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O E: BAMR 3 AWRFTBLA CXLEEFAS., EXES. FT808) E2HA8MEHE K (Major
Histocompatibility Complex, MHC) B-LB Il A B it T+ 548 F 41402 (Sheep red blood cell, SRBC). /*\/ﬁiﬁ@
(Avian influenza, Al) #=#73%J% (Newcastle disease, ND) IL/Ri#EF Z ke X 2, BT RE SAPE A
TRE R ARG KM, YA 300 R¥F BAEAHMM, ERAABEMNF o REOBEXRL-LEME S f&
(PCR-SSCP) % # A4 MHC B-LBIT ARG F 7 EF. E3INMTEBFFT2HNELNT 19-22 MELHFBREF
158, THHALY 16~18 NEIKBRE T HF. 3 ANy BFr MHC B-L BII 35 B F 454 7~8 A (Single nucleotide
polymorphism, SNP) fi & 535 LMK G AT AE G R FA XM, TF42E GITA F= TI38A /£ 3 A
b 44, 5 SRBC. ND. Al REEH B EAX (P<0.05). EF, GI7TA REALFTE BT 5 ND Ak
AEREAKX (P<0.05), EXFT BN T L SRBC RFEEEAK (P<0.05), £X LFR-EYT 5 HI ik
EREAE (P<0.05); ZH4e% TI38A X EFABFFTHE AN TS H IKEEEEME (P<0.05).
B AR 3 A Ho T Ay 69 MHC B-LB II R A5 7 5 ok MR A2 B 5 X B,

LG TRMBEANEME AR, MHCB-LBII, A X R -S4 E 250, SEMKER

Received: December 17, 2012; Accepted: March 28, 2013

Supported by: Natural Science Fundation of Shandong Province (No. ZR2009DM004), Major Agricultural Stock Breeding Project of Shandong
Province (No. 2009LZ015), Science Technology and Development Program Project of Shandong Province (No. 2012GZX21027).
Corresponding author: Dingguo Cao. Tel: +86-531-85965926; Fax: +86-531-85990924; E-mail: jqsyzs@163.com

"These authors contributed equally to this study.

IIZR4 E AR Bl 34 (No. ZR2009DMO004), A4 B F TH (No. 2009LZ015), A% FHE & BH %1 H (No. 2012GZX21027)% 1 .

o) £ 3 R[] : 2013-05-23 W 2% R AE « http://www.cnki.net/kems/detail/11.1998.Q.20130523.2019.001 . html



ZFEE S/=/MBSER MHC B-L BII BREMET RS REHERIXBED T

Relationships among immune traits and MHC B-LBII
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Abstract:
Avian influenza, Al; Newcastle disease, ND) and varieties of MHC B-LBII Gene in local chicken breeds (Wenshang Barred
chicken, LH; Laiwu Black chicken, LWH; and Jining Bairi chicken, BR). We selected 300 chickens randomly from the
three indigenous chicken populations. The variations of MHC B-L BII gene were detected by directly DNA sequencing and

We have assessed the relationships between immune trait (antibody titers of Sheep red blood cell, SRBC;

polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP). The results indicated that there were
about 19—22 nucleotide mutations in the three local breeds, which could affect 16—18 amino acid variations. Another results
indicated that there was significantly relationship between seven to eight SNPs of the MHC B-LBII region and some
immune traits (P<0.05 or P<0.01). Both locus G97A and locus T138A were found in the three species, which were
significantly related to the antibodies of SRBC, ND and Al antibody titers (P<0.05). Among them, the locus G97A was
significantly associated with ND antibody titers (P<0.05) in BR chicken, with SRBC antibody titers (P<0.05) in LWH
chicken, and with H9 antibody titers (P<0.05) in LH chicken. Furthermore, locus T138A was significantly associated with
HO antibody titers in BR and LH chickens (P<0.05). All those results suggest relationships among the different varieties of
MHC B-LBII and immune traits in the three local breeds.

Keywords: major histocompatibility complex, MHC B-LBII, polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP), immune traits
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histocompatibility complex, MHC) J&1§ 16 54
R [ — 2 R e B 2 AR BRI A, S
PERE ORI . MHC B-L FU ) 32 247
TEU R NIRRT, MR, 25
GepEnt b T 400 . B 4 MIF B W5 4 M 18] (1) A
TN H7 AR ﬁfjﬁﬁﬂﬁ SRR, HAE Y
PE . HURPESR SO0 R AE RO T B OR AT LA S8
BHWA (R) RAFEM . MHC £ 3L R 1) 35t
25 HAE W T H DNA 5572 SRR B,

W S Wt 5% He 35t A% AL R A gt A% 2 AR R4 it

FEVEIRII R, e 5 e PRAR 1o 3 A G i st 1%
G N B N 7 71T = 1 e 3 W e A5
TR SRR, WA TF bR iC i B PR & Fh TAE2S
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X MHC X4k B AW, FEALE 3
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FEHENLTF MHC X3, o F1 B BEITT 70k 3 43K
53 C i A LB DX TS A DX LA B N g F) LA X
MIAR XA FE P25 R 3, BI o 8% BN ol o2 &5
B, BEE LR B, B2 A5 (ol a2 FIB 1. B2
WY 90 MREIERRIRIL), HRREEkE H IS5
BRI B AR kA, BB EE M2,
AR TFHURSE A AR PR R,

FHIBXG MHC FEH () 2805 e Ry
GRS TSy e G (MD) . AR AT B
(ND) DIKHFLI400 (SRBC) Hifhl | {4yt
¥ PG4 5 T P A1 2 1] 47 7R AH M . Dalgeerd
2O B, W8 R MDV J5, #Ebitk 55
JEIE R RIS A ML R T MHC T 28RN 112551
FIRHER WS, U MAC SR AIYE T 5%
B T B LR 55 o O R 22 A 5 45 SR 4B R sh )
MHC SERREGUR S P e, Liu 208
FRU MHC 41510 20 B G 35 107 285 55 X AL Ju 52
SENRTEA K N MHC K Z5 0 BF5E 77 1 , Chen
Bl e T A E 3 A7 5 MHC B-11 (B-L) %
cDNA J7FI, K 35 NENIERH, ZAMHN
EEAETNTE B-LB M INEEZE A X3k, B-Lo fi
ZANMER A o X R T 2 5 e AT 7 20T
5%, Mona %P1 Goto 4% Ling 25U HF5t 45
B RE T B A R Y T2 BT i K ) A A7 5 PR A 3 Al
B . Alcaide ZEUHESE 45 o JFUAA 2 REVEAE
MHC JEPIE G R P 2 =2 .

B, KT MHC F&HBFFE KA UE A
MHCIEHZER S LA T MHC 3L R N BA 5
1 28 o (HEAN M SRR . SR PR SNP
7 58 S S AN R AN [R) DR e bR 1) 6 3 340 fi
AGE . AL R K& A (e
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L TETH B ISR AR, L
SRBC HUIAIEE &I AT FI ND P %57
FEDIREMER N B Z H AR, DU Hueak 2 i b
F LA REPRRAE SR () AN S R N ) 25 525 XEANTR]
A MHC 359 B-L BITIX B4 T i 2078 S 1
3T, SR BRI K 5 G U e AR DG Y S8 AR
DL BRIT B-LBII 1 R 55 0 15 5 e Mtk ) ¢
R, NS SRR G 25 SRR AR BT IR AR

1 HRE7 %

1.1 R R FEEF

IR M 7 WG R B AERS (LH) . 350 BAY
(LWH) FIFFTHEHX (BR), ¥IiilARE LR
FBER B IR AL, AR S T R SR,
EEFRIKOT R G R 7 AH ] o a0 0 R A fdt B
ARDU R A e HR Y b 55 0 A 717 100 o e A
¥, GER A BB A T o AN S e
AR 1,
1.2 MR FRFNTT R
121 BEEE

B FRREHLIERE 100 B (AREA2E) SR,
JITA R Y TR — R0, A ) 24 T ik
DU F4RE HUHE K2 DNA
1.2.2 LT 40 Mabi A B

BURT AR F 1 (VNBIES, MR TR BUR
BB gy, BRIEERGEE, PR 1 ¢ 1
TRA7, BRRRERZE R (PBS, pH 7.4) Wik)a, H
0.9% = FER K BL . 25% B ML A0 (i SHfeli
F) 1 29% M LT AN OR (UFTARE ). 58
A 128 d BEFSHLATESS 1 mL, ZAHE4% 0.5 mL,
HPE G H 6 R LI o
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Table 1 Experimental immunization program in chickens

Age Type of immunization Remarks Immune route
1* day Marek’s disease vaccine Marek’s disease cryophilic Subcutaneous injection
vaccine
7™ day Newecastle disease and infectious ~ Emulsified inactivated Subcutaneous injection
bronchitis vaccine Eye-drop and nose-drop
Live freeze-dried vaccine
14™ day Infectious bursal disease Live freeze-dried vaccine Drinking water
28" day Newcastle disease (ND) Live freeze-dried vaccine Eye-drop and nose-drop
virus oil adjuvant vaccine Recombinant Emulsified Subcutaneous injection
bronchitis virus vaccine inactivated vaccine
Avian influenza H5 and H9(AI)
64" day Infectious bursal disease Live freeze-dried vaccine Drinking water
82" day Newecastle disease (ND) Emulsified inactivated Intramuscular injection
vaccine
93" day Avian Influenza HS and H9(AI) Emulsified recombinant in Intramuscular injection
activated vaccine
132™ day Newcastle disease (ND) and Emulsified inactivated Intramuscular injection

Infectious bronchitis (H120
strain) virus vaccine and egg
drop syndrome

vaccine

FHAT A0 e SE 20 5 SRBC LA L . i
ML 56 “C/KH K% 30 min J5, FEMCR MR 19
S5—FLH A 50 uL PBS A1 50 pL 17, ILEENR
omi) fEREFRFES 37 CHLA 30 min, Z5HJE7TE
I EE AT A 1 B FL A 50 uL PBS, HfER
WA LG LB (e —fL3edi). ZEFT A
FIFLA A 50 uL 2% SRBC Zihik, 37 ClH
30 min J5, U MR, 02T 4 AR 155 1 A
B,

1.2.3 AL 1 ND HuiAE B i &

I T 134 d HATBFNICR M, & HXGR
I 2 mL, R € s EoR & T E2 W
FARY (GB/T 18936-2003)" VI (HiEiL Wi
ARY (GBIT 16550-2008)! sz, MIE Al
ND ) ifiL EEH0 I HTAARSA

1.24 DNA #£H
RN LA E DNALY

1.3 3|¥i&itF1 PCR-SSCP [ [
1.3.1 B9kt

FIH Primer 5.0 x4, HR4EXS MHC B-L BIl
FE P41 (GenBank Accession No. M29763, A
X MHC B-L BII B FEH 438 CDS Xk, %A
A B BN 2 405 bp) BEIHEIY, SI¥FSI IR
2 fs s

Fx2 XHETARIGY
Table 2 Primers used in this study

Primer name Primer sequence (5'-3")

TTCTGCGGTGCGATATCCGAGTG
CGGCGTTGCTGTTCCAG TATTCA

5'-primer

3'-primer

cjb@im.ac.cn
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H i R BERK R 175 bp, i MHC B-L BII F&
exon2 f—#B4 .

1.3.2 PCR-SSCP
1 PCR-SSCP % ARXF 3 /N7 S R

300 MERVEATIEER 43R, PCR B ERFL A
10 uL: Bt (3 NHLT & FPXS DNA) 0.8 uL, I
WE5 149 0.2 uL, FUFS14 0.2 uL, ddH,O0 3.8 uL,
2xTag PCR Master Mix 5 pL, W FERF: 94 ‘CHi
A5 5 min; 94 ‘CAEME: 30's, 60 ‘CiEk 305, 72 C
WEf 305, 30 MEH; k5 72 CTHEMH 6 min,

PCR %5 0 J5 147 5 VR 5 IO B o6 J P Dk o TR
10% B RIS BEREEERS . 10<TBE 9 mL, 30% %
P& 31 mL, 509% Hl 9 mL, ddH,O 44 mL,
1R %% 630 uL, TEMED 70 pL., HLUKFEE N
300 V 30 min; PCR 724 98 “CZA%1E 8 min, fNFE
2.5 uL/AL; 250 V &% 30 min; 4 ‘C&FETF 120V
fEE T HLIK 16 h JEAR YL i 68 B~ Rl R A 2R ]
AR 3ASAGRE AL TE BT RS ) R BRA R A T
WY .

1.4 BUBAIBRFEIT S
BARE LRG3 8k SAS 6.0ANOVA

x3 PKHENESER
Table 3 Antibody titers

TP T S e PR 5 R 80 4 55/ — T
2 ER50%

2.1 HIEHEIRMNESER

=AM AR SRBC, ND, HS., H9 #ii
PRI PE WL 3. SRBC SBEPTIRTHE . ND Fups
U B H5 S HrAi B2 F0 HO PR B 15 LA
Je e Y ey, I HLAS H A 2 A i a) 22 554
F(P<0.01); B EAAEXS . BFT A H XY ND Bk
TR 2N E (P<0.01), HoAth 3 Fhdp A i ]
ERAEE (P>0.05),
22 &R, SEBRTRNNER

HHEXT 175 bp AY PCR-SSCP £5 231, 3 4>
Moy G SR IEAEAE 16 FRIEAL, Hodhi BT
A BT H H XS RIZEIE RS S BIAAE 10, 10 F1 7
T B PR A, B 5 45 5 F DNAStar #4419
SeqMan &% GenBank ' MHC B-L BII FEH
(Accession No. M29763) exon 2 fi) DNA #5131 T
Foxd, g5 R RPN MHC B-L BII 5.
exon2 f71E 28 4~ SNP i i, Al 5[5 23 44 HiR
AR, Hodr 3 SRR RTE 12 M (R 4).

Antibody titer (log,)
Breed (n=100) SRBC ( ¥ +s) ND (X +s) H5 (X +s) HY (X +s5)
LH chicken 6.94+0.15" 10.27+0.18% 5.58+0.248 5.32+0.238
BR chicken 7.27+0.155 9.08+0.18"° 6.19+0.248 5.48+0.238
LWH chicken 8.00+0.16" 10.38+0.18% 7.60£0.25% 6.89+0.24*

Note: within a column, values followed by different letters (A or B) are significantly different (P<0.01).

http://journals.im.ac.cn/cjben



=@t %= Mumsi unc 51 s BRszsearkaxssy (D

k4 Z=AMHFIBF MHC B-L BII XEF SNPs LIRS EMERERTR
Table 4 SNPs in MHC B-L BII and amino acid mutations in three indigenous chicken populations

SNP location NT mutations Amino acid mutations Breed
57 G/A Val/Lys LH
58 T/A Val/Lys LH/BR
62 G/A Arg/- BR
64 A/T Tyr/Phe LH/BR/LWH
65 T/C Tyr/Phe LH/BR
66 C/T Leu/- LH/BR/LWH
67 T/C Leu/Pro LH
68 G/C Leu/Pro LH
69 C/G Gln/Glu/Asp LH/BR/LWH
71 A/C/G Gln/Glu/Asp LH/BR/LWH
75 T/C/A Tyr/Asn/Lys LH/BR/LWH
77 C/AIT Tyr/Leu/Lys LH/BR/LWH
78 A/T Ile/Phe LH/BR/LWH
97 T/A Phe/Tyr LH/BR
99 A/G Thr/Ala LH/BR
100 C/T Thr/Leu BR
112 G/A Ser/Asn BR/LWH
113 C/T Ser/Asn BR/LWH
127 T/A Phe/Thr BR/LWH
128 T/C Phe/Thr BR/LWH
134 C/T Ala/- LH/BR/LWH
138 T/A Ser/Thr LH/BR/LWH
141 C/G Pro/Ala LWH
154 C/G Pro/Arg LH/BR/LWH
155 G/T Pro/Arg LH/BR/LWH
157 A/C Gln/- BR/LWH
158 A/G Gln/- LH/BR/LWH
159 G/T Gly/Ser LWH

Note: "-" indicates the same amino acid change; LH: Wenshang Barred chicken; BR: Jining Bairi chicken, LWH: Laiwu Black
chicken.
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2.3 =AMAEBF MHC B-L BIl EEAE
SNP i = 5 sz fa bR B HE X 1%

Xt 3 ARG R MHC B-L BIT X 3EA
exon2 (1) SNP i s 5 G MEAR A T OCHK 73 B, 45
Rk 5 Pros. 7 28 4~ SNP fii i1, 5 SRBC
S MEPUR T B W AR A 5 AR
(P<0.05), 5 HS5 HuiAss A W B A
5 M (P<0.05), 5 HO HUARi A B E A1
MALRA 4 4 (P<0.05), 5 ND HUi L
RIS A 94 (P<0.05), BE A99G. T128C

Gb, HAx 7 AL RAE 3 A SR Rl B AR AR
f7 GOTA T138A i s AE 3 D Fl g 28 52
I HALA T97TA 5T H HX T2 7 5 ND 41
TR B B E G (P<0.05), TESKFEBAG Y
SRBC Hi il B B E A (P<0.05), FEI L1k
A HO BUARTEEE B EAME (P<0.05); 7
TI138A TEBL_ A ARG FIGE 77 E HA9H 5 HY difk
TR EM L (P<0.05), HZEAMRENOE
B XML S48 E LM hTA . g . &
TG AT B2 3 A G (P<0.05),

£S5 Z=AMABH MHC B-L BII FRMLE S el istrfE X4
Table S Relationships between different sites of MHC B-L BII and the immune traits in three breeds

HO9 antibody titer SRBC antibody titer

Immune ND antibody titers variation HS antibody titer . . . .
traits breed sites (P<0.05) variation sites (P<0.05) var(?ilgi)gl)tes Vazﬁt;g'%gl)tes
LH A64T, C77A/T, T138A, G155T T97A, A99G, T138A GI112A, T128C
LWH A99G, T128C C77A/T, C134T, A158G T97A, T127A, C154G
BR C69G, T97A, C154G, G155T C66T, T138A C134T, T138A
3 itk Rl FFLER P A 2 PR B PR RE J) S53% . Parmentier

3.1 =AHASEMEIRAHEE I R S

ARWFFTAERFEW 3 ARG R 6 d
J& SRBC ¥t & 3% & #{H 7  (6.94£0.15)~
(8.00£0.16), 5 Z M T A4k 5 A Rk i
HEX SRBC HPEEfG 6 d MIPUIARTHE A Y (E 1
6.9~9.1 Z5FAHIT . 3 a3 B Y SRBC
PO EE B, HOHIR G ND . HS il HO FiAii
W, ISR EFZEFREE (P<0.01),

SRBC Z&—FhZ M AEBeRMPUR, 7T LA
TOILAAR 7= A AT BB IV 255 - Siegel ZEU B9 H3E
SRBC HYHUIAR BE KPR T AL R i 2
WRE ST FFSR A AW, SIS LEX 3 4

http://journals.im.ac.cn/cjben

SEURESE, SRBC HLMATRRE 5 10 5 FR 0 IRk g
TR BTEE THUATH AR R R, AT AL
T

SR 3 ASHJT AR E SRBC ., H5 il HO
3N EbR PR S iy LWH>BR>LH, 7E
—EREEE LU LWH H BR 1 LH =4 Bkt
P BE I RE 58 . (HJ27E ND Hrikii e b,
P B B ARy LWH>LH>BR, {/3%k2
LWH fci, BR 5. S8 ND Ui 5 55 5k
3 AU AR — S0 SR R A T i — AR
{EAWFFE B RS U] SRBC B A B2 1Y
EARACER THLA APk RE 1Ak, SRBC it
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PRI R, AR B A R AR A o RN i
WFFEEE RAL A 34> L7 it Ao Al PRPZE Y )68 P 42
HIIES%

32 =ANMABEI MHC B-L BII EES 7S
IR RESGRBIEFREXENLLER S

=AMLY SRS MHC B-L BITE:P BA 5
28, 28 2RI Z R A 5
b AMRFEE X 3 IR IR MHC B-L
BII W55, 1E MHC B-L BII exon 2 | ¥
T 28 A, HohA 12 MRS R 3 A4
AR AT o AR AERS | SIS I T
H XS H IR 19, 19 Fl 22 NS, 3
A M AP AL R AR (89.14% .« 89.149% FlI
87.42%) fm T A FEMRIFIIEYE (62.7% . 62.7% il
58.1%) o AR ST LLIZR Hb 7 G 85 it F i A F
FENG, —ERE FUE T MHC B-L BII JEH 1%
NGRS e FI =i 2N i

EN DI neE D RV a2 o N U
F 22 S R2RET by R MHC B-L DR 25 5
A—F, FMARFREFAFUESE T MHC B-L & %
(I AR S, I AT IR R 5 T2 SR 1 ]
Wtk XIS PSRRI A8 9 A M AR
(246 MMHEAR) MHC B-L FEH exon 2 BY%54™ exon 2
267 bp HBRITFHIN, A T 84 AR, %
BRFy 03146, AR H T MHC B-L B+
s 2R A BV T o T R
2215t 400 4~ 5 PING DNA B i MHC B-L 54k
W 2 JFAI Ty, LA S] 42 4~ SNP fifi, X
JPFN T gmit i) 90 A Sk skitrh, LR BA 27
NI IR IR EMUE, AT IR )T 5 1 IRl
(84.4%) = TFRIERIT IR (70%). 5+

2222 6 AT AR B MHC B-LB I[FER 4k
B 2 AR TN IR (93.75%) @ T2k
BT IRIEE (91.37%). #HHARE™. 2R
SEPRG IS AT LI SEIE o X LBEAIF 5T R ] 5K
AT KT S RD MHC B-L BIT 52N 7854, 3%
A 1T 25 e IR Z 1R SR AT

ARFFEHAT T 3 A5 A MHC B-L BII K&
K Z5PE07 055 SRBC, ND., H5 fil HO HLiAki
FEM TR HT o S5 R R W T § Fh MHC B-L BII
B DR Z2 A5 500 7 1 S P PR A AE AN R B 1Y
FHXME, KRB 14 4 SNPs {55 SRBC., ND,
HS Fl HO HLORHEE 2 AHC (P<0.05), @b
I 4 DPURSEPRBUAACE (AL, S5 R & Lt
SNP i fi AR A, LA ND Pk 4%
BRSO 4o XakIE /R T 7E LU By
4 bR Rk ND 1R A s fsprat A%
T X 4 A FRPRARXT R R o XISE IR 500 H A
ERYRBETERT S, KB 37 RN, 5 1gG
&H . LPS &5, AL, ND F1 SRBC i i
FAHICH SNP 7 7004 5. 1, 11, 18 Fl 6 1>,
WARFFRRERY SIS . B RGP TR S
1 MHC B XZ MUK 1gM | 1gG 45
G PEPRARIEAT I 0T, A5 B2 M AVZE A& itk
BT HABIM A (P<0.05),

ARHIFFEIE 2 3 b5 R AN [ 28 78 G e i
JEE A G MR A R 55 R PR AR S 1) SR AT
F WA [R] G B ) AEAEA MR 2 AR 1Y
BAEES, ARG AR B E IR
R, XTE—E RREE A T RE v W] P S e IR
R EAric e 8 00l etk , i bric i Bl 48
MR CE AR BT )& AT
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