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el WA, M, Bl REE, ThK BFs

1. AEreoll KoK =24 B, #3420 430070;
2. MBI, M B 550025

FEE: Al IR 1L TG 3 AR AR JAK X FE SE B (Zacco platypus)BEVRIG T BT (5 2 RE0E, SRITLRIA Cyt b FEH) K
T DNA (SSRYBRICHT 7 A5 8 ST 1A 1) 35 A% Z AR VE RN AL 5 M AT T 400 . S5 9L WoR, 7 MBI 185 4~ Cyt b I
G LRI Y 144 AR S AURT 33 ASRERL, BRI A S5 R 2 REPE(HA) M 0.000~0.887, A% R 2 FEE (n) R
0.000~0.275, Cyt b HLf5HIE) NI RGEM AR AWK E B, 7 MHER R 3 M2 14TH 2, PeREE, 2K/
WA/ 43 F 225 W (AMOVA) B /R 7 MR Z ] 3 A R2ZAIFEE B ENRIL k. 3T 11 AMHTE
A DNA (ST, SeiE s 7 AR 50 3L B EU(VA) N 3.66, -3 Shannon’s 15 B IR (DK 0.689,
PRI 24 45 B (Ho) R 0.315, SEIIEAZL 4 B (He) h 0.354, SEH L85 B4 5(PIC)H 0.409, BRI 138 14 401k
AL (Fsr) LI 0.060~0.547, £ FEAZ AEAE b 38 1% 434K (P<0.05). UPGMA R EiH Fl PCoA 4 HT iR, 7
A TEEE IR R K 4 %, STRUCTURE R2K43Hr R Se g8 7 N FEAR T 40 R 4 Mt e 4 . AMOVA 2 ik
B, SEEEER 7 NRERZ IR 4 A B AIREZ R AE W 1AL oAb . S50 R, iR L G 30 R iR bR IX ) B 8
SESRIE R R AR - B SR st A% Z R0, HLAAAE 38 138t % 404k, VI s el g A 25 R B8 i O 4, il O 5 68 il
S A o S5 A AT R T

KR LR Cyt b P TR DNA; ifE ZReE; ik ahiiy
RESES: S931 M ERAREAD: A XEHS: 1005-8737—(2024)03-0301—15
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Perdices Z5£PIF5E

Bo B8 i (Zacco platypus) K J§ T # £ H
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I, RSEKAEAEYRIREE R R, EEY
ZREPETEAL T B A . AR, BT
FE7 . K TR AR AR V5 e 4 N IE Sh i TR,
B LU DX R AR ZEAR X 22 8 25 1 B SR 03 TR & A
W FEVE 2O T [, B A v Y R SRR A
AT I o g o B 1L 7 St X R 408 3 7 i A
ZEARIX IR 3R A= W) 2 A M R AP i IS b X 22—,
M2 Hh X 58 i il O I 4 B 3 /D, R DL b IX 58
BERRAF A% Z A R HiGE

M2 b HEPE(Cyt bR T kiiA DNA
(mtDNA), f&— Pl T 58 .38 R 45 % & VR
e LA 2 TAme L TR DNA 4
(microsatellite DNA) X Fx A 1] 5.5 51 # & (simple
sequence repeats, SSR), f&—Ff7E EAZ AL W) B
bz A HREHLA i B DNA B, D
B Fhmic et e B gt . st i 2R TEA A
ARG EF NS ARz At B,
7 D v fi i DR R e T R S AR AR L 2

Hw I HIE . ASAFSE A mtDNA Cyt b F1 SSR
YER 4y FARIc, X B L v 6 L DXOR e ZE AR X
VEEEHE 7 AN IRF AT T R G B SR
PRIRAG 220 BT, S0 BT AT i 68 AN [) A AR 174 35t
e ZREEMRBRG LB KRR, BT TR EREL 1k
PR R Z DGR, B EIR ST TE 68 AR
TR ist A% ZREPE RIS AL 254, iz X Sl 5 BB il B SR
BEVR Y PR RN A R AR AL R S A B AR

1 HR5HE

1.1 HARE

2019 4F 8 H % 2020 4F 8 AFESRMATLA & |
HKE L ARk SN B R T T R XA R
I PE BT iR 6 A TEEE A IAREAR, 2021
AE 9 AR th AR JEARIX BT R4 1 A TE B il
FEARREAS, HORBETEOER] 185 B (R 1), BYHUEE—
AR B 212, 95% £ 5 [ 52 J5 7 ] S 6 =
=20 CLRFFEH S

K1 EEEREEARERER

Tab.1 Sample collection information of Zacco platypus populations
REfA (M AL LR R % 4

population code  sample size river sampling location longitude latitude
LA 1 JK1 30 VI ARTIIC: FaR-R/ M) VT EL Ak A 109.01905 27.883612
Jiangkou 1 Xiaojiang River (tributary of Taoying Town, Jiangkou County

Jinjiang River)
YL 2 JK2 24 HRYT. Jinjiang River PANEEED VSR 108.84853  27.699332
Jiangkou 2 Shuangjiang Town, Jiangkou County
Ik XS 30 STkl (AT 23 Sk Bk vba 10598733 28.696304
Xishui Xishui River (tributary of Changsha Town, Xishui County

Chishui River)

D CS 30 . . D LA 105.71981  28.596512

jﬁ:?k ) FR7K3 Chishui River jﬁ:?j,ﬁh‘ t_iﬁ L
Chishui Qixing Bridge, Chishui City
1| we 13 U] (13 9T 3 ) 55 )11 A A 107.83709  28.896614
Wuchuan Hongdu River (tributary of ~ Duru Town, Wuchuan County

Waujiang River)
ol NC 29 BT (9T 00 I K VT A 107.27062  29.256569
Nanchuan Yajiang River (tributary of  Shuijiang Town, Nanchuan District

Waujiang River)
A LR SNJ 29 R (DU S0 PACHRR DX FH H 45 110.49147  31.44112
Shennongjia Nanhe River (tributary of Yangri Town, Shennongjia Forestry District

Hanjiang River)

1.2 5 DNA REUR A&

SR FH I 1 i 3 U A 4% 2 LB L. DNA,
DNA #f i 28 1% Bt i W 5 0 v vk & I, =R
NanoDrop2000 4540435 5 BE 1 s JH: 4l 3 ik

J&, —20 CLRAFHE

1.3 Z%I{k DNA Cyt b FHH G5 FF

PIFEAIMARR) DNA AR, R Cyt b8 H5]
1 19(L14724: 5~GACTTGAAAAACCACCGTTG—
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TR TR LY R B A AT DX T R AR 5 1 2 R R R AR 45 A 303

3/, H15915: 5~CTCCGATCTCCGGATTACAAGAC—
3NEAT Cyt b JEFFHIAY PCR §74 . PCR J K
BRI 20 uL, 175 DNA A (50 ng/uL) 1 pL,
RS (10 pmol/L)4% 1 uL, Mix-Tag DNA %
4 10 pL, ddH,O 7 pL. PCR ¥ 4 #2F H: 95 C
TAZ P 4 min; 95 CZ844 30 s, 55 CiEk 30 s,
72 CHEAf 40 s, 35 MEFR; 72 CHEAf 10 min,
15 ‘CHR# 5 min, PCR 4734 72 W) 28 1% R W EE L
FLUKAIN S, 3% 22 bt R AE R A R A Rl (R
POBEAT 24k B B il Y o
1.4 T2 DNA K PCR ¥ iE5EESE

AL 2 BT G #E i RAD-seq 78U 53
FRomHE s 11 XF pUs AL A 2B D AT Y (R
K3, 94 M FAM, TAMRA . HEX #GHRiC
519, XeEgas 7 AR 185 BAMAIATI T
5 DNA ) PCR ¥ 8, " 2 PCR WA R 5 I
W Cyt b BIA R —, PCR " 4R F Hy: 94 C Tl
A5 5 ming 94 CASYE 30 s, 1B KR (TN
30s, 72 ‘CHEff 1 min, 30 NMEH; &5 72 CIE
i1 10 min, PCR F=#J28 1% e AHEE A R JCAS T
J&, 2 EICGTERVE YR A R W @R AT
BN L K ML LA DNA (SSR)Zr7
1.5 HEBSH

mtDNA Cyt b JF5I 7 5¢ )5, KA CLUSTAL
X 1.81P%%} Cyt b FE31 34T HEXF, ] DnaSP 5.181
TP HNIEIE AL AL . B RVE (h) . AR 2 HE
PE(HA) . AT IR 2 FEE (n) it e Z R E R 5. R
I MEGA 5.0 ¥ # Cyt b BAfE RIS (ND R E K
R, 28 1000 Y AR I 4553 3 ] S
% JH PopART 1.7 Cyt b 243 70 ] () f 4y W)
218, R0 Arlequin 3.5 SRR ] (1) )l ot 8t 4%
Gy A48 B (Fsr) I #6475 F 77 22 57 BT (AMOVA),
TEA T A 1v0) 2 AL 0 [ 19 st A% A8 S R a4k . SR
DnaSP 5.1 #AT45BC /31 43 8T, ] Arlequin 3.5
HEAT T PEAG 55 (Tajima’s D K50 F1 Fu’s Fy K 4) -
T AW 22 7 7 A (SSD) FIHLAE 18 % (r), LLIEAY 58
SERERE A I s 37 25124, SR A BY-FDR )5 %t &2
ARG A TAL IE

¥ GenAlEx 6.5 80 454N i TR A 5 LA
R AGATEAR B S B BN A) IR A B (HE)

WL 2 A B (Ho) A1 Shannon’s {5 83850 ()& 5%
ZREMEFEEL, [ Cervus 3.0.3PH 1 L2 B(5E
T (PIC) o J& T i3 10 A 45 47 3k IR A K, i 1t
Poptree2®® i1 5 Nei’s 8t f& H B (D) F 4 2k
UPGMA RGiH, 2 HEEE 1000 WAL 5532
] EEVE SR Arlequin 3.5 TR REAA ] 1) BT 515
5y A6 A48 B (Fsr) I HE 47 4 T J7 22 57 BT (AMOVA),
VA B A Tv0) i A [ 199 a8 A% A8 S A e 4k . R
GenAlEx 6.5 47 E AR T (PCoA), HEMIFE/&
i) o] HEAEAE Y i B 4544 . % Fl STRUCTURE 2.3
1) MCMC Jikiif 7 R80T, RESE K=1~7,
#EAT 100000 R EE MCMC 128, B4 K HEE
BAT 15 UK, T 06 A A AR T BB I 1Lk
U8 . K F BY-FDR 736 % £ SRS KG B0 b AT A IE

2 ERESW

2.1 EFLHAE Cyt b I BB R RE DT
2.1.1 Cyt b FHIERMBEBRESHEE X%
BEMR 7 DHEK 185 BAMA Cyt b HFFHIHAT I
XFArAT, 345 Cyt b #53FHIHK B R 1141 bp, T
AR A BB E . S HEARY Cyt b RS &8k
AK,AL T, C. GWETERTHIN 24.4%.,
30.0%. 28.9%. 16.7%, A+T & 2 (54.4%) & T C+G
T (45.6%), R B AT Wif. A

fAT 2045 AL RN 9 AN L —ZRAR A 14

16 185 BN Cyt b 51 Hh 3L 31 33 4~
AR RSB R A £ A R SRR, 55
FEAR R 1AM AR (Hapl7), H4y 6 A
HAT 3~10 SBA5RY, VT 1 FIVT 1 2 AR EE 2
AR (Hapl 1 Hap3), 777K A2 KB AL 2
ANF5 ) (Hap9 1 Hap10), 38 o) 52 545 764 a] £y
Kimura 2-parameter 15 fZ#0 55, 33 A~ FAAERIT] 43k
3 FhRAL KA 1T 2 (JKU/JK2)BHA,
fU45 Hapl~6. Hapl8~20 3t 9 ANBAfERI 2R~k
FHAIE (SN BRI, f155 Hap26~33 3t 8 /4 B,
A =0 2 K /AR K55 N TEE )T (XS/CS/WC/NC)
&, 4345 Hap7~17. Hap21~25 3t 16 S HafE A1,

Cyt b JTHV BT R, TEEgaE 7 SRR
SR A AL A 2R P RV A TR 2 R
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(Hd=0.909, 7=0.0377)(#% 2). & WC. NC &M
PSR ZREPE (Hd=0.000~0.197)fRK AP, Hig 54
BE U 2 B0 P B A R Y SRS B 2 A P (Hd=
0.453~0.887).

212 BEMEEEME S A SEEERUKL
JK2 BEfR)H, 9 A~ sfERI[E] 1) Kimura 2-parameter
8L B B 3 FEITE 0.0008~0.0019 2 i), 257 — 55 fig
B (SNT HEfAR)H, 8 A~ BRAH Y 1% 352 4% R B Y Rl 7
0.0004~0.0018 Z[H], &7 = 5 i fifl (XS/CS/WC/
NC HEAR)h, 16 A B4l B i 35t 4% R B 3 L
0.0000~0.0010, A1 —EZEAI = | HAI— HHRA =
T i AT A 2 [A) a8 R B B S TR 430 0.0033~
0.0035 F1 0.0006~0.0033, 2&#Y — 5271 = G5 g fil
BT Y 2 [ (1) 35 A5 BE B Y 1L R 0.0006~0.0035 (3%
3), TLEEMEREIRZ MAfER L 25 .

®2 ET Cytb FIIRIZEEELR 7 NEER
BE B HEMIEE
Tab. 2 Genetic diversity indices for seven populations
of Zacco platypus based on Cyt b sequences

BEIK population h S Hd T K
JK1 6 16 0.543 0.2750 3.136
JK2 5 88 0.486 0.0215 24.496
XS 9 16 0.853 0.0039 4.467
CS 3 0.453 0.0004 0.471
wC 1 0.000 0.0000 0.000
NC 3 0.197 0.0002 0.202
SNJ 10 17 0.887 0.0045 5.172
K overall 33 144 0.909 0.0337  38.496

TE: b, BAGAEG S, A5 g Hd, BRI 7, R
ZRPE; K, PHBTR2ZEREG KL, A 1; JK2, LA 2; XS,
~1K; €S, ARk WC, 55 )11 NC, BEIl; SNI, L.

Note: &, number of haplotypes; S, number of segregating sites; Hd,
haplotype diversity; =z, nucleotide diversity; K, average number of
nucleotide differences; JKI1, Jiangkoul; JK2, Jiangkou2; XS,
Xishui; CS, Chishui; WC, Wuchuan; NC, Nanchuan; SNJ,
Shennongjia.

R 3 FEEEHH 3 2% Cyt b B {53 H Kimura 2-parameter i B EH
Tab.3 Range of Kimura 2-parameter genetic distance between three Cyt b haplotypes of Zacco platypus

KA type

A — type 1

A type 2 K= type 3

Type 1 JK1/JK2 (9 haplotypes)
Type 2 SNJ (8 haplotypes)
Type 3 XS/CS/WC/NC (16 haplotypes)

0.0033-0.0035
0.0006-0.0033

0.0008-0.0019

0.0004-0.0018

0.0006-0.0035 0.0000-0.0010

TE:JKI, {LH 15 JK2, LA 2; XS, 27K CS, #77K; WC, % JI1; NC, F)il; SNI, fiife L.
Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia.

DL O K W i (Raiamas guttatus)VE R AR
BE, WETEEERE 7 NEEIAR Cyt b A5 NT RS0
BB 1) TEBERR 7 ABEAR Cyt b BAAETIER B 5
(1) 3 N4y, BB B /N T 3%, S
DNA ZIBH 12 R 3% B R bR,
X3 A AREMF PR, BRI AT S
. Hrpd—H JK1. JK2 WA EEARERE
PSRV G B TS SNT BRI i B R 4 A
=% ETH XS, CS. WC. NC 4 MHEARRY
FERULH G, %52 XAy R 3457, Heh 2 ANy
THEA 2~3 DRHERIRAER, RELEE TR
B, XS, CS. WC. NC 4 AR SR 256 R IR,
JK1.JK2 WA 555 Z 3OS =30/ 5 MR
FYG R, I 5 K AR R O ) b B A%
R

VEBEAR 7 DREIRRY Cyt b BAGHY rh A 1 45 K]
U S NI REMALI AR RIZH, 6
£ JK1/JK2, SNJ, XS/CS/WC/NC 3 4B i iy 52
(K&l 2).

N 4 AU, FEEEME 7 DREAZ ) 1 EE 4
BAER(Fsr) 22 LB FILE 0.1200 (JK1/JK2)~0.9819
(JKI/NCO)Z[H], BRITI 1 510 2 B EHANR §Y
Fsr %/ H Jo i st A% oAb, 5 68 S L A e ik
Z 0] Fsr (EAREE K HAFAE B 3 554% 73-16.(P<0.05).

G Cyt b BALETE R GEkFI A [ 2% 18] 43 B
IR, K TEEEER 7 D RHAE R ARG BT
). FINHBEOK/IK2 4, XS/CS/WC/NC/SNJ
HEE) . 3 MNHBEOKI/IK2 4HEE, SNT 4HEE, XS/CS/
WC/NC A #E) 50 #4750+ I 253 BT (AMOVA)
(R 5)e T —1T4HEMH AMOVA F£H, i
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%3
58 Hap14 XS
Hapl5 XS
Hap10 XS CS
Hapl17 WC
Hap9 XS WC
Hap16 CS
65 — Hap23 NC
1 Hap25 SNJ XS/CS/WC/NC
98 Hap22 NC
—E Hap21 NC
67L_ Hap24 SNJ
Hapll XS
Hap13 XS
100 80 = Hapl12 XS
el Hap7 XS
ﬁI: Hap8 XS
72 Hap28 SNJ
1 Hap29 SNJ
88 Hap27 SNJ
64— Hap30 SNJ SNJ
99| — Hap33 SNJ
Hap26 SNJ
Hap31 SNJ
99
591 Hap32 SNJ
Hap18 JK2
99 — Hap3 JK1 JK2
I: Hap4 JK 1
Hap20 JK2 JK1/JK2
99 Hap1JK1 JK2
68 Hap5 JK1
51 Hap2 JK1
Hap19 JK1
Opsariichthys bidens
Raiamas guttuatus Outgroups
0.02

Bl1 o SElEEE 7 R Cyt b ARSI NI RS L B W
JK1, LI 1; JK2, 1.1 2; XS, 2K; CS, #R/K; WC, 55)Il;
NC, FiJll; SNI, R4, 7030 BT 2R B RS
(>50%), W@ FRFRRILE ARG, O EFHRRRFINERE.

Fig. 1 Neighbor-joining phylogenetic tree of Cyt b haplotypes

from seven Zacco platypus populations
JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC,
Wuchuan; NC, Nanchuan; SNJ, Shennongjia;
The numbers at the branches represent bootstrap support
values >50% obtained in the NJ analyses, respectively. Blue
fonts indicate shared haplotypes, red fonts indicate outgroups.

178 S F BRI TR (87.93%), 7 A-RFAZ [H]
WAL B3 (Fs1=0.879, P<0.001), HETHiA4
HBEH) AMOVA 75, 82.39%8f£75 3o 5 T
JK1/KJ2 i XS/CS/WC/NC/SNT HREZ 8],
AR R TE 0 2 5% Ak (Fer=0.824, P<0.05);
D38k, ARE A Z 8] (Fsc=0.628, P<0.001)FIF
R NAMA ] (Fg1=0.934, P<0.001)t £ 7F i & k%
A BT 3 AR AMOVA %1, 86.54%1)
A SRR T JK1/JK2 4RE. SNJ ZHAE.
XS/CS/WC/NC 4 BEZ (8], 3 ALHERIAETE B st
2534k (Fc1=0.865, P<0.05); 1AL, HBENREARZ
[f] (Fsc=0.382, P<0.001)FIHER P41 ] (Fsr=

10 samples

1 sample

Bl 2 a7 DREK Cyt b S5 A 45 5]
JK1, YLH 1; JK2, VLH 2; XS, 2K; CS, #k; WC, %)l
NC, FIl; SNJ, fhAede. BAR R R —Fh o5 AL, (8
RANFRIZIABERI AR ARBERRARREA, P
Bl 2 [ % 2 b f) SR e TR AN —A> B IR AR Oy ) — A B
5 BY G B2 I A RS R PR R AR B R
1] 74 vl ] R L.
Fig.2 Median-Joining network of Cyt b haplotypes from
seven populations of Zacco platypus

JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC,
Wuchuan; NC, Nanchuan; SNJ, Shennongjia. Each colored
circle represents a haplotype and its size denotes the number of
observed individuals in that haplotype. Different colors
represent different populations, and the short line on the
connecting line between two circles shows base substitution
amount which are needed to switch from one haplotype to
another. Every black dot represents an intermediate haplotype
not found.

0.917, P<0.00 )t AF7E i E AL A8 5 . NIk, JifE
TR A 35 Rt 254, T Cyt b 74
s al IR 4rf TKI1/IK2 ZH8E . SNT 4HRE .
XS/CS/WC/NC 4 #f 3 4~ E b s L & .
2.1.3 BERRZHEDH T Cyt b JFHIIES
e o A 05 BE R I SR (R 6), BR TK2 HERRY
SSD. SNJ BEIKFY) SSD F1 r 2 (P<0.05)4h, HiAth
5 ABEARR) SSD Ml r R, KX 5 ANHHAST
GRERY SRR BN AR ) B T A0 AR T IR Sy
Wgar A, 7 A RHARAR ) Z WM, T Cyt b )T
F RS B0 R (3 6), 7 MREIARIY Tajima’s D i
IR, [V NC BHAR Fus F (Eh R 7
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Tab. 4 Pairwise Fst among seven populations of Zacco platypus based on Cyt b sequences

FEA population JK1 JK2 XS CS wC NC SNJ
VLI 1K1 -

YT 2 JK2 0.1200 -

2K XS 0.9599" 0.8234" -

K CS 0.9803" 0.8426" 0.5613" -

%) WC 0.9768" 0.7920" 0.6125" 0.8612" -

Il NC 0.9819" 0.8436" 0.6816" 0.9381" 0.9805" -

MR SNJ 0.9608" 0.8339" 0.8275" 0.8931" 0.8741" 0.8908" -

W JK1, YL 15 IK2, T 2; XS, 2K; CS, #i7K; WC, % JIl; NC, BiJil; SNI, #igeZi. *EKI/R FDR AL 1E )5 Fer 8 &35 (P<0.05).
Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia. * indicates Fsr values are
significant after FDR correction (P<0.05).

R5 ETFCyth FHHEEBEEED FHEDT(AMOVA)

Tab. 5 Hierarchical analysis of molecular variance (AMOVA) of Zacco platypus populations based on Cyt b sequences

75 5 R A FIr ki 5 43 /% [ 72 55X

source of variation df sum of squares  variance components  percentage of variation fixation Index
— AN BE(7 A~ #EIR) one group (7 populations)
FERE] among populations 6 3067.63 19.40 87.93 Fs1=0.879"
HERM within populations 178 474.02 2.66 12.07
B BEK /K2 4H#E, XS/CS/WC/NC/SNJ 4 ##) two groups (JK1/JK2 group, XS/CS/WC/NC/SNJ group)
ZH B8] between groups 1 3199.85 39.88 82.39 Fer=0.824"
ZHHE N HEAR ] 5 710.34 5.35 11.05 Fsc=0.628""
among populations within groups
HERM within populations 178 565.01 3.17 6.56 Fs1=0.934""
ZAHBEOK/IK2 47, SNJ 4B, XS/CS/WC/NC 41##) three groups (JK1/JK2 group, SNJ group, XS/CS/WC/NC group)
ZH 18] among groups 2 3699.11 33.03 86.54 Fcr=0.865"
LA BRI ] 4 211.08 1.96 5.14 Fsc=0.382"
among populations within groups
RN within populations 178 565.01 3.17 8.32 Fs1=0.917""

KL, YL 1 JK2, YL 2; XS, 2JUK; CS, kK WC, 45113 NC, m)1l; SNJ, #4248, FDR A% 1EJ5 .35 ({8 L2 5 R (* P<0.05, **

P<0.01).
Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia. Significant values are
indicated by asterisks after FDR correction (* P<0.05, ** P<0.01).

F6 ET CythFIIHEEELE 7 M BHEENERIBMPERIEER

Tab. 6 Results of neutrality test and mismatch distribution for seven populations of Zacco platypus based on Cyt b sequence

4 DA G 16 .
TR population goodness-f?i-zi ]ti:tﬁ Ecolr ?njl;szriétggh distribution ) %@Eﬁ%ﬁ%% PR neutrality test
mismatch distribution shape
SSD r D F

JK1 0.037 0.125 unimodal -0.759 1.920
JK2 0.309" 0.339 unimodal 0.156 19.294
XS 0.027 0.042 unimodal 0.360 0.733
CS 0.018 0.186 unimodal -0.136 —0.053
wcC 0.000 0.000 - 0.000 0.000
NC 0.002 0.408 unimodal —1.249 -1.628"
SNJ 0.031" 0.071" unimodal 0.671 0.458
K Overall 0.060 0.167 multimodal —-0.137 2.961°

HIK, VA 15 JK2, YIE 25 XS, 2K CS, gRK; WC, 451, NC, ®)Il; SN, fhAe R, *FR/R K545 S B 3 (P<0.05); multimodal £/~
FEEC AT AT AR Ry Z2 W 537 ; unimodal 7R H L 37l L0651 .

Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia; * indicates a significant result
(P<0.05); unimodal indicates the shape of mismatch distribution is unimodal; multimodal indicates the shape of mismatch distribution is multimodal.
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K3 BT Cyt b J3 81 10 58 g SRR VR 1) 5 TG 20 A1
a. S Aok, SIKRRIRER. b, MURZRIER ¢ YL 1, YL 2 3% &, d. BB L o430 L X R e R AR IX 3 2%
MEL AR 347, AT E REARAL N 19 RS 2015
Fig. 3 Mismatch distributions of Zacco platypus populations based on Cyt b sequences
a. The Wuchuan, Chishui, Xishui and Nanchuan pedigree. b. The Shennongjia pedigree. c. The Jiangkoul and Jiangkou?2 pedigree.
d. Pedigree of the western Wuling mountain and the Shennongjia Forestry District. Dashed line indicates observed distribution;
solid line indicates theoretical expected distribution under a constant population size model.

2.2 ETHIE DNA WEEHEBEEEST
221 BEMBEESHEYE LFEEEN 1A
AL DNA s 51 X s g i 7 NHEAR 185
FEARIEAFT PCR P38 FISE R 43 Y, 4% TR A 5
(01 187 46 0 56 DR EC (V) 1 389 28055 o 5k DR K0
(Ng). Shannon’s {5 B850 . W24 5 B (Ho) .
WG (He) . 2505 B & 2 (PIC) 6 2+
PEFE A AR AT 73500 1.43~9.29 . 1.20~4.66 .
0.171~1.740 . 0.104~0.682. 0.111~0.762 #1 0.071~
0.620, KZHUL M M2 B MBEF(GR 7). X T8 i i
7T AR EE Z R M Bon, A BRI
A BE B (VA 3.66, - 394G 24 25 v ik PR 8k
(Ne) A 2.07, ¥4 Shannon’s 15 B8 E()H 0.689,
SEHULIN 2 A B (Ho) A 0.315, SEH s &
(Hp) M 0354, P2 515 B & & (PIC)N 0.409
(3 8), Hor, JK1., JK2 BRI Nay Ne. 1.
Ho F1 Hy AEARXTE S, st i 2Rk T AR

fA; WC . NC . SNJ 3 MHEMAR R PIC AR # s, H
IR N 2 S T AR A
222 BERBEEENSSL TEEEE 7 DREHE
Z ) 352 % 73 A 48 B (Fs) 19 22 ARS8 FL 4 0.060
(JK1/JK2)~0.547 (XS/WC), #5REARZ [MI¥F7F1E R
FH L 73 (P<0.05)(3 9).
BT RO AT Nei's L E
(D)7 UPGMA R G (18 4a) iR, 74
T G AE R R KA S TK1/IK2 AR S
RNE—3; HAe 5 MRERNE 3, Hi,
WC/NC PIABERER S —N 5332, XS/CS/SNT 3
MHEIR R R 5 — A W53 S A S FE R AR (<50%);
3 A BT T ADBERA AR R A ] 352
PE B B AR FR M T (PCoA)ZE s, Abdrih 1 7l
DL 7 AREARI N TK1/IK2 418 . XS/CS/SNJT
HRE. WC/NC 4IHE 3 4B, Adrdl 2 SOFF XS
T MR 73— AR (B 4b FIIE 4c), PRI,
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Tab.7 Characteristics of 14 tetranucleotide microsatellite loci isolated from Zacco platypus
frs WG 53 e e w1 omom PiC
locus repeat motif primer sequence (5'-3")

Zpla01 (CACT)s F: TATTTCGCTCTCCTCCACCC 58 3.29 1.93 0.748 0.468 0.438 0.071
R: ATTGTCGTCTGGGTTTAGCG

Zpla02 (GACT)s F: CCGACCCATTTCTAGACCCG 58 1.86 1.51 0.356 0.176 0.211 0.449
R: GAGGAGCTGCCGGATTATCG

Zpla03 (AAAG);s F: CGGCTGCCAGTTTACTAACC 58 2.29 1.38 0.356 0.160 0.195 0.132
R: GCCAAACACGCTTTACTCCG

Zpla04 (TAAA);s F: CATGCGAGGGATATGCAAGC 58 1.43 1.20 0.171 0.142 0.111 0.071
R: GCATGTGTCACTGCTGAAGC

Zpla05 (AAAT)s F: CTTGGGGGCTGAAGAGATGG 58 3.00 1.40 0.459 0.177 0.244 0.226
R: TTCCTTCTTGACAGCACCGG

Zpla06 (AAAC)s F: CATGCACAACTGAGTCGTCG 58 2.14 1.36 0.335 0.104 0.191 0.132
R: GCAATTTCCTCACTTGCGGG

Zpla09 (TTTG)s F: GCTGTGATTCACCTTGCAGC 58 4.43 2.69 0.805 0.137 0.370 0.428
R: TGATTGGCTGAGTGGCTTCC

Zplall (TCCA), F: TTCCTTCCGTGCATCCATCC 58 3.86 2.57 0.963 0.682 0.545 0.292
R: CTGAAACTGCAGGGTTGTGC

Zplal?2 (TTTG)s F: GCTGTGATTCACCTTGCAGC 58 3.14 1.54 0.567 0.342 0.316 0.531
R: TGATTGGCTGAGTGGCTTCC

Zplal3 (TCAA), F: TCTGGAACAAACACTTGGCC 58 5.57 2.52 1.083 0.469 0.516 0.468
R: TGAGTTTTGTGGCAGACAGC

Zplald (TCCA), F: TTCCTTCCGTGCATCCATCC 58 9.29 4.66 1.740 0.607 0.762 0.620
R: CTGAAACTGCAGGGTTGTGC

-4 mean 3.66 2.07 0.689 0.315 0.354 0.244

TE: T, B KHRIE; Na, SSA3ENE He, WIBRIRE T, Ho, WA E; 1, Shannon’s {5 S5 PIC, ZHF R & .
Note: 7,, annealing temperature; N, number of alleles; Hg, expected heterozygosity; Ho, observed heterozygosity; /, Shannon’s information
index; PIC, polymorphic information content.

*8 ETUAMRIBEMAKNZEER 74

BirEf MR

Tab. 8 Genetic diversity indices for seven populations
of Zacco platypus based on 11 microsatellite loci

BEIR population N, Nz I Ho Hy PIC
JK1 464 273 0953 0409 0479 0436
JK2 436 262 0994 0398 0518 0212
XS 436 208 0719 0.142 0352 0.033
cs 291 165 0514 0288 0275 0.093
wC 264 159 0521 0378 0290 0.550
NC 291  1.86 0568 0.354 0312 0.844
SNJ 382 196 0556 0235 0.254 0.700
24 mean 3.66 207 0.689 0315 0.354 0.409

B JK, VLI 1; JK2, VL 2; XS, MK CS, Rk, WC, 5)Il;
NC, BiJil; SNI, #iIfCE; Ny, S7 3 NE Ve, BRCSAR N,
I, Shannon’s {5 B35 % Ho, MINZLE B, He, WIHZEE; PIC,

ZEHEREE.

Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui;
WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia; N, number of
alleles; Ng, number of effective alleles; /, Shannon’s information
index; Ho, observed heterozygosity; Hg, expected heterozygosity;
PIC, polymorphic information content.

x99 ET N AMHIEMSAIFEER 74

B ENEER SIS For

Tab. 9 Pairwise Fsr between seven
populations of Zacco platypus based on 11

microsatellite loci

poffﬁion JKI JK2 XS CS WC NC SNJ
JK1 -
JK2 0.060" -
XS 0.453" 0.391" -
Cs 0.469" 0.355" 0.440" —
wC 0.521" 0.457° 0.547° 0368 —
NC 0.524" 0.476" 0.504" 0.515" 0.430° -
SNJ 0.447" 0.332° 0.493" 0.339" 0.529" 0.533" —

e JK1, VL0 1; JK2, VL 2; XS, 2JK; CS, #Rk; WC, %)I;
NC, FgJIl; SNI, #iife e, *FRom PRE IR B /748 b F i 2 =

(P<0.05).

Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui;
WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia. * represents
significant genetic differences between two populations (P<
0.05).
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Fig. 4 Genetic relationship among seven populations of
Zacco platypus based on 11 microsatellite loci
a. UPGMA tree based on Nei’s genetic distance (D4). Numbers
above the branches represent bootstrap support values, while
values below the branches indicate the branch lengths.

b. Principal coordinate analysis (PCoA) based on pairwise
genetic distances between individuals. c. PCoA based on
pairwise genetic distances between populations. JK1,
Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui;
WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia.

PCoA ¥ 7 MEEARK 434 TK1/JK2 4 BE XS 2B
CS/SNJ #H#f . WC/NC HErd 4 MNHBEE, 5
UPGMA R4 Rt

MG IR M aE R, HvibgiE 7 AR I
— BT DR . A AREOKIIK2 AR,
XS/CS/WC/NC/SNJ #4H#f). 3 MHAFOKI/IK2 4
B, XS/CS/SNT #HBE, WC/NC #HEf). 4 4Bt
(JK1/JK2 ¥, XS 4H#f, CS/SNJ 41, WC/NC 4
) 4T 93 705 2250 BT (AMOVA) (% 10), 5T
— HBER) AMOVA 7R, 45.91%958 %728 7ok
VR FREARE], R E 7 AR Z BB AE i

#(Fs1=0.459, P<0.001) . 3E TN AMOVA
G5 R WK, 17.84% 135t 4% A48 S U8 T 5 1> 41 7 1)
(Fcr=0.178, P<0.05), 31.74%F1) 35 {4728 S 5 T 20 i
P BEAAR ] (Fsc=0.386, P<0.001), 50.42%F) 35t %715
SR TR K] (Fs1=0.496, P<0.001), [HIt,
JK1/JK2 448 . XS/CS/WC/NC/SNT A REW 2 it
ZIAIAFAE . 3 38 4% 731k (P<0.05), HRFNHEIAZ
) 77 A 3 % Ak (P<0.01), S AR, JET 3
ANHFEE 4 DR AMOVA B, BT 418
1388 15 748 S 2R Ui B K (43 R 21.53%F11 28.42%)
WAL LI (Fer 43920 0.215 1 0.284, P<0.01),
34 4 ANUBEZ A ARE B R 2 [ A7 AR A
BEBREL(P<0.01)(ER 9).

K STRUCTURE # AT R, Tl
i 7 HEAR R S AR AL S 4B K=4 (K] Sa). 4%
WA K=3, 4, 5 1) STRUCTURE %2 (14 5b).
K=3 B}, JK1/JK2 BIABEAh — A% R, WC/
NC BERKEB I3 DL e XS FER 3B 704 A 40
— % ZR, CS/SNT BEARLL K XS BEAR K4
AR L — AL R . K=4 I, TK1/JK2 PN
. XS BEfAR . CS/SNT HAEEA . WC/NC B~
PRI AR 4 D IsfEIE R o K=5 B, SEEg A A
4% H JK1/JK2. XS, CS/WC. NC. SNJ % 5 i
BB FR . RIS R Z MAFAEAS R AR B A L DR A8

3 itig

3.1 EHEEBEENSEESENE

TEA Y R b, Bl 2R AR R A
R SR BLIERE . WA — Ay Fh Sl R e LA 45
Fs AL 2R, WP Fh s R 1Y 35 1L AR S R
Fw, HIENABERGE TR, 7R K ke R
Hh AR R R AR A7 2 e ok P BRI, B
ol 3t 12 738 S5 18 K /N5 T A ) 3k B A R, TR
I, JF RS AL ZRE MR IE 1T LU 75 9 sl Rh e 1Y)
WA AS IR, T — AR SRR R A D AR,
VA HEE A T ) R ok & R R A BB

AR5 ET mtDNA Cyt b 550 %) 55 6E 6 7
HER B 1% ZREPEEAT T 0FA, 45 5 3 B T8 8 il
7 AR AR I 5 AR e ) A R 2 A (Hd=
0.909) FAAR 4% 1 IR Z2 #-1: (7=0.0337), {HAN[A]
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Tab. 10 Hierarchical analysis of molecular variance (AMOVA) of Zacco platypus populations based on 11 microsatellite loci

75 53 K A H i Rl k- b A5 H 53 % [i5] 7€ 95 %

source of variation df sum of squares  variance components percentage of variation fixation index
— NBE(T A BEIR) one group (7 populations)
BE{K[E] among populations 6 556.972 1.73 45.91 Fs1=0.459""
BEKN Within population 363 740.725 2.04 54.09 -
P BEOK /K2 4 7E, XS/CS/WC/NC/SNJ 4 #) two groups (JK1/JK2 group, XS/CS/WC/NC/SNJ group)
ZHBE[E] between groups 1 178.906 0.71 17.84 Fer=0.178"
2H BE P BEIR ] 5 335.859 1.26 31.74 Fsc=0.386""
among populations within groups
BER N within population 363 723.808 1.99 50.42 Fs1=0.496""
=ANHBEIKI/IK2 45, XS/CS/SNT 1R, WC/NC 417¥) three groups (JK1/JK2 group, XS/CS/SNJ group, WC/NC group)
U] among groups 2 301.004 0.82 21.53 Fer=0.215""
ZH BE P LA ] 4 213.760 0.99 26.03 Fsc=0.332""
among populations within groups
BERPY within population 363 723.808 1.99 52.44 Fs1=0.476""
PO~ BE (K 1/IK2 418E, CS/SNT 2 BE, XS 41#E, WC/NC 41#¥) four groups (JK1/JK2 group, CS/SNJ group, XS group, WC/NC group)
ZH B8] among groups 3 407.980 1.06 28.42 Fcr=0.284""
ZH BE P IR ] 3 106.785 0.68 18.20 Fsc=0.254""
among populations within groups
BEKPY within population 363 723.808 1.99 53.37 Fs1=0.466""

W IKL, VT 15 JK2, T 2; XS, 2UK; CS, 7K, WC, 411, NC, E)Il; SNI, #i4f¢Z. FDR #1F 5 B 3 R LR 5 38R (* P<0.05, **

P<0.01).

Note: JK1, Jiangkoul; JK2, Jiangkou2; XS, Xishui; CS, Chishui; WC, Wuchuan; NC, Nanchuan; SNJ, Shennongjia. Significant values are

indicated by asterisks after FDR correction (* P<0.05, ** P<0.01).

a 250
200
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0 1 1 1 1 1 1 1
b g=3 K

JK=1

JK=1

JK=2 XS

K-

W

JK=1 JK=2 XS CS WC NC SNJ
F5 BT 10 AR Y SR AR 7 D RER
Structure R 25 Hr
a. STRUCTURE 2.3 J3#fr i fix £ K {E . b. STRUCTURE
RAEE(K=3,4,5). HRFEMNAERDRLHEE K,
L 1;JK2, L 2; XS, 2K; CS, #xK; WC,
551, NC, #)Il; SNI, FfigRAe.
Structure cluster analyses of seven populations of
Zacco platypus based on 11 microsatellite loci
a. Inference of best K in STRUCTURE 2.3. b. Histogram of the
assignment test using STRUCTURE 2.3 (K=3, 4, 5). Each color
corresponds to a genetic cluster; JK1, Jiangkoul; JK2,
Jiangkou2; XS, Xishui; CS, Chishui; WC, Wuchuan; NC,
Nanchuan; SNJ, Shennongjia.

Fig. 5

BEIAR I AL ZREME IO N ZE R RRK, Hhs ). ™
I AR 9 35t 4% 22 FF PR AR AR (Hd=0.000~0.197), VL
Ho1 LH 20 SRKEH AR 8L Z R0 4 (Hd=
0.453~0.543), {XL2J7K . PARQBER A B L Z R0k
5 (Hd=0.853~0.887) . 7E R AN S 6§ i (1 BIF 52
VI i A i R A B A% 2 R MR MK (Hd=0.33333, 7=
0.00053)1%1, T4 9 4% 91 AT T S8 AR AR 1) e (A B A
ZREPER 5 (Hd=0.908, 7=0.0196 1)), MK II/K H
T A% ZREVER B (Hd=0.7531, 7=0.0032)"%,
X B[] 7K 2R S kv 5 0 R A 1) st 1 2
PR ES AU IK . WRZEHATE
g BRI 384 ZREE K- 5T 7R 9 2RI vi 66
BETER Y 1L ZREPEAGE D), s T RITK R %
HERE AL ZREMERY . Grant ZBYIE FBEK mtDNA
FLRE R 2R (FL) RV R 22 R 1 (o) OO AH R E 5T
S5 DL Hd=0.5 Fl 7=0.005 Ky BIME, W5 REA R
K530 4 BRI S8 FARRE S e oy bR e, AR
WFFE 55 )1 . BENIRIARIK 3 ASBERAY I8 15 Z Rk
FH MR T (Hd<0.5 H 7<0.005), 3 HEARY 2L
R/ R ZRE AR, MR A AT BB 8 g A R
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BN B B I E RN 2K AR RER Y
WAL 2RI A TT (Hd>0.5 H. 7<0.005), P
ANHEIR Hd B, T 7 BCAK, MR AR 28 D a0
BN, A RTRER AR K, VIO 2 RN L
ZREMER I AL T (Hd<0.5 H 7>0.005), #Eik
LR Z BEPERAR, IR AT B PR B AR Y
1o BE AR PR A B, FLRR AR AR /D, B
JE A, YL 1 BN L 2R3
PR TV (Hd>0.5 H 7>0.005), H#E#EAR] 68
NG ER T M ot 20 < Vicaa

TEf LA DNA (SSR)ZMAfrHh, i R FH A7
BENEU(NA) « 245 BE(Ho I He) 3 VEAG AR 1Y 52 4%
Z R . Horr, SSR YAV 3 A (V) S L T 4
P AT KA SRR B, R ST AR R Y
FERHPN ) PR T SSR FRiCIEAL 1M B 3
ABER AL ZREE, 3 D EFA A 5 2 S50
JERIE(NA 39K 119, 120 1 132), £ H#EL
FEMEKF A o FEARIFSE Hh, SEEEEE 7 REARLE
11 A~ SSR A3 15 14 - 34 25 7 31 PR B /N (Na=3.66),
BRI Z A FE B Ny 16 29~51 Z Ja] (F-44
40.29), Na B AR, S 7 45 5 B e 1A 1 8t %
SRR, 245 (Ho A1 He) DL ZRERE, A
A BE S TR TE 22 A7 A B A AR 5, 1T HLHAS:
W] DO Z REARF mg sz m, Rk, 226 B2 TPE
BER B AL AR BRI A E S 80T T s PR
SNP FRic /AT T RS 05 A W) B AR s L 250, H
BEIRZL A BE R 0.193~0.395, FW L ZREMEK T
A, AR, TR 7 AR RILIN 2y A
(Ho) M 0.142~0.409, HoF-¥I{H A 0.315, 22 A BEK
VAR, FEH B 7 TR L 2R
SRR Cyt b FFIVE I SEEEE 7 AR LA 1Y
LR HA) KD F A LA, SSR AR B/ 74
BRI 24 5 B (Ho) R/AMNR T 5 Z IR B4 —3L,
Hor, 3J7K L Bl SRR A ) a8t 1% 22 R M T A AR
(Ho=0.142, 0.235), MivLH 1. YL 2 BEAm %
ZREVE N T HABBEAR (H6=0.409, 0.398), 5511 .
A BER A i A5 2 APt T IR eI . £ T mtDNA
P41 5 SSR FRic i B i ML A it 15 Z AR PE KU/
P25t 5P bRIC AL LR IEA OC, mtDNA )7
e HEAL LR ST, MAZSE AL SSR A8 4%

P Bk I, BB LTS R A BRI T R v 7
A Vi 88 AR 1) 384 Z AR R RCAIR, X AT BE S i 6
5 1) A= 1% SR IR A7 B ZRTE B s AT G
AEK, T EREEIS Y . KR TR . i
i E NG S0 T, iBE 1L DX R b e AR X ]
i A b R R RR B (IR, 28 2R TR R
YE U AN W P A A I A SRR R B [
IR FR T S AR AR SR T R, RO B AR
VRS AL ZREPEZ ) T A R
3.2 EHEEBENBRESEN

3 o X B ARG AL A A ST e Hr, R DAPEAG
TR I B3 20 Ak 038 7 P A A= Ar kA s g, gt f
I3 ATE B (Fr) & VP BEIR I8 4% 43 AR 0 1) o 22 4
Fro ABFSEH, mtDNA Cyt b JE5I4M BT R W, S56E
i 7 ASFEAAR B A BN Fsr (AR K (0.1200~0.9819),
B JK1 5 JK2 P HEAR R TG B 2 e ah, HR4
AR 2 8] 352 1% 434k i 25 (P<0.05), 150 BH 5 6 i 1
TRIEAEAE) 2 815 70k o Cyt b JPHI PR T R 58
KB TR A W 45 DR S BB 7 SRR R
JK1/JK2. SNJ. XS/CS/WC/NC 3 NHRE, BEMARE]
(385 5 22 5B AT Y b 0 A A — 2, At
e UEAE 7 AL BB A5 . BT Cyt b
SR P 9 SRR T 2 [a) ) as A B S, 7 A B AR
K 3 Aoy 22 R/ T 3%, 7% DNA &
T BIARE, 7 A4 EEESEEIR 3 0 SCZ M st e
ZE AR ENYR KT, HE 7 A vEEE SRR AR A
FETEREAE R R . AMOVA 2007 B, it &
T BEREAEIAR — A BE . PN LREER 3 A
HE, T B 5 Y 19 A% AR S T TR JR T R A (] B 2H A
] (725 53 5 Fb 23 9 ik 87.93% .82.39%F11 86.54%),
HIL, GG g 7 AR | 3 A ALRE (B ER A7 3
(3815 34k (P<0.01 5§ 0.05).

FET SSR Anic /AT R, TEEEM 7 HHA
Z [ x84 43 AL FE EL Fsr (0.060~0.547)/N T Hif
WIETF Cyt b JFHIRIHEAR ] Fsr {8, 07 AR
] #R A A B AL 0k (P<0.05) . K4 Wright™”!
BRI BRIE, BRICE 1 MO 2 PRASEEAR R
rARAE, HARTER Z 8] & 35 2 & B 3 Ak P (Fsr>
0.25), XA RE SHHAR M TARKRA L, %
5 i FE AR 18] Nei’s 18 % 1 B 1) UPGMA R G BHKs
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7T ABEARR I E 1AL H 2 JK1/IK2). %5 )11/F
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4y, 5 Cyt b JFH)RALE Rug A AR, FEMARE
Mt e X RS HMME Ay MIEA -, A
(Ctenopharyngodon idella)RER )AL 25 H 5T,
R T BRI AL IE B i UPGMA RGEW sk A
KA1 K 2R B L FRAE R SR Sy — 2R, JIE A A%
PR SRR A M B A A — B, FEARHESE T, £
AR T (PCoA YK SESERE 7 ABEARI SN TK1/
JK2 417 XS 41BE. CS/SNT 41RE. WC/NC 4#f
4 A~ BE, 5 SSR FRic iy UPGMA RIELE R AH
i, XS BRI 45— AN, AMOVA 43
BT BH, VEEE AR 7 B AR (B A7 A6 I 2 8 A% 1k (P<
0.01); JCit 2 v B SEAE AR 43R A~ L 3 4 5k 4
AL RE, 2B B) A0 A7 A B 35 AL 4k (P<0.05),
SR PR AR () 0 A7 A W 3 35 4% 43 1R (P<0.01)
STRUCTURE HE4MT455H 5 PCoA 4553,
TOEERE 7 DRERM BAE S A 4 AR,
STRUCTURE %25 [&n] B 7~ EAAR 2 8] ()38 4%
KR, HABENBRAZ ) R E R TN, SR 6
N,

LU S N1 FENERASK HF ST A A ]
T, FESTKER, H, 5500, BRI R i
ERRBGE o 2K . AR BEHARS 5I5R B F 2 KT
R, T 2 K]S AR KT — R . TS
TR K AR K T 7 S0, M PR A 4050,
ik, 2K gk, S0 w4 ARk
FHEEBENBRAE LR, L 1AL 2 A5
g RN S R AN 8= Nl S | A T R A = N
FGRARPGE  HBTRATEMK R, 55T,
AR K R AFAE I S B M BB, A 2 T 6 £
BEAROR [T A SRR X A R, 5 R VT B g
e, B, TEE1 ML 2 WA s AR 5 S
K AR SN m . MRS 5 AR (R]
FETE R E ML /b, FEBEaEE — Pl KB &
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Population genetic diversity and genetic structure of Zacco platypus in
the western Wuling Mountains and adjacent areas

QIN Ning"?, ZHANG Licheng', XIAO Mengna', ZHOU Xu', ZHANG Guirong', MA Xufa', WEI Kaijian'

1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2. Guizhou Fisheries Research Institute, Guiyang 550025, China

Abstract: To assess the germplasm genetic diversity of Zacco platypus populations in the western Wuling
Mountains and Shennongjia Forestry District, we analyzed the genetic diversity and structure of seven Z. platypus
populations using mitochondrial Cyt b sequences and microsatellite DNA (SSR) markers. Our results revealed
144 variant sites and 33 haplotypes among 185 Cyt b sequences from the seven populations. The haplotype
diversity (Hd) ranged from 0.000 to 0.887, and the nucleotide diversity (z) ranged from 0.000 to 0.275. The
neighbor-joining (NJ) phylogenetic tree and median-joining network of Cyt b haplotypes grouped the seven
populations into three branches: Jiangkoul/Jiangkou2 (JK1/JK2), Shennongjia (SNJ), Xishui/Chishui/Wuchuan/
Nanchuan (XS/CS/WC/NC). Analysis of molecular variance (AMOVA) indicated significant genetic differentiation
among the seven populations and among the three branches. Analyses based on 11 microsatellite DNA loci showed
that the mean number of alleles (N,) in the seven populations of Z. platypus was 3.66, the mean Shannon’s
information index (/) was 0.689, the mean observed heterozygosity (Hp) was 0.315, the mean expected
heterozygosity (Hg) was 0.354, and the mean polymorphic information content (P/C) was 0.409. The genetic
differentiation index (Fsy) among the populations varied from 0.060 to 0.547, with significant genetic
differentiation among the populations (P<0.05). The UPGMA phylogenetic tree and PCoA showed that the seven Z.
platypus populations clustered into four clades. STRUCTURE clustering analysis revealed that the seven
populations of Z. platypus could be classified into four genetic groups. AMOVA showed significant genetic
differentiation among the seven populations and among the four genetic groups of Z. platypus. Hence, the wild Z.
platypus populations in the western Wuling Mountains and Shennongjia Forestry District exhibit low genetic
diversity and significant genetic differentiation. Strengthening the protection of the riverine ecology and
environment is crucial to ensure the sustainable utilization of wild germplasm resources of Z. platypus.
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