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(Weltzien et al, 2004; , 2018) , Fsh
Lh )
. Jshp - Ihp
(Anoplopoma fimbria)
, fShB  Ihf mRNA ,
(Guzman et al, 2018);
(Morone saxatilis) , fshp
Ihp , A
mRNA , GtHa Ihp
mRNA (Hassin et al, 1995);
GtH JshpB
, Ihp ,
(Kagawa et al, 1998Db)
filfi Diodon hystrix (Linnaeus, 1758),
fifi | fiifi (Tetraodontiformes),  fii
(Diodontidae),  fifi (Diodon),
¥ fifs
( , 2021; Chen et al,
2021) , fili fshp Ihp
cDNA , filfi fshfp
Ihp , fifi Fsh Lh
fi
1
1.1
fili (Diodon hystrix)
,  MS-222 (Sigma, )
, -80 °C
1.2
RNA Trizol Reagent  PrimeScript™

RT reagent Kit with gDNA Eraser (Perfect Real Time)
(TaKaRa, ); PpEASY-T3

Cloning Kit 2xEasyTaq® PCR SuperMix (+dye)
PerfectStart® Green qPCR SuperMix ( ,
); ( , );

1.3 RNA cDNA
-80 °C ,

Trizol Reagent fil; RNA
RNA 1.5% 1 pg
RNA , PrimeScript™ RT reagent Kit with gDNA
Eraser (Perfect Real Time) cDNA
1.4 fshp Ihp cDNA
14.1 ,

fify (NCBI: PRINAG674446)
BLAST, il fshp  Ihp ,

, (D
R1 ZHREE fshp 70 Ihp BETEREAS TSI

Tab.1 Primers for cloning and tissue distribution of fs4f and
Ihf in D. hystrix

(5'~3")

fshp-F1 ACAAGGTGTGTAACGGGGACTG
fshp-R1 CCTTCAATGTGCTTCACCTCGTA
Ihp-F1 GTGCCGCTCTGTCAACTCGTC
Ihp-R1 CAAGTGCTACAACCTTCCTTCTCC
fshp-F2  GCTGGTTGTGATAATAGCAGTGTTG
fshp-R2 AGGAAGCGGCTGCAGTACATT
Ihp-F2 GTGCCGCTCTGTCAACTCGTC
Ihp-R2 GGGGTAGGTGACAGTCGGGT
p-actin-F GAGAGGTTCCGTTGCCCAGAG
p-actin-R CAGACAGCACAGTGTTGGCGT
1.4.2 fi cDNA
, Jfshp - Ihp ,
filfi IhB  fshp
( ,2017) PCR 1%
pEASY-T3 ,
Trans1-T1 )
1.5
DNAstar 7.1 filfi fshp  Ihp

B

SignalP 6.0 (https://services.healthtech.
dtu.dk/service.php?SignalP)
SoftBerry (http://www.softberry.com/)
Mega 11.0
Swiss-model (https://swissmodel.expasy.org/)

1.6 fshp Ihp
fil;

cDNA , PerfectStart®
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Green qPCR SuperMix , cDNA ,
Roche LightCycler 480 (Roche, ) fshp 1.6 , 5 ,
Ihp , [-actin gPCR fshp  Ihp
10 uL © 5 pL qPCR SuperMix, 0.4 uL
, 0.4 uL , 1 uL cDNA ,3.2ulL )
95 °C 1 min; 95 °C
55,57 °C 10s, 72 °C 20's, 84 °C 2.1 fili fshfp  Ihp ¢cDNA
10 s, 40 ; : 95 °C 1 min, 52 °C ,
1 min, 95 °C 3 , R=2724C filfi fshf cDNA 363 bp, 120
, SPSS 25.0 , (MW) 13.17 kDa, (pD
6.01 1~18 , 19~120
1.7 fshp g ) 12
, 19~117
fii , B (glycoprotein hormone beta chain homologues,
Chen  (2020) GHB) , Fshp N-
, (D
1 CAG CTG GTT GTG ATA ATA GCA GTG TTG GCG CTG GCG AGG ATG GGG CAC GGC TGC CAT
1 M Q@ L Vv Vv 1T T A V L A L A R M G H G C H
61  TTT GGC TGC CAC CCA ATC AAC TTT AGC ATT CCG GTG AAG AGT TGC GGC CTT ACC GTG AAC
21 F 6 ¢ H P I N F S I P V K S € 66 L T V N
121 GTT GAC ACC ACC ATA TGT GCA GGC CAG TGC TTC CAT GCG AAT CCA GCC TAC ATC GGC ATT
49 V. D T T I €C A G Q@ C F H A N P A Y I G I
181 GCT GAC AGG GAT GAA CAC AAG GTG TGT AAC GGG GAC TGG ACC TAC GAG GTG AAG CAC ATT
61 A D R D E H K V €C N G D W T Y E V K H I
241 GAA GGG TGT CCG GAG AGT ATC AGC TAC GCC GTA GCC AGA AAC TGC AGG TGC GCC GCA TGT
81 E 6 ¢ P E S I S Y A vV A R N €C R C A A C
301 GAC CCA GAC AAA ATG TAC TGC AGC CGC TTC CTC GAA GAC ATA CCT AGT TGT CTG CCC TTT
101 D P D K M Y €C S R F L E D I P S C L P F
360
121 *
1 fill fshp
Fig.1 Open reading frame sequence of fshf gene of D. hystrix and its inferred amino acid sequence
:[ATG] ;[rGA] ; ; ; N- ;
filfi Ihf cDNA 420 bp, § 1 B 2( 3)
139 s 15.67 kDa, 2.3 i Fshp Lhp
5.61 1~19 ,20~139
, 12 2.3.1 Fshp
,21~126 GHB , fify fili (Takifugu rubripes)
Lhp N- ( 2 fili (Takifugu flavidus) (Lates niloticus)
2.2 tilf Fshp  Lhp 9 Fshp
SoftBerry Fshf  Lhp , fili Fshp
Fshp : N- fii fii ,
C- ( 2); Lhp 67.5%:; (Mus musculus)
C N- (Homo sapiens) , 28.3% 28.7%

C HC D
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1 TTT GTT TGT TTG CTT GTT TTG ACC CAA CTA CAC TAT CTT CCA TCA GCA GAA GCC TCC
1 M F Vv ¢ L L VvV L T @@ L H Y L P S A E A S
61  CAG GTG CCG CTC TGT CAA CTC GTC AAC CAG ATG GTG TCT CTG GAG AAG GAA GGT TGT AGC
21 Q v p L €C @ L VvV N @ M V S L E K E G € S
121 ACT TGT CAG CTG GTG GAA ACA ACC ATC TGC AGC GGT CAC TGC GTC ACC AAG GAC CCA CTC
41 T ¢ @ L vV E T T I € S G H € Vv T K D P L
181 ATT AAG CCA CTG GTA CCC TTC GGT TAC CAG CAT GTG TGC ACG TAT AGG AAC CTA CAG TAC
61 I K p L VvV P F 6 Y Q H VvV € T Y R N L Q Y
241 AAG ACG TTT GAG CTG CCC GGG TGT CCA CCC GGC GTG GAC CCG ACT GTC ACC TAC CCC GTG
81 K T F E L P 6 C P P G V D P T V T Y P V
301 GCT CTA AGC TGC CAC TGT GGC CAC TGC TCC ATG AAC ACG ACT GAC TGC ACC TTC GAG AGC
M A L S €C H €C 6 H €C S M N T T D C T F E S
361 CTG CAG CCA GAC TTC TGC AGG AAA GAC ATG CTG CCT TTC TAC AAC TAC TAC TAC ACT [TA:
129 L @ P D F € R K D M L P F Y N Y Y Y T =*
2 fili Ihp
Fig.2 Open reading frame sequence of /4 gene of D. hystrix and its inferred amino acid sequence
.[ATG :[TAA ; ; ; N-
R2 EPEIRIEE Fshp BB FHIFRITIRERL S fili 9 Lhp
Tab.2 Functional sites in Fshf} amino acid sequence of D. h
hystrix > Lhp
/bp C- ,
18~23 GCHFGC (
N- 36~41 GLTVNV fifi fi 70.2%;
82~87 GCPESI 44.5%
35~38 CGLT 40.6% ( 5)
13~15 ARM 2.4 fif Fshf  Lhp
C- 19~21 CHF (Neighbor-Joining)
108~110 SRF fiil Fshp  Lhp ,
filf Fshp  Lhp R
%3 TDRlEE Lhp SIEBFF PGS Fshp Lhp
Tab.3 Functional sites in Lhf} amino acid sequence of D.
hystrix fil Fshp
/bp Lhp fif fif
C 5
74~76 TYR ( )
2.5 fif Fshf  Lhp
38-43 GESTEQ Swiss-model fily
N- 87~92 PPGV
7 GCPPG Fshp  Lhp ,
91~96 GVDPTV
fii Fshp fifs
94~104 PTVTYPVALSC Fshp fifi Lhp
4~7 CLLV fili  Lhp , Lhp
109~112 CSMN
( 6
. b 50~56 CSGHCVT 2.6 il fshfp  Ihp
B PVALSCHCGHCS @@
) 99~126 MNTTDCTFESLQ fS‘hﬁ lhﬂ mRNA
PDFC
i fshp 1B
2.3.2 Lhp >
fif fifii(Seriola dumerili) (
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T. rubripes

T. flavidus

L. niloticus

T. alboplumbeus
O. fasciatus

C. argus

M. musculus

H. sapiens

D. rerio

T. rubripes

T. flavidus

L. niloticus

T. alboplumbeus
O. fasciatus

C. argus

M. musculus
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3

fi

Fig.3 Multiple alignment of Fshp amino acid sequences between D. hystrix and other species

NCBI : Takifugu rubripes (
niloticus ( ) AKE14361.1, Takifugu alboplumbeus (
argus ( ) KAF3686704.1, Mus musculus (

4 EPIFIEE Fshp 5 H 45080 ER!

) AAA92804.1, Homo sapiens (

k3

Tab.4 Homology of Fshp between D. hystrix and other species

1%

(Danio rerio) 31.9
fili (Tukifugu rubripes) 66.7
fiti (Takifugu flavidus) 67.5
(Lates niloticus) 63.0
filfi( Takifugu alboplumbeus) 66.1
(Oplegnathus fasciatus) 63.3
(Channa argus) 62.5
(Mus musculus) 28.3
(Homo sapiens) 28.7
2.7 fshf  Inp
( , 2021), fif
3
) Sshp - Ihp
; Jshp
., Ihp
« 8
3
fili fshp  Ihp
cDNA , )
fili Fshp  Lhp , N-

DSH DETVRGLGPSY jSFSEMKE
SDS OTVRGLGPS&%SFGEMKE 129

fil) XP_011608222.1, Takifugu flavidus (
fil) BAJ12081.1, Oplegnathus fasciatus (

Fshp

filf) TWW67736.1, Lates
) A1Z66846.1, Channa

) ABM88373.1, Danio rerio ( ) AAR84282.1

12 i
> N-

Fshp  Lhp

(Gharib et al, 1990)

Fshf  Lhp N-
R GtHa
(Swanson et al, 2003; Kim et al,
2005) , Fshp N-
fifi Fshp
N- , (Schizothorax prenanti)
( , 2010) (Hassin et al, 1995)
, (Paralichthys lethostigma)
( , 2014) (Scophthalmus maximus)
( , 2020) , Fshp N-
(Flack et al, 1994)
; fili FshB  Lhp fiy
, (Kato et
al, 1993; Quérat et al, 2000; Ando et al, 2004) ,
, fifi Fshp
Lhp Fshf  Lhp ,
fifs )
, (
, 2020) , Fshp  Lhp
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D. rerio

S. dumerili
T. rubripes
M. albus

T. flavidus
A. ocellatus
O. niloticus
M. musculus
H. sapiens

D. rerio

S. dumerili
T. rubripes
M. albus

T. flavidus
A. ocellatus
O. niloticus
M. musculus
H. sapiens

NCBI

ﬁiE) XP_011601356.1, Monopterus albus (
XP_031694696.1, Oreochromis niloticus (

- LAG——I\ TFFLFSIFFLIAN:
D *T 3 QRVARV 1zl MLSLFLGAESSTWPLEP
: ———-JpPAVA JSRYNICAYIANREFIS TN

e IALCS ESMFU MIRLFLGASSSIWP

: ———JM\" VINRVMYS
pp—— u\m_-‘ H‘;
S VERDGG

§ ] vETeG

M TRIPRY T TNV CTYKSVY YRTYELP
(S TPRSNVY Qv CTYRDEY YRTRELP DORPGVDP IV TYPVAL SCECGRCAMDT SDCTYESLAPNECM
N TKIPFSNVY lvCTYRDLY YRTRELPDCRPGVDPIIV TYPY ALbCHCGRCA}oﬂ)TSDCTFESMQPDFC i

: Danio rerio (

CRNNCAIBVETTICSGHCH TKDPL
“PIC TSICSGHCETKDRV

—

: IKIPFSNVYQH\ CTYRDN RO BoBBBVNP BV TYPVAL SCHOBRCAMDESpCIBESLAF DRCHE
TR TPRY 0N CT YRSV YRTYELP §CPPGVDPYY TYPVAL SCHCSRCSMNT SDCTRQSLAPDEC
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AFBSIRNLP €CPIGVDPI]VSFPVAL SCRCHROR

4 fif
Fig.4 Multiple alignment of Lhf} amino acid sequences between D. hystrix and other species

Lhp

) AAV31153.1, Seriola dumerili (

) XP_020462355.1, Takifugu flavidus (

) XP_025753499.1, Mus musculus (
KAT4043840.1

%5 WHIRISE Lhp 5 AR R fhp Ihp
Tab.5 Homology of Lhf between D. hystrix and other species ’ (So et al, 2005)
e trichopterus) (Jackson et al, 1999)
(Danio rerio) 53.0 .
fifii(Seriola dumerili) 70.1 aurata) (Meiri et al, 2004)
fili (Takifugu rubripes) 68.5
(Monopterus albus) 68.9 ’
fiti(Takifugu flavidus) 70.2 1991; Kagawa et al, 1998a;
(Anarrhichthys ocellatus) 62.0 5
(Homo sapiens) 40.6
(Oreochromis niloticus) 66.7 ,
(Mus musculus) 44.5 ,
’ Ihp
Fshp - Lhp fitf fshB IhB
, Lhf
¢ > N fshp
> > f?hﬁ s
( , 2020) fifi
WAL
fifs , fiili [hp
, : Lh
, il 6 5hB  Ihp

64
74
71
74
30
42
73
71
64
64

140
148
147
148
109
118
147
145
141
141

fifi) XP_022603873.1, Takifugu rubripes (
fiifi) TWW78441.1, Anarrhichthys ocellatus (
) EDL22853.1, Homo sapiens (

(Trichogaster
(Sparus

(Tyler et al,
, 2008),

Sshp

(Mastacembelus armatus) (
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Fig.5 The analysis of phylogenetic tree of Fshfj and Lhf3
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Fig.6 The predicted 3D structures of Fshp and Lhf3 mature peptides in D. hystrix and other vertebrates
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Fig.7 Expressions of fshf and /hf in different tissues of D. > Jshp lhp
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Fig.8 The expression of fshf and /hf in the pituitary of D. hystrix at different gonadal development stages
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(n=5); (P<0.05)
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CLONING AND EXPRESSION ANALYSIS OF fshff AND lhfp GENE IN DIODON HYSTRIX

GUO Yu-Wen, LIYi-Kai, DAI Ming-Shu, LIANG Jun-Hao, HUANG Yan-Lin,
LI Guang-Li, CHEN Hua-Pu

(Guangdong Research Center on Reproductive Control and Breeding Technology of Indigenous Valuable Fish Species, Guangdong
Provincial Engineering Laboratory for Mariculture Organism Breeding, Fisheries College, Guangdong Ocean University, Zhanjiang
524088, China)

Abstract Diodon hystrix is a well-known economic fish in the South China Sea with high edible and medicinal value.
However, studies on the reproduction of D. hystrix are few, which hinder the development of its artificial breeding.
Gonadotropic hormone (GtH) is one of the key hormones for reproductive regulation, and plays a connecting role in the
reproductive regulation axis. We cloned the cDNA sequences of fshf and [hf genes from D. hystrix by molecular cloning
techniques. Through bioinformatics analysis, we found that the open reading frame (ORF) of fs4f cDNA contains 363 bp,
encoding 120 amino acids, while the ORF of /4 cDNA contains 420 bp, encoding 139 amino acids. Sequence alignment
and phylogenetic tree analyses showed that both Fshf and Lhp of D. Aystrix are similar to those of fishes of the family
Tetraodontidae. According to the tertiary structure analysis, we found that the tertiary structure of Fshf is highly
conservative, while the tertiary structure of Lhf} is moderately conservative. The tissue distribution of fs4f and /hf genes in
D. hystrix was detected by qRT-PCR. Results show that the expression of both fs4f and /hf was the highest in the pituitary,
followed by the gonads. In addition, we detected the expression patterns of fs4f and /A genes during the development of
male and female gonads, and found that the expression of fshf gene in the pituitary gradually decreased with the
development of gonads, while the expression of /#f gene gradually increased. This study provided a theoretic basis for
constructing the reproductive regulatory network of D. hystrix.

Key words Diodon hystrix; fshf; [hf; molecular cloning; expression pattern



