7




Table 1: The locations selected for the collection during present study

SI. No. District Ecosystem Location GPS coordinates
Agro-ecosystem Kangangad 12.3324° N 75.0963° E
1 Kasaragod | Forest ecosystem Parappa 12.3674° N 75.2253° E
Riparian ecosystem | Periya 12.3957° N 75.0965° E
Agro-ecosystem Payyanur 12.1051° N 75.2058° E
2 Kannur Forest ecosystem Aaralam 11.9676° N 75.7720° E
Riparian ecosystem | Koothuparamba | 11.8319° N 75.6556° E
Agro-ecosystem Pulpally 11.7923° N 76.1663° E
3 Wayanad Forest ecosystem Sulthan’s Bathery | 11.6656° N 76.2627° E
Riparian ecosystem | Vythiri 11.5517° N 76.0403° E
Agro-ecosystem Ramanattukara 11.1785° N 75.8652° E
4 Kozhikode | Forest ecosystem Thusharagiri 11.4730° N 76.0529° E
Riparian ecosystem | Beypore 11.1736° N 75.8040° E
Agro-ecosystem Villunniyal 11.1340° N 75.8954° E
5 Malappuram | Forest ecosystem Nilambur 11.2794° N 76.3695° E
Riparian ecosystem | Tirur 10.9146° N 75.9221° E
Agro-ecosystem Thrithala 10.8033° N 76.1349° E
6 | Palakkad Forest ecosystem | Attapadi 11.1149° N 76.6180° E
Riparian ecosystem | Ottapalam 10.7723° N 76.3695° E
Agro-ecosystem Kunnamkulam 10.6014° N 76.2023° E
7 | Thrissur Forest ecosystem | Peechi 10.5270° N 76.3608° E

Riparian ecosystem

Peramangalam

10.5303° N 76.2148° E




Table 2: The list of specific primers used for PCR amplification of the present study

SI. | Name of the Direction Sequence description
No. primer
1 FOM Forward 5'— GGTCAACAAATCATAAAGATATTGG - 3
Reverse 5- TAAACTTCAGGGTGACCAAAAAATCA -3
2 IJAE Forward 5'— GGTCAACAAATCATAAAGATATTGG - 3
Reverse 5'— TAAACTTCAGGGTGACCAAAAAATCA -3
3 IAG Forward 5 — GATATTGGAACCCTTTACCTG -3
Reverse 5'— GTTGATAAAGGATTGGCAGGGTGACC - 3
4 JAP Forward 5'— AGGTCAACCTGGATCTTTAATTGGA -3
Reverse 5'— AGAATAGGGTCTCCTCCTCCG -3
5 jce Forward 5 - TCGGTGCATGAGCAGGTATAGTAGGTAC - 3
Reverse 5'— AATAGGATCTCCTCCACCTGCTG - 3
6 INT Forward 5'— ACTGCCCACGCCTTTGTAATAATTTTC -3
Reverse 5 —GCTATTACTATACTATTAACTGA -3
7 3OS Forward 5'— ATTAGTGCCGTTAATACTTGGTGCTCC — 3
Reverse 5'— AGATAGGATCTCCTCCTCCCG - 3
8 JPC Forward 5'— CGGAATTTGATCAGGAATAGTAGGA - 3'
Reverse 5'— GATCTCCTCCTCCAGCTGGG - 3
9 IPE Forward 5 — ATTAGTGCCGTTAATACTTGGTGCTCC — 3
Reverse 5'— AAAATTGGATCTCCTCCCCCTGC - 3
10 OCM Forward S'—TTTTCTACTAACCACAA -3
Reverse S'—TTTTCCTCTTTCTTGGG -3
11 OTE Forward 5'— TAATACGACTCACTATAGGGGG - 3
Reverse 5'— ATTAACCCTCACTAAAGTAAA -3
12 JRV Forward 5 - TTGAACTGGGACAACCTGGA - 3'
Reverse 5'-GGCTCCAGCAAGAACAGGT - 3'
13 OoDT Forward 5'— GGAACAGCATTAAGAGTTTTAATTCGA -3
Reverse 5'— GACCCGGCAGGTGGTGGAGATC- 3
14 AOD Forward 5 — CATTGGAGATGACCAAATTTA-3'

Reverse

5'— ATTGGATCTCCACCACCTGC-3'




Table 65: List database accession details in NCBI GenBank and Barcode of Life Data System
Index Number (BIN) of the species selected for the present study

sl _ NCB_I BOLD Accession Number
No. Species Accession BIN Cluster ID Specimen ID
Number
Suborder: Zygoptera
Family: Coenagrionidae
1 | Ceriagrion coromendelianum KT222949 BOLD: AA25825 | GBMIN88578-17
2 | Agriocnemis pygmeae KU871002 BOLD: ADC3017 | GBMIN88575-17
3 | Agriocnemis keralensis KU133367 BOLD: ACF9984 | GBMIN88574-17
4 | Ischnura aurora KR149808 BOLD: AAH6873 | GBMH0673-15
5 | Ischnura senegalensis KT305961 BOLD: ABW0501 | AGIR1303-17
6 | Aciagrion occidentale KM096996 BOLD: ACG1133
Family: Placticnemidae
7 | Copera marginipes KR149804 BOLD: ABA1480 | GBMH0650-15
Family: Calopterygidae
8 | Vestalis gracilis KX503058 BOLD: ACS6273 | GBMIN88573-17
9 | Vestalis apicalis KU510326 BOLD: ACS6273 | GBMIN88573-15
Suborder: Anisoptera
Family: Gomphidae
10 | Onychogomphus malabarensis KU133368 BOLD: AAA4278 | GBMIN88722-17
Family: Aeshnidae
11 | Anax parthenope KR149805 BOLD: ABX6596 | GBMHO0633-15
12 | Anaciaeshna jaspidea KR149806
Family: Libellulidae
13 | Orthetrum sabina KP938529 BOLD: AAH6870 | GBMIN88805-17
14 | Neurothemis intermedia KU052672 BOLD: ADJ7302 | GBMIN8879-17
15 | Neurothemis intermedia KP835514 BOLD: ADJ7302 | GBMIN8879-17
16 | Trithemis aurora KT305963 BOLD: AAQ0253 | GBMIN88911-17
17 | Trithemis aurora KT 305962 BOLD: AAQO0253 | GBMIN88911-17
18 | Brachydiplax chalybaea KT372721 BOLD: ACD4364 | GBMIN88778-17
19 | Neurothemis fulvia KP835515 BOLD: ACD6379 | GBMIN88796-17
20 | Crocothemis servillia KR149807 BOLD: AAQ0252 | GBMH0652-15
21 | Trithemis festiva KR149802 BOLD: AAQ0247 | GBMH0998-15
22 | Trithemis pallidinervis KR149803 BOLD: AAQ0251 | GBMH0999-15
23 | Potamarcha obscura KX503060
24 | Brachythemis contaminata KP938531 BOLD: ADC3495 | GBMIN8878--17
25 | Diplacodes trivialis KP835512 BOLD: AAH6874 | GBMH065-15
26 | Diplacodes trivialis KP835513 BOLD: AAH6874 | GBMH065-15
27 | Diplacodes trivialis KP087931 BOLD: AAH6874 | GBMH065-15
28 | Diplacodes trivialis KP087932 BOLD: AAH6874 | GBMH065-15
29 | Diplacodes trivialis KP087933 BOLD: AAH6874 | GBMH065-15
30 | Bradinopyga geminata KMO096995 BOLD: ABY3063 | GBMIN22799-13
31 | Rhyothemis variegata KP938530 BOLD: ABX8023
32 | Pantala flavescence KR11198 BOLD: AAH6890
33 | Acisoma panorpoides KT222947 BOLD: ADL6242
34 | Neurothemis tullia KP835513 BOLD: ABX8024
35 | Lathresia asiatica KU052671 BOLD: ADJ7302 | GBMIN88787-17
36 | Aethriamanta brevipennis KU510325
37 | Brachydiplax sobrina KT372720 BOLD:ACD4364




Table 66: The database submission status of COI gene sequences of the species studied

PIONEER REPORT IN THE DATABASE
SI. No. Organism SI. No. Organism
1 Agriocnemis keralensis 2 Onychogomphus malabarensis
3 Ceriagrion coromendelianum 4 Aciagrion occidentale
5 Lathresia sp.
PIONEER REPORT FROM INDIA
Sl. No. | Organism
1 Anax parthenope
2 Agriocnemis pygmeae
3 Copera marginipes
4 Ischnura aurora
5 Ischnura senegalensis
PIONEER REPORT FROM KERALA
Sl. No. Organism Sl. No. Organism
1 Acisoma panorpoides 9 Neurothemis intermedia
2 Anaciaeshna jaspidea 10 Neurothemis tullia
3 Brachydiplax chalybaea 11 Orthetrum sabina
4 Brachythemis contaminata 12 Potamarcha obscura
5 Bradinopyga geminata 13 Rhyothemis variegata
6 Crocothemis servillia 14 Trithemis aurora
7 Diplacodes trivialis 15 Trithemis festiva
8 Neurothemis fulvia 16 Trithemis pallidinervis




Thrissur: Peramangalam (10.5303° N 76.214 °E) Palakkad : Ottapalam (10.7723° N 76.3695°E)

Wayanad : Vythiri (11.5517° N 76.0403°E) Kannur Koothuparamba (1 1. 83 19° N 75. 65 5° E)

Kasargode: Periya (11.500° N 75.50° E)

Figure 1: Study Area — Riparian Ecosystems
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Kasargode: Parappa (12.36745° N 75.22535° E)

Figure 2: Study Area — Forest Ecosystems
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Kasargode: Kangangad (12.352° N 75.096°

Figure 3: Study Area - Agroecosystems



Figure 4: Ceriagrion coromandelianum

> KT222949 Ceriagrion coromandelianum |cytochrome oxidase subunit I gene [voucher CUCC
01-Al|partial cds, mitochondrial|573bp

TAGTATATTAATTCGAGTTGAATTAGGTCAACCAGGATCCCTCATTGGAGATGACCAAATTTATAATGTAGTAGTA
ACAGCACATGCATTTGTAATAATTTTTTTCATAGTTATACCAATTATAATTGGAGGATTCGGAAATTGATTAGTTC
CCTTGATATTAGGGGCACCTGATATAGCTTTCCCACGATTAAATAATATGAGATTTTGACTTTTACCTCCTTCATT
AACACTACTATTAGCAAGAAGTTTAGTAGAAAGAGGAGCAGGTACTGGTTGAACAGTATATCCACCCCTTGCAGGA
GCAATCGCACATGCAGGAGGATCTGTTGATTTAACAATTTTCTCATTACACTTAGCTGGAGTATCATCCATTTTAG
GTGCAATTAATTTTATTACCACTGTAATTAATATAAAATCCCCAGGAATAAAATTAGACCAATTACCACTATTTGT
ATGGGCAGTAGTAATTACTGCAGTTTTATTGTTACTATCATTACCAGTATTAGCTGGTGCTATTACCATATTATTA
ACTGATCGAAACATCAATACATCATTCTTTGATCCAGCAGG

Figure 4a: The DNA sequence interpret of COI gene of Ceriagrion coromandelianum
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Figure 4b: Representatvie molecular barcode of COI gene of Ceriagrion coromandelianum



> AKV16034 Ceriagrion coromandelianum |cytochrome oxidase subunit I gene [voucher
CUCC 01-Al|partial cds, mitochondrial|191 bp

SMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSL
TLLLASSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDQLPLEV
WAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFEFDPAG

Figure 4c: The conceptual translation product of the COI gene of Ceriagrion coromandelianum

Ceriagrion coromandelianum voucher CUCC 01-A1 cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial
Sequence ID: KT222949. Length: 573Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand  Frame
1059 bits(573)  0.0() 573/573(100%) 0/573(0%)  Plus/Plus
Query 1 TAGTATATTAATTCGAGTTGAATTAGGTCAACCAGGATCCCTCATTGGAGATGACCAAAT 60
RN RN R R RN NN RN NN AR AR RN NN
Sbjct 1 TAGTATATTAATTCGAGTTGAATTAGGTCAACCAGGATCCCTCATTGGAGATGACCAAAT 60

Query 61TTATAATGTAGTAGTAACAGCACATGCATTTGTAATAAtttttttCATAGTTATACCAAT 120

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 61  TTATAATGTAGTAGTAACAGCACATGCATTTGTAATAATTTITTTCATAGTTATACCAAT 120

Query 121 TATAATTGGAGGATTCGGAAATTGATTAGTTCCCTTGATATTAGGGGCACCTGATATAGC 180

Frrrrerrrrrrerrrerrrerr e e e e e e e e e e e
Sbjct 121 TATAATTGGAGGATTCGGAAATTGATTAGTTCCCTTGATATTAGGGGCACCTGATATAGC 180

Query 181 TTTCCCACGATTAAATAATATGAGATTTTGACTTTTACCTCCTTCATTAACACTACTATT 240

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 181 TTTCCCACGATTAAATAATATGAGATTTTGACTTTTACCTCCTTCATTAACACTACTATT 240

Query 241 AGCAAGAAGTTTAGTAGAAAGAGGAGCAGGTACTGGTTGAACAGTATATCCACCCCTTGC 300

Frrrrerrrrrrererrrreer e e et et e e e
Sbjct 241 AGCAAGAAGTTTAGTAGAAAGAGGAGCAGGTACTGGTTGAACAGTATATCCACCCCTTGC 300

Query 301 AGGAGCAATCGCACATGCAGGAGGATCTGTTGATTTAACAATTTTCTCATTACACTTAGC 360

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr et e e e e
Sbjct 301 AGGAGCAATCGCACATGCAGGAGGATCTGTTGATTTAACAATTTTCTCATTACACTTAGC 360

Query 361 TGGAGTATCATCCATTTTAGGTGCAATTAATTTTATTACCACTGTAATTAATATAAAATC 420

Frrrrrrrerrrrrrrerrrrrrrrerrrrrrrrrr et e e e e
Sbjct 361 TGGAGTATCATCCATTTTAGGTGCAATTAATTTTATTACCACTGTAATTAATATAAAATC 420

Query 421 CCCAGGAATAAAATTAGACCAATTACCACTATTTGTATGGGCAGTAGTAATTACTGCAGT 480

Frrrrrrrerrrrrrrrrrrrrrrrerrr e rrr e e e e e e
Sbjct 421 CCCAGGAATAAAATTAGACCAATTACCACTATTTGTATGGGCAGTAGTAATTACTGCAGT 480

Query 481 TTTATTGTTACTATCATTACCAGTATTAGCTGGTGCTATTACCATATTATTAACTGATCG 540

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr et e e e e
Sbjct 481 TTTATTGTTACTATCATTACCAGTATTAGCTGGTGCTATTACCATATTATTAACTGATCG 540

Query 541 AAACATCAATACATCATTCTTTGATCCAGCAGG 573

FEEEEEEEErr e e e e e e
Sbjct 541 AAACATCAATACATCATTCTTTGATCCAGCAGG 573

Figure 4d: Nucleotide BLAST output of Ceriagrion coromandelianum showing its nearest
match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Ceriagrion coromandelianum]

Alignment statistics for match #1
Score Expect Method Identities Positives Gaps
372 bits(954) 4e-130() Compositional matrix adjust 191/191(100%) 191/191(100%) 0/191(0%)
Sequence ID: AKV16034. Length: 191Number of Matches: 1

Features:
Query 1 SMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMA 60
SMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLYVPLMLGAPDMA
Sbjct 1 SMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMA 60
Query 61  FPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGATIAHAGGSVDLTIFSLHLA 120
FPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGATIAHAGGSVDLTIFSLHLA
Sbjct 61  FPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGATIAHAGGSVDLTIFSLHLA 120
Query 121 GVSSILGAINFITTVINMKSPGMKLDQLPLFVWAVVITAVLLLLSLPVLAGAITMLLTDR 180
GVSSILGAINFITTVINMKSPGMKLDQLPLFVWAVVITAVLLLLSLPVLAGAITMLLTDR
Sbjct 121 GVSSILGAINFITTVINMKSPGMKLDQLPLFVWAVVITAVLLLLSLPVLAGAITMLLTDR 180
Query 181 NINTSFFDPAG 191
NINTSFFDPAG
Sbjct 181 NINTSFFDPAG 191

Figure 4e: Peptide BLAST output of COI gene of Ceriagrion coromandelianum
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Figure 4f: The line diagram of Ceriagrion coromendelianum(Kerala) with more than 99 %
match to other retrieved sequences from BOLD system.



KLSE5956.1 Ceriagrion glabram

KLSE5964.1 Ceriagrion glabram

KLSE5947 1 Ceriagrion glabram

KLISB5990.1 Ceriagrion suave

KLISBE000.1 Ceriagrion suave

KUZ20869.1 Ceriagrion olivaceum

& KT222943.1 Ceriagrion coromandelianum voucher CUCC 01-A1

KTG79897 .1 Ceriagrion coromandelianum

KUZ20871.1 Ceriagrion coromandelianum

Figure 4g: Molecular phylogenetic tree of Ceriagrion coromandelianum inferred by NJ tree

method

Table 4: Percentage of evolutionary divergence of Ceriagrion coromendelianum with its

closely related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence
1. KT222949 | Ceriagrion coromendelianum (Kerala)

2. KU220871 | Ceriagrion coromendelianum (Belgium) 0.18

3. KT879897 | Ceriagrion coromendelianum (Karnataka) 0.18

4. KU220869 | Ceriagrion olivaceum 9.24

5. KU566000 | Ceriagrion suave 11.53

6. KU565964 | Ceriagrion glabrum 11.53

7. KUS565947 | Ceriagrion glabrum 11.53

8. KU565990 | Ceriagrion suave 11.81

9. KUS565964 | Ceriagrion glabrum 11.76




Figure 5: Agriocnemis pygmeae

> KU871002.1 Agriocnemis pygmaea |cytochrome oxidase subunit I gene [voucher CUAP-03-A1
partial cds, mitochondrial|567bp
AGATTAGGACAACCAGGCTCTCTTATTGGTGATGACCAAATTTATAACGTAGTTGTGACAGCACACGCCTTCGTAA
TAATTTTTTTTATAGTTATACCAATTATAATTGGTGGATTTGGAAACTGACTAGTACCATTAATGCTTGGAGCACC
CGATATAGCTTTCCCACGATTAAATAATATAAGATTTTGATTACTCCCCCCTTCATTAACACTTTTACTCGCAAGT
AGATTAGTAGAAAGTGGAGCAGGAACCGGATGAACAGTTTATCCTCCATTAGCAGGAGCAATTGCTCACGCTGGGG
GATCTGTTGATTTAACAATTTTTTCACTTCATTTGGCAGGGGTATCTTCAATTTTAGGGGCAATCAATTTTATTAC
AACTACAATTAATATAAAATCACCAGGAATAAAACTGGAACAAATGCCATTATTTGTATGAGCAGTTGTAATTACT
GCTGTATTACTATTATTATCATTACCTGTATTAGCAGGAGCTATTACTATATTACTTACTGACCGTAATATTAATA
CTTCATTTTTTGATCCGGCAGGGGGGGGAGATCCC

Figure 5a: DNA sequence interpret of COI gene of Agriocnemis pygmaea
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Figure 5b: The representative molecular barcode of the COI gene of Agriocnemis pygmaea

> AMRS58407 Agriocnemis pygmaea |cytochrome oxidase subunit I gene |[voucher CUAP-03-
A1 partial cds, mitochondrial| 189bp

SLGOPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSLTLLLAS
SLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMKLEQMPLEVWAVVIT
AVLLLLSLPVLAGAITMLLTDRNINTSEFFDPAGGGDP

Figure 5c: The conceptual translation product of the COI gene of Agriocnemis pygmaea



Agriocnemis pygmaea voucher CUAP-03-A1 cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial

Sequence ID: KU871002.Length: 567Number of Matches: 1

Alignment statistics for match
Score Expect Identities Gaps Strand
1048 bits(567) 0.00 567/567(100%) 0/567(0%) Plus/Plus

Features:
Query 1 AGATTAGGACAACCAGGCTCTCTTATTGGTGATGACCAAATTTATAACGTAGTTGTGACA 60

Frrrrrrrrrrrrrrrrrrrrrrrrerrrrrr e e e e e e e e e e
Sbjct 1 AGATTAGGACAACCAGGCTCTCTTATTGGTGATGACCAAATTTATAACGTAGTTGTGACA 60

Query 61  GCACACGCCTTCGTAATAAtttLttttATAGTTATACCAATTATAATTGGTGGATTTGGA 120
Frrrrrrrrrrrrrrrrrrrrrrrrerrrrrr e e e e e e e e e
Sbjct 61  GCACACGCCTTCGTAATAATTTTTTTTATAGTTATACCAATTATAATTGGTGGATTTGGA 120

Query 121 AACTGACTAGTACCATTAATGCTTGGAGCACCCGATATAGCTTTCCCACGATTAAATAAT 180
Frrrrrrrrrrrrrrrrrerrrrrrerrrrrr e e e e e e e e e
Sbjct 121 AACTGACTAGTACCATTAATGCTTGGAGCACCCGATATAGCTTTCCCACGATTAAATAAT 180

Query 181 ATAAGATTTTGATTACTCCCCCCTTCATTAACACTTTTACTCGCAAGTAGATTAGTAGAA 240
Frrrrrrrrrrerrrrrrerrrrrrerrrrrr e e e e e e e e e
Sbjct 181 ATAAGATTTTGATTACTCCCCCCTTCATTAACACTTTTACTCGCAAGTAGATTAGTAGAA 240

Query 241 AGTGGAGCAGGAACCGGATGAACAGTTTATCCTCCATTAGCAGGAGCAATTGCTCACGCT 300
FEErrrrrrrrr e e e e e r e e e e e e e
Sbjct 241 AGTGGAGCAGGAACCGGATGAACAGTTTATCCTCCATTAGCAGGAGCAATTGCTCACGCT 300

Query 301 GGGGGATCTGTTGATTTAACAATTTTTTCACTTCATTTGGCAGGGGTATCTTCAATTTTA 360
Frrrrrrrrrrerrrrrrrrrrrrrerrrrrr e e e e e e e e e e
Sbjct 301 GGGGGATCTGTTGATTTAACAATTTTTTCACTTCATTTGGCAGGGGTATCTTCAATTTTA 360

Query 361 GGGGCAATCAATTTTATTACAACTACAATTAATATAAAATCACCAGGAATAAAACTGGAA 420

FEEEEEEErr e e e e e e e e e e e e e e e e e e e e e e
Sbjct 361 GGGGCAATCAATTTTATTACAACTACAATTAATATAAAATCACCAGGAATAAAACTGGAA 420

Query 421 CAAATGCCATTATTTGTATGAGCAGTTGTAATTACTGCTGTATTACTATTATTATCATTA 480

FEEEEEEErr e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 421 CAAATGCCATTATTTGTATGAGCAGTTGTAATTACTGCTGTATTACTATTATTATCATTA 480

Query 481 CCTGTATTAGCAGGAGCTATTACTATATTACTTACTGACCGTAATATTAATACTTCATTT 540

FEEEEEEErr e e e e e e e e e e e e e e e e e e e e e e
Sbjct 481 CCTGTATTAGCAGGAGCTATTACTATATTACTTACTGACCGTAATATTAATACTTCATTT 540

Query 541TTTGATCCGGCAggggggggAGATCCC 567

FEEEEEEEErr et e e
Sbjct 541 TTTGATCCGGCAGGGGGGGGAGATCCC 567

Figure 5d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Agriocnemis
pvgmaea showing its nearest match subject



Cytochrome oxidase subunit 1, partial (mitochondrion) [Agriocnemis pygmaeal
Sequence ID: AMR58407 Length: 219Number of Matches: 1

Alignment statistics for match #1
Score Expect Method Identities Positives Gaps
366 2e- Compositional
bits(939) 127() matrix adjust

Features:
Query 1 SLGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNN 60

LGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNN
Sbjct 24 ELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNN 83

186/189(98%) 188/189(99%) 0/189(0%)

Query 61 MSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSIL 120
MSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSIL
Sbjct 84 MSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSIL 143

Query 121 GAINFITTTINMKSPGMKLEQMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFE 180
GAINFITTTINMKSPGMK+EQ+PLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSE
Sbjct 144 GAINFITTTINMKSPGMKMEQLPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSE 203

Query 181 FDPAGGGDP 189
FDPAGGGDP
Sbjct 204 FDPAGGGDP 212

Figure 5e: Peptide BLAST output of the mt DNA COI gene of Agriocnemis pygmaea
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Figure 5f: The line diagram of Agriocnemis pygmeae over more than 98% match to other
retrieved sequences from BOLD system
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— KT957464.1 Agriocnemis minima

L KT957462.1 Agriocnemis minima

KT957465.1 Agriocnemis minirma

KT9574B1.1 Agriocnemis minima

KT957463.1 Agriocnemis minima

& KUST1002.1 Agriocnemis pygmaea voucher CLUAP-03-A1

KF363578.1 Xanthagrion erythroneururm

AB/57H83.1 Ischnura senegalensis

KUEEEASE .1 Trithemis werneri

KF369446.1 Metaleptobasis mauritia

KF3R9562.1 Teinobasis rufithorax

Figure 5g: Molecular phylogenetic tree of Agriocnemis pygmaea inferred by NJ tree method

Table 6: Percentage of evolutionary divergence of Agriocnemis pygmaea with its closely
related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KUS871002 | Agriocnemis pygmaea (Kerala)

2 KT957464 | Agriocnemis minima (Thailand) 0.11

3 KT957463 | Agriocnemis minima(Thailand) 0.11

4 KT957465 | Agriocnemis minima (Thailand) 0.11

5 KT957462 | Agriocnemis minima (Thailand) 0.11

6 KT957461 | Agriocnemis minima (Thailand) 0.12

7 KF369578 | Xanthagrion erythroneurum 0.16

8 KF369446 | Metaloptobasis mauritia 0.16

9 KF369562 | Teinobasis rufithorax 0.17

10 | KU220894 | Rhodischnura nursei 0.17

11 | KT879911 | Lestes elatus 0.17

12 | KUS566458 | Trithemis werneri 0.16




Figure 6: Agriocnemis keralensis

> KU135367 Agriocnemis keralensis |cytochrome oxidase subunit I gene [voucher CUAK-01-
A1 partial cds, mitochondrial|628bp
CGGAGCATGGGCAGGAATAGTAGGAACTGCCCTAAGTATATTAAT TCGAGTAGAACT TGGACAACCAGGATCTCTA
ATTGGAGATGATCAAATCTACAATGTAGTAGTGACTGCGCACGCTTTTGTAATAATTTTTTTCATAGTAATACCAA
TTATGATTGGAGGGTTTGGAAATTGACTCGTACCCTTAATACTAGGAGCACCAGACATAGCTTTCCCACGACTTAA
TAACATAAGATTTTGACTATTACCCCCTTCATTAACATTATTGATAGCAAGATCCCTAGTAGAAAGAGGGGCCGGT
ACTGGATGAACAGTCTATCCTCCTTTAGCAGGAGCCATTGCTCATGCAGGAGGGTCAGTAGACCTTACAATTTTTT
CACTACATTTAGCAGGAGTTTCATCCATCTTAGGGGCAATCAACTTTATTACAACTACAATTAATATGAAATCCCC
TGGTATAAAAATAGAACAAATACCTCTATTTGTATGGGCTGTAGTAAT TACAGCAATCCTACTTCTATTATCATTA
CCTGTATTAGCAGGTGCAATTACTATACTATTAACAGACCGTAATATTAATACATCATTTTTTGATCCTGCAGGGG
GAGGAGACCCAGTACTATAC

Figure 6a: The DNA sequence interpret of COI gene of Agriocnemis keralensis
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Figure 6b: Representative molecular barcode of COI gene of Agriocnemis keralensis

> ALQ75278 Agriocnemis keralensis |cytochrome oxidase subunit I gene [voucher CUAK-01-
A1 partial cds, mitochondrial|209 bp

GAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDMAEFPRLN
NMSFWLLPPSLTLLMASSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSILGAINFITTTINMKSP

GMKMEQMPLEVWAVVITAILLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPVLY

Figure 6¢c: The conceptual translation product of the COI gene of Agriocnemis keralensis



Agriocnemis keralensis voucher CUAK-01-A1 cytochrome oxidase subunit I (COI) gene,
partial cds; mitochondrial
Sequence ID: KU135367 Length: 628Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand
1160 bits(628)  0.0() 628/628(100%)  0/628(0%)  Plus/Plus

Features:

Query 1 CGGAGCATGGGCAGGAATAGTAGGAACTGCCCTAAGTATATTAATTCGAGTAGAACTTGG 60
Frerererrerererrer e et et et e et et r et e e

Sbijct 1 CGGAGCATGGGCAGGAATAGTAGGAACTGCCCTAAGTATATTAATTCGAGTAGAACTTGG 60

Query 61 ACAACCAGGATCTCTAATTGGAGATGATCAAATCTACAATGTAGTAGTGACTGCGCACGC 120

Frrrrrrrerrrrrrrerrrrrrrrerrrrrrrrrr et e e e e
Sbjct 61  ACAACCAGGATCTCTAATTGGAGATGATCAAATCTACAATGTAGTAGTGACTGCGCACGC 120

Query 121TTTTGTAATAAtLttttttCATAGTAATACCAATTATGATTGGAGGGTTTGGAAATTGACT 180

Frrrrrrrrrrrerrrerrrerrrrrrrerr e e e e e e e
Sbjct 121 TTITGTAATAATTTTITTTCATAGTAATACCAATTATGATTGGAGGGTTTGGAAATTGACT 180

Query 181 CGTACCCTTAATACTAGGAGCACCAGACATAGCTTTCCCACGACTTAATAACATAAGATT 240

Frrrrrrrrrrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 181 CGTACCCTTAATACTAGGAGCACCAGACATAGCTTTCCCACGACTTAATAACATAAGATT 240

Query 241 TTGACTATTACCCCCTTCATTAACATTATTGATAGCAAGATCCCTAGTAGAAAGAGGGGC 300

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 241 TTGACTATTACCCCCTTCATTAACATTATTGATAGCAAGATCCCTAGTAGAARAGAGGGGC 300

Query 301 CGGTACTGGATGAACAGTCTATCCTCCTTTAGCAGGAGCCATTGCTCATGCAGGAGGGTC 360

Frrrrrrrrrrrerrrerrrerrrerrrerr e e e e e e e
Sbjct 301 CGGTACTGGATGAACAGTCTATCCTCCTTTAGCAGGAGCCATTGCTCATGCAGGAGGGTC 360

Query 361 AGTAGACCTTACAATTTTTTCACTACATTTAGCAGGAGTTTCATCCATCTTAGGGGCAAT 420

Frrrrrrrrrrrerrrrrrrrrrrerrrerr e e e e e e
Sbjct 361 AGTAGACCTTACAATTTTTTCACTACATTTAGCAGGAGTTTCATCCATCITAGGGGCAAT 420

Query 421 CAACTTTATTACAACTACAATTAATATGAAATCCCCTGGTATAAAAATAGAACAAATACC 480

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 421 CAACTTTATTACAACTACAATTAATATGAAATCCCCTGGTATAAAAATAGAACAAATACC 480

Query 481 TCTATTTGTATGGGCTGTAGTAATTACAGCAATCCTACTTCTATTATCATTACCTGTATT 540

Frrrrrrrrrrrerrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 481 TCTATTTGTATGGGCTGTAGTAATTACAGCAATCCTACTTICTATTATCATTACCTGTATT 540

Query 541 AGCAGGTGCAATTACTATACTATTAACAGACCGTAATATTAATACATCATTTTTTGATCC 600

Frrrrrrrerrrrrrrerrrrrrrrerrrrrrrrrr et e e e e
Sbjct 541 AGCAGGTGCAATTACTATACTATTAACAGACCGTAATATTAATACATCATTTTTTGATCC 600

Query 601 TGCAGGGGGAGGAGACCCAGTACTATAC 628

FEETTEEEErrr et
Sbjct 601 TGCAGGGGGAGGAGACCCAGTACTATAC 628

Figure 6d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Agriocnemis
keralensis showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Agriocnemis keralensis]
Sequence ID: ALQ75278 Length: 209Number of Matches: 1

Alignment statistics for match #1

Score Expect Method Identities Positives Gaps
408 8e- Compositional matrix o o o
bits (1048) 144 () adjust. 209/209(100%) 209/209(100%) 0/209(0%)
Features:
Query 1 GAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEGNWL 60
GAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEGNWL
Sbijct 1 GAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEGNWL 60

Query 61 VPLMLGAPDMAFPRLNNMSEFWLLPPSLTLLMASSLVESGAGTGWTVYPPLAGAIAHAGGS 120
VPLMLGAPDMAFPRLNNMSFWLLPPSLTLLMASSLVESGAGTGWTVYPPLAGAIAHAGGS
Sbjct 61 VPLMLGAPDMAFPRLNNMSFWLLPPSLTLLMASSLVESGAGTGWTVYPPLAGAIAHAGGS 120

Query 121 VDLTIFSLHLAGVSSILGAINFITTTINMKSPGMKMEQMPLEVWAVVITAILLLLSLPVL 180
VDLTIFSLHLAGVSSILGAINFITTTINMKSPGMKMEQMPLEFVWAVVITAILLLLSLPVL
Sbjct 121 VDLTIFSLHLAGVSSILGAINFITTTINMKSPGMKMEQMPLFVWAVVITAILLLLSLPVL 180

Query 181 AGAITMLLTDRNINTSFFDPAGGGDPVLY 209
AGAITMLLTDRNINTSFFDPAGGGDPVLY
Sbjct 181 AGAITMLLTDRNINTSFFDPAGGGDPVLY 209

Figure 6e: Peptide BLAST output of COI gene of Agriocnemis keralensis.
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Figure 6f: The line diagram of Agriocnemis keralensis over more than 98 % match to other
retrieved sequences from BOLD system.



KT957455.1 Agriocnemis femina

KT957460.1 Agriocnemis femina

KF3E92683.1 Agriocnemis famina

KT957453.1 Agriocnemis pygmaes

KT957455.1 Agriocnemis pygmaes

KT957456.1 Agriocnemis pygmaea

KF369453.1 Mortonagrion martini

& KU133367 1 Agriocnemis keralensis voucher CLAKDT-A1

KF369284.1 Agriocnemis forcipata

Figure 6g: The molecular phylogenetic tree of Agriocnemis keralensis inferred by NJ tree
method

Table 8: Percentage of evolutionary divergence of Agriocnemis keralensis with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KU133367 | Agriocnemis keralensis (Kerala)

2 KF369284 | Agriocnemis forcipata (Netherland) 0.00

3 KT957459 | Agriocnemis femina (Thailand) 3.83

4 KF369283 | Agriocnemis femina (Netherland) 3.81

5 KT957460 | Agriocnemis femina (Thailand) 4.18

6 KT957458 | Agriocnemis pygmaea 4.44

7 KT957456 | Agriocnemis pygmaea 4.44

8 KT957456 | Agriocnemis pygmaea 4.43




Figure 7: Ischnura aurora

> KR 149808 Ischnura aurora |cytochrome oxidase subunit I gene [voucher CUTA 01-Al
partial cds, mitochondrial| 628bp

AATGTTTGGAGCATGGGCTGGAATAGTAGGAACTGCTTTAAGAATATTAATTCGAGTTGAACTAGGACAACCAGGA
TCTCTTATTGGAGATGACCAAATTTATAATGTAGTAGTAACTGCACACGCTTTTGTTATAATTTTTTTTATAGTAA
TACCTATTATAATTGGAGGGTTCGGAAATTGATTAGTACCTTTAATATTAGGAGCACCAGATATAGCTTTCCCTCG
ATTAAATAATATAAGATTCTGACTTCTACCACCATCATTAACATTATTACTAGCAAGTAGTTTAGTAGAAAGAGGA
GCTGGAACGGGATGAACTGTTTACCCTCCACTAGCAGGTGTTATTGCTCACGCTGGAGCTTCTGTTGATTTAACAA
TTTTCTCTTTACACTTAGCAGGAGTATCTTCTATTTTAGGTGCAATTAATTTCATTACCACCACAATTAATATAAA
GTCACCAGGAATAAATATAGACCAATTACCTTTATTTGTATGAGCTGTAGTTATTACAGCGGTATTACTTTTATTA
TCATTACCAGTTCTGGCTGGTGCTATTACTATACTTTTAACTGATCGTAATATTAATACGTCCTTCTTTGATCCGG
CAGGAGGAGGAGACCCTATT

Fig 7a: The DNA sequence interpret of the COI gene of Ischnura aurora.
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Figure 7b: Representative molecular barcode of the COI gene of Ischnura aurora.

> AKL82322 Ischnura aurora |cytochrome oxidase subunit I gene [voucher CUIA 01-Al
partial cds, mitochondrial|209 bp

MEFGAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAPDMAFPR
LNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAGASVDLTIFSLHLAGVSSILGAINFITTTINMK

SPGMNMDQLPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPI

Figure 7c¢ : The conceptual translation product of the COI gene of Ischnura aurora



Ischnura aurora voucher CUIA 01-A1 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial
Sequence ID KR149808 Length: 628Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand Frame
1160 bits(628) 0.0() 628/628(100%) 0/628(0%)  Plus/Plus

Features:

Query 1 AATGTTTGGAGCATGGGCTGGAATAGTAGGAACTGCTTTAAGAATATTAATTCGAGTTGA 60
Frerrerrrerrrerrrerrrrrrrerrr et ettt ettt et et e

Sbjct 1 AATGTTTGGAGCATGGGCTGGAATAGTAGGAACTGCTTTAAGAATATTAATTCGAGTTGA 60

Query 61 ACTAGGACAACCAGGATCTCTTATTGGAGATGACCAAATTTATAATGTAGTAGTAACTGC 120

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr et e e e e
Sbjct 61  ACTAGGACAACCAGGATCTCTTATTGGAGATGACCAAATTTATAATGTAGTAGTAACTGC 120

Query 121 ACACGCTTTTGTTATAAttttttttATAGTAATACCTATTATAATTGGAGGGTTCGGAAA 180

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 121 ACACGCITTTGTTATAATTTTTTTTATAGTAATACCTATTATAATTIGGAGGGTTICGGAAA 180

Query 181 TTGATTAGTACCTTTAATATTAGGAGCACCAGATATAGCTTTCCCTCGATTAAATAATAT 240

Frrrrrrrrrrrerrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 181 TTGATTAGTACCTTTAATATTAGGAGCACCAGATATAGCTTTCCCTCGATTAAATAATAT 240

Query 241 AAGATTCTGACTTCTACCACCATCATTAACATTATTACTAGCAAGTAGTTTAGTAGAAAG 300

Frrrrrrrrrrrerrrrrrrrrrrrrr e e e e e e e e e
Sbjct 241 AAGATTCTGACTTCTACCACCATCATTAACATTATTACTAGCAAGTAGTITAGTAGAAAG 300

Query 301 AGGAGCTGGAACGGGATGAACTGTTTACCCTCCACTAGCAGGTGTTATTGCTCACGCTGG 360

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 301 AGGAGCTGGAACGGGATGAACTGTTTACCCTCCACTAGCAGGTGTTATTGCTCACGCTGG 360

Query 361 AGCTTCTGTTGATTTAACAATTTTCTCTTTACACTTAGCAGGAGTATCTTCTATTTTAGG 420

Frrrrrrrrrrrerrrerrrerrrrrrrerr e e e e e e e
Sbjct 361 AGCTTCIGTTGATTTAACAATTTTCTCTTTACACTTAGCAGGAGTATCTICTATTTTAGG 420

Query 421 TGCAATTAATTTCATTACCACCACAATTAATATAAAGTCACCAGGAATAAATATAGACCA 480

Frrrrrrrrrrrerrrrrrrrrrrerr e e e e e e e e e
Sbjct 421 TGCAATTAATTTCATTACCACCACAATTAATATAAAGTCACCAGGAATAAATATAGACCA 480

Query 481 ATTACCTTTATTTGTATGAGCTGTAGTTATTACAGCGGTATTACTTTTATTATCATTACC 540

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 481 ATTACCITTATTTGTATGAGCTGTAGTTATTACAGCGGTATTACTITTATTATCATTACC 540

Query 541 AGTTCTGGCTGGTGCTATTACTATACTTTTAACTGATCGTAATATTAATACGTCCTTCTT 600

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrr et et e e e e
Sbjct 541 AGTTCTGGCTGGTGCTATTACTATACTTTTAACTGATCGTAATATTAATACGTCCTTCTT 600

Query 601 TGATCCGGCAGGAGGAGGAGACCCTATT 628

FEETTEEErrrrr et
Sbjct 601 TGATCCGGCAGGAGGAGGAGACCCTATT 628

Figure 7d: Nucleotide BLAST output of COI gene of Ischnura aurora showing its nearest
match subject



Cytochrome oxidase subunit 1, partial (mitochondrion) [Ischnura aurora]
Sequence ID: AGY95143 Length: 219Number of Matches: 1

Score

405

bits(1042)

Features:

Query
Sbijct
Query
Sbijct
Query

Sbijct

Query

Sbijct

1

5

61

65

121

125

181

185

Expect Method Identities Positives Gaps  Frame

Oe- Compositional matrix

0 o 0
1430 adjust. 209/209(100%) 209/209(100%) 0/209(0%)

MFGAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGN 60
MFGAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEGN
MFGAWAGMVGTALSMLIRVELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGN 64

WLVPLMLGAPDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAG 120
WLVPLMLGAPDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAG
WLVPLMLGAPDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAG 124

ASVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMNMDQLPLEFVWAVVITAVLLLLSLP 180
ASVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMNMDQLPLEFVWAVVITAVLLLLSLP
ASVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMNMDQLPLEFVWAVVITAVLLLLSLP 184

VLAGAITMLLTDRNINTSFFDPAGGGDPI 209
VLAGAITMLLTDRNINTSFFDPAGGGDPI
VLAGAITMLLTDRNINTSFFDPAGGGDPI 213

Figure 7e: Peptide BLAST output of the mt DNA COI gene of Ischnura aurora
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Figure 7f: The line diagram of Ischnura aurora with more than 98 % match to other retrieved
sequences (BOLD SYSTEM)



k053524 1 Ischhura aurora

kRO53526.1 Ischnura aurora

KFHO53528.1 Ischhura aurora

k0635321 lschnura aurora

KHO53525 .1 Ischhura aurora

k0635291 lschnura aurora

k053531 .1 Ischhura aurora

k0635301 lschhnura aurora

& KR149808.1 Ischnura aurora voucher CULS 01-A1

KF3E9414.1 Ischnura aurara voucher

Figure 7g: Molecular Phylogenetic tree of Ischnura aurora inferred by NJ tree method

Table 10: Percentage of evolutionary divergence of Ischnura aurora with its closely

related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KR149808 | Ischnura aurora (Kerala) 0.00

2 KF369414 | Ischnura aurora (Netherland) 0.00

3 KX053528 | Ischnura aurora (France) 0.16

4 KX053526 | Ischnura aurora (France) 0.16

5 KX053529 | Ischnura aurora (France) 0.16

6 KX053530 | Ischnura aurora (France) 0.16

7 KX053524 | Ischnura aurora (France) 0.16

8 KX053532 | Ischnura aurora (France) 0.16

9 KX053525 | Ischnura aurora (France) 0.32

10 | KXO053531 | Ischnura aurora (France) 0.32




>KT305961 Ischnura senegalensis |cytochrome oxidase subunit I gene [voucher CUSI 01-A1
partial cds, mitochondrial|603 bp

ACCAGATATAGCTTTCCCCCGATTAAATAATATAAGATTTTGACTTCTACCTCCCTCATTAACTTTACTTTTAGCA
AGAAGCTTAGTAGAAAGAGGAGCGGGAACTGGATGAACAGTTTATCCTCCACTAGCAGGGGTAATTGCTCATGCTG
GAGCGTCCGTTGACTTAACTATTTTTTCATTACACTTGGCAGGAGTATCCTCAATTTTAGGAGCAATTAATTTTAT
TACCACTACAATTAATATAAAGTCTCCTGGGATAAATATAGACCAACTACCTCTATTTGTCTGAGCTGTAGTTATT
ACTGCAGTATTACTTTTATTATCACTACCAGTATTAGCTGGTGCTATTACTATATTACTGACAGATCGTAACATCA
ATACATCATTTTTTGACCCTGCAGGAGGGGGAGACCCTATTCTATATCAACATTTATTTTGATTCTTTGGCCACCC
CGAAGTGTACATTTTAATTTTACCAGGATTTGGTATAATTTCACATATTATTGCACAAGAAAGAGGTAAAAAGGAA
ACATTTGGAGTACTAGGTATAATTTATGCTATAATTGCAATTGGAATTCTAGGATTTGTAGTATGGGCCCA

Figure 8a: The DNA sequence interpret of the COI gene of Ischnura senegalensis
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Figure 8b: The representative molecular barcode of COI gene of Ischnura senegalensis.

> ALT31504 Ischnura senegalensis |cytochrome oxidase subunit I gene [voucher CUSI 01-A1
partial cds, mitochondrial| 200 bp
PDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAGASVDLT IFSLHLAGVSSILGAINFT

TTTINMKSPGMNMDOQLPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYQHLEFWEFGHP
EVYILILPGFGMISHITIAQESGKKETFGVLGMIYAMIAIGILGEVVWA

Figure 8c: The conceptual translation product of the COI gene of Ischnura senegalensis



Ischnura senegalensis voucher CUSI 01-A1 cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial
Sequence ID: KT305961 Length: 603Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand Frame
1114 bits(603) 0.0() 603/603(100%) 0/603(0%) Plus/Plus
Features:
Query 1 ACCAGATATAGCTTTCCCCCGATTAAATAATATAAGATTTTGACTTCTACCTCCCTCATT 60
Frrerrrrrrerrrerrrrrrerrrrrr e rrrr e e e e
Sbijct 1 ACCAGATATAGCTTTCCCCCGATTAAATAATATAAGATTTTGACTTCTACCTCCCTCATT 60

Query 61 AACTTTACTTTTAGCAAGAAGCTTAGTAGAAAGAGGAGCGGGAACTGGATGAACAGTTTA 120

Frerrrrrerrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 61  AACTTTACTTTTAGCAAGAAGCTTAGTAGAAAGAGGAGCGGGAACTGGATGAACAGTTTA 120

Query 121 TCCTCCACTAGCAGGGGTAATTGCTCATGCTGGAGCGTCCGTTGACTTAACTATTTTTTC 180

Frrrrerrrrrrererrrreer e e et et e e e
Sbjct 121 TCCTCCACTAGCAGGGGTAATTGCTCATGCTGGAGCGTCCGTTGACTTAACTATTTTITTC 180

Query 181 ATTACACTTGGCAGGAGTATCCTCAATTTTAGGAGCAATTAATTTTATTACCACTACAAT 240

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr et e e e e
Sbjct 181 ATTACACTTGGCAGGAGTATCCTCAATTTTAGGAGCAATTAATTTTATTACCACTACAAT 240

Query 241 TAATATAAAGTCTCCTGGGATAAATATAGACCAACTACCTCTATTTGTCTGAGCTGTAGT 300

Frrrrrrrerrrrrrrrrrrrrrrrerrrrrrrrrr et e e e
Sbjct 241 TAATATAAAGTCTCCTGGGATAAATATAGACCAACTACCTCTATTTGTCTGAGCTGTAGT 300

Query 301 TATTACTGCAGTATTACTTTTATTATCACTACCAGTATTAGCTGGTGCTATTACTATATT 360

Frrrrrrrrrrrerrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 301 TATTACTGCAGTATTACTTTTATTATCACTACCAGTATTAGCTGGIGCTATTACTATATT 360

Query 361 ACTGACAGATCGTAACATCAATACATCATTTTTTGACCCTGCAGGAGGGGGAGACCCTAT 420

Frrrrrrrrrrrerrrrrrrerrrerr e e e e e e e e e
Sbjct 361 ACTGACAGATCGTAACATCAATACATCATTTTTTGACCCTGCAGGAGGGGGAGACCCTAT 420

Query 421 TCTATATCAACATTTATTTTGATTCTTTGGCCACCCCGAAGTGTACATTTTAATTTTACC 480

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 421 TCTATATCAACATTTATTTTGATTCTTTGGCCACCCCGAAGTIGTACATTITAATTTTACC 480

Query 481 AGGATTTGGTATAATTTCACATATTATTGCACAAGAAAGAGGTAAAAAGGAAACATTTGG 540

Frrrrrrrrrrrerrrerrrerrrrrrrerr e e e e e e e
Sbjct 481 AGGATTIGGTATAATTTCACATATTATTGCACAAGAAAGAGGTAAAAAGGAAACATTTGG 540

Query 541 AGTACTAGGTATAATTTATGCTATAATTGCAATTGGAATTCTAGGATTTGTAGTATGGGC 600

Frrrrrrrerrrerrrrrrrrrrrerr e e e e e e e e e
Sbjct 541 AGTACTAGGTATAATTTATGCTATAATTGCAATTGGAATTCTAGGATTTGTAGTATGGGC 600

Query 601 CCA 603

11
Sbjct 601 CCA 603

Figure 8d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Ischnura
senegalensis showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Ischnura senegalensis|
Sequence ID: ALT31504 Length: 200Number of Matches: 1

Alignment statistics for match #1

Score Expect Method Identities Positives Gaps Frame
393 2e- Compositional matrix o o o
bits (1010) 138 () adjust. 200/200(100%) 200/200(100%) 0/200 (0%)
Features:
Query 1 PDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAGASVDLTIFS 60
PDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWIVYPPLAGVIAHAGASVDLTIFES
Sbijct 1 PDMAFPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTVYPPLAGVIAHAGASVDLTIFS 60

Query 61 LHLAGVSSILGAINFITTTINMKSPGMNMDQLPLFVWAVVITAVLLLLSLPVLAGAITML 120
LHLAGVSSILGAINFITTTINMKSPGMNMDQLPLEVWAVVITAVLLLLSLPVLAGAITML
Sbjct 61 LHLAGVSSILGAINFITTTINMKSPGMNMDQLPLFVWAVVITAVLLLLSLPVLAGAITML 120
Query 121 LTDRNINTSFFDPAGGGDPILYQHLFWFFGHPEVYILILPGFGMISHITIAQESGKKETFG 180
LTDRNINTSFFDPAGGGDPILYQHLFWFFGHPEVYILILPGFGMISHITIAQESGKKETEFG
Sbjct 121 LTDRNINTSFFDPAGGGDPILYQHLFWEFFGHPEVYILILPGFGMISHIIAQESGKKETFG 180
Query 181 VLGMIYAMIAIGILGFVVWA 200

VLGMIYAMIAIGILGEFVVWA
Sbjct 181 VLGMIYAMIAIGILGEFVVWA 200

Figure 8e: Peptide BLAST output of the COI gene of Ischnura senegalensis
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Figure 8f: The line diagram of Ischnura senegalensis with more than 99 % match to other

retrieved sequences (BOLD SYSTEM)



AB753073.1 Ischnura senegalensis
AB7E3077 .1 Ischnura senegalensis
ABF530739.1 Ischnura senegalensis
AB7530580.1 Ischnura senegalensis
AB7530581.1 Ischnura senegalensis
ABFS3082.1 Ischnura senegalensis
AB753053.1 Ischnura senegalensis
AB7530584.1 Ischnura senegalensis
ABFEE088.1 lschnura senegalensis

& KT3I05951.1 Ischnura senegalensis CLUSI01-A1

Figure 8g: Phylogenetic relationship of Ischnura senegalensis inferred by NJ tree method

Table 12: Percentage of evolutionary divergence of Ishnura senegalensis with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KT30596 | Ischnura senegalensis (Kerala)

2 AB758088 | Ischnura senegalensis (Japan) 0.00

3 AB758084 | Ischnura senegalensis (Japan) 0.00

4 AB758081 | Ischnura senegalensis (Japan) 0.00

5 AB758080 | Ischnura senegalensis (Japan) 0.00

6 AB758079 | Ischnura senegalensis (Japan) 0.00

7 AB758078 | Ischnura senegalensis (Japan) 0.00

8 AB758077 | Ischnura senegalensis (Japan) 0.00

9 AB758082 | Ischnura senegalensis (Japan) 0.00




Figure 9: Aciagrion occidentale

>KMO096996 Aciagrion occidentale voucher JOS cytochrome oxidase subunit I (COI) gene,
partial cds; mitochondrial
ATTGGAGATGACCAAATTTATAATGTAGTAGTAACTGCGCATGCATTTGTTATAATTTTCTTCATAGTTATACCCA
TCATAATTGGGGGATTTGGAAACTGGCTGGTTCCATTAATGT TAGGTGCACCAGATATTGCTTTCCCTCGATTAAA
TAATATAAGATTTTGACTTCTACCACCATCCTTAACACTTCTATTAGCAAGAAGATTAGTAGAAAGAGGGGCCGGA
ACTGGTTGGACTGTCTACCCCCCATTGGCAGGAGTAATTGCCCATGCTGGAGCATCAGTAGATTTAACTATTTTCT
CTTTACATTTAGCAGGGGTATCCTCAATTTTAGGGGCTATTAATTTCATCACAACCACTATTAATATAAAATCTCC
GGGTATAAGTATAGATCAAATACCATTATTTGTGTGAGCTGTAGTTATTACAGCAGTTTTATTATTATTATCATTA
CCTGTATTGGCAGGTGCCATCACTATGTTATTAACTGATCGAAATAGTAATACATTGGGGACTCGG

Figure 9a: The DNA sequence interpret of COI gene of Aciagrion occidentale
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Figure 9b: Representative molecular barcode of COI gene of Aciagrion occidentale.

> AIT71755 Aciagrion occidentale |cytochrome oxidase subunit I gene [voucher CUAC-01-
A1 partial cds, mitochondrial|174 bp

IGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDIAFPRLNNMSFWLLPPSLTLLLASSLVESGAG
TGWTVYPPLAGVIAHAGASVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMSMDOMPLEVWAVVITAVLLLLSL
PVLAGAITMLLTDRNSNTLGTR

Figure 9c: The conceptual translation product of the COI gene of Aciagrion occidentale



Aciagrion occidentale voucher JO 5 cytochrome oxidase subunit | (COI) gene, partial cds;
mitochondrial
Sequence ID: KM096996.1Length: 522Number of Matches: 1

Score Expect Identities Gaps Strand
965 bits(522) 0.0 522/522(100%)  0/522(0%) Plus/Plus
Query 1 ATTGGAGATGACCAAATTTATAATGTAGTAGTAACTGCGCATGCATTTGTTATAATTTTC 60
Frererrrrerererrerererrrr e et ettt e e
Sbijct 1 ATTGGAGATGACCAAATTTATAATGTAGTAGTAACTGCGCATGCATTTGTTATAATTTTC 60

Query 61 TTCATAGTTATACCCATCATAATTGGGGGATTTGGARACTGGCTGGTTCCATTAATGTTA 120

Frrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e
Sbjct 61  TTCATAGTTATACCCATCATAATTGGGGGATTTGGAAACTGGCTGGTTCCATTAATGTTA 120

Query 121 GGTGCACCAGATATTGCTTTCCCTCGATTAAATAATATAAGATTTTGACTTCTACCACCA 180

Frrrrrrrrerrerrrrrrrrrrrrrrrerr e e e e e e e
Sbjct 121 GGIGCACCAGATATTGCTTTCCCTCGATTAAATAATATAAGATTTIGACTTCTACCACCA 180

Query 181 TCCTTAACACTTCTATTAGCAAGAAGATTAGTAGAAAGAGGGGCCGGAACTGGTTGGACT 240

Frrrrrrrrerrerrrrrrrrrrrerrrerr e e e e e e e e
Sbjct 181 TCCTTAACACTTCTATTAGCAAGAAGATTAGTAGAAAGAGGGGCCGGAACTGGITGGACT 240

Query 241 GTCTACCCCCCATTGGCAGGAGTAATTGCCCATGCTGGAGCATCAGTAGATTTAACTATT 300

Frrrrrrreerrerrrrrrrrrrrerr e e e e e e e e
Sbjct 241 GTCTACCCCCCATTGGCAGGAGTAATTGCCCATGCTGGAGCATCAGTAGATTTAACTATT 300

Query 301 TTCTCTTTACATTTAGCAGGGGTATCCTCAATTTTAGGGGCTATTAATTTCATCACAACC 360

Frrrrrrrrerrerrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 301 TTCTCTITACATTTAGCAGGGGTATCCTCAATTTTAGGGGCTATTAATTTICATCACAACC 360

Query 361 ACTATTAATATAAAATCTCCGGGTATAAGTATAGATCAAATACCATTATTTGTGTGAGCT 420

Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e
Sbjct 361 ACTATTAATATAAAATCTCCGGGTATAAGTATAGATCAAATACCATTATTTGTGTGAGCT 420

Query 421 GTAGTTATTACAGCAGTTTTATTATTATTATCATTACCTGTATTGGCAGGTGCCATCACT 480

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e
Sbjct 421 GTAGTTATTACAGCAGTTTTATTATTATTATCATTACCTGTATTGGCAGGTGCCATCACT 480

Query 481 ATGTTATTAACTGATCGAAATAGTAATACATTGGGGACTCGG 522

Frerrrrrrrrrrrrrrr e e e e
Sbjct 481 ATGTTATTAACTGATCGAAATAGTAATACATTGGGGACTCGG 522

Figure 9d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Aciagrion
occidentale showing its nearest match subject



Sequence ID: AIT71755.1Length: 174Number of Matches: 1

Score Expect Method Identities Positives Gaps

358 bits(867) 2e-117 Compositional matrix adjust. 174/174(60%) 174/174(60%) 0/174(0%)

Query 1 IGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDIAFPRLNNMSFWLLPP 60
IGDDQIYNVVVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAPDIAFPRLNNMSEFWLLPP

Sbjct 1 IGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDIAFPRLNNMSFWLLPP 60

Query 61 SLTLLLASSLVESGAGTGWTVYPPLAGVIAHAGASVDLTIFSLHLAGVSSILGAINFITT 120
SLTLLLASSLVESGAGTGWIVYPPLAGVIAHAGASVDLTIFSLHLAGVSSILGAINEITT

Sbjct 61 SLTLLLASSLVESGAGTGWTVYPPLAGVIAHAGASVDLTIFSLHLAGVSSILGAINFITT 120

Query 121 TINMKSPGMSMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNSNTLGTR 174
TINMKSPGMSMDOMPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNSNTLGTR

Sbjct 121 TINMKSPGMSMDOMPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDRNSNTLGTR 174

Figure 9e: Peptide BLAST output of COI gene of Aciagrion occidentale.
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Figure 9f: The line diagram of Aciagrion occidentale over more than 98 % match to other
retrieved sequences (BOLD SYSTEM)



JN419694 1 Enallagma sp

KC135957 1 Ischnura asiatica
— LC101585.1 Ischnura asiatica
— LC101610.1 Ischnura asiatica
— KF369275.1 Aciagrion borneense

Figure 9g: Molecular phylogenetic relationship of Aciagrion occidentale inferred by NI tree
method

KF369280.1 Africallagma vaginale

KF369279.1 Africallagma elongatum

KU565887.1 Africallagma quingentum

KU565888.1 Africallagma quingentum

KU565889.1 Africallagma quingentum

— KU565890.1 Africallagma quingentum

— KU565891.1 Africallagma quingentum

L 4 KN095996.1 Aciagrion occidentale (KERALA)

Table 14: Percentage of evolutionary divergence of Aciagrion occidentale with its closely

related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KM096996 | Aciagrion occidentale (Kerala)

2 KF369275 | Aciagrion borneense 0.12

3 IN419694 | Enallagma sp 0.12

4 KC135957 | Ischnura asiatica 0.12

5 KF369279 | Africallagma elongatum 0.13

6 KF369280 | Africallagma vaginale 0.14

7 KU565887. | Africallagma quingentum 0.11

8 KUS565888 | Africallagma quingentum 0.11

9 | KUS565889. | Africallagma quingentum 0.11

10 | KUS565890 | Africallagma quingentum 0.11

11 | KUS565891 | Africallagma quingentum 0.11

12 LC101585 | Ischnura asiatica 0.13

13 | LC101610. | Ischnura asiatica 0.12




Fig 10: Copera marginipes

>KR149804 Copera marginipes |cytochrome oxidase subunit I gene [voucher CUCM 01-Al
partial cds, mitochondrial| 616 bp

AGCTGGAATAGTAGGAACAGCTTTAAGAATATTAATTCGAATTGAATTAGGACAACCAGGGTCATTAATCGGAGAT
GATCAAATTTATAACGTTGTGGTTACAGCACACGCTTTCGTTATAATTTTTTTTATAGTTATACCTATTATAATTG
GAGGATTTGGTAACTGGCTAGTACCTTTAATACTAGGAGCCCCAGATATAGCATTCCCACGACTTAATAATATAAG
ATTTTGGTTACTACCTCCCTCATTAACTCTTTTACTATCAAGTAGATTAGTAGAAAGAGGGGCGGGTACTGGATGA
ACTGTTTATCCTCCATTAGCTGGAGCTATTGCTCATTCAGGAGGGTCAGTTGATCTAACTATTTTTTCTCTTCATT
TGGCAGGAGTATCATCAATTTTAGGGGCAATTAATTTTATTACTACAACTATTAATATAAAATCACCAGGTATAAA
ATTAGATCAAATACCATTATTTGTATGAGCAGTGGTAATTACAGCAGTGTTACTATTATTATCTTTGCCAGTACTT
GCTGGAGCAATTACAATATTATTAACAGATCGAAATATTAATACATCATTCTTTGATCCAGCAGGTGGAGGGGACC
CAATCCTA

Figure 10a: The DNA sequence interpret of COI gene of Copera marginipes
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Figure 10b: Representative molecular barcode of the COI gene of Copera marginipes

>KR149804 Copera marginipes |cytochrome oxidase subunit I gene [voucher CUCM 01-Al
partial cds, mitochondrial| 616 bp

AGMVGTALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMS
FWLLPPSLTLLLSSSLVESGAGTGWTVYPPLAGAIAHSGGSVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMK
LDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSEFEFDPAGGGDPIL

Figure 10c: The conceptual translation product of the COI gene of Copera marginipes



Copera marginipes voucher CUCM 01-A1 cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial
Sequence ID: KR149804. Length: 616Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand
1138 bits(616) 0.00) 616/616(100%) 0/616(0%)  Plus/Plus
Features:
Query 1 AGCTGGAATAGTAGGAACAGCTTTAAGAATATTAATTCGAATTGAATTAGGACAACCAGG 60
RN RN R R RN NN R RN RN AR AR RN
Sbijct 1 AGCTGGAATAGTAGGAACAGCTTTAAGAATATTAATTCGAATTGAATTAGGACAACCAGG 60
Query 61 GTCATTAATCGGAGATGATCAAATTTATAACGTTGTGGTTACAGCACACGCTTTCGTTAT 120
RN NN R RN NN R R RN R AR AR RN
Sbijct 61 GTCATTAATCGGAGATGATCAAATTTATAACGTTGTGGTTACAGCACACGCTTTCGTTAT 120
Query 121 AAttttttttATAGTTATACCTATTATAATTGGAGGATTTGGTAACTGGCTAGTACCTTT 180
RN RN RN RN NN RN RN NN AR RN
Sbjct 121 AATTTTTTTTATAGTTATACCTATTATAATTGGAGGATTTGGTAACTGGCTAGTACCTTT 180
Query 181 AATACTAGGAGCCCCAGATATAGCATTCCCACGACTTAATAATATAAGATTTTGGTTACT 240
FEETEEEEEErr e e e e rrrrrrrrrrrrrrrrrrrrrrrrrrrre
Sbjct 181 AATACTAGGAGCCCCAGATATAGCATTCCCACGACTTAATAATATAAGATTTTGGTTACT 240
Query 241 ACCTCCCTCATTAACTCTTTTACTATCAAGTAGATTAGTAGAAAGAGGGGCGGGTACTGG 300
FEETEEEEEErr e e e e e rrrrrrrrrerrrrrrrrrrrrrrrrrrre
Sbjct 241 ACCTCCCTCATTAACTCTTTTACTATCAAGTAGATTAGTAGAAAGAGGGGCGGGTACTGG 300
Query 301 ATGAACTGTTTATCCTCCATTAGCTGGAGCTATTGCTCATTCAGGAGGGTCAGTTGATCT 360
FEETEEEEEErr e e e e e e e e e e e rrrrrrrerrrrrrrrr e
Sbjct 301 ATGAACTGTTTATCCTCCATTAGCTGGAGCTATTGCTCATTCAGGAGGGTCAGTTGATCT 360
Query 361 AACTATTTTTTCTCTTCATTTGGCAGGAGTATCATCAATTTTAGGGGCAATTAATTTTAT 420
FEEEEEEEEEEr e e e e e rrrrrrrrrrrrrrrrrrrrrrrrrrrre
Sbjct 361 AACTATTTTTTCTCTTCATTTGGCAGGAGTATCATCAATTTTAGGGGCAATTAATTTTAT 420
Query 421 TACTACAACTATTAATATAAAATCACCAGGTATAAAATTAGATCAAATACCATTATTTGT 480
FEETEEEEEErr e e e e e rrrrrrrrrerrrrrrrrrrrrrrrrrrre
Sbjct 421 TACTACAACTATTAATATAAAATCACCAGGTATAAAATTAGATCAAATACCATTATTTGT 480
Query 481 ATGAGCAGTGGTAATTACAGCAGTGTTACTATTATTATCTTTGCCAGTACTTGCTGGAGC 540
FEETEEEEEEE e e e e e e e e e e rrrrrrrrrrrerrrrrrre
Sbjct 481 ATGAGCAGTGGTAATTACAGCAGTGTTACTATTATTATCTTTGCCAGTACTTGCTGGAGC 540
Query 541 AATTACAATATTATTAACAGATCGAAATATTAATACATCATTCTTTGATCCAGCAGGTGG 600
RN R RN NN R R RN R AR AR RN
Sbjct 541 AATTACAATATTATTAACAGATCGAAATATTAATACATCATTCTTTGATCCAGCAGGTGG 600
Query 601 AGGGGACCCAATCCTA 616
NERRRRRERRNRRRR
Sbjct 601 AGGGGACCCAATCCTA 616
Figure 10d: Nucleotide BLAST output of the COI gene of Copera marginipes showing its

nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [ Copera marginipes]
Sequence ID: AKL82318 Length: 205Number of Matches: 1

Alignment statistics for match #1

Score Expect Method Identities Positives Gaps
397 Compositional matrix o o o
bits(1021) 6e-140() adjust.. 205/205(100%) 205/205(100%) 0/205(0%)
Features:

Query 1 AGMVGTALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMI FFMVMPIMIGGFGNWLVPL 60
AGMVGTALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPL
Sbjct 1 AGMVGTALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMI FFMVMPIMIGGFGNWLVPL 60

Query 61 MLGAPDMAFPRLNNMSFWLLPPSLTLLLSSSLVESGAGTGWTIVYPPLAGAIAHSGGSVDL 120
MLGAPDMAFPRLNNMSFWLLPPSLTLLLSSSLVESGAGTGWTVYPPLAGAIAHSGGSVDL
Sbjct 61 MLGAPDMAFPRLNNMSFWLLPPSLTLLLSSSLVESGAGTGWTIVYPPLAGAIAHSGGSVDL 120
Query 121 TIFSLHLAGVSSILGAINFITTTINMKSPGMKLDQOMPLFVWAVVITAVLLLLSLPVLAGA 180
TIFSLHLAGVSSILGAINFITTTINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGA
Sbjct 121 TIFSLHLAGVSSILGAINFITTTINMKSPGMKLDOMPLFVWAVVITAVLLLLSLPVLAGA 180
Query 181 ITMLLTDRNINTSEFFDPAGGGDPIL 205

ITMLLTDRNINTSFFDPAGGGDPIL
Sbjct 181 ITMLLTDRNINTSFFDPAGGGDPIL 205

Figure 10e: The Peptide BLAST output of the mt DNA COI gene of Copera marginipes
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Figure 10f: The line diagram of Copera marginipes with more than 99% match to other
retrieved sequences (BOLD SYSTEM)



KF369352.1 Copera nyansana

KF369353.1 Copera sikassoensis

KTE79906.1 Elattoneura vittata

& KR145304.1 Copera marginipes voucher CUCK 01-A1

KF369351.1 Copera marginipes

kBE90940.1 Cphiogomphus westfalli

kHBEO0965.1 Ophiogomphus smithi

FBE909358.1 Ophiogomphus smithi

Figure 10g: The molecular phylogenetic tree of Copera marginipes inferred by NJ tree method

Table 16: Percentage of evolutionary divergence of Copera marginipes with its closely

related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KR149804 | Copera marginipes (Kerala)

2 KF369351 | Copera marginipes (Netherland) 0.00

3 KF369352 | Copera nyansana (Netherland) 16.02

4 KF369353 | Copera sikassoensis (Netherland) 17.18

5 KT879906 | Elattoneura vittata 16.02

6 KX890965 | Ophiogomphus smithi 18.15

7 KX890938 | Ophiogomphus smithi 18.15

8 KX890940 | Ophiogomphus westfalli 18.74




Figure 11: Vestalis apicalis

> KU510326 Vestalis apicalis |cytochrome oxidase subunit I gene [voucher CUVA-01-A1
partial cds, mitochondrial| 561bp
GAACTAGGACAACCGGGATCCCTTATTGGAGACGACCAAATCTACAACGTAGTAGTCACCGCCCATGCATTTGTAA
TAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATTGGCTTGTCCCACTAATGTTAGGGGCCCC
TGATATGGCTTTCCCTCGACTAAACAACATGAGATTTTGACTTCTGCCCCCAGCATTAACTCTTCTATTAACAAGA
AGTTTAGTAGAAAGAGGGGCTGGGACAGGTTGAACCGTATACCCTCCTCTAGCGGGGGCTATTGCTCACGCAGGAG
GATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGGCGTATCCTCGATTTTAGGTGCCGTTAATTTCATTAC
TACAACAATTAATATAAAATCCCCTGGAATGAAGGCAGAGCAACTACCATTATTTGTTTGAGCAGTAGTAATTACA
GCCATTTTGTTGCTATTATCATTACCCGTTCTGGCTGGAGCCATCACTATACTTTTAACAGACCGTAACATAAATA
CATCGTTCTTTGACCCTGCTGGGGGGGGG

Figure 11a: The DNA sequence interpret of the COI gene of Vestalis apicalis
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Figure 11b: The representative molecular barcode of the COI gene of Vestalis apicalis

> ALX71652 Vestalis apicalis |cytochrome oxidase subunit I gene [voucher CUVA-01-Al
partial cds, mitochondrial| 187 bp
ELGQPGSLIGDDQIYNVVVTAHAFVMI FFMVMP IMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPALTLLLTS
SLVESGAGTGWTVYPPLAGATAHAGGSVDLTIFSLHLAGVSSILGAVNFITTTINMKS PGMKAEQLPLFVWAVVIT
ATLLLLSLPVLAGAITMLLTDRNMNTSFFDPAGGG

Figure 11c: The conceptual translation product of the COI gene of Vestalis apicalis



Vestalis apicalis voucher CUVA-01-A1 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial
Sequence ID: KU510326 Length: 561 Number of Matches: 1

Alignment statistics for match #1
Score Expect Identities Gaps Strand Frame
1037 bits(561) 0.0() 561/561(100%) 0/561(0%) Plus/Plus

Features:
Query 1 GAACTAGGACAACCGGGATCCCTTATTGGAGACGACCAAATCTACAACGTAGTAGTCACC 60

Frrrrerrrrrrererrrreerrrrrr et et e e
Sbjct 1 GAACTAGGACAACCGGGATCCCTTATTGGAGACGACCAAATCTACAACGTAGTAGTCACC 60

Query 61 GCCCATGCATTTGTAATAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGA 120

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr et e e e e
Sbjct 61  GCCCATGCATTTGTAATAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGA 120

Query 121 AATTGGCTTGTCCCACTAATGTTAGGGGCCCCTGATATGGCTTTCCCTCGACTAAACAAC 180

Frrrrerrrrrrererrrreerrrrrr et et e e
Sbjct 121 AATTGGCTTGTCCCACTAATGTTAGGGGCCCCTGATATGGCTTTCCCTCGACTAAACAAC 180

Query 181 ATGAGATTTTGACTTCTGCCCCCAGCATTAACTCTTCTATTAACAAGAAGTTTAGTAGAA 240

Frrrrrrrrrrrerrrerrrerrrrrrrerr e e e e e e e
Sbjct 181 ATGAGATTTTGACTTCTGCCCCCAGCATTAACTCTTCTATTAACAAGAAGTTTAGTAGAA 240

Query 241 AGAGGGGCTGGGACAGGTTGAACCGTATACCCTCCTCTAGCGGGGGCTATTGCTCACGCA 300

Frrrrrrrerrrerrrerrrerrrrrr e e e e e e e e e
Sbjct 241 AGAGGGGCTGGGACAGGTTGAACCGTATACCCTCCTCTAGCGGGGGCTATTGCTCACGCA 300

Query 301 GGAGGATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGGCGTATCCTCGATTTTA 360

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 301 GGAGGATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGGCGTATCCTCGATTTTA 360

Query 361 GGTGCCGTTAATTTCATTACTACAACAATTAATATAAAATCCCCTGGAATGAAGGCAGAG 420

Frrrrrrrrrrrerrrerrrerrrrrrrerr e e e e e e e
Sbjct 361 GGIGCCGTTAATTTCATTACTACAACAATTAATATAAAATCCCCTGGAATGAAGGCAGAG 420

Query 421 CAACTACCATTATTTGTTTGAGCAGTAGTAATTACAGCCATTTTGTTGCTATTATCATTA 480

Frrrrrrrerrrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 421 CAACTACCATTATTTGTTTGAGCAGTAGTAATTACAGCCATTITTGITGCTATTATCATTA 480

Query 481 CCCGTTCTGGCTGGAGCCATCACTATACTTTTAACAGACCGTAACATAAATACATCGTTC 540

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 481 CCCGTTCTGGCTGGAGCCATCACTATACTTTTAACAGACCGTAACATAAATACATCGITC 540

Query 541TTTGACCCTGCTggggggggg 561

FETTTEEEErrr et
Sbjct 541 TTTGACCCTGCTGGGGGGGGG 561

Figure 11d: Nucleotide BLAST output of the COI gene of Vestalis apicalis showing its
nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [ Vestalis apicalis]
Sequence ID: ALX71652 Length: 187Number of Matches: 1

Alignment statistics for match #1

‘Score”ExpectH Method H Identities ” Positives ” Gaps ” Frame
365 Compositional ||187/187 (100 |[187/187

. le-127() be . 187/187( /18716 /187 (0%)
bits (936) matrix adjust |[|%) (100%)
Features:
Query 1 ELGQPGSLIGDDQIYNVVVTAHAFVMI FFMVMPTMIGGFGNWLVPLMLGAPDMAFPRLNN 60

ELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNN

Sbjct 1 ELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPTMIGGFGNWLVPLMLGAPDMAFPRLNN 60

Query 61 MSFWLLPPALTLLLTSSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSIL 120
MSFWLLPPALTLLLTSSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSIL
Sbjct 61 MSFWLLPPALTLLLTSSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSIL 120

Query 121 GAVNFITTTINMKSPGMKAEQLPLEVWAVVITAILLLLSLPVLAGAITMLLTDRNMNTSEF 180
GAVNFITTTINMKSPGMKAEQLPLEFVWAVVITAILLLLSLPVLAGAITMLLTDRNMNTSF
Sbjct 121 GAVNFITTTINMKSPGMKAEQLPLEFVWAVVITAILLLLSLPVLAGAITMLLTDRNMNTSE 180

Query 181 FDPAGGG 187

FDPAGGG
Sbjct 181 FDPAGGG 187

Figure 11e: Peptide BLAST output of the mt DNA COI gene of Vestalis apicalis
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Figure 11f: The line diagram of Vestalis apicalis with more than 99 % match to other retrieved
sequences (BOLD SYSTEM)



— KJ493064.1 Metagrion farnicatum

L KI493062.1 Metagrion sp

KTE7I907 .1 Euphaea fraser

— FJ312855.1 Mesobasis selysi

L F.I312847.1 Mesobasis selysi

KFE03065.1 Yestalis gracilis

KME7S7EE. 1 Vestalis gracilis

— # KUS10326.1 Yestalis apicalis voucher CUWA-D1-A1

L KMBYS/Y0.1 Yestalis apicalis

KF3E9576.1 Yestalis amabilis

Figure 11g: The molecular phylogenetic tree of Vestalis apicalis inferred by NJ tree method

Table 18: Percentage of evolutionary divergence of Vestalis apicalis with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KUS510326 | Vestalis apicalis (Kerala)

2 KM675770 | Vestalis apicalis (Kerala) 0.00

3 KM675768 | Vestalis gracilis (Kerala) 0.00

4 KM503058 | Vestalis gracilis (Kerala) 0.00

5 KF369576 | Vestalis ambalis (Netherland) 21.83

6 KJ493064 | Metagrion forcipatum 20.98

7 FJ812855 | Nesobasis selysi 21.17

8 KJ493062 | Metagrion sp 21.17

9 KT879907 | Euphaea fraseri 21.49




Figure 12: Vestalis gracilis

> KX503058 Vestalis gracilis |cytochrome oxidase subunit I gene [voucher CUVG-01-Al
partial cds, mitochondrial|587bp

ACGGCCCTAAGAATGCTAATTCGAATTGAACTAGGACAACCGGGATCCCTTATTGGAGACGACCAAATCTACAACG
TAGTAGTCACCGCCCATGCATTTGTAATAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATTG
GCTTGTCCCACTAATGTTAGGGGCCCCTGATATGGCTTTCCCTCGACTAAACAACATGAGATTTTGACTTCTGCCC
CCAGCATTAACTCTTCTATTAACAAGAAGTTTAGTAGAAAGAGGGGCTGGGACAGGTTGAACCGTATACCCTCCTC
TAGCGGGGGCTATTGCTCACGCAGGAGGATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGGCGTATCCTC
GATTTTAGGTGCCGTTAATTTCATTACTACAACAATTAATATAAAATCCCCTGGAATGAAGGCAGAGCAACTACCA
TTATTTGTTTGAGCAGTAGTAATTACAGCCATTTTGTTGCTATTATCATTACCCGTTCTGGCTGGAGTCCATCACT
ATACTTTAACAGACCGTAACATAAATACATCGTTCTTTGACCCTGCTGGGGGGGG

Figure 12a: The DNA sequence interpret of COI gene of Vestalis gracilis

0000 0 O O RO Y
J 00 0 0 OO

939 587
AMBAETTERRA

Figure 12b: Representative molecular barcode of COI gene of Vestalis gracilis

> ANU39518 Vestalis gracilis |cytochrome oxidase subunit I gene [voucher CUVG-01-A1
partial cds, mitochondrial 196bp

TALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPALTLLLT
SSLVESGAGTGWTVYPPLAGATAHAGGSVDLTIFSLHLAGVSSILGAVNEFITTTINMKSPGMKAEQLPLEFVWAVVITAILLLLS

LPVLAGVHHYTLTDRNMNTSFFDPAGGG

Figure 12c: The conceptual translation product of the COI gene of Vestalis gracilis



Vestalis gracilis voucher CUVG-01-A1 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial

Sequence ID: KX503058 Length: 587Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand Frame
1085 bits(587) 0.0() 587/587(100%) 0/587(0%) Plus/Plus
Features:
Query 1 ACGGCCCTAAGAATGCTAATTCGAATTGAACTAGGACAACCGGGATCCCTTATTGGAGAC 60
FEErrrrrrrrrerrrrrrerr et e ettt
Sbjct 1 ACGGCCCTAAGAATGCTAATTCGAATTGAACTAGGACAACCGGGATCCCTTATTGGAGAC 60

Query 61 GACCAAATCTACAACGTAGTAGTCACCGCCCATGCATTTGTAATAATCTTTTTTATAGTA 120

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 61  GACCAAATCTACAACGTAGTAGTCACCGCCCATGCATTTGTAATAATCTITTTTATAGTA 120

Query 121 ATACCTATTATAATTGGGGGATTTGGAAATTGGCTTGTCCCACTAATGTTAGGGGCCCCT 180

Frrrrerrrrrrererrrreerrrrrr et er ettt et e
Sbjct 121 ATACCTATTATAATTGGGGGATTTGGAAATTGGCTTGTCCCACTAATGTTAGGGGCCCCT 180

Query 181 GATATGGCTTTCCCTCGACTAAACAACATGAGATTTTGACTTCTGCCCCCAGCATTAACT 240

Frerrrrrerrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 181 GATATGGCTTTCCCTCGACTAAACAACATGAGATTTTGACTTCTGCCCCCAGCATTAACT 240

Query 241 CTTCTATTAACAAGAAGTTTAGTAGAAAGAGGGGCTGGGACAGGTTGAACCGTATACCCT 300

Frrrrerrrrrrererrrreerrrrrr et et e e
Sbjct 241 CTTCTATTAACAAGAAGTTTAGTAGAAAGAGGGGCTGGGACAGGTTGAACCGTATACCCT 300

Query 301 CCTCTAGCGGGGGCTATTGCTCACGCAGGAGGATCAGTAGATTTAACTATTTTCTCGCTT 360

Frrrrerrrrrrererrrreerrrrrr e et e ettt et e
Sbjct 301 CCTCTAGCGGGGGCTATTGCTCACGCAGGAGGATCAGTAGATTTAACTATTTTCTCGCTT 360

Query 361 CACCTAGCAGGCGTATCCTCGATTTTAGGTGCCGTTAATTTCATTACTACAACAATTAAT 420

Frerrrrrerrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 361 CACCTAGCAGGCGTATCCTCGATTTTAGGTGCCGTTAATTTCATTACTACAACAATTAAT 420

Query 421 ATAAAATCCCCTGGAATGAAGGCAGAGCAACTACCATTATTTGTTTGAGCAGTAGTAATT 480

Frrrrrrrerrrrrrrrrrrrrrrrerrr e rrr e e e e e e
Sbjct 421 ATAAAATCCCCTGGAATGAAGGCAGAGCAACTACCATTATTTGTTTGAGCAGTAGTAATT 480

Query 481 ACAGCCATTTTGTTGCTATTATCATTACCCGTTCTGGCTGGAGTCCATCACTATACTTTA 540

Frrrrrrrrrrrerrrerrrrrrrrrrrerr e e e e e e e
Sbjct 481 ACAGCCATTTTIGTTGCTATTATCATTACCCGTTCTGGCTGGAGTCCATCACTATACTTITA 540

Query 541ACAGACCGTAACATAAATACATCGTTCTTTGACCCTGCTygqggggy 587
FEEEEErr ettt et et ettt ettt el
Sbjct 541 ACAGACCGTAACATAAATACATCGTTCTTTGACCCTGCTGGGGGGGG 587

Figure 12d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Vestalis gracilis
showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Vestalis gracilis]
Sequence ID: ANU39518 Length: 196Number of Matches: 1

Alignment statistics for match #1

Score Expect Method Identities Positives Gaps
385 Compositional matrix o o 5
bits (989) 2e-1350) [ 4sier . 196/196(100%) 196/196(100%) 0/196(0%)
Features:

Query 1 TALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAP 60
TALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAP
Sbjct 1 TALSMLIRIELGQPGSLIGDDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAP 60

Query 61 DMAFPRLNNMSFWLLPPALTLLLTSSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSL 120
DMAFPRLNNMSFWLLPPALTLLLTSSLVESGAGTGWIVYPPLAGAIAHAGGSVDLTIFSL
Sbjct 61 DMAFPRLNNMSFWLLPPALTLLLTSSLVESGAGTGWTVYPPLAGAIAHAGGSVDLTIFSL 120

Query 121 HLAGVSSILGAVNFITTTINMKSPGMKAEQLPLEFVWAVVITAILLLLSLPVLAGVHHYTL 180
HLAGVSSILGAVNFITTTINMKSPGMKAEQLPLEFVWAVVITAILLLLSLPVLAGVHHYTL
Sbjct 121 HLAGVSSILGAVNFITTTINMKSPGMKAEQLPLFVWAVVITAILLLLSLPVLAGVHHYTL 180

Query 181 TDRNMNTSFEFDPAGGG 196

TDRNMNTSFEDPAGGG
Sbjct 181 TDRNMNTSFFDPAGGG 196

Figure 12e: Peptide BLAST output of the mt DNA COI gene of Vestalis gracilis
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Figure 12f: The line diagram of Vestalis gracilis with more than 99 % match to other retrieved
sequences (BOLD SYSTEM)



& 503058 1 Yestalis gracilis wvoucher CLVG-01-A1
KME/S770.1 Vestalis apicalis

KMBETSTEE.1 Vestalis gracilis

KIUS10326.1 VWestalis apicalis

KUAT0325 1 Asthriamanta brevipennis

KUSE5929.1 Anax speratus

KTE79907 .1 Euphaea fraseri

FJ3125855.1 Nesaobasis selysi isalate J3317202
RJ493062 .1 Metagrion sp.

RJ493064.1 Metagrion fornicatum

Figure 12g: Molecular Phylogenetic tree of Vestalis gracilis inferred by NJ tree method

Table 20: Percentage of evolutionary divergence of Vestalis gracilis with its closely related

species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KX503058 | Vestalis gracillis (Kerala)

2 KM675770 | Vestalis apicalis (Kerala) 0.00

3 KM675768 | Vestalis gracillis (Kerala) 0.00

4 KUS510326 | Vestalis apicalis (Kerala) 0.00

5 KUS510325 | Aethriamanta brevipennis 0.61

6 KU565929 | Anax speratus 20.49

7 KT879907 | Euphaea fraseri 21.18

8 KJ493062 | Metagrion sp. 21.77

9 KJ493064 | Metagrion fornicatum 20.94

10 | FJ8128551 | Nesobasis selys 21.69




LE7100 1 Agriccnemis pgmaea | Coenagrionidae |

KR1 48604 Copera margnipes } Plactinemidae ‘
KN 336T Agriocnemis kerdensis

KT222948 Ceriagion coromandslianum
KR14308 kchnura aumra

KTI06961 lechniura senedlensis
KBEG.1 Aeiagrion occidentde

— KIBI26 etalis apicalis } _

KHBOG0%: Vistdlis graailis

Figure 13: Phylogenetic tree of all Zygopteran members plotted by Neighbour joining method



Fig 14: Onychogomphus malabarensis

>KUI135368 Onychogomphus malabarensis |cytochrome oxidase subunit I gene [voucher
CUOM-01-A1 partial cds, mitochondrial|602bp

TAAGAATATTAATTCGAATTGAATTAGGACAGCCAGGTTCATTAATTGGAGATGATCAAATTTATAATGTTATTGT
AACTGCTCATGCATTTGTAATAATTTTCTTTATAGTTATACCTATTATAATTGGAGGATTTGGAAATTGACTAGTA
CCTTTAATATTAGGAGCACCAGATATAGCATTCCCACGACTTAATAATATAAGATTTTGATTACTACCACCCTCAT
TAACTTTACTACTAGCCAGTAGTTTAGTAGAAAGAGGAGCCGGAACAGGATGAACTGTTTACCCTCCACTTGCAGG
AGCTATTGCCCATGCAGGAGCATCAGTTGATCTTACCATTTTTTCATTACACTTGGCAGGGGTATCTTCAATTCTA
GGAGCAATTAATTTTATTACTACAACAATTAATATAAAGTCTCCTGGAATAAAATTAGATCAAATACCTTTATTTG
TTTGAGCTGTCGTTATTACTGCCGTGTTACTTTTATTATCTCTACCAGTTTTAGCAGGAGCAATTACTATACTATT
AACTGACCGAAATATTAATACATCATTCTTCGACCCCGCTGGAGGAGGAGATCCAATTTTATACCAACAT

Figure 14a: DNA sequence interpret of COI gene of Onychogomphus malabarensis
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Figure 14b: Representative molecular barcode of COI gene of Onychogomphus malabarensis

> ALQ75279 Onychogomphus malabarensis |cytochrome oxidase subunit I gene [voucher
CUOM-01-A1 partial cds, mitochondrial|200bp

SMLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPSL
TLLLASSLVESGAGTGWTVYPPLAGATIAHAGASVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMKLDOMPLEV
WAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYQH

Figure 14c: The conceptual translation product of the COI gene of Onychogomphus
malabarensis



Onychogomphus malabarensis voucher CUOM-01-A1 cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial

Sequence ID: KU135368 Length: 602Number of Matches: 1

Alignment statistics for match #1
Score Expect Identities Gaps Strand Frame
1112 bits(602) 0.0() 602/602(100%) 0/602(0%) Plus/Plus

Features:
Query 1 TAAGAATATTAATTCGAATTGAATTAGGACAGCCAGGTTCATTAATTGGAGATGATCAAA 60

Frrrrrrrerrrrrrrerrrrrrrrerrrrrrrrrr et e e e e
Sbjct 1 TAAGAATATTAATTCGAATTGAATTAGGACAGCCAGGTTCATTAATTGGAGATGATCAAA 60

Query 61 TTTATAATGTTATTGTAACTGCTCATGCATTTGTAATAATTTTCTTTATAGTTATACCTA 120

Frrrrrrrerrrrrrrrrrrrrrrrerrr e rrr et e e e e
Sbjct 61  TTTATAATGTTATTGTAACTGCTCATGCATTTGTAATAATTTTCTTTATAGTTATACCTA 120

Query 121 TTATAATTGGAGGATTTGGAAATTGACTAGTACCTTTAATATTAGGAGCACCAGATATAG 180

Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrr et e e e e
Sbjct 121 TTATAATTGGAGGATTTGGAAATTGACTAGTACCTTTAATATTAGGAGCACCAGATATAG 180

Query 181 CATTCCCACGACTTAATAATATAAGATTTTGATTACTACCACCCTCATTAACTTTACTAC 240

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 181 CATTCCCACGACTTAATAATATAAGATTTTGATTACTACCACCCTCATTAACTITACTAC 240

Query 241 TAGCCAGTAGTTTAGTAGAAAGAGGAGCCGGAACAGGATGAACTGTTTACCCTCCACTTG 300

Frrrrrrrrrrrerrrerrrrrrrerr e e e e e e e e e e
Sbjct 241 TAGCCAGTAGITTAGTAGAAAGAGGAGCCGGAACAGGATGAACTGITTACCCTCCACTITG 300

Query 301 CAGGAGCTATTGCCCATGCAGGAGCATCAGTTGATCTTACCATTTTTTCATTACACTTGG 360

Frrrrrrrrrrrerrrrrrrrrrrerr e e e e e e e e e
Sbjct 301 CAGGAGCTATTGCCCATGCAGGAGCATCAGTTGATCTTACCATTTITTCATTACACTIGG 360

Query 361 CAGGGGTATCTTCAATTCTAGGAGCAATTAATTTTATTACTACAACAATTAATATAAAGT 420

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 361 CAGGGGTATCTITCAATTCTAGGAGCAATTAATTTTATTACTACAACAATTAATATAAAGT 420

Query 421 CTCCTGGAATAAAATTAGATCAAATACCTTTATTTGTTTGAGCTGTCGTTATTACTGCCG 480

Frrrrrrrerrrerrrerrrerrrrrr e e e e e e e e e
Sbjct 421 CTCCTGGAATAAAATTAGATCAAATACCTTTATTITGTTITGAGCTGICGTTATTACTGCCG 480

Query 481 TGTTACTTTTATTATCTCTACCAGTTTTAGCAGGAGCAATTACTATACTATTAACTGACC 540

Frrrrrrrrrrrerrrerrrrrrrerr e e e e e e e e e
Sbjct 481 TGITACTTTTATTATCTCTACCAGTTTTAGCAGGAGCAATTACTATACTATTAACTGACC 540

Query 541 GAAATATTAATACATCATTCTTCGACCCCGCTGGAGGAGGAGATCCAATTTTATACCAAC 600

Frrrrrrrrerrerrrerrrrrrrrrr e e e e e e e e e
Sbjct 541 GAAATATTAATACATCATTCTTCGACCCCGCTGGAGGAGGAGATCCAATTITTATACCAAC 600

Query 601 AT 602

|
Sbjct 601 AT 602

Figure 14d: Nucleotide BLAST output of the mitochondrial DNA COI gene of
Onychogomphus malabarensis showing its nearest match subject



Cytochrome oxidase subunit 1, partial (mitochondrion) [Ophiogomphus mainensis]
Sequence ID: AEO19446 Length: 211 Number of Matches: 1

Expect Method Identities Positives Gaps
Score

393 4e- Compositional matrix

0 0 0
bits(1009) 1380  adiust 200/200(100%) 200/200(100%) 0/200(0%)

Features:

Query 1 SMLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMA 60
SMLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMA

Sbjct 10 SMLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMA 69

Query 61 FPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWTIVYPPLAGAIAHAGASVDLTIFSLHLA 120
FPRLNNMSEFWLLPPSLTLLLASSLVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSLHLA
Sbjct 70 FPRLNNMSFWLLPPSLTLLLASSLVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSLHLA 129

Query 121 GVSSILGAINFITTTINMKSPGMKLDOMPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDR 180
GVSSILGAINFITTTINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDR
Sbjct 130 GVSSILGAINFITTTINMKSPGMKLDOQMPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDR 189

Query 181 NINTSFFDPAGGGDPILYQH 200
NINTSFFDPAGGGDPILYQH
Sbjct 190 NINTSFFDPAGGGDPILYQH 209

Figure 14e: Peptide BLAST output of the mt DNA COI gene of Onychogomphus
malabarensis



JNA20053.1 Ophiogomphus sp.
JNAZ0024 1 Ophiogomphus sp
JNA20056.1 Ophiogomphus sp.
JNAZ0057 1 Ophiogomphus sp.
JMAZ0025.1 Ophiogomphus mainensis
JNA20133.1 Ophiogomphus mainensis
JHAZM56.1 Ophiogomphus mainensis
& 11333658 1 Onychogomphus malabarensis
kB90932 1 Ophiogomphus mainensis

RHBO09E2 .1 Ophiogomphus anomalus

Figure 14g: Phylogenetic relationship of Onychogomphus malabarensis inferred by NJ tree

metho

Table 22: Percentage of evolutionary divergence of Onychogomphus malabarensis with its

closely related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KU133368 | Onychogomphus malabarensis (Kerala)

2 KX890962 | Ophiogomphus anomalus (America) 0.00

3 KX890932 | Ophiogomphus mainensis 0.00

4 IN420156 | Ophiogomphus mainensis 0.00

5 JN420133 | Ophiogomphus mainensis 0.00

6 IJN420085 | Ophiogomphus mainensis 0.00

7 JN420057 | Ophiogomphus sp 0.0

8 IJN420056 | Ophiogomphus sp 0.00

9 JN420053 | Ophiogomphus sp 0.00

10 IN420024 | Ophiogomphus sp 0.00




Figure 15: Anaciaeschna jaspidea

> KR149806.1 Anaciaeschna jaspidea |cytochrome oxidase subunit I gene [voucher CUAJ

01-A1 partial cds, mitochondrial|591 bp
TTAATTCGAATTGAACTGGGACAACCTGGATCTCTAATTGGAGATGATCAAATTTATAATGTAATTGTTACTGCAC
ATGCCTTCGTTATAATTTTCTTCATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGGCTTGTGCCATTAAT
ATTAGGAGCACCAGATATGGCTTTCCCACGACTAAATAATATAAGATTTTGATTATTACCTCCCTCATTCACTTTA
TTACTTGCAAGAAGAGTAGTAGAAAGAGGGGCAGGAACAGGATGAACTGTATATCCACCATTAGCAGGAGCTATTG
CTCATGCTGGAGCATCTGTAGATTTAACTATTTTTTCTTTACACTTAGCTGGAGTATCATCAATTTTAGGGGCAAT
TAATTTTATTACTACAGTAATTAATATAAAGTCACCAGGAATAAAAATAGATCAAATACCTTTATTTGTATGAGCT
GTAGTAATTACTGCAGTGTTATTATTATTATCTCTACCTGTTCTTGCTGGAGCCATTACTATACTTTTAACTGATC
GAAATATTAATACATCCTTCTTTGACCCAGCAGGAGGAGGAGATCCAATTCTTTATTCA

Figure 15a: The DNA sequence interpret of the COI gene of Anaciaeschna jaspidea
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Figure 15b: Representative molecular barcode of COI gene of Anaciaeschna jaspidea

> AFP19427 Anaciaeschna jaspidea |cytochrome oxidase subunit I gene [voucher CUAJ 01-
Al partial cds, mitochondrial|200 bp
LIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTL
LLASSVVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKMDOMPLEVIWA
VVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYS

Figure 15c: The conceptual translation product of the COI gene of Anaciaeschna jaspidea



Anaciaeschna jaspidea voucher CUAJ 01-A1 cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial
Sequence ID: KR149806. length: 591 Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand
. 1 0
1092 bits(591) 0.0 591/591(100%) 0/39100%)  pyyg/pius
Query 1 TTAATTCGAATTGAACTGGGACAACCTGGATCTCTAATTGGAGATGATCAAATTTATAAT 60
FEETEEEEEEr e e e rrrrrrrrrrrrrrrrrrerrrrrrrree
Sbijct 1 TTAATTCGAATTGAACTGGGACAACCTGGATCTCTAATTGGAGATGATCAAATTTATAAT 60

Query 61  GTAATTGTTACTGCACATGCCTTCGTTATAATTTTCTTCATAGTAATACCTATTATAATT 120
FErrrrrrrrrrrrr e et e e e e e e e e e e e
Sbjct 61  GTAATTGTTACTGCACATGCCTTCGTTATAATTTTCTTCATAGTAATACCTATTATAATT 120
Query 121 GGAGGATTTGGTAATIGGCITGTGCCATTAATATTAGGAGCACCAGATATGGCTITCCCA 180
Frrrrrrrrerrerrrrrrrrrrrerrrerr e rrr e e e e e e
Sbjct 121 GGAGGATTTGGTAATTGGCTTGTGCCATTAATATTAGGAGCACCAGATATGGCITTCCCA 180
Query 181 CGACTAAATAATATAAGATITTGATTATTACCTCCCTCATTCACTTTATTACTTGCAAGA 240
FErrrrrrrrrrrrr e et e e e e e e e e e e e
Sbjct 181 CGACTAAATAATATAAGATTTTGATTATTACCTCCCTCATTCACTITATTACTIGCAAGA 240
Query 241 AGAGTAGTAGAAAGAGGGGCAGGAACAGGATGAACTGTATATCCACCATTAGCAGGAGCT 300
Frrrrrrrrerrerrrerrrrrrrrrrrrrr e e e e e e e
Sbjct 241 AGAGTAGTAGAAAGAGGGGCAGGAACAGGATGAACTGTATATCCACCATTAGCAGGAGCT 300
Query 301 ATTGCTCATGCTGGAGCATCTGTAGATTTAACTATTTTTTCTTTACACTTAGCTGGAGTA 360
Frrrrrrreerrerrrerrrrrrrerrrerr e e e e e e e e
Sbjct 301 ATTGCTCATGCTGGAGCATCTGTAGATTTAACTATTTITTCITTACACTTAGCTIGGAGTA 360
Query 361 TCATCAATTTTAGGGGCAATTAATTTTATTACTACAGTAATTAATATAAAGTCACCAGGA 420
FErrrrrrrerrrrr e e e e e e e e e e e e e e
Sbjct 361 TCATCAATTTTAGGGGCAATTAATTTTATTACTACAGTAATTAATATAAAGTCACCAGGA 420
Query 421 ATAAAAATAGATCAAATACCTTTATTTGTATGAGCTGTAGTAATTACTGCAGTGITATTA 480
Frrrrrrrrerrerrrerrrrrrrrrrrerr e rrr e e e e e e
Sbjct 421 ATAAAAATAGATCAAATACCTTTATTTGTATGAGCTGTAGTAATTACTGCAGTGTTATTA 480
Query 481 TTATTATCTCTACCTGTTCITGCTGGAGCCATTACTATACTTTTAACTGATCGAAATATT 540
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 481 TTATTATCTCTACCTIGTTCTTGCTGGAGCCATTACTATACTTTTAACTGATCGAAATATT 540
Query 541 AATACATCCTTCTTTGACCCAGCAGGAGGAGGAGATCCAATTCTTTATTCA 591
FErrrrrrrrrrrrr e e e e e e e e
Sbjct 541 AATACATCCTTCTTTGACCCAGCAGGAGGAGGAGATCCAATTCTTTATTCA 591

Figure 15d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Anaciaeschna
Jjaspidea showing its nearest match subject



Cytochrome c¢ oxidase I, partial (mitochondrion) [Anaciaeschna jaspideal

Sequence ID: AFP19427.1Length: 208 Number of Matches: 1

Alignment statistics for match #1

Score Expect | Method Identities Positives Gaps
386 bits(991) 2e-135 Compositional matrix adjust. 197/197(100%) 197/197(100%) 0/197(0%)
Query 1 LIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFP 60
LIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFP
Sbijct 7 LIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFP 66
Query o6l RLNNMSFWLLPPSFTLLLASSVVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSLHLAGV 120
RLNNMSFWLLPPSFTLLLASSVVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGV
Sbijct 67 RLNNMSFWLLPPSFTLLLASSVVESGAGTGWIVYPPLAGATIAHAGASVDLTIFSLHLAGV 126
Query 121 SSILGAINFITTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNI 180
SSILGAINFITTVINMKSPGMKMDOMPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDRNI
Sbjct 127 SSILGAINFITTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNI 186
Query 181 NTSFEFDPAGGGDPILYS 197
NTSFEFDPAGGGDPILYS
Sbjct 187 NTSFFDPAGGGDPILYS 203

Figure 15e: Peptide BLAST output of the mt DNA COI gene of Anaciaeschna jaspidea




AB709113.1 Rhyothemis variegata

KC287151.1 Rhyothemis variegata

ABT09110.1 Rhyothemis phyllis

JX30B643.1 Anaciaeschna jaspidea

KP933530.1 Rhyathemis variegata

# KR149806.1 Anaciaeschna jaspidea voucher CUAJ 01-A1

KTI57511.1 Rhyothernis phyllis phyllis

KIU3E1232.1 Orthetrum glaucum

KIU496893.1 Orthetrum glaucurn

Figure 15f: Molecular Phylogenetic tree of Anaciaeschna jaspidea inferred by NJ tree method

Table 24: Percentage of evolutionary divergence of Anaciaeschna jaspidea with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KR149806 | Anaciaeshna jaspidea (Kerala)

2 JX306649 | Anaciaeshna jaspidea (Tamil nadu) 0.00

3 AB709113 | Rhyothemis variegata 0.30

4 AB709110 Rhyothemis phyllis 0.00

5 KP938530 | Rhyothemis variegata 0.30

6 KT957511 | Rhyothemis phyllis phyllis 0.37

7 KU361232 | Orthetrum glacum 15.15

8 KC287151 | Rhyothemis variegata 0.35

9 KU496893 | Orthetrum glacum 15.15




Figure 16: Anax parthenope
> KR149805 Anax parthenope |cytochrome oxidase subunit I gene [voucher CUAP 01-A1
partial cds, mitochondrial|607 bp
AATGGTAGGAACTGCTCTAAGAGTTTTAATTCGAATTGAAT TAGGACAACCAGGATCATTAATTGGAGATGATCAA

ATTTATAATGTAATTGTAACAGCTCATGCTTTTGTTATAATTTTCTTTATAGTAATACCTATTATAATTGGAGGAT
TTGGAAATTGATTAGTGCCACTAATATTAGGAGCACCCGATATAGCTTTCCCACGATTAAATAATATAAGATTTTG
ATTACTACCACCTTCTCTAACACTTTTATTAGCAGGAAGTATAGTTGAAAGAGGTGCAGGAACAGGATGAACAGTT
TATCCTCCTCTTGCTGGTGCAATTGCCCATGCAGGAGCATCTGTAGATTTAACTATTTTTTCTCTTCATTTGGCTG
GAGTATCTTCAATTTTAGGTGCTATTAATTTTATTACTACAACAATTAATATAAAGTCACCGGGAATAAAGATAGA
TCAAATACCACTATTTGTATGAGCCGTAGTAATTACAGCCGTATTATTATTATTATCTCTTCCTGTTCTTGCTGGT
GCAATTACAATGTTATTAACAGATCGAAATATTAATACATCATTCTTTGATCCTGCAGGAGGGGGTGATCCAATT

Figure 16a: The DNA sequence interpret of COI gene of Anax parthenope
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Figure 16b: Representative molecular barcode of COI gene of Anax parthenope

> AKL82319 Anax parthenope |cytochrome oxidase subunit I gene [voucher CUAP 01-A1
partial cds, mitochondrial| 202 bp

MVGTALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMI FFMVMP IMIGGFGNWLVPLMLGAPDMAFPRLNNMSFW
LLPPSLTLLLAGSMVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAINFITTTINMKSPGMKMD
QMPLFVWAVVITAVLLLLSLPVLAGATTMLLTDRNINTSFFDPAGGGDPT

Figure 16c: The conceptual translation product of the COI gene of Anax parthenope



Anax parthenope voucher CUAP 01-A1 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial

Mitochondrial

Sequence ID: KR149805.1Length: 607Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand

1122 bits(607) 0.0 607/607(100%) 0/607(0%) Plus/Plus

Query 1 AATGGTAGGAACTGCTCTAAGAGTTTTAATTCGAATTGAATTAGGACAACCAGGATCATT 60
Ferrrrrrrrrrrrrrrerrrr e e e e e e

Sbjct 1 AATGGTAGGAACTGCTCTAAGAGTTTTAATTCGAATTGAATTAGGACAACCAGGATCATT 60

Query 61 AATTGGAGATGATCAAATTTATAATGTAATTGTAACAGCTCATGCTTTTGTTATAATTTT 120
FEErrrrrrrrrrrrrrrr e e e ettt et e e
Sbjct 61 AATTGGAGATGATCAAATTTATAATGTAATTGTAACAGCTCATGCTTTTGTTATAATTTT 120
Query 121 CTTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTGCCACTAATATT 180
Frrrerrrerrrrrrrrerrrerrrr et ettt et e e
Sbjct 121 CTTTATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAGTGCCACTAATATT 180
Query 181 AGGAGCACCCGATATAGCTTTCCCACGATTAAATAATATAAGATTTTGATTACTACCACC 240
FEErerrrrrrrrrrrrerrrer et e ettt et
Sbjct 181 AGGAGCACCCGATATAGCTTTCCCACGATTAAATAATATAAGATTTTGATTACTACCACC 240
Query 241 TTCTCTAACACTTTTATTAGCAGGAAGTATAGTTGAAAGAGGTGCAGGAACAGGATGAAC 300
Frrrerrrerrrrerrrerrrerrrr et ettt e et e
Sbjct 241 TTCTCTAACACTTTTATTAGCAGGAAGTATAGTTGAAAGAGGTGCAGGAACAGGATGAAC 300
Query 301 AGTTTATCCTCCTICTTGCTGGTGCAATTGCCCATGCAGGAGCATCTGTAGATTTAACTAT 360
Frrrerrrerrrrerrrerrrerrrr et ettt et
Sbjct 301 AGTTTATCCTCCTCTTGCTGGTGCAATTGCCCATGCAGGAGCATCTGTAGATTTAACTAT 360
Query 361 TTTTTCTCTTCATTTGGCTGGAGTATCTTCAATTTTAGGTGCTATTAATTTTATTACTAC 420
FEErerrrrrrrrrrrrerrre et e ettt et e r e
Sbjct 361 TTTTTCTCTTCATTTGGCTGGAGTATCTTCAATTTTAGGTGCTATTAATTTTATTACTAC 420
Query 421 AACAATTAATATAAAGTCACCGGGAATAAAGATAGATCAAATACCACTATTTGTATGAGC 480
Frrrerrrerrrrerrrerrrerrrr et ettt et e e
Sbjct 421 AACAATTAATATAAAGTCACCGGGAATAAAGATAGATCAAATACCACTATTTGTATGAGC 480
Query 481 CGTAGTAATTACAGCCGTATTATTATTATTATCTCTTCCTGTTCTTGCTGGTGCAATTAC 540
Frrrerrrerrrrrrrrerrrerrrr et ettt et e r e
Sbjct 481 CGTAGTAATTACAGCCGTATTATTATTATTATCTCTTCCTGTTCTTGCTGGTGCAATTAC 540
Query 541 AATGTTATTAACAGATCGAAATATTAATACATCATTCTTTGATCCTGCAGGAGGGGGTGA 600
FEErerrrrrrrrrrrr e e et ettt et e r e
Sbjct 541 AATGTTATTAACAGATCGAAATATTAATACATCATTCTTTGATCCTGCAGGAGGGGGTGA 600
Query 601 TCCAATT 607
[EREEEE
Sbjct 601 TCCAATT 607

Figure 16d: Nucleotide BLAST output of COI gene of Anax parthenope showing its nearest

match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Anax parthenope]
Sequence ID: AKL82319.Length: 202Number of Matches: 1

Alignment statistics for match #1
Score Expect Method Identities Positives Gaps

93 de- Compositional

bits(1009) 138 () matrix adjust. 202/202(100%) 202/202(100%) 0/202 (0%)

Features:

Query 1 MVGTALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLML 60
MVGTALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLML
Sbjct 1 MVGTALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLML 60

Query 61 GAPDMAFPRLNNMSFWLLPPSLTLLLAGSMVESGAGTGWTVYPPLAGATAHAGASVDLTI 120
GAPDMAFPRLNNMSFWLLPPSLTLLLAGSMVESGAGTGWTVYPPLAGATIAHAGASVDLTI
Sbjct 61 GAPDMAFPRLNNMSFWLLPPSLTLLLAGSMVESGAGTGWTVYPPLAGATIAHAGASVDLTI 120

Query 121 FSLHLAGVSSILGAINFITTTINMKSPGMKMDOMPLEFVWAVVITAVLLLLSLPVLAGAIT 180
FSLHLAGVSSILGAINFITTTINMKSPGMKMDOMPLEFVWAVVITAVLLLLSLPVLAGAIT
Sbjct 121 FSLHLAGVSSILGAINFITTTINMKSPGMKMDOMPLEFVWAVVITAVLLLLSLPVLAGAIT 180

Query 181 MLLTDRNINTSFFDPAGGGDPI 202
MLLTDRNINTSEFFDPAGGGDPI
Sbjct 181 MLLTDRNINTSFFDPAGGGDPI 202

Figure 16e: Peptide BLAST output of COI gene of Anax parthenope
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Figure 16f: The line diagram of Anax parthenope with more than 99 % match to other retrieved
sequences (BOLD SYSTEM)

Similarity (%)



R161841.1 Anax imperator

KLISESS16.1 Anax imperator

KFEE4974.1 Anax imperator

& KR1459805.1 Anax parthenope voucher CUAP 01-A1

KIC135891.1 Anax parthenope

KR143134.1 Anax junius

Kx7E1748.1 Aeshnidae sp.

AYESE548.1 Anax junius

Figure 16g: Molecular phylogenetic tree of Anax parthenope inferred by NJ tree method

Table 26: Percentage of evolutionary divergence of Anax parthenope with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KR149805 | Anax parthenope (Kerala)

2 KC13589 | Anax parthenope (South Korea) 0.00

3 KX161841 | Anax imperator 1.06

4 KU565916 | Anax imperator 1.42

5 KX781748 | Aeshnidae sp 2.90

6 KR143134 | Anax junius 2.90

7 AY555548 | Anax junius 2.90

8 KF584974 | Anax imperator 0.89




Fig 17: Orthetrum sabina

> KP938529 Orthetrum sabina |cytochrome oxidase subunit I gene [voucher CUOS 01-A1
partial cds, mitochondrial|500bp

GTCAGCCCGGTTCTTTAATTGGAGATGACCAAATTTATAATGTAATTGTTACTGCACATGCATTTGTAATAATTTT
CTTCATAGTAATACCTATTATAATTGGTGGATTCGGAAATTGACTTGTACCATTAATACTAGGGGCACCAGATATA
GCATTCCCACGACTTAATAATATAAGTTTTTGACTTTTACCTCCTTCATTCACCCTTTTATTAGCAAGTAGAATGG
TTGAAAGTGGGGCAGGTACTGGATGAACTGTATACCCTCCTCTTGCAGGAGCAATTGCCCACGCAGGAGCATCAGT
AGATTTAACAATTTTCTCACTACATTTAGCAGGGGTATCTTCTATTTTAGGAGCAATTAATTTTATCACTACAGTA
ATTAATATAAAGTCACCTGGGATAAAGCTTGATCAAATACCTTTATTTGTATGAGCAGTAGTAATTACTGCAGTTT
TATTACTATTATCCTTACCAGTTTTAGCAGGTGCTATTACTATA

Figure 17a: The DNA sequence interpret of COI gene of Orthetrum sabina

1 269
R R AR MR
278 il
IR ATR A TR

Figure 17b: Representative molecular barcode of COI gene of Orthetrum sabina

> ALC74204 Orthetrum sabina |cytochrome oxidase subunit I gene [voucher CUOS 01-A1
partial cds, mitochondrial|166bp

QPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSEFTLLLASSMV
ESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVL
LLLSLPVLAGAITM

Figure 17c: The conceptual translation product of the COI gene of Orthetrum sabina



Orthetrum sabina isolate 140314 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial
Sequence ID: KT961626. Length: 606Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand
924 bits(500) 0.0 500/500(100%) 0/500(0%) Plus/Plus
Query 1 GTCAGCCCGGTTCTTTAATTGGAGATGACCAAATTTATAATGTAATTGTTACTGCACATG 60

FErrrrrrrrrrerr e et e e e e e e e e e e e
Sbjct 17  GTCAGCCCGGITCTTITAATTGGAGATGACCAAATTTATAATGTAATTGTTACTGCACATG 76
Query 61  CATTTGTAATAATTTICTTCATAGTAATACCTATTATAATTGGTGGATTCGGAAATTGAC 120
Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 77  CATTTGTAATAATTITCTTCATAGTAATACCTATTATAATTGGTGGATTCGGAAATTGAC 136
Query 121 TTGTACCATTAATACTAGGGGCACCAGATATAGCATTCCCACGACTTAATAATATAAGIT 180
FErrrrrrrrrrrrr e et e e e e e e e e e e e e
Sbjct 137 TTGTACCATTAATACTAGGGGCACCAGATATAGCATTCCCACGACTTAATAATATAAGTT 196
Query 181 TTTGACTTITTACCTCCTTCATTCACCCTITTTATTAGCAAGTAGAATGGTTGAAAGTGGGG 240
Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 197 TTTGACTTTTACCTCCTTCATTCACCCTTTTATTAGCAAGTAGAATGGTTGAAAGTGGGG 256
Query 241 CAGGTACTGGATGAACTGTATACCCTCCTCTTGCAGGAGCAATTGCCCACGCAGGAGCAT 300
Frrrrrrreerrerrrrrrrrrrrerr e e e e e e e e
Sbjct 257 CAGGTACTGGATGAACTGTATACCCTCCTCTTGCAGGAGCAATTGCCCACGCAGGAGCAT 316
Query 301 CAGTAGATTTAACAATTTTCTCACTACATTTAGCAGGGGTATCTTCTATTTTAGGAGCAA 360
FErrrrrrrrrrrrr e et e e e e e e e e e e e
Sbjct 317 CAGTAGATTTAACAATTTTCTCACTACATTTAGCAGGGGTATCTTCTATTTTAGGAGCAA 376
Query 361 TTAATTTTATCACTACAGTAATTAATATAAAGTCACCTGGGATAAAGCTTGATCAAATAC 420
Frrrrrrrrerrerrrrrrrrrrrerrrrrr e e e e e e e
Sbjct 377 TTAATTTTATCACTACAGTAATTAATATAAAGTCACCTGGGATAAAGCTTGATCAAATAC 436
Query 421 CTTTATTTGTATGAGCAGTAGTAATTACTGCAGTTTTATTACTATTATCCTTACCAGTIT 480
FErrrrrrrrrrrrr e et e e e e e e e e e e e
Sbjct 437 CTTTATTTGTATGAGCAGTAGTAATTACTGCAGTTTTATTACTATTATCCTTACCAGITT 496
Query 481 TAGCAGGTGCTATTACTATA 500
FEEEEEEErrr e
Sbjct 497 TAGCAGGTGCTATTACTATA 516

Figure 17d: Nucleotide BLAST output of COI gene of Orthetrum sabina showing its nearest
match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Orthetrumsabina]
Sequence ID: ALC74204.1 Length: 166Number of Matches: 1

Alignment statistics for match #1

Expec L L
Score txP Method Identities Positives Gaps
323 le- Compositional matrix 166/166 166/166 0/166
bits (827) 111 adjust. (100%) (100%) (0%)
Query 1 QPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSE 60
QPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNNMSE
Sbjct 1 QPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSE 60

Query 61 WLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATIAHAGASVDLTIFSLHLAGVSSILGAI 120

WLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAI

Sbjct 61 WLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATIAHAGASVDLTIFSLHLAGVSSILGAI 120

Query 121 NFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITM 166

NFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITM

Sbjct 121 NFITTVINMKSPGMKLDOMPLFVWAVVITAVLLLLSLPVLAGAITM 166

Figure 17e: Peptide BLAST output of COI gene of Orthetrum sabina
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Figure 17f: The line diagram of Orthetrum Sabina with more than 99% match to other

retrieved sequences (BOLD SYSTEM)

Similarity (%)



— KT957505.1 Orthetrum sabina

L KT957507.1 Orthetrum sabina

kT951626.1 Orthetrum sahina

kT957506.1 Orthetrum sahina

& KP933529. 1 Orthetrum sabina CUOS 01-A1

kKC122234 .1 Orthetrum sabina

kLU3E6E1234.1 Othetrum sabina

kXE70357 .1 Orthetrum sahina

Figurel7g: Molecular phylogenetic tree of Orthetrum sabina inferred by NJ tree method

Table 28: Percentage of evolutionary divergence of Orthetrum sabina with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KP938529 | Orthetrum sabina (Kerala)

2 KT961626 | Orthetrum sabina (Punjab) 0.00

3 KT957506 | Orthetrum sabina (Thailand) 0.00

4 KT957505 | Orthetrum sabina (Thailand) 0.00

5 KC12234 | Orthetrum sabina (Mizoram) 0.00

6 KT957507 | Orthetrum sabina (Thailand) 0.20

7 KU361234 | Orthetrum sabina (Malaysia) 1.01

8 KX670387 | Orthetrum sabina (Indonesia) 1.63




Fig 18: Neuorothemis intermedia

> KT222948 Neurothemis intermedia |cytochrome oxidase subunit I gene [voucher CUNI
01-A2 partial cds, mitochondrial|527bp

TTGTTACTGCACATGCTTTTGTAATAATTTTTTTTATAGT TATACCTATTATAATTGGAGGTTTTGGTAATTGACT
TGTACCTTTAATACTAGGAGCTCCAGATATAGTGCCGTTAATACTTGGTGCTCCAGATATGGCCTTTCCACGACTC
AATAATATAAGATTTTGACTTTTACCCCCTTCTTTCACCTTACTGTTAGCCAGAAGTATAGTTGAAAGAGGGGCAG
GAACAGGATGAACAGTTTATCCCCCTCTAGCAGGGGCCATTGCACATGCCGGAGCATCTGTAGACTTAACAATTTT
TTCTCTTCATTTGGCGGGTGTTTCATCAATTTTAGGAGCAATTAATTTTATTACAACAGTAATTAATATGAAGTCT
CCTGGCATAAAGTTAGATCAGATACCCTTATTTGTATGGGCGGTAGTAATCACTGCAGTACTCCTATTATTATCCC
TGCCAGTTCTTGCTGGGGCTATTACTATACTATTAACTGACCGAAATATTAATACATCATTCTTTGATCCT
Figure 18a: The DNA sequence interpret of the COI gene of Neurothemis intermedia

O OO0 A
000 000 O 0
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Figure18b: The Representative molecular barcode of the COI gene of Neurothemis intermedia

> ALQ35273 Neurothemis intermedia |cytochrome oxidase subunit I gene [voucher CUAP-03-A1
partial cds, mitochondrial| 204bp

IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMVPLMLGAPDMAFPR
LNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITT
VINMKSPGMKLDQMPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPIL

Figure 18c: The conceptual translation product of the COI gene of Neurothemis intermedia



Neurothemis intermedia voucher CUNI-01-A3 cytochrome oxidase subunit I (COI) gene,
partial cds; mitochondrial

Sequence ID: KU052672. Length: 612Number of Matches: 1

Alignment statistics for match #1
Score Expect Identities Gaps Strand
1131 bits(612) 0.0 612/612(100%) 0/612(0%) Plus/Plus

Query 1 ATTCGGATTGAATTAGGACAGCCAGGTTCTCTAATTGGGGATGATCAGATCTATAATGTA 60
Frrrrrrrrrrrrrrrrrrrrrerrrrr e e e e e e e e e e
Sbjct 1 ATTCGGATTGAATTAGGACAGCCAGGTTCTCTAATTGGGGATGATCAGATCTATAATGTA 60
Query 61ATTGTTACTGCACATGCTTTTGTAATAAL tttttttATAGTTATACCTATTATAATTGGA 120
Frrrrrrrrrrrrrrerrrrrrerrrrr et e e e e e e e e e e
Sbjct 61 ATTGTTACTGCACATGCTTTTGTAATAATTTTTTTTATAGTTATACCTATTATAATTGGA 120
Query 121 GGTTTTGGTAATTGACTTGTACCTTTAATACTAGGAGCTCCAGATATAGTGCCGTTAATA 180
Frerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 121 GGTTTTGGTAATTGACTTGTACCTTTAATACTAGGAGCTCCAGATATAGTGCCGTTAATA 180
Query 181 CTTGGTGCTCCAGATATGGCCTTTCCACGACTCAATAATATAAGATTTTGACTTTTACCC 240
Frrrrrrrrrrrrrrerrrerrerrerr e e e e e e e e e e e
Sbjct 181 CTTGGTGCTCCAGATATGGCCTTTCCACGACTCAATAATATAAGATTTTGACTTTTACCC 240
Query 241 CCTTCTTTCACCTTACTGTTAGCCAGAAGTATAGTTGAAAGAGGGGCAGGAACAGGATGA 300
Frrrrrrrrrrrrrrerrrrrrerrrrr e e e e e e e e e e e
Sbjct 241 CCTTCTTTCACCTTACTGTTAGCCAGAAGTATAGTTGAAAGAGGGGCAGGAACAGGATGA 300
Query 301 ACAGTTTATCCCCCTCTAGCAGGGGCCATTGCACATGCCGGAGCATCTGTAGACTTAACA 360
Frerrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 301 ACAGTTTATCCCCCTCTAGCAGGGGCCATTGCACATGCCGGAGCATCTGTAGACTTAACA 360
Query 361 ATTTTTTCTCTTCATTTGGCGGGTGTTTCATCAATTTTAGGAGCAATTAATTTTATTACA 420
Frerrrrrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 361 ATTTTTTCTCTTCATTTGGCGGGTGTTTCATCAATTTTAGGAGCAATTAATTTTATTACA 420
Query 421 ACAGTAATTAATATGAAGTCTCCTGGCATAAAGTTAGATCAGATACCCTTATTTGTATGG 480
Frerrrrrrrrrrrrerrrerrerrerr et rr e e e e e e e e
Sbjct 421 ACAGTAATTAATATGAAGTCTCCTGGCATAAAGTTAGATCAGATACCCTTATTTGTATGG 480
Query 481 GCGGTAGTAATCACTGCAGTACTCCTATTATTATCCCTGCCAGTTCTTGCTGGGGCTATT 540
Frerrrrrrrrrrrrrrrrrrrerrrrr et e e e e e e e e e
Sbjct 481 GCGGTAGTAATCACTGCAGTACTCCTATTATTATCCCTGCCAGTTCTTGCTGGGGCTATT 540
Query 541 ACTATACTATTAACTGACCGAAATATTAATACATCATTCTTTGATCCTGCAGGGGGAGGA 600
freerrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 541 ACTATACTATTAACTGACCGAAATATTAATACATCATTCTTTGATCCTGCAGGGGGAGGA 600
Query 601 GATCCAATTTTA 612
FEEEEEEErrrd
Sbjct 601 GATCCAATTTTA 612

Figure 18d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Neurothemis
intermedia showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [ Neurothemis intermedia]
Sequence ID: ALQ35273. Length: 204Number of Matches: 1

Alignment statistics for match #1

Expe

Score ot Method Identities Positives Gaps

396 bits 2e- Compositional matrix 204/204 204/204 0/204

(1017) 139 adjust. (100%) (100%) (0%)

Query 1 IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMVPLM 60
IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAPDMVPLM

Sbjct 1 IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMVPLM 60

Query 61 LGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLT 120

LGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLT

Sbjct 61 LGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLT 120

Query 121 IFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAI 180

IFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEFVWAVVITAVLLLLSLPVLAGAT

Sbjct 121 IFSLHLAGVSSILGAINFITTVINMKSPGMKLDQOMPLFVWAVVITAVLLLLSLPVLAGAI 180

Query 181 TMLLTDRNINTSFEFDPAGGGDPIL 204
TMLLTDRNINTSFFDPAGGGDPIL

Sbjct 181 TMLLTDRNINTSFFDPAGGGDPIL 204
Figure 18e: Peptide BLAST output of the mt DNA COI gene of Neurothemis intermedia
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Figure 18f: The line diagram of Neurothemis intermedia with more than 99 % match to other
retrieved sequences(BOLD SYSTEM)



RIC122227 1 Meurothemis intermedia

kPE35514 1 Meurothemis intermedia

kT927504.1 Meurothemis fluctuans

ABY09004.1 Meurothemis fluctuans

RTF72719.1 Meurothemis intermedia

& U052672. 1 Neurothemis intermedia voucher CUNFOT-A3

kT222943 1 Meurothemis intermedia

ABY09003.1 Meurothemis fluctuans

Figure 18g: Molecular phylogenetic tree of of Neurothemis intermedia inferred by NJ tree

method

Table 30: Percentage of evolutionary divergence of Neurothemis intermedia with closely
related species

SI. No. | Accession Species name % of
No divergence
1 KUO052672. | Neurothemis intermedia CUNI (Kerala) 0.00%
2 KT222948 Neurothemis intermedia (Kerala) 0.00%
3 KP835514 Neurothemis intermedia(Kerala) 0.00%
4 KT372719 Neurothemis intermedia (Kerala) 0.00%
5 KC122227 Neurothemis intermedia (Mizoram) 1.74%
6 KT957504 Neurothemis fluctans 1.44%
7 AB709004 Neurothemis fluctans 1.15%
8 AB709003 Neurothemis fluctans 6.11%




Figure 19: Potamarcha obscura

> KX503060 Potamarcha obscura |cytochrome oxidase subunit I gene [voucher CUPO-01-A1 partial
cds, mitochondrial|635bp
ATAGTAGGAACATCTTTAAGATTACTAATTCGAACTGAATTAGGAAACCCAGGATTTCTAATTGGAGACGATCAAA
TTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATT
CGGARATTGATTAGTGCCTTTAATATTAGGAGCTCCTGATATAGCTTTCCCACGAATAAATAATATAAGATTTTGA
TTACTCCCTCCTTCATTAACTTTATTAATTTCAAGAAGAATTGTAGAAAATGGAGCAGGAACAGGATGAACAGTGT
ACCCCCCACTTTCATCTAACATTGCTCATAGAGGTTCTTCAGTAGATTTAGCCATTTTTTCTTTACATTTAGCTGG
AATTTCTTCAATTTTAGGAGCCATTAATTTTATTACAACTATTATTAATATACGTATTAGAAATATATCATTTGAC
CAAATACCATTATTTGTATGAGCTGTAGGAATCACAGCTTTACTTTTATTACTATCATTGCCAGTTCTAGCAGGTG
CAATTACAATACTTTTAACAGACCGAAATTTAAATACTTCATTTTTTGACCCAGCTGGAGGAGGAGATCCAATTCT
TTACCAACACTTGTTTTGATTTTTT

Figure 19a: The DNA sequence interpret of the COI gene of Potamarcha obscura
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Figure 19b: Representative molecular barcode of COI gene of Potamarcha obscura
> ANU39520 Potamarcha obscura |cytochrome oxidase subunit I gene [voucher CUPO-01-
A1l partial cds, mitochondrial|210bp

MVGTSLSLLIRTELGNPGFLIGDDQIYNTIVTAHAFIMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRM
NNMSFWLLPPSLTLLISSSIVENGAGTGWTVYPPLSSNIAHSGSSVDLAIFSLHLAGISSILGAINFITTIINMR
ISNMSFDQMPLFVWVGITALLLLLSLPVLAGAITMLLTDRNLNTSFFDPAGGGDPILYQHLFWFF

Figure 19c: The conceptual translation product of the COI gene of Potamarcha obscura



Potamarcha obscura voucher CUPC-01-A1 cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial

Sequence ID: KX503060.1 Length: 635 Number of Matches: 1
Score Expect Identities Gaps Strand

1170 bits(635) 0.0 635/635(100%) 0/635(0%) Plus/Plus

Query 1 ATAGTAGGAACATCTTTAAGATTACTAATTCGAACTGAATTAGGAAACCCAGGATTTCTA 60
Frrerrerrrerrrerrerrrerrrrrr e rrrr et e
Sbijct 1 ATAGTAGGAACATCTTTAAGATTACTAATTCGAACTGAATTAGGAAACCCAGGATTTCTA 60
Query 61ATTGGAGACGATCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAAttttt 120
FEETEEEEEEr e e e rrrrrrrrrrrrrrrrrrerrrrrrrree
Sbjct 61 ATTGGAGACGATCAAATTTATAATACTATTGTAACAGCTCATGCTTTTATTATAATTTTT 120
Query 121tttATAGTAATACCTATTATAATTGGAGGATTCGGAAATTGATTAGTGCCTTTAATATTA 180
Frrerrerrrerrrerrerrrerrrrrr e rrrr et e
Sbjct 121 TTTATAGTAATACCTATTATAATTGGAGGATTCGGAAATTGATTAGTGCCTTTAATATTA 180
Query 181 GGAGCTCCTGATATAGCTTTCCCACGAATAAATAATATAAGATTTTGATTACTCCCTCCT 240
Frrerrrrrrerrrrrrerrrrrrrrrr e rrrr e e e
Sbjct 181 GGAGCTCCTGATATAGCTTTCCCACGAATAAATAATATAAGATTTTGATTACTCCCTCCT 240
Query 241 TCATTAACTTTATTAATTTCAAGAAGAATTGTAGAAAATGGAGCAGGAACAGGATGAACA 300
FEETEEEEEErr e e e e e e e e e rrrrrrrrrrrrrrrrrrre
Sbjct 241 TCATTAACTTTATTAATTTCAAGAAGAATTGTAGAAAATGGAGCAGGAACAGGATGAACA 300
Query 301GTGTACCCCCCACTTTCATCTAACATTGCTCATAGAGGTTCTTCAGTAGatttagccatt 360
Frrerrrrrrerrrrrrerrrrrrrrrr e rrrr e e e
Sbjct 301 GTGTACCCCCCACTTTCATCTAACATTGCTCATAGAGGTTCTTCAGTAGATTTAGCCATT 360
Query 36lttttctttacatttagctggaatttcttcaattttaggagccattaattttaTTACAACT 420
FEETEEEEEEEr e e e e e e rrrrrrrrrrrrrerrrrrrrrrrrrrrre
Sbjct 361 TTTTCTTTACATTTAGCTGGAATTTCTTCAATTTTAGGAGCCATTAATTTTATTACAACT 420
Query 421 ATTATTAATATACGTATTAGAAATATATCATTTGACCAAATACCATTATTTGTATGAGCT 480
Frrerrrrrrerrrrrrerrrrrrrrrr e rrrr e e e
Sbjct 421 ATTATTAATATACGTATTAGAAATATATCATTTGACCAAATACCATTATTTGTATGAGCT 480
Query 481 GTAGGAATCACAGCTTTACTTTTATTACTATCATTGCCAGTTCTAGCAGGTGCAATTACA 540
FEETEEEEEEr e e e rrrrrrrrrrrerrrrrrrrrrrrrree
Sbjct 481 GTAGGAATCACAGCTTTACTTTTATTACTATCATTGCCAGTTCTAGCAGGTGCAATTACA 540
Query 541 ATACTTTTAACAGACCGAAATTTAAATACTTCATTTTTTGACCCAGCTGGAGGAGGAGAT 600
Frrerrerrrerrrerrrrrrerrrrrr e rrrr e et e r e
Sbjct 541 ATACTTTTAACAGACCGAAATTTAAATACTTCATTTTTTGACCCAGCTGGAGGAGGAGAT 600
Query 601 CCAATTCTTTACCAACACTTGTTTTGATTTTTT 635
R
Sbjct 601 CCAATTCTTTACCAACACTTGTTTTGATTTTTT 635

Figure 19d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Potamarcha
obscura showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Potamarcha obscural

Sequence ID: ANU39520.1 Length: 211

Score

411 bits
(1057)

Query

Sbijct

Query

Sbict

61

61

Number of Matches: 1

Expect Method Identities Positives
o145 Compositional matrix 2117211 211/211
adjust. (100%) (100%)

MVGTSLSLLIRTELGNPGFLIGDDQIYNTIVTAHAFIMIFFMVMPIMIGGEGNWLVPLML
MVGTSLSLLIRTELGNPGFLIGDDQIYNTIVTAHAFIMIFFMVMPIMIGGEGNWLVPLML

MVGTSLSLLIRTELGNPGFLIGDDQIYNTIVTAHAFIMIFFMVMPIMIGGEGNWLVPLML

GAPDMAFPRMNNMSFWLLPPSLTLLISSSIVENGAGTGWTVYPPLSSNIAHSGSSVDLATL
GAPDMAFPRMNNMSFWLLPPSLTLLISSSIVENGAGTGWTVYPPLSSNIAHSGSSVDLATL

GAPDMAFPRMNNMSFWLLPPSLTLLISSSIVENGAGTGWTVYPPLSSNIAHSGSSVDLATL

Gaps
0/211
(0%)

60
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Figure 19e: Peptide BLAST output of the mt DNA COI gene of  Potamarcha obscura



WIC122230.1 Paotamarcha obscura

JO9E57E0.1 Pieris canidia

& 125030601 Potamarcha obscura CUPC-01-A1

—— KT175605.1 Pieris canidia

k14230431 Pieris canidia

k423047 1 Pieris canidia

LCO90563.1 Pieris canidia

k14230501 Pieris canidia

GUFF2552.1 Fieris canidia kaolicola

JR242477 1 Pieris canidia

Figure 19f: Moleular Phylogenetic tree of Potamarcha obscura inferred by NJ tree method

Table 32: Percentage of evolutionary divergence of Potamarcha obscura with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KX503060 | Potamarcha obscura (Kerala)

2 KC122230 | Potamarcha obscura (Mizoram) 0.00

3 KT175605 | Pieris canidia 0.33

4 LC090563 | Pieris canidia 0.16

5 JQ965750 | Pieris canidia 0.00

6 GU372552 | Pieris canidia kaolicola 1.16

7 KJ423050 | Pieris canidia 0.16

8 JX242477 | Pieris canidia 0.83

9 KJ423047 | Pieris canidia 0.33

10 | KJ423043 | Pieris canidia 0.33




Figure 20: Brachydiplax chalybaea

>KT372721 Brachydiplax chalybaea |cytochrome oxidase subunit I gene [voucher CUBC
02-A1 partial cds, mitochondrial|574 bp
GAGTTAGGACAACCTGACTCATTAATCGGAGATGTTCAAGTTTATAATGTAATTGTCACAGCACATGCATTTGTCA
TAATTTTCTTTATAGTTTACCAATCATAATTGGAGGATTCGGCAACTGACTTGTACCTTTAATATTAGGAGCTCCA
GATATAGCATTCCCACGTTTAAATAACATAAGATTTTGACTTTTACCACCATCATTCACTTTATTATTAGCAAGAA
GAATGGTTGAAAGAGGGGCAGGAACAGGATGAACCGTTTATCCTCCACTAGCGGGAGCTATTGCTCATGCAGGAGC
ATCCGTTGATTTAACAATTTTTTCTCTTCATTTAGCAGGAGTATCCTCAATTCTAGGTGCAATTAACTTTATTACA
ACAGTAATCAATATAAAGTCACCTGGGATAAAAATAGATCAAATACCCCTATTTGTATGGGCAGTAGTAATTACCG
CCGTACTTCTTTTGTTATCACTTCCGGTATTAGCTGGAGCAATTACTATACTATTAACCGATCGAAATATTAATAC
CTCATTCTTTGATCCCGCAGGAGGGGGAGATCCTATTTTAT

Figure 20a: The DNA sequence interpret of COI gene of Brachydiplax chalybea
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Figure 20b: Representative molecular barcode of the mt DNA COI gene of Brachydiplax
chalybea

> AGD98696 Brachydiplax chalybea|cytochrome oxidase subunit I gene [voucher CUBC 02-A1
partial cds, mitochondrial|191 bp

ELGQPDSLIGDVQVYNVIVTAHAFVMIFFMVLPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLAS
SMVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKMDOMPLEVWAVVIT
AVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPIL

Figure 20c: The conceptual translation product of the COI gene of  Brachydiplax chalybe
Brachydiplax chalybea isolate voucher CUBC 02-A1 cytochrome oxidase I subunit gene,
partial cds; mitochondrial

Sequence ID: KT372721.1Length: 574Number of Matches: 1



Alignment statistics for match #1

Score Expect Identities Gaps Strand

1061 bits(574) 0.0 574/574(100%) 0/574(0%) Plus/Plus

Query 1 GAGTTAGGACAACCTGACTCATTAATCGGAGATGTTCAAGTTTATAATGTAATTGTCACA 60
Frrrrerrrrrrererrrrerrrrrr e et e e e

Sbijct 1 GAGTTAGGACAACCTGACTCATTAATCGGAGATGTTCAAGTTTATAATGTAATTGTCACA 60

Query 61  GCACATGCATTIGTCATAATTTTCTTTATAGTATTACCAATCATAATTGGAGGATTCGGC 120
Frrrrrrrerrrerrrerrrrrrrerrrerr e e e e e e e
Sbjct 61  GCACATGCATTTGTCATAATTTTCTTTATAGTATTACCAATCATAATTGGAGGATTCGGC 120
Query 121 AACTGACTTGTACCTITAATATTAGGAGCTCCAGATATAGCATTCCCACGITTAAATAAC 180
FErrrrrrrrrrrrrrrrr et e e e e e e e e e e e
Sbjct 121 AACTGACTTGTACCTITTAATATTAGGAGCTCCAGATATAGCATTCCCACGTTTAAATAAC 180
Query 181 ATAAGATTTTGACTTITACCACCATCATTCACTTTATTATTAGCAAGAAGAATGGTTGAA 240
Frrrrrrreerrerrrrrrrrrrrerr e e e e e e e e
Sbjct 181 ATAAGATTTTGACTTTTACCACCATCATTCACTTTATTATTAGCAAGAAGAATGGTTGAA 240
Query 241 AGAGGGGCAGGAACAGGATGAACCGTTTATCCTCCACTAGCGGGAGCTATTGCTCATGCA 300
Frrrrrrrrerrerrrerrrrrrrerrrrrrrrrr e e e e e e
Sbjct 241 AGAGGGGCAGGAACAGGATGAACCGTTTATCCTCCACTAGCGGGAGCTATTGCTICATGCA 300
Query 301 GGAGCATCCGTTGATITAACAATITTTTCTCTTCATTTAGCAGGAGTATCCTCAATTCTA 360
FErrrrrrrerrrrr e et e e e e e e e e e e e
Sbjct 301 GGAGCATCCGITGATTTAACAATTTTTTCTCTTCATTTAGCAGGAGTATCCTCAATTCTA 360
Query 361 GGTGCAATTAACTTTATTACAACAGTAATCAATATAAAGTCACCTGGGATAAAAATAGAT 420
Frrrrrrrrerrerrrrrrrrrrrrrrrerr e e e e e e e
Sbjct 361 GGIGCAATTAACTTTATTACAACAGTAATCAATATAAAGTCACCTGGGATAAAAATAGAT 420
Query 421 CAAATACCCCTATTTGTATGGGCAGTAGTAATTACCGCCGTACTTCTTTTGTTATCACTT 480
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 421 CAAATACCCCTATTTGTATGGGCAGTAGTAATTACCGCCGTACTTCTTTIGTTATCACTT 480
Query 481 CCGGTATTAGCTGGAGCAATTACTATACTATTAACCGATCGAAATATTAATACCTICATIC 540
Frrrrrrrrerrerrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 481 CCGGTATTAGCTGGAGCAATTACTATACTATTAACCGATCGAAATATTAATACCTCATTC 540
Query 541 TTTGATCCCGCAGGAGGGGGAGATCCTATTTTAT 574
FEETEEEE e et e el
Sbjct 541 TTTGATCCCGCAGGAGGGGGAGATCCTATTTTAT 574

Figure 20d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Brachydiplax
chalybaea showing its nearest match subject.

Alignment statistics for match #1

Expec

¢ Method Identities Positives Gaps

Score



373 bits (957) 2e- Compositional matrix 191/191 191/191 0/191

130 adjust. (100%) (100%) (0%)
Query 1 ELGQPDSLIGDVQVYNVIVTAHAFVMIFFMVLPIMIGGFGNWLVPLMLGAPDMAFPRLNN 60
ELGQPDSLIGDVQVYNVIVTAHAFVMIFFMVLPIMIGGEFGNWLVPLMLGAPDMAFPRLNN
Sbjct 4 ELGQPDSLIGDVQVYNVIVTAHAFVMIFFMVLPIMIGGFGNWLVPLMLGAPDMAFPRLNN 63

Query 61 MSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSIL 120
MSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSIL
Sbjct 64 MSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSIL 123

Query 121 GAINFITTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSE 180
GAINFITTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSF
Sbjct 124 GAINFITTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSE 183

Query 181 FDPAGGGDPIL 191
FDPAGGGDPIL
Sbjct 184 FDPAGGGDPIL 194

Query 121 FSLHLAGISSILGAINFITTIINMRISNMSFDOMPLEVWAVGITALLLLLSLPVLAGAIT 180
FSLHLAGISSILGAINFITTIINMRISNMSFDOMPLEVWAVGITALLLLLSLPVLAGAIT
Sbjct 121 FSLHLAGISSILGAINFITTIINMRISNMSFDOMPLEVWAVGITALLLLLSLPVLAGAIT 180

Query 181 MLLTDRNLNTSFFDPAGGGDPILYQHLFWEFE 211
MLLTDRNLNTSFFDPAGGGDPILYQHLFWEE
Sbjct 181 MLLTDRNLNTSFFDPAGGGDPILYQHLFWFEF 211

Figure 20e: Peptide BLAST output of the mt DNA COI gene of Brachydiplax chalybea
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Figure 20f: The line diagram of Brachydiplax chalybaea with more than 99% match to other
retrieved sequences (BOLD SYSTEM)



—— K¥281724.1 Acisoma attenboroughi

L 2817931 Acisoma attenboroughi

L KXZB1795.1 Acisoma attenbaoraughi

kX2E1792.1 Acisoma attenbaroughi

k28175961 Acisoma attenbaoroughi

k2817597 1 Acisoma attenbaoroughi

kH281793.1 Acisoma inflatum

—— & KT372721.1 Brachydiplax chalybea isolate voucher CLUBC 02-A1

L KCZ87156.1 Brachydiplax chalybea

Figure 20g: Molecular Phylogenetic tree of Brachydiplax chalybaea inferred by NJ tree
method

Table 34: Percentage of evolutionary divergence of Brachydiplax chalybeae with itsclosely
related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KT372721 | Brachdiplax chalybea (Kerala)

2 KC287156 | Brachdiplax chalybea (Mizoram) 0.00

3 KC281798 | Acisoma inflatum 21.44

4 KC281797 | Acisoma attenboroughi 21.35

5 KC281792 | Acisoma attenboroughi 21.43

6 KC281796 | Acisoma attenboroughi 21.70

7 KC281795 | Acisoma attenboroughi 21.79

8 KC281794 | Acisoma attenboroughi 21.79

9 KC281793 | Acisoma attenboroughi 21.79




Figure 21: Trithemis aurora

>KT305963 Trithemis aurora |cytochrome oxidase subunit I gene [voucher CUTA-01-A3
partial cds, mitochondrial|606bp

GTCCTAATTCGAATTGAATTGGGACAGCCAGGGTCACTAATTGGTGATGACCAAATTTATAATGT TATTGTAACAG
CACACGCATTTGTAATAATTTTCTTTATAGTTATACCAATCATAATTGGTGGAT TTGGTAATTGATTAGTGCCATT
AATATTAGGGGCACCAGATATAGCATTCCCACGTCTAAATAATATAAGATTTTGACTTCTCCCACCATCATTCACG
TTATTACTAGCAAGAAGAATAGTAGAAAGAGGAGCAGGAACAGGATGAACAGTTTATCCTCCTCTTGCAGGAGCAA
TTGCTCATGCTGGAGCATCTGTAGACTTAACTATTTTTTCTTTACATCTTGCAGGAGT TTCATCAATTTTAGGTGC
TATCAATTTTATTACAACAGTAATTAATATAAAATCCCCAGGAATAAAACTAGATCAATTACCTGTATTTGTATGA
GCCGTAGTAATTACAGCAGTACTATTATTATTATCACTACCAGTACTAGCGGGGGCAATTACAATATTATTAACAG
ATCGTAATATTAATACATCATTCTTTGATCCTGCAGGTGGTGGAGATCCAATTTTATATCAACATTTATTCTGA
Fig 21a: The DNA sequence interpret of the mitochondrial COI gene of Trithemis aurora

00000000000 O R
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Figure 21b: Representative molecular barcode of the COI gene of Trithemis aurora

> AF162049 Trithemis aurora |cytochrome oxidase subunit I gene [voucher CUTA-01-A3

partial cds, mitochondrial|202bp
VLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFT
LLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKS PGMKLDQLPVEVH
AVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYQHLFW

Figure 21c: The conceptual translation product of the COI gene of Trithemis aurora



Trithemis aurora voucher CUTA 01-A3 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial
Sequence ID: KT305963. Length: 606Number of Matches: 1

Score Expect Identities Gaps Strand

1120 bits (606) 0.0 606/606(100%) 0/606(0%) Plus/Plus

Query 1 GTCCTAATTCGAATTGAATTGGGACAGCCAGGGTCACTAATTGGTGATGACCAAATTTAT 60
Frrerrerrrerrrerrrrrrerrrrrr e rrrr e e e e e

Sbjct 1 GTCCTAATTCGAATTGAATTGGGACAGCCAGGGTCACTAATTGGTGATGACCARATTTAT 60

Query o6l AATGTTATTGTAACAGCACACGCATTTGTAATAATTTTCTTTATAGTTATACCAATCATA 120
NN RN RN R AR AR R R RN AR RRRRRERRRRRRENERENENEENN
Sbjct 61 AATGTTATTGTAACAGCACACGCATTTGTAATAATTTTCTTTATAGTTATACCAATCATA 120
Query 121 ATTGGTGGATTTGGTAATTGATTAGTGCCATTAATATTAGGGGCACCAGATATAGCATTC 180
N RN RN RN AR RN RN RN R R RN RN R RRRRRRNRRENENEENN
Sbjct 121 ATTGGTGGATTTGGTAATTGATTAGTGCCATTAATATTAGGGGCACCAGATATAGCATTC 180
Query 181 CCACGTCTAAATAATATAAGATTTTGACTTCTCCCACCATCATTCACGTTATTACTAGCA 240
RN R R RN R R RN R R RN RN R RRRRRERERENENEENN
Sbict 181 CCACGTCTAAATAATATAAGATTTTGACTTCTCCCACCATCATTCACGTTATTACTAGCA 240
Query 241 AGAAGAATAGTAGAAAGAGGAGCAGGAACAGGATGAACAGTTTATCCTCCTCTTGCAGGA 300
NN R R RN R RN RN AR AR R RN RRNRRRRRRERERENENEENN
Sbjct 241 AGAAGAATAGTAGAAAGAGGAGCAGGAACAGGATGAACAGTTTATCCTCCTCTTGCAGGA 300
Query 301 GCAATTGCTCATGCTGGAGCATCTGTAGACTTAACTATTTTTTCTTTACATCTTGCAGGA 360
RN R R RN R R RN R R RN RN R RRRRRERERENENEENN
Sbijct 301 GCAATTGCTCATGCTGGAGCATCTGTAGACTTAACTATTTTTTCTTTACATCTTGCAGGA 360
Query 361 GTTTCATCAATTTTAGGTGCTATCAATTTTATTACAACAGTAATTAATATAAAATCCCCA 420
NN R R RN RN AR AR R R RN AR R R RN RN R RRRRRENENENENEENN
Sbjct 361 GTTTCATCAATTTTAGGTGCTATCAATTTTATTACAACAGTAATTAATATAAAATCCCCA 420
Query 421 GGAATAAAACTAGATCAATTACCTGTATTTGTATGAGCCGTAGTAATTACAGCAGTACTA 480
RN R R RN R R RN R R RN RN R RRRRRERERENENEENN
Sbijct 421 GGAATAAAACTAGATCAATTACCTGTATTTGTATGAGCCGTAGTAATTACAGCAGTACTA 480
Query 481 TTATTATTATCACTACCAGTACTAGCGGGGGCAATTACAATATTATTAACAGATCGTAAT 540
NN R AR AR R RN AR AR R R AR AR AR RRRERRRRRRENERENENEENN
Sbjct 481 TTATTATTATCACTACCAGTACTAGCGGGGGCAATTACAATATTATTAACAGATCGTAAT 540
Query 541 ATTAATACATCATTCTTTGATCCTGCAGGTGGTGGAGATCCAATTTTATATCAACATTTA 600
RN R R RN R R RN R R RN RN R RRRRRERERENENEENN
Sbijct 541 ATTAATACATCATTCTTTGATCCTGCAGGTGGTGGAGATCCAATTTTATATCAACATTTA 600
Query 601 TTCTGA 606
NN
Sbjct 601 TTCTGA 606

Figure 21d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Trithemis
aurora showing its nearest match subject



Cytochrome oxidase subunit 1, partial (mitochondrion) [ 7rithemis aurora]
Sequence ID: AF162049.1 Length: 205Number of Matches: 1

Alignment statistics for match #1

Expe Identitie o
Score b Method Positives Gaps
ct ]
396 bits 3e- Compositional 202/202 202/202 0/202
(1017) 139 matrix adjust. (100%) (100%) (0%)
Query 1 VLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAF 60
VLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLYPLMLGAPDMAF
Sbict 2 VLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAF 61

Query 61 PRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAG 120
PRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATIAHAGASVDLTIFSLHLAG
Sbjct 62 PRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAG 121
Query 121 VSSILGAINFITTVINMKSPGMKLDQLPVEVWAVVITAVLLLLSLPVLAGAITMLLTDRN 180
VSSILGAINFITTVINMKSPGMKLDQLPVEVWAVVITAVLLLLSLPVLAGAITMLLTDRN
Sbjct 122 VSSILGAINFITTVINMKSPGMKLDQLPVFVWAVVITAVLLLLSLPVLAGAITMLLTDRN 181
Query 181 INTSFFDPAGGGDPILYQHLEFW 202
INTSFFDPAGGGDPILYQHLFEW

Sbjct 182 INTSFFDPAGGGDPILYQHLFW 203

Figure 21e : Peptide BLAST output of the mt DNA COI gene of  Trithemis aurora
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Figure 21f: The line diagram of Trithemis aurora with more than 99% match to other retrieved
sequences (BOLD SYSTEM)



ABT09237 1 Trithemis aurara

ABT09235.1 Trithemis aurara

FTIE1EZ27.1 Trithemis aurora

& [<T308563.1 Trithemis aurora voucher CUTA 01-A3

JMB1TA2E.1 Trithemis aurora

JMB17A29 1 Trithemis fastiva

KIJEEE4A53 .1 Trithemis werneri

FJ358477.1 Trithemis grouti

FJ358478.1 Tritheris grouti

Figure 21g: Molecular Phylogenetic tree of Trithemis aurora inferred by NJ tree method

Table 36: Percentage of evolutionary divergence of Trithemis aurora with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KT305963 | Trithemis aurora (Kerala)

2 IN817428 | Trithemis aurora (Mizoram) 0.00

3 KT961627 | Trithemis aurora (Punjab) 1.30

4 AB709236 | Trithemis aurora (Japan) 2.00

5 AB709237 | Trithemis aurora (Japan) 1.50

6 KUS566458 | Trithemis werneri 14.35

7 FJ358477 | Trithemis grouti 13.41

8 FJ358478 | Trithemis grouti 13.69

9 IN817429 | Trithemis festiva 13.33




Fig 22: Neurothemis fulvia

>KP835515.1 Neurothemis fulvia voucher CUNF 01-A1 cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial
ATTCGCATTGAATTAGGACAACCCGGATCATTAATTGGGGATGACCAGATTTATAATGTAATTGTCACTGCCCACG
CTTTTGTAATAATTTTCTTCATGGTAATGCCCATTATAATTGGTGGTTTCGGTAACTGGCTAGTCCCACTGATACT
CGGAGCACCTGACATGGCTTTCCCGCGACTTAATAACATAAGATTTTGACTTCTACCACCCTCTTTTACTTTATTA
TTAGCTAGAAGT TTAGTAGAAAGAGGAGCAGGAACGGGGTGAACAGTATATCCCCCCCTAGCAGGAGCCATTGCAC
ATGCCGGGGCATCTGTAGATTTAACAATTTTTTCACTTCATCTGGCAGGGGTTTCATCAATTCTGGGTGCTATTAA
TTTTATTACCACAGTAATTAATATAAAGTCTCCTGGAATAAAACTAGATCAATTACCCTTATTTGTATGGGCAGTA
GTAATTACTGCAGTACTCCTACTATTGTCTTTACCAGTTCTTGCTGGTGCTATTACAATACTATTAACCGACCGAA
ATATTAATACATCATTTTTTGATCCTGCAGGAGGTGGTGATCCAATTTTATATCAACATTTATTCTGA

Figure 22a: The DNA sequence interpret of the COI gene of Neurothemis fulvia
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Figure 22b: Representative molecular barcode of the COI gene of Neurothemis fulvia

>AF162048 Neurothemis fulvia |cytochrome oxidase subunit I gene [voucher CUNF 01-Al
partial cds, mitochondrial|[200bp
IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLL
LASSLVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDQLPLFVWAV
VITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYQHLFW

Figure 22c¢: The conceptual translation product of the COI gene of Neurothemis fulvia



Neurothemis fulvia voucher CUNF 01-A1 cytochrome oxidase subunit I (COI) gene, partial
cds; mitochondrial
Sequence ID: KP835515.1Length: 600Number of Matches: 1

Alignment statistics for match #1

Score Expect Identities Gaps Strand
1109 bits (600) 0.0 600/600(100%) 0/600(0%) Plus/Plus
Query 1 ATTCGCATTGAATTAGGACAACCCGGATCATTAATTGGGGATGACCAGATTTATAATGTA 60

frerrrrrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 1 ATTCGCATTGAATTAGGACAACCCGGATCATTAATTGGGGATGACCAGATTTATAATGTA 60
Query 61 ATTGTCACTGCCCACGCTTTTGTAATAATTTTCTTCATGGTAATGCCCATTATAATTGGT 120
Frerrrrrrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 61 ATTGTCACTGCCCACGCTTTTGTAATAATTTTCTTCATGGTAATGCCCATTATAATTGGT 120
Query 121 GGTTTCGGTAACTGGCTAGTCCCACTGATACTCGGAGCACCTGACATGGCTTTCCCGCGA 180
Frerrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 121 GGTTTCGGTAACTGGCTAGTCCCACTGATACTCGGAGCACCTGACATGGCTTTCCCGCGA 180
Query 181 CTTAATAACATAAGATTTTGACTTCTACCACCCTCTTTTACTTTATTATTAGCTAGAAGT 240
Frerrrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 181 CTTAATAACATAAGATTTTGACTTCTACCACCCTCTTTTACTTTATTATTAGCTAGAAGT 240
Query 241TTAGTAGAAAGAGGAGCAGGAACGGGGTGAACAGTATATcccccccTAGCAGGAGCCATT 300
Frerrrrrrrrrrrrrrrrrrrrrrrr e
Sbjct 241 TTAGTAGAAAGAGGAGCAGGAACGGGGTGAACAGTATATCCCCCCCTAGCAGGAGCCATT 300
Query 301 GCACATGCCGGGGCATCTGTAGATTTAACAATTTTTTCACTTCATCTGGCAGGGGTTTCA 360
Frrrrrrrrrrrrrrerrrerrerrrrr e e e e e e e e e e e
Sbjct 301 GCACATGCCGGGGCATCTGTAGATTTAACAATTTTTTCACTTCATCTGGCAGGGGTTTCA 360
Query 361 TCAATTCTGGGTGCTATTAATTTTATTACCACAGTAATTAATATAAAGTCTCCTGGAATA 420
Frerrrrrrrrrrrrerrrrrrerrerr et e e e e e e e e e
Sbjct 361 TCAATTCTGGGTGCTATTAATTTTATTACCACAGTAATTAATATAAAGTCTCCTGGAATA 420
Query 421 AAACTAGATCAATTACCCTTATTTGTATGGGCAGTAGTAATTACTGCAGTACTCCTACTA 480
Frrrrrrrrrrrrrrrrrrrrrerrerr et e e e e e e e e e e
Sbjct 421 AAACTAGATCAATTACCCTTATTTGTATGGGCAGTAGTAATTACTGCAGTACTCCTACTA 480
Query 481 TTGTCTTTACCAGTTCTTGCTGGTGCTATTACAATACTATTAACCGACCGAAATATTAAT 540
Frerrrrrrrrrrrrrrrrrrrerrrrr et e e e e e e e e e e
Sbjct 481 TTGTCTTTACCAGTTCTTGCTGGTGCTATTACAATACTATTAACCGACCGAAATATTAAT 540
Query 541 ACATCATTTTTTGATCCTGCAGGAGGTGGTGATCCAATTTTATATCAACATTTATTICTGA 600
Frrrrrrrrrrrrrrerrrerrerrerr e e e e e e e e e e

Sbjct 541 ACATCATTTTTTGATCCTGCAGGAGGTGGTGATCCAATTTTATATCAACATTTATTCTGA 600

Figure 22d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Neurothemis
fulvia showing its nearest match subject



Cytochrome oxidase subunit 1, partial (mitochondrion) [ Neurothemis fulvia|
Sequence ID: AF162048Length: 205Number of Matches: 1

Alignment statistics for match #1
Score  Expect Method Identities Positives Gaps Frame

392 le- Compositional

0 0 0
bits(1006) 1370 matrix adiust 200/200(100%) 200/200(100%) 0/200(0%)

Features:

Query 1 IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPR 60
IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPR

Sbjct 4 IRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPR 63

Query 61 LNNMSFWLLPPSFTLLLASSLVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVS120
LNNMSFWLLPPSFTLLLASSLVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVS

Sbjct 64 LNNMSFWLLPPSFTLLLASSLVESGAGTGWTIVYPPLAGAIAHAGASVDLTIFSLHLAGVS123

Query 121 SILGAINFITTVINMKSPGMKLDQLPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDRNIN180
SILGAINFITTVINMKSPGMKLDQLPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNIN

Sbjct 124 SILGAINFITTVINMKSPGMKLDQLPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNIN183

Query 181 TSFFDPAGGGDPILYQHLEFW 200
TSFFDPAGGGDPILYQHLEW

Sbjct 184 TSFFDPAGGGDPILYQHLFW 203

Figure 22e: Peptide BLAST output of the mt DNA COI gene of Neurothemis fulvia
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Figure 22f: The line diagram of Neurothemis fulvia with more than 99 % match sequences
(BOLD SYSTEM)



KT957504.1 Meurothemis fluctuans

WIC122227 1 Meurothernis intermedia

KIC122229 1 Meurothernis tullia

JMET7A2Y 1 Meurothemis fulia

KLISEE458 .1 Trithemis werneri

KIUSEEA45.1 Trithemis legrandi

KIUSEEA47 1 Trithemis legrandi

KUSEEA44 1 Trithemis legrandi

KISBE4AE. 1 Trithemis legrandi

& KP335515.1 Meurothemis fulvia voucher CUMF 01-41

Figure 22g: Molecular phylogenetic tree of Neurothemis fulvia inferred by NJ tree method

Table 38: Percentage of evolutionary divergence of Neurothemis fulvia with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KP835515 | Neurothemis fulvia (Kerala)

2 IN817427 | Neurothemis fulvia (Mizoram) 0.00

3 KC12229 | Neurothemis tullia 18.55

4 KT957504 | Neurothemis fluctans 18.10

5 KC12227 | Neurothemis intermedia 17.67

6 KUS566458 | Trithemis werneri 23.14

7 KU566447 | Trithemis legrandi 23.92

8 KU566444 | Trithemis legrandi 23.92

9 KU566446 | Trithemis legrandi 23.92




Figure 23: Crocothemis servillia

> KR149807 Crocothemis servilia |cytochrome oxidase subunit I gene [voucher CUCS 02 A1
partial cds, mitochondrial|603b
CGAATTGAATTAGGTCAACCAGGATCACTAATTGGAGATGATCAAATT TATAATGT TATTGTGACCGCCCATGCAT
TTGTCATAATTTTCTTTATAGTAATACCTATTATAAT TGGTGGAT TTGGAAATTGATTAGTACCACTAATACTAGG
AGCACCTGATATAGCATTCCCACGATTAAATAATATAAGATTTTGACTTTTACCTCCTTCATTCACCCTACTATTA
GCAAGAAGTATAGTAGAAAGAGGAGCAGGAACTGGATGAACAGTCTACCCACCCTTAGCTGGTGCAATTGCTCACG
CAGGGGCTTCTGTAGATTTAACCATCTTTTCATTACACTTAGCTGGAGTATCATCAATTTTAGGAGCAATTAATTT
TATCACTACAGTAATTAATATAAAGTCTCCTGGTATAAAGTTGGATCAAATACCTTTATTTGTATGAGCAGTAGTA
ATTACTGCAGTATTACTTTTGTTATCTTTACCAGTTTTAGCGGGTGCTATTACTATACTTCTAACAGATCGTAATA
TTAATACATCATTCTTTGATCCAGCAGGAGGGGGGGATCCAATTTTATATCAACACT TATTTTGATTTTTT
Figure 23a: The DNA sequence interpret of COI gene of Crocothemis servilia
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Figure 23b: Representative molecular barcode of the COI gene of Crocothemis servilia

> AF162046 Crocothemis servilia|cytochrome oxidase subunit I gene [voucher CUCS 02 A1
partial cds, mitochondrial|201 bp
RIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLL
ASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVV
ITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYQHLFWFF

Figure 23c: The conceptual translation product of the COI gene of Crocothemis servilia



Crocothemis servilia voucher CUCS 02-Al cytochrome oxidase
subunit I (COI) gene, partial cds; mitochondrial
Sequence ID: KR149807.1Length: 603Number of Matches: 1

Alignment statistics for match #1
Score Expect Identities Gaps Strand

1114 bits (603) 0.0 603/603(100%) 0/603(0%) Plus/Plus

Query 1 CGAATTGAATTAGGTCAACCAGGATCACTAATTGGAGATGATCAAATTTATAATGTTATT 60
Frererrrrerererrerrrerrrr e et ettt e rrrr
Sbjct 1 CGAATTGAATTAGGTCAACCAGGATCACTAATTGGAGATGATCAAATTTATAATGTTATT 60
Query 61  GTGACCGCCCATGCATTTGTCATAATTTTCTTTATAGTAATACCTATTATAATTGGTGGA 120
FErrrrerrrrrrrrrrerrrrrr ettt e e e e e
Sbject 61  GTGACCGCCCATGCATTTGTCATAATTTTCTTTATAGTAATACCTATTATAATTGGTGGA 120
Query 121 TTTGGAAATTGATTAGTACCACTAATACTAGGAGCACCTGATATAGCATTCCCACGATTA 180
Frererrrrerererrerererrrr e et ettt e
Sbjet 121 TTTGGAAATTGATTAGTACCACTAATACTAGGAGCACCTGATATAGCATTCCCACGATTA 180
Query 181 AATAATATAAGATTTTGACTTTTACCTCCTTCATTCACCCTACTATTAGCAAGAAGTATA 240
Frerrerrrrerererrerererrrr e et et et et e
Sbjct 181 AATAATATAAGATTTTGACTTTTACCTCCTTCATTCACCCTACTATTAGCAAGAAGTATA 240
Query 241 GTAGAAAGAGGAGCAGGAACTGGATGAACAGTCTACCCACCCTTAGCTGGTGCAATTGCT 300
FErrrrerrrerrrrrrrrrrrrrerrr et et e e e e
Sbjct 241 GTAGAAAGAGGAGCAGGAACTGGATGAACAGTCTACCCACCCTTAGCTGGTGCAATTGCT 300
Query 301 CACGCAGGGGCTTCTGTAGATTTAACCATCTTTTCATTACACTTAGCTGGAGTATCATCA 360
Frererrrrrerererrerererrrr e et et et e r e e
Sbjct 301 CACGCAGGGGCTTCTGTAGATTTAACCATCTTTTCATTACACTTAGCTGGAGTATCATCA 360
Query 361 ATTTTAGGAGCAATTAATTTTATCACTACAGTAATTAATATAAAGTCTCCTGGTATARAG 420
FErrrrerrrrrrrrrrerrrrrr et et e et
Sbjct 361 ATTTTAGGAGCAATTAATTTTATCACTACAGTAATTAATATAAAGTCTCCTGGTATAAAG 420
Query 421 TTGGATCAAATACCTTTATTTGTATGAGCAGTAGTAATTACTGCAGTATTACTTTTGTTA 480
Frererrrrrerererrerererrrr e et et et e r e e
Sbjct 421 TTGGATCAAATACCTTTATTTGTATGAGCAGTAGTAATTACTGCAGTATTACTTTTGTTA 480
Query 481 TCTTTACCAGTTTTAGCGGGTGCTATTACTATACTTCTAACAGATCGTAATATTAATACA 540
Frrrrrerrrerrrrrrrrrrrrr et et e e e e e
Sbjct 481 TCTTTACCAGTTTTAGCGGGTGCTATTACTATACTTCTAACAGATCGTAATATTAATACA 540
Query 541TCATTCTTTGATCCAGCAGGAGGYggggATCCAATTTTATATCAACACTTATTTTGATTT 600
Frererrrrrerererrerererrrr e et et et e r e e
Sbjct 541 TCATTCTTTGATCCAGCAGGAGGGGGGGATCCAATTTTATATCAACACTTATTTTGATTT 600
Query 601 TTT 603
[
Sbjct 601 TTT 603

Figure 23d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Crocothemis
servilia showing its nearest match subject



Cytochrome oxidase subunit 1, partial (mitochondrion) [Crocothemis servilia]
Sequence ID: AF162046. Length: 205Number of Matches: 1

Score
395 bits
(1016)
Query 1
Sbjct 5
Query 61
Sbjct 65
Query 121
Sbjct 125
Query 181
Sbjct

Alignment statistics for match #1

Expe Method Tdentitie Positives Gaps

ct S

3e- Compositional 201/201 201/201 0/201

139 matrix adjust. (100%) (100%) (0%)
RIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRL 60
RIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRL
RIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRL 64
NNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSS 120
NNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSS
NNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATIAHAGASVDLTIFSLHLAGVSS 124
ILGAINFITTVINMKSPGMKLDQMPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNINT 180
ILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINT
ILGAINFITTVINMKSPGMKLDOQMPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNINT 184

SFFDPAGGGDPILYQHLEFWFEF 201

SFFDPAGGGDPILYQHLFWEE

185 SFFDPAGGGDPILYQHLFWEFE 205

Figure 23e: Peptide BLAST output of the mt DNA COI gene of Crocothemis servilia
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Figure 23f: The line diagram of Crocothemis servilia with more than 99 % match to other
sequences retrieved (BOLD SYSTEM)



KC912240.1 Crocothemis erythraes

KY¥847581.1 Crocothemis erythraes

KY¥B847582.1 Crocothemis erythraes

K¥847583.1 Crocothemis erythraea

K¥847585.1 Crocothemis erythraea

KCS12241.1 Crocothemis erythraea

K¥847584.1 Crocothemis erythraea

KC9122358.1 Crocothemis erythraes

# KR1495807 1 Crocothemis servilia voucher CUCS 02-A1

JME17425.1 Crocothemis servilia

Figure 23g: Molecular Phylogenetic tree of Crocothemis servilia inferred by NJ tree method

Table 40: Percentage of evolutionary divergence of Crocothemis servillia with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KR149807 | Crocothemis servillia (Kerala)

2 IN817425 | Crocothemis servillia (Mizoram) 0.00

3 KC912338 | Crocothemis erythraea 2.71

4 KC912240 | Crocothemis erythraea 2.71

5 KY847581 | Crocothemis erythraea 2.71

6 KY847582 | Crocothemis erythraea 2.71

7 KY847583 | Crocothemis erythraea 2.71

8 KY847584 | Crocothemis erythraea 2.71

9 KY847585 | Crocothemis erythraea 2.71

10 | KC912238 | Crocothemis erythraea 2.71




Figure 24: Trithemis pallidinervis

> KR149803 Trithemis pallidinervis |cytochrome oxidase subunit I gene |[voucher CUTP 01-Al
partial cds, mitochondrial| 580bp

ACTGCTCTAAGTGTTTTAATTCGAATTGAATTAGGTCAACCTGGATCTCTAATTGGAGATGATCAAATTTATAATG
TTATTGTAACTGCCCATGCATTTGTAATAATTTTCTTCATGGTTATACCTATTATAATTGGTGGATTTGGTAATTG
ACTAGTGCCATTAATGTTAGGTGCACCAGATATAGCATTTCCACGACTTAATAATATAAGTTTTTGATTATTACCT
CCTTCATTTACACTTCTTCTAGCTAGAAGTATAGTTGAAAGTGGAGCAGGAACAGGATGAACTGTTTATCCTCCTC
TAGCTGGAGCTATTGCCCATGCAGGAGCATCCGTAGATTTAACTATTTTCTCATTACATTTGGCTGGAGTATCTTC
CATTTTAGGGGCTATTAATTTTATTACTACAGTAATTAATATAAAATCTCCTGGAATAAAATTAGATCAAATACCA
TTATTTGTATGAGCTGTAGTAATTACAGCAGTTCTATTATTATTATCATTACCAGTATTAGCAGGTGCTATTACCA
TACTATTAACTGATCGTAATATTAATACATCATTTTTTGACCCTGCAG

Figure 24a: The partial DNA sequence of the mitochondrial COI gene of Trithemis
pallidinervis
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Figure 24b: Representative molecular barcode of the COI gene of Trithemis pallidinervis

> AKL82317 Trithemis pallidinervis |cytochrome oxidase subunit I gene [voucher CUAK-01-
A1 partial cds, mitochondrial|193 bp

TALSVLIRIELGOPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEWLLP
PSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDQOMP
LEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSEFFDPA

Figure 24c: The conceptual translation product of the COI gene of Trithemis pallidinervis



Trithemis pallidinervis isolate RB11_F cytochrome oxidase subunit 1 (cox1) gene, partial cds;
mitochondrialSequence ID: KT957509.1Length: 657Number of Matches: 1

Alignment statistics for match #1
Score Expect Identities Gaps Strand

1072 bits (580) 0.0 580/580(100%) 0/580(0%) Plus/Plus

Query 1 ACTGCTCTAAGTGTTTTAATTCGAATTGAATTAGGTCAACCTGGATCTCTAATTGGAGAT 60
Frrrrrrrrerrerrrrrrrrrrrerr e e e e e e e e e
Sbjct 43  ACTGCTCTAAGTGTTTTAATTCGAATTGAATTAGGTCAACCTGGATCTCTAATTIGGAGAT 102
Query 61  GATCAAATTTATAATGTTATTGTAACTGCCCATGCATTTGTAATAATTTTCTTCATGGIT 120
FErrrrrrrrrrrrr e et e e e e e e e e e e e
Sbjct 103 GATCAAATTTATAATGTTATTGTAACTGCCCATGCATTTGTAATAATTTICTTCATGGTT 162
Query 121 ATACCTATTATAATTGGTGGATTIGGTAATTGACTAGTGCCATTAATGTTAGGTGCACCA 180
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 163 ATACCTATTATAATTGGTGGATTTGGTAATTGACTAGTGCCATTAATGTTAGGTGCACCA 222
Query 181 GATATAGCATTTCCACGACTTAATAATATAAGTTTTTGATTATTACCTCCITCATTTACA 240
Frrrrrrrrerrerrrrrrrrrrrrrrrerr e e e e e e e
Sbjct 223 GATATAGCATTTCCACGACTTAATAATATAAGTTTTTGATTATTACCTCCTTCATTTACA 282
Query 241 CTTCTTCTAGCTAGAAGTATAGTTGAAAGTGGAGCAGGAACAGGATGAACTGTTTATCCT 300
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 283 CTICTTCTAGCTAGAAGTATAGTTGAAAGTGGAGCAGGAACAGGATGAACTGTTITATCCT 342
Query 301 CCTCTAGCTGGAGCTATTGCCCATGCAGGAGCATCCGTAGATTTAACTATITTCTICATTA 360
Frrrrrrrrerrerrrerrrrrrrrrrrerr e rrr e e e e e e
Sbjct 343 CCICTAGCTGGAGCTATTGCCCATGCAGGAGCATCCGTAGATTTAACTATTTTCTCATTA 402
Query 361 CATTTGGCTGGAGTATCTTCCATITTAGGGGCTATTAATTTTATTACTACAGTAATTAAT 420
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 403 CATTTGGCTGGAGTATCTTCCATTTTAGGGGCTATTAATTTTATTACTACAGTAATTAAT 462
Query 421 ATAAAATCTCCIGGAATAAAATTAGATCAAATACCATTATTTGTATGAGCTGTAGTAATT 480
Frrrrrrrrerrerrrerrrrrrrerrrerr e rrr e e e e e e
Sbjct 463 ATAAAATCTCCTGGAATAAAATTAGATCAAATACCATTATTIGTATGAGCTGTAGTAATT 522
Query 481 ACAGCAGITCTATTATTATTATCATTACCAGTATTAGCAGGTGCTATTACCATACTATTA 540
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 523 ACAGCAGTTCTATTATTATTATCATTACCAGTATTAGCAGGTGCTATTACCATACTATTA 582
Query 541 ACTGATCGTAATATTAATACATCATTTTTTGACCCTGCAG 580
FEEEErrrrrr e e e e e e
Sbjct 583 ACTGATCGTAATATTAATACATCATTITTTGACCCTGCAG 622

Figure 24d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Trithemis
pallidinervis showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [Trithemis pallidinervis)
Sequence ID: AKL.82317.1Length: 193 Number of Matches: 1

Score
377
bits (967)
Features:
Query 1
Sbijct 1
Query 61
Sbijct 61
Query 121
Sbjct 121
Query 181
Sbjct 181

Alignment statistics for match #1
Expect Method Identities Positives

Se- Compositional matrix
132 () adjust.

TALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAP
TALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAP
TALSVLIRIELGQPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAP

DMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSL
DMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTIVYPPLAGAIAHAGASVDLTIFSL
DMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSL

HLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLL
HLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLL
HLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLL

TDRNINTSFFDPA 193
TDRNINTSFFDPA
TDRNINTSFFDPA 193

Gaps Frame

193/193(100%) 193/193(100%) 0/193(0%)
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Figure 24e: Peptide BLAST output of the mt DNA COI gene of  Trithemis pallidinervis



KTI57509.1 Trithemis pallidinervis

KTI57510.1 Trithemis pallidinervis

& KR1459803.1 Trithemis pallidinerds voucher CUTP 01-A1

KJA33455 1 Trithemis pallidinervis

KTIS7505.1 Trithemis pallidinervis

KUMBE592 1 Orthetrum glaucum

KIU361232.1 Orthetrum glaucum

KIU49E893.1 Orthetrum glaucum

Figure 24f: Molecular Phylogenetic tree of Trithemis pallidinervis inferred by NJ tree method

Table 42: Percentage of evolutionary divergence of Trithemis pallidinervis with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KR149803 | Trithemis pallidinervis (Kerala)

2 KJ499455 | Trithemis pallidinervis (Mizoram) 0.00

3 KT957508 | Trithemis pallidinervis (Thailand) 0.00

4 KT957509 | Trithemis pallidinervis (Thailand) 0.00

5 KT957510 | Trithemis pallidinervis (Thailand) 0.35

6 KU361232 | Trithemis glacum 14.51

7 KU496892 | Trithemis glacum 13.73

8 KU496893 | Trithemis glacum 14.51




Figure 25: Trithemis festiva

> KR149802 Trithemis festiva |cytochrome oxidase subunit I gene [voucher CUTF 01-A1
partial cds, mitochondrial|567bp
GGATCTCTTATTGGAGATGATCAAATTTATAATGTTATTGTTACAGCACATGCATTTGTAATAATTTTTTTTATAG
TAATACCTATTATAATTGGTGGATTTGGTAATTGATTAGTACCTT TAATAT TAGGAGCACCAGATATAGCATTTCC
ACGACTTAATAATATAAGATTCTGATTATTACCTCCTTCATTCACTCTATTATTAGCAAGAAGTATAGTAGAAAGA
GGTGCAGGAACAGGATGAACCGTATATCCTCCTCTAGCTGGAGCAATTGCTCATGCTGGAGCATCTGTAGACTTAA
CAATTTTTTCTCTTCATCTTGCAGGAGTATCATCAATTTTAGGAGCGATTAATTTTATTACAACAGTAATTAATAT
GAAATCACCTGGAATAAATCTAGATCAAATACCATTGTTTGTATGAGCTGTAGTAATTACTGCAGTATTATTATTA
TTATCACTTCCAGTTTTAGCAGGAGCTATTACAATATTATTGACAGATCGTAATATTAATACATCATTTTTTGATC
CTGCGGGAGGAGGAGATCCAATTTTATATCAGCAC

Figure 25a:The DNA sequence interpret of the COI gene of Trithemis festiva
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Figure 25b: Representative molecular barcode of the mt DNA COI gene of Trithemis festiva

> AKL82316 Trithemis festiva |cytochrome oxidase subunit I gene [voucher CUTF 01-Al
partial cds, mitochondrial|189bp
GSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVES
GAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKS PGMNLDOMPLFVWAVVITAVLLL
LSLPVLAGAITMLLTDRNINTSFFDPAGGGDPILYQH

Figure 25¢: The conceptual translation product of the COI gene of Trithemis festiva



Trithemis festiva voucher CUTF 01-A1 cytochrome oxidase subunit I (COI) gene, partial cds;
mitochondrial

Sequence ID: KR149802.1Length: 567Number of Matches: 1

Alignment statistics for match #1
Score Expect Identities Gaps Strand
1048 bits (567) 0.0 567/567 (100%) 0/567(0%) Plus/Plus

Query 1 GGATCTCTTATTGGAGATGATCAAATTTATAATGTTATTGTTACAGCACATGCATTTGTA 60
Errrrrrrerrrrrrrrrrrrrrrrrrrrrrerrrrr e rr e e e
Sbjct 1 GGATCTCTTATTGGAGATGATCAAATTTATAATGTTATTGTTACAGCACATGCATTTGTA 60
Query 61ATAAttttttttATAGTAATACCTATTATAATTGGTGGATTTGGTAATTGATTAGTACCT 120
PErrrrrrrerrrrrrrrrrrrrrrrrrr e e ettt e
Sbjct 61 ATAATTTTTTTTATAGTAATACCTATTATAATTGGTGGATTTGGTAATTGATTAGTACCT 120
Query 121 TTAATATTAGGAGCACCAGATATAGCATTTCCACGACTTAATAATATAAGATTCTGATTA 180
PErrrrrrrerrrrrrrrrrrrrrrrerrrrrererrr e rrr e e
Sbjct 121 TTAATATTAGGAGCACCAGATATAGCATTTCCACGACTTAATAATATAAGATTCTGATTA 180
Query 181 TTACCTCCTTCATTCACTCTATTATTAGCAAGAAGTATAGTAGAAAGAGGTGCAGGAACA 240
Errrrrrrrrrrrrrrrrrrrrrrrrrr e e ettt e e
Sbjct 181 TTACCTCCTTCATTCACTCTATTATTAGCAAGAAGTATAGTAGARAGAGGTGCAGGAACA 240
Query 241 GGATGAACCGTATATCCTCCTCTAGCTGGAGCAATTGCTCATGCTGGAGCATCTGTAGAC 300
PErrrrrrrerrrrrrrrrrrrrrrrrrr e rrrr e e
Sbjct 241 GGATGAACCGTATATCCTCCTCTAGCTGGAGCAATTGCTCATGCTGGAGCATCTGTAGAC 300
Query 301 TTAACAATTTTTTCTCTTCATCTTGCAGGAGTATCATCAATTTTAGGAGCGATTAATITT 360
LErrrrrrrerrrrrerrrrrrrrrrrrrrrrererer e rr et e
Sbjct 301 TTAACAATTTTTTCTCTTCATCTTGCAGGAGTATCATCAATTTTAGGAGCGATTAATTTT 360
Query 361 ATTACAACAGTAATTAATATGAAATCACCTGGAATAAATCTAGATCAAATACCATTGITT 420
Errrrrrrerrrrrrrrrrrrrrrrrrr e e ettt e et
Sbjct 361 ATTACAACAGTAATTAATATGAAATCACCTGGAATAAATCTAGATCAAATACCATTGTTT 420
Query 421 GTATGAGCTGTAGTAATTACTGCAGTATTATTATTATTATCACTTCCAGTTTTAGCAGGA 480
Errrrrrrerrrrrerrrrrrrrrrerrrrrerrrrr e rrr e e e
Sbjct 421 GTATGAGCTGTAGTAATTACTGCAGTATTATTATTATTATCACTTCCAGTTTTAGCAGGA 480
Query 481 GCTATTACAATATTATTGACAGATCGTAATATTAATACATCATTTTTTGATCCTGCGGGA 540
Errrrerrrrrrrrerrrrrrrrrr et r e ettt e e
Sbjct 481 GCTATTACAATATTATTGACAGATCGTAATATTAATACATCATTTTITTGATCCTGCGGGA 540
Query 541 GGAGGAGATCCAATTTTATATCAGCAC 567
PEEEEEEErrr e el
Sbjct 541 GGAGGAGATCCAATTTTATATCAGCAC 567

Figure 25d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Trithemis
festiva showing its nearest match subject



Cytochrome oxidase subunit I, partial (mitochondrion) [ Trithemisfestiva]

Sequence ID: AKL82316Length: 189Number of Matches: 1

Alignment statistics for match #1
Score Expect Method Identities Positives Gaps

Compositional 189/189 189/189 0/189

369 bits (947) 4e-129 i1 iyx adjust. (100%) (100%) (0%)

Query 1 GSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNNMSEWL 60
GSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEWL
Sbjct 1 GSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEWL 60

Query 61 LPPSFTLLLASSMVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINF 120
LPPSFTLLLASSMVESGAGTGWIVYPPLAGATIAHAGASVDLTIFSLHLAGVSSILGAINFE
Sbjct 61 LPPSFTLLLASSMVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINEF 120

Query 121 ITTVINMKSPGMNLDQOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAG 180
ITTVINMKSPGMNLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSEFEFDPAG
Sbjct 121 ITTVINMKSPGMNLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSEFEFDPAG 180

Query 181 GGDPILYQH 189
GGDPILYQH
Sbjct 181 GGDPILYQH 189

Figure 25e: Peptide BLAST output of the mt DNA COI gene of Trithemis festiva
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Figure 25f: The line diagram of Trithemis festiva with more than 99 % match to other retrieved
sequences (BOLD SYSTEM)



FJ358469.1 Trithemis stictica

KLISERASE.1 Trithemis stictica

FJ358477.1 Trithemis grout

K1LSEE418.1 Trithernis anomala

FJ353481.1 Trithermis fura

KLSEE455.1 Trithermis werner

KT951629.1 Trithemis festiva

JME17 4291 Trithemis festiva

& KR149802 1 Trithemis festiva vaucher CUTF 01-4.1

Figure 25g: Molecular Phylogenetic tree of Trithemis festiva inferred by NJ tree method

Table 44: Percentage of evolutionary divergence of Trithemis festiva with its closely

related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 IN149802 | Trithemis festiva (Kerala)

2 IN817429 | Trithemis festiva (Mizoram) 0.00

3 KT961629 | Trithemis festiva (Punjab) 1.10

4 FJ358477 | Trithemis stictica 11.60

5 KUS566456 | Trithemis grouti 12.20

6 KU566456 | Trithemis stictica 11.80

7 FJ358481 | Trithemis furva 12.10

8 KUS56645 | Trithemis werneri 12.00




Figure 26: Brachythemis contaminata

>KP938531.1 Brachythemis contaminata voucher CUBC 01-A1 cytochrome oxidase subunit I
(COI) gene, partial cds; mitochondrial

GGGCAGGAATAATTGGTACAGCTTTAAGAGTATTAATTCGTATTGAATTAGGACAACCCGGATCCATAAT
TGGAGACGATCAAATTTATAATGTTATTGTAACAGCTCATGCATTTGTAATAATTTTCTTCATAGTAATA
CCAATTATAATTGGTGGTTTCGGAAATTGATTAGTACCATTAATATTAGGGGCACCTGATATGGCTTTCC
CCCGACTTAATAATATAAGATTTTGATTACTACCACCATCATTTACTTTACTTCTTGCAAGAAGTATAGT
TGAAAGAGGGGCAGGAACAGGATGAACAGTTTACCCACCATTAGCAGGGGCTATTGCCCATGCCGGTGCA

TCAGTTGATTTAACAATTTTCTCATTGCACCTA
Figure 26a: The DNA sequence interpret of COI gene of Brachythemis contaminata

T I
T

Figure 26b: Representative molecular barcode of COI gene of Brachythemis contaminata.

> AIT71754 Brachythemis contaminata |cytochrome oxidase subunit I gene [voucher CUAC-
01-A1 partial cds, mitochondrial|155 bp

DDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPSFTLLLASSMVESGAGTG
WIVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPV
LAG

Figure 26c¢: The conceptual translation product of the COI gene of Brachythemis contaminata



Sequence ID: KP938531.1Length: 383Number of Matches: 1

Related Information

Range 1: 1 to 383GenBankGraphics

Score Expect Identities Gaps Strand

708 bits(383) 0.0 383/383(100%) 0/383(0%) Plus/Plus

Query 1 GGGCAGGAATAATTGGTACAGCTTTAAGAGTATTAATTCGTATTGAATTAGGACAACCCG 60
FEErrerrrrrrerrrrrrer et e et e e

Sbjct 1 GGGCAGGAATAATTGGTACAGCTTTAAGAGTATTAATTCGTATTGAATTAGGACAACCCG 60

Query 61 GATCCATAATTGGAGACGATCAAATTTATAATGTTATTGTAACAGCTCATGCATTTGTAA 120

Frrrrrrreerrerrrrrrrrrrrerrrerr e e e e e e e e
Sbjct 61  GATCCATAATTGGAGACGATCAAATTTATAATGTITATTGTAACAGCTCATGCATTTGTAA 120

Query 121 TAATTTTCTTCATAGTAATACCAATTATAATTGGTGGTTTCGGAAATTGATTAGTACCAT 180

Frrrrrrreerrerrrerrrrrrrerrrrrr e e e e e e e
Sbjct 121 TAATTTTICTTCATAGTAATACCAATTATAATTGGTGGITTCGGAAATTGATTAGTACCAT 180

Query 181 TAATATTAGGGGCACCTGATATGGCTTTCCCCCGACTTAATAATATAAGATTTTGATTAC 240

Frrrrrrreerrerrrrrrrrrrrerr e e e e e e e e
Sbjct 181 TAATATTAGGGGCACCTGATATGGCTTTCCCCCGACTTAATAATATAAGATTTIGATTAC 240

Query 241 TACCACCATCATTTACTTTACTTCTTGCAAGAAGTATAGTTGAAAGAGGGGCAGGAACAG 300

Frrrrrrrrerrerrrrrrrrrrrerrrerr e e e e e e e e
Sbjct 241 TACCACCATCATTTACTTTACTTCTTGCAAGAAGTATAGTTGAAAGAGGGGCAGGAACAG 300

Query 301 GATGAACAGTTTACCCACCATTAGCAGGGGCTATTGCCCATGCCGGTGCATCAGTTGATT 360

Frrrrrrrrerrerrrrrrrrrrrerrrerr e e e e e e e
Sbjct 301 GATGAACAGTTTACCCACCATTAGCAGGGGCTATTGCCCATGCCGGTGCATCAGTTGATT 360

Query 361 TAACAATTTTCTCATTGCACCTA 383

FEETEEEEEEr et
Sbjct 361 TAACAATTTTCTCATTGCACCTA 383

Figure 26d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Brachythemis

contaminata showing its nearest match subject



cytochrome oxidase subunit I, partial (mitochondrion)
[Brachythemis contaminata]

Sequence ID: ALC74206.l1Length: 127Number of Matches: 1
Related Information

Range 1: 1 to 127GenPeptGraphicsNext MatchPrevious Match

Expec

Score N Method Identities Positives Gaps
250 5e_g84 Compositional matrix 127/127 (100 127/127(100 0/127(0
bits (638) adjust. %) %) %)
Query 1 AGMIGTALSVLIRIELGQPGSMIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEFGNWLVPL 60
AGMIGTALSVLIRIELGQPGSMIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPL
Sbjct 1 AGMIGTALSVLIRIELGQPGSMIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPL 60

Query 61 MLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATAHAGASVDL
120

MLGAPDMAFPRLNNMSFWLLPPSEFTLLLASSMVESGAGTGWTVYPPLAGATAHAGASVDL

Sbjct 61 MLGAPDMAFPRLNNMSEFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDL
120

Query 121 TIFSLHL 127
TIFSLHL
Sbjct 121 TIFSLHL 127
Figure 26e: Peptide BLAST output of COI gene of Brachythemis contaminata

100
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92
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1 12 23 34 45 56 67 78 89

Ranked Matches

Similarity (%)

Figure 26f: The line diagram of Brachythemis contaminata over more than 98% match to other
retrieved sequences (BOLD SYSTEM)



KC287157.1 Brachythemis contaminata
— KMB58172.1 Brachythemis contaminata
4 KP938531 Brachythemis contaminate (Kerala)
{ KT879898.1 Brachythemis contaminata
— KU566466.1 Urothemis venata
L KU566468.1 Urothemis venata
KU566425.1 Trithemis donaldsoni

1
1
1
KT957542 1 Diplacodes trivialis
KT957526.1 Diplacodes trivialis
1
1
1
1

KT957527.1 Diplacodes trivialis
KT957537 1 Diplacodes trivialis

{ KT957538.1 Diplacodes trivialis
KT957540.1 Diplacodes trivialis

Figure 26g: Molecular phylogenetic tree of Brachythemis contaminata inferred by NJ tree
method.

Table 46: Percentage of evolutionary divergence of Brachythemis contaminata with
itsclosely related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1. KP938531 | Brachythemis contaminate(Kerala)

2 KC287157 | Brachythemis contaminata(Karnataka) 0.02

3 KM658172 | Brachythemis contaminate (china) 0.02

4 KT879898 | Brachythemis contaminate(Mizoram) 0.02

5 KT957526 | Diplacodes trivialis 0.13

6 KT957527 | Diplacodes trivialis 0.13

7 KT957537 | Diplacodes trivialis 0.13

8 KT957538. | Diplacodes trivialis 0.13

9 KT957540 | Diplacodes trivialis 0.13

10 | KT957542 | Diplacodes trivialis 0.13

11 | KUS566425 | Trithemis donaldsoni 0.14

12 | KUS566466 | Urothemis venata 0.13

13 | KU566468 | Urothemis venata 0.13




Figure 27: Diplacodes trivalis

>KP835512 Diplacodes trivialis voucher CUDT 01-B1 cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial

AGATGATCAAATTTATAATGTTGTTGTAACAGCCCATGCATTTGTAATAATTTTTTTTATAGTAATGCCT
ATTATAATTGGGGGGTTTGGTAATTGGTTAGTTCCTTTAATATTAGGAGCACCAGATATGGCCTTCCCAC
GACTAAATAATATAAGATTTTGATTATTACCTCCATCATTTACACTACTTTTAGCAAGAAGAATAGTAGA
AAGAGGGGCAGGAACAGGATGAACGGTTTATCCACCCTTAGCTGGGGCTATTGCCCATGCAGGGGCCTCT
GTTGATCTAACAATTTTTTCATTACATCTTGCAGGGGTTTCATCTATTCTTGGTGCAATCAATTTTATTA
CCACAGTAATTAATATAAAATCTCCAGGTATAACACTAGATCAGTTACCACTATTTGTATGAGCAGTAGT

AATTACAGCTGTTTTACTTTTATTATCTTTACCCGTATTAGCAGGT
Figure 27a: The DNA sequence interpret of COI gene of Diplacodes trivalis

T
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Figure 27b: Representative molecular barcode of COI gene of Diplacodes trivalis

> AKU75050 Diplacodes trivalis |cytochrome oxidase subunit I gene [voucher CUAD-01-Al
partial cds, mitochondrial|155 bp

DDQIYNVVVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPSFTLLLASSMVE
SGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMTLDQLPLEVWAVV
ITAVLLLLSLPVLAG

Figure 27c: The conceptual translation product of the COI gene of Diplacodes trivalis



Sequence ID: KT879902.1Length: 658Number of Matches: 1
Related Information

Range 1: 100 to 565GenBank GraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score Expect Identities Gaps Strand
861 bits (466) 0.0 466/466(100%) 0/466(0%) Plus/Plus
Query 1 AGATGATCAAATTTATAATGTTGTTGTAACAGCCCATGCATTTGTAATAALLEELELEAT 60

Frrrrrrrrrrrerr e e e e et er e e e e e e e e
Sbjct 100 AGATGATCAAATTTATAATGTTGTTGTAACAGCCCATGCATTTGTAATAATTTITTTTIAT 159
Query 61  AGTAATGCCTATTATAATTGGGGGGTTTGGTAATTGGTTAGTTCCTITAATATTAGGAGC 120
Frrrrrrrrerrerrrrrrrrrrrerr e e e e e e e e e
Sbjct 160 AGTAATGCCTATTATAATTGGGGGGTTTGGTAATTGGTTAGITCCTTTAATATTAGGAGC 219
Query 121 ACCAGATATGGCCTTCCCACGACTAAATAATATAAGATTTTGATTATTACCTCCATCATT 180
FErrrrrrrrrrrrr e e et e e e e e e e e e e e
Sbjct 220 ACCAGATATGGCCTTCCCACGACTAAATAATATAAGATTTTGATTATTACCTCCATCATT 279
Query 181 TACACTACTTTTAGCAAGAAGAATAGTAGAAAGAGGGGCAGGAACAGGATGAACGGTTTA 240
Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 280 TACACTACTTTITAGCAAGAAGAATAGTAGAAAGAGGGGCAGGAACAGGATGAACGGTITA 359
Query 241 TCCACCCITAGCTGGGGCTATTGCCCATGCAGGGGCCTCTGTTGATCTAACAATTITTTIC 300
Frrrrrrrrerrerrrrrrrrrrrerrrerr e e e e e e e e
Sbjct 340 TCCACCCTTAGCTGGGGCTATTGCCCATGCAGGGGCCTCTGTTGATCTAACAATTTTITC 399
Query 301 ATTACATCTTGCAGGGGTTICATCTATTCTTGGTGCAATCAATTTTATTACCACAGTAAT 360
FErrrrrrrrrrrrrrrrr et e e e e e e e e e e e
Sbjct 400 ATTACATCTTGCAGGGGTTTCATCTATTCTTGGTGCAATCAATTTTATTACCACAGTAAT 459
Query 361 TAATATAAAATCTCCAGGTATAACACTAGATCAGTTACCACTATTTGTATGAGCAGTAGT 420
Frrrrrrrrerrerrrerrrrrrrerrrerr e e e e e e e e
Sbjct 460 TAATATAAAATCTCCAGGTATAACACTAGATCAGTTACCACTATTTIGTATGAGCAGTAGT 519
Query 421 AATTACAGCTGTTTTACTTTTATTATCITTACCCGTATTAGCAGGT 466
FEEEEEErr et e e e e e e e e e e el
Sbjct 520 AATTACAGCTGTTTTACTTITTATTATCTTTACCCGTATTAGCAGGT 565

Figure 27d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Diplacodes
trivalis showing its nearest match subject



cytochrome oxidase subunit I, partial (mitochondrion) [Diplacodes trivialis]

Sequence ID: AJL35340.1Length: 181Number of Matches: 1
Related Information
Range 1: 22 to 176GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score ?xpec Method Identities Positives Gaps
302 3e- Compositional matrix 155/155(100 155/155(100 0/155(0
bits (773) 103 adjust. %) % %)
Query 1 DDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSE 60

DDQIYNVVVTAHAFVMIFFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFEF

Sbjct 22 DDQIYNVVVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPSE 81

Query 61 TLLLASSMVESGAGTGWTIVYPPLAGATIAHAGASVDLTIFSLHLAGVSSILGAINFITTVI 120

TLLLASSMVESGAGTGWIVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVI

Sbjct 82 TLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVI 141

Query 121 NMKSPGMTLDQLPLFVWAVVITAVLLLLSLPVLAG 155

NMKSPGMTLDQLPLEVWAVVITAVLLLLSLPVLAG

Sbjct 142 NMKSPGMTLDQLPLFVWAVVITAVLLLLSLPVLAG 176

Figure 27e: Peptide BLAST output of COI gene of Diplacodes trivalis
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Ranked Matches

Figure 27f: The line diagram of Diplacodes trivalis over more than 98 % match to other

retrieved sequences (BOLD SYSTEM)



_|: KY947419.1 Orthemis discolor
KUS66497 1 Zygonyx flavicosta
———— KY947454 1 Telebasis willinki
KC122228.1 Acisoma panorpoides
KT8799802 1 Diplacodes trivialis
KP835512 1 Diplacodes trivialis (KERALA)
KP087934.1 Diplacodes trivialis (KERALA)
KP087933.1 Diplacodes trivialis (KERALA)
4 KP087932.1 Diplacodes trivialis (KERALA)
KP087931 .1 Diplacodes trivialis (KERALA)
KC287153.1 Diplacodes trivialis
{ JX306647.1 Diplacodes trivialis
KT957542 1 Diplacodes trivialis
KT957540.1 Diplacodes trivialis
KT957538.1 Diplacodes trivialis
KT957537 1 Diplacodes trivialis
KT957536.1 Diplacodes trivialis

KT957535.1 Diplacodes trivialis
— KT957533.1 Diplacodes trivialis

_|: KT957532 1 Diplacodes trivialis
KT957531.1 Diplacodes trivialis

Figure 27g: Molecular phylogenetic relationship of Diplacodes trivialis inferred by NJ tree
method

Table 48: Percentage of evolutionary divergence of Diplacodes trivalis with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1. | KP835512 Diplacodes trivialis (Kerala)

2 | KP087934. | Diplacodes trivialis (Kerala) 0

3 | KP087933. | Diplacodes trivialis (Kerala) 0

4 | KP087932. | Diplacodes trivialis (Kerala) 0

5 | KP087931. | Diplacodes trivialis (Kerala) 0

6 | JX306647. Diplacodes trivialis(Mizoram) 0

7 | KC287153. | Diplacodes trivialis 0

8 | KT957542. | Diplacodes trivialis 0.002

9 | KT957540. | Diplacodes trivialis 0.002
10 | KT957538. | Diplacodes trivialis 0.002

11 | KT957537. | Diplacodes trivialis 0.002

12 | KT957536. | Diplacodes trivialis 0.002

13 | KT957535. | Diplacodes trivialis 0.002

14 | KT957533 Diplacodes trivialis 0.002

15 | KT957532 Diplacodes trivialis 0.002

16 | KT957531. | Diplacodes trivialis 0.002

17 | KC122228 Acisoma panorpoides 0.13

18 | KY947419. | Orthemis discolor 0.14
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Figure 28: Bradinopyga geminata

>KM096995.1 Bradinopyga geminata voucher JK 1 cytochrome oxidase subunit I (COI) gene,
partial cds; mitochondrial

GCGATGATCAAATTTATAATGTAATTGTAACTGCTCACGCATTTGTAATAATTTTCTTTATAGTTATGCC
AATTATAATTGGAGGTTTTGGAAATTGATTAGTACCTTTAATATTAGGAGCTCCTGATATAGCATTTCCT
CGACTTAATAATATAAGATTTTGGTTATTACCTCCTTCATTTACCTTACTTTTAGCAAGAAGTATAGTAG
AAAGAGGGGCAGGTACTGGATGAACAGTTTACCCCCCTCTAGCTGGAGCTATTGCACATGCAGGGGCTTC
AGTAGATTTAACTATTTTCTCCTTACATTTAGCAGGTGTATCTTCAATTTTAGGTGCAATCAATTTTATC
ACTACTGTAATTAATATAAAGTCACCTGGAATAAAATTAGATCAAATACCTTTATTTGTATGAGCAGTAG

TAATTACTGCAGTATTATTATTGTTATCACTTCCAGTATTAGCTGGTGA

Figure 28a: The DNA sequence interpret of COI gene of Bradinopyga geminata

1 269
L0 SRR R M
a7n 469
O A SRR SRR T

Figure 28b: Representative molecular barcode of COI gene of Bradinopyga geminata

> AIT71754 Bradinopyga geminata |cytochrome oxidase subunit I gene [voucher CUBG-01-
Al partial cds, mitochondrial|209 b

DDQIYNVIVTAHAFVMIFFMVMPIMIGGEGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTG
WIVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPV
LAG

Figure 28c: The conceptual translation product of the COI gene of Bradinopyga geminata



Sequence ID: KM096995.1Length: 469Number of Matches: 1

Related Information
Range 1: 1 to 469GenBankGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score Expect Identities Gaps Strand

867 bits (469) 0.0 469/469(100%) 0/469(0%) Plus/Plus

Query 1 GCGATGATCAAATTTATAATGTAATTGTAACTGCTCACGCATTTGTAATAATTTTCTTTA 60
FEETTEErrrrre et e e e et et e e e

Sbjct 1 GCGATGATCAAATTTATAATGTAATTGTAACTGCTCACGCATTTGTAATAATTTTCTTTA 60

Query 61  TAGTITATGCCAATTATAATIGGAGGTTTTGGAAATTGATTAGTACCTITTAATATTAGGAG 120
Frrrrrrrrerrerrrrrrrrrrrrrrrerr e err e e e e e e
Sbjct 61  TAGTTATGCCAATTATAATTGGAGGTTTTGGAAATTGATTAGTACCTTTAATATTAGGAG 120
Query 121 CTCCTGATATAGCATITCCICGACTTAATAATATAAGATTTTGGTTATTACCTCCTTCAT 180
FErrrrrrrrrrrrr e e et e e e e e e e e e e e
Sbjct 121 CTCCTGATATAGCATTTCCTCGACTTAATAATATAAGATTTTGGTTATTACCTCCTTCAT 180
Query 181 TTACCTTACTTITAGCAAGAAGTATAGTAGAAAGAGGGGCAGGTACTGGATGAACAGTTT 240
Frrrrrrrrerrerrrerrrrrrrerrrerr e rrr e e e e e e
Sbjct 181 TTACCTTACTTITTAGCAAGAAGTATAGTAGAAAGAGGGGCAGGTACTGGATGAACAGITT 240
Query 241 ACCCCCCTICTAGCTGGAGCTATTGCACATGCAGGGGCTTCAGTAGATTTAACTATTTTCT 300
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 241 ACCCCCCTCTAGCTGGAGCTATTGCACATGCAGGGGCTTCAGTAGATTTAACTATTTICT 300
Query 301 CCTTACATTTAGCAGGTGTATCTTICAATTTTAGGTGCAATCAATTTTATCACTACTGTAA 360
Frrrrrrrrerrerrrerrrrrrrrrrrerr e e e e e e e e
Sbjct 301 CCITACATTTAGCAGGTGTATCTTCAATTTTAGGTGCAATCAATTITATCACTACTGTAA 360
Query 361 TTAATATAAAGTCACCTGGAATAAAATTAGATCAAATACCTTTATTTGTATGAGCAGTAG 420
FErrrrrrrrrrrrr e e e e e e e e e e e e e e
Sbjct 361 TTAATATAAAGTCACCTGGAATAAAATTAGATCAAATACCTITATITGTATGAGCAGTAG 420
Query 421 TAATTACTGCAGTATTATTATTGITATCACTTCCAGTATTAGCTIGGTGA 469
FErrrrrrrrrrerrrrrr e e e e e e e e e
Sbjct 421 TAATTACTGCAGTATTATTATTGTTATCACTTCCAGTATTAGCTGGTGA 469

Figure 28d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Bradinopyga
geminate



cytochrome oxidase subunit I, partial (mitochondrion) [Bradinopyga geminata]
Sequence ID: AIT71754.1Length: 155Number of Matches: 1

Related Information

Range 1: 1 to 155GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1
Score Expect Method Identities Positives Gaps

Compositional matrix 155/155(100 155/155(1

301 bits(772) 2e-103 ) 0/155(0%
( ) adjust. %) 00%) (0%)
Query 1 DDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSF 60
DDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSF
Sbjct 1 DDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSF 60

Query 61 TLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVI 120
TLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVI

Sbjct 61 TLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVI 120

Query 121 NMKSPGMKLDQMPLFVWAVVITAVLLLLSLPVLAG 155
NMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAG

Sbjct 121 NMKSPGMKLDOMPLFVWAVVITAVLLLLSLPVLAG 155

Figure 28e: Peptide BLAST output of COI gene of Bradinopyga geminata

100
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Figure 28f: The line diagram of Bradinopyga geminata over more than 98% match to other
retrieved sequences (BOLD SYSTEM)



— KX055147Tramea limbata

— KX055146.1 Tramea limbata

—— & KN096995.1 Bradinopyga geminate (Kerala)
—— KM245283.1 Bradinopyga geminata

JX306648.1 Bradinopyga geminata

JNB17424 1 Bradinopyga geminata
MF774498 1 Bradinopyga geminata
— KU980966.1 Libellulidae sp
— KY947386.1 Orthemis discolor
KY947476.1 Orthemis cultriformis
KY947477 1 Orthemis cultriformis
KY947422 1 Orthemis cultriformis
— KY947421.1 Orthemis cultriformis
— KY947420.1 Orthemis cultriformis

Fig 28h: Molecular phylogenetic relationship of Bradinopyga geminata inferred by NIJ tree
method

Table 50: Percentage of evolutionary divergence of Bradinopyga geminata with its closely
related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 | KM096995 | Bradinopyga geminate (Kerala)

2 | JX306648 Bradinopyga geminate (Tamilnadu) 0.04

3 | KM245283 | Bradinopyga geminata (Tamilnadu) 0.08

4 | IN817424. Bradinopyga geminate (Mizoram) 0.08

5 | MF774498 Bradinopyga geminate (China) 0.11

6 | KY947476 Orthemis cultriformis 0.11

7 | KY947477 Orthemis cultriformis 0.11

8 | KY947422 Orthemis cultriformis 0.11

9 | KY947421 Orthemis cultriformis 0.11

10 | KY947420 Orthemis cultriformis 0.11

11 | KU980966 | Libellulidae sp 0.12

12 | KY947386 Orthemis discolour 0.12

13 | KX055147 Tramea limbata 0.12

14 | KX055146 Tramea limbata 0.12




Figure 29: Rhyothemis variegata

>KP938530.1 Rhyothemis variegata voucher CURV 01-A1 cytochrome oxidase subunit I

(COI) gene, partial cds; mitochondrial
CAACCTGGATCTCTAATTGGAGATGATCAAATTTATAATGTAATTGTTACTGCACATGCCTTCGTTATAATTTTCT
TCATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGGCTTGTGCCATTAATATTAGGAGCACCAGATATGGC
TTTCCCACGACTAAATAATATAAGATTTTGATTATTACCTCCCTCATTCACTTTATTACT TGCAAGAAGAGTAGTA
GAAAGAGGGGCAGGAACAGGATGAACTGTATATCCACCATTAGCAGGAGCTATTGCTCATGCTGGAGCATCTGTAG
ATTTAACTATTTTTTCTTTACACTTAGCTGGAGTATCATCAATTTTAGGGGCAATTAATTTTATTACTACAGTAAT
TAATATAAAGTCACCAGGAATAAAAATAGATCAAATACCTTTATTTGTATGAGCTGTAGTAATTACTGCA

Figure 29a: The DNA sequence interpret of COI gene of Rhyothemis variegata

1 269
I T AR R AR
278 458
AR AT S

Figure 29b: Representative molecular barcode of COI gene of Rhyothemis variegata.

> ALC74205 Rhyothemis variegata |cytochrome oxidase subunit I gene [voucher CURV-01-
A1 partial cds, mitochondrial| 150 bp

QPGSLIGDDQIYNVIVTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSVV
ESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKMDOMPLEVWAVVITA

Figure 29¢: The conceptual translation product of the COI gene of Rhyothemis variegata



Sequence ID: KP938530.1Length: 450Number of Matches: 1

Related Information
Range 1: 1 to 450GenBankGraphics

Score Expect Identities Gaps Strand

832 bits(450) 0.0 450/450(100%) 0/450(0%) Plus/Plus

Query 1 CAACCTGGATCTCTAATTGGAGATGATCAAATTTATAATGTAATTGTTACTGCACATGCC 60
FErrrerrrrrrerrrrrrerr et re et

Sbijct 1 CAACCTGGATCTCTAATTGGAGATGATCAAATTTATAATGTAATTGTTACTGCACATGCC 60

Query 61 TTCGTTATAATTTTCTTCATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGGCTT 120

Frrrrrrrrerrerrrerrrrrrrrrrrrrrrerr e e e e e e
Sbjct 61  TTCGTTATAATTTTCTTCATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGGCTT 120

Query 121 GTGCCATTAATATTAGGAGCACCAGATATGGCTTTCCCACGACTAAATAATATAAGATTT 180

Frrrrerrrrrrererrrrerrrrrrerrrrrrre e e
Sbjct 121 GTGCCATTAATATTAGGAGCACCAGATATGGCTTTCCCACGACTAAATAATATAAGATTT 180

Query 181 TGATTATTACCTCCCTCATTCACTTTATTACTTGCAAGAAGAGTAGTAGAAAGAGGGGCA 240

Frrrrrrrrerrerrrerrrrrrrerrrerr e e e e e e e e
Sbjct 181 TGATTATTACCTCCCTCATTCACTTTATTACTTGCAAGAAGAGTAGTAGAAAGAGGGGCA 240

Query 241 GGAACAGGATGAACTGTATATCCACCATTAGCAGGAGCTATTGCTCATGCTGGAGCATCT 300

Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 241 GGAACAGGATGAACTGTATATCCACCATTAGCAGGAGCTATTGCTCATGCTGGAGCATCT 300

Query 301 GTAGATTTAACTATTTTTTCTTTACACTTAGCTGGAGTATCATCAATTTTAGGGGCAATT 360

Frrrrerrrrrrererrrreerrrrr et e et e e e
Sbjct 301 GTAGATTTAACTATTTTTTCTTTACACTTAGCTGGAGTATCATCAATTTTAGGGGCAATT 360

Query 361 AATTTTATTACTACAGTAATTAATATAAAGTCACCAGGAATAAAAATAGATCAAATACCT 420

Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e
Sbjct 361 AATTTTATTACTACAGTAATTAATATAAAGTCACCAGGAATAAAAATAGATCAAATACCT 420

Query 421 TTATTTGTATGAGCTGTAGTAATTACTGCA 450

FEETTEEErrrr et
Sbjct 421 TTATTTGTATGAGCTGTAGTAATTACTGCA 450

Figure 29d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Rhyothemis
variegata



cytochrome oxidase subunit 1, partial (mitochondrion) [Rhyothemis variegata]

Sequence

ID: AGD98691.1Length: 193Number of Matches: 1

Related Information

Range 1:
Score
298
bits (763)
Query 1
Sbijct 16
Query ol
Sbijct 76
Query 121
Sbjct 136
Figure 29e:
100
98
=
= 96
)
=
‘:“ 94
g 92
w
90
88

16 to 165GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

BE L -
txpec Method Identities Positives

le- Compositional matrix 150/150(100 150/150(100 0/150¢(0

101 adjust. %) %)

QPGSLIGDDQIYNVIVTAHAFVMIFEFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNNMSF
QPGSLIGDDQIYNVIVTAHAFVMIFEMVMPIMIGGEGNWLVPLMLGAPDMAFPRLNNMSFEF

QPGSLIGDDQIYNVIVTAHAFVMIFEFMVMPIMIGGEFGNWLVPLMLGAPDMAFPRLNNMSF

WLLPPSFTLLLASSVVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAI
WLLPPSFTLLLASSVVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAT

WLLPPSFTLLLASSVVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSILGAI

NEITTVINMKSPGMKMDOMPLEVWAVVITA 150
NFITTVINMKSPGMKMDOMPLEVWAVVITA

NEITTVINMKSPGMKMDOMPLEVWAVVITA 165

Peptide BLAST output of COI gene of Rhyothemis variegata

1 12 23 34 45 56 67 78
Ranked Matches

Gaps

)

60

75

120

135

89

Figure 29f: The line diagram of Rhyothemis variegata over more than 98 % match to other
retrieved sequences (BOLD SYSTEM)



— KC912256.1 Orthetrum brachiale
L KC912258.1 Orthetrum brachiale

KU361232.1 Orthetrum glaucum
—1__ KU496893 1 Orthetrum glaucum
KU496891.1 Orthetrum glaucum
KU496892.1 Orthetrum glaucum
— LC366850.1 Rhyothemis phyliis
L 1C266849.1 Rhyothemis phyllis

4 KP938530.1 Rhyothemis variegata (KERALA)
KC287151.1 Rhyothemis variegata

{ LC366724.1 Rhyothemis variegata
AB709110.1 Rhyothemis phyllis

AB709113.1 Rhyothemis variegata

Figure 29g: The molecular phylogenetic tree of Rhyothemis variegata inferred by NJ tree
method

Table 52: Percentage of evolutionary divergence of Rhyothemis variegata with its closely

related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence
1 KP938530 | Rhyothemis variegata (KERALA)
2 KC287151 Rhyothemis variegate (Mizoram) 0.002
3 LC366724 | Rhyothemis variegate (Japan ) 0.00
4 AB709110 | Rhyothemis phyllis (Japan ) 0.00
5 AB709113 | Rhyothemis variegata 0.003
6 KC912256 Orthetrum brachiale 0.09
7 KC912258 Orthetrum brachiale 0.09
9 LC366849 | Rhyothemis phyllis 0.0185
10 KU361232 | Orthetrum glaucum 0.109
11 KU496893 | Orthetrum glaucum 0.109
12 KU496892 Orthetrum glaucum 0.107
13 KU496891 Orthetrum glaucum 0.109




Figure 30: Pantala flavescence

>KRO011198.1 Pantala flavescens voucher CUPF 02-A1 cytochrome oxidase subunit I (COI)

gene, partial cds; mitochondrial
GCCGTTAATACTTGGTGCTCCAGATATGGCTTTCCCTCGACTAAATAATATAAGATTTTGACTTTTACCT
CCATCTTTTACTCTTCTTTTAGCTAGAAGTATAGTTGAAAGAGGAGCTGGAACAGGATGAACTGTTTACC
CTCCTTTAGCAGGGGCTATTGCTCACGCTGGAGCATCAGTTGATCTCACAATTTTCTCTCTCCACTTAGC
TGGTGTTTCTTCCATTTTAGGAGCTATTAATTTTATTACAACTGTAATTAATATGAAGTCCCCAGGAATA
AAGCTTGATCAATTACCATTATTTGTATGAGCAGTAGTAATTACTGCTGTTCTTCTACTTTTATCTTTAC
CTGTATTAGCTGGAGCTATTACTATACTTTTAACAGATCGAAATATTAATACCTCTTTCTTTGATCCTGC
AGGGGGAGGAGATCCAATTTTAAA

Fig 30a: The DNA sequence interpret of COI gene of Pantala flavescence

00 0000000 00O A
O

Figure 30b: Representative molecular barcode of COI gene of Pantala flavescence.

> ALD10377 Pantala flavescence |cytochrome oxidase subunit I gene [voucher CUPF-01-A1
partial cds, mitochondrial| 147 bp

PLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATAHAGASVDLTIFSLHLAGVSSIL
GAINFITTVINMKSPGMKLDQLPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSEFFDPAGGGDPIL

Figure 30c: The conceptual translation product of the COI gene of Pantala flavescence



Sequence ID: KR011198.1Length: 444Number of Matches: 1
Related Information

Range 1: 1 to 444GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1
Score Expect Identities Gaps
821 bits (444) 0.0 444/444(100%) 0/444(0%)
Query 1 GCCGTTAATACTTGGTGCTCCAGATATGGCTTTCCCTCGACTAAATAATATAAGATTTTIG
FEETEEEEEEEr e e e rrrrrrrrrrrrrerrrrrrrrrrrrrrrrre
Sbijct 1 GCCGTTAATACTTGGTGCTCCAGATATGGCTTTCCCTCGACTAAATAATATAAGATTTTG
Query o6l ACTTTTACCTCCATCTTTTACTCTTCTTTTAGCTAGAAGTATAGTTGAAAGAGGAGCTGG
FEETEEEEEEE e e e e e e e rrrrrrrrrrrrrrrrrrrrrrre
Sbijct 61 ACTTTTACCTCCATCTTTTACTCTTCTTTTAGCTAGAAGTATAGTTGAAAGAGGAGCTGG
Query 121 AACAGGATGAACTGTTTACCCTCCTTTAGCAGGGGCTATTGCTCACGCTGGAGCATCAGT
FEETEEEEEEEr e e e e rr e e rrrrrrrrrrererrrrrer e
Sbjct 121 AACAGGATGAACTGTTTACCCTCCTTTAGCAGGGGCTATTGCTCACGCTGGAGCATCAGT
Query 181 TGATCTCACAATTTTCTCTCTCCACTTAGCTGGTGTTTCTTCCATTTTAGGAGCTATTAA
FEETEEEEEEEr e e e rrrrrrrrrrrrrerrrrrrrrrrrrrrrrre
Sbjct 181 TGATCTCACAATTTTCTCTCTCCACTTAGCTGGTGTTTCTTCCATTTTAGGAGCTATTAA
Query 241 TTTTATTACAACTGTAATTAATATGAAGTCCCCAGGAATAAAGCTTGATCAATTACCATT
FEETEEEEEErr e e e e e e e e e rrrrrrrrrrrrrrrrrrre
Sbjct 241 TTTTATTACAACTGTAATTAATATGAAGTCCCCAGGAATAAAGCTTGATCAATTACCATT
Query 301 ATTTGTATGAGCAGTAGTAATTACTGCTGTTCTTCTACTTTTATCTTTACCTGTATTAGC
FEETEEEEEEEr e e e e e e rrrrrrrrrrrrrerrrrrrrrrrrrrrre
Sbjct 301 ATTTGTATGAGCAGTAGTAATTACTGCTGTTCTTCTACTTTTATCTTTACCTGTATTAGC
Query 361 TGGAGCTATTACTATACTTTTAACAGATCGAAATATTAATACCTCTTTCTTTGATCCTGC
FEETEEEEEErr e e e e e e e e e rrrrrrrrrrrrrrrrrrre
Sbjct 361 TGGAGCTATTACTATACTTTTAACAGATCGAAATATTAATACCTCTTTCTTTGATCCTGC
Query 421 AGGGGGAGGAGATCCAATTTTAAA 444
FEETEEEEErr e
Sbjct 421 AGGGGGAGGAGATCCAATTTTAAA 444

Strand
Plus/Plus

60

60

120

120

180

180

240

240

300

300

360

360

420

420

Figure 30d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Pantala

flavescence



cytochrome oxidase subunit I, partial (mitochondrion) [Pantala flavescens]
Sequence ID: ALD10377.1Length: 147Number of Matches: 1
Related Information

Range 1:
Score

304

bits (726)
Query 1
Sbijct 1
Query ol
Sbjct 61
Query 121

1 to 147GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

ixpec Method Identities Positives Gaps
le—96 Compositional matrix 147/147 (100 147/147(100 0/147(0

adjust. %) %) %)

°

PLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASV 60
PLMLGAPDMAFPRLNNMSEFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASV

PLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASV 60

DLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDQLPLFVWAVVITAVLLLLSLPVLA 120

DLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDQLPLEFVWAVVITAVLLLLSLPVLA

DLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDQLPLFVWAVVITAVLLLLSLPVLA 120

GAITMLLTDRNINTSFFDPAGGGDPIL 147

GAITMLLTDRNINTSFEFDPAGGGDPIL

Figure 30e: Peptide BLAST output of COI gene of Pantala flavescence

100.0

Similarity (%)

99.8
99.6
99.4
992
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12 23 34 45 56 67 78 89
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Figure 30f: The line diagram of over more than 98 % match to other retrieved sequences
(BOLD SYSTEM)



—I: KRO80077 .1 Pantala flavescens
KR080114.1 Pantala flavescens

KR0O80079.1 Pantala flavescens

{ KR080110.1 Pantala flavescens
KR080112.1 Pantala flavescens

LC366762.1 Pantala flavescens
KR080100.1 Pantala flavescens

—— KR080089.1 Pantala flavescens

[ KR080131.1 Pantala flavescens
KR0O80076.1 Pantala flavescens

KR080095.1 Pantala flavescens

{ KR080108.1 Pantala flavescens
KR080120.1 Pantala flavescens

4 KR011198.1 Pantala flavescens (KERALA)

Figure 30g: The molecular phylogenetic tree of Pantala flavescence inferred by NJ tree

method.

Table 54: Percentage of evolutionary divergence of Pantala flavescence with its closely
related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1 KRO11198 | Pantala flavescens (KERALA)

2 KRO080076 | Pantala flavescens (Malaysia) 0.009

3 KRO080077 | Pantala flavescens (Malaysia) 0.009

4 KRO080079 | Pantala flavescens (Malaysia) 0.009

5 KRO80089 | Pantala flavescens 0.009

6 KRO80095 | Pantala flavescens 0.011

7 KRO080100 | Pantala flavescens 0.011

8 KRO80108 | Pantala flavescens 0.011

9 KRO80110 | Pantala flavescens 0.011

10 | KRO80112 | Pantala flavescens 0.011

11 KRO080114 | Pantala flavescens 0.009

12 | KRO080120 | Pantala flavescens 0.011

13 | KRO080131 | Pantala flavescens 0.011
14 | LC366762 | Pantalaflavescens 0.009




Figure 31: Acisoma panorpoides

>KT223147 Acisoma panorpoides voucher CUAP 02-A1 cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial

TTGTTACTGCACATGCTTTTGTAATAATTTTTTTTATAGTTATACCTATTATAATTGGAGGTTTTGGTAATTGACT
CGTACCTTTAATACTAGGAGCTCCAGATATAGCATTCCCACGATTAAATAATATAAGATTTTGATTATTACCTCCT
TCTTTTACATTACTTTTAGCTAGTAGTATAGTAGAAAGAGGAGCAGGAACAGGTTGAACTGTTTATCCACCATTAG
CAGGGGCAATTGCTCATGCAGGTGCATCAGTAGATCTAACAATTTTCTCACTTCATTTAGCTGGGGTTTCCTCAAT
TCTAGGAGCTATTAATTTTATTACAACAGTAATTAATATAAAATCACCTGGAATAAAGCTAGATCAAATACCTCTT
TTTGTATGAGCAGTAGTAATTACTGCTGTCCTTCTTTTATTATCTTTACCCGTATTGGCAGGAGCAATTACAATAT
TATTGACTGATCGAAATATCAAT

Figure 31a: The DNA sequence interpret of COI gene of Acisoma panorpoides

00 00 00 00 T
00000 0

Figure 31b: Representative molecular barcode of COI gene of Acisoma panorpoides.

> AKV16032 Acisoma panorpoides |cytochrome oxidase subunit I gene [voucher CUPF-01-
A1 partial cds, mitochondrial| bp

VTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPSFTLLLASSMVESGAGTGWTVYPPLA
GATAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITML
LTDRNIN

Figure 31c: The conceptual translation product of the COI gene of Acisoma panorpoides



Sequence ID: KT223147.1Length: 479Number of Matches: 1
Related Information

Range 1: 1 to 479GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1
Score Expect Identities Gaps
885 bits (479) 0.0 479/479(100%) 0/479(0%)
Query 1 TTGTTACTGCACATGCTTTTGTAATAAL Lttt ttttATAGTTATACCTATTATAATTGGAG
FEETTErrrrrrerr et e ettt e e
Sbjct 1 TTGTTACTGCACATGCTTTTGTAATAATTTTTTTTATAGTTATACCTATTATAATTGGAG
Query 61 GTTTTGGTAATTGACTCGTACCTTTAATACTAGGAGCTCCAGATATAGCATTCCCACGAT
FEETTErrrrrrerr et r ettt e e
Sbjct 61 GTTTTGGTAATTGACTCGTACCTTTAATACTAGGAGCTCCAGATATAGCATTCCCACGAT
Query 121 TAAATAATATAAGATTTTIGATTATTACCTCCTTCTTTTACATTACTTTTAGCTAGTAGTA
FEETTErrrrrrerr et e ettt r e
Sbjct 121 TAAATAATATAAGATTTTGATTATTACCTCCTTCTTTTACATTACTTTTAGCTAGTAGTA
Query 181 TAGTAGAAAGAGGAGCAGGAACAGGTTGAACTGTTTATCCACCATTAGCAGGGGCAATTG
FEETTErrrrrrerr et e ettt e e
Sbjct 181 TAGTAGAAAGAGGAGCAGGAACAGGTTGAACTGTTTATCCACCATTAGCAGGGGCAATTG
Query 241 CTCATGCAGGTGCATCAGTAGATCTAACAATTTTCTCACTTCATTTAGCTGGGGTITTCCT
FEETTErrrrrrerr et e ettt e e
Sbjct 241 CTCATGCAGGTGCATCAGTAGATCTAACAATTTTCTCACTTCATTTAGCTGGGGTTTCCT
Query 301 CAATTCTAGGAGCTATTAATTTTATTACAACAGTAATTAATATAAAATCACCTGGAATAA
FEETTErrrrrrerr et e ettt e e
Sbjct 301 CAATTCTAGGAGCTATTAATTTTATTACAACAGTAATTAATATAAAATCACCTGGAATAA
Query 361 AGCTAGATCAAATACCTCTTTTTGTATGAGCAGTAGTAATTACTGCTGTCCTTCTTTTAT
FEETTErrrrrrerr et e ettt e e
Sbjct 361 AGCTAGATCAAATACCTCTTTTTGTATGAGCAGTAGTAATTACTGCTGTCCTTCTTTTAT
Query 421 TATCTTTACCCGTATTGGCAGGAGCAATTACAATATTATTGACTGATCGAAATATCAAT
FErrrrrrrrrrerrrrrreer e et r et e e
Sbjct 421 TATCTTTACCCGTATTGGCAGGAGCAATTACAATATTATTGACTGATCGAAATATCAAT

Strand
Plus/Plus

60

60

120

120

180
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360
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Figure 31d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Acisoma

panorpoides



cytochrome oxidase subunit I, partial (mitochondrion) [Acisoma panorpoides]
Sequence ID: AKV16032.1Length: 159Number of Matches: 1
Related Information

Range 1: 1 to 159GenPeptGraphicsNext MatchPrevious Match
Alignment statistics for match #1
Expec - C
Score ¢ p Method Identities Positives Gaps
308 8e- Compositional matrix 159/159 (100 159/159(100 0/159(0
bits (788) 106 adjust. %) %) %)
Query 1 VTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSM 60
VTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSM
Sbijct 1 VTAHAFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSM 60
Query o6l VESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMK 120
VESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMK
Sbijct 61 VESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMK 120
Query 121 LDQMPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDRNIN 159
LDQMPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNIN
Sbjct 121 LDQMPLFVWAVVITAVLLLLSLPVLAGAITMLLTDRNIN 159
Figure 31e: Peptide BLAST output of COI gene of Acisoma panorpoides
100
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Figure 31f: The line diagram of Acisoma panorpoides over more than 98 % match to other
retrieved sequences (BOLD SYSTEM)



KX281830.1 Acisoma trifidum

KX281804.1 Acisoma inflatum

KX281810.1 Acisoma inflatum
_|: KX281841.1 Acisoma variegatum
KX281839.1 Acisoma variegatum

[ KX281797.1 Acisoma attenboroughi

L KX281796.1 Acisoma attenboroughi

KT879899.1 Acisoma panorpoides
KX281813.1 Acisoma panorpoides

_|: KX281812.1 Acisoma panorpoides
KX281814.1 Acisoma panorpoides

KX281820.1 Acisoma panorpoides

_|: KX281818 Acisoma panorpoides
KX281823.1 Acisoma panorpoides
KT957515.1 Acisoma panorpoides

KT957514.1 Acisoma panorpoides
KX281827 .1 Acisoma panorpoides

_|: KX281825.1 Acisoma panorpoides
KX281824 Acisoma panorpoides

_|: & KT222947 1 Acisoma panorpoides (KERALA)
KC122228 Acisoma panorpoides

Figure 31g: The molecular phylogenetic tree of Acisoma panorpoides inferred by NJ tree

method.

Table 56: Percentage of evolutionary divergence of Acisoma panorpoides with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KT222947 | Acisoma panorpoides (Kerala)

2 KC122228 | Acisoma panorpoides (Mizoram) 0.004
3 KT879899 | Acisoma panorpoides (Karnataka) 0.018
4 KX281820 | Acisoma panorpoides 0.020
5 KX281827 | Acisoma panorpoides 0.020
6 KX281825 | Acisoma panorpoides 0.020
7 KX281824 | Acisoma panorpoides 0.020
8 KX281818 | Acisoma panorpoides 0.025
9 KX281813 | Acisoma panorpoides 0.025
10 | KX281812 | Acisoma panorpoides 0.025
11 KT957514 | Acisoma panorpoides 0.025
12 | KX281823 | Acisoma panorpoides 0.025
13 | KX281814 | Acisoma panorpoides 0.025
14 | KT957515 | Acisoma panorpoides 0.025
15 | KX281804 | Acisoma inflatum 0.04
16 | KX281810 | Acisoma inflatum 0.05
17 | KX281841 | Acisoma variegatum 0.05
18 | KX281839 | Acisoma variegatum 0.05
19 | KX281797 | Acisoma attenboroughi 0.060
20 | KX281796 | Acisoma attenboroughi 0.060
21 | KX281830 | Acisoma trifidum 0.12




Figure 32: Neurothemis tullia

>KP835513.1 Neurothemis tullia voucher CUNT 01-A1 cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial

GTTCGGTAACTGGCTGGTCCCATTAATGCTTGGGGCACCAGACATGGCCTTCCCACGACTTAATAATATAAGATTT
TGACTTCTACCTCCTTCATTCACTTTACTTTTAGCTAGAAGTATAGTTGAAAGAGGGGCAGGGACAGGGTGAACAG
TTTATCCACCTCTAGCGGGGGCTATTGCACATGCAGGAGCATCTGTAGATTTAACAATTTTTTCTCTTCATTTGGC
GGGGGTTTCCTCAATTTTAGGTGCTATCAATTTTATTACAACAGTAATTAATATAAAGTCCCCCGGGATGAAGTTA
GATCAAATACCTCTATTTGTATGAGCAGTAGTAATTACTGCAGTACT

Fig 32a: The DNA sequence interpret of COI gene of Neurothemis tullia

1 269
IS A AR A
278 351
ISRV

Figure 32b: Representative molecular barcode of COI gene of Neurothemis tullia.

> Neurothemis tullia |cytochrome oxidase subunit I gene [voucher CUPF-01-A1 partial cds,
mitochondrial|117bp

FGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATAHAGASVDLTI
FSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVL

Figure 32c: The conceptual translation product of the COI gene of Neurothemis tullia



Neurothemis tullia voucher CUNT 01-Al cytochrome oxidase subunit I (COI)
gene, partial cds; mitochondrial
Sequence ID: KP835513.1Length: 351Number of Matches: 1

Related Information
Range 1: 1 to 351GenBankGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score Expect Identities Gaps Strand

959 bits (351) 0.0 351/351(100%) 0/351(0%) Plus/Plus

Query 1 GTTCGGTAACTGGCTGGTCCCATTAATGCTTGGGGCACCAGACATGGCCTTCCCACGACT 90
FEPTERETEE e e r e e e

Sbjct 1 GTTCGGTAACTGGCTGGTCCCATTAATGCTTGGGGCACCAGACATGGCCTTCCCACGACT 90

Query 91 TAATAATATAAGATTTTGACTTCTACCTCCTTCATTCACTTTACTTTTAGCTAGAAGTAT 120

Frrrrrrrrrrrrrrrrrrrrrrrrrrrr e rrr e e e e e
Sbjct 91  TAATAATATAAGATTTTGACTTCTACCTCCTTCATTCACTTTACTTTTAGCTAGAAGTAT 120

Query 121 AGTTGAAAGAGGGGCAGGGACAGGGTGAACAGTTTATCCACCTCTAGCGGGGGCTATTGC 180

Frrrrerrrrrrerrrrrrerrrrrr e et et e e e
Sbjct 121 AGTTGAAAGAGGGGCAGGGACAGGGTGAACAGTTTATCCACCTCTAGCGGGGGCTATTGC 180

Query 181 ACATGCAGGAGCATCTGTAGATTTAACAATTTTTTCTCTTCATTTGGCGGGGGTTTCCTC 260

Frrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e e e e e e
Sbjct 181 ACATGCAGGAGCATCTGTAGATTTAACAATTTTTTCTCTTCATTTGGCGGGGGTTTCCTC 260

Query 261 AATTTTAGGTGCTATCAATTTTATTACAACAGTAATTAATATAAAGTCCCCCGGGATGAA 320

Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 261 AATTTTAGGTGCTATCAATTTTATTACAACAGTAATTAATATAAAGTCCCCCGGGATGAA 320

Query 321 GTTAGATCAAATACCTCTATTTGTATGAGCAGTAGTAATTACTGCAGTACT 351

FErrrrrrrrrrrrr e e e et e e e e
Sbjct 321 GTTAGATCAAATACCTCTATTTGTATGAGCAGTAGTAATTACTGCAGTACT 351

Figure 32d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Neurothemis
tullia



Figure 32d: Nucleotide BLAST output of the mitochondrial DNA COI gene of
Neurothemis tullia

cytochrome oxidase subunit I, partial (mitochondrion) [Neurothemis tullia]
Sequence ID: AKU75051.1Length: 117Number of Matches: 1

Related Information

Range 1: 1 to 117GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score Expec Method Identities Positives Gaps
229 Te-76 Compositional matrix 117/117(100 117/117(100 0/117(0
bits (583) adjust. %) %) %)
Query 1 FGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIA 60

FGNWLVPLMLGAPDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATA

Sbjct 1 FGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIA 60

Query 61 HAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOQMPLFVWAVVITAVL 117

HAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVL
Sbjct 61 HAGASVDLTIFSLHLAGVSSILGAINFITTVINMKSPGMKLDOQMPLFVWAVVITAVL 117

Figure 32e: Peptide BLAST output of COI gene of Neurothemis tullia

100
98
96
94
92
90
88
86

o 1 12 23 34 45 56 67 78 89
Ranked Matches
rigure 32f: The line diagram of Neurothemis tullia over more than 98 % match to other
retrieved sequences (BOLD SYSTEM)

Similarity (%)



—— AB708009.1 Neurothemis terminata
L AB709010.1 Neurothemis terminata
ABT09003.1 Neurothemis fluctuans
_|: ABT709004.1 Neurothemis fluctuans
KT957504.1 Neurothemis fluctuans
KT222948 1 Neurothemis intermedia
{ KU052672.1 Neurothemis intermedia
KC122227 1 Neurothemis intermedia
—1_ KP835514.1 Neurothemis intermedia
—— AB709005.1 Neurothemis ramburii
L AB709007.1 Neurothemis ramburii
KT879900.1 Neurothemis tullia
—— KC122228.1 Neurothemis tullia
L 4 KP835513 Neurothemis tullia (KERALA)
KT957502.1 Meurothemis tullia
KT957500.1 Neurothemis tullia
KT957494 1 Neurothemis tullia
KT957495 1 Neurothemis tullia
{ KT957498.1 Neurothemis tullia
KTO957496.1 Neurothemis tullia
{ KT957497 1 Neurothemis tullia
KT957503.1 Neurothemis tullia
KT957501.1 Neurothemis tullia
KT957499.1 Neurothemis tullia

Figure 32g: The molecular phylogenetic tree of Neurothemis tullia inferred by NJ tree method.



Table 58: Percentage of evolutionary divergence of Neurothemis tullia with its closely

related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence
1 KP835513 | Neurothemis tullia (Kerala)
2 AB709004 | Neurothemis fluctuans
3 AB709005 | Neurothemis ramburii 0.06
4 AB709007 | Neurothemis ramburii (Japan) 0.09
5 AB709009 | Neurothemis terminata 0.09
6 AB709010 | Neurothemis terminata 0.12
7 KC122227 | Neurothemis intermedia 0.12
8 KC122229 | Neurothemis tullia (Mizoram) 0.05
9 KP835514 | Neurothemis intermedia 0.10
10 | KT222948 | Neurothemis intermedia 0.05
11 KT879900 | Neurothemis tullia 0.05
12 | KT957494 | Neurothemis tullia 0.10
13 | KT957495 | Neurothemis tullia 0.10
14 | KT957496 | Neurothemis tullia 0.10
15 | KT957497 | Neurothemis tullia 0.10
16 | KT957498 | Neurothemis tullia 0.11
17 | KT957499 | Neurothemis tullia 0.10
18 | KT957500 | Neurothemis tullia (Thailand) 0.10
19 | KT957501 | Neurothemis tullia (Thailand) 0.10
20 | KT957502 | Neurothemis tullia (Thailand) 0.10
21 KT957503 | Neurothemis tullia 0.10
22 | KT957504 | Neurothemis fluctuans 0.10
23 | KU052672 | Neurothemis intermedia 0.06




Figure 33: Lathresia asiatica

>KU052671.1 Lathrecista sp. CDS-2015 voucher CULA-01-A1 cytochrome oxidase subunit I
(COI) gene, partial cds; mitochondrial

CACGACTCAATAATATAAGATTTTGACTTTTACCCCCTTCTTTCACCTTACTGTTAGCCAGAAGTATAGT
TGAAAGAGGGGCAGGAACAGGATGAACAGTTTATCCCCCTCTAGCAGGGGCCATTGCACATGCCGGAGCA
TCTGTAGACTTAACAATTTTTTCTCTTCATTTGGCGGGTGTTTCATCAATTTTAGGAGCAATTAATTTTA
TTACAACAGTAATTAATATGAAGTCTCCTGGCATAAAGTTAGATCAGATACCCTTATTTGTATGGGCGGT
AGTAATCACTGCAGTACTCCTATTATTATCCCTGCCAGTTCTTGCTGGGGCTATTACTATACTATTAACT

GACCGAAATATTAATACATCATTCTTTGATCCTGCAGGGGGAGGAGATCCAATTTTA

Figure 33a: The DNA sequence interpret of COI gene of Lathresia asiatica
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Figure 33b: Representative molecular barcode of COI gene of Lathresia asiatica.

> ALQ35272 Lathresia asiatica |cytochrome oxidase subunit I gene [voucher CULA-01-A1
partial cds, mitochondrial| 136bp

RLNNMSEFWLLPPSFTLLLASSMVESGAGTGWTIVYPPLAGATIAHAGASVDLTIFSLHLAGVSSILGAINET
TTVINMKSPGMKLDOMPLEFVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPIL

Figure 33c: The conceptual translation product of the COI gene of Lathresia asiatica



Lathrecista sp. CDS-2015 voucher CULA-01-Al cytochrome oxidase subunit I

(COI) gene,

partial cds; mitochondrial

Sequence ID: KU053371.l1Length: 407Number of Matches: 1
Related Information

Range 1: 1 to 407GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1
Score Expect Identities Gaps
794 bits (407) 0.0 407/407(100%) 0/407(0%)
Query 1 CACGACTCAATAATATAAGATTTTGACTTTTACCCCCTTCTTTCACCTTACTGTTAGCCA
FEETERETE R e e r e e
Sbjct 1 CACGACTCAATAATATAAGATTTTGACTTTTACCCCCTTCTTTCACCTTACTGTTAGCCA
Query 91 GAAGTATAGTTGAAAGAGGGGCAGGAACAGGATGAACAGTTTATCCCCCTCTAGCAGGGG
FEETETETEE e e e e r e e e e rrrrrrrrre
Sbjct 91 GAAGTATAGTTGAAAGAGGGGCAGGAACAGGATGAACAGTTTATCCCCCTCTAGCAGGGG
Query 121 CCATTGCACATGCCGGAGCATCTGTAGACTTAACAATTTITTTCTCTITCATTTGGCGGGTG
FEETETETEE R e e e e e r e e e e e e e
Sbjct 121 CCATTGCACATGCCGGAGCATCTGTAGACTTAACAATTTTTTCTCTTCATTTGGCGGGTG
Query 181 TTTCATCAATTTTAGGAGCAATTAATTTTATTACAACAGTAATTAATATGAAGTCTCCTG
FEETERET R e e e e rrrrrrrrre
Sbjct 181 TTTCATCAATTTTAGGAGCAATTAATTTTATTACAACAGTAATTAATATGAAGTCICCTG
Query 261 GCATAAAGTTAGATCAGATACCCTTATTTGTATGGGCGGTAGTAATCACTGCAGTACTCC
FEETERETE R e e r e e
Sbjct 261 GCATAAAGTTAGATCAGATACCCTTATTTGTATGGGCGGTAGTAATCACTGCAGTACTCC
Query 331 TATTATTATCCCTGCCAGTITCTTGCTGGGGCTATTACTATACTATTAACTGACCGAAATA
FEETERETE R e e r e e
Sbjct 331 TATTATTATCCCTGCCAGTTCTTGCTGGGGCTATTACTATACTATTAACTGACCGAAATA
Query 391 TTAATACATCATTCTTTGATCCTGCAGGGGGAGGAGATCCAATTTTA 407
A
Sbjct 391 TTAATACATCATTCTTTGATCCTGCAGGGGGAGGAGATCCAATTTTA 407

Strand
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Figure 33d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Lathresia

asiatica



cytochrome oxidase subunit I, partial (mitochondrion) [Lathrecista sp. CDS-
2015]

Sequence ID: ALQ35272.l1Length: 135Number of Matches: 1
Related Information
Range 1: 1 to 135GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Expec s C
Score N p Method Identities Positives Gaps
262 le-88 Compositional matrix 135/135(100 135/135(100 0/135(0
bits (670) adjust. %) %) %)
Query 1 RLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGV 60
RLNNMSFWLLPPSFTLLLASSMVESGAGTGWITVYPPLAGAIAHAGASVDLTIFSLHLAGV
Sbjct 1 RLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGV 60

Query 61 SSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNI 120
SSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNI

Sbjct 61 SSILGAINFITTVINMKSPGMKLDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNI 120

Query 121 NTSFFDPAGGGDPIL 135
NTSFFDPAGGGDPIL

Sbjct 121 NTSFFDPAGGGDPIL 135

Figure 33e: Peptide BLAST output of COI gene of Lathresia asiatica
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Figure 33f: The line diagram of Lathresia asiatica over more than 98 % match to other
retrieved sequences (BOLD SYSTEM)



KT372719.1 Neurothemis intermedia
KT222948.1 Neurothemis intermedia

ABT09004 1 Neurothemis fluctuans
{ KT957504.1 Neurothemis fluctuans

KC122227 1 Neurothemis intermedia
—L KP835514.1 Neurothemis intermedia

ABT09003.1 Neurothemis fluctuans

KC122229 1 Neurothemis tullia
KT957502.1 Neurothemis tullia

{ KT957503.1 Neurothemis tullia
KT957501.1 Neurothemis tullia

KT957494 1 Neurothemis tullia

KT8795800.1 Neurothemis tullia
ABT09007 Neurothemis ramburii

{ KU052672.1 Neurothemis intermedia
& KU052671.1 Lathrecista sp (KERALA)

Figure 33g: The molecular phylogenetic tree of Lathresia asiatica inferred by NJ tree method.

Table 60: Percentage of evolutionary divergence of Lathresia asiatica with its closely
related species accessible from NCBI GenBank

SI. Accession Organism Percentage of
No. No divergence

1 KUO052671 | Lathrecista sp. (Kerala)

2 KUO052672 | Neurothemis intermedia (Kerala) 0.00

3 KT372719 | Neurothemis intermedia (Kerala) 0.00

4 KT222948 | Neurothemis intermedia (Kerala) 0.00

5 AB709004 | Neurothemis fluctuans (Japan) 0.014

6 KT957504 | Neurothemis fluctuans 0.01

7 KC122227 | Neurothemis intermedia 0.01

8 KP835514 | Neurothemis intermedia 0.01

9 AB709003 | Neurothemis fluctuans 0.05

10 | KCI122229 | Neurothemis tullia 0.01

11 KT957502 | Neurothemis tullia 0.10

12 | KT957494 | Neurothemis tullia 0.10

13 | AB709007 | Neurothemis ramburii 0.11

14 | KT957503 | Neurothemis tullia 0.10

15 | KT957501 | Neurothemis tullia 0.10

16 | KT879900 | Neurothemis tullia 0.10




Figure 34: Aethriamanta brevipennis

>KUS510345.1 Aethriamanta brevipennis voucher CUAB-02-A1 cytochrome oxidase subunit I
(COI) gene, partial cds; mitochondrial

ATGCATTTGTAATAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATTGGCTTGTCCC
ACTAATGTTAGGAGCCCCTGATATGGCATTCCCTCGACTAAACAACATGAGATTTTGACTTCTGCCCCCA
GCATTAACTCTTCTATTAACAAGAAGTTTAGTAGAAAGAGGGGCTGGGACAGGTTGAACCGTATACCCTC
CTCTAGCGGGGGCTATTGCTCACGCAGGAGGATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGG
CGTATCCTCGATTTTAGGTGCCGTTAATTTCATTACTACAACAATTAATATAAAATCCCCTGGAATGAAG
GCAGAGCAACTACCATTATTTGTTTGAGCAGTAGTAATTACAGCCATTTTGTTGCTATTATCATTACCCG
TTCTGGCTGGAGCCATCACTATACTTTTAACAGACCGTAACATAAATACATCGTTCTTTGACCCTGCAGG
GGGAGGAGATCCCGGCTG

Fig 34a: The DNA sequence interpret of COI gene of Aethriamanta brevipennis
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Figure 34b: Representative molecular barcode of COI gene of Aethriamanta brevipennis.

> ALX71651 Aethriamanta brevipennis |cytochrome oxidase subunit I gene [voucher CUAB-
01-A1 partial cds, mitochondrial| 167 bp

AFVMIFFMVMPIMIGGEGNWLVPLMLGAPDMAFPRLNNMSEFWLLPPALTLLLTSSLVESGAGTGWTVYPPLAGATIA
AGGSVDLTIFSLHLAGVSSILGAVNFITTTINMKSPGMKAEQLPLFVWAVVITAILLLLSLPVLAGAITMLLTDRN
MNTSEFDPAGGGDPG

Figure 34c: The conceptual translation product of the COI gene of Aethriamanta brevipennis



Aethriamanta brevipennis voucher CUAB-02-Al cytochrome oxidase subunit I

(COI) gene, partial cds; mitochondrial
Sequence ID: KU510349.1Length: 508Number of Matches: 1
Related Information

Range 1: 1 to 508GenBankGraphicsNext MatchPrevious Match
Alignment statistics for match #1
Score Expect Identities Gaps Strand
939 bits (508) 0.0 508/508(100%) 0/508(0%) Plus/Plus
Query 1 ATGCATTTGTAATAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATT 90
PErrrerrrrrrrerrrerrerrr e e et ettt et e e
Sbjct 1 ATGCATTTGTAATAATCTTTTTTATAGTAATACCTATTATAATTGGGGGATTTGGAAATT 90
Query 91 GGCTTGTCCCACTAATGTTAGGAGCCCCTGATATGGCATTCCCTCGACTAAACAACATGA 120
LErrrrrrrrerrrrrrrrrrerrr e e ettt et
Sbjct 91 GGCTTGTCCCACTAATGTTAGGAGCCCCTGATATGGCATTCCCTCGACTAAACAACATGA 120
Query 121 GATTTTGACTTCTGCCCCCAGCATTAACTCTTCTATTAACAAGAAGTTTAGTAGAAAGAG 180
LErrrrrrrrerrrrrrrrrrerer et ettt ettt
Sbjct 121 GATTTTGACTTCTGCCCCCAGCATTAACTCTTCTATTAACAAGAAGTTTAGTAGAAAGAG 180
Query 181 GGGCTGGGACAGGTTGAACCGTATACCCTCCTCTAGCGGGGGCTATTGCTCACGCAGGAG 260
PErrrerrrrrrrrrrrerrerrrerrr e et et r et e e
Sbjct 181 GGGCTGGGACAGGTTGAACCGTATACCCTCCTCTAGCGGGGGCTATTGCTCACGCAGGAG 260
Query 261 GATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGGCGTATCCTCGATTTTAGGTG 340
LEerrrrrrrerrrrrrrrrrerer e e ettt et
Sbjct 261 GATCAGTAGATTTAACTATTTTCTCGCTTCACCTAGCAGGCGTATCCTCGATTTTAGGTG 340
Query 341 CCGTTAATTTCATTACTACAACAATTAATATAAAATCCCCTGGAATGAAGGCAGAGCAAC 390
Perrrerrrerrrrrrrerrerrrrrrr et et et e et e
Sbjct 341 CCGTTAATTTCATTACTACAACAATTAATATAAAATCCCCTGGAATGAAGGCAGAGCAAC 390
Query 391 TACCATTATTTGTTTGAGCAGTAGTAATTACAGCCATTTTGTTGCTATTATCATTACCCG 420
CErrrrrrererrrrerrrererrr ettt er et rrr
Sbjct 391 TACCATTATTTGTTTGAGCAGTAGTAATTACAGCCATTTTGTTGCTATTATCATTACCCG 420
Query 421 TTCTGGCTGGAGCCATCACTATACTTTTAACAGACCGTAACATAAATACATCGTTCTTTG 480
LErrrrrrrrerrrrrrrrrrerer et ettt ettt
Sbjct 421 TTCTGGCTGGAGCCATCACTATACTTTTAACAGACCGTAACATAAATACATCGTTCTTTG 480
Query 481 ACCCTGCAGGGGGAGGAGATCCCGGCTG 508
PEETEEET et el
Sbjct 481 ACCCTGCAGGGGGAGGAGATCCCGGCTG 508

Figure 34d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Aethriamanta

brevipennis



cytochrome oxidase subunit I, partial (mitochondrion) [Aethriamanta
brevipennis]

Sequence ID: ALX71651.1Length: 168Number of Matches: 1

Related Information

Range 1: 1 to 168GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Expec - .
Score N p Method Identities Positives Gaps
344 Te- Compositional matrix 168/168 (100 168/168(100 0/168(0
bits (830) 112 adjust. %) %) %)
Query 1 AFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPALTLLLTSSLVESG 60
AFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPALTLLLTSSLVESG
Sbijct 1 AFVMIFFMVMPIMIGGFGNWLVPLMLGAPDMAFPRLNNMSFWLLPPALTLLLTSSLVESG 60

Query 61 AGTGWTVYPPLAGATIAHAGGSVDLTIFSLHLAGVSSILGAVNFITTTINMKSPGMKAEQL 120
AGTGWTVYPPLAGAIAHAGGSVDLTIFSLHLAGVSSILGAVNFITTTINMKSPGMKAEQL

Sbjct 61 AGTGWTVYPPLAGATIAHAGGSVDLTIFSLHLAGVSSILGAVNFITTTINMKSPGMKAEQL 120

Query 121 PLFVWAVVITAILLLLSLPVLAGAITMLLTDRNMNTSEFFDPAGGGDPG 168
PLEFVWAVVITAILLLLSLPVLAGAITMLLTDRNMNTSFEFDPAGGGDPG

Sbjct 121 PLFVWAVVITAILLLLSLPVLAGAITMLLTDRNMNTSFFDPAGGGDPG 168

Figure 34e: Peptide BLAST output of COI gene of Aethriamanta brevipennis
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Figure 34f: The line diagram of Aethriamanta brevipennis over more than 98 % match to other
retrieved sequences (BOLD SYSTEM)



KY773653.1 Telebasis digticollis
— MF174502.1 Orthetrum caledonicum
— WF174500.1 Orthetrum caledonicum
KR080108.1 Pantala flavescens
KU510325.1 Aethriamanta brevipennis
— KU565929 1 Anax speratus
— KU565930.1 Anax speratus

KU566457.1 Trithemis tropicana
— KU566453.1 Trithemis osvaldae
— KU566454.1 Trithemis osvaldae
— KX890927.1 Ophiogomphus colubrinus
— KX890937 1 Ophiogomphus severus

34¢g: The molecular phylogenetic tree of Aethriamanta brevipennis inferred by NJ tree method.

Table 62: Percentage of evolutionary divergence of Aethriamanta brevipennis with its
closely related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence
1 KUS510325 | Aethriamanta brevipennis (Kerala)
2 KU565929 | Anax speratus (Netherland) 0.17
3 KU565930 | Anax speratus (Netherland) 0.17
4 KUS566457 | Trithemis tropicana 0.18
5 KY773653 | Telebasis digiticollis 0.74
6 KRO80108 | Pantala flavescens 0.18
7 KX89092 | Ophiogomphus colubrinus 0.18
8 KU566453 | Trithemis osvaldae 0.18
9 MF174502 | Orthetrum caledonicum 0.73
10 | MF174500 | Orthetrum caledonicum 0.73
11 | KX890937 | Ophiogomphus severus 0.18
12 | KUS566454 | Trithemis osvaldae 0.18




Figure 35: Brachydiplax sobrina

>KT372720 Brachydiplax sobrina isolate voucher CUBS 01-A1 cytochrome oxidase I

subunit gene, partial cds; mitochondrial
CTCCAGATATAGCATTCCCACGTTTAAATAACATAAGAT TTTGACTTTTACCACCATCATTCACTTTATT
ATTAGCAAGAAGAATGGTTGAAAGAGGGGCAGGAACAGGATGAACCGTTTATCCTCCACTAGCGGGAGCT
ATTGCTCATGCAGGAGCATCCGTTGATTTAACAATTTTTTCTCTTCATTTAGCAGGAGTATCCTCAATTC
TAGGTGCAATTAACTTTATTACAACAGTAATCAATATAAAGTCACCTGGGATAAAAATAGATCAAATACC
CCTATTTGTATGGGCAGTAGTAATTACCGCCGTACTTCTTTTGTTATCACTTCCGGTATTAGCTGGAGCA
ATTACTATACTATTAACCGATCGAAATATTAATACCTCATTCTTTGATCCCGCAGGAGGGGGAGATCCTA
TTT

Figure 35a: The DNA sequence interpret of COI gene of Brachydiplax sobrina

T
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Figure 35b: Representative molecular barcode of COI gene of Brachydiplax sobrina.

> ALY 11021 Brachydiplax sobrina |cytochrome oxidase subunit I gene [voucher CUBS-01-
A1 partial cds, mitochondrial|140 bp

PDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFSLHLAGVSSILGAINEFI
TTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITMLLTDRNINTSFFDPAGGGDPI

Figure 35c: The conceptual translation product of the COI gene of Brachydiplax sobrina



Brachydiplax sobrina isolate voucher CUBS 01-Al cytochrome oxidase I subunit
gene, partial cds; mitochondrial
Sequence ID: KT372720.1lLength: 423Number of Matches: 1

Related Information
Range 1: 1 to 423GenBankGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score Expect Identities Gaps Strand

782 bits (423) 0.0 423/423(100%) 0/423(0%) Plus/Plus

Query 1 CTCCAGATATAGCATTCCCACGTTTAAATAACATAAGATTTTGACTTTTACCACCATCAT 60
FEETTErrrrrrerr et e ettt e e

Sbjct 1 CTCCAGATATAGCATTCCCACGTTTAAATAACATAAGATTTTGACTTTTACCACCATCAT 60

Query 61 TCACTTTATTATTAGCAAGAAGAATGGTTGAAAGAGGGGCAGGAACAGGATGAACCGTTT 120

Frrrrrrrrerrerrrerrrrrrrrrrrerr e e e e e e e
Sbjct 61  TCACTTTATTATTAGCAAGAAGAATGGTTGAAAGAGGGGCAGGAACAGGATGAACCGITT 120

Query 121 ATCCTCCACTAGCGGGAGCTATTGCTCATGCAGGAGCATCCGTTGATTTAACAATTTTTT 180

Frrrrerrrrrrererrrreerrrrr e et e et e e e
Sbjct 121 ATCCTCCACTAGCGGGAGCTATTGCTCATGCAGGAGCATCCGTTGATTTAACAATTTTTT 180

Query 181 CTCTTCATTTAGCAGGAGTATCCTCAATTCTAGGTGCAATTAACTTTATTACAACAGTAA 240

Frrrrrrreerrerrrrrrrrrrrerrrerr e e e e e e e e
Sbjct 181 CTCTTCATTTAGCAGGAGTATCCTCAATTCTAGGTGCAATTAACTITATTACAACAGTAA 240

Query 241 TCAATATAAAGTCACCTGGGATAAAAATAGATCAAATACCCCTATTTGTATGGGCAGTAG 300

Frrrrrrreerrerrrerrrrrrrerrrerr e e e e e e e e
Sbjct 241 TCAATATAAAGTCACCTGGGATAAAAATAGATCAAATACCCCTATTTIGTATGGGCAGTAG 300

Query 301 TAATTACCGCCGTACTTCTTTTGTTATCACTTCCGGTATTAGCTGGAGCAATTACTATAC 360

Frrrrerrrrrrerrrrrrerrrrrr e et e e e e e
Sbjct 301 TAATTACCGCCGTACTTCTTTTGTTATCACTTCCGGTATTAGCTGGAGCAATTACTATAC 360

Query 361 TATTAACCGATCGAAATATTAATACCTCATTCTTTGATCCCGCAGGAGGGGGAGATCCTA 420

Frrrrrrrrerrerrrrrrrrrrrrrrrrrr e e e e e e e
Sbjct 361 TATTAACCGATCGAAATATTAATACCTCATTCTTTGATCCCGCAGGAGGGGGAGATCCTA 420

Query 421 TTT 423

([
Sbjct 421 TTT 423

Figure 35d: Nucleotide BLAST output of the mitochondrial DNA COI gene of Brachydiplax
sobrina



cytochrome oxidase subunit I, partial (mitochondrion) [Brachydiplax sobrina]
Sequence ID: ALY11021.1Length: 140Number of Matches: 1

Related Information

Range 1: 1 to 140GenPeptGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Expec s -
Score ¢ p Method Identities Positives Gaps
273 8e-93 Compositional matrix 140/140(100 140/140(100 0/140(0
bits (699) adjust. %) %) %)
Query 1 PDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATIAHAGASVDLTIFS 60
PDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGAIAHAGASVDLTIFS
Sbijct 1 PDMAFPRLNNMSFWLLPPSFTLLLASSMVESGAGTGWTVYPPLAGATIAHAGASVDLTIFS 60

Query 61 LHLAGVSSILGAINFITTVINMKSPGMKMDOMPLFVWAVVITAVLLLLSLPVLAGAITML 120
LHLAGVSSILGAINFITTVINMKSPGMKMDOMPLEVWAVVITAVLLLLSLPVLAGAITML

Sbjct 61 LHLAGVSSILGAINFITTVINMKSPGMKMDOMPLFVWAVVITAVLLLLSLPVLAGAITML 120

Query 121 LTDRNINTSEFFDPAGGGDPI 140
LTDRNINTSFFDPAGGGDPI

Sbjct 121 LTDRNINTSFFDPAGGGDPI 140

Figure 35e: Peptide BLAST output of COI gene of Brachydiplax sobrina
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Figure 35f: The line diagram of Brachydiplax sobrina over more than 98% match to other
retrieved sequences (BOLD SYSTEM)



ABT08628.1 Planaeschna ishigakiana
AB708947 1 Brachydiplax chalybea

MF358747.1 Libellula quadrimaculata
—L MF358748.1 Libellula quadrimaculata
MF358746.1 Brachydiplax chalybea
KC287156.1 Brachydiplax chalybea

& KT372720.1 Brachydiplax sobrina (KERALA)
—__ KT3727211 Brachydiplax chalybea
KU9809870.1 Libellulidae sp.
— KY947366.1 Dythemis multipunctata
L KY947485.1 Dythemis multipunctata

KY¥947363 1 Dythemis multipunctata
KY¥947364 1 Dythemis multipunctata

{ KY¥947365 1 Dythemis multipunctata
KY947486.1 Dythemis multipunctata

Figure 35g: The molecular phylogenetic tree of Brachydiplax sobrina inferred by NJ tree
method.

Table 64: Percentage of evolutionary divergence of Brachydiplax sobrina with its closely

related species accessible from NCBI GenBank

SI. | Accession Organism Percentage of
No. No divergence

1. | KT372720 | Brachydiplax sobrina (Kerala)

2 KT372721 | Brachydiplax chalybea (Kerala) 0.13

3 KC287156 | Brachydiplax chalybea (Mizoram) 0.13

5 AB708947 | Brachydiplax chalybea (Japan) 0.16

6 KU980970 | Libellulidae sp. 0.17

7 KY947363 | Dythemis multipunctata 0.17

8 KY947364 | Dythemis multipunctata 0.17

9 KY947365 | Dythemis multipunctata 0.17

10 | KY947366 | Dythemis multipunctata 0.17

11 | KY947485. | Dythemis multipunctata 0.17

12 | KY947486 | Dythemis multipunctata 0.17

13 | MF358746 | Brachydiplax chalybea 0.14

14 | MF358747 | Libellula quadrimaculata 0.17

15 | MF358748. | Libellula quadrimaculata 0.17




KT222947 Acisoma panorpoides
KP835513 Neurothemis tullia

KU052671 Lathrecista sp. Libellulidae
KU510325 Aethriamanta brevipennis

KT372720 Brachydiplax sobrina

KM096995 Bradinopyga geminata

KIU133368 Onychogomphus malabarensis=—————" Gomphidae
KR 148807 Crocothemis servilia ~
KR149803 Trithemis pallidinervis
KP835512 Diplacodes trivialis
KT222948 Neurothemis intermedia
KP835515 Neurothemis fulvia >— Libellulidae

——— KR011198 Pantala flavescens

KP938529 Orthetrum sabina
KP938531 Brachythemis contaminata
KX503060 Potamarcha obscura -
KR149806 Anaciaeschng [ASPIlE m— Aeshnidae
KP938530 Rhyothemis variegata

KT305963 Trithemis aurora

KT372721 Brachydiplax chalybea Libellulidae

KR 148802 Trithemis festiva
KR 148805 Anax parthenope

Aeshnidae

Figure 36: Molecular phylogenetic tree of all Anisopterans in the present study



{ KT222948 Neurothemis intermedia \

KU052671 Lathrecista sp.
N KP835513 Neurothemis tullia

KR011198 Pantala flavescens
KP835515 Neurothemis fulvia

|: KT372721 Brachydiplax chalybea
KT372720 Brachydiplax sobrina

> ANISOPTERA

I: KP835512 Diplacodes trivialis
KT222947 Acisoma panorpoides
KUS10325 Aethriamanta brevipennis J
_|: KU510326 Vestalis apicalis A
KX503058 Vestalis gracilis
KM096996 Aciagrion occidentale
—— KT222949 Ceriagrion coromandelianum

_|: KR 149808 Ischnura aurora > ZYGOPTERA
KT305961 Ischnura senegalensis

_|: KUAT1002.1 Agriocnemis pygmaea
KR149804 Copera marginipes

KU133367 Agriocnemis keralensis
E —— KR149806 Anaciaeschna jaspidea \
L KP928530 Rhyothemis variegata
KP938529 Orthetrum sabina
_|: KR149807 Crocothemis servilia
KM096995 Bradinopyga geminata

KR 149803 Trithemis pallidinervis
KR 149805 Anax parthenope

> ANISOPTERA

KX503060 Potamarcha obscura
KP938531 Brachythemis contaminata
KU133368 Onychogomphus malabarensis/

_|: KT305963 Trithemis aurora
KR 149802 Trithemis festiva

Figure 37: Molecular phylogenetic tree of all Odonata members under present study
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Figure 38: Phylogenetic tree showing inter-familian relationship of odonates



— KR149205.1 Anax parthenope

L KR140202.1 Trithemis fstie
KT305963 .1 Trthemis aurora
KET372721 .1 Brachydiplax chalybea

—|: KT372720.1 Brachydiplax sobrina

ERE35515.1 Neumthemis iilia
EP&35513.1 Heumthemis tullia
EU0G2672.1 Neumthemis intemmedia

{ KUDS2671.1 Lathrecista sp.

KP932530.1 Rhyothemis wanegata
L KR140308.1 Anaciaeschna jaspidea

KUST1002.1 Aygiocremis pygmaea
{ KR149204.1 Cope@ marginipes

KU13E367.1 Agiocremis keralensis

|

KU133368.1 Oryehogomphus malabarensis
KT305961 1 kEchnura senegalensis
KR1438202.1 kchnura aurom

FHS03060 .1 Potamarcha obscura

{ KJE36444.1 Junonia atlites (LEPIDOPTERA)

Khi230114.1 Dytizcus marginalis (COLEOPTERA)
KT222947 1 Poisoma panorpoides
KPO32531.1 Bachythemis contaminata
KPa35512.1 Diplacodes trvalis
KR149203.1 Trthemis pallidinenis
L KMO9G295.1 Bradinopyga geminata

KPA33529.1 Orthetrum =abina

W

KT222948 1 Caragrion coromandelianum
—|: KR 140807 1 Cmcothemis senilia
— KMD9E296 1 Aciagrion occidentals
L GUTI379.1 Ephemercpter sp (EP HEWIEROPTERA)
KRO11188.1 Pantala 13wscens

FHA0A058 .1 Mestalis gracilis
KUAS10326.1 Westalis apicalis

{ KLS10325.1 Aethriamanta brepennis

Figure 39: Phylogenetic tree showing relationship of odonates with other insect groups



