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Tab.1 Characterization of the thirteen microsatellite loci

fif  GenBank 7415 I AIT FFHN(S -37) B AR/ C
e ,
o e (acarys R: TATCAGCCAAAAGAACAC 52
Gl e a3 R: CTAATCICCCCICTCTICCA. o
S DT i :
e (oAAw)3 R: ATGCTATCCCOTCTCTITEC. 58
e e (rmme)s K. CAACCTTGACAGOTCTATIATCG o
e (rie)s R TGCCACAACACARACCTCAC 58
SR :
Ol R (recry? R, COCTCTCTGOTCCCTACATA. 8
ey (rrrey? R: CTCAACCTUATTGCAAACAAGA. o
Ol R (cAs10 R: TCCCTCTTICCACCAACTTC. 50
0sl 62 FI875293 (CTTCT) 19 E AAGOCAGCAAGTEAAAGEAA 68

1.4 PCR ¥ IBMERIER

PCR 2 1 7£ GeneAmp ( ABI 9700 ) {Y /7 # 47,
10 pL PCR 3 1A Z f14% : ddH,0 4.1 L, 10 x buff-
er 2P 1 wl,2.5 mM dNTP 0.8 pL,5|# F.R %
1.0 pL,5U/ uL Tag DNA B 40 0.1 L,
20 ng/ wLEIE DNA 2 wL, PCR % £14 K 94°C
FEPE S min;35 PMEIALEE 94°C 40 s, 51 W HEA
AR KR JE (£ 1),40 5,72C, 40 s; 72°C %iE fi
10 min, PCR §" 34/ ¥4l : 72 1 x TBE 1 L JK M
1 10% 1R A28 P 5 P9 9 BE R e AE 160V T HL
Jk4 h,GelRED %t {1, Bio-Rad B 1% & GL 44 i 40
R ORAF IR e, A 25T i Ak 1) o7 B SR I T 67 R

/

JN B LR R B 5 pBR 322 DNA/Msp | marker
poRaRi
1.5 HiEZit7A*E

(LR VNN E R VA PSR =| &ji/J\ﬁiFH
QUANTITY ONE version 4. 62 ( Bio-Rad Lab) #£47
#ro 1 J§ POPGENE version 1.31( Yeh et al, 1999)
B3 1 PR R A 1) e ] 35t A% 254, 115 LA 35t
LSRRG (H) AL H L (Ae) |1 T8 i
{E4% (Hardy-Weinberg ) -1 fi 25 5 &0  F-Ge i1
PR (Nm) 5 SR FHAE AL Y- 5 2 12: (UPGMA) X
Nei's LB JEAT RO R K, , M4 ] 352 %
K F . $% 1 Botstein 25 (1980) YA X R ZE(F

A~ EL
1%\ B o



2013 £ 5% 1 4 X%, DI g RKEERRNE 8 F &FEEE SN L TR 71

UL AR AR S WUR R0 B A 76 71,64 4

2 44EHEE
RS W SR A TR A E 3 BN 1T
21 BHEBRE SRS 2%,
VAT 0 3 A (10 (B RAE 13 8T HUE 46 45 R R 5 i 5

m EICR A T8 ASSEAL R BOR AR BOR S R AN Hardy-Weinberg “PARRINAS R ILFE 2. 123
R2 BAMIERSEINEREFERNBEESHEST

Tab.2 Genetic diversity parameters of three O. sima populations for 13 microsatelliate loci
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BN LIS Ae  2.3464  2.9063 3.4611 RN FE R Ae 2,092 2.7162  2.9192
LI 224 B Ho 0. 7857 0. 9429 0. 8824 NI Z443 B Ho 0.4912 0. 5429 0. 4706
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LA[EB &R PIC 0.368 0.475 0.340 LAEB &R PIC 0. 590 0. 628 0.582
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72 3454 1

2013 4 1 A

AU TR LI S5 37 e PR JSCRI A 25055 A0 56 DR B A
TR b oy B i, 239910 5. 8462 F11 3. 8085, i
Ja LA AR, OIS U B AR A 2255 B
o AT 0 A A dR g, O 0. 628 , U AT AHE (AT
G U A 2 2505 B & B, 7031 5 0. 590
0. 582 5 WL Zi% 7 J5& A R 2% 4 J8E 149 AU S 30
AR O e, 210 0 06475 H10. 6869, B A
U AU, R AR O e il O A (A3
A9 A TR AL K B T Hardy-Weinberg ~F- £
(P <0.05) , i o I REIRA 4 7 s fi 38 1 F
i, B IS IUTHEAA 3 A B 1P

2.2 BEBEETERSW

PGt 2 AR DN AR )it A% 7 A R JE 9 45
PR, TE 3 DR B T4 R IR 3. P A
13 AL I S R L R Fst KT
0.05, 7EHA 10 ML 13T 58 R B /N T 0. 05, 4%
7RI 28 ZR B R 0. 0466 , FE K 1) 25 {8 Ky
5.1092,

3 A AR TR] 35 12 0 28 BORI g A% 1 1 L
4o BOATHFAFIEOR 5 IR HE A 8] ) 35244 04k
FBdR /N (Fst = 0. 0251) (g5t % B 5 fg 3 (D, =
0.0950) , LM 2 AR 18] fr) 36t A% 70 fE K P L8R
I, BIPI# A BT AR 2 K F o X Nei's j5t 4 1 B
(D,) R UPGMA J 03 B (18 1), B B A 1A
(BC) ARG IR B4 (BD) Je R AE—ik, 1158
TG I EREA (AD) FHE

®3 BREEFEEERIN
Tab.3 Genetic variation parameters of O. sima

population for 13 microsatellite loci

A= pic BIEZE BEAOME BEAPGE R
Locus REF, ZEFs XHREFs  Nm

OSI1 0.594  -0.3130 0.0240 -0.3453 10.1832
0SI21  0.488 0.1828  0.0221  0.1643  11.0626
0SI32 0.833 0.5257  0.0497  0.5009  4.7788
0SI35 0.729  -0.1941 0.0162 -0.2138 15.1384
08142 0.623 0.2608  0.0813  0.1955  2.8265
0SI 44 0.461 0.4613  0.1940  0.3316  1.0390
0SI45 0.394  -0.0043 0.0414 -0.0476 5.7858
0SI53  0.533 0.2297  0.0727  0.1693  3.1891
0SI54 0.288  -0.0702 0.0219  -0.0942 11.1476
OSI55 0.593  -0.1385 0.0113  -0.1516 21.7795
0SI56 0.708 0.3323  0.0366  0.3069  6.5714
0SI59 0.700  0.1681  0.0211  0.1502  11.6043
0SI62 0.860  0.0447  0.0172  0.0279  14.2444
Mean 0.6 0.1323  0.0466  0.0898  5.1092

x4 3TARERFENEESURE(NAE L)
# Neis B{EFEH (MAETH)
Tab.4 Genetic distance coefficients ( above the diagonal)
and Nei’s genetic distance ( below the diagonal)

among the 3 0. sima populations
BOHTHE BRI BE M

ik & BC BfR AD  THEA BD

HIULHTRE A BC 0.0347 0.0251
G BHA AD 0. 1453 0.0451

RS WU F BEA BD 0. 0950 0.1962
T BC
_| L BD
AD

—_—

2
BC: FBUAL A4S s BD : A0S 30U N BE(A  AD « 0ALIS 300 RE(A
1 ETF Nei's i feBmM 3 1 AR UPGMA F
BC: before closure population; BD: below dam population after clo-
sure; AD: above dam population after closure
Fig.1 UPGMA dendrogram for 3 populations of the
0. sima based on Nei's genetic distance

3 g
3.1 EfEffeHM

AR R 3815 Z R PPN DD RN B AR DL RY
—DNEEARYE . L 2R YIRS N 2 PR
FAF AR A A FNIEAG B LR o F R PR b 4
Fih A EAL Z R K R | A 2 ) P oI5 B A i
S o REVRRY 8L 22 R PR R , Xk P58 PO 3 I ) gt
G, AL A T8 ) R (B 55,2009 ) o PIC  Ho
I He 0 S W AR 4% 162 4 22 A0 1 1) B8 4, LA (EL
R, Tt 3 DR 2 ey (SR B 45 ,2010) o

ZBMEE SR (PIC) Je A i RN 2 Ak i ALy
FRPR (RMAF,2010) o A4 Botstein 5 (1980) 2
P i e DR S A B e AR 0 22 A5 R A R & e ok
A AW R 3 A B R A, LLOST62 1y PIC
i, BIE 2 0. 8605 OSI 54 1) PIC Jyfefik, ¥
{679 0. 28833 MHEAAE 13 TR AL 1 F 3
PIC{H & 0.6,7F 13 /N7 &+, B OSI 21, 0SI 44 |
OSI 45 ,0SI 54 i 250080, o 9 Mz ity
NEEZS . SREWATT TR frRCBA £
B 28 IR (EWSR SES d:B 8 2 A TS IS R = IR R N
ZIa) 5 A% ZREE R L A5 R B 2 B

WL 2 & BE 5y ZAEA RN R . U2
A BE L REAIBURE I 2 MR 50/ D, LR/ IN T S R
A5 A% ZRE 7K ( Frankham et al, 2002) , HHEE A
B EEOR, st AR . AWFTE R



2013 £% 1 #]

X%, DI g RKEERRNE 8 F &FEEE SN L TR 73

BRI 3 BRSSP 25 3 aT &, B 5 3
HEAR )T IR 2 5 B ey, R 0. 6869, 1 A% I FiT
TEUR AR O J5 LR BE AR B3, 43 1 R 0. 6413 FI
0.6497 , X 1] BB 55 I EIUF A A7 IR EE 1)
A o B B A K I B R, 7
TSR R S, T X HR e A 3 % R (U
W) K LA W K LB A T4 AR T SRR T
ANTRITT B AR 1 32 PR 52 3, AT 5 B0 0t s 0
PRI L Z R TR AT . AR5 IRk
SRR, R A P A A BN B £
B Bk, 7E/K SRS 19 2 AR AEBETEIL T AL
SRAEF 17 B A R, RSB AR Ak b
0 e B2 ) b A ) e =% W = ORI N RN S
I ATIEAR 38 15 2 RE M, B 8 A% Z R A
s
3.2 BkEgai

FE PR RIRRRE (] 19 35 A A8 S /KO i T st AR 4544
AR, AREEIRD Y A 2 RN B, W& TS 1k
(RIZERE 5 L 2 U A A 43 Ak ) 45 7 ( 32 IR %5, 2010)
WIEHTE 3 DRI 1L R BT E Y 0. 0466 , 1K 45
Wright (1978 ) /) X1l 73 b5 e, AW 55 SR AR 1 B VL2 K
KL 3 A H AR — A 2 AR 5 I KR A .
3 ASBEAREI IS AL o0 A REE /N F 0. 05, i — 25
WL 3 A~ 1 AR (R 5 A o AL R P A5

1505 I B I /I B FHORAE A S B A 3t A
SR (Nei, 1978) ARG HERERTE 1 3 4
P H A AR ] 35 A5 B B 7E 0. 05 ~0. 30, 4% 18 Shaklee
(1982) 32 H 1« F 2R A & R RN IE 3 KT Y
B B 119 43 2 AR E 43 51k 0.90,0. 30 F1 0. 057
AL BB T —E B s A, KRB L A 1k
BB B AL I B S 21 10 3 AR 8] 38 A4 70 16 A
JEIFA—3L, AT RBJZ A Dy Shaklee (1982) 4518 &%
I Ve X 2R A TR 43, T Wright (1978) A HF 5% J2:
(R R L ANIUE S SURAN IO

SR M TR AR 45y o T B 14 DR 22 35 DRI G R R JEE A
ZH I (Vignieri, 2005 ) , K [F i MO | 35t 1% 43
b i) B2 PE {5, Slatkin (1985) L & Walker %
(2001) N A, #5 BEARE A A AREL Nmo> 1, 33t £4
AR AV FH R R 1 3 DRI T 6 30 , RV RE Bl L P RE
HorAbe AW 3 A H AR 13 AT
B _E ) Nm B2k 51092, KF 1, R HI#EH
J& 2 AR 3 A L H fa R AR D) A HE BB R 1 5 A AR
5

3 AR EEHARE S RA SR a2 R —

B HWHENAZ RIS RECF ) FIRhEE A
AR E] I AE R CF ) B (E DA 25 A IE fELIN, )02
AR AR N G S R JEE B ™ H (Weir & Cockerham,
1984) o FEAMTI T, -3 Fis 1 F p (E 350 IE AR, B
W SRR 7 A — R I S B R

ERG T, ARWMIETE I 3 4> T A A s 15
OMACRRIEARSS o 1 TR S FEASR AR I 8] BE AR 1L
24, HA W B2t 3 Z A eIk 2R s (T 4w
2,1994 ), DRI, 2 0 1 5 4 b DAk 22 7K K L ot o
R 2 A8 S ST, 3 B AT I A
Il ) SR A A B O — 28 23 HT o

% 3k

THite. 1994, PRI M]. AR PORR=HOR 1R
At 334.

WITHESR , SR, JRURME, SF. 2009. B R AR WS R K
ANTHFREA [J]. Sk, 37(10): 152 -
154.

e, FFk, K. 2009, T {E R Va0 R i AL A
S M BME R B R [T P EDK - REAE, 16
(5): 678 - 688.

75, tRi, RBEAE, AF. 2009. FIFGLCT A RRIC AL ST
TAOKRLIX ROK A 2R [T]. KA
ek, 2(2) . 117 - 121.

PNIRSE, SZOCTH, W3, 45, 2007. FROCRYsR A 1L 2
FEMES HASE R R [T]. RHAES=H, 18(5):
1081 - 1085.

R, P, 2R, S 2010, HEHfA TR BRIC G 5
e M AN BF AR AL a5 i [T]. AR EoRTE
R, 3: 154 —163.

I, I, AP, 2010, VLR IS [ B AR g
FREEFIESE [T]. KR, 34(4) : 843 -850,

JASY, BRietly, Zedidy. 2007, FH@AEvERwIBasT [].
IR, 27(5) : 83, 107.

JEAE ) FRIEN], RE, 45 2007, [P ALAE SRS
s BRI PEOY [T ], VYR RS2 4l ( A RBE A0 , 29
(8): 123 —128.

Aljanabi S M & Martinez I. 1997. Universal and rapid salt-ex-
traction of high quality genomic DNA for PCR-based tech-
niques [ J]. Nucleic Acids Research, 25 (22). 4692 -
4693.

Botstein D, White R L., Skolnick M, et al. 1980. Construction
of a genetic linkage map in man using restriction fragment
length polymorphisms [ J]. American Journal of Human
Genetics, 32(3): 314 -331.

Cantrell R S, Cosner C, Fagan W F. 2002. Habitat edges and

predator-prey interactions: effects on critical patch size



74 3454 1

X & A

AN

#

2013 4 1 A

[J]. Mathematical Biosciences, 175(1): 31 —55.

Frankham R, Ballou J D, Briscoe D A. 2002. Introduction to
Conservation Genetics [ M ]. UK. Cambridge University
Press: 29 - 62.

Kruess A. 2003. Effects of landscape structure and habitat type
on a plant-herbivore-parasitoid community [ J]. Ecogra-
phy, 26(3) : 283 -290.

Nei M. 1978. Estimation of average heterozygosity and genetic
distance from a small number of individuals [ J]. Genetics,
89: 583 -590.

Shaklee J B. 1982. Speciation and evolution of marine fishes
studies by electrophoresis analysis of proteins [ J]. Pacific
Scientific, 36 141 —157.

Slatkin M. 1985. Gene flow in natural populations [ J]. Annual
Review of Ecology and Systematics, 16 393, 430.

Tessier N & Bernatchez L. 1999. Stability of population struc-
ture and genetic diversity across generations assessed by
microsatellites among sympatric populations of landlocked
Atlantic salmon ( Salmo salar L) [J]. Molecular Ecology,
8: 169 - 179.

Vignieri S N. 2005. Streams over mountains; influence of ripar-

ian connectivity on gene flow in the Pacific jumping mouse

(Zapus trinotatus) [J]. Molecular Ecology, 14(7) : 1925
-1937.

Walker C W, Vila C, Landa A, et al. 2001. Genetic variation
and population structure in Scandinavian wolverine ( Gulo
gulo) populations [ J]. Molecular Ecology, 10(1): 53 -
63.

Weir B S & Cockerham C C.
the analysis of population structure [ J].

1358 - 1370.
Wright S. 1978. Evolution and the genetics of populations. Vol.

1984. Estimation F-statistics for
Evolution, 38

4. Variability within and among natural populations [ A ].
Chicago : University of Chicago Press: 1 —30.

Xiong Meihua, Que Yanfu, Shi Fang, et al. 2009. Isolation
and characterization of microsatellite loci in Onychostoma
sima [ J]. Conservation Genet Resour, 1; 389 —392.

Yeh F C, Yang R C, Boyle T. 1999. POPGENE Version 1. 31,
Microsoft Window-based Freeware for Population Genetic
Analysis [ CP]. Edmonton; University of Alberta and Cen-

tre for International Forestry Research.

(TTAEH A RIRA)



2013 % 1 # XTI Y AKEERRAE G FAREKEEEMWLI TR 75

Preliminary Study on Population Genetic Structure of Onychostoma sima Before and
After Closure of Pengshui Hydropower Station on Wujiang River

XIONG Mei-hua, SHAO Ke, XU Nian, ZHU Bin, SHI Fang

(Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem
of Ministry of Water Resources, Institute of Hydroecology, Ministry of Water Resources
and Chinese Academy of Sciences. Wuhan 430079, P. R. China)

Abstract ;: Fragmentation of the Wujiang River ecosystem by Pengshui hydropower station may disrupt the river con-
nectivity and communication of fish populations, consequently, fish population genetic structure and diversity will
be affected. In this study, thirteen Simple Sequence Repeat (SSR) markers were used to compare genetic diversity
among three Onychostoma sima populations which were consisted of before closure population of Pengshui hydropow-
er station (BC) , above dam population after closure (AD), and below dam population after closure (BD) from
2006 to 2009. Expected heterozygosity ( He), observed heterozygosity ( Ho), polymorphic information content
(PIC) and number of effective alleles (Ne) were all determined. The results showed that genetic diversity of AD
population was highest, and the other two were lower. He and PIC value of AD population were highest with values
of 0.6869 and 0.628. The genetic similarity coefficient and Nei's standard genetic distance were computed based
on the allele frequencies. Genetic differentiation and hierarchical partition of genetic diversity were evaluated by Fst
and Nm. The genetic differentiation coefficient among the populations ( Fist) was 0. 0466, which showed weak ge-
netic variation present among populations. Gene flow (Nm) between primers varied from 1.0390 to 21.7795 and
the mean Nm was 5. 1092. The UPGMA cluster figure that was constructed based on the genetic distance matrix
showed that the BC and BD populations were clustered together firstly, and then be clustered with AD population.
The results of the study showed the genetic diversity of the three 0. sima populations was high, and the genetic var-
iation among populations was weak. Long-term monitoring and more analysis will be necessary to assess the impact
by Penshui hydropower station on population genetic structure and diversity in 0. sima.
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