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Fig. 1 Electrophoresis map for Giant Panda’s genetic DNA
M: 100 bp marker, /~2] : The assign numbers to samples.
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Table 1 Genetic diversity information for 25 microsatellite markers in 34 captive Giant Pandas
Markers A N o fhe e
a b a b a b a b a b

Ame-p5 4 3 21 7 0.429 0.429 0.531 0.385 0.442 0.325
Ame-p11 7 7 20 11 0.650 0.818 0.778 0.823 0.724 0.755
Ame-p.13 4 6 16 12 0.250 0.500 0.647 0.746 0.552 0.672
Ame-p.14 6 4 21 13 0.381 0.769 0.664 0.735 0.616 0.658
Ame-p16 6 8 21 13 0.476 0.615 0.584 0.775 0.492 0.716
Ame-p19 5 6 21 13 0.190 0.385 0.727 0.760 0.664 0.694
Ame-p21 7 5 20 13 0.500 0.154 0.823 0.594 0.775 0.532
Ame-p.23 5 4 18 13 0.222 0.385 0.706 0.729 0.642 0.644
Ame-p.24 8 7 21 12 0.619 0.417 0.851 0.804 0.811 0.741
Ame-p.26 5 6 21 13 0.476 0.462 0.731 0.775 0.665 0.707
Ame-y 27 7 5 21 13 0.619 0.231 0.780 0.677 0.729 0.614
Ame-p.70 4 4 21 4 0.381 1.000 0.547 0.750 0.489 0.605
AY161177 5 6 12 13 0.333 0.385 0.565 0.809 0.488 0.744
AY161178 7 10 20 13 0.350 0.769 0.603 0.877 0.549 0.826
AY161179 3 3 20 13 0.100 0 0.542 0.591 0.447 0.472
AY161187 5 5 17 12 0.588 0.083 0.702 0.750 0.624 0.675
AY161188 8 7 20 9 0.450 0.333 0.854 0.889 0.811 0.819
AY161192 8 4 19 10 0.632 0.400 0.768 0.689 0.718 0.592
AY161194 5 5 17 11 0.529 0.273 0.692 0.688 0.628 0.608
AY161195 4 5 20 13 0.600 0.846 0.645 0.748 0.557 0.676
AY161198 4 4 21 12 0.476 0.417 0.761 0.678 0.695 0.584
AY161199 6 4 20 11 0.600 0.364 0.795 0.688 0.740 0.593
AY161202 3 4 20 13 0.650 0.538 0.612 0.578 0.530 0.506
AY161214 7 3 19 8 0.684 0.250 0.757 0.675 0.699 0.556
AY161218 4 6 19 12 0.684 0.500 0.740 0.757 0.672 0.685
All 5.48 5.24 19.4 11.5 0.475 0.453 0.696 0.719 0.630 0.640

A: Number of alleles per marker; He and Ho: Expected and observed heterozygosity; PCI: Polymorphism information content; a: a population; b: b

population.

a. SAFEENECH @A), aff R, RS
SERIEH3~81, PSSR I 5K 5.48; bIEAA
LRSI AE A R H 3~ 104, AR
FERHECN 5.24.

b. MEERIEZAEESE. M ILERILE
BAF BT B (PIC) 2 A 5 TR AR S R FE Ik ) —
ANFEDR,  SORGg TR Z AR AL, bREAT,
A FRAC Ame-pS F1AY 161179 (1) PIC 15 43 ) A

0.325. 0472, +T025~0.52100, BEEHELS
PEP,  BEME IR A RS B, AR AR

PIC{EA10.504~0.826 2 [A]72 7)), 254k A brid (e
b 2 55 B &5 80.640, PIC>0.5HA
R RS B afE R, Ame-pS.
Ame-pn16. Ame-p70. AY161177 F1AY161179%5
AFRICPICTH A T0.25~0.52 18], Hrt Ame-pS5 (1)

PIC{HI AR A0.442, HAPEZEME, HRM DA
FRACPICIE A T°0.549~0.811 2 [0), afffA V£ &
RS 0630, K TOREA.

AHFFEI25 A LR bR iC R4S T 5 R as AL A5
B R Ta. bIANE T K RERHEARHS 2 5% 2 4F
PR F 5 IRHA, AHafFRSEAL R Z BRI T
TR, J84E 22 FEE AR To R

c. FERRIZMATE(H). FEF AT NARIER 2 4F
B, — A T B R A AR S ) — AN RIS S
B, BT R AT IR A% A R R WU A N 5 A
JRE (R AEAS S I, Furgl bk 22 A HRAC E U A
A/ 0109 FR . ARFST T, BEAalt It B 42
B FE M EAE (Ho) R R {E (He ) 73 71 7£.0.100 ~0.684
H10.531~0.854 117G Py, HEAADIIHE A 4 FE U
SXAH (Ho) R R {H (He) 53 ] 1E0~1.000 F10.385 ~



¢ 1282 - EMUFESEIRHR

Prog. Biochem. Biophys. 2007; 34 (12)

0.889 7 [H]454k,. BRAY 1611794k a4 Ho=0.100,
bR H0=0), 25/l DEFRICHRIE T 285,

YR B EAL Z FEE R 2 bRl KPP A R
KA, B PRI A G B R/ R T AL AR
SREREMI G, BTG R, R IHEEHAN
BERRK, BEZREEE: PHREER, W
BEARIBAE AR RN, B 2R Z .

av bFFAARSE DR % 5 B S AH (Ho) T34 (E 43 il
S0.475F10.453 5 WHERAE (He) 1 °F-3I1E 73 71 4 0.696
10719, 5 # FE LR (Ho=0.21). %% %
(Ho=0.39) Jbt77 B & 48 HE (Ho=0.32) 552 B Pl (1)

A BEAHEEDY, ay b/ PE TR K REAN A4 (1)~ 25 2%
HREEAKPA R, AR 2RO 5 R, al
b AN EEAAR I Ho Y B WAR T He, Rl EbEEAE, %
IR Al & M 2, AR e R EIIEAL
W5

222 HEIRIEBE ZAEE.

a. BEARIA)EAE L. FGoTh a2 sk &
FEEN 0 Buid s O S A O =2 s O L DU S g a1 i e
fR¥Fit. Fst FisKS BRI AL 04, AN IR
KEERBEAAR AP PGS VT 2 W 45 R W3R 2.

Table 2 F-statistics analysis of 25 microsatellite markers in two groups of captive Giant Pandas

a population b population a and b populations
Markers
Fis Fis Fis Fst Fit

AY161177 04211 0.5349 0.490 6 0.108 9 0.546 1
AY161178 0.4255 0.1273 0.280 5 0.197 1 04223
AY161179 0.8195 1.000 0 0.8950 0.154 3 09112
AY161187 0.166 7 0.893 2 0.483 6 0.099 2 0.5349
AY161188 0.479 5 0.639 1 0.530 4 -0.0130 0.524 4
AY161192 0.1818 0.4331 0.2629 0.1552 03772
AY161194 0.240 1 0.6154 0.388 1 0.102 7 0.4510
AY161195 0.071 3 -0.138 0 -0.0180 0.016 6 -0.001 0
AY161198 03798 0.395 6 03855 0.008 8 03910
AY161199 0.2500 0.483 9 0.3261 0.114 8 0.403 5
AY161202 -0.0650 0.071 8 -0.0130 -0.005 0 -0.0170
AY161214 0.098 3 0.645 6 0.249 5 0.120 5 0.3399
AY161218 0.076 9 0.349 8 0.1839 0.092 8 02597
Ame-p.5 0.196 4 -0.1250 0.1397 0.286 8 0.386 4
Ame-p11 0.168 4 0.005 5 0.109 1 0.054 4 0.1576
Ame-p13 0.6215 0.340 0 0.491 4 -0.0130 0.4850
Ame-p.14 0.4326 -0.048 0 02397 0.1053 03197
Ame-p.16 0.188 6 02131 0.198 6 0.048 3 02373
Ame-p.19 0.742 8 0.504 1 0.649 1 -0.036 0 0.636 4
Ame-p21 0.398 7 0.748 7 0.5122 02023 0.6109
Ame-p23 0.691 6 0.482 8 0.602 6 0.056 8 0.6252
Ame-p.24 02778 0.493 1 03536 0.0218 0.367 6
Ame-p.26 03538 0.414 6 03777 0.116 7 0.450 3
Ame-p.27 0.2109 0.668 2 03723 0.078 4 04215
Ame-p.70 0.308 9 -0.4120 0.173 6 0.1175 0.270 7
All 03221 0.398 3 0.3552 0.087 4 04116

Fis: The mean gene diversity within population; Fsz: The gene diversity among groups; Fit: The total gene diversity.
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Table 3 Genetic diversity information for 5 microsatellite

markers in 7 captive wild Giant Pandas

Markers A Ho He PIC
2001 3 0.571 0.626 0.517
2002 4 0.286 0.758 0.655
2008 3 0.429 0.692 0.567
2901 4 0.429 0.780 0.674
2905 5 0.857 0.769 0.671

All 3.8 0.514 0.725 0.617

A: Number of alleles per markers; He and Ho: Expected and observed

heterozygosity; PCI: Polymorphism information content.
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Fig. 2 Cluster map for 34 captive Giant Pandas

a : a population; b: b population.
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Fig. 3 Pedigree map for 17 captive Giant Pandas
(: Female giant pandas; [_1: Male giant pandas, a: a population.
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Table 4 Genetic diversity among populations of 7 species

Species He Ho Data source
Non-endangered species Thalarctos 0.62 Pactkac et al, 1995
Phascolarctos cinereus 0.81 Houlden et al, 1996
Lasiorhinus latifrons 0.71 Frankham, 2001a""

Endangered species Lasiorhinus kreffiii 0.27
Panthera leo persica 0.15

Ovis canadensis 0.43

Ailuropoda melanoleuca Qionglai population 0.779
Captive wild population 0.725

Wolong captive population 0.62
a population 0.696
b population 0.719

Taylor et al, 1994
Menotti-Raymond et al, 19952
Forbes et al, 19952!

0.581 YAN Liet al, 2006
0.514 This study
0.574 YAN Liet al, 2006
0.475 This study
0.453 This study

He and Ho: Expected and observed heterozygosity.
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Abstract 34 captive Giant Pandas (captive population: including a population and b population) and 7 captive
wild Giant Pandas (captive wild population) are study objects. Their blood samples are got from Chengdu Research
Base of Giant Panda Breeding and China Research and Conservation Center for the Giant Panda. 30 microsatellite
DNA markers including AY161177~AY 161218, Ame-p.5~Ame-p.70 and g001~g905 are used to investigate the
actual state of genetic diversity within and between samples. Meanwhile, the measures how to maintenance and
improve genetic diversity of Giant Pandas are discussed. The information for microsatellite locus showed that 30
microsatellite DNA markers were polymorphic (PIC=0.621~0.640) and the genetic diversity of 41 captive Giant
Pandas was higher (a population: A=5.48, Ho=0.475, He=0.690; b population: A=5.24, H0o=0.453, He=0.719;
captive wild population: A=3.80, Ho=0.514, He=0.725) than that of other 6 endangered species(H0=0.210~0.390,
He=0.150~0.430), but was lower than that of 3 non-endangered species. 41 captive Giant Pandas maintenanced
high genetic diversity. However, compared to 7 captive wild Giant Pandas, the genetic diversity of 34 captive Giant
Pandas degraded. The date of F-statistics and gene flow (of 25 microsatellite locus Nm=2.610, Fs:=0.0874, Fit=
0.4116) indicated that a population and b population exchanged individuals resulting to inbreeding. There was a
low level of genetic variabilities between a population and b population. The inbreeding level of b population was
higher than that of a population (a population: Fis=0.3221, b population: Fis=0.3983). Therefore, at the present,
the focus of management of captive Giant Panda should shift to avoiding the inbreeding and the loss of genetic
diversity. The captive populations of Giant Panda should be in the same management unit. Retrieving pedigree and
chosing the fittest exchange individual are the key point. Microsatellite technologey is the key way to protect and
improve genetic diversity of captive Giant Pandas.

Key words microsatellite, captive Giant Panda (A4 iluropoda melanoleuca), genetic diversity
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