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Dragonlies are candidates dnang ancient flyinll insec^^ existed in the cLtrbony'Lrolls Pcriotl
Libell idae is the ta,gest dn(t cos lopolitan dragonJly fanily af the anler Odonota. Herc r!'€ drr'?$arl /'r

pltlogenetic reldtionships o;f 5 dragonfly nenberc (Rhyothenis variegtlta, Acisanld panarpoides. Arthetrl"lt

vlbina, Andeciashna.iospided and Trithenis palidine^'is) using qtoLhrone oxidase 1 (COl ntarker lltL'

pa ial PCR prcttuct af this getle yietded 450bp, 479bp, 50abp, 59lbp dnd 530bP DNA respectivelv lh':

n cleotide BLAST anqLysis con|ined the t(xonomic identity oJ these entirc sllecies Phvlogenetk: tr'"t:

constructed by Neiehbov jainins nethacl :thawed that Libcllrlidae netnbers are h.tving a 'lanopl1)t(ti'

ancostry &te to lhe dfueryence fIrJtn a conmatl ancestor. An|ang lhese members, Orthelrunl s&binQ is sh'tt i :: t!

sister ctade rclationship 1liith Trithe is palli.lineflis h,hich renaine.l in the sane clade ana Rhlathehtl

wiegata with A ndecios hna j asp idea in another cldde Th e overug. A"rT canten t af di l r hese spet ies is 66 2 6"1i

whil; G+C content is 33.74ok showing a strcng A+T biat lhe nu4eatide 5ub51itl irn uaul,rr's rrur'r t4ar

Acisotna panarpoitles, has the hiEhest substitlltion rate lbllowed by lllq'athenis vartLStre. Ana.'ta,l d
jtlspidea, O heultm sabina and Trithetllis pailidhervis. The hiEh A+T canlent along wilh second caLlon ch' g'

rcfec!s e|otlttionary diyergence of atl these species. ThtLt the prcsent st dy concluded that cytachronle oxiddxt l

ls an qfectbe toot Jbr predictine phJtogenetic reldtiollsh4s and e\)olutit)nL v di'eryence oJ clasely rclated
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lntroduction
Odonata is a weli known insect ordcl ol dragonflies and damselflies djslribxted widely ovef tbe worki

Ill. Approxirnately 6500 extant specjes in over 600 genem and 28 iamilies are known to exiit [2]. t,ibellulid-dc
colnmonly ca'led .skimmers' are tLre largest and cosmopolilan family of dragonflies consisting about 1000

species d;sn ibuted ir 1l -l3 subfamilies under 140 general3]. -fhey are often seen during April to Decembef and

prcfer to live in ponds, meadows, water filled ditches etc. The most diagnosiic learure of lhis lamily is thc

p.esence of \v ing l r iangles and anal loop in fofewings and hindwings- The mosi nolable prc-cladist ic studies ol

odonata were nostly based on wing venation, secondary male genitalia and the prehensilc labial nask of lhc

larvael4l.
DNA barcoding is considered to be a very easy and cost elfective molecular identification tool across

nretazoan taxa [5]: lnsect mitochondrial cytochrqme oxidase I (col) genes are used ar a model to examine the

gene heterogeneity of evolutionary rate and its implications for evolutionary analyses [6] These genes

rypically lack recomblnarion and promote to lhe fixation ofmtDNA halotypes lor species identificalion [7]
Molecular phy]ogenelic studies ofthis order are well known.[8] infened the monophyletic anceslry of

this order using mitocho=ndrial genes (COl,l65 iRNA) and nuclear genes (28S rRl'lA, EF-lq) [9] deveiop€d a

well sustained;hylogeny ofthe Libcllulidae from 2 gene liagmcnts of 163 and 28S. Bayesian likelihood aDd

parsimony analyais ioncludes that Macromiinae, Cordullidae and Libellulidae families of Odonates arc

monophyletic. ln lhe presenl study, the cytochrome oxidase I gene of cerlain selecled dragonflies was

amplified from Kerala to predict their evolutionary divergence and phylogenetic rclationships.

Maferials and Methods
Sample Col lect ion and Breservst ion

. Dragonflies were collecied by hand sweep Detling and randonr field sampling melhod was osed to

cover entire study area_ Morphological idenrification was done llom taxononic expefts. Eacb specrneD was

then placed in a separare collecting bbttle, assigned a code number and slored in 70% elhanol un!il turther use.

Uorphotogica! ide;tification was done from taxonomic expefts. To extracl DNA, the middie and hind leg of

each specimen was removed leaving the rest ofthe specimen as vouchers
DNA Arnpl i f icat ion aDd Sequencing

dNA was extracted usjng Origin DNA preparaiion kit The obtained DNA was anlplified using Takara

PCR thermo cycler. Thc thermo cycler conditions were slightly modified as follo*'s; I inilial cycle of 5 miDute

ar 95.C followed by 30 cycles of95oc for 10 seconds, 50oc for 1 minute, 72'c lor 45 seconds. This is followcd

by a final step ol72"c for I min. The obtained PCR producl was checkcd using 2 % agarose ,qel elcctrophorcljr!

and was sequenced \\,ith both, the forward and relerse, primcrs using an aLrtomated sequcocer ABI 37l0XI- by

Sanger's sequencing method. Phylogenetic analysis was done by MECA software ll01.



L , i l , i  I  : . r  , . r \  I  . ! , . j .  : l

rJ ; ro. i t ' t i , r i r l  a i l i  J . : r tucf re . i :L la tor  rhe s. lccted dr isonl l ie i  $ i rs  seqi icnc. . . i  ar t  sLrbni t re i  i '
.  . r l ra;r j i  i l r r !c icr l rLlr . r j  \ . r .c ct i ted usir) .s basic i j l -AST rool \ f iLh (  t )s anat)sis.  The xt ierc. t  req\rer i : rs

f ] i 4 U s . d i o r s p : c i . r i i ] c | I i 1 j c i t i C ! l u s i 1 l g i j l i \ S T ' I h e s c q u c n c e s f r o m G e n B i n k \
i : ' r i  sDecics !r .ne|: ] tcr l  l io)x rh;s slLL! l )  nere cor)rprred and al igned usioq the CL USTAI_W pfogfanr

l,.lorphological idcnriljcatio| iiom rhe taxonomic expcrts confirnied the selected drasonflies as
iiitfothon;s turiqnte, ,1ci.to t.! panoryaide.\, (r1heu.11t17 sdbina, |tnocio.r.tlnd j,,std"a ,J T,th,)n,s' 1 r l l r . i i , r / ' ^ . T h e p a n i a l l ) a m p j j f i e d p r o d u L l o t L h r s g e n c \ i r J ( d 4 s U b J , . t r , ) b p . 5 0 u b p . 5 9 l b p a r d S S 0 b p D N A
'cspcdrvelv The darabases fevealcd def ini te idcnt i ty marches in ihc range of99% 100%. I ,hylogenei ic rrcc
:onstfucled by Neighbourjoining ncLhod and rhc iabte ofnucleoride subsri tur ior js given bctow.

tF -ri..i::: a_r h:lrf::rL,j|;

liRi 131X1 Ii E-:*i: .; ll;::r.:i|g

;{F 315511 Fj:}lrtle'il: lEf -:r."t:
l:R r+:r:n Al:cE::_. ct.E3 j::I,ri::j

kT::i:,li !:Eira tLiprmri::.ar l i

FIG l :  ] 'hc cvolu l ionnr_v h is t { r ry  lvrs  i r ferred using the Ncighbour-. Ioin ing rnethod
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Mrtochondr;al  DNA sequencc proved to be a valuabte root for d€tennining rhc phylogen(ic
. : lat iof is ir ips i l l l .  Ih ls eene prol ides deepcr phytogenei ic insights thair  orher n1irochondriat  g.n".  l r" .our"
haiges in i ls arnino acid scquence occur rnore srowry lhan othcr mitochondriar gene Ir2l .  Tr ie cytochronc
\rdase I  seqlrencc of sclccled dragonf l ies lvere subnl i t ted to cenBank Accession numbers as Kp938529,
"P913530, KRI4980i,  K]{149806 and KI22294i for tuture refe.ences. The nucleol ide tsLAST analysis
howed 99-lo07o seqDerce simila.iry to the simirar sequences already in the dara base. The nrurtiple seqrence
iignment ofthe simila sequence rvas doDe by Cluslil W and the evolut;ona.), historl, \\,as lnlerred usiirg the
leighbour joining method [ ]31. phytogeneric tree inlerprets rhat Libel l ; l idae rnembers are havi ig a
.)nophyletic 

.ancestry duc ro the divergence tforn a common 3ncestor. Anong thcse membcrs. r)r/rerrrn
rl,z? is sharing a sisrer clade retarionship with riithetllis palidinerris which rcmaired in the same clade and
,. t* . , tht  nts vor)r \ota 

_Nith tnae.tusi)nd pspi. te,  in another ctade (Figu.e t) .  Mosi of  rhc phylogenct ic srudiei
I  U J o r ' e s . r .  . .  . O '  e .  F  , e p  p  n o  U f L v  e  c  n .  r ^  l  l

The arrpl i l lEd prodLrc! of  aI  thesc sequences is r ich iD AT conler i  rv; lh rh),nr inc ;s tr le mosl t requentry
rcn ibl loanl b!  Adcnine, C)l .s ine ard cuanine lhe AT contenr stoo. l  66.26 o./r  in corrparison u, i th the Ga
,rtc. i  of  : j i  ?J r ; .  l j j  a lso conlrnned rhe hieh A+r 'conrent amor)q odonares. Thc higrr Ar-f  conrenr aror. l j
r rn .second codon changc fef leci  the highcr evorr l ionary divcrgence of thesc species. The nucreorid:
lbsi i tu! ion analvsis shorved rhar ) t isona. lxt"arPoides is having high divergence ihan other nrcmbers.l i lochondrial  sene rhus can be useJir i  for unravel ing phyrogcneric ret l iorships arr iong crose)y rerated spccies.
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GrioFic D\A $as eriracred fron one ofihe rhomcic tegs
.r ln€ .rF.inFnral insed, ,r.m3ri.n ...itl.htdte \Fie$e
:, Th. tistu€ sas honoeenizcd and senomic DNA iI rhe
5otrx'goare was isolated usiDg Ulrrapure Manfrahan
G@mic DNA P.e Kir. About 2 ng of Benomic DNA was
rnplified for mitochondrjai cyiochone oxidase subunit I
icol) s€ne usiDe forwa.d hiDer, 5,
C.-\TTGCAGATGACCAAATTTA :l,and revers€ pnner,
5'ATTGGATCTCCACCACCTCC i,. The The pCR
producrs were .esolved on a l% TAE_ agarose get. to.
confimation of the rarger genc amplification. The tCR
p.oduct was columr purified using Ullraclean pCR Clean
up Kit (Mo Bio Laboratories,lnc. Cajifornia). The plrified
PCR product was sequenccd liom both ends Lsx,g
Sangeri sequencing rne{hod[11] Sequences obtained
were assenbled by usiDg Ch$tatW aod t|e conrensus was
taken lor the analysis. The final sequence was sea.ched io,

3. Results and Discussion

:4 . '138

fragnentalion on ljfe histo.y stratesies, popui.tio,,
dynanncs .nd ad.ptabiljr! of animak in rhe fietd raarcr
rh in rhc laborarorr makes them an elcellenr model
sysreD 10. sru'ry purpose I2l. Aciagrio, accidentlte js a
,rcnber ol Cocnagrionidae fanily of Odonales. -Ihis
damsellly occurs in a wjdc va,iery ofhabjtats chiefly ajong
slreams. ponds and swamps

,:rr,,
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:!-igxrc.2: plyloeenelic

showing 99% seqD€nce jimjtality tct
(GdBank Accessio. ;uhber: KF GenBank
Ne'hcrJand I l

(KM 096996) is

s;

Odofttd are rhe indicators of env;onmenlal quanry,
evolutionary developmentat biology an.l cotuervanon
biology [1]. Tbey gmeElty belongs to rhc base ofwinged
insect (Pterygora). haking then uniquc an.l exciling. This
phylogenetic posirion sbows thar thcy can Drovide mosl
r tu l  ,n lormdr:or  on ,he evo,J,on ot  . rc  ruThotogi ,J

d n J  r e ! h a , , .  o f  I n , e c . s i n g j  j n d . r e
gendal body plan of rhe winged insecls. The effect of
chanAi.g ft onmental conditioD relared 10 .xmate
change, envnonmentai polturion, and warer quatjty. habilat

ltgure l: A.iasrion oeidehtale
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