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Analysis of Genetic Diversity among Silver the
Artificially Released Populations of Carps in the Lower Reach of
Yangtze River with Microsatellite Markers
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( Scientific Observing and Experimental Station of Fishery Resources and Environment in the Lower Rea—
ches of Yangtze River Ministry of Agriculture Key Laboratory of Ecological Environment and Resources of In—

land Fisheries Freshwater Fisheries Research Center CAFS Wuxi 214081 China)

Abstract: Twelve microsatellite markers were used to analyze the genetic diversity of four artificially re—
leased populations of sliver carps in the lower reach of Yangtze River. A total of 56 different alleles were found
and the number of alleles in each locus ranged from 1 to 7. Ten loci ( 83.33% ) were polymorphic. In the four
populations the values of average alleles and valid alleles were 3.98 and 2. 384 0. The values of average ob—
served and expected heterozygosity were 0. 467 6 and 0.490 6 respectively while the mean PIC was 0.382 1.
The genetic diversity of the four artificially released populations was about the same as the lower reach wild
populations reported in past articles and significantly lower than that of the upper reach wild populations. The
mean observed heterozygosity was lower than the corresponding mean expected heterozygosity which showed
inbreeding happened in some extent in the four silver carp artificially released populations. The genetic simi—
larity coefficient of the four populations was 0.937 1 t0 0.971 8 and the genetic distance was 0.028 2 to 0.062 8.
Fst value ranged from 0.027 5 to 0.050 6 which indicated that the four populations were faintly differentiated.
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Tab.1 SSR locus and primers used in the article

(5°- 39 /bp /°C
Locus Primers sequence( 5" - 37) Size Repeat sequence Annealing temperature
F: ATTACGCCAGCTATTTAGG
SCM04 242 (GT) 11 52.6
R: CTCTTCTGCGGAGTGTTG
F: GCAGAAGAGGAGCAGAAA
SCMO5 220 (GT) 11 53.2
R: GACTCATTATAGGGCGAATT
F: TTACGCCAGCTATTAGG
SCMO07 285 (GT) 16 51.7
R TGCGGAGTATTTCCAGAC
F: AGACATGATTACGCCAGCTA (GT)9(GA) S
SCMO08 243 52.7
R: CACGCACATAGACCGACA (GT) 13
F: CTGGAGACGCAGTCAAAGC
SCMO09 274 (CA) 12 52.1
R: GTACCGCAGACGCAACAT
F: AGACATGATTACGCCAGCTA
SCM10 307 (GT) 47 54.2
R: ACCGCCTTAAACGAGACA
F: TCTGCCACCGAATCCTCC
SCM11 262 (CA)13 57.1
R: CGACGGCCACTCACTTGTA
F: GCTGCACAGCTCGCTTGT
SCM14 313 (GT) 17 56.9
R: GCGTCCATTCGCCATTCA
F: ATTACGCCAGCTATTTAGG
SCM15 244 (GT)22 51.6
R: ATCAGAGGTTCACCCACA
F: ATGATTACGCCAGCTATT
SCM18 297 (CA)29 51.2
R: GATGAGGTGGGAAAGAAC
F: TTACGCCAGCTATTTAGG
SCM19 258 (GT) 13 52.0
R: TAGTGGAAGGTTGGGAAC
F: ACATGATTACGCCAGCTATT
SCM20 292 (CA)22 54.2
R: CCTCCACCAAACACGACA
Tm 40s 72 C 50 s 35 72 °C 10 mino 20 ¢/L
pBR 322 DNA/Mspl 9.0% 1 x
TBE 5 V/em . PAGE DYCZ -24B (
) o o
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Fig. 1 PCR result of SCM10 locus in four artificial releasing populations of silver carp
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Tab.2 Genetic diversity parameters of four artificial releasing populations of silver carp

Locus /population A N, H, H, PIC
SCM04 4 3.401 2 0.412 6 0.437 8 0.176 4
SCMO5 4 2.1312 0.5517 0.613 2 0.310 7
SCMO07 4 1.384 9 0.5713 0.684 1 0.3418
SCMO08 5 4.107 8 0.4817 0.5233 0.367 8
SCM09 1 1.000 0 0.000 0O 0.000 0 0.000 0
SCM10 7 4.102 5 0.788 1 0.813 6 0.614 2
SCM11 5 3.190 7 0.590 0 0.6112 0.423 1
SCM14 6 3.6147 0.416 2 0.454 3 0.4413
SCM15 6 3.2412 0.761 7 0.803 0 0.592 4
SCM18 7 4.072 7 0.561 7 0.688 4 0.642 1
SCM19 1 1.000 0 0.000 0 0.000 0 0.000 0
SCM20 6 3.667 7 0.476 1 0.484 3 0.5107

Lihu lake 4 2.243 1 0.478 6 0.501 3 0.384 3
Chaohu lake 3.92 2.576 8 0.464 9 0.473 2 0.376 3
Hongze lake 4.08 2.3017 0.472 1 0.5217 0.392 1
Wuwei section 3.92 2.414 3 0.454 7 0.466 1 0.3719
Mean 3.98 2.384 0 0.467 6 0.490 6 0.3812
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Tab.3 F_, value of four artificial releasing populations of silver carp

Populations Lihu lake Chaohu lake Hongze lake Wuwei section
Lihu lake — 0.043 1 0.027 5 0.048 2
Chaohu lake — 0.046 3 0.036 5
Hongze lake — 0.050 6
Wuwei section _
Popgene 32 4 Nei’ s ( 4. 4
4 4 Nei’s

Tab.4 Genetic similarity coefficient and genetic distance of four artificial releasing populations of silver carp

Populations Lihu lake Chaohu lake Hongze lake Wuwei section
Lihu lake — 0.037 3 0.028 2 0.035 7

Chaohu lake 0.962 7 — 0.062 8 0.057 9
Hongze lake 0.971 8 0.964 3 — 0.059 2
Wuwei section 0.937 1 0.942 1 0.940 8 —

Values above the diagonal are genetic distance values under the diagonal are genetic similarity.

3
3.1
( PIC) . BOTSTEIN "
PIC >0.5 ; 0.25<PIC<0.5 ;  PIC<0.25
. " . 2

PIC  0.077 ~0. 865 0.617 PIC o 4
PIC 0.176 4 ~0.642 1 0.381 2 ; 4 10

4 ) i1

’ . . 5 4.67
2.948 9, 5 0.329 ~0.461 9 0.500 2 ~0.552 9.
4 3.98 2.384 0
0.454 7 ~0.478 6 0.490 6
16 17 -18



. 146 34
. 4
(PIC) .
13
3.2
F, 0~0.05 :
0.05~0.15 0.15~0.25 ; 0.25
. 2 6
o mtDNA
RFLP
13 4 0.027 5
~0.050 6 4
() o
FRITZNER "
3.3
o ( coded wire tag CWT)
20
N o (
21
1 N N 1990: 25-50.
2 1997 6(2):
127431.
3 2001 25(4) :324330.
4 2004 13(2) : 183-186.
5 “ " J. 1994 21(2):
62-63.
6 . J 1996 20(2) : 104410.
7 L 1998 44( 1) : 82-93.
8 mtDNA J. 2002 26(2) : 142-146.
9 ] 2009 33(3):
354371.
10 N

1986 10(4) : 350 —372.

157 )



1 : N * 157 -

tocytes: role of estrogen receptor J . Chemico — Biological Interactions 2001 138( 3) : 285--298.

107 Nawaz M Manzl C Krumschnabel G. In vitro toxicity of copper cadmium and chromium to isolated hepatocytes from
carp cyprinus carpio 1. J . Bulletin of environmental contamination and toxicology 2005 75(4) :652-661.

108 Baksi S M. Fish hepatocyte model for investigation of the effects of trihalomethanes( Chapter 27) J . Water Chlorination
1990 16: 341-246.

109 Olsson P E Hyllner S ] Zafarullah M et al. Differences in metallothionein gene expression in primary cultures of rain—
bow trout hepatocytes and the rth — 149 cell line J . Biochimica et Biophysica Acta ( BBA) — Gene Structure and Expres—
sion 1990 1049( 1) : 78-82.

110 Grosvik B E  Gokssyr A. Biomarker protein expression in primary cultures of salmon ( Salmo salar 1..) hepatocytes ex—
posed to environmental pollutants J . Biomarkers 1996 1(1):45-53.

111 Bickley L K Lange A Winter M J et al. Evaluation of a carp primary hepatocyte culture system for screening chemicals
for oestrogenic activity J . Aquatic Toxicology 2009 94(3) :195-203.

112 . t - BHP I

2011 23(2): 273277.

113 Collodi P Miranda C L Zhao X et al. Induction of zebrafish ( Brachydanio rerio) P450 in vivo and in cell culture J .
Xenobiotica 1994 24:487-493.

114 Nelson J. Fishes of the world M . New York: Wiley & Sons 1994.

115 Scown T M Goodhead R M Johnston B D et al. Assessment of cultured fish hepatocytes for studying cellular uptake and
( Eco) toxicity of nanoparticles J . Environmental Chemistry 2010 7( 1) : 36-49.

146 )
11 ) “ 7 J. 1996 3(4):
1148.
12 ) J . 2005 13(6) : 772976.
13 .30 J. 2007 29(6) : 705713.
14 J . 2008 30( 10) : 13414348.

15 Botstein D White R L. Sckolnick M et al . Construction of a genetic linkage map in mall using restriction fragment length
polymorphism J . Am J Human Genetic 1980 32(3) :314-331.

16 Li Q Park C Endo T et al. Loss of genetic variation at microsatellite loci in hatchery strains of the Pacific abalone ( Haliotis
discus hanna)) ] . Aquaculture 2004 235( 1/4) :207222.

17 Skaala O Hbyhein B Glover K et al. Microsatellite analysisin domesticated and wild Atlantic salmon( Salmo salar 1.) : Al-
lelic diversity and identification of individuals J . Aquaculture 2004 240( 1/4) : 131443.

18 Norris AT Bradley D G Cunningham E P. Microsatellite genetic variation between and within farmed and wild Atlantic
salmon ( Salmo sala) populations J . Aquaculture 1999 180(3/4) :247-264.

19 Fritzner N G Hansen MM Madsen S S et al. Use of microsatellite markers for identification of indigenous brown trout in a ge—
ographical region heavily influenced by stocked domesticated trout J . Journal of Fish Biology 2001 58(5):1197-4210.

20 . J. 2005 29( 1) :26-30.

21 Chemnick L. Robbins M Garner K et al. Paternity determination in captive lowland gorillas and orangutans and wild

mountain gorillas by microsatellite analysis J . Primates 1998 39(2) : 199209.



