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BE: YV BErxBe \RrHEBRANRAE SR ErhZRIAR, TBXET =
BRI, B 27, FRRERIARIINMEL, REM. KL, HILE AR
O/ B Hy Z AR B BAR EAT220 R A A, IR &R & R b H(Cytb)2 7 FI1E N 4 F
IR, M T ZRaBENRE LR, REENREoER. £RER, &
MBI 2NT AL, EX2ANCytbE A, ZHWAKAXEEEER LS Y
B % £ M 4 B 0.828+0.014500.005 444+0.001 18, = H I kK ZFr ¥ . KL, %Ik Z
M, BAREmHEEsEE. BEARAREMEEEANLEL r, EMAKERE
A, 2HAKREFASHI, KIRFARL, RN EZBAFTERETHIL
ki, XEZHANMHEFEXTE —B. 2 TFTERLMAMOVAL R, 8 HE K
KEEZBaBENLEAFRERGHN RGO, EFREHRELTRFETAHAEA
(72.60%), ZfMA N B %% 7 528.62%, KRB H1.22%. R KA AL Eam oG Y
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idella) . %% (Hypophthalmichthys molitrix)
(Aristichthys nobilis) “PURF 70, JoRNs 22 1
A NHHESFE PR I (o p k) O
P E Ay -aE Hehg)) Tid#k, H
B, ZEOCTZ0MH ToamaRKR, Hh
WETT., &Y. £0] S Mg FURTTOK R AZ IR

FEAARIFHWAESRSEE, 541
FMARTERESA, B ML, BT &
SN Ea ., TS, &
STk N R R — AL S R o AT R AR 1 3
24 G 0 BV B S B4 1 £ (Schizothorax labrosus). T
TE MG 10 (S. ninglangensis) /)N 11 24 15 £ (S.
microstomus)4a ™, HE KNS 2 ma PL Il £ 2k
BEUR IR A B, PRl 1R 4 R AR AR F
T A 46 22 Bl 0 FE NI A (R 0 28 R IR A I 3
e AR D B A AR AR BR8N AR TR
s RSRIIE A R SRR B Uy ARk A
mE AN Z 5, HAE W L B F AR S
M2 BRI R A 22 5, R BRI M BB
A s A AR L) T, AR G B )5 D
HARTR] , fH S 25 At o] B W S, A
FHHEARN X AT R AR B 75 1Y — 7 T Ji
P FRATHE 220 AR = B B8 TL IR VLK &R
FIZEANVEAK RZ AR RIE S %A 5, LR
TOHE BLRTIK RANFEAARNY ) 2R AT B3 1
BB SARAEN, R B TUR VLK R 44> Hb B
MRIE S Z AR W20 VL b s B A4
AR, BRATREZENE . AEHRFmih,
W% R W ARG A ] 2B PE T

Rt = ZBAAR o KKRE
() TR I A% 5 R AR Ak, A S 00 100328 P 3 Ak 3 B
Ih A GORLR Cyt b3 A SR bR d 14T 22 1 0 i
s L s b, TP = BRI . IS BLIS L
AT FNEL ] Z2 el 0 B (A 0 it 7 K &R (BT L K
VLR BRVL)FE A8 AL ZFE M | 38t 4% 45 40 st 1% 40
RO , 0T 5 2R G B R R AT A R
S S5 RAT B T OF ST A B AR R P AR S
IE N5 o F IR L, DL R AR P A i XU
IR N 1 He i — 2 AR SR LR AR

R U E SRS RES

1.1 #RRIE

SCO R FH 0 22 B AR AR T 20154F £20174F
KEMEIL, SRR . &L, 40,
L KRYLAERITTANK &, 2202 ().

http://www.scxuebao.cn

1.2 EFEHDNARES CythEE Y & 50 F

B A B 212920 mg, FEAL1SmL
B IR R . R 3 N 2L DN AR G 77 £ (K
HR A= AR 2 A7 B2 w) ) B8 B 27 78 B [ 4 DNA
B DNAYE T 100 uL TEZE s, & T—20 °CIR:AF
HH . ALK CybY MM FEIY: F:5'-CCA
GTGACTTGAAAAACCACCG-3"; R: 5'-
CTTAGCTTTGGGAGTTAAGGGT-3', PCRJX
NS AR T 30 uL, HH Tag-Plus PCR Forest
Mix (2 x) (NOVA, FEEHI5uL, . FHEgI#a0
umol/L)4$1 pL, DNABIA2 uL (50 ng/pL),
ddH,O%M AR FR , PCRY LW FEJTF . 94 °CHil AL
3 min; 94 °CAE14:30's, 60 °CiE k1 min, 72 °C
FEAH ] min, 30MNFEHR; 72 °CALEMHS min, PCR
P gk B LG EEEYEGRHEARA
RIS ORI T 5 A o P, T AR
IR AL A U

1.3 RS

) 45 A F BioEit4h 4R #E 47T D 4225l LA T
K IE o P9 %3 B 5 7F GenBank J& Hh 347 FL X, #
NP3 R BB H iy R B ol I Clustal X2U 4
X Cyrb I ir A e 9 AT Z E LX), R BRI IC
A7, FFDnaSP 5.04%44F i 72 BAA% AU (number
of haplotypes). #5 B /A& By 5o A% 7 2 A 4 45 £k
(haplotype, h)FIA% 1 R 2 F£ ¥ (nucleotide diversity,
7)o FIHMEGA 5.08 458 Cyb AN ] )51 8] 1)
B A A . AR S L PRSE A L DL e 5
ey LeAE, IR R K ALSR 2k (maximum likelihood,
ML) 5T RGEM . W FHTCS 1.2 18444
B R IR S R, 3 b 22 A A8 45 S B AU (]
fR3E G2 . I Arlequin 3.1 18K {158 118t 1%
SR, R 48 743 BT AMOV A(analysis
of molecular variance) ¥l 5 f& 725 T IR, (LB %
RO BEIR SR 250, THRRE R s A5 ik R
B (F-statistics, Fgr) MR &M, R Tajima’s
DFIFu’s FsH YRR 55 Al S (R Iy sl sh 28 A8 461,

2 4

21 FHERREE SN

M F 28 R KIE TR, 3R151 072 bp
Cyt by B, HLHEAR RO 724, Hf, 2
5 B 45, BRAE AR A 5274, RE I
S ARIER G o B RS R BN, AL T,
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Tab.1 Sampling information of P. pava individuals

K& Hh B mS FEA B Z P 4
river systems sampling locality code no. of samples longitude latitude
T Lancang River {1l BS 15 99°12'29.98" 25°7'38.52"
W PE 15 100°58'41.93" 23°9'0.59”
S JH 15 99°55' 26°25'
VERHE LY PE 1 ) EH 9 100°3'17.09" 26°1'36.42"
HM Xz 11 100°07'45.60" 25°51'11.91"
PHETLIRIL  Irrawaddy River Wi HQ 14 98°17'44.41" 25°18'58.06"
R L i e ARG 4 HS 15 98°28"2.23" 25°0'41.79"
TR B )L LL 14 98°38'43.05" 24°40'4.17"
PERARS T AR YJ 8 97°54'32.27" 24°43'0.89"
B Yellow River K18 cY 11 114°39'47.91" 35°12'3.99"
L XX 4 113°53'17.36" 35°16'56.24"
AT Nujiang River AR TR & 2 2 a B A NJ 14 98°55"20.68" 26°33'32.18"
it f) BRI 2 B SD 11 99°9'26.57" 24°50'43.56"
4131 Red River LR/ VA'S 11 100°59'12.46" 24°1'6.44"
JGRH /N YY 15 102°59'33.21" 23°222.15"
K4 Yangtze River L S PR MY 4 116°34'35.28" 30°38'1.17"
H WH 14 114°18'13.99" 30°31'31.67"
ERIT  Pearl River Wind, ML NY 5 103°51'31.58" 25°32'11.22"
PEIT, M XJ 15 113°18721.66" 23°04'6.10"

C. GEEDMHK27.5%. 31.0%. 26.3%Fl
15.2%, A+TH 8(58.9%)8 T G+CH& & (41.1%),
FE Cyt b DA A i 3 41 1 - HL A W 0 09 AT 1o 4
R G BRSR . 22 B A0 2204 B AR L 4G T 1
25RO KRR RIL 144 AR B
T BRVLAH VLR 134 A A, AR ] Ay B
Bl6A~, HriHapl b= M KK R IEE;
Hap2F1Hap3°h = & B VL . I v VL ARV
L= Hap5S iR IL . &I, &V IT e &
VLT AL =2, Hap6 o P KGR VL FI 78 VL BT 3
2 BRILGT AL, KILE W), g
JEEYT . YT . ARV RILL ] K &R YA s A
Hap4, %A Hapd/R AT 68 2 48 I b 1) A% 8 28
RI(F2), 12 FEFTE = B 10 KSR A3 A X R B 7T
(NY)Fil 4 VT (MY) A 52 B A% 7 Hap4 Al Hap5 .
AR T IR BB AL Z R T 45 2R 10
N, BRI Z R RO R R, TR ZE
FEVEHR BOR X B (R 3) . BB B AR B

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

TN, 2 PR K R 2 AL 2 R 4(0.828+0.014)
fon T B b A R AG BEAR (0.65440.075) . [H AT R
ZREPETR BUHE AR 5 B NI AF A S, B ™ b A2
Tl f0 TR PR A T R 2 R 1446 £5(0.009 78+0.001 45)i
T B UK K &R 2 B 41(0.005 44+0.001 18), L
BWamE/m i, £VIKkRE#aS
VO RK R 2 st ZFE0E, M. &0
VT2 T A0 PR R 2 REME (0.80540.224,  0.833+0.222)
5445 FR Z REMEHE £2(0.008 26£0.000 78, 0.010 32+
0.002 SOFR AR R T VL . BH& FLIRTL . £000]
FIR VT A7 A8 AL Z R PR AR N T8 45 o

TE =1 DU ROK R, VTR Y8t 1%
LRV B 155 (h=0.803+0.044), FH UKk £1 ] B4k
(h=0.720+0.079) FIHFH % FLIR VL AFA4 (h=0.718+0.049).,
TR Y6 VU AR 35t 1% 22 FF 1 B MK (h=0.615+0.075), 7
Ji 7= MR T, AT AR 9 35t AL 2 T e R (h=
0.733+0.124), PRYLHFARIG AL Z R M B R (h=0.219+
0.164).
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Tab.2 Haplotypes of Cyt b gene and its distribution in P. pava populations
KFR L LN ith iy Lyt Fu’s Tajima’s
river systems population  haplotype number haplotype Fs D

JWYEYL  Lancang River BS 6 Hapl, Hap2, Hap3, Hap4, Hap5, Hap6 1.805 —-0.874

PE 2 Hap4, Hap5 1.318 1.503

JH 3 Hapl, Hap2, Hap3, 4.968 0.312

EH 2 Hapl, Hap2 7.159 2.347

Xz 4 Hapl, Hap2, Hap3, Hap21 3219 0.784

R TR L LL 5 Hapl, Hap2, Hap3, Hap4, Hap6 3.737 0.158
Irrawaddy River

HQ 4 Hap2, Hap4, Hap6, Hapl2 4.063 0.083

HS 3 Hap2, Hap3, Hap4, 3.653 0.828

YJ 2 Hap4, Hap6 6.059 0.551

2L Red River YY 3 Hap4, Hap22, 5.038 0.377

zY 4 Hap23 1.857 0.545

YT Nujiang River NJ 5 Hapl, Hap2, Hap3, Hapl4, Hapl5 4916 -1.186

SD 4 Hap2, Hap3, Hap4, Hap$ 2.198 1.151

I Yellow River cY 5 Hap7, Hap8, Hap9, Hapl0, Hapll 2.026 -0.185

XX 4 Hap7, Hapl8, Hapl9, Hap 20 0.936 —1.159

KT Yangtze River MY 3 Hap4, Hap5, Hapl3 2.785 -0.856

WH 2 Hap4, Hapl6 1.820 -1.671

BRI Pearl River NY 2 Hap4, Hap5, 2.187 1.153

XJ 2 Hap4, Hapl7 —0.649 -1.159

22 EREBEGSN

HRAE 22 BB 25 G R EEML R 5 & B
(K1), ZHaRELFTRIEMLA. B, CHID 44
R ARG X EREZMNRHIERA,
124>, 5B 48%,  Fh I IR AR A v LA
TR 1 FLAF e JE B A R 1% R B P A 2 8
i Hap 6 (fH% FURTT K & . B TT/KR), Hapl2
(BB FLIR LK ) M Hap 23(£03 K 2K, fH
Hap 20(# M K R)RAEMAL . ERCH AR R
A, HIkHKRIITKFREPHHapld; i RDH IR
fE RV R A B RIK &, 5 Al b 3 43 A Y B4R
Ji] G e 52 B A R

PO N 2 TR T, 2570 LA AR 3 A Sl 4
R, SMLRAG A B RAELERLEAL, g
W25 15 Th = A K RIS AL S RV KL
BURZ:, W — WU RKRRERIL, K
M E R, M RESPERTIERA; $
i 7Y 0 45 J P BRI BUR TR &R . IR TIK R Y

http://www.scxuebao.cn

Hap 65 5% FLIRTTK R W Hap12, DA 2L 7K R
(W Hap 23— &, XN MLR S L &
ERB, &M &ILK RN —A A58 (Hap 14) 38
RS, BB R — 3, R R R IS B 45 R
IR RC, W HHRRAE A Y, B — D
BB A R R AR, M RERE
B R D, BIL(NDBFIRB MR IE, 5E ™
Hi BTN VTR BR VT A A0 B A TG e 2 L A
(K2),

23 STRAMRKKRZBAEELR

25 22 R AR TR A 18] 35T 1% IR R B A ) 35 1
SR EEE R WO, BEUR )7 a8 A5 BE B
0.007+0.002, FHrh A& Vr (NI % FLE VT 09 BT
S A WBECRE R (YD) 1] 388 4% BE B9 5 95 (0.015), H.
N5 G Al 3 A ] ) 3t A% B B AR R A i, HLURCH
YIBEGR o % BU R VT B9 AR 1L s e IOty B R A
(HS)FVIR V8 V1% 5 1 (A (PE) 8] 14 5 % BE 25 fe /)
$70.002(%4),
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Tab.3 Parameters of genetic diversity based on Cyt b sequences

A

PRSI GETE L ANLAT o of REMZ RGN RERZ @

locations no. of samples  polymorphic loci haplotype haplotype diversity nucleotide diversity

T Lancang River BS 15 21 6 0.762+0.096 0.004 77+0.001 32
PE 15 1 2 0.533+0.052 0.000 50-£0.000 29

JH 15 11 3 0.448+0.134 0.003 43:£0.000 96

EH 9 9 2 0.5560.090 0.004 69+0.001 14

XZ 11 12 4 0.600+0.154 0.004 54£0.001 11

Ak 65 22 7 0.615£0.075 0.004 69+0.000 93

P& LRI Trrawaddy River LL 14 20 5 0.857+0.044 0.006 12+0.001 32
HQ 14 15 4 0.582+0.137 0.004 52:£0.001 65

HS 15 7 3 0.514+0.116 0.002 48:£0.000 78

YJ 8 10 2 0.429+0.169 0.004 02:£0.001 14

Ak 51 20 6 0.718+0.049 0.005 32+0.000 93

413 Red River YY 15 11 3 0.5330.126 0.003 48£0.000 96
zY 11 8 4 0.782+0.075 0.002 90:£0.000 91

Ak 26 18 6 0.720+0.079 0.004 47+0.001 04

YT Nujiang River NJ 14 36 5 0.659+0.123 0.007 73+0.001 77
SD 11 8 4 0.745+0.098 0.003 27:£0.000 91

Ak 25 37 7 0.803+0.044 0.006 54+0.001 51

] Yellow River cY 11 16 5 0.618+0.164 0.004 92:£0.001 28
XX 4 32 4 1.000+0.177 0.015 64:£0.002 84

Ak 15 39 8 0.733+0.124 0.007 82+0.001 81

KV Yangtze River MY 4 22 3 0.8330.222 0.010 32:£0.002 51
WH 14 3 2 0.143£0.119 0.000 40£0.000 51

Ak 18 25 4 0.314+0.138 0.002 61+0.001 36

PRYL  Pearl River NY 5 10 2 0.805+0.224 0.008 26+0.000 78
XJ 15 1 2 0.1330.112 0.000 13£0.000 29

Ak 20 11 4 0.219+0.164 0.002 12+0.000 17

ZHEPUK/KAR  four major river systems in Yunnan 167 51 14 0.828+0.014 0.005 44+0.001 18
JRP=HEEA  populations in native region 53 57 15 0.654+0.075 0.009 78+0.001 45
SR total 220 72 25 0.828+0.018 0.006 94:£0.001 34

2 H g0 R ) 35 4% 20 Ak R B F g1 —0.059~
0.761, Forf B VLY D BEAR 5 F A 1A R] 19 358 1% 2
b R B Fg1(0.299~0.76 )i K, BLIVL(YD)5 HAh ¥
R ) A7 7 35 B 3 22 5+ (P<0.053K P<0.001),
TR R AR AL o ik . JRRR (LL)BF IR 5
bR AR ] B 3545 o0 Ak R B ot/ B 5 YTREAR

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

V] F1) 3845 23 Ak BB Fgr>0.2501 , 5 HABBE(R 1] 1
WAE L REF /N T 025, BRILZAh, KB
3 AR [R] 2 LA IR B 33 1% Ak
T WU R K R 22 A BEAR 4y 8 R 4 BT
mwwm,%ﬁﬁmmﬁﬁﬁﬁWZ@ﬁ%M
wE AL, (AR S KER 4ok A T RE AN
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ML R JKZ  river systems
FERIRT S T R ST
ML tree Lancang Irrawaddy ~ Nujiang ~ Red Yangtze Pearl River
River River River River River  River
Hap 16 1
Hap 17 1
Bl Haps 8 2 1 2
Hap 4 9 24 1 13 16 17
Hap 3 9 4 6
Hap 22 2
66/ Hap 1 20 3 8 3
Hap 21 1
97 ,—Hap 24 1
100 69! Hap 25 4
Hap 2 17 8 6
99 Hap 15 1
Hap 20 1
Hap 12 B 3
8 Hap 6 1 10
77" Hap 23 3
Hap 14 | ¢ 1
Hap 7 7
Hap 11 1
68 Hap 19 1
73 159, Hap 10 1
| Hap 13 1
90— Hap 9 1
Hap 8 1
0.002 Hap 18 1
—

1 EHE&Cyt bEERBERMLASZH
Fig.1 Maximum Likelihood tree based on haplotypes of P. pava mitochondrial Cyt b sequence

& 2

w TRYL  Pearl River
m 473 Red River

m XYL Nujiang River
KT Yangtze River
7 Yellow River

= JYBYL  Lancang River ® ffHEFJKIL Irrawaddy River

ERaRrAENNEE

BER W RRES R RALZE S R SRR R ORI RA D IR, HARAE R A o 92 fr WL 44 51
Fig. 2 Network of haplotypes of P. pava

Connections between haplotypes represent mutant differences, the unlabeled nodes represent the inferred mutation step and not observed in the sample

B, 572.60%, HEAWEEMSIHEP<0.001),
BRI AL 22 Tk A T4, 1528.62%(P<
0.001), T2k A F /KRB EfL 2% H 51.22%
(P>0.05), X—Z5HBIR, [ BRIk L
GRS SR 5 A K R A A A R B AW (R S).

Fu’s Fsfi 5 Ml Tajima’s DH PG 56 AT FH T3
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MR I . X Tajima’s DFIFu’s Fs2 i
8, 5348 8 & K (P<0.05)1F, il 41
TR A R R A AR
R & B0 I BEAR T e & Iy i — A 97 ok i 1
B, ARSI ER BN, BRI R TT AR L R A
FEVR (BS) AT RER N YRR I A T, 2
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F4 ETCyt bEEFIZEAOAKAXZBEHABNEREBS@ AL DHMEEIUERCIBET)

Tab.4 Estimates of pairwise genetic distances (above diagonal) and the Fgy (below diagonal) among populations of P. pava in

the four river systems of Yunnan based on the Cytb sequences

WYL PP LR VL 2130 BT
RN Lancang River Irrawaddy River Red River Nujiang River
populations g PE JH EH Xz LL HQ HS YJ YY zy NJ SD
BS 0.004  0.007  0.007  0.007 0.006  0.006  0.004  0.010 0.005  0.007 0.010  0.005
PE 0.191%* 0.006  0.006  0.007 0.005  0.004  0.002  0.008 0.003  0.005 0.009  0.003
JH 0.273%*  0.612%* 0.005  0.007 0.007  0.008  0.006  0.012 0.007  0.004 0.008  0.007
EH 0.190%  0.602** 0.156 0.007 0.007  0.008  0.006  0.013 0.008  0.006 0.008  0.006
XZ 0.180*  0.579** 0.263** 0.007 0.008  0.008  0.006  0.012 0.008  0.008 0.010  0.006
LL —-0.040  0.218** 0.175** 0.092  0.115* 0.007  0.005  0.010 0.006  0.007 0.010  0.006
HQ 0.072  0.237*% 0.407** 0.339%* 0.336** 0.019 0.005  0.007 0.005  0.008 0.011  0.006
HS 0.015  0.254%% 0.433%F 0317%* 0240** 0.039  0.132* 0.009 0.004  0.006 0.009  0.003
Y] 0.475%% 0.761%*% 0.647** 0.593** 0.601** 0.361** 0299%  0.626** 0.007  0.012 0.015  0.010
YY 0.081  0.204%% 0.434** 0388%* 0392** 0.047 —0.038  0.138** 0.419%* 0.007 0.010  0.005
7Y 0.305%* 0.649%* 0.055 0204  0.411%* 0.212%% 0.406** 0.490%* 0.662%* 0.427** 0.008  0.007
NJ 0.125%  0.380** —0.020 —0.059  0.069 0.058%  0.243%% 0.217** 0.469%* 0.265** (0.069* 0.009
SD —0.043  0.252%% 0.412%% 0294* 0218*  0.027  0.145% —0.018  0.590%* 0.159%* 0.465%% (.197%*

TE: * 2250 R E(P<0.05), **. ZE 7R E(P<0.01), PHBEMCIRER AR T

Notes: *. significant difference (P<0.05), **. extremely significant difference (P<0.01), P means value for test of Fgr; the same below

®5 EToAERKREZEECY bEEFTIHAMOVAS 1T
Tab.S AMOVA analysis based on the Cyt b sequences of P. pava in the four river systems of Yunnan

H SFITA A S Sy R EHE% O-Giit &
Df sum of squares variance components percentage of variation @-statistics
JKZIH]  among rivers 3 35.612 0.036 1.22 -0.012
EAAIA] among populations within rivers 9 115.914 0.846 28.62 0.283%*
AR within populations 154 330.558 2.146 72.60 0.274%*
Mit total 166 482.084 2.956

BoA W s P v, RIA B 35 1 25 5= (P>0.05)

(F6), FWIEMMBARIE PR T EA LN
HEARY Tk F

3 ¥Hie

30 EEEFINTERERIEELZZHEN

AL Z R R N 2R, RIRR SR 2
[ 2 — A DA AS [ A e gt A A0 S R, 2
A 25 R G AR R o 20 A A Y S EE%
ol A VB A8 O PR T B A . PG, X AR Y
M, 8 A% Z2 B0 N 2 R HRE R AR
M EENRZ —. FRWESINN, BE2
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FEPE 5 A R T A R Y i ad N i A B, OF
HENL . AERER RN SR f/\fij;

e, SRR BN AR 2 FE AR AR 2 T R BIARAR T
P/ S S S S B S oV OIS i K (1T
oy Bl e PR 0, el an, A 68K FH A (Lepomis
macrochirus) N2 H AR S5, H - B2 5L 3 800 ol st

IR, 51 A W AR BH £ 1 38 1% 22 RE R LR
REIBE By —Se e ARG, REAR RIS

AT IR W AR B AR P BE A i R
Y 2E [C & I (Gambusia holbrooki)™ A 42 B 7Y
. 5y b A4 PN f2 (Cichla monoculus), ‘EATTHIEEA
WAL ZREME R ED, R ARZBARIL . HE
BT 2 1 = KU 3 19 o [ R B R (Procambarus
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Tab. 6 Statistical tests for neutrality test of P. pava in the four river systems of Yunnan based on Cyt b gene

YL % BRI FAREE| AT
S Lancang River Irrawaddy River Red River Nujiang River
statistics BS PE EH JH XZ HQ LL HS YI YY zy SD NJ
Tajima's D ~0.874 1503 2347 0312 0784 0083 0.058 0828 0551 0377  0.545 1151 ~1.186
P P values 0.196 0974 1.000 0.668 0816 0571 0578 0.809 0742 0686  0.713 0.889 0.097
Fu's Fs 1805 1318 7.159 4968 3219 4063 3737 3653 6059 5038 1857 2.198 4916
Pl P values 0.809 0.679 0.999 0.978 0.941 0959 0958 0952 0992 0985  0.840 0.852 0.965

clarkii) FEAR AL B 35 1848 Z AR, Y IRAR
8 (Anolis sagred) T 4TI AZ N EIZ, KolbedF™
LA T 590 5 A A RE RN 7 1A I 7 b b A A a5t
e 2R, o 5 7= My B R R T 2 KR
YA 32, AR A 270 R . 38 X
— 2R EEFEREFEZ RS, DEAR
Fofr B Ty 26 B 0 IR 85 5 3 o AR se el AR S, AR
WAL 2R R Y G o I Y AT
22 YR 5| o R B L 5 3 0 45 B 52 AR ) b R A4
()38t 1% Z AR .

ARSI AE T 2 PR K &R 134 A AR
FEHL 6N FE S, 12208 22 A CyebFHE H 7
G, FHabr T 2R E R . RRR)T
8t A% 2 RE R 2 R B R DL A R 2R
BT R Z FEE N H8 br o B 58 A IR Elog A i
Bt R rEE L A R SR E A Ui 1.
B 7 T DY R K 2R R 7 s 2 A B R ) A &2
FEPE, AR SRR BOR RS, AT R
LR VE 8 SO X B o T M S B A AR AT
1% 22 FEPEFE 50 (7=0.009 78+0.001 45) /5 T 2 15 U K
7K F 22 B 411 (7=0.005 44+0.001 18), Jii X A] fig /2 %
MM ARAEE, &5 7 25354 sUR SR,
FHEGR AL ZREPERRAT, A A 2RSS R
N, AR 2R TR A R
A ARG, SRR BRI A R 2 R PR
7R AR 22 RO AR 5t 4% 22 B T D b
i, HERARNEE, H20 USRS 5]
Fofr () BE A 38t 2R R SR IR P, AR M 22 el £ s
R R, EM R RER T2 W MR, A
ST PR RIMLA 25 AL R, n R KR LR
0 fE R SRR . KT BAfE RIR 2%, R A1
A RESR IR T RIT S ERIT . =/ KR X/
FEIT(NY)FI 4 VP TT(MY) 22 B £ BE AR AU A7 H A
AlHap4flHap5, TTE =M MAKERY, HEH
2R AR AL T T Y R L 2 A B
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= A% R Hapd fl Haps, HoAth 3% FUR VT AIZL
] A R0 BE R Bt = HapS. X AT RE S NY AIMY (K
WA DAL, FI, XRTARZHMKKR
1) 2 Bl 02 5 R IR T = /9 1Y RS B0 VL AN & VTR
WL, AL WAL Z NS
BIEAR . K% AT IR 2 R T RN A B 2 R 1 4 A
AR5 JE = Mo i e B AR TS, AT REDR
PR 2 A A 1 Pl AR i TR R AR R R,
55 [ B R A 1 R T Ol B8R IR 8 1Y) A TR
AR BT

FEARSIEG h, RV RE RS L Z A
(h=0.803+0.044), YRk 21 ] B A4 RN 3% FLIR T
REA, V8 VI R 35t 1% 2 AR PE B IR (h=0.615+
0.075), ZFEEAEAE P AT A R, (24 BE
T, LSRR, (HBHE ZREvE s . HENI AT B8
S DR R R R I TR b A R S, RN L R K
W, WIEE %, KEEMKIF LR D, WAE AT
e SN N DK 2 6, RTLMN A K B
Hik38 137 m*, EAH VA 72652, i
WU A R A LB R S s FRBEAR , BT es e
di, FE S EERBOREE S E B2, (AR I E
VLA F AL ZRE MR K . HEDU PTRE S5 K
TR R & R E AR —E R R . IR L
oK £, BFEAMBE, Har, 2
VN RS KR FLE B Sk Ha b A 4
#ar, B TR E K 3 2 — P R Y VT
SN KRIL, NOKZ, NRREHEME, A
5] AT e T B0 AR R R R AT B R Y
—1fk.

5 u ek 1 2% i (Placocheilus
cryptonemus) (h=0.826, 7=0.002 15), Hf
(h=0.798 04, 7=0.001 59)FI & W) Bi(Rhinogobio
ventralis) (h=0.709, 7=0.001 43)*"f558 1% Z ke P
TeARAH B, 2 e 2 Tl A L e 1 B B 2 R
PEHE £ (0.828) Rl A% 1 1R 22 FE M6 %10(0.005 44), %
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RV 2R, B U Y LA 5 A R BAT B R R
O S AL B, AR TR) B AH A 28 S
F BT, T R = & VT Hap 1448y il
ST TE AR R 1O 144 FEAA 1Y 22 Bl A b
R T AT R 25 B o A S R, AR HL R
P 5 9 W] 3 S8 R PR 22 K R B A I =2 2 B A%
RUCO AR R ARSI SE AL, I A R
KU (1 27 A £ R S 20k | Wi, Gozlan
PRI, 7E 27 T A 7 M Al B 28 B A 0 K 7 R
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B, AT S A RIS T K S

A Ay A i AF AR [0 35 4% 43 1k R B 1) B4R
Fr, ForfHA F0.00~0.050F £ 8855, Forfd
L 0.250F Fm st (L AR R, AL,
W FLR YLK 2R ZLYT (Y T)BE M 5 5 Atb B 4 18] 719
FgrfH(0.299~0.76 )} K F0.25, W R YIFFALH
b 4% FF R 0] A7 7F — 8 B2 B (938t 4% 431k . Shaklee
SEUIAR Y SCER TR RS, R AR L R AR
B =GR 138 A2 BE 2 23 o8 0.90 . 0.30 5%
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Hr, BT (ND) 5 BT (Y D) R A 1] 38 15 1 25 e K
490.015, /NTRBESBRE0.05), FKW] = Fg Y
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55 A b DCREAAR B A UL, B/ 7K R TRIAH B | ol
TE 5| Fb oA 28 55 0 2SI, 45 i) S DA VT 9 Jal
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Genetic structure analysis of Pseudorasbora parva in the four major river
systems in Yunnan based on mitochondrial Cyt b

YANG Liping, HU Junyi, QIN Chaobin, ZHANG Yuru, LU Ronghua, MENG Xiaolin,
YANG Guokun, YAN Xiao, ZHI Shaoyang, NIE Guoxing"
(College of Fisheries, Henan Normal University, Xinxiang 453007, China)

Abstract: Pseudorasbora parva was originally distributed in Jinshajiang and Nanpanjiang in Yunnan. However, it
has been widely distributed in all major river systems and has become an invasive fish in other four river systems
in Yunnan. In order to reveal the difference of genetic diversity and genetic differentiation of P. parva between
Yunnan after the invasion and the native region, we collected 220 samples distributed in 13 different sites of
Lancang River, Nujiang, Honghe and Irrawaddy River in Yunnan, and 6 native populations in Yellow River,
Yangtze River, and Pearl River. Here we analysed a 1 072 base pair fragment of the mitochondrial cytochrome b
gene (Cyt b) to examine the genetic diversity and genetic structure. A total of 72 mutation sites and 25 Cyt b
haplotypes were identified. The haplotype diversity and nucleotide diversity of the four river systems in Yunnan
were 0.828+0.014 and 0.005 44+0.001 18, respectively. Haplotype diversity of the introduced populations from the
four river systems in Yunnan was higher than that of the native populations. The haplotype maximum likelihood
tree and haplotype network map show that the haplotypes of the Yellow River population are special, while
haplotypes in the invasive populations in Yunnan were mixed with those in Yangtze River and Pearl River. It is
speculated that P. parva in Yunnan mainly came from the Yangtze River and the Pearl River, which was
consistent with the history of introduction of economic fish in Yunnan Province. Analysis of
molecular variance (AMOVA) revealed significant genetic subdivision among individuals within
populations and among populations within rivers but not among rivers, indicating distribution of
genetic diversity was inconsistent with contemporary hydrological structure. That may be the human
effect who introduced them from many native regions. The results of Fu’s Fs neutral test showed that
there was no expansion of the invasive population of P. parva in Yunnan. In the subsequent management of the
invasive population of P. parva in Yunnan, it is necessary to avoid the exchange of special haplotype groups with
other regional groups, and to reduce the introduction of fish from different river systems. In addition, the
development of new ways to utilize P. parva may be a useful way to control their population and reduce the
damage to indigenous species and fishery culture in Yunnan.
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