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1
Tab 1  Cross ecies amplification and polymorphism of micosatellite from common cap in grass carp

. . . . No. of )
Locus Primers sequence Tw( C) Core repeats mot if Size Ian{?re alleles Hy(H,)
(‘base pair)
MFWI-1 FCT CCAGACT GITCAT CAGGAG 60 (TC) ; (CT) 5 (TTC) 5 173 —203 7 0.2934( 0. 6739
GAGGI'GTACACTGAGI CACGC (CA) 2 16+ 2
MFWI1-2 203 —239 7 0.3151( 0. 6815
MFW5 FGAGAT GCCTGGGGAAGTCAC &0 (CA) 15, 4 186—218 4 0. 5620( 0. 4673)
AAAGAGAGCGGGGIAAAGGAG
MFW15 FCTCCTGITITGTTTTGTGAAA &0 (TTA)24 1, (GAA) 3 110—190 4 0.3717(0. 5434
GTTCACAAGGTCATTT CCAGC
Koi3 GTTTTCTGTTGTAGGCTCTG 46 (GA) 34 2 5, (AAAG) g 466 —500 4 0. 2494( 0. 3869)
TACTT CAT CTCT CGCACT CA
Koi20 TGCCCTCT CTTTCCTTCA 48 (GGGA) |, ;5 156—180 3 1..0000( 0. 6149
CAGGCTTCAACACAAACA CA
MFWI{181bp)
GAGGTGTACACTGAGTCACGCTCATGACAATACAGCCTCTGTAAACTACCTGTATTACATTICTCTCTCCAAACACATAC
ACTCTCACACACACACACACACACACACACACACACATTICTICCACAGCAGGCTGAATTTCATCAGGTTCAAGCGCAG
AAGCICCTGATGACAGTCTGGAG
MFWS(186bp)
AAAGAGAGCGGOGTAAAGGAGGGGACATAATCACACACACACACACACACACACACACACACATACACACACAAATG

GTGTCTTGGGGGCCCCAATAAGCCTGCAAAGGTCAAAATAACCATAATTCACTTTTCACAAAACACACATGTGAGAAAA
TAGAGAGATTGTGACTTCCCCAGGCATCTC

MFW15(185bp)
GITCACAAGGTCATTIICAGCAAGATGAACCTCTCCGAAGAGGTTGATCTGGAGGACTGTATCCTCTTGACCCTAA AT
GAAGTITATTATCATTATGAATATGATTATATTTAATCATTTAGAAGAAGAAATTAGGAAAACAATGCATGAGAGTAAA
AGAAAATATTTCACAAAACAAAACAGGA

Koi3(466bp)
TACTTCATCTCTCGCACTCACAAATACAAGCTGCAGGGAGACAAGCCCTGAAAGATCCATGATTAATTTGGCCCATTAAC
TGCCACTGCCATGGGAGAGAATAGGAGAAAGAGAGAGAGAGCAAAAAACTTATACCCTCAATGCTCATTTGCTCATTTA
AAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGATCAAATGTATAGTTCCATGTCCTCATCTTACCCTCCCCATCATCT
GTCAGTCGTACTGTAAGCATCGCACTGGTTGACCTAGACTCTCTCACCGTTITITICTTTICTTCTGTTCTTTCCTCACTCA
GGGTCCCTCTACTCCGTTGAGACTACTCCAGTTAGGCTATGAAGCCAGTTTGACAGCTGCTCTCTTITCTGAAGTCATTCA
ACATTCTCAAACTTCCACCTGTCCCTCAAACCACAGCTGTTTGACAACAGAGCCTACAACAGAAAAC

Koi20(156bp)
CAGGCTTCAACACAAACACAGACTAAAGCACCGCTCCACCTTAGCGCAATTAGCGCAGCACACATTGCTCGAGGGCGT
GAGAGGAAATGAGTTTTTTGGTAGGCGTGGGGAAAATGGGGGAAAGGAGGGAGGGAGGGATGAAGGAAAGAGAGGG
CA

25 (=  — )
Fig. 2 Nucleotide sequences of PCR products amplified in grass carp using 5 pairs common carp microsatellie primers

( indicates primers sequence, indicates repeats region)
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2.3 - 4
MFW5 (P> 0.05) ,
(P> 0.01) (P> 0.05) - ( Pairwise comparisons) [16]
;MFW15 (P> 0.05) ,
(P> 0.05) - \ (P=0.30), (P<
; Koi3 (P> 0.05), 0.0) 3 Nei’ s UPGMA
(P> 0.01) - , , ,
MFWI-1 MFWF2  Koi20 ,
- 2 , AMOV A ,
3.8 4.8 \ 4.40%( 3),
(Ho)  0.4000 0.5741 , (Fg)  0.044, ,
(Hg) 0.4773 0. 6489 2
’ 4 Nei s( )  Reyndds s
(0. 6283 0. 3603), ( )
(0. 4533 *o. 2704), Tab.4 Nei s (below diagonal) and Reyrolds s (ahove diagoml) genetic
(0_ 5384 +0. 3118 distances between populatiors of grass carp
0.5426 £0. 3155)  AMOVA : ¢ e e ore
95. 60% ( 3) , SSC — 0. 0667 0.0624 0 1068
PYC Q0 0645 — 0.0026 0 0297
JYC Q0 0605 0. 0026 — 0 0367
5 Drc Q1013 0. 293 0. 0360 —

Tab 2 Genetic variations at all loci in four popubitions of grass cap

—[3TC
= e

A Average gene ;i
Ho Hg verage o diversity St
of alleles 'H—'Li
ScC Q 5741 0. 6489 38 0 62834%0.3603
PYC 04363 0.5544 40 0 5384%0.3118 3 Nei s UPGMA
JYC 0 4000 0. 5646 48 0 5426%0. 3155 Fig. 3 UPGMA dendogram based on Nei' s genetic ditance for
four populations of grass carp
DTC 0 4506 0.4773 40 0 4533%0.2704
:SCC: ; PYC: ; JYC ;s DINC:
Note: SCC: Sichuan grass carp; PYC: Poyang Lake grass carmp; 3
JYC: Jiayu grass carp; DIC: Dongting Lake grass carp
31
3 AMOVA
Tab. 3 AMOVA analysis results for Hur popubitions of grass cap ’
6 5
- Degree of Sum of Variance  Percentage of P MFW15
Source of variation o
freedom squares  components  variation 5
2
3 16. 485 0.07301 4.40
Among populat ions
2
214 339. 625 1. 58703 95. 60
Among individuals ’
within populations MFW1 MFW5
[8]
Total 217 356. 110 1. 66004 MFW 15 CA ,
CA TC CT TTA  GAA ; Koi3  Koi20
24 (TAT)e () 1, Koi3

Nei’s  Reyrnolds’ s (GA)1n (AAAG)s , Koi20 (GGGA) 4
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MICROSATELLITE DNA ANALYSIS OF GENETIC DIVERSITY OF GRASS CARP
IN YANGTZE RIVER SYSTEM

LIAO XiacLin"2 YU Xiao-Mu', TAN DeQing' and TONG Jirr Gou!
(L Institute f Hydrobiology, the Chinese Academy ¢ Sdences; State Key Labaatay f Freshwaer Ewlogy and Biotechnology. Wuhan 430072
2 The Graduate School ¢ the Chinese Academy ¢f Sdences, Bejing  100039)

Abstract: Grass carp ( Gengpharyngadon idellus) has been one of the most important traditional domestic freshwater aquaculture
fish in China. Its habitat includes major rives and lakes in China, but it is most abundant in Yangtze River and its adjacent
lakes. In the present study, the genetic diversity and population structure of grass carp from Yangize River system were investi-
gated using microsatellite DNA markers.

In total 109 individuals were colleded from four sites of the Yangtze River System including Yibin, Sichuan; Jiayu, Hubei;
Dongting Lake, Hunan and Poyang Lake, Jiangxi. A full sib family was prepared using artifical fertilization. Genamic DNA was
extracted from ethanol preserved fin tissues by using phenolt chloroform method. Using a set of microsatellite primers originally re-
ported in common carp ( Gyprinus caipio), we carried out many cross species PCR amplifications. PCR produds were separated
on 7. 5% nondenauring polyacrylamide gels, stained with ethidium bromide in water and visualized with ultraviolet. A success
fully amplified locus with clear banding pattern ( i. e. one or two bands) was subject to test for genetic segregation in a full sib
grass carp family before it was considered to be used in population analysis. Purified PCR products were cloned into E. coli
DH5a strain using pMD- 18T vector, and positive clones were seleded and sequenced by Shanghai BioAsia Biotech Company for
confirmation of repeat nmotifs. The size of alleles was scored by camparison with pPBR322 DNA/ Mg 1 markers.

Five microsatellite primers successfully amplified six loci with reasonable polymorphism in grass carp. The number of alleles
in these loci ranged from 3 to 7. These six microsatellite loci were inherited with Mendelian mode in a test fulk sib grass carp
family. Sequencing analysis for the PCR products in grass carp confirmed that all these six loci contained core repeat motifs, and
some dr nucleotide motifs were similar to those in common carp (e. g CA repeat) while others were new in grass carp, especially
those tir nucleotide repeats (1. e. TTA and GGA). Six microsatellite loci in grass carp, i e. MFWI-1, MFW1-2, MFWS5,
MFW 15, Koi3 and Koi20, were applied to subsequent studies on genetic diversity and possible population strudure of grass carp
samples fram the Yangtze River System including river and its major adjacent lakes. The results showed that the number of alleles
of a population ranged from 3. 8 to 4. 8 on average, and mean obsaved heterozygosity ( Ho) from 0. 40 to 0. 57, while mean ex-
pected heterozygosity (Hg) from 0.48 to 0. 65. Afier applying Hardy Weinberg Equilibrium (HWE) test, several loci were found
to be sinificantly deviated fron HWE in some populations in which deficiency of heterozygotes was apparent. Genetic distance
analysis showed that the largest distance was between Sichuan and Dongting Lake population and the smallest distance was be
tween Jiayu and Poyang Lake population. However, the analysis of molecular variance (AMOVA) indicated that almost majority
of the variance in the grass carp was within populaions ( 95. 60% ), and only small proportion was among populations
(4.40%) . The lower level of overall genetic diversity and particularly lower Fixation Index (Fst= 0. 044) indicated tha the
grass carp in Yangtze River system had a relatively lower genetic variation and its genetic structure between populations was
weak.

Key words: Ciengharyngodon idellus; Microsatellite DNA; Cross-species amplification; Genetic structure; Analysis of molecu
lar variance ( AMOVA)



