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(Sepiella japonica)
%
(GnRH)
(
316022)
(GnRH) ,
cDNA (RACE) (Sepiella japonica)
( SjGnRH, KP 982885.1) SjGnRH cDNA 710 bp,
(ORF) 273 bp, 90 , 31 12 GnRH
44 GnRH (GAP) SjGnRH (Uroteuthis edulis) (Octopus
vulgaris) 86.7% 73.3% SjGnRH octGnRH
100%, 66.7%  54.8%, GAP 95.5% 77.3%
PCR (qRT-PCR) , SjGnRH ,
: (P<0.05) SjGnRH mRNA ,
: SjGnRH , SjGnRH
(Sepiella japonica) (GnRH)
Q789; S931; S968 doi: 10.11693/hyhz20210400083
(GnRH) (mGnRH) . cfGnRH

, - - R hrGnRH mdGnRH sbGnRH wfGnRH GnRH-I

(Gottsch et al,
2004; Chaiyamoon et al, 2020) GnRH
GnRH s

s (Tinikul et al,

2014; Chaiyamoon et al, 2020) GnRH
(Ma et al, 2020),
(Counis
et al, 2005) GnRH
GnRH-I GnRH-II GnRH-III,
GnRH (Chang et al, 2018) GnRH-I
* , 31872547 ;

wu2964061429@hotmail.com
: , E-mail: chicf@zjou.edu.cn

:2021-05-14

s s

:2021-04-07,

(POA) (Selvaraj et
al, 2012) GnRH-II ,
(Schneider et al, 2008)
GnRH-III ,
POA (Kah et al, 2007)
/GnRH-1  IGnRH-III
(Nozaki et al, 2000; Silver et al, 2004),
, GnRH-1I  GnRH-III ,
GnRH-IV  (Decatur et al, 2013)
GnRH-V )
octGnRH,

GnRH-IV

(Octopus vulgaris)

, LY20C190007 , , E-mail:
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(Aplysia calfornica) apGnRH (Zhang et al, s 80—120 g
2008), 23—25 °C, 28—30, 14 h,
( , 2003), octGnRH 10 h, ,2 /d
(Kanda et al, 2006) 1.2 RNA cDNA
R GnRH (Zhou et al, 0.1% 5—10 min,
2012), octGnRH , apGnRH (Tsai et
al, 2010) GnRH , , ,—80°C Trizol
, (Tsai, 2018) RNA (TaKaRa), PowerScript
(Sepiella japonica) (TaKaRa) cDNA, 42 °C 90 min
20 70 NucleoSpin  (TaKaRa)
) , , , 1.3 SjGnRH
, (BAB 86782.1)
, (Cao et al, (Uroteuthis edulis, BAH 09303.1)
2016) , GnRH GnRH-F/GnRH-R (1),
, , (Cao et al, 2016)
, GnRH-F/GnRH-R
cDNA (RACE) , 5'-RACE
3'-RACE Firstchoice RLM-RACE
1 (Ambion) , PCR
1.1 pUCm-T (Bio Basic), ( )
#1 GnRHERARESIMER
Tab.1 The primers used in GnRH gene clone
(5'—3)
GnRH-F CAGACNCAAGCACARAAYTA
GnRH-R TYTCTATCAAAGCYTTTGT
5'-GnRH-outter TTACCACCAGGGTGCCATCC
5'-GnRH-inner TTGCTAAAATGGTAATTCTG
3'-GnRH-outter AGGAAATCACTCGTATAATT
3'-GnRH-inner AATTACTACATGTACCAATA
MI13-F TGTAAAACGACGGCCAGT
M13-R CAGGAAACAGCTATGACC
S'RACE Adapter GGCCAGGCGTCGACTAGTACGGGGGGGGGG
5'RACE Outer Primer ACUACUACUAGGGGCGTCGACGTA
5'RACE Inner Primer ACUACUACUAGGGGCGTCGA
3'RACE Adapter GCGAGCACAGAATTAATATTTTTTTTTTTT
3'RACE Outer Primer GCGGATCCGAATTAATACGACT
3'RACE Inner Primer GCGAGCACAGAATTAATACGACT
1.4 SjGnRH s Laser gene (DNAStar, Inc.,
Premier 5.0 RACE Madison, Wisconsin, USA) cDNA
NCBI ORF Finder (http://www.ncbi.nlm.nih.gov/ (http://www.cbs.dtu.dk/services/
gorf/gorf.html) (ORF) SignalP)  SignalP 4.1
DNAMAN 8.0  SjGnRH cDNA SMART (http://smart.embl-heidelberg.de/)
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ClustalW (Cao et al, 2016)
(http://www.ebi.ac.uk/tools/msa/clustalw2/) 1.7
ExPASy ProtParam Server (http://web.expasy.org/ pmaact SjGnRH
protparam/) mRNA
MW) (pI) Phylogeny.fr Gblocks 0.91b Server + (S.D.) (n=3),
(http://phylogeny.lirmm.fr/phylo_cgi/one_task.cgi?task (One-way ANOVA),

_type =gblocks)
MEGA-X

1.5 gRT-PCR SjGnRH

RT-PCR SYBR PreMix Ex Taq™ II
4 1 , SjGnRH ~ (KP 982885.1)
(TaKaRa), 7500 PCR (Applied
) 273 bp ORF 86bp 5'-
Blosystems) ’ 352 bp  3-UTR( 1) S$jGnRHMW
- n
(Cao et al, 2016), P €Dy
B-actin (IN564496.1) pl. 7.71 BLASTn
1.6 SjGnRH mRNA
SiGnRH ~ cDNA §/GnRH 31
49305 pSPT 18 , 44 GnRH
EcoR1  Hind Il , SP6/T7 Dig C
RNA (Roche Diagnostics) Gly-Lys-Arg),
RNA ,
1 TCTCATCCCTCGAAGAAGACAAAGAACAGTTGAAATCTCCATCATCAGGTAAACATCTACCAGC
76 C/\(I'I‘/\'I'/\/\'I‘I'C/\/\CC/\CI‘(IC/\CI‘C'[’CG'['CC/\/\CI"['G/\(i/\/\/\/\/\'l‘(}(}CCI"I"I'C'I'C/\CC'I'G'I'(}CCA'I"I'C'I'CC'I‘
1 Ms]r A L[SISINLRKMAFL[MIMICATLL
151 CCTGTCTTTCTGCATGCAAATACAAGCACAGAATTACCATTTTAGCAATGGATGGCACCCTGGTGGTAAACGAAG
23 L SFCMQIQAQNTYHTFSNGVWHTPGG® GTEK RIS
226 TGGACTTCCAGACATGCAGTGTCATTTCAGACCCCAAACAAAAGCTTTGATCGAGAAACTCTTAGACGAGGAAAT
48 GLPDMQCHFRPQTZE KALTEZKTLTLDEEI
301 CACTCGTATAATTACTACATGTACCAATACAGTCAATGACATTGCAGACTTGCAGTGATACTTCACAGGTCAAGC
74 TRILITTCTNTVNDITADLQE
376 AAATTCACTGGATATGCAACCACCAAATAAAACTGACCAAAGCTGGAAGGCTAACATTTCACAGAAAAAGATCAA
451 CTTTATGATTTTTAATTATTGATAAAACCAAGACAATTTCTTATATATATATATATATATATATATATATATATA
526 TATATATAATACACACACCTGCTGAACAGAACTGTCAAAACACTGTAATATACAGAGCTATATATGTAGATCATA
601 GGACTTTATATGATATTACTTATATATTCATTATAATATCATGAGTTAAAACTAAAAAAAAAATGGT
676  GATTTCTGTACAAATATAAAAAAAAAAAAAAAAAA
1 SjGnRH
Fig.1 Sequence analysis of the GnRH gene in S. japonica
: N- s
(ATG) (TGA) (AATAAA) GnRH
,C GnRH (GAP)
2.2 SjGnRH 30281) (Haliotis laevigata, AKR
SjGnRH 13997.1) (Crassostrea virginica, XP
GnRH ClustaW2 ( 022319572.1) (Crassostrea gigas, ADZ
2), GenBank : 17180.1) (Mizuhopecten yessoensis, XP
(KP 982885.1) (BAB 86782.1) 021347551.1) (Charonia tritonis, AQS
(BAH 09303.1) (Haliotis discus hannai, ARE 80512.1) ,

P<0.05

2

2.1 SjGnRH




(Sepiella japonica)

(GnRH)

V¥ Sepiella japonica MSTTALSSNLRKMAFLTCATELLSECMOTQAGNVISIERINONH PECKRSGL . . . .. .. .. .. POTKALTERLLD 69
Octopus vulgaris MSATASTTSSRKMAFFIFSMELLSLCLOTQAGNVISERIN@NHPECKRSAL . . ... ...... OQTKALIERILD 69
Uroteuthis edulis MSTSPVTSTLRRMVFLTCATELLSLCMOT QAGNYEIESNENH PECKRSGT . . . .. .. .. .. POTKALIEKLLD 69
Haliotis discus hannai ~ ...... MSVLSRQGVTVSVLELLLTVHAVGGONYBIERNGNHAGRKRGG . . . o oo v vv v e KDILMLVNELIM 62
Haliotis laevigata ~  ...... MSVLSSQGVTVSVLELLLTVHAVAGONYISERINENACRKRGG. . . ... ...... KDILMLVNELIM 62
Crassostrea virginica ~ ..... MKVSPCTQVIVMVLTLG. . LLCEVHRAQNYRIESNSIOPEKRS . . . . ..o oot .. PEIRSILFRIIE 58
Crassostrea gigas ~ ..... MKVSPCTQVIVMVLTEG. . LLCEVHAGNVIEIFSINENOPEKRS . . .. ... ........ PETRSILIKIIE 58
Mizuhopecten yessoensis ~ ....... MSSYTQILVAQLL @KRAPMM. . ....... PHIKALLLWIIE 64
Charonia tritonis .MSTSRTIVPSTMVALLAA [(KRGNGALNKATFYRSITTENL PRVLSVINELIO 79
Sepiella japonica E| TITTCTN. . TVNDIADEO . « v v v eeeeeeeeeeeennneannnns 90
Octopus vulgaris E| TITTCTG. .PUNEIADE. ¢ o vttt et e e eeeeeeeneanennn 89
Uroteuthis edulis E| ILTTCTN. . TVNDIADEO . ¢ v vt v e et e e eeeeeeeeeenenennnns 90
Haliotis discus hannai E| AHRCON . . GVPHMDFTEPDTVEADSANQLTDKRWK . « v v o v v vt 101
Haliotis laevigata E| AHRCON . . AVPHMDFTEPDTVDAESDGQLTDKRWK. « v v v v vt 101
Crassostrea virginica D| TQKCSNS. .NMEDVEFSHIQEK.SAVDGREM. « vttt vveeeennnnn 90
Crassostrea gigas D TOKCSHS. .NIEDVESHIQEK.TGVDAREV. v vvveenenennn. 90
Mizuhopecten yessoensis D| TKSCGSS. .GYDDIINBLOSKQSGLPLSSGMPSDSQ. v v v v v e 103
Charonia tritonis E| ERSCSSEEPINHLKLEMEGS PFHSAEATRQKLEEAVAEDEDEAMNK 131

2 GnRH
Fig.2 Multiple alignments of the deduced amino acid sequences of GnRH from S. japonica and other species
86.7% 73.3% (Ruditapes philippinarum) (Song et al, 2015)
SjGnRH invGnRH, ,
octGnRH 100% invGnRH :invGnRH 12 aa-OH  invGnRH
66.7%  54.8% GAP 11 aa-NH,
95.5% 77.3% SjGnRH ,
GnRH 3 GnRH )
( 4 , SJGnRH
, (Bigot et GnRH , (Sepia lycidas)
al, 2012) (Nagasawa et al, 2015b) (Sepia pharaonis) GnRH
_ Species 1 2 3 4 5 67 8 9 10 11 12
Homo sapiens pPQ — — HW S Y G L R P G amide
Gallus gallus-I pPQ — — HW S Y GL Q P G amide
Rana dybowskii pPQ — — HWSYGL W P G amide
Chordata | Clarias macrocephalus pPQ — — HWSHGTL N P G amide
Oncorhynchus keta PQ — — HWS Y GW L P G amide
Gallus gallus-I pPQ — — HW S HGW Y P G amide
L Petromyzon marinus-l| pPQ — — HW S HGW F P G amide
[ Sepiella japonica ¥ pQ N Y HF SNGWH P G amide
gep{a/yCIdaS, pPQ N Y HF SNGWH P G amide
opia pharaonis PON Y HFSNGWH P G amide
Octopus vulgaris .
Uroteuthis edulis pQ N YHTF SNGWH P G amide
Sepia officinalis pQ N Y HF SNGW K S G amide
Mollusca T Loftia i )
ottia gigantea pPQ N Y HF SNGW Q P G amide
Aagzzg:téitaeglizzsoensis EEE R Q [ amide
Patinopecten yessoensis PRQNFHYSNGWQ P G am!de
Aplysia californica pPQ N YHTF SNGWY A — amide
L Ruditapes philippinarum pPQ S Y HF SNGWN P G amide
Annelida { Capitella teleta pPQ A Y HF SHGW F P G amide
Helobdella robusta pQ S I HF SR S W Q P G amide
Arthropoda <" Procambarus clarkii pPQ N HH F SL GW K P — amide
Echinodermata { Strongylocentrotus purpuratus  pQ V H H R F S G W R P G amide
3 GnRH ( )

Fig.3 Amino acid sequences of representative notochord GnRH and non-chord GnRH molecules (validation or derivation)

s
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99| BCG29712.1 Sepia lycidas

QPB69198.1 Sepia pharaonis
ALS92801.1 Sepiella japonica ¥
BAB86782.1 Octopus vulgaris

99

L 1001 KOF92171.1 Octopus bimaculoides
51 BAH09303.1 Uroteuthis edulis

51 — AKR13997.1 Haliotis laevigata

100] ARE30281.1 Haliotis discus hannai

AQS80512.1 Charonia tritonis
94 ARS01378.1 Deroceras reticulatum
—|:QIH29241 .1 Lymnaea stagnalis

99— XP 033746937.1 Pecten maximus

[ XP 021347551.1 Mizuhopecten yessoensis

99 XP 022319572.1 Crassostrea virginica

98 I: AKA95278.1 Crassostrea gigas

A
0.20

4 §jGnRH GnRH
Fig.4 The phylogenetic tree was constructed by maximum likelihood method between the amino acid sequence of SfGnRH and the
amino acid sequence of GnRH of other species

2.3 SjGnRH ( 6a)
: (
SjGnRH 2011) SjGnRH
5 , SJGnRH , ,
, , ( 6b), ( 6c)
) ( 6d),
(P<0.05) ( 6e), ( )
2.4 SjGnRH mRNA , s
6 , SjGnRH mRNA ,
, ( ) , , SjGnRH
40

(1] 08 a i

g g

& E

@ D

£ ]

£ £

o] &

%) %)

0 0
> & / S /
e
5 SjGnRH mRNA
Fig.5 Distribution of S§GnRH mRNA in various S. japonica tissues
+ (8.D)@#=3) ,
p-actin , LSD(Least significant Difference)

a b ¢ (P<0.05)
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6 SjGnRH mRNA
Fig.6 The expression of §jGnRH mRNA in the brain
:a. §§GnRH ; :b. ;C. ;d. ;e. ; .
VL. ; SVL. ; SPL. ; SFL. ; IFL. ; ABL. ; PBL. ; BL. ; PL. ; PVL.
; MAG.
SjGnRH ( 6f) (Deroceras reticulatum)
, , GnRH
3 GnRH
SjGnRH GnRH-V ,
3.1 SjGnRH octGnRH (Loligo bleekeri)
SjGnRH  cDNA 710 bp, 273 bp GnRH ,
(ORF), 90 , 31 GnRH ,
) ., GAP GnRH (Amano et al, 2008)
44 C GnRH
(GKR, Gly-Lys-Arg), , , (Bigot et al, 2012; In et al, 2016)
> (Nagasawa et al, 2015a, b), ,
C
(Onitsuka et al, 2009) GnRH
SjGnRH GnRH
; §GnRH 32 SjGnRH
, N C GAP
ClustalW , §§GnRH qRT-PCR , SiGnRH
GnRH 86.7% 73.3%
, 66.7%  54.8%, GAP (Sepia officinalis)
95.5% 77.3% SjGnRH RT-PCR GnRH
octGnRH (Di Cristo et al, 2009) , RT-PCR
100% : §jGnRH Southern blot , GnRH
GnRH , (Ovula ovum) (Onitsuka et al, 2009)
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, apGnRH-like (Tsai et al, 2010)

(Octopus minor)  qRT-PCR
, octGnRH
( , 2020),
, , SjGnRH
: GnRH-I  GnRH-II
(Gadus morhua) (Hildahl et al,
2011) sbGnRH  sGnRH
( , 2017), GnRH
(Imanaga et al, 2014; Andrea et al, 2016),
sGnRH sbGnRH sbGnRH
, ( )
2017), , sbGnRH
GnRH
( , 2017), GnRH
(Gray et al, 2002) sbGnRH

(Masafumi et al,
2008) GnRH LH
(Nyuji et al, 2013)
(Sparus aurata)
Selvaraj et al, 2012)
GnRH

GnRH
(Gothilf et al, 1997,

GnRH
(Powell et al, 1996)
(Soverchia et al, 2007)
, octGnRH

(Iwakoshi et al, 2002)
octGnRH mRNA
octGnRH
(Iwakoshi-Ukena et al, 2004),
mRNA

, octGnRH

, SjGnRH mRNA

octGnRH
, octGnRH - s

>

(Di Cosmo et al, 1998; Iwakoshi et al, 2002;
Iwakoshi-Ukena et al, 2004) octGnRH
(Newth, 1972) (Balaban, 1996)
(Iwakoshi-Ukena et al, 2004) S
¢GnRH-II GnRH
, ¢GnRH-II
(Amano et al, 2008),
(Osada et al, 2013)

GnRH
(Amano et al, 2008)
octGnRH
5 GHRH
GnRH (Di Cosmo et al,
1998; Iwakoshi-Ukena et al, 2004) ,
SjGnRH >
GnRH

(Atyanax altiparae)

>

(Gomes et al, 2013) s

, (Andrea et al,

2016) , —_
, SjGnRH
5 GHRH
, SjGnRH

4

(1) SjGnRH

GnRH-V s

octGnRH

(2) SjGnRH ,
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(3) SjGnRH
(4) SjGnRH
S s , 2011. (Sepiella
maindront) . s
42(2): 300—304
s R , 2020. oct-GnRH
cDNA . , 42(5): 585—594
> ) , 2003.
GnRH
, 24(22): 2081—2083
, 2017. Mtnrs, kiss/kisst  GnRH
( )
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IDENTIFICATION, CHARACTERIZATION, AND EXPRESSION ANALYSIS OF A
GNRH-LIKE GENE AT MATURE STAGE IN THE CEPHALOPOD SEPIELLA
JAPONICA (SEPIIDAE)

WU Jun-Hong, CAO Zi-Hao, ZHENG Li-Bing, CHI Chang-Feng

(National and Provincial Joint Laboratory of Exploration and Utilization of Marine Aquatic Genetic Resources, National Engineering
Research Center of Marine Facilities Aquaculture, School of Marine Science and Technology, Zhejiang Ocean University, Zhoushan
316022, China)

Abstract Gonadotropin-releasing hormone (GnRH) is known for playing a crucial role in vertebrate reproduction and
has been characterized in many invertebrate species. In this study, a GnRH-like gene (designated SjGnRH, KP 982885.1)
was firstly identified in the common Chinese cuttlefish Sepiella japonica using rapid amplification of cDNA ends (RACE)
method. The full-length sequence of SjGnRH ¢cDNA is 710 bp and the open reading frame (ORF) contains 273 bp, encoding
90 amino acids, a putative signal peptide containing 31 amino acids, a 12 amino acid GnRH peptide and a 44 amino acid
GnRH related peptide (GAP) sequence. It has 86.7% and 73.3% identity with Uroteuthis edulis and Octopus vulgaris,
respectively. The highly conserved dodecapeptide of S. japonica shares 100% similarity with octGnRH of U. edulis and O.
vulgaris, exhibits 66.7% and 54.8% similarity in the signal peptide region, and 95.5% and 77.3% in the GAP region,
respectively. According to the results of qRT-PCR, the SjGnRH gene is tissue-specific at the mature stage, with the highest
expression in brain, which is significantly different from other tissues (P<0.05). The expression pattern of SjGnRH mRNA
was detected in the brain using in situ hybridization method. Therefore, SjGnRH is expressed in different regions of the
supraoesophageal mass, subesophageal mass, and optic lobes, which suggests that SjGnRH might be involved in the
reproduction of the cuttlefish S. japonica.
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