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Abstract: Genetic diversity and the kinship among members are crucial for the sustainable health and long-term reproduc-
tive success of wildlife populations. To evaluate the genetic diversity of Procapra picticaudata in the Yangtze River Source
Area of Sanjiangyuan National Park, a total of 149 fresh fecal samples were collected from 24 Procapra picticaudata
groups. These samples were analyzed using eight microsatellite loci, namely MB066, HDZ8, and HDZ496 among others.
A total of 105 individual Procapra picticaudata were identified. Using gender identification primers, 77 females and 28
males were determined subsequently. The results indicated that the eight microsatellite loci exhibited an average allele num-
ber of 21. 125, with an average polymorphic information content of 0.708. The observed heterozygosity (H,) ranged from
0.219 to 0.914, averaging 0. 645, while the expected heterozygosity (H,) varied between 0.265 and 0.937, averaging
0.724. These findings suggested a high level of genetic diversity within the population. However, the inbreeding coefficient
was estimated at 0. 103, indicating a deficit in heterozygotes and suggesting a potential risk of inbreeding. Furthermore,
this study identified 36 parent-offspring dyads involving 57 individuals through parentage testing. The majority of these dy-
ads (62.5%) were mother-daughter pairs, while the remaining 37.5% involved male individuals (mother-son, father-
daughter, and father-son relationships). This research provided novel insights and data support for assessing genetic di-
versity and conducting parentage analysis of Procapra picticaudata populations in the Yangtze River Source Area. This in-
formation serves as a critical reference for developing effective conservation strategies and measures for Procapra picti-

caudata.
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Table 1 Information on microsatellite primers used for Procapra picticaudata

EIL/EN

Primer name

S1MFFI(5'—3")

Primer sequence(5'—3")

EANARTl

Core sequence

bR
Fluorescent label

F:ATCTGCCTGAAGCCAGTCAC

MBO066" GT FAM
R:GGTTTCCTGCACCTGCATGA
i F:ATTTTCACTCCCTGCACCAA
P63 (TA),, HEX
R:CTCATGGGGTAAAAGGCAGA
o F:TTTCTCAACAGAGGTGTCCAC
BM1225"7 GT HEX
R:ACCCCTATCACCATGCTCTG
o F:AAGCAAAAAGGCTGATGGC
BM1862"*% (CA) HEX
R: TTGCAGTACTGGCAAGTGG
F:CTGACTTCTTTCTCCCTACGA
P1137% (CT), FAM
R:CAACCACTTTTGGATTCACAG
F:GACAAACACTCAGAAGGCAAAG
HDZ8"] (CA),, FAM
R:GGTGGCAGGACTGAGCAAG
F:GTTTTTCCAGATGGTATTTTCCTC
HDZA496" (CA) 5 HEX
R:GTATTCGGCTGAAGGGACC
o F:GTGGAGGAATCTTGACTTGTGATAG
MAF234/ (GT),, FAM

R:GGCTATAGTCCATGGAGTCGCAG

PCRY" M4 MK R 25.0 wL, £33 0.5 wLiE 2
51%97,2. 0 uL DNABEHR, 12. 5 uL PCR mix, A% 9. 5 plL
ddH,0, PCR ¥ : 94 C i 75 1 5 min; 94 °C7%
30 5,50 ~ 60 °CiE %k 30 s,72 “CIEAH 30 s, 35 MEH;
PERREE RS 72 CAIEAH 10 min, PCR =M 2% Bt

EMHEEE I EA T HL KRS, 72 120 V HEL R FE YK 45 min,
e i L B S BUR R GEAE AP T RG4S R, R4y
ZERNE 1R
1.3.3 I E 5B BEAIKIER

FIH FAM F1 HEX 9256 4 B3 Bl bRic 4 51 9 i
5" Ll . PCRY G EAAZR K 25.0 pL, Hp ik 2
519145 0. 5 pL, DNA BT 2. 0 wL,dNTP(mix) 0. 5 uL,
Taq Buffer ( & MgCl,) 2.5 pL, Tag H§ 0.2 plL,
ddH,018.8 plL. PCR /=% H H s il /¥ 1 (ABI
3730XL) #4743 B 43 #r , I3 42 GeneMapper #1443
B AR A TR AL R S B R R B/ .
Excel Microsatellite ToolKit ZEFTAMATR H1] , 12 51 ) [
T« 25 AR BT AT TN o AR B PR R 5 4 — 3,
AUAT — A G SR AE 25 57, W R[] — A
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M. 100 ~ 3 000 bp DNA Ladder; 1 ~ 8. F{JFF2E@REA
M. 100-3 000 bp DNA Ladder; 1-8. Procapra picticaudata feces
samples.
Bl FERZEE DNABERSY PCR #4845 R (L5 4 HDZ8
Byt = 0 1)
Figure 1 Partial PCR amplification of DNA from Procapra picticaudata

feces (example shown for primer HDZ8)
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Table 2 Sex identification-primer information for Procapra picticaudata

EIEZER I (5'—3") R B /bp
Primer name Primer sequence (5'—3") Fragment length
F:GGATCCGAGACACAGAACAGG 3:300
Y1772
R:GCTAATCCATCCATCCTATAG ?:-
o F:GCCCAGCAGCCCTTCCAG &:219/174
KY1/KY2*
R:TGGCCAAGCTTCCAGAGGCA ?:219
L4 Bdliobr

KM GenALEx 6 #E47 FARAR 70 HT (PCoA ) (73
77 2253 M (AMOVA) DL E AN [R) B4 e s a0 s =X 110
B4 ffi ) GIMLET 1. 3. 3 8 {15 8 4Nk T &
D715 A AR 2R (probability of identity , Pyy) ,
BIVTE 7 25 5 28 B4 [ O =2 ) 5L AR ) 56 PR 2R
fE% 3z A POPGENE M4 i REAY £ L
CERVUS 3. 0.7 #1153 45 37 s B9 25 £ 5 [N %
(number of alleles, A) WM 2% 4 & (observed hetero-
zygosity, H,) . #1274 & J& (expected heterozygosity,
H) . %2 15 B & & (polymorphism information con-
tent, P.) , L S HEBRHE K (exclusion probability ) , 35
E R —A A A HEER A A ((NE-1P) (AN SR A
R S £ HlE 59548 25 (NE-2P) 1 35 AR b 1) HE B3 4 R
(NE-PP) , 3 #47 Hardy-Weinberg ~F fiif £ Il (Hardy-
Weinberg equilibrium test, HWE) . 7EIEEA KK
i F§ Simulation of Parentage Analysis £l Parent pair
(sexes known ) BEHRHEAT AN TE o 1 TAEA AL BE
AR AR B AR TR Y B R A PR TR e i AL
A PR A B e REAS  IOREAE RS X B 1.0 IBM
SPSS statistics 22. 0 % 4 i Kolmogorov-Smirnov test
IR AG 30 7, R R 1) 53 7~ 50 5 4R 1 ) d g
AFFAIES 500, CR H Spearman s rank correlation
test K 90 —F Z (A JE A7 AE R . i J] KINGROUP
V2 I A& ] 14 55 2 R EL (coefficient of relation-
ship,r) , BUEEEI7E-1 2 1, B{EM K IR EE KR
T RGN E R A E RN TE Y TR R 55
NN < 2)AERES  RIAY 19 MERFRY T4 555 2
BUFHAIE + brfEiR (mean = SE)FR .

2 H#R

2.1 B TUNFNYE N %

GIMLET 43 #r 7R , 4 i B R A s EGA 5 8 4>
I, To R MR BIZE 0 1. 80 x 107, A i MA R 51 %
4. 28 x 10711 2) , 1 B BT (e FH %) 8 4l T8 A A6 aid
BABEEBRA R PR 149 Iy 2 A b iy
LIS 7E 8 ML I 18 (77. 18%) , I H 1054~
RN, o445 77 HOErE , 28 HUitE (1813) .

030
1 —m— ARSI Prod (biased)
Biased individual identification rate
025+ —@— JCf ARSI Prod (unbiased)

Unbiased individual identification rate
—a— [AlJfal] AU Prod (sibs)
Individual identification rate among siblings

2Py,
Accumulative P,
73

o10f )
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¢ o
0.05F
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> N 3 ] SIS &
& & < » &

TS
Microsatellite loci

B2 $MMIEMSERERNMEPHP,E
Figure 2 P,

\» values across eight microsatellite loci in Procapra picticau-

data
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H1 22 3 A, 8 A T A7 e A AG I 3] 169 44
PEFEH SRR FERB(A) N 21, 125, P 0. 261 ~
0.928,F 4 0.708; H, & 0.219 ~ 0. 914, ¥4 %
0. 645 ;Hﬁj\J 0.265 ~0.937,3F°4 0. 724 ; Shannon s
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PR 243 SRR T AR S 7. 29% 17, 09% , Bt 51
rﬁk;ijj 14.38% . SEREMIANARI B ASH , RIE R i
WAL ERKE (K 4), AMOVA 45 53— %0, (L2

STk A TEMNARBE (99%) , 57 10 22 AL
1%, FEZRBF,N0.014(P<0.01), Ui iZ A

-~

-
-
-
—
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M. 100 ~ 1500 bp DNA Ladder; 1 ~ 6. 5[4 KY1/KY2 ¥ 4%

o1 25 RHEYE 3.4 F16 RMEYE ;7 ~ 12.

5l1¥IY1/Y2 ﬂ’ﬁrie.“éé

FEM AR AR e

Principal coordinates (PCoA)

Coord. 2
x
,
<
nf. -
@
X1+
]

¢ POP1
uPOP2
A POP3
X POP4
POP5
® POP6
+POP7
=POPY
= POPI11
¢ POP12
EPOPI3
POP14
X POP15
X POP16

H H 9 10 g HEE, 7 8 11 12 JgHfETE
M. 100-1 500 bp DNA Ladder; 1-6. Amplification products using
primer KY1/KY2
and 6 from females. 7-12. Amplification products using primer Y1/Y2,
11, and 12 from fe-

, with lanes 1, 2 and 5 from males, and samples 3, 4

with lanes 9 and 10 from males, and lanes 7, 8,

males.
E3 HomEER MR EERIKER
Figure 3 Electrophoresis results for sex identification in a subset of Pro-

capra picticaudata individuals

HEAEB(1) K 0.778 ~2.880, F- ) K 2. 038; Fo
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B ELZENE0.25 <P, <0.50), e S hE

® POPI18
+POP19
=POP21

Coord. 1
4 EFRIENKIBEEXBERD
KRG AR

Figure 4 Principal coordinate analysis (PCoA) of individual genetic

iR KRy E L

variation in Procapra picticaudata from the Yangtze River

Source Area based on microsatellite marker

2.3 BERAMRMERE E

B 8 Aol TR A AR 2 2545 B o e 2R
AR HE S A DA 2 1 2 AT , SR 5 U SRAL
ARCE A T3S 8 i i) SRARHEBRAE AR (2 4) o 4

JEZENE(P > 0.50) 0 TR B PUITARTE &L W, M TR EECE R 8, RAHER AR Y
,ﬂii@ﬁ?o.z,jc‘ MBRATATOL KL 15 T 99% , F WA 1 FH 4 8 A fol TLAR A 3 1 T ) 4%
BT L RIRIAY PCoA 3 7 , FARBR 1 F0 324 FRALEETE ST
R3 MM IENATERERMBEPNEERERESH
Table 3 Genetic diversity parameters at eight microsatellite loci in the Procapra picticaudata groups
fisi  SFOCEREC WNZESE WBSRGE ZBMERERE MR JCHEEEERE SRS Shannon’s {5 B AEEL
Loci A H, H, P, HWE Null freq Fiq I
MBO066 6 0.438 0.456 0.416 NS 0.014 0.034 0.902
P63 27 0. 600 0. 848 0. 832 * 0.170 0.289 2.441
BM 1225 31 0. 686 0. 875 0. 865 NS 0.119 0.212 2.706
BM1862 17 0.219 0. 265 0.261 NS 0. 083 0. 168 0.778
P113 24 0. 800 0.937 0.928 NS 0.077 0. 142 2. 880
HDZS8 23 0.914 0. 859 0. 843 NS -0. 039 -0.070 2.396
HDZ496 22 0. 848 0.872 0. 857 NS 0. 005 0.023 2.405
MAF23 19 0. 657 0. 680 0. 663 NS 0.013 0. 029 1.799

. NS, A E R

Note :

I‘AZ’.';,* EE{%MJ P<0.01),

NS. Non-significant deviation; *. Significant deviation (P <0.01).
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Table 4 Exclusion probability of eight loci in Procapra picticaudata

HEBRME R Exclusion probability

(A R
Loci P, H—AIEA B AEAR BE
NE-1P NE-2P NE-PP

P113 0.928 0. 760 0. 863 0. 969
BM1225 0. 865 0. 620 0.766 0.929
HDZ496 0. 857 0.59% 0. 746 0. 908
HDZ8 0. 843 0. 569 0.726 0. 896
P63 0. 832 0. 548 0.708 0. 884
MAF23 0. 663 0.309 0. 504 0.731
MBO066 0.416 0. 108 0.251 0. 406
BM1862 0. 261 0. 039 0. 155 0.283
FERRR 0.998 974 55 0.999 795 48 0. 999 999 72

Cumulative exclusion probability (CEP)

H T JC 1 AR A A AR08 A 2, X DA
B0 SRS TG R, P AR I 900 2R A T 4
RUETXIER B (FS) . 364 ET
X ALHE T X ACTF 19 X BE 2 AT 10 %R (A4 ) 56
FRo LFXMELFREN0.257~0.711, 3K
(0.415 + 0.063) 5 B 22 X (1) 35 2 R EUH 0. 255 ~
0. 829, F 14 (0. 570 = 0. 033) ; 1 7 (X L ) X Y 2

Z Z K00 0.329 ~ 0. 695, F- 14 (0. 446 + 0. 035) .
X 36 X 25 F X8 K 57 HAMK, 434 T 17 M 4ERE,
Horp1e xF fEERE N, B3 10 X MBS &R (f
62.5%) , 6 X 5 A SCHY E X (15 37.5%) . 5
MR F X204, Hrh 195 5 21 S5/
ZBIFEAE 4 %5 25T X (P AERERE 52926 796 m) , 115
LR 1112(8)ME 5 135 14 SHERIFEAEE L

RS RERERFETFRENEEZRY

Table 5 Parentage pairs and kinship coefficient of Procapra picticaudata

TR RG R FRFXF REFRE
Parentage pairs Kinship coefficient Parentage pairs Kinship coefficient
0403()F10102(?) 0.514 1601(2)F11913(?) 0.437
0601(2)F10602(2) 0. 664 1605(2)F12103(3) 0. 463
0706(2)F12201(2) 0.775 1605(2)F11108(1810,9) 0.589
0710(2)F10701(2) 0. 829 1801(9)F11802(9) 0.595
0710(2)F10705(%) 0.570 1803(2) 1 1804(Q) 0. 626
0901(3)F11508(%) 0.329 1809(2) #1 1820(2) 0.557
0901(3)F11605(?) 0. 467 1813(2) F1 1404(2) 0. 641
0908(3)#10802(2) 0.396 1813(2) A1 1807(2) 0. 695
1105(2) F11002(2) 0.451 1903(2)F11913(Q) 0.296
1109(1103,2) F1 1806(?) 0. 491 1904(3)F12101(&) 0.257
1112(3)A11108(1810,2) 0. 695 1905(3)#12105(3) 0.411
1112(3)F11304(3) 0.310 1912(2)F11909(2) 0. 568
1112(3)F11401(Q) 0.530 1912(2) F11902(3) 0.474
1201(2)F11203(2?) 0. 667 1914(2)F12110(2) 0.255
1401(2)F11108(1810,9) 0. 606 2106(3)F11901(?) 0.338
1503(3)F11511(3) 0.711 2106(3)F12105(3) 0. 568
1504(3)F11505(3) 0.304 2104(3)M12107(&) 0.343
1512(3)#12203(2) 0.351 2108(3)#11804(2) 0.416

T: 110911103 K 1108 I 1810 g [i]— HAMA, Kb AEFR P LG5 X 43
Note: 1109 and 1103, as well as 1108 and 1810, refer to the same individual.
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Table 6 Kinship coefficients among individuals in Procapra picticaudata groups
GRS RG BB RRCES E3 14 MAEE A
Group number Range of kinship coefficient Average kinship coefficient Number of individuals
01 -0. 137 ~0.275 0.074+£0.119 3
02 0.271 0.271 2
03 0.033 0.033 2
04 0.010~0.237 0.147 £0.07 3
05 -0. 048 -0. 048 2
06 0. 664 0. 664 2
07 0.015~0. 829 0.292 +0.057 6
09 -0.194 ~ 0. 448 0. 030 +0.062 5
11 -0. 162 ~ 0. 695 0. 081 +0. 045 7
12 -0.099 ~ 0. 667 0.185+0.242 3
13 -0.026 ~ 0. 361 0. 166 + 0. 039 5
14 -0.142~0.411 0. 086 + 0. 055 5
15 -0.320~0.720 0. 008 + 0. 029 10
16 -0.081 ~0.374 0. 114 + 0. 060 3
18 -0.252 ~0. 695 0.078 £0.016 17
19 -0. 154 ~ 0. 568 0.102+0.018 12
21 -0. 197 ~ 0. 568 0.073 £ 0. 028 9
22 0. 152 0. 152 2
24 -0.114~0. 141 0.016 +0.043 4
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] G el R VTR el DX D 7 i LA R e Y st A 22
FEMEAKOT- o 76 8 ATl T8 A A i rp LA I 3] 169 1~ 45
PR P2 S5 7 R B R 5 3 PR 0. 708, 4
W2 B B FRAE (P = 0.50 B JE £ 8, B
MBO066 F1 BM1862 Sy v i 22 2541 o7 i A1, HAB A 51

Pl R E e, Hirh L3 i S 2 B R (P =
0.928). FHH H}0.645, ¥ H }0.724, — %
KT0. 5, PF— 2 W VTR el X ek 2 st 1 22 0
PEACF o H, 5 HBUEBCN IR JnFh i ik
A R X R A s AR RS . MR T PR (H, =
0.780,n=13)"" A A] PEHL(H, = 0.799,n = 8) """/ Hl
FHEHR 22 H.(H, = 0. 804 ,n = 16) "> (R LA FhEE, A
TR v A VT U8 el DX % o R ) a8t 1 2 Ak (O
¥IH, =0.724,H, = 0.645) W& A% , 4 7 T DU 1| F i
(H,=0.644,n=5)"", X—25F 0 G 5FEAE (A
WFFEn = 105, HABBFSE n = 5~ 16) M i e 2 &
A K AT R A 0 A A B2 s ), KL
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DX AN Sy R T 5 VA 00 o sy s X, L A2 3138 % BB ) 5
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F o2 A e R AT S SO R P ) AR AR —
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AR 24 TR AR R L 5 . X — M 7E A
SEF R AT FTARBL, 41 1401()5MAFT 1108(9)
SRR R FR,1401() SRS 1112(8) 54
KBTI Z MR 1108(9) XA 1112(8) FEAE %
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PR PR N AP AR RS O S . SR, S
AT B 2SS AH L, anFE I 48 24 WA (Saiga ta-
tarica tatarica) (F = 0. 181) % &Mz 2 (Gazella sub-
gutturosa) (Fg = 0. 587) " LA N (Fg = 0. 247 ) "S55
TS A% - i A B AR o
3.2 GRIERAENEAARRING RGO &

A5 T A A 8 ATk T A7 o, HL Tk S5 Ar
FEPUTRBARTF 0.2, 24 BB S8R 2 8 A,
CNE-1P ,CNE-2P il CNE-PP 4351 4 0. 998 9.0. 999 7
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T T B 5 1 ik 2 SR AR R 3K

ABIF G I 36 X 2R TR AR, Hoh, 5k
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