5536 &4 19 1 *t &~ £ Eild Vol.36,No.19
2016 4F 10 A ACTA ECOLOGICA SINICA Oct.,2016

DOI: 10.5846/stxb201411042169

TR JOAE B/, R LT LBLIR Cyt b DK 1 [ B 7 JE i} ( Hermibarbus labeo ) FNA] i ( Hermibarbus medius) T4k B 3 G5 b BRI 5%
HEAA1,2016,36(19) :6091-6102.
Lan Z J, Fan M J, Huang X L, Zhao J.Population diversity and phylogeography of Hemibarbus labeo and Hemibarbus medius in South China.Acta Ecologica

Sinica,2016,36(19) :6091-6102.

BETF &K Cyt b & E /M E R 7 & &S ( Hermibarbus
labeo ) 1 [8) & ( Hermibarbus medius ) 70 & 5 4¥, & 3¢ & th
B R

}Tﬁﬂ@?l’z,?ﬁ,ﬂﬂﬁl’3,j¥f'l‘7} 1’4,ﬂ /fzbil*

LT RA KPR SR S AR S SRS S E R d S s TN T AT AR ) SR S PR B A Y M T S A
MRS AR =2 e, ) 510631

2 FASCTHAK = BESE T, #ROG 512006

3 BNAEIGKTRHEABLA ), %Il 518083

4 KR B R K SR, T 510300

FEE N T b E R B (Hermibarbus labeo ) F A ( Hermibarbus medius ) WIFNEE A2 55 2% HERAR J5) S MRl 5500k 18 %) s
fify 8 PIK R K 9 KR I 148 BAEAK Cyt b R RFFFIIEAT TIE . fEFTAFHIh 3 128 A S Jeaa i i 1
41 SRR AL HLZREPE Ty 0.954 AT IR ZHEME N 0.02153, JEF Cyt b JEI 2P IR £ NI B 5o, v B e O 1) Jis fof 5 1)
i RO PR S, e sV T AU VT A SRR AR ZEL A 1 1 52, T HGAtL 7K 2R A Jes i R0 i) e A U 2L B 1 I1 52, S AR [ Y
LR 5.1% , TN Jis 6 A1 18] 6 22 6] 69382 A4 B B 3.2% o BT MR AN SCHR5 ) 65 Jrs i 0k 8 b — 0By 3 BP9 28 o0 2% ]
7 BT U TR RE LA K 2R AR IE AR 1 R 5 — ROK 2R R R FBE BH VLRI R A9 A% 2 7 5 5 AR BRVIUK R SR L Y
I3 SR RGO ARSI, 55 At el 2 X T) A A 14 25 % 5 2R DI REDGH J5002E 5 DA YT R RE D BRTTK 3R T BHYTOK R A g B = KK &
[ A AR 8 B, He AR — SRR B AL TC MR VLY B o5 — SO [ P R 5 07 1, T 1 B = KK R ke 2% U A ok T 1 )
e HlE B R B BRTIK 5 . AMOVA S 47 2 WY, Jrs firdh 7101 1] i 3t B IX 2 6] 78 5 24 15 54.50% , 3t B DX PN R [ A2 5 24
18.64% , FiVRE I AL 5 1 26.86% , iX ULHH IR AR FIRE Cyt b 1935045 704k 220k A MR IX 2 [R]85 0 b7 B b A 560 W
B ARE R R AR AR D s RIS R S WY R BT 5K, A miDNA SEERIROR R AR YK T R S S AT
Tl RE R A A S PR 5K

KRR R 5 (B 6 PR ML RGO A G R o S R T

Population diversity and phylogeography of Hemibarbus labeo and Hemibarbus

medius in South China
LAN Zhaojun'?, FAN Mingjun'’, HUANG Xiaolin'*, ZHAO Jun'"*

1 Guangdong Provincial Key Laboratory for Healthy and Safe Aquaculture, Key Laboratory of Ecology and Environment Science in Guangdong Higher
Education, Guangzhou Key Laboratory of Subtropical Biodiversity and Biomonitor, School of Life Science, South China Normal University, Guangzhou
510631, China

2 Shaoguan Fisheries Research Institute, Shaoguan 512006, China

3 Shenzhen BGI Fisheries Science&Technology corporation, Lid, Shenzhen 518083, China

E&WH : EHRARPEIUH (31372178) s At ATk (RO BHIF LI 2% 51 B (201303048 ) 5]~ ARA FHHTRIWH (2015A070706009)
rFe A #A:2014-11-04; ) 4% H kit F A :2016-01-15
# WIRAER Corresponding author.E-mail ; zhaojun@ scnu.edu.cn

http ://www.ecologica.cn



6092 A E = 36 &

4 South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China

Abstract; Hemibarbus labeo and Hemibarbus medius ( Cypriniformes; Cyprinidae:; Gobioninae; Hemibarbus) are primary
freshwater fish species, and their wide distribution makes them ideal models for phylogeographical studies. In this study,
variations in the population genetics and phylogeographical patterns of 148 specimens belonging to 8 populations of H. labeo
and 9 populations of H. medius collected from 17 drainage systems in south China were investigated using the nucleotide
sequences of the mtDNA Cytochrome b gene (1140 bp). The results reveal 128 variable sites (11.23%) within the gene
sequences of H. labeo and H. medius. A total of 41 haplotypes were identified, with the haplotype diversity (h) and
nucleotide diversity (77) being 0.954 and 0.02153, respectively. This indicates a high level of genetic diversity and
evolutionary potential in both species. The results of the neighbor-joining tree demonstrate that H. labeo and H. medius
individuals fall into two major clades (clade I and clade IT); clade T is composed of all specimens collected from the
Hanjiang and Jiulongjiang Rivers, all of which were identified as H. labeo. Meanwhile, all remaining populations fell into
clade II, which includes specimens of both H. labeo and H. medius. The genetic distance between clade I and clade II was
5.1%, while that between H. labeo and H. medius was 3.2%. Our results indicate that the specimens collected from these
sampling localities may not be differentiated into two or more subspecies. The haplotype network indicates that the
populations of the Hanjiang and Jiulongjiang Rivers exhibit a relatively high level of genetic variation compared to that of the
rest of the rivers in the region, and that the populations from Hainan Island and Moyangjiang River were genetically close to
those from the Pearl River System, but not to those from the Yangtze River System, Hanjiang River, Jiulongjiang River,
Minjiang River, Oujiang River and Qiantangjiang River. The H. medius populations of south China seem to have originated
from the Xijiang River and reached south China by one of two routes: one route may be through the Xijiang River to the
Beijiang and Dongjiang rivers; and the other may be though the southern Guangxi drainages to Hainan Island, and then to
the Moyangjiang and Beijiang rivers through the Qiongzhou Strait. According to the neighbor-joining tree and the haplotype
network , five regions of genetic distribution were defined: Hainan Island and the Moyangjiang River region; the Pearl River
region; the Yangtze River region; the Hanjiang and Jiulongjiang river region; and the Minjiang, Oujiang, and
Qiantangjiang river region. An analysis of molecular variance ( AMOVA) showed that the genetic variation of populations
among regions was 54.50% ; conversely, the genetic variation among populations within regions was 18.64% , and that
within the populations of different regions was 26.86%. This indicates that the greatest genetic variation is found among the
populations of the different regions. Mismatch distribution and tests of neutrality taking populations of H. labeo and H.
medius into account both together and separately were all multimodal types, and the value of Fu, Li’s D, and Tajima’s D for
all comparisons were all negative but non-significant or positive. The results reveal relatively stable populations of H. labeo
and H. medius. Mismatch distribution and tests of neutrality also showed that both clade 1 and clade II were relatively

stable ; however, the population of the Changhuajiang River has undergone an obvious population expansion.

Key Words: Hemibarbus labeo; Hemibarbus medius; population diversity; phylogeography; Cytochrome b gene;
South China
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FEACH SRR T 41 SRS SRR 2 REE R 0.954,

SO R A B SRR SRR X R T &), HiiEm S = RKRZ —
BV (NAN) T ZR PG H A 7 A K R FHTT(MOY ) SRR RS K S AL T ( BET) 4 fif dk =2 s Ay
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Fig.1 Neighbor-joining tree of H.labeo and H.medius populations of south China based on Cyt b gene
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FRI R S b R b il g S BRI VL 7 SR B ARV BV — M 3K BRVIOK R — bR X AL 4
VUYL S ML AV BV BRVL D3 A 45 SO AU TE R ARV KAVTK R — b3 X A G WAV DoV AR VL 3 L
LI R — X5 [ 7T KRV T AR IETT N — X . AMOVA 3 40Br 2 B, Tt 1 (i) figy 2 X 2 ) AR
FL T 54.50% ,Hi PR IX N FPRE R} 20 (7 18.64% , R N 1748 5 i 26.86% (3 3) o X UL, Jis firg R [A] ik b A
Cyt bIAL 434k E2EIE ok H X Z 1]

2.7 PSS ST

Br T E AT ARV AUVT ARVT VAR RS, LA A SA5 A H AR A 2 4, OOC TS Fu and Li's D

1 Tajima's D {B, X R[] 5 1) 4 SRR T (8 R R[] 6 A AE AE A TR T o0 B 2 B, AR IR ISt % i)
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Fig.2 Minimum spanning network of Cyt b sequences of H.labeo and H.medius populations of south China
(g RS S B W oA, LR A R A W W ok, TP ARG S s | A i T i % ) g b R )
Fu and Li's D Fl Tajima’s D {E3 A SR E U, RILAET s FIERcA A Ry k(k4), £4
BRI 2R Fu and Li’s D 1 Tajima’s D {EY% A S8 5 0 08, X ULRHPIA SR IRAR KA1k

®3 EHETNEAEFIFERIN

Table 3 Analysis of molecular variance among populations of H.labeo and H.medius

7B SRR A KI5 A2 S L, BRI
Source of variation df Sum of squares Variance components Percentage of variation
X 3] Among regions 4 360.707 8.63241 54.50
HUF X N FHEER] Among populations within regions 12 146.648 2.95234 18.64

FEEN Within populations 31 131.917 4.25538 26.86

A Total 47 639.271 15.84012 100.00

*4 RBES5EEMEBEET Cyt b EEK Tajima’s D #1 Fu and Li's D #I8
Table 4 Tajima’s D and Fu and Li’s D test of H.labeo and H.medius populations based on Cyt b gene

FIETVN Group

Tajima & D #5640 1T

Tajima’s D test statistic

Fu 1 Li [ D #5640t

Fu and Li’s D test statistic

L7l Species
X% Clade

T Populations

JEM Hemibarbus labeo
[A1fiE Hemibarbus medius
3% 1 Clade 1
%% 1 Clade 1T
E{LIL CHY
HEVL GUI
JLiT BEI
#RIL DON
] YT. MIN
SR Total

0.99262( P>0.10)
-2.06328 (0.10>P>0.05)
-0.21221( P>0.10)
~0.14875( P>0.10)
-0.09820( P>0.10)
~1.14229 (0.10>P>0.05)
-1.04473( P>0.10)
-0.86098( P>0.0.05)

0.93385( P>0.10)

~0.14875(P>0.10)

0.84816( P>0.10)
-1.31500( P>0.10)
-0.01561( P>0.10)

0.88451( P>0.10)
-3.57770( P<0.05)
-0.08014( P>0.10)
-0.83231( P>0.10)

0.75912( P>0.10)

0.69285( P>0.10)

0.35374( P>0.10)
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; s e B
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ST, T3 153 T 0 J 2R — ¢, T 6 7 1 JLJE T LN~
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B ES BENFRERAFER S 5 250 AR B3 JC  distibution)
SR TE AR ST LRRLA CO T R NDS JE[H 43
S8 e [ R TR e A T e ) AR IS4 AR AT T IRST  SR A SR B[R] 5 iR i 2 TR) A% 22 N B AT
FEIEEE AR RL | I 6F AN BE AR BB R T M2 5 R A S AR AR AL B — 4 3 BRI R B BRI T
KifR Cyt b.CO 1 H1 ND5 HE PR RN 22748 B A5 B 2 Y 0 Ml R AT TN A Jese fsd 1 ) i 22 [9] 19 38242 22 53 R TR 3
TR K-, TR] 1V O TSt A4 UCE [R5 44 o
3.2 VL JUIR IR H A AR 18] ) 352 14 31k

RGRE AT N  TEFRE 7 1Y S 5 () G AP RE ], mf LArat 1A I 52, VAT U VIR R 52 4% 22
SR, SRV R FRAEA L T 1 3, M HARRNEE RORE A ZH 5 17 11 5, WS R Z A st G i B R 5.1% ,3X
VISR VTR TR C R A AR B A T — R AR (st A5 A0k, AREATRT R I8 I 5500 Xof 35 43k /K £
AT AR, AR Kl A< T AR A LIRS 8 A b X A — 1 B 2 P e, T DG 1 45 7 X A g X 2R I s
5 ( Bufo Melanostictus ) B 5T IR T AL A 25 5%

ST 2R A8 2R B b DX 1% S KT, AR AR VU PRIR , AR PRV, A5 T3 AR LU LLUBKAGE 5 PR IRFRVT VL, &
YT LR, FEAL LKA T AR AR LR , FELLISteph 081 3 0 I 16 1 g — 3 o 39 75 S AT, B g 0
ARSI 1559 my BN 1K BEFEACTE 980—1 170 m ) | JUBIT A A 4R KK &R, KR Tt
IR PR, AT , ERVA LR VIR AL Ll s Ll BRIE LU 254 s 1 1L K R 58 B H S BRTTOK 3R L RTTK
RN RTIOK R PR . e, FATTHEN . — Dy, i AR s B LU A5 bk ) B e s VLR U T A
RETCHE S AR RE SEAT BE RS20, DRI A8 1 AR B R 384 234k 5 55— D5 T, b VLA U VEAE vkt IR i
FIRERG A ok 4% A PRI E 22 ()45 LARE R S8 3t , R st A% 22 S N i 3
3.3 BRVL AR VLN a] Y352 1% 31k

O RGURE ST R BRIV S AT RR R Y 535 2% 0C R BGE DL KR TR A S5 VL R VLA
SR L% O ZR BT A, Jrs fd 11T i ) T 1) 246 7 7 BRAR RN 23Sl AN TS TRI Y 23 3022 N o 3 R I 7 i i 711 [
i o315 DX Z T, ] REAF 70 3 P R B | 3t FlC LA (] F) 70 A7 9 BB T 3 — el 380 s B T 8 A VT 7K FR R BRVTK 2R 1Y
Gy 7RI 22 ———P W LUK o R 0 L b BRI RIS TV I AT S RIS 5 A% TR I T A, OBk

02|
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LA 2 5 Pairwise differences

Changhuajiang population of mtDNA haplotype sequences
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LRI R ] ) AR A R R AR P K 29 600km, B AL FEZY 200km,, [T A RIS ALFE LI
ML JUBRIL AL BRI JUIEINGE, AT R B L IKTE 11.06—8.04 A TAERTC &IB > HAE
R AL RTH , JH g EE AE T AATR , P R AS J2 LA LR P 00 1403 7K 0 I () S PRI AU o T 2 9 v D e P B 401, g 1.
Jkths 2 s e 2 4 . AR N RS, AT RE AL 1RSI LA ALK FR 5 R U L R K R ] Y b B R
1T FR ] T R AL P K Z AR 0 RSSO, A L )RR P A T s AR oAk ETIE S B R A T —E R
e

TEABEFE h , ZF0 53 45 3R 8 B A VTK 38 S ITE  DE YL R AR VL TR fif i 5 R V7K AR i) i R 11
PG R BGE L VES DETL AR R G B R ST AL Y 3R 5 00 R B 5 AR VLAY 0 BEAR
W S5 TR0 e Y 56 2 ¢ BRI, 78 Li 25 X5 5 1 £f1 ( Opsariichthys bidens ) B BF5E" J2 Yang %5 Xf K fiE il
( Hemibagrus macropterus ) E/‘Jﬁﬁ%m: rh ,/E\:éﬁ%ﬂﬁﬁ?ﬂi{l7k%ﬁ:E@ﬁﬁl—ﬁjﬁ{]:ﬂ(%\E/‘Jﬁﬁ%z%%%ﬁ:@zﬁo

FRATTHED | 35 s A L R S R T REAR =, —J2& th T Hb7eis 3l /K2 6 45 I TR (R VK R FBRTIOK 5
TEPT S b R i 2R S e e A VL 8 S E 305 A9 0 0 SO AR VL 245 5 BR VIR 2R S A %
2, TS P K R AERS DURE DR S8 0 s — 2K AR AL T AR 152, 7RI K R S EEVIOK & B, A —Sdie
A 2200 ZAE N TIs i —— R R P VLIBGH 3] RO HE R TT K R S5 ERTIK R R 5L H 28 0
3.4 RSP IR O b

N £ 0 1) A TR P A ] R v 8 B R VIR R T AR P AR K BRI BH VL S ARV K R AL — A gy
BRI =FPREA RGOSR BT, TR R R 28 [ h | B R WANT S EEVE ML FIIVL A9 3 52 B A 2 qull
~LIUT-XTA1 S BTGB RY GUI3 Z [B] AL S35 880/ IN , 200 10 25, S T3k 46 B 5 ) 5 35 B0 R SRR R
T3 R B RS WANT S5 R VT BT AN LT A 3L 2 A NANT-MOY 1-BEIS HUAF 3 45 Wi Z [ I
TRITHY RGO FR . HAh, BAAE AL 2% [R5 7 v F B v s L bk LA ZR %) i 9 VAN R Tl AR 5 P 0 7 2 AR VT
FPHE 2 18] ¢ R AN RGE (16 ) o

A AT T A 1 (5T 7 RS DU 20 I, M b 55 /0 22 T ik 4 YRR SR Y S IS 48
VK, TR R, A R VR I R 2R TRV G % LA, VA R 5 LR S R A T T R Y AR B 7
VA P £ R P 2 T — 1 i, LRI — SRR PGV V8 R i A S 1K R Y T
I, S G AT R G K T 3 M S AR B o 255 P ST e 48 2R T8 B 5% 0 T e A A T B Dl PG VK B AR RE I
PR b E Y BOR SR DRI R BN, RS B T T R BT RS B S OB R S D
{76 p 5 AR 5 R B AR () B PR A I 32 ) 1 BRI, 2B T st A% Ak T3 1 WG ST T AR I ey 3 9 R 45 T
PRI, B 2 5 5 0 R 3 10— L P g 7 SO A i 3 (R R AR L i AU, B3R T N 2 & Sk I
BEBHIT K R IR MBI ERYI K R, ) )X — 3 BORAE , S5Rg 8O ik ( Glyptothorax hainanensis) 70 e ]
T ( Pelteobagrus intermedius) A AL 2 Ak o

TEMRGSBERN Lin 2500 J5 5 1 R 2k s BRATT 5 v B T AORE (A2 1] X 91 19 3 e 5 2R s, ¥ v &5 2 AR T A
FE(SN RN ) SRV IR RE R 2R GO R B T AR ZR AR K RFE LA A O R0, i B LTS KILABE
PR FIHEGPETTAYBE RS A A TIA L PR K TN B (K R B S o ol 20K R R AR e 4t (A8
PR A2, 7E Lin SERYBETE Y, IF B R BRTTK R IFEA | TR Bt B BALTIK RIOFEA, TEABES
R B R B = ROK R 5K TIK R R RGOCRIE T H ST AR TR RARFRE KR,
TEIL ST IO S AR, BOZ S5 R S Lin SER9ARRL, 7T LUK #8 sUASIESE & Lin 55 0rid 2 25 R 1
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