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1.1 SEIEHR

S Fi T3 A= fif 6 FRRERE S T 20114E 104
FE2012F12H /0 2k A KT RIF(CI_S) . KILH
Wi(CI_Z). BRITIKZ(Z)). ¥&HE(FT). 5 FE (HA)FI
L (LH)M X, RES L2160 BB EACREE S A
FESLECI LR L. T A Bl bR A< R FH95% 1Y £ B [
SE, PRAETE VS R R 2E K B 2 T T

1.2 DNAfRER. Z[EF# M F
J [ 24 DNA# B fd H DNeasy Blood & Tissue

Kiti ] £ (Qiagen, fE[E)FIHOM Buffer 27 4 HL
2%, WU gDNAT4 °CIAfr# . #7151 ol
FH Cyeb 8 51" AT PCRY 1S . JP 5191
K50 uL i b A& &, Hod & B DNA (50 ng/uL)
1.0~5.0 uL . 10xbuffer 5.0 pL. 25 mmol/L MgCl,
3.0 uL., 2.5 mmol/L dNTPs 4.0 pL. 10 pmol/L5| %)
2.0 uL% 2.5 U Tapf1.0 L, JIXLZE/K FE50 pL,
PCRIZ N 2 ¥ : 94 °CTIAE 3 min, 94 °CAS Pk
0.5 min, 52~56 °CiE % 0.5 min, 72 °CZE{#11.5 min,
H30MEFR, B 72 °CHEMHIS min, FTf5PCRFZ
WITE 1.5 %35 M58 e - 264 Fl ik ARG 0, 56 G %
RGO, FIASREW . B — . BEW
H 1 45l 16 42 R B RN B 64T 3Cm D)

R BREMRERE

Tab.1 Sampling location and sample size for S. asotus

i SCIN N CiFE)) FKRE S AMEEU R KRR R
population river (lake) location sample size sampling drainage

fili  S. asotus KT I 16 KIL RUEKR  CIS
il S. asotus URIT a1l 16 KIT Rik& €IS
fii S, asotus RUE ] Il 2 KIL REKR CIS
fii S, asotus TR =l 26 KL EWKER CIS
il S. asotus Kit Z=h 18 KIT Rk & €IS
fil;  S. asotus LERIN R 16 KIT EWiKR CIS
fii S, asotus KT AW 8 KTk R Clz
fii S, asotus I BE T &R 6 KTk R Clz
fii S, asotus T K 19 KTk R Clz
fifi S asotus ZL7K 0] 2z 27 HIKZR Z)
fii S asotus 217K Tk 5 BRITKR 7]
fifi . asotus HL i 8 HILKR Z)
fifi S. asotus T HH 3 6 WIIKZR 7]
fifi . asotus HL S 15 HILKR Z)
fifi . asotus L SR 5 HILKR Z)
fil;  S. asotus RE A 3 BRITKR 7]
fifi . asotus L PH 3 1 HIKZR Z)
fii S asotus [LapaN HFEL 5 WEEITKR) FI
fif; S, asotus Juleir Tkt 5 WEUEITIKR) FI
it S. asotus =R RN ticatal 5 (VIR R)  HA
fifi . asotus VAR 3L IR 1 W (IRTIKR) HA
fifi . asotus SIAT) LTI 3 L LH
it S meridionalis FRRIL = 3 KIT RiiFK&R €IS
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FR 2 A5 {37 5 455 0 43 ) i1 55 Tajima’s DFIFu’s Fs
B AIPIE , FER A 5t 1% 250 iF — 2 R ] Arlequin
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Kl o A K e=2ue i T=ex GHEAT R RE D 5K B
E M. X, GRRIET, BRAFFEXT LTk
BRI e, (R EEY 5Kk 24 P & i i AR
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2 HERE550

21 FHERREESEFN

XiF 64~ AN [v) by B 0K 3k 1% B A il AR 1 216 )8
FER Y CybdH AT TR, 2 XA IE G 3RS K
FE 1110 bpfg [FIIE T 51 o A i rp ek I 21 2 25
1334, A B 11.98%, A 2915 B
80N HAERLTRAN, ZAEIETEEL(H )R 0.948+
0.009, .1 LUIHap 455 it h) iz, Ffa s
RLRFN634N(3R2); BT IR HEPEREE(P)70.017 99+
0.000 55,

22 MEEEERESERER

WA ks by P K2 7K R 43 A (R 1) AT 43 2R 64> Fil
BE, A9 R BEIA(HA) . BRICEER(ZD) . KT
TUEREAR(CI_S) . KAIL i #EAA (CI_Z) M i 1
REFD L R AT BEAR(LH), A =22 [8) (4 F- Y3s 4%
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Y30 HE ) AT H R 64 b AR XA A 18 3 W A 41k
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Tab. 2 Distribution of the haplotypes and genetic diversity analysis for S. asotus

BT AAS
number of
haplotypes

ik FEAHL

population sample size

LRI
haplotypes (number of individuals)

R PR (HY) TR Z FENE(P)

haplotypes diversity nucleotide diversity

cl s 94 38

Hap22(1), Hap23(1), Hap24(1), Hap26(1), Hap27(2), 0.848

0.005 28

Hap39(35), Hap40(1), Hap41(1), Hap42(1), Hap43(1),

Hap45(9),
Hap51(1),
Hap56(2),
Hap62(1),
Hap68(3),
Hap74(1),
Hap22(5),
Hap39(3),

Hap46(1),
Hap52(1),
Hap57(1),
Hap63(1),
Hap70(1),
Hap75(1),
Hap26(4),
Hap44(1),

Hap47(1),
Hap53(1),
Hap59(1),
Hap64(1),
Hap71(6),

Hap76(1)

Hap29(1),
Hap45(4),

Hap66(2), Hap69(1), Hap77(1)

z] 70 26

Hapl11(2),
Hapl6(1),
Hap27(1),
Hap38(1),
Hap21(1),

LH 3 3

FJ 10 6

HA 6 5

Hap31(1),

Hap5(2), Hap6(1), Hap7(1),
Hap12(1), Hapl3(2),

Hap49(2),
Hap54(1),
Hap60(1),
Hap65(5),
Hap72(1),

Hap30(8),
Hap48(1),

Hap_50(1),

Hap55(1),

Hap61(1),

Hap67(1),
Hap73(1),

Hap32(1),
Hap59(1),

Hap8(1), Hap9(3), Hapl10(14),
Hapl4(1), Hapl5(1),

Hapl17(5), Hapl8(1), Hapl9(2), Hap20(1),

Hap34(13), Hap35(1), Hap36(1), Hap37(8),

Hap39(1), Hap45(3), Hap57(1), Hap78(1)

Hap25(1),
Hap33(2), Hap45(2), Hap58(1), Hap59(3), Hap69(1)

Hapl(2), Hap2(1), Hap3(1),

Hap28(1)

Hap4(1), Hapl7(1)

0.898

0.910

0.889

0.933

0.014 22

0.015 70

0.002 40

0.013 26

0.002 58
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Tab.3 Genetic differentiation among different populations of S. asotus

FhlE RREE R EARE CPOMERESN BEMMERE  BEMERE BEIRE AR BUE SIS ZEA
Pop  Pop HS Kxy Gst Gamma ST Fst Dxy Da Np
HA 7] 0.911 43 14.357 14 0.040 92 0.03991 0.293 40 0.012 93 0.003 79 1.204 158
HA LH  0.946 67 7.833 33 0.028 55 0.539 06 0.646 81 0.007 06 0.004 56 0.273 025
HA CJ_Z 0.90180 17.797 98 0.045 76 0.148 89 0.475 99 0.016 03 0.007 63 0.550 442
HA CJ_S 0.85208 30.156 03 0.046 47 0.344 44 0.85527 0.027 17 0.023 24 0.084 611
HA FJ 0.903 70 24.933 33 0.047 78 0.471 54 0.651 96 0.022 46 0.014 64 0.266 918
VAl LH 091145 16.242 86 0.071 56 0.03124 0.381 59 0.014 63 0.005 58 0.810 307
zZ) CI_Z 0.906 26 22.751 08 0.042 59 0.146 06 0.270 17 0.020 50 0.005 54 1.350 687
zZ) CI.S 087473 30.786 02 0.058 46 0.469 86 0.621 83 0.027 74 0.017 25 0.304 078
zZ) FJ 0.907 91 27.517 14 0.036 82 0.140 14 0.420 15 0.024 79 0.010 42 0.690 051
LH CJ_.Z 0.90092 13.848 48 0.066 95 0.054 07 0.333 77 0.012 48 0.004 16 0.998 038
LH CJ.S 0.85018 27.765 96 0.074 93 0.202 07 0.846 42 0.025 01 0.021 17 0.090 723
LH FJ 0.901 23 22.466 67 0.050 31 0.338 63 0.618 20 0.020 24 0.012 51 0.3088
Cl.Z CJ_S 0.86094 17.690 52 0.035 94 0.249 21 0.388 15 0.015 94 0.006 19 0.788 162
Cl.Z FJ 0.89591 17.22121 0.036 00 0.068 55 0.121 00 0.015 51 0.001 88 3.632 231
ClI.S FJ 0.851 77 11.264 89 0.038 70 0.047 05 0.096 71 0.010 15 0.000 98 4.670 096

{H 76 B (HA) M ER VT (Z2T) . & @ (FI) 5 KT E iy
(CI_S) S i (CI_Z) B A 1] 1) 32 BRI 37 7K - 20 4R X
B (Ng>1), Hop DAgE (F) 5 KT RI#(CI_S).
i (CI_Z) AR ] 55 R i 7K - 5 81 (43 S 4.6 71
3.63), FHIEATZ ] Ay FE R A8 45 R A 2

23 BRERRFLEWN

PR LR 5 il R A SRR (AR ) T
HASRHL RGeS (K1), 78Fh AE AL ] 43 M A
B. CHID 41 & . B AVECR o i 2 10 0 i
RA, H394, HEBEW2[M 5 TR L
AIFEAAR (CI_S)P i AR AR L 2 A L % R B
PR RISk H BRTTOK R (ZT), 5 H A B 5 A6 1Y
TR (B JC L B AL MR T ERVIK R (ZD4F A
HRRE ERCH MR SR N E A, M
8 71 R AR (HA) Z A1 I Ath Jir A7 b 38 1 1)
fE AL, IR Bt R A [R) M B 43 A ) B
T R D RE o R VLR IR AL AL, AL dE D4 1Y
TR R

24 BERBANN

A TRIAE A 0 SCAR P I A S DL S R G K
FRE AL R — B, RERW T 40 2R
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K H W B 4435 AR R (E12) . FEHEAH Hap
39F1Hap_451 73 A 415 7 60 B 8010 64.04%, IF
JZ AR FCI_SEREAR T, J& AT i il R
AL H B f I, Hodh Hap 397ECI SRER H i 31
WR R . )T, B0 R L A
PR R AL S . A, Hap 34F1Hap 107E 3% £
BFIDH 1) 43 A7 4558 4 5 M B A 70%, S22
b E RSy R i

25 MEERMESK

il T (] RFR R P 53148 519 93 BT (AMOVA)
NI ARRZER . LA RAE S AE R — Al 57
FEURET, BEORE 310 5 £ 2 (64.21%); AW
T 30 AN [) 1 B 43 A TR 1Y) 20 F O 25 43 B 4
ST PN 2 N B ¥ N 2 AN B e o
T 7EAS [F] 3% 2R 1] 70.90% F4) 8 1 A 30 & A6 70 A
B, HA15.5%1 5% 48 5 7 A T RHA N (R4).

2.6 FEEH LTS

PSRRI EE A A A R B, 40 R ) B
A5 T BB TE 43 A 52 A& 43 A (€1 3), TAlE Tajima’s
DFI Fu’s Fsk W45 ¥y h i (Fs5), R4
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0.01

R A
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WA C
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WA D
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1 EFKimur’s -2-parameterix {5 54 1 i 2 (S B SRIE R
VLR B AN 6T, SR AR MBIt R R, FH

Fig. 1 Neighbor-Joining phylogenetic tree of S. asotus based on Kimura’s 2-parameter distance

S. meridionalis was used as outgroup. Different colors indicate different geographic locations: pink (upper reaches of Yangtze River), green (middle

reaches of the Yangtze River), blue (Pearl River), orange (Liaohe river), black (Fujian drainage), yellow (Hainan drainage), the same below
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Fig.2 Network of the observed 78 haplotypes of mtDNA Cytb gene sequences of S. asotus

1071

795

cl s

az
zI
LH

FJ

HAIN

BT 8ALR 1R CyebBE FE 781 B E BAGIR AP 48 X R [
VTR 0 K /MR T M5 R0 R 50, e 5 78 0 B 0 M AR T F0 65 T 1) [ AR, el 2 I 1 €79 A AR e Bk

Circle sizes are proportional to the frequencies of the respective haplotype, the number on the line indicate the steps of substitutions separating two

haplotypes, the red node on the line represents the missing haplotype

x4 BMBOTHESW
Tab.4 Analysis of molecular variance (AMOVA) of S. asotus populations

415 FEAA /% BRI /%
Fsr Fer Fsc L . P
groups among groups within populations
Wk &[0 lineages 0.845 0.709 0.467 70.90 15.50 <0.001
JKI%[A  drainages 0.685 0.451 0.426 45.13 31.52 <0.001
VAIEE  rivers 0.672 0.438 0.417 43.78 32.76 <0.001
FAREIA  populations 0.642 64.21 35.79 <0.001

T Fop 8RB For MR ML REG Fse M 2L R %L

Notes: Fgr total variance; Fr intergroup variation, Fgc intragroup variation among populations
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10 141 WIS BT mtDNACyb s K 7 51 9 3 A R 7K 22 B A= S R0 R 38t 1% 22 R0 P 5 R0 RE I sk 43 47 1495
180 45 1
160 1 R A (0=39) 40 R B (n=5)
o 140 Lineage A . 35+ Lineage B
, 21201 8307
3 8 100 t M 825
K& 8¢ K 520F
& 60 E15F
o i)
- § .5 -
0 H I 00 0
1 3 5 7 9 11 13 15 17 1 2 3 4 5
AL 94 i) BRORT 1 2 S FAAE AR B P 51 22 A
number of pairwise differences number of pairwise differences
20 45
18 + PR C (n=12) 40 % 2 D (n=20)
16 Lineage C 35 ¢ Lineage D
> 14 230
%5 120 M 525t
K& gl K 320t
2 215+
& 6+ L=
4} 10
2t 5 ¢

1 2 3 4 5 6 7 8
B R IA) RS P A7) 22 A

number of pairwise differences

1234567891011
B A IR) RO P A7) 22 A

number of pairwise differences

3 BAMERMBFERER S
FEIR P AR HH DA (g L2 (B, o AR R 3 T A B K S A58 20 i 300 B i
Fig. 3 Mismatch distribution of Cytb haplotypes in lineage A-D

The histograms indicate the observed frequencies, and the lines represent the expected frequencies based on the model of sudden population expansion

RS BE4NMER Tajima’s DA Fu’s Fsialg 5 R

Tab.5 Tajima’s D and Fu’s Fs neutrality test of four lineages in S. asotus

gj(j;k A B c D
Tajima PRI SS  Tajima’s D test -2.105 02 -1.123 97 —0.970 81 —1.574 57
P 0.003 00 0.094 00 0.170 00 0.055 00
FurfPEE (LR 38 Fu’s Fis test ~25.636 95 -3.068 05 ~10.646 61 ~20.566 52
P 0.000 00 0.004 00 0.000 00 0.000 00

Tajima’s D30 Thil ZB . CHIDA A B i 1 (P<
0.05), {HTEFu’s Fsfi % a4~ 2B A B m 1
WEM . T DT EERRRE DT 5K & A 1Y
T s S, A o R A S R AR Sk A ]
Hor 4415 R W50t (A)=4.035. 1
(B)=3.061. 1 (C)=3.568Ft (D)=4.792, K=1110,
RETECL, 315 % Avisel i H A LR IK Cyrb L [H
2% AL AL, Il A BRI R A Tk S
AR ] 27 0.040~0.054 11 J1 4F, RIVASE S5 T 4

3 Wi

3.1 BAEESHEM
BIF 58 ) b 5t A% 22 BE PR 48 7R ) b 2 4 1R

UL A S AL I R T BT o AR
T Cytb g5y FARCIRTE T RITH Bip . BRIT )
T JUIRAT . AL LRI 7 3 SR 0T MR VT 3
THOI AN [7) iy B B0l o 1 4 A% 22 RE P A M
S A AR B 216 AR A H LA 0 1 7 8 LA Y
WY T [ P A= A PR AE AR E B B mtDNAZ S
P, WG R T H G Y R A R A R R pE R
HBONFRE™, 245 RS EPRAED . Zep e
I BIAR EPURSE e A — 2. AT, H5ETS
e oK) T A A R T A 4 PR X R R
[ ] L K R #1 JE BT PRI BT A LA ) R,
17T i BT YR ATY SR AT B B i A A, Rk T
fali 1 g T I IR UK 28 0 2SR R Y AR i A
DA R N A2 2R PR B BE T
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32 BEESHSRFLRESM

1 SRR R R S8 & B BRI R ) 44 06 R A
AIAT, 2R IR AR SR S5 AR — B, AT
26 0 F B RTH B R e B R 2 I Y AR G
R, IHEMRIE TANREN L, AAFESR
FET S AR AR AR T, T8 BB 40 b B 245 4 (%
RA. B, CHID); M, CJ_SHIZIB;FIEE S AL 4>
RIS, TR RM2AS B B 3% &R 5 I 7E S R D
2 BRI T S SRR AL, S HARZIR A
MR A AL SR R LG, R %
ZHEG KRB RHEY], e — ALY
TR, RNy, I A AL I (R Y
Mo, JE— PR RRE . RRIEIE N IR BE HE BRI
BB BAS) K BFSY Hap 394 CJ Sl i (i &
AR SE B AR R T AR AR R R R R AR S
AR, R . D] AR 2 H R T Y R
A, FEC R E B R A (B LH |
HAFRIFIFIEE); 2 Bt 5 1Ak 8] 5 4 9 7K S fi 11K
(Np<l), T]RES B R K A it A5 1B AR 1 255 2K
T — B 7 5 DR IG5 2 A LA S B

33 EEEBESEESL

WHE, PR ECEE R, HAEARRF X
R B A LR R 55 . xR, B
[Fi) b, 3 0 A ) G 3 ) AR e Ak, AU BN
SR 25, R4 AR5 H RSPRS00
XA] HE A R Tl A A A AR R R R S 2 Mok AR
AIRBEAHAE N 25 5, B 52 w1 9 5 7 )
FHAL, AT RE 2 5 BOR ] X P 9 R R 7 38 14 7K
- b XE LY B E AR T b PR RS,
T By VAR 02 1 BHLB T B 1 B T HARICI_SHY 24~ 1l
PR 2 0] B A B st A5 4y Ak . BoivindE YR
FEAE H AN [R) B0 RE [B] ) 3k PR 38 i M 7e gy, s AR
Do e VAN O\ B i NI B P b S =)
AT UL F K VT3 35 A o e DX 1% il A ) 3 PR
I CERIMEN,=4.15), #1257 H 3 Rh e ] Y
BAL At . AW REAE — B EE b O 3R [ faf B AR
PR Y R G AL DF AR AL T o KR, Wl
R AR R BT T AW T
g
34 MEBEREMSWERESH

THE VAR 158 £ 25 4 i 381 ) o ST A ) 2 £ 78 S
Je— P ARBEAL > A, X Fh o A I AN [R] i A
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FAE R A, A FE YRl o0 X AR | AR SR i
WE . Kb s AR AR L EH
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Genetic diversity and population history among
geographic populations of Silurus asotus in different water systems in
China based on mtDNA Cytb gene sequences

XU Dandan', HUANG Yan’, ZENG Qing’, LIBin', PENG Zuogang >

(1. Key Laboratory of Sichuan Province for Fishes Conservation and Utilization in the Upper Reaches of the Yangtze River,
School of Life Sciences, Neijiang Normal University, Neijiang 641100, China;
2. Key Laboratory of Freshwater Fish Reproduction and Development (Ministry of Education),
Southwest University, Chongqing 400715, China)

Abstract: The catfish, Silurus asotus, is an important commercial fish in East Asia, and it is widely distributed
throughout rivers and freshwater lakes of China.Unfortunately, population quantities of S.asotus decreased sharply
in recent years because of overfishing and habitat fragmentation. Genetic diversity and population genetic structure
are important aspects of the population genetics of fish, and provide essential information for understanding local
adaptation and dispersal patterns, and for clarifying the genetic variation. Cytochrome b (Cytb) has a moderate
evolutionary rate and a clear evolutionary pattern, suitable for the studies of phylogenetic evolution at the intra-
and inter-specific levels. To identify the genetic diversity and population history among geographic populations of
S.asotus in different water systems in China, including Yangtze River, Pearl River, Liao River and Southeast
coastal rivers, and clarify its population demographic history and genetic structure, the genetic diversity, structure,
differentiation, and molecular variance were analyzed using DNAsp5.10.01 and Arlequin 3.11. In the present
study, 1110 bases of mtDNA Cytb gene were obtained from 216 of S. asotus collected in the different water
systems in China from 2011 to 2012. Generally, there exists high diversity between haplotype (H;=0.948+0.009)
and nucleotide (P;=0.017 99+0.000 55) in all populations of the catfish, suggesting that the populations were
relatively large and stable. In addition, seventy-ecight haplotypes, Hap45 was shared in individuals of all
populations. Phylogenetic analysis of the MEGAS was conducted to determine the relationships between S.asotus
haplotypes, and detect discernible groups related to geography, and these analyses distinguished four inclusive
clades. Moreover, the median-joining network was similar to the topology of the phylogenetic tree with 78
haplotypes, and revealed obivously four lineages in phylogeographic pattern. The results of neutrality tests on
S.asotus data set of the four lineages, combined with the nuimodal mismatch distribution, indicated recent

population expansion of S. asotus on large spatial scales in the period of late Pleistocene (0.04-0.05 Ma).
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