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R A, FIFIZOR /R DNA f) CO I #3150 #r
TR W5 53 72 6 A [7] ] #1845 22 S 1R O
NgApg AL 2 RV AR 3P 7 58 B0 ol R R 1A B e K
Pio

AR T

1.1 HARE

HREMIRARA S MK, B ET S
(BRIBTIKR) BI% 0 (22 4%) VB X (14 50 Wi
7 (15 4%) A RAKITK RERIL LR Z 802 8
(23 %) BB K RIS E (18 5) . R
FRIMERE, RSP ESYE (8RR ) S
& , BUSREL AR TE T 95% (9 Z Bk, 45 8] I g
WFPERF LI E A o
1.2 ZBAE

ASZILRRIAR CO T 3346 B9 51 4y A 2
AR Z3CHR[3,8]. PCR P24 1. 0% B fgHE
VB JSE PR T HEAT RN , B8 7 4 Ak A Fl
W T A TR PR R S8 A
1.3 #HiEaE

A ] DNASTAR %% {442 H f) SeqMan Xl
SR AT N T A, Bl MEGA 5. 0" i E
Clustal W XI55 51 BEAT L X B0, 345 B
—BH CO 1 5%} Bt i MEGA 5.0 " #f
HEPAEAS LS 2415 B AL A R

RO PREEZH BRI R Z (B 2 BE RS (D, ) o
Ji DnaSP 5. 10" 8k -4k ) B AE R IFH 5545
BAERIZHENE (h) BHREZSME (r) MIEZHR
ZRB(K) o F Arlequin ver 3.0 i f 3547
AMOVA Z W53 Hr A )38 1% ot Fe 5 (F, ) it
B, @it Network 4.6. 1.0 & fr- g e B £ 70 Y
2% &, FIF MEGA 5.0 & {4 ) Model test #
SERAERAL K2 + G, R AZAR A ML %, &
1000 KitH &S XHERE, RAEH
Arlequin ZX{4-f B 1HT i) Tajima’ s D-test #F47 H {4
i, A1 F DnaSP 5. 1010 25 i 4% 1 B8R 5k id 40 #r
&, LAk T @R ey sk st .

2 R

2.1 SFHEMEESFYE

Frill bk CO 1 FF3 &Pk f A\ TR
J& , 345 528 bp BT 4. LA 518 4~
PRSFAIRL,6 MR 2E T AL A, 4 AR AL A,
HEER 10 MEAERI(KR 1), CO I ZEEH, &b
HAP B K, T.CLA G WP &R
Bk 27.27% 18.18% 28.79% 1 25.76% , ¥ 5]
EARBA+T 58(56.06% )& F G+C &
£(43.94%) ,

*1 ERHEEENOZERERMS
Tab.1 Nucleotide polymorphic sites of 10 haplotypes of Xenocypris davidi

0 0 0 1 2 2 4 4 4 5
1 2 7 3 9 9 5 6 9 1
9 8 3 3 5 8 1 0 0 1

HapO1 G C G T G A C T A A

Hap02 . . G T C .

Hap03 A . . . . . .

Hap04 . . A . G T C

Hap05 . . . A . .

Hap06 . . . . . G .

Hap07 . . . C . .

Hap08 . T .

Hap09 G . G

Hap10 G . G

HRBEZEERIT R (R 2) , M Bk
Y BAAG T 25 FF Ak B g (0. 758 3) , 1 B AR B fik
(0.482 8) ; Il Usg Ff 14 19 B2 H BR £ FE 1k e =

(0.003 3) , i ELRF{ARAK(0.001 8) . EMATE, I
I AR BB AL SRR I E

http: //www. shhydxxb. com



14 B B E K ¥ ¥ # 4%
®2 EREEHREEESHNE
Tab.2 Genetic diversity of each population of Xenocypris davidi
ﬂ]ﬁ ZELNH . A h:flfygpi%ﬁrrity nu%ﬁi%ﬁ%ity aizﬁ%:l%)ﬁ]e
population number of polymorphic number of haplotype (h) () difference (K)
¥ FK 4 3 0.498 2 +0.102 4 0.002 4 +0.000 6 1.277
B FW 4 3 0.484 5 +0.142 1 0.002 0 +0.000 8 1.055
I LQ 4 3 0.590 5 £0.077 0 0.003 3 +0.000 4 1.733
w5 X 3 3 0.482 8 +0.102 3 0.001 8 +0.000 4 0.964
& NC 5 6 0.758 3 +0.070 2 0.002 0 +0.000 4 1.072

2.2 BERSHMIGRSHT
92 M CO [ JFH LR 10 >k
RI(FR3) , Ko fid) Z A5 & Hap0l, &
E%Yéﬁﬁ?ﬁilf/{%m,\%ﬁﬁm“i@ﬁtﬂﬂl,ﬁﬁi
Wk 5y, O 43. 48% (40/92) . H¢ A B AL 3L
/™, F A Hap07 , Hap08 . Hap09 Fi Hapl0 j{]@g
FHAFTRA , Hap04 S iimiz 45F , Hap0S iz B4

AR EAR T AR AT (A R ) 2% S PR (IR
1) B, B R B R EFEARTT 73 A B C 3 1M
R A SR ERTIAERIEL AR A B B 3%
FRARKILKEEMEE;CERRATHME
AR BALRAN (B 2) SHETM SRR N —
o

F3 BEGREFERHSBR
Tab.3 Haplotypes distribution in each population of Xenocypris davidi

B B AE distributions

haplotypes ¥ FK BXFW i % 1L.Q BHE X ME NC 3T total
Hap01 15 10 8 7 40

Hap02 5 2 6 13

Hap03 2 2 5 9

Hap04 1 1

Hap05 16 16

Hap06 2 6 8

Hap07 1 1

Hap08 1 1

Hap09 2 2

Hap10 1 1

HBEK total 2 14 15 23 18 )
A """‘} CTEY HIFAIEOL (R 4) o T B 5 KILEHAREFA7E 5
1 HAPOS HAPOS; | HAPLO | === HSRIEAMG(F 2R 0. 110 55 ~0.453 67) , H il
| 1 gued | e, AV BB U 6O 4 1L 5 BOR B (. =

1 : ¥ N

; 1 11 huod 0.453 67) o [FIRE, -5 WA BEPRIFI 1k (P it
| HAPO3 HAPO?} {_1apoo | RAE 0.066 05 ) LA KA VLA E AR B REHA R
[N N - e v — N

L::] H m T - ﬁﬁi%lﬂﬁ%ﬁ'ﬂﬁ ( Fst - 0' 399 93 ) o :F ‘% {w Ij\]
ue WX ’K{igi @{3 M By 05 % (D, =0.002 14) | ¥ 1 5 i 1

1 ZEHEMENEERNEE
Fig.1 Haplotype network of Xenocypris davidi

in Qiantang River and Yangtze River basin
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Fig.2 Polygenetic tree( ML) based on sequences of 92 samples of Xenocypris davidi

FK. %y 15 FW. 8305 LQ. il JX. B E; NC.F &,

R4 EHREGERERBECHUER F(NALTH) JEEER D, (MAKLER) MBENEEER(MAL)

Tab.4 Fixation index (F) (below diagonal) , pairwise genetic distance D, ( above diagonal) between pairwise

populations and genetic distance within population ( along diagonal) of Xenocypris davidi

¥ra FK I FW i % LQ ®E X mME NC
¥+ FK 0.002 43 0.002 14 0.003 05 0.003 22 0.002 52
X FW -0.039 72™ 0.002 01 0.003 12 0.002 82 0.002 30
I 1.Q 0.066 05 * 0.147 31™ 0.003 3 0.004 55 0.003 38
®H X 0.33920* 0.32279* 0.453 67* 0.001 83 0.003 21
ME NC 0.110 55* 0.118 05* 0.216 86 * 0.399 93 * 0.002 04

1 ins FRMMEARZE,P=0.05; « R BENE,0.01 <P< 0.05; = = FnikBE4Hk,P<0.01,

Note : ns means no variation, P=0.05; * means obvious variation,0.01 <P <0.05; * * means extremely obvious variation, P<0.01.

FEIRE) AMOVA 2047 (£ 5) B : RILAIER
WL ZRIAE S 5 9.39% , A [RI R EE [R] 28 57 oy
17. 82% , 3k B B f& P9 A~ 1A 18] /9 382 % 22 57 o
72.79% s X KALAERIETL 7051 44T AMOVA 43

Pras R s A 2 18] 38 5 R OR IR TR IL
KA R BREA(39.97%) , BRIFTLAA B
R IE] AR /N (4.82% ) o
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Tab.5 Analysis of molecular variance (AMOVA) among the populations of Xenocypris davidi

A8 SRR FI B FJ5 AR S A, A/ %
source of variation degree of freedom sum of squares variance components percent of variation
(B &BE)&(WH & HX & i)
(NC&JX) &( FK&FW&LQ)
JKZ (41) [A] among rivers 1 6.942 0.076 7 9.39
JKZ (4) 4K E] among populations 3 10. 546 0.1457 17.82
¥ P within population 87 52.372 0.595 1 72.79
A total 91 69. 859 0.8175
ME & %H NC&JX
BE{AKIA] among populations 1 7.305 0.336 7 39.97
¥ P within population 39 19.720 0.505 6 60.03
A total 40 27.024 0.8423
W & &3 & il FK&RFW&LQ
BE{A|A] among populations 2 3.185 0.0335 4.82
FEAA P within population 48 32.400 0.661 2 95.18
JBVA total 50 35.585 0.694 7
2.4 MEHESH 7, U R SO I A B i R R AT R

N T RS TEAFRE D 2, JATX 5 AN RRRRE RIOVB N, RA R BRI N B A H
TR BRR IE (mismatch) 73 #rc 45250 (1B 3) 8 0, B/RE BRHAE 2P MRy 7K.

0.5
0.5F
. — W #{iexpected Py — Wi ffiexpected
,@E IR o Wl fEobserved g 0.4 o Il {Hobserved
%S 0.3} \i . : ;
®s | 7 5 (NC) #5037, B#E (%)
&£ 0.2 ﬁg 0.2t
0.1 - 0.1
0 . 0 H :_ e
0 5 10 15 20 25 0 5 10 15 20 25
PRI ZEFE pairwise differences A LR pairwise differences
0.5} 0.5}
3 0.4 — Wi fexpected o 0.4 ! — Hi# fiiexpected
%5 0.3} 7 o Wilffiobserved %503 o Wl observed
= H 4 ra PSRN
%go‘z w1 (FK) &g (., 53 (FW)
ha i &
0.1} % 0.1
0 5 10 15 20 25 0 5 10 15 20 25
A2 R pairwise differences WA 2 ¥ pairwise differences
0. — W {iexpected
(o]
S <o BB observed
~i§|—§ 0. Wil fobserve
Rg . il (LQ)
&
0.

5 10 15 20 25
W2 8 pairwise differences

3 HREH COIFIAFRNRERARNSH
Fig.3 Mismatch distribution based on mtDNA CO I sequences of five populations of Xenocypris davidi

MR AW, SEL R RHAY SRR T B 277

Line of dashes showed observed value ,black line showed expected value at the model of population expansion.
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BIXE 5 AEARIAT Tajima’s D Ko, KB
HA & OB BRI UE, ARG RA-EAE
P (P >0.05) HAWFEARER EMH, A REHEER
PR . AT Tajima’s D K%, Fu’ s FS £
WA THEZEAPIT . @i Fu’'s FSKBIK
PWRARE RN BE M AME(P =0.031,FS =
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Bt A R B R 2 B B B 0 e, BR
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A ad — PRI B PR SR 0, Bl B AR B 0 4k
RIS S

3 itie

3.1 EREEFMBENAFRENHLNEXR

BRI E (B 1) B A JERBIR B
JETLARK LA B AL R, T B iR A C iR
W71k B AR VLR IETL, APV RF A 1S R,
BRHPIRILZ AR — & KB Eis R, [
MG IR 28 K BERE B H, A 1 R ok B RIIK
AW ERAS T 5 3 M AZ AL TR
FERL, 25 R IREL” R IRR K ILK R AERIE
KRB LG HBENRKR. FETREAR BA
KA Eh Ak R E ) BRI G 3 (anfask
iRzt ) FEZRER, MEREL(FEETS
) AP EAABKRKIER A M C IR, B %
A THIE ZIA), 458 AMOVA Mg 4s R  Fhit
ZIEMER EERERETRILKREEMEE
R (39. 97% ) , B 8 VL & B 14K 8] ) 7228 S 380/
(4.82% ) , BE— B35 7~ HoAy 8Oy 0] B2 AR YL
] ERIETLY AL
3.2 MEEMBEESN

F o7 FA Ok DU B 3 1A [1) 382 15 728 53 Y B B2 98
b AR E SR BR (R 4), TR
WAHLIX. 3 AN Y ER o SCREA iy D BEAR Al
W) Z 18] T8 2.2 40 Ak , B 2 1 LA 3t B
Z 8] B35t 15 o3 A 33K B B3 7K, % B A 2K
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%  ERRE 2% 5%k
R 4E fif§ ( Sinibrama macrops ) . 3 TR /)N 5% 8k
X B 3 f
( Macropodus opercularis ) F1 ¥y YL #% &
( Trachidermus fasciatus ) F) 1545 58 4T 4347 , P
—BORNEF LR ( BAME, A A TG

(' Micronoemacheilus  pulcher )

#28) AR XA B0 22 S HAE 8% LR AR B
ZForf. HBERKE, REAUESARFAKRK
BRI A B3 e, SR — KRB A
TRBAAE R E ML, X TR SR B A T RITX
LW, SR ER BB . KILHA
[F S AL B AR B AL e T 6
E I AGE ) SR R B A, S AR
R, B S T 5 W Z [ A U EE K,
eI py T 92 EL AT BB A T — 1 Sz P A K
A(EWRFINX) , 5T 27776 2 fR B
T LA 0 b B 5 B T RE L 2 T8 L T R B K Y
FF T, LA 28 T R A 3B AR 5 W A2 ) A 22 R
SV B R, T S 20T 2 A B BER B %
o

H TR EF AL B AP BRI B A, T2
ORGSR DX 38R 22 A 7 7 1 L A A — UK Ak
F R , R O R S e S AR B b 2 FHLAS
PRIEN Y 3 rAE o (ER 3R AN T 55 W9 87 A 3
JE2 BB TR B S 08, MR ER TR R IF R T A N5
P SEFEBCRE 3, X RS R N, (HTE
X o 2 B R A T R BRI P, O 2 AT R
SR R A FE T, (RN X T A 4
Hap ek 2 N BALETIRE , MR IE %A A%
RIS E A MR R IEFRATIT R BIBT
I8, X T HR A T IRIURA T — D2 T
il (B TR AR SR T IR RS, N T
REASSE N R GEH T MR i M I 15 AR, AT 32X
BIRIPZAPIRALBTIR ) B 89, RRIE BLIZAEA BT
FERIEEA b X 12 I i BE A R AR B B 3 1S
ZREERTIE , LAY BB A6 5 4 3 X2 B A2 BUIR
FATPFM
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Genetic variation analysis of Xenocypris davidi populations from Qiandao
Lake and Yangtze River

ZHANG Hong', ZHAO Liangjie', HU Zhongjun"?, LIU Jun', LIU Qigen'?

(1. Key Laboratory of Aquatic Genetic Resources and Utilization, Ministry of Agriculture, Shanghai Ocean University , Shanghai
201306, China; 2. Shanghai University Knowledge Service Platform, Shanghai Ocean University Aquatic Animal Breeding
Center, Shanghai 201306, China)

Abstract: To know the genetic variation and relationship of Xenocypris davidi populations between Qiandao
Lake and Yangtze River, we analyzed mitochondrial CO [ sequences of Xenocypris davidi of five geographic
populations at Qiandao Lake ( Fenkou County, Fuwen County and Lingi County of Zhejiang Province) and the
other areas (Jingxian County of Anhui Province and Nanchang County of Jiangxi Province) to detect their
genetic structure and genetic variation. 10 variation sites were observed and 10 haplotypes were defined in 92
samples sequences. In the network of sequences haplotypes of Xenocypris davidi,the distribution pattern of
haplotypes presented a certain degree of corresponding relationship to geographic pattern. Analysis of fixation
index (F,) showed that there were obvious variation between Yangtze River and Qiantang River(0. 110 55 -
0.453 67), and no variations was detected in populations of Qiandao Lake ( F, <0. 066 05), and the
variation between Yangtze River’s Jingxian and Nanchang was very high( F,, =0.399 93) . Genetic distance
between each two populations indicated that three populations in Qiandao Lake had close relationship,
however, Jingxian County displayed highest variation with others. Both Neutrality test and Mismatch
distributions of all populations indicated that population outbreak and population expansion may have occurred
in Nanchang population in history, while other populations showed no obvious population expansion.
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