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0 FRN VLT EL K RBIR R EE ) R I e 88 ANRE R . B AT ORI (AR b(Cyr b) FN
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b 1 D-loop (175 R RIS 5] 63 - FRAE L, 133 DR KAV 4, AMOVA SAMOVA | [ 45 & L K DU 57 2 4% 43
B4t BB SR A3 A BB PHGE KA EE (A BIRE) ORWIRNEE (B AR At tth X APEE(C RIRE) 3 422 R K W
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Fig.1 Sampling sites of M. swinhonis
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1.1 #ARE

N AR A 14 DXL 88 BB (1,
K1), 3 5l R B RS AE 7L (SH ) -Mg JRK | AL 3]
(LH)-JE FH ¥ 307 (HHe ) b 5T B T Ji7-i6¢ BH
(PY) . R (GYH) | KLk & [ 6F FH %K
(SY) il g2 i) (DTH) \#L3# (HH) JHH (JZ) (3%

LT (3T) GRI(CH) ORI(TH) (BBR (LX) ] &=
FAIE oh (TC) o AR SCARANSRAE R IR i i 45
D AELJE NI B 3 T TR N SR R A B AR
AT, AR T W SR 1K &R N TRl — K AR A
ABORTEAL . FEARGEEE R, DU SE UL /AT T
95% W LBEH o ARABUAF T LI R EARA
4

x1 NEYEHEAEEREIMEEESHFN

Tab.1 Sampling information and genetic diversity of M. swinhonis
TEER A K AN RPN HfieR FARERE BHmEAEE
Sample site Coordinates Drainage Samples  Haplotypes Haplo-type (H) ljlapl(?»lypes .Nucl‘eotlde

diversity (h) diversity (77)
1 GRUERE (LX) E119°02' N31°11"  KJI/KZ 6 4 10, 49, 50, 51 0.8000 = 0.1721 0.008708 + 0.005211
2 WL (TH)  E119°94" N31°21"  KIT/KFR 6 5 06, 07, 08, 09, 10 0.9333 = 0.1217  0.001946 + 0.001297
3 LRI (CH) E117°73' N31°59"  KJT/KZ 7 6 11, 12, 13, 14, 15, 16 0.9524 = 0.0955  0.005293 + 0.003136
4TI () E120°18' N31°93' KTk 9 9 23,24,25,26,27,28,29,30,31 1.0000 = 0.0524  0.002908 = 0.001729
5 VLA EHEHI(GYH)  E119°38' N32°84" i /K & 6 6 17, 18, 19, 20, 21, 22 1.0000 + 0.0962  0.009356 + 0.005586
6 WLIRIMNTI (JZ) E112°24' N30°31"  KJTK% 7 6 32,33, 34, 35, 36, 37 0.9524 = 0.0955  0.003441 = 0.002099
7 WIRGE AT (HH)  E113°39' N29°86"  KJT/KZR 6 6 32,38, 39, 40, 41, &2 1.0000 = 0.0962 0.001698 =+ 0.001153
8 WARARIFH(SY) El111°44" N27°24"  KYT/K & 11 1 52 0.0000 + 0.0000 0.000000 + 0.000000
9 WirgilApE (DTH) E113°01" N29°27"  KJT/KZE 2 2 52, 54 1.0000 + 0.5000 0.001854 + 0.002072
10 =R I(TC) E98°48" N25°03"  ZII/KZ 6 2 43, 4 0.3333 + 0.2152 0.001236 + 0.000881
11 FRGIERR(PY) E115°05' N35°71" Ak & 5 5 o4, 55, 56, 57, 58 1.0000 = 0.1265 0.004724 = 0.003046
12 ST TR (LH)  E123°43" N4I°74' LIk 6 5 o1, 02, 03, 04, 05 0.9333 + 0.1217 0.006237 = 0.003784
13 M/RIERMEIL(SH)  E126°57' Nd5°80"  #METIIKZ 4 4 45,46, 47, 48 1.0000 + 0.1768 0.005231 + 0.003081
14 JL5TEA (HHe ) E116°91' NA0%45'  RAIKZR 7 5 59, 60, 61, 62, 63 0.8571 + 0.1371 0.002691 + 0.001678
B A Total - 0.9791 + 0.0084 0.009600 =+ 0.004743

1.2 XLWHE

F LA T AR T AR /] DNA fh$3K57) &
PLHL DNA, Z2RifAK Cyt b 1 D-loop LY 145 |1y
k1 H CL 1331 CytbL: CTAAAACACCGCAACCCACA
CytbR : CAGTGGTGGGAGTTAAAATCTCC ; DLoopL. ;
CAAGTAACMTGCAATAGTAGCTCAGCG , DLoopR ;
TTAAA GTCAGGACCAAGCTTTTGTGC, 25 L ff)
PCR % v {& Z 3% PCR Master Mix 12.5 uL( %
MgCl, \ANTPMix FI Taq ) . EF#F51¥4 1.0
pL (55 ng/pL) \DNA ££ /4 1.0 ul, F ddH,0 %b
JE25 pL, LY :94 CHiASHE: 4 min, 714 35
AMEFR (94 C7A5 % 30 5,60 CiB ok 45 5,72 °C4E
f#11 min) , 55 72 CHEMH 8 min,4 CLEfF, PCR
PRI 1% SRR F KR AR S B B O, 1 &
VAR T AR TR w A A RN
1.3 HEAIE

FI MEGA 5. 0% %454 & 1 FE 8 E 47 o 85
Y5 FH DnaSP 5. 10" S5 BEOR S5 70 A e
(W BERLEM (7)) ; i Arlequin ver 3. 07 %%
PR 53 ¥ J7 223t (AMOVA) (E & 10 000

YA ARSI b 5 MERR ) IR [B) 38t % 70 Tk 16 2
(F,) W3 ; i Arlequin 3. 07 HE g fti e Tajima’
s DV Fu’ s FS' v B Mo 1 B AR it 4
4 (Mismatch distribution ) i W Fh 3 19 |7 s sh 25
it Network 4. 6. 1.0 kg LAE Y R 25 &1, A
Fil iModeltest 0. 112" ] BIC ( Bayesian Information
Criterion ) A FRUER & FHERIALSN HKY + G, R
DU ke Sr BLA, 154 1 000 U7 4%, A
1 000K HUHE — Ik, K d5i8 TR 25% A5
DI, B EIEE RIS B A bR Ty 25 /N T
0.01 {2 11328, Al FigTree 1.4. 0" 2 & 31 4 48
DU, L SAMOVATS 4344l 10 000 ¥ 38
iz 5, SAMOVA Zppr L8 &2 100 R UL L, 15 BR
R I B S5 45 SR s

2 4k

2.1 EEEHEN

XEBIN A B Lk Cye b (1320 bp) F1 D-
loop (839 bp) FFFHEAT BRI N TALXS, PFE )5
KEEDy 2 159 bp, Kl ) 133 A8 S 5, o5
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26 4

6.16% , I &I 63 NIEAEH AP RER Z
FEME b =0.979 1, HRZFEME 7 =0.009 6( %
1) o FEAHRIE & 50 T(32.24% ) \C(24.43% ) |
A(27.91% ) .G (15.42% ) HAT W B G 17
P S5 R /N E Bt HLAT 5 Y A A 2 R
PE(BR=Fa 5 P AIERBH B — AR5 ) ok
T0.800 0 £0. 172 1; BA KA T R Z AL,
#/NT 0.01,
2.2 BERIMEEIL RS

88 S&/NEE B Cyt b Fl D-loop Hf 1K T 51 JL
R #) 63 SPRAEAI (55 1), Hap04 \Hapl10  Hap32
FEAE L2 AR 0 - HapO4 Ay 3 30) 5 5 0] (I PR ) AR A
JF e Hap10 Sy AR FI BRI T 2 52 s Hap32 Syt
TR T (FRIN ) Jr 2 g ol f R B A3 70 )
25 (L 2) o, /)N o Bl A AR R 30T 43y
A B.C =S R A % RN FHBEA, BT A AR AR

LRGBS HS2 (11 AR ) 5 B 3 R AL 45 HS1
(RTTK FR RS ) AR BT A R C 3 R AL BR
R AATIR R GEOK (HBBHEREAR ) A1 HS 1 SNIr A7
R, CiE R XAl 730 C1,C2,C3 =% & Cl
FEELUR TR RZAEA Oy FA R TLK R (7 B2
W TRIPH T L SR RBIR ) AR AETL (e /K
5€) ALK AR (L) B K R GEREFH) | R
W) 25 B I S XA A RO A €2 T A AR
LT K & (FAAETT-G 7R 3 AL -P B | Vi -t
HUHCTT TP e I8 ) AR AS R D RO YT K &R (B
RN BEAS ; €3 BAL G VLK & (LA
AS) FORAAETL (WG 2R ) (ILT] (TR BH ) g R 9 4>
BIREAS . DU (BL) RGEA TR (18 3) 5 5
TR 25 [ A — 2 (& 2) a3 05 A B.C =
o

© wm s [
@ xnm @ i s H33 “
' # cH . BEE LX H40 H39 H41 H36
@« sy @ wmw o
s H11 H38
. YL JJ () WBEEW! DTH
©unry @nm H49
. s HH #EF HHe H45 | H16 g H27 H24
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Fig.2 Haplotype network of M. swinhonis
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Fig.3 Bayesian tree of the 63 haplotype

of M. swinhonis

2.3 MBEMSBREIUIT

DA FRESAE A B 4325 1 AMOVA F3 B4 B
A HFRRREE > A AR BE K R HoAth 3 4, 2
TWIFARIT A2 52K AFHEM] (79% ), FhREN 2 A
(21.3% ,3 2) . LT LIREL(F ) VAL FIEE
WAL S5 RS S — > AR E, B R A (] A B
Wit 2R (P < 0.01),

SAMOVA 253 7R 3240 K(E55 T 3,F ¢y =
0.524 87 MR R AERI /T AHE R (K1 4) o 24
K =3 I, 43 R BH T AN HA 3 /> b 2 4 [R]
Bho LML HE BB T 4% FhRE 1] (1) 43k 22 5
THOL(FR3) , NRP AT LLE B A A B 5 C1,
C2.C3 =A% o A AR B s (F g 2R T
0.659 30) ; Horr A 5 C3 Fif iy o AL R e R
(Fg=0.89600),A 5 C1.C2 WAF7E 2.3 701k
(Fg =0.884 10.0.843 68) ; C FfE P (1945 37 3 [1]
SRR L /N (F o B/NF 0.591 17) ¢
2.4 FHELESH

XFo14 A FhOEE Y 45 IC 43 A ( Mismatch
distribution ) 7347 (& 5) £ B . HA KM (TH) (3%
YLD RN (JZ) (Bt (HH ) BR300 i 5
W 5 TR 3R (LX) S (CH) (=R (GYH) (i
FH(PY) ¥ (HHe) i3] (LH) A5 4EYT(SHT)
HREA I 2 08 1Y) Z2 W AR TC 3 A, BRFH (SY) |
fi wr ('TC) i B ) ( DTH) 4353 t T A — > 5
FET 2 A BAAG BURE A R /D T TGk R AT 4 B 43
Pro AT Tajima’s D, Fu’ s FS il ¥ 58 &
BERBESES 4545 Tajima’ s D Al Fu’ s FS ¥,
HAEYEVL (), Fu’s FS: —4.119,P =0.009) it
WICHH, Fu’s FS: —2.814,P =0.016 ) B {4k H fit
fHH P<0.05 , W7k PANFRRE g s b & AR

x2 MEMEFHER AMOVA 4147
Tab.2 Analysis of molecular variance (AMOVA) among the populations of M. swinhonis
S H S5 A R A % I# 52 15 4
Source Degree Sum Variance Percent Fixation

of variation of freedom of squares components  of variation Indices
2 [8] Among groups 2 422.724  13.181 54 Va 68.28 Fep=0.68282""
FhEEME]#EIA N Among populations within groups 11 175.390  2.014 86 Vb 10.44 Fy¢.=0.32906"*
FHEEPA Within populations 74 304.011 4.108 26 Ve 21.28
B3t Total 87 902.125 19.304 65 Fgp=0.78719""

7 EL

H: * *P$ 0-01; Fsrj‘]ﬁﬁ:pé\/gﬁ; Fscﬂ‘jéﬂlj‘]@é#%; Fch‘:léﬂl‘ETJ

2B PAEH/NT 0.01 B ZE 54k B 2

Note ; Fgp is the total variation of population; Fg is the variation among groups; F; is the variation among populations; P value <0.01 represents

that there was a significant difference
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®3 NEMEMBHNERSUIEY Fo (MRETTT) MERER P-distance( X % £77)

Tab.3 Fixation index (F;) (under diagonal) and P-distance (above diagonal) of M. swinhonis

A B Cl C2 C3
A 0.016 0.018 0.020 0.017
B 0.693 64 * 0.014 0.015 0.013
Cl 0.884 10"~ 0.684 50~ 0.008 0.006
c2 0.843 68"~ 0.659 30" 0.547 05" 0.006
C3 0.896 00"~ 0.674 76" 0.591 17" 0.444 02~

W FR B EME,0.01 <P <0.05;* * R, P<0.01
Note: * significant, 0.01 <P <0.05; * " very significant, P<0.01

0. 60
0.55 .
0. 50 .
% 0.45 \ /
=OE 0.40 =" "~
K 0.35
iZ § 0.30
'S 0.25
H % 0.20
= 0.15
0.10
0. 05
0 2 4 6 8 10 12 14

T HK

E4 NEHEFHRELEHE SAMOVA 541
Fig.4 SAMOVA of M. swinhonis
E/l K=3 HTJAVF(;TIEEij(

When K =3, F; has maximum value

BEY 5K o KW RIIRHAER SR Fu’ s FS WM TUE
(Fu’s FS= -0.658 09, —0.377 08) ,{H P {4~
2 (P =0.266 00.0.331 00) . T HoAh Rl H
HZ2WEH Fu’'s FS Z R1EH,
3.1 BERNEESIERSH

AR IFIRE LB, SRR A 30 2,
J¥ 11 AT — A B s B[R] B R At b X35t %
ZEBRRGIE M ST o — AP RE . DU Hr R (BL) 5
P2 [ 45 SR A — B, HEDAZ E AR g sk b v]
RAE L RSSO . B ik AR R AL R
#F, For H10 (H51 (RRIZ) (H20 (= Hipis) vl e
S 5 R R, T BB A AR HIOMT Ok o
3 hHe

PSRRI 25 18] (1 2) S5 SR R C % & nl 4y
R 3 AWGER C1,C2,C3,5X 3 MIEIE R [H 1 2=
SEUN, K C1 iR REHERKIKZEA (454
)RR HET RN B A S 2= FE T o B R AR
(H43 H44) , A CHRiCE =M eS0T
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LRGBS M F AT W 2 B iR AT RS Hh T
K ZR LR B W R IR B TSI, BARBISIA
PN T B — 2P A S . CL il R N4
B K ZR I FAE A4S (HO4 (H56 \H57 (H58) | 3L {1
IKZAEAR (HO4 ) | o R 38 14 — A~ B Af B4 (H22) Al
BT A — > A% B (H30 ), 3 28 3 X 14 5475 7Y
(P& H22 1 H30) = pAEASTE M 45 1 A 3 1
IIARRARR I L, St AT BE S R T 22 B W i 5 | B
HAIX B IX o PR Ay 3ok 2 3 X ok Aol A7 7 /N B
Myfa, B H AT kA o305 BT, BT
LRI A O A BRI R O, AT B 0 TARie A
WG, FEERAEUER o A 73 BT 45 R R
WRRRER (LX) HLI(CH) | m i) (GYH) (i EH
(PY) i (HHe) (AL{ (LH) \FAFEVT (SHT) P
HATHERL 2 A 22 855 T 73 A7, 1l A X 28 Fp e
WAEA HA AR AR . AT (H30) AT B2
— A AT T T At VLR AR R SR A C3 3%
AW EHRHIREAS (H22) R RESE f VT R iy
A 25, ORI AN T 5 K T4 .

C2 W3 A FFREA IR TR R o8 6
FEARAETL L] TR | BT A e R ) A, Hoh
AT W5 v T T R 32 Y B Y HL2 (SR3T) (H37
(FRIIH ) R B2 ph e WA 7 BT R, o vl REJE: o
5 IRh I AR , R A A 38 G TR M 21 g H0S 189 o 1) 3k 28
o DX BEA AN B 2 1 AL (5 5, T RE R il T
FEAREAG (G EARL, T LB A BERE o

Xt C3 W% &R I3, C3 3% & 1 2 A 15 LA
P, IR HERE A REAS SR T CL(H30) , A J& T
FEVT.(HAT) (JLI] (HOL ) iy ) ( H21) Fof e 2R
TEVZNEAE 28, BT 8 TR TR R 5830 -5 e i
AL W5 7R VAR n] BE R — A M F2 L 7 b
FERHR TR R B R AL
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Fig.5 Mismatch distribution analysis of M. swinhonis sampled from different localities
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3.2 INEHEMBENRHEHESH

AMOVA S5 3 7R 79% 78 57k R
E], HA 28. 3% Y748 5ok E R RN, w] LA D)
TN B 0 (7 7E R G b P22 25 4 . SAMOVA
SERVE— L R AP M B2 R R 2 K =3
I, AR R F o B (0,524 87) , 3 KRR FH KW
FHABIX 3 41,

SEA TR TR AR F, A A% B P-distance (3
3),A 5 B 1L E R 0.016;A 5 C [1is LR
#40.018;B 5 C st feBE R4 0.014;C XN
H(C1.,C2.C3) Ayt i B B KAE M 0.008 , 38t f%
AR/ B A B .C =X 2O 4 HEH
RIEES L, b A i Frim X, 5 HE
BB L 22 S oK, nT R e — il E A F &
T (10 R SR T B A R I 5 B S R A R
R R S B R — AN FRRE, R R B R
5C NI 3 S0BAE AN B B, SRR AR
TEILBN KL 7K R A AR A, MR A% 0 Sk
WA/ I, FoAth e SRR 58 A8 18 AT BH S AR 4
KRS AS R AR . H 4 PERDICES ' %
VL BB BRI LA 6 A3, db s 1 3, KT
4 30 BRILARYTIR G 1 S HATHLE 430 3 /N
3o LRI T T 1 40 A 2 T 4 it R
b(Cyt b) FEH P 5 AR 5 IR 43 32549 5 b 3 4y
AR —E, T B BRI AL Z AR
FFPRELS R 0T 2 A A 7E 10. 1 ~ 14,1 JT4F
FIT , #8900 40 76 HL 43 A 90 BN 8 0 e AR kL B
St AR G = B S0 1 RS ), ) I R T RE 2
T3 51K ZR R 3 S AR TS ) b B AA 2 T
A A . ZHAO AR XE K W) B 4R
( Neosalanx taihuensis) [R5 B ML 4558, K
VLK R SUERK R REA A B B b B 254, 3R
H—3Zo BIRUL C LR ITK R T K
R HK R K R ALK RS FE T FE
AR VA T TV -5 P K SO AE A AT A i R A
HFREERE , —FpA] RE IS 5| Rl 2 BUR AR R
BRI, o — Fh o] B S /N B ) £ A SRR R AR K 9
BRRE ik . H B HT Y 2 T IE H5 38 A% 78 0 1
S S HERT 7 R4 5 RO B 22 L IR AR
BB A 5 B A PR

4 Hie
NECE PR S50 D 3 AN KA R : B B

http: //www. shhydxxb. com

(SY) Pl I (TH ) Fof e A0 B A b 1X 20 18 19 52
FRRRE /Nt B R A R R AR
AR A% H IR 22 B, 455 B I5C 23 BT I 75 L )
Fipy s b A YAk O3 AN R B/ B
FIRRBLIR AT RERS ™ H, IR T/ B A B SR
PR A, i BOAE 22 57 40,28 5| M [ B, i i
28 ARG IRY

S 3Lk
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Population structure and genetic divergence of Micropercops swinhonis

ZHENG Xin, LI Chenhong
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; Micropercops swinhonis is a freshwater sleeper widely distributed in the Yangtze River drainage and
other main drainages in northern China. We collected individuals from Songhua Jiang, Liao He, Hai He, the
lower drainage of Yellow River (Puyang), Gaoyou Hu and the Yangize River drainage ( Shaoyang Zishui,
Honghu, Jingzhou, Jiangjiang, Chaohu, Taihu, Langxi and Dongting Hu). Population genetic structure and
divergence of M. swinhonis among different areas were investigated by analysing the sequences of
mitochondrion cytochrome b (cyt b) and control region ( D-loop). Concatenating sequences of cyt b and D-
loop of 88 individuals resulted in 63 haplotypes and 133 variable sites. AMOVA, SAMOVA, analysis of
haplotype network and phylogenetic reconstruction all supported splitting M. swinhonis into three groups:
Shaoyang ( Zishui; clade A), Taihu (clade B) and the population of other areas (clade C), which could be
further divided into three subclades. Mismatch distribution revealed that populations from Jingjiang ( Fu’ s
FS. -4.119, P =0.009) and Honghu (Fu’s FS: -2.814, P =0.016) probably experienced a recent
expansion.

Key words: Micropercops swinhonis; Cyt b; D-loop; population structure; haplotype network
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