


using molecular forensic based evidence to incriminate criminals in a court of law in the fight

against wildlife crime.

Introduction
TheBengaltiger (Panthera tigris tigris) is themostprevalentandendangeredtigersubspecies
found in theIndian subcontinent[1, 2]. In justoveracentury,wild tigerpopulationshavedra-
maticallyfallen(>97%)andcurrentlyabout3,200tigersareleft in thewild [1, 2]. Widespread
deforestation,habitatfragmentationandloss,preydepletion,andpoachingarethemajor
causesof tigerpopulationdecline[3±6].Moreover,diseasessuchascaninedistempervirus
(CDV) couldposefurther threatto alreadydecliningtigerpopulations[7]. Poachingandille-
galwildlife tradepresentthegreatestthreatsto thesurvivalof tigersacrosstheir range[8±10].
With increasingdemandfor wildlife partsandillicit tradeof wildlife, Asiahasbecomeoneof
themajorhubsfor wildlife crimes[4, 11,12].Nepalisoneof themajorsourcesof illegalwild-
life parts[13,14].Eachyearlucrative,illicit wildlife commoditiesincluding tigerpartssuchas
skin,bone,claws,teeth,blood,genitals,andmeatareillegallytraffickedto Chinesemarkets
[14,15]andusedin traditionalChinesemedicine[15±17].Wildlife crimein Nepalisdriven
byamultitudeof factors,includingpoverty,lucrativefinancialrewardsfrom illicit wildlife
productsin blackmarkets,porousborders,lackof conservationawareness,andpoor law
enforcementfor thepreventionof wildlife crimes[18,19].

Oftentheonly evidencerecoveredfrom wildlife crimesceneis tracesof blood,piecesof
meat,skin,fur, bonesandotherformsof biologicalmaterials.Manyof theseizedspecimens
arevirtually impossibleto identify basedon morphologicalanalysisalone.Lackof precise
identificationof confiscatedspecimenshasoftenresultedin no convictionsin court of lawin
Nepal.Hence,thereisanurgentneedto useadvancedforensictechniquesto identify seized
wildlife specimensto determinetheir speciesandregionof origin.

Molecularforensicscanprovideinformation on species,sexandindividualsof poached
animalswith relativelyhighaccuracy[20±29].Usingageo-spatialreferencegeneticdatabase,
it ispossibleto determinethesourceof theseizedpartsusingvariousstatisticalandcomputa-
tional analyses.

Applicationsof DNA profiling in wildlife forensicsweresuccessfullyappliedfor whalesand
dolphins[30,31];muledeer,white-taileddeer,moose,caribouandAmericanblackbear[32];
wild boarandwolves[33,34];African elephants[20,23,35]andleopards[24]. For tigers,
molecularforensictechniqueshavebeen,for example,usedto investigateatigerbonesmug-
glingcasein China[36] andillegalsaleof tigermeatfrom acircustiger [37]. In Nepal,utility
of genetictoolsin bothpopulationstudiesandforensicshaverecentlybeenexploredfor tigers,
throughtheNepalTigerGenomeProject(NTGP)(2011±2013)[38].

Genetictoolscombinedwith geo-locationbaselinedataon speciescandiscerngeographic
origin of confiscatedwildlife partsandtheir derivatives[20,23,24,29,32,35,39].Thiskind of
information ishighlyvaluablefor conservationmanagersto prioritize their effortsin effective
anti-poachingactivities.Bestpracticesin anti-poachingeffortsrequirescientificallysound
wildlife monitoring effortsandtheeffectivesharingof information amongstconservation
managersandrelevantstakeholders[40]. TheGovernmentof Nepal(GoN) hasassertedthat
theincidencesof seizedtigerpartshavedramaticallyincreasedoverthelastyears.Nepalis
bothasourceandaconduit for wildlife partstrafficking into China/Tibetandotherareas.
Hencethereisaneedto utilizeeffectivetoolssuchasmolecularforensicsto trackpoaching
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andillegaltradein tigerpartswithin thecountryandbeyond.TheGoNhasproposedestab-
lishingasystemto bettertrackrecordsof poachingincidences,confiscationandenforcement
of theConventionof InternationalTradein EndangeredSpecies(CITES)of Wild Faunaand
Floraby increasingthein-country capacityfor identificationof animalpartsandtheir deriva-
tivesusingeffectiveandmodernDNA-basedforensictools[41].

Theprimary goalof thisstudyis to applyamolecularforensicapproachto identify species,
sexandthepopulationof origin of 15putativetigerpartsconfiscatedby theCentralInvestiga-
tion Bureau(CIB) of NepalPolice.To identify thegeo-locationsourceof thesesamples,we
usedinferencesfrom four differentassignmentmethodsandapreviouslydevelopedgeo-spa-
tial geneticreferencedatabaseof wild tigersof Nepal[38]. Thedatabaseincludesgeneticand
geo-locationinformation on 120wild tigersof Nepal,covering60%of theestimated200tigers
acrosstheTeraiArc Landscape(TAL) sampledacrossthemain tigerhabitats(BankeNational
Park[BaNP],BardiaNationalPark[BNP],ChitwanNationalPark[CNP], ParsaWildlife
Reserve[PWR] andSuklaphantaWildlife Reserve[SWR])[42,43].

Materials and methods

Source of forensic samples

Thelaboratoryof theCenterfor MolecularDynamicsNepal(CMDN) receivedatotalof fif-
teenseizedputativetigerparts,which includedthirteenskinpieces,andtwo bloodsmeared
knives(S1Fig)seizedby theCIB during investigativeoperations(2014±16)in southernNepal
(S1Table).Thesesampleswerelabeled,photographedandstoredwith desiccantat room tem-
perature.Thisstudyhasbeenauthorizedthroughstudypermit providedby theDepartmentof
NationalParksandWildlife Conservation,Ministry of ForestsandSoilConservation-Govern-
mentof Nepal.

Geo-spatial baseline genetic database of wild tiger in Nepal

NTGPcreatedNepal'sfirst comprehensivetigerreferencegeneticdatabasebycollectingand
analyzingfecalsamples(n = 770;CNP= 420,BNP= 116,SWR= 79,PWRandwildlife corri-
dors= 155)acrosstheTAL regionof Nepal(Fig1andS2Table).Thisdatabaseincludesspe-
cies,sexandindividual DNA microsatelliteprofilesof 120wild tigers[44].

Genetic analyses of forensic samples

DNA extraction. DNA wasextractedusingDNeasyBloodandTissueKit following the
manufacturer'sinstruction(QiagenInc.,Germany)[46].A 1cm2 pieceof skin (forensic)was
digestedovernightat56ÊCin 180μL ATL and20μL ProteinaseK solution.ExtractedDNA
wasprecipitatedwith ethanolandpurification wasconductedin aspincolumnfollowing the
kit's protocol.For thebloodsmearedknives,samplesweretakenbyswabbingthesmearedsur-
facewith asterilecottonswabsaturatedwith phosphatebuffersaline.DNA from swabsamples
wereextractedfollowingthesameprotocolusedin skinsamples.Eachbatchof DNA extrac-
tionsincludedanegativeextractioncontrol.Precautionwastakento avoidcontamination.
ExtractedDNA wasstoredat -20ÊC.

Species identification. TigerswereidentifiedusingaPCRassaythatusedtigerspecific
mtDNA Cytochrome-b(CYT-B) primers[47].A totalof 7μL PCRreactionwaspreparedcon-
taining3.5μL of 2XQiagenmultiplexmastermix(QiagenInc.,Germany),0.7μL Q-solution,
200nM eachCYT-B primer setsand1.5μL of purified DNA template.Thethermocyclingcon-
dition was95ÊCfor 15min followedby35cyclesof 94ÊCfor 30sec,59ÊCfor 90secand72ÊC
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for 90secwith thefinal extensionat72ÊCfor 10min. Amplified 162bp targetPCRproduct
wasvisualizedunder1.5%agarosegelelectrophoresis(S2Fig).

Sex identification. Sexof identifiedtigersampleswasdeterminedbyamplifyingtheAme-
logenin(AMEL) geneof sexchromosomes[48].A 7μL PCRreactionwaspreparedcontaining
3.5μL of 2XQiagenmultiplexmastermix(QiagenInc.,Germany),0.7μL Q-solution,200nM
eachAMEL forwardandreverseprimersand1.5μL of purified DNA template.Thethermocy-
clingcondition was95ÊCfor 15min followedby45total cyclesof 94ÊCfor 30sec,53ÊCfor 60
secand72ÊCfor 60secwith final extensionat72ÊCfor 10min. Amplified PCRproductswere
visualizedin 3%agarosegelelectrophoresis.Femalesamplesyieldedasingle(214bp) PCR
band,while two bands(194bp and214bp) identifiedmalesamples.Eachsamplewasrun in
triplicate.Samplesthathadamplificationof X andY alleleson at leasttwo out of threerepli-
cateswereidentifiedasmale.Samplesthathadonly X alleleamplificationin all threereplicates
wereassignedasfemale[49].

Fig 1. Scat sample collection (n = 770; CNP = 420, BNP = 116, SWR = 79, PWR and wildlife corridors = 155) sites for tiger baseline genetic database under Nepal

Tiger Genome Project (NTGP, 2011–2013). Theestimatedtigerpopulationof Nepalwas198(CNP= 120,BNP= 50,SWR= 17,PWR= 7,BaNP= 4)[45].

https://doi.org/10.1371/journal.pone.0201639.g001
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Individual identification. Individual tigerswereidentifiedusingapanelof polymorphic
microsatellitemarkers(n = 10)developedfrom thedomesticcat(Feliscatus) andtiger
genomes[50±52].Theprimersarearrangedin asinglemultiplexpanel.PCRamplificationwas
carriedout in a7μL reactionvolumecontaining3.5μL of Qiagenmultiplexmaster-mix(Qia-
genInc.,Germany),0.7μL of Q solution,eachtenmicrosatelliteprimers(FCA391: 0.2μM,
PttD5: 0.07μM, FCA232: 0.14μM, FCA304: 0.07μM, F85: 0.30μM, FCA441: 0.14μM,
FCA043: 0.09μM, F53: 0.49μM, FCA205: 0.21μM andPttA2: 0.07μM) and2.5μL of purified
DNA template.ThePCRthermocyclingcondition was95ÊCfor 15min with a10cyclesof
touchdownstep(94ÊCfor 30sec,initial annealingat62ÊCreducedby0.5ÊCin eachcyclefor
90secandextensionat72ÊCfor 60sec),followedby25cyclesof 94ÊCfor 30sec,57ÊCfor 90
secand72ÊCfor 60sec,andafinal extensionat72ÊCfor 10min. Amplified product(0.7μL)
wasgenotypedbyadding0.3μL of LIZ-500sizestandardin ABI 310geneticanalyzer(Applied
Biosystems,USA).MicrosatellitealleleswerescoredusingGENEMAPPER,version4.1
(AppliedBiosystems,USA).To finalizetheconsensusgenotypes,amulti-tubeapproachwas
usedwhereat leastthreeidenticalhomozygotePCRresultswererequiredfor ahomozygote
genotypecall;eachallelewasobservedin two independentPCRsto recordaheterozygous
genotype[53]. Byutilizing thematchingtool in GenAlExversion6.503[54], individual tigers
wereidentifiedfrom genotypedata.

Genetic structure analysis. The8 loci microsatellitegenotypesfrom previouslyidentified
tiger individualswereusedasthereferencebaselinedata[38]. A Bayesianclusteringapproach
wasappliedto determinethegeneticstructurein tigerpopulationof NepalusingSTRUC-
TURE,version2.3.4[55,56].TheBayesianclusteringwasimplementedusing2,000,000Mar-
kovchainMonteCarlo(MCMC) replicationsafterinitial 500,000burn-in with repetitionsof
theanalysisfor 10independenttimespereachassumedpopulation(K = 1 to 6).Thisanalysis
wasrun usingtheadmixturemodelwith correlatedallelefrequenciesandwastestedunder
supervised(with LOCPRIOR)andunsupervised(without LOCPRIOR)learningalgorithms.
In thesupervisedmethod,samplinglocationinformation consistingof threegeographical
locations(CNP,BNP,SWR)wereprovidedasa priori information,whereasit wasnot pro-
videdin unsupervisedmethod.Therateof changeof likelihood(deltaK) valuewasestimated
byEvannomethod[57] to determinetheoptimalnumbersof geneticclustersor populations
presentin our referencegenotypedatafor bothsupervisedandunsupervisedanalysisusing
STRUCTUREHARVESTER,version0.6.94[58]. Thepercentageof inferredancestry(Q-
scores)for eachsamplefrom 10independentrunswereaggregatedinto anaverageQ-scores
usingCLUMPP,version1.1.2[59].

Geo-source assignment of unknown tiger samples. Confiscatedtigersampleswere
assignedto potentialsourcepopulations(referencebaselinedataobtainedthroughNTGP)
usingfour differentapproaches,includingBayesianclusteringanalysiswith STRUCTURE,
version2.3.4[55,56], likelihoodandBayesian-basedassignmentin Geneclass,version2 [60],
andmultivariatediscriminantanalysisof principalcomponents(DAPC)usingtheRpackage
adegenet, version2.1.1[61]. First,STRUCTUREanalysisusingthesameparametersasdes-
cribedabovewasperformedbycombiningthegenotypedatafrom theforensicsamples(un-
knownorigin; PopInfo= 0) with thetigersamplesfrom NTGP'sreferencedatabase(known
origin; PopInfo= 1).Theassignmentof unknownsamplesto sub-populationswasdetermined
basedonQ-scoremembershipvalues.Tigerswereidentifiedasresidentsof anareawhentheir
averageQ valuescorewas� 70%.Weclassifiedindividualswith Q scores< 70%asadmixed
andunassigned[62]. Next,weestimatedtheprobabilityof assignmentfor eachforensictiger
sampleto differentsourcepopulationswith assignmentthresholdscoreof 0.05usingPaetkau's
frequencybasedmethod[63] andwith amissingallelefrequencyof 0.01usingRannalaand
Mountain'sBayesianmethod[64] in Geneclass,version2 [60]. Weassignedatigersampleto a
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populationof origin whentheprobabilityof assignmentwas>0.99andclassifiedsamplesas
unassignedwhentheprobabilitywasbelowthis threshold.To complementtheseanalyses,we
alsoconductedadiscriminantanalysisof principalcomponents(DAPC)usingtheRpackage
adegenet, version2.1.1[61], to clustergeneticallysimilar individualsbasedon their multi-locus
genotype.To establishconservativecriteria for forensicassignment,werequiredasampleto
meettheassignmentcriteriadefinedabovefor threeof thefour methods.Thesefour methods
werechosenbecausetheyhavebeenshownto performwell in accuratelyassigningindividuals
in multiple studies[29,65,66].

Results

Genetic analyses

A totalof 120individual tigers(CNP= 64;BNP= 36;SWR= 20)wereidentifiedbymatching
tool implementedviaGenAlExversion6.503[54].Wecalculatedprobabilityof identification
(PID) to be1.5E-06andprobabilityof identity amongsiblings(PID(sibs)) to be3.2E-03(<0.01)
for 8 loci andachievedanoverallgenotypingsuccessof 40%.Of all theevaluatedmicrosatellite
markers,eightwereselectedfor geneticanalysisof all sampleswith fairly highoverallPCR
amplificationsuccess(84%)andgenotypingaccuracy(82%)(S3Table).Twomicrosatellite
markers(FCA205andPttA2)wereincludedin thePCRmultiplexbut werenot consideredin
theindividual identificationasone(LocusFCA205)did not amplify in themajority of samples
andtheother(PttA2)wasnot polymorphic.Similarly,themeanallelicdropoutratewas2.46%
andfalsealleleswerearound15.85%[44].

All forensicsamples(n = 15)wereof tiger (S2Fig).Sexidentificationrevealedtenmales
andfivefemales(S3Fig).Genotypingsuccesswas100%for all forensicsamples(S4Table),
exceptfor oneof theblood-smearedknife samples(F-NP-0012)in whichonly half thenumber
of loci successfullyamplified.A multiple genotype(microsatelliteloci) patternwasobservedin
F-NP-0012,wherethreedifferentallelesweredetectedat threeloci FCA391,FCA232 and
FCA043 hence,thissamplewasexcludedfrom further analyses.Byusingmatchingtool in
GenAlEx,version6.503[54],thegenotypeof oneof theforensicsamples(F-NP-0004),deter-
minedto beoriginatingfrom afemaletiger [Table1]), matched100%to previouslyprofiled
femaletigerat theBNPsitein theNTGPbaselinetiger referencedatabase.

Reference population genetic structure

Bayesianclusteringanalysisperformedin STRUCTURE(with LOCPRIOR)predictedtwo asthe
mostprobablenumberof geneticclusters(K = 2)basedon Evannomethodology,whereone
groupconsistedof samplesfrom CNP,whiletheotherconstitutedof samplesfrom BNPand
SWR(Fig2andS4Fig).However,K = 3wasthemostsupportedstructurefrom meanlikelihood
(meanLnP(K)= -2097.47andSD= 9.6),andQ valueplotswherethethreeclusterscorresponded
to tigersamplesfrom CNP,BNPandSWR.Thelatterstructurepatternwith threegeneticclusters
(K = 3)wasalsocorroboratedbasedonQ-scoreplotsacrossCNP,BNPandSWR,makingan
effectivereferencestructurethatwouldbeessentialfor forensicassignmentof unknownsamples.

Theunsupervisedapproachin STRUCTUREalsopredictedtwo asthemostprobablenum-
berof geneticclusters(K = 2) basedon Evannomethoddividing thedatainto oneclustercon-
sistingof CNPsamplesandanotherwith samplesoriginatingfrom BNPandSWR(Fig3and
S5Fig).However,thismodelseemedto supportK = 4 from meanlikelihood(meanLnP(K)=
-1999.7andSD= 0.34).TheCNPpopulationshowedtwo sub-structuresatK = 4,but no sig-
nificant spatialpatternswerefound,ratherthesampleswerepanmicticacrosstheCNPsite.
Therefore,weusedthesupervisedmodel(with LOCPRIOR)with K = 3 subpopulationclusters
for thepopulationassignmentof unknownforensicsamples.
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Forensic assignment of unknown samples

UsingK = 3 asthereferencepopulationstructure,Q membershipscoresof tigersamplesof
unknownorigin wereusedto assignthemto ageographicallocation.Eightforensicsamples
hadQ-scoresabove70%andwereassignedto aspecificreferencepopulationin Nepal,while
theremainingsixsamplesweredeterminedto beof admixedgeneticmakeup(Table1).
Amongtheeightassignedsamples,onesample(F-NP-0009)wasassignedto CNP,fivesam-
ples(F-NP-0004,-0006,-0010,-0011and-0013)wereassignedto BNP,andtwo samples
(F-NP-0002and-0014)wereassignedto SWR.For theadmixedindividuals,3showedgreater
than50%ancestrywith SWRandmostof theremainingancestrywith BNPwhile theother3
showedgreaterthan50%ancestrywith BNPandmostof remainingancestrywith SWR(2) or
CNP(1).Resultsfrom Geneclass2analysesconfirmedour findingsin STRUCTURE.Using
thefrequency-basedandBayesianassignmentmethods,sixsampleswereassignedto BNP,
two wereassignedto SWRandonewasassignedto CNPwith aprobability>99%(Table1).

Table 1. Species, sex and location assignment of all forensic samples. Speciesandsexprofilesof 15forensicsamples.Q-scorevaluesfrom STRUCTURE,frequency
assignmentlikelihoodandBayesianassignment likelihood valuesfrom Geneclass2,posteriormembershipprobabilitiesfrom DAPCanalysesof 14forensicsamples.

Sample

ID

Genetic profile STRUCTURE Q
values

GeneClass2

Assignment

Likelihoods

Geneclass 2

Bayesian

Assignment

Likelihoods

DAPC Forensic Assignment Probable

origin

Species Sex BNP SWR CNP BNP SWR CNP BNP SWR CNP BNP SWR CNP

F-NP-
0001

Tiger Male 0.287 0.629 0.084 0.376 0.611 0.013 0.252 0.747 0.001 0.998 0.002 0.000 UnassignedÐAdmixed
BNP/SWR

F-NP-
0002

Tiger Male 0.265 0.721 0.015 0.000 0.999 0.000 0.000 0.999 0.000 0.000 1.000 0.000 SWR Western
Terai

F-NP-
0003

Tiger Male 0.461 0.500 0.039 0.669 0.220 0.110 0.807 0.073 0.119 1.000 0.000 0.000 UnassignedÐAdmixed
BNP/SWR/CNP

F-NP-
0004

Tiger Female 0.817 0.159 0.023 0.998 0.002 0.000 0.999 0.000 0.000 0.999 0.001 0.000 BNP Western
Terai

F-NP-
0005

Tiger Female 0.535 0.450 0.016 0.707 0.293 0.000 0.709 0.290 0.000 0.987 0.013 0.000 UnassignedÐAdmixed
BNP/SWR

F-NP-
0006

Tiger Female 0.713 0.261 0.026 0.991 0.008 0.000 0.997 0.003 0.000 0.995 0.005 0.000 BNP Western
Terai

F-NP-
0007

Tiger Male 0.394 0.577 0.029 0.626 0.350 0.024 0.831 0.137 0.003 1.000 0.000 0.000 UnassignedÐAdmixed
BNP/SWR

F-NP-
0008

Tiger Female 0.540 0.127 0.334 0.865 0.000 0.135 0.641 0.000 0.359 1.000 0.000 0.000 UnassignedÐAdmixed
BNP/CNP

F-NP-
0009

Tiger Male 0.089 0.178 0.733 0.000 0.000 0.999 0.000 0.000 0.999 0.002 0.000 0.998 CNP EasternTerai

F-NP-
0010

Tiger Male 0.815 0.166 0.020 0.991 0.009 0.000 0.984 0.016 0.000 0.999 0.001 0.000 BNP Western
Terai

F-NP-
0011

Tiger Male 0.916 0.066 0.018 0.999 0.000 0.000 0.999 0.000 0.000 1.000 0.000 0.000 BNP Western
Terai

F-NP-
0013

Tiger Male 0.884 0.095 0.021 0.999 0.000 0.000 0.999 0.000 0.000 1.000 0.000 0.000 BNP Western
Terai

F-NP-
0014

Tiger Male 0.225 0.756 0.019 0.000 0.999 0.000 0.001 0.999 0.000 0.919 0.081 0.000 SWR Western
Terai

F-NP-
0015

Tiger Female 0.669 0.233 0.098 0.999 0.000 0.000 0.999 0.000 0.000 1.000 0.000 0.000 BNP Western
Terai

F-NP-
0012

Tiger Male - - - - - - - - - - - - Genotypingfailed -

Boldhighlightingindicatesthatasamplemeetsdefinedcriteriafor assignment�70%for STRUCTUREand�99%for Geneclass2

https://doi.org/10.1371/journal.pone.0201639.t001
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Fig 2. STRUCTURE bar plot of (K = 2 to 5) with LOCPRIOR information.

https://doi.org/10.1371/journal.pone.0201639.g002

Fig 3. STRUCTURE bar plot of (K = 2 to 5) without LOCPRIOR information.

https://doi.org/10.1371/journal.pone.0201639.g003
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Asobservedin theSTRUCTUREanalyses,fivesamplesdid not meetour assignmentprobabil-
ity threshold(>99%)andshowedadmixedancestry(Table1).DAPCanalysissuggestedthat
oneforensicsampleoriginatedfrom CNPwhilemostotherswereassignedto theBNPcluster
confirming theassignmentresultsobtainedusingtheothermethods(Fig4).Basedon our cri-
teriaof requiringthreeor moreassignmentmethodsto confirm theresults(seemethods),we
concludedthat6 forensicsamplesoriginatefrom BNP,2 from SWRand1 from CNP.5sam-
pleswereclassifiedasunassigned(Table1).

Fig 4. Discriminant analysis of principal components (DAPC) to infer genetic assignment of confiscated tiger parts to source populations in Nepal.

Scatterplotsof tigergenotypes(knownandunknown origin) in relationto discriminant functionsweregeneratedusingRpackageadegenet, version2.1.1[61].
Eachpoint representsonetiger individualandellipsesaroundeachclusterrepresent95%confidence.Thebarplotgraphseigenvaluesof thefirst three
principalcomponentsin relativemagnitude.BNP,BardiaNationalPark;CNP,ChitwanNationalPark;SWR,ShuklaphantaWildlife Reserve;FS,forensictiger
samples.

https://doi.org/10.1371/journal.pone.0201639.g004
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Discussion
Wildlife crimeisaserioustrans-nationalthreatto biodiversityin SouthAsia/Indiansubconti-
nentandworldwide.Thereisanimmediateneedto developtoolsthatcanassistin tracking
andultimatelypreventingwildlife crimewhich isdrivenbyorganizedcriminal syndicatesthat
control theburgeoningandhighly lucrativeillicit tradein wildlife parts[67].CIB hasbeen
activelyinvolvedin theinvestigationof wildlife crimeacrossall regionsof Nepalandhashad
majorsuccessesin bringing theperpetratorsto justicebycloselyworking with othernational
andinternationalstakeholders.A highnumberof seizurecasesof tigerbodypartsfrom Mid/
FarwesternNepalcomparedto otherregionsindicatesthat thisareamight beoneof the
major trafficking routesfor illegalwildlife tradein Nepal.Therecentlyestablishedmolecular
forensiccapabilityin Nepalprovidespowerful,newtoolsin thefight againstwildlife crimein
Nepal.

Theuseof molecularforensictoolsplaysanimportant role in strengtheninglawenforce-
menteffortsto addresswildlife crimeandbiodiversityconservation.It hasalreadybeensuc-
cessfullyusedin somecountriesto improveinvestigationof wildlife cases,identificationof
poachinghotspotsandtrafficking routesfor African elephantsandIndian leopards,aswellas
prosecutionof wildlife criminalsbyconnectingindividualsto crimescenes[20±24,34,67].

TAL isabiologicallydiversehabitat.Oncealluvialgrasslandsandsubtropicaldeciduous
forestsof TAL hassupportedthehighestrecordeddensityof tigersin theworld [68]. Poaching
nowrepresentsagreatthreatto tigersurvivalin this landscape[1].Dwindling tigernumbersin
someprotectedareascallsfor urgentconservationactionandrequireschangesin thecurrent
protectionstrategyfor tigers.Tigerpopulationsin thewesternpartof TAL mayalreadyhave
reachedadangerouslylow tipping-point, andfurther declinein localpopulationnumbersmay
pushthesub-populationtowardslocalextinction,similar to whathappenedto therhino popu-
lation acrossBabaiRiverfloodplainin BNP[18,69].

Applicationof molecularforensicsis relativelynewandrapidlyevolving,andisgaining
acceptancein wildlife conservationefforts[70,71].Theinformation obtainedthroughthe
molecularforensicsismoreaccurateandinformativethanconventionalmethods[21,72].To
identify sourcepopulationof poachedtigers,wecreatedawild tigergeo-spatial,geneticbase-
line databasethroughtheNTGP[38],whichservesasareferencedatasetfor theforensicanaly-
sis.Themoleculartrackingof tigerpartshasprovidedvaluableinformation on wildlife crime
ªhot spotsºwithin Nepalandpresentedscientificevidenceto incriminatecriminalsin acourt
of law.Weidentifiedonetigerskinsamples(F-NP-0004;female)thathadanexactDNA geno-
typingprofile with oneof our femalereferenceNTGPtigersfrom BNP.Wecollectedscatsof
that individual in thewinter of 2012;thisparticularindividual wasprobablypoachedas
recentlyasoneto two yearsago.Of all theforensicevidenceweanalyzed,mostweretracedto
BNP(6/15)(Table1),highlightingthisareaasawildlife crimehotspot.This iscrucialinforma-
tion for Nepal'slawenforcementofficials.After disseminationof theseresults(Table1), the
concernedstakeholders,including theNepalPoliceandtheNepalArmy increasedtheir
patrolsandintelligenceactivitiesparticularlyin theBNPregion.Asaresult,afewof thecrimi-
nalnetworksinvolvedin wildlife crimein thatareawerediscoveredandnecessaryactions
weretakento preventfurther threatfrom thesepoachers[73,74].Our analysisconfirmedthat
all theseizedpartswerefrom tigerandmajority of them(10of 15,>65%)weremale.

Themolecularassaywehaveusedin our baselinetigergeneticdatabaseandforensicsam-
pleshavehighprobabilityof identification(PID; 1.5E-06)andprobabilityof identification
amongsiblings(PID (sibs); 3.2E-03)with eightmicrosatelliteloci showinghighpolymorphism
[38]. Similarly,our speciesandsexidentificationPCRassaywashighlyeffective[44].Other
studieshaveshownthatassignmenttestscanbeveryeffectiveandaccuratewhenpairwiseFst
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valuesbetweensourcepopulationsexceed0.05,whichwastrue in our study[44,65].Usingour
analysisframework,wewereableto assign9 of the14individualsto asourcepopulationin
Nepal.FiveindividualswereunassignedandshowedadmixedgeneticprofilesbetweenCNP,
SWRandBNP.Theseindividualsmayhavebeenoffspringof migrants.Previousresearch
detected3migrantsfrom SWRto BNPandshowedhighergeneflow from SWRinto BNPthan
BNPto SWR[44].This isalsoreflectedin theSTRUCTUREQ valueplotsthatshowalarger
proportion of admixedindividualsin BNP(Fig2).Thus,theseadmixedindividualsaremore
likely to havebeenpoachedin BNPthanSWR[44]. Forensicsamplesmayalsooriginatefrom
sourcepopulationsoutsideof Nepal,whicharenot representedin our database.To testthis
hypothesis,wegeneratedNei'spairwisegeneticdistancevaluesfor all individualsandbuilt a
UPGMA phylogenetictreeto searchfor outlier samples(S1File).Twoof theunassignedsam-
ples(F-NP-0001and-0008)in thisanalysisdid not clusterwith the3maingroupsandmayrep-
resentindividualsfrom unsampledsourcepopulationsin India.Overall,theresultsof our
forensicstudywhichusedfour differentanalyticalmethods(STRUCTUREQ, GeneClass2-
AssignmentandBayesianlikelihoodandDAPC)(Table1) werebroadlycongruent,indicating
that thisanalysisapproachisahighlyvaluabletool againstwildlife crimesin Nepalandbeyond.
However,our tigergeneticdatabasecurrentlyonly includesgenotypesfrom tigerpopulations
in Nepal.Hence,weacknowledgethatsomeof thesamplesassignedto regionsin Nepalcould
havebeenpoachedin tigerhabitatsjustacrosstheborderin India wheretigerallelefrequencies
arelikely similar.Thereisnowanurgentdemandto havetrans-boundarycollaboration
betweentigerhabitatcountries[75,76]with themaingoalto build andsharestandardizedtiger
geneticdatato developacomprehensiveandcross-referencinganti-poachinggeneticdatabase.
Wealsorecommendamolecularforensicdatavalidationprocessto evaluateaccuracyof the
techniqueandintegratethis in courtsof lawasadmissibleevidencein wildlife crimecasesby
conductingmulti-yearscatsurveysandbuilding arobustbaselinegeneticdatabaseof wild tigers
not only in Nepalbut throughoutthetigerrangecountriesin SouthAsia.

Thereisanongoingeffort to havecourt of lawin NepalacceptDNA-basedevidencefor
incriminating wildlife criminals.Weareworking with all therelevantstakeholders,including
theUnited StatesFishandWildlife Service(USFWS)andtheInternationalCriminal Police
Organization(INTERPOL)to bring awarenesson theutility of molecularforensicsin Nepal
andbeyond.

Conclusions
Theworld hasexperiencedanunprecedentedspikein illegalwildlife trade,threateningto over-
turn decadesof conservationgains.Wildlife tradeis thefourth mostlucrativeillegaltradein the
world afterdrugs,humantraffickingandarmstrade[77].To combatwildlife crimethroughpro-
viding scientificallyaccurateandreliableinformation,Nepalhasnowgeneratedageneticdatabase
of wild tigerpopulationsin Nepal,whichincludesgeo-locationdatathatallowsmolecularforensic
toolsto determinethesourcelocationof seizedtigerparts.With effortslike NTGP,developing
countriessuchasNepalhavemadesignificantprogressin building localcapacityto gatherimpor-
tantbiodiversityinformation on variouswildlife species.Thisforensicstudyprovidescritical
information for effectivelawenforcementin thefight againstwildlife crime.
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