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Abstract: To reveal the genetic structure of cultured bullfrog (Aquarana catesbeiana) populations across different regions
of China, we used eight highly polymorphic microsatellite loci to analyse the genetic diversity of five farmed populations from
Xiangyin County (Yueyang, Hunan), Changsha County (Changsha, Hunan), Dongshan County (Zhangzhou, Fujian), Suixi
County (Zhanjiang, Guangdong) and Jianli County (Jingzhou, Hubei). A total of 96.000 O alleles were detected in 160 indivi-

duals, and five of the eight newly developed microsatellite

S H #8: 2025-06-30 loci showed high polymorphism. Across the five populations,
ESTE . WIEA RN AT H (2023) 5 1515 4l B A1) 37 35 4350 the mean number of alleles per locus (N, ) ranged from
H (2025CX52) 6.6250 to 9.250 0, effective allele numbers (N, ) from
PEE R AIRAL(1999-) , Zo, INARABIRA , 5+, BF 5T 7 1) g oK 7= 33514 to 45254, observed heterozygosity ( H, ) from
PEIEER . (E-mail) 610546934@ qq.com 0.504 2 to 0.562 5, expected heterozygosity ( H, ) from

BIAEE : BT , (E-mail) wangxiao8258@ 126.com 0.599 9 to 0.6750, and polymorphism information content
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(PIC) from 0.564 9 to 0.649 1, indicating high polymorphism in all cultured groups. The genetic differentiation index ( Fst)

among the five populations ranged from 0 to 0.049 2, and gene flow (N, ) estimates varied between 4.829 6 and 9 999.000 0,

reflecting frequent gene exchange. Analysis of molecular variance (AMOVA) showed that only 2% of the total genetic variation

was attributable to differences among populations, whereas 98% resided within populations. These results demonstrate that the

cultured bullfrog populations retain high genetic diversity and low genetic differentiation, with close genetic distances and strong

gene flow. Nevertheless, uneven allele distribution and heterozygote deficiency were observed. If inbreeding continues without

scientific selective breeding, a substantial risk of germplasm deterioration is expected.
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Table 1 Microsatellite primers used in the present study

BKERE

fii EEFS SIS (5 —3")

(C)
Y608 (TCTA),y F:GATTCAACGTGATGACACG 58
R:GCCTTGAGGAATGGAGTTGA
Y610 (TATC) 5 F:;AGGACTTGCACAGCTGACCT 58
R:AAGGAGATCCGCAATCACAG
Y61l (TA),;  F:CAATGTAAATGTGCGGCTTG 58
R:TAGCATTTTTGGCTGAGGCT
YGI5 (TTA) s F.CCCCATGTTCACAGTTCTCC 58
R:GATTGGGAGAGTGAAGTTCCA
Y620 (TGTA)s F.TCAAAGTGTCTTGGGCGG 58
R:ACCTACCTTCTGGTTTGGGC
Y636  (TTCTA) ) F:GTCTTGTAGCCCATTCCAGC 58
R:CTGATTTCCTTCCAAGACTGTG
Y637 (ATT),, F:GCCTATGTCCAGGAACGTGT 58
R:GCTTGAGAACTCATTCATTCAGG
Y650 (TAT),, F:CTCTAATGCCCCACCACAGT 58

R:CCAAGAAATCCCAGAGGACA




2412 AR N S o 14

2025 4F M5 41 & A 12 1

i 25 S F B, 160 AN FE A H A5 1 596.000 0
NI, R 2 T LLE Y, YG-50 H UL 454
FR >, HA7.000 04, YG-8, YG-10 H WL 25
PR 2, 2 17.000 04, 487 15 114 S 247 00 0
ST HE B 12.000 04, A5 8% %6 o 56 Y B0 TE
1.742 61~ (YG-37) F18.988 84~ (YG-10) ZIi], 44
7 1 AT RS i RV BT (B R 4.104 07, AN [FAS
RIS B — o 25, FRIE(D 1E
0.971 7(YG-37) #12.429 1 ( YG-10) Z [a], -2l Ky
1.554 8, HZAEMAR B & i (PIC) {EKHW; SSR 7
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Table 2 Genetic diversity parameters for the microsatellite loci

HMZ S, &SRB R, FTikf S PIC HTE
0.408 1(YG-37) #110.878 9 ( YG-10) Z ], SF-H1{H Ny
0.636 1,¥KF0.250 0, Ry B = i 2 280%, vl LA A
TR, BA®EZEME(PIC=0.500 0) i
R Y6-8 YG-10 YG-11 YG-20 YG-50; B E £
A1 (0.250 0< PIC<0.500 0) B A7 A 3 A4S, 2051
N YG-15.YG-36 Fl YG-37, WL 444 B 7£0.287 5
(YG-37) F10.925 0 ( YG-10) Z [a], W] 22 2= & FF 7F
0.427 5(YG-37) F10.891 5( YG-10) Z |a] , F-2{H 53 51
490.537 7.0.665 8.

s YRR RSN S G SV S R E FARAEEL ZHMER AR WG B A W3- k{1 £
() () (D (PIC) (H,) (H,) R ECE
Y6-8 17.000 0 7.076 7 2.188 3 0.843 7 0.856 2 0.861 4 0
YG-10 17.000 0 3.988 8 2.429 1 0.878 9 0.925 0 0.8915 0.008 2™
YG-11 12.000 0 4.430 6 1.740 4 0.743 0 0.343 8 0.776 7 0
YG-15 11.000 0 1.8220 1.130 3 0.440 8 0.343 8 0.452 6 0
YG-20 12.000 0 3.641 8 1.589 5 0.681 7 0.475 0 0.727 7 0
Y6-36 10.000 0 2.031 4 1113 1 0.477 6 0.425 0 0.509 3 0
Y6-37 10.000 0 1.742 6 0.971 7 0.408 1 0.287 5 0.427 5 0
YG-50 7.000 0 3.098 0 1.276 1 0.615 1 0.645 6 0.679 4 0.999 7ns

R E B (P<0.01) , ™ Fen i i 35 25 ( P<0.001) ,ns /R A5 (P>0.05) ,

2.2 HEBEHEESEEST
P 3 AT, A e 45 T AR A R0 5457 35 R 5y
6.625 0~ 9.250 0 4™, A & 55 o7 F& K 54k 3.351 4~

F3 HEBEEMBEESEE
Table 3 Genetic diversity of the bullfrog populations

4.525 44, H, 5 0.504 2~ 0.562 5, H, 2} 0.599 9~
0.675 0, PIC }70.564 9~ 0.649 1, 4 #f {& %) PIC>
0.500 0, N1 JE 2 AVEREA

. WMSERIE R AL AR AR AR WL 2 45 BE HBREE ZEMER &=
I (4 N H H ;
™) () (N (H,) (H.) (PIC)
CSX 7.000 0 3.708 4 1.399 2 0.562 5 0.652 2 0.616 2
FJ 6.625 0 3.3514 1.264 6 0.527 3 0.599 9 0.564 9
GD 7.250 0 3.674 5 1.406 2 0.504 2 0.648 7 0.614 6
HB 9.250 0 4.525 4 1.575 1 0.539 1 0.675 0 0.649 1
XY 7.8750 3.888 5 1.4515 0.554 7 0.656 4 0.624 8

XY WA B AT CSX TR A KU T U B s P AR A BN T AR LD B HB LA RN T R B GD L AR T TR R A

2.3 TEHEATROM

2% 4 ATLIE H,GD Fl FJ 4= i B 2 8] () 5t
G A8 B (Fst) HEAK (0) , 1 HB Al CSX 4= i
HERZ 18] 1 For {5 (0.049 2) , CSX 4 i 44
5 HAb 4 DA s AR Z G Fse B Y B R &8 & 05,
¥IKTF0.030 0, 5 A2 sEREARZ B (4 Fst 50~

0.049 2, 34 40.023 9, BB 5 AN 2R e REAR 2 (7]
RN G e 7 O NITVAE i L/ 2 S
B (N,) 5 Fse (2 0AC, [FIEF GD 4 A S
FJ AU BEAR Z BB N (B 35 5, M9 999.000 0, 1
HB 4R 5 CSX A4 iEREIR Z [ /) N, (H B A,
$74.829 6.,



ZIOHIEE T D EARIC B IR B A I B A% SR AT 2413

x4 BEENERRMEESIUER

Table 4 Gene flow and genetic differentiation between populations

N CSX FJ GD HB XY
CSX 6.933 1 6.774 3 48296  5.460 9
FJ 0.034 8 9999.000 0  19.2393 11.079 2

GD 0.035 6 0 14.023 3 95.256 5

HB 0.049 2 0.012 8 0.017 5 11.957 7

XY 0.043 8 0.022 1 0.002 6 0.020 5
AT B NI SEDNR (N, ) 25 T I BB R 5 (o) o
XY . 1R P T B CSX TR KU TR v B FY AR A i T
AR HB LA N T AL GD T R AT IRIR S,

16 5 T LLFE Y, i (] A4 35t 14 748 S 3ot A5 78
SRR R 2% , I S AR (8] 9 35t 45 72 S o st A% 2
SRR 98% . U 5 A S RE A R ROk A
FRHEN .
®5 MESFHENN(AMOVA) &R
Table 5 Results of molecular variance analysis (AMOVA) of pop-

ulations
SRR AmE PR g
FhE(E] 4 44.494 0.152 2
FREEPI AN 155 970.031 6.258 98
Mt 159 1 014.525 6.410 100
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Fig.1 K-value variation chart drawn by the A K method in the
analysis of the STRUCTUR
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XY 1R PR TTIE B CSX: W A K i Kb B R AR

AEINTTAR L HB WL SN T R B GD . T AR A VR LT
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Fig.2  Population structure of the five groups inferred from
STRUCTURE analysis at K=3
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Table 6 Genetic identity and genetic distance between populations

iEEN CSX FJ GD HB XY
CSX 09366 09232 09016 009138
FJ 0.065 5 09754 09584 0.9493
GD 0.0799  0.0249 09411 0.9619
HB 0.1035  0.0425  0.0607 0.937 2
XY 0.0902  0.0520 0.0389  0.0649

XY < 91 2 2 BT TR B 3 CSX 91 7 70 1 00 T K v B8 U i 2 74 T
AR 1L B HB WA RN T R S GD L P AR T TR A
243 ERH4H EET Nei [GBREHE, % 160
AR ST A BT, IR 4 TR, S RS
A B 43 3% 2 5 A AS ) M DX A 37 50 2 i AR AR, 5
T LG P o 8 A B R 38 20 U 5 A4 i DX 2 ek
FEAR ] 25 AR SRR R R A Z [R] 7
S LR E AR = R AR
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Fig.3 Unweighted pair group method with arithmetic mean

(UPGMA) clustering results of five populations
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Fig.4 Principal coordinates analysis ( PCoA ) results of 160

samples
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e BEVE 0 M 45 R WoR, H, L H, 43 % M 0. 460,
0.582, 2017 4F BT #1 ™ XA AU bRiE (38 1% R
AT R BN, ARACARIEERS B, H 43932 0. 284 2
0.647 5, TEABESE H, A sk HEAR 0 H, /1975 Bl
0.599 9~0. 675 0, 1fii H,AIFEHIH0. 504 2~0.562 5,
S W2 e 1 35 4% 22 REVE 5 A Rl e i, H
2,5 MHRRREAHRUE R, 2 AN R, AR
FEARWIIRZE S, NEES T f R, H B FRa 4 i
FEAR 8L 2R N 1 BB AT R 34 (H2 i F 3R
B A, X S 2 R RO N R R
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3.2 SuFEBESHARKNBESHEELE

Wang 25 7E 2019 4EXF 3 AN il b B 2 2 i
TFN 14 A5 W5 B A A=k BEIAR 9 i ZRE AT T
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0. 67 ; 5 U5 HF A 2F e R O I BB A% 5 B (H, ) UL
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IR T TR ARIC W FRFE A IR A 2RV AT 2415

B FREAAR 114 1 25 L 4 A5 S PRI B (N, ) k3. 78 ~ 4. 33
A W A e B A 1 ST 57 08 000 45 57 FE LB (N, )
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