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(1. 316022; 2.
316111)
(Vibrio harveyi) (Larimichthys crocea)
, PCR
ISG15 (ISG15-1 ISG15-2) (SNPs)
, , ISG15-1  ISGI5-2
10 4  SNP , ISG15-1 186 G/C 318 C/T
ISG15-2 297 G/T
, 3 SNP )
ISG15-1  SNPs 1 11 ISG15-2  SNPs 1 5
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ISG15 ISG15 1
3 ,
LRGG  (Shen et al, 2019) RS
(Wang et al, 2012) ’
ISG15 ISG15
I1SG (Liu et al, 2002) b
ISGI15 ’ 400
(Wang et al, 2012) ( 25 9), 25°C
1SG15 25 pHS.5 1,
2, 1
(Larimichthys crocea) ( ’
(Perciformes) (Sciaenidae), 2017),
(Liu et al, 2008) (Shen et al, 2019) 2%
NaCl LB , 28°C
, ( , PBS 2,
, 2022) , (Vibrio 1x10" CFU/mL !
harveyi) 400 1x10" CFU/mL
(  0.5mL/100 g ) 1d
( , 2010) ’ 3d ’
8 ,
’ , 5 10 d
(Zheng et al, 2007) 10 d 263,
(Hepcidin) (Wang et al, 2009) Toll (Huang etal, 02777 10 d
2011) ,
ISGI5 ; 10d
, Shen (2019) 2 (100 ) (100 )
ISGIS (ISG15-1  ISG15-2), ; —20°C
2 ISGIS 1.2 DNA
( ) / /
’ DNA
( ,2014) DNA 30 mg ,
(single nucleotide polymorphisms, DNA ’
SNPs) ’ DNA 1%
( . 2019) DNA DNA
( ,2018) —20°C
( . 2017) ( . 2019) 1.3 ISG15-1 ISGI5-2 SNP
SNP GenBank ISG15-1
, ISG15-2 ( : NC_040013),
, ISG15-1 ISGI5-2 5 3 ,
ISGI15-1 ISG15-2 SNP Primer premier 5 2 PCR
, ISGI15-1  ISGI15-2 ( 1) 10
, , DNA :
ISG15-1 ISG15-2 PCR PCR
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20 uL, : 10 pL Premix Taq'™ DNA PCR , PCR
(TaKaRa), 0.4 puL (10 pmol/L), 0.4 MEGA4
ne (10 umol/L), 0.4 uL DNA (50 , 20%
ng/pL) 8.8 uL ddH,0 PCR :95°C SNP ( ,2017)
5 min, 32 (95 °C 30 s, 56 °C SNP , ISG15
30 s, 72 °C 40 s), 72 °C 10 (Shen et al, 2019), SNP
min PCR 1%
F1 K#E®& ISGI5-1 7 ISGI5-2 £EZ S 1EEN54
Tab.1 Primers used for polymorphism detection of /SG15-1 and ISG15-2 genes of L. crocea
(5°~3") /bp
1SG15-1 ISG15-1-gDNA-F TTCTTCTTGACTTATTTTAATCTCAT 556
ISG15-1-gDNA-R TGTACAGTTCATTAACTTGCTGAC
1SG15-2 1SG15-2-gDNA-F TTCTTTTTGACTTATTTGAATCTCAT 545
ISG15-2-gDNA-R TGTAAAGTATACTATTTTATCTTTCTGACA
14 ISGI5-1 ISGI15-2 SNP
ISG15-1 ISG15-2 SNP , 2
2.1 ISGI15-1 ISGIS5-2 SNP
ISG15-1 ISGIS5-2 PCR 10 10
DNAStar SeqMan ISG15-1 ISG15-2
, SNP PCR , , 480 bp
, SNP ISG15-1 ( la, 1b) 468 bp ISGI5-2
, ISG15-1  ISGI15-2 SNP la, 1b) 10 4 SNP
( 2 ISG15-1 10 SNP , 186 G/C
1.5 SNP 209 G/T « 2), 8 SNP
ISG15-1 ISG15-2 SNP ( 2) ISGI5-1 4  SNP
(83C/T 181 A/G 186 G/C 209 G/T)
, SPSS19.0 Ve , (Nonsynonymous substitution)
test), ISG15-1  ISGIS5-2 SNP 6 SNP ,
(Synonymous substitution) ( 2) ISG15-2
1.6 SNP , 1 SNP (297 G/T)
SHEsis (http://analysis.bio-x. 3 ( 2) ISGI5-2
cn/myAnalysis.php) ISGI5-1  ISGIS5-2 SNP 2 SNP 83C/T 170C/T)
(linkage disequilibrium) 165C/T 297 G/T 2
(haplotype) I1SG15-1 ,
ISG15-2 SNP ISG15-1 ISGIS5-2
( 1o ISG15-1 10  SNP , 7
a Larimichthys crocea aild 5719 il

(Chromosome Ill)

ISG15-1 (MH280016) MQVFLRNEKG QINTYDIKPE ETVSDFKTKV QHREGVQVSQ QRLIHESREM TTGRLSDYNV KEMSTIDLMF R
ISG15-2 (MH280018) FQVFLNNLQG QKSTYDIKPD ETVMNFKRRV EQREGVPVNQ QRLLHQSREL LDGKLSDYDV KELSTINMTG R

ISG15-2

b ISG15-1 (MH280016) MDITIVMLDG KTHILRVNPQ DTVGSLKMLI QNKLGFPPHK QRLIFVNGQK TPLSDDSQHI SEYGLQSGSR ISLLITQPAT
ISG15-2 (MH280018) MDINIVMLDG KTHILRVNPH DTVGSLKMLI YDKVGVPPQK QKLIFVNGQR TPLSDDSQYI SNYGLQSGSQ VSLLITQPKT

1ISG15-1

[80]
(80]

WAHF  [159]
[155]
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I Ubiquitin-like (UBL) domain I Uinker Ubiquitin conjugation motif
186G/C
¢ 165C/T 249A/G 318C/T
1ISG15-1
83C/IT 156C/T  /181A/G 209G/T 312C/T
171CIT
165C/IT
=
83C/T 170C/T 297GIT
1 SNP ISG15-1  ISGI5-2
Fig.1 The distribution of SNPs in the coding regions of ISG15-1 and ISG15-2 genes
:a. ISG15-1  ISG15-2 s NCBI
NC_040013 b. ISG15-1  ISG15-2 c. SNP ISG15-1  ISG15-2
(Ubiquitin-like domain, UBL) s (Linker) s (Ubiquitin conjugation motif)
Fz2 KEHEISGIS-1FISGI5-2 HEE SNP (L S5 2 ISG15-2 SNP PCR
Tab.2 Information of SNPs in ISG15-1 and ISG15-2 genes of
L. crocea >
/ } ISG15-1 10 SNP ISGI15-2 4 SNP
( ISGI5-I 181 A/G
ISG15-1 83 C/T N 28 Thr/Met
e ISGI15-2 297 G/T . 2)

156 C/T S -
165 C/T S - a 181 AIG b 297 GIT
171 C/T S - 1 1
181 A/G N 61 Ser/Gly A T C G T G
186 G/C N 62 Glu/Asp
209 G/T N 70 Arg/Leu
249 A/G S -
312 C/T S -
318 C/T S -

1SG15-2 83 C/T N 28 Thr/Met
165 C/T S -
170 C/T N 57 Ser/Phe
297 G/T S -

:S N

83C/T 156C/T 165C/T 171C/T 181 A/G

186 G/C 209 G/T) 1 , 3
(249 A/G 312 C/T 318 C/T) 2
( lo ISG15-2 4 SNP
,3 (83C/T 165C/T 170 C/T) 1 Y
, 297 G/T 2 ‘
( Io 2 ISGI5-1  ISGIS5-2
2.2 ISG15-1 1ISG15-2 SNP Fig.2 The sequencing chromatograms of ISG/5-1 and ISG15-2
genes of L. crocea
ra. ISG15-1 186 G/C ;b ISG15-2 297

ISG15-1 G/T SNP
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I1SG15-1 10 SNP (P 0.041  0.031,
ISG15-2 4 SNP 100 100 3), 2 SNP
(P 0.128  0.073,
, 3 4 SPSS19.0 3) ISG15-2 , , 165 C/T
, 1SG15-1 186 G/C 318
Cc/T 2 (P 0.021  0.003, 4),
(P<0.01, 3) 297 G/T
ISG15-1 181 A/G 209G/T 312C/T 3 (P<0.01, 4)
ISG15-2 83C/T 170C/T 2
(P<0.05, 3) ISG15-1
156 C/T 249 A/G (P>0.05, 4)
*3 KHEE&ISGI5-1 EF SNP L 7E 5 BB AMIFHEATHNNES®
Tab.3 The SNP distribution of L. crocea ISG15-1 gene in the susceptible and resistant groups
SI RI e SI e
1% 1% (P-value) 1% 1% (P-value)
83 C/T cC 17 (17.0) 14 (14.0) 2.001 C 72 (36.0) 59 (29.5) 1.918
TT 45 (45.0) 55 (55.0) (0.368) T 128 (64.0) 141 (70.5) (0.166)
CT 38 (38.0) 31 (31.0)
156 C/T cC 31 (31.0) 43 (43.0) 4.116 C 111 (55.5) 131 (65.5) 4.185
TT 20 (20.0) 12 (12.0) (0.128) T 89 (44.5) 69 (34.5) (0.0417)
CT 49 (49.0) 45 (45.0)
165 C/T cC 81 (81.0) 87 (87.0) 1.500 C 179 (89.5) 185 (92.5) 1.099
T 2(2.0) 2 (2.0) (0.472) T 21 (10.5) 15 (7.5) (0.294)
CT 17 (17.0) 11 (11.0)
171 C/T ccC 84 (84.0) 87 (87.0) 0.413 c 182 (92.5) 185 (91.0) 0.297
TT 2 (2.0) 2 (2.0) (0.814) T 18 (9.0) 15 (7.5) (0.586)
CT 14 (14.0) 11 (11.0)
181 A/G AA 60 (60.0) 78 (78.0) 7.584 A 146 (73.0) 170 (85.0) 8.679
GG 14 (14.0) 8 (8.0) (0.023%) G 54 (27.0) 30 (15.0) (0.003™)
AG 26 (26.0) 14 (14.0)
186 G/C GG 50 (50.0) 26 (26.0) 12.962 G 138 (69.0) 113 (56.5) 6.685
CcC 12 (12.0) 13 (13.0) (0.0027) C 62 (31.0) 87 (43.5) (0.009™)
GC 38 (38.0) 61 (61.0)
209 G/T GG 33 (33.0) 18 (18.0) 6.922 G 119 (59.5) 95 (47.5) 5.788
T 14 (14.0) 23 (23.0) (0.0317) T 81 (40.5) 105 (52.5) (0.016")
GT 53 (53.0) 59 (59.0)
249 A/G AA 21 (21.0) 16 (16.0) 5.224 A 86 (43.0) 65 (32.5) 4.692
GG 35 (35.0) 51 (51.0) (0.073) G 114 (57.0) 135 (67.5) (0.0317)
AG 44 (44.0) 33 (35.0)
312 C/T cC 59 (59.0) 37 (37.0) 10.208 C 148 (74.0) 124 (62.0) 6.618
TT 11 (11.0) 13 (13.0) (0.006™) T 52 (26.0) 76 (38.0) 0.0117%)
CT 30 (30.0) 50 (50.0)
318 C/T cC 81 (81.0) 95 (95.0) 9.281 C 181 (90.5) 195 (97.5) 8.688
TT 0 (0) 0(0) (0.0027) T 19 (9.5) 5(2.5) (0.003™)
CT 19 (19.0) 5(5.0)
. SI (susceptible individuals), RI (resistant individuals), R

(P<0.05), ™

(P<0.01)
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F4 KEE ISGI5-2 EFE SNP S 5 BB AMINFEHEADINES S
Tab.4 The SNP distribution of L. crocea ISG15-2 gene in the susceptible and resistant groups

SI RI Ve SI RI 7
% % (P-value) 1% 1% (P-value)
83 C/T cC 37 (37.0) 34 (34.0) 0.197 C 115 (57.5) 111 (55.5) 0.163
TT 22 (22.0) 23 (23.0) (0.906) T 85 (42.5) 89 (44.5) (0.687)
CT 41 (41.0) 43 (43.0)
165 C/T cC 83 (83.0) 95 (95.0) 7.809 C 181 (90.5) 195 (97.5) 8.688
TT 2 (2.0) 0 (0) (0.0217) T 19 (9.5) 5(2.5) (0.003™)
CT 15 (15) 505
170 C/T cc 94 (94.0) 98 (98.0) 2.083 C 194 (97.0) 198 (99.0) 2.041
TT 0 (0) 0 (0) (0.149) T 6 (3.0) 2 (1.0) (0.153)
CT 6 (6.0) 2(2.0)
297 G/IT GG 18 (18.0) 48 (48.0) 20.689 G 79 (39.5) 126 (63.0) 22.104
TT 39 (39.0) 22 (22.0) (0.000™) T 121 (60.5) 74 (37.0) (0.000™)
GT 43 (43.0) 30 (30.0)
2.3 ISG15-1 1SG15-2 TACC) H6 (TCCCACTGTC) H9 (TCCCAGTGCC)
(P<0.05,
SHEsis ISG15-1  ISG15-2 5) ISG15-2 4  SNP
SNP , 3 (  3b), 1
ISG15-1 10  SNP (Block 1) 5 ( 6 ,
( 3a), 1 (Block 1) H1 (CCCG) H4 (TCCG)
11 ( 3 , H3 (CCCCGGTACT) (P<0.01, 6); H2 (CCCT)
H5 (CTCCGCGACCQC) (P<0.01,
(P<0.01, 5); H2 (CCCCGG 6)
a b
3 88 F 3 8 8 % 8 % 3 g e 8

Block 1 (215 bp)

3 ISG15-1  ISG15-2 SNP
Fig.3 The linkage disequilibrium analyses of SNPs in ISG15-1 and ISG15-2 genes of L. crocea
ra. ISG15-1 SNP ,b. ISG15-2 SNP D, 1 %),

(D’=0), (0<D’<1), (D’=1)
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x5 KEEISGIS-1 EFBEREDBREAMMERHEIHN S
Tab.5 The distribution of L. crocea ISG15-1 haplotypes in the susceptible and resistance groups
SI 1% RI 1% 7 P-value
H1: CCCCAGTACC 3(1.5) 6.29 (3.1) 1.313 0.252
H2: CCCCGGTACC 2.25(1.1) 9 (4.5) 4.415 0.036
H3: CCCCGGTACT 19 (9.5) 3.14 (1.6) 11.574 0.000™"
H4: CTCCAGGGCC 16 (8.0) 12.47 (6.2) 0.359 0.549
H5: CTCCGCGACC 25 (12.5) 9.95 (5.0) 6.663 0.009™
Block 1 H6: TCCCACTGTC 32 (16.0) 58.92 (29.5) 12.005 0.000""
H7: TCCCAGGACC 20.73 (10.4) 14.01 (7.0) 1.208 0.272
H8: TCCCAGGGCC 26.94 (13.5) 18.82 (9.4) 1.365 0.243
H9: TCCCAGTGCC 0.06 (0) 6(3.0) 5.309 0.021
H10: TTCCAGTGTC 14.93 (7.5) 12 (6.0) 0.249 0.618
HI1: TTTTAGGGCC 18 (9.0) 15 (7.5) 0.202 0.653
F6 KEEISGIS-2 EFBERE SRR RAPHLSH
Tab.6  The distribution of L. crocea ISG15-2 haplotypes in the susceptible and resistance groups
SI 1% RI 1% ba P-value
H1: CCCG 45.63 (22.8) 72.98 (36.5) 7.750 0.005™
H2: CCCT 56.55 (28.3) 31.07 (15.5) 10.754 0.001""
Block 1 H3: CTCT 12.77 (6.4) 5(2.5) 3.855 0.050
H4: TCCG 27.37 (13.7) 53.02 (26.5) 9.212 0.002"
H5: TCCT 48.86 (24.4) 35.93 (18.0) 3.132 0.077
(Metzger et al, 2015) ISG15-1  ISG15-2
3 , ISG15-2
ISG15
(Wang (Shen et al, 2019) , SNP
et al, 2012; Huang et al, 2013) ,
ISG15-1 ISG15-2 R SNP (Syvénen,
(Shen et al, 2019) 2001) SNPs ,
ISG15 SNP SNP (Ching et al,
, 2002; Zhao et al, 2003) (2017)
ISG15-1 ISGI15-2 10 (Megalobrama amblycephala) MHC Ila
4SNP R ISG15-1 ISG15-2 35 SNP R 13
2.08% 0.85% , (2013) (Pelteobagrus fulvidraco)
ISG15 ( 1SG15-2 MSTN 8 SNP R 1
ISG15 (2019)
s ISG15 hepcidin 2 SNP ,
(Huang et al, 2013) , ISG15-1 , ISG15-1
SNP ISG15-2 , 1SG15-2 ,
ISG15-1 ISG15-2 SNP
ISGI15-1 ISGI5-2 SNP
> , ISG15-1 186
G/C 318C/T
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4
(P<0.01) , 186 G/C GG SCISd 1SG15.2
(50.0%), GC 0 4 snp i i
(61.0%); 318 CT r ISG15-1 186 G/C 318 C/T
(19.0%), ¢ 152;15 2 _ 297 G/T
(95.0%) ( 3) , i
1SG15-1 186 G/C GC ’
318 C/T cc 1SG415-1 10 SNP ISG15-2
p
ISG15-2 297 G/T SN
, ISG15-1 H2 (CCCCGGTACC)
H6 (TCCCACTGTC H9 (TCCCAGTGCC
(P<0.01), GT ( ) (ISG15 2 ) HI1
(43.0%), GG CCCG) H4 (TCCG ’ -
(@s.0%) (4 ’ ( ) I;G15 1) ISG15-2 SNP
ISG15-2 297 G/T GG i i
ISG15-1 ISGI5-2 SNP
, 1SG15-1 10 SNP
ISGI15-2 4 SNP , 2014, 1.
« 3 (Oreochromis niloticus) (3): 17-18.
IPS-1 SNP , . . ,2019. SNP
1 ,
IPS-1 SNP 29(4): 120-125.
( , 2013) S s ,  ,2019. hepcidin
(O. niloticus, GIFT) Ilkaros 5 1. ;
SNP ’ 38(2): 38-44.
. , ., 2019.
Tkaros SNP SNP [3]. , 28(5):
, 2 SNP ( 772-781.
2018) TLR22 , , , , 2018. FST SNP
’ 1. , 32(5): 883-891.
s TLR22 5 SNP . 7 L2017,
(Su et al, 2012) [3]. ,
, ISG15-1 41(4): 735-740.
) s s ,2018. Ikaros
H3 5’ SNP
(CCCCGGTACT) HS5 (CTCCGCGACCO) [J]. , 25(2): 237-250.
H2 (CCCCGGTACC) , , , , 2013. (Pelteobagrus
H6 (TCCCACTGTC) H9 (TCCCAGTGCC); JulvidracoMSTN — SNP 91
, 44(6): 1566-1569.
ISG15-2 , , , ., 2017. MHC o
HI (CCCG) H4 (TCCG) SNP 1.
Ty , 36(4): 76-82.
CCCT SNP ’ ’ - 2000
( ) ( 1. , 34(4):
ISG15-1 186 G/C 318 C/T ISG15-2 297 618-625.
G/T) (ISG15-1 H2 H6 H9 ISG15-2 > > ., 2018. IPS-1
H1 H4) ) SNP [7].
, 26(1): 20-33.
, 2022.

b s s

1. , 41(1): 150-159.
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SINGLE NUCLEOTIDE POLYMORPHISMS AND ITS ASSOCIATION WITH DISEASE
RESISTANT TRAIT OF ISG15 GENES IN LARIMICHTHYS CROCEA

LI Feng-Xin', YIN Xiao-Long?, LU De-Zheng', LIU Cheng', ZHANG Jian-She', SHEN Bin'

(1. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China;
2. Zhoushan Fisheries Research Institute of Zhejiang Province, Zhoushan 316111, China)

Abstract Individuals of large yellow croaker (Larimichthys crocea) were infected by bacterial Vibrio harveyi, from
which susceptible and resistant ones were grouped. The single nucleotide polymorphisms (SNPs) of interferon-stimulated
gene ISG15 copies (ISG15-1 and ISG15-2) in large yellow croaker were screened and genotyped by PCR amplification and
direct DNA sequencing, and the association of SNPs with the resistance of large yellow croaker to V. harveyi was analyzed.
Results show that, 10 and 4 SNPs were screed and successfully genotyped from the ISGI5-1 and ISG15-2 gene,
respectively. The statistical analyses showed that the differences of genotype and allele frequencies of 186 G/C and 318
C/T in ISG15-1 gene and 297 G/T in ISG15-2 gene were extremely significant between the susceptible and resistant groups,
indicating that the three SNPs were significantly associated with the resistance of large yellow croaker to V. harveyi
infection. In addition, the linkage disequilibrium analyses showed that the 10 SNPs of /SG/5-1 gene formed 1 haplotype
block and 11 haplotypes, and the 4 SNPs of ISG15-2 gene formed 1 haplotype and 5 haplotypes. Thereinto, haplotypes of
H2 (CCCCGGTACC), H6 (TCCCACTGTC), and H9 (TCCCAGTGCC) of ISGI15-1 gene, and haplotypes of Hl (CCCG)
and H4 (TCCG) of ISG15-2 gene were all significantly associated with the resistance of large yellow croaker to V. harveyi
infection. These SNPs and haplotypes of ISGI15-1 and ISG15-2 genes could be used as candidate molecular markers for
selective breeding of disease resistant varieties of large yellow croaker.

Key words Larimichthys crocea; interferon-stimulated gene ISG15; single nucleotide polymorphism; Vibrio

harveyi



