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Abstract: The Chinese Catfish Silurus asotus is a commercially valuable aquaculture fish in some regions of
China and Japan, and it is widely distributed throughout the freshwater reservoirs, lakes and rivers of China.
Due to overfishing, environmental pollution, water conservancy, human production activities and other causes,
wild Chinese Catfish has declined rapidly. Its fishery resource has been gradually exhausted in the Huaihe River
Basin in the past decades. In order to analyze the genetic structure and demographic history of S. asotus, the
mitochondrial cytochrome b (Cyt b) gene sequences were used in the study. The results showed that Cyt b gene
sequence contained 841 bp nucleotides and the T, C, A and G contents were 28. 59% , 29.55% , 27.44% and
14.42% , respectively. A total of 40 nucleotide sites and 32 haplotypes were obtained from 121 individuals
collected in 7 different regions, including Xinyang, Huaibin, Bengbu, Hongze Lake, Yinghe River, Pihe River

and Chihe River. The average haplotype diversity (h) and nucleotide diversity (P;) were 0. 884 8, 0.003 8,
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respectively, showing that there was a high level genetic diversity in the populations of S. asotus from Huaihe
River basin. The AMOVA analysis (total ¥, =0.115 0) and the level of N, values (3.58), as well as the
average K2-P distances (0.002 — 0.009 ) all revealed that the S. asoius had no obviously geographical

differentiation. However, the phylogenetic tree estimated by neighbor-joining ( NJ) method indicated that the

individuals of S. asotus formed two monophyletic lineages, and the two lineages were not correlated with

geographical populations. Neutrality tests, mismatch distribution and network analysis suggested that this

species underwent population expansion in the middle and late phase of middle Pleistocene following bottlenecks

and/or they originated from a small number of founding individuals. The time that the total population of S.

asotus expanded in the Huaihe River was estimated to be 0. 17 —0. 29 million years ago.
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Fig.1 Sampling localities of Silurus asotus from Huaihe River in this study
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The numbers in parentheses are sample sizes for sampling localities.
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Table 1 Alignment of mtDNA Cyt b haplotypes of variable positions and distribution
of mtDNA Cyt b haplotypes of Silurus asotus

AL Variable sites HuFL4r A Geographic distribution
WA 2222233344 4445555666 6777778888 A
Haplotype 223458889 5788805612 2362489135 6003672333 Xy HB FY LA BB MG HZL qoy
Q788740350 7847856012 9747393756 3147907037
H1 ACCTCTCCTA CGCCTCTCTA ACACTCCTCC GCAGAAAGAC 1 1
H2 c c 20 2y 3] 1 14
H3 o GO c..G ... c.. ....G. . ... 2 2
H4 FE SCo C.o.o 3 3
H5 T R S e 1 1
H6& T C 1 1
H7 T FE C .. o 1 1
H8 . o TC.. . e 1 2 2 2 2 1 10
HY o I C G 1 1
HIO oo TC .. . ...C 2 2
H11 TC A 1 1 1 3
HIZ oo B I . C AL 1 1
HIZ ... e C.. A... ... ... 1 1
HI4 o0 . 1 1
HI15 Lo A L e B € 2 2
Hie ... ... ... R S . G 6 4 4 1 15
HI17 L FE G.G. 1 1
HIE oo Lo o c.. . oG 3 3
H19 o oL AL C L 2 2
H20 AC G 1 1
H21 oo B € 2 2
H22 e 4 7 3 8 7 1 4 34
H23 I C 1 1
5 BT S 2 2
H25 C T 5] 6
H26 o AL R . . C 3 3
H27T oo 1 1
H28 oo - - Lo AT 1 1
H29 G, T. TATT.. C..G TGTC.T.TT TGA. G A.T 2 2
H30 G T TATT..CT.G TGTC.T.TT TGA. G A.T 1 1
H31 G......TC TATT..C..G TGTC.T.TT TGA. G A.T 1 1
H32 oo To 0 TATT.. C..G . TGTC.T.TT TGA.G.. .. 1 1

XY, {5 P HB. W FY. FLB S LA, /N2 BB. B MG, WG HZL. JEE T R (L) 375 55 HI A3 A [ A BRCRE 20 A 5 78 5 60 5
PRS2 R RE AR S 5 S I 5 R A

XY. Xinyang; HB. Huaibin; FY. Fuyang; LA. Liu’an; BB. Bengbu; MG. Mingguang; HZL. Hongze Lake. HI to H32 indicate different
haplotypes. A dot (. ) indicates identity with H1 sequence. Numbers at the top of the figure indicate the variable sites in the sequence
analysis based on HI.
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Fig.2 Minimum spanning networks showing genetic relationship among haplotypes

of mtDNA Cyt b gene for seven Silurus asotus populations
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The figures within circles represent the number of individuals of the haplotypes.
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Table 2 Demographic parameters estimated from seven Silurus asotus populations

PR L R
Haplotype
Diversity (h)

SRR IR 2 S A

Average number of

Tl

Populations

nucleotide differences( K)

BRI
Nucleotide
Diversity (P;)

Fu’s F {8
Fy (P value)

Tajima’ sD {&
D (P value)

{%PH Xingyang 0.838 2 +0.067 5 5.2826
WEYE Huaibin 0.8162 +0.081 5 5.2826
EiLfH Fuyang 0.904 4 +0. 040 7 5.2826
75N% Liu'an 0.771 2 £0. 083 4 3.720 1
I EE Bengbu 0.833 3 £0.048 9 2.438 8
B Mingguang 0.935 9 +0. 050 7 9.8114
Bt Hongze Lake 0.825 0 0. 076 0 5.696 1
J3t Total 0.884 8 +0.019 7 13. 867 8

.002 1 £0.001 4
.001 4 £0.001 0
.002 6 0. 001 7
.003 7 0. 002 3
.001 6 £0.001 1
.002 3 +£0.001 5
.009 1 £0.005 0
.003 8 0. 002 2

~3.192 8(0.0150)
~4.8125(0.000 0)
~2.290 9(0.076 0)
~0.092 8(0.529 0)
~1.389 7(0. 160 0)
~4.969 7(0.001 0)

2.059 0(0.8320)
~18.534 7(0.000 0)

-0.074 5(0.512 0)
~1.130 7(0. 125 0)
~0.217 8(0.434 0)
~2.086 0(0.009 0)
0.494 6(0.728 0)
0. 820 9(0.806 0)
0.540 6(0.751 0)
~1.708 1(0.013 0)

P <0.01) , TEHAT A 7S 2 PR R0 T TT 0 T 252
BEZ 8] 19 3545 5y fk fie /N (F, = 0.005 9, P >
0.05) , P35 W1 P A 5 JH At Pl 0 () 1) 382 4% 0 Ak
BEOR, TR [B) 9 35 4% 0 B 0 A7 5 545 40 A 48 4K
el R 2 —8 (K 3) . Arlequin 3.0 A4
ST B A R 03847 o3 AR RIORI R R 0
Wk F,=0.1150 N, =3. 85, WA I /7 7E
FER AL

2.5 RGEER W NI AR ETR A5 0
BRI R b AR 705~ ZR G L&
3,454 32 FhEAERLLE 7 AR R 2 AR 1B
AT AT (R 2) M fil €8 7 ASFREERT LAy
PRI R (lineage) FIZ A2 R, LR A H
28 MEAAE IR I, ST 92%  3C & B Hi 4
ABAREHRIR B, SRR R 99% . X F& A HIAE
FRRE VESERNRE | ELEHAMORE 7S 2 Rl R | i S A
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Table 3 Fixation index (F_,) (below) and genetic distance (above) in seven populations of Silurus asotus

R (L T B N I B LBl L
Population Xingyang Huaibin Fuyang Liu'an Bengbu Mingguang Hongze Lake

{5 PH Xingyang 0. 002 0. 002 0.003 0. 002 0.003 0. 009
£ Huaibin 0.134 3" 0. 002 0.003 0. 002 0. 002 0.008
L[] Fuyang 0.010 3 0.089 3~ 0.003 0. 002 0.003 0. 009
7N Liu'an 0.047 7 0.005 9 0.014 1 0.003 0.003 0.008
15 B Bengbu 0.030 3 0.169 4™ 0.012 3 0.050 0 0. 002 0.008
B Mingguang 0.1542* 0.174 9™ 0.099 0" 0.040 8 0.163 7" 0. 008
B Hongze Lake  0.205 8 0.172 4 * 0.159 5™ 0.084 2 0.180 6 * 0.179 2™

e 7 Bl ERPE ] (93845 3 LR B2 5 B3 (P < 0..05) , s R fifi 0 FRE ] (1) 38 1% S AL FEHU02E AR 25 (P < 0. 01)

* Means significant difference of F_ in seven populations of Silurus asotus (P <0.05), ## Means great significant difference of F_ in

seven populations of Silurus asotus (P <0.05).

R4 BEMBESTERINER

Table 4 Analysis of molecular variance (AMOVA) for the Silurus asotus populations

i L ol FI 78 S5 2H K, ABSE (%)
Source of variation Degrees of freedom Variance components Percentage of variance
Hi¥E X ] Among regions 1 -0.0229 -1.42
1[X (i

HFE X V\]ﬁﬁflﬁl o 5 0.209 1 12.92
Among populations within regions

FHEN Within populations 114 1.432 4 88.50
&3t Total 120 1.618 5 100. 00

AL ALFEEL(F ) 0.1150 (P <0.01), Genetic fixations index (F,): 0.1150 (P <0.01).

T WICR0RE AY Fir A ERLA% 78 TR L 2 T A A )
O3 AR AU R — S A N ; SR B H LR AR
TR A A A B RUAR SR L, NI 3 T LU
L7 AR AR AR AN R e 2 R 5
AL B ARG (E B, OF H R AE R R4 &R
(SRR T 50%

2.6 FhEEE  ASCRMZLAA DNA FLA5HY
BT AT L TG PR 28 AR A7 5 A (1) rp P A 56 {E
Tajima’s D Fl Fu’ s Fs 55 {2 [a] 0] 8] 2 o] fa
A LS (R 2) . 7 ADAPHERY Tajima’ s
D {H} -2.086 0 ~0.820 9, & T /2R A2
BEAKF(P <0.01) b, HABFIEE S R85
FIKE(P>0.10), Fu’s Fs N -4.969 7 ~
2.059 0, B 7 HEEE 1 AR S AR, Hfh AP 2y
R, SO ff T ANARLE R — Ak
HEATA3HT , & PR Tajima’s D {H( -1.708 1,P <
0.05)5 Fu’s Fs fH( - 18.534 7,P <0.05) 1y
ORI R ) O S TV RS 3T N
T £ PR LA TR R 2 S A g ) A (R

4) , bS]l o PR G AR S — N AR & T
FREED 5K MRAE A2 7 = 2w T35 07 1) £ o
HER R L9 ak i a], 52 4F NI 45 (2002 ) Hi =
hIE H R0 2 (LRI DNA $E 1L 2 2
FE 0. 18% ~0.30% , 57 A4 BT &1 5 A5
AR RIS (1999 ) FURITFE 45 R | i fifi £11
PR IE 208 1 4F, d#i AMOVA 23 Hr kW]
7=1.775 6, WE il 6 PP e A9 7 5K B 18] 7] BB &
TEREA 0. 17 ~0.29 H JT4EHT

3 i ®

3.1 #iaMBENEESHENE BEZHMER
T A ZAEVER TS B Z A A, Al
L ZARTERI T A BEM A L fa s W 22 A
PEBES IR AR S AR, HET Y £R A K b
LI Y 51 B B 5 1 4 5 5 2 AR NS (2005)
WESER 5L H £ 2 FT 5% - 55 (2004 ) BF5E Y
BERHE AL, P s G AY & B R T
R 114 5, Y TRl ) G ) i o 2 A



- 82 - 2248 Chinese Journal of Zoology 48 &

69 HRA

99

H10 Lineage A

HI13
HI11
H12

sy He
L w

54 H4
—
HI
H2
H3
H27
H26

H28

99

H32
H29 XARB

Lineage B
H30

Silurns lanzhowensis

0.01

Silurus meridionalis

B3 #heafEMESEENETRNEMHMEE b EFFTIMER NI &
Fig.3 Molecular phylogenetic tree of mitochondrial Cyt b gene among haplotypes

of Silurus asotus constructed by the method of NJ
HI ~ H32 FR R 1 2 050 32 5 b RERIRHEARIE B S L H A 0. 01 BRI 8 5 43 ST B 7 387K bootstrap STHFRE,
Silurus lanzhouensis A == M fif ( HQ890503. 1) , Silurus meridionalis G 77 fifi ( AF416892. 1)

HI to H32 indicate different haplotypes of Silurus asotus from Huaihe River. Scale bar indicates a genetic distance of 0.01 nt

substitutions per site. Numbers in the nodes of cladogram indicate bootstrap values.

PRER 1 o B DR LR 2 (L 3R b SRR A — A
ARVFEAE (B2 AERISF 2002) . B 1R 2 50
(P AE g — A i ol ) 3t 1% 22 25 A o 22
AR, RN % F miDNA B RUTERRRE b BT & A
POB . AEfh t B A AR R 121 A ARG T
32 A BAE B SR T I Tl £ B AR A A Y

mtDNA 251k, 5658 1) i F 4,25 ( Watanabe
et al. 2007, R R4 2010, 4: 2545 2011 )
bl , TR il £ B A BT S8 B R AR (h =
0.884 8) flZ R £ 251 (P, =0.003 8) A%}
B, WoN B s e Z RN, X 5 2 MG 3
Aﬁﬁ$1ﬂ§ﬁ$ﬂﬁﬁ&§#ﬁ#ﬁm#
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