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X Smadl/SEE=E. BFIERIAREKE LSNPS THEE

Wb FWHE pkEE AL

(L. TRREAIGF PR, T 3152115 2. WL T 27 B, WA 7K™ o B3 e 80 P BORBIE T 3 R SR 3 =, 7 U 315100)

WE: AR Smadl/5HERE N KAK KB TP EZEIEH, BARACER R w %I AE s Smadl/5(Mm-
Smad1/5)3E R fFIcDNA K 741, 3 HAYE B2 ARALFAE R G R = RERHE 34T 2987, J-F
BT 0T T A7 XS SNPAL 5 5 A4 KR 1A Gt . 45 SR 0 Mm-Smad1/51f)cDNAA K7 51N
1832 bp, JF TR BEHE1380 bp, G459 FERR; AR 2 7 41 LEXT IR, Mm-Smadl/58 F 5 K- V41
Smad5. KPEFESAHZESmadl B — B2 ) 483.7%H180.2%, 5 A 8. B TS Y Smadl < Smad5
IR T A 1) — BB 270.5% A b, 158 B % R AT A i DR <7 k5 S5 A3 Pi & B0, Mim-Smad /58
Smads® 1 FEFFAMHL. MH2WAN 5 B PRSP S5 038 . )t 8 T PCR(qQRT-PCR) &S R W, Mm-Smad1/53H]
TR AL RIE, RHAEFF R . AP RIE R B 5T HALALZU(P<0.05); Mm-Smadl/5HE R TE5 K
Bz Rk, IR IR I 4R K B3R IE, — B 20 e T4 B, i AR sl oK R B, A DU A SO
Fit BTt e Mm-Smad /53 R 40 &7 XS SNPAL s AH G0 AT R BH, JLRIL 179/ SNPAZ £, 1936 G>THr s 53¢
U () 2 R MR I 3 A DG (P<0.05) . Mim-Smad 1/55E BRI 7E SOl A= K R B v R 35 LR AR F, nT AR s R b
% MG BE R, T AR A ORI SNPA U4 R S S 3 b 1 4 B 8 BT 90 B9 5 A AR

KT SCUA; Smadl/5; FERTORE; AEKAHSE; SNP
FE 525 $968.3; Q785 HRFRIRTE: A X EHE: 1000-3207(2018)02-0277-07

Smad X EE A RMMANELEESHIFEA,
HEZ 5 EKKET-B (Transforming growth
factor-B, TGF-B)H 5 ik H i 7 W TGF-B B IE ik
1 (Bone morphogenetic proteins, BMPs). A=K 1L
[Al-¥(Growth differentiation factor, GDF). ¥i& %
(Activins) 5 Z/ME SR, #1252 MR
W e, TR AT SR, Smad Kk E
A Z 7 TG I - TGF-B{E 5 M4l e 4ME 18 3
ANAZ N, TR SRR R R Smad R A R
MR (Drosophila melanogaster)™ " I, H I 7E
WAL T O IE G A, B Smad1-8",
Smadl. Smad5# F 3 ZHBMP/GDF Z /A B 1L,
% 5BMP/GDF 5 5B H IS . HAl, %
Smadl. Smad5IIRERT L D& IR 2, WA (Homo

k= B ER: 2016-11-24; 18T B#A: 2017-06-20

sapiens)m\ /N R (Mus musculus)[x]\ K H(Orycto-
lagus cuniculus)""5, 75 G BCH FE HTE R B 1
BE, EMIEKE TP RZRTERAMKE . & H
s B RERR B AT L7 . 95T Smadl
HISmad 55 K 7E AR SN B T 80D, A (9T
RW]: VI2KSmadl/5H AN 5 ) Smad 1 AN
Smad5 i[5 85 B, H A F H#Ezh ) Smad 1 H1Smad5
AR wLius R BlSmad /55 K
%2 5K VM Wi (Crassostrea gigas) B &b 1B
JE0 R MRS RIS & B IR R ie g
KISmadl /53K 5 et (Tegillarca granosa)ff L
A A KR s A s 2 A S T A AL
(Chlamys farreri)Smad < & 5= K B 58 FR B T —
RN EE K Smad, 25 AR IR A KO 72 K %)
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HUI% TR 2 45 1 (Single Nucleotide Polymorphi-
sms, SNP)Z R 7E AW 3L R K L, BT 540
FERRTIIE R 2R A8 5 5 EEDNAF A= Rl 2 A
SNPs#ric 32 E il 1L 5 & FF AR K% & B AR e X
ZTERIEAT AR IR BIE R, e A W A
PERIAT MR, 7E N IR A KR IR 1 RO7 4%
2 =" S (Meretrix meretrix) & B E Yy it 5 2
ZENEMER N2 —, TR SCHA AR K AR S Th REZE (R 1)
B2 AV TR W = - 7S N N N E ki I D b
WikHFEMAAFEES . HilfA XL aeRER
5K MR R FISNPAL S O F — L 4iE,
FEKBERE A & FREB(ACSLD)™ . 20 A 1012
FUK G BEE(CDK 10) ™ . S p-1,6- — B RIS 45T
(FBA)', A KR T2 444 E H2(GRB2) L #
PREEREER(SULT) ™, 4L 2 215681 (HDACD™
S S IR i A 5 AR KA S TSNP 15, T SC G
Smad1/5(Mm-Smad1/5)FE R AH ST 78 14 A& WARIE -
AHE 5T R FHHRACER AR 5 [ 3453 Mm-Smad /5% K]
fJcDNA 4K 7 5], F1| F qQR T-PCR$57 A X6} A ] 41 27
R G I B A 22 543 #r, W23 HAE SR AR K
RE SRR, O T Smad /52 RIAE
BIRAK, KESEF M REERRLESE, R
F B0 205 2 T Mm-Smad1/53E R A0 7 X 15,
SNPAL i, H#AT H 5 A KA M2 1, A0
KR AR S bR iC B R A4 FhRic 4 Bh & At
HERH TR

1 #RERZE

1.1 SKIEMR

I FH ST B E Wi A8 7 3 i K = Rl A
PR =), BEALELAR TG, o B A e L. K& 4b
B, A 68 N6 N LRE M, EGE
&, —80°CAEH . T20144FE7—8H, ikHL 15558
B R R R 0288 SRR R DL, R
F B3 - KRB0 2 AT N AR =, J8 i b 25 7= O
AN THRAEH ARG R0 K & W SCs 4k, 280K
JEELEE . RSN, 2—4dnfE. BRI . E
JE. fHEZh . DEAIH. SeT4h s, R AT 40
HEDL104N & B I HARE 5, RGO IS, —80 C A7 %
F o T SNPIF BT HIFE ff, J& ML AR 208 MG A
B 77 B WV B 56 /S AR B4R, [FIHE R % 9750 &
204, BEHLEUFE 10O, &2, % 7M. &
AR MR bR, fEECL S 2R, RS,
—80°CHAF#H

1.2 ZRNARBUScDNAFE—#ERK

43 A USCA AN [R] L ZUR R & I A RE 5, R
TrizolVZHEEXRNA, F 1% JIg 4 Bt Ji: B 9K FTNano
Vue il B 73 6 B TR I LA PR e s R
Ao/ ArgofE1.8—2.0 FEIKAT I 55 7 56 BEME BLAF 1)
RNA, 73 7#% I SMARTer RACE 5'/3' Kit (Clontech).
Reverse Transcription System (Promega) /% 4% 5 i 71l
B RO S U cDNASE — 4, 20 CIRF#% H, H
TG 4:RACE e . cDNAZKIGIFEFIZE & EPCR
1.3 DNAZKpEREIIUE

FET 3G 454% 30 SCPE, R FINCBIf Blastx
TR 5 H AR Rl EEX 534, $R43Mm-Smad1/5 J& A
HIEST/F %], FPrimer Premier S®AF 151155 3%
RACES|#GSP1FIGSP2(% 1), ik I FRACE W
F% FIcDNA N AR, 1K 8 Advantage 2 Polymeraseist
7 & (Clontech) Ut BH#E4T 5"« 3" 4 RACE 50 % .
PCR =) 2 1 %okt i i 45 F L PRCRS: DU 5, e 43
— PR SR R AR R R R R WA ) AT Al A
J&i, IRPEPEASY-T1 Cloning Kiti 7] & (Trans) i i
HEAT B AK, PR BH 1 o B 30k 44 A KR IR A =) 00
ik . WIEIREMm-Smad1/53E K f)cDNA4 K
74, WS UERE S I FLRIR 1 (R 1) X H
cDNAA K AT IGAE, LATH BRASH 1 15 258 R i
343 cDNA T 51 B IEwf 1% o
14 FHI5Hh

FiBlastX. DNAStarH ff]SeqMan#2 /7 xJ | 7
SE AT 5 H AN R ELT L M R AR R B R P

F1 ASBRASIMRERFT

Tab. 1 Primers and their sequences

FIEE
3[% oy ﬁ,” , Information
Primers Sequences (5'—3") .
of primers
GSP1 AGTTGTGGACGGTTTTACAGACCC
CTCG RACE 7 [%
GSP2 GCGTGGAATGCCTCGCCTACCCT
F1 AGAAGTGGGCGGAGAAAGC s
AKIGHIE
Rl  GCCCATCTGAGTGAGAACTTTAT
qRT-F ATGGGCTTCCTGGACCTGA
qRT-PCRE|#)

qRT-R AGTCCCACGATACAGCGAGTT

18s-F CTTTCAAATGTCTGCCCTATCAACT
qRT-PCRE| ¥
18s-R TCCCGTATTGTTATTTTTCGTCACT

F2  AGGGATGTCCTCCACTATATCTAG

SNPAL i
R2 GCATACTTGTGTCCATCGGCT
F3 GTCCCACGATACAGCGAGTT e
SNPAL 2 i ik
R3 GCAAACACTTCACCACCCAC
F4 GACCCCTCAAACAACGCT N
SNPAL 4 fii ik

R4 TTTATGACAAATGTTCAGTGCTT
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43 #t, ORF Finder?s $t ORF[X, DNAMAN %X {4 T il
DR IR T 5 . F I EXPASy #0025 4 1 B
8 i 240, SignalP 4.0 ServerflITMHMM Server
V2.0 &5 [ 5115 5 KRN 5 X 35, NetNGlyc 4.0
Server. NetOGlyc 1.0 Serverfz /7 Tl N- b FE 4L |
O-WHIEAL AT . FHEXPASy. Swiss Model7E£E Tl
HARMEE . 4. MGenBank 4
SR AR YR LR T 81, FIMEGA 6.0%K
PEEAT IR R IR 2 7 51 Lext, K F AR A 3% B2k
(Neighbor-joining method) ) & £ 48 i3t AL (Boot-
strape=1000).
1.5 AREAELR. TRILXEREAEFRIESH

K SEI 56 ' 5 B PCREZ A (qQRT-PCR) S Mm-
Smad/5FE R TEANF LRI R R B I # b Rk &
HEATHF T, RIE RS I cDNA S K75 it 519
qRT-FFIQRT-R(FE 1), LL18S rRNAFER AN Z, DL
AL RAR K E B I cDNA AR, B4
i 4 F47, F17500 Fast Real-Time PCRAY 34T 52
i 9% 9 7 BPCRR M . PCRZ MMk & HSYBR
Green Supermix (Bio-rad) 10 uL. DEPC-H,0O 7.2 pL.
F1lpuL. R1puL. cDNA 0.8 uL, 3£20 uL. PCR/x
M AEFEH95°C 20s; 95°C 3s, 60°C 15s, 72°C 10s, 3
40/MIEFR o SN 52 g B R 2 AT L B
5 LAV S8 55 E 22 (Mean+SD) % 78, SPSS19.0%K
31T ANOVA LRI 7 22 73 11, P<0.05 8 i &
ZERIKF
1.6 SPNEFXIESNPL S FE

M4 345 B Smad1/55: [ c DN A 4= K ¥ 11 7 1%k
AR XS SNPAZ 133X 47 7 14 5| IF2FIR2. F3F
R3. F4FIR4(FE 1), $EHLE F 100 LI RNA KR 5%
K CDNA, 1E A AT T X B SNP AL i i AR A,
PCR X N A& £ N Tag MasterMix 25 uL. DEPC-H,0
17uL. F2pL. R2pL. ¢DNA 2 pL, #£50 uL. PCR
SN FEFEN94°C Smin; 94°C 30s, Tm 30s, 72°C
Imin, FE35MEE; 72°C 10min. EI 7 4 B
PRI E, B B R BOR/NIPCRA ) B #3611 1
KIER A TR . FFIMEGA R A X3l 7 45 5 b
X ok A FSNPAL 55, F) ] Chromas B4 25 & I
SR 34T N TR XS, FHSPSS19.05 X Ky 5%
B 7 g AL 2 A K MR 5 SNP AV, i 3k DA R it
AT AR AT

2 #£ER

21 Mm-Smadl/58)cDNAZK K HF5 55
Mm-Smad1/5%H FJcDNAL K A1832 bp

(GenBank 3% 5 : KX257418), 14555 JE 4w 5 [X
162 bp, JFFIEHE1380 bp, %459 ILRE, 3/
U AE AL X 290 bp. Mm-Smadl/5%E H 4 T & A
51.17 kD, P45 H i plse6.34, H AR MR AT 5
EE A1 59.0%, RILAEKME . SignalP. TMHMM
7E 28 T S 7R JE B 2 (1045 5 K P 410 R0 G B S
JE[X . NetNGlyc 4.1 Server. NetOGlyc 1.0 Server
BAET A 2AN-FEHAL . 1941NO-FE AL A5
2.2 Mm-Smadl/5EE A5 RE B S5 TN

ExPASy PROSITE &S #4345 {4 T 285 R 2o,
Mm-Smad1/5% [ A FEMH1 45 #18(17—141 aa)fll
MH24% #4)128(265—459 aa). Swiss Model 2 4514
T & 7R, Mm-Smad1/58 A B — R &5 H 15 o-
BEE. 19B-FT 8 S8/MFE A AI238 A B UL AR o
2.3  Mm-Smadl/SERFE W REBR L3 R H 5
#r

RIETR 7 5| Lext 45 LR, S0 Smad1/58 H
5P SmadS . K P VE S I8 Smad 1 [R]JE P4
o, 8 N83.7%180.2%; 5 R
Mad ) — S 69.3%, [FIUE M & AR, 5 3EITUE |
AL R NEEHESIYISmadl . SmadS3E [ [RJA
PRI, IK8170.3% 0 . M RGN 5 R
Bor, HF M Smad ¥ 2 4 NBMPELIER-
Smad. TGF-B##HR-Smad. Co-SmadFI-Smad/l
X, 5Smad® H F R I 5> KA . Lo Smadl/5)E
TBMPHUIER-SmadZ, o 534k 58 R IR KT
AR Smadl . FifLR DISmad5. JeiHSmadl/5.
KP4 45 SmadS F1 4 Vil Bk B D SmadS 5 sk — 2K,
BHA B X, JEN Y, Breg, ek, K
FEEEEE . BED A SmadS R W SZ AN Ry 19,
SRS L AR TUME . FAGH TCUEE . B 5 £ Smad 1
R SO AE— A2 (& 1)
2.4 Mm-Smadl/SEEEAREHEL. ZEFEAR
RIKEFTH

Mm-Smad/53:FAEA R H R RIE DM BN,
EEE. KE. WAL HSEAL. SNERBRIFE E N
ANAL A RIE, P, K& AIFEEF A5
WL AR X B B AR, MM BRI 2 RIA R T
=T HANHZ(P<0.05), Hh A R MERE R
(Kl 2)o Xt Mm-Smadl/5FEFTEAF K & B 1R
AT M, REUNER T SZ2H500 . 2—441 i 2
PO R R IE, R g I BT 46 K & Rk,
F|FETNL) IR RIE RIA B i, B & TR
H B H(P<0.05), B S4h ik 58K TR, A#ED
A AT BT 3).



280 KA £ W

% 1 2%

90 H. sapiens AAB66353.1 Smad5 !
M. musculus NP 032565.2 Smad5 !

BMP i
R-Smads S. australis XP 009668469.1 Smads.
A. sinensis XP 006017248.1 Smad5:
D. rerio AAF06738.1 Smad5 i
10 S. salar ACI134224.1 Smad5
89 X laevis NP 001079973.1 Smadl
_EX. tropicalis NP 001007481.1 Smad

65— P. pubescens KFV64495.1 Smadl
G. gallus NP 001188384.1 Smadl
65 M. musculus AAG41407.1 Smadl

72— H. sapiens AAC50790.1 Smadl
D. rerio AAF06361.1 Smadl
—— C. fornicata ADI48174.1 Smadl
@ M. meretrix KX257418 Smadl/5
T. granosa KP250873 Smadl/5
7ol C. gigas EKC37199.1 Smad5
T T T gigas EKC26591.1 Smad3 T :
99— H. sapiens NP 005893.1 Smad3
99 M. musculus AAB81755.1 Smad3
D.rerio NP 571646.1 Smad3 ]

100)

100]

1o D.rerio AAF06737.1 Smad2
TGF-p il M. musculus AAH89184.1 Smad?
iR-Smads 7 00— H. sapiens. AAC39657 1 Smad2___ |
:""""""'"i:C'g'igZzs'NPOOESDTTSMddéf """ '
T CoSmads 100|_':M. musculus AAM74472.1 Smad4 |
: 100— H. sapiens NP 005350.1 Smad4 |

100— M. musculus AAB81351.1 Smad6

100 H. sapiens AAC82331.1 Smad6
5 D.rerio AANOS605.1 Smad7 :

160 M. musculus AAB81353.1 Smad7 |

100L— H. sapiens AAL68977.1 Smad7 ]

i
|
|
|
| I-Smads
|
|
|
|
|

1 RAIMEGAG6. 0% NI A4 222 (R AL B
Fig. 1 The phylogenetic tree, constructed by MEGAG6.0 software
using the NJ method
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Mm-Smadl/5 gene
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Mm-Smad1/5 3[R %25
Relative expression o

hfom o

% %
44 21 Tissue
2 Mm-Smadl/5TE SCIEAN AL rp R IE Z 743 M (n=4)
Fig. 2 Analysis of Mm-Smad1/5 gene expression in different
tissues (n=4)
HRE R MEZE S, P<0.05

* represented the significant differences at P<0.05

2.5 Mm-Smadl/55NEFXARSNPILETHESE
KX M

PN TOO S S ey Hh 530 g il e 2R T B A I, 4 36l
RARE T B LR 38, KIAEMm-Smad /5% H
AP R X I AL A H O AN SNP A i, AR 4 AR X T2
WEEAS T (ATG)A B 7l i 4 9123 A>G. 262 C>
T. 551 C>T. 919 C>T. 936 G>T. 996 G>T. 999 C>

T. 1281 A>GHI1403 G>T(F 2), H {7 £936 G>
THIGGRI K. Fm. Forfa EAEKIRIRY
BE 5 T GTR(P<0.05), 1 HARSANL £ AN [H] 3
R 2 (8 A KR A S E R E 2R
(P>0.05). TEOANSNPAL &SR, HA7/4M(123 A>G.
262 C>T. 919 C>T. 936 G>T. 996 G>T. 999 C>T
1281 A>G)J&E THME T LR X RAE, 1403 G>T
A1 U8 T 3'UTRIX I AR, 3% £ 5838 I oK 3 3 g Y
FIEFR A 551 C>TASMNE T ERIEHER LR
A p, o gm b i S 2 1 R Z R (G CC) AR R4 2 1
(GTC), BARZAL f -5 4 KA M A 18 B 8 35 M
K (P>0.05), (HECCHRIMATE K. 7. 7ei
AL HE S E 2 s T AR R AL
3 g

Mm-Smadl/5SFERE UG 7 2 FMER., 6],
P FE LSS AR 6N L 2l 3 RIA, XUl H S
55 % Fib 4 S0 I R AR A 2 E . BvaZs PR B
Smadl. Smad5%E H /" FBMP2/5 5 i % 58 5 G
A WLAEE R F1d1 . 1d3. DIx2HMHeyl 1315, K
I C2C1 240 I 2 UL s Ono™ o B3t et
i bESmad4 . Smad5%E K EBDorsomorphinfH K
Smad 1 MSmad5SBEFRAL J5, #BAE T EUUL T2 41 i i1
LB LT ) oAk, B e dERTSmadl. SmadS i
ATENAAER . b B 2 HIER . Mm-
Smad/5FF 1F 7 & rh R ik i, x5y, Hi
FL A D0 gy ) 9 R 7 UL PAY AL 2R o Rk L —
Bk, e RN E RIS EE, FERNNA
SRR R, AR SO L AR K AR e I S
EH e Mm-Smadl/53ERTEANEE I RIE R R E &

14

o d

e 12 + 5

RSe

E2510;

=2 syt be .

®E5E 6 b .

v oo 5 b

%-;‘g 4

S &

t§§§2 2 a4 a aﬂ a

§ Oﬂrﬁr’]ﬂ f
X P PP IFI I IS
SRS TFFIST

3 SR s
y IR RS
k& & ] The stages of embryogenesis

K 3 Mm-Smadl/STESCRGANRR B B A A R 1A 22 57 40 BT (n>500)
Fig. 3 Analysis of Mm-Smadl/5 gene expression in different
developmental stages (7>500)

ARAFEREREIEZE SR, P<0.05

Different letters represented the significant differences at P<0.05
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TR Z A HAD 2R, AT BE T AN B N BAR S
W) TSIV B A 4 1/ ABMP-SmadfZ 5 3@
RN, RIEBAE S . s S
VK RIThES, WRES S TR Bt

FE LU B 1 G I ) Mim-Smad /5108 K F 1)
Rk, ATRE A RRE RN LN . 7RSI IR G K
BHEM, Smadl. Smad5SEHAZS TGN
Fyesi R T AR Y, Mm-Smad1/53: K 7] Ge 1E
SO IR G R B RIS R AT R . 7E R IR )
H i ik B 52 FTHP<0.05), X 5 A haE!
FEFLES LR, TR 2 5 T S h = R
HITE A 504 . Smadl. Smad5fE NBMP{S 5 il %
T SEA, SHE NSRBI R. 0Lk
5B\ EAE A, WEKPNNE D (Patella vulgata) BMP2/4
FERE MR RA R LG KV ERIE, B3 5%R
FERIHAE . DRI 5 R A R i 3,
if K HESZ R (Lymnaea stagnalis) BMP2/4% 5 5%
WEFETE R, ANERBI K. NFEr R,
EARTFFE A, Mm-Smad /53 RIAE ST 56 4 bt &

FEI N HU b KRk, AR DUSE T A
R R AR A

HElH *Smadl . Smad5%H 54 K%
SNPAL AT TR IE IR 2>, TEAFL B DL Smad 1 3 K] 1 5F:
KRG HE K ARAR S SNPAL A, T YR it i
Smad1/59m 5 X KL T 64> AL AN Z AL I SNP AL
B AR FAE Mm-Smad /55 1AM BT X 8 3t
i 2 H O/ M e SNPA s, FL IR AR = TR i, 32
INMm-Smadl/5FER Z S HEF & . 7E 04N
TR 9N SNPAL &, K2 L FISNPAL 25 M [F] X
RAF, R PRI IR L 551 CTHRE
[F) AR, 54 KM 56 1 I R 0E B R 3 K P
(P>0.05); 530G A K B 2 AR L B 47 15936 G>T
(P<0.05) B R T EUE LR 1 A8, 7T fg i i 52
mRNA = 2 45 ¥ 1) A2 Y B0 A% B A i
mRN A P38 2 Sk 5 28 13 B8, 36 1T 52 1 Mim-
Smad 1/58 4% 1% P 5L (R 4% 5%, v BB 1576 S0 R 52
K. T oo AR SRR, 4i5GGH
MEEE BT REGTRAME . AW FANAE g iS X

£2 Mm-Smadl/SEFESNEFXHSNPsHI R ERRE R 54 KRS
Tab.2 Correlation analysis of the different genotypes of SNPs in the exon of Mm-Smad1/5 with growth traits

(A= BN REA%C Pl ok T FEE B
Locus  Genotype Sample  Percent (%) Shell length (mm) Shell height (mm) Shell width (mm) Total weight (g)
123 A>G AA 42 56.00 38.01+4.03 32.09+2.42 19.25+1.69 15.41+3.73
AG 26 34.67 38.73+£3.74 32.40+2.95 19.464+2.10 15.49+4.42
GG 7 9.33 37.33+2.47 31.62+2.17 19.03+1.66 14.38+2.97
262 C>T TT 48 64.00 38.81+4.03 32.14+2.48 19.35+1.65 15.55+3.58
TC 15 20.00 38.17+£3.42 31.99+2.74 19.02+2.03 15.07+4.26
CcC 12 16.00 38.78+0.84 33.52+0.32 20.32+0.90 17.02+0.07
551 C>T CcC 52 69.33 37.97+3.71 32.01+2.41 19.24+1.64 15.22+3.60
TC 23 30.67 38.24+£3.96 32.10+3.30 19.08+£2.41 15.14+5.17
CcC 10 13.33 38.55+1.00 32.42+1.01 19.62+0.94 16.04+1.01
919 C>T TT 38 50.67 37.67+£3.98 31.81+2.76 19.01+1.87 15.10+4.03
TC 27 36.00 39.05+1.43 32.89+1.39 19.95+1.28 15.51+2.87
936 G>T GG 49 65.33 37.99+3.74" 32.05+1.57" 19.22+0.77° 15.35+1.81°
GT 2 34.67 33.80+1.46° 28.01£0.29° 16.33+0.15° 9.87+0.08"
996 G>T GG 55 73.33 37.74+£3.84 31.83+2.57 19.10+1.74 15.10+£3.77
GT 17 22.67 38.94+2.08 32.96+1.49 19.59+1.55 15.92+2.42
TT 3 4.00 36.64+2.51 30.56+3.15 18.224+2.18 13.39+4.58
999 C>T CC 53 70.67 37.81+£3.72 31.89+2.52 19.10£1.73 15.09+3.65
TC 22 29.33 37.86+2.60 31.79+3.49 19.174+2.69 15.70+£5.91
1281 A>G AA 10 13.33 38.38+0.71 32.86+1.07 19.97+0.94 16.32+0.98
AG 18 24.00 36.7+6.00 31.99+£2.90 19.20+1.95 15.83+4.62
GG 47 62.67 37.95+3.09 31.70+2.60 18.92+1.77 14.69+3.58
1403 G>T TT 53 70.67 37.92+3.93 32.04+2.69 19.21+1.89 15.47+£3.94
TG 22 29.33 38.37+1.45 32.23+1.14 19.07+0.85 15.04+1.44

T [ — LA G P RS BN RN - BEROR AR PR B 2 PR 2 5%, P<0.05

Note: Different superscript letters in a column of each locus indicated the significant difference at P<0.05
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CLONING, SPATIOTEMPORAL EXPRESSION AND SNPS DETECTION OF
SMAD1/5 GENE IN HARD CLAM MERETRIX MERETRIX

CHI Qiu-Die"’, DONG Ying-Hui’, YAO Han-Han’ and LIN Zhi-Hua’

(1. College of Ocean, Ningbo University, Ningbo 315211, China; 2. Key Laboratory of Aquatic Germplasm Resource of Zhejiang,
Zhejiang Wanli University, Ningbo 315100, China)

Abstract: To study the biological function of Smad1/5 in the growth and development of molluscs, the full-length
cDNA of Smadl/5 in Meretrix meretrix (Mm-Smadl/5) was cloned via SMART RACE techniques. The entire cDNA of
Mm-Smadl/5 was 1832 bp long, containing a 1380-bp open reading flame (ORF) that encoded a 459-amino acid pro-
tein. According to the amino acid sequence alignment, Mm-Smad1/5 shared 83.7% identity with Smad5 of C. gigas,
80.2% with Smadl of P. fucata, and more than 70.5% identity with vertebrates. Protein functional domain predictions
revealed that Mm-Smad1/5 contained both of the highly conserved functional domains MH1 and MH2. Together, these
data indicate that Smad1/5 is highly conserved across evolution. The qRT-PCR results showed that Mm-Smad1/5 were
expressed in all six tissues of adult clams and were expressed significantly more in the foot and mantle than other tis-
sues (P<0.05). Furthermore, the Mm-Smadl/5 gene was widely expressed in 10 developmental stages, it was first
highly expressed in the gastrulae until the eyebot larva, largely decreased in the eyebot larva, and slightly increased in
juvenile clams. Additionally, we identified 9 potential SNPs in the exons of Mm-Smadl/5 by DNA sequencing, of
which the 936 G>T locus was significantly with the growth traits of M. meretrix (P<0.05). The study indicated that
Mm-Smad1/5 gene could be used as the growth candidate function gene, and its SNPs provided useful information for
the reliable molecular markers for M. meretrix breeding.

Key words: Meretrix meretrix; Smadl/5; Gene cloning; Growth-related; SNP



