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fF > E T MmE Y ER&E Y

(L. AV FBEFPEaL T RELL R SR T LI EE P EUK T RAR R B RO K R T H S 266071,
2. BRI SHARERLRSE Wil RS ey ihd moaesns H5 266071
3. BIMVERAK St [ 201306; 4. KiEWHE R HAmEk  KiE  116023)

HE Jy T T #EEF F R DL (Patinopecten yessoensis) fil T 2 A7 9 3 Fu k&, AL XTI F R DA A
AR, RAREAE —REREENFHEA, FHATEHFR ILEAEEANFRAD-seq), AEE
AARKFEATERRNEHNAMITIERE, GREF, OUEHANFERRFALEKY
92,551,435 bp, %1tk ffive, %1% 259,535 1 contig, H ¥, @AM T E )77 3618 &, %54kt
EHBF M0 ML EG Y. ZUMTLERFIMNELZRA, b, —HHFREL LTI E R S (1587
AN, 45.87%), H k% M B EH (1282 4, 37.05%), N B E L B THEZ D (20 4, 0.58%).
EZHEREL T, I ATA EE KA P b A &5 (11.41%), it 1814, b, E R ILE —=F
GRANMITEMAEEZ S W EBREMNNED, THRAEERN R L EMEE S 0K N
HHBEGETHRAS, TIMITEKESAEEE A, RUKERENMTEL FRER M,

AT G 5 R N IR T R B DU SR (R 2 AR A A 7 2 I A KCF T R AR AR A R A AR T R A SR

e 40]

hESES 917  XHEHFIRAE A

f /2 DNA(Simple sequence repeat, SSR), J2 i
FEARBATEN 1~6 A% H BRI i 1] B 8 5 41, S
H i 8 Tz 148 FhRid Z — (O Connell et al,
1997), HrG@Mm ] s e, Frsm e mndt Bk,
BE W T A st il Z RS B A R DR 2 A OC 4
Br . S Fhnic il B & #h S5 E 2 07 T (5 3055, 2001,
Alam et al, 2005; Cavagnaro et al, 2010; Zhu et al,
2012; £ HJ54E, 2017), HFFEAEY R DALk ) &
APESTHT R P 0T A Sl B L i R A G A

HER I —RNF; XEA; BIE
XEHS 2095-9869(2018)01-0107-07

1832 B0 93 BT 45 AR © Rl 82 7T e (B 52 22 45, 2006a., b;
45, 2009; Hou et al, 2011).

IR F D1 (Patinopecten yessoensis) [ 20 fit#¢ 80
ERBIARE, 2 JLHEMEE S kR, el
KEEE NGRS . BT, CA RS Firid
FE AR B DURPRE 5t AL D 58 094 GE , W) T i e Uk e
AR Bifi4E, 2003, 2004) . AFLP(ffIFl 4, 2009;
T H 4, 2010) . SSR(Sato et al, 2005; %% %245, 2006b;
B AE, 2007; Z2EFHISE, 2009; Hou et al, 2011), i
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X BN B B D03 IR 20 KOS B 1 TR T H A A R AE 18
2 D AHIFSE R FH AR AR T 1 0 AR G IR 3
B DU 3R A7 a7 Ak 2 DX 26 I (Restriction-site associated
DNA sequencing, RAD-seq) , i i i 3 [A] 41 o AS ] 2 7
BRGS0, 1T R 75 A0 3R L
i, IR KO BHUR 5 f DSR2 SSRRRAIE &
2R, bk — A0 R R 1R T R i A b i C il B B R RN
B LA R EA E LN S EME.

1 #REFE
1.1 ##

IR bR D1 F 2015 4F 7 Ak AT EIC R 75
W Fp DL R IR I, VKRR I8 2 BT, i
AL, HOER SR bR DL PR SR, fET-20C & H .

1.2 EFEZH DNA EE

KRS YA LIEN A DNA $2 U & (55
DFERY) KR, JUR0)#EATEEN 4] DNA II4R I, Bl
RIS L DK B0 A0 A SR B DNA it , SR ATAZ IR AR
FI TSR I DNA MRS AlBE , B RO B 84 Y
DNA HERRAE T-20C %

1.3 XEHERNF

W4 T AREL AR5 3 UL DNA RE 3% BBt iB RS
IR A BB R A R AT Y . DNA FE 5 i
BENLEGDIFT B, ZokmfE= . A R . Ini)yeek |
glifk . PCR ¥ #4550 B8 58 e~ RAD SCPERY il 4%,
Fa 4 ) SCE A 3 HHumina (I 430) 18 5 XU S i)
FF, DA ERe LA e 54K B B A SR AR A (.
JE U B AT A U8 . 25 BR A 45 Sk (Adapter) Y reads
pair; Z:BRENENF read A B NCRIZINIE) & &
1% 2% read K LB 10%F7) reads pair; ZBRE
sl Y read RS AR 2 (Q< B) I SE B i 1% A%
read K Ji H 451 50%0 reads pair., X T35 FEAS
A BRI S reads J] cd-hit-est 2k {4(Li et al,
2006)i#F 472, I RIERESE H reads SCRFEAE 10~400
ZIE] . MR LS ] Velvetopt # 4 (Zerbino et al,

2008)E T4 %%, R EJE 4% P, JEXF 125 bp
PIF By contig #EA 73 1€
14 SHAE

{4 i} SR search %k 1:(Rozen et al, 2000)% i g i
13049 contig 4T 1 B EE A2 P A BRI, G4 v 4N
T (1) SSR H A By /M BE R 25 (2) SSR H A 1Y i
KKJEH 6; (3) SSRIFHIM /M N 12; (4) SSR

FRHEFEAIK A 100 bp; (5) 24~ SSR (/MBS
4 12 bp., f#i ] Primer 3 %ff:(Rozen et al, 2000) X} %
FE IS A SSR H 2 FIC i F A i Beib AT 51 Wik it
SR EE TG N 20~28, FIE K EEN 24; 14 &
TR EE Rk 60~65°C , fidiil kR E K 63°C, H—XF
SR JOREZEA R 1C,
SSR 73 4% i (D) A A -
D=N/L
K, D WAS[AE & G TR 531 % B (ind./Mb) ;
L A W5 Bt DL R 20 J & i (contig) & 1 (Mb) s N 2h 4%
A R TR B (ind.)
SSR A a1 43 A AR (F) T A 2R
F=N/T
Kb, FARRFKEM LRSI, N %
KM I ESEGNd); T A TAEBHE(@nd.),

2 HRE5HW

21 fEERANF RBE

WP 25 S AL 7= AR IR B e 2.872 G, St jE e 4t
RIS BEHE 2.847 G (36 1), Illumina HiSeq 7= 4 Y
5 () B 3 e FH Qphred %715, Phred B4 20 Fi1 30,
35 T B TR 51 243 1) Sk 99%F11 99.9% ., 1l I H Phred
EE KT 20 F1 30 A B o5 BT A B S 19 A 43 L A o
96.77%#11 92.66%, RAD-Tag k% K 93.07%, %
WA E, RTEERD), Wy G,

*1 NERBERECERANF EZHE
Tab.l Mean data of reduced-representation genome
sequencing in P. yessoensis

24H Category BfE Vvalue
J AR5 i Raw base (bp) 2,871,603,900
AR Clean base (bp) 2,847,335,100
% EKE Total contig base (bp) 92,551,435
2% BN Total contig number 259,535
ZHHEIR B Average contig length (bp) 356

T IR B ARG P 5 MK o 92,551,435 bp,
i BE /T 125 bp | contig J& #k45 259,535 4™ contig,
Horp, Neo (B )P I KN /NHES, YK TR 2 4 2% 5
1 —2f ), contig Y)Y EE S 419 bp, 4H %<5k
PRI 20 (0 -3 B S5 R BE S 14.55x, Hirh, AxFE S5 TE
86.64%0) I, GC %ty 35.63%, BFiE4iRIER, B
HF s s
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22 EFEARIENHEERSHEE

T 3o % U B R D3 PR 4 1 A g AT A T R A
$, FEUR T RE DU A e 3 e 0 O P i — A R
& 2~6 A HILH SSR, MEK N 92,551,435 bp
i) 259,535 > contig Hr i 1% 1 3618 4~ 7E vk LA 7
A, gnliit s 3460 MU T E DI, R
BEZFEIEAXE, Ty 26,748.97bp HH 1
A~ SSR (£ 2). MFE 2 AT LIFEH, HFE R U A%
A R ] SSR A A 2K, &2 SSR 43
M EELFHE . Frikisn 3460 &M AR H,
AT B 22 B B B SR N = M R T (45.87%) ; HLk
& TR B (37.05%) . DUAL T R HE 42 (14.48%) |
FAETT R E 5 (2.02%) 5 431 e D RS LT IR L A2
(0.58%).,

2 NEBAARAESHBEYIBERMSKHIRSHEE
Tab.2 The proportion and density of different repeat types
in SSR database of P. yessoensis

ERH B [Epide R
Repeat type Number Percentage(%) Density (Mb)

%1 Dinucleotide 1282 37.05 13.93
=HHPR Trinucleotide 1587 45.87 17.25
PUR% TR Tetranucleotide 501 14.48 5.45
TAZF R Pentanuclectide 70 2.02 0.76
TR Hexanucleotide 20 0.58 0.22
A Total 3460 100 37.61

23 BEFARMIEARAREERBETEESHETH
E5H%E

Seit i TR 4% A A OR [ E A T i A
Wk, TEHREEAR 12 MELYIC, TR E
52 59 Fh, UK IR 100 Fh, LA R EE 47 fh,
ANEHRER 20 F, Giitii DR 4 HEE KA ORTH
HEEPICH A LER 3), SE M HRELE M LE Y,
AT/ITA 5 B0 b i (79.17%) , 3Rt 1015
A5 HROE TGIGT E & HC 103 4~(8.03%) ., 7F —#%
HRREZNMTET, ATA &E TS 05
(11.41%), 33t 18145 AAT. TAT. ATT, TAA X 4
Pl & BpoC B RIS, 430 155 4~(9.77%) . 150 1~
(9.45%) . 137 /~(8.36%)F1 120 ~(7.56%). PUK%1i AR
A PR E R ST A LA A), o, BoE
WZ M CAAA EE HG, it 484, Fr i il
9.58%., HETTMELE T, MEKEZMWERHITH
AAACC, #t:3f 11 14, itk 15.71%, ASETRELR
it 204, H—FEERITIH 11,

#3 MEBENSSRESHETHHERBLLL
Tab.3 The numbers and percentage of SSR
repeat motifsin P. yessoensis

[PESTIE O Bl Te S
Repeat type Motif  Number Perrecpe:atta?neo?iff ?331
—H® AT/TA 1,015 79.17
Dinucleotide TG/IGT 103 8.03
ACI/CA 99 7.72
CT/TC 31 2.42
AG/GA 28 2.18
CG/GC 6 0.47
= H® ATA 181 11.41
Trinucleotide AAT 155 9.77
TAT 150 9.45
ATT 137 8.63
TAA 120 7.56
TTA 71 4.47
TTC 62 3.91
Others 711 44.80
DU R CAAA 48 9.58
Tetranucleotide AAAT 29 5.79
GACG 26 5.19
ATAA 24 4.79
AAAC 18 3.59
ATCA 18 3.59
Others 338 67.47
HZH R AAACC 11 15.71
Pentanucleotide Others 59 84.29

24 EFEAMIEZTRAEINW

W b D1 3 PR A TR K BV L ol 12~36 bp,
IR A 14.96 bp, flC TR K BE 43 A 45K 1155 245 L i
7, BT AR B R L A AR A, T, 12~16 bp
AR T AL A X, el ik 79.35% (K& 1),

0.6,

JH# Frequency
SO
N w N W

I
=

0L $e" Ny g gt—t—p0r0e
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
M T B K ¥ The length of SSR/bp

L1 WS DLl T R B A B AN T B s T 2 A
Fig.l Thelength distribution and frequency of P. yessoensis SSR

BEXoF SR 5 Bt DY AT 21 o T B R0 AT o i B
24 [v) — 2 52 208 A ol T A I A2 0 o H B A
X (% 4 YhIa)), A A A RO A TR BEE B
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BT FE BRI R B B PR S (R 4 B, H
Wit 25 A ) i 52 B R 4 1 i HG i AR R L 0 i
INGEE A, CEHRER PO IREE M ]
PR 1L AR, o, EEHCN 6 I T TRE L 0
ot A 695, B B A BN I HACE B>, HE
SRS 16 BhxEE foum o FER 7; HEL
BT K ES N B BRI, 1% 52 IR (A
20 Fho AU, BEFE HRICKEERIE N, TR
i P SRR R 4 S e B, DN AR B B DL P 41
HR R R ) T R S R L B A i T
AR SRR

R4 MRENSSRARNESHRARNESLXBENLE

Tab.4 The number of SSR with different repeat types and
different copy number in P. yessoensis

HEM THEHR —EHTR WEHTR TEHTR SEHTR

Copy Di- Tri- Tetra Penta- Hexa
number nucleotide nucleotide nuclectide nucleotide nucleotide
4 1006 318 53 19
5 315 117 14 1
6 695 123 44
7 308 64 12
8 103 43
9 53 13 1
10 40 17
11 27 6
12 14
13 14
14 13
15 8
16 7
3 itie

31 MRBNEEAMIERFIIFFESHT

ABFFEHE T UR 55 DL SE AR5 A %0 SSR % H
9 3460 />, Horp MR B s N ST IRE R
(45.87%), FE L) ATA(11.41%)F1 AAT(9.77%)H &5 1
JCNE, SRIGIKIKE TAT, ATT, TAA EE HI0; 1
THAFRELZ T, WL AT 5%, HKH TA. Hou
S5(2012) R FH 454 0 545 AR MR 3 b DU 53 20 54 700
., fEHE SRR BN 2748 4~ SSR H, =AY
iR 2 A R B e (39.4%), HIRE BT E R
(21.1%) . PURH R (15.5%) . FA%H iR 4 (14.6%)
MR E R (9.4%) . "W, TS Ere i st dlif &
LK b, 0 36 b DL A TR — A IR o A A 1Y)
REEE RS SRS 3=

Wi TR . AR AT R 3 R E A K
RIrh % B BT LTS, AEAF KM ES |,
AIT #%: GIC S EmEZ , X 528N AM T
BHAT B RS A —2,  dnp E X I (Fenner openaeus
chinensis) fi 10 & (= e 55, 2004) , <1 # 7R )5 fili
(Sargassum fusiforme)fi T9 A& (4 ZE P14, 2006), =3I
1 T % (Portunus trituberculatus) f# T & (4 2k M8 45
2008), AEWFE A DA E & AIT AT g R 2T
TPEFH AIT F8E, W TR, DNA 5545 it
JF, i DNA Sl shplsl ME A ALE, =4 &
AT H G RRMHLFRE & . LAk, Schiotterer 45(1992)
AR, FEF 4] DNA H CpG H ALY lmms e CIRAE 5
ik W S A G A U AR hE T, L BT RS Y
RARAREME, FFHARN GC I 4EfF DNA #Jj2
FaE VAT LT, — a2 R B L AT R A A AR 3R TR 4 B
TBEF GIC FEntt 2z DR (AR, 2015), if
A—MARERE, FGildRh GC HE L DhTEEs
GC 5 52 (1) 7 T oA RIMEA D& (M 55, 2004), H
IR, BADTEER, WA R R .

X MR 3 B DT PRI 2 AN [) i 0 20 AU A T 1) K
AR SEE BT AT, R B S PR R S R K
JE AR B, TR A B B A R A B R i e
fik. Samadi 45 (1998) R BT iF 58 A, AR K
A, 222 B R R, W AT A Bt b
B, A, fErR EXTIR (S, 2004), £16E
Ryl (g AN AE, 2006) . A (Lycium barbarum)
(3 REE, 2016) 45 A [A) R 28 1 Sl A ) 2 PR 4 7l T
FORIF ST rh- 75 21 1 AH R B9 56 . 3 2 R 5 IR o B D1 4
DR 21 v o 2 K A O A T HE T A K B AR B B
TR SR, SR R D 2 A T A
FRic i i T ARSIy ] AR

3.2 SSR FASiHiE &3 SSR 451E 4 7 B9 52 M

FIRT, o s i i T2 T & 5 07 1ok s R A ik
WAL . M cDNA SCEG % EST-SSR DA KT
AR 14 2 Sy 2RI R BT Ak 3R R R I . R TR
BARAR T B AR OGRS, B R B 9 53 A FRAE A
AR o G I REER & A2 1 e I T B A, ARA%
REAL, BURABERTS AR T EbRID, I
HErZ A R RER WM D RETY, £8 %Lk
R 20t 224 VR R R — Se PR B A H A
B N2 [ B T2 P Ak 2, AREARAH K 7 51 1Y)
LRSS, HIL, ARESE 4 S WA T 55 A 1
(B s 52 5F, 20068, 25 A HESF, 2009) . 2% 2 g%
(2010) i 3 A4 7 W 35 B3 I cDNA SCIEFRTS 74 4
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EST-SSR, W F EST J¥ AL HE s Befs 5 m T )5 1)
mRNA 58, BRETIHFZNEFMEMTH, Hit,
FEARE S ML R 4] DNA R ESfE B B I AR
W R, RBRCRE . BARXEFE AL HL AL 9% i A 5 1%
G2 7 AR I AR BTz R BB B 2 S T
e, T SR o R TR 2 AT 4 0 S 0 v 1
R By 7 vl AR A K R P8 5 8, I L
PR 0 T & At K 80 5 i, 1 H AR P — R I &
PRI s 2, T LA 5 5 35 1l s o7 4 o ) T L
AFEAIE

33 EHMNEBMIESMEFELLR

R 3R D0 e PR A T R R o A A R, G =k
REZRBM TR ERZ, EEITRENAMTAE

2009) fik T2 KURE fie 2 YRV ) — BB B A2 2R, NI

L FCERFAE DL (Pinctada martensii)(F /8 K4, 2015) . HLEG

LA (Paraoncidium reevesii)(Z k4, 2015), FEHE

441 (Ruditapes philippinarum)(i=Z] #% #% 45, 2015)F1 504
(Meretrix meretrix)(Wang et al, 2011) 7, 215 1 H3 BAA%

HWRELSHEREZ, “HTFR. B RMIEZH
i T A R MR U el ) A B T 445 (Crassostrea

gigas) (5K HkHk 45, 2011) 1 EST-SSR I 4 91 S 4% 1 R
SR HmHZ(851), M IRIXZ(805), —HHTMA.

A R DU AR Y R B AR U e ) R . e T
W, EeA NEHMIENTE , KA EEIRUHMILE
Ir AR BB W R, AR R AR, — T
PRI L F B AR N2 L R A, 55—

ok
HE &

[

IF % By 2K b (32 5), ML D (Chlamys farreri) (Zhang /7 M0, A0 S AN [R] 9 b L ol 102 241 BSOA7 A K 22
et al, 2008)F1 = ff LI (Hyriopsis cumingii)(Bai et al, 7%, XEHARFHE—LHIIE,
x5 ARENZE SSR &3 FHHFE
Tab.5 The characteristics of SSR distribution in different molluscs
N7 L N
i ssrxm | PRRE g E BT S ik
Species SSR type od/Sequencing Numbers Main features References
platform
oy [ Bk A I EST-SSR  Illumir/ 9872 MR T F£(8042), M HFMAE H(1035), L4
P.martensii Hiseq-2000 ¥~ SRR T (630) . DU FIAT & (158) Kk, 2015
S EST-SSR 454 V-4 2970 RFEHEAHAMREL, S HMRELKZ(1194), Wang %,
M.meritrix =B MRES(1123). WZITRESR (357)IKZ 2011
AL EST-SSR #y# cDNA 0%, 201  REEABHRESL, —HiREKERZ(110), Bai %,
H.cumingii 3730 ¥ “R IR R (83) 2009
. EST-SSR NCBI F#; EST 2602 ANBHREEIRZ(85]), BHEITMRELRZ  KIHHAE,
gy rfs FE b (307)., AT (258) Bl SR H R T 4L (240) 2011
99 AHHIZE A K
GG HEA  Hlumin/ 67696  FAMKITIRTE K 22 (53948), IR EE (7577).  RRE,
P.reevesii SSR Hiseq-2000 %3 SRR (4579) . DU R (1572 ki 2015
JEtpmisfr  ER4 454°FH 1601 =RHMRIE A 5 2(903), U IR (492)  1E) It 4,
R.philippinarum SSR MU IR HE I (160), FZTTTRER K/ (22) 2015
S # @ markers. Biotechnology Bulletin, 2009(4): 126-129 [#ikHi),

Alam MS, Islam M'S. Population genetic structure of Catla catla
(Hamilton) reveadled by microsatellite DNA markers.
Aquaculture, 2005, 246(1-4): 151-160

Ba Z, Yin Y, Hu S, et al. Identification of genes involved in
immune response, microsatellite, and SNP markers from
expressed sequence tags generated from hemocytes of
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Biotechnology, 2009, 11(4): 520-530

Bao XB, Dong Y, He CB, et al. Studies of Japanese scallop
(Mizuhopecten yessoensis) germplasm by using AFLP

HAN,
FhETSERMTIS. LEYBORE R, 2009(4): 126-129]

Cavagnaro PF, Sendik DA, Yang L, et al. Genome-wide
characterization of simple segquence repeats in cucumber

(Cucumis sativus L.). BMC Genomics, 2010, 11(1): 569

Chang YQ, Chen XX, Ding J, et al. Genetic diversity in five
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yessoensis). Acta Ecologica Sinica, 2007, 27(3): 1145-1152
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Abstract

Microsatellite has become an important molecular marker for genetic diversity analysis and

marker-assisted breeding as its unique advantages, such as high stability and repeatability, strong
specificity and codominance. To understand the distribution and frequency of microsatellite of
P. yessoensis genome, the current study analyzed the microsatellite sequences of P. yessoensis genome by
establishing and sequencing a RAD library. The sequences were assembled, and SSRs were detected by
bioinformatics method. The total length of the DNA sequences of P. yessoensis genome is 92,551,435 bp
and 3,618 contigs from all filtered 259,535 contigs containing SSR sequences. The 3460 potential SSR
loci were identified with the number of repeat motif from 2 to 6 using appropriate amplifying primers. A
total of 1587 trinucleotide SSRs (45.87%) were the most common motif, and ATA (11.41% of whole
trinucleotide motifs) was the richest motif. The dinuclectide and the tetranucleotide types ranked the
second and the third with a proportion of 37.05%(1282) and 14.48%(501), respectively, while the
pentanucl eotide type accounted for 2.02%(70), and the hexanucleotide type was the least amount with a
proportion of 0.58%(20). Interestingly, the abundance of microsatellites of the same repeat type decreased
with the increase of copy number, and the abundance of microsatellites of the same copy number
decreased with the increase of the repeat unit length. The variation of length distribution frequency, copy
numbers and the abundance of the microsatellite suggested that the mutation rate of shorter repeats was
larger than that of the longer repeats. These results provide basic information of microsatellite of P.
yessoensis, which would be useful to study the genome and population genetics of P. yessoensis.
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