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Identification of EST_SSR markers associated with growth-related traits in the

Manila clam Ruditapes philippinarum

NIU Hongbo, NIE Hongtao, ZHU Depeng, YANG Feng, YAN Xiwu "
Engineering and Technology Research Center of Shellfish Breeding of Liaoning Province, Dalian Ocean University, Dalian 116023, China

Abstract; The Manila clam, Ruditapes philippinarum, which is widely distributed along the coasts of China, is an
economically important marine bivalve species in China’s aquaculture industry. The world production of this species was 3.6
million metric tons in 2010. China is the first largest country in the world in terms of production of the Manila clam,
producing about 3.0 million metric tons annually, which accounts for about 90% of global production. This species has
several pedigrees including White, Zebra, Liangdao Red and Marine Red distributing in the coastal areas in North China.
Microsatellites or simple sequence repeats ( SSRs) are tandemly repeated motifs of 1—6 genetic base pairs. Microsatellite
markers are powerful molecular markers due to their high polymorphism, stability, and co-dominance, and they are used
widely in studies of genetic diversity, parentage assignment, genetic linkage map construction, and trait-related marker
screening. In this study, 20 microsatellite DNA markers were used to analyze the genetic diversity of 107 individuals of a
Zebra F2 pedigree of R. philippinarum. Forty-one alleles were detected, and the number of alleles (Na) was 2—3 at each
locus (average, 2.05). The effective number of alleles ( Ne) was 1.71, and the DNA fragment length was 109—430 base
pairs. The mean values of observed heterozygosity ( Ho), expected heterozygosity ( He), and polymorphism information
content ( PIC) were 0.504, 0.431, and 0.324, respectively. The probability value of the chi-square test showed that three
loci significantly deviated from Mendelian segregation ( P<0.01), which suggested that these loci might link with the

adaptive gene, and two loci (SSR11 and SSR164) may link with recessive homozygous lethal genes. The general linear
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model procedure in SPSS20.0 was used to analyze the correlation between the 20 microsatellites and growth-related traits of
R. philippinarum (i.e., shell length, shell width, shell height, and body weight) . Four loci were significantly related to the
growth traits (P<0.05) ; SSR135 and SSR164 were significantly related to shell width ( P<0.05), SSR9 was significantly
related to shell height (P<0.05), and SSR142 was significantly related to total weight (P<0.05). Favorable genotypes for
each growth trait were identified by a multiple comparison among the loci. Allele A for SSR9 had a significant impact on
shell height ( P<0.05) and had the highest phenotype value; thus, it can be used as a molecular marker for selective
breeding. SSR135 and SSR164 had a significant impact on shell width and total weight ( P<0.05) , respectively, and allele
B for SSR135 and allele A for SSR142 had a positive effect on growth-related traits. The following four genotypes of these
loci had a favorable effect on growth-related traits: AA for SSR9, BB for SSR135, AA for SSR142, and AB for SSR164.

The trait-related microsatellite loci identified in this study will be valuable for marker-assisted breeding of R. philippinarum.

Key Words: Ruditapes philippinarum; microsatellites; growth-related traits; correlation analysis

A= WG AT (Ruditapes philippinarum ) 3 J& T 3R S W 1T ( Mollusca ) , X 52 4 ( Bivalvia ) , 5 ¥ . 24X
(Heterodonta) , 75 H ( Veneroida) , % #5F} ( Veneridae ) , #5417 J& ( Ruditapes ) , J& 3% 45 48 DU R F25H DL 2 2
Pz e E R AL, SR, 2010 AEFEEE RGP I B R ) 360 205 1 TR EI4E S HEAE 300 ﬁtE
A 5 I RS 90% LA 1t FHE R E RE S R AR T R H 2R, &
I T TR ST, FEERE = I IR I AR A Fh BT T T B, 72587 38 D) 5 ZE IR B AR A U B
P AR AR TEIA T8 AL 2 R B R BUS T —E MG, inik BE B M A 22 A8 BRI G E RO R
Xf H AR = Emf a] S A L B T B, i A AR B BCRAR, TS BT DNA ARic S iK™
W) BARER A R I TR RGRE . R BIFE 5K s ) E A TR R A E B 4 AR IS, R
JE X Bk 2 35 AL VE BT K 7 B4 DNA il i A+ s

3 & (microsatellites ) X FR ] ¥ 51 8 & ( Simple Sequence Repeat, SSR) ,—#H 1—6 bp i #1551 &
BHHA, T IEREAZEMESE LB B B0 & SR 58 €@, % T (Polymerase Chain
Reaction) PCR 4" 3455480, B0 Pt 5 iR 73 AR, © ) 2 B Tk sl ) i) Ji B 22 B P AR AH O
I3 FARICHFIE . ( Quantitative Trait Locus) QTL ENF 77" AEMEFE DS MR T 53 01 1S A o (G Rk D117 45
CHGE T A KRS M EARCRAECHE S, BT, XTJF@A@EHM?E’JHF% FHEEPTEA Y RS
BRI o SR, A SR AR A S A A EE BB MR (4 40 T SRR TE R WIS 25 i 5 A K IR (9 AR 56
GIHTIE S AR VLARGE .

ARSEEG A 20 X TSR SR R I A5 e K R AT IRE ZREVE AT JF X B ie AL S A KRR
AHOCHESEAT 3BT, 07 326 10 X B0 B s 2 A A B AL ) S0 TP i RAE KRR B A, h FEAR = G AT
R AR T, AR s S R M R QTL & (S5 $E 2%

1 ST

1.1 SEEepbR

SIS T FHBE S G AR A 2011 A % A T JEAE R A A7 B A RO h A O BE ED 06 SR AR AC e A B ARHT
e, Evk FLAREE A R BN R SR T 30 N F1 R R AL TR 2N 8 AE £, FHLLH
Horp 107 AR, X HIrE AMERRFE K e 5o m AR E I T &, BB RS, B2 T 95% L T
DNA fHEH,
1.2 DNA $#REU i TR 58T

DNA A FEICR FHPR W - )5 -5 B A 2 DNA I 1% 3 IR WiBE e i yk EA TR . DNA £R47FF-20 °C
# M. PCR RNARZR R SRR 10 WL, Hod DNA i 1wl EFHE5 14 (10 pmol/L) 4% 0.4 uL  easytaq
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MIX 5 pL.ddH,0 3.2 pL, SE56 b i s TR 5 PR A% O 7 5 BGR KORE W26 1, PCR UV FRIT N .94 °C 5
min, 94 °C 40 s, B KR J¥ 40 s,72 °C 40 5,30 NMEH ;72 °C ZEMH 10 min, 4 C-AF, PCR P17 W12 12% RN
75 T P U5 JS P UK R T R 0 8, BERSCAE A AL 1 AR, 1 BE AR AR S5 X B Uk A AT 40 BT S B R R /N
100 bp marker 42 BEBRIEXS HL Uk 45 2547 70152

F1 FEEWBRFNMMADESIMFIIFRENEE

Table 1 Characteristics of the 20 polymorphic microsatellite loci from Ruditapes philippinarum

(9= Bk R/ C AN SIHFH(5-3")

Locus Annealing temperature Repeat motif sequence Primer sequence

SSR4 48 (ATC) F:TTTGTAGCCTTTGGAGTT R:GCGATAACGAAAGTGAAG
SSR9 52 (TTG) s F:CGATGTTTCATTTGTTTG R:ATGCTTTCTTTTCGTGTA
SSR11 54 (TACA) F:GGCTCCCACATTCTCATT R:CGTCTCCTGCCTTAACCA
SSR106 49 (AGT), F:ACCTCAGTTCAAATGTCT R:AATACTAACGCTGTGGAT
SSR107 47 (GA)g F:AGCCAATGGTAGGATAAT R:GTCATAGTGGGTTCAGGT
SSR122 46 (TTC) F:CCTCTGTATCCGAGTCAC R:GGAAAGCCAATTAGTATCA
SSR135 47 (TA) F:TTTACTGTATTGATGGGACT R ;CTTATCTTTGCTTGCTTATT
SSR142 51 (CA)q F:CAGGACATGGGTTACAAA R:AGTCACAGAATCCGCAAA
SSR164 49 (GT),, F: AATCAAACCAGCACAATC R:AAACATTAGCAACGGATC
SSR213 49 (CA)g F:ATAGTAAGTGAATGGGGATA  R;TGTTTGGTGTCAAATGGT
SSR244 49 (AGTT) |, F:TCCTGGAACAAAGCAATA R:TAAACATCCGCAAGGTAC
SSR261 52 (TGA) 4 F:GAGGTCCTGTTGCGTTTA R:CTTTCATCTCCCATTTCATT
SSR313 50 (TC)s F: ACTTGCTTAGCTGGTGGT R:GAACAGGTGTTGGGAGAA
SSR333 47 (ACA); F:TACTCAACTCACCCTCCC R:ATTGTTCAGAAAAGCATC
SSR337 47 (CAA), F: TAACCAGACAAAGCGTAT R:GGTGAAGGGATTTAGAAT
SSR341 49 (CAA); F:TAATGGAAGAAGGAGCAA R:TCACAGCACCACAGTAAA
SSR361 46 (TTTG), F:AGAGTTACGCTTATTGGT R:GGTGATTTATTCCGTCTT
SSR372 48 (ATC), F:CACGAAATGCTAACAATG R:TGAAAGTGAAGGGTATGA
SSR373 46 (ATG g F:TCTTGCTGAAAGTCCTAA R:TCAGTTGACCAAGAAAAG
SSR399 47 (3CT) F:TACTTTGGCTGATAATCTAG ~ R:TTATAGGGAGAAAGGGTG

1.3 Sitsrtr

FH PopGene3.2 F A AT EARAL B 8t 1% ZHEVE ST, TR SE AR E (Na ) A RCSEALIE B (Ne) N
FABVE (Ho) FINBIATE (He) , HRIE Botstein 25 Y5 Ik I 2845 B & i (PIC) . FIFH PIC-CALC 3T
SRR AR YESE AL RATRR  EAELE M 28 B i, It E A F .

n=-1 n

PIC—l—ZpL > > wip

i=1j=i+1

o, n e R EOIIERELG p, L p; ﬁ%ﬂjﬁa‘fﬁiﬂlﬂ% FER § AL s B SFAIE PR j =i + 1,
FH SPSS 20.0 B ) — AR HERERL (GLM ) X HEFE R IGAFBE D 04 5K R B A ARG R 20 AN T A A%
TCAHDCPEREAT 30T o HRPERIRAN T
y..:p,+gi+£..
o, v, ABEDIGEEMRES | DMARICHE R u AR IME, g WEE i DARICHIONE, &, HREHL
W,

2 #HR

2.1 MR RAUE SR
LM EAF R 5K ST FEm AR 4 AR R MR E IR, 0T BRI T A e b, IEA S
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Mf5EWFE 2,

F2 FERK EZXE.EENEENREBERESSHRITRE
Table 2 The phenotypic data of shell lenth, width, height, body weight and normal distribution test

it H R/ME N i S K-S {f P

Item Minimum Maximum Mean+SD Kolmogorov-Smirnov Z P value
524 Shell length/mm 6.15 13.81 10.53 = 1.39 0.805 0.536
559 Shell width/mm 2.04 5.16 3.60 + 0.61 0.784 0.570
5er Shell height/mm 4.87 10.60 7.49 = 1.05 0.806 0.534
KT Total weight/g 0.04 0.42 0.19 + 0.07 1.325 0.060.

2.2 TRCTI AN SR

FIHAC AR 8 ASFARMEAT5 i1 , 46 PCR
B RV IR FEL vk, DA 32 X TR 5 149 i pE 15
) 20 XY RIS B, B SR AL Kl
TACEEAFN 107 A F2 FAARTE 20 ST AR A
LAY (2 3), SSR372 HI SSR373 {7 L 7E JE A FE M4 11
BEEL AR R AR Y BE AR UL 1,

20 AN TR S A I 2 41 AN EEALFE B BER ‘ N
N 109430 bp,%{j){?\ 2 (37 B B 23 e E;;#ﬁ;smn F1 SSR373 EH D6 F2 REBAMEHNER
SRR 2.05 A, IR HEN B 1.71 S, Fig. 1 Electrophoresis pattern of PCR product of partial
%1_\‘1‘,‘1_:—,\ E"J Eﬁté %‘%% JE . Xm{m %‘%% J-{.F N % E! ﬁi}’iﬁ 7Fﬂ g‘jg individuals in the F2 family of Ruditapes philippinarum amplified
ARSI 3, 20 LI g e e s
1 0.431 LI Z A B R 0.504, 28505 B & & F
Bk 0.324, 8 20 AN E P AT 2 AN SSR213 il SSR261 AYMLINZS & BEAR T4 A 1, BRI 4l 5 T
R ZA T ARG, 5150 18 AN s BRI =45 B s T I BB 2 A B, Horp SSR1T A SSR164 (I 2% 4
JE SRR ENERRR, KRBT, A 17 A7 5 AL B L B 45 A o 8RB 2 i, B4k 3 AN s
SSR11,SSR164 1 SSR213 [ I AL /341 B 2 1 i f5/K 2 (P<0.01) (% 3)

£33 FEERT20MYIEMLAERDR P2 XREZFHSEITER

Table 3 Statistic information for 20 microsatellite loci in an F2 family of Ruditapes philippinarum

s o X
fLs ;E% #H{éﬁ%t SEALHEA fEcEtn - i gﬁﬂ =&

Locus Parental /I/bp Na EER AEE REE Genotypes BER r

genotypes Size range Ne Ho He of progeny pic

SSR4 ABXBB 163—175 2 1.545 0.354 0.457 AB :BB=47:56 0.290 0.375
SSR9 ABxAB 109—118 2 1.926 0.483 0.523 AA :AB:BB=36:53:16 0.365 0.014
SSR11 AAXAB 359—383 2 1.966 0.494 0.868 AA:AB=16:91 0.371 0.000
SSR106 AAXAB 409—421 2 1.594 0.374 0.495 AA :AB=54:53 0.303 0.923
SSR107 ABxBB 255—263 2 1.618 0.384 0.514 AB :BB=54:51 0.309 0.770
SSR122 ABxAA 404—422 2 1.523 0.345 0.440 AA :AB=59:48 0.284 0.288
SSR135 BBxAB 237—253 2 1.487 0.329 0.413 AB :BB=43:64 0.274 0.042
SSR142 AAXAB 298—322 2 1.618 0.384 0.514 AA :AB=52:55 0.309 0.772
SSR164 ABxAB 418—430 2 1.892 0.474 0.762 AA:AB:BB=0:83:24 0.360 0.000
SSR213 ABXAB 379—391 2 1.989 0.500 0.241 AA :AB:BB=37:27:43 0.374 0.000
SSR244 ABxBB 309—325 2 1.552 0.358 0.463 AB :BB=49:58 0.293 0.384
SSR261 ABxAB 163—172 2 1.963 0.493 0.440 AA :AB :BB=23:46:38 0.370 0.043
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i m wek o TR ME WMo o 2t
Locus Parental /Nbp Na AR AR A Genotypes BAk P
genotypes Size range Ne Ho He of progeny pic

SSR313 ABxBB 215—227 2 1.547 0.355 0.459 AB :BB=49:58 0.291 0.384
SSR333 AAXAB 248—254 2 1.523 0.345 0.440 AA :AB=60:47 0.284 0.209
SSR337 ABXAA 288—312 2 1.452 0.313 0.385 AA :AB=66:41 0.263 0.016
SSR341 AAXAB 169—193 2 1.733 0.450 0.608 AA :AB=41:64 0.333 0.025
SSR361 BCxAC 302—318 3 2.698 0.632 0.750 AB :AC:BC:CC=27:29:24:26 0.558 0.921
SSR372 BBxAB 173—191 2 1.485 0.328 0.411 AB :BB=45:62 0.273 0.100
SSR373 BBxAB 154—166 2 1.588 0.372 0.490 AB :BB=50:52 0.302 0.843
SSR399 BBxAB 125—131 2 1.490 0.331 0.415 AB :BB=43:61 0.275 0.078
SF-Y{H Mean 2.05 1.709 0.431 0.504 0.324

Na: The number of alleles; Ne: Number of effective alleles; Ho: Observed heterozygosity; He: Expected heterozygosity; PIC: Polymorphism
information content; P >3 KUY 4325 Lv 1 - J5 K90 5 ke P A A3 A 43 25 A S R B 43 25 1 (P <0.01)

2.3 P AEAMC S AR R A b

FH SPSS 20.0 %t — 2 AR 1Y ( General Linear Model, GLM) |, X}k T2 v 5 Fe R Y 5 5 T i =52
ARMR (FE R TS ST AR ) Z R AR SCEIEA T4 HT , 4607 2843 Wk 56 52 . 251 ﬁﬁﬂ’mm 1620 Xf
RN IR 4 A 53D A KA G A5 (3% 4) . SSRO 1 4 5 5% i it 1 3% G BK, SSR135 Al
SSR164 55258 W EAHOC, SSR142 v f SR H 22 W ARG, i T AH G/ 15 2 3 T2 7 2Bk SSR9 551
YN A 3 A7 5 LRI RIS /N T 3, i fd H SPSS ' compare means i R VAT AN R 55 R BUE A HLAE, 7E
SSRO i a5, |, AA FEH 5T K, 5258, 7o m AR 4 3502 K A8 AR P 508 1 i T LA 3 PR ARSI, 1568 AA 3L
DRI RIS} B S ey e KA TE RGN . 53 41, SSR135 43 s 1Y BB KA SSR142 i 5 F (1) AA JEK RUFT SSR164 {37
MBI AB SRR FE 4 TR AR AR AR 5 TS A s i LA R R R B 4 A SR RLAE A A
ST BE S i 9 A A IR

R4 W0ANMHIBNRAREERRFEZERKERBFHERSELILER

Table 4 Means and multiple comparisons of major growth traits with different genotypes at 20 microsatellites

(= et A% e K/mm FE98/mm 5155/ mm /g
Locus Genotype No. Shell length Shell width Shell height Body weight
SSR9 AA 36 10.97+1.13a 3.95+0.48a 7.91£0.91a" 0.21+£0.07a
AB 53 10.26+1.39b 3.66+0.60b 7.25+£0.97h " 0.18+0.07b
BB 15 10.34+1.48b 3.65+0.68b 7.33£1.22b" 0.18+0.09h
SSR135 AB 43 10.30+1.63a 3.61£0.71a" 7.28+1.22a 0.17+0.08a
BB 64 10.69+1.18b 3.86+0.50b " 7.64+0.90b 0.20+0.07b
SSR142 AA 52 10.80+1.23a 3.88+0.56a 7.70+0.96a 0.21£0.07a "
AB 55 10.28+1.48b 3.65+0.63b 7.30+1.11b 0.18+0.07b "
SSR164 AB 83 10.66+1.36a 3.83+0.61a" 7.59£1.07a 0.19+0.08a
BB 24 10.11+1.41b 3.56+0.57h " 7.19+0.96b 0.17+0.06b

bR B A ] — R 5 PR R PR R 2 ] 25 5 1 35 (P <0.05) , o7 BF m BE PR B 25 AR B3 | 4ooms 5 /5 KA S A B
3 e

BHARRY G ZFENE R B RIMELIATE SN ESE BT E =AM, 286 R/ANT LIS 5%
L4tk Ay AR E R IR, 2 FE VSRR BER (R AL S bl A2 2= RS epr LI A B8 NI SR 2 5
B S4B 23 1R 0.504 1 0.431, P8 SEI6 5% Z 1 3ot 14708 S st ﬂ?%ﬁé MR R . NN IER R A A3
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LR AT TG T 281 1 25 057 35 P (14 4 Yo (L, 00 A 20 6 PR PR B A P (0 4 A 38 50 20 ARBIF9EAE 20 ML
PGS 41 ANENLIED P A SR SE R B 34 A, 32300 T S BR 457 3 PR, 2 HH B AG: I A T3 2467
SIS EERAER A T B 5 . 2385 B E s Ve — M i st e b i I & i sl e SR L Y 1t 1515 18
RAHEIR . — AN EHE AR 24 PIC > 0.5 BFIZA SR E 225 ,0.25<PIC<0.5 BHZ A 5 2 H
N LA, M PIC<0.25 FHZNL S FBUMRE L2 AP | AR 19 MR R 28005, 1 M
SLFRIN R B 2 A, R FTk f P AR IC 2 A £ &, AR A R s b ic AT s A 2 RE T 0T

FEVEZ UG VLS 8 25 B 40 B I AL JE R S (LTI v DL b Bl AEAE I S . AEAR S
BRI 3 AT A S A FE DR B 43 B L S 2 5 o AR 35t % A HE (P<0.01 ), 384067 st Al o3 B 1) J DRl v g 5 4
TR T8 3¢, T nl BBt Bt SO ESE I OB ol 3 [ R e iR A I R 5 R Ko DA
A7 1 B AR = 6 B 5 N 2% B B AR B30T, U IR AR DA 190 35 R RT3 R R A K el s . (B 2 M7 5 SSRT
H1 SSR164 AW Z= 45 BE B i K TR 5 5 76 SSR164 KL T —Fhali& 752 B AT 4 (JEI AL AA Ny
0) , YLHTIZ A 5 I il REAF R 5 2 B E B B BOE R R > |

TR FE R SETE Sem MRE SRR TR MR FaR RSz 24 FE R py4a i, Has i kil b g
HAH 552 AR, Anic S5 MR Z ] A BB, SR AR TR T A0 A %) 35 R 28U DL R BSC ptR ) FR X A
PRPEAT BB MR, 22 5 W B AR E S BCR MoRAF A Y Rk, R — R A MR 22 7 B3, ok
PR 119 22 S AR T, 3t vT LIl i A i SR AR DG 0T, 30 MR S — AN s A PRie s e AH G, — BRI
ARG, B AT A AE— A B MR A A, DT S B M 2 0 B JE PR R e R Rl A 5 AR ) 5 Bh iR T2 il
PEATHERGE BT QTL 2 07, 7EK = sh i & b B i ",

H T, FEFR ISP AL TR IC T AP, AN LA R B AL VR RIRT QTL sE AL Fe 28, BT LA, A b 20 A
PR A1 T A AR X R = A AT A AR SCHAR BEA T IR B0 A . AEARTR ST LR B T 4 A 528 KRR A7
R, SSRO 37 5 5 5¢ mAFTE R 35 A E & &R (P<0.05) , SSR135 Fl1 SSR164 5 7% i 2 3 A5 ( P<0.05) , SSR142
B R B EAHOC(P<0.05) o FERKEECEE T BT JLANFRIC R — MR A OC , 36 X 6 057 55 A7 AE 22 T — 20
PG AR AECE MR (A S HRIE . X bR 7 A AN [R) 3 PR AU Y 22 5 L A B, SSRO 3 a5 ) AA SE R AY
SSR135 i /5 /) BB KK SSR142 7 25, A AA FER LRI SSR164 v 45 AB JE R AR 55784 5T 58 7 i AR
AR IEASG, HET, 2 Ao 7 SE i 47 v i 0y A B4 vh Tt G ZREVERF 52 0 A AR IR AT
PEIRAR AT FFRIC A I BE 1S AR WLARIE . A8 SCIf 6 B FEFR B G A AR RKARIRAR C A T TR bR, W FE R R G AT
SrfhRic e F RS
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