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WE KT FRFET LR R R N B (Acrossocheilus wenchowensis) ) BE Rk £ & AL, KHFR
K& 6 AT F AR EIE 170 MK, KA S R F 4 %0 f € & b(mtDNA Cyt b)Yl J7 77 %, #F 5 #F
gt AU RBERE A LS. AR B, BMNLE & F B HIEBKE S RE L FEEERR
K, BERRELSHEKTFRMK BERERNE T ARAZZNRE SN, BhT o e85 #
Mo, »FRETRFERETAREN. BNLEAAT 335 FHEMAELBEY KEH, #
Y KE, AT RAAN B BB, BERNY KR BB D, Bk, #MNHFLZIR
BT BRI BT, AR EESNEREN, IR BR N LB &R T R A LM
G LU, B — RPINBERY B-Re- M EE, RIS WA AL E N LI ROk

BB BRRE THERHEBRE,
KA

PESES S917 X#EERIREE A

IR TR RS, Jidd L2 A ILaE s, H
PITAR, Kiima. FHARAMTLA VIR, &KL 2l
5 2V A e RSB M OGIE i (4crossocheilus
wenchowensis) 3 J& # /£ H (Cypriniformes) . ## F}
(Cyprinidae) . HJE )& (Acrossocheilus)(Nelson et al,
2016), FEHrAIT iR I R ARk Bt 2, FEHR
L. TRt A oA . P WL T A
BE], PRI BAT 22 45 0 Y SR RS IXE TR D7 B
BEfa, T RINOCS A BTN R s, B
B W RO E B, TRSZ I 24 1Y 7 bR (PR 1A

L mINEE & mtDNA Cyt b; BHERE & AT
TEHE 2095-9869(2019)02-0043-08

4, 2009), JTAEK, ZAKETTGYY . WS HIBEIR | G B
BT 58 N6 S RZ I, B T BT N G 1)
AR 2RI, Hoor AT H 48 s, BRI R
W T B, AR RIS R B/ N (B R A4, 2017) PRI,
TR T 22 T3 S I I Y6 s i B AR 5 £ 465 ) AF 5 0
B IAEE A TEEHEE,

T HA AR | IR B R L 5%
FHIE, SORiRIE N 75— B AR A R R G Rk A2
WF5E A FEAEARIC (Cann er al, 1987), HEHIZE(2009)F
FZRLAR A (2R b HEDH (Cyt b)X iR JE 3 Fr 28 R Ge it
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2 R %40 &

R AT T, $& RIS (Pampus argenteus)s2& 3 Fi
B F i A Bl TTTRIER(Psenopsis anomala)
TR B8 8 SR RIS RE AL . R A S5(2017) R
ZRIA Cyt b MANNE R AR EE 1 (CO 1)ZERER
DFRRIE , ST AR fh(Protosalanx hyalocranius)
40 NMRI I 28V, PR HZHE AR T Be & T Rl
Yok FAF, BRI L o 1k sk G 55 (2017)
HTFLLRIR Cyt b FEHERVT 5 1248 a1 (Schizothorax
prenanti) ¥ AE BRI 5 AG ZREERLBAE 250, KIT L
Ui 4 A5 1 2UE B AL B AR &2 Dy i R E Y 5Kk, HLAF
AL FIRE 1A A A7 TE 25 st o34 o
AT R HLRIR Cyt b FEH, B & VLR 3k

B 6 NSRRI O S £ i PRB IR () s AL 25 40, T
HBEARBEAL D s, LA Az 2 ta b 948 3 FIOT & 3R 3L
PRISARHE

1 #MRE5FE
1.1 HERRE

SEEG P ARG A T 2016 4F 10 H~
2017 4 8 H R A 2R . 6 4 F ARBER 351 2%
M EEARH(BC) . AL HL(QZL). BSE(NT). L F:(SF).
JLE(BA) . REI(ZIK), #1170 MMEREE 1, K 1),
AR AE TG B ARIE, PRAFE T 95% MRS h [ 22 .

1 ENEtEEHAREER
Tab.l1 Sampling information of 4. wenchowensis
Ptk AR A R L RERAR ame N
Populations Sampling site Streams amp g Longitude Latitude
number
BC et Bicun K Hii# Shuaishui midstream 30 118°5'43.8" 29°3924.48"
QZL FCAEH Qizili E1% Changxi 30 118°44'53.88" 30°0'10.8"
NT P4 J¥ Nantang #71. Heng River 25 118°7'14.16" 29°54'1.08"
SF I+ = Shangfeng Z57L Lian River 27 118°21'11.88" 29°59'33"
BA JLf# Bei’an HRE Jinxi 28 118°34'14.16" 29°54'12.96"
ZJK RZ i Zhujiakeng ZK i Shuaishui upstream 30 117°42'54" 29°37'10.2"
BR
i LT
Anhui Province _bﬁ( NT (] Tinxi QZL
. ? BA
<. %
[N
ZJK Shuaishui ,
s & g
PN
Jiangxi Province
s
Zhejiang Province

Bl MDD 6 AN REAFEACR B 5

Fig.1

Sampling sites of 6 populations of 4. wenchowensis

BC: H0H; QZL: AUFEHL; NT: Bl SF: o BA: dbi; ZIK: KFE b, T
BC: Bicun; QZL: Qizili; NT: Nantang; SF: Shangfeng; BA: Bei’an; ZJK: Zhujiakeng. The same as below

1.2 E[FZ DNA 2

WA ERLAZHEY, SRJT Sambrook i £ Btk
X 2H DNA(Sambrook et al, 1989),

1.3 PCR ¥ &R NF

Cyt bFEH AP 34 A1 5 519 A H15915(5'-CTC
CGATCTCCGGATTACAAGAC-3") F1 L14724(5'-GAC
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JEAR LA ST AR AR ML (0 3R b FE DR 91 f) i 2 T i S M D i £ B A8 A T 5T 45

TTGAAAAACCACCGTTG-3")(Xiao et al, 2001).

PCR WA Z : 200 ng f9HIHR DNA, 10xBuffer
2% " (TaKaRa) 5 ul, dNTP(2.5 mmol/L) 3 ul, MgCl,
(2.5 mol/L) 4 pl, E NG5 pmol/L)4& 2 pl, Tag
DNA AT 0.75 U, fhm 4K ZE 50 plo

PCR W z&fF: 96 CHUAEYE 1 min; 94°CARPE
455, 55°CiBk 45s, 72°CHEMf 1 min, 3L 34 PMEIF;
72°CHEMH 10 min, PCR F=H48 1% SR M i L 7k
K e, ZeF6AE T A TR () AT R 2 F) R 7 o

1.4 HIEHWH

Jr A5 Seqman {4 (Burland, 2000)%H Bl
N THEATPHEA %S, FRTS 5854 1) mtDNA Cyt b HEH
FE 54 8 37 MAFFT v.7(Katoh ef al, 2013)7E£% LX),
FE4E L TS IE . 5% H DNAsp 5.0(Librado et al, 2009)
THEZAM A . PAEREH | 451 2 1 (Mismatch
distribution) , A% Z L (Haplotype diversity, H,)
A 4 TR £ k7 (Nucleotide diversity, P). ffi F
Network 5 2] A% AL Y 45 ¢ R 5] .38 i MrBayes3.1.2
(Ronquist et al, 2003)>K i U1 i-417%:(Bayesian inference,
BD)Fg i AR R GE it AL, {8 MEGA 6(Tamura et al,
2013)(Kumara2-parameter) i 5 Fif it A% 00 25, J-a8 1
Arlequin 3.11(Excoffier et al, 2005)i 8 FitiE 1k
FEEU(F-statistics, Fy) 254743 F 28 553 M (Analysis of
molecular variance, AMOVA), {#i ] Beastl.6 ¥}
(Drummond et al, 2007)#E47 D1 i1y K fr4k (Bayesian
skyline plot, BSP)7-#7, Fa Il Fh#E AR 4k 14 Iy 2 s 2
HETREM NI =E5H, i H RASP 3.0 K (Yu
et al, 2015) 5 @R NGB AL CFh AR PR, 38 3
SRR

2 HERE5HW

2.1 FHEFEFIRE SRS

T ARASAY 170 25 M JE i mtDNA Cyt b 751
€ I f& % NCBI %4l %, & %58 MHI41624~
MH141793, Zad IR G, HF FiEadragiEn
A B2 1039 bp, HLAGINE] 69 4N ZEAR 4, SRARR
6.6%, 0175 8] 9157 B/ 15 (Parsimony-informative sites)
314, BAZEAR{ 5 (Singleton sites)38 1>, JFEFIHT A |
T. G C BB E 85308 27.8% . 27.3%. 14.8%
H130.1%, EE A+T>G+C M, R Fs) T
M2 A G IR (Anti-G bias)I %, JLHAKIAESS 3
NEF G B ®(7%) L. Saccone %(1999)IA hixX
Tolt i £ B0 52 5 20 1A 35 PR 4 () sdE Ak R 34 H 56, B b el
RS mm bt fd, & G s zdistk, 78

BRI LRk G B & ik B .

BB 6 AMREHARIL 170 K550 E LT 28 4
FAfERL ) o BEAR R IL SRR 9 A4S 7 148 4
AR, 5 EEEARB 87.06%; FA B 194, £
22 AR, EEEARRT 12.94%,

BRI BAAE R ZREME R 0.308~0.876, I HTRZ
FEPESR 0.00112~0.00838, Hip, BC A L 13 %%
PALER AR 2R B s NT BRI 38 2
AL, BT 2R (R 2),

F2 BMAXESE 6 MEFEEZHEMESH

Tab.2 Population genetic diversity of 6 populations
of A. wenchowensis

= PN,
. T T I Y
LN . (NSRS U Py
Populations Sampling Number of Pol N M 2R
P number haplotypes *°YTOPRIC H, P; (%)
sites
BC 30 13 22 0.876 0.635
QZL 30 4 16 0.402 0.328
NT 25 10 38 0.787 0.838
SF 27 5 30 0.396 0.336
BA 28 9 21 0.757 0.594
ZJK 30 5 10 0.308 0.112
#{k Total 170 28 69 0.799  0.631

2.2 BEEEEHSN

PARERI R G2 KA i M ik LS fi(Acrossocheilus
Jasciatus)(5 55 . KET81280)E N AN, , My e ik b
meE 2 prs, 28 MHEADER T 4 2R, Hi

XHE—
Clade 1

XR-
Clade 2

YR=
Clade 3

XHRM
Clade 4

Acrossocheilus fasciatus
0.004

P2 BET DU kg iy 28 A~ FAAE 7Y 2R G sE AL
Fig.2 Phylogenetic tree for 28 haplotypes constructed
based on BI method
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HAP1. 4. 5. 11, 12, 13, 17, 18, 21, 22 A& Z W HAP7, % Z& = HAP2), HAth %A 545 5t

%—, HAP6. 7. 9. 15, 16. 19, 20. 27 AN L&
—, HAP2. 8. 10. 14, 23, 24, 25, 26. 28 ¥k
¥ &=, HAP3 B HF A,

IRFRGELE F A EA RS [T (14 3).
RO 6 AN [ iy BEAR AR B30 E 0 1] — 21
i, AT AMOVA 70#r (3 3), A3 R ] AR

K H A M 2% 8 (Median joining, MJ)Z i i) B AR AR S5, G5 RFR I, B TR N SE IS a3 iR 1)
fERIR 2 p, 28 NSRBI T 4 &R A~ S EEOR A FRARN, BRHEHIN 66.85%, ifh
FZRZNHI T 24 EERAPAERIGZ R — N HAPL, £ FEME] AR A 33.15%

XR HAP16
M BC Clade 2
B oz HAP6 A HAPY
NT
M SF HAP19
H BA
ZJK
HAP20
PTINT HAP22 (S:Ifd;
HAP26 HAPS8 13 5 HAPS HAP21
» HAP13
HAP28 HAP17
HAPI
1
HAP25 HAP11 HAP18 HAP12
¥R= o | ZFmMm
Clade 3 HAP14 HAP3| Clade 4

B3 T o 2 BEIE AL B B L v A 1o 25 1]
Fig.3 Haplotypes network based on MJ method

2R BEE p e AR AT LR A AR UKL, AN TR A B A AN ] B I

The numbers on the lines represents mutation steps; Different colors represents different populations

#x3 BHNAEEE 6 MRS FLERSWN
Tab.3 AMOVA of 6 populations of A. wenchowensis

=4 BEENRESWIERFE)MEKE G
EHEMNRB(N,)

Tab.4 Pairwise values of F (below diagonal) and N,

AF SRR HEHsy AR

T H HEE PH (above diagonal) between populations

Source of df Sum of Percentage ofP value

variation squares  variation (%) BC QZL NT SF BA ZIK

N[ BC 2.16 2042 1.18 1846  0.86
HEPTE , 5 1.27334 33.15 <0.001 I
Among population QZL 0.188 3.44 0.32 0.88 0.24
EWSV\] . 164 256783 66.85 <0.001 NT 0.024** 0.127** ) 1.66 7.16  0.64
Within population SF 0.297" 0.614™ 0.232 282 0.18
7""_‘E‘ *k * *
B E S Total 169 3.84117 BA  0.026 0363 0.065 0.151 0.64
ZJK 0366 0.667 0.438" 0.733"  0.439"

ANEBEARIENE) F ERE 4, HH 6 PNHPEREA
WL T ARk, Hrd, SF Al ZIK P A
2 [H] B 43 AR B i 5 (Fy=0.73281), 1fi BC 1 NT B
A ) A AG I 380 BH I8 4310 (F=0.02389) o /D EUIEAAR [H] 47
LRI TR (N>1), 6 D BEMR ] i 15 3%
i Nn=2.04,

* P<0.05; **P<0.001; Ny=0.5%(1—Fy,)/Fy
23 BEIHEIE
6 MRS PR S /R Tajima’s D Fll Fu’s F

NE, H Fu's FAVREEGR 5). R TR E
SRR BB B A AT A R o, 2k R B
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WA R 73 A1, ELSE oL I 45 SR 5 ) B2 ) {0 A W 5
FER (A 4). I, DCABH LR MG R i i n]
REZ i sk B F AL T RS RORZS

=5 BMNAEEEAFHKEMEBREITEHN
Tab.5 Neutral test and mismatch distribution of nucleotide
of A. wenchowensis populations

Hh A 5 il
Neutral test Mismatch distribution
Tajima’s D Fu’s F, T 6o 6,
—0.627 -24.851" 9.705 0 18.418
**P<0.001
0.25¢
——— TVuHhZR Expected curve
020} m— JLUI{E Observed value
X
&
g 0.15¢
;} 0.10} /
N / .
/ \
0.05f N
/ \\
0/”|l 1 Le dre-
1357 9 1113151719212325272931333537394143
PRHEL2E 7 Pairwise mismatch

K4 MG s EE R I o A

Fig.4 Nucleotide mismatch distribution of 4. wenchowensis

PE#E GTR+Gamma FAUHIRL, BT SEMA 37 %h
(Relaxed clock)Hi e g T DUt 3 K PRk R A HRE
WA shZs . BSP 4R BoR (& 5), B iLiRMtiF
6 MREAKAEY SRFM . T AR IR MG
mtDNA Cyt b JERJrF IR A HIE , AFFEEET
Gamma BRI LIS AT AL E, A5 TR
MG i mtDNA Cyt b FEH A7 L3R w
2.87~3.00/ [ Ji4F . BIEFDCIRMIET 2 Wtk
5, W3R S T EARARK =2ur, HEHHBLIT
TN R 5K BT A1 248 335 JT4FHT .

T IB Wz EOL R AR sk s, B
MLSEHER I o3 A GO0, A58 T D1 o J0iy — ik i ok
(Bayesian binary method, BBM)Al 4B 4 #1i
(Statistical dispersal-vicariance method, S-DIVA), i #f
M TR AL SRR M (18 6). [P 12
DB VLRI, 4% SRS B A RE A A, Bz X
7 B A~F X IR, el A AOK BlF L B R
KTFWE. CEBE. DIRTH ., EZIL, FE, TF
XWJEIE T Fy EA LB (Neighbor joining)¥i
FINFLERE , HEAT I A SR R i D e B S ) A X

1E0

1E-1 —
——— —
1E-2 r\\

1E-3

R (FTT4) (
Age (MYA) | i

AR
Effective population size/NeT

(=]
°
T

R
Temperature/C
n

| |
oK)
Glacial period
5 RMRIE B o 3

Fig.5 Historical demography of 4. wenchowensis

B SR M DG R A S A 1 DU R PR
T IECH Zachos(2001) 35 WF 5 25 R Y 42 BRI 2 AR T 3 AT
PR H 52 350 0 2 s 0k 1 e 1
Top plot represents the BSP of 6 populations;
bottom plot represents the trend of global temperature
change redrawn from Zachos et al’s results.
The shadow zone represents the glacial period

RK 2
Shuaishui B

BBM é NT(D)  S-DIVA NT(D)
BC(B) BC(B)
rt BA(F) BA(F)

L QZL(C) ’(\; QZL(C)

SF(E) ¢ SF(E)

® ZJK(A) ‘ ® ZJK(A)
- A == B C == D mm E == F
AE EF CF =mDF mmBD mm*

Kl 6 3+ BBM Fil S-DIVA Hl i & gt 1Y 4H 56k i Hh
Fig.6 The ancestral area reconstruction inferred
from BBM and S-DIVA
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2 R % 40 3%

BRI ZE AR . 4R W, B TR R RO fi
ATRERR IR T ROK BRI B, RS RERZ T
sk, T EAE 89 3 A

3 iTig
3.1 FRIREEMNEEEEAEESENE

L ZZ R RS N AN ARG | SRS Y AP A AT
Rt AR LR, SRR IR . 0. EEAEE R
AH K (Crawford et al, 2010; Lacy, 1987). Ff5 1 Z R
FRZH TR ZFE VR VP AR 5% Z A i B 2246
BER SN NCINER VR A Sk (B 2 X o ST =T (AN

S ELRBIRMNEE L 6 AN M BRI ) s A
ZHMR 0.799, TR ZHER 0.00631, HEA 1L
LR KRR, X5 H B 55 (2017)% i pd Ll X6
J&s 0 IR 25 A — 3. BT TTOK RN B, H5H
oK R BCIE YRR D, I Z R RO IE
A AR OR R R, YR R R SR, RN
10 87 A BB D, 280 IR AL T %K R IR MG
J&5 fa BEARE AL ZRE AR IS o S B2 /K 5 T
SR IR N LA R I8 2, b R R i A A
X, XEiEEEE . B SRS R A BC.,
NT) ] B % o

3.2 BHtEGaEFEESL

BT R R B SR 2 | el L YT
28K WIRHB A A A KBRS R, T ELRE
KRR (E XS], 2014), REESRES, ZIOLEM
O ERE R E . SR P R
K%, X5 Zhu Z5Q017)MBFFT 45 BAHENIE . &2 4%
(7K Z N 2 270 1 i T SR W R A R R s,
T RN G B T S M BE B {k (Habitat Patch)
M5 (Ex6s et al, 2005), A[a) b BRAE (A [R]AR /DA FE R 52
WAL S . Rk, ERIHBEEAMIER T, &40 8
P30 BT OR R AR B a5 A5 404k . BC BEACR AT
25 SIS JR KB, AR AT RESR B i 2 A B
&, P, A E LM, BEARA AR AT 4 4
iR (L L

SR1M, AMOVA ZMrgs R, 6 M HEREARK
FEIRALAR A A T REAR IR, B R 935 14 AR 57
hi 33.15%. 45 A RERY sk it E] 2 335 JT4EHT,
ARBTG5k B 45— 1k <F 4 r
Aab i I AT AR T (L T B ), R A ) 46 e ] 4
2R AR I N A TE R AR AL 44 7 £
YEFICEEEE AR No=2.04), HIL, B 6 PMRERK:

I E)— 5 B b, (HRZ R 7> i AL 728 S ATk
LT HER A AT

33 HRILEBENMEEEREEY KEE

IR, 28k, ek 81735, 1EvK)I
i HH AR 28 7 3 Fh BE W46 (Zhou et al, 2015; JE %,
2017). HFHLFRME AR, PR A7 T 75 K0kt
MEFTH, DA K4, A TR A, TR
FEET . WIREE, e KIEY YR G &
KB REARSEAR DT 58 o YR ZE VTR TS F AR D7 5 3
ORGSR AT 335 J7 4R R (T a0
KA BERY Sk S, LA A BRAL T AR U vk s )
HH(Zachos et al, 2001), 1 15 EE BR B I 2R 52 i 287
TN G RAR MY T o UL, HEMDH & I
AT HE 2 T 1) K ST 3 T

JEAp R — R AR E AR n S TAE, R 3]
AN [R) b BRI (B (R 382 15 oAk, 5 T 1 Xz i SR
PN £ J Al 250 (248 o 45 5 IR MDC IS 3 1Y)
3 FIAE R b A S BT 2 S, A0 T SR M
JE i T ZIK F SF PASFIEE, BIJEAEE, 20—
RN FEEY B PR — e S, TR A 150
WEaE L) R, SR8 B R 8 E 1) mtDNA Cyt
b FEFFFIEN I FARIC, BRI, S
LIRS M E IS A B IR R, iz A R RO
A e R AR

& % X #
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Population Genetic Analyses of Acrossocheilus wenchowensisin Xin’an Basin
Based on the Mitochondrial DNA Cytochrome b Gene

ZHOU Huaxing”, HU Yuting, DUAN Guoging, LING Jun, JIANG He, PAN Tingshuang
(Fisheries Research Institution, Anhui Academy of Agricultural Science, Hefei 230031)

Abstract In order to clarify the variations in population genetic patterns of Acrossocheilus
wenchowensis in the Xin’an Basin, 170 individuals from 6 different geographic populations were
collected. Subsequent analyses of population genetic structure and historical demography were carried out
using the mitochondrial DNA cytochrome b (mtDNA cyt b) gene. The results suggested that the genetic
diversity of different geographic populations varied greatly, and that of 4. wenchowensis was low.
Whereas different levels of genetic differentiation were detected among the 6 populations, molecular
genetic variation was mainly detected within populations owing to the short divergence time. Population
expansion had occurred approximately 3.35 million years ago, while the global temperature was freezing.
The expansion had not been affected by low temperatures. Therefore, the Xin’an Basin may have been a
potential refuge during the glacial period. Reconstruction of the ancient area suggested that the Shuaishui
and Lian rivers may have been the areas of A. wenchowensis origin in the Xin’an Basin. After population
diffusion, isolation, and differentiation, the current distribution patterns emerged. The identification of the
original population provides a theoretical basis for the conservation of 4. wenchowensis in the Xin’an
Basin.
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