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1 1.1.2
1.1 TSB (TSB 30g, NaCl 15g, 1000mL
111 ), 28°C, 200r /min 24h, ODggo
2011 10 9 0.9% ,
210 [ 133.5—225.2g, 10° cfu/ml,
(164.77964+24.9819)g, + ] 1.2
110cm 68cm , , (Carmen et
35, 50cm, al, 2007; Chen et al, 2007; , 2009; ,
2010) , 30
14 R 1
x1 30NMHIESIFT
Tab.1 Primer sequences of 30 microsatellite loci
(5'—3") (°C) GenBank
FF0903 (CA), F: TCTGCCTGTTGAGTGTTTGC 59 GU433231
R: GCAGGGATGATGCTCGTT
FF0911 (CA)s F: TGAACGGTTACCAAGACAGG 60 GU433239
R: ACAAACAGCCCATCACAGG
FF0921 (TG)s F: TAGGTGGTTGCGATGAGTGC 59 GU433249
R: AACCATTCCGCTGACCTCC
Sma-USC13 (GT)s F: CATTTGTGGCACTTTTAG 50 DQ470750
R: CTTTCTGTCAGTCTCATCC
Sma-USC42 (CA)a4 F: GCCCCTGATTTTAGATAGTAA 54 DQ810842
R: TGCTGAACAAGATGATGGAT
Sma-USC59 (GT)a4 F: GCCTCCATCTCAACAGC 54 DQ810859
R: CTGTCTGGGAAGAGAATATG
Sma-USC60 (GT)s6 F: CTCAGTGATGAGCAGCAAGG 60 DQ810860
R: CTCCACCCAGACACACACAC
Sma-USC62 (AC)12(TC)19(AC)y F: AGTTCGGGCTCCAGTTCAC 56 DQ810862
R: GTGGTGGTTGAGTGTGTTCG
Sma-USC63 (CA))n F: GAGAAACAACATTCACACCC 56 DQ810863
R: TTGAGGCAAATATAGAGAACC
Sma-USC102 (TGTA) 10 F: ATGACCACACGCACCAGT 52 DQ810902
R: CTGACAAGCAATAGGAAACAG
Sma-USC108 (CATA) 4 F: TAACCCTGAGGAGGAGCAT 55 DQ810908
R: TTACACATAATGAGGCTGAATG
Sma-USC109 (CTAT), F: CCGTCATTGGTAGAATCGT 55 DQ810909
R: GGCATCATTGGGTCTTTAT
Sma-USC138 (CA)i6 F: TGGGAGGAATCTGCTACGAT 55 DQ810938
R: CTCACTTTCACCAGGCATGA
Sma-USC141 (GT)3 F: CTAGATGGCACTGGAGACC 54 No data
R: CAGATGTTGACGCAGACG
Sma-USC142 (AC)37 F: CCGCTGTCATTGTATCAG 56 DQ810942
R: TGCTAGTCTGTCCCATCA
Sma-USC146 (TG)7 F: TTCATTGGAATATCAATCACGT 56 DQ810946
R:

CCTGGAGACGAGAAAAATTACT
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(5'—3") (°C) GenBank
Sma-USC147 (CA)n F: CACAAGCACTGGGTCACAATG 56 DQ810947
R: ATGGCTTGTTGGGGTATTTAGA
Sma-USC148 (GT)is F: AGCTGTGTTTTCCCTGGTG 58 DQ810948
R: CCTGTCACTGTGTCGGCAG
Sma-USC149 (TC)s(AC) 19 F: GGGATTACTGCTCGCTCAGA 56 DQ810949
R: CGCTCAGTTGATGGAAAGTGT
Sma-USC200 (AC)ys F: CTATGTAGGGAAGAGGTATTT 52 DQ811000
R: CAAGGCACCAACAAACT
Sma-USC271 (AC)ys F: AGTCAGAGCTGGTGGAGTGG 58 DQ811071
R: AGCGTAACTCGTGTGCTGAA
Sma-USC279 (ACACT), F: TGTGTTTCTATGTCTCTCCTGT 50 DQ811079
R: CTGGATGAATATGGGCATCG
Sma-USC281 (AC);s F: GCACGCACGCTCAACTTT 55 DQ811081
R: GCTATTCTTCTGAACACTGCAA
Sma-USC284 (GT); F: GTTTCTTTTCCAGTTTTTCAAT 52 DQ811084
R: TCTTTTCACCTCTCTTTTTCTC
Smal-125INRA (TAGA)11-(TG)4 F: CACACCTGACAAAGCTCAAC 55 No data
R: GCTGAACATTTTCATGTTGATAG
B11-1 12/6/3 (CA)1,CG(CA)CG(CA);  F: GTTGTTACTGCTGATCTAGC 55 AF182080
R: ATGTTCCATCTCATTCCTGC
F1-OCA19 (CA)o F: AGTTACACCAGTGCACAGAG 56 AF182084
R: CCAGGCCATCCACATTTAAC
HLJDLP50 (GT)s3s F: GACGATCAGTTTGGGTCCAT 51 FJO15051
R: TGCTCAATTTTGACCCAGTG
SmaCo05 (GTn,y F: TTCGAATTCACCAAGTGTCC 56 DQ454101
R: GTCAGCCATCATCTCCACCT
SmaC09 (TC)1;TA(TC), F: CGACCCGCCCACTACAGGAT 57 DQ659638
R: AGCGACAGCAACGCACCAAG
1.3 -20°C
1.3.1 ( , 1.3.3 BSA (Bulked Segregant Analysis)
2008) PCR R S DNA 20
1ul/g s , 104 L DNA R S
1uL/g 0.9% 14d, 133 DNA PCR
12h s , PCR 25ul,
, —20°C ( , 2009) 50ng DNA,
175 , 116 10mmol/L 1pL , 2.5mmol/L. dNTPs
66.29% 30 2uL, 10><Taq buffer 2.5uL, 1U  Taq DNA
R, PCR 1 94°C 4 min; 94°C 30s,
30 S, 50 s ( 1), 72°C 50 s, 35
-20°C ; 72°C 10 min ( ,2000) PCR
1.3.2 DNA 8% ,
( ) DNA ( ,2011) ,
R S 30
DNA 50ng/ML, 1.3.4 DNA PCR
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160
DNA  PCR , , m
, 1.3.6 )
, S 60 PCR PCR PCR
PCR PCR
1.3.5 BANDSCAN BLAST ,
SPSS 16.0 1.3.7
30
(Pearson ,
correlation) Popgene32 SSR-PCR s
. Ne :l/zPi; P,’ i .
() H = ;2
2.1 BSA PCR
( . H.=1 =P P, R S PCR
i ; BANDSCAN
PIC (Polymorphism Information , 2
Content): 10 FF0911 Sma-USC42

PIC=1 > P’ -
=1

m m—1 m

2 p2
2.2,
i J=i+l

i i=1

1 J

Sma-USC62 Sma-USC108 Sma-USC141 Sma-USC147
Sma-USC149 Sma-USC279 Smal-125INRA SmaCO05,

1

F 2 BSA 7By PCR ¥ B ERFZTHIT
Tab.2  Statistics of different banding patterns of BSA analysis

FF0911 Sma-USC42 Sma-USC62 Sma-USC108 Sma-USC141
(bp) 189 322 163 215 160
S R S R R
Sma-USC147 Sma-USC149 Sma-USC279 Smal-125INRA SmaC05
(bp) 160 186 236 110 150
S S S S S
2.2
BSA 10
30 PCR , 8%
3
3 FFO0911 R
1 BSA (189bp) , R 30
Fig.1 Banding patterns of.BSA z_malysis for some 5 (17.24%), S 30
microsatellite loci
‘R S, 16 (52.33%)

M. 50bp

s
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Tab.3 Statistic of differential bands of individual’s banding patterns

FF0911 Sma-USC42 Sma-USC62 Sma-USC108 Sma-USC141
(bp) 189 322 163 215 160
R ( / ) 5/29 5/30 4/30 7/30 14/30
17.24% 16.67% 13.33% 23.33% 46.67%
S ( / ) 16/30 1/30 14/30 0/30 3/30
52.33% 3.33% 46.67% 0 10%
Sma-USC147 Sma-USC149 Sma-USC279 Smal-125INRA SmaCo05
(bp) 160 186 236 110 150
R ( / ) 0/30 1/30 0/30 8/30 5/30
0 3.33% 0 26.67% 16.67%
S ( / ) 4/30 8/30 7/30 16/30 14/30
13.33% 26.67% 23.33% 52.33% 46.67%
S , R 200bp ,
2 FF0911 0.363  0.407 (P<0.01); 7
DNA FF0911 Sma-USC62 Sma-USC147 Sma-USC149
R S , Sma-USC279 Smal-125INRA SmaC05
BSA 189bp 163bp 160bp 186bp 236bp
110bp  150bp
, R FF0911 Sma-USC62 Sma-USC279
189bp 163bp 236bp
3 , SPSS16.0 10 s
-0.377 -0.364 —0.363 (P<0.01), 4
s : Sma- (P<0.05); Sma-USC42 322bp
USC108 Sma-USC141 215bp ( 4
M Rgﬁ& S SR

3 .

2 FFO0911 PCR
Fig.2 Banding pattern of microsatellite locus FF0911 of individuals
M. ; R. ; S.

F4 WIERSSAEFRFERBXESN

Tab.4 Correlation between microsatellite loci and the resistance trait of S. maximus

FF0911 Sma-USC42 Sma-USC62 Sma-USC108 Sma-USC141
Sig.(2-tailed) 0.03 0.088 0.004 0.004 0.001
-0.377 0.222 —0.364 0.363 0.407
ek ek ek ek
Sma-USC147 Sma-USC149 Sma-USC279 Smal-125INRA SmaC05
Sig.(2-tailed) 0.039 0.011 0.004 0.035 0.012
—0.267 -0.327 —0.363 —0.272 -0.322
* * sk * *

* (P<0.05), ** (P<0.01)
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2.3 GCCTACATGCACCACTTAGAGAAGGAATTTTGCC
30 ACACATGAACATAAAAATACTCTCTCCCACACGC
ACACACACACACACACACGAGTGACATGTCCGA
5 GAGGAAGAACAATGTGTTTATACAGTGTGAGGG
SSR-PCR ) CGAAACAGCCTGTGATGGGCTGTTT
R FF0911 4 BLAST ,
189bp 13.33%; Sma- FF0911 , 98%,
USC141 13 200bp ,
43.33% s 2.5
10 6 FF0911
: Sma-USC108 Sma-USC42 Sma-USC62 Sma-USC147 Sma-USC149
, , : Sma-USC279 30
Sma-USC62 Sma-USC279 , 10 ) 5 21 ,
5 , 33.33% 3.5000
16.67%, , 3—S5 1.4417—2.9863
2.4 , 2.0077
2.8333
FF0911 , 0.4010 0.3897, 3.3333 0.4556
FF0911 . 0.5325 (PIC) 0.3394,
AGCGACGGAGGCATGATCGTCAGATTGCTG 0.4498
RS5 AEURHERERSHEMNHBIENHT
Tab.5 The genetic diversity of S. maximus stocks by microsatellite analysis
R (Na) (Ne) (H,) (He) (PIC)
FF0911 2.0000 1.1870 0.1724 0.1603 0.1451
Sma-USC42 5.0000 2.8708 0.6667 0.6627 0.6130
Sma-USC62 3.0000 2.1403 0.5333 0.5418 0.4542
Sma-USC147 2.0000 1.7241 0.4667 0.4271 0.3318
Sma-USC149 2.0000 1.1803 0.1000 0.1554 0.1411
Sma-USC279 3.0000 1.6245 0.4667 0.3910 0.3514
2.8333 1.7879 0.4010 0.3897 0.3394
S (Vo) (Ne) (H,) (H.) (PIC)
FF0911 3.0000 1.7094 0.5667 0.4220 0.3415
Sma-USC42 4.0000 2.9752 0.5667 0.6751 0.6059
Sma-USC62 3.0000 1.9417 0.3000 0.4932 0.3824
Sma-USC147 4.0000 1.9824 0.5333 0.5040 0.4416
Sma-USC149 3.0000 2.0955 0.2000 0.5316 0.4289
Sma-USC279 3.0000 2.2699 0.5667 0.5689 0.4983
3.3333 2.1623 0.4556 0.5325 0.4498
(Na) (Ne) (H,) (He) (PIC)
FF0911 3.0000 1.4417 0.3729 0.3090 0.2644
Sma-USC42 5.0000 2.9863 0.6167 0.6707 0.6193
Sma-USC62 3.0000 2.2032 0.4167 0.5507 0.4421
Sma-USC147 4.0000 1.8538 0.5000 0.4644 0.3927
Sma-USC149 3.0000 1.6293 0.1500 0.3895 0.3285
Sma-USC279 3.0000 1.9318 0.5167 0.4864 0.4338
3.5000 2.0077 0.4288 0.4785 0.4135
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(Bulked Segregant

Analysis, BSA),

F,

(Wright, 1978)

B

PIC>0.5
0.25<PIC<0.5

B

>

, BSA

BAS 10
b 3 B
Sma-USC108 Sma-USC141 ,
0.363  0.407 (P<0.01); 7
FF0911 Sma-USC62 Sma-USC279

R -0.377

-0.364 —0.363(P<0.01)
( , 2008; , 2012)
, R FF0911
Sma-USC149
;S Sma-USC149

) , Sma-USC149
R S b

6

(polymorphism information content,
PIC) )

; PIC<0.25 ,
s (Botstein et al,
1980) R 6 , FFO911 Sma-USC149
PIC <0.25, R
>(.25, Sma-USC42>0.5, ;
S >(0.25, Sma-USC42 >(.5,
PIC >(0.25, Sma-USC42 >(.5,
, FF0911
Sma-USC141 R
s , , 2008. 5
, 15(1): 30—36
) , , 2010.
,34(2): 169—177
s R , 2009. (Scophthalmus
maximus) . R
40(5): 577—583
, , 2000. ( ).
,7(1): 1—5
) , , 2012.
,21(4): 516—
523
s , , 2012. 6
,27(9): 936—940
, s , 2004.
, 14(4): 89—93
s , , 2004a.
,3:83—87
> ) , 2004b.
,2(2): 193—197
, 2004.
,9:10—13
) , , 2008.
, 32(5): 665—
673
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THE SCREENING OF MICROSATELLITES MOLECULAR MARKERS WITH
REFERENCE TO ANTI-VIBRIO ANGUILLARUM OF TURBOT

SCOPHTHALMUS MAXIMUS
GUO Jian-Li', TIAN Yue-Qiang"®, MA Ai-Jun', HUANG Zhi-Hui',
SHANG Xiao-Mei', WANG Xin-An', YANG Zhi’, QU Jiang-Bo’

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Qingdao Key Laboratory for Marine Fish Breeding
and Biotechnology; Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, P. R. China, Qingdao 266071,
China; 2. Yantai Tianyuan Aquatic Limited Corporation, Yantai 264003, China; 3. Shanghai Ocean University, Shanghai 201306, China)

Abstract

that closely associated with anti-Vibrio anguillarum for turbot (Scophthalmus maximus L.) breeding. The experimental

We explored 133 pairs of microsatellite markers included in GenBank to obtain suitable molecular markers

turbot by intraperitoneal injection with Vibrio anguillarum were divided into two groups: susceptible group and resistant
group. The differential bands in the two turbot groups were selected, from which the correlation between the upper
anti-Vibrio anguillarum and the microsatellite loci were analyzed, and the genetic diversity compared. The results show
that alleles of Sma-USC108 and Sma-USC141 at 215bp and 200bp respectively were extremely significantly correlated
with anti-Vibrio anguillarum with the Pearson correlation value of 0.363 and 0.407. On the other hand, alleles of FF0911,
Sma-USC62, and Sma-USC279 at 189bp, 163bp, and 236bp, respectively, were extremely significantly negative-correlated
with anti-Vibrio anguillarum, with the Pearson correlation values at —0.377, —0.364, and —0.363 (P<0.01), respectively. We
verified the above result with a second trial and determined that Sma-USC141 and FF0911 is useful for further molecular
assistant selection of anti-Vibrio anguillarum turbot. Comparative analysis showed that they two groups were in low
genetic variation at a same-level of genetic diversity.

Key words Scophthalmus maximus L.; microsatellites molecular markers;

Vibrio anguillarum; genetic diversity
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