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[ Abstract]  Objective The aim of this study was to investigate the polymorphism of SLA class Il genes in Canadi-
an SPF Yorkshire and Landrace pigs. Methods Blood samples were obtained from 15 SPF Yorkshire and 22 Landrace
pigs for isolation of peripheral blood mononuclear cells respectively, and the DQB1, DRB1 and DQA genes were amplified
by PCR after reverse transcription. SLA class Il genes were obtained by analyzing the direct and cloning result. The poly-

morphism of alleles was analyzed using the DNAsp 5.0 software. Results A total of 25 alleles were identified at three
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genes, including eight DQB1, ten DRB1 and seven DQA, and three alleles were submitted the complete sequences for the
first time. The official allele names were assigned as SLA-DQBI * 0212 (KU754590), SLA-DQB1 * 0203 ( KU754591)
and DRB1 * 06 .07 (KU754601) by the SLA Nomenclature Committee. Three novel DQA alleles were discovered. Five of

the 15 amino acids, one of the 16 amino acids and 11 of the 19 amino acids, which bind processing antigens, showed well

conserved among the alleles of DQB1, DRB1 and DQA genes in the SPF Yorkshire and Landrace pigs, respectively. Neigh-

bor-joining tree showed that the three genes were divided into two clusters, respectively. There was a close relationship be-

tween SPF Yorkshire and Landrace pigs and foreign Yucatan miniature pigs, and it showed no obvious genetic distance with

other pigs. Conclusions A total of 25 SLA class II alleles have been identified successfully in this study, and there are

more abundant polymorphism for them. There is a widely distribution for SLA class II alleles identified in this study in other

pig breeds. It is critical for the eventual future use of SPF Yorkshire and Landrace pigs as classical laboratory animal mod-

els.
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¥ BB H LM A 1K (major histocompati-
bility complex, MHC) MFRHE 1 40 flHT i ( swine leu-
kocyte antigen, SLA) , v THE4 7 Sy ak R T
WEZE RPN Z LR, B 1970 5K & A
SLA ik, SLA M5 H o7 AR T BRI A ZE MHC #F
22 FE e 22 45 P (immune-polymorphism data-
base, IPD)-MHC %t# %2’ ( Release 1.2.0 16/05/
2008) 1, ELHESE T 164 4> SLA 11 5 5, f6
38 > o BEZE A KL (13DRA 20DQA F1 5DMA) Fil
126 1 B BEZE7 K] (44DQB1 F182DRB1) , 3 H i
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J SLA-DR SEPR 78 85 [ K 7235, Bk A7 7 3=
B2, XA Z AN S SLA 1T 245 A4
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[F)L100 R BIFSE SLA JEPR LS 2 254 X R 4e
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K13 ( Yorkshire ) FI K ¥4 ( Landrace ) 52 1 5
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AR R AR OE , TR S5 596 3 W) A R SR i Y
I SR AR IR L ML N8 ¥ PP AN S R 220, 20 BT ik R
FERER) SLA JE N K HZ BT A e 15 = 2 5%
XPREAE R T, 2 Bk sk . A9 B fE i it
SBT J77£3f4% SPF K 1R A 8 SLA 11 285 [,

HRHZ BN, 9 EAF A SPF S 191 R
AL IR B HEA

1 MREFE

1.1 XA

37 A HesEMLRE S 430 R A o AO B2 B
R VEE R E T T IS R 5 | ik 1Y) SPF K 1A A
P H PR % 15 k(46,11 9) , K% 22 3k
(68,16 Q) ; FEANE ML [ 41 A543 25 0 3 A K
R A ) R A BR B AT A B K IR A R
DHS o 1 B [ b 50 KAR A= ¥R A BR A 7] ; RNA
PG & TR/ R &R DNA I Rl &t
ik G35 o0 v [ 2 AR R R (B ) A BR A
H] 77 it ;pMD18-T La. Taq A \PCR Taq Mix DL 2000
DNA Marker DL 2 5% 5530500 &0 B A A9 (R
H)ARAEL TR A b EJE e 2By
AR PR w5 B 1 W | T B 52 U 14 o 9 [ OX-
OID 2~ w7 ity s TEAR R ) 17 v [ b ot B8 Pl B A )
ARAE WAL, 51 b EE R RHEA
BRZS R A
1.2 RT-PCR

XTHCEE I 43 25 A1 Ja 1l 96k T 240 e, RNA $2 B
FIEHEHUE RNA, S5 5%k ¢DNA J& , DL cDNA W5
M, U1 SLA 11 288K, PCR LW AR &R N 30 ul:
¢DNA 3 pL, EFI#5197 (25 pmol/L) 45 1.2 plL,2 x
PCR GC buffer 15. 0 pL,Taq fif 0. 3 pL,dNTP 5 pL,
ddH,0 4.3 uL, S FEF N :94°C Tl 28 1 5 min;
94°C 30 5,55°C 30 s,72°C 50 s, 3k 30 MEH;72C
FEAH 10 min, 27 YM8 T 19% S HEBE I L TK S8
SIS S R 1,
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1 SLA IR 1514
Tab.1 PCR primers of the SLA class II genes

HH LB S JFHI(5" -3") BRIV bp
Genes Primer names Sequences(5' -3") Number of bases
DQB-F TGACTACCATTACTTCTTCGT
SLA-DQBI 1103
DQB-R TCTTGCACAGTCTGTTGAGG
DRB-F TGTCCTCTCCTGTTCTCCA
SLA-DRBI1 907
DRB-R AGGACGCAGAGCATAGCAG
DQA-F AACTCCGAAGAGCAACAGC
SLA-DQA 830
DQA-R ACCTTCCCTTCTGGAGTGTG

1.3 PCR =Y E N F 05 Enl

PCR W28 1% B REWEGE 48 8 Ji , 360 N
GRRERARA G T . 53 e a5 R ¥R G
JPH3E I DNA B [m1sc 550 & ol Wit 4l 4k PCR 7~
Yy, %4 pMD18-T #AK 4 3% 425 7 W e (b K A 1
DHS5a 7 K#55% , 29 3 h X BREAT PCR %5, FH
PR TR W A 8 05 57 81 R VARV Tk B R B
mL 3% IR AL A Y B AR A BRA w3177 51 D
E o
1.4 FIHHAZE

A 7 5 {d H Chromas 2.5 #4757 N T X,
HAth 51 FFE 5151 [ IPD-MHC 048 4, # /] MEGA

(a) (b)

bp

2000

1000

750
500

250
100

7.0 BRAFHETT )3 50 43 AL R 22 A5 1 43 B R ist %
FEESA3HT ., il DNAsp 5.0 B iR 2 25
PE R AT BT TR AL (PI) o RIS et Ak ik,
BT, K87 S S I 28 ISAG SLA fn 4 & &
BT EITWH .

2 &R

2.1 SLA I ZERFMY 1

RT-PCR 7= ¥ 4 1% B Ig H E Ji A ik Az
DQB1 DRB1 Fl DQA Y47 35 Wi i) ¢ Sk 45, i B
KANGHIHER B (B 1), R3S SLA 1T
H3 A

1 :M:DL 2000 DNA marker;1 ~2:DQB1 JEHY B 747;3 ~ 4 . DRB1 ZERY 121735 ~ 6. DQA SR Y #=1),
Bl SLA I KEEMEY PCR §7H4E
Note. M:DL 2000 DNA marker; 1 ~2:The amplification products of DQB1 gene; 3 ~4:The

amplification products of DRB1 gene; 5 ~6:The amplification products of DQA gene.

Fig.1 Amplification results of SLA class Il genes

2.2 SLA I EEAMEEFF T3

30T 22 3k SPF K FE N 15 Sk KR DOB1
DRB1 F1 DQA J¥51 , 33815 25 DA 5L, (L4 8
A~ DOB1,10 4~ DRB1 F17 4~ DQA (3 2) ,DOB1 *
02:01 .DQB1 * 06:01 .DRB1 % 10:01 ,DQA * 0101
H1 DQA #0202 .02 54 3 Ky K (58 F I % L
LENIEH . BT S P 5 $2 38 GenBank £X

PEEARAT R ST, [ B 4222 3] ISAG SLA i 44 22 It
SHAFE 4 (R 3), H, DBl +02:12 f
DRB1 06 ;07 b AW i 1 5 A0 B, DQA * ys01 |
DQA s ys02 1 DQA = 103 A3 & BLAY S50 3L A, 1t
Hh,3 AAEAL S IR B 22 CDS A& K ¥ 51, ISAG
SLA fin &4 Z ik Ha 4 W, DQB1 == 02: 12
(KU754590) ,DQB1 * 02 :03 ( KU754591 ) il DRB1 *
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06:07 (KU754601) . RS0 RIS —A~ 0%
{14 T3 5] S AEE

SLA 1T ZE8F A B PRITE R U8 A U Hh i 43 A
ARG 2, K P B R i = ) SLATL 2R 4%
P FER 25k DOB1 % 06:01 .\DRB1 * 10:01 1 DQA
#0101, S5 RIS 518 46. 67% | 46. 67% Fil
43.33% , KA IR A = 1 DOBL % 07 .

01 \DRB1 * 10:01 F1 DQA »* 1103, %537 JE PRI 45 5243 1)
J 43.18% .40.91% 1 43. 18% , X4 DQB1 * 06
IR ESNEE AP =3 ES - F SSEIR NS YN
MK ERE h oA e SRR [RFE, DRB1 # 10,
01 F1 DQA * 01:01 o J& 75 K A% A U Hh 4 A
JIZ Y SLA 1 2855 A

R2 S SPF REMEAIK MK SLA I EAE(HE
Tab.2 SLA class II alleles of the experimental SPF Yorkshire and Landrace pigs

SLAII S50 5 K]
fﬁ? 'fiz” SLA class 1T alleles
SILA-DQBI1 SIA-DRB1 SIA-DQA
£ %% Landrace
2906 ? 06.01,07.01 10.01,06.01 01.01,1103
2922 ? 0601 1001 01.01
2959 ? 0601 1001 01.01
2995 ? 06.01, 0701 10.01,06.02 01.01,103
3037 5 0701 0601 1103
3065 5 06.01,07.01 10:01,06:02 01.01,1:03
3093 ? 06.01,07.01 10.01,06.01 01.01,103
3100 ) 06.01,07.01 10.01,06.01 01.01,103
3111 ? 06.01,07.01 10.01,06.01 01.01,103
3112 ? 06.01,07.01 10:01,06:01 01.01,1:03
3141 ? 07.01 06.02 1103
3216 ? 06.01,07.01 10.01,06.02 01.01,1103
3219 ? 02.03,06.01 08.01,10.01 02:02.02,01 ;01
3220 ? 06:01 10.01 01.01
3222 ? 06,01 10.01 01.01
3231 ) 07.01,02.03 06.01,08.01 1:03,02.:02 .02
3241 5 06.01,07.01 10:01,06:01 01.01,1:03
3242 b 02.01,07.01 05:01,06.01 02.03,1103
3253 ? 02.03,07.01 08.01,06:01 02.02.02,103
3255 ? 02.03,02.01 08.01,05.01 02.02.02,02.03
3257 ? 07.01,02.03 06.01,08.01 1:03,02.:02.02
3313 ? 07.01 06.02 1103
K ¥ Yorkshire
4975 ? 0601 1001 01.01
5045 ? 06:01,04.01.01 10:01,02.01 01.01,02.02.01
5075 5 06.01,04.01.01 10.01,02.01 01.01,02.02.01
5076 5 04.01.01, 0601 02.01,10.01 02.02.01,ys01
5187 ? 02.02, 06:01 04.02,10.01 02:02.02,01 ;01
5194 5 06:01,04.01.01 10:01,02.01 01.01,02.02.01
5208 ? 09.01,06.01 09.01,10.01 ys02,01 ;01
5227 ? 09.01,06:01 09.01,10.01 ys02,01 .01
5238 ? 02:01,04.01 .01 0201 02.02.01
5247 ? 02.01,06:01 07.01,10.01 02.02.01,01.01
5327 ) 02.12,04.01.01 06.07,02.01 01.01,02.02.01
5341 ? 09.01,06:01 09.01,10.01 ys02,01 ;01
5343 ? 09.01,06.01, 09.01,10.01 ys02,01 .01
5344 ? 02.02,06.01 04.02,10.01 02.02.02,01.01
5346 ? 02.02,06:01 04.02,10.01 02.02.02,01.01
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F 3 SLA 11 57D ISAG fir 44 il GenBank %515
Tab.3 Official ISAG SLA class II alleles designation and GenBank accession numbers

F 2P T AW

Allele names Accession No. In this study

IPD-MHC %54 e rh HAl &
Breed of IPD-MHC Database

Yucatan ; NIH ; Hanford ; Sinclair ; Meishan ; Gettingen ;

DQB1 02,01 KU754584 Yorkshire, Landrace Crossbred ; Cell line® MPK\PK15\PK13” ;
DQBI1 *02.02 KU754585 Yorkshire Yucatan ; Banna ; Large White ; Crossbred ;
DQEB1 *0401: 01 KU754586 Yorkshire NIH ; Large white ; Chinese Bama;
DQB1 #0601 KU754587 Yorkshire, Landrace Yucatan ; Clawn ; Korean native pig;Crossbred;
DQBI1 %0701 KU754588 Landrace Sinclair; Cell line“ ESK4" ;
DQB1 %0901 KU754589 Yorkshire Cell line“LLC-PK1” ;
DQBI *02.12 KU754590 Yorkshire
DQB1 %0203 KU754591 Landrace Landrace x Duroc;
. Hanford; Sinclair; Westran; Large white;
DRB1 %0201 KU754592 Yorkshire Landrace; Cell line* NI/MGH” ;
DRBI1 04 .02 KU754593 Yorkshire Banna; Swedish Yorkshire ; Large White
Yucatan ; Chinese Bama;
DRBI1 * 05 .01 KU754594 Landrace Cell line® PK15\PK13\SK-RST” ;
DRB1 * 0601 KU754595 Landrace Yucatan;
DRB1 #0602 KU754596 Landrace Sinclair; Large white ; Shaziling
DRBI1 07 ;01 KU754597 Yorkshire Canadian Yorkshire ; Chinese Bama;
DRB1 * 08 .01 KU754598 Landrace Clawn ; Duroc ; Yucatan ; Crossbred ;
. Meishan ; Large White ; Chinese Bama;
DRB1 %09 .01 KU754599 Yorkshire Cell Tine MPK\ST”
DRBI1 #1001 KU754600 Yorkshire, Landrace Landrace ;
DRB1 #0607 KU754601 Yorkshire
DQA %02.02.01 KX786942 Yorkshire Yucatan ; NIH;
DQA * ys01 KX786943 Yorkshire
DQA * ys02 KX786944 Yorkshire
DQA %02.02.02 KX786938 Yorkshire ; Landrace Yucatan ; Banna ; Large white;
DQA #0101 KX786939 Yorkshire ; Landrace Large white ; Korean native pig;
DQA %02.03 KX786940 Landrace Yucatan;;
DQA #1103 KX786941 Landrace
50 46.67 43.18 50 46.67
4091 4091
40 40
30 30 2333
20 cor 11.36 20
10 & 10
0 0
NGRS I N ISEINGIINGINNY
S SE LS LS ST FE S SIL S
& & '»*& & & & FFF & %*Q%C ‘za"tgcccg‘e"ﬁ@ %*Q%CQ%“fQ%CQ%*t\’
Q" 9 ()& QV Q7 9 Q7 Q7 Q7 9 QQ‘ QQ' QQ* QQ“ OQ‘ QQ‘ QQ‘ QQ" QQ‘ QQ- QQ*
Yorkshire Landrace Yorkshire Landrace
PNZE KA Ka# KA
50 43.33 40.91 43.18

2 SLAI ZRAF(HERTE A H A % R G A
Fig.2 The frequency distribution of SLA class II alleles in Yorkshire and Landrace pigs
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2.3 SLA N XEFEFINSHESH

XTARTRAY SLA 11 ZE 5507 J B o1 kAT 2 8510
T (R 4) , RIAEITA TSI DRBL T3 11 £
FEEE (Pi =0.051) B &2 & F DQB1 1 DQA J¥51;
DQOBl HARHEM G +C F8(G+C=60.5%) ., H
T SR 2 A PR P AE S 2 AT IR,

FLA 3R ) SLA 11 2855 51 5 1PD-MHC #5452
HIEHEAEI SLA 1T 2R SL 3R 2 AR T (R 5),
S BRAR ] XL ZE A8 A7 o5 85 B I v T IR B AR 7 a5 8K
A, DOBL %5 2 Ah 4 F () Z FE B =3k 0. 0578, 7E 3
A~ SLA 11 2RI R b i

T4 SLAI AR 751 2 545 0 Hr
Tab.4 Polymorphism analysis of SLA class 1I allele sequences

R . - TR 2915 B B 1 e .
. BITRERC e g PORBONCRERE gy e
Sy LN Total {7 R Sinel Parsimony S S X N G+Clb
Allel | ¢ FEDLE ingleton inf i Ami i ynonymous onsynonymous - .
eles number o . . . . informative mino aci . . & ratio
. Variable sites variable sites . . . mutation mutations
nucleotides sites variable site
SLA-DQB1 786 56 19 37 27 13 14 60. 5
SLA-DRB1 801 109 46 63 53 19 34 59.2
SILA-DQA 768 29 6 23 18 3 15 51.7
5 SLAI ZEEE(REFL 2 SN B FIFFI 28 M0t
Tab.5 Polymorphism analysis of SLA class Il exon 2 gene sequences
I, e RKER SN SN
5 N (3 g‘ 2 . .
PR prmr maston OO0 g ST FHX e —
A A :F‘(;tal SIS EL  Singleton P‘:r\sir;l‘(‘)\r\l ! Amino S noyn\ ) Nonj- G+Clt ZRERE ESPsE- Data .
Alleles Variable variable . X y acid ynony Y G + C ratio Diversity The number
number of . . informative . mous nonymo sources
. sites sites . variable . . of alleles
nucleotides sites ite mutation us mutations
s
SLA-DOBI 270 37 17 20 24 11 13 62.7 0.0578 8 ARBESE
: — 47 11 36 27 5 22 62.2 0. 0584 20 NCBI
270 81 37 44 39 17 22 57.9 0.1105 10 LN
SLA-DRB1
— 92 11 81 42 3 39 57.7 0.1145 27 NCBI
SLA-DOA 249 23 8 15 13 5 8 47.8 0.0397 7 ABIFFE
— 33 7 26 19 4 15 47.6 0. 0437 22 NCBI

FEAE K U A U SLA T 2855 (7 3L [ 5
IPD-MHC %4l & B CDS KA SLA 11 284537
R (K 3), RBAE Bl TIREIX, DOB1 43+ 5 MK
PEPURLE A 15 D E R A 5 AR
BRAE R A A1 8 i B B2 0 PR se e, B 7
(F) 66(Q).70(E) 74(V)H79(Y), DRB1 %A
5 DQB1 JER GRS, SRTAE 16 BT A
17 U AN LR 78 (N) 76T 1 DRB1 %543
FHEPFE RS, 19 4 DOA B S5 G it
A 11 AR IERRTE K U R U B & AR
SPEE, 239 09 7 (Y) (10 (N) (23 (H) (31 (F) . 42
(W) .52(S) .53 (F) .57(Q) .58 (A) .61 (N)HI175
(R),

2.4 SLA I REMERZRSGHUB ST

PR A U ARAF 4 SLA 11 2845 L A
5 IPD-MHC %48 rh #2521 B AT CDS 21K 1Y SLA
11 AR SR R 7 9 2zl o F- e A . AR 8 L
GO KE B A B R AT SR AL R A1 05 25 B ISAG

SLA fp % BE RSB T E 4. WA DQBL * 05,
03 250 3L K, HiAy DOB1 25 v & IR 3= 2 5 Sl K
X, M KA MK A% DOBL = 02XX 5
Yucatan /NEURE ) [R] P PR o e, S S AN 25 K A
(DQB1 * 02:01 1 02:02); PiJ&#E 0 A & T Y
DOQB1 06 :01 FE{7FEFFE Yucatan , Clawn F155 [E 4<
WP WAL, 55— 3% DEBL % 09.01 5
Yucatan /NEDRE 5% 1 25 B8 A 230 (&1 4-A) , DRBI
AN L DR [ RE B G SZ , DRB1 *+ 09,01 JE K 7E Meis-
han J& FUHAL 2R K FUM# T RIREARAE 5 v R 914
BABGERES K Z ; DRB1 %0501 F1 DRBI %06,
01 7E Yucatan /NEUSE FRAFTE s ISE T o0 A ) B9 &5
HI R DRBI #1001 A HAh 54 A% 34 (&
4-B), BEAR, —SERE IR A0 R AN R R g 3
== DQB1 Fl DRB1 &0 JE R B 30 . DA F A 7]
FERA 5 3R W K2, DQA * 02XX Bl B8 i, — A 43
W LHR I EEA L] DOA * ys01 5 Hifth R K 5%
RAFI DQA #0204 S5 3L P HA AR = 1 [ | 3=
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B DQA * ysO1 J& T 02 %5 &

(A)
DQOBI*(2:01
DOBI*02:02
DQBI*(4:01:01
DQOBI*(6:01
DOBI*(7:01
DOBI*(9:01
DOBI*(2:12
DOBI*(2:03
DOBI*01:01
DOBI*(3:01
D§BI *(3:03
DOBI*(4:01:02

DOBI*(04:02we01

DQOBI*(4sk51
DOBI*(5:01
DOBI*(5:02
DOBI*(5:03
DOBI*(8:01
DOBI*(8ch01
DOBI*es51

(B)

DRBI*01:01
DRBI*04:02
DRBI*05:01
DRBI*06:01
DRBI*06:02
DRBI*07:01
DRBI*08:01
DRBI*09:01
DRBI*10:01
DRBI*ys01

DRBI*01:02
DRBI*02:01
DRBI*03:01
DRBI*04:01
DRBI*04:03
DRBI*04:04
DRBI*04ga01
DRBI*(4ta01
DRBI*(5:02
DRBI*05ch01
DRBI*06:03Q
DRBI*0%9ta01
DRBI*10jh01
DRBI*11:01
DRBI*11:02
DRBI*13:01
DRBI*14:01

(©)

DOA*02:02:01
DOA*ys01
DQA*ys02
DOA*02:02:02
DOA*01:0]
DOA*02:03
DOA*I3
DOACL:02
DQA*01:03
DOA*61cho1
DOA*C1my01
DOA*02:01
DOA*02:04
D§A‘02c301

DQA*(2jh01
DOA*2xuC1
DOA*03:01
DOA*(3t201
DOA*(3we0l
DQA*04:01
DQA*04ta01
DQA*w05ch01

1 11 21 31

1

1
**”‘11 21 31 41 51 61 5 k% );71 * « 81

QDFVYQFKFE CYFFNGTQRV RGVARWVYNQ EEHVRFDSDV GEFRAVTPLG RPTADYWNGQ KDVLEQERAE VDTVCEHNYQ IEEGTTLORR
T L R D E

S =1

.o . x s M 51 & % 8l
PHFLFLVKDE CHFFNGTERV RLLQEQYYNG EEHVRFDSDV GEYRAVTELG RPDAKYWNSQ KDLLEQNRAA VDTYCRHNYR ILDTFLVFRR
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