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wntd 22-23]. 1.3 &1 cDNA %5
, NCBI (Chlamys far-
wnt4 [24] reri, AFU35435.1) (Paracentrotus lividus,
) ) AHY22359.1)  #(Oryzias latipes, ACM50932.1)
wnt4 (H. sapiens, BAC23080.1) wnit4
) cDNA ,
23 Wntd-P1 Wntd-P2( 1),
(Atrina pectinata) cDNA , PCR PCR
, ) 20 pL, PCR 1 94°C
5 3 min; 94°C 30s, 53°C 30s, 72°C 1 min, 40 ;
) 72°C 10 min 1.5% PCR
) R DNA
RACE pEASY-TI
wnt4 cDNA , DH5a, , ,37°C
PCR , )
PCR cDNA
) 17p- GenBank Blast
wnt4 )
wnt4 , wnt4 cDNA
wnt 3'RACE Wnt4-3'Race-out
Wnt4-3'Race-in, 5S’RACE Wnt4-5'Race-out
1 MEFnEE Wnt4-5'Race-in( 1) RACE cDNA
, wnt4 UPM
1.1 SEIg#rA PCR , PCR
(38°21'~38°33'N; ’ wntd NUP
120°64'~120°71'E) 2013 5 2014 4 PCR 2 PCR . 94°C 3 min;
25 > (23%5)cem 94°C 30's, 68°C 30's, 72°C 3 min, 35 . 72°C
10 min
, —80°C
’ RNA 14 BERERZERE SIS EEREIRES
24h -, 70% Lasergene 3" 5'¢cDNA
12 2 RNA REUANSE —#RT Expasycompute pl/Mw (http://web.expasy.
Trizol org/compute_pi/)
RNA, Nanodrop 2000 (Thermo Scientific) Clustal X DNAMAN
RNA , 1.2% RNA SignalP 4.1
M-MLV  SMART™ Race cDNA NetNGlyc 1.0 Server (http://www.cbs.dtu.dk/services/
(Clontech) , cDNA NetNGlyc/) ; Mega5.0
Race cDNA , —20C (neighbor joining, NJ)
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1.5 WHEE PCR 10*
R 1.2 D
(2014 4 ) s ,
( -80°C R RNA
) cDNA R RNA cDNA PCR
3 cDNA 12 15 ,
PCR Wnt4-RT-F  Wnt4-RT-R, , RNA, 3
B-actin 1.7 17p-WE " EEXT wned BEERIEFI R
f-actin-F  f-actin-R( 1) LightCycler 480 2015 4
PCR wnt4 50 R
3d 17 -
, 3 PCR , Qin B
:98°C 55, 60°C 30 s, 45 2 AAG , 100 pL
3 3.0nmol/L 17 - , 100 pL
+ (x=£SE) , SPSS 16.0 48h 4
(One-Way ANOVA), 4 , ,
Turkey B , 0.05 , 13 d , 15d
1.6 REBRFAPEARE R B RIH wnrd BERIE ;
R RNA cDNA
26C 25 m’ PCR 11 1.2 15
F1 HIIBk wned BEFHE5IMER
Tab.1 Theinformation of the primersfor wnt4 amplification in Atrina pectinata
primer (5'-3") sequence (5'-3") application
Wnt4-P1 AGTGTCAGTACCAGTTCAGAAACAGTG
AMGNTGGAAY degenerate primers
Wnt4-P2 GGATCCGGAGACTCCGTGRCAYTTRCA
Wnt4-3'Race-out GCAGCACAGTCAATCCTAAATCA
3’ 3'region clone
Wnt4-3'Race-in AAGAATACGGGCAAAAATACAGG
Wnt4-5'Race-out CTGGGTCCCGTTACAGTTCG
5 S'region clone
Wnt4-5'Race-in CTGGGTCCCGTTACAGTTCG
Wnt4-RT-F AACAGGAGACGAAATCTAATGG
wnt4 PCR wnt4 qRT-PCR
Wnt4-RT-R GTACAGAAGAAACCAACACGAAT
f-actin-F AAGCGGGAAGAGCCCAGCAC
p-actin PCR f-actin qRT-PCR
f-actin-R AGAGGCGGTCGCCAGTAAA
M13-47 CGCCAGGGTTTTCCCAGTCACGAC
PCR bacteria PCR
RV-M GAGCGGATAACAATTTCACACAGG
UPM (Long) CTAATACGACTCACTATAGGGCAAG
CAGTGGTATCAACGCAGAGT
RACE RACE kit primer
UPM (Short) CTAATACGACTCACTATAGGGC

NUP AAGCAGTGGTATCAACGCAGAGT
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acaccatttttgtaagaacaaacgtggtggttacatccttaaaaacctgtgaaatttgaaattaacatttatt
gatattttgtgagtggaaggagtttacttaacatgtaatcaatgttcattgttcagtgaatcagacgtatataa
gcatatattttaagttgataatgtgaaaatgaattttcaacaggagacgaaatctaatggataagaataatgcet
ctttttggattttattaattcagaatctcaatcacagactacagagacacttttattgtaattttatcgtcggat
atttttttaacattcgtgttggtttcttctgtacctcagtttaattcaaagggacaattccaagecctccacccg

gagtaaagaATGAATCGTGTAGATATTTTGTCCTTGTGTGTTGGATTATGTGTTATAATACAGATACCAACGTT

M NRV DI LSLCV GLCV I 1L al PTF
TGCCGATAGTATCCGCTGGCTTTCTCTGGGTACTATGTCCAGTGTTGCTACCATTCAGACTCCGGATGCTTGTA
ADSIRWLSLGTMSSVATIQTPTDATCN
ATTCACTTCTAGGACTTGTGAAAAAACAAAAGAAAATTTGTAAGAAAAATATTGAAGTGATGGAAAGTGTG
S LLG LV KZKSQaKTEKTICKTEKTNINIETVYVMES SV
AAATTAGGTGCGCATCACGCAATAAAAGAATGTCAATACCAGTTCAAAAACAGAAGGTGGAACTGCAGCAC
K LGAHHAIKECQYQFKNRT RWNCST
AGTCAATCCTAAATCATTATTTGGCAACGTCTTGAAATTAGGTACCAGAGAAGCCTCGTTTGTACACGCAATA
VNPKSLFGNUVLIKTLGTR RTETASTFEVHA.I
TCAGCAGCTGGCGTAGCACATGCAGTCACGAGGGCGTGTTCGAGTGGAAAACTTCGAAAATGTGGCTGTG
S AAGVAHAVTRA ACSSGKTILREKTECTGTCOD
ATCGAACTGTAACGGGACCCAGTAAACATGGCTTCGAGTGGTCAGGATGTTCTGACAATATCGCTTTTGGAA
RTVTGTPSKHGTFEWSGT CSDNIATFTGT
CAGCATTTTCAAAAACTTTTGTTGATGCACGTGAGCGGCGGAAAAAGAATACGGGCAAAAATACAGGGAG
A FSKTTFVDARTET RTERTEKTEKTNINTGT KTNTG®GR
ACGTTTAATGAACCTTCATAATAACGAAGCCGGTCGCAGGGGCATAGAAGACAATATGAAAATTGAGTGCAA
R LMNLHNNTEATGT RT RGI I EDNMEK I E 'K
ATGTCATGGTGTTTCCGGTTCCTGTGAATTGCGGACTTGTTGGCGAGCAATGCCATCTTTTAGAGCTGTCGG
CHGEGWV S GE S E £t LR TCWRAMPSTFRAUVG
GGCTATAATCAAAGAAAAATTTGACGGTGCAACGGAAGTGAAATTAGAAAAGACAAAATCCCACCCGAAGC
Al Il KE K FDGATTEVIKLEKTTIKSHTPEK.L
TTGTTCCGGTGAATCCACAATTCAAACCTCATACAAACTCAGATTTAGTATATTTAGTGGCCTCACCAGACTTC
VPV NPQFEKTPHTNSDTLYYLVASTPTDF
TGTGAGCCCGATCCAAAGACTGGCTCACTAGGCACAAAAGGGGGTGTTTGTAATAAAACATCTAAAGCCATT
CEPDPKTGSLGTKGGVCMSKAI
GATGGTTGTGATTTAATGTGTTGTGGAAGAGGATACGAAACTACCCGTGAAAAAAAAGTTGACAGATGTTTC
DGCDLMCCG RGVYETTTR RTETKTKTVYVTDE RCF
TGCAAATTCCATTGGTGTTGCTATGTCACGTGTCAAGAATGTGAGCGCGAAATCGAAGTGCACACGTGTAAG
CKFHWCCYUVTCOQETCTET RTETITEVHTTC CEK

TGAaattctccaa. aaaaaaaaa aaaa

*

1.1% 7-0% 6.2% p m Ala(A) = Arg(R) © Asn(N)

A. wnt4 cDNA

2% = Asp(D) # Cys(C) = Gln(Q)
47%  wGlu(E) = Gly(G) = His(H)
3.9% wlle(l) =Lewl) = Lys(K)
0 Met(M) = Phe(F) = Pro(P)
o Ser(S) ®Thr(T) = Trp(W)
2.0% w Tyr(Y) = Val(V)

5.6% 4
7.8% 43 F& molecular weight: 39.54 kD ‘z ]
62% 489,31%  ZEHI theoretical pl: 8.94
FAFBBE number of amino acid: 357

7.3%

1 wnt4

, N- , wnt
.C. wnt4

Fig. 1 The sequence and protein analysis of wnt4 from Atrina pectinata

wnt4

A. The full-length cDNA sequence and deduced amino acid sequence of wnt4. The lowercases indicate the untranslated regions of
wnt4, while the uppercases indicate the open reading frame. The start and stop codons are in bold font, and the sequence for secretory
signal peptide is underlined. Putative N-glycosylation sites are boxed, and the well-conserved sequence of wnt family is in shade.

B. Amino acid composition of the wnt4. C. The predicted three-dimensional structure of the wnt4 protein.
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F 2 TR wntd FEELFHIELRES 47
Tab. 2 Percent identity of wnt4 proteinswithin different species

species
specie 1 2 3 4 5 6 7 8 9 10 11 12
1 76.3 56.6  59.3 59.5 58.7 59.5 59.5 58.1 58.1 582 50.1
2 586  56.8 610 604 607 60.4 593 59.5 602 513
3 52.8 55.8 55.8 55.8 55.8 56.1 564 537 453
4 624  62.1 62.1 62.7 618 624 597 508
5 97.4 937 943 85.8 85.8 849 593
6 92.9 93.4 85.2 85.2 846  59.0
7 98.9 84.3 84.6 840  60.4
8 84.9 85.2 84.3 60.4
9 98.6 80.9 587
10 80.9  59.0
1 58.5
12
1L ;2. (AFU35435.1); 3. (ABD16196.1); 4. (AHY22359.1); 5. (BAE16611.1);
6. (NP_001239014.1); 7. (XP_009097627.1); 8. (NP_990114.1); 9. (AAI01963.1); 10.  (BAC23080.1);
11. (AAA96518.1); 12, BE(ACMS50932).

Note: 1. Atrina pectinata; 2. Chlamys farreri (AFU35435.1); 3. Euprymna scolopes (ABD16196.1); 4. Paracentrotus lividus (AHY22359.1);
5. Rana rugosa (BAE16611.1); 6. Xenopus laevis (NP_001239014.1); 7. Serinus canaria (XP_ 009097627.1); 8. Gallus gallus (NP_990114.1); 9.
Mus musculus (AA101963.1); 10. Homo sapiens (BAC23080.1); 11. Danio rerio (AAA96518.1); 12. Oryzias latipes (ACM50932).

Mk Atrina pectinata 1 —INRVDILSLCVGLOVITIQIPTFADS IRQES 6T SSVA— K
HSFLI U Chlamys farreri 1 ——{KRPDSLYIFIGVYI VQTPPLADGIRQISJAR [NSVA— W
X8 Gallus gallus 1~ TP——EYFLRSLLM{ ILAVFSANASNJBY JAK/'SSVG— IR
$4448 Sernus canaria 1~ TP—EYFLRSLLM|ILAVFSANASNJ 'IA SSVG— IR
LY Xenopus laevis 1~ SP——BYFLRSLLL)| LATFSANASNJBY 'AKISSVG—S) [SEESTORKOKEL Q.
4R ik Rana rugose 1 ——{SP—EYSLRSLLLIILATFSANASNY 'A ssvs»;ESm TOEKAKELIQ:
A_Homo sapiens 1 ——SP——RSCLRSLRLIVFAVFSAMSNBY 'AK ISSVG—S)ISEESTREKBKEL Q'
/NBL Mus musculus 1 ——SP—RSCLRSLRLIVFAVFSAAASNIY JAK ISSVG—S|ISEE 1
¥§HH Paracenirotus lividus 1 —QUTIIYVILTSLCFHTCYVCGQASRIUAUIFN  QALGIST) KSP)NSHENPELIN
H RV LW Euprymna scolopes | MLI|ISSEFILILLIGTTYJLSNVSISDGTRUBAUAKISTPE—S|KTE) LUK

WL clLe

* % * *

WIILBk Atrina pectinata 142|0% CSDNIRBGHE R TGER N JCKCHOVSGRCEMRTCVR TPSERATEA
HfLIR DL Chlamys farreri 142| NJERIMNLHNA KCl |PTIRN) Q1) (DISIN NI DRNKLRPRY (Vi
JEXS Gallus gallus 145 | A R A INRAGR K KTCWE WGAEKEKFDGATEVICSIESN VP
G448 Sernus canaria 145 ¥ rs A A 8 i g
AW Xenopus laevis 145
47 iE Rana rugose 145
A Homo sapiens 145
JNB Mus musculus 145
WEH Paracenirotus lividus 149

HBRMAE LW Euprymna scolopes 151

HEYLBk Atrina pectinata 286

AFLE DL Chlamys farreri 284

JEXY Gallus gallus 280

L4448 Sernus canaria 280

JEVNITIE Xenopus laevis 280 NITS o E

47 Rana rugose 280 NevLE KAIDGO S BRONCK e
A_Homo sapiens 280 [@LQNM SEVLE NSTSKATDGCRLECCGRGR AL i SLHTR
INBR Mus musculus 280 (81O T R q E oH B H ];[*M*MH R
Y¥§RH Paracenirotus lividus 284 ; SVH

HRENZ/BE LW Euprymna scolopes 287

2 wnt4

s 100%, 75%
s wnt . GenBank 2.
Fig. 2 Multiple alignment of the deduced amino acid sequences of wnt4 among different species
Shaded regions indicate residues sharing homology: Black regions indicate 100% homology, and gray regions
indicate homology above 75%. Stars mean the well-conserved cysteine residues, and the conserved wnt domain sequence is
boxed. GenBank accession number are as the same as Tab. 2.

>
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99—JEYH)TUE Xenopus laevis < 600 -
100 4% Bz i Rana rugosa % 2
67 JEX Gallus gallus 50+ o _ @ BHEL ovary
1004224 Serinus canaria W]_g B n=3; x+SD Ok L testis
100 f K i W S 400 F
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100 HSYLBk Atrina pectinata 3 A R o
o5 RIEHE RAEH WMEEE gl Hesul
: inactive early active late active  mature spent
3 wnt4 KB B gonadal stage
GenBank 2. 5 wnt4
Fig. 3 Phylogenetic tree of wnt4 based on the homologous (P<0.05).

amino acids
GenBank accession numbers are the same as Tab. 2.
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24 tissue
4 wnt4

(P<0.05).
Fig. 4 Relative expression of the wnt4 gene in different
tissues of the adult Atrina pectinata of different sexes

Different letters indicate significant differences between
different tissues (P<0.05).

,2 N- N
wnt4 76.3%,
50% wnt4
wnt >
wnt4
cDNA
wnt4

Choi %

Fig. 5 Relative expression of wnt4 in Atrina pectinata
gonad during different gonadal stages
Different letters indicate significant differences between
different stages (P<0.05).
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(P<0.05).
Fig. 6 Relative expression of the wnt4 gene in different
developmental stages of Atrina pectinata larvae
1: fertilized egg; 2: multicellular stage; 3: morula stage;
4: blastula stage; 5: gastrula stage; 6: trochophore stage;
7: D-shaped stage; 8: juvenile stage. Different letters indicate
significant differences statistically (P<0.05).
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Fig. 7 Relative expression of wnt4 in Atrina pectinata gonad ’
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and control groups (P<0.05).
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Molecular cloning and expression analysis of wnt4 from Atrina
pectinata and effects of estradiol-17f on its expression

WANG Changbo, LI Qi, YU Ruihai, KONG Lingfeng, YU Hong
Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China

Abstract: The pen shell Atrina pectinata is a large, fan-shaped bivalve that is widely distributed in the Indian and
western Pacific oceans. However, little is known about the molecular regulation of its gonad development. The
wnt4 (wingless-type MMTYV integration site family, member 4) gene, a member of the wnt family, encodes a
growth factor that plays an important role in gonad differentiation and development. In this study, the complete
cDNA sequence of wnt4 was cloned from the 4. pectinata ovary by homology-based cloning and rapid amplifica-
tion of cDNA ends techniques. The full-length cDNA sequence of wnt4 was 1493 bp long and included an open
reading frame of 1074 bp encoding a 357-amino acid protein with a predicted molecular weight of 39.5 kD and a
theoretical isoelectric point of 8.94. Multiple alignment and phylogenetic analysis of wnt proteins showed that the
A. pectinata wnt4 sequence contained conserved domains of the wnt family. In the phylogenetic analysis, the A.
pectinata wnt4 showed high similarity to the wnt of Chlamys farreri and lower similarity to the wnts of echino-
derms, amphibians, and mammals. Quantitative real-time polymerase chain reaction analysis revealed that wnt4
transcripts were present at higher levels in the female mantle and gonad of 4. pectinata, and at lower levels in
other tissues. Accumulation of wnt4 transcripts was related to gonad maturity, and the transcription of wnt4 in A.
pectinata was significantly ovary-predominant during the entire reproductive cycle. These patterns of transcription
suggested that wnt4 is involved in gonad development, especially the ovary, in 4. pectinata. During the early lar-
val development stage of A. pectinata, the highest transcript level of wnt4 was detected in early embryogenesis
(morula stage and gastrula stage), when it was 500 times that in adults, and then the transcript level fell sharply
during the trochophore and D-shaped stages. Therefore, wnt4 may be involved in the formation of certain organs
in the stages of early larval development. When the sex steroid estradiol-174 was injected into the ovary, it inhib-
ited the transcription of wnt4 through feedback regulation (P<0.05). However, a short estradiol-17f treatment sig-
nificantly induced transcription of wnt4 in the testis (P<0.05). These results showed that wnt4, regulated by estra-
diol-17p, is involved in a variety of biological processes in different tissues, especially during early embryogenesis
and gonad development. Further research is required to verify whether the transcript level of wnt4 can be used as
an index of testis development.

Key words: Atrina pectinata; wnt4; gene clone; qRT-PCR; ontogenesis; reproductive stages; estradiol-174
Corresponding author: LI Qi. E-mail: qili66@ouc.edu.cn



