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AEMR. RETBAFEENFENLEBREGFREF ] & —/NR 4T F 7+ £ /% 5174
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7 5 H (Veneroida) . 1T £l (Solenidae) . %i % &
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iRk, el N THGH B R R B R H
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BAAER, MM EFR8eR, Eig20 1
FricHr, SNPARicH T H s & fae ke . A v
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DIfeft s CA A DHGE, EZEDESEREE,
AR A RS b 2 2l ) A K VTR T, (RO
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AR MR A S B 0 - Fm i, DT B i 068 PR e
AR ah R L T R RERR

R U E S RS RES

L1 SREASHERE

20164107 , FEWTIL = 1T A MK 7 35 58 5L
HIEAT 4R IR RN T % F T/E. 20174E5H
BE B 200 L [A]—HE Uk ZEAE 1Y 7 H i 4 0 H T A
AR B DI A3 AT, 38 3 B A AR R R ORS
#]0.002 cm) FE 4 WE A 7e . ST TE . saE, A
B RO a1 %10.01 o) FR B 481 iR i, 9F
BOILA A LU FICK LB, 20 °CRRAT S

1.2 #ZADNAIRH

I FH I 7 ol 4 4 20 3 T 41 DN A BGR 57
& [ RMRAEARE AL A RA A ] £ DNA,
1.5% By Ji5 W B8E B L UK K I DN AR 52 #61:, H
NanoDrop 200045 443 6 B i1 K M DN A F 4l
I, FEM B 100 ng/ul, 1547 T-20 °CHH,

1.3 %Gt EGFRE F T F A 2 0 1% K 36 E

FIFH AR S 56 % B 50 B M 42 W EGFRIL A (1)
cDNAJ¥ 51 (GenBank % 5t %5 : MF958947), it 5
AR S EL AR A i i 3 AL e A gk AT X L
VI A B RN & F R oh 5+ X3k, 3 33 Primer
5.0 ity , RN E 1 R L
e, AN F2 IR, AT WA E T,
51 9F1: 5'-CTCAACACCATCCGCTG-3,
T 514IR1: 5-GAAGCCCCCAGACTCTTA-3',
5T R AR 5 HE T TS AL A0 6 H 4 1 [(4.34+
0.4 1) g R ot 5 HE ¥ J5 75 7 19 6 H 45 1% [(0.74+
0.17)g] M S ZHDNA ity , #E4TPCRY™ 1 i 52
% . PCRIZW MR RIAFLIH20 uL, HH12xTag PCR
Mastermix 10 pL [ R A B JLE)A R A,
R4 1 ul (10 pmol/L), FiAHzDNA 2 uL
(100 ng/uL), EBT/K 6 uL. JBIFLFF: 94 °CHi
A5 PE3 ming 94 °CAE1E30s, 53 °CiBk30s, 72
°CHEMI50 s, F:3SMHEER; 72 °CAIEfH 10 min,
25 1% 1) Byt JIR W B8 e P K A 0, 0 A T 5 A 1)
PCRY 3 7 Wy 28 R I i35 35 A= MR A7 BR 23 w1
J¥, AR B D T i T, TR SNPAR S A0 A,
LA 56 IF R 4% 188 H 45 1% JE X 4 DN A SNPA;
R, 51 B PCRIZ N AR &R A4 1
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14 FAISHHEHELE

fd F BioEdithR {4 1" ¥ 1ifi 3% 45 W5 EGFRAEE A 1)
SNPs, & H SHEsis!" " {443 Hr s A5 A4, FH
Cervus 3.0 RO 148 45 A8 5367 05 i SN 2 5 5
(Hy). WA H,) . HRENIERWN) L2
PEAE B & 8 (PIC) . I Excel 3K {4 45 ¥ 3k [ 7 K
A KB, fdiFISPSS 18.0% {22 fity — i 2k P A
AUGLM)M 4 7e 4 . 7898 . 76 i AR BT o iF
Aoy M, 2 H i B % % R H Duncan
Po GoitiAl.

Yij=u+Bi+eU
L, Y BEPER S iA78  6 a (BU AR5
FRAR I 5 gy J52 1 R S 06 00 300y A A A 1)
SEIE s BN SR S A (B S AL A ) RN,
{B 5 ey X 07 T UL I (L F BRELATL 3 2 5800

2 HEH

2.1 %1% EGFREF 5% SNPiH ik

Xof G W 12K EG FREE R 51 I )6 9 4%
Wi 5NCBIEEGFRE K EEFIE P FI i xf e, St
RIGEGFRIEH JP K JE945 bp, HP W& TFIr
K662 bp, AT EFN S . NS
it, 3 SNP 1~SNP 17 fCFE 7. T785A.
A911C. G966A . G996A. A1068G. G1092A .
A1125T. T1193A. T1207G. GI1262A. TI1281A,
C1293T. C1301A. C1314T. T1328C. A1359T.
CI371G(#1), HHPSNP3, 4. 5. 6. 10, 12,
14, 15034 R, A O B4 AR S5 208
(#2),
2.2 4% EGFRE [E F5ISNPL = B 36 IE & B8
ER S

FH200 H 45 15 5L K 20 DNA X T 075 1 1Y 78 S 37
SOEAT I UE BRI R W S A, SRR 1S
168 H 4 W8 (A U7 5, I 50 B e 50 v 17467 s
0B~ 9PN I S PR TR SN Y A S PN N AR 3 B
WREE (£ 1), Horp, SNP 1~SNP 17 X i (48
P IEN A H AT, AL G, G, A, G, A,
T.T. G, T. C. C, C. T. A, C. &Rk
WK, SNP3, 4, 11, 134 45 & % 2 Hardy-
Weinberg V- (P <0.05), GRSt , HIBR A
FANT1%MASG, LERI3FRAER; Hh
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=1 4% EGFRE[EISNPsf &= 5 F B & H F i %

Tab.1 Genotype and gene frequency of SNPs sites in EGFR gene of S. constricta

BLA A=+ - Jrspic) FEAHUA HE R BRATAR % S R A SR EE DA % 2 (PIH)

sites posiotion genotype number genotype frequency allele allele frequency (P value)

SNP 1 785 TT 145 86.83 T 93.41 0.785(0.376)
AT 22 13.17 A 6.59

SNP 2 911 AA 110 65.87 A 79.94 3.594(0.058)
CcC 11 6.59 C 20.66
AC 47 28.14

SNP 3 966 GG 87 51.79 G 75.89 16.708(0.000)
GA 81 48.21 A 24.11

SNP 4 996 GG 151 89.88 G 92.56 65.412(0.000)
GA 9 5.36 A 7.44
AA 8 4.76

SNP 5 1068 AA 131 78.44 A 89.22 0.727(0.394)
GA 36 21.56 G 10.78

SNP 6 1092 GG 126 75.00 G 87.50 3.338(0.068)
AG 42 25.00 A 12.50

SNP 7 1125 AA 157 93.45 A 96.73 0.174(0.676)
TA 11 6.55 T 3.27

SNP 8 1193 TT 144 86.23 T 93.11 0.014(0.905)
TA 23 13.77 A 6.89

SNP 9 1207 TT 84 50.00 T 72.62 3.052(0.081)
TG 76 45.24 G 27.38
GG 8 4.76

SNP 10 1262 GA 83 49.40 G 53.87 0.013(0.908)
GG 49 29.17 A 46.13
AA 36 21.43

SNP 11 1281 TA 96 57.14 A 38.10 7.312(0.006)
AA 16 9.52 T 61.90
TT 56 33.33

SNP 12 1293 CT 94 55.95 T 52.98 2.421(0.12)
TT 42 25.00 C 47.02
CcC 32 19.05

SNP 13 1301 CcC 70 41.67 C 60.71 7.024(0.008)
CA 64 38.10 A 39.29
AA 34 20.24

SNP 14 1314 CT 94 55.95 T 53.57 2.492(0.114)
TT 43 25.60 C 46.43
CcC 31 18.45

SNP 15 1328 TT 122 73.94 T 86.97 0.101(0.75)
CT 43 26.06 C 13.03

SNP 16 1359 AA 110 65.48 A 82.74 0.614(0.433)
AT 58 34.52 T 17.26

SNP 17 1371 CcC 112 68.29 C 84.15 0.459(0.498)
CG 52 31.71 G 15.85

T 20012 =921, 00502y =599, Y EIIRFAIE I K L 43 Afi Y Hardy-Weinberg - #1646
Notes: )(0_01(2)2:9.21 , )(0_05(2)2:5.99, the value of 5/* is Hardy-Weinberg equilibrium test value for different genotype distribution
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x2 WEFEGFREFBENTERLXBLR DY
Tab. 2 Variation type and number of genotype in

S. constricta EGFR gene

A SR SEH A A EHA
variation type genotype sites number
4% transition GA SNP 3. 4, 5. 6. 10 5
CT SNP 12, 14, 15 3
Wik transversion  TA SNP 1. 7. 8. 11. 16 5
AC SNP 2. 13 2
TG SNP 9 1
CG SNP 17 1

Hap1l (18.10%) 81 5 09 He 6l ¢ 55, Hap13 (1.0%)
FIr o He ) B A (R 3) o

2.3 44 EGFREE F5ISNPAL = 252

i 11 Popgenelb Bl EGFRIEL [H | SNPA 5 43 AU
5, 13RI EGFREE K53 17 90 4 A a5 AE B AR
15 S 80 (2 4) . M4l Botstein 5 Ml 43 1 It U]
0.25<PIC<0.5 L&, PIC<0.25HKE £
A, KBMEGFRIEH 174 SNPAL S, BRT
SNP 1. 4.5, 6. 7. 8HISHKHKEZ AN AN,
HA 10> SNPA G ¥ Ry i E 23800 . BETtH4s
R, WL 2 B AR Y5 28 0.054~0.571, 1Y)

BE A B B T B R 0.064~0.499 , A5 Rk 45 4o
PR B B Y R 1.067~1.993

24 SNPsfLm S5HEKMIRB KB

Xof £ 0 e K 56 UE A5 B A9 174~ SNPs v A5 5 4
RS . FETE . ST VA BT EAT A DG A
Bro BRSNP 707 a5 M JE I AU fE 4R IR 2 K L 529
7o i AU K G 22 AN, Hib
SNP s FE4 IR Fe & . FE 98 . 7c mi AR Il it 7K F-
AR B 25 B (P<0.05)(355)., it £ F N
Fe kB, 671 SNPAZ AT I BT AE RIS e K L 5%
BE . 70w AN T 34 R R Al g8 AR AR
A RAS R (P<0.05), fL$ESNP 2 (AA). SNP 3
(GG). SNP 5 (AA). SNP 8 (TT). SNP 16 (AA)F
SNP 17 (CC)fii 5, SNP 4 (GG)FISNP 9 (TT)f 4,
57 A AN R I S8 K L FETE . 5 R B i
3w TG BRI (P<0.05), HERER
AR Z M ZEF AR E, MSNP 10 (AA)., SNP 11
(AA). SNP 12 (CC). SNP 13 (AA)FISNP 14 (TT)
P2l A RAERA R e . 29, 5T AR
Jo i X8 W S R T AR R AR 58 AR (P<0.05),
SNP 1 (AT). SNP 6 (AG)HISNP 15 (CT)fii 424
RASRIARR R . FETE . 70 i RR BT i 4

T B AR RURN 4l 5 58 A8 A (P<0.05) o

*3 EGFREREZE—1ME TSNP =R ER S
Tab.3 Haplotype analysis of SNPs in the intron 1 of EGFR gene

o D=
B f 0] SNP fiZ£{ SNP locus

B 1%

haplotype  g\p| SNP2 SNPS SNP6 SNP7 SNPS SNP9 SNP10 SNPII SNP12 SNPI3 SNPI4 SNPI15 SNP16 SNp17 frequency

Halp1 T A A G A T T G
Halp2 T A A G A T T A
Halp3 T A A A A T G G
Halp4 T A A G A T T A
Halp5 T C A G A A T A
Halp6 T C G G A T G G
Halp7 A A A G A T T A
Halp8 T C A G A T T G
Halp9 T A G G A T G G

Halp10 T A A G A T T G
Halp11 T A A G A T T G
Halp12 T A A G T T T G

Halp13 T A A G A T T A

T T C C T A C 18.10
A C A T T A C 15.60
T C A T C A C 11.50
T T C C T A C 10.60
T T C C T T G 6.20
A C C T T T G 6.10
A C A T T A C 5.80
T T C C T A C 3.00
A C C T T A C 1.60
T T C C T T C 1.50
A T A T T A C 1.50
A T A T T A C 1.20
T T C C T T G 1.00
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T4 TRUSNBEEEESH

Tab. 4 Population genetic parameters of variable sites

frmi MMZAEE WERGE AREEMERNE ZHEER SR

sites Ho He Ne PIC
SNP 1 0.131 0.123 1.139 0.115
SNP 2 0.280 0.327 1.484 0.273
SNP 3 0.482 0.367 1.577 0.299
SNP 4 0.054 0.138 1.160 0.128
SNP 5 0.214 0.201 1.251 0.180
SNP 6 0.250 0.219 1.280 0.195
SNP 7 0.065 0.064 1.067 0.061
SNP 8 0.137 0.138 1.159 0.128
SNP 9 0.452 0.399 1.660 0.319
SNP 10 0.494 0.498 1.988 0.373
SNP 11 0.571 0.473 1.893 0.360
SNP 12 0.560 0.500 1.993 0.374
SNP 13 0.381 0.478 1.912 0.363
SNP 14 0.560 0.499 1.989 0.374
SNP 15 0.256 0.250 1.332 0.218
SNP 16 0.298 0.317 1.461 0.266
SNP 17 0.310 0.294 1.415 0.250
3 Wik

EGFRJ2 — P HL A7 % 2 8 U84 it 305 1 1 2 4
HA et g s . SRR B R A K S E %
YER™ ., TE K e SC IR (Lymnaea stagnalis)H % 2R
EGFREERTEM M A b kil , JF Hal g ik sh
THEGFREEH M RING, A KM EEI]
AR U AR B [RIB U (Macrobrachium rosenber-
gii) "VRIWR R (Gryllus bimaculatus) "', 3@ 3
dsSRNATHH A, K IEGFRI:EHUTER 4L 14 14
B L X A AN RN FE K 4G (Crassostrea
gigas) & I EGFRIEE R E SN IR 1 1w 91 e
N, WHNZERTTEES S T R0 0 g R Y,
AR S0 38 i X 45 W EGFRIE R 2 51 1) 4 48 K il
¥, RBUZITFHVAFAE 174 SNPOT  o V5 A H0
T AR A5 48 AT 100 N & F
Bl 3 B AT LS SNPA S 9 45 18, XAl g &
THEFASH5EERmY, S8 FHLERZ
BN EEBEE 1B, AR R AR 5 BR3P
FEAMEFE TP X170 SNPAL S AT R OT R e, 4521
WIR, 76%A A7 I S 3K i 2 i 2 Hardy-Weinberg

A, BB 2GRS 80.25~0.5,
Botstein%: "R 43 BUARE, 240.25<PIC<0.5, %A
MO EZAEA S, WWIER TSNP 1, 4. 5~8.
1507 45, HA 104~ SNPA &S BE A $ it — o & 119 35
A58, IF HABEAR G 280 1 AT LU iR
It Z R T, X 2 AR 5 ] 44
e SRR SCHE, AR T4 Fhnic i
BiEM,

AR IR K 7 Bl st 4% B iR A 1Y)
PR 2 —, 5 I 1 0 A K R R B R R R
RS B AT A 17N S S A K R ) SR
PEHT, & IO A B AR RIS IR AE A K AR
(Gek . T . SRR AR R )R B RS T
ali 75 AR TR 2 G 3 AR Y o 246 1 1 B A A
TR 25 AR Rk 1 2 T Al R AR LA A
HERGRERMMEE RN E . 5014l
B G AR YA 25 A2 PR IR 1 0 3 v T A R
MG oAE AL, 3NN B 2R A A RIARTE 45
AR MR KO 1 2 s T A R RN 4l AR
B VN7 S A5 B R R AR AR R R B e
PR, AFRERE, ROEAENS TR
Al BB 7E 4L e I mRNABY U i & b & 8 /8 FH Y
FEA gt GHRHIEIN (M K E R &,
growth hormone releasing hormone) /& 7% 4 M4k
P e JE IR, BIF O & BRAE JE A 20 5 B (Salvelinus
alpinus) "W GHRHFE K v, HA 40N & F B
SAFTE — AT A8 87 9], JF HLAE & A 55 U1 4
i, BRI T — b5 A4 K A C Y SNPA S . 7R
4 it EGFRIE IR ) 4 % X 38wl 47 78 n 28 5 U] (08
F5, Sc-EGFR-1a: MF958947; Sc-EGFR-1b:
MF958948), [FIlt, %iW¢ EGFREE R A] fgim i3 N &
Xl T AR Y I A 2 R kA, ANTTTAE
FEPRIK O T AR B A AR Y 25 57 3R 0K . 7E
FHOCHEFE Y, FE B R DG 43 B A Sl L i
— 25 A AT RS B 4 55 R 1 O 3 M A AR T
REUCHI R L, SR AE PR B 5 b, L B o &
RUHap 141510 518.10 %, & B AUAE B4 & /Y 4
WNF BEEARNIS%, HILE T TG4 A1
I3

ZE FRTR, 48 EGFRIENEE —1PIN&F L
1677~ SNPAV 15 1 Z2 A PE X A KPR A7 7 i 5 e
U I I (Sl % e ol o 2R VN i) v A= M 7 e ol
id, JFHE oMo AR KA G T Re iRt T
SR

http://www.scxuebao.cn
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Tab.5 Association of EGFR gene partial sequence polymorphism with growth traits in S. constricta
(A= (AC FEPR Y FERBUA Fk/em F65E/cm FefE/em A5 B /g
sites position genotype number shell length shell width shell height body weight
SNP 1 785 TT 145 33.4243.95° 11.73+1.46° 7.26+0.93" 1.96+0.73*
AT 22 37.09+3.56b 13.08+1.14° 8.11+0.82° 2.80+0.85"
SNP 2 911 AA 110 35.47+3.46a 12.52+1.24° 7.72+0.87° 2.38+0.75°
CC 11 29.72+3.68b 10.35¢1.11° 6.69+0.80° 1.36+0.49"
AC 47 31.19+3.39b 10.84+1.20° 6.69+0.72° 1.50+0.49"
SNP 3 966 GG 87 34.81+3.60" 12.19+1.31° 7.52+0.93" 2.20+0.75*
GA 81 32.91+4.34° 11.601.60 7.20+0.96" 1.9240.83"
SNP 4 996 GG 151 34.17+4.06" 12.00+1.48" 7.42+0.94° 2.124+0.80°
GA 9 31.47+3.37° 11.10+1.26" 6.87+1.14" 1.62+0.72°
AA 8 29.7242.72° 10.38+1.02° 6.45+0.48" 1.31£0.36"
SNP 5 1068 AA 131 34.93+3.56" 12.29+1.31° 7.58+0.88" 2.26+0.76"
GA 36 30.22+3.78" 10.56+1.33 6.60+0.85" 1.40+0.53°
SNP 6 1092 GG 126 33.20+4.17° 11.66+1.52" 7.23+£0.96" 1.94+0.79*
AG 42 35.98+2.96" 12.67+1.06° 7.77+0.83° 2.46+0.70°
SNP 7 1125 AA 157 33.8244.10 11.90+1.49 7.35+0.96 2.06+0.81
TA 11 34.89+3.81 12.06+1.45 7.59+0.88 2.20+0.70
SNP 8 1193 TT 144 34.38+4.08" 12.11£1.47° 7.47+0.97° 2.17+0.80°
TA 23 30.89+2.63" 10.64+0.85° 6.69+0.54° 1.42+0.36°
SNP 9 1207 TT 84 34.58+3.64° 12.19+1.35° 7.5140.87° 2.194+0.78°
TG 76 30.79+3.97* 10.72+1.36" 6.84+0.87" 1.51+£0.56"
GG 8 33.39+4.31" 11.71+1.54° 7.25+1.02° 1.98+0.81°
SNP 10 1262 GA 83 33.90+3.76" 11.90+1.41° 7.39+0.88" 2.05+0.74*
GG 49 32.34+4 .46 11.32+1.58° 7.01£1.05° 1.78+0.75"
AA 36 35.99+3.32° 12.73+1.15° 7.79+0.83° 2.50+0.80"
SNP 11 1281 TA 96 33.74+4.37" 11.88+1.56" 7.35+1.00" 2.07+0.83"
AA 16 37.52+2.87° 13.18+0.88" 8.22+40.55" 2.8+0.67°
T 56 33.13+3.29* 11.60+1.31° 7.15+0.84" 1.85+0.64"
SNP 12 1293 CT 94 33.50+3.97° 11.81+1.45° 7.24+0.91° 1.99+0.73°
TT 42 32.55+3.58° 11.32+1.34° 7.09+0.89° 1.77£0.67*
CC 32 36.82+3.68" 12.98+1.23° 8.09+0.82° 2.71+0.80°
SNP 13 1301 CC 70 31.1243.51° 10.83+1.26" 6.80+0.85° 1.52+0.55%
CA 64 35.07+3.01° 12.4241.12° 7.54+0.78" 2.27+0.66"
AA 34 37.40+3.07° 13.17+0.94° 8.21+0.68° 2.824+0.69°
SNP 14 1314 CT 94 33.67+3.86" 11.87+1.44° 7.29+0.90" 2.02+0.72*
TT 43 36.31£3.99 12.78+1.30° 7.94+0.90° 2.58+0.82"
CC 31 31.22+42.85° 10.82+1.08° 6.79+0.77° 1.50+0.50°
SNP 15 1328 T 122 33.25+4.17° 11.67+1.52" 7.24+0.96" 1.95+0.79*
CT 43 35.73+3.33" 12.58+1.2° 7.72+0.88" 2.42+0.74°
SNP 16 1359 AA 110 35.40+3.42° 12.48+1.25* 7.68+0.85" 2.36+0.75°
AT 58 31.04+3.71° 10.82+1.29° 6.77+0.87° 1.52+0.56"
SNP 17 1371 CC 112 35.38+3.43° 12.50+1.24° 7.68+0.86" 2.36+0.74*
CG 52 30.52+3.32° 10.60+1.11° 6.64+0.73" 1.4140.44°

e A LA FAT AN R/NG PR OR 22 57 2. 35 (P<0.05)
Notes: different letters indicate significant difference (P<0.05)
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Polymorphism of SNPs in EGFR intron 1 and its association with
growth traits in Sinonovacula constricta

WEI Kanyun ',  XIE Shumei', WANG Shentong ', CHEN Yukuan', NIU Donghong "*", LI Jiale "**

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to study the correlation between EGFR gene and growth traits (shell length, shell width, shell
height and body weight), we analyzed the variation of EGFR intron 1 sequence from Sinonovacula constricta by
using direct sequencing. There were 17 SNP sites in intron 1, named SNP1-SNP17 respectively. Based on Chi-
square test, the 13 sites were fitted to Hardy-Weinberg equilibrium, and the 10 sites showed moderate
polymorphism through polymorphism detection (0.25<P/C<0.5). The correlation between SNPs and growth traits
(shell length, shell width, shell height, and body weight) were further analyzed using a General Linear Model and
multiple comparisons, and the results showed that a total of 16 SNP sites were significantly associated with shell
length, shell width, shell height and body weight. The results suggest that EGFR gene could be used as potential
genetic marker for molecular breeding. The study also laid a foundation for further research on its growth function.
Key words: Sinonovacula constricta; EGFR; polymorphism; growth traits
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