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Identification and characterization of two SLA-2 new alleles
of pig MHC classical class I using high-resolution typing

SeungYeon Youk, Mingue Kang, Hyoim Jeon, Chankyu Park’

Department of stem cell and regenerative biotechnology, Konkuk University, Gwangjin-gu, Seoul, South Korea

ABSTRACT

The genetic diversity of the major histocompatibility complex (MHC) molecules of pigs has not been thoroughly
characterized. In this study, we successfully typed SLA-2, a pig MHC class | gene, from 10 pigs of five different breeds using
a high-resolution typing method. We identified a total of 14 SLA-2 alleles including 2 previously unreported alleles and
reported to IPD-MHC SLA database. These new alleles showed 1 and 29 nucleotide differences from the closely related
alleles, SLA-2%10:01 and SLA-2*13:02, respectively. The information of SLA new alleles should enrich our understanding the
diversity of MHC diversity in pigs.
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INTRODUCTION

HAs AEA o2 SRR o370 2 AR E|o] grou, x| Frdo] Hlasto] QIzkate] AJ2|sha] fAMdel &
of | o g 23} ool A1 o] Z-8/do] Sl lth(Bassols et al., 2014). EE3F FE AU S] FA|A o] 5 5l WAl ot
A Ao k2 Fee ZSH S24Hd Autol Azt wjshS frskar 9lom ofof whe 7iA) 73/d Bl Mg el
st 7HE2] A i 7149 5979 TESF A2 1L QlrH(VanderWaal and Deen, 2018).

F2A AR =3 (Major histocompatibility complex, MHC)= 4-8-d HRHS-S 2 Mol= thd 2 o] 315 Q1]
5to] 1o} 7iAJsh=t o S ek 435t} MHG= Tt AllE U1l 5 2 9] Alatol] A|AJate] CD8+ T AL &
& CD4+ T A|Z27}F 1] Aaf] ¥h3-5 9 0. 7]= tlof] TrofttHLunney et al., 2009). Zinkernagel2t Doherty (1997)°1l w29, T
M= MHCZF AIA|She F-iert ofuet 2 A9t MHC £AHS =5t QIAJgtth

ool
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& 5ol Azl w2t =2] Mo-frdate] f74 £ ofsfol] thigt Ate] e /gdo] F7H= %o MHC -2k thag/dol]
ot At A 2 " e /do] HZ= 1 QItkLumsden et al., 1993; Lunney et al., 2009; Lunney and Murrell, 1988).

=H2]9] MHC= Swine leukocyte antigen(SLA)©]2kal 344, 3A) class T 2t class 1T A= H-FHHChardon et al., 1999).
SLA class I - 2= 534 Af|3Zof|A] ] of vio|2jAe} Zho] A2 2 HE] 7|5k S AAIGto] 32 CD8+ TA|E H et
S F=5H} SLA dlass [T+ 2 thA ML BA| 22} 22 A A M| 2 (Antigen presenting cells, APCs)ollA] T&E| o] A
I 9FoflA] 7] gk & CD4+ TAIEEol| AA|5to] Al 8Ar 231 2 424 2RIgkg-2 A 0 ZItHLunney et al., 2009).

ThR S Q1AskaL A|AJ517] flsted SLA R A D2 71| 7F ol 7} afl @ Sth= /82 71X o] 2 Qlsl 74 gl
of] tiigh 7iA] 7F H o ®hS-0] xjo] 7} A 4~ }lom, 11 &polE ofshist7| fsliAl= SLA ARk T S olslishe Zlo] &
235HAndo et al., 2003).

Az A AMA 70001 Z2] HAIZEE 4507H9] major SLA tiE-3-3AF A G(class T 2397H, classIl 2117H)°] Immuno
Polymrphism Database(IPD, https://www.ebi.ac.uk/ipd/mhc/)oll 2L =|oItHScherf et al,, 2015). 12{u &z QZF
MHC %21 Human leukocyte antigen(HLA)2] 7% & 30,039712] the f-2F M| Qo] B E (IPD-IMGT/HLA, https:/
www.ebi.ac.uk/ipd/imgt/hla/stats.html) 712} 1] &} wf, B 315 SLA the 3727} djofef= 11 thg/d-E ofslist~ ol o 713] A
§H&joch.

SLA 7312} A A o] 2412 9fal] thgst Wi o] 7] oA vk 5] RS 7] ME fAMdo] &2 SLA class T -F394F
£9] 4%, Yol SRS Eojd o g 35| dof| 7|4 ofego] EAFTHShigenari et al., 2004). #7F ohuj2}, SLA
class T 2] &2 olsish=tilol 4219l A 2, 3 99 typinge g P2 AE H B F51} tlEo] vl¢- &2
THg/d 0 =2 Qs 22 chE-R7dAke] Wesh 1ol SHAI7F A THRenard et al., 2001). o]of] 2 A= 9kA] SLA class 1
F42 F SLA-1, 201 Tk DNA-based high-resolution typing(GSBT) -2 tiztRlsto] theet =2 FFolA {22} ek
#(gene diversity)& UZ51IHChoi et al,, 2015; Le et al., 2020). SLA class I 842121 SLA-DQBI, DRBI, DALY thit
comprehensive high-resolution typing2] 7§t} o] 5 S8l AHst 22 thl-3-7d 2ol et 1 =3t B 1stRirkLe et al.,
2015; Le et al., 2012; Park et al., 2010; Thong et al., 2011).

& AtolM 7] 7 SLA-2Efolig WS ARgsto] 1079] ZHA =R E 25 A DNAS ARERH EfoligS AAlst
A3 ANE BAsit) o & §3ll SLA class T -F-441e] T ofslkE It tiad-7-37t dlolej o] o] 7]|ofstarat 51
ok

MATERIAL AND METHOD

YRARS, AlAlo) ] QFERIA B WE A0 QgAY B 715 B ol ot BAIAY, Tl 27bAe) e
o J
o

2.1. B20| 2 SIDNAC| =&

PWG micropig, NIH miniature pig, Landrace, Seoul National University miniature pig (SNU)E- Z£&FsH= Z 100}+2] 74
Ae] 7, =, embryo 22 2F 0.5 g& 0.5% SDS2} 1 mg/mL proteinase K-& &35t lysis buffer (10 mM Tris-HCI [pH 8.0], 0.1
M EDTA) (Promega, Madison, WI, USA)2} &) 55°CollA 6417 52t B gt & phenol & (phenol extraction) genomic
DNAE FZ0I30t AR5 ] A g 22412 digdao] 52A7] & ARG mi7kA] -80°CR A= Qi Be A dxk= 2
Fiehl FEEE Y o821 ¥3](IACUC)S] 59l B 752 HIItHKU13101).
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2.2, SLA-2 RHxte| 52 S FIIMEEN

Choi 5(2015)0l|A] Ba15t 70| Zato]HE ARgSle] SLA2 /72 532 71353l tHTable 1, Fig. 1). Zejo|t] Ex
% 1,751 bp(base pair)Z ZZA]7]H o= Q1 EE(intron) 1, 2, 32 212} 180 bp, 236 bp, 597 bp2t 2ll<=(exon) 2, 3 14| J9=
=35I HFig. 1). ZF DNA EE g & ¥E3-E-20 uL. J DNA template 40 ng, Z2to] forward/reverse 22} 2 ulL (10 pmol/uL),
Taq 10X buffer 1 pL, 4X dye 2.5 pL, Supertherm Taq polymerase 0.1 pL (5 unit/ul) (MR Holdings, Kent, UK), ANTP
(ImM) 0.25uL, U 2] 852 33+ S-F4E H7Fsto] AAISIITh Saas Aaf §H-2 95°CollA] 10482 R-AI3H 5 95°CollA]
18, 65°CollA] 1, 72°CollA] 28 4=385}9iT}. 157F95°C S QA6 He T7HAE] 287 72°CE 9|5k 17kS 353 HhEslrt.
JAd ok 72°C°ﬂ/\1 5% 5345t3itt

SE35H A28 30 gt ABI PRISM BigDyeTM Terminator Cycle Sequencing Kit (Applied Biosystems)S AF-8-5t0] A1 %
Ate] 2 & Fof w2} direct sequencings 435I o|nl] Zefo]H = o) =S Falsto] SLAYIFY SLA12FE AMES
A tHChoi et al., 2015) (Table 1).

Table 1. Primer information used in this study

. Amplicon

Primer name Sequence (5-3) Target Use biinzaling in)ze

region temperature (bp)
SLA2-e1F2 GCCTCGACACAGAATCTCCGatataTCCAAAGATG  Exons2and3 SLA-2 specific 65°C 1751
SLA-e4R4  CGGGTCACATGTGTCYTTGGAGG amplification
SLA-i1F tgctatgcetgtg CGCCGARAGGAGGGT Direct N.A.
SLA-i2F atgctgattatcgCCCKGGTTGGWCGCG sequencing
T7 TAATACGACTCACTATAGGG Cloning Colony PCR
SP6 ATTTAGGTGACACTATAG vector

Note. pGEM®-T Easy vector was used for the cloning of SLA-2 amplicons. N.A., not associated.

Exon1 Exon 2 Exon 3 Exon 4
276bp 276bp

>92bp 73bp 270bp

180bp 236bp , 597bp
1 1
SLA-iIF ! SLA-i2F !
-=-n ]
1

SLA2-e1F2 > .(— SLA-e4R4

1751bp

——>  PCR primer

----- »  Sequencing primer

Figure 1. General overview of the genomic sequence-based SLA-2 genotyping method. The diagram shows
the location of each primer used for PCR amplification and sequencing. The sizes (bp) of introns, exons, and
PCR products are indicated.

2. 3. SV |IMBEM H I— |8to 2 3t X} EfO|Z(Genotyping)

IPDOI|A] SLA2-372F 7] A Oé% Hio} ol 2 3 oo o 2 JAdH A H (Reference sequences)S THEQILE 15
2 A1E 55l D2 SLA-Z] thist A7 ]H 4 (direct sequencing) Z2xke}t ZEAH-E CLC Genomics Workbench 3
(https://digitalinsights.qiagen.com; Qiagen CLC bio, Hilden, Germany)E- 0|-8-35l| &3s}o, & 107 AZ2] SLA2-3-742H
= TEsieith
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2.4, CloningS St fMXI2o| Z2H

AN WY At F FRAD T Aok S g 7HAL QAU Th=9] o] f 33 Fi(Heterozygous site)& 28l
o] i RAIRte] 45 5] 2T 4 gl 7HAI1Q) -2, 224 (cloning)S X13¥sto] §4A1-S A4St

PCR AH=-2 QIAquick Gel Extraction Kit(Qiagen, Hamburg, Germany)2 A&t A= ik, A AHE-2 pGEME-T
Easy vector Cloning Kit (Promega, Madison, W1, USA)E A5t ligationdt & Escherichia coliDH5a cellsell MicroPulser
(Bio-Rad, Hercules, CA)Z AF&-5}] transfection 3F31th. Transfection® glE2]ok= 100 mg/mL ampicillin®] %7Fe agar
platecil ] BIF=| It 1 Axt /8% H2HColony)= gt HIFHIAL & 87MollA] 1071 F=&5}o] )5 template© & PCRE 4~
sigich PCR §HEE9] 2782 A A7 1M EwAE 91gt PCRY] ¥Hg-EF ARE3F efo|m7kR] & Zheh PCR 2712 95°Cell
A 20%, 56°CollA 40%, 72°CollA] 142, 72°CollX] 7i2-2 =35ttt 4027t 56°CE AAIshe THFE 1= 1 72°CE fAlsk=
TS 308] RHEQE & 72°Col|A] 10427 B] 3851 %A}, 1 & PCRAFE-S 1.5% OF7FEA Z(agarose gel)oll 295t EFAS &
ISt H, o] 3y} Zro] HHA7IMIREMT |47t typing TS Attt A-HA7IMGEA oA ARSSE Tag
polymerasei= 17 (proofreading) 71501 §lo1 o2 (error) & 4748 4= glom & YR A7] AHo] YA|5HA] e Z-2oll=
AR A7 EA Aol vl alsto] tiyd-fA2t Hd S gtk

RESULTS AND DISCUSSION

A7) SLA 74 g sgoll w2 SLA class T --82F2] high resolution typing S 919t 2|4 2712 < &
Z&f| 2Elo] =(nucleotide) A€ 01tHD.M. Smith, 2005; Ho et al., 2009). 22|22 E ALo| A= PCRY} A Y7 | A BE
& 5ol F 107HA19] SLA2-R737ke] Qi< 29} 3 Qg <o tigh typing= A AISH{THTable 2). 1 ZA¥} IPDol| 5-55]0] 917] ¢
MZ7003553+ EF125047 -5-9] 2712 ti-fAkE A2 0] A5} ATt MZ700355+ 71 SLA-2*13:02 thE-77dAket & 29 bp
7] A= Hlom B 91512 E3]] National Center for Biotechnology Information (NCBI)el| 525 1thMZ700355) (Fig.
2). §hHo| EF125047-2 7|8 SLA-2*¥10:013} ©4] 1 bp 2ko]7} Eafistt NCBIol| 5A1E A 5 Dx|sh= Aol ATt
T3 PDoll= 525 0] Q1A] got =AY 2= [SAG SLA nomenclature committee©]] Al&3F3Act.

AESs BAof|A] EF1250472 7]& SLA-2¥107} S| AE]S o211 9l o™ MZ7003552 SLA-2¥137} -§-AH o] 714 =9kt
(Fig. 4). 71 4128 F i R84 LS obulieito 2 wiofslo] A4 2412 gisto] da7ix] e SLA2 tie- At
otk BAo] 7Hs3t 9070 9] = A Pt v WSt Th(Fig. 3). MZ7003552 884 ofu| ieAt F (Phenylalanine) 2t 16254 of
m] At A(Alanine)o], EF125047+= 88514 ofr] =4l G(Glycine)o] 71& Bl tig-f-47k2] At ol Fick.

29} 30] gH3H

Morp

Table 2. Typing results of SLA-2

Individual number Breed Genotypes
1 SNU SLA-2*03:01/MZ700355
2 Yorkshire SLA-2%04:02:01/SLA-2*16:03
3 Landrace SLA-2%04:01/SLA-2*05:03
4 PWG SLA-2%04:02:01/EF125047
5 Landrace SLA-2*12:01/SLA-2*10:09
6 NIH SLA-2%02:01/SLA-2*04:01
7 NIH SLA-2%04:01
8 Landrace SLA-2*16:01/SLA-2*15:01
9 Landrace SLA-2*15:01/SLA-2*05:03
10 Landrace SLA-2%02:02/SLA-2*10:04

Note: SNU, Seoul national university miniature pigs; PWG, PWG Micropig. New alleles identified from individuals 1 and
4 were indicated by GenBank accession numbers.
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@) 7 0 @ v
SLA-2"10007 GTCCCCACTCCCTGAGCTATTTCTACACCGCCGTGTCCCGGLCCCGACCGCGGGGACTCCCGLCTTCTTCATTGTCGGCTACGTGGA 85

new allele|EF 125047 8!
SLA-2710:04
SLA-2*10:03
SLA-2"10:08
SLA-Z2°10:08

100

I I 1 1
SLA-2°1007 CGACACGCAGTTCGTGCGGTTCGACAGCGACGCGCCCAAATGCAAAGATGGAGCCGOGGGGCGOCAGTGGATACAGCAGGAGGGGCAG 170

naw allele|EF 125047 170
SLA-2"10:04 170
SLA-2710:03 170
SLA-2"10:08 170
SLA-Z"10.08 170
SLA-2*10:01 256

new allele|EF 125047 255
SLA-2"10:04 . 256
SLA-2"10:03 . 256
SLA-Z*10:08 . 255
SLA-Z"10.05 255

0 0 i 20 s
SLA-2*10:01

new allele|EF 125047
SLA-2"10:04
SLA-Z"10:03
SLA-2*10:08
SLA-2"10:05
SLA-2°10:01

new allele|EF 125047
SLA-2-10:04
SLA-2*10:03
SLA-2°10:08
SLA-2"10.05

ano am 4&0 5«:0
SLA-2710:01 TCCAAGCGCAAGAGGGAGGCEGC CGATGAGGCGGAGCGGATGAGGAGC TACCTG CAGGGCCGGT ETGTGGAGTGGC? CCAGAAAT 510
new allele|[EF125047
SLA-2710:04
SLA-210:03
SLA-2"10:08
SLA-2"10.05

20
SLA-Z710.01 ACCTGGAGAT GGGGAI!GGAGACGCTECAGCGCGCAG 546

new allele|EF 126047 . B46
SLA-210:04 546
SLA-Z1003 . B4R

(B) 2 - w w

SLA-2*13.02 G'I'CCCCACTCCGTGAGCTATTTCTACACCGCCGTGTCCCGGCCCGAC CG CGGGGACTCCCGCTTCA TCGCCGTCGGL TACGTG 83
new allele]MZ 700365 83

SLA-2°13.03
SLA-2*13:01
SLA-2°07:04
SLA-2701:01
SLA-2*13:02
new allele]MZ700355
SLA-2"13:03
SLA-2¥12:01
SLA2°07:04
SLA-2*01:01
SLA-2*13:02
rew allele]M2700355
SLA-2*13:03
SLA-2*13:01
SLA-2*0T04
SLA-2*01:01
SLA-2*13:02 332
new allele]MZ700355 332
SLA-2713:03 332
SLA-ZM1301 332
SLA-2*0T:04 . 332
SLA-2°01:01 332
SLA-2%13:02 418
new allele]MZ700355 . 415
SLA-2¥13:03 . 416
SLA-ZM1301 . 415
SLA-2*07:04 415
SLA-2"01:01 . 415
SLA-2"13:02 498
new allele]MZ700365 498
SLA-2*13:03 498
SLA-2713:01 498
SLA-2*07:.04 498
SLA-2*01:01 498
SLA-2™13:02
new allele]MZ700355 546
SLA-2713:03 . . 546
SLA-2¥13:01 .. 548
SLA-2*07:04 . C. . . .. N . ... 546
SLA-2*01:01 e . e . 548

Figure 2. Comparison of the nucleotide sequence variations in the exons 2 and 3 region of SLA-2. The five
most closely related alleles to the new alleles were aligned together and shown separately in (A) and (B).
The identical nucleotides are indicated by dots (.).
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(A)

» “© ) w

SLA-271001 PHSLSYFYTAVSRPDRGDSRFF IVGVVDDTQFVRFDSDAPNAKMEPRAQWIQDEGDEYWDRETQISKDNAQI NRVNLNTLRGVY 84
new allele| EF125047 .
SLA-271008 . .
SLA-2"1003 . .
SLA-2"1004 . .
SLA-271005

SLA-2710:01
new allele| EF125047 .
SLA-2710:08 . ...
SLA-271003 . .
SLA-2710:04 . .
SLA-2°10:05

SLA-2°10.01
new allele| EF125047
SLA-2°1008 . .
SLA-2°1003 . .
SLA-2*10:04 . .
SLA-2°1005 . .

(B)

SLA-2713:02 PHSLSYFYTA VSRPDRGDSR FIAVGYVDDT QFVRFDSDAP NPRMEPRAPW IEQEGQGYWD RETRNVMGSA 70
new allele]MZ700355 S. .. ... .F.. .. ... L. L i e e e e e .D... E...K.KDN. 70
SLA-2713:03

20 40 sa

-..DLL
SLA2Y2001 . ... L E...... .Q@....D... .N.QIYKDT. 70

ao 100 120 14‘0
SLA-2713:.02 QINRVNLKTL GYRQDAYDGA DYIALNEDLR SWTAADMAAQ 140

new allele]MZ700355 .. ...D.N.

SLA-2713:.03

SLA-2713:01 .

SLA-2%07:04 .

SLA-2720:01 .

SLA-2*13:02 | TKRKQEEAD VAEQWRSVLQ GTCVEGLQKY LEMGEDTLQR A 181
W,

new alleleMZ700355 .. ...W.A.. AL 181
SLA-2"1303 .....W.A.. .GE. RW K .. 181
SLA2*13:01 .. ...W.A.. .GE. ROWL L LKL .. 181
SLA2707:04 .....W.A.. A..GE. b LK .. 181
SLA-2*20001 .....W.A.N E..RM. ROWL L L LKL . 181

Figure 3. Comparison of amino acids variations in the exons 2 and 3 region of SLA-2. The five most closely
related alleles to the new alleles were aligned together and shown separately in (A) and (B). The identical
amino acids are indicated by dots (.).

SUA-2eg _
SAzs0,
it

oo
Sazons |
suazot0s

sr20s0? —

are |
e

ant™ T e

i\

W™

»f“m“

Figure 4. The results of a phylogenetic analysis using known SLA-2 alleles present in the IPD database

together with two new alleles. A phylogenetic tree was constructed using MEGA-X software with neighbor

joining and a bootstrap value of 1,000. The numbers on the tree indicate bootstrap probability. New alleles
were indicated by “@” symbols with the allele names. HLA-A was used as an outgroup.
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2| 200 d FRt Al A719] o] A, AR ZgH g1 1Y vhgof tigt SLA /A=< o%l:oﬂ ool B2 A7} XIS
THD.M. Smith, 2005). SLA classical class I ol] £31= SLA-1, SLA-2, SLA-3-37AR= 19 =2 97217 thedAdS Leh %]
7] 2k 90, 96, 43 712 tig-gxIxg o] B E|ITHIPD, hitps:/www.ebi.ac. uk/lpd/mhc/group/SIA/) T12ju} of%ds)
SLA®| thg- g2l thet = 2535 Aot ojof i AE B3t M2 tied-a-xt St o] Aolla] gt
Typing methodell thgh /d32Q1 Y52 22 SLA thF-f4H & F5t o] e|e] &34t of2, SLA f7dxte] oF
/3 BA9] 7]dto] & £ Q1S A0 & AlSHY

CONCLUSION

A 271 9] HRATE0] HojZ SLA th 9 AR S 5= 2l gjx]o] A2 olshA mulo] Zmoj M Ags] £Q
gedtolehAddor: & —l°k“ 7N gl o] 7Fet el x| of Aol BAREA|IALZ F-8-E 4 Q22 AT 2
T 7170t elo] g WS ARESto] SLA Rt T ofslE 18t SLA2 Al tiE R3S AlHsto] sl 2
A= et E59] HiA|ofl tisto] 714191 SLA thi -2k 8= 215t i—?@la HPHEA 79k Al Aol Ala s
o, A28 SLA thg-542k2] 11782 = 5717 A sk e 2] Q] 7 d w22 At E3A| oFd o] AtAlolsfol B 2
712 2Ag s E8d 5 S 212 ® 7|dioh= Hiolth

F
¢

F
¢

o
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