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i FLE W BES-SSR B A & BB E S HE#

1,2 1 12 3 1 1 1*
M 9 9 9 9 9
(1. R 266071;
2. s 100039;
3. , 116023)
BAC , DNA; 14
BES-SSR , (DL) (QD) ,
, 17447 BESs 3374
, (26.6%), (17.7%), (12.0%)
BES-SSR 77.3%(99/128), 33.6%(43/128), 14
N, 18.9286 26.214 3,
N. 11.750 5 17.089 1, H, 05100 0.420 4, H,
09156 09450, PIC 0.8940  0.930 2,
0.487 9, 0.717 7, Fsr
0.024 3, Nn 10.017 09, ,
,  Hardy-Weinberg , )
BES-SSR , , BES
; BAC ; ;
:Q346;S917 TA
DNA (microsatellite DNA), (47
(short tandem repeats, STRs) (Chlamys farreri Jones et Preston)
(simple sequence repeats, SSRs), 1~6 ,
( )
SSR , [8] [9]
-1 SSR
[10-11]
QTL
Wi B#A: 2011-11-06 &= HHER: 2012-02-17
BN E (30730071/C190203)
BIAES: , E-mail: jhxiang@ms.qdio.ac.cn
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, V3.1 Cycle Sequencing Kit(Applied Biosystems,
Foster City, CA, USA)
, t2-13) PHRED(Ewing and Green, 1998)***1  CROSS
s , MATCH (http://www.genome.washington.edu)
SSR , ,
SSR , SSR 50 bp , BAC
(14-13] , (BES) SSR
EST , Li ¥ AFLP
, Jdx Cg
, EST SSR 93 ;
, Roberts "9 Zhan ['7'% EST
EST-SSR, DNA, 80T
. EST 1.2 BES  SSR
BAC(bacterial artificial chromosome) tandem repeats finder (TRF, http:/ tan-
(BAC-end sequences, BES) ~ SSR dem.bu.edw/trf/trf html)>”! BES SSR
BES-SSR >
,  EST-SSR ) 12 bp , SSR )
BES-SSR BAC , BAC >12 >6
, BES-SSR >4
[20-22] ’
=3 ,
» BES-SSR BES  SSR , 5=
20 bp,
2008 BAC (23241
1.3 BES-SSR
BESs,  BES-SSR .
BAC Msatfinder(http://www.genomics.
)5 ceh.ac.uk/msatfinder/)>"
(23, BES- SSR
PHRED CROSS_MATCH
, QTL
BES ,
SSR 5
SSR, : SSR =18 bp,
BES
18~23 bp, 50~65 C,
' 5°C, GC
’ 40%~60%, 100~300 b
BAC BES-SSR TR P
«C )
1.4 PCR
2 Jd Cg 3
1 DNA | DNA
1.1 PCR 10 uL, S5uL
scallop-CBE  scallop-CME PCR reaction mix( ), 1uL DNA (10
BAC 10 237 BAC , ng/ul), (10 pmol/L)  0.25 pL, Tag DNA
ABI 3130 xlI Big Dye Terminator (2.5 U/uL)0.1 pL, 10 uL PCR
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GeneAmp PCR System 9700 R CerVus
:95°C 5 min, 35 (95 C 30s, 3.0 [32-34] PIC
I, C 30s,72 C 455),72 C 10 min, Genepop v 4.0.10 P Hardy-Weinberg r
16 C PCR 1% (P) (Fisher’s method),
Hardy-Weinberg
15 BES-SSR (D, D=(Ho=H)/He]
R PCR 2
, PCR
2.1 BES-SSR
8%
PHRED CROSS_MATCH
’ ’ 17 477  BAC
(null ), PCR
(BES), 7773 272 bp TandemTepeats
R0V 3h, EB Finder(TRF) , 1 s
10 min i SSR
>
, 50 bp DNA ladder =12bp 7 314 BESs 8550 SSR
1.6 R SSR s 4523 51.0%;
14 SSR R 1 665 18.8%, ;
’ V)
(DL)34 (QD)44 PCR SSR ’ 446 -, 3:0%
~ >
_PCR 1.0% 1I~4bp SSR =12 bp 5
PCR 6 bp SSR 3 . TRF
8%(w/v) SSR 3374 SSR 550
Quantity One_v4.4.0.36 , ) 6 SSR 16.3%; SSR
DataTrans 1.053Y bp 480 14.2%; SSR 446
PopGen1.32 (Na) 13.2%; SSR 896 . 26.6%;
(No) (H,) SSR 598 , 17.7%; SSR
(H.) Shannon @), F , 404, 12.0%; 6
Fgr N, BES-SSR |, ,
%1 #7LE N BES-SSR M9 F 1R
Tab.1 SSRs distribution in C. farreri BESs
1 (=12bp) 2 (=12bp) 3 (Z20bp)
groupl group2 group3
1% 1% /%
type number proportion number proportion number proportion
mono-nucleotide 550 6.2 550 16.3 138 11.8
di-nucleotide 480 54 480 14.2 131 11.2
tri-nucleotide 446 5.0 446 13.2 144 12.3
tetra-nucleotide 896 10.1 896 26.6 277 23.7
penta-nucleotide 1 665 18.8 598 17.7 203 17.4
hexa-nucleotide 4513 51.0 404 12.0 274 23.5
total 8550 3374 1167
o1 >12bp; 2 1~4 SSR, =12 bp; 5 6
SSR, 3 3 =20 bp

Notes: groupl: SSR length =12 bp; group2: for mono-, di-, tri- and tetra-nucleotides repeats, SSRs spanning more than 12 bp were
counted (including 12); for penta- and hexa- nucleotides repeats, repeat times more than three were calculated (including three); group3:
SSR length =20 bp.
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, =20
bp 1167 SSR SSR
. 23.5%; SSR  ,  17.4%;
SSR , 112%
2 TRF :
1~6 SSR 1
, SSR , AT
,A/T 401
72.9% SSR , 3
: AT/TA AC/GT  AG/CT
AT/TA : GC/CG
SSR, AT/TA 356,
SSR 74.2%
SSR

AAT/ATT(37.2%) AACC/GGTT(20.0%) AGAAA/
TTTCT(13.5%) AGGTCA/TGACCT(6.4%)

400
100 HH H HHH
0 Hﬂ ﬂﬂﬂn HHHHHHHH Hﬂnnnnnn N
<R R R RS R3O § <
2EQESLURYEELQOIVEDEESEEES S £
EOSSYSOZCLOQFEEEEEESERES S ©
<IEQQFEQSYEOCEESEECEESGSS 5
20 B00 <SS Esgg SRR
S3223%832580E2E220E0Eg0ES S
2289922525288 2:2 :
CES<<<E3523T<2ZES 2
<< << <UQrF o
&} <
< =

1 EEHETA 16 %ZFHERH SSRWRMBENH

1~4 SSR =12 bp;
5 6 SSR, 3
Fig.1 The number and repeats unit in 1-6 bp tandem
repeats

for mono-, di-, tri- and tetra-nucleotides repeats, SSRs spanning
more than 12 bp were counted (including 12); for penta-and hexa-
nucleotides repeats, repeat times more than three were calculated
(including three).

2.2 BES-SSR
17 447 BES Msatfinder (http://
www.genomics.ceh.ac.uk/msatfinder/), 1 229
SSR, 974
79.3% , 128
2.3
3 DNA PCR
, 128 , 1%
, 128 99
, 77.3%
2

2 S SIEMTLE AEE R R Ay g
LER Ik
Fig. 2 Electrophoresis patterns of some loci in
mapping population of C. farreri

24 BES-SSR
99 PCR
, PCR 8%
, 43 )
14
PCR , 1%
, 8%PAGE
, 14 2
2.5
3 14
489 ,
12~38 , QD
9910 , DL
9852 12 ,
34.928 6
14 PIC
0.894 0 0.930 2(PIC>0.05),
N, 18928 6
26.214 3, N 11.750 5
17.089 1, Shannon I 2606 0
2.982 8, H, 05100 0.420 4,
H, 09156 0945 0,
Hardy-Weinberg
14 Hardy-
Weinberg (P<0.001), D<0
9880 -0.926 6,

http: //www.scxuebao.cn



6 , BES-SSR 819

x2 MWABEN 4WHIESIMER

Tab. 2 Characteristics of 14 microsatellite primers in C. farreri

/C /bp
locus primer sequences(5°-3) annealing temperature product size repeat motif
3942 F:GACCTTGACCAACTTCAAAGG 55 153~209 (TGT)y
R: CGGGCAGAGCTACAAATACA
3966 F: CGGTGTTTCAGAGGGAAAAA 55 191~291 (GAT);3
R: TAACCGCTGGAATCTGGATA
3978 F: TTGGGATGGATGAATCTTCG 55 110~230 (CTG)s
R: GGCACCGTTCAACAGAGTTT
4030 F:CTTCCCACAAGACGTTGGTC 55 96~155 (GCG)s
R:A GCAGCAAGAAGGCAGTCAT
9852 F: TTGTCCTATCTGACCCAGACTC 55 99~124 (TC)o
R: GGTCCTTTTCATCCTCACCA
9870 F: GCAGCATGGAAACATGCTTAT 55 145~196 (TCT),
R: AAGCAGTGTTCTGCAACGAA
9880 F: CGGCAATCTTATTTGTGAAGC 55 158~199 (GT)s
R: TATCGCCACGCTTTCGACTA
9886 F: TGCTTTTGGGCATAAGATGA 55 197~232 (ATG)s
R: TGCTCTCAAAACCATCCTCA
9892 F: GCATGGAAGTTAGCATGGAG 55 230~272 (GT)s
R: ACACCCTCATACACCCACCT
9904 F: TGTTCGGCGTGTAAAATCAA 55 188~217 (AT)o
R: TGGACATCCGGTTATTTCTG
9910 F: GGTCAGGTCGGAGACTATTTC 55 202~312 (AT)s
R: GAATGGCACAATGCATCAAC
9930 F: TCCATGTGCGACAATGTTCT 55 196~255 (GAA)
R: AGAAGGAGGGCGTGGTTTAT
9938 F: CGGTCCTGTACAAAAACGAA 55 168~240 (ATC)y0
R: CTTTTGGCGATAATCGGTGT
9942 F: GCAATTTGGGGAGGTTAGGT 55 179~237 (GGTTA)s
R: CGAAATTTGGAGTCTCCTGGT
2.6 3
3.1 SSR
F N,
m BES s
4 ; K SSR =12 bp
0.493 4(Fis) 0.505 8(F1r) 0.024 3,14 , 17 447 BES, 7 314 BESs 8 550
Fis 0, SSR, 49.0%(8 550/1 7447) BES SSR,
Fsr 0.024 3, 40% BES(7 314/17 447) 1 SSR
0.05, , , 909 bp 1 fosmid
(317/3 780) EST(66/3 467)  SSR 1339
SSR s

N 6.496 8~30.976 1(Nn=4),
SSR  (3374/17 447, 1 167/17 447)

E

, SSR 51.0% (4 513/8 550)

’ ( =12 bp), fosmid (341,
, 0.487 9 SSR (91.0%) 2
0.717 7, , 3 , SSR
, 404
A/T  AT/TA ,
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R3 WBNKERAINE DA 4 MIEMERSHEER
Tab.3 The polymorphic information at 14 microsatellite loci of DL and QD populations

population locus N, N, Shannon I H,
DL 3942 20 12.430 1 2.7347 0.470 6
3966 20 12.773 5 2.744 5 0.3529
3978 21 10.703 7 2.630 5 0.4412
4030 24 18.6154 3.0422 0.5152
9852 12 5.3645 2.008 9 0.1515
9870 15 8.790 9 24399 0.676 5
9880 13 7.2256 2.1890 0.096 8
9886 19 12.162 2 2.6713 0.766 7
9892 14 7.1358 2.2389 0.558 8
9904 19 13.136 4 2.7207 0.7353
9910 36 25.3256 3.3980 0.848 5
9930 17 10.854 5 2.576 9 0.5882
9938 19 9.2670 2.562 3 0.3125
9942 16 10.722 5 2.5256 0.6250
average 18.928 6+5.941 6 11.750 5£5.079 7 2.606 0+£0.347 9 0.510 0+£0.223 6
QD 3942 23 13.3979 2.806 5 0.3182
3966 23 14.2353 2.864 7 0.250 0
3978 18 8.760 2 2.4807 0.2727
4030 37 27.076 9 3.4403 0.681 8
9852 18 11.388 2 2.6157 0.068 2
9870 26 20.430 9 3.1102 0.5116
9880 24 14.029 0 2.922 6 0.068 2
9886 19 11.769 0 2.6557 0.386 4
9892 26 16.362 8 3.0130 0.5116
9904 17 11.105 1 2.5754 0.3256
9910 38 28.229 0 34887 0.627 9
9930 32 20.486 8 324717 0.5455
9938 32 17.9259 3.1956 0.500 0
9942 34 24.049 7 33422 0.8182
average 26.2143+7.2343 17.0891+6.1604 2.9828+0.3323 0.4204+0.2198
population locus H, PIC P D
DL 3942 0.933 3 09140 0.000 0 —0.488 2
3966 0.9355 09170 0.000 0 -0.6171
3978 0.920 1 0.899 0 0.000 0 -0.5134
4030 0.960 8 0.944 0 0.000 0 -0.4556
9852 0.826 1 0.7950 0.000 0 -0.813 8
9870 0.899 5 0.878 0 0.000 0 -0.236 7
9880 0.8757 0.8470 0.000 0 -0.88717
9886 0.933 3 09120 0.000 0 -0.164 6
9892 0.8727 0.846 0 0.000 0 -0.350 1
9904 0.93717 09190 0.000 0 -0.204 1
9910 0.9753 0.962 0 0.000 0 -0.116 6
9930 0.9214 0.901 0 0.000 2 -0.3521
9938 0.906 2 0.884 0 0.000 0 -0.649 7
9942 09211 0.899 0 0.000 0 -0.3107
average 0.915 6+0.038 2 0.894 0 0.000 0 -0.4345
QD 3942 0.936 0 0.9210 0.000 0 -0.656 2
3966 0.940 4 0.926 0 0.000 0 -0.7311
3978 0.896 0 0.876 0 0.000 0 -0.692 1
4030 0.974 1 0.962 0 0.000 0 -0.2920
9852 0.9227 0.906 0 0.000 0 -0.9253
9870 0.962 2 0.949 0 0.000 0 0.462 0
9880 0.9394 0.9250 0.000 0 -0.926 6
9886 0.9255 0.909 0 0.000 0 -0.5778
9892 0.949 9 0.936 0 0.000 0 -0.4551
9904 0.920 7 0.903 0 0.000 0 -0.6422
9910 0.9759 0.964 0 0.000 0 -0.3490
9930 0.962 1 0.949 0 0.000 0 -0.426 6
9938 0.955 1 0.9420 0.000 0 -0.4705
9942 0.969 4 0.9570 0.000 0 —0.146 3
average 0.945 0+0.023 4 0.9302 0.000 0 -0.5500
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F4 WILBENEBEN FRiTEFERER 141 10
Tab. 4 F-statistics (Fst) and gene flow (/V,,) for
two populations in C. farreri 6.4 > 5
locus Fis Fir Fer N, Hardy-Weinberg
3942 0.572'5 0.580 1 0.0180 13.661 7
3966 0.674 3 0.6770 0.008 0 30.976 1
3978 0.601 7 0.613 8 0.030 5 7.9551 ’
4030 0.373 1 0.381 8 0.0139 17.743 2 BAC (BES)’ ’
9852 08727  0.8774  0.0369 6.5199 SSR EST-SSR
9870 03533 03721  0.0291 8.348 9 , . BES-SSR
9880 0.907 9 09105 0.028 7 8.449 7
9886 0.3709 0.386 1 0.024 2 10.064 3 ’
9892 0.404 9 0.4217 0.028 2 8.609 1 BES-SSR BAC
9904 0.4215 0.430 3 0.0152 16.161 6 , ,
9910 0.233 1 0.241 4 0.010 8 22.8412 BES-SSR
9930 0.390 2 0.410 1 0.032 6 7.422°5
’ QTL
9938 0.5575 0.573 9 0.037 1 6.496 8
9942 02262 02482  0.0284 8.562 1 TRF
average 0.493 4 0.505 8 0.024 3 10.017 9 BAC ,
SSR 974 128
, AT SSR , PCR , 99
AT (77.3 ) SSR , 43
3.2 SSR , 33.6%
SSR , BES-SSR
SSR
, , Shultz [
PCR BAC 135 SSR
B7 PCR ,
DNA , 3 BES-SSR 4
SSR Li b¥ 15% 18% 14% 15% Bohra [
15 SSR 842 BES-SSR,
Zhan (GA)y (CA)y 28.40%, (Cajanus spp.) SSR
DNA  AFLP BES-SSR
) ) 70 )
SSR 33
39] RepeatMasker 0.8940 0.9302, Botstein[*"
6 935 EST , , PIC>0.5
7 , 6 )
Zhan U7
(Repeat Reporter v 1. 5), 7 057 ) >
EST 2~6 SSR 14
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The development of BAC-end sequence-based microsatellite markers and
analysis on population genetic diversity in Zhikong scallop (Chlamys farreri)

ZHANG Xiu-ying'?, ZHANG Xiao-jun', ZHAO Cui'?, CHANG Ya-qing’, HUAN Pin',
LI Fu-hua', XIANG Jian-hai'’

(1. The Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
2. Graduate University of the Chinese Academy of Sciences, Beijing 100039, China;
3. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: In this study, microsatellite markers were developed from the BAC-end sequences and used to
analyze the genetic structure and genetic differentiation in two populations in Zhikong scallop (Chlamys
farreri). A total of 3 374 microsatellites were identified from the 17 477 BAC-end sequences (BESs), of
which tetra-nucleotide motifs were most abundant (26.6%), followed by penta-nucleotide motifs (17.7%)
and hexa-nucleotide motifs were the least (12.0%). 77.3% SSRs were successfully amplified(99/128), and
43 SSRs(33.6%) were polymorphic in the parentage of mapping population. In order to apply these
BES-SSR markers, 14 polymorphic SSRs were chosen to amplify and then analyze the genetic diversity in
Dalian population and Qingdao population. A total of 395 alleles were obtained at the fourteen microsatel-
lite markers and the number of alleles in each locus ranged from 8 to 38 in the two populations. The aver-
age number of alleles (V,) was 18.928 6 and 26.214 3 respectively. The average effective number of alleles
(Ne) was 11.750 5 and 17.089 1 respectively. The mean observed heterozygosity (H,) was 0.510 0 and
0.420 4. The mean expected heterozygosity (H.) was 0.915 6 and 0.945 0. The data suggested both popula-
tions have high genetic diversities. The mean polymorphic information content (P/C) was 0.894 0 and
0.930 2, which were both greater than 0.5, indicating the fourteen loci were highly polymorphic. The un-
biased genetic identity index was 0.487 9, and the genetic distance was 0.717 7. The coefficient of gene
differentiation (Fst) and gene flow (Ny,) between two populations were 0.024 3 and 10.017 9 respectively.
Low genetic differentiation was observed between the two populations, and the variance mainly came from
individual difference. Significant deviation was detected by Hardy-Weinberg equilibrium test. There was
heterozygote deficiency at all loci. The results showed BAC-end sequences were an effective resource for
development of SSR markers for genetic and genomic researches.
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