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A. wnt4 cDNA . s R
s R N- R wnt . B. wnt4
. C. wnt4
Fig. 1 The sequence and protein analysis of wnt4 from Atrina pectinata

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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2 wnt4
Tab. 2 Percent identity of wnt4 proteins within 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 58.2 50.1
2 58.6 56.8 61.0 60.4 60.7 60.4 59.3 59.5 60.2 51.3
3 52.8 55.8 55.8 55.8 55.8 56.1 56.4 53.7 453
4 62.4 62.1 62.1 62.7 61.8 62.4 59.7 50.8
5 97.4 93.7 94.3 85.8 85.8 84.9 59.3
6 92.9 93.4 85.2 85.2 84.6 59.0
7 98.9 84.3 84.6 84.0 60.4
8 84.9 85.2 84.3 60.4
9 98.6 80.9 58.7
10 80.9 59.0
11 58.5
12
-1 ;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. (AAIO01963.1); 10.  (BAC23080.1);
11. (AAA96518.1); 12. (ACM50932).

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).
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2 wnt4
> 100%,

, wnt

75% ,
. 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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3 wnt4
GenBank 2. 5 wntd
Fig. 3 Phylogenetic tree of wnt4 based on the homologous (P<0.05).

amino acids

. Fig. 5 Relative expression of wnt4 in Atrina pectinata
GenBank accession numbers are the same as Tab. 2.
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after 17f-estradiol injection (13, 16-18] ,
*indiates significant difference between experiment
and control groups (P<0.05). wnt4 >
[15] [14]
wnt4
’ (Paralichthys olivaceus)?*" , wnt4
) ( . [35] (R.
) 5 rugosa)[fié] [30]
wht4 . [12] [25]
’ wnt4
, wnt4 (141 | ra
, wntda wnt4b
b
[12,31]
wnt4 R , wnt4
(Oncorhynchus mykiss) wntda [34]
, wnt4b [25]
(1] wnt4
b
’ ’ wnt4 , wnt4
wnt4b ,
wnt4 wntda  wnt4b [37-38]

wnt4
[16]



5 : wntd

cDNA 1049

wnt4

wnt4
[30]

wnit4

B0 wnt

(391 wnt4

wnt ,

wnt4 wnt star
[35]

[6, 40]

wnt4 )

[42]

, wnt4
[13-14, 30]

, wnt4 30d

wnt4

s wnt4
s wnt4

17p- , wnt4

, wnt4

; , wnt4

R wnt4

wnt4 s

wnt

[1] Logan C Y, Nusse R. The wnt signaling pathway in devel-
opment and disease[J]. Annu Rev Cell Dev Biol, 2004, 20(1):
781-810.

[2] Kim Y, Kobayashi A, Sekido R, et al. Fgf9 and wnt4 act as
antagonistic signals to regulate mammalian sex determination[J].
PLoS Biol, 2006, 4(6): 1000-1009.

[3] YuH, Pask A J, Shaw G, et al. Comparative analysis of the
mammalian wnt4 promoter[J]. BMC Genomics, 2009, 10(1):
416.

[4] Johnson M L, Rajamannan N. Diseases of wnt signaling[J].
Rev Endocr Metab Dis, 2006, 7(1-2): 41-49.

[5] Nusse R. Wnt signaling in disease and in development[J].
Cell Res, 2005, 15(1): 28-32.

[6] MacDonald B T, Tamai K, He X. Wnt/fi-catenin signaling:
components, mechanisms, and diseases[J]. Dev Cell, 2009,
17(1): 9-26.

[7] Nusse R, Varmus H E. Many tumors induced by the mouse
mammary tumor virus contain a provirus integrated in the
same region of the host genome[J]. Cell, 1982, 31(1):
99-109.

[8] Ooyen A V, Nusse R. Structure and nucleotide sequence of
the putative mammary oncogene int-1: proviral insertions
leave the protein-encoding domain intact[J]. Cell, 1984,
39(1): 233-240.

[9] Cabrera C V, Alonso M C, Johnston P, et al. Phenocopies
induced with antisense RNA identify the wingless gene[J].
Cell, 1987, 50(4): 659—663.

[10] Wang X B, Li HF, Qi X Y, et al. Characterization and ex-



1050

23

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

pression of a novel Frizzled 9 gene in Schistosoma japoni-
cum[J]. Gene Expr Patterns, 2011, 11(3): 263-270.
Tian Q, Jin H, Cui Y Z, et al. Regulation of wnt gene expres-
sion[J]. Dev Growth Differ, 2005, 47(5): 273-281.
Nicol B, Guerin A, Fostier A, et al. Ovary-predominant wnt4
expression during gonadal differentiation is not conserved in
the rainbow trout (Oncorhynchus mykiss)[J]. Mol Reprod
Dev, 2012, 79(1): 51-63.
Yao H H, Matzuk M M, Jorgez C J, et al. Follistatin operates
downstream of wnt4 in mammalian ovary organogenesis[J].
Dev Dynam, 2004, 230(2): 210-215.
Wu G C, Chang C F. Wnt4 is associated with the develop-
ment of ovarian tissue in the protandrous black porgy, Acan-
thopagrus schlegeli[J]. Biol Reprod, 2009, 81(6): 1073—
1082.
Tao L H, Yao L X, Fu Z Q, et al. Cloning, expression and
characterization of a gene encoding signal transduction pro-
tein wnt4 Schistosoma japonicum[J]. Chinese Journal of Bi-
otechnology, 2007, 23(3): 392-397. [ s R

, . Sjwnt-4 s

[J1. ,2007, 23(3): 392-397.]

Bernard P, Harley V R. Wnt4 action in gonadal development
and sex determination[J]. Int J Biochem Cell Biol, 2007,
39(1): 31-43.
Vainio S, Heikkild M, Kispert A, et al. Female development
in mammals is regulated by wnt-4 signalling[J]. Nature, 1999,
397(6718): 405-4009.
Jeays-Ward K, Dandonneau M, Swain A. Wnt4 is required
for proper male as well as female sexual development[J].
Dev Biol, 2004, 276(2): 431-440.
Maurus D, Héligon C, Biirger-Schwirzler A, et al. Non-
canonical wnt-4 signaling and EAF?2 are required for eye de-
velopment in Xenopus laevis[J]. EMBO ], 2005, 24(6):
1181-1191.
Sato M, Umetsu D, Murakami S, et al. Dwnt4 regulates the
dorsoventral specificity of retinal projections in the Drosophila
melanogaster visual system[J]. Nat Neurosci, 2006, 9(1):
67-75.
Takata H, Terada K, Oka H, et al. Involvement of wnt4 sig-
naling during myogenic proliferation and differentiation of
skeletal muscle[J]. Dev Dynam, 2007, 236(10): 2800-2807.
Katayama S, Ashizawa K, Fukuhara T, et al. Differential
expression patterns of wnt and f-Catenin/TCF target genes in
the uterus of immature female rats exposed to 17a-Ethynyl
estradiol[J]. Toxicol Sci, 2006, 91(2): 419—430.
Miyakoshi T, Kajiya H, Miyajima K, et al. The expression of
wnt4 is regulated by estrogen via an estrogen receptor al-
pha-dependent pathway in rat pituitary growth hormone-
producing cells[J]. Acta Histochem Cytoc, 2009, 42(6):
205-213.
Hou X N, Tan Y, Li M L, et al. Canonical wnt signaling is

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

critical to estrogen-mediated uterine growth[J]. Mol Endocrinol,
2004, 18(12): 3035-3049.
Li HL, Liu J G, Liu X L, et al. Molecular cloning and ex-
pression analysis of wnt4 cDNA from the Zhikong scallop
Chlamys farreri[J]. Journal of Fishery Sciences of China,
2013, 20(2): 260-268. [ s , ,

wnt4 cDNA [J].
2013, 20(2): 260-268.]
Qin ZK, LiY, Sun D P, et al. Cloning and expression analy-
sis of the vitellogenin gene in the scallop Chlamys farreri
and the effects of estradiol-17f on its synthesis[J]. Invertebr
Biol, 2012, 131(4): 312-321.
Nusse R, Varmus H E. Wnt genes[J]. Cell, 1992, 69(7):
1073-1087.
Choi Y, Ballow D J, Xin Y, et al. Lim homeobox gene, LAx8,
is essential for mouse oocyte differentiation and survival[J].
Biol Reprod, 2008, 79(3): 442-449.
Huang F. Cloning and expression analysisof genes which
related to sex development of Cheilinus undulatus[D]. Hai-
kou: Hainan University, 2014: 25-27. [

[D]. : ,

2014: 25-27.]
Yang M, Xu F, Liu J, et al. Molecular cloning and expression
of wnt4 gene in Pacific oyster Crassostrea gigas[J]. Ocean-
ologia et Limnologia Sinica, 2015, 46(1): 35-42. [ s

(Crassostrea gigas) wnt4 cDNA
1. , 2015, 46(1): 35-42.]
LiJ Z, Liu Q, Wang D S, et al. Molecular cloning and iden-
tification of two wnt4 genes from the medaka (Oryzias lati-
pes)[J]. Acta Hydrobiologica Sinica, 2012, 36(5): 983-986.
[ , s , . 2

1. , 2012, 36(5): 983-986.]

Lu C. The role of wnt signaling in cartilage development[D].
Shanghai: Shanghai Jiao Tong University, 2013: 9-37. [
Wnt [D].

b s

wnt4

,2013:9-37.]
Wang R C, Wang Z P. Science of Marine Shellfish Cul-
ture[M]. Qingdao: China Ocean University Press, 2008. [

) . [M].
,2008.]
Wang S D. Molecular cloning and expression patterns of
sex-related genes in Paralichthys olivaceus[D]. Qingdao: In-
stitute of Oceanology, Chinese Academy of Sciences, 2013:
25-54. [ [D].

: ,2013:25-54.]

Oréal E, Mazaud-Guittot S, Picard J Y, et al. Different pat-
terns of anti-Miillerian hormone expression, as related to
DMRTI, SF-1, WT1, GATA-4, Wnt-4, and Lhx9 expression,
in the chick differentiating gonads[J]. Dev Dynam, 2002,
225(3): 221-232.

Oshima Y, Hayashi T, Tokunaga S, et al. Wnt4 expression in



5 : wntd cDNA 1051

the differentiating gonad of the frog Rana rugose[l]. Zool nisms and biological significance[J]. Chinese Journal of Cell
Sci, 2005, 22(6): 689-693. Biology, 2011, 33(2): 103—111. [ , . Wnt
[37] Stark K, Vainio S, Vassileva G, et al. Epithelial transformation : [J1. s
of metanephric mesenchyme in the developing kidney regu- 2011, 33(2): 103-111.]
lated by wnt-4[J]. Nature, 1994, 372(6507): 679—683. [41] NiJ, Zeng Z, Kong D, et al. Vitellogenin of Fujian oyster,
[38] Kispert A, Vainio S, McMahon A P. Wnt-4 is a mesenchymal Crassostrea angulata: synthesized in the ovary and con-
signal for epithelial transformation of metanephric mesenchyme trolled by Estradiol-17B[J]. Gen Comp Endocr, 2014, 202(1):
in the developing kidney[J]. Development, 1998, 125(21): 35-43.
4225-4234. [42] Zhang H Y. Research on reproductive biology and artificial
[39] Couse J F, Hewitt S C, Bunch D O, et al. Postnatal sex re- breeding technology of Atrina pectinata Linnaeus[D]. Xia-
versal of the ovaries in mice lacking estrogen receptors o and men: Jimei University, 2010: 1-8. [
B[J]. Science, 1999, 286(5448): 2328-2331. [D]. : , 2010:
[40] Yin D Z, Song H Y. Regulation of wnt signaling: Mecha- 1-8.]

Molecular cloning and expression analysis of wnt4 from Atrina
pectinata and effects of estradiol-174 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 MMTV 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 wnz4 through feedback regulation (P<0.05). However, a short estradiol-17/ 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.
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