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The effect of frozen semen of captive giant pandas on their population ge-

netic diversity
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Abstract: In the past 34 years of captive giant panda population protection, we have successfully established the world’s
largest giant panda sperm bank, which has preserved a total of 50 giant panda individuals with more than 7 000 straws of
from zen semen. On one hand, frozen semen can preserve the genetic resources of the species for a long time. On the
other hand, it can promote population reproduction through artificial insemination (Al). However, the role of frozen se-
men of captive giant pandas in their population genetic diversity has not been clearly reported. This study firstly ana-
lyzed the frozen semen Al data from 2000 to 2014 in Chengdu Research Base of Giant Panda Breeding, and compared
the genetic diversities of frozen semen individuals and the captive population. The results showed that the genetic diver-
sities of frozen semen individuals were higher than the captive population in the same breeding year, indicating that fro-
zen semen Al can significantly improve the genetic diversity of the captive giant panda population in the breeding year.

Secondly, the mean kinship (mK) of all frozen semen individuals in the sperm bank were calculated and compared with
the captive population to explore the potential effect of frozen semen on the genetic diversity of the captive population.

The results showed that the sperm bank conserved 21 dead individuals, of which 66. 67% individuals had a lower mK
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than the captive population. There were 14 semen from surviving individuals over 20 years old, of which 50. 00% indi-

viduals had a lower mK than the captive population. There were 15 surviving individuals under 20 years old, of which

53.33% individuals had a lower mK than the captive population. This result indicated that frozen semen has a great val-

ue in protecting the genetic diversity of the captive population. In conclusion, frozen semen not only effectively pre-

served the genetic resources of giant pandas but also played a positive role in protecting the genetic diversity of the cap-

tive population.

Key words: Giant panda; Frozen semen; Artificial insemination; Genetic diversity
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Table 1 Individual parameters and mean kinship (mK) values of giant pandas in artificial insemination with frozen semen from 2000 to 2014

fEPEANA Female TN A Male

R A B 4 ZIaEY RS A B 4 ST 1M % R AL
Studbook number Date of birth Year of breeding Studbook number Date of birth Mean kinship

408 1994. 8. 31 2000 287 ~1984.8 0.028 4

297 1985.9.24 2000 386 1992.7.26 0.0192

407 1994. 8. 31 2002 390 1992.9. 14 0.026 3

297 1985.9.24 2003 377 ~1991.8 0.004 4

401 1993.9. 19 2007 386 1992.7.26 0.0200

561 2003. 8. 1 2008 377 ~1991.8 0.010 6

523 2000.9. 12 2014 624 ~2004 0.0022

IR LIS R 5P, mK A UK R BT 0y 1 5 i

Mated individuals are represented by their studbook numbers, mK values are calculated according to the corresponding breeding year

A
100.0

- mm HHAME .
L 9954 Frozen semen individuals 1000+ g
e 1 = SRR oy
% 290 Captive population \?
§ 985- £z 980
5 g -
8 98.0- %
§ 9754 g 60
S g
3 9107 S 940]
£ 965 £
& 960 8 900,
H 455 &

) =

950 M : : : , 900 ,
287/2000 386/2000 390/2002 377/2003 386/2007 377/2008 624/2014 HHREAMA PRl
W R BT Frozen semen Captive population
Studbook number/Year of breeding individuals

K1 RN TR AR (RSN 1500k 8 SRR 0y R RE R I A 0% 2 AR PR ELAL . A: 2000—2014 42 N THHE h AN RS MR 4% 2 4%
P50 18 SR B AR 4 MR A 2 AR B: 2000—2014 4R N 8K h B AT 20Rs A7 2388 1% 22 R 15 B SR A 10 B . il DL-P 3918 + bt

ZERN. *P<0.05

Fig. 1 Genetic diversity of frozen semen individuals compared to the giant panda population in the corresponding breeding year. A: From 2000 to

2014, the genetic diversity of every frozen semen individual in artificial insemination and the giant panda population in the corresponding breeding

year. B: Statistical comparison of the average genetic diversity of all frozen semen individuals in artificial insemination to the giant panda population

from 2000 to 2014. Quantified data show the mean £ SD. * P <0. 05
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Fig. 2 The mean kinship (mK) values of preserved dead individuals in the sperm bank. A: mK values of frozen semen individuals and captive pop-

ulation; B: Pie chart of mK values of each frozen semen individual with the mK values of captive population as a comparison; C: Pie chart of mK val-

ues of frozen semen individuals below the mK values of captive population, with different color areas representing different mK ranges
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Fig. 3 The mean kinship (mK) values of surviving individuals over 20 years old kept in sperm bank. A: mK values of frozen semen individuals

and captive population; B: Pie chart of mK values of each frozen semen individual with the mK values of captive population as a comparison; C: Pie

chart of mK values of frozen semen individuals below the mK values of captive population, with different color areas representing different ranges of

mK values

H 28. 57% HMA (2 H) mKAEAE0. 010 0 ~ 0. 020 0,

H 42.86% B (3 H) mKAE7E 0. 020 0 ~ 0. 022 8

(K30).

2.4 KT IEPAAAER 20 2 LL R ARG AN AR 0O

Fist 1L ZREE I TEAE
k2021 47 A,

RAFA 15

e R BRI 1 5 P ik

20 % DU AMRPIRE . 1% 15 RAMKRRY

mK R ASHEIN 537 7 B 2 A Y mK (BT M,
AR 22 TR (K 4A), Lﬁl%l?%ﬁiﬂﬁiﬂ’amma
(mK = 0. 022 8) #ATXF b, 15 RAKH A 46. 67%
>4 (7/\)mK{Ew3flElé%f¢E¥mK{E, 53.33%
AR (8 ) mKAEFE B F2F B mK(HZ T (& 4B).
Ak, KR T P 35 A RE mK G A9 53 8 HAMA mK
AT 0, o 12.50% 9 MA (1 H) mK =



266

ik

S

AL,
&

#H QL k&

0. 0000, A 25.00% A (2 H) mKAETE0. 001 0 ~
0.010 0, £ 37.50% [ ~4& (3 H) mKAEAE0. 0100 ~

A 0.040 4
0.035 4
0.030 4
0.025
0.020
0.015
0.010 |

P-341 111 2% %X Mean kinship

0.005 4

0 + .
0 5 10
AMARE Number of individuals

205 LA FARE A o=
Surviving individuals under 20 years old

BFRH

-

15

Captive population

0.0200, A 25.00% 14 (2 H) mK {E7E0. 020 0 ~
0. 022 8 (K14C).

MESH =15
Total number of individuals =15

MASE =8
Total number of individuals = 8

= 12.50 % mK =0.0000

m— 25.00% mK=0.0010~0.0100
== 37.50% mK=0.0100~0.0200
== 25.00% mK=0.0200~0.0228

m—46.67 % mK =0.0228
53.33% mK < 0.0228

B4 R P ORAE 20 & DU R AR AMRT- B 2 R AL (mK) (400 A R MEmKE 5B M mKE: B: SREFMBEmKMEL, &
YRR mKAE; Co (KT 18 IR TR mK B B RS AR mK AR, AR B X IR A [F) mK (B

Fig. 4 The mean kinship (mK) values of surviving individuals under 20 years old kept in the sperm bank. A: mK values of frozen semen individu-

als and captive population; B: Pie chart of mK values of each frozen semen individual with the mK values of captive population as a comparison; C:

Pie chart of mK values of frozen semen individuals below the mK values of captive population, with different color areas representing different rang-

es of mK values
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KPR T i A e+ ) Fh B 58 DA R AR A= )
RN E ST . &K T DR A RAED)
PR A FEGE IR, OR3P B P Fh st A 2052
AN AT SR AE T, A FE Y A AR Y 4 0 A
(Roelke-Parker et al. , 1996). H i SA KAEM EH
AIF 5% J K REANHE + P2 TP R AF A 50 RN R St
7 000 4% SZ ARG WL, T 1) MR TR I A R T AE
TR B AR . X BRSO WA Bl
AR, mHEA RSB, X
R RPET- AR S B IR FRE A mK (., & 21 2



3 14 FARER BRI AR Ve VRS WO AR I8 1% Z2 R RO 4 267

FETAMR A 14 B R) mK SR T B SRR,
R CITC T MR B AR R, X T Rl SR Fh A
e ZAEE R R E A . (EREE R,
Hi A 5 FOE T MMAR mKAE N E, XEWEIZD
PR R AR AR, e YRR b R AL 5 B A T
TR, BEIN T PR 5 A% 2 AR PR ORI M
[FIFEHL, P SRR 5% (Loxodonta afiicana) Fh
TR U TET I 352 1 22 FE 1 B IR, AJF Y o B T ik ke
TX — XA A R T RS A T 1 2 T AN G
SUAKG W T B S AP i 2558 (Hermes et al. , 2013),
I Bi7 Bl 37 R BB Fh e AR 2 T 3 Fe 4R R
Joits NEFAMRRES ARSI, H mKAE A F A5 T4
AR B ¥ VORG24 i Pl 77 ol AR A0 2 48 1 7o It
GEUR, AR T BEA AR, REAE 0 Rl R
TERY AL ZAETE

BEH R BN T PR B RAF T 29 HAFTRIMA
PRI, P20 DL 14 H BEFR R AR T34 75
LI25~30%, 205 LU L&l TERIRE,
ZIHAE B AE T R, BRI . @i mK
{E AT ELA BT, & A 50. 00% ) & 4F A1k mK {H
TR IR, HA 4 A A mKAE/N T 0.020 0,
Wi I 28 AE AR A TR AN (HLBAT = Bl 5 P
B ZREVE RO AE M, T ELE O T A
(A, R X 18 35 Bl R 5 A% 22 R 10 2
EHERBIERT . 20 % LAUF BN AT 53.33% 194>
PR mK BT RIS A0, [RIA 3R B 3 0 20 A 18
K BA B R ol . (AT R, X
AR T E AR B AR, EEERECA KA
DL R ERS N T8R5S00 B i
KR mK AE7E B SR AR B oAl 2 Bt T AR AR
TR A A, A SRR TR A DR A 23 3 I B3 1Y
THACTRI R, 75 oA Ok 1Y Bl % R e B0 b W) A AT gt
e B . FENORS T E DR AF W Fist % 2 R [ AR
M T HAb B R AR A, JEdRIE, A B RZEL
S A 0 R Sl DR R JE M Ok L TR A A A A
BB, 2/3 BRI AE PR A SR DR B
(International Union for Conservation of Nature,
IUCN) 4L (0 44 5 h 8551 g 52 B B 9 - (TUCN,
2021) JB7 IEREER 4, ST PR AP RIEE B AR
JERRHE ., SR, T EIE I R R A
g /D RIRREERLRE /1N, 6 SE 3hH bel AY Ok 22 5k 37 A
L YRR JC 2 5 A 98 B e A 0 T 5

23/ & (Swanson, 2006). $2& TG oK, g
ST RS VG IR AR SR T AR R B F AR RS W
BEUR SIS UAORS W R SRR A R I S
AT VUA RO PR 15 2 AR, (i 1 P8 R b
{2 o h ] FRSE & J# (Vansandt et al. , 2021),

g LAk, o W TS5 A O
1AL ORI 2 19 R T T 808 A= 7 T A 1 3845 (8L
Jrifl,  RREAN YA VNG VR e 1% 4 T el 5% K RE AN b
REBT AL Z R 0E X REL 3 A i) 3t 4% 45 20 5 BN
e HEE .

Bifi 5 AR AR S AR TR, R R TR
TE R TR RE 28 5 B R H f2 0 . (HE,
H BTV ARSI B2 T R SR 55 i e LA 34>
OCHHEMERT . (1) MRV VR 72 253 WORS i,
EREAKS 715 71 (Spindler et al. , 2004, Wang et al. ,
2020), PRt A A WS VR B AR 3E — 204 TH R AR
MG B A R A R K AR B R S (2) K
REAAE FRE K i S 22 A5, Hhdfh
20% WIRE W 06 1R T 30%, BT AT
BN, SEOLM N AL, 55X T R R
W TR BE, M BAARRS s BN T 8%
tnife, $#EEAH%; 3) 5 AARKCEAHL, KAk
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