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Fig. 1 Sampling locations and information for C. argus
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1.2 DNAZHEL

SR FH 2R 1 Tl ORI 4 1y / G0 10 6 4 B 1 0 0 TR
ZHDNA,  Jf38 3 B R B E i H Yk AR I DN A 58
Mg B4 CCREE

1.3 PCR¥ 5= F

AHF5E R 2% 5 ¥ dl-s: 5'-CCCACCAC
TAACTCCCAAAGC-3’, dl-r: 5'-CTGGAAAGA
ACGCCCGGCATG-3', CA2F: 5'-GGCATT
TGGTTCCTACTTCAG-3', CA2R: 5'-GTGCG
GATACTTGCATGTGT-3" %} 1 il ] X 4 7 5]
BEATH G, AR DR T A I B 43R S R )
gl . FNSUS [ PCR™= )ik 1 ifg 5 e AL Rk
HIRAT, %P ABI Prism 3700 [ 3 5 {0
BB ]

14 FHRIEESHEMED R

Fi A %) ¥ i Dnastardk {4 43 (DNASTAR,
Inc., Madison, USA)i#E 174 . RXFFIHERY . A 2%
mtDNA$ il X §i )5 287 51 9F 8250 . overlapk
J# K F50 bpFl— 1 100%; K FH Clustal X2F
MEGA 7.051 4 X} > 51] Ho X6 485 S it A7 3 ik AN 1 o

e F BICHT 4= 1Y #2318 (decision-theoretic
performance-based; DT){# &K K 1%, K FjModelTest
2. 1675 P S B 2 B AR Y . i FJ ARLEQUIN
3SR MRSy 2 PR

15 RBERFRARDH

i 17 PAUP 4F1MrBayes 3.1.243 51| #4) g 545 71

LR 4% 5% Z2 B (Neighbor-Joining tree, NJ) Al U1 i $4fr 44
(Bayes inference tree, BI), & T REIAR[E] 544 1 5,

K HIMEGA 7.08 114 i B K UPGMA (unweighted
pair-group method with arithmetic mean)FINJ 2
B o L TCS 1.21A9 Bk 5 e K 298 (union of
maximum parsimonious tree, UMPT)Ff1ARLEQUIN
3.5 F /N FE A (minimum spanning trees, MST)#4)

LA AR I 45 /]

1.6 BHAEfELEEN

i 1T SAMOVA 2,05 4% B A4 35 47 70 56 43 4
SRR A BYE, RSS2 2 H A
W, T3 Forfi (For geofl Fop nogeo), Hiii FofH

R —A N EAED . R ARLEQUIN 3.5%
B 107 20 BT (AMOVA) . 5 R BEAR FypfH
T U PG 5604

17 BRREMES

i i ARLEQUIN 3.5 #1153 4% 1 B A B X
/3 i (mismatch distribution ) B LU BE AR B & 9 5k
(sudden expansion)Fl1%5 [a] 4 5K (spatial expansion).
iz FiBeast 1.8% 4 1w #y K Br £k (Bayesian
skyline plot, BSP)F I 44 Iy sl FAEAR K /N B

2 4
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MRS 7 B AT i, Horp o R e db
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ZREME 22 RO (L, E2).

23 BAEEXRESW
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Tab.1 Sample information and genetic diversity indices of complete control region for C. argus

, b LA R A N el o 1o RN S 44 e
s s pema O g ) REREREG) BRSO R
lations ID  sample size aplotypes polymorphic sites haplotype diversity nucleotide diversity mean pairwise nucleotide
popu numbers differences
HEWBETEMB WN 30 5 7 0.600+0.084 0.256+0.160 2.319+1.305
HRF AR LY 6 1 0 0.000+0.000 0.000+0.000 0.000+0.000
L ZR /i T XGR 17 2 1 0.309+0.122 0.034+0.041 0.310+0.335
VL5 55 BART SYR 26 8 10 0.859+0.033 0.32140.194 2.911+1.578
1R 1 R I DTL 43 20 27 0.837+0.054 0.348+0.204 3.162+1.669
INAREHEHE Dz 31 5 9 0.480+0.099 0.225+0.144 2.040+1.177
WAL AR BYL 30 4 6 0.579+0.047 0.143+0.102 1.296+0.834
EEPALL I PR 29 7 8 0.670+0.072 0.170+0.117 1.545+0.952
O
S_
S | O AT 8 MRS HIIX A X (907 bp) ifk 2 FEtE §Y
0| @ ERT 4 BEASE IO B (790 bp) L2 A1
g N 8 NI A (RNA %I X 42 X (961 bp) 184 2 FE
23
#HE 2 DTL
1 [}
iE e B
\ == D
&3 3 DZ ‘XN ©BB
e o o HN
Ng S+
23S BYL
S|
— o
=
= XGR
&
o< LY
T T T T 1
0 0.2 0.4 0.6 0.8 1.0
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gene diversity

2 SEFAITHIXEE S MR
Fig.2 The genetic diversity indices based on the different populations of C. argus
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Fig. 3 Bayesian tree for 38 haplotypes based on mtDNA complete control region of C. argus

a
BYL 0.5 N
0.4|§
XGR  M++ 0.3%=
02 8
a
DTL { M++| M++ 0.1 5
0.0
PR L++
Dz
SYR L++ P 0.8
0.6 &
WN L++ K
0.4
LY L 0.2
D o 2 o N Oz
H
: EEEREED
HEAA populations

4 SBHBEFAENIREN(L). FGEET=AMBYIPEGL=A)
MR Fopfl RN, SEBEAR A 38 4% 22 A 20 AR(=1, 0.15). H1[0.15, 0.25)f17[0.25, 1)/KF, 2 HHL. MAIHE R, +&750.058 %M
KF, ++FRIR0.01E 3 HKF
Fig. 4 Neighbour-Joining (NJ) cluster tree (left), Fgy (below diagonal) and
exact P test (above diagonal) of C. argus

The level of genetic differentiation computed by pairwise Fgr, low (=1, 0.15), middle [0.15, 0.25) and high [0.25, 1), was respectively noted
by L, M and H; the plus and two-plus sign represented the significance level of 0.05 and 0.01
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Tab. 2 Defining groups of 8 populations of C. argus with or without constraint for geographic composition of the groups

I Eiz3: RS i P Fogeo p AR EE R 7y Fonogeo P

group structure Geo cT8 structure Nogeo criios
2 (PR, BYL, DTL, XGR)(DZ, SYR, WN,LY) 0.271 0.022£0.005 (PR, BYL, DTL, XGR)(DZ, SYR, WN,LY)  0.271 0.018+0.006
3 (PR, BYL, DTL, XGR)(DZ, SYR)(WN,LY) 0.292 0.007+0.002 (PR, BYL, DTL, XGR)(DZ, SYR)(WN,LY)  0.292 0.007+0.003
4 (PR, DTL)(BYL, XGR)(DZ, SYR)(WN, LY) 0.286 0.009+0.004 (PR, DTL)(BYL, XGR)(DZ, SYR)(WN,LY) 0.286 0.009+0.003
5 (PR)Y(DTL)(BYL, XGR)(DZ, SYR)(WN, LY) 0.293 0.002+0.001 (PR)(DTL)(BYL, XGR)(DZ, SYR)(WN,LY) 0.293 0.005+0.003
6 (PR)Y(DTL)(BYL, XGR)(DZ)(SYR)(WN, LY) 0.303 0.007+0.003 (PR)(DTL)(BYL, XGR)(DZ)(SYR)(WN,LY) 0.303 0.007+0.003
7 (PR)(DTL)(BYL, XGR)(DZ)(SYR)(WN)(LY) 0.308 0.034+0.005 (PR)(DTL)(BYL, XGR)(DZ)(SYR)(WN)(LY) 0.308 0.032+0.006

(8 Y1) DT [DZ]
) (SN (KGR (S

E 5 StEeEalpgE
B R R () LR BUAR R R AR KEL, R R HUMPT 4, sS4k
FUMPTHIMST&] i 7 4

Fig. 5 Haplotypes network showing genetic relationship
in eight populations of all individuals for C. argus

The line joining haplotypes represented one nucleotide substitution and

dotted lines were only generated by UMPT

FILY vs. WNFEAAR [B] 7775 BE LA B B 42 (1K1 4)
25 BHRAEEHE

o ] 5 8 7S FEAR 4 o PR A 56 2R Tajima’s
DF; 5y FlFu’s Fsta S (3 0 W AH(R3), &H
i AN TRC X 43 A1 B UL I 3 A R4 2R O3 A 40 A AR
B Hoh Bl oy A (B 6), R SRR Y
sk R, ZS [T R BIRY i T R A A Rl M
BNM<50), X T 74 BEAR AT BEAAR B Y
SRR G -

FH T L il s ] X7 98 A8 TR AR, AR A )
B AR il |- it (5.300—2.588 1 T 4F) K4k
A0 5% DL K Wang 55 U 5545 31 2 6l R0 B 68 11 53
AL E] Ry 4,415 JT4E(1.2—8.1 @ H4E, 95%CI),
A B 5T FE T 1 0 0 BE 68 mtDN A 1] X 4 it 4% 15
BT RS 5] 2 il X 2,57 %0 A B R, T
2.57% ) 43 B R, v [ AR T 5K A ]
1E0.160 7 JT4E (0.077—0.228 1 T4E, CI=95%),
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(17, H v 7 v o5t e 300 3] e 5 1H.0.222—
0.050 A T A B T — W s K, Z
Jr A B BT TR Y vk 3570.050—0.010 / J7 4F H
THRMRE T, fEHE SRk, 7£0.010
HANFEZE, SRR SORE T LIRB/NA L
FRREIG .

XF T B T A B AR D s Bl A AT 43 T
HADTLHHAR I Y 5k 4. DTLEHAY kF
HAE0.166 E J1 4 (0.040—0.349F JT4E, CIE95%),
BSPH £k [RIFE 7R H 0,160 J1 4F £ 47 B A S Fh B
POEE, Ab T T B R I (23, K18, [519),

3 e
31 BEMEEZHEM

Wy Fob A S 3 A 22 RE R AR W) 2 AR PR O AL
Hopz—", BRI 35 220 00 X PR 5 1 )
RUMBEWEZ I, MR LS HiE
BB KT, Rz, B AL 2 B 5
Wi K X 5/ o AN BIE 5 R 45 1) X 4 1 51 % 1 i
FERBEAT B AL 22 0T 9T, AL ZHEPE 0 B s R
20 MO R 1 3 B A O A R 2 RE R OKCF-
FAAE T Z2 REAE 20 Al W LIRS 3407 47 o L2
F UL s BER IR AL Z AR MK CF P S AR, R
P F) T T 30 SR R [ T R A LA R 2 R
KRR (R L [E12),

o B i g b 5 3 AR 22 R OK T 22 S A D
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Tab.3 Neutrality test and the indices of mismatch distributions for sudden and spatial expansion of C. argus

YRS neutrality test ZHBRAECXS 4347 mismatch distribution
G . : o BRI B2
Tajima’s D Fu’s Fs demographic
group model test of goodness-of-fit
parameters
D P Fs P SSD PSSD Hri PHri T M
#&  sudden 0.011 0.119 0.036 0.216 3.736
TR -1.663  0.009 -19.917  0.000
ZE[A]  spatial 0.007 0.501 0.525 3.526 10.712
##  sudden 0.001 0.976 0.005 1.000 3.875
DTLE# A -1.611  0.038 -9.983  0.000
Z¥[A]  spatial 0.002 0.946 1.000 1.844 4.062
) 7000 ~ i
R —— W 4345 observed N —— MM 434 observed
! N —— WIH 5341 expected N —— W13 A1 expected
50004 ---99% CI 60004 ;% ---99% CI
I ---95%CI !, '\\ N ---95%cCI
---90% CI 50004 "7 /Lo ---90% CI
v 40004 + // ' © )
EE =S 4000 1
R R
=3 3000 AN
= 0 =2
% € 2000- g
= = 2000
1000 A 1000
0 04 Seisa
T T T T T T T T
0 5 10 15 0 5 10 15
JF B3 7 e FE H B 72 7 4

pairwise differences

pairwise differences

Eleo LEERAKEEMZE G KEETBRARX S HE

Fig. 6 Mismatch distribution for sudden expansion (left) and spatial expansion (right) based on

mtDNA complete control region sequences of C. argus

PR AT R 5 v o P 5 R B R A O . T
R X 4 BRI L 2 DA R Rl T R X T B Y
W AR B A, LR ZR I L K 5 B g 2 XL
BEL T I K g b i S A 22 5%, A
) Pl A6 77 A T e ok 93— [ ok 3 ) 58 2 47 B
WBE . BT R A6 A D T R B N
()T v G D7 R A T e 5 T ) B 2 S R
5 {5 1) 5% R M B AR X /N, T AL 4 /) 2
VIO Pl 1B L N U R Sy i DU S A i L DS
A DR A7 T35 A% 22 AR P RS A 5 R A D A
B, A POZE IR, RE X il Y P R 5 A% A
1o L G FE TR I S Bh S b 2 BN RN, g
ZREPEAX E . J8h, AR BT H 4
PN, 677 A AR AR S8 AR S 58 A B0
R E BRAFR R DR [HREER R,

AET5 AR P SRR VA (R (HLR) 2 B B2 8 7K 1Y
AR Z AR, XA RE S UL LK, Bl i
18 3l 3 BRI IR ZF R R ML T, s vk
— 8] DK 30 1 82 2, 9T AR 48 AR X R i R e
TR Z 0 5 8 45 0 SR AL 5 B I AR A7 I 3 T 2L
TER

32 BEZXAMEH

T R G R WA O R SR A 5
8 56 Z2 R B AL 2 B R Y IR R 1 i 2R (151 3) 5
BT B A R R R BoR, K HOH
A2 [A) X5 R e B0 5 b A7 R 6 O 1) 6 2R (1B 4) 5
B AR o 4% 1 o Hh 2 AR RL(ELS);
Ir BT SR PIREAR Forl R, A& D RER Z 1]
B2 5, REEH IR 2 8] 3= 30
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1 7. 78E07
7 M “rupper g
7 populations of China —-median [
“+lower [
0.1 L 7.78E06
) o
=5 i
(5] o :
< = 5.04E04, 1.05E06 i
I § —
E 2 0014 L 7.78E05
=2 1.01E04, 7.41E0 g
=2 | C
&2 \ . 1 -
w3 i 2.22E05, 2.95E05 L
'46 B
0.001 4 A - 7.78E04
L Rd=2.57%
Rs=1 i
N L
C 0.001555 0.00311'1 0.004666 0.006222 0.007777 0.009332 0.01088 80.01205 4

Rs=1

AL SEAR N [R]

mutation time unit

0 1.21E05  2.42E05 3.63E05  4.84E05 6.05E05 7.26E05  8.47E05 9.38E05
1) /4 Rd=2.57%
time

7 HFELESTNEABSPS T
HAF, MRV, LR UK, P3G SFt, P2 sdgiitt, PLE SR, DORFRUKE, LS vk, T.Kuvk#, DLJS
L — K B ] UK LT R S — ) 1l 18] oK 3
Fig. 7 BSP based on mtDNA complete control region sequences of C. argus

H. the Holocene, M. the Last Glacial Maximum, I. the Last Interglacial Period, P3. the Late Pleistocene, P2. the Middle Pleistocene, P1. the Early
Pleistocene, D. Dali Glaciation, L. Lushan Glaciation, T. Dagu Glaciation, DL. Lushan-Dali Interglacial Period; LT. Dagu-Lushan Interglacial Period

| e WIS observed 004, e AL observed
\ —— WIE 4347 expected \ —— WIEE 51 expected
4004 - 9% CT \ --=-99% CI
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Genetic diversity and structure analysis based on the mitochondrial DNA
control region of the northern snakehead (Channa argus)

ZHOU Wei', GAO Tianxiang’, WANG Jun’, SONGNa"

(1. Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Fisheries College, Ocean University of Zhejiang, Zhoushan 316022, China;
3. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: The northern snakehead (Channa argus) is extensively distributed throughout rivers and lakes of China.
With overexploitation and water eco-environment deterioration, the resources of C. argus are severely affected. To
examine genetic structure and the demographic history of the northern snakehead, we collected 212 specimens
from 8 locations for generating mitochondrial DNA complete control region sequences. Result showed that the
length of control region is about 907 bp. The genetic diversity in southern China is higher than that in the north
with boundary line 34°N. The factors that warm and wet climate in the south China and dry and cold climate in the
north China, and that the rapid uplift of Qinling Mountain aggravated differentiation of the east Asian monsoon,
may have an important influence on genetic diversity. The phylogenetic tree showed a shallow genealogy and high
genetic differentiation and significant level of genetic structure which behaved in different drainages. This
indicated that geographical barriers led to recent genetic differentiation. The demographic history of 7 populations
of China displayed that the northern snakehead experienced population rapid growth in the interglacial period of
the middle Quaternary. Then, the demography declined during the last glacial period. With climatic warming in the
Holocene, a slight population growth happened. The Dongting Lake population also experienced a population
expansion in the interglacial period of the middle Quaternary. The glacial-interglacial cycles in the Quaternary,
especially from the middle Quaternary, caused pronounced climatic fluctuations and had an important influence on
the northern snakehead populations. Information on genetic diversity and genetic structure will have implications
for the management of fisheries and conservation efforts.
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