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R0 T FH R A 2R b A s VR X 4K
W] 7K 7 35 5 FE b, S R T 100~150 g, 4l [0l 52 56
FEF 1A OKIRAERAE 28 °C, REE 3 B
fo g I E L ORE A LR L B B L0 BE L LA IV SE
8 NG T S5 4 8153 1 °F 2 it RT-PCR K5,
X IR 0 AT 3 S R U B KR T Rk R
1.0X 10" cfu/mL, & EAES 0.1 mL, X} 18 41 v 4t
L 0.8% R A B K, TESTE 0.4.12.24,
48,96 h, SRAE IR F0E UE , B A B ] 85 R 4 43 R
IR . EIRBIEAGEN-TEYFER., RE
FRAE it ST 00T WU TN R S 22 ) R #E — 80 C UK
iR Ar a8 1

1.2 B mRNA H$2BLF1 cDNA K& X

R A ) 21 BURE S A A A T T o BE B L B
100 mg £ 47 (1 BF B T #3 » 4% B8 7] & Trizol (In-
vitrogen) I 7 3R BUS RNA L JT 1% i B1E b 58 e
HL KR RNA A9 58 B 1 F 58 41 43 00 B A6 il
A FEFAIMRERE . B 1 pg B RNA P24 4% 8 TaKaRa 2
) S At SR AR ) B i U B BE AT RO L 459 31 19 cDNA
TG4 RT-PCR & qRT-PCR,
1.3 MHC | RERFERFIIHKRB RS Wikt

FIFHEMBED A MHC T X 3 K 7 41 F 5L fa 5
[K 40 5 %), 1 5 AS i Blast 15 %) % 1 MHC 1 X ()
BRD2,KNSL2,RXRB.TAPBP .FABGL MHC
Ia \PSMBY UL TAP2 % 8 A JE[H cDNA JE ¥,
JH Primer premier 5.0 ¥ 3T & 45 F K ) RT-PCR
Il qRT-PCR 51 (£ 1), 2l PR3 A= 9 B
A B A

%1 Z® 3R RT-PCR # gRT-PCR BT 5|4
Table 1 Primers used for RT-PCR and qRT-PCR in this study

EIR/EZ S FEE(5'-3") E/a - NE WK
Primer name Sequence(5'-3") Purpose of amplification
BRD2-F TGTAGGTAGCATGGGTCTCGG RT-PCR/
BRD2-R GCACTGGCTGATGTTGGTTCT qRT-PCR
FABGL-F TCGCTTTATCCCATTCA .
FABGL -R GGTCAGCCACTACAACAG RT-PCR
KNSL2-F GCGGAAGGTGGAAATAGA RT-PCR
KNSL2-R TGGGCTTTGGTTATGGAC
RXRB-F TCTGACGCTCCTCCTGAAC RT-PCR
RXRB-R TGGGTTCTCCTTGCCTTC
TAPBP-F AAGCGAAGACTGAAACAAC RT-PCR
TAPBP-R GCTGGACTCGGGTAAACT
MHC Ia-F TTCCAGACGACGAGCACCAT RT-PCR/
MHC Ia-R ACACCACATACCCAGCGACA qRT-PCR
PSMB9-F CAATAGTGACGAGGTAAGCC RT-PCR/
PSMB9-R TGGCTCTGGAAGTTTCTACAT qRT-PCR
TAP2-1F CTGCTGGTAAGGTGTTTGAGT
TAP2-1R CTGGGATACGAGAAGGTGAGAT qRT-PCR
TAP2-2F GACATGCTAAACTCTGTGGGTG RT-PCR
TAP2-2R CCTTGAGGGCTGGCTGAT
B-actin-F CCTTCTTGGGTATGGAATCTTG
B-actin-R AGAGTATTTACGCTCAGGTGGG RT-PCR
18S-rRNA-F GGAATGAGCGTATCCTAAACCC qRT-PCR
18S-rRNA-R CTCCCGAGATCCAACTACAAGC

14 MHCIRERAEEREESHLAFHNEEE
RT-PCR & #f

K RT-PCR J7 i Ko ) 4% 35 PR 7 fi e 2 A0 i
JUE TRLE L OE M LB L0 R LA IV S 8 AN 2
H R IRTEBL . LA Bractin E NS FEN L AR
7 pLL ddH, O, 1 pL 10 X Buffer, 0.4 pL. ANTP,
0.4 pLBI# (F/R),0.2 ul. Taq B4AWF.0.6 pl
Me. SBFEFF .94 CHIAEME 3 min, 94 CAEHE 30 s,

58 CiR K 30 5,72 °C HEAH 20 s, 28 30 NEA .,
72 CHE{ 5 min,
1.5 BRD2, MHC la, PSMB9 I % TAP2 £ A
qRT-PCR 4 #f

K gRT-PCR H¢ A A I B £A1 75 Jk YL g 7K <, 5
MiBE 4.12.24.48 F1 96 h J§ MHC 1 X BRD2,
MHC Ia .,PSMB9 Dl & TAP2 23R kM, L
18S-rRNA fE WS, i /19 2¢ % % it PCR
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AR # B (Roche) Ligthycler®480 MR RN 10
pL SYBGreen,7.4 pl. ddH,0,0.8 uL 51#1(F/R),
1 pL BEH, 3 20 pl, qRT-PCR )% :95 “C HiA 1
5 min; 95 CZ M 1 min,58 ‘CiR K 10 5,72 °C JiEfi
15 s, 3 40 NMEFR . B 5 A GraphPad Prism 5 #X
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JHF I DL L 88 DA K o U v R R 4 55 L B AL A R L
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1FHE Liver; 2.8 0¥ Spleen; 3. i Kidney; 4. Intestines; 5.68 Gill; 6.0 Heart; 7.LA Muscle; 8.1L#& Blood.

& 1

HfMHC I REEFALRIEN RT-PCR ML R

Fig.1 The RT-PCR results of MHC class | genes in different tissues of grass carp

22 HE& BRD2EFEERLEKSEBMETHN
xix

BRD2 K& R 75 75 B gL K L R 4,12,
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25 Hfa TAPR2 ERERLEASEREGHN
xix

MBS ol LA S ZEM IR, TAP 2 SEH 1) 35k
R JE B T R RS T 4R IR AE 24 h ik E|
R AH X R 2.2 £5 Bl 5 T [ 7E 96 h i
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Fig.2 The relative expression of BRD 2 transcript in the spleen and kidney after infection with A. hydrophila in grass carp
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Fig.3 The relative expression of MHC Ila transcript in the spleen and kidney after infection with A. hydrophila in grass carp
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Fig.4 The relative expression of PSMBY transcript in the spleen and kidney after infection with A. hydrophila in grass carp
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Fig.5 The relative expression of TAP2 transcript in the spleen and kidney after infection with A. hydrophila in grass carp
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XTI A . HAE B IE b ) R0k R TR 2
FARME )G 5% L Th, I AE 24 h ik B 5 KA, X
WAL 1Y 2.7 A% Bl JF 6 T B 2 1E 8 {H .

3 it

FEALMAENE A& MHC 2— M &iFZL
MHC JEFAEE MHC JER A 3L R BE, 78 NS
g, MHC K JLE T A3, a7 100 24~
FEHEY . HET AR MHC 1283 ] BF 58
B4 MR A KB AE MHC 28 35 (9 3 68 41 =2
F o FEARBEIE BTN Y R MHC T IX 8 A~
Bk FABGL HE R A1 JH Al 356 PR3 76 il 3 v 3R 5k 4
Iewr, M HAEGREMEh A RSN ERE 25
MHC 12642 TAPBP MHC la .PSMB9 L\ J%
TAP2 SRRk O HA — 30, B e B 0 )5
MHC Ia .PSMB9 L\ J TAP2 JEN %5 RHEAH
B EE,

WKz & H B DNA 45 & & 1 2 (kinesin-like
DNA binding protein, KNSL2) J& KID ) — 5,
Tekki-kessaris Z50'%) 5l 54 Northern blot 4 A ¥
KNSL2 SR/ A A 20h 1) R 3k K F, Hoh 78
S LR R IR A B 3R A, A At 20 21 3R 3K M X
WE, MA I, KNSL2 K& PR 75 55 il i A0 i
SRR A L IR LSO U U R D e A 4K 5 L i A
WLAH LT ik, ol LE B, KNSL2 78/ A
A 2 [H] 1 32 B AR A U ] B AR R [ 4
T R A 2B TR V] BB W] 1 T R T 2

M E X Z K B(retinoid X receptor beta,
RXRB) & 241 B0 5 R 32 AR 1 — Fh 7 AL, 5 0 450
XF RXRB PR 7E PR 1) 2235 73 B b & 30, 76 M
R AU RS O W R B 1 B A A 2 R 3R A T AE
I e AE R 8 35 e A R O O DR R OR R 7
O T 1 L R PR RS R GR O I R OR 3R 3R
A6 A JE 360k B e i . Tallafuss 260 B 58 BE 5
fii RXRB 2 [H 78 IR iy iF 1 19 58 35 7K °F i & 3R,
RXRB 3 H 32 2 £k F RN, 78 A 3L 5 b il 2
RT-PCR i R#F5E K% B RXRB % K 75 5 41 5 A
BB RIR O ME MGE B e Rk, R IESE
S5 RATER YR R[] R S [ B DL B M e
Z 6 RXRB 3k [H 1) 2 3k 1% B0 #0 AN RAH A 5 o F %)
RXRB 3 588 K 5 RXRB 7EAS [A] 15 5
FEREMERAT, #EX#E £ A H M3 RXRB

%

& DA BIF 99K 96 G A 2 rh R R DI RE .

Landis %% #] | Northern blot $ A& # M
TAPBP 3 [F 1 o filf 4 20 20 b ) 6 35 K °F, HoAE 5
JUE T L v 2 3R B L i RO I e rp A SRR JHEE A
WA P 2B 8 5. Jorgensen %1 Fl ] qRT-PCR
FeRWE R VG et 20 2138, K ¥ TAPBP H: N 78
SO JUE L JRE B R B P v A A5 R A L A I IIE R 3R A
B, MAEA R R4 HA T, TAPBP B
P60 E B UE R v A — R B Y R aA L T AE WL
PR U L LU B2 fi v i) e 3k R R 5 . AT LR
BORTE R AR FE Y Fh TAPBP 3 555 B A
[vi) o (R 3 FE G 8 21 2P0 U b A A 1 2 3k 3 1 A
TAPBP it ()85 11 2 5 AR Bz B 1

R &5 ¥ 8 40 7 4 H (bromodomain-containing
proteins, BRD) AP A £ R g g s i 5 A7E A=
YA & kB ORAR I R 4 bk P 2 AR N
BRD {3 ¥ BRD2,BRD3,BRD4 L) } BRDT, 7&4A
W55 BRD2 3 [N £ Ffa 45 U R # A — 2 =
ik, Frb i v R 3K d o A JUIE B E A R
Fik X 5/ BRD2 R 78 4% 41 4L R k5
FEAMEY, Belkina ZE FERF ST b & B G £ 0
(LPSO A #/NEE B 41 24 h J5,BRD2 3£ H £k
it E RN, Choi 5 /N BUEL TR I 5T 40 it BF 5%
A A S5 R . FEAWESE . BRD2 JE 1 3%
KR A2 N TR R S B KAk e, X g R
7R BRD2 3 7E B B 4 B P A7 ik 5k L O
e 993 JE RIS 223k s A B R AR b, W] BRD2 Jk
5 2R — 2 KR,

et 2k, Hansen 252% $1) J§ Northern blot
ARG 0 AT 8 MHC T 285G 3 78 4% 1 201 3k K
-, BRI PSMBO HE R GE B EAT Bk R Gk
PO IE o 85 3R 5K L 1 7R L TR B R 45 20 4 b 3R GK
Wb s TAP SEAE O NE W JBE B e rp SRR 500
T 7E H A 2 R A M 3T 4055 . Jorgensen Z5E21 5 1t
g JEL IR Y R Y ek JR L, JLE E R TAP2 Rl PSMB
FEHF IR B FEEE T MG TE 24 h JF IR 1.3 d B
RERAE L Bl JG RFEE T RE, LR iF e 45 R
AR 1 PSMBY K744 4H 411 F s 1
W, K HAE YL J7 TAP2 Fl PSMBY 3K %k B 78
B A SAFEAR A ], X —&5 Rk — W], PSMBY
I TAP 2 He AT #1285 Wy 18 vh ke 2 2 AE .

AWEFE T, Bt MHC Ta 3 PAE I 2556
o IR LB S RLC rh R R L AE IR L B R



5 ES

FL &, Bif MHC T IX 35 (9 2635 B 65

WU Hh R IR 555 L 3K — 25 R 55 4% KM I Wk 5% 45
— 8, 7 A A Sk f | K PR e
DL R R 5 A BE T  MHC Ta 36 43 90 78
LI B DA R M3 56 B G 8 M DG A B P A A R
K UL MHC Ta SEHAE 25 h BAG 5 20 % 1)
e, BRAFEIHR D P AR N TR Y TG 7L A
BREJG KM MHC la FEFERAEH 0 h~3 d F£ik
WS TR L, IR E 3 d ik El i
KAH ., X 5 A3 56 rp 5 £k e g K < S
MHC Ia 3P AE EIE o i) 2% 35 A8 b8 3 — B,
D3 b LU AT S A Y JE L MHC Ta R 1 3R
A W LA R R, AR
FGIE AR TG MHC Ta F DN A5 fo 1A J8RE L B AE LA
Bk B AF R A E TP R A B LA
L, UL MHC Ta 3 PRTE £ 20 G 58 I 24 1 ol 7 v
wHEEZEM.

25 b ARWFSEE 5 RT-PCR AR 7 MHC 1
DX 8 A~ PR 7 i i 5 40 45 A 41 21 i BE A 3% 3k
HE L AT Sy B 4 T W 9E . MHC T IX 56 PR A4 2 fig
OO A FE AL B A B AR . RS N 8 A DG B A
BRD2 .MHC Ia .PSMBY L)} TAP2 %75 40 i
YL S5 F kAR Ak A R T RIE ST X S SE P a2 R
ZIA) I 56 F o A AT Ay e 20 R DI RE 9 3 29 B
WA,
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Expression patterns of MHC I region in grass carp,
Ctenopharyngodon idella

WU Fan GUO Wenjie ZHAN Qifeng ZHANG Feng HU Xiaokun LIANG Xufang LIU Hong

College of Fisheries/Key Laboratory of Freshwater Animal Breeding , Ministry of Agriculture ,
Huazhong Agricultural University/Freshwater Aquaculture Collaboration
Innovation Center of Hubei Province ,Wuhan 430070, China
Abstract The partial cDNA sequences of MHC I genes were obtained from grass carp (Ctenopha-
ryngodon idella) genome sequence based on local Blast against zebrafish's MHC 1 region. Gene expres-
sion levels of BRD2, KNSL2, RXRB, TAPBP, FABGL, MHC Ia, PSMBY9 and TAP2 in various
tissues were detected by semi-quantitative RT-PCR. The results showed that expression of 7 genes above
were highest in the blood but that of FABGL was highest in the kidney. After Aeromonas hydrophila in-
fection at 4, 12, 24, 48 and 96 h, expression level of immune-related MHC 1 genes was detected in the
spleen and kidney with quantitative real-time PCR (qRT-PCR). The expression level of BRD2 gene
reached the peak at 12 h in the kidney but at 24 h in the spleen. The expression level of MHC Ia gene in-
creased first and then decreased both in the spleen and kidney, reaching the maximum at 24 h. In the
spleen, the expression of PSMBY increased significantly and reached the peak at 12 h, and then de-
creased significantly at 48 h, following by a recovery to normal level at 96 h; in the kidney, the expres-
sion peaked at 24 h, and then continued to decline. The expression levels of TAP2 gene were first down
regulated and then up regulated in the spleen and kidney, and backed to normal level at last. It is indica-
ted that MHC 1 genes are related to the immune of grass carp, laying a foundation for further studying
fish diseases and breeding resistance cultivars.
Keywords MHC I region gene; RT-PCR; tissue expression; quantitative real-time PCR; grass
carp
(WHEHHF . A FHF)





