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Tab. 1 Primers used for the cDNAs cloning of Wnt5a, Wnt5b,
Wnt7a and Wnt9b genes

5|49 4 Primers ¥ %Sequences (5'—3")

Primers for partial fragment

Wnt5a-F TACGACAAGTDCTTGTCCGG
Wnt5a-R CTTGCDCACAAACTGATCGA
Wnt5b-F TACCTACABCCTTACTCCGT
Wnt5b-R CTTGCAVACGAACTGGTCGA
Wnt7a-F CTCATACCKCAAACCCATGG
Wnt7a-R CTCKTCCACAGCACATCAAG
Wnt9b-F CGTGANTCCAAAGTAAGC
Wnt9b-R GCAGCAGGCAKGCGGTCC
Primers for 3’ RACE PCR

3'WntSa-1 GAGCCGAGCCCAGACTAC
3'Wnt5a-2 ACGGGCTCGCTGGGCACG
3'Wnt5b-1 TAACGCTCCCACCACCGA
3'Wnt5b-2 GCACAGGCTCGCTGGGAA
3'Wnt7a-1 ACTTGATGTGCTGTGGACGAG
3'Wnt7a-2 CCTATGTTAGTAAGCATCCGTGA
3'Wnt9b-1 ACTTTATGAGAAGAACGA
3'Wnt9b-2 GTCATTTACCTGTCTATC

3'RACE Outer TACCGTCGTTCCACTAGTGATTT

3' RACE Inner CGCGGATCCTCCACTAGTGATTTCACTAT

AGG
Primers for 5’ RACE PCR
S5'WntSa-1 TTCATAGCCAGAGACCACCA
5'WntSa-2 TACTGCATGTGGTCCTGGTA
S5'Wnt5b-1 AGCTGGCACAGCTTCCTCTG
5'Wnt5b-2 TCCACCGTGCTGCAGTTCCA
S5'Wnt7a-1 ATGCTCCCTGCTTTAGTGT
5'Wnt7a-2 CCCTTACCTGGTGCTATTT
5'Wnt9b-1 CGTGAGTCCAAAGTAAGC
5'Wnt9b-2 ATTGCGAAACTGGTAGCG

5"RACE Outer CATGGCTACATGCTGACAGCCTA
CGCGGATCCACAGCCTACTGATGATCAG

5" RACE Inner TCGATG

Note: K-G/T; M-A/C; R-A/G; S-G/T; Y-C/T; B-G/T/C; D-
G/A/T; H-A/T/C; V-G/A/C; N-A/T/G/C
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Tab. 2 Primers used for real-time PCR
LR 4 EF5I A5 K GRT
Gene Forward primer (5—3’) Reverse primer (5—3") Size (bp) Accession No.
Wnt5a ~ AAGACCTTCCACGAGACTGG ATCATGAGTCGTGCGCTTTC 104 KY053801
Wnt5b  ATAGATCATGCACGCACCCT AACTCACCTACACGCCGGAA 144 KY053802
Wnt7a ~ TTCACCTATGCCATCATTGCT CACCCCACTTCCAACCCTC 117 KY421674
Wnt9p ~ GAAGTACAGCACCAGGTTCCTC TTCCAGCATGTCCGCACT 162 KY130404
p-actin - GCACAGTAAAGGCGTTGTGA ACATCTGCTGGAAGGTGGAC 127 EU161065
Gadph ~ CACTGCCACCCAGAAGACA AGGGACACGGAAAGCCAT 166 JQ068865
18SrRNA CTGCCGGTGGTCTTCTTCCA ATTCAGCGGGTCGTCTCGTC 185 GQ465236
B2m GCTGATCTGCCATGTGAGTG TGTCTGACACTGCAGCTGTA 185 KP938520
Ubce TCAAGAAGAGCCAGTGGAGG TAGGGGTAGTCGATGGGGAA 147 KP938524
Hprt ATGCTTCTGACCTGGAACGT TTGCGGTTCAGTGCTTTGAT 180 KP938523
Efla TGGAAGGTCGAGCGTAAGG GCAGAGGAAGGCGAAGAGG 112 KR061492
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Pf Wnt5a ....... MLFNMNRPSSSGWRAMDTRHGVVAI TFLAFFMQVVVEATSWASLANN. PLLI PEAYI | GAQ
Pf Wnt5b  ..... .. MLFNMNRPSSSGWRAMDTRHGVVAI TFLAFFMQVVVEATSWASLANN. PLLI PEAYI | GAQ
Dr WntSa ~ ....... MMLLKLKWTSSGVKDTPHTLLFI I | TFCVFFNMLEI VDANSVWASLANN. PLLI PEVYVI GGQ
Dr WntSb .. MDVRMNQGHLLLAVTLI VCNSQLLVVANSWASLANN. Pl QRPENYI | GAQ
Am WntSa  ........ MFFRRLFWSGCVGAMDTRHGVMAI TFLAFFMQVVVEATSWASLANN. PLLI PEAYI | GAQ
Am_Wnt5Sb MSHVRRFYFLSFLTGRTGMDAI QSLRFI LTI | TLLACSSQRLAHANSWASLANN. Pl QRPENMYI | GAQ
Hs Wnt5a . ... MAGSAMSSKFFLVALAI FFSFAQVVI EANSWASL GMNNPVQMSEVYI | GAQ
Hs WntSb . i MPSLLLLFTAALLSSWAQLLTDANSWASLALN. PVQRPENFI | GAQ
Pf Wnt5a PLCSQLVGL SKGQKKL CQLYQDHNMQY! GEGAKTG

Pf Wnt5b PLCSQLVGL SKGQRKLCQLYQDHMVYI GEGANMT GI

Dr_Wnt5a PLCSQL SGL SKGQKKL CQLYQDHMQYI GEGAKT Gl

Dr_Wnt5b PLCSQLTGLSQGQRKLCQLYQDHMVYI GEGAKTG!

Am_WntSa PLCSQLAGLSKGQKKLCQLYQDHMQYI GEGAKT GI

Am_Wnt5b PLCSQLTGLSQGQRKLCQLYQDHMVYI GEGAKT Gl

Hs Wnt5a PLCSQLAGL SQGQKKL CHLYQDHMQYI GEGAKT Gl

Hs Wnt5b PVCSQLPGLSPGQRKLCQLYQEHMAYI GEGAKTG!

* * ok *
Pf Wnt5a AAFTYAI SAAGVVNAVSRACREGELSSCGCSRAARPKDLPRDWLWGGCGDNLNYGYRF SKEFVDARER
Pf Wnt5b AAFTYSI SAAGVVNAVSRACREGELSTCGCSRASRPKELPRDWLWGGCGDNVNYGYRF AREFVDARER
Dr_Wnt5a SAFAFAI SAAGVLHAVSRACREGAL SSCGCSRASRPKDL PRDWLWGGCGDNLNYGYRF SREFVDARER
Dr_Wnt5b TAFTYAVSAAGVVNAVSRACREGEL STCGCSRAARPRDLPRDW.WGGCGDNVNYGYRFAREFVDARER
Am_Wnt5a AAFTYAI SAAGVVNAVSRACREGEL SSCGCSRAARPKDL PRDWLWGGCGDNLNYGYRF SKEFVDARER
Am_Wnt5b TAFTYAI SAAGVVNAVSRACREGEL STCGCSRAARPRDL PRDWLWGGCGDNVNYGYRF AREFVDARER
Hs_Wnt5a TAFTYAVSAAGVVNAMSRACREGELSTCGCSRAARPKDLPRDW.WGGCGDNI DYGYRF AKEFVDARER
Hs_Wnt5b TAFTHAVSAAGVVNAI SRACREGELSTCGCSRTARPKDLPRDWLWGGCGDNVEYGYRF AKEFVDARER
*

Pf Wnt5a EKTYEKASMESARLMMNLHNNEAGRRMVSDLAHVS&K&HGVSGS&SLKTC“LQLADFRKVGDALKEKY
Pf Wnt5b EKNYAKGS| DHARTL MNL QNNEAGRMAVYNLANVACKCHGVSGSCSLKTCWL QLADFRRVGEFLKEKY
Dr Wnt5a EKTFSKGSAESARQVMNLHNNEAGRRI VSDLADVSCKCHGVSGSCSLKTCWL QLADFRKVGDVLKEKY
Dr_Wnt5b EKNYPRGSVEHARTLMNLQNNEAGRMAVYNLANVACKCHGVSGSCSLKTCWLQLADFRRVGEFLKEKY
Am_Wnt5a EKSYDKASMENARL L MNLHNNEAGRRMVSDLAHVSCKCHGVSGSCSL KT CWL QLADFRKVGDALKEKY
Am_Wnt5b EKNYPRGS| DHARTL MNL QNNEAGRVMAVYNL ANVACKCHGVSGSCSL KT CWLQLADFRRVGEFLKEKY
Hs_Wnt5a ERI HAKGSYESARI LMNLHNNEAGRRTVYNLADVACKCHGVSGSCSL KT CWL QLADFRKVGDALKEKY
Hs_Wnt5b EKNF AKGSEEQGRVL MNLQNNEAGRRAVYKMADVACKCHGVSGSCSLKT CWL QL AEF RKVGDRLKEKY
Pf Wnt5a DSAVAMKVNTRGKLVQVHSKFNSPTNHDLVYVEPSPDYCVQNHSTGSL GT QGRL CNKTSEGVDGCALM
Pf Wnt5b DSATANMRI NRRGKLEQVNQRFNAPTTEDLVYI DPSPDYCLRNESTGSL GTHGRL CNKTSEGVDGCELM
Dr_Wnt5a DSAAAMRMNGRGKLVQMHSKF SPPSGQDLLYLQPSPDYCI RNSSSGSL GT QGRLCNKTSEGVDGCALM
Dr_Wnt5b DSAAANMRI NRRGKLELVNNRFNPPTGEDLVYI DPSPDYCLRNETTGSL GT QGRLCNKTSEGVDGCELM
Am_WntSa DSAAAMKLNGRGKLVQVHSKFNPPSSHDLVYI DPSPDYCI FNRTTGSL GT QGRLCNKTSEGVMDGCALM
Am_Wnt5b DSAAANMRI NRRGKLEQVNNRFNPPTGEDLVY! DPSPDYCLRNESTGSL GT QGRLCNKTSEGVDGCELM
Hs_WntSa DSAAAMRLNSRGKLVQVNSRFNSPTTQDLVYI DPSPDYCVRNESTGSL GT QGRLCNKTSEGVMDGCELM
Hs Wnt5b DSAAAMRVTRKGRLELVNSRFTQPTPEDLVYVDPSPDYCLRNESTGSL GT QGRLCNKTSEGVDGCELM
Pf Wnt5a CCGRGYDQF KATLVERCHCKFHWCCYVKCKRCTRVVDQFVC

Pf Wnt5b CCGRGYDQF KTYKHERCHCKFHWCCYVKCKRCTSLVDQFVC

Dr_Wnt5a CCGRGYDQYKAELVERCHCKFHWCCYVRCKRCSSI VDQYVC

Dr_Wnt5b CCGRGYDQF KTYKHERCHCKFHWCCYVKCKRCTSLVDQFVC

Am_WntSa CCGRGYDQF TATLTERCHCKFHWCCYVKCKRCSRKVDQFVC

Am_Wnt5b CCGRGYDQF KTYKHERCHCKFHWCCYVKCKRCTSLVDQFVC

Hs_WntSa CCGRGYDQFKTVQTERCHCKFHWCCYVKCKKCTEI VDQFVC

Hs Wnt5b CCGRGYNQF KSVQVERCHCKFHWCCFVRCKKCTEI vDQYI C
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Fig. 1
rerio; Am: Astyanax mexicanus; Hs: Homo sapiens)

Alignment of P. fulvidraco (Pf: Pelteobagrus fulvidraco) WNT5A and WNT5B amino acid sequences with other species (Dr: Danio

IREASE 7 FON R R R SRR 2, RN ZR TR E S KR VIR 2 25 3R 24 RS BE IR R IR 2E; I 5 RN TE SEpE B
— XA PR AT R ATk LR R R Wnt- 1 SRARHE, S0 i 205 B R R AR B AL oL A

The identical residues are shaded with light grey. The region of potential signal peptidase cleavage sites (overline), 24 cysteines residues

conserved among most Wnt5a and Wnt5b proteins (asterisks), 4 conserved asparagine residues in oligosaccharide linkage consensus

sequences (sharp), the Wntl “family signature” (double overline) and the conserved tyrosine sulfation site (dot) are indicated
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Yt (Danio rerio) W . - 1 RWNTTA%
5% W (Oryzias latipes) M Pt 5 1 (Danio rerio) 5k
—%, TS WNTTASL R R — %
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* *
Pf Wnt7a NSRKTRRW FHI FLCLGI | YLKI GGFSSVVALGASI | CNKI PGLAPRQRTI CQSRPDAI | VI GEGAQM 68
Dr Wnt7a NSRKTRRWVFHI FLCLGI | YLKNGGFSTVLALGASI | CNKI PGLAPRQRI | CQSRPDAI | VI GEGAQM 68
Ol Wnt7a NSRRTRRW LRVLLCLGI VYLKI GGFSSVVALGASI | CNRI PGLAPRQRI | CQSRPDAI | VI GEGAQM 68
Hs Wnt7a INNRKARRCLGHLFLSLGMYLRI GGFSSVVALGASI | CNKI PGLAPRQRAI CQSRPDAI | VI GEGSQM 68
* * * *  k
Pf Wnt7a Gl NECQF QF RHGRWNCS AL GERTVF GKEL KVGS KEAAFTYAI | AAGVAHAI TAACTQGTLSGCGCDKE 136
Dr Wnt7a Gl NECQF QF KHGRWNCS AL GERT VF GKE L KVGS KE AAF VYAl | AAGVAHAI TSACTRGNLSECSCDKD 136
Ol Wnt7a Gl NECQF QF KHGRWNCS AL GERT VF GKEL KVGS KEAAFTYAI | AAGVAHAI TAACTQGNLSDCSCDKE 136
Hs_Wnt7a GL DE CQF QF RNGRWNCS AL GERTVF GKEL KVGSREAAFTYAI | AAGVAHAI TAACTQGNLSDCGCDKE 136
* k* ¥
Pf Wnt7a KQGF Y NQE EGWKWGGCS ADI RYGL SF S KIVF VDARE I KQNARTL IVNL HNNEVGRKI LEKNNVRLECKCHG 204
Dr Wnt7a KQGF Y AHDNGWKWGGCS ADVRY GL GF S KVF MDAKE | KHS ART L IVNL HNNEVGRKVL ERNNVRLECKCHG 204
Ol Wnt7a KQGFY. . . KGWKWGGCS ADI RYGL GF S KDF | DARE VKQNARTL IVNL HNNEVGRKVL EKNIVRLECKCHG 201
Hs Wnt7a KQGQY HRDE GWKWGGCS ADI RYGI GF AKVF VDAREI KQNARTL IVNL HNNEAGRKI LEENNKLECKCHG 204
* *
Pf Wnt7a VSGSCTTKTCWITLPKFRQLGYI LKDKYYQAVQVEPVRASRNKRPTFLKI KKPYSYRKPVMDTDLVYI E 272
Dr Wnt7a VSGSCATRTCWITLPKFRELGYI LKDKYTSAI HVEPVKATRHKRPTFLKI KKPYSYRKPVMDTDLVYI E 272
Ol_Wnt7a VSGSCTTKTCWITLPKFRELGY! L KEKYAQAVHVEPVKAS RNKRPKFLKI KKTYSYQKPLDTDLVYID 269
Hs Wnt7a VSGSCTTKTCWITLPQFREL GYVLKDKYNEAVHVEPVRASRNKRPTFLKI KKPLSYRKPVDTDLVYI E 272
* * * % %k * ¥ % %k * *
Pf Wnt7a KSPNYCEADPVTGS VGT QGRI CNKTAQQAN. SCDL NCCGRGYNTHQYSRVWACNCKFLWCCYVKCNTC 339
Dr Wnt7a KSPNYCEADLRSGS| GTQGRVCNKTL VHHPNGCDL NCCGRGY NTHQYS RVWACNCKFFWCCYVKCNTC 340
Ol Wnt7a KSPNYCEADHVTGS L GTKGRVCNKT MVQHI S GCDL NCCGRGY NTHQYS RVWACNCKFLWCCYVKCNTC 337
Hs Wnt7a KSPNYCEEDPVTGS VGT QGRACNKTAPQAS . GCDL NCCGRGYNTHQYARVWACNCKFHWCCYVKCNTC 339
*
Pf Wnt7a SERTEVYTC 348
Dr Wnt7a SERTEVYTC 349
Ol Wnt7a SERTEVYTC 346
Hs Wnt7a SERTEMYTC 348

2 TEHFA(Pf: Pelteobagrus fulvidraco) WNTTAZR LR F 5 5 B D fa(Dr: Danio rerio) 75 #(O1: Oryzias latipes)f1 N2 (Hs: Homo
sapiens) FIH AR £ 2 L X} 43 A

Fig. 2 Alignment of P. fulvidraco (Pf: Pelteobagrus fulvidraco) WNT7A amino acid sequences with other species (Dr: Danio rerio; Ol:

Oryzias latipes; Hs: Homo sapiens)
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The identical residues are shaded with light grey. 24 cysteines residues conserved among most Wnt7a proteins (asterisks) are indicated
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Pf_Wnt9b MRAG. . . TACLLR. . LSALCI I LHSHAAAAYFGLTGQEPLAFLSSP. YSDESAGGKAHMKQCEQMILT 62
DrﬁWnt9b MCTGLPRTACPLR. . LT ALCI LLS. . HAAAYFGLTGREPLVFLPGP. FANEP TNGKAHLKQCEQMILT 63
AmﬁWnt9b NMRTGLPRTACCLLPLTI ALCALFA. . HAAAYFGLTGREPLLFLPSP. HPLEPP GGKAHVKQCEQLSLT 65
H57Wnt9b MRPP. .. PALALA. ... GLCLLALPAAAASYFGLTGREVLTPFPGLGTAAAP AQGGAHLKQCDLLKLS 61
* * %
Pf Wnt9b RRQKRACRREPGVAETLRES VRLS QVMECRYQF RNERWNCS MDGRGS LLKRAFKETAFLLAVSSAALSH 130
Dr Wnt9b RRQKRLCRREPGLAETLRES VRLSLLECRYQF RNERWNCS MDGRGS LLKRGFKETAFLLAVSSAALSH 131
Am_Wnt9b RRQKRVCRREPGLPETLRESVRLSLLECRYQF RNERWNCSLDGRGSLLKRAFKETAFLLAVSSAALSH 133
H87WHt9b RRQKQLCRREPGLAETLRDAAHLGLLECQF QF RHERWNCS LEGRVGLLKRGFKETAFLYAVSSAALTH 129
* * ok *
Pf7Wnt9b TLAKACS SGRMERCTCDDTP GLQQREAWQWGVCGDNLKYS TRF LKKF LGQKRVS KDLRAQVDAHNI NA 198
Dr_Wnt9b ALAKACS SGRVMVERCTCDDS P GLQHREAWQWGVCGDNLKYS TKF LKKF LGQKRVS KDLRAQI DAHNI NV 199
Am_Wnt9b ALAKACS S GRMERCT CDDS PGLEQREAWQWGVCGDNVKYS TKF LKKFLGQKRVS KDLRAQI DAHNI NV 201
Hs Wnt9b TLARACS AGRVMERCT CDDS PGLES RQAWQWGVCGDNLKYS TKF LSNFLGS KRGNKDLRARADAHNTHV 197
* % * *
Pf7Wnt9b GI RAVKNGL VT TCKCHGVS GS CAVRTCWKQLSPF YVTGQLLKYRYDTAVRVLS VINAATGDTELAGPA 266
DrﬁWnt‘)b GI RAVKS GLKTTCKCHGVS GS CAVRT CWKQLSPF QDTGHLLKYRYDTAVRVHS VINSATGETELAGPR 267
AmﬁWnt9b GI RAVKS GLKTTCKCHGVS GSCAVRTCWKQLSPFHDTGRLLKFRYDTGVRVLSLTNAATGETELAGPR 269
HS_Wnt9b GI KAVKSGLRTTCKCHGVS GSCAVRTCWKQLSPFRETGQVLKLRYDS AVKVSSATNEALGRLELWAPA 265
* * * ®k * %
Pf Wnt9b RRG. . DTTPRPHPSELVFLEDSPSFCRPSRYSPGTAGRS CAKDTSCSSLCCGRGYNTALRLVTLSCNC 332
DrﬁWnt9b RHS. . ITLPRPRPTELVFLEESPSFCRPSRYSPGTAGRPCSKDTSCSSLCCGRGYNTALRLTTLSCHC 333
AmﬁWnt9b RQGN. GAGPRARPTDLVFLEESPSFCRPSRYSPGTAGRP CAKDTSCGSLCCGRGYNTALRLTTLSCNC 336
Hstnt9b RQGSLTKGLAPRSGDLVYMEDSPSFCRPSKYSPGTAGRVCSREASCSSLCCGRGYDTQSRLVAFSCHC 333
*k * % *
Pf Wnt9b QVRWCCHVECQTCVREEEVYTCKK 356
Dr_Wnt9b QVRWCCHVECQTCLREEEVYTCKK 357
Am_Wnt9b QVRWCCHVECQTCLREEEVYTCKK 360
Hs_Wnt9b QVQWCCYVECQQCVQEELVYTCKH 357

3 TR (PL: Pelteobagrus fulvidraco) WNTIBZZ: L 7 51| 5 BE 1 £4(Dr: Danio rerio)~ 5274 &F i A5 88 (Am: Astyanax mexicanus)F
NZK(Hs: Homo sapiens)Htx] 73 #t

Fig. 3 Alignment of P. fulvidraco (Pf: Pelteobagrus fulvidraco) WNT9B amino acid sequences with other species (Dr: Danio rerio; Am:
Astyanax mexicanus; Hs: Homo sapiens)
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The identical residues are shaded with light grey. The region of potential signal peptidase cleavage sites (overlined), the potential N-linked
glycosylation site (tilde), 23 cysteines residues conserved among most Wnt9b proteins (asterisks) are indicated
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Fig. 4 Phylogenetic tree based on the protein sequences of Wnts from P. fulvidraco (A) and other chordate species using the neighbor-

joining (NJ) method with 1000 bootstrap replicates
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Fig. 5 The mRNA level of Wats in the brain, spleen, kindey, gill, heart, muscle, fat, liver and ovary
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Data (mean+SEM, n=3 replicate tanks, and 3 fish were sampled for each tank) were normalized to housekeeping gene (8-actin and gadph).

Bars that do not share a letter are significantly different among different tissues (P<0.05)
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Fig. 6 Effect of Cu exposure on the mRNA levels of genes (Wnt5a, Wnt5b, Wnt7a and Wnt9b) in the ovary of P. fulvidraco on days 28 and
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CLONING AND TISSUE EXPRESSION OF FOUR WNT GENES IN YELLOW
CATFISH PELTEOBAGRUS FULVIDRACO AND THEIR RESPONSE TO
COPPER EXPOSURE

ZHANG Li-Han, LUO Zhi, YOU Wen-Jing, LI Dan-Dan, WU Kun and XU Yi-Huan

(Key Laboratory of Agricultural Animal Genetics, Breeding and Reproduction, Ministry of Education, College of Fisheries,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Four full length Wnt cDNA sequences, designated WntSa, Wnt5b, Wnt7a and Wnt9b, were amplified by RT-
PCR and RACE approaches from yellow catfish Pelteobagrus fulvidraco. The validated cDNAs of Wnt5a, Wnt5b,
Wnt7a and Wnt9b were 1984, 2905, 2158 and 1622 bp in length, encoding peptides of 375, 375, 350 and 358 amino
acid residues, respectively. The amino acid alignment and phylogenetic analysis revealed that Wnt sequences were rela-
tively conserved among different vertebrates. All Wnt mRNAs were expressed in tested tissues (brain, spleen, kidney,
gill, heart, muscle, mesenteric fat, liver and ovary) but with variable levels. Cu exposure for 28 days highly induced
Wnt7a mRNA levels only at 30 pg Cu/L group. Cu exposure had no impact on mRNA levels of Wnt5a, Wnt5b and
Wnt9b at day 28. On 56-day Cu exposure, mRNA levels of Wnt5b were not lowest at 60 pg Cu/L group and Wnt9b
were the highest at 30 pg Cu/L group. Wnt5a and Wnt7a showed no significant differences among three groups. The
present study indicated that functional differentiation exists in members of Wnt family, and some members may me-
diate the effect of Cu exposure on ovary development of yellow catfish.

Key words: Pelteobagrus fulvidraco; Wnt; Molecular characterization; Tissue distribution; Copper exposure



