


Molecular forensics of seized tiger (Panthera tigris tigris) parts in Nepal

using molecular forensic based evidence to incriminate criminals in a court of law in the fight
against wildlife crime.

Introduction

TheBengaliger (Panthera tigris tigris) isthe mostprevalenandendangerediger subspecies
foundin the Indian subcontinenf1, 2]. In justoveracentury,wild tiger populationshavedra-
maticallyfallen(>97%)and currentlyabout3,200tigersareleftin thewild [1, 2]. Widespread
deforestationhabitatfragmentationandloss preydepletion,andpoachingarethe major
causesf tiger populationdecline[3+6]. Moreover,diseasesuchascaninedistempervirus
(CDV) couldposefurther threatto alreadydecliningtiger populationg[7]. Poachingandille-
galwildlife tradepresenthe greatesthreatsto the survivalof tigersacrossheir range[8+10].
With increasingdemandfor wildlife partsandillicit tradeof wildlife, Asiahasbecomeoneof
themajor hubsfor wildlife crimes[4, 11,12]. Nepalis one of the major sourcesf illegalwild-
life parts[13, 14]. Eachyearlucrative,illicit wildlife commoditiesincluding tiger partssuchas
skin,bone,clawsteeth blood,genitalsand meatareillegallytraffickedto Chinesemarkets
[14,15]andusedin traditional Chinesemedicine[15+17].Wildlife crimein Nepalis driven
by amultitude of factors,including poverty,lucrativefinancialrewardsfrom illicit wildlife
productsin blackmarkets porousborders Jackof conservatiorawarenessnd poor law
enforcemenfor the preventionof wildlife crimes[18,19].

Oftenthe only evidencaecoveredrom wildlife crime scends tracesof blood, piecesof
meat,skin, fur, bonesandotherforms of biologicalmaterials Many of the seizedspecimens
arevirtually impossibleto identify basedbn morphologicalanalysisalone.Lackof precise
identification of confiscatedpecimendasoftenresultedin no convictionsin court of lawin
Nepal.Hence thereis anurgentneedto useadvancedorensictechniquego identify seized
wildlife specimenso determinetheir speciesandregionof origin.

Molecularforensicanprovideinformation on speciessexandindividualsof poached
animalswith relativelyhigh accuracy20+29].Usinga geo-spatiateferenceyeneticdatabase,
it is possiblego determinethe sourceof the seizecpartsusingvariousstatisticabnd computa-
tional analyses.

Applicationsof DNA profiling in wildlife forensicsveresuccessfullgppliedfor whalesand
dolphins[30, 31]; mule deer,white-taileddeer, moose caribouand Americanblackbear[32];
wild boarandwolveq 33, 34]; African elephant$20, 23,35] andleopardq24]. For tigers,
molecularforensictechniquesavebeen for exampleusedto investigateatiger bonesmug-
gling casén China[36] andillegalsaleof tiger meatfrom acircustiger[37]. In Nepal,utility
of genetictoolsin both populationstudiesandforensicshaverecentlybeenexploredfor tigers,
throughthe NepalTiger GenomeProject(NTGP) (2011+2013]38].

Genetictoolscombinedwith geo-locatiorbaselinedataon speciesandiscerngeographic
origin of confiscatedvildlife partsandtheir derivative§20,23,24,29,32,35,39]. Thiskind of
information is highly valuabldfor conservatiormanagerso prioritize their effortsin effective
anti-poachingactivities Bestpracticesn anti-poachingeffortsrequirescientificallysound
wildlife monitoring effortsandthe effectivesharingof information amongstconservation
managerandrelevantstakeholder§40]. The Governmentof Nepal(GoN) hasassertedhat
theincidenceof seizediger partshavedramaticallyincreasedaverthe lastyearsNepalis
both asourceandaconduitfor wildlife partstraffickinginto China/Tibetand otherareas.
Hencethereis aneedto utilize effectivetoolssuchasmolecularforensicdo track poaching
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andillegaltradein tiger partswithin the countryandbeyond.The GoN hasproposecdestab-
lishingasystento bettertrack recordsof poachingincidencesgonfiscationandenforcement
of the Conventionof International Tradein Endangere®&pecie$CITES)of Wild Faunaand
Floraby increasinghein-country capacityfor identification of animalpartsandtheir deriva-
tivesusingeffectiveandmodernDNA-basedorensictools[41].

The primary goalof this studyis to applyamolecularforensicapproacho identify species,
sexandthe populationof origin of 15putativetiger partsconfiscatedy the Centrallnvestiga-
tion Bureau(CIB) of NepalPolice.To identify the geo-locatiorsourceof thesesampleswe
usedinferencedrom four differentassignmenimethodsanda previouslydevelopedjeo-spa-
tial genetiaeferencalatabasef wild tigersof Nepal[38]. The databas@ncludesgeneticand
geo-locatiorinformation on 120wild tigersof Nepal ,covering60%of the estimated200tigers
acrosghe TeraiArc LandscapéTAL) sampledacrosghe main tiger habitats(BankeNational
Park[BaNP],BardiaNationalPark[BNP], ChitwanNational Park[CNP], Parsawildlife
ReservgPWR] and SuklaphantaVildlife ReservéSWR])[42,43].

Materials and methods
Source of forensic samples

Thelaboratoryof the Centerfor MolecularDynamicsNepal(CMDN) receivedatotal of fif-
teenseizedputativetiger parts,whichincludedthirteenskin piecesandtwo blood smeared
knives(S1Fig) seizedy the CIB during investigativeoperationg2014+16)n southernNepal
(S1Table).Thesesamplesverelabeledphotographedand storedwith desiccanatroom tem-
perature.This studyhasbeenauthorizedthrough studypermit providedby the Departmentof
NationalParksandWildlife ConservationMinistry of Forestsand SoilConservation-Geern-
mentof Nepal.

Geo-spatial baseline genetic database of wild tiger in Nepal

NTGP created\epal'sfirst comprehensivéiger referencegeneticdatabaséy collectingand
analyzingfecalsamplegrn = 770;CNP= 420,BNP= 116,SWR= 79,PWRandwildlife corri-
dors= 155)acrosghe TAL regionof Nepal(Fig 1 and S2Table).This databas@cludesspe-
ciessexandindividual DNA microsatelliteprofilesof 120wild tigers[44].

Genetic analyses of forensic samples

DNA extraction. DNA wasextractedusingDNeasyBloodand TissueKit followingthe
manufacturer'snstruction (Qiageninc., Germany)[46]A 1 cm? pieceof skin (forensic)was
digestedbvernightat 56EGn 180uL ATL and20uL ProteinaseK solution.ExtractedDNA
wasprecipitatedwith ethanoland purification wasconductedn aspincolumnfollowing the
kit's protocol.For the blood smearednives,samplesveretakenby swabbinghe smearedsur-
facewith asterilecotton swabsaturatedvith phosphatéuffersaline DNA from swabsamples
wereextractedollowing the sameprotocolusedin skin samplesEachbatchof DNA extrac-
tionsincludedanegativeextractioncontrol. Precautiorwastakento avoidcontamination.
ExtractedDNA wasstoredat-20EC.

Species identification. Tigerswereidentified usinga PCRassayhat usedtiger specific
MtDNA Cytochrome-b(CYT-B) primers[47].A total of 7 uL PCRreactionwaspreparedcon-
taining 3.5pL of 2X Qiagenmultiplex mastermix(Qiageninc., Germany)0.7pL Q-solution,
200nM eachCYT-B primer setsand 1.5uL of purified DNA template Thethermocyclingcon-
dition was95Edor 15min followedby 35cyclesof 94ECor 30sec59ETor 90secand 72EC
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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). Theestimatediger populationof Nepalwas198(CNP= 120,BNP=50,SWR= 17,PWR= 7,BaNP= 4)[45].

https://da.org/10.1371¢urnal.pon®201639.g0D

for 90seawith thefinal extensiorat 72ECor 10min. Amplified 162bp targetPCRproduct
wasvisualizedunder 1.5%agaroseelelectrophoresi§S2Fig).

Sex identification. Sexof identified tiger samplesvasdeterminedby amplifyingthe Ame-
logenin(AMEL) geneof sexchromosomes[48JA 7 uL PCRreactionwaspreparedcontaining
3.5yl of 2X Qiagenmultiplex mastermix(Qiageninc., Germany)0.7uL Q-solution,200nM
eachAMEL forward andreversgrimersand1.5ul of purified DNA template Thethermocy-
cling condition was95E Gor 15min followedby 45total cyclesof 94EGor 30sec53Edor 60
secand 72Edor 60secwith final extensiorat 72EGor 10min. Amplified PCRproductswere
visualizedn 3%agaros@elelectrophoresidzemalesampleyieldedasingle(214bp) PCR
band,while two bands(194bp and214bp) identified malesamplesEachsamplevasrun in
triplicate. Sampleshat hadamplificationof X andY alleleson atleasttwo out of threerepli-
cateswvereidentifiedasmale.Sampleshat hadonly X alleleamplificationin all threereplicates
wereassignedsfemalg49].
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Individual identification. Individual tigerswereidentified usingapanelof polymorphic
microsatellitemarkers(n = 10)developedrom the domesticcat(Feliscatus) andtiger
genomes[50+52T heprimersarearrangedn asinglemultiplex panel. PCRamplificationwas
carriedoutin a7 uL reactionvolumecontaining3.5ulL of Qiagenmultiplex master-mix(Qia-
geninc., Germany)0.7uL of Q solution,eachten microsatelliteprimers(FCA391: 0.2uM,
PttD5: 0.07uM, FCA232: 0.14uM, FCA304: 0.07uM, F85: 0.30uM, FCA441: 0.14uM,
FCA043:0.09uM, F53: 0.49uM, FCA205: 0.21uM andPttA2: 0.07uM) and2.5uL of purified
DNA template The PCRthermocyclingcondition was95EGor 15min with a 10cyclesof
touchdownstep(94ECor 30secjnitial annealingat 62EQeducedby 0.5EGn eachcyclefor
90secandextensiorat 72EGor 60sec)followedby 25cyclesof 94EGor 30sec57EGor 90
secand 72Edor 60secandafinal extensionat 72EGor 10min. Amplified product(0.7uL)
wasgenotypedyy adding0.3uL of LIZ-500sizestandardin ABI 310geneticanalyzel(Applied
Biosystemd,JSA).MicrosatelliteallelesverescoredusingGENEMAPPERyersion4.1
(AppliedBiosystemdJSA).To finalizethe consensugenotypesa multi-tube approachwas
usedwhereatleastthreeidenticalhomozygotd®?CRresultswererequiredfor ahomozygote
genotypecall;eachallelewasobservedn two independenfPCRgo recordaheterozygous
genotypd53]. By utilizing the matchingtool in GenAlExversion6.50354], individual tigers
wereidentifiedfrom genotypedata.

Genetic structure analysis. The8loci microsatellitegenotypesrom previouslyidentified
tigerindividualswereusedasthe referencéaselinedata[38]. A Bayesiarlusteringapproach
wasappliedto determinethe geneticstructurein tiger populationof NepalusingSTRUC-
TURE,version2.3.4[55, 56]. The Bayesiarmlusteringwasimplementedusing2,000,000ar-
kov chainMonte Carlo(MCMC) replicationsafterinitial 500,00@urn-in with repetitionsof
theanalysidor 10independentimespereachassumegbopulation(K = 1to 6). Thisanalysis
wasrun usingthe admixturemodelwith correlatedallelefrequencieandwastestedunder
supervisedwith LOCPRIOR)andunsupervisedwithout LOCPRIOR)earningalgorithms.
In the supervisednethod,samplinglocationinformation consistingof threegeographical
locations(CNP,BNP,SWR)wereprovidedasa priori information, whereast wasnot pro-
videdin unsupervisednethod.Therateof changeof likelihood (deltak) valuewasestimated
by Evannomethod[57] to determinethe optimal numbersof geneticclustersor populations
presenin our referencegenotypedatafor both supervise@ndunsupervisednalysisising
STRUCTUREHARVESTERYyersion0.6.9458]. The percentagef inferredancestry(Q-
scoresfor eachsamplefrom 10independentunswereaggregatedto anaverage)-scores
usingCLUMPP version1.1.2[59].

Geo-source assignment of unknown tiger samples. Confiscatediger samplesvere
assignedo potentialsourcepopulations(referenceébaselinadataobtainedthroughNTGP)
usingfour differentapproachesncluding Bayesiarmtlusteringanalysisvith STRUCTURE,
version2.3.4[55,56], likelihood and Bayesian-baseassignmenin Geneclassjersion2 [60],
and multivariatediscriminantanalysif principal component§DAPC) usingthe R package
adegenet, version2.1.1[61]. First, STRUCTUREanalysisisingthe sameparametersisdes-
cribedabovewasperformedby combiningthe genotypedatafrom the forensicsamplegun-
known origin; PoplInfo= 0) with thetiger samplegrom NTGP'sreferencalatabas¢known
origin; Poplnfo= 1). Theassignmenbf unknown samplego sub-populationsvasdetermined
basedn Q-scoremembershipsaluesTigerswereidentified asresidentsof anareawhentheir
average) valuescorewas> 70% We classifiedndividualswith Q scores< 70%asadmixed
andunassignedi62]. Next,weestimatedhe probability of assignmentor eachforensictiger
sampleo differentsourcepopulationswith assignmenthresholdscoreof 0.05usingPaetkau's
frequencybasednethod[63] andwith amissingallelefrequencyof 0.01lusingRannalaand
Mountain'sBayesiamethod[64] in Geneclassjersion2 [60]. We assignedtiger sampleto a
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populationof origin whenthe probability of assignmentvas>0.99and classifiedsampless
unassignedavhenthe probability wasbelowthis threshold.To complementheseanalysesye
alsoconductedadiscriminantanalysiof principal component{DAPC) usingthe R package
adegenet, version2.1.1[61], to clustergeneticallysimilarindividualsbasedbn their multi-locus
genotypeTo establistconservativeriteriafor forensicassignmentwerequiredasampleo
meetthe assignmentriteriadefinedabovefor threeof the four methods Theseour methods
werechoserbecaus¢heyhavebeenshownto performwellin accuratelyassigningndividuals
in multiple studieg29, 65,66].

Results

Genetic analyses

A total of 120individual tigers(CNP = 64;BNP= 36;SWR= 20)wereidentified by matching
tool implementedviaGenAlExversion6.503[54]We calculatedrobability of identification
(Pip) to be1.5E-06Gand probability of identity amongsiblings(Pipsibs) t0 be3.2E-03<0.01)
for 8loci andachievedan overallgenotypingsuccessf 40%.0f all the evaluatednicrosatellite
markers eightwereselectedor geneticanalysiof all sampleswith fairly high overallPCR
amplificationsucces84%)andgenotypingaccuracy82%)(S3Table).Two microsatellite
markers(FCA205and PttA2) wereincludedin the PCRmultiplex but werenot consideredn
theindividual identificationasone (LocusFCA205)did not amplify in the majority of samples
andtheother (PttA2) wasnot polymorphic.Similarly,the meanallelicdropout ratewas2.46%
andfalseallelesverearound15.85%44].

All forensicsamplegn = 15)wereof tiger (S2Fig). Sexdentificationrevealeden males
andfive femalegS3Fig). Genotypingsucceswas100%for all forensicsamplegS4Table),
excepfor oneof the blood-smearednife samplegF-NP-0012)n whichonly halfthe number
of loci successfullgmplified.A multiple genotypgmicrosatellitdoci) patternwasobservedn
F-NP-0012wherethreedifferentallelesveredetectecht threeloci FCA391, FCA232 and
FCA043 hencethis samplevasexcludedrom further analysesBy usingmatchingtool in
GenAlEx,version6.503[54]the genotypeof oneof the forensicsamplegF-NP-0004)deter-
minedto beoriginatingfrom afemaletiger [Table 1]), matched100%o previouslyprofiled
femaletiger atthe BNPsitein the NTGP baselindiger referencalatabase.

Reference population genetic structure

Bayesiartlusteringanalysigerformedin STRUCTUREwith LOCPRIOR)predictedtwo asthe
mostprobablenumberof geneticclusterd K = 2) basedn Evannomethodologywhereone
groupconsistedf samplegrom CNP,while the other constitutedof samplegrom BNPand
SWR(Fig 2 and S4Fig). However K = 3wasthe mostsupportedstructurefrom meanlikelihood
(meanLnP(K)=-2097.47and SD= 9.6),and Q valueplotswherethe threeclusterscorresponded
to tiger samplegrom CNP,BNPand SWR.Thelatter structurepatternwith threegeneticclusters
(K = 3) wasalsocorroboratedhasedn Q-scoreplotsacrossCNP,BNPand SWR,makingan
effectivereferencestructurethatwould beessentialor forensicassignmenbf unknown samples.

Theunsupervise@pproachn STRUCTUREalsopredictedtwo asthe mostprobablenum-
berof geneticclusterdK = 2) basedn Evannomethoddividing the datainto oneclustercon-
sistingof CNP samplegind anotherwith sample®riginatingfrom BNPand SWR(Fig 3 and
S5Fig). However this modelseemedo supportK = 4 from meanlikelihood (meanLnP(K) =
-1999.7and SD= 0.34).The CNP populationshowedwo sub-structurest K = 4, but no sig-
nificant spatialpatternswerefound, ratherthe samplesverepanmicticacrosshe CNP site.
Thereforewe usedthesuperviseanodel(with LOCPRIOR)with K = 3 subpopulatiorclusters
for the populationassignmenof unknownforensicsamples.
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Table 1. Species, sex and location assignment of all forensic samples. Specieandsexprofilesof 15forensicsamplesQ-scorevaluesrom STRUCTUREfrequency
assignmenlikelihood and Bayesiamssignnent likelihood valuefrom Geneclassposteriormembershigrobabiltiesfrom DAPC analysesf 14forensicsamples.

Sample | Genetic profile | STRUCTURE Q GeneClass2
ID values Assignment
Likelihoods
Species| Sex | BNP | SWR | CNP | BNP | SWR | CNP
F-NP- Tiger | Male | 0.287| 0.629 0.084| 0.376| 0.611| 0.013
0001
F-NP- Tiger | Male | 0.265| 0.721 | 0.015| 0.000/| 0.999 | 0.000
0002
F-NP- Tiger | Male | 0.461| 0.500| 0.039| 0.669| 0.220 0.110
0003
F-NP- Tiger | Female 0.817 | 0.159| 0.023| 0.998 | 0.002| 0.000
0004
F-NP- Tiger | Female 0.535| 0.450| 0.016| 0.707| 0.293| 0.000
0005
F-NP- Tiger | Female 0.713 | 0.261] 0.026| 0.991 | 0.008| 0.000
0006
F-NP- Tiger | Male | 0.394) 0.577| 0.029| 0.626| 0.350| 0.024
0007
F-NP- Tiger | Female 0.540) 0.127| 0.334| 0.865| 0.000| 0.135
0008
F-NP- Tiger | Male | 0.089| 0.178| 0.733 | 0.000, 0.000 0.999
0009
F-NP- Tiger | Male |0.815| 0.166] 0.020| 0.991 | 0.009| 0.000
0010
F-NP- Tiger | Male | 0.916 | 0.066| 0.018| 0.999 | 0.000/ 0.000
0011
F-NP- Tiger | Male | 0.884 | 0.095| 0.021] 0.999 | 0.000 0.000
0013
F-NP- Tiger | Male | 0.225| 0.756 | 0.019| 0.000/| 0.999 | 0.000
0014
F-NP- Tiger | Female 0.669 0.233] 0.098| 0.999 | 0.000/ 0.000
0015
F-NP- | Tiger | Male - - - - - -
0012

Geneclass 2
Bayesian
Assignment
Likelihoods

BNP | SWR | CNP
0.252| 0.747| 0.001
0.000/ 0.999 | 0.000
0.807 | 0.073| 0.119
0.999 | 0.000| 0.000
0.709| 0.290| 0.000
0.997 | 0.003| 0.000
0.831] 0.137| 0.003
0.641| 0.000| 0.359
0.000| 0.000| 0.999
0.984 | 0.016| 0.000
0.999 | 0.000| 0.000
0.999 | 0.000| 0.000
0.001| 0.999 | 0.000

0.999 | 0.000| 0.000

BNP
0.998

0.000

1.000

0.999

0.987

0.995

1.000

1.000

0.002

0.999

1.000

1.000

0.919

1.000

DAPC

SWR
0.002

1.000

0.000

0.001

0.013

0.005

0.000

0.000

0.000

0.001

0.000

0.000

0.081

0.000
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0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.998

0.000

0.000

0.000

0.000
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UsingK = 3 asthereferencepopulationstructure,Q membershipscoref tiger sample®f
unknown origin wereusedto assigrthemto ageographicdbcation.Eightforensicsamples
hadQ-scoresabover0%andwereassignedo aspecificreferencgopulationin Nepal,while
theremainingsix samplesveredeterminedto beof admixedgeneticnakeup(Tablel).
Amongthe eightassignedamplespnesampleg(F-NP-0009)wasassignedo CNP,five sam-
ples(F-NP-0004;0006,-0010,-0011and-0013)wereassignedo BNP,andtwo samples
(F-NP-0002and-0014)wereassignedo SWR.For theadmixedindividuals,3 showedyreater
than50%ancestrywith SWRandmostof theremainingancestrywith BNPwhile the other3
showedgreaterthan 50%ancestrywith BNPandmostof remainingancestrywith SWR(2) or
CNP(1). Resultdrom Geneclassanalysesonfirmedour findingsin STRUCTUREUSsing
thefrequency-basedndBayesiamssignmeniethods six samplesvereassignedo BNP,
two wereassignedo SWRandonewasassignedo CNP with aprobability >99%(Tablel).
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Fig 2. STRUCTURE bar plot of (K = 2 to 5) with LOCPRIOR information.
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Fig 3. STRUCTURE bar plot of (K = 2 to 5) without LOCPRIOR information.
https://doi.org/10.371/journal pne.020163g003
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Fig 4. Discriminant analysis of principal components (DAPC) to infer genetic assignment of confiscated tiger parts to source populations in Nepal.
Scatteplotsof tiger genotys(known and unknown origin) in relationto discriminart functionsweregeneratedisingR packageidegenet, version2.1.1[61].
Eachpoint representsnetigerindividual andellipsesaroundeachclusterrepresen®5%confiderce. The barplotgraphseigenvaluesf thefirst three
principalcomponentsn relativemagnituce. BNP,BardiaNationalPark;CNP,ChitwanNationalPark; SWR,Shuklaphata Wildlife Reserver:S forensictiger
samples.

https://da.org/10.1371§urnal.por.0201639.004

Asobservedn the STRUCTUREanalysedjve sampleslid not meetour assignmenprobabil-
ity threshold(>99%)and showedadmixedancestry(Tablel). DAPC analysisuggestethat
oneforensicsampleoriginatedfrom CNPwhile mostotherswereassignedo the BNPcluster
confirming the assignmentesultsobtainedusingthe other methods(Fig 4). Basedn our cri-
teriaof requiring threeor moreassignmeninethodsto confirm theresults(seemethods)we
concludedhat 6 forensicsample®originatefrom BNP,2 from SWRand 1 from CNP.5 sam-
pleswereclassifiecasunassigneqTablel).
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Discussion

Wildlife crimeis aserioudrans-nationakhreatto biodiversityin SouthAsia/Indiansubconti-
nentandworldwide.Thereis animmediateneedto developtoolsthat canassisin tracking
andultimatelypreventingwildlife crimewhichis driven by organizedcriminal syndicateshat
control the burgeoningandhighly lucrativeillicit tradein wildlife parts[67].CIB hasbeen
activelyinvolvedin theinvestigationof wildlife crime acrossll regionsof Nepalandhashad
major successean bringing the perpetratorgo justiceby closelyworking with othernational
andinternationalstakeholdersA high numberof seizurecasesf tiger body partsfrom Mid/
FarwesternNepalcomparedo otherregionsindicatesthat this areamight beoneof the
major trafficking routesfor illegalwildlife tradein Nepal.Therecentlyestablishednolecular
forensiccapabilityin Nepalprovidespowerful,newtoolsin thefight againstildlife crimein
Nepal.

Theuseof molecularforensictoolsplaysanimportantrolein strengtheningaw enforce-
menteffortsto addreswildlife crime andbiodiversityconservationlt hasalreadybeensuc-
cessfullyusedin somecountriesto improveinvestigationof wildlife casesdentification of
poachinghotspotsandtrafficking routesfor African elephantsandIndian leopardsaswellas
prosecutiornof wildlife criminalsby connectingindividualsto crime scenes[20+£284,67].

TAL isabiologicallydiversehabitat.Oncealluvialgrasslandandsubtropicaldeciduous
forestsof TAL hassupportedthe highestrecordeddensityof tigersin the world [68]. Poaching
now represent& greatthreatto tiger survivalin thislandscape[1]Dwindling tiger numbersin
someprotectedareasallsfor urgentconservatioractionandrequireschangesn the current
protectionstrategyfor tigers.Tiger populationsin thewesternpart of TAL mayalreadyhave
reachechdangerouslyow tipping-point, andfurther declinein localpopulationnumbersmay
pushthe sub-populatiortowardslocalextinction,similar to whathappenedo therhino popu-
lation acrosBabaiRiverfloodplainin BNP[18,69].

Applicationof molecularforensicss relativelynewandrapidly evolving,andis gaining
acceptancen wildlife conservatiorefforts[70,71]. Theinformation obtainedthroughthe
molecularforensicds more accurateandinformativethan conventionamethodg21,72].To
identify sourcepopulationof poachedigers,wecreatedawild tiger geo-spatialgenetichase-
line databas¢hroughthe NTGP[38],which servessareferencalatasefor the forensicanaly-
sis.Themoleculartrackingof tiger partshasprovidedvaluablanformation on wildlife crime
ahot spotswithin Nepaland presentedcientificevidenceo incriminate criminalsin acourt
of law.We identified onetiger skin samplegF-NP-0004female)thathadanexactDNA geno-
typing profile with oneof our femalereferenceN TGP tigersfrom BNP.We collectedscatof
thatindividual in the winter of 2012 this particularindividual wasprobablypoachechs
recentlyasoneto two yearsago.Of all theforensicevidenceveanalyzedmostweretracedto
BNP(6/15)(Tablel), highlightingthis areaasawildlife crime hotspot.Thisis crucialinforma-
tion for Nepal'dawenforcemenbfficials.After disseminatiorof theseresults(Tablel), the
concernedstakeholdersncluding the NepalPoliceandthe NepalArmy increasedheir
patrolsandintelligenceactivitiesparticularlyin the BNPregion.As aresult,afewof the crimi-
nal networksinvolvedin wildlife crimein thatareawerediscoveredind necessargctions
weretakento preventfurther threatfrom thesepoacherg73, 74]. Our analysisonfirmedthat
allthe seizecpartswerefrom tiger and majority of them(100f 15,>65%)weremale.

Themolecularassayve haveusedin our baselindiger geneticdatabasandforensicsam-
pleshavehigh probability of identification (P,p; 1.5E-06)and probability of identification
amongsiblings(Pip (sibsy 3-2E-03Wwith eightmicrosatellitdoci showinghigh polymorphism
[38]. Similarly,our speciesndsexidentification PCRassayvashighly effectivg44].Other
studieshaveshownthat assignmentestscanbeveryeffectiveand accuratevhenpairwisekF;
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valueshetweersourcepopulationsexceed.05whichwastrue in our study[44,65]. Usingour
analysigramework wewereableto assigrd of the 14individualsto asourcepopulationin
Nepal.Fiveindividualswereunassigne@nd showedadmixedgeneticprofilesbetweerCNP,
SWRandBNP.Thesdndividualsmayhavebeenoffspringof migrants.Previougesearch
detected migrantsfrom SWRto BNPand showecdhighergeneflow from SWRinto BNPthan
BNPto SWR[44].Thisis alsoreflectedn the STRUCTURH) valueplotsthat showalarger
proportion of admixedindividualsin BNP(Fig 2). Thus,theseadmixedindividualsaremore
likely to havebeenpoachedn BNPthan SWR[44]. Forensicsamplesnayalsooriginatefrom
sourcepopulationsoutsideof Nepal whicharenot representedh our databasel o testthis
hypothesiswe generatedNei'spairwisegeneticdistancevaluedor all individualsandbuilt a
UPGMA phylogenetidreeto searctfor outlier sample¢S1File). Two of theunassignedam-
ples(F-NP-0001and-0008)in this analysisdid not clusterwith the 3 main groupsand mayrep-
resentindividualsfrom unsampledsourcepopulationsin India. Overall the resultsof our
forensicstudywhich usedfour differentanalyticaimethods(STRUCTURHKY, GeneClasg-
AssignmentandBayesiatiikelihoodand DAPC) (Tablel) werebroadlycongruent,indicating
thatthis analysisapproachs a highly valuableool againswildlife crimesin Nepalandbeyond.
However our tiger geneticdatabaseurrently only includesgenotyped$rom tiger populations
in Nepal.Hence weacknowledgehat someof the samplegssignedo regionsin Nepalcould
havebeenpoachedn tiger habitatgustacrosghe borderin India wheretiger allelefrequencies
arelikely similar. Thereis now anurgentdemandto havetrans-boundarycollaboration
betweertiger habitatcountries[75, 76] with the main goalto build andsharestandardizediger
genetiodatato developacomprehensivand cross-referencingnti-poachinggeneticdatabase.
We alsorecommendamolecularforensicdatavalidationprocesdo evaluateaccuracyof the
techniqueandintegratethisin courtsof lawasadmissiblesvidencen wildlife crime casedy
conductingmulti-yearscatsurveysandbuilding arobustbaselinggeneticdatabasef wild tigers
not only in Nepalbut throughoutthetigerrangecountriesin SouthAsia.

Thereis anongoingeffort to havecourt of lawin NepalaccepDNA-basedevidencdor
incriminating wildlife criminals.We areworking with all the relevantstakeholderdncluding
the United StatesrishandWildlife ServicUSFWS)andthe InternationalCriminal Police
Organization(INTERPOL)to bring awarenessn the utility of molecularforensicsn Nepal
andbeyond.

Conclusions

Theworld hasexperience@n unprecedentedpikein illegalwildlife trade,threateningto over-
turn decadesf conservatiorgains Wildlife tradeis the fourth mostlucrativeillegaltradein the
world afterdrugs,humantrafficking andarmstrade[77]. To combatwildlife crime through pro-
viding scientificallyaccurateandreliableinformation, Nepalhasnow generatec geneticdatabase
of wild tiger populationsn Nepal,whichincludesgeo-locatiordatathat allowsmolecularforensic
toolsto determinethe sourcdocationof seizediger parts.With effortslike NTGP,developing
countriessuchasNepalhavemadesignificantprogressn building localcapacityto gatherimpor-
tant biodiversityinformation on variouswildlife speciesThis forensicstudyprovidescritical
information for effectivdaw enforcementn thefight againswildlife crime.
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