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0 2 R B AR A% 2R P A S A AR A A

AT P 2h Xt i AE £ 8 4% (i BF o i 4k
R A A LIRS SR AR
M R E G, T LR R AL
=4 F 5 B DL R o R RE B A o T 2 R AL
WAL Z R, SRR TAE M —Fh 2 5 H
Ty kU A o AT B AL AR 2 Ok Bl B R AL 2R
P, TR A RV A5 AR T RS A8 RN T K R
) o 5T B AR L, R PR A Tl g B AR 2R R
AEEZ L,

LR ARDNA(MDNA) A 25/ i 5 . JCIN
T, R REBE . LA LKA EA SR,
EL4E )2 TR S e Fst i ZRe e oE Y, K
L 2R AN 5 R b(eyeb) LR 95 525G, ikl
HORE T, BRI BME YRGS R, E
B R KOF 22 5 AR I, B2 N T R
i ZREME I R G & B RS R P, ARBFSER
PR cybFE ], Xt 2 0] il T3 0] 7K 28 0] R B 1Y
W60 T2 55T st A% Z FEVEDE 9T, JF LB P
P AN [R) A= 06 2J PR 2 i R B S A 45 0, IR oR 45
SR Sy 3 7 £ 28 Y T DR R 4 RN A P A A 3
A

1 MRS IE

1.1 SCIe#t Rt

SR A 1] 45 B P T K 2R ORI T K RO TR
AR B AL N %, REEMBE IR IAE L,
HRAE Y S S e AT, B B 2 s i S LA
ML, FLHDNAKH .

1.2 EFZDNA ZE. cythbEARERIES
pl)=3

K FAL G0 1 1 — S8 5 1 PR BUEE I 4H DNA
FH 1 %35 i B8 1 F VK RS I DN AT B, 58 40430l
FBE AL I DNAMR E o cyebFe IR 4338 ()38 I 51 4
FE3: ceyth F: 5'-AACCACCGTTGTATTCAA
CTACAA-3', cytbR: 5'-ACCTCCGATCTTCGGA
TTACAAGACCG-3'., 5% LigA T AEY A H]
A, PCRIZ N B AR50 uL, HfrTaq DNA
polymerase (5 U/uL) 0.4 uL, JE[H41DNA 2 uL,
10xBuffer 5 uL, dNTP (2.5 mmol/L) 4 uL, I Fif
5191(10 mmol/L)4$ 1 uL, #J5 #ME K MR K =
YURFE, PCRICIV 251 : 94 °CHiAE M4 min, 94 °C
AEE30s, 60 °CiE k1 min, 72 °CZEf# 1 min,
30MEFR, H 572 °CHEH110 min, PCR™#){#i

*1 BHARERER

Tab.1 Sampling information

Yrkh P ETRE) PRSI FiEK & ZPE/E LN BB/ %
species population code sampling locality drainage system longitude latitude sample size
PRAEH A, rivularis 3P0 QY 0PI AR T K R 112°59'29.72" 35°04'59.97" 18
T WLK Eiy/ARM TP K 5 112°4126.18" 35°09'14.56" 21
T WD ISERRIS @ HK R 114°38'14.20" 35°06'59.60" 17
AR SDZ SERIV A& TR R 114°35'09.53" 35°0825.91" 13
NEEHE XNH LA/ K PR R 114°05'05.53" 35°5923.20" 20
PRE WXz e BE TR A TR &R 114°16'56.95" 35°36'20.08" 22
HRA GXTH 2B I TR & 114°30'04.70" 35°56'30.30" 17
#a%  H.leucisculus  JHj%f  DHP PRI RN 5 4 T K R 112°58'05.55" 35°0725.76" 15
WAFY  HSYC JEPH B 3 5 HK R 113°50'56.27" 34°58'33.58" 18
&30 JDH [SNi[R T 9B o3 HOH K R 115°5021.10" 35°59'09.30" 13
#HeW  QLH B LW HK R 114°36'04.44" 34°56'51.93" 27
NARim  SDZ KAFPNIR T S TR HEK R 114°35'09.33" 35°08'25.91" 13
JURE YCz AR U R TR & 115°0529.11" 36°07'16.76" 22
WEUKPE ZWSK PR EK PR R 114°08'35.16" 36°05'46.28" 16
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Fig. 1 Sampling map of A. rivularis and H. leucisculus

FH 1% 1) 0 8 058 i P Pk ARG I 52 B 1 . PCR7™“ )
FT A T A TR PR Rl 4 e U Y

1.3 BEESH

BRI IE BT 9 AT 3 I 5 LN T
KIE, 38 —3UF5 . Y5 )T 51 7E GenBank
AT BLASTH -, Ay 3 A Be B il A
B R B o i Clustal X244 X6} eyeb 3 A e 51 3
frZ2Emxr, JEXF RS R F TRIER,
HTEFRARMABRELE 5. 25467
215 DAL A ALE . AR Z AR ().
W TR 22 M 1k () LA ST B4 A% 1 R 25 7 8 (k) A st
1% ZREMES BN AFDNASP v.SP L

FHMEGA 6.0 A4 43 B A [6] 7 41) [a] 11 B 2
A, AR S S . SR B R AR (maximum
likelihood, ML)} #73F R 4uM . FITCS 1.214k
AR S AT R P 4 ], 43 BT B AR R] 9 4 1R G
% . W Arlequin 3.0 K4 1T 70 F 07 250 Br
(analysis of molecular variance, AMOVA), 5ol
A6 A0 R 25 1 TS BEARER I 3 R — A~ LB DL ik
TR (B) 2 5 B W st (e o fk, ROk R

e B A A0 I 2% B AN TR R ) 2 Ry 24 2 A (G
WKFR . DIWKR), BUFE S A7 7E 3% 1Y 2
Ghke s WFSE R AL 2 AR B (Fer) K PEAN Pl R 1]
WAL A s R Fu s Fsk 3 M Tajima’s D#EAT
HPEAG S, DI B4 T5C /3 11 (mismatch distribution)
FUORAEWTRE AR ] &5 & AP 5K . 12 FIBEAST
VAT ABAFEE TR, HEE T T AR 1% AR A
L 3 K PRk 5 18 (BSP), 45 158 33 W A £21 f) il
BEH S B, o i Tracer v. 154 j DL K
Brgk 25 8 (BSP), FJHIMIGRATE v 3.04K {2 51
TR AL B SR B IR E IE R R

2 HiR50H

2.1 FHEFIRMET R

ZPCRY M, 148 cyrbFe N F BE ¥ 1 =
Y, 2 AFE S XTI 1110 bphY A IR 7
G o FTA cytbl T 5 7 B bR ) s A8 £ FN 2 4% A
SEAE S AR ) S 34F53, Y TCHE A/ 2k B
% Bibfa M RAF AT, C. A GFHE
M R27.2% . 29.1% ., 27.5%. 16.2%Fl
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28.3%. 28.2%. 27.9%. 15.6%. #&fk1hHI%E %78
cytb PR ) Bl 55 20 B BB A B S % AT i 1) 4
R Gl PR S . B AL £0 128 AN AR SR 4G I i 364
AR, g S S B O BE R T s L B S
1244 AR SRS I H 4440 B i ooy 64> B
R R B == R O IR A A A
1 A £ RNV 2F T R RS 7 X B R Z2 R (h)
B40.947+0.008F10.945+0.011, F-HI8 1R £ FE
P ()53 531 240007 83£0.000 447F10.011 69+0.000 65,
%257 el (QLE)F R SAfE Rl Z M FAZ T e 2
FEVE S B A, e (B S B0 7E B <5 M 3 (HS Y C) F
B AL AR R Z AR IR T IR 2 M M e
{BLHE IR AE PN AR W] (SDZ)FIE , S48 AL 2 A 1 A MR
{0 e B (WLK)FRRE A% iR 2 Ak i e
9 LB (WXZ)FhBE(F22).

2.2 FHEHEMRLEN

AL £ FI %6 25 4 F RO RE N OF- 24 3845 B 88 )
51240.007910.0119, % 4% Fiie (] 52 1% 43 1k R 5K
Fs1200.029~0.864, & 46 2 R0 A 8] (4 352 1% 70 1k &

BFgrN0.110~0.718(£3, #4), H & &QLHFN
HE 55 HC At o B 1B] %) 352 % S0 b R Fs1(0.641~
0.864){F fix K o

BT eytbFE 5 31 F FHMIGRATERK 14 43 5l
TR G 0 RVE SRR R BB R (GRS, #6). 4
R, BRAE O R BE ]R8 % 0.08(WXZ—
WLK)ZE 16.47(WD—QY), ## £ mQYREA L HAl
B 22 18] FL A 5 o 04 5 1] 38 A %8 (M=89.29) Fil Fix
G 11 B 3T HE PR (M=8.00) ;111 WLKHE A 5 HoA B
A Z 18] LA S A1 1 B 1) 1 A 38 (M=0.50) F i /= 1)
B T Y R (M=25.35), % LFRERIIT R RN
0.18(HSYC—QLH) £ 8.32(ZWSK—SDZ), ##fik
B pa] i AR B[] 3 R B AT AN X R, B )
T AR B2 SDZ(M=39.02), T ARERALH =
QLH(M=1.34), Huif th Fd5 = 1/ ZWSK(M=
21.47), iEHEELZIDHM=15.11),

AMOVAZ BT 45 3R WY, 48 ALt Bh R[] 1) 35t
s S b B R 19 42.81%(P<0.0001), % 4 FhfE
A 175 53 o5 B S 61.98%(P<0.0001)(£7)., F#
HEORIAIZK 2R 20 X s A £ fV 2 25 30E T2 J2 K AMOVA

®2 ETCOpERFIGSHAORFEESHESH

Tab.2 Parameters of genetic diversity based on Cytb sequences

- Wik bk MMM RETERE BRI SEGAKO) s
species population sample size no. of " ﬁ(/.l) . h.l 1?51(7.!) . number§ Of. Lo )

haplotype  haplotype diversity nucleotide diversity — polymorphic sites Tajima’s D Fu's Fs
Wbt A rivularis QY 18 11 0.817+0.095 0.003 88+0.000 63 15 —0.046 82 —2.812 64
WLK 21 2 0.429+0.089 0.004 63+0.000 96 12 1.92094 11.097 99

WD 17 4 0.787+0.043 0.006 24+0.000 67 14 2.570 87 6.761 42

SDZ 13 9 0.936+0.051 0.008 75+0.000 90 19 2.50222 0.078 09

XNH 20 5 0.668+0.097 0.004 00+0.000 66 10 2.007 50 3.428 29
WXz 22 8 0.892+0.033 0.002 73+0.000 49 11 0.009 68 —0.586 84

GXTH 17 4 0.743+0.064 0.004 99+0.001 03 13 1.67423 5.496 68
Sea 128 36 0.947+0.008 0.007 83+0.000 44 34 1.16126 —5.563 31
# %  H. leucisculus DHP 15 10 0.857+0.090 0.005 34+0.000 83 19 0.056 17 —1.560 50

HSYC 18 11 0.941+0.033 0.009 72+0.001 28 23 242040 0.35256
JDH 13 8 0.808+0.113 0.004 02+0.000 76 15 —0.321 59 -1.031 69

QLH 27 3 0.325+0.104 0.002 74+0.000 93 11 0.21146 5.736 94
SDZ 13 7 0.897+0.054 0.003 47+0.000 74 14 —0.61190 —0.434 07

YCZ 22 7 0.874+0.032 0.004 56+0.000 52 14 1.13998 1.998 97

ZWSK 16 8 0.892+0.048 0.005 02+0.000 73 14 1.24204 0.35907
st 124 44 0.945+0.011 0.011 69+0.000 65 53 1.00120 -5.89129

http://www.scxuebao.cn
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%3 EFonREFTISLEBERNEEES AL HMBESLEREAET)
Tab.3 Estimates of pairwise genetic distances(above diagonal) and the Fgp(below diagonal) among populations of
A. rivularis based on cytb gene
EMZI} QY WLK WD SDZ XNH WXZ GXTH
population
QY 0.0051 0.0021 0.0019 0.001 0.0017 0.0012
WLK 0.538** 0.0083 0.0007 0.0079 0.0094 0.0082
WD 0.297** 0.603** 0.0046 0.0019 0.0032 0.0012
SDZ 0.244** 0.110 0.381** 0.0035 0.0041 0.0037
XNH 0.194** 0.640** 0.263%* 0.375%* 0.0009 0.0006
WXZ 0.343** 0.718** 0.426** 0.455%* 0.213** 0.0012
GXTH 0.209%* 0.628** 0.179* 0.359%* 0.116* 0.237**
T *EREE(P<0.05): ** ZERLEFP<0.01), PRHEAESUAEEEEHRRME, TR
Notes: *. significant difference (P<0.05); **. extremely significant difference (P<0.01); P means value for test of Fy, the same below
F4 ETonRERARFIELBHEAENERESRIALZDMEEIUEBERETHLELT)
Tab. 4 Estimates of pairwise genetic distances (above diagonal) and the Fgy (below diagonal) among populations of
H. leucisculus based on cytb gene
RN
. DHP HSYC JDH QLH SDZ YCZ ZWSK
population
DHP 0.0033 0.0039 0.0201 0.0027 0.0013 0.0017
HSYC 0.293** 0.002 0.0099 0.0019 0.0021 0.0021
JDH 0.447** 0.209** 0.0189 0.0007 0.0015 0.0013
QLH 0.844** 0.641** 0.855%** 0.0193 0.0198 0.0193
SDZ 0.373%* 0.196%* 0.156%* 0.864%** 0.0006 0.0006
YCZ 0.216** 0.233** 0.249** 0.845%* 0.120%* 0.0001
ZWSK 0.247** 0.215%* 0.213%* 0.841%** 0.117%* 0.029
#* 5 MIGRATEIH ETM B G BEPHN— M EEAIHEBEENIREM)
Tab.5 Migration rates (M) into each of the 7 A. rivularis populations from
every other population as estimated by MIGRATE
Py BRIEHESH QY WLK WD SDZ XNH WXz GXTH feann
pop i 0; QY—i WLK—i WD—i SDZ—i XNH—i WXZ—i GXTH—i total—i
QY 0.0462 15.43 16.47 14.64 15.50 11.00 16.25 89.29
WLK 0.0002 0.09 0.09 0.13 0.10 0.08 0.10 0.50
WD 0.0005 0.20 0.24 0.22 0.22 0.23 0.24 1.36
SDZ 0.0142 6.13 8.15 6.51 4.95 5.86 5.02 36.61
XNH 0.0008 0.41 0.41 0.31 0.37 0.36 0.43 2.29
WXZ 0.0019 0.86 0.84 1.01 0.92 1.15 0.71 5.50
GXTH 0.0007 0.30 0.29 0.32 0.28 0.32 0.29 1.81
i total 8.00 25.35 24.71 16.56 22.25 17.82 22.75

E: QY—idRQYMEE S I A M A B FIENE, “RoRiZMRE, NR

Notes: QY —i means unidirectional migration rate between QY population and other populations,

[

” means this population, the same below

http://www.scxuebao.cn
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MIGRATETH BTN EE£BHE TN — MR AZI A BEENTIBERM
Tab. 6 Migration rates (M) into each of the 7 H. leucisculus populations from every other population as
estimated by MIGRATE

P BRIEHESH DHP HSYC JDH QLH SDZ YCZ ZWSK it

pop i 6 DHP—i HSYC—si JDH—i _ QLH—i  SDZ—i  YCZ-si ZWSK—i total—i
DHP 0.0115 334 3.04 1.96 3.66 2.97 2.65 17.63
HSYC 0.0106 3.83 5.52 3.44 5.39 4.34 4.78 27.30
JDH 0.0131 4.27 6.80 4.68 4.90 4.53 4.67 29.85
QLH 0.0005 0.25 0.18 0.22 0.25 0.20 0.24 1.34
SDzZ 0.0139 6.76 5.59 4.93 5.84 7.58 8.32 39.02
YCZ 0.0014 0.49 0.66 0.60 0.53 0.82 0.81 3.89
ZWSK 0.0024 0.64 1.01 0.80 0.81 1.23 1.43 591
At total 16.24 17.57 15.11 17.26 16.24 21.04 21.47

#=7 ETcythEEFFTIAMOVASL
Tab.7 AMOVA analysis based on cytb sequences
H S A vy E#ﬁﬁ}%&/% _ For P
dr sum of squares variance components percentage of variation

BIEf A rivularis
F#¥E  among populations 6 232.200 1.979 57 42.81 0.42806  0.000
FEEA within populations 121 320.035 2.644 92 57.19
BT total 127 552.234 4.624 49
%% H. leucisculus
FHEFIA] among populations 6 480.786 4.423 87 61.98 0.619 84 0.000
FEEA within populations 117 317.448 271323 38.02
&t total 123 798.234 7.137 10

AT, SRR R £ RVE S AN TR K R ) Y st
AR A3 51K 17.31%(P>0.05)F11.15%(P>0.05), H.
PIREA W EE

R A 5 46 £ 361 BT T RN & 45 4440 % 1
Ir R EEMLAR G B (K2, [513), HRALMAE
RRGREWMIE B3GR, 455 TCSH M
PRI 2% 1R (K4, [815), PR A IR O AT B
81 D b 7 B A SR B ) 5 R X0 Sl R AR
WL, BRI AR O 28 UG e, (P
ST B T A Bl TR R A PR B

2.3 MEHSEESMRERE

W Fu’s Fsk 36 F Tajima’ s D VRS 56 (6
2), MR AR ORIV 55 2 A AR S A B 2 A
A% R TC 43 A1 P17 A8 A 00 FI18 25 25 I RE A A%
TR AN TR 43 A 52 X, 3R B 30 34 T A

http://www.scxuebao.cn

Z DT AR Ak . DL R PRk A BT (BSP)
iR Eon, BIEAaEHE 403000 T4EE0.019H
THAERE AR FRaoE W BRI 404290 JT4F
£0.038 A JTAEFF AL TR E G o MR 46 £0 R0
B SR RO RN & A 2R R [0 A 4 2490.019
H T AE0.026 4 JT4E(El6, ElT).

3 WTie

31 HitafMEFRFEEIFEELERS T
PR I8 1L 22 A M 32 8 oy R A A P R

AR IR AR, SR TSR AR B A SL I
PR PR, OzerovAE A S Bl R 1Y K
/N PR S B B R A S IO AR AR DR K )
i, (R AR R B R 5 S 2, GinsonfFEHA
Ml BB WU IR, N Tk AR &
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NMLHE R F%, TFE

Fig.2 ML molecular phylogenetic tree of A. rivularis
from cytb haplotypes among seven populations

Note: ML tree detected three groups A, B, and C. The numbers at nodes

correspond to ML bootstrap probabilities, the same below

FORNEE IR ZFEPEREAR

LB A 1 RN SR FE AR st 4G Z e, A
PRERUEL . RPN RRZ R T, &
FRE B Z AV w, (H PR R AL T
Rt fe Z MK, HEAERD R EER
(P>0.05). Kit, MRIEAVFIL R, LRz MH
B2, R DX P 5 i £ 28 1 38t 4% 2 R 1k 34 Ak
TRARIK T o 2o B 4l 95 0K BB M I 30 T
AP A TR D, AR R TR RE P O sg
B, R T ORE AR AL AR, DA A U P £ 2

3 EFRTIMME R FREMLY TR SR
Fig. 3 ML molecular phylogenetic tree of H. leucisculus

from cytb haplotypes among seven populations

AL Z R PR AR P, o A 5 A K 3R
3557 Y 2 T B AL 0 RN R st A AR PEAR I 2 %2
JA o A, NG S LB S, X
PP R AEAWIIE I, AR 85 77 x4
b £ 2 BT IR G T AR REE R, AT R DL B BT
At R AW D, AR A . AR X
1 A £ 2 B R I A O A AR b e BAR 2 9 R
AR L EOR B 10FEY, 2RI/ N AL, TR
Sk — MR AT E R L EMHZT,
0L F Y £ 2 R K 52 B A 08 AL T B R
SFAEENER, SERH AL SRR H
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El4 ETTCSRHMEINEEEEFLERMEE
Fig. 4 Network of haplotypes of A. rivularis using
TCS 1.21

Bl 5 ETTCSRHMENEFFFRBERMLKLE
Fig. 5 Network of haplotypes of H. leucisculus using
TCS 1.21

A DI A PR A £ N2 % AN (R R A R 2 REPE M
H/NTF0.01, BLRAR T AR AL B/ N2, A
P &6 (Sarcocheilichthys nigripinnis)(h=0.971,
7=0.0212)", J§ i (Hemibarbus labeo)(h=0.954,
7=0.021 53)"; (HWE & T — Lol e 5 25, 4
T ZLE 0 (Schizothorax nukiangensis)(h=0.965,
7=0.0024)"", BRI Z & . (Placocheilus cryptonemus)
(h=0.826, 7=0.002 15)"7, 7 fii(Mylopharyngodon
piceus)(h=0.798 04, 7=0.001 59)°%, K & W) fify
(Rhinogobio ventralis) (h=0.709, 7=0.00143)"", #
FEAER T WLKRNRE, % 45FR T QLHFRAE S0 5!
ZREEART 052250, HAWRNHE AR B 2 RE 1R 1Y
RT0.5. 3 PIFh 28 K 2 BORP RE 52 00 Hh 45 i 1Y

http://www.scxuebao.cn
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1.LE-2
0 SE-2 0.1 0.15 020 0.25
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El6 RiFcyhFIIBEAFI%RERERERLEN
A R PRk == &
Fig. 6 BSP (Bayesian Skyline Plots) of A. rivularis
generated using the cytb sequences and applying a fixed

mutation rate of 1% sequence divergence

per million years

1.E1

1.EO

AR
Effective population size

1.E-2
0 0.1 0.2 0.3 0.4
I 1)/ 75 54
time

7T WRiFcyFINEEAFI%REREREF
DRt E R BRk = &
Fig. 7 BSP (Bayesian Skyline Plots) of H. leucisculus
generated using the cytb sequences and applying a fixed
mutation rate of 1% sequence divergence

per million years

B R Z RE P (h>0.50) R IG Y % R 22 RE
(m<0.01) AR, 150 BH I 2 X 38 PN 3 1 2
WITTREZE DT TSRO0 J5 9 /N A R i,
DR, 9 A DX i) R A £ 1 4% 1 R i £ sk 1%
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Comparison of population genetic structure of two co-distributed cyprinid species

CHENG Qingqing, GU Qianhong’, FANG Dongdong, LI Xuejun,
ZHOU Chuanjiang, MENG Xiaolin, NIE Guoxing

(Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation, College of Fisheries,
Henan Normal University, Xinxiang 453007, China)

Abstract: In order to estimate and compare the genetic diversity and population structure between Abbottina
rivularis and Hemiculter leucisculus in the Yellow River and Weihe River in Henan province, we used cytb
sequences to estimate population genetic parameters and tested for demographic fluctuations. Our results showed
that the population polymorphism of the two species was low. The results from phylogenetic tree, as well as
haplotype network structure, showed that 4. rivularis and H. leucisculus had three distinct lineages, however, there
was no phylogeographic structure. The gene flow with moderate to low among populations explained that the two
species had lower genetic diversity and distinct population differentiation. Then we analyzed the Demographic
History of 4. rivularis and H. leucisculus. Bayesian skyline plot revealed that the stock of the two species declined
dramatically 0.019 and 0.026 million years ago, respectively. In view of the population polymorphism, population
differentiation and demographic history, we concluded that the genetic diversity of A. rivularis and H. leucisculus
was low in this study, and it was necessary to strengthen the protection of their resources.

Key words: Abbottina rivularis; Hemiculter leucisculus; cytb gene; population genetic diversity; Yellow River
system; Weihe River system
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