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(Panthera uncia) %ff DNA £ ST T I8E 2R, S50 IR, 78 8 AN LA s F LA 2

57T ANERIIEIN, AT RN FE R 2.190 ~ 5.488, “PIJREAM s S5 FERIECR 7.130, BRI A

ARBEY; ARG 0.543 ~0.847, 13 0.759; ZFFEEITEN 0458 ~0.829, 11 0.722; KIPIX
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Abstract: The snow leopard (Panthera uncial) is a globally endangered and threatened species, and study on
this species has been hampered due to its unique ecological characteristics and remote habitat. In the present
study, putative snow leopard scats were collected from areas including Nanggqian (Qinghai), Zhiduo (Qinghai)
and Akesai (Gansu). A total of 36 snow leopard individuals, which were identified by mitochondrial DNA
fragment (Cyt b) and microsatellite DNA markers, were used to analyze the genetic diversity and genetic

structure by 8 microsatellite DNA loci (Table 1). All the data were analyzed by the softwares including
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GenAlex, GENEPOP, POPGENE, FSTAT, MIGRATE and STRUCTURE. The index of genetic diversity on
8 microsatellite loci observed in 3 snow leopards’ groups was showed in Table 2. A total of 57 alleles were
detected, and the mean number of alleles (A) was 7.130. The effective number of alleles (N.) ranged from
2.190 to 5.488, with uneven allelic frequency distribution. The expected heterozygosity (H.) ranged from
0.543 to 0.847, with an average value of 0.759. And the polymorphism information content (PIC) ranged
from 0.458 to 0.829, with an average value of 0.722. All above data indicate that the selected microsatellite
DNA markers are highly polymorphic loci with relatively rich genetic diversity in these snow leopard groups.
Genetic distances are correlated with geographical distances among populations: the genetic distance of two
snow leopards’ groups in Qinghai is closer than that between Qinghai groups and Akesai (Gansu) group. The
index of Fy (0.053), the index of N, (4.488) and the result from the Structure software (Fig. 1) showed that
such 3 snow leopards’ groups have not been divided and should be viewed as one population.

Key words: Snow leopard (Panthera uncial); Fecal DNA; Microsatellite DNA marker; Genetic diversity;

Genetic structure

% %) ( Panthera uncia) £ J& & W H
(Carnivora) JF} (Felidae) FJE, &[E PRk
VEWSE) R (Jackson et al. 2005) o FHFHX
ORI R AR A =TI TE: P E N TR E R OF 8= 9N
2000 ~2 500 K, 25k n 12
(Riordan et al. 2010) , oAb 755k iy J5L 2 TR ]

EH 1 FE E /A7 X (Schaller et al. 1988,
McCarthy et al. 2003) . H 553580 T N5
I EMERI . AT AR, HAREECR . 2
AT X I B EAF RS TR P T ie b, HoOR
Hodk > B4z | s H AT FTEERE (McCarthy 2000,
Sunquist et al. 2002, Ale et al. 2007, McCarthy et
al. 2008, Xuetal.2010) .

BT AR R FE 34 L2 DNA A% bR
WA 1AW Tk O 2 N T E A
(PR B A 27 A G 9T (R TO656 2004, Waits
et al. 2005, Schwartz et al. 2007, Narum et al.
2008) o VFEHISUHE O hild #M8 DNA B
ITEP ARSI E . PRI S . PR
AR B LTI 0 ST (Waits et al.
2005, Saito et al. 2008, {TE% 2010, Chang et
al. 2012, M5 2012) « Hul, EWsAEH
W F S DNA X350 4T T W) Fh % e Al
ARG AR R, JRIE ] T L AT AT

(Waits et al. 2007, Janecka et al. 2008, 7K T

%% 2009, Janecka et al. 2011, Koiralaab et al.
2012, Rodgers etal. 2013, JiZ535%%, 2014) .
ENTIEIR SO P IS R=s AN URERITE 47 SN
V6 22 ELARUH A 56T e 1l DX 3 A Ml X 5 3
fEDNA, i 128 (175 T2 DNA 2 A A s 1
TR AL Z AT, BT AR X
BE IR 2RI, D TR R
€ DRAP BOR TR BERF 7 U o

1 MBS

1.1 e

WEFCA RIS B 75 i VL5 B 5K 2 H AR AR
PIX R R 2 BRI AR g BT 3
AN, 36 13 FE R TS i AN TR 5 A
) DNA FEA, Hrp e 7 0. w28
FEob 15 3. Hl A B s 28 B 14 4y (JR2
TEEE 2014) .
1.2 TR PCR ¥ 18 &4y &l

Z: 8 Waits %5 (2007) Al Janecka %5 (2008 )
T LR S, AR IE 8 X
HrRELZ SRR (K 1D HTES
FEM P L2 DNA RIS o4, 433 H
FAM A HEX A 5405 14) 5" wigdb AT 28 6hRid .
PCR 4" 3 Z A1 i B 25 A1 DL J8] 25 2555 (2014) .
JiT 7 3518 DNA %% 3 /X PCR ¥ #{ 5%, PCR
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Table 1 The information of the 8 microsatellite loci

BRI CCH

BL A SRS (50- 30 F B (bp) 7 SR B (A Ay .
. . . . Annealing
Loci Primer sequences Size Locus chromosome position
temperature
F: GGCACCTATAACTACCAGTGTGA
Feao77 R: ATCTCTGGGGAAATAAATTTTGG 141 - 147 €2 53
F: TAGATTTGAACCCAAAGAAAAAGA a
FCA100 R: ATTTTCAGCTCCTTCTGTCCC 112120 Al 52
F:GCCCCTGATACCCTGAATG a
FCA126 R:CTATCCTTGCTGGCTGAAGG 1432163 Bl >4
F: ATCAAGGCCAACTGTCCG
FCAL32 R: GATGCCTCATTAGAAAAATGGC 164172 D3 30
F: CGGCACCTACAGACGGAC c
FCAITI R: AGTAGCTTAGCAGCCAAGCG 101109 A3 52
F: CCAACTGAACCACCCAGG
FCAL87 R: TGGATGGTTGTATTCTTCCTCA 162170 Ba 52
F: CAAACTGACAAGCTTAGAGGGC
FCA229 R: GCAGAAGTCCAATCTCAAAGTC 158 - 168 Al 52
FCA275 F: TTGGCTGCCCAGTTTTAGTT 121 - 133 B2 5

R: ACGAAGGGGCAGGACTATCT

P R OARAT B AR R AL SAE MR B B R A, Qe R BAAA L Waits 2 (2007,

Locus chromosome position is the specific Feline chromosome the SSR belonged to, and chromosome names were delineated via Waits et al.

(2007).

PRI ABL 3730 W FRAXEAT 22 B Y, O
H] GeneMarker (Versionl.71) #K {4152 B 454y Jt
K/, KA Bellemain % (2005) i TR %
PR3 2R PRI B A E 2 B iU 5 AE 5 A7 R
1.3 BWSEIHE5HH
F| F Micro-checker V2.2.3 #{:(Oosterhout
et al. 2004) A5 BEAN UK GRS BE RS
(null allele frequency) . FIH%f; GenAlex
( Version 6.5) ( Peakall et al. 2012) A
GENEPOP (Version4.0) (Rousset 2008) 115
Tk TR 24 JE R (number of allele)  ZE4v
SRR (allelic frequency) « ARG 3L
% (number of effective allele)  WMEEHLHE
( observed heterozygosity ) M #H 2% & &
(expected heterozygosity) « £ &M B &=
(polymorphic information content) , FA&%: 7%
AN AL S A A A & Hardy-Weinberg - 1l
(Hardy-Weinberg equilibrium) . Nei's it f% i1
25 F POPGENE3.2 #ff (Yeh et al. 2000) i1 5.

BT AT 6 AR N 2% A M REAA 11 [ 2 2R # (fixation
index resulting from comparing subpopulations to
the total population, Fy) H FSTAT (Version
2.9.3.2)(Goudet 2002) 115 ] MIGRATE 2.1.3
BAFAL (Beerli et al. 2001) SR Nyo

FIH Structure 2.3.3 (Pritchard et al. 2000)
II TR RERAL A, SR F IR DU S8 84
Wridio ARMFFUBE 1~ 5 AL, BRI AL RS (1) B
FEHL (population clusters, K) W& N1 ~ 5,
A K (EHE A 10 IR, BI/RBREEK LRI
EFE S 1000 000 A1 100 000, HUABK %t
B (nP(D)) dpz i B0 W 1) K AE

2 g7

21 BEZFEEMEST

8 X DA SIWITE 3 AT 50 Ja e b JLAS
B 57 ANGELL LR, P EYREAN AL i (1) SR HE DR AL
K743, AT RAEAS R R R SR R
Hh4~8 (K2) . Hrf FCA77 Fl FCA275 17 55
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Table 2 The genetic information of 8 microsatellite loci observed in 3 Panthera uncia’s groups

T AR R

A7 A SRR Expected R Polymorphic information
“““ Number of allele . Observed heterozygosity
Locus heterozygosity content
ZD NQ AKS ZD NQ AKS ZD NQ AKS ZD NQ AKS
FCA275 8 8 7 0.784  0.847 0.781 0.615 1.000 1.000 0.754 0.829  0.751
FCA229 6 4 6 0.818 0.700 0.772 0.800 1.000 0.615 0.783 0.645  0.743
FCA126 4 6 6 0.660 0.776  0.788 1.000 1.000 0.857 0.597 0.744  0.756
FCA100 5 6 6 0.756  0.806  0.799 1.000 0.714 0.769 0.718 0.778  0.768
FCA77 5 6 7 0.699  0.806 0.740 0.857 1.000 0.636 0.657 0.777  0.715
FCA132 7 6 6 0.793  0.755  0.801 1.000 1.000 0.857 0.763 0.717  0.773
FCA187 4 4 6 0.543  0.684 0.796 0.714 0.714 0.714 0.458 0.626  0.765
FCA171 6 5 6 0811 0.722  0.769 1.000 0.667 0.692 0.783 0.680  0.739
AP
Average in a 5625 5625  6.250 0.733  0.762  0.781 0.873 0.887 0.768 0.689 0.725  0.751
group
LA
SEHME 5.830 0.759 0.843 0.722
Average in all

ZD. HigHifiZ L, NQ HilFH ML AKS. HilrH e,

ZD. Zhiduo Country, Qinghai Province; NQ. Nanggian Country, Qinghai Province; AKS. Akesai Country, Gansu Province.

HA w2 WS R R AR, YRR 8 NS,
FEDR o 5 S5 R A A AN, AR i 1)
ST FEDRIARGS B A, DS A S TR,
W FCA132 A7 i Hp [ A I A0 26 55 A7 ik [
170 bp 172 bp, HiZ5 5k 0.067. 0.077,
LIP30 A5 A7 i DR A A 7 v ol B
L. 3 ANEFY SRR 8 M LA A E
A AT FE R B 2.190 ~ 6.545, 1141 4.376;
WIS N 0.543 ~ 0.847, MEIREGEN
0.615 ~ 1.000, ~FIA{E 737k 0.759 F1 0.843;
ZAERTEMLN T mEZE, /£ 0597 ~
0.829 i, BARBAEME K 2.

1t Hardy-Weinberg ~FAa i, H o Fil v
FEREIAAENT 1 FCA229. FCA100. FCA187 Al
FCA77 WP A b HAA 225 1 2 (P <
0.05) ; THiFIH 2 BBHAMAL T FCA126 HAT
BERME (P<0.05) 5 FREHERHARAL
& FCA100 A REMME (P<0.05) ; ¥t
HENAMEE R — AR, 7R FCAL26.
FCA100. FCA77. FCAI187 (KA vhA7-AE i 2
M (R 3) .
2.2 BIELEHT

3AEHEEE, HNPT 2R S0 T
Y Bl L s BE NG 22 EL R IR 8 AL 8E 25 23 0k
0.315 1 0.306, fEAHRES 2 0.730 1
0.737, HFE RN E R 512 B E e sk
PR B FEAL AL 23500 4 0.306 F10.755. 5%
3B LS Fo ol 0.053, ~FR3ERI N
4488, Structure BN 3 NEFfEHE 8 M [
AL R B AL 5T 08T, 2 K = 1 1), InP(D)
e St m) AARREO EHik (& 1D,

3 itig

(EEREX VA= WNE 2 VAR R 2SS I E 77 1 ] P

J& T bR, SRR, TR AT
HEW, MHMEAE DNA 7 Fhrid GRS
WP G P Pl i 22 K IR R Hh BE 43 A 4% S
(Zhang et al. 2003, Wan et al. 2004). W&
i DNA HEATHC DR (/MR 5 6 4% 2 FF 1
3T, BB oy R B T AT A b AR L DR
SRR RER G SN o AN — R e 2
PR Ry — A B LA S5 JE DR T e e b HE B, A7
A5 3R A 5 DR 2R R 8 m AR B R /N (R A o
s BrmhEEE S 2 % (Waits et al. 2000).
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Table 3 The test of Hardy-Weinberg equilibrium of 8 microsatellites loci

LA H ot B o, 2 5L FRC3CEZ=S R L Btk
Loci Akesai in Gansu Zhiduo in Qinghai Nanggqian in Qinghai Total
FCA275 0.833 0.734 0.781 0.114
FCA229 0.038" 0.437 0.710 0.579
FCAI126 0.171 0.035 0.423 0.017
FCA100 0.028" 0.147 0.035 0.040°
FCA77 0.023 0.123 0.246 0.025"
FCA132 0.801 0.428 0.098 0.107
FCA187 0.019 0.780 0.358 0.016"
FCA171 0.169 0.098 0.393 0.470

* RN P<0.05, 2. * Stands for P <0.05, indicates significant differences.
-1 100 =)
é -2 f 5
e 2
= &
= =
=
= £ -1140 | e
€ 3
2 3
s £ -1160 f
= 2
= a
= -1180 | 5
[©]
-1200 . . . . :
1 2 3 4 5

WAL FP S (KD Population clusters

Bl FRMEAARNE (nP(D)) SBMAMIFFEE (K) WEAE CPYMHE £ i)
Fig. 1 Scatter plot of In probability data (InP(D)) and population clusters (K) (Mean + SD)

A5 Z I Bellemain 25 (2005) i B2 IE A
SRR FSERESEEY Y 3 WG, XU
P ANEREERR, ARG A, HIE 2
ANAN I 1 5557 5 TR BN 58 Ky % 5 i o SR
FIT A RS IG5 — 5 |54 3 IR PCR P &L,
SUATE 2 IREL 2 IREL B AR 25 A 15 DA
T, AT BB SR 25 . TE RS A FE RS
MWEoR, 8 M B SRR A AR R IR
SR HEA

R i AR IEFeARvE, RN L EAR LR

IDINAT 4 AT EER A RETE I I TR 2 4
PEVPAL (Barker 1994), AWFFTATIE I 8 /M
TR SERAT 5T AN IERAL i, BN R
ME] 6 ~ 8 MEMFER, FFE DL FZR . ATR5%
7 5 DRSO AT BEATLAC I i RS DR P S AR R
[i] 5 PR A B DR B, A 2 A R DR S B
A7 5 DR B i) PR 22 B T LJOCREL WSt 308 7 5 7 S PR
RS CHFTERSE 20100, AR
(RIAT RS N FE RN 2,190 ~ 5.488, 5 bk
L FEDRIE N o ARAIER (1) S5 L DA 0] R Bt A 15t 4%
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IR SR AT L, AR A KM R TP AR
(VAT B R 25 O RS, E I S U Rl b . %
G R, AR AR A AN R R X 2L
FARIFGA S5 L RS A I 7% B AR 22 ) ast
AR S, eSO AT PRI & N R ), H 2
N5 RIA 25 Tl S DRAAAE 5 2R B AR, XAl 2 £
FrmhigiAk 2 R ) F BT 1M .

AR BERE SN B AEAARAE Z AN PR g A
A5t s JERBEAREL ZFEE R RIE S H e —
AT, ARG R0.543 ~ 0.847, ~F341H
HEIRE 0,759, HjWaitsZ5 (2007) 755591
A ST R A5 RA Y 58K (0.579)
(Karmacharya et al. 2011). Z &[& (0.51)
(Janecka et al. 2011) AR IHZIAHLL, I
P e LIPS NI SRy
SR TG AR KR (Canis lupus) (0.13) (Hedrick et
al. 1997). WPl (Panthera leo) (0.15)
(Menotti-Raymond et al. 1995) . Fif f 1 i A&
(Ursus arctos) (0.27) (Paetkau et al. 1998).
ENZ%Y (P. pardus) (0.39) (Menotti-Raymond et
al. 1995) “FELLEL, JHEEAG RaEm . AW
TEIMFEZREESE (PIC) 40722,
RINFIELZE (Botstein et al. 1980) , =T
R FR 45 %Y (Acinonyx jubatus)  (0.699) (b
A 2010) « ARALFE (P. tigris altaica) (0.558,
IKTFEEE 2009; 0.714, R R 2011)

Hardy-Weinberg “¥-fif j& 8 .72 %A MAIT
A H R AR BEAL AT B s S il 2
H2 BT IHRESNEERR, H TGS
h 3~ 10 km (825 2006) , AHFFUH L
f14h 25 Hardy-Weinberg “F#iEL 5%, T REZ KA
KAE RO A AR E R AR, AFE
FHARRDRE R AT 2 B0 .

AHEFU) 3 A0 FE R AR — o st
oA, H2E MR FoRUE, 45 Ny > 1, 3
IRl o] LABI 1B A A ) & A2 (Keller et al.
2004) , PRk, HAET 3 ANESY SRR A
IR . Structure BAFTE LI 45 A S
X5, BHAZGIME K b 1, InP(D)fH

K, HEMK A2, 3. 4. 50, 3 MNES)mEs%
P REDR A LU o, B W o LS
HeWr1% 3 ANHLIX T FY AT Rk B W — AR
7533 mtDNA 7p A4 A, 3 M E 3R 3L
AR, HB LI (A A L A R
ZEUEEE 2014) , 5 3AFEZER AR A T
—ANEFIRR SR8 [ EBE R A
PR 5B B A OG,  H R A B v 28 55 50 fa i
HEBABZ EMERDM 2 Maltz A A
BERMRh R AL I B, M PP B B dl (A 75
R P R I B /N e — R, b
TR IS 2 A A 2 BB 8 b T o 5 2 T 2 B
G HE RIAZ UL F B 22K 3 (Hewitt et al.
2004) o [KIE, HED 3 AN E] Y EE PR S A
23RN Ry S EARBERS v BESE I T 3 51 A
A HurHFARESFARmA, 5
WESAESE WL, F ] ReSs A 25 =
T2 L RAT U o TR I 5 2 o o 25 5 3 A X
[ A 5% R0 1) B R

Z % X W
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