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Analysis of Genetic Diversity and Parentage Identification of
Giant Panda Populations Based on Microsatellite
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(1. College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China;

2. Research Center for the Qinling Giant Panda, Shaanxi Academy of Forestry, Zhouzhi 710402, China)

Abstract: To explore the genetic diversity and parentage relationships of the captive Qinling giant pandas (Ailuropoda

melanoleuca ginlingensis) population and to guide scientific breeding efforts, this study established an optimized protocol.

Nine high-resolution microsatellite loci (predominantly tetranucleotide repeats) were screened for PCR amplification and

capillary electrophoresis genotyping, and genetic diversity analysis was performed on 32 individuals. The results demon-

strated that pretreatment of samples via homogenization and heat incubation significantly improved the yield and quality of

host genomic DNA extracted from feces. The observed heterozygosity (H,) ranged from 0.281 to 0. 938 (mean = 0.596) ,

and the expected heterozygosity (H,) ranged from 0. 391 to 0. 793 (mean = 0. 560). Notably, the average observed hetero-

zygosity was slightly higher than the average expected heterozygosity (H, > H,), indicating a high level of genetic heterozy-

gosity. The polymorphic information content (PIC) varied from 0. 351 to 0. 747 (mean = 0.499) ; among these loci, three

were highly polymorphic and the remaining were moderately polymorphic, indicating high population genetic diversity. Re-

sults of parentage relationships identification showed that using the combination of nine pairs of microsatellite primers : the

cumulative exclusion probability for one parent (CE-1P) reached 0. 999 999 when both parents were unknown, the cumula-

tive exclusion probability for one parent (CE-2P) reached 0. 999 978 when one parent was known, and the cumulative ex-

clusion probability for parent pairs (CE-PP) reached 0.999 088 when both parents were unknown. Based on the above

methods and genetic distance clustering analysis using PopGen32 and iTOL, the paternity of five offspring was successfully

identified. This study provides reliable technical support and critical data for refining the genetic pedigree of giant pandas,

preventing inbreeding depression, and formulating scientific breeding plans.
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Table 1 Information of nine polymorphic microsatellite loci for Ailuropoda melanoleuca
PR 515 (5'—3") EE T KGR ¢ FEYIRE fbp DNA R4 il
Locus name Primer sequence (5'—3") Repeat unit T, Product size DNA polymerase
F: CCTGGCAGGGCAAAGTATT
_6120] : ;
gpz-6 R: CCCCGTGAAAACATCAAGAC (AAAG), 52 202 PrimeSTAR Max
F: TGCCGGAAAGTTCTAAGCAT
_6020! : ;
GPL-60 R. TTTCTCTCCCTCTCCCCTTC (TCTT), 52 218 PrimeSTAR Max
F: GCAGGCACTCAAGAGGTGTT
19l : . .
gpy-20 R. CCTTGTGCTAAACACAGGTGA (TTTG), 54 165 PrimeSTAR Max
F: CTCGGGAGCTTTGTACCATC
_gl19) : ;
gpy-5 R: CAGAGAGCCCAAACCTCAAC (AACT)" 54 228 PrimeSTAR Max
F: AGCTAATTTTCCAAGTTACCTTTCC
. [21] : :
GP-901 R. GGATCTGGGTGTTATITGCAATG (cA), 52 158 PrimeSTAR Max
F: CCTACCTATTTACCTACTTACCTACC
_40/19] : ;
Panda-40 R: GATGCTATTAAGCAACAGAC (TATC), 48 124 Premix Taq
F: GCATCCTTGTCCTCTTGGAG
31120 : ;
GPL-3t R: GCATTGTTTTCTACTCTACAAATATCC (ATCD), 50 139 Premix Tag
F: AACATCCTGGGTATTCTCCATGC
_ngl21] H .
GP-08 R: TGCAGAGTGAGGACCTAGGTGTC (A0), % 160 Premix Tag
F: GAGCACTCTTGGGTTTTGTTA
_79L10] : ;
AY-79 R: TGGTGGGCAGGAATGAT (GT), 52 145 Premix Tagq
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Figure 1 Comparison of fecal homogenization and concentration of fecal genomic DNA between the homogeneous group and the control group

FEEREA S IO 15 32 3 R 4 DNA P 3 TR 28
T S B YR TR IE AL, R PFAh 35 5 L 2 75 i
PE R AEMG FE I 41 DNA 195 5% | F — 25 B 50 ng %
PRI 2 DNA FE AR, % A BEA 1 H ik 2 - 3- B 1 i &

BESE D (GAPDH) RIS S R BL B X (GLUD 1) #E4T
RT-qPCR Sy My B AR FHEE I L DK A T I o 4% ffe
2R W, WIHE R 1 WA X 20—, R W5 [ R e R
f-(K12C,2D) . RT-qPCRESHREZNT, 535 BALMILL




778 B A

I/

5 46%:

Y 28 v g B[R ) C (E I T X B2 (161 2A,2B)
Bz AR 2 TR 96 S A 5 ik B E BB BT i 19 PCR
PEIE D, 78 Hodm TR IR A FE N 4H DNA & & 5

A 40 r GAPDH

JH DR 2 25 O v 5 B B M e Tkt g — A RS
4 RT-qPCR FE445% g 3 T3 R4 (B 2E) o

C D
20l 250 250
. 200 . 200}
2 2
LJ 20 - 5 150 .................... 5 15 I
& 100 2 100f
10 f P S
50F 50 =
0= f'"/,'l. RS TS ST e - ;
él.”ﬁﬁ% . Sl 65 70 75 80 85 90 95 75 80 85 90 95
ommu omogeneous LB /°C Temperature LB /°C Temperature
2[5! Group
GAPDH GLUDI
Panda 14 Panda 15 Panda 14 Panda 15
o T e 0 e A e T
B 50 GLupi

BSiEdil

Control  Homogeneous

215 Group

A, B. B2 5% A GAPDH FI GLUDI C {85 C,D. GAPDHFIGLUDI RT-qPCRIGAEMZL s E. 5847 Hy  yk i 2 4 .
A,B. The C values of GAPDH and GLUDI in the homogeneous group and the control group; C,D. Melting curves of GAPDH and GLUDI RT-
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Figure 2 RT-qPCR results and product electrophoresis of fecal sample genomes in the homogenized group and control group
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Figure 3 Electrophoresis detection of PCR amplification products from

nine pairs of microsatellite loci primers
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PRI B /b (BRI M 30 ) o 4507 P 5 7 ik PR A 6 DRI R AEG , A gpy-20 137 25 1) 164 bp 2537 3k [R 4 %
Oy A ANE A0 A AN SR TR 5 B A0 A, A GP-08 i 124 0.015 6.
JLIY 157 bp S5 FE RUSE R 0. 765 65 11 #8435 7 FE
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Table 2 Distribution of alleles at nine microsatellite loci in 32 giant pandas

(A= I HEA /bp SEOL L AT o7 15, EAHEEA /bp E - spES
Locus Allele Allele frequency Locus Allele Allele frequency
220 0.2500 122 0.0156
224 0.3125 126 0.296 9
228 0.1719 Panda-40 130 0.6250
GPL-60
230 0.0313 134 0.046 9
232 0.093 8 156 0.0156
236 0.1406 152 0.093 8
125 0.048 4 154 0.5625
135 0.016 1 GP-901 158 0.1875
137 0.7419 160 0.1250
GPL-31
139 0.064 5 162 0.0313
141 0.0323 201 0.1190
165 0.096 8 205 0.1905
gpy-5
129 0.0313 209 0.428 6
139 0.1250 213 0.2619
141 0.6875 202 0.0217
AY-79
147 0.0156 206 0.5217
gpz-6
149 0.0156 210 0.3913
155 0.1250 218 0.0652
148 0.6719 155 0.1406
gpy-20 161 0.3125 GP-08 157 0.765 6
164 0.0156 159 0.0938

R3 INMMIEMRHEESES T

Table 3 Analysis of genetic information parameters of nine microsatellite loci

JEHEBR R

Nonexclusion probability T
(A=Y SRR ARANMREC WA WA ZAFRESE R S
Locus N, K H H, PIC XGE A A WoEZ— XGE A X f}‘ )
WE O DHMEE AN FNull)

NE-1P NE-2P NE-PP
GPL-60 6 2 0.938 0.793 0.747 0. 606 0.427 0.243 0.4958  -0.0967
apy-5 4 21 0.810 0.714 0. 646 0.726 0.556 0.380 0.0562  -0.0745
GP-901 5 32 0. 656 0.633 0.583 0.779 0. 605 0.416 0.6900  -0.0060
gpz-6 4 23 0.826 0.583 0.483 0. 834 0.715 0.574 0.2848  -0.1975
AY-79 6 32 0. 500 0.502 0.463 0. 867 0.707 0.533 >0.0001  0.0232
Panda-40 5 32 0.281 0.527 0.447 0. 862 0.738 0.597 0.0608  0.3070
GPL-31 6 31 0.355 0.439 0.413 0. 897 0. 740 0.568 >0.0001  0.1352
gpy-20 3 32 0.594 0.458 0.362 0. 898 0.811 0.709 0.3108  -0.1428
GP-08 3 2 0. 406 0.391 0.351 0.926 0. 800 0.670 0.2073  -0.0496

TF-EI{H Mean 4. 667 29. 667 0. 596 0. 560 0. 499
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Figure 4 Relationship between microsatellite loci and cumulative exclu-

sion probability

FETRRYEE . S HT LA B LODE R4 , H5E
AR R, BERRII(F4 5 S) AEAT S
LT, FAL pandalO  pandal3 55 pandal4 [ SC AR 35 H
panda7; F18 pandall 5 panda8 # 5 A< ¥4 4 panda6 .
{HA5 1B W 2, 718 pandal2 7 panda6 5 panda7 %
A AL AR [B] (1 LOD (B34 4 1 {8, H B A5 AR,
RBEAERE U7 v B A A AR SR

R4 KRBEEETEELER

Table 4 Paternity test results for the giant pandas

ERAY A BEAR AR IE AL R 5L foE AL A SCA—TAREE L AL 1T EL TR LODME HRCE A

Offspring ~ Mother ~ Mother-offspring mismatches ~ Candidate father ~ Father-offspring mismatches — Pairwise LOD score  Parentage confidence

0 panda7 0 3.39 *
pandalO panda4

0 panda6 1 -3.44

1 panda6 0 8.75% 1072 +
pandall panda4

1 panda7 0 -2.50

0 panda7 0 -1.01 +
pandal2 panda2

0 panda6 0 -1.20

0 panda7 0 2.47 *
pandal3 pandal

0 panda6 1 -6.99

0 panda6 0 5.92x 107" +

0 panda5 1 -1.36
panda8 panda3

0 panda7 1 -3.81

0 pandal5 1 -4.77

0 panda7 0 2.23 *

0 pandal5 0 -5.59 x 10!
pandal4 panda3

0 panda5 0 -1. 60

0 panda6 0 -4.37

W% 95% B+ 80% EAH ¥

Note: *. 95% confidence level; +. 80% confidence level.
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A . Offspring; O. Mother; [J. Candidate father; *. 95% confi-
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Figure 5 Pedigree relationship of giant pandas identified by Cervus 3. 0
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Figure 6 Genetic clustering results of 32 giant pandas based on Nei’s genetic distance
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2 A HIEL B 5E A I O, 356 % B A R RE A S T
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0. 499 , Wt B A Y O RE A A4 1L e e o ik
AFTAE T B 28 WK REA HE AT 5t % Z AR S0 BT
R B A A BE O 0. 637, PIC - Y {H
0. 573, Shan et al. XK H 544010 X 119 240 H K AE
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e T 94N 0 BRI 3 LA 45, v FH Cervus 3.0
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