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6 cDNA MHC class 1371
% 1 6% cDNA XEESD FF
Tab. 1 Partial sequences in cDNA library of silver carp
GO GenBank cDNA
gene ontoloy homologous gene GenBank accession No.  complete cDNA  clones
cellular proteasome maturation protein HM124737 1
component L35a ribosomal protein L35a 1
PO ribosomal protein, large, PO HM124745 1
L7a ribosomal protein L7a HM124746 1
S3B ribosomal protein S3B HM124752 1
40S S15 40S ribosomal protein S15 HM124759 1
S11 ribosomal protein S11 HM124760 1
P3 P3 protein HM124761 1
L30 ribosomal protein L30 HM124762 1
A HM124765 1
small nuclear ribonucleoprotein polypeptide A
a fibrinogen, a polypeptide 1
s fibrinogen, f polypeptide HM124747 3
y fibrinogen, y polypeptide 5
A1 Tubulin S1 HM124750 1
Sec6la 1 Sec61 al HM124753 1
f 4 proteasome subunit j type-4 HM124771 1
molecular C Aldolase C HM124740 1
function GDP 2 GDP dissociation inhibitor 2 HM 124748 1
A-1 Apolipoprotein A-I HM124749 3
E-2  Apolipoprotein E-2 1
14 kD 14 kD apolipoprotein HM124766 1
D 1 D-type binding-protein 1 1
I cAMP o HM124754 1
protein kinase, cCAMP-dependent, regulatory, type I, o
Rho GDP y  Rho GDP HM124755 1
dissociation inhibitor (GDI) y chain
G p 1 G protein, f polypeptide 1 HM124756 1
TINP1 TGF-f-inducible nuclear protein 1 HM124757 1
Cl C1 inhibitor HM124763 1
hormone binding globulin 1
haptoglobin 2
s hemoglobin £ chain HM124768 1
C 2 HM124764 1
ubiquinol-cytochrome ¢ reductase core protein 2 (uqcrc2)
9 matrix metalloproteinase 9 HM124770 1
C1 complement C1 1
C3 complement C3 2
C7 complement C7 1
a-1 a-1-microglobulin 1
biological HM124738 1
process 2 Proline-rich nuclear receptor coactivator 2
2 stromal cell-derived factor 2-like 1 HM124739 1
poly A binding protein HM124769 1
3 ranslation initiation factor 3 subunit HM124758 1
DNA RADSI 4 HM124772 1
DNA repair protein RADS51 homolog 4
transferrin HM124773 3
unknown photomorphogenic 5 photomorphogenic homolog subunit 5 HM124767 1
zonadhesin HM124742 1
valosin-containing protein HM124743 1
unknown 17
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caaagaagecggtgecact gaate tgaagaaaa tagaaau@cag tetataat tctactggtegteactctacatatt
MQ ST ILLVYVTLHTI
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ASGATHSWEAYY TGTTOGLSETFPEFVA
ctgaatctcattgatgatcagttgatgggatatttegacageaataccaaccge tttaagagecaatt taaatggatg
LNLIDDO QLMGYTFDSNTNRFEFILEKSGQQFIEKWM
gaagacaatcttgggaaagat tatgatgageaagagactaacactettcaggeccatactgeaacattcaaggacage
EDNLGEKDYDE®QETNTILQGHTATTEFIEKTDS
gttagaattgtaatggatcgetacaaccaaacccaaggtgttecacacgteggcagetgatgtacggoetgtgage tgaat
VRIVMDRYNQT®Q GV HTWQLMYGTCETLN
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pbDGTT®QGYHQ FGYDOGADTFVYSLDEKSTL
acctggactgetgecaatectcaagetgteattactaaacacaaatgggaggetacaacatatgeageaaaagagaaa
TWTAANPQAV I TEKHIEKEWEATTYAAIEKEK
ggatatctggagaacacatgeat tgagtgge tgaagaagtatg tggtttatggeaaagacactet ggagagaaaagte
GY LENTCIEWLZI KIEKYVVYGKDTTLERIEKV
tctectecaggtgtetetgttgeagaagaateecetettetecagtgtegtgteatgetacaggatt ttaccecagtgga
s PQVSLLQ@KNPSSPVSCHATGFYPSG
gtgaaaatctcctggeagaaaaa tggacaagageattatgaggat gtggatettggt gaact tet teccaatgaggac
VEKEISWAQE KNG EHYEDVDLTGETLTLZPNETD
ggaacct tccagaggacaage accctcagagttggacctgatgagtggaagaacaacaagtteagetgtgtggtggaa
G TFQRTSTLRUVGPDEWEKNNIEKTEFSTCUVVE
catcaggaaaaaaacatcagaaagacagaggatgacatcattactaaccetgattetgtteccattgecateattgtt
HQEKNTIREKTEDDTITITNPDSVPIATITILIW
ggagetgttgetgecgttgtectggtgattgteattggtgttgtt gggtat ttggtgtateagagaaagaaagget tt
GAVAAVVLVIVIGVVGYLVYQRZEKIEKTEGTF
aaacctgtcaatgectetgatgatggttectaacagetcagetegt acaag atgagaccagacgt gagagagatga
KPVNASDDGSNSSART =*
agttgaacaaattatgtttatcctgetgtteatectgettacaaaact tcacataaaac ttcacaaaagegetetete
tctetetetetetetetetetetetetetetetetetcacacacacacacacacacacacactgattgatcattgate
tcagaactgaaatttgaaaatttctatatttecctttagtgacagattaaaacaagagtacaaat gat tgatttgeaa
ggttgattgatttgtaagatttgagaaattggtttgttgattattgattat tactggttgtgaagaaataaat cagaa
aagaaattagaaaccttaagtttttacagtaaagtgtaaccacctgtgtacaacagecatetetgtatgtatattaga
gggaatatctagagggaatitctgtgggragatagaatgtaaanaataaat gagggaaaggctgt ttaaaaagtaatt
tgaaaactatttgaatttgtttattaaatgeaatatttaaatttactt tcttt taaatttggtctaaaa
aaaaaaaaa

2 MHC I cDNA

Fig.2 Nucleotide and deduced amino acid sequence of MHC class I in silver carp
The start codon, stop codon and poly(A) signal were boxed.
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Fig.3 Amino acid alignment of MHC class I of silver carp with other vertebrate

Hymo_UA: silver carp; Ctid_UA: grass carp; Cyca_UA: common carp; Dare-UBA: zebrafish; Gamr: Atlantic cod; Sasa_ UBA: At-
lantic salmon; Acsi_UBA: Chinese sturgeon; Posp UBA: paddlefish; HLA-A2: human; Xela UBA: clawed frog; Igig UB: green
iguana; Gici_11: nurse shark; Hefr-20: tiger shark. “...” 7! gaps;

peptide binding; “#”: conserved cysteine residues; cho: glycosylation site.

BTSN

: identity to the Hymo UA sequence; “— : conserved sites for
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Fig.4 NIJ phylogenetic tree constructed by MHC class I amino acid sequences of silver carp with other vertebrate
A: complete sequences; B: sequences of a3, transmembrane and cytosolic domains. Bootstrap values from 1 000 replications were
shown on nodes, and the sequences of sharks (Cici_11, Hefr 20) were used as outgroup.

[19]

b

MHC class | cDNA

, Ctid UA(AY391782)
o2 >
MHC class 1 ( 3,



cDNA

MHC class 1375

MHC class I U

4),

, al

[20]

[21-22]

class 1

3’'UTR

3'UTR

al
19

al (40.9%)
MHC class 1

(@l ) *

[26-27]

B

a3

MHC class I

a2 s

>

a3

MHC class 1

33 b3

[23]

MHC

[24]

85% ,

5 , al
[21]
al , 88
( 3, 78.4%,
(34.1%)
3'UTR

, MHC class
MHC class 1

ER]

[25] [21]

MHC

MHC class I

cDNA

S % 3k

(1] ; , ,

[M].

1990.

B

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

DNA . , 1998, 44(1):

82-93.

RAPD 1. , 2001, 25(4):
324-330.
mtDNA [J7].
142-147.

Sommer S. The importance of immune gene variability

, 2002, 26(2):

(MHC) in evolutionary ecology and conservation [J]. Front
Zool, 2005, 2: 16.
Chen W, Jia Z, Zhang T, et al. MHC Class I Presentation and
Regulation by IFN in Bony Fish Determined by Molecular
Analysis of the Class I Locus in Grass Carp [J]. J Immunol,
2010, 185: 2209-2221.
MHCI o2 [J1. s
1999, 45(3): 345-349.
(M]. : ,
2004
cDNA
. ,2001, 11(8): 1-6.
Tamura K, Dudley J, Nei M, et al. MEGA4: Molecular Evo-
lutionary Genetics Analysis (MEGA) software version 4.0 [J].
Mol Biol Evol, 2007, 24(8): 1596—1599.
Klein J, Bontrop R E, Dawkins R L, et al. Nomenclature for
the major histocompatibility complexes of different species
— a proposal [J]. Immunogenetics, 1990, 31: 217-219.
Kruiswijk C P, Hermsen T T, Westphal A H, et al. A novel
functional class I lineage in zebrafish (Danio rerio), carp
(Cyprinus carpio), and large barbus (Barbus intermedius)
showing an unusual conservation of the peptide binding do-
mains [J]. J Immunol, 2002, 169: 1936-1947.
Sakai D K. Osponization by fish antibody and complement
in the immune phagocytosis by peritoneal exudates cells iso-
lated from salmonid fishes [J]. J Fish Dis, 1984, 7: 29-38.
Bower S M, Evelyn T P. Acquired and innate resistance to
the haemoflagellate Cryptobia salmositica in sockeye salmon
(Oncorhynchus nerka) [J]. Dev Comp Immunol, 1988, 12:
749-760.
Dodds A, Smith S, Levine R, et al. Isolation and initial char-
acterisation of complement components C3 and C4 of the
nurse shark and the channel catfish [J]. Dev Comp Immunol,
1998, 22: 207-216.
, . C3
IR , 2004, 14(8):
870-881.



1376 18

[17] Lange S, Dodds A W, Magnadottir B. Isolation and charac- major histocompatibility complex class I genes in Cetartio-
terization of complement component C3 from Atlantic cod dactyls [J]. Immunogenetics, 2003, 55(4): 193-202.
(Gadus morhua L.) and Atlantic halibut (Hippoglossus hip- [23] Nei M, Gu X, Sitnikova T. Evolution by the birth-and-death
poglossus L.) [J]. Fish Shellfish Immunol, 2004, 16(2): process in multigene families of the vertebrate immune sys-
227-239. tem [J]. Proc Natl Acad Sci USA, 1997, 94: 799-7806.

[18] R s . fili C3 ¢4 [24] Stet R J M, Kruiswijk C P, Dixon P. Major histocompatibility

[J1. , 2008 (2): 175-177, 240 lineages and immune gene function in teleost fishes: the road

[19] Mosesson M W, Siebenlist K R, Meh D A. The structure and not taken [J]. Crit Rev Immunol, 2003, 23(5-6): 441-471.
biological features of fibrinogen and fibrin [J]. Ann NY Acad [25] Shum B P, Guethlein L, Flodin L R, et al. Modes of salmonid
Sci, 2001, 936: 11-30. MHC class I and II evolution differ from the primate para-

[20] Hughes A L, Yeager M. Natural selection at major histo- digm [J]. J Immunol, 2001, 166(5): 3297-3308.
compatibility complex loci of vertebrates [J]. Annu Rev [26] Bergstrom T F, Josefsson A, Erlich H A, et al. Recent origin
Genet, 1998, 32: 415-435. of HLA-DRBI alleles and implications for human evolution

[21] Wang D, Zhong L, Wei Q, et al. Evolution of MHC class 1 [J]. Nat Genet, 1998, 18: 204-206.
genes in two ancient fish, paddlefish (Polyodon spathula) [27] Consuegra S, Megens H J, Schaschl H, et al. Rapid evolution
and Chinese sturgeon (Acipenser sinensis) [J]. FEBS Letters, of the MH class I locus results in different allelic composi-
2010, 584(15): 3331-3339. tions in recently diverged populations of Atlantic salmon [J].

[22] Holmes E C, Roberts A F, Staines KA, et al. Evolution of Mol Biol Evol, 2005, 22: 1095-1106.

Construction of a cDNA library and cloning of the MHC class | gene
in silver carp (Hypophthalmichthys molitrix) infected with bacterial
septicemia

WANG Denggiang'**, LUO Xiaosong’, CHEN Daging’

1. Freshwater Fisheries Research Center. Chinese Academy of Fishery Sciences, Wuxi 214081, China;
2. Yangtze River Institute of Fisheries, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: Silver carp (Hypophthalmichthys molitrix) is one of the most commonly cultured freshwater species in
China. However, the development of silver carp aquaculture is threatened by bacterial septicemia. To isolate and
study genes relevant to the disease, we constructed a cDNA library from silver carp liver and kidney tissue using a
CloneMiner™ cDNA kit. The primary ¢cDNA library titer was 1.34x107 cfu/mL yielding 2.68x10’ cfu recombi-
nants with 97.5% positive clones. The exogenous inserts of the recombinants ranged in size from 0.8 to 3.5 kb. We
attempted to sequence 80 positive clones from both terminals to test the completeness of the coding sequence. We
successfully sequenced 74 clones, of which 49 contained the complete coding sequence. Among the clones suc-
cessfully sequenced, 57 sequences were identified to 49 known genes in GenBank. The cDNA library was subse-
quently screened by PCR yielding a single clone containing the complete coding sequence for MHC class 1. The H.
molitrix MHC class I was 1 026 bp long and encoded a 341 amino acid (aa) protein that included a leader peptide,
al, a2, a3, and transmembrane and cytosolic domains of 16, 88, 90, 87, and 60 aa, respectively. In addition, we
identified sites that were highly conserved among vertebrate MHC class 1. Phylogenetic comparison of the com-
plete coding sequences and the a3 domain of H. molitrix MHC class I with other vertebrate species revealed dif-
ferent topology, suggesting a different evolutionary history for different domains of MHC class I and the occur-
rence of gene recombination among cyprinidae.
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