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( , 2019) (GHR) DNA ; F, (BW)
( , 2020), (BL) (BH) 10 ,
GH 5 DNA ,
2 , 3 (Sample
; GHR1  GHR2 Protector for DNA/RNA) 4°C —80°C ,
, GHR2 4 RNA
, 1.2 GH SNPs
fig fif] F, GH il GH (
, ; ,2017), NCBI KX925976
fiff F, GH SNPs fif [ F, GH
, mRNA Blast, fify
(Megalobrama amblycephala)( : AF463498)
, fi] mRNA ,
7 (D (
) PCR
1 (2019) , PCR
1.1 «C )
iy fiy fiy F, 10
F, , , GH ,
-20°C , 10 , SNPs
#1 GHZEEARE PCRIIHFT
Tab.1 Primer sequences used for GH gene cloning
(5'—3") (bp)
AT o
—
Gi-3 ROATCACATCCATACCTCIAGC 1146 12142359
G4 R GCTCTICTGTGTIICATCIT 1219 21073325
its R ATACAGCAGACACATTGGAT 1588 32034750
T
GH-7 R: CAACCTACGCTACCATCTAA 868 S160—6038
GH F: CTGTTGTCGGTGGTGCTGGTTAG 37 PCR
R: ACGGATGACTGCGTTGTTGAAGAG
1.3 GH fi] fi] fif] F,
DNA mRNA (Perciformes) (Cypriniformes)
(2019) , (Siluriformes) 14
fay fiff F,  GH GH 10 F, GH
mRNA ; ExPASy NCBI Conserved
(2016) Domains (CD-Search)
SSRhunter 1.3 Repfind ; SignalP  PredictProtein
MEGA 7.0 (neighbor-jioning method)
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1.4 GH fifF,
RNA cDNA, fifl GH R
5966bp, 1648bp
F, GH cDNA , fi] fif]F, 6009
GH, 6042  6058bp; 2049 2014
EFal (D 2045bp GH
(2019) , 5 3 :
qRT(Roche) Livak  (2001) 633bp, 210
s Excel 2
, , fif #iF, GH
A T C G )
iy AT 65.0%, fif
2 #1F, AT 64.8%,
2.1 fif #1F, GH AT ; B F,
GH ,
PCR T-A , DNA AT CG )
B BQx ) ifF,
%2 M#EK GH Z2EBF 5K E (bp)
Tab.2 Sequence lengths of GH genes in four populations (bp)
fif) fif) F,
5’ 2282 2339 2301 2359
54 54 54 54
10 10 10 10
271 247 247 247
140 140 140 140
454 457 456 456
117 117 117 117
437 471 437 469
162 162 162 162
136 136 136 135
204 204 204 204
51 51 51 51
3 1648 1621 1727 1654
5966 6 009 6042 6058
2.2 fif 1 F, GH fig fiHF, [ I I IV
5 , il F,
fifiF, GH , (AAT), , i fify
i fif} 59 49 16bp (AAT)g ( 1); 3
5' 3 , fifF, fary
: (TTC)sT(TAA),
fiy fify (TTC)sT(TAA)g (D
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I TCACAATGCAAAAAAATAAAATAATAATAATAATAATAATAATGA - 4N V-V — 5'(920nt-984nt)
T TCACAATGCAAAAAAATAAAATAATAATAATAATAATAATATTAGGCTTTTTTAATGTATAGTTTT  5/(930nt-995nt)
Il TCACAATGCAAAAAAATAAAATAATAATAATAATAATAATAATGA-------- VN V.V W 5'(920nt-984nt)
IV TCACAATGCAAAAAAATAAAATAATAATAATAATAATAATATTAGGCTTTTTTAATGTATAGTTTT  5'(920nt-984nt)
I CATTATATTATTCAATTTCTTCTTCTTCTTCITAATAATAATAATAATAATAATAACCTACTCTTT  3'(1200nt-1265nt)
Il CATTATATTATTACATTTCTTCTTCTTCTTCTTCITAATAATAATAATAATAATAGCCTACTCTTT — 3'(1200nt-1265nt)
Il CATTATATTATTACATTTCTTCTTCTTCTTCTTCTTAATAATAATAATAATAATAGCCTACTCTTT  3'(1200nt-1265nt)
IV CATTATATTATTACATTTCTTCTTCTTCTTCTTCTTAATA ATAATAATAATAATAGCCTACTCTTT  3'(1200nt-1265nt)
15 3
Fig.1 Comparison of microsatellite sequences in 5'and 3’ flanking regions
; : “T”
, 8bp 2, 23 4 GH
8bp 6 , fif|F,
fi| 100%, 4 ; (Megalobrama
; , 16 Amblycephala AF463498) (Hypophthalmichthys
i1 10 , 2 molitrix M94348) (Ctenopharyngodon idella
fig, 4 , X60419) (Danio rerio AJ937858);
fif (Epinephelus bruneus GU138644)
1 12 , fif] (Odontobutis potamophila MH717101)
F, 13 ( 2); , (Epinephelus coioides KR269816) (Siniperca
i F, 16 , chuatsi EF205280); ; Al
] ] ( 2); (Ictalurus punctatus AF267989) (Pelteobagrus
#1F, 3 fulvidraco KU323395), DNAMAN GH
, 2 fif] ,
) , fifiF, 3 fif F,
fif] , ; 93.80%, ( 99.84%),
) fif F, , (89.26%—99.84%),
, (75.51% — 76.94%) (52.44% —
58.84%),
GH DNA
3 , MEGA 7.0 ,
4 3 , F, 4 ff i F, ,  GenBank
1 , 14
3 , : GH , NJ
EE 5 2 N 4 5 3 5 F 2
) , , 100%
, i F, 2 ,
, fif , 87%
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I CCATTAAAGTCTATTCAAAAATTGCAGATCCTAACCTGTGATTTAGAACAAAAACGATCGATCACACC

II CCATTAAAATCTATTCAAAAATTGCAGATTCTAACCTGTCATTTAGAACAAAA=--===--- TCGATCACACC
Il CCATTAAAATCTATTCAAAAATTGCAGATTCTAACCCGTCATTTAGAACAAAA---------TCGATCACACC
IV CCATTAAAATCTATTCAAAAATTGCAGATTCTAACCTGTCATTTAGAACAAAA-==---=== TCGATCACACC
I AGTemmmmommmmemeees TTAAAATTCTGTCAACATTTATTCGCCCTCAATTTGTTCCAAACCTGTATGAATTTCT

II AGGACTCAAATTAAAATTCTGTCAACATTTATTTGCCCTCAATTTGTTCCAAACCTGTAAGAATTTCT
I AGGACTCAAATTAAAATTCTGTCAACATTTACTTGCCCTCAATTTGTTCCAAACCTGTAAGAATTTCT
IV AGGACTCAAATTAAAATTCTGTCAACATTTATTTGCCCTCAATTTGTTCCAAACCTGTAAGAATTTCT
I CTTCTGCTGAACACAAAAGAAGATATTTTGAAGAACATGITCTAGCCAAACAGTTGATGGTCCCCAT
II CTTCTGCTGAACACAAAAGAAGATATTTTGAAGAACATGGG-TAGCCAAACAGTTGATGGTCCCCAT
Il CTTCTGCTGAACACAATAGAAGATATTTTGAAGAACATGGG-TAGCCAAACAGTTGATGGTCCCCAT
IV CTTCTGCTGAACACAAAAGAAGATATTTTGAAGAACATGGG-TAGCCAAACAGTTGATGGTCCCCAT
1 ATACTATGGAAGTCACIGACATTCTTCAAAATATTGTCTTTTGTGATCAGCAAAAGAAAGAAACAACT
1T ATACTATAGAAGTCACCGACATTCTTCAAAATATTGTCTTTTGTGATCAGCAAAAGAAAGAAACAACT
Il ATACTATGGAAGTCACAGACATTCTTCAAAATATTGTCTTTTGTGATCAGCAAAAGAAAGAAACAACT
IV ATACTATGGAAGTCACAGACATTCTTCAAAATATTGTCTTTTGTGATCAGCAAAAGAAAGAAACAACT
I AGGGTGAGTAA  In2(330nt-340nt) AAATGTTATTTGAGTGAGTAAATACTATTTTCCTTTT-GTTGTCA

II ATGGTGAGTAA  In2(330nt-340nt) AAATGTTATTTGAGTGAGTAAATACTATTTTCCTTTTIGTTATCA

In2(10nt-77nt)
In2(10nt-77nt)
In2(10nt-77nt)
In2(10nt-77nt)
In2(100nt-167nt)
In2(100nt-167nt)
In2(100nt-167nt)
In2(100nt-167nt)
In2(70nt-236nt)
In2(70nt-236nt)
In2(70nt-236nt)
In2(70nt-236nt)
In2(260nt-327nt)
In2(260nt-327nt)
In2(260nt-327nt)
In2(260nt-327nt)
In2(416nt-460nt)

In2(416nt-460nt)

Il ATGGTGAGTAA  In2(330nt-340nt) AAATGTTATTTGAGTGAGTAAATACTATTTTCCTTTT-GTTATCA  In2(416nt-460nt)

IVATGGTGAGTAA  In2(330nt-340nt) AAATGTTATTTGAGTGAGTAAATACTATTTTCCTTTT-GTTATCA  In2(416nt-460nt)

I TTATGCTTTAGTCAACGATATATAGAACTATGAAACAAATAGTAGTATTGTACATGCATGATGCAAGTG
1T TTATGCTTTAGTCAACGATATATAGAACTATGAAACAAATAGTAGTATTGTACATGCATGATGCAAGTG
[l TTATGCTTTAGTCAACGATATATAGAACTATGAAACAAATAGTAGTATTGTACATGCATGATGCAAGTG
IV TTATGITTTAGTCAACGATATATAGAACTATGAAACAAATAGTAGTATAGTACATGCATGATGCAAGTG
I AATATTGTTGTTGTCTTCACAATTGCTCAAACACCAGATTAAAAGTTCCATCATCACTACACTCTAAAA
II AATATTITTGTTGTCTTCACAATTGCTCAAACACCAGATTAAAAGTTCCATCATCACTACGCTCTAAAA
I AATATTGTTGTTGTCTTCACAATTGCTCAAACACCAGATTAAAAGTTCCATCATCACTACACTCTAAAA
IV CATATTITTGTTGTCTTCACATTTGCTCAAAAATCAGATTAAAAGTTCCATCATCACTACACTGTAAAA
I AATTATTTTCACTATTTATCACATTTTTTCTTTTGTCAAATCAACTTAATTAATGTGGTTCAGATAACATA
1T AATTATTTTCACTATTTATCACATTTTTTCTTTTGTCAAATCAACTTAATTAATGTGGTTCAGATAACATA
I AATTATTTTCACTATTTATCACATTTTTTCTTTTGTCAAATCAACTTAATTAATGTGGTTCAGATAACATA
IV A-TTATTTTCACTATTTGTCACATTTTTTCTTTTGTCAAATCAACTTAATTAACGTGGTTCAGATAACATA

I TCACCTT: CTTGAAACTTATTTTTT-AAGTTAAACCA

In3(40nt-108nt)
In3(40nt-108nt)
In3(40nt-108nt)
In3(40nt-108nt)
In3(110nt-178nt)
In3(110nt-178nt)
In3(110nt-178nt)
In3(110nt-178nt)
In3(180nt-250nt)
In3(180nt-250nt)
In3(180nt-250nt)
In3(180nt-250nt)

In3(280nt-349nt)

II TCACCTTIGATGGTTTAACTCAAATTTTTAATTTCAATGAACTTGAAACTTATTTTTT-AAGTTAAACCA In3(280nt-349nt)

Il TCACCTT: CTTGAAACTTATTTTTT-AAGTTAAACCA

In3(280nt-349nt)

IV TCACCTTIGATGGTTTAACTCAAATTTTTAATTTCAATGAACTTGAAACTTATTTTTTIAAGTTAAACCA In3(280nt-349nt)

I TAATTCTTTTTTCACAGTGTAGTATTTTCT  In3(351nt-380nt) TGAAGCCTCCAGTATTATTTTTTCTCT

II TAATTCTTTTTTCACAGTGTAGTATTTTCT  In3(351nt-380nt) TGAAGCCTCCAGTATTATTTTTTCTCT

Il TAATTCTTTTTTCACAGTGTAGTATTTTCT  In3(351nt-380nt) TGAAGCCTCCAGTATTATTTTTTCTCT

IV CAATTCTTTTTT-ACAGTGTAGTAGTTTCT  In3(351nt-380nt) TGAAGCCTCCAGTATT-==TTTTTTCTIT
2

Fig.2 Sequence comparison of intron differential sites

s

In3(440nt-466nt)
In3(440nt-466nt)
In3(440nt-466nt)

In3(440nt-466nt)
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I AGCCTGACCGT Ex4(85nt-95nt) GAGAGAGCTTT Ex5(95nt-105nt) CCTGGATTCAAACTGCACC Ex5(180nt-198nt)
II AGCCTGACCGT Ex4(85nt-95nt) GAGAGAGCTTT Ex5(95nt-105nt) CCTGGATTCAAACTGCACC Ex5(180nt-198nt)
III AGCCTGACCGT Ex4(85nt-95nt) GAGGGAGCTTT Ex5(95nt-105nt) CCTGGGTTCAAACTGCACC Ex5(180nt-198nt)
IV AGCCTAACCGT Ex4(85nt-95nt) GAGAGAGCTTT Ex5(95nt-105nt) CCTGGATTCAAACTGCACC Ex5(180nt-198nt)
I VLIKGCLDGQPNMDENDSLPLPFEDFYLTMGESSLRESFRLLACFKKDMHKVETYLRVANCRRSLDSN Aa(140nt-207nt)
II VLIKGCLDGQPNMDENDSLPLPFEDFYLTMGESSLRESFRLLACFKKDMHKVETYLRVANCRRSLDSN Aa(140nt-207nt)
I VLIKGCLDGQPNMDENDSLPLPFEDFYLTMGESSLRGSFRLLACFKKDMHKVETYLRVANCRRSLGSN Aa(140nt-207nt)
IV VLIKGCLDGQPNMDENDSLPLPFEDFYLTMGESSLRESFRLLACFKKDMHKVETYLRVANCRRSLDSN Aa(140nt-207nt)
3
Fig.3 Comparison of exons and derived amino acid sequences
H13<8h Megalobrama amblycephala
8% Hypophthalmichthys molitrix
65/ % F,
MY Culter alburnus
9 = Megalobrama trigeminus
100| [~ E& Ctenopharyngodon idella
L JSHERED Culter alburnus® xMegalobrama terminalisd
100 —— PIZ& Danio rerio
E @& Pelteobagrus fulvidraco
100 MY R &D/ctalurus punctatus
¥BEBIE Epinephelus bruneus
531 13/03E8E Odontobutis potamophila
87 N EPIe Epinephelus coioides
98 L #I&8H Siniperca chuatsi
0.050
4 4
Fig.4 Phylogenetic trees of four species and other fishes
s F, 90nt 5 3:7
A/G , >
2.4 ff{F, GH SNPs R 3, I9nt 1:9 T/C
fif] F, R 238nt 416 A/C s 247nt
¢ 3), fiy 4:6 TG 19nt
F2 5 BW ) (P) (S)
BL BH F, 10 6
fif|F, ( S1—S10) GH S
’ @E 1:2 ( 7) s
; ) 86nt F, GH
1:9 G/A 135nt 1:9 . R 3
A/G R , 135nt R 7
) (D) (N); , 2.3 ;
5 104nt 1 :9 , F» 7
T/C (T) (D , fiy
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5 F,
Fig.5 Segregation diagram of F, generation population traits

S1 KMINNFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S2 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S3 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDEIQKSSMLKLLRIS Aa(45nt-97nt)
S4 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S5 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S6 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S7 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S8 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S9 KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S10KMINDFEDNLLPEERRQLSKIFPLSFCNSDSIEAPTGKDETQKSSMLKLLRIS Aa(45nt-97nt)
S1 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S2 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S3 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S4 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S5 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S6 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S7 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)
S8 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQS Aa(98nt-150nt)
S9 FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGISVLIKGCLDGQP Aa(98nt-150nt)

S10FRLIESWEFPSQTLSGAISNSLTVGNPNQITEKLADLKVGSVLIKGCLDGQP Aa(98nt-150nt)

6
Fig.6 Comparison of different amino acid sequences

>
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Fig.7 GH gene structure diagram
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STRUCTURE, PHYLOGENY AND TISSUE DISTRIBUTION OF GH IN
CULTER ALBURNUSQ *xMEGALOBRAMA TERMINALIS?

LIU Jia-Lin"?  JIA Yong-Yi', LIU Shi-Li', ZHENG Jian-Bo', CHI Mei-Li', CHENG Shun', LI Fei',
YIN Shao-Wu?, GU Zhi-Min'

(1. Key Laboratory of Healthy Freshwater Aquaculture of Ministry of Agriculture and Rural Development / Key Laboratory of
Freshwater Aquatic Animal Genetic and Breeding of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001,
China; 2. School of Life Science, Nanjing Normal University, Nanjing 210023, China)

Abstract Using polymerase chain reaction (PCR) and T-A cloning technology, we successfully obtained complete
sequences of growth hormone (GH) gene with complete open reading frames from complete genomic DNA from three fish
populations Megalobrama terminalis, Culter alburnus? x Megalobrama terminalisS (CaxMt), and the F, of CaxMt. The
total length of the sequence was 6009, 6042, and 6058bp, respectively, and the length of the transcription unit was 2049,
2014, and 2045bp, respectively. The GH gene sequence of the three populations includes five exons, four introns, S’'UTR
(untranslated region) and 3'UTR. All of them encoded 633bp amino acid sequence and 210 amino acids. The homology and
phylogeny analysis on 14 fish species from 3 orders showed that the genetic distance between the F, and its grandparents
was closer than that of their parents. Seven SNPs (single nucleotide polymorphism) were obtained from 10 individuals of
the F,, from which three mutations were observed causing significant changes in amino acid sequence. The analysis of
protein structure showed that the mutated amino acid residue resulted in the change of protein secondary structure. We
divided the 10 individuals into small and large body groups according to their body weight. Through tissue expression
analysis, we found that the individuals in the large group had higher transcription level, and further analysis found that
their amino acid residues were different.

Key words Culter alburnusQxMegalobrama terminalis3; intergeneric cross; growth hormone; cloning; SNPs;
expression analysis



