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TI7 BT FRE IR AL IR B (For) S R GT R B W I W] 2 AR 0] Rt B0 2 20 A, ol R P 72 52
(96.43% ) KT RIEIRIAL S, P 2 [ A7 AEBOR A SE PR (6. 745 ) o P PEAS 8 (B8 IE 20 A S/ DDl e A4 55
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A TR 7 X, A0 RS LT Cyeb JE A
YT ARBEIN 9 457K ZR TE 0 6 1) 38 1% ZAETEDF ST
SR, T PG O S X A TE 6 6 R R A
0> ZHENG 261 3L F Cyib S A% #1140 X, Y
IR P LR b e i f o T i A 22 AR
WSS B , 13 X 8 6 6 o e e FL A M X LA
BRI AL oAl s XV E R4S B F Cyab 3 R X
T 5 A YT T T L T 9 T G
BEB L ZAEMERF Y R, KT K 2R T8 6 0 Fh B it
FEAMERER . 2018—2019 AFX 4 3 I i« —
VE P PERIDU ST, B VR E X E K R T
FEPE KPR R AV 2R X T 7, YT L 3R] R 3R]
T2 SUIRT 4 K S5 it A 14 R A 2 B, i 6 A A
YOI R DA 0 A, BRI R 2 — . A
LA Cytb K 2 COT 3P R 53 T3 ALRRIC , Vb
TIFE TH9] T 68 0 3 15 2 R Atk B ol e 45 4 1A 2%
BT, TRFERIE B 2570 A i 32 13 sk SR, Sy 1
T LI T 0 ol B (R R B SR

U REE

1.1 e#rt

FEART 2018 4E 10 H—2019 4E 11 AR H A
FEVE T IR V] S 4 ] et 141 J8, DL 1 fngk
1, REETHFE B MLW, HEARERS,
MR AL S o 50 01 7 55 0, B A A
95% Z, L[5, BT - 20 C k4 L&, 153
17 AL R 2B K A A A T v
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PEVETT Hutuo River
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Fig.1 Map showing the collection sites
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Tab.1 Sampling information

T Population KA Hb 5 Sampling site

245 Coordinates FEAR K7 Sample quatities/ J&

REO 114°01'E,39°22'N 20

8 we 114°04'F ,38°80'N

Ui SH 7 byt 114°06'E,38°59'N
14 YA JE 114°21'E,38°48'N

7 T BH AT 114°28'F,38°45'N

FH BT Sk 114°91 #15$9°19'N 114°30'038°44'N

13 M RARIN 115°01'E, 39°25'N

7 S BS 115°10'E, 39°25'N

. , 9 /NEA 115°20'E,39°42'N
A TIRREE MM 7 AR 115°29'E,39°39'N
14 RAEMR 115°30'E,39°39'N

9 LA 115°32'E,39°38'N

11 T 115°39'E,39°36'N

1.2 DNA $2H% PCR ¥ &

TSR AR A 200 B #58 BY , (f F 20 8L IR 41
FEHGA ) £ DP304 (bt RARAE LB A R A
F]) 4T DNA 4250, Cyrb FEPRI ™34 F000 77 51 9
f L14724 ( GACTTGAAAAACCACCGTTG ) 0l
H15915 ( CTCCGATCTCCGGATTACAAGAC )",
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Col & [ ¢~ ¥4 Fn W ¥ 51 % A F1 ( TCA-
ACCAACCACAAAGACATTGGCAC) fl R1( TAGA
CTTCTGGGTGGCCAAAGAATCA )" Cyib 1)
PCR S % 544F:95 °C #iiA8 P4 3 min;95 °C A8 30
5,56 CiB k 30 5,72 °CZEffi 40 s, 3k 30 PMEIF;
i) 72 CHEAR 10 min,4 CAF 1R ; COT A
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BRSNS ST C o HAWY 3G 26455 Cyeb LRI
[Al. PCR ¥y H1 1% 35t Wl 5 JC v D AGE DU , 5657
THMT S YR i A R 58 (B0 AIRA
H SE LTSI E
1.3 RGBS

5 DNA JF 9] BioEdit 7.0. 9" ™ AR 1347 L
AR, A MEGA 5. 051 #5347 )7 51 5k
BELH P L SR O, TR 8/ B At LG AR SE R G &R
B, 3T Kimura-2 SRR 550 MR (] 1Y 5t
f&BERT . I DNAsp 5. 17" SR EAT 38 1 2 R
PERRIC AT, THR AR AR 1 BRI SCBE D, 4y
MZH IR AR () S BRAEB AR (h) o
Arlequin 3. 52" B PR FHRE ML R BL(Fy ) IF
X FREREA T R PR A B e I 20 BT, >R DL B K
PRk ( Bayesian skyline plot, BSP) & | 45 &4 Fp ¥
(f7E3) . 2] BEAST 2.4. 8 8™, LU Gyt 2
P4 70 4F 1% WA A 225, JL T DL
T ZH K PR il ( Bayesian coalescent skyline) ,
RS JR B K5 B 52 4 R 3% 58 1% (Monte Carlo
Markov chain, MCMC)iz47 1 x 10°® {8, 45 538
Tracer 1.7 %! Hfify Bayesian skyline B @I FEUEST
BRI, LA jModelTest 2. 1.7 B 6 £ 553 &
AIHEAEA AL HKY + F + G4 K8, i fi] MrBayes
3.1 17 A1 1Quee A 1 43 5] 3% T DLt Ji 1%
(B Ff R BAR L (ML) # B R R R H
W, B 73 H7iz ] MrBayes 3. 1. 1 #2J5,4 4 /R
REEMBFZAT 1 x 10° £R, 5 100 X RGEM AT
TR , R Al i — SO0, T 5 S 0 M R A
Tiio ML Z3HrR H Phylosuit £ {F H Y 1Qtree F
JFp, JfiEa HA 1000 A4~ 551 bootstrap 43 # P
FEEEASTT R RIfE B e IR o 1w S
1 ( Opsariichthys bidens , Cyth J¢ 515 AY646649 K
COI F3)'5 MF122595 ) {9 SR R e
W Rl PoPart 1. 77 # fF, R Ji b & ¥
( Median-joining ) 4 4 ¥ 5 7 14 % [, i 1
Structure2. 3. 4 B MR IR AE G50 . %
BERL B R LKA Cytb £ T4 0.76% ~1.00%
AL R R A 2 (1) A 54 2 ) 4
53301 T

T=D,/2u (1)

D AZT RIS LR, (i DNAsp 431534
BRRTAS R 0 B (2 S A A3 o s T

FoAET AR A BE R, T A0

N, =(1-Fy) /4F, (2)
AN, TEHD R Z 18] A9 BE DRI 5 Fop 3t B A
HEZ 138 1% 0L 2R A

2 4k

2.1 FIMFEMRESHEESHT

K B VDI S AR i) 141 ZR R RLAR Cyid J751)
XS B 1110 bp: fRSFALEL 1 066 4>, 2y
B P S BE 1Y 96. 04% ; ] 2945 BLAL A 17 4,
AP BERY 1. 53% 5 28 S A S ( 2L
R4 AR BN 3.96% B4 A%, T
H931.16% ,C H 26.51% , A 4 26.19% ,G K
16.15% ;141 AP LA A4S AL 31 4, BRf%
RIZFENE(Ch) SEYE N 0. 441 4 oy byl Foe Sy
0.243 2 45 Sy FpfE 4 0. 639 6, #% 1 R 2+ 1k
(m) I {E N 0. 017 34, Frp ¥ Ja]
0.011 52, 3E L3 Fit oy 0. 023 16(F2) ., 141 &
COI JF BN X LU I S B2 643 bp: fR5F A7 1, 632
A A TP A BE Y 98, 29% ; 1] 2945 8 07 4 8
R ERK R 1. 24% ;48 5467 5 11 4,
205 I AR 1 T1%  BRE AL T K
29.91%,C %y 26. 54% , A Jg 24. 57% , G N
18.98% ;141 A& P AL A BLAE AL 15 A, BfE
RIZ RN (h) SF YA 0. 483 3, H iyl F i Sy
0.243 2 5 Sy FpfE o 0. 723 4, % 1 TR Z FF1
(m) FH{H N 0. 017 34, o rp ¥ Ja]
0.000 39, 3 T a[FEEJy 0. 001 70, 5 Cyb #H L,
COI JEHAHXT B R AR, A B 78 F A i

141 275G 5 S K B2 1753 bp, Hhif
NG BUAT 45 A, i L R AL 2 4
(Hap_2 1 Hap_17) , WL 2, fR5FNL 1 698 4,
2175 B B Y 96. 86% ; ] 2917 B 7 A 25
A H T BB 1. 42% ;A8 AL 55 4,
NI ERKEMN 3. 14% ; fRIEAH L T A
30.67% ,C J 26. 53% , A K 25. 61%, G Jy
17.19% 5 FAERIZHEAE () P34 {E N 0. 681 7, H
FRYDIIAPRE A 0. 451 4 FE E AR 0. 712 0,4%
HIRZHFEVE () FXIME N 0.007 47, Horpr b i) Fif
R 0.003 13 4F H APl 0.011 82, Hirf 4R
EL YRI5 V0 ] b A R AR R e ) B B 2 A
PRI IR ZHF
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Tab.2 Genetic diversity, neutrality tests and mismatch distribution based on mtDNA of Zacco platypus

ik HIZEHE Population FEE A JMH IR SH 49 Mean
Sequences FEAREYL Sample size 80 61
Cytb P RIRE Haplotype size 28 5
HABIZRE b 0.639 6 0.243 2 0.441 4
BTRER = 0.023 16 0.011 52 0.017 34
col BAfERIEE Haplotype size 12 4
HRERI Z B b 0.723 4 0.243 2 0.483 3
AT Z eV 0.001 70 0.000 39 0.000 52
BEA S PRI RS Haplotype size 39 8
Combined gene BALERIZREVE h 0.712 0 0.451 4 0.681 7
sequences MR ErEE o 0.011 82 0.003 13 0.007 47
Tajima’s D -2.25039" " -1.747 80"
Fu’s Fs -2.271 73 4.886 58
SSD 0.016 24 0.234 84**
Hri 0.043 58* 0.241 01
Fgr 0.029 24 * 0.044 27

. *F/R0.01 <P<0.05; = = /R P<0.01,
Notes: * 0.01 <P<0.05; % % P<0.0L.

FTHAIEN AMOVA 7 s e85 JMERE(Fy) 24 0.035 74(P <0.01) , Ffifi ] 1
EEORIET AN, s AL 96.43% 5 DR N, 4 6. 745, St AL B Y Jy 0. 003, 3y 21 R
TR (3.57% ), W3 3. Ml AyEfe  ZIMFERE NS B g (K 2) .

&3 ET O 71 COI ERRKAHEMBANMMEBNERNSFAESN
Tab.3 Analysis of molecular variance (AMOVA) among populations and within

populations based on combined Cytb and COI gene sequences

75 S A Fl HEE Iy 22 AN iy B ST
Source of variation df Sum of squares Variance components  Percentage of variation/%
FPFEE] Among Populations 1 25.234 0.262 32 3.57
FPREPY Within Populations 139 983.638 7.076 53 96.43
Je it Total 140 1 008. 872 7.338 85

R

Posterior probability

A
Individual

LU GO R R R A R 8 T AR BRI A AEIE (K =2) 51 SE SRR ; 2. Y I0RrE
Red and green represent the possibility that samples from different provenance populations belong to different ancestral populations(K =2) ;

1. JMH population; 2. SH population.
2 EEEHMBEBREENE
Fig.2 Genetic structure of the population of Zacco platypus
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FEFHAZEA, DL BI I ML 243 5 44 HE
R ARG B (K 3) , BI R FI ML B4R 4514
KRR, HFPSEI AT 4Ry 3 RA332, 7r 3 T #l
53 3 W849 kg 40 ey R S fs AL, 435 T A5 b T]
TR RS 7R 55 4 T Y] B AR L R R ] 2
FHAER hap_2 fl hap_17, DL Cyib FERAE RS

& AR RR I R D, AR 32 4B ] 46
Iyl AR RE S U TR S I B TR] 244 0. 089 F 7 4F
HI ~0.067 A JT4FEAT. FAs A M As & (& 4) 12
7 AR SRR A A R G O B R 3 R A
2, EAREEHE , JRi 0 A 4 S AR S5 44 5 U I AR LA
L= BRI hap_2 Sy Hhuls S U GTIR 5

Opsariichthys bidens

Hap_10
814/ 1_— Hap 37

43 1 Branch I

0.49 Hap 38
Hap 18

Hap 1
Hap 32
Hap 2
Hap_17
Hap 3
Hap 4
Hap_35
Hap 42
Hap 36
Hap 5
Hap_33
— Hap 8
L

33 11 Branch II

Hap_34
Hap 6

Hap 44
Hap 12
Hap_20
Hap_25
Hap 9

Hap_45

Hap 26
Hap 39

B——
—

4yl Branch III

87.4/11

Hap 22
Hap 43

Hap 7

Hap 29
Hap 24
Hap 27
Hap 30
Hap 13

0.12

Hap 19

2.0

LU, IR S W ITR SRR B, 6

Hap 14
Hap_21
Hap 15
Hap 23

L Hap 16

FAL; (0. ARSETE A BT BURIRAEAR, T U5y ML 3%,

Red. haplotypes of Juma River; Green. haplotypes of Sha River; Black. median vectors; Blue. Outgroup ; Posterior probability for Bayesian

inferences above branch and bootstrap support for ML below the branch.

3 ETF Oy 1 COI ERBRAHIZER T N (BI) BERRFRERN
Fig.3 Haplotype Bayesian tree ( BI) based on combined Cyth and COI gene sequences of Zacco platypus

2.3 WEHENESHN

HPERL R /R, FE S A Tajima’ s D 1212
FE(P <0.05) ,Fu’s Fs A3 0 fE (%
2) RUATT G R ; S BC 0 Hrd 5
T (P <0.05) , RUHHAL Y 5K AR UL 5
oA LR R AR AR T i 2 (18] 5a) , Ui AE B
TTAEEAR IR RS sk LR, (5 DL 387 SR P2k A5,
(18] 5b) St 4B Sl R £E 0. 004 717 4F Fif 48

I TREEDT K, S TR E o YT RN Tajima’ s
D N ETE (P <0.05) ,Fu’s Fs 4 IEE (5%
2)  RWIARR AR, A5 5 H P BEAL B 5 B B
Hri s SSD fHGTHH R (P <0.05) , H5 A 14
([ 5¢) 911 T R it 26, 22 MR 2 Bl i3 5K ik
Ui 5 DL R PR s 1] (T Sd) R VTR A 2L
FEFACREE , RNV RE R 22 Byl MRRE S 5K
TEUE T T 5 S A ROP A L2 e ok R B T ARUE
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R (E 5e) o

Hap 24

Thp 37

thpldl Hap_42

LU0 AR SRR (JME) 5 2 (0. YRR (SH) 5 BR4. AR LAY,

Hap 36

Hap_20

Hap_12

QE;H%
Q

1 samples

Red. haplotypes of Juma River; Green. haplotypes of Sha River; Black. median vectors.

4 ET Cyb A COI EEBKA TR REEMEE
Fig.4 Haplotype network based on combined Cyth and COI gene sequences
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3.1 =ik

FOREIR L 22 FF 1 R 05 S A ) %) 3R 35 A 5F
5 BARERERIRN. . PRI AL A Ml Ry,
A 7K, 3 AR A7 PRI fiE ) MR, AR Bt AG
ZREVE B, AR 2 1 A A ok X B
VST COT LR XA 1 45 B 963 | B 9] ]
FH VLK 2 v 68 08 D A 52 1% S5 A B 98 S 7, Yl T
FOREM BAE R Z R A AT R Z A M (R =
0.333 33, 7 =0.000 53) K T VL T 0] 1 B ]
LK ZR . WL FETF Cytb R COT R X ] g
FAITREYRT U 5 A R TR 30T Y VAT DL R BORN W
VL5 i) Vi B 5 5t % Z AR 9T B, T TR A
1) LG TR 22 1 A T IR Z2 FE 1 (h = 0. 627 0,
7=0.001 03 Fl h =0.480 0, 7 =0. 000 31){& T
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AL FIHTIT 4, AS SCIHET Cyth KL AN COI S
DRI ) P19 4 9L 3o 0 T % 1 % 0 5 B g ol o 35 £
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TRr a5t 1% 22 FE M, O 259 B0 45 B 22 0 % 43 0l
0.441 471 0. 483 3, B ER Z K143 5 H
0.017 3440 0. 000 52, VoW FpHE(h =0. 451 4,
7=0.003 13) & Ly FFE(R =0. 712 0, 77 =
0.011 82) SEHUHE G iy AAG T ZAEVE SR AF IR 2
REME S — iAo A 14 5435 T80 22 R R A9 A% 7
TR 22 R 2 7 o B S0 200 28 3 3 B8 58 5 580 17
BN o T IR A T4 Y 22 VK D s
B, 2 T 6 UEREER % M X R R
SRR S5 2 2 TSR AEE N, K2 TR
P AEAT 7, RIS A% 45 4 30 5 AR ) A T &2
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Fig.5 Mismatch distribution and BSP ( Bayesian Skyline Plots) of different populations of Zacco platypus
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FlRRE AR 38 122 45 #7325 53 AT RE A8 VAWl bl B XoF
IRBEAS 38 3 E 7 LA B A AR I T 1
R IR 5 U0 T o A A 7 S ofe R R SR A
NAE S5 (96.43% ) , FlEREE] (14182 15 73 P R B Fgy /N
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Genetic diversity and population historical dynamics of Zacco platypus in
Baiyangdian Basin

YANG Huilan, WANG Yinxiao, TAN Huimin, MU Shumei, KANG Xianjiang, CHEN Yongxia
(Institute of Life Science and Green Development, Hebei University, Baoding 071002 ,Hebei, China)

Abstract: Based on the combined sequences of mitochondrial Cytb and COI gene, the genetic diversity and
population historical dynamics of Zacco platypus from the Sha River and the Juma River of the Baiyangdian
Basin were analyzed. The results showed that 45 haplotypes were detected in 141 samples, and two of them
were shared between the two populations. The haplotype diversity and nucleotide diversity of the Juma River
(JMH) population (h=0.712 0, 77 =0.0118 2) were higher than those of the Sha River (SH) population
(h=0.4514, 7=0.003 13). The analysis of molecular variance (AMOVA) , genetic differentiation index
(Fg ) and phylogenetic tree revealed that there was no obvious genetic differentiation between the two
populations. The variation within the population (96.43% ) was greater than that between the populations,
and there was a large gene flow (6.745) between the two populations. Neutrality test and mismatch analysis
showed that the SH population and the JMH population had not experienced population expansion. Bayesian
skyline plot (BSP) indicated that the JMH population experienced population expansion before 0. 004 million
years, and the SH population remained stable. The effective population size of the Baiyangdian Basin
experienced population expansion before 0. 175 to 0. 125 million years, and then remained stable. Combined
with haplotype network and phylogenetic tree, the SH population has experienced the founder effect.
According to the evolution rate of Cyitb gene of Cyprinidae from 0. 84% to 1. 00% per million years, the
divergence time of the two populations is estimated to be 0.089 —0.067 million years ago.
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