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(Monopterus albus)( , 2014)
(Oreochromis niloticus)( ,2016) wtl
(Chordata) (Osteichthyes)
(Pleuronectiformes) (Pleuronectidae)
(Verasper) R , R
) 3 )
4 ,
gnrh ( ,2013) sox3 ( ,2018)
sox9 ( , 2018)  piwil2 ( ,
2020) ,
, RACE
wtla  wtlb cDNA
) PCR
, wtla  wtlb
1
1.1 wtl
, (
)(0h) 2 (4h) 8 (10h) 16
(12h) 32 (13h) (18h)
(20h) (26h) (27h)
(29h) (77h) (98h)
(136h) (163h) (188h)

(197h), ( 5d, 10d, 20d,
30d, 45d, 58d, 68d, 78d, 92d) [
(24.0+0.5)cm, (330+20)g] (

),
, Trizol(TaKaRa)
RNA, Thermo
(NanoDrop 2000) 1.2% ,
RNA SMART™ RACE cDNA

Amplification RACE (TaKaRa)
3’RACE  5’RACE cDNA

wtla wtlb EST s
Primer Primer 5.0 wtla  wtlb
3’'RACE  5'RACE ( D,
cDNA , PCR
(20pL) : Premix Taq™ (LA Taq"™ Version 2.0)
1oL 3 5’ 0.8uL UPM( NUP) 0.8uL
RACE-cDNA 1puL.  ddH,O 6.4uL.  PCR :
94°C 5min 94°C 30s, 3° 5’ 30s,
72°C 1min, 35 72°C 10min 1.2%
SanPrep DNA ,
PMD18-T Vector (TaKaRa) (PMD18-T
Vector 1uL, Solution I SuL 4ul), 16°C
3h DH5a (Code No
9057, TaKaRa) ) s PCR
1.2 wtl

ORF Finder (http://www.ncbi.nlm.nih.gov/

projects/gorf/orfig.cgi), ExPASy (https://web.expasy.
org/compute pi/), SMART (http://smart.emblheidelberg.
de/), Signal4.1 (http://www.cbs.dtu.dk/services/SignalP/)

NCBI (http://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi)

DNAMAN (Zemann et al, 2006)
et al, 2011) ,

MEGAS5.2 (Tamura

1.3 wtl
wtl s
, f-actin (D
Biosystems'™ 7500 Real Time PCR instrument
, :95°C 10min 95°C 30s, 95°C 5s, 60°C

Applied

34s, 40 95°C 15s  60°C Imin 95°C 15s

2AAcT , SPSS
20.0 , OriginPro 2017 ,
P<0.05
2
2.1 wtl

wtla 3263bp,
(ORF) 1245bp, 415 s
5’-UTR  3’-UTR 372bp 1640bp
, wtla 415

46.2kDa, 9.24, ,
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R1 KRB RERASY

Tab.1 Nucleotide sequences of the PCR primers used in this study

(5°—3")
wtla-S1 AGTAAAACCCTTCCAATGCGAGA
wtla-Al CTGACATCGCAAAACACCGTA
wt1b-S1 CACTTCTCAGGGCAATTCACA
wtl1b-Al CTTGGCTCAGATTTACCGTA
wtla-3’GSP-1 TCCGACACTTCTGAACACTGGT RACE
wtla-3’GSP-2 AGGAGAGAGGTGTCGTTTCATC RACE
wtla-5’GSP-1 CCGAGAAGTGGACGGTGAAGGC RACE
wtla-5’GSP-2 CCGACAGAAGTTTGCTGGCGAC RACE
wt1b-3’GSP-1 CGCTGGTCCAACTGTCAGAAGA RACE
wt1b-5’GSP-1 TGGCTGCTCGGACACGATTCTG RACE
wt1b-5’GSP-2 TTGGTTCTCCGAAGGCTCCGAC RACE
UPM-long CTAATACGACTCACTATAGGGCAA GCAGTGGTATCAACGCAGAGT RACE
UPM-short CTAATACGACTCACTATAGGGC RACE
NUP AAGCAGTGGTATCAACGCAGAGT RACE
wtla-S2 GACAGGTAGAAAGGTAGAGA
wtla-A2 TCACATACACCCATTAGGA
wt1b-S2 ATTTCCCATCCGTGTCTTG
wt1b-A2 AGTGAGTTCTTGCTCCCGA
wtla-RT-S AGTAAAACCCTTCCAATGC qPCR
wtla-RT-A GGCAGTTAAACGGCTTC qPCR
wt1b-RT-S GCTGACTGAACCGTATG qPCR
wt1b-RT-A TGTAGGGAGAGTTTGGAT qPCR
p-actin-S TTCTGGTGATGGTGTGAC qPCR
p-actin-A GTGGTGGTGAAGGAGTAG qPCR
M13-S CGCCAGGGTTTTCCCAGTCACGAC PCR
MI13-A GAGCGGATAACAATTTCACACAGG PCR
ORF 4 KTS ( 1) weld 89.50% 89.90% 74.11%,
2312bp, ORF  1281bp, 427 ( 3) wtlb
, 5>-UTR  3°-UTR 369bp  659%p wtlb , 97.19%
415 46.95kDa, 93.21%, (Anabas
8.99, , ORF 4 testudineus)
, KTS filfi (Takifugu rubripes) i
2.2 wel 89.95% 89.49% 89.02% 88.32% 88.08% 81.34%
wtla , 80.84%
wtla fii(Seriola lalandi) 9,
(Epinephelus coioides) s WTla WTlb ,
(Monopterus albus) , 94.23% WTl1b WTl1b ,
93.01% 91.59% 91.57%, , WTlb, WTla
(Larimichthys crocea) WTI1
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121
241
361

481

601

721

841

961

1081

1201

1321

1441

1561

1681
1801
1921
2041
2161
2281
2401
2521
2641
2761
2881
3001
3121
3241

AAGCAGTGGTATCAACGCAGAAGCTACATGGGCTCAGACCTCTCTCCTCCCTGAGTGAGCTCCATCTCTCTGCTGCTGCGGGACGGAAACCGAAGCTCGCAGCTGATCCACGTCTCTCGT
GTCTCCTTACTTCTTTTATTTCTGACTTTTCTGTGTCGCCAGCAAACTTCTGTCGGACTTAAGTGGTTTCCAGAGCGGCCGTCCCGAGGAGCAACGAGTCCACGACGTCTGACAGAGAAG
AAGAAGCTCCTCTCAGGCTCTGCAGGATTTGGAGGGTGGGGGCTGGTCTGGGTCACACAGGCCGACAGGTAGAAAGGTAGAGATCAAACTTTAAAAATTGCCTACCAACTTCCTCCTCTC
CTCCCCTGGACCACCGTTCAGACCTACGTGACCTGAACTCCCTGCTGCCCCCTCTCCCGGCGGGCCCCAGCCCCGGGTGCCCGGCCCTGCCCGTCAGCACGGCCCCTCAGTGGGCT

M6SsSDLRDLNSLLPPLPAGPSPGCPALPVSTAPQWA
CCAGTCCTGGACTTCCACCCCGCCGCCTCCCCTTACTCCTCCCTGGCCGCCCCCCACACCCCCCTGGGGTCCCACTCCTTCATTAAGCAGGAGCCCACCTGGGGAACCACAGTGGACCCC
pPvLDFHPAASPYSSLAAPHTPLGSHSFIKQE®PTWGTTVDTP
CACCACCACGAAGCAGACCCCCACTGTGGCCTCAGCGCCTTCACCGTCCACTTCTCGGGCCAGTTCACGGGCACGGGGGCCTGCAGGTACGGGTCAGCGTTCGGGGCGCCCCCTCCTCCG
HHHEADPHCGLSAFTVHFSGQFTGTGACRYGSAFGAPPPP
CCGACCTCCAGCCAACCGCCGCCTGTGACAGCACCGCACCACCACCAGCCCCCCGGCAGGATGTTCAGCAACCCGCCATACCTGACCAACTGCATGGACACCCAGCAGGTGGCCCGCAAC
pTSsSQPPPVTAPHHHQPPGRMFSNPPYLTNCMDTA®QQQV ARN
CAGACAGGTTACGGCGCAGTCGCATTCCATGGAGCCGGGAATTACGGCCACACTCCGACGCACCACAGCTCACAGTTCTCCAACCACACCTTCAAACACGAGGACGCTCTAACCCAGCAG
QTGYGAVAFDGAGNYGHTPTHHNSSQFSNHBTFKIHBEDALTQAQ
AACACGATGGGTGAGCAGCAGTATCCTGTACCTCCTCCTGTTTATGGATGCCACACACCGTCAGACAGCTGTACAGGCAGCCAGGCTCTGCTGCTGAGGAACCCTTACAACAGCCACGCA
NTMGEQQYPVPPPVYGGCHTPSDSCTGSQALLILRNPYNSIHA
ACAGGATACGACAGTGACCCCAACACCCCCATGGTGTACAGCTGCAGCACGCAGTACCGCATACACACACACGGAGTCTTCAGGGGAATTCAGGACGTGAGGCGGGTGCCCAGCATCGCT
T™  yYyDbDSDPNTPMVYSCSTQYRIHTHGYFRGIQDVRRVPSITA
CCGGCCATCGCTGCGGTCGGAGGCCAGCGAGAAGCGTCCGTTCATGTGCGCCTACCCAGGATGCAACAAGCGCTACTTCAAGCTGTCTCACTTGCAGATGCACAGTCGTAAACACACAGGG

PATVRSEASEIKRPFMCAYPGCNIEKRYZFKILSHILQMHSTRIEKIHTG®G

GAGAAACCGTACCAGTGTGAGTTCACAGACTGCGGCCGGAGGTTTTCCCGCTCCGACCAGCTGAAACGACACCAGAGGAGACACACAGGAGTAAAACCCTTCCAATGCGAGACGTGTCAG

EKPYQCEVFTDCGRRFSRSD QLI KRHQRRHTS GV KPFQCETCA

AGAAAGTTCTCTCGGTCTGACCACCTTAAGACACACACCCGGACTCATACAGGTAAAACAAGCGAGAAGCCGTTTAACTGCCGGTGGCCAAACTGTCAGAAGAAGTTCGCCCGGAGCGAC

RKFSRSDHLEKTHTRTHTOGKTSETZ KPTFNCRWPNCOCQKZEKTFARTSTD

G/\GCTGGTGCG/\CI\CC/\C/\/\C/\TGC/\CC/\G/\GG/\/\CCTC/\CCI\/\GCTGC/\GCTCGCC/\TCCCG/\GTCCGGCCCC/\CGTCCCCCCI\GTTCT/\C/\CGT/\/\/\/\C/\TCTGGGTC/\C/\TC

ELVRHHNMHQQRNLTZE KL QLATIT *

TGCTTTTATTTTCTGCCGACCCCCCCTGTGCACCTGCCTGTGTGAAATCCAGCTGGGTCCTAATGGGTGTATGTGATTTACATTTAAATAACTAGACACAACATTCTGCATTCAGAGGTA
AAGTTCAGTCCTGAAGGATTCTCACAGACGTGGGTTGAAAACAGTTTGTCTTGGAAAATGTGATGTGACTTGAATTTTAAATTCCAACAAAACCACGAAAAGACCAAAACCAGTGTGAGA
AAAACTTTGTCCCTCGTTCGACTGAACAAGAAGAAGACGACGATGTTGAGGAGCAGAGGCTCAAGCGGAGAATTCACGATTTTCTGCATCATACGTAATAAAATTGTTCTCAACTTCAAG
TGTTTTTACATCCGATAAACCTTCGGATTTACTTGCTGTTTCTTGAAGATGTTAAATTATACCAACAAACAAACAGAAAAACCACAACTTAACGTTCACTTCATGTGTCGTCCTGCGTCT
CAGGTTTTTATCTCCACAGACTTTATCTTGGTTTTGGACTTTTCATCGGAGTTCATTCCAGTAAATACACGTTTCTGTCTGGATTTGAATTCTCATTCCGTGAAGTCGGTGAGCACGTGA
GTTCTTCCAGGTTTTTACTCACAGGATTCACAGCTGAGGTTTCTTTATACCGAGGTTTTGTAAATATACAYGTGCACACCCCCCCCCATTCGATCTACATTCACTTTATACGGCCCTCGT
GTCCGACACTTCTGAACACTGGTAACTTTCCACGTCCTGGTGCTAAAGAATCCTTCCTCCGATGTGATGTCTCATCCGTCCCCACCGTGTGCACAGGGAGGTCAAAGGTGACGGTCGGGC
ACGTCGGCTGCAGCTCAGCTGTAAATAATCTCTTCACGTTGAACGATGACTTTATTTATTATCCCGTTCATTGACACAAATACCTTCCRCTGGATTCATTTAARAGGARAGAGGTGTCGT
TTCATCCCTTTAGCATTAAACTAAAAAAGCTGCCTTTAATTTGAGRAAAGATCAAATGAATTAATCCGACTCCTTATACGGTGTTTTGCGATGTCAGCTTTTGGTGTTTTGTCTCGTCGG
CATTAAAACAAACTTTGCAAACACGTCTTCCCGGTTGTATATTTTGTTTCGGCGTGTTGCTGCGTGCCGCGGCGCTCTCGGCGGSCCACGGCAGAGCCTCTCGTCTCTGTGGTGTGTAAA
TATTGCTGGACTCTTGACAGCGAGCTYTGAGATATGTCTGCCGGGTCACACTGCCTCTGTGGCCGGGACGTTATGGTCAAGATGTAAATAAAACCTCTTCACAGTGGGAACTGAACTCTG

TCCACGGGGGAGAAACATGTAACTGAACTGATGTATTTCAGACT TGATGTGTGTTGAGATYTGAGTCGTAAAA

"TTGGACTG'

CTACTTTGT

TTC

CAACAACTGTCAGTGGAACGTTTCGTCCTCAAACGTGTGAGATTAATGGAAAAATGCTGGTTTCTCTCTCTGTGTAAATGTAATGTGACTGTTTTGATACAGCAACACTTTCAGTAAAAA

AAAAAAAAAAAAAAAAAAAAAAA

1 wtla cDNA

Fig.1 Nucleotide sequence and deduced amino acids sequence of wt/a
(ATG) (TGA) ,KTS , , polyA
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AAGCGGTGGTATCAACGCAGAGTACATGGGGAGACATTATAGAGACAGAGGGACAAGGCACTGTTCCCCTCACTGACTCTCACTTCCACCGCACTGCTGATACACAGGGAGCTTCAGATT

-

121 TGGCAGATTTTGTTCATCATCGTGCCTTCAATCAATGTCGTCATTTGGTTGGAAAAGATGGCTCCTGTAGTGATTTGCGATAACTGATGTTTGTTTCTGTAGAGGACTTTCCTTCGTGCT
241 CGTTGTTTCTTCAGGTTGAGTTTTTGTTGCGCTTGTAGGAGTTTATTACTGTGACTTTTTAATTTCCCATCCGTGTCTTGACTGGAATACCCTCATTCTCCTGTGAACTGTCTCGAGCTG
361 CCT"TCAACA@CTGACTGAACCGTATGGAGCCATGTCCATGGGGTCAGAAGTTCGAGATCTGACCCTTTTAACTCCAGCGCCCCCCATGCCATCCTTACCAGGAGCTGGTGGTGGCTGT
ML TEPYGAMSMGSEVRDLTLLTPAPPMPSILPGAG GGG GC

481 GGGATGTCCGTTGGCACTGGCCAGTGGACCCAACTGCTGGACCTCCATCCAAACTCTCCCTACAGCTCCCTGCCCTCCCACCCCTCCCTGATCAAGCAGGAACCAGGTTGGGGGACCGCG
GMSVGEGTGQWTQLLDLHPNSPYSSLPSHPSLIKO QEPGWGTA
601 GACCCCATAGAGGACCCTCACTGTGGACCCTGTGGGGCCTTCACGGTGCACTTCTCAGGGCAATTCACAGGGGCAGGCCCCTGTCGGGTCGGAGCCTTCGGAGAACCAACTACAGGTCAA
pbpI1EDPHCGPCGAFTVHFSGQFTOGAGPCRYGAFGEPTTGAQ
721 CCCAGAGTGTTCCCCAATGGGACCTACCTGCCCAGCTGTGTGGACAGTCCCCCTGCAGCCAGGAACCAGGGTTATGGAGCGGTGGGTTTGGACAGCAGCCCCAGTTGTGGTCACGCTGCG
PRYFPNGTYLPSCVDSPPAARNQGYGAVGLDSSZPSCGHAA

TCAAACACGAGGACACACTGTCACCTCCAAACAACATAGTTGACCAGCAGTACC 5GTTGCCACAAT

841 TCCCACCACACCCCTCAGCTCTCCAGCCTCT

SHHTPQLSSLSFKHEDTLSPPNNIVDQQYGAPPPMFGTCHN
961 CCTTCAGAATCGTGTCCGAGCAGCCAGGCTCTGCTGCTGAGAAACTACAACAGTGACAATGTTTACCAAATGGCATCTCAGCTGGAGTGTGTAAAATGGAACCAGATGAACAGCCTGGCA
pPSESCPSSQALLLRNYNSDNVYQMASQLETCVKWNQQMNSILA
1081 TCTTCCATGAAGAGCGGTGTTCATACAACCAGTTATGACAGTGACCCCATAGTCCCACCTCCACCCATGCTTGTCAGTGCTCAGTACCACATACACGCACACAGTGTGTTCAGAGGACTA
S SMKSGVHTTSYDSDPILVPPPPMLVSAQYHTIHAHSVFRGL
1201 CAGGACGTCAGACGGGTACCTGGCATCGCTCCTCCTGTTGTGAGGTCAGAGGCCAATGAGAAGCGTCCATTTGTCTGTGCTTATCCAGGCTGCAGCAAGAGATACTTCAAACTGTCTCAT

QDbDVRRVPGGIAPPVVRSEANETIKRPFVCAYPGCSKRYFKILSH

1321 CTGCAGATGCACGGCCGCAAACACACCGGAGAGAAGCCTTACCAGTGTGATTTCACAGACTGTGGCCGCAGATTCTCCCGCTCAGACCAGTTAAAGAGGCACCAGCGCCGACACACAGGA

LQMHGRKHTGEI KPYQCDFTDCGRREFSRSD QLZKRHQRRIHITG

1441 GTGAAGCCCTTTCAGTGCGAGACGTGTCAGAGAAAGTTTTCACGGTCAGACCACCTTAAGACGCACACTCGGACTCATACAGGTAAAACAAGTGAGAAGCCCTTTACCTGCCGCTGGTCC

VKPFQCETCQRKFSRSDHLEKTHTRTHTGKTSEZKTPTFTCRWS

1561 /\/\C'I'(}'I'C/\GAAG/\/\G']"]"I'GCCCGC'I‘C’I'GACG/\GC'I‘G(;'I‘GCGCC/\CC/\CAGC/\'I'(‘-C/\CCAG/\(}(}/\/\CC']'G/\CC/\/\GC’I'GC/\G()()'I‘GCCA'I‘(./\C/\G(lG/\GGA(;ACG/\GG/\(}G/\GG/\CG/\

NCQKZKZFARSDETLVRHHSMHQQRNILTIKTLAGQPATIT *

1681 GGAGGACGAGGAGGACGAGGACGAGGACGAGGAGGAAGGTGACAAAATGTTGTGCCAGCTAGTAGAGAGAGAAGCTTGGAGCCTGGTCAGCGGTTATGGTGCCTTGTCAGACTCGCTGAT
1801 GGGATGAGCACAGCTGATGCCTCCCTCAGCCACGCAGATGACGTCGGGAGCAAGAACTCACTGATGATCCACGAGATCCCCAAGAGGCACCTCAACCAGCGYTCGCTCATCTGACTTTAA
1921 AACTCAGRCTTTGAAAGGATACGGTAAATCTGAGCCAAGAATACATTTTTTTTATAGGAGATGAGGAAAATATYGATTTTGGAAATTTCAGTACACTTGCACTGGCTTTTTGTTTTATTG
2041 TTAAAGTTGTGTCACCTTGAAAAATGTGCTGAAAAATGTGCTGGACCATGTAAACTGGATTTAGGGAAACTTTTTGTCCATGAAGCTGAGCACGGAAAATTTTTGCTTTTGGTGGAATGT

2161 GAACATATATTCTTACACTCGCCACCACCACCRAACTGCTTTGTATATGTT [CTGTGCTTTTGTACGTTTATAAAACGTCGT

"TGCCCACATTTATAGACATTCCTTTTGTATT

2281 TCCACATAAAAAAAAAAAAAAAAAAAAAAAAA

2 wtlb cDNA

Fig.2 Nucleotide sequence and deduced amino acids sequence of wt/b
ATG TGA ,KTS , , polyA

23 wil ) ,
wtla wtlb
( 6), wtia , ( 7wtla 10d
) , wtlb

wtlb
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Fig.4 Amino acid sequences alignment of wt/b gene with other species
5 KTS WTI1b : (XP_019954195.1) (AWP01692.1)
(ARUS81315.1) (XP_020471329.1) (XP_010740189.1) (AFV66806.1) (XP_026234955.1)
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42 WT1 A Homo sapiens (AAH32861.1)
99 WT1 %R} Macaca mulatta (AF138242.1)
WT1 £5¥8 Sus scrofa (062651)
74 45
WT1 /\§, Mus musculus (P22561)
WT1 [R38 Gallus gallus (XP_015141620.1)
10
62 l: WT1 4IE€ Trachemys scripta (AAB70832.1)
75 WT1 th#£& Pelodiscus sinensis (XP_006128968.1)
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Fig.6 Relative expression characterization of w¢/ gene at different development stages of the embryo
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CLONING AND EXPRESSION OF THE WTI GENE IN SPOTTED HALIBUT
(VERASPER VARIEGATUS)

YANG Zhen-Zhen"?, BIAN Li"®, ZHANG Yan', CHEN Si-Qing"’, CHANG Qing', ZHANG Sheng-Nong',
LIU Chang-Lin', GE Jian-Long'
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. College of Fisheries and

Life Science, Shanghai Ocean University, Shanghai 201306, China; 3. Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract The spotted halibut (Verasper variegatus) is a rare and valuable marine fish species that inhabits the coast of
the northern China. Mature females are much larger than males because of their faster growth. It will create substantial
economic benefits to establish an all-female breeding technique for V. variegatus. A better understanding of sex-related
genes will contribute to the improvement of a single-sex breeding technique. In this study, we successfully isolated the wt/
gene of V. variegatus, which is named Vvwtla and Vvwtlb. The total length of wtla was 3263bp, including a 1245bp open
reading frame (ORF), encoding 415 amino acids, the 5'UTR was 372bp and the 3'UTR was 1640bp. The total length of
wtlb was 2312bp, including a 1281bp open reading frame (ORF), encoding 427 amino acids, the 5'UTR was 369bp and the
3'UTR was 659bp. Through biological analysis, the wt/a gene encoded amino acids, with a predicted molecular weight of
46.2kDa and an isoelectric point of 9.24, no transmembrane structure or signal peptide site was detected, there were four
zinc finger structures at the end of ORF and encode KTS. The wt/b gene encoded amino acids, with a predicted molecular
weight of 46.95kDa and an isoelectric point of 8.99, no transmembrane structure or signal peptide site was detected, there
were four zinc finger structures at the end of ORF and encode KTS. Real-time fluorescence quantitative PCR technique
was used to analyze the expression patterns of the wt/ gene at different stages of embryo and larvae. The results show that
the expression level of wtla and wtlb genes in gonads was significantly higher than other tissues’, and the expression level
in the testis was significantly higher than in the ovary. Therefore, we speculated that wtla and wtlb genes play important
roles in gonad and kidney development and function. In the early stage of development, wt/a gene weakly expressed
before the early gastrula, then the expression level gradually rose to the highest level in the neural embryo stage, followed
by a decline until the hatching stage. It is speculated that wt/a gene might played a role in the differentiation process of
primitive germ cells and gonad development.

Key words Verasper variegates; wtl; gene cloning; expression analysis



