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E##, HEL, Fpp, HRE, R 7

(1. PR IBIEREE ML, AERFERESERENLESLIRE,) AR M 510631;
2. REP BRI IR, AR M 510301)

WE: X DNAFA N T B, AN TFHRAFAREMNFEANREERPELX R, £RN
T 12 £K % 87 BH P4 mtDNA 4 R 57, £ 47T bp FRFH S AMBFREFMLK,
HE39NEALHKMLEA, 6 NMAAEREE. RERFAM(N) LR B R, 40 763 5 EH
R 20 MNERAR/KS X0 X Tl REBEINEXKRMKIIAKRZOHBLL, 2
XU G ERBEINEKRFEE S BTN A B R, TV 5 W 7 507 fn 5 % v A 2%
ReERAX I, RREEELRAXRTRNTFRELERETREMN, —Ho 5 BRAEH
B, REFHEAN. SN X AN EFH(0.583% ~1.775% ) MR BN T &2 X H
WA FRR(4.205% ~5.715% ) , HZ DT A4 X SN LBEANERR(11.825% ~13.73% ) ,
RALEEREERET NN TIHREIURINERE LA RBZ WA, XTHENM
BER AREEBREETERREE IR BFERIIKRAABNXEAREN, TE5EE S
MBWXEZRRT, 2 FEALHT(AMOVA) R, K# LW E 7 (65.04% ) 2 T2 K
WHEE, THERXERERRE 2.24% , 5BREFFK. KW 12 £ KR T4 mtDNA ¥ 4|
REFIHREIMTHEIERBTEZLAARRWEE TARE WL KEHEE S 5 AKBY
DB MENLBRAMRETFHIERNEE, FHELLBRWARANGESE, Bk, &
HHEMIABRE AHERIARABXZEN R AZHBAREE AEH B ES T
AKAMBHENX R, MHPERINHMERRB RN E AL TG KA, FRARIHEE
EEFH#H. AMOVA R ERE ER NI QM PEAANRIXZARNLFEREREAHER —
o

K PP mDNA 55 K, F LM, b R EHIEE; BE &

PE 45 EKS:Q951;S 917 XHkERIAAG:A
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YK R AR B KR ERIUK R+, BR7E
B (RIL) KRB dh 41, S P9 LR ST AL IR
TTH (5 B R B, TAE 7Y VL AL &2 i B 3
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A3CR A DNA F7 30 087 753 , 234 8L 8
A [ B AR RE ] B R AR R ARG R R, M IR
TR AL SR B LA R AR PO SR e X 5 9
B ALK REKR, SR — B4
KRS B A RH RGP R RAE RN
HILE X,

1 MRSk

1.1 ##

R R T4 F 74 B 5 9 4 (X R0 ¥ B B Y
12 20K R, RE BB 17 850RE 7 F 95% L BEfR
o LRI T B 78K 87 B, S5 RF (OUT) F A
JRZE [ 8k ( Vanmanenia pinchowensis) ¥ BT &
MBI (JLIL) B 2 AN A 7 B ARV (3
L) 2 AFEd . PSR R R &
FIRKRRZE 1,

1.2 E[F4 DNA By

BAEEH LA 50 mg F 1.5 mL [ Eppendorf
Zd FEEIMA 1 mL TE 2% ,6 000 t/min
B0 2 min, RFR RIEWR; A 200 pL TE 2R,
400 pL ZAHIZEA A 8 pL KM K(40 pg/pL)
B5, BT 55 T/KE 60 ~90 min; il A 600 wL &,
£, #2575 12 000 r/min BS.0> 3 min, FHL 500 pL
EEBHMASERBRTER, B ERBE 2
min J5§ 12 000 t/min BE.0> 3 min,F$ FER, T
By dtyEshinA 100 pL 1.2 mol/L NaCl, Rk
% %2 DNA B e 2 ; INA 300 pL 7ki& 2B
IS, -20 CH#HE 10 min;12 000 r/min B.(> 5
min, £ 2,8 ;70% LERHEREHEBER TR
10 min, FEHNA 100 uL TE 22 w3 %5 % DNA; 1
Wifg 4 CHAE -20 TREF,

®1 FEKFRLFHRERHREN R RERNFT S FME

Tab.1 Sample locations, sample size, haplotypes and diversity statistics of
Liniparhomaloptera disparis in different drainage systems

KR R BEH ponne) e BEESHE) RERSFE ()
drainage sample sample h: 1 I hi haplotype nucleotide
systems locations size plotypes po y;nit:zp ¢ diversity diversity
m?;;f “}Ii]‘q%‘(gjz 1;2/ 8 DZHBLN(8) 0 0. 000 0. 000 00
jgsf ’;E%.(;jl 1;2/ 8 DZHBLN(8) 0 0. 000 0. 000 00
@i?f ﬁﬁ%&qg 11 FCHI (8) ,FCH2(3) 1 0.436 0.000 92
ﬁ;\ﬁi{? ﬁ;‘%};{bjgk/ 8 NLU1(4) ,NLU2(4) 1 0.571 0.001 41

BT Wi (ed) / JANL(1),JAN2(3),

JAN I REE 8 JAN3(1) ,JAN4(3) 6 0.844 0.005 85
BT HE (ye)/ MOY1(8),

MOY 7R AT 10 MOY2(2) 1 0. 356 0. 000 88

B 2Ll (gds)/ TAN1(2),

TAN FFRITT] 4 TAN2(2) 1 0. 667 0.001 65
ALF A BA(bs)/ BLU1(3),

BLU I RIEE 7 BLU2(4) 1 0.571 0.001 42

]§EO£IEI ?ﬁ;{%ﬁﬁ / 7 DON(7) 0 0. 000 0. 000 00
jvj;;%l]_? ﬁg:%(g ;;:;/ 7 WQU(7) 0 0. 000 0. 000 00
ﬁ;ﬁéﬁ ?&%é{s‘éb/ 6 NDU(6) 0 0. 000 0. 000 00
E.Cﬁ‘[?: ggf(ﬁs;)[f[ 4 CHU1(2) ,CHU2(2) 19 0.833 0.031 17

=]
41t total 87 20 95 0.929 0.036 30

T = Fon BAERM A5

Notes: * Number of the specimen with the same haplotype
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1.3 PCR §EFFEINE

FTF¥ 3 mtDNA ¥4 X 575 i — X4 75
YR L15923 (5'-TTA AAG CAT CGG TCT TGT
AA-3") 1 H16500(5'-GCC CTG AAA TAG GAA
CCA GA-3")"™, 50 pL fy PCR itk & 43FE 10
x PCR Buffer 5.0 pL (& MgCl, 20 mmol/L),
dNTPMix 5.0 pL (10 mmol/L), Taq 82 U, 3|
1% 4.0 pL (55 ng/pL) , DNA #£5 8.0 uL, F
EBTRKEKMR 50 pLo RN 94 CTHA
Pk 4 min, 2R 5 #1735 MEF, BIMEMEHE 94
CAE 40 5,55 CB K 45 5,72 TIEH 1 min, 5
J5 72 CiEf$ 8 min,4 CIR{E, PCR F=HH 1%
BRI Y WIE N, ERBAEYEAR
AIRAF R 377 WAL FE BT 5 5E o
1.4 HESH

Fii CLUSTAL X 2. 0 34 #4755 th 3, 2R
BT TEXF 45 % ; /i DNAsp 4. 90. 1 }H4-4
THRERZEME (M) MBETFREEME (7)), B
MEGA 4.0 3RAGE 3 FPaE ] 14935 15 B B Fpg AL AR
SR IGFHBSEE(N)HESXRGER; H
ARLEQUIN 3. 11 R # T F 2R oW
(AMOVA),

2 R

2.1 mtDNA #§RXFINTR

IR 12 KoK &R 87 BHLESKE mtDNA %
Tl X FFFIH& 477 bp, 3H 95 MR, HA 39
ANEANEBRNE,56 MAE BN L, B 7 AT
N K, ZKBMBERREZHLAK,AC.T,

GEHEEDT N 34.4% .19. 0% . 32. 5%
14.1% , HP A+THEE R 67.0% ,G+C &
2H33% A+THEEAER T G+CHITE;
R SR R 201,
2.2 FIIREEESHEEmAEE

M 87 B HL -8 ) mtDNA 5 % X ¥ 5 $4
LIRS 20 A BRAERL, BRAL-S T (BLN) AR H ]
(DZH) PRI [F— 1~ RGBS, Hofth &K R P
BRI LZRAMERI(KR L), LT IR
ZRIL(DON) \J3 R (WQU) FIEg VL (NDU ) Ff
BEWA 1 AR KT (JAN) #EERA 4 4
HRERL 6 MERNALN, B (CHU) Mfr A A 2
ABLERL 19 MBS X 2 MR R R L
FHEMBEEREFEEE® (R >0.8,7>0.002),

B2 A0, mHEE& /KR (BLN,
DZH .FCH . NLU) B R #EZ 8], |~ R & /K
Z(JAN,MOY.TAN) FEk T 7K & ( BLU,DON)
HIRPREZ 6], Y S &% 7 R (WQU) 5T
(NDU) Fp#£Z 18] 14 35 % BB B P 278 57 ey 8%
&, T ZR P9 M8 EE 3 N HE X A B AP e 2 ] f
BEEE R MR AR B R YR T X A FpRE ) Y
8, A% 5 BT R B k. BILLpE
S5FBTEESMA 2 ZKROFEZE, 2L
FEIREKFR(FTHRIZR) M2 m w3 E
EEfREEREHBRTES) EE&KREME
ZIRIE, 32R B AL TLRPBE 5T P 2k Sr K RApEE
HIFRGRARBEY . WOPEKSFpEE 5N IR
4358 % BE B AL 2 SR AR KA B R T LBk - o
FEIR] R EME

R2 FEKREFHFABENEECES (NALTH) AIREERE( XHKLA)

Tab.2 Genetic distance and percent of sequence variations between different
drainage systems of Liniparhomaloptera disparis

DZH BLN FCH NLU JAN MOY TAN BLU DON WQU NDU CHU ouT
DZH 0.00 2.84 3.21 3.89 4.55 3.79 4.04 4.81 6.58 5.56 3.55 13.00
BLN 0.000 0 2.84 3.21 3.89 4.55 3.79 4.04 4.81 6.58 5.56 3.55 13.00
FCH 0.0374 0.032 2 0.83 3.82 4.48 3.76 3.97 4.30 6.31 5.32 3.01 12.16
NLU 0.0352 0.0352 0.0133 3.58 3.81 3.72 3.77 4.09 6.12 4.85 3.28 12.36
JAN 0.0483 0.0483 0.0416 0.0483 0.65 0.10 0.40 0.66 5.93 5.68 4.17 11.70
MOY 0.0533 0.0533 0.0434 0.0533 0.0106 0.76 1.07 0.51 5.76 5.51 4.83 11.95
TAN 0.0565 0.0565 0.0408 0.0406 0.0073 0.0119 0.30 0.75 6.06 5.81 4.07 11.97
BLU 0.0420 0.0420 0.0374 0.0420 0.008 6 0.0133 0.006 6 1.06 5.86 5.61 3.87 11.73
DON 0.0462 0.0462 0.0442 0.0462 0.0106 0.006 6 0.0099 0.0119 5.30 5.05 4.32 11.89
WQU 0.0690 0.0690 0.0736 0.0683 0.0674 0.0630 0.0600 0.0645 0.057 3 1.77 5.58 11.97
NDU 0.0604 0.0604 0.0590 0.0533 0.0646 0.0602 0.0632 0.061 7 0.0545 0.018 7 5.32 12.94
CHU 0.0406 0.0406 0.0381 0.0371 0.0693 0.0737 0.0650 0.0663 0.0708 0.08387 0.076 7 15.30

0.1845 0.1845 0.1692 0.1742 0.168 0

0.166 5

0.1673 0.1622 0.1673 0.1673 0.1807 0.202 0




928 K = % #

33 %

2.3 REREXE

N T KA R VO IR A Y R B N R K R
BLFSKFP A R X R, B 2 T mDNA 28] X ¥
B TR R 20 S AERIHAT T REK BT T, K
AN EHERERTN(E L) . REMIR,E
T PG R Y 3 X 0P K 20 SR RU SR B AL 3 X
(I ORI : 533 T B AR ABKR
(JAN MOY ,TAN) FI kL 3% % ( BLU,DON) (¥

PR (7 RS RF 30 95% ) oS I R P 2
3. A¥g/K A& (DZH,BLN ,FCH NLU) fi¥g T/ &% B
AL (CHU) 7K FRBYHLP- S0 3 2 (37 RS R
N T4% ) s TR & EZOK R 7 SR (WQU) Flrg
FIL(NDU ) BYFp R 3R A AT 3 I (9 RS2 3R
M%) o 2 MKRKIIEBRE—RUTRER
BHERE. RELXFTWF 3 0 H AH 55
REFHEE RN 3,

MOY1

46 MOY2
DON

JAN2

47

45 JAN3

TAN1 I
TAN2
2 i) AN1
44 J
70 ! JAN4
BLU1
57 _L
62 BLUZ
BLNDZH
g5 ; FCH1
70 FCH2
NLU1
71 93 I 1I

NLU2

60 — CHUl

91 CHU2
wQu
99 L NDU m
—— V. pinchowensis 1
100 I—V.pirchowensis 2
—
0.02

E1 T8 mtDNA 25X 8 E3 NJ #
Fig.1 NJ tree of haplotypes for Liniparhomalopter disparis based on mtDNA control region

R3 BERI TP FEHERE

Tab.3 Average percentage of sequence variations between 3 clades of Liniparhomaloptera disparis

%

I I n ouT

I 0.585(0.10 ~1.07)
I 4.205(3.87 ~4.83) 1.775(0.00 ~3.55)
m 5.555(5.05 ~6.06) 5.715(4.85 ~6.58) 1.77
OUT 13.73(12.16 ~15.30) 11.825(11.70 ~11.95)  12.455(11.97 ~12.94) 2.4
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2.4 HFERSH(AMOVA)

AT T e E T AR M X SR & BRI
K ZRIX 3 A X SR 2 28 1L F A= 1 4D F- B E) ol
AR AR BP0 12 SRR AR 3 13
HRX, #4750 TR0 (AMOVA) , #5551
FIRIL(NDU) \J7 & (WQU) Fl E 6L (CHU)

S—HHEX BRI A — X, ARSI AR
T (BLU) KR L(DON) ; 4 Kl 1 8 78 R 1 1
SIAMIK R RS X, SRR, KD
978 o0 A T HB B X YRR EEIR] , 29 o 65. 04% , 7
BN TR 32. 72% , 3 3 X 8] 59728 F AL o5
2.24% (F4),

x4 RERFFERFH(AMOVA)
Tab.4 Analysis of molecular variance among populations of Liniparhomaloptera disparis
B HFRIR A il B BREN
source of variation df sum of squares variance components percentage of variation
ﬂhEIZIEI(fpct) 9 5.276 0.01130 V, 2.24
among regions
fmzmﬁm(gse) . 3 20.263 0.328 70 V, 65.04
among populations within regions
.ﬂ{ﬁm(%{) 68 11.246 0.165 38 V, 32.72
within populations
41t total 78 36.785 0.505 39 100
3 b 5 BT BP0 S 1T S5 R 5 7 SRR
g

P E R ERFER KK AR R A
RZFE, B FEMNIUVESMIAE, BB EE, &
ST AL RS AR ZE AR EE TS R
WA 5 B EE AL A5, HIL B R X —
H X HRK A S AL A SR G B A BAR A R, E AT
MARFRK R B AT RGRARN S, TLT
fR M X K B 2 B 2 R b 5 e i Ak
ASCRRGE T 4 K i PO BRI N % e 5 At
12 7K ZRRHLESK, H mtDNA #2841 X #4551
B BME R SR BR 2 e PR (R =0.929 7 =
0. 036 30) 5 A &b X — # X f o o] 3% #i &
Pelteobagrus intermedius B HE N ZCHE (b =0.813,
m=0.005 42) L, BA BB HEES , BRE&
VIR SR, BT BT R G R B
o

I8 mtDNA #28il X P51 i 20 A B &l
R 3 A2 (B 1) Ui %E RS &5 FI4E B 75 &8
TENEIERE o1 3 MERE LEHEZE R
HIFhEE, BB, BEIAFEKRANIEMES R
T s, — 85T TR AR, B —F
TRGERAE M. RN, B KR g X
HIFEB R A T RIES, BRIKEMEHS R
WS K AP B R R BT, M5 e
SR REFPREBUE, | TGS K RAG

FRILHFRE (31 Z R B AR R T H
SRV LK R ABRILK AR (73X
DZEE S HRE, SRER, BFHRTEDS
SRAES BN T AR BB RERRE
R

A FAEFIHT (AMOVA) 8515 NI 7347 o
BN XZHEI T EFEEDHER -3 #
P8k 3 B0 A FE AR B PO R S K R AR
KR, ERIUKR S, BREF FILINE (R
REVFE AL, AU V8 T SR AL T B A5 B R 3
KRB, WA PG VL1 Jb & i B9 S8 R R B 0
B, KA mEEMN R TALEHL LI 7ERLF 8K
B A0 K, g B B — 2 U, 4
B R PG R Y ik a2 K R A BRVLK BRI TR
Bli, S ¥ rE 5 AR g kAR . 2 T BIAE 9 B
BeJR, BAT TG SR B4 R VU AT M S K R R
SHIUK R X R B, T 5% 5 5 Fh i
HIRRBOL, EXX 3 4~ KIRHFTH AMOVA
DHTEERMERATBRBEARF, KER B 5757
A T U BLX I RREIE] , 20 7 65. 04% |, Tii 33 2 [X ]
B 2.24% (K 4) . R 12 FZKRAF
B mtDNA #4 X 51 g e b EER— il Tk
REIPRE, A R¥E R 5 5 KRB 2B B s, R
IKEZRHITERS 2R K K 7R B PR , i 3 99T 368 B9 2K
AWERE WRPKIEFER. BTHE 2%
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BRIl X AL , % B R & K R WA A
&A™ e RGPS A/NVK RZEE
HIY RS, SERTIK R B R ; XL 1L R IR
BT T 565 Y 20 S (R~ e e S35 S
&, xS HE S EKRE NS ERE—H K
KR FRSBE IR A LS BEAT M, XBR
TP BOE R 5 BT RS FARRR TS K
RFPRE BRI R RS T AR AR AT B 2K R
FIRFEIRE IR R o B MRk 1 1y BRI T R
I TRE AR A, HHBCA T A S0 A2 T I o
Xt F UK T 5, e 4R R T A e B M LK R
(RLFE] AR 8 Rl A — A B R A E,
SR RS FAL B ORI L R ] BERA A
BB o

M SRR AR AL AN (U e B R B4 i 7 A
[P BA R R E R . 16 12 KR
WOFS, BATLHFRHERSNER. AEE
BRI R AR (R 2) WL, BHILRRE S R AL
BEK TR MEELHREFRNZRRX
(0.076 7 ~0.088 7,5.32% ~5.58% ) ,M-5J M
e 4 KPR R ZFB/N(0.037 1 ~
0.040 6,3.01% ~3.55% ) ,7E NJ A& kW
EALTLS) P K RF R 3. FHA
KGR By B BB MZ—, TR H
J PG S5 R S B i I 3 A 7 o 8 5 P R
E AT 16 , 33X 78 57 DU 42 vk 33 it I R T AT B 1%
&1, WS E SRR AR, ESNL
ST (BE4> 10 000 4EHI) i& R FI KA EE B o
B TR 5 P IR S = LR B SR,
25T 1L X R YR B TRT A PU B0, 2 B A0, A
BAILA™ o BUFSKE B LTI EE 577 R Al
R TLAPRFESE =¥ R & P EF LI U B E
GrE, MBAILS ) W gk SL K RFPHEES I
LR A VST RERER . HLTUREE
WILFRE 57 R s PP R R R R
T, 5 EHE K R R,

Bl FERFHILEEBESEMNESED S
HHERRELT TR AW, 2B FEHEHE
37 B %77 (The Conservation Agency ) & F L 4¢ e
James Lazell # L35 7T AL ELHLZ, AAR
F) i 4% 8] £ B Falconwood Foundation #j % &%
By, A dt— I AT RS 0 B
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Genetic variation and population differentiation of
Liniparhomaloptera disparis ( Cypriniformes: Homalopteridae )
based on mtDNA sequences in the control region

ZUO Yan-ling', LIN Yue-guang”, LIANG Xiao-xu', MA Tian-feng', QING Ning'
(1. Key Laboratory of Ecology and Environmental Science in Guangdong Higher Education, College of Life Science,
South China Normal University, Guangzhou 510631, China;
2. South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract ; This study investigated population genetics and phylogenetics of Liniparhomaloptera disparis
( Cypriniformes; Homalopteridae) among river drainages on Hainan Island and in coastal western South
China, using nucleotide sequences in the mtDNA control region. Samples were taken from 3 major river
systems on Hainan Island ( Province) , 2 major branches of the Pearl River system in Guangdong Province,
and 7 independent coastal river systems in Guangdong and Guangxi Provinces. Hainan Island and coastal
western South China were connected at the last glacial maximum about 10 thousand years ago. This study
thus contributes to the understanding of phylogeography of different fishes from Hainan Island and the South
China mainland. A total of 87 individuals from these 12 drainages were used in sequencing; we found 95
variable nucleotide sites among 477 base pairs, with 39 singleton sites and 56 parsimoniously informative
sites. Neighbor-joining ( NJ) analysis with 20 haplotype nucleotides in the control region revealed 3
monophyletic clades. The Pearl River system and the independent coastal drainages in western Guangdong
Province are closely related (clade I) ; the independent coastal drainages in eastern Guangxi Province group
tightly with the Changhuajiang River on Hainan Island (clade II) ; the Wanquanhe and Nandujiang River
drainages on Hainan Island form a lineage distinctly separate from the others ( clade IIT). This indicates that
populations of L. disparis on Hainan Island are genetically differentiated into 2 lineages, one similar to those
in Guangxi Province, and the other unique. The variation within a clade (0.583% —1.775% ) was much
lower than that between clades (4.205% —5.715% ) or that between clades and outgroups (11.825% —
13.73% ) , demonstrating that L. disparis in these 12 drainage systems in coastal western South China and
Hainan Island has divided into 3 genetically distinguishable groups. Analysis of molecular variance
( AMOVA) revealed that most of the genetic variation resided among populations within a geographic region
(65.04% ) with little variation between geographic regions (2.24% ), rejecting our null hypothesis based
on current disjunct geography that populations from the independent drainages in coastal western South
China were closely related to those from the Pearl River but distantly related to those from Hainan Island.
Variation in the mtDNA control region may have occurred due to drainage separation by montane uplift in
the Tertiary, and cannot postglacial disjunction of Hainan Island from the mainland in the Quaternary. This
geographic barrier has not existed long enough to effect reproductive isolation, leaving close relationships of
populations from the Changhuajiang River on Hainan Island with those from the independent coastal
drainages in eastern Guangxi Province. Glacial maxima sea level recessions facilitated connections of
different river systems, allowing those from the independent coastal drainages in western Guangdong
Province to remain closely related to those from the Pearl River system. Our AMOVA is consistent with the
small variation within a clade revealed by the NJ analysis. Speciation within L. disparis and phylogenetic
positions among clades require further study.

Key words: Liniparhomaloptera disparis; mtDNA control region; phylogeography; differentiation ; coastal
western South China; Hainan Island



