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Abstract: Understanding the genetic diversity of snow leopards ( Panthera uncia) is crucial for their conservation and man-
agement. In this study, DNA was extracted from tissue samples of 104 snow leopard individuals, and combined with 70
snow leopard genotyping data from the literature, a genetic diversity analysis was conducted using nine microsatellite poly-
morphic loci. The results revealed that as the sample size increased from 70 to 174, the snow leopard population tended to
differentiate into two distinct groups: a northwest group and a central group. A total of 45 alleles were detected in the two
groups, with an average number of alleles per locus (N,) of 4.556 and 4. 667, respectively, for the central and northwest
populations; The average expected heterozygosity (H,) was 0.574 and 0.591, while the average observed heterozygosity
(H,) was 0.517 and 0. 498, respectively. The average inbreeding coefficient (F,) for the snow leopard population was
0. 137, the average genetic differentiation coefficient (Fy;) was 0.067, and the average polymorphic information content
(P) was 0.602. The genetic variation between populations accounted for 15. 24%, and the genetic variation within popula-
tions is 84.76%. The nine microsatellite loci exhibited medium to high levels of polymorphism. Compared to other snow
leopard studies, the genetic diversity of the two snow leopard groups was moderate, and the level of genetic differentiation
between populations was at a medium level. Most of the genetic variation originated within the populations. These findings
are significant for global research on snow leopard population structures and genetic diversity, and provide a reliable ge-

netic background for future scientific conservation efforts.
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DNA B934 (% 1), PCR IR Z RN s b 25485 3¢
MR 16]—3., B3 wL PCRP=HIHEAT 1. 0% S5 B e
JRE RGN, Fer i B Y PCR 728 FH] ABI 3730X LI
J¥ 4 (Applied Biosystems Inc, 3¢ [E ) #47 B 414 HEL ¥k
R, #5320 AR B K/ DL R SEER B DNA $2HL
Hb R AL S B R R SR B A PR 7 56

x1 IOWNMIDESIWFTI

Tab. 1 Sequences of nine pairs of microsatellite primers

l b
7R BIGRRIC
SR S (5'—3) i
Primer . Fluorescent
Primer sequence (5'—3")
name labels

F:GAGAGTGCAGTCAGCCAGGT
PUNTIST R:TGAAATTCAGCTGCTTCAACTC FAM

F:CCGCTTAAGAAGAGGCTAAAAA X
PUNS2 R:TCAAAGAGTGTTGTTAGATAATATGGA HEX

F:GATTTGAACCCAAAGAAAAAGA
PUNT00 R:ATCCCTCTAGACATCTTAGTCACC ROX

F:CCTGACTATTCAATTCCCACCT
PUN8972 R:AAAATGTGCCTGATTGAACAAA FAM

F:TCATCACCAACCTTGCATTT
PUNT283 R:ACCAAGGATGTCTGCGTCTT HEX

F:GCAGCTTAACTGTAAGGTCCAA
PUNSO R:TCTTCCCTCCTCCGTGTATG ROX

F:TGCCTCCTCCTCCTACTGTG
PUNT270 R:ACAGAGTGGATTTCCAAGACA FAM

F:CACCTTTGCATCCAATAAATTC
PUN272 R:AACTACCTTTACCTCCTTCCAAA HEX

F:AACTACCTTTACCTCCTTCCAAA
PUN44 R:AGGGCCTGAACCAAGAGAAT ROX
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PP AT 43 F 7 2 43 B (analysis of molecular vari-
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WA , R/ h—20 (1), o] U FIa st 54008

M At BGI D2000 Plus DNA Ladder;9 ~ 16403 8 MEA
M represents BGI D2000 Plus DNA Ladder; 9 — 16 represents eight
samples.
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Fig. I PCR amplification results of microsatellite primers for some snow

leopard samples
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DX 12 ~ 24,25 ~ 125 VU1 PUFAREL T ) s PHE0 126 ~ 141(EDIL 126 ~ 129, ELIEHTIH 130 ~ 133, 3475 5al1H 134 ~ 137, ¥ /RFHITE 138 ~ 141);9bak 142 ~
174 (5207 [ P 142 ~ 156, 52 i E T : 157 ~ 171, 58 [EFEAR 172 ~ 174) , 3R XB_B13 XB_x07 . XB_b81 %2 i FEl i/ B IS A A e RE A

Figure A shows PCA results based on 70 literature provided snow leopard genotyping data and nine microsatellite loci; Figure B shows PCA results
based on 174 snow leopard genotyping data and nine microsatellite loci; Figure C shows PCA results based on 174 undetermined geographic locations
snow leopard genotyping data and nine microsatellite loci. Sample sources: central 1-125 (northern Qinghai 1-6, southern Qinghai 7-11, Himalayan
12-24, 25-125 Sichuan, Xizang, Qinghai). Western 126—141(India 126-129, Pakistan 130-133, Tajikistan 134-137, Kyrgyzstan 138-141). North-
ern 142-174 (western Mongolia 142-156, southern Mongolia: 157-171, Mongolia sample 172-174) , of which XB_B13, XB_x07, XB_h81 are
samples collected from Mongolia’s inbound law enforcement inspections.
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Fig. 2 Principal component analysis (PCA) of snow leopard populations
BT PCA Z5 3 XI5 RY FhRE S5 40 JEAT 2047 o K=2F1K = 30}, PRRES A5 AR 7 B A e AL i
I 3A FHL, X F 70N EREEA, 2 K =30, ol AR A — 2 (K 3B, ), 2 K = 21,
PO AR AL PR R B e o AN 454, 5 3Cik[16] AR R IR (K 3D) . ZRE, 55950y 24 Fb
PGREAR B 174 AR T a R R HEEA —ENaHME.
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Figure A shows the result of snow leopard population structure based on 70 literature provided genotyping data and nine microsatellite loci at K = 3.

Figure B shows the result of snow leopard population structure based on 174 genotyping data and nine microsatellite loci at K = 2. Figure C show the results

of snow leopard population structure based on 174 genotyping data s and nine microsatellite loci at K = 3. Figure D shows the evaluated values of AK.
B3 SHBEMITER

Fig. 3 Population structure analysis results of snow leopard
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Figure A shows the 70 samples provided in the reference [ 16] and Figure B shows the 174 integrated samples. In these figures, the red, green,

and blue colors represent individuals from the central, western, and northern regions provided by the reference [ 16], respectively. The purple and yel-

low colors represent individuals from the central and northern regions collected in this study, respectively.
4 BEF70R5 174 AEFAN AR Nei ' s 157 BE S0 A9 NJ R IA

Fig. 4 NJ clustering tree based on Nei’s genetic distance among 70 individuals or 174 individuals of snow leopard

R2 1AM EPIREEAPINMYIEAHEERSHERFER

Tab. 2 Genetic diversity information of nine microsatellite loci in 174 snow leopard samples

i Locus N, N, 1 H, H, F Fy Py
PUN100 5.000 4.124 1. 468 0.679 0.756 0. 102 0. 037 0.787
PUN44 4.500 2.084 0.929 .384 0. 506 0.240 0.021 0.484
PUN1157 4.500 2.963 1.247 .553 0. 661 0.163 0.109 0. 701
PUN1270 7.500 3.038 1.382 . 544 0. 671 0.188 0.051 0. 691
PUN1283 3.500 1. 655 0.707 .271 0. 396 0.315 0. 025 0.411
PUNS0 3.500 2.030 0.826 .391 0. 506 0.227 0. 096 0.526
PUN8972 5.000 2.697 1. 136 . 582 0. 603 0. 035 0.079 0.672
PUNS2 3.500 2.289 0.924 . 596 0. 562 -0. 060 0.010 0.487
PUN272 4.500 2.401 1. 096 . 569 0.583 0. 025 0.179 0. 657
S Mean value 4.611 2.587 1.079 . 508 0. 583 0. 137 0. 067 0. 602

2.4 B EbRIC B IR 1

AMOVA 455 R, 725 5 2 A Fp e b, R (v)
[ 8L A8 S5 15.24%, B RE N BY A R S
84. 76% (3K 5) , Fe WAL S5 K& 73 K A FEAPHE NS,
TE 22 8] 0 388 1 78 S5 BT ok e 4914/ Tl st 26 B 2 A4~
TSI ) 1) 3 PR A A A, IO 43 7R S o TR T
FER N

3 it

3.1 BRI

KT HHIRER SO AR 75— B
FAE 2015 4F, Riordan et al. ' H 4 A5 7 43 B 25 5 Fh
ey, B S50 e A2 M ERRR R
1E 2017 4T, Kitchener et al. " E X35 B 35 4 765 55 45
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Tab. 3 Genetic diversity information of nine microsatellite loci in two snow leopard populations
N N, N, H H
'fﬁ}f’: a e 0 e
Lo g T 3 i i T 3 i
Central Northwest Central Northwest Central Northwest Central Northwest
PUN100 5. 000 5. 000 3. 841 4. 407 0. 648 0.711 0. 740 0.773
PUN44 4. 000 5. 000 1.729 2.440 0.322 0.447 0.421 0.590
PUN1157 5.000 4. 000 2.756 3. 169 0.617 0.489 0. 637 0. 684
PUN1270 7. 000 8. 000 3.127 2.950 0.672 0.417 0. 680 0. 661
PUN1283 3.000 4. 000 1. 624 1. 686 0.320 0.222 0.384 0. 407
PUNS80 4. 000 3.000 1.937 2.122 0.415 0.367 0.484 0.529
PUN8972 5. 000 5. 000 3.390 2.005 0. 664 0. 500 0.705 0. 501
PUNS2 4. 000 3.000 2. 196 2.381 0. 463 0.729 0. 545 0. 580
PUN272 4. 000 5.000 2.331 2.471 0.533 0. 604 0.571 0.595
P . 4.556 4. 667 2.548 2. 626 0.517 0. 498 0.574 0.591
Mean value of each population
BVARSE{E Overall mean 4.611 2.586 0.508 0.583

x4 2NEHBEEPINMYIEMSNRERBETE
Tab. 4 Hardy-Weinberg equilibrium at nine microsatellite loci among

the two snow leopard populations

o7 1 SARHITEAEN [l 8N

Locus Central Northwest
PUN100 0. 342™ 0. 493"
PUN44 <0.001" <0.001"
PUN1157 0. 380™ 0.013"
PUN1270 0.302™ <0.0017"
PUN1283 0. 096™ 0. 002"
PUNSO 0. 427™ 0.117™
PUN8972 0. 745™ 0. 004"
PUNS2 <0.001™ 0. 037
PUN272 0. 832™ 0.747™

TE: ns FORFF GO ATAS T 5 e o fp IR P < 0. 05,
P <0.01 B P <0. 001, 7 My i AT A -

Note: ns indicates compliance with Hardy-Weinberg equilibrium;
#, %% and ##* represent P < 0.05, P<0.01, and P <0. 001, respec-

tively, indicating deviation from Hardy-Weinberg equilibrium.

KA R INZ I MR FI R 2R F 50 14 Fh
. [F4F, Janecka et al. "' 3T 33 AN AR 5, %
70T A FAEREA AT EL R 73 B, 255 AL S5 F4 F
Mo PERE B, SRR BRI R0 g 3. AR
IO TR AL s, S fm X Scik[16 ]9 70 A7 %Y
ASREE TN 174 A RERE BEAT 73 A, A5 3] TR R
AIRDRELE AL . 70 R B AR RESS 14 5 Sk 16 ]
ZETAHIT (1 2A, B 3A) , SCFRFE 5 3 AR R 47
B2 76 174D REA I 25 v PO S B AA AL SRR AR
BT B M — A, 5 AR REAR XS B (18] 2B . C) 5
FRE 2848 bt SCHF T 2RI Ry R0 23 (1 3B . CL 1A
4) . IR AEA, T REIH T Janecka et al. '
WFIEAIREA S/ I S5 AN 4, R RCOR 1 /R
PRZ IR0 26 57 o YREAC R 3G I, PO SR AR AN LT
HIRZ A R . PR L, Janecka et al. ' BB 5T 45
IRAl S I — WA, A0, 72 L INREAR A3 A v, AR

=¥

x£5 ETINMRIEMSWES2NFEA AMOVA 5317

Tab. 5 AMOVA analysis of two snow leopard populations based on nine microsatellite loci

AR SR FIH S5 A i 2o AR5 LE 1%
Source of variation df Sum of squares Variance components Percent of variance
P [E] Between populations 1 41.219 0.281 62 15.24
FpE P Within populations 346 541.753 1.565 76 84.76
SR Total 347 582.971 1. 84738 100. 00
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AR TR A (AL BRI R St B PR (154>
FEAS ) Fl g FRAE (17 DNFEAR) TR B T 2 AN [A) i SE A
(SCHRL16 18 2i) 5 s At 43 B T 2 /1 BF A (TR
[16 ] 2¢) , 5 ifg H X HE (JL BB AR &6, 2 11 AMFEAS)
557 g X B (SRS RE AR, L 13 FEAR) .
Senn et al. "IN N Janecka et al. FBIFSE 6= 2%
PIREA &, AN 2 DL R 3R A R4 A NI 3R
A S REALER S PR IT oy — BRI, SRR
LD RARAIR G 24, AT e AR ) i 2 R i 2
o, Wl e 5 RN SR IR K E A A
Ko I, AWFFEIN R B TR 45 R SR Jan-
ecka et al. FH) 3R AGRN 43, LW H FIHIE 2
BT 3, RO P SRR AN PG LR . 7E B |, 54
FRER R S IEER VY SRR AR AR — B .
SRR, ZE L A RV S AL TR AR BE
PR B P LL bk 5 g A PR, P A B s
FU YT 3 LR Z AR e S s i B 1 ok A
WA RERH R T SPGB A A it . ANk, AT
FREREAS (125 4%), FER (16 4~) AL (334> ) i BE
AH AT R FEAB U ANl T BB T WY
45
3.2 HBRRREERE 2 AR

185 Z2 B KT T LS B o %) 2R A
HE A W R SR PEAS AR 3 SR it 8 25 8. B,
B EPRCR X S SIS Tt S Z R
FOEAREEE RS T ONER, FEALILAR 211 1,
R AR5 A M X B AR A R S Bl S
30 HY i H G T E SRR AR 2 R 0 AN [R5
SERE T — 2 BBl .

ZEFETREER M DR S RREE S
i A R BEZ SR — R iR IR £
B (P <0.25) B 2 287 500,25 <
Py < 0.50) Flim BE 2 AL (P > 0.50)™  ARHF
FEAE I 9 A sk TR s NI B Z 8 A
SOIEH T E B E . &M E SRR E I
o RS BRI B N, b3 ~ 8, NN 1. 655 ~
4. 124, 7 HAB T S5 0 N, R 2. 571 ~ 6. 286172
N, K 2.031 ~2.800" AWML O A WL
REA 5 ABFFREE R NN, B BUE R
K, ATRE SHEAR KA K. AN NEHKRTN,, #
W AR R AT AN 5] AR 25 57, T RS2 B HEAAR ]
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