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(Founder Population, FP) 1997 (2000)
, CP3 CP4 CPS5 CPe,
, 6 20 1
) - 87T
1
Tab. 1 Body length, collection time and location of samples
) (em)
(FP) 1997. 11 11. 0—16 4
3 (CP3) 199%. 11 11. 8—16 2
4 (CP4) 2000. 11 1. 8—15 2
5 (CP5) 2001. 11 12.0—15 6
6 (CP6) 002. 11 15 1—18 2
1.2 EB DNA (
DNA GENFQUANTpro ( Pharma- 2004) 8 )
cia Biotech Ltd) RNA/DNA 2
2 8
Tab. 2 Characteristics of eight microsatellite loci tested in F. chinensis
(573) GenBank (C)
EN0018  F:TTT CGI' CCT CAC ACC TAC C (CT)3L AY132812 66
R: TAA GTC ACC TCA CTA ATT CG
EN0033 ( 02135714 5) (GA)GT(GA)3AT( GA) AY132813 64
3GT( GGGAGAGT) 6( GA) 4
RS062 F: TGC TGA AGC TAC ACT ACC TTC G (GC),C(GO) ,.- - (GTCT) AY132778 66
R: TGA TGA AAC GCA AGC AAA GGC 2GAGT (GICT),
RS0622  F: TCA GTC CGI' AGT TCA TAC TTG G ( GI'CT),GAGI(GICT) , AY132778 66
R: CAC ATG CCT'TTG TGT
GAA AAC G
RS0653  F: TTC AGT TGI' TTC AGA ATC GC (AC) |4(AT) 5(AC) LA AY132779 61
R: ACA CGG AGI' AAT GGA GAC C
RS0683 ( 02135713 7) CCGCTACGCG C (TACCCGO) TACC C AY132823 64
RS0859  F: ATC AGI' AGC AGT AGI AGT TG (AT C) (ATTATC) CTC( AT C) ( ATT) 3ATA AY132791 52
R: TGT TAG GAA TGC TTA TGA (ATT)2( ATC) CT( TA) 2 ATT) ACT( ATT)
ATAACC( ATT) {TT(ATT) sGNC(ATTATC)
( ATT) AA C( ATT ATC) s( ATT) ATCTTCATC
( ATTATC) CCC(ATTAGC) ATTACTATC( ATT)
STTTACT( ATTA TC) ( ATC)( AT T) AT
RS0956  F: ACG CAT TAT GICTCA TTC GC (AG) AA(AG) 5 AA(AG) 5(AG) 5 AY132800 66
R: GAT TCC GCA TCA AAT ATGTCC G (AG) 5,
: RS062 RS0622 GenBank s (‘bp) F:
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PCR : 10mmol/ L. Trs-HCI
(pH 8. 3), S0mmol/L. KCI, 2. Ommol/L. MgCl2,
0. 2mmol/ L. dNTPs, 0. 8#mol/ L ,1.OU Tag
100ng DNA, 25M1  PCR
:94°C Smin, 25
94 °C 40s Imin 72 'C Imin,
72°C Smin R
[ 98% , 10mmol/ L
EDTA(pH 8.0), 0.25% ,0.25% 1.
95C S5min 8%
( 7mol/L ), 15W
45 —60min
1.0L (10% ) 30min,
1.0L ( lg/ L AgNOs3,
0.056% Formaldehyde) 30min, ,
1.0L (3. 0% Na2C03, 0. 02 %0 NazS203,
0.056% formaldehyde) ,
1. OL , 15min
DL2000( M arker) (bp)
1.3
(PIC) (Bot
stein e al, 1980) ( na)
(@) (Crow e al, 1965) (G)
(H) (Beardmore e al, 1997)

Fi Fy s P (Levene,
1949) Fy 0—0.05
) ;0.05—0. 15 ,

;0.15—0.25 ,
;0 Fy 0.2

PIC
m-1 m

PIC = 1- Y P2- ), D2pPP?
i=1

i= 1j= i+ 1
Pi B Lo
,m

(@): ae= 1/ D, P, P;

( ):Ho=

36
/
( ): Ho= 1- ) P?,
P; l
( ):Ha=
/
(Fi): Fiy=1- (H,/H.)
E (Fy): Fy= 0*P/P(1- P), P
; O°P
Nei( 1972) T =

DX Y/ DUXD)P 2 V)X s
X Y i
Nei( 1972)

(Nei, 1978) :

I'= (2n= 1) 2UXY)/{ 2o(2n(X )%= 1)

:Dy= - Inl,

d2n(Yi)i- )i xi v X Y
i
2
2.1
8 PCR
: 71
6 16 159 —
60bp  , 1
FP CP3  CP5  RS0622
PIC 0.6628  0.9051
(na) (0)
(G) (F)
: 5
0.7188 0.5687 0. 6188
0.6438 0.66937, 1
RS0859 4 RS0018 5
RS06539 6 EN0033
7
P : 5
Hardy Weinberg
FP
;CP3 5 ;CP4 3
.CP5 2
; CP6 1
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a M
. 750bp

_ e R SO0

250bp—

1 3 RS0622
Fig 1 Demonstration of micwsatellie locus amplified by RS0622 primer pairs in the three populations of F. chinensis
a FP; b CP3; ¢ CPS M: Marker (DL2000)

3 5 8
Tab. 3 Allelic variability for five populatons of F. chinensis at eight micwosatellie loci

ENO018 ENOO33 RS062 RS0622 RS0653 RS0683 RSO859 RS0956

FP
pPIC 0.7678 0. 8986 0 7957 0. 7844 0.7036 0.8756 Q0 7139 0. 7882

na 6.0000 15 0000 6 0000 7. 0000 5.0000 13 0000 5 0000 7. 0000 8.0000
ae 4. 6243 10 2564 5 288 4. 9689 3.619 8.4211 3 P15 5. 0000 5.7389
F 0.3250 0.1750 0 3000 0. 3000 0.4250 0.2000 0 3500 0. 3500

G 12. 0000 16 0000 11. 0000 11. 0000 8.0000 170000 10. 0000 13. 0000

H, 0.5000 0. 8500 0 8000 0. 8000 0. 6000 0. 7500 0 8000 0. 6500 0.718
H, 0.8038 0.9256 0 8295 0. 8192 0.7423 0.9038 Q0 7551 0. 805 0. 8250
P 0 000001 0. 360332 0.016760 0. 037464 0 000609 0. 040456 0. 880801 0.003351"

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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ENOOI8 EN0033 RS062 RS0622 RS0653 RS0683 RS0859 R30956
CP3
PIC 0.7809 0.9032 0 7686 0. 874 0.7230 0.9051 0 7650 0. 7597
na 6. 0000 15 0000 6 0000 7. 0000 6. 0000 14 0000 7 0000 7. 0000 8. 5000
a. 4.9080 10 6667 46512 5 0314 3.90% 10 9589 4 5198 4.8193 6.182
F 0. 2500 0. 1500 0 3000 0. 3000 0. 3000 0.1250 0 3750 0. 3250
¢ 11.0000 18 0000 11. 0000 15. 0000 10. 0000 17 0000 13. 0000 11. 0000
H, 0. 7000 0. 9000 0 5500 0. 5500 0. 5000 0. 4500 0 6000 0. 3000 0.5687
H, 0.8167 0.9295 0 8051 0. 218 0.7628 0.9321 0 7987 0. 8128 0.8349
P 0005246  0.105%691  0.001461°  0.000058" 0192847 0 000000° 0.051064  0.000014"
CP4
PIC 0.7619 0. 8945 0 7386 0. 7613 0.7183 0.8972 0 7448 0. 1938
na 6. 0000 13 0000 6 0000 6. 0000 5.0000 15 0000 6 0000 6. 0000 7.8750
a, 4.4944 9.8765 4 1451 4. 5198 3.8462 10 1266 4 2328 5. 1948 5.8045
F 0.3500 0.1750 0 3000 0. 3000 0. 3500 0.1500 0 3000 0. 2750
G 10. 0000 19 0000 12. 0000 11. 0000 9. 0000 17 0000 11. 0000 12. 0000
H, 0. 8000 0.8500 0 7000 0. 4500 0. 6500 0. 6000 0 4500 0. 4500 0.6188
H, 0.7974 0.9218 0 7782 0. 7987 0.75% 0.9244 0 7833 0. 028 0.8239
P 0160666  0.488343 0803751 0.034652 0299699 0000005  0.003660°  0.000090"
cP5
PIC 0.76%2 0. 8958 0 7414 0. 6631 0.7837 0.8877 0 7531 0. 6310
na 6. 0000 14 0000 7 0000 7. 0000 6. 0000 14 0000 7 0000 7. 0000 8. 5000
a, 4.6512 10 0000 4 1885 3. 1746 4.9383 9.3023 43716 3. 4632 55112
F 0. 3000 0. 1750 0 2750 0. 4750 0.3250 0.1500 0 3000 0. 250
¢ 12. 0000 18 0000 10. 0000 10. 0000 12. 0000 17. 0000 13. 0000 11. 0000
H, 0. 6500 0. 9000 0 5500 0. 5000 0. 9000 0. 5500 0 6500 0. 4500 0.6438
H, 0. 8051 0.931 0 7308 0. 026 0.817 0.9154 0710 0. 129 0. 8082
P 0174952 0. 20460  0.445341 0.630396 0361938 0 000000 0.448449  0.003129"
CP6
PIC 0.7921 0. 8864 0 7982 0. 7123 0.6628 0.9015 0 7871 0. 7487
na 6. 0000 13 0000 6 0000 7. 0000 5.0000 15 0000 7 0000 6. 0000 8.1250
a, 5. 1613 9. 1954 5 0955 4. B3 2.6936 10 5263 50314 4. 2553 5.8366
F 0.2750 0.1750 0 2500 0. 2750 0.5500 0. 2000 0 3000 0. 3750
¢ 14. 0000 16 0000 13. 0000 12. 0000 8.0000 18 0000 13. 0000 12. 0000
H, 0. 8000 0.9500 0 5500 0. 5500 0. 5000 0.8500 0 8000 0. 5500 0. 6937
H, 0. 8269 0.9141 0 8244 0. 8090 0. 6449 0.9282 08218 0. 7846 0.8192
P 057356  0.633667  0.1287%9  0.000046" 0039334  0.040630  0.66442 0050213
na 6. 0000 16 0000 7 0000 7. 0000 6. 0000 15 0000 7 0000 7. 0000 8.8750
a. 5.3576 12 9534 52192 5. 0352 4.3659 12 4533 5 3376 5.9119 7.0793
0. 2500 0. 1150 0 2350 0. 2700 0.2850 0.1200 0 2400 0. 2100
21. 0000 67 0000 2. 0000 23. 0000 17. 0000 59 0000 23. 0000 24. 0000

(P< 0.01)
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2.2 FpP
E ( 4 95, 6 , CP3
Fy (Fu< 0.05) 5 , CP4
.5 3 ,CP5 7
. Fy .5 , P67
, , S
4 5 8 F-
Tab. 4  F-statistics for five populatons of F. chinensis at eight micwosatellie loci
Fi Fy
FpP CP3 CP4 CP5 CP6 CP3, CP4, CP5, CP6
EN0018 0.3620 0. 1209 - 0 0289 0. 1720 0.0078 0 0312 0. 0290
EN0033 0.0582 0. 0069 0 0542 0. 0000 - 0.065 0 0242 0. 0250
RS062 0.0108 0.2994 0 0774 0. 2775 0.3157 0 0256 0. 308
RSO22 - 0.0016 0.3136 0 4222 0. 2701 0.3027 0 0434 0. 038
RS0653 0.1710 0.3277 0 1216 - 0. 128 0.2048 0 0558 0. 573
RS0683 0. 1489 0.5048 0 3343 0. 3838 0. 0608 0 0190 0. 0239
RS0859 - 0.0866 0.2295 0 4108 0. 1572 0.0016 0 0538 0. 62
RS0956 0. 1875 0. 6215 0 4427 0. 3673 0.2810 0 0607 0. 0669
0. 1064 0.3013 0 297 0. 1830 0.1315 0 0397 0. 039
5 8 Fu Nei( 1972, 1978)
Tab. 5 F values of parwise comparison among different ( 6)
populations of F. chinensis at eight microsatellite loci (Nei, 1972) 0.7283 —0. 8618,
FP CP3 CP4 CP5 CP6 (Nei, 1978)  0.8093 —
FP — 00211 00166 00325  0.0220 0.9630
CpP3 - 00215 00301 0.0254 2
Cp4 — 0 0338 0.0255 >
CPS —  0.0248 3
31
CP6 —
6 5 Nei (
Tabh. 6 Nef s genetic identiy (above diagonal) and genetic distance in five populations of F. chinensis
Nei (1972) Nei (1978)
Fp CP3 CP4 CP5 CP6 Fp CP3 CP4 CP5 CP6
FP — 0.2013 0 1487 0 3032 0. 2007 — 0.0861 0 0377 Q0 1975 0. 013
CP3 0. 8176 — 0 2046 0 2851 0. 2440 0.9175 — 0 0898 Q0 1755 0. 1308
CpP4 0.8618 0.8149 - 0 3170 0. 362 0.9630 0.9141 — Q0 2116 0. 1273
CP5 0.738 0.7519 0 7283 — 0. 2171 0. 8208 0. 8390 0 8003 — 0. 1134
CP6 0.818 0.7835 0 7896 0 8048 — 0.9128 0.8774 0 8805 0 8928 -
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, , Shordoni  (11986)
: , 1 6
s > 0. 102 0.039
(PIC), ,
, 1000 ;
0.95, , ,
0.1, ,
3 ,8
0.6628  0.9051, ; ’ ’
” B _QFL ”
2 6 2
16 , ( , 2003; , ’
2001) (1-5) :
(5 ’ ¢
0.7188 0. 5687 0. 6188 0.6438 0.6937) ’ ’
’ 5
’ SR P 0.05 ,P>005 ¢
7,P<0.05 “ 7, P< 0.01 «
,SSR 3 ’
(P< 0.01,
3
(Moore e al, 1999; Wolfus et al, 1997; Wright ) 5
et a, 1994) -
32 0.8093 —0.9630 ( Nei, 1978),
’ (D) 0.0377—0.2116 , Fa
2 2 Fét 5
Hardy-Weinberg ,
’ ( , 1988), Hedgecock
Hardy Weinberg , , (198) 65

Ball (1998)

3.3
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GENETIC DIVERSITY ANALYSIS ON SELECTED POPULATIONS OF
SHRIMP FENNEROPENAEUS CHINENSIS BY MICROSATELLITES

ZHANG Tian-Shi, WANG Qing-Yin, LIU Ping, LI Jian, KONG Jie
( Yellav Sea Fisheries Research Irstitute, Chinese Academy ¢ Fishery Sciences, (lingdao, 266071)

Abstract Seledive breeding on growth charader of shrimp Fennerqenaeus chinensis has been conducted since
1997, and six successively bred stocks were produced between 1997 and 2002 at breeding base of the Yellow Sea
Fisheries Research Institute, Qingdao, China. Samples of FP, (P3, (P4, (P5 and CP6, were randomly collected
throughout the indicated pond area. Tail muscle tissue from shrimp mostly adults and sub-adults was collected. Sam-
ples were stored frozen (— 20 °C) until transported to Yellow Sea Fisheries Research Institute where they were kept at
— 80 C until genetic analysis was performed.

Total DNA was extracted from tail muscle. DNA quality controls were performed using agarose gel eledrophore-
sis and only samples with good DNA quality were used for micosatellite analysis. Fight microsatellite primers were
designed acwrding to smalt size fractionated genomic libraries of F. chinensis. Optimal results were obtained by op-
timizing quantity of reagents and reaction conditions. Under the optimal conditions, PCR was performed for analyzing
the genetic diversity of different selected populations. All samples were run next to a known sequence in order to de-
termine the size. To avoid inaccuracy in scoring due to differences in gels, a control DNA sample was included in
each set of samples for each gel.

Eight microsatellites were used to analyse the genetic diversity of different selected populaions of shrimp F.
chinensis. All eight microsatellite loci were polymorphic. A total of 71 alleles were found over all the loci. The mum-
ber of alleles per locus ranged fran 6 to 16, with allele size ranging from 159bp to 600bp. PIC ( Polymorphism Infor
mation Content) per locus ranged from 0. 6628 to 0. 9051. The number of genotypes per locus ranged from 17 to 67.
The average heterozygosity of the founder, 3rd, 4th, 5th and 6th generation were 0. 7188, 0. 5687, 0. 6183, 0. 6438
and 0. 66937, respectively. Pairwise F, values among five populaions were also low ( Fg< 0.05) suggesting low
genetic differentiation between each two populations. Furthermore, five cases of observed heterozygosity excess ( F'
< 0) were observed in all populations. As far as the total population was concemned, the results based on the ¢ null
allele’ data set showed that observed heterozygosity deficiency occurred a all of the loci tested. Genetic differences
anong the five populations were also detected based on the number of alleles per locus ( na), the effective number of
alleles ( ae), number of genotypes of per loaus ( G) , frequency of the most common allele (F'), and perform ch+-
square (X?) tests to estimate the probability ( P) of significant deviation from HardyWeinberg Equilibrium ( HWE) .
In addition, Nei s genetic distance (Nei, 1972, 1978) genetic distance among five populdaions (FP, CP3, CP4,
CP5 and CP6) were calculated. Fi values and pairwise Fu values showed that the genetic structure has changed
within populaions due to artificial selection and genetic differentiation index indicated there was not obvious different+
ation among the five populations. In summary, data showed that genetic differentiation among the five selected gener
ations was weaker, and there is potentiality for further selection.

Key words Fennerqpenaeus chinensis, Microsatellites, Genetic diversity, Selective breeding



