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AmE? xEH? KSwY
(L BEERSK SE GoEbe LI5 201306 2. Al MM L 0T S5 TR L e
oK PR BB SR BT ) 266071)

WA

FEE  KFT R VLT K13 09 A T 3k(Atrina pectinata) % 5 41 348 b A, 2R FEAF 10550 4T
EFRIE(SSR), B HE H 8.2%, F39.01 kb HHL 1 4~ SSR £ & . % it & & 120 xF SSR 34,
WAFE| 36 xR EY HH T4, HAH EREN 36 X SSR Tl xtF & X AL BkIAT T BEA
W LHEEN . ERET, R2ATMNTHABRERAE LA, 7 E RAEFCERE, THE
ML 35 ANEAERE, FHAMEEEH), FHHEZREZ(H)FFH 5 AE L4 EEPIC)
251 4 0.417.,0.604 £ 0.526, K U F 1 X AT sk B AR 8 3% th £ IR o AT 53R B9 EST-SSR

R B LR R R R R T EENEE A,

ES5 40

hESZEE Q178.53  XHiERIRES A

B AR FRIE(Simple sequence repeat, SSR)A E A
ZMEFE SRRSO AT Iz N TR Y 35t
TR 43 BT | 8% % PR AS A o AR i F B B A
5. 564 SSR I RFLARMIL, HT EST JFHIIF A
SSR HARUAAL . A | 5 TR EE P SCHK P o A5
SR 2 W o AR RS DL, EST-SSR FRid
(9 I & 0 NE FH B 76 I8 i (Tegillarca granosa)(# il #
4, 2013), 3CHA (Meretrix meretrix) (G5 HeHi 5, 2013)
% 41 (Ruditapes variegata)( 17 i #% 55, 2015) . 450%
(Sinonovacula constricta)(XI 1445, 2012a, b), H[LER
+} D1 (Pinctada martensii)(F & KB 2, 2015)F14F 3k 01
(Patinopecten yessoensis)(Z4 2 555, 2010)55: 2 f Il 2%
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ZREE BT (R EI5, 2012)7, T SSR ARiC #B 38 i 7 Bk
BRI &R, 20127 FmE, 2012%; 203k,
2008, AHIFFT LT HI U ATV BRES S Y, AS
FM BST %l 1 i e AT & S B Avic, IR0
THILBR T SR 5% ZREvE 00, LU ML BE
AR BT G TR DT A R DR B (L BRI OB

1 #FREFE
1.1 HMmEES DNA ZE

SR FHMITIBE T 2015 4F 6 H A AR E 8 B A=
TR, WM 928G %, W 30 AR, BT R
Fell, T-80°CIRFF# Ml AW AL — S (- IR
IL52HC DNA, SRJ5F 1%B IR B BE I L Pk AT DNA
A SEREE, T A EE BT TN DNA B JEE 4t

1.2 SSR FIFkEMS|#i&it

MR B AR S0 2 e S 2L U S 3R A% 19 EST Je 31, Al
FH MISA {42076 TR R SIE &R | 18 RbrifE R 0
HEDER 6K, —WEELER 5K, NURHELED
HE SR, HEEELER 5K, NHEELCER
5 . KM Primer premier 5.0 it 5149, FRHL
120 X5 14997 fy AR R I LA A&

1.3 WIESIMEiHEFLL

¥ 8 MHTTHRAMA R DNA IRA AL, itk
e i 5 %% % 100 ng/pl. PCR WK ZR 20 pl: 0.5 U Taq
B, 2 ul 10xTaq Buffer (% Mg*"), 2 ul dNTPs
(10 mmol/L), | TFI#E519(10 pmol/L)45 1 ul, #hKE
20 pl, PCR ¥ 34 52 b 454 : 94 CHUZEM: S min; 94°C
A 45 s, B AGRIE 45 s GR JOREME i), 72°C
HEAH 45 s, 35 MR ; FJm 72°CHEMH 10 min, PCR
TR 8% AR5 1 SR DI M W Al F Dk s i, ARG AR
R UK T Aff 2 5 | 0 0 e AR R B S R ) 4 S 8 4
ANMAAE R G2, FH I 328 0 e 1R KRB #E1 T PCR
Py, VAR R RN AR L, s 8%AEAR

RNIGBEN PG, R, TR 2.
14 FRBXHIIREE SSRIFICHSTMES

FERSTTBRTT SR 30 AR, ARGS9 7 1k
SRR VAT Z VIR, 8% AR5k B8 TN 445 I i e, vk 4G
Do MR G LK S, S B s i B0 A B oK
/NG44, I POPGENE 1.31 HHE M B RS Wm %
AR (Na) . W5 E(He) . W45 B (Ho),
PIC-CAL IMB 2815 B & #(PIC).

2 HR

2.1 #3513k EST-SSR B3l /5%

TERRAF ) 127263 4 EST JF51 v, Kl H 4 SSR
B EST 41 10550 £5(8.2%), fudf KR E & 8132
%, “EHMRER 2010 4, WEHFRER 401 5%,
HEHRER 74%. —BHREERZ, i 77.08%;
HK A = HRMUZTRESR, 55090 19.05%F
3.80%; AMFIRER D, 0.07%GE 1),

F 1 #5IBk SSR 7£ EST s HH M Ay sA =

Tab.1 The frequency of A. pectinata SSR in the EST

KA Type $H Number b4l Rate (%)
ZKiH R Dinucleotide 8132 77.08
=W Trinucleotide 2010 19.05
PURZE R Teranucleotide 401 3.80
HAZHEBR Pentanucleotide 7 0.07
41t Total 10550 100

TE AR E R oo, AC/GT £, 3£ 3096 4%,
i 38.07%; HYKE AT/TA F1 AG/CT, 2+ 32.97%
1 28.85%; CG/CG fe/b, 19 4, & 0.11%(F% 2).

= EAFREE PoLH, ATC/ATG fF &, it
625 %, 15 31.09%; AAC/GTT Hl AAT/ATT 43 5IF
554 F1 374 4k, 43Olldi 27.56%F0 18.61%; kK
AAG/CTT 1 ACC/GGT, 43l i 6.12%F1 5.30%; fix
BIRJE CCG/CGG, 2 4%, A8 0.10%(K 3).
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R2 “REBRESTEESATHBESHH
Tab.2 The number and proportion of all the repeat motifs in
the binucleotide repeats

K7 Type $E Number Le il Rate (%)
AC/GT 3096 38.07
AT/TA 2681 32.97
AG/CT 2346 28.85
CG/CG 9 0.11

&1l Total 8132 100

K3 ZRERESETRESETHNYESHH
Tab.3 The number and proportion of all the repeat motifs in
the trinucleotide repeats

K7 Type %8 Number L1 Rate (%)
ATC/ATG 625 31.09
AAC/GTT 554 27.56
AAT/ATT 374 18.61
AAG/CTT 123 6.12
ACC/GGT 106 5.30
ACT/AGT 89 4.43
AGC/CTG 71 3.53
AGG/CCT 53 2.64
ACG/CGT 13 0.65
CCG/CGG 2 0.10
A1t Total 2010 100

2.2 K5IBk EST-SSR 3| #7%i%

FI A Primer premier 5.0 #X{4:, *F 10550 &&H
SSR #Y EST #EAT5 it , kit 3401 xf. FEHLE
B 120 X 51906 8, LA 8 AT S BEAARMIVEBEAS (A 2

() HE P A A, B KIREE BRI sh SC O BREE, Xt
120 X8| Wit fT k. g5 EaR, A 36 X519
PARREE . TEMTRY R A B, YRRl 30%; 36
XA E B ATTLBR R p HE T 28 R, Horp
12 X5 R 250Gk 4), 2851 HH N 33.3%.

2.3 EST-SSR £&E BiBEX W IE AN S AEITEM

FIFRTHERERY 12 XF 225051 P05t 7 5 i X AT Bk
BEIRE 30 DAMERIEATIRE AR S o0 bTr, S5 S,
12 XF 5| PRk 8] 42 NENIEH , M5 5
FTBEAEAA FPAG I 2] 25 AN KN, SEXHEN 7
7@ 3.5 MNEERIE, Hith, 62721 gl i A A S

B2 A, 67433 g5 (S AR FE R Z (5 4N).
XMJ,\ 4GB Ho, W2 A He, 2485 B & it PIC
391K 0.167-0.667 . 0.432—794 . 0.368-0.746, :Fi’J
W2 45 B Ho, PR 24 A He, FFHZEGER
A PIC 4391k 0.417. 0.604. 0.526, #KHE PIC H
bR : PIC<0.25 WKL, 0.25<PIC<0.5 HHEL
A, PIC>0.5 NEELE, RAZSEMNAYT, A6
DB E LA (PIC>0.5), 6 A E L AN A
(0.25<PIC<0.5), AJLLA ALk EST-SSR 7 & #f
P R B B E I 28, A B AT BRI AL

EA =Y G =
3 itig

AW FE A R TT B S S 2N P AR A5 Y 127263 4%
EST 5 E4T SSR ik, #RN 8.2%, 2R 545

% EST 1 SSR F 10 (8.89%) ALK 45, 2012a), {H

®4 WIS EST-SSREIMFETIRSEH
Tab.4 Primer sequences and parameters of polymorphic EST-SSR in A. pectinata

. R .
s R LB IS T3 A-3) PN v
Primer ot Forward primer sequence Reverse primer sequence E>.<pected temperature(C)
size(bp)
c65097_gl (GTG)7 TGGGGTCAACCACTAGGACA TGCGAGTTCCGGTTAATCCC 241 57.5
c55835_gl (AC)9  GACCATCCAAGACCAGCTCA CGGTTTGTGTGTTCAAGCCA 247 55.4
c29478-g1 (TG)8  CGACAACGCCAATTCTGACC TTGAAGCGGTCAGGCGTATT 149 55.4
c73921 gl (GA)8 CTCATGCATGCATAGCAGTGT TTGTCTGTCCATCCCTCCCT 119 55.4
c72420_g2 (TGTC)5 CCCCCTAGCACATATCAAACA  TGTTGTCATCAGGAGGAGGA 205 55.4
c73582_g4 (CTGT)5 TATCTGTCTGTCTGCCTGCC CAGCCTCGATGACGCAAATG 172 57.4
¢73109_g2 (CTGT)5 TGTCCATCTTGCTGTCTGTCC TGACACACAGACAGCAAGACT 135 55.4
c72142_g2 (GT)10 GCTTGTAAGCGCTTATGAACCT CCCACACATCATACCCATGC 170 56.2
c67726_gl (AT)I1 CCATGTGGAGTCCAGTGCAT TCTAGGGGCCACAAAGCAAC 181 54.1
c69026_g3 (CA)I1 TCACAGTTGGACAGGTCTTTGT ATTCAGAGCAGGTGCCAGTC 226 57.4
c62721 gl (CAA)7 AGAGGCTTTCACAAACAACAAC TCTTCCATCAAGAGCAGCGG 264 54.6
c67433_g5 (CA)9  GGCAGACCCTTGATGTACCA GGCAAAACAAGAAACAAAACGCA 232 60.8
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Tab.5 Statistics of the EST-SSR analysis for the Qingdao
population of A. pectinata

c67433 g5
SE{H Mean

0.367 0.794 0.746
.5 0.417 0.604 0.526

FEEEG LR WIS WG 28R
Locus Na B Ho & He & & PIC
c65097 gl 4 0.633 0.667 0.590
c55835 gl 3 0.400 0.623 0.541
c29478 gl 3 0.667 0.567 0.496
c73921 gl 3 0.533 0.432 0.383
c72420 g2 4 0.167 0.584 0.483
c73582 g4 4 0.233 0.625 0.562
c¢73109 g2 4 0.467 0.607 0.541
c72142 g2 3 0.300 0.513 0.428
c67726 gl 3 0.200 0.583 0.479
c69026 g3 4 0.467 0.758 0.697
c62721 gl 2 0.567 0.494 0.368
5
3

PR T SRR EE DL EST-SSRHY FU % (13.34%)
(E R R, 2015), @& T 9F A& 22 15 11 (Ruditapes
philippinarum) EST-SSR i B4 K (3.57%) (12 8 ik 45,
2011). 3 B Ah 22 5 00 JE IR 36 AT O e A ol . B0l
FERNCL RN . G, ak FHIESE(2012) L) 3 4>
AN [R) A X A5 FL B3 DL [A]— BES SCJEHEFT SSR i i,
I 16 5 I 5 O e b o A B e T R TR, e R
BN F £ Y, EST-SSR A7 4 HH B R A ] ,
R AR (2015) F1 4 1A 25 (2008) 73 51 M B G Bk B D
74007 F1 6979 %% EST J¥ 41| i i 445 21 9872 i 243 />
EST-SSR 1 f, HA 5t BUAR 4351 R 13.34% F01
3.48%, 7E JLANTEXTUF (Litopenaeus vannamei)sH 4
AL S, FHILT 42011 F1 5745 (2013) % L4
EXTER AR R B () EST J¥41#E T EST-SSR fifiik, H
i BE AN .

AWFFEH, MITEE EST D AEF I iR E
B el s, HE=gERESR, 2905
77.08%F1 19.05%, X F15h FCERAE DL (A 424, 2008)
LA R ER (EHLT 45, 201 1) IOBFSE 25 AL L ZE AL
MERFWE, AR EIFAEIRT 120 X EST-SSR
19, Hr, 36 X5 EGE . TEMTRY AL,
PRI N 30.0%; 12 X5 9RM B ZEME, 248
Sl R 33.3%, H RS BIE T G-SSR K

63.15%. 62.5% (2207, 2008)" 1 81.25%. 80.76%
(AR EE, 2012)Y, X5REE/NES, 2013), X
GFIEHids, 2013) LT 8 4 77 il G 45, 2007)G-SSR
f7 1 2 AR E T EST-SSR i 5 Z AR 45 A,

X155 (20122) 5 2 (9 459% EST-SSR 447 Wi 2y
A B Ho (0.569) R 245 B He (0.490)53 1%
T REFHEFQOINHMLE R (it F 4 SSR ) Ho K
0.6866, He 4 0.7525). =44 (2015)TEMIFE T
BRSO 65 A A DR FRIC AR 2] T AR LAY 45
Hr5H Na. Ho. He Fl PIC #1.43 BIMK T° Yasuda %
(2007)F1 An %5(2009)i# 1 G-SSR 52| AYZE R . AWF
RGN T 52 AR, FHRALE
3.5 NN, Ho, He, PIC 4354 0.417, 0.604,
0.526, 5 AIIfiE(2012)% 5 i 3 H 41K U5 SSR 5
¥Ifik . Ho, He 3%k 6.43. 0.4215, 0.5857 AL,
Bk He g4, AWML, &AL He W& i 5 il fig
FERRICA B A TRl 1S R, ] 82 S 06 T FH A4 B
R Y, R (2012)2 2 ff 2 S K 5 B
FIVCBRBE R A T 225 MRS 1 AT , 1A BF 5% 48 75
5 i X R T Bk AT 25 | P iy i e, HLAR R A
i Pk —2 85T

AT 12 XF EST-SSR 514, HA L &M

B R A M S, IR T R AT

BRRF AR I 815 2R AT, $8R T RSB & B
Tl o B R BHUR: L F5 hy RSV B A o ot R AR B AL
IO = A N

£ % X M
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Development and Application of the EST-SSR Markersin Atrina pectinata

LI Dongming'?, YANG Aigu02<1), WU Biao®, SUN Xiujun®, ZHOU Ligin?,
LIU Hanmiao"?, ZHANG Guangming'?

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071)

Abstract Atrina pectinata is a large deep-water mollusk species that has high economic values. It is
distributed in the coastal areas of China, from the Liaodong Peninsula in the north to the Qiongzhou Strait
in the south. Its habitat is adjacent to China’s provinces such as Fujian, Guangdong, Liaoning and
Shandong. In recent decades, the natural resource of A. pectinata has declined due to the environment
destruction and overfishing. To better protect the resource of A. pectinata, we need to understand its
population genetic structure. Microsatellites is a widely used method to assess the genetic diversity in
farmed aquatic species and construct QTL due to its characteristics such as the abundant polymorphism,
the rich information, the co-dominance and conservation. The EST-SSR marker is inexpensive and is
probably associated with functional regions of the genome. Therefore, in this research, we developed a
series of EST-SSR markers using a transcriptome-based platform to study the genetic diversity of A.
pectinata. We identified 10550 EST-SSR (8.2%) using MISA software, and the corresponding frequency
was 1 EST-SSR per 9.01 kb of the sequence. Dinucleotide repeats were dominant among all EST-SSRs,
counting for 77.08%. We designed 120 primers for PCR, and 36 out of 120 resulted in successful
amplification. Fragments amplified with 12 primers were polymorphic. Next we used these SSR primers
to explore the genetic variation of 30 A. pectinata samples collected from the Qingdao Bay. The number
of alleles for the 12 SSR makers varied from 2 to 5 in these samples with an average of 3.5 alleles per
locus. The observed heterozygosity ranged from 0.1667 to 0.6667, and the expected heterozygosity varied
from 0.4316 to 0.7938. Polymorphic information content ranged from 0.3679 to 0.7459. These indicated
high genetic diversity of the A. pectinata population in the Qingdao Bay. Moreover, we verified that the
polymorphic EST-SSR markers could be a useful tool in comparative mapping, gene tagging and QTL
mapping.

Key words Atrina pectinate; EST-SSR; Genetic diversity; Heterozygosity
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