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; UPM 5'-RACE ,
3’-Full RACE Core Set Ver.2.0 (TaKaRa)
1.1 Outer P Inner P 3'-RACE ,
63 20~30 g/ MHC II B 5 3 MHC 1I B
L5m  ¢DNA , cDNA
, (25+1)C , MHC 11 B
, 12 ) , 4 (MHC 1II B-1F/R~MHC 11
0.1 mL 1.25x10° CFU/mL B-4F/R), MHC 1I B
( ) , MHC 1I ,
, cDNA , 5-UTR 3-UTR ,
10 h MHC II p-UAF ~ MHC II B-UAR,
; , MHC II B ,
, 12h 24 h (SP) 2 (B1  PB2) (CP)
48h 72h4 (TM) (CYT), MHC
, —80°C I p MHC II B-RT-F/R,
, 43 ,
1
11 , -80°C , PCR : 94°C 3 min;
5 , 35 : 94°C 1 min, (T, C)1 min,
75% 72°C 2 min; 72°C 10 min PCR 1%
1.2 DNA mRNA cDNA , Gel Extraction
- 7 DNA Kit (Aidlab) , pMD-19T (TaKaRa),
TRIZOL  (Invitrogen), TOP10 (Tiangen), M13F/R
RNA, 1% , 1) PCR ,
OD  (Az60/A2s0) 5 ,
RNA , Prime Script 1% ABI3730
Strand cDNA Synthesis Kit (TaKaRa) cDNA, 1.4
-20C Klein [
1.3 PCR , Scar-DXB*0101 , Scar
NCBI
(Dicentrarchus labrax)(GenBank : CAJ34348.1) DXB MHCI B ,“0101”
fifi(Miichthys miiuy)(AGJ70375.1) (Paralichthys , PCR
olivaceus)(A1102000.1) MHC 1I B ,
, MHC II B-F/R, 2
MHC 11 B cDNA PCR ,
, , 5'-RACE 1.5%
MHC II B-GSP5’ 3'-RACE (4l
MHC II B-GSP3’, SMARTer'™ 1.5
RACE c¢DNA Amplification Kit (Clontech) , NCBI BLAST
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Tab.1

Primers used in this study

primer name (5'-3") primer sequence (5'-3") /C T amplification target
MHC II B-F CTGAACCTGGACTGATGTAT 4
MHC II 8-R AGATCTTCTCTCCAGACTTG
UPM (long) CTAATACGACTCACTATAGGGCAA
& GCAGTGGTATCAACGCAGAGT 5'RACE
UPM (short) CTAATACGACTCACTATAGGGC
Outer Primer TACCGTCGTTCCACTAGTGATTT JRACE
Inner Primer CGCGGATCCTCCACTAGTGATTTCACTATAGG
MHC II B-GSP5' ACTTCCTGTCCGTCTGTGAG 59 S'RACE
MHC II B-GSP3' GTCAAAATCTGCGATGCCCT 59 3'RACE
MHC II B-1F CATCAGCTTCTCCCTCCT
52 1 intron 1
MHC II B-1R TAGCCAACAAAATTCCCC
MHC II B-2F CTGAACCTGGACTGATGTAT .
53 2 intron 2
MHC II -2R CATCAGTGGAAGTGACATC
MHC II B-3F ACATGTGGCCATGTTGGT .
55 3 intron 3
MHC II B-3R TCAGTCCTGAGGCTCCGA
MHC II B-4F TACTACAAGACGAAAGCC
46 4 intron 4
MHC II $-4R GAACAACCAACAGGACCA
MHC II B-UAF TGGTGGTCCTCGTCCTCT 4 ORF
MHC II B-UAR ATGTTGTGGTGACGTTCG
MHC II B-RT-F AGCGTCCCTCAGTGTCTC
60°C qPCR
MHC II B-RT-R GCTCCTCTCCATCTTTCC
B-actin-F GTGCTATGTTGCCCTGGACT
59°C qPCR
B-actin-R TGCTGTTGTAGGTGGTCTCG
M13-F GAGCGGATAACAATTTCACACAGG
55C microbial validation
MI13-R CGCCAGGGTTTTCCCAGTCACGAC
: GSP ; UPM . F ;R

Notes: GSP is gene specific primer; UPM is Universal Primer Mix; F is forward primer; R is reverse primer.

(http://blast.ncbi.nlm.nih.gov/)
: Bioedit [

s Clustal X

[16] , ContigExpress (http:

/Iwww.contigexpress.com/)

b

cDNA , BLAST cDNA
, ORF
Finder (http://www.ncbi.nlm.nih.gov/projects/gorf/)
(ORF), SignalP 4.0

Server (http://www.cbs.dtu.dk/services/SignalP/)
[17]

>

TMHMM (http://www.cbs.dtu.dk/services/ TMHMM-
2.0/t , Pfam(http://pfam.

sanger.ac.uk/) ; ProtParam

(http://web.expasy.org/protparam/)

PredictProtein (http://www.predictprotein.org/) ,

DnaSP 5.0 MHC II B
, Mega 5.0°"
, Mega 5.0 NJ
(Neighbor-Joining) )
Bootstraps 1000
1.6

11
(12h 24h 48h 72 h)



24 23
RNA, cDNA , GQEVTS GLILGL), p2 CP/TM/CYT
ABI7500 PCR RT-PCR , C- (TPR SLK SER),
MHC 1I B B2 CP/TM/CYT 5 II-
[ST].{2}[DE], p1 1
PCR 20 uL,  :2 pL cDNA KVEDVGY MHC 11 B
10 uL SYBR Green Real-time PCR master mix (Ta- ,  NCBI
KaRa), 0.4 uL ROX I, 0.8 uL. 6.8 uL ddH,0 (Stizostedion vitreum) MHC 11
MHC II B-RT-F/R 2
B-actin-F/R( 1) 3 , , 2.3
MHC 1I B , 43
2 209 , 209
2.1 MHC TIp Bl ’ B2 CP)
MHC IIB-F/R( 1), (T™) CYT), 179
464 bp , 5'RACE
3" RACE, 1172 bp 48 96 ’ ’
MHC II B cDNA  (KT176142), Scar-DXB*0101~Scar-DXB*4801
Scar-DXB*01( 1A) 6 » (GenBank . KT176142~KT176189)
1 34bp S'UTR 55bp : ’ MHC 11 B
2 Pl ; 34 P2 183 : 25.74%,
; 5 6 139 ; 83
3'UTR , 35.02% ( 2),
, 4 MHC II B-1F/R~ 62 , MHC 1I B
MHC II B-4F/R( 1), 5 ( 1B): (Hp) (K)
1 216 bp, 1 2 (P) 1.000 57.480  0.081
; 2 2, 1010 bp; 2.4
3 P2 , 85 bp; NJ ( 3):
4 5 258bp 94 bp (Oreochromis niloticus,
GT/AG ) (Paralichthys olivaceus, )
2.2 (Gasterosteus aculeatus, ) 11
MHC II B , (Salmo salar,
, (SP) B1 B2) ) , (Cyprinus carpio)
ORF 249 , )
, C2239H3730N7500934S 195, ;
62.45 kD, 5.09 Predict Protein ( ) ( ) ( )
, MHC 11 B , ,
( 1A): Pl 1 N-
(NSTE), Bl P2 CP/TM/CYT 2.5
N- (GNFVGY GLMYAE RT-PCR ( 4), MHCII B
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, MHC II B
11 , ,
; ( 5
, , 12~48 h R
A ACATGGGGAGTGTGTGTGAAGTGAACACAGGGAC 34
<« 5-UTR
@:EECTTCAGCCTTCATCAGCTTCTCCCTCCTCTTCATCAGCCTGTGGACGGCAthacgatcaatacgctctgatcaatacacaetgat 124
M ASAFISFSLILTFTITSILWTA 18
Caatacgctctgatcaatacgctctgatcaatacacactgatcaatacacactgatcaacaacacactctgatcaatacgetctgatcat 214
Tatgctctgatcaacactgattgetgatcaatactctgatcatactgtagtttcatgetgatgttcaaactgtttgtttettgttettea 304
gATGGATTTCTGGAATATTCTTTCAGCCGCTGTGTGTTTAACTCCACTGAGCTGAAGGACATCGAGTACATCGTGTCTTACTACTTCAAC 394
b G¢GFLEYSFSRCVFNSTETLZ KTDTIEYTVSYYFL 48
AAAGTGGAGGACGTCGGGTACAGCAGCAGTTTGGGGAATTTTGTTGGCTACACTGAACCTGGACTGATGTATGCAGAGAGCTGGAACAAC 484
NKVEDVGGYSSSIGNFVGYTEPELMYATESTUWNN T8
GATCCTTCACAACTGGCTCAGATGAGAGGTGAGAAGGAGAGGTACTGCCACCACAACATTGGGATCGACTACCATGCTGCTCTGTCAAAA 574
D PSQLAQMRGETZ KETRY CHHNTIG GTIDYHAATLS K 108
TCTGgtgagtttgtgtttctgtcacatccaacagcatctgatcatcacgttattgattaactgactgattcattaactctectgaccaate 664
S 109
aacgtgaactattgaatcagctttcaatattaatattgatctaaaacagtttatggtttcatttcacctaaagtcactaactatttggta 754
gttactgatcatttaatattttatatatcattttaaatgtttacatacatgtcttctttattttattctaaactgtgttcaatgaaaact 844
Acatcaatttgtttccagtatttccaaatgtatttgttccaaataacagtcaacatcaaacacacaatcattattaaagaaaatataaaa 934
Ataaaatcacacttttagaaaagggaatcaatattttattttatttttttggtgtgttacactgttaaagtccaaaaagaaactatttca 1024
Ccaaactagagtttcttttcccacttectgtgtgcatgtatgaagtgtttgttgaacagecataaattgtgtgatttggatgaatatttact 1114
Gtcaacattaatgttcagtatgttctgecactcaggaacattttgttccactcagtactttcactttectttacagcaacacactcacaca 1204
Ctgaagcctgaacaacaaaatgtcatgttaggaatgatgactgatggacaggtaaaataataagacgactttgagagecctggaatatte 1294
Tacaataaattattgctatgaacatcaggcagacttgaaaatcctaacttttgetcacgtetgtetgtecctgteccactecattttecata 1384
Acgactgatcctccaaaggccagaagtgaaccatcaaaacctgecaggacttaactgaaagtcaggetgteggetetgettgtttgaatge 1474
Tgacattaaaggagaagtttttaatgcaggcagectcagacgtccagaacaaacacacttectgetgetaaacacactttgetaattaaa 1564
acgacaacataacttgtgttccagCGATGCCCTACCTCAGGCTGCGGTCTGTGACACCCCCTGGTGGTAAACATGTGGCCATGTTGGTCT 1654
AMPYLRLIRSVTPPGSGIKHV AMTILV 131
GCAGCGTCTTCGACTTCTACCCCGAACACATCAAAGTGTTCTGGCTCACAGACGGACAGGAAGTCACCTCTGATGTCACTTCCACTGATG 1744
CEVFEDFYPEHTKVFEWLTDEQEVTYDVf ST D 160
AGCTGGCAGACGCTGATTGGTATTACCAGATCCACTCTCACCTGGAGTACACGCCCAGgtgagtccagetgeaggtectggtectggtte 1834
ELADADWYYQIH[HLEHYTP 180
aggtccagttetgegtgacagaccetetgatgtgttggtttgtgttgaagecagGTCTGGAGAGAAGATCTCCTGTGTGGTGGAGCACGCC 1924
RS GEK TS CV YV EH 192
AGCCTGAAGCAACCTCTGGTGACTGACTGGGgtaaatacctgtetgtetgeteacecegtetatetgtetgtetgtetgtetgetecacetg 2014
AS L KQPLV 203
tctatctgactgttcacetgtetgtetttetgtetgtetgteetecagATCCGTCCATGCCCGAGTCAGAGAGGAACAAGATTGCCATCGG 2104
P[P s e RrRNKIT AT 217
AGCCTCAGGACTGATCCTGGGTCTGATCTTATCTCTGGCTGGATTCATCTACTACAAGACGAAAGCCCGAGgtcagaccagtacacacag 2194
G A S F L I L G u I L S L AGF T Y Y KTK AR 241
Tctgaaaccagttcagaccagtacacacagtctgaaaccagttcagaccagtacacacagtctgaaaccagttcacaccagtctgagace 2284
Agttcagaccagtctggtetectetgttttatttagtgtttcatttagaatgggttcagttgttgatttigttttcagaccacttcagtet 2374
Cactgcaggttcaggattttttcaaaccagttttcaggtcattttcagaccagtttttgtecagtctecagaagacgagttttaaagtett 2464
catctgaggttgaccctgtcctcatctcttcctgtcttacagGTCGGATTCTGGTTCCCACTAACCTGGTCCTGGTCCCGGTCCT 2554
G R I LV PTN *® 3-UTR — 249
GATCCTGGTCCTGATCCTGGTCCTGTATCCTGTGTTCTCTGATCCTGAGCTGGTCTTAACCCTGATCCAGGACTCTCACTGTCCTGTTGG 2644
TTGTTCCCACATGTCTGTGACAGTCCTGGATCAGGTTGTGGTCTGGGCTGTGGATCTGGACTCTGCTTCCTGCTGCTTTACTGTGTGGAT — 2734
CAACGTGTTGGAGGCTCTCAGTAACTCTGCTGTTTAAATCAGATAGAATCCAGAGGTTTGGATCATGTGGGGCTCGCAGCTTGTCTGATT — 2824
GTTCATTTCTGTGTTTTTACTGCACTGAAACGTTTTCTAACCACACCAGAAAACCC’I1AAAAAAAAAAAAAAAAAAAAAAAAAI 2914
2920
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Fig.1 Genomic sequence (A) and schematic illustration (B) of Scatophagus argus MHC 11 p gene!?'
A. Exons are shown in uppercase and introns are shown in lowercase letters; Numbers are representative of the end of nucleotide
sequence (non-bold) and deduced amino acid sequence (in bold); Dot-dashed line stands for signal peptide; Underline indicates pro-
tein kinase C phosphorylation site; Horizontal dotted line indicates N-glycosylation site; Rounded rectangle indicates casein kinase 11
phosphorylation site; Wavy line shows tyrosine kinase phosphorylation site; Grey box indicates N-nutmeg acetoxylation site. Rec-
tangular boxes are representative of the polyadenylation signal and the polyA tail; Dash area indicates introns and exons matching
sites; Ellipse indicates the start codon and stop codon. B. Boxes stand for exons; Lines indicate introns; White boxes stand for CDS;
Black boxes stand for UTR; Numbers stand for the length (bp) of exons and introns.

#2 THREMHCHPpEEHZHERERISERTRMVS
Tab.2 Variable sites of nucleotide and amino acid in the MHC II § gene of Scatophagus argus

nucleotide amino acid
sequence /% /%
variable site total site percentage variable site total site percentage
signal peptide 11 60 18.33 5 20 25.00
Bl B1 domain 129 255 50.59 55 85 64.71
B2 B2 domain 36 282 12.77 18 94 19.15
transmembrane 7 114 6.14 5 38 13.16

total 183 711 25.74 83 237 35.02
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B-1245#448, B-1 domain
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18 Cyprinus carpio XRFXC*ARLP. . .. H.YY. . MTFD. . YSASDYS. MV.LL. . S.. QGL. AGFN..V.K...... K.MKD..Y...N.AE.Q.R.A.VDT.. 90
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INER Mus musculus R. . YE. FDNFLVPRRVE. TVIVYPXGN. AACC HNL. . . ... S....GN E.R.FRN. K EXTGIV. . G.VRNG. . TF. TLW..TV.Q...WT.Q...P..TD. 105
N Homo sapiens R. . Y. VGESFTVORRVE. KVTVYPXGN. AAXX. HNL. . . .. SG...GS.E.R.FRN. .. EKAG.V.. GLIGNG.. TF. TLWM.. IV.. ... WT.Q..P.vIs. 105
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CP/TM/CYT%5#y3, CP/TM/CYT domain
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KRt Stizostedion vitreum sy
S B, Epinephelus coioides 54
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KHEH Larimichthys crocea 54
=it Gasterosteus aculeatus 54
B Pagrus major 54
W F 85 Cynoglossus semilaevis 54
FE Paralichthys olivaceus 54
Je B Bt Oreochromis niloticus 55
& W15 Dicentrarchus labrax 54
KVGEEE: Salmo salar 49
FBLEMYE Verasper variegatus B P, Ll Too..... Tooeeeann.s R..0Q........ X——— 54
M Ginglymostoma cirratum MSV. . EVESX. AKAKXT. . IV. VL. FGF. . . IL. .. V. MRLKN. KXDSG*QPWPASDGPG. EX— 64
8 Cyprinus carpio MI....... E - I V..LIAA.L....KSA........ — 53
IS4 Brachydanio rerio CTKONH.—.S..D...F.......V..LLIAL.L....K.ST........ ————— 33
S5 Gallus gallus 1SQA. E. X—. ADAG. S. LLT. MG. FV. . . VFLAL. LFVFLRGOK. . PVAA. . PXHAEX—— 58
JINER Mus musculus VTVE. KAX—. APARX. . MLS. VG. FV. . . LFLG. . LFI. FRNOK. GSGLQ. . . X. AEX—— 58
N Homo sapiens . TVE. RAX—. AKARXS. MLS. VG. FV. . . LFLG. . LF1. FRNGK. HSGLQ. . . XLSEX—— 58
2 MHC 11
Bl p2 (CP) (T™M) (CYT), ,
“.r “= 3

Fig. 2 The comparison of amino acid sequences of MHC II B gene in the Scatophagus argus with other species
The sequence includes signal peptide, f1 domain, 2 domain, connecting peptide (CP), transmembrane region (TM) and cytoplasmic
tail (CYT); Numbers above the sequences refer to positions found in the sequences; Numbers at the end of the sequences represent for
the total number of amino acids; “-”” shows consistent amino acid sequence; represents for deficiency. Sequence accession num-
bers are the same with those in Fig.3.
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Fig. 3 Phylogenetic tree of MHC II B gene based on amino acid sequences of the Scatophagus argus and other vertebrates by NJ method
Numbers on the nodes show the confidence level from bootstrap analysis. The GenBank accession numbers of the sequences are be-
hind the species name.
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Genomic structure, polymorphism, and expression analysis of the
spotted scat (Scatophagus argus) MHC-II B gene

WANG Xiaobing, LIU Zhizhi, LI Qiang, ZHANG Lufei, ZHANG Junbin

Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; Shanghai Ocean
University, Shanghai 201306, China

Abstract: The major histocompatibility complex (MHC) is a gene family common to vertebrates and is encoded by a
group of genes closely related to immunological functions. Many studies have indicated that MHC occurs on the sur-
face of all karyocytes and that the MHC II genes of fish differ by species in structure, character, and polymorphisms.
The spotted scat (Scatophagus argus) is eurythermic and euryhaline and is widely distributed in brackish water and ma-
rine habitats of the Indo-Pacific region. Spotted scat has become an economically important species in southern China
in recent years owing to its strong tolerance to a variety of environmental conditions. However, most spotted scat stud-
ies in the last two decades have focused on artificial breeding, biological characteristics, gonadal development, repro-
ductive characteristics, and genes related to osmotic adjustment and gonadal development, but not immune system
function. Furthermore, farmers have recently found that spotted scat are susceptible to infections by parasites, bacteria,
and viruses, which could cause serious economic losses. Thus, we determined the complete cDNA sequence of the
spotted scat MHC-IIP gene for the first time using homology-based cloning and rapid amplification of cDNA ends po-
lymerase chain reaction (RACE-PCR) and analyzed the introns, gene polymorphisms, and tissue expression. As results,
the cDNA sequence of the spotted scat MHC-IIP gene was 1172 bp in length, including a 34 bp 5’-untranslated region
(UTR), a 388 bp 3’-UTR, and a 750 bp open reading frame (ORF). The ORF contained the signal peptide, the f1 do-
main, the B2 domain, a connecting peptide, a transmembrane region, and a cytoplasmic tail. The total length of the gene
was 2920 bp. The MHC-IIP gene contained six exons and five introns (85—1010 bp), and the third intron separated the
B2 domain into two parts. This structure differs from some other teleosts and provides new evidence for the lack of
conservation of MHC-IIf gene structure. The molecular formula was Cy39H3730N75000345193, and relative molecular
mass was 62.45 kD. Some classic functional sites were found in the amino acid sequence, such as a protein kinase C
phosphorylation site, an N-glycosylation site, a casein kinase II phosphorylation site, a tyrosine kinase phosphorylation
site, and an N-nutmeg acetoxylation site. Interestingly, the number of protein functional sites in the spotted scat
MHC-II gene was very similar to that in other fish, such as common carp, yellow croaker, and Japanese flounder, in-
dicating conservation of MHC in fish. We identified 48 alleles from 209 clones in 43 individuals to examine polymor-
phisms in the spotted scat MHC-IIP gene. These alleles were named Scar-DXB*0101—Scar-DXB*4801, indicating high
polymorphism of the MHC-IIf} gene in S. argus. However, allelic polymorphisms of the MHC-IIB gene are quite dif-
ferent in fish, which may be an inherent characteristic of the species or it may be related to other factors, such as the
founder effect, gene flow, or gene selection during evolution. The RT-PCR analysis showed that the MHC-IIB gene was
expressed in all 11 tissues examined, with the highest levels in spleen, gill, intestine and skin; moderate levels in kidney,
stomach, and heart; and low levels in the eyes, brain, liver, and muscle. MHC-II gene mRNA expression levels varied
in liver, spleen, gill, and kidney after infection with Aeromonas hydrophila, indicating that the gene has important ef-
fects on the immune response. A neighbor-joining tree showed that the S. argus MHC-IIP gene had a fairly close genetic
relationship with those of Paralichthys olivaceus, Dicentrarchus labrax, and Salmo salar and more distant genetic rela-
tionships with Ginglymostoma cirratum, Gallus gallus, Mus musculus, and Homo sapiens. These results lay the founda-
tion for screening resistance genes and breeding S. argus for disease resistance.
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