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1.1 HEHEXRE

A B 5 T B B R 5 T 2013—20154F %
A EZAKER, FEOCRE M S AES . B
FE IS BB . Ll AR SN /N W TR L VTV R 8 P
TA] L YTV P BE R SR BRI (L, R D). AR
ISR, BOLHE IR T 95%8Y 1k
F-20 °CHRAF&E M. [, MGenBank%i i % H
T #FEH 5 HIX262291-TX262362F 51, 1534
(& 0 A N3 BN A N N S 2 S S M W N g 7 B
ISR 7 350 F A o 2 (E 1) o
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Fig.1 Sampling locations for P. fulvidraco
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1.2 DNAIZEL

K FH B I KORN A Py /580005 1k 42 B0 3% 490 £ B
K41 DNA, Jf 38 1 Bt A5 A 58 i e Pk K I DNA A
SEEEPE | B4 CCIRAEE .

1.3 PCRi &5 =40

K A5 IHL15923(5-TTAAAGCATCGGT
CTTGTAA-3")HIH16500"(5'-GCCCTGAAAT
AGGAACCAGA-3") B mtDNAE il X 1) 55— =5
% [X (Hypervariable region I; HVR 1), Kfa4ifk | [H]
WS MPCR&= Y% 8 iR R AR A RA
F], K ABIPrism 3700 H ol > {806} P 51 XL i)
WE

x1 BENEREEEMBEREESHEMER

Tab.1 Sample information and genetic diversity indices for P. fulvidraco

T TR R R HE

TN 2 RS BEREREL BT E R D% P FIEIEE (k)

populations 1D sampling date _samplesize "0 UbPS PRTOPNE  TRORRE T o dirences
RTBWE  IPL 2014.06 37 4 5 0.336£0.095 0.0870.096 0.361£0.357
IR /N XGR 2013.08 35 3 2 0.565+0.041 0.123+0.119 0.509:0.441
WRE MR KBS XLD  2013.07—2015.01 11 4 6 0.673£0.123 0.258+0.208 1.066+0.761
TRt SYR 2013.01 35 5 5 0.6170.049 0.178+0.150 0.7340.559
AW oAt PYL 2014.01 25 7 9 0.537£0.115 0.137+0.128 0.565+0.476
i e HZL - 29 7 9 0.700£0.078 0.227+0.179 0.9370.663
SR CL - 28 5 9 0.4710.103 0.179+0.152 0.7400.565
TREe GL - 30 5 6 0.536£0.097 0.150+0.135 0.6180.501
TEHAHE TL - 28 7 8 0.688+0.084 0.205+0.167 0.847+0.619

W a R RCREMBHAFEA: b.HiGenBank [ #JX262291-1X262362 )7 51 T3 F 1 B AR AR A

Notes: a. the samples in this study; b. the samples from GenBank
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£ 5 51 ¥4 FH DNAStarX £ 13 (DNASTAR,
Inc., MadisonFTUSA)#E 47 % . A AT FIHESF, IF
% F Clustal X2HIMEGA 7.0%K {4 BEA7 51 He %) il
N T IE . 5 FBICHT A M YL 3K it (decision-
theoretic performance-based; DT)# &K 1%, K H
jModelTest 2.1.6" 1B HVRIAHE LR LA . il FH
Arlequin 3. 5" ERF 3 AT T4y 2 SRR EL

L5 REEABEXRRNH

1 4 PAUP 4" fiMrBayes 3.1.21"%143 51| # 3
BAE R A 4 56 2 b4 (neighbor-joining tree; NJ)FI I
3 B4 (bayes inference tree; BI), & T #EA[A] 5 1%
P, RAIMEGA 7.0% 4 # & #f A UPGMA
(unweighted pair-group method with arithmetic
mean) FINTR ZEH .

W IFTCS 1.21M B A e K 8] 2944 (union of
maximum parsimonious tree, UMPT)F!Arlequin 3.5/
fe /M FE B (minimum spanning trees; MST)4 4 .
FERL M 45 [ . UMPT A B 5 9 B BN
Sl B I ERAE B, B g A S B B, RIS
A 2R Pl s

L6 EHREESBRMERRSN

i SAMOVA 2.0P A4 X A 8 47 i 56 43
YRR Rl a3, HhFoEm Rk —4h
A4 . R Arlequin 355K F #4740 107 2203
Hr(AMOVA), 155 W W B R Fo (i X 8 V) PR 56
. AMOVAZFATHHALN 731 3 KWy . (DF
—4; (2)HISAMOVA 2.0 45 k4704 5 3R
PRI G RAA T 4; (4)Fe R PR B o34

K F Lamare 2.1. 10945 {4 47 30 B 55 A 37 43
Br, AR e R USRI AT A % (immigration
rate; M) . A3 RUFhEE RN (O)FTEEHEAC A9 1 A B0
6M),

L7 BERERESH

i 3t Arlequin 3.5 BT AZ H TR A L X 43
i (mismatch distribution)# il #f /& %4 & (demo-
graphic expansion) 175 [H] ¥ 7K (range expansion).
iz F Beast 1.8 4 {4 i1 U1 i 17 K Br £k (bayesian
skyline plot; BSP)K il 44 [Ty 52 BEAR K/ NAEZ

2 R
2.1 FH5Hr
P 1475 3] K B SR 516 bp ) 31 mtDN A

X5 A BE, HP 4145103 bpitRNAFI413 bplf)
HVRIF Bt. 1£103 bpfJtRNAF B [, I A K
B A8 A7 4, GeneBank B PR P T 2k 1Y i 3
11X262291-1X2623621) JF FI #E1 7 LL AT, #kHR413 bp
PHVRIF IR Fr B A7 )5 2250 o

T 15 3] 1 258 S HVRIT §1) F- Bt v a6 ) 5]
18R A a5, H P A 46 104 fRT 29 455 B AL o5 F
8B — o 5 XN F 49K 4 A G2k 200K B e,
HoP AL 3R FL e R 7R B 5 o LT 2240 A
A, A S 7 e LA R 1SSl A B A
BT YR TSRS 25 51 2 e A AL HKY +1
(1=0.9150).,

22 EESHMSN

B THVRUT BUF A58, A9 BERRY
BB L RE B 00.33620.095~0.700+0.078 , 1% 1F
R 22 FE B 40.087%+0.096%~0.258%+0.208%, H:
H, JPLEFIAIR G 2 B KF iR fil; XGR. PYL,
CLAIGLAF A& Z M B K Ik Z s XLD., SYR,
TLAIHZLEFAR 5 4% Z FE M XT3 (R 1)

23 BRBREXRESH

PUAR 0 5 50U AT (P. eupogon) 1G5 5 501 A1 (P.
nitidus) AN, FaHE Y ¥ 50 A0 AR R R 1 O R
UL I ST AR I R R H B R 19 43 3 B b B AH
XoF I PR T R A5 (1512)

JE I B R M A UPGMA FINTER 25 4 5

53/0.51

,,,,

Pelteobagrus nitidus

KAz gt
10/0.1 Pelteobagrus eupogon

B2 MUKNEHGEMCERMBHERN
EHIG B EENIBIR G S B

Fig.2 Unrooted neighbor-joining tree and Bayesian

tree of mtDNA control region 22 haplotypes
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/n: PYL., GL., CLRITLE —3&, NKIT4HHF
(Y(RA1IRf); XLD. XGHFIIPLE H—2, LI
HBE(YWRARE) N E RN ; SYRGYRAFE
h—3; HZLIEUPGMAW tf 5 YWRZAHE R N —
K, FENIB R YIRAHE(E3).

B F TCSHY A MY Ge 1T Bk A f8] 2944 T Arlequin
i g 1) F /0N 15 R A 34 R A A A B R B
R H Al B D 4 SBR 40 A K PR B )R
FEl L o L ol B % 8 o 4 5 BR X GRZ A1 1 H: Al
A RER, HEZ R TLA R (B 4).

PYL A | | | 8%
I 05 28
GLq* Rl el B Eas 04 2
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D B S R 8% =

(O I I Sl B [ ) 0.0
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M
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R 5 06
L
HZL P R R + | t+ 82
e L ++ 0.3 ;_E’

| o _ 0.2

0.1

XOR 0.0

0.0012 0.0008 0.0004 0.0000 PYL GI. CL TL SYL XLD HZL JPL, XGR
FiERUN
populations

El3 TMEHIKUPGMAREW (L), FalE@GET=MMBTPEGEEL=A)
R Popfl AN, T 18 6 22 S AR JEE 43 AR (-1~0.15) s HR[0.15~0.25)FI &1 [0.25, KT, A HIHL. MAIHE R, “+"RmRHM0.0583

PEKT, “++7R R N0.01E F VKT .

Fig.3 UPGMA cluster tree (left), Fgy (right, below diagonal) and exact P test (right, above diagonal) of P. fulvidraco

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

OCL OXLD@SYR
OPYL @HZL @ TL
OGL @JPL @XGR

101
@5
1

El4 BEFEBERWEE
B Y ) P T LR BRI H, R A HUMPT ™ 4R, 24k
FHUMPTHIMSTR I 7= A2, 40 516 8845 784 oy R 2 Pl
Fig. 4 Haplotypes network showing genetic relationship
in nine populations of all 22 haplotypes for P. fulvidraco

The line joining haplotypes represented one nucleotide substitution and

dotted lines were only generated by UMPT

24 BHEIRESEN
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Fig. 5 Defining groups of populations for P. fulvidraco with or without constraint for geographic composition of the groups

®2 APMBHREITHEIMN

Tab.2 Genetic structuring of P. fulvidraco populations based on mitochondrial control region

W8 43 observed partition

SRR statistics

ZEMIRE LS structure tested

Y75 % variance EL /% percentage O statistics P
1. BANEERHE one gene pool (JPL, XGR, XLD, HZL, SYR, CL, PYL, GL, TL)
THAAIAI(AP) 0.161Va 32.44 Dgr=0.324 0.000+0.000
FEAR I (WP) 0.334Vb 67.56
2. FINEE At two gene pools (JPL, XGR) (XLD, HZL, SYR, CL, PYL, GL, TL)
HEFH(AG) 0.229Va 37.02 ®r=0.370 0.0260.002
ZHEE N AL R (AP/WG) 0.056Vb 9.02 Og=0.143 0.000+0.000
FEAR I (WP) 0.334Vc 53.96 Og1=0.460 0.000::0.000
3-1. AL two gene pools (JPL, XGR, XLD, HZL) (SYR, CL, PYL, GL, TL)
EF(AG) 0.199Va 34.13 Oc=0.341 0.007+0.001
3-2. PiAN3E A two gene pools (JPL, XGR, XLD) (HZL, SYR, CL, PYL, GL, TL)
HEFH(AG) 0.213Va 35.31 ®1=0.353 0.013+0.001
4-1. =/MER b three gene pools (JPL) (XGR, XLD, HZL, SYR) (CL, PYL, GL, TL)
HEFH(AG) 0.136Va 25.37 O=0.254 0.036+0.002
4-2. =/MERh three gene pools (JPL) (XGR, XLD) (HZL, SYR, CL, PYL, GL, TL)
EF(AG) 0.191Va 32.98 ®c=0.330 0.016+0.002
4-3. PY/NIERh four gene pools (JPL) (XGR, XLD) (HZL, SYR) (CL, PYL, GL, TL)
HEEE(AG) 0.172Va 32.51 Dr=0.325 0.003+0.001

http://www.scxuebao.cn
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R YR FERF AR R AE7E BB AL AC BO R 52, HoAth
K Z BRI AFAE P AE B4 (1513)
25 EER

H T SYRFIHZLIA] 15t 1% 25 5 45 /N DA Kl 7
WA R E X A B AR o —
41, S UER S BH 2 BE (Huai-She) . 18 i Lamarc#X

P A YR EE . YWRAL B A Huai-She2H B 6] 1
VTR LR . 45 SR S s 2 R ) 77 AR R R A i
RAZ RS, Huai-She AT ABEE &,
YR BT A S ok, YwRAL BT A B
% ; YWRZBEXT Huai-She ] 1 FIY tRZH B A7 A7E 82
KT B KT RE R 4 B A 12
1) 32 R 22 0 (#3)

#x3 HPGHAERRRMTNIS%EEXEEE

Tab.3 Maximum-likelihood estimates among three groups of the effective population size (©) and

the number of immigrants per generation (OM)

ISR H R A AR
HEF A RN recent migration
theta (©
group eta () M yirosi M Huai-She—i M yur—i
KT 4 :|
LA 0.009 (0.007, 0.011) 7.696 3.227
YR
SREVAT BN B 4H 3
sk} SRIALE 0.006 (0.004, 0.007) 6.224 - 8.023
Huai-She
B
SR 0.002 (0.002, 0.003) 3370E-05 0313 -
YwR

2.6 BKHEIT

B T A TR S O S b v, B RO
THC T 3 A K 0 5 (] 97 5RASE 1 3% 1L hy B0 3 A
PR BB BHAY K (B 6) o % H RN XS 43 A
LA UL AR50 s, W o A A A A U
BF2GER3), BAY KRB ST RS A — L
2224y T AR B A 1 XA 3 AR
R, BB LR A I X ) 1 58 R R
ulb A R E A . AR D BRI SCR DK
1z [A] 4 3 B ) K 2976 1=1.334% 107 /u MyaZe 5 .

H T A% R AN TE X 73 A1 0 e M A 56 P b T
BT o B AL A RS RUUR A AR D s 3 A,
PN I A 15 R BE 78 40 AL FH DN AT 81 (% 3h 25 D7 5 {5

B0 BSPHE— 25 A3 MT o . HE U I A BE R
RO R L B K & A 7 1=9.400% 107 /u MyaZe
i, B BRAEC A AG BN A SR AL
i (NeT) 76 P 38 1K 5 38 510 5.600x 10%/u( P H) B
1.200% 10%/u(¥418 (Kl 7).

TR A0 A VT A A A B A A 3 1 s
o 25 4 22 5 FUORBE AT 52 8%, DR ok Headk A7 B
5 s Bh AR, 25 3 R KT A7 e 4L
02 E) B R ik SR (B e), A 5K I
6] KA HE1=9.600x10 */u MyaZr 47, BSPllI £k i/
BRI A VLA AT SO A PO G K R AR AR =1.102%
10°/u MyaZi 7, AR REECR (Ne DFEPH IS K5
$K5)2.200%10*u(HFH ) 5L 4.800% 10*/u(F ) (& 7).

R4 APBRBARENKIEZPEREMZERIEN DTSR

Tab. 4 Neutrality test and the indices of mismatch distributions for sudden and

spatial expansion of all populations and Yangtze River deme

FH RS neutrality test

MF TR AELNS 4347 mismatch distribution

4 i K 5] PNy, Y
2y Tajima’s D s bk DA RER FHAESH
group model test of goodness-of-fit demographic parameters

D P Fs P SSD Pssp Hri Py, T M

Fits Bk ~1.684 0013  -18.052 0.00  %{# sudden  0.012 0.009 0.124 0.000 1.102 -

all populations 7= [H] spatial 0.012 0.000 0.000 1.099 99999

KT B ~1.824 0009 -11413 000 %% sudden  0.005 0.124 0.106 0.085 0.793 -

YtR deme 7¥[H] spatial 0.005 0.030 0.098 0.792 99999

http://www.scxuebao.cn
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PR B SRk
mismatch distribution (demographic expansion)
all populations (P. fulvidraco)

15 000
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100004 7 /m\b

50 $rE
number of pairs

5000 4

0 2 4 6 8
Fe 41 e i 5 22
pairwise differences

(a)

LA R R TR
mismatch distribution (demographic expansion)
Yangtze River deme (P. fulvidraco)

—— observed
— expected
N -+ 99% CI
30004 - 95% CI
- W ---90% CI
=k
& c‘; 2000 A
' c
— L
=2
= 1000 -
0 L T T T T‘ T T T T
o 1 2 3 4 5 6 7
Fe 41 o i 2 4
pairwise differences
(b)

Bl 6 RFERBHE@IMKTARO)HEY KERKHRAE X 5770 &

Fig. 6 Mismatch distribution for demographic expansion based on mtDNA control region sequences of

all populations (a) and Yangtze River deme (b)
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PSR AN e 28, WiTIIT{ER . A4EHVRI
Oy BTSSRk BT A R 2 B AR O Y
e 2R, 4505 Watanabe %5 ™13 1414 bpAH [F]
Jr BOXHE D T e R R e 60 )2 0 A4 rORS:
AR B L ZAEEEZE A — 2, Bharsm &R
JIH 50215 51 2 F Cyt bHID-loop 24 7 41l HL #5843 Bt
R IATL AR W SA A A TR A 1 A B 2k
JEMEBAR AT R Z R, WAL 2 FF R I 45
TR ST o XU S0 AN BE AR EF THVRI
FID-loop4: )74 F 3 73 & 3, HVRUT 1 it 1%
ZFEVEFR B S D-loop 2 7 FIAH FLEAR, (HRHEIA
i85 ZREPEFE B KNP FEAA AR . EEFa S
AR D-1loop 751 28 5 = BLAE r Poly THICH BE A7 5
FRESF A X, M 2 D-loop4: 7 51 #H X HVRI
79 RS R 2 R B RIS IR AR B B T

B0 T AR HVRIT 21 (74 5 26 25 460 751
HKY+I(1=0.915), 25825741 KA 224 sk AU Al
104 2945 B A5, AT LA W 3 §i A HVRIZE AR
RS, WP HVRLE B AR 5 5148 57
AT RE 5 B R K AR S84 N 2 I P EEHVRI R Bk

e S5 I ] P SRR A 9 AR B0, BREE e 4 T )
/N, BUE TR U AR BRI 1 1 T HVRIER 70 1Y
AR R T BRA R,

3.2 EREEHMERER

ANTRI K 2 8 55040 B AR 22 1) 98t 4% 25 SR A K
TR TP S BRI EEH RS, H
ERGERTW EIFARFI G BRI R ST,
O R B AR, R BRI KR AR,
HZLA SYRBF A Z [H] 88 /N it 4% 22 5 1T g 5 3L 1
THE TR R S H 9T B AR L W R AT — B R &R
HH AL 7K 28 B A 1) 47 7 558 /N 1) 38 A 26 57 5 30T 33 1)
TaEEMPEKRLZAAMERRERR ., BE
YR BRI . BTSRRI R, (HE
BAEE AR X 4% ] S N R 2R B (RS A7 AE B I 3 &R
SEFY, NN FRFE G Bt n] RE X BT AR B 0 AR
WAL LS — E M,

WU PR EEN, IR e E S, R
[) A ) X 2R () B4 38 A 25 S AR X T 30 9 2 £ 28 4
- (11 B S b D O I e R RS B | DN
PR shE o £ WL R R R, &
TA] IR YT 8 VR ) R S O ) A R R R PR 2
i Jismti(1128—1855 AD) T 2R K
R 9 T S HG T 3 00 A WA K R RS T KGR
AR, IR o KT — R 2w,
0 B BEAR AT R A B UL PRI X, O & A 3
R 28 3, kR 0 o 0 f0 BE R AT RE AR A K VTR
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Genetic variation based on the mitochondrial DNA control region of
yellow catfish (Pelteobagrus fulvidraco)

ZHOU Wei', WANG Jun®’, JIN Binsong’, GAO Tianxiang', SONG Na'’

(1. Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. Institute of Life Science, Nanchang University, Nanchang 330031, China;
4. Fishery College, Zhejiang Ocean University, Zhoushan 316000, China)

Abstract: The yellow catfish (Pelteobagrus fulvidraco) is extensively distributed throughout rivers and lakes of
China. With overexploitation and water eco-environment deterioration, the resources of P. fulvidracao are severely
affected. The genetic diversity and population structure of the commercial fish were examined by using 413 bp of
the first hypervariable region of mitochondrial DNA sequences in 258 specimens collected from 9 localities in
China. Only 18 polymorphism sites were detected and 22 haplotypes were defined. All of the 9 populations
exhibited middle-low haplotype diversity and low nucleotide diversity (4=0.336+0.095~0.700+0.078;
7=0.087+0.096%~0.258+0.208%). Low genetic differentiation was estimated within Yellow River deme and
Yangtze River deme and significant level of genetic structure was detected between two drainages via AMOVA
and pairwise Fgt. The uncertainty of genetic structure in Sheyang River and Hongze Lake populations may be
connected with the extensive gene flow between the two populations and the two drainages especially during
1128—1855 AD. Neutrality tests, analysis of mismatch distribution and Bayesian skyline analysis suggested that
all populations and Yangtze River deme experienced historical sudden and special population expansion. The
climatic changes in the Quaternary may have had an important influence on P. fulvidraco and climate warming
during the last interglacial age may have played an important role in population expansion. Information on genetic
diversity and genetic structure will have implications for the management of fisheries and conservation efforts.

Key words: Pelteobagrus fulvidraco; control region; genetic diversity; genetic structure; gene flow; population
demography
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