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, 2010; , 2012; , 2014) Raw reads NCBI SRA R
, SSR SSR(Genomic SSR, SRP041567 )
gSSR) SSR(Expressed sequence tag 1.3 EST-SSR
SSR, EST-SSR) gSSR , EST-SSR EST-SSR ,
, , MlcroSAtellite (MISA) (Lu et al, 2013)
, , Unigenes SSR
, SSR 6
(Varshney et al, 2005; , 2006; s
2010) , =10
, EST c¢DNA : =6
) SSR >3
( , 2003; Sato et al, 2005; , 1.4 EST-SSR
2006; ,2010), SSR Primer3 SSR , SSR
, , 3 ;
Illumina 18—23bp, 23 bp; PCR
( ), 100—300bp; GC 40%—65%, 50%;
EST-SSR , 55—65°C, 55°C
, SSR 1.5 EST-SSR
, 1.5.1 DNA Universal Genomic
, DNA Mini-Isolation Kit (
), DNA
, —20°C
1 1.5.2 PCR
1.1 SSR , 80 (
( 70mm) ), DNA
, PCR PCR 20 uL, 2xES
(200L ), 20 25°C, 28, Tag MIX 10 pL, (10 pmol/L) 1 uL,
; , DNA 1 pL, ddH,0O 20 uL. PCR
(100%) ; 94°C 5 min, 30 (94°C 30s, T,
ImL 30s, 72°C 30s), 72°C 5 min PCR
s 0.5mL; 1.5mL 8%
, ImL; 4°C, 800g 10min
, DNA
1.2 2
2.1 EST-SSR
[1lumin/Hiseq-2000 MISA 74007
Unigenes , 9872 SSR
70407878 (Raw reads), , 8135  Unigenes SSR
, 56345139 ( SSR  Unigene /Unigene ) 10.99%, SSR
(Clean reads) de novo ( SSR /Unigene ) 13.34%;
Trinity(Grabherr et al, 2011)  Clean reads 5102bp 1 SSR (
, 74007 50368155 bp) , 1350  Unigene 1
(Unigene) ( , SSR , SSR 518
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77
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Tab.1 Distribution of different repeat motifs of EST-SSRs in P.
martensii transcriptome

SSR SSR SSR
(%) (%)
4 8042 81.46 10.87
11 1035 10.48 1.40
52 630 6.38 0.85
58 158 1.60 0.21
7 7 0.08 0.01
132 9872 100 13.34
EST-SSR 12—
20bp 3677 SSR 2226
; 20bp SSR 336
SSR , 129 ( 2) SSR
, 10 (3883) SSR
39.33%; 11 12 17.12%
8.88%; 5—9 13—17 18—24 SSR
1671 1279  472( 1)
2.2 EST-SSR
9872  SSR ,
132 ( 1 ,
AT C/G , SSR  71.27%

%2 DRKZKEMN EST-SSRs KEAHIER
Tab.2 Lengthdistribution of EST-SSRs in P. martensii
transcriptome

12—20 bp >20bp
2226 129
855 59
477 91
119 51

0 6
3677 336

martensii transcriptome

10.19%,

4.24%;

AAG/CTT AAC/GTT
1.16%;

2.07% 1.29%
1.67%(  3)
2.3

Primer3

EST-SSR

SSRFinder

5922 EST-SSR
SSR

20
PCR

77.5%,

; , 17

21.25%)

27.42%; 17
, 6

cDNA

AT/AT  AG/CT,

9.507%  1.359%;
4.66%
, ATC/ATG

, SSR

SSR
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SSR ,
150 bp

17766 ,
59.99%
80 ,
DNA
EST-SSR
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; 62  SSR ,
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(Sato et al, 2005; 74007  Unigenes 9872
, 2009) (2008) 9 SSR , 8135 Unigenes , SSR
SMART cDNA 6979 EST , 13.34% , SSR
268 SSR , SSR 3.48%; , SSR
, (2010) (Patinopecten EST-SSR
yessoensis) cDNA 74  SSR s
(2007  EST ), SSR 3.69% ,
EST-SSR , EST-SSR ,
SSR 40.54%  48.5% ( , 2008; ,
, , 2010); (Sinonovacula constricta)SSR
SSR EST-SSR SSR , 37.13%( , 2012); ,
(2012) 99127 SSR ,
EST 6595 SSR , SSR EST-SSR  40%( , 2008)
6.65%; , MISA ,

%3 ORKLKSNEST-SSRs EEETHLB BIRE

Tab.3 EST-SSR repeats motifs and the frequency in P. martensii transcriptome

(%) (%)

A/T 7036 8042 71.27 9.507
C/G 1006 10.19 1.359
AC/GT 155 1035 1.57 0.209
AG/CT 419 4.24 0.566
AT/AT 460 4.66 0.622
CG/CG 1 0.01 0.001
AAC/GTT 115 630 1.16 0.155
AAG/CTT 127 1.29 0.172
AAT/ATT 66 0.67 0.089
ACC/GGT 30 0.30 0.041
ACG/CGT 12 0.12 0.016
ACT/AGT 10 0.10 0.014
AGC/CTG 8 0.08 0.011
AGG/CCT 57 0.58 0.077
ATC/ATG 204 2.07 0.276
CCG/CGG 1 0.01 0.001
ACAG/CTGT 48 158 0.49 0.065
AAAT/ATTT 33 0.33 0.045
AATG/ATTC 17 0.17 0.023
AAAC/GTTT 17 0.17 0.023

43 0.44 0.058
AAAAG/CTTTT 1 7 0.01 0.001
AACAG/CTGTT 1 0.01 0.001
AACTG/AGTTC 1 0.01 0.001
AAGAT/ATCTT 1 0.01 0.001
AATAC/ATTGT 1 0.01 0.001
AATCC/ATTGG 1 0.01 0.001

AATTC/AATTG 1 0.01 0.001




3 : EST-SSR 691

£4 17 3B EST-SSRs 51155 RIS 4
Tab.4 Sequences and amplification parameters of the 17 EST-SSRs primers

SSR (5'—3" (bp) °C)

1 PF-13 (TA)6 F: AGACTTTGATCTTTTGCCAGATGC 118 58
R: ACGTAAATCTGCTGTACTGAAAAA

2 PF-42 (CGTA)5 F: TTGTTCGTGCAATGTGGCAA 279 59
R: AGCACAAGAGAGACACTGCG

3 PF-35 (AC)8 F: GGTCACTCGTTTGGATTTTGCA 271 57
R: GCAGACGTAGACCAGCTGTT

4 PF-61 (ACC)6 F: AGAGACCAATGGGCAATCGG 252 60
R: ATGAGCTCGCTTCTGTCGAC

5 PF-07 (CT)6 F: TCCTCTCAATTCGATTGACCCT 130 58
R: GGCTGTGGAACCTTAGAACTCA

6 PF-44 (AT)6 F: CCTTTGTTGTTGCCACCACC 278 60
R: GCACCCCTGCATTGCTTAAC

7 PF-28 (AATAC)S F: TGCCTAGGGGACAATTTCGC 199 59
R: GACATGTATGCCTCTCGGGG

8 PF-54 (T)10 F: GGGAGTGAATGTCAAGGTCA 138 57
R: GGTCCTGAAAGTTCACATGGC

9 PF-53 (GTT)5 F: GCTTCGCTTCACAACACCAT 171 59
R: ACATGAACATGGGACGGGAC

10 PF-67 (TC)10 F: ATCACTAGGGCAGCTACAGC 177 58
R: GCCTTCCTCGGCTTATCTGA

11 PF-24 (AG)6 F: ATCACCAAAACGGAGAGCGT 125 57
R: CCAATGAAGAGCTTGGTGCAC

12 PF-73 (ATG)7 F: CGACTTGCCCTGATGATCGA 233 58
R: ACCTGAAGTCACTTGAACTGT

13 PF-40 (TTC)S F: ATGACCCCTATCTGCCTGGT 277 60
R: GCAGCTCAGACAAGACGGAT

14 PF-03 (GGA)5 F: GGACATGGGCTGGACAAAGA 207 56
R: TCCATCTCCCACCTTCACCT

15 PF-22 (AG)8 F: TGATACATGCACATTCCTCTGA 130 57
R: AGAAAGGGCAAGTGAGTAGGT

16 PF-13 (T)10 F: TGTGAGACCGATTCTGCACC 148 60
R: CTCCCACAACTTCACCCCAG

17 PF-49 (TGA)6 F: AACAGCCCGCGGAATCTAAA 231 58
R: TTTCAGCTGCCTTGTTGAGT

81.46% , EST ,
( , 2012), SSR ), SSR
(Weietal,2011) Aggarwal , SSR ;

(2007) SSR ( SSR ., SSR
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( , 2011) , 12—20bp
SSR 3677 ( SSR 37.25%),
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EST-SSR ,
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Abstract

tag-derived-simple sequence repeats) were developed on a large scale based on the transcriptome sequencing data using

To enrich the SSR markers from the pearl oyster Pinctada martensii, the EST-SSRs (expressed sequence

program MISA, and polymorphism of SSRs were analyzed and characterized. The results indicate that 9872 EST-SSRs
were recognized from 74007 unigenes generated from the transcriptome datasets, accounting for 13.34% of the total
unigenes (one EST-SSR per 5102 bp sequence on average). In addition, 132 types of repeat motifs were classified in all
EST-SSRs, of which the type of mono-nucleotide repeat was dominant (81.46%), and A/T was the most abundant
mono-nucleotide motif (71.27%). Based on the identified SSRs, 17766 pairs of primer sets were designed from 5922
unigenes using program Primer 3. Eighty pairs of primer were randomly selected for PCR amplification to analyze the
polymorphism of EST-SSRs, and 62 primers were amplified successfully, among which 17 were polymorphic and the
polymorphic rate was 27.42%. These results will provide a useful tool for studies in genetic diversity, genetic map
construction and molecular assisted breeding of P. martensii, and be of great importance in genetic resource conservation,
stock breeding of P. martensii and sound development of the pearls culture.

Key words Pinctada martensii, molecular marker

simple sequence repeat; transcriptome;



