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, , MHC IIB 3 PCR 1 94
, 5 min; 94 30 s, 57 1 min, 72
, 2, 1 min, 35 ;72 10 min
, MHC IIB ,
) MHC IIB ,
, 2 1) MHC IIB
3 1a-131 PCR 194 5min; 94 30,
el : 305,72 1 min, 35 ;72 10min
EST PCR pMD18-T simple ,
RACE MHC 1IB E. coli Topl0 , Takara
cDNA , PCR , EST
, MHC MHC IIB
’ &1 PCRYE314F5
Tab. 1 Sequences of primers used in this study
primer (5'-3") sequence(5'-3")
1 RACE PCR
MHCIIB3’ GGATTCATCTACTACAAGAGGAAGG
1.1 T7 TAATACGACTCACTATAGGG
Intron PCR
1 MHCIIB-intronlF ~ ACATGGCTTCATTCTTCCTCAG
o 80°C MHCHB—?ntron IR TTTACTCAGGCTGGCGTGTTC
MHCIIB-intron2F  AACACGCCAGCCTGAGTAAAC
) MHCIIB-intron2R ~ TTTACTCAGGCTGGCGTGTTC
, Takara Trizol polymorphism
RNA 50~100 mg, — MHCIIBPF TCCCTCTTCTTCATCACTGTCTGC
DNAL7 MHCIIBPR ACCTGACTTCGTCAGAGCATTTTC
realtime PCR
12 MHCIIB-RTF GCTGCTTCAACCTGCTTTCTGT
1.2.1 cDNA Clontech MHCIIB-RTR GTCGGGATCAGACCAGCACAG
SMART c¢DNA Library Constrution Kit , B-actinF AGCCACACTGTTCCCATCTAC
¢DNA i B-actinR CTCGGTGAGGATCTTCATCAG
1 058
, NCBI thlastx 1.2.3 MHC IIB
(singleton) (contig) cDNA GenBank
GenBank tblast , DNAMAN
1.2.2 MHC 1IB cDNA cDNA :
, EST s SMART ,
1 singleton MHC 1IB PHDsec program
) ) primer pre- Clustalx 1.83
mier 5.0 MHCIIB3'( 1), MHCIIB3' , MEGA 4.0 (neighbor-
T7 , cDNA joining, NJ)
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1.2.4 MHC 11B
MHC IIB
MHCIIBPF ~ MHCIIBPR( 1), 10
DNA ,
1 2 DNA , MHC IB
PCR 25 uL, 2.5 uL

10xPCR buffer, 2.0 pL dNTP(2.5 mmol/L),

(10 umol/L) 1.0 pL, 1 puL, 0.4 uL Pfu
DNA polymerase(2.5 U/uL, ) 17.1 uL
PCR Takara
1.25 MHCIIB
PCR MHC IIB
9
RNAfast200 ( ) RNA,
M-MLV (Takara) cDNA,
Realtime PCR PCR 25 uL,
2xSYBR" Premix Ex Tag™ (Takara) 12.5
pL, ROX II 0.5 pL, ( 1) 1.0 puL, 2
pL 8 uL : 95 30
S; 95 55,60 50s, 40 ;
(MHC 1IB) (B-actin)
, ACT
H-AACT (18] SPSS
12.0 t-test
2
2.1 MHC 1B
cDNA EST
1 917 bp , tblastx
MHC 1IB
MHCIIB3’ 3 ,
1144bp MHCIIB cDNA
(GenBank accession No. GU253881)
cDNA 7bp 5'UTR,450bp 3'UTR, 3'UTR
AATAAA  Poly A
; 687 bp, 228
cDNA ,
MHC IIB , 2

, PCR ,
6 5 MHC IIB
(D 7 bp  S5'UTR
, p1 ;
p2 :
MHC
1IB 5 85~356 bp, 2
I (GT)(CTGT), 5
, MHC 1IB B2
1 109 bp ( 2
2.2 MHC 11B
MHC 1IB 228 ,
27.97 kD,
7.00, SMART
, MHC II ,
(B1) IGC(Immuno Globulin C-Type)
(B2) 5
PHDsec program MHC 1IB
, p1 32 1 N-
(N-X-S/T), Bl P2 4
C- (S/T-X-R/K), p1 B2
7 II (S/T-X-X-D/E),
B2 2 N-
(G-E/D/R/K/H/P/F/Y/W-X-X-S/T/A/G/C/N)
Clustalx MHC
1B
> MHC IIB
30%~79%(  2),
79%,
75% 70% 69% 67% 57% 55% @ 51%,
34%  33% 31% 30% MEGA ,
, MHC 1IB (
3), , MHC 1IB



302

18

94
19
188
33
282
64
376
95
470
563
657
750
109
843
132
936
163
1028
181
1120
188
1212
1306
1400
203
1494
227
1587
241
1681
1774
1868
1962

GAGGAACATGGCTTCATTCTTCCTCAGCTTCTCCCTCTTCTTCATCACTGTCTGCACAGCAGgt gagatcaaaatactgatcactgatcagtt
M ASFFLSV FSTLFTFTITUVCTA
cactgatcaatacaaggatcattctetgactettttttgttgtetgttettcagATGGATTTCGGTATTATGTTATCTCTAATTGTGAGCTTAA
DGFRYYVISNCETLN
CTCCACTGAGCTGAACGACATTGAGTTCATCCAGTCTTACAATTACAACAAACTGGAGTATGTCACGTTCAGGAGCAGCGTGGGGAAGTATGTC
S TELNDTITEFTQSYNYNIEKT LEYVTZ FEFRSSUVGKYV
GGAACCAATGCGTATGGAGAGAAGAACGCTGAGAAATGGAACAGTGGTCCAGAGCTGGAACAGAGGAGAGCTCAGAAGCAGGCTTACTGCTTTC
G TNAYGEI KNAETZ KWNSGPETLEA QRIRAQKQAYCTF
CCAACATTGGAATCGCCACAGAAAATGCTCTGACGAAGTCAGgtgagtaagtgtgtgtgtgtgtgtgtetgtetgtetgtetgtetgtetgtgt
PNTGTITATENATLT K S
gtgtctgtectgtctgtetgtectgtetgtetgtgtgtgtetgtgtgtetgtgtgtgtgtegggggggggttagggtttaaagtttgaaacgaga
ctcgacagtttcgattcaataacctggagatagactcagcectctgtgtcaccacctgetggtcacacgetgtaactacagacactgactgaaget
tctetttgttctttcatgaaataaaataaaagatgaaacaattctttgatgttttcagttgaataatcaaaccacagatccagttcacacctg
acgtgaccaacatctgtcttcecagTCAAACCCTCCGTCACACTTCACTCTGTGGCGCCACCAGCTGGCAAACATCCAGCCATGTTGGTCTGCA
vVKPSVTLHSVAPPAGE KHPAMTLVC
GCATCTACGACTTCTTCCCCAAACGGATCAGAGTGAGCTGGCAAAGAGACGGACAGGAAGTCACCCATGATGTCACTTCCACTGATGAGCTGG
S I YDFVFPI KT RTITRVYVSWAQRDG QEVTHDVTSTDETL
CAGACGGTGATTGGTTCTACCAGATCCACTCCCACCTGGAGTACACGCCCAGgtgagtcecaggetecaggtecagttgggtecagttgagtee
AD GDWF Y QT HS HLEYTPR
agttgagttcaaatgggtccagttggggttagagecaacagaaactgatgtgttgettgtgttgaatcagGTCTGGAGAGAAGATTTCCTGTG
S G E K I S C
TGGTGGAACACGCCAGCCTGAGTAAACCTCTGATCACTGACTGGGgtaaatacctgtetgtetgeteacctgtetgtetgeteacctgteca
v vV EHASLSI K®PTLTITTDW
tctgetecacctgtetgtetgetecacetgtecgtetgetecacctgtecgtetgetecacectgtecgtetgetecacetgtecgtetgeteacetgte
cgtetgetcacctgtetgtetgetcacttgtetgtetgetecacttgtecgtetgetecacttgtetgtetgetcacttgtetgtetgetecacetg
tetttetacctttetgtectcagATCCATCCATGCCTGAGTCACAAAGAAACAAGATTGCCATTGGAACCTCAGGACTGATCCTGGGTCTGACC
bpPSMPESQRNIKTIAIGTSGLTIULGTLT
TTATCTCTGGCTGGATTCATCTACTACAAGAGGAAGGCCCAAGgtcagagccagaaacccacttcacaccagtttagaccagttttagtggtyg
L SLAGTFTYYZ KT RZEKANA
tgtatttgttttgattetgttettgtetettetetttgaaccagGGCGAATCCTGGTTCCCACTAACTGAGTTTGGTCCTGGTCCTGTTGCTGT
G R I L VPTN *
TTTCCTGATGGAAGAAAAATTCGCTGCTGCTTCAACCTGCTTTCTGTTTTCAGCTCAGCAGACTCAGTGCTTCCACCTGCTGGACTGGCTGAA
CACCAGATTATCTGATGGTCTGTGCTGGTCTGATCCCGACCCAGTCCTGTTCTCCATCAGGACTGGGGTGCTTCCTCTGACAGTCCAGACTCTG
GTGTATCAGCTGGATCACAAACACCTGATTTGTAGCTTCACGTGTGAAATCTATATTTTTCCATCGTCCTGTTGTCAAACTGTTTTAAATCCTC
TTTGATCCAGATCTCAGGTTTCTATAATCGTACTGTTTTCTAATCACCTTTGAAACT|AAAAAAAAAAAAAAAAAAAAAAA|

1 MHC IIB
5'UTR 3'UTR, ; ATG, ,
AATAAA  polyA ; N- R C-
1T s (GT)n(CTGT),
Fig.1 Genomic sequence of spotted halibut MHC I/IB gneome

Exons, 5'UTR and 3'UTR are in uppercase and introns are in lowercase; the start (ATG) codon is underlined and * represents the stop
codon; N-linked glycosylation site is underlined with single straight line; protein kinase C phosphorylation sites are shadowed; casein
kinase II phosphorylation sites are shown by curved line; (GT),(CTGT), microsatellite loci is indicated by double straight line.
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Fig.2 Schematic illustration of spotted halibut MHC /IB genomic structure
connecting peptide; CT: cytoplasmic domain; LP: leader peptide; TM: transmembrane region.
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Tab.2 Identity of spotted halibut MHC 11B amino acid sequence with those of other fishes and high vertebrates
. GenBank /%
species . . . .
GenBank accession no. identity with spotted halibut
Paralichthys olivaceus AY 848955 79
Morone saxatilis AAA49379 75
Larimichthys crocea ABV48908 70
Pagrus major AAX63386 69
Cynoglossus semilaevis ACI88826 67
Salmo salar CAA49726 57
Cyprinus carpio CAA64706 55
Danio rerio CAD8779%4 51
Mus musculus P18469 34
Homo sapiens Ml1161 33
Gallus gallus AAS00716 31
Ginglymostoma cirratum AAF82681 30
281 Morone saxatilis
E B Pagrus major
K¥it Larimichthys crocea
lj [FIBKE L Verasper variegatus
N} Paralichthys olivaceus
P15 Cynogiossus semilaevis
KPG S Salmo salar
l: 4t Cyprinus carpio
Bt 44 Danio rerio
1% Gingiymostoma cirratum
215X Gallus gallus
il Mus musculus
{ N Homo sapiens
P
0.1
3
Fig.3 Neighbor-joining phylogenetic tree constructed with the amino acid sequences of MHC IIB
; 1 ;
2 23 ( 3,
1 2 3
2.3 MHC 1IB 10,9 4, 1 2
3
MHCIIBPF  MHCIIBPR 2.4 MHC 11B
1 1 2 3
, PCR 9 RNA,
388 bp, cDNA |, cDNA Realtime
85 bp, 2 270 bp, PCR, .9 MHC 1IB



304 18
( 4, , 3
: : (MHC)
(P<
0.05)
P MHC
210;
i % of b , MHC
8 8t
® S 7t b b b , MHC
T 2 6t
£3 5t ,
878 4t "
o2 3 . a a , MHC 1]
59 i a a [20] [21] [22] [3,23-24]
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Fig.4 Tissue distribution of spotted halibut MHC IIB tran- 5 Bl BZ 4
script measured by Realtime PCR 4 MHC 1B
Different letters on columns mean significant difference ’
(P<0.05) among different tissues. 5
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Tab.3 Distribution of SNP sites within exon2 of spotted halibut MHC I1B sequences
(n=20) (n=20)
number position nucleotide allele nos. (n=20) number position nucleotide allele nos.
T 16 13 230 C 13
1 159 C 2 T 7
G 2 14 321 A 18
T 17 G 2
2 162
A 3 A 17
15 322
G 13 C 3
3 165
A 7 A 16
16 324
T 14 G 4
4 167 G 6 G 17
17 325
A 11 C 3
5 168
T 9 G 10
C 15 18 327 C 7
6 170
A 5 T 3
T 14 G 10
7 171
G 6 19 328 C 6
C T 4
8 172
T 16 A 11
20 376
A 14 C 9
9 214
T 6 A 13
21 387
G 12 G 7
10 219
C 8 G 12
22 400
A 16 T 8
11 277
T 4 A 8
C 16 23 401 T 8
12 278
G 4 C 4
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Genomic structure of MHC 1IB from spotted halibut Verasper varie-
gates: genomic structure, polymorphism and tissue expression analysis

LI Hongjun', WANG Juan'*, GAO Xianggang', SU Hao', XING Kun’, FU Liyuan'?, HE Chongbo'

1. Liaoning Ocean and Fishery Science Institute, Liaoning Key Laboratory of Marine Fishery Molecular Biology, Dalian
116023, China;

2. College of Life Sciences, Liaoning Normal University, Dalian 116029, China;

3. College of Ocean Engineering, Dalian Ocean University, Dalian 116023, China

Abstract: Major histocompatibility complex (MHC) plays an important role in the immune response of vertebrates.
Its function is to present self and non-self peptide to T-cells receptor. In order to study the function and molecular
polymorphism of class II genes in teleost, MHC IIB was identified from Verasper variegates by expressed se-
quence tags (ESTs) and rapid amplification of cDNA ends (RACE) approach. The full length cDNA was of 1 144
bp, consisting of 5> UTR of 7 bp, a 3’ UTR of 450 bp with a poly (A) tail, and an open reading frame (ORF) of 687
bp encoding a polypeptide of 228 amino acids, which contained a signal peptide, a peptide-binding region (B1), an
immunoglobulin-like region (B2), a transmembrane region and a cytoplasmic region. Phylogenetic analysis dem-
onstrated that the putative V. variegates MHC IIB amino sequence showed 30%-79% identity with those of other
teleosts and vertebrates. The genomic MHC IIB contained 6 exons and 5 introns. An important difference between
V. variegates MHC IIB and other known class IIB genes was that B2 domain-encoding exon was split by an intron
of 109 bp in length. There were 23 single nucleotide variable sites in exon 2. Realtime PCR analysis demonstrated
that MHC IIB was ubiquitously expressed in nine tested tissues, but the expression levels were different. The ex-
pression levels in kidney, heart, spleen and gill were significantly higher than those in liver, skin, brain, blood and
muscle.[Journal of Fishery Sciences of China, 2011, 18(2):299-307 ]
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