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Study of bovine major histocompatibility complex
(BoLA) class IDRB 3 gene.:Develbpment of PCR-
sequence-based typing (SBT) method and its application
(7 VFEMBEESETFHEER (BoLA) 75 A1
DRB 3 ;BI=T D% | PCR-SBT LD & 2 DIGH)
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FEARGE SR MHC (2L ENDICREE TEZ L 0AYRICRESHL
TWB3FT, %Ec:gﬂ%a:é’mﬁ%a VRIETHD, 7R I-IMID N
FEL, 752 0 SFERARRRMEICE Y 7oty F ShEARRERS T
MR LIRMESRE 43I S . MHC OSBEHC R Y, REICHT 5%
B OEHENE U5 1o, BHEECHEO MHC (B & 58 2 OBl
|EZINTVWD, V¥ MHC (BoLA)Z 7 X IZBWTid, DR XU DQ 4+
MRETCHERSNTHY, DQ LH#B LT DR AFIBEICSEEICE S,
BRE CORH LI FURRTELHRV I LAREA TS, DR 4FE DRa
84 DRBEMIELARES LIESTFTHY ., PEOLNSEELET 5, KT,
DRB1 KA A > % 22— K945 DRB3 exon 2 IZEEUTEF L TEY, BEE T
DR MLBLFRHRES N TS, DRBI FAA 1 DR 4FIZBV\ T MHC 121
BAENAHR AT B MACIRY L, Bl A1 L 0ic b EHEHR & Bk
TBT I BBEETHERBHMARS) L LITNEbHTT I ) BEBAENE
. DRAFHIOL S REERSEELET 5o, BEDOFRE MHC L0
%%%u'r&ﬁﬁflﬁl{zstcotofﬁfﬁéo D7, MHC baﬁ%k@ﬁ%@tﬁ%é il
A MY Y RAD MHC AFOHEMEHICE D RENTE TS, L O
EHEORIED I8 7 & MHC Ot b BB/ BoLA-DRBI D ¥ A ¥ 7 Hii%
{HESNTVWS, LL, 2hbDFA BV 7B, FROMEET LB
EOXNREFEHICEP, ELEEOE D HIRETFERACERL LTR

BMLTLEIRYE, Sbiz, BICS A Cr 7T 51 DITRERICFRE D

—110—



DREDY Y FAZONTIT) B TERVR L LV o B H CRERSE
DT I/ BRVNNVDIFFRITIIRAE TH D, £ 2 T ERERIZI VT BoLA-DRB3
X MBEFOEERS 2 REIZRETE D PCR-SBT HEERFEL, ThE AV
TRELDEERZHAOMNCT I ETUREDERTHD, BED L OMNLERE
FRELHEL, SOI4AMBTA VRABEREEMAKE BolA-DRB3 ik
oF L DREEEEZH b MIZ LTz,

% 1% PCR-SBT !5iC & % BoLA-DRB3 XISBIRF D ¥ A V' FROBF

:hiﬁt%iéﬂf“é90%ﬁ®3dwmw3®ﬁ§ﬁﬂi0BdA-
DRB1 7 XV BEEC S| ZFHEL., 7TFA4 A b &1To7=, DRBL DF THEIZZE D
Z< RONDEEE N RMEH L YIRS HV], HV2, HV3 £LTHV4 & LTz,
&uﬁmn@Mﬂ%ﬁméﬁﬁﬁﬁ%%sﬁw—fmﬁﬁﬁgn\%n%nw
y»~7%%§%n%@f%57§47—%%ﬂLta%mno@Bbwamz
BREERT T A vty FEFINT IPCR £1TV, £ ORIEENE AT
1&&$P54t/a%ﬁonﬁﬁﬁwo%2%&@%%%%%%Bntﬁa\
ngAmmfiomthowfﬁ4vaFv—#yxéﬁwﬁﬁmﬂ%mm
U, SIBEEW A 1| DO B8 b B A IRE S Il ET 25 TR OB (F.
BYBLCRA LT Y VEHORRZMLEEFE~T B THOHE (Fig 2 CD)
BHY ., ¥IZ Fig. 2D O LS RBAIR, MHFEANLY—T A2 THI TR

L TERDEBERSIBRETE =, @ﬁ%btPﬂﬂmT%ﬁ“T (EQY
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W8 5 EIEE BoLA U—7 &3 v 7BV TT TN ShTW5 52 0F
J ADNA BRWTEA Y % Tole (Table2), S2BDZ A v 7 DRERIX
U—7vay BN TiThhis PCR-RFLP B LT _T—FKL7&, &biz, &
oy r7rrry 4 BEOFHAMIERTFERETIZ LN TE, Thbi
TRTVYy—V—BEROF VIV THoT, TOFELY, PCR-SBT 2

BoLA-DRB3 Z A BV JIZ& DO THRFETHD I EBRI LT,

wo2E HAEAEY RV BoLA-DRB3 Z A >

PCR-SBT DIEREMMAREINZD T, KIZHEEZAW TRILRFRZERNME
BEOBXREAE 29BN AL T E{To T:.(Fig. 3, Table 3), E£7-., HREH
OB TIHETD Y IOV T PCR-RFLP & [RIFFICZST o 7= (Table 3), € DFER.
PCR-SBT Tid 9 B DBEF DR LRGT SR S, PCR-RFLP LBV THH
BRI 9 EmEMSBRIE &N, &5IC PCR-SSP TiIEiiic 7 BENKRH Shiz, *t
MBBEFHEEZRDIEEZA, Kb BB b D25 DRBI*I20] (24.1%). &Iz
DRB3*14011 (20.7%)T& - 7=(Table 4), = bz, &Y v%%%'ﬁot DEALT-8

LERLVEALEBICETEL GHIRE RN RE 5T T L
s, MEBRBOBREARICBVT, £TOXELTFIT PCR-RFLP B
RI2 o TV (Table 5), £ Z T, BEEFE TIZ Gen-EMBL 7 —F R— X [ZHRF S
TV % BoLA-DRB3 33L& {nF 102 FEHIZDOV T PCR-RFLP & PCR;SSP, SBT

WX DRERE LB U (Table 6), 5 & 102 BEOXMNLEMRFIT 50 BEO
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PCR-RFLP B % b b, —DDEEEFI LS LTS b DIt 28 BE ThH -1,
ARERIZLY, MUBEFOFEMRAENICIE PCR-RFLP TIXFR+4TH Y.,
PCR-SBT BERIRFETHD Z L ERERDB I, £ PCR-SBT BEHHDO TV

DEAL LV TIZBOTHEDRFETH D Z EWRREINTE,

FI3IE RBRENE AFREA Vv —V—RUOENVRI A BT 5 BoLA-DRB3

XS T O SR L AL

BoLA-DRB3 R BEFDWRERENSHESL SNicloh, WICKSW B EHEM X
V435 LTWEEW 4 BEORTE, "AVREZA 2 10258, BAEA 100 &,
Uy —U—F 17 88, BEE 200 DS/ A DNA % AT BoLA-DRB3 #Bix
FOEIA T EITol, TOMRFNVAEZA L, 18 B, BAEA 20 &, B
R 23, Vv — U 12 BOMNSRETSRE SN, BERELF
ﬂﬂﬁ%&%ﬁBEﬁﬁﬂéht@g4ﬂwkﬂo40@&@@%&%&%%?.
BFHELEL ZARTORIEBV TR LEEDE VS IRETFIRER-TVS
D LRSI Fg 5 WICH IR T OEEEF & I B & IR LT &
IARBIRRENICR DN IEBETIIREBICES ML, 77 R F2R
R L72d3o7z (Fig. 6), &0 & 5 I MERICHEERSIC L 2 FBUIFEE LRV,
FIT, RUEGFHEEICEST A GEOEGEMRLEH L. REMEERL
7 (Fig. T TORER, FARFA L BERMEIL 4 AEOFCRBEL . Vv
—O—RIIMO 3 REEARVERTHEZLBALML RoTz, FFEIE
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WT, MHC LHUFiEE OBERHRT S5 L CUADT —F THIEERY ¥
DT YVEEEZALNI L, BiZ, BRENRT YAVERDLNDE—F, d
BRTHEERT INVSFET I b, FA—DHEENLHIE L 4 STEDR,
ENETNME OBEKEZITTERD TV VEELFOIIE LER TR ENT,

FTAE FHOBUANAVIFREAMF (HFRES MR BEICK LT
SHE L IEHIME A2 B ET D BoLA-DRB3 Xy BimT

BoLA-DRB3 DIEH 2V VIZB I 2R EREFHEEEZR LA LI, KIT
%anﬁﬁﬁmowf@ﬁ%%ﬁoiomN@%¢8UﬁEmN%%ﬁ@3
DORT—Y (R4 - i) v SRESIECPL) - RIURBES) ICHEL
REGTFHEE % Lt U 7= (Table 8), DRB3*1401]1 BEEFIZAEBILEZLED D
¥u. DRB3*1601 1% PL B I UREFICERICE B b, KIZ DRB3 &l
FEDTFRISHDPL FAA VOEBRIBREZHBRLALLIA TL,14,TTBXTT8
DT X BBEEICHFERNZEFINRH SN, £OBMULORTIZ2TICEET
BEZEABEXILZA, 74, 71 RIS ©OT I ) BEFIIL 6 BE. 71, 74, 77
EQ78 D7 X/ BRIL 9 BERH X iz(Table 9), PL. FEHFEHMVEEZTRL
ek 71, 74, 77 B W 78 fiL & Lys(K)GluB)Arg(R)Val(V) £ 7= &
ArgR)GluB)Arg(R)Val(V) (74, 77 % T¥ 78 LA’ ERV) T, @E4FLEWFEEL
7R LI Lys(K)Ala(A)The(TYTyr(Y)(74, 77 BT} 78 KL ATY) T ote, Z0

Z &6 KERV/RERV % & 0% B GTFiXAIARIEIC, KATY ZiFoxiiLE
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ﬁ%mﬁﬁﬁmﬁﬁbfwéﬂ%ﬁﬁ%@éntoéam\ﬁﬁ¢mﬁﬁ?é
2ﬁﬁ@ﬁﬁﬁﬁ%@ﬁﬁ%ﬁﬁ%x?~9ﬁ@ﬁ§%%&tWMew%%w
R, HPIMEEF —7 KERV/RERV (ERV) 2O TEETEDARL LA
FIZHDOU VITERFET 51.2% THHDIZx L, PL T 13.3%, BEFT 8.7%
. BEIZBALTWAZ EBALNIRo T, £, EEHETF—7 KATY
(ATY) Z A B IZH: 2 U VITBES T 65% Th 2 DITHR L PLRBIESF T 93.3%.
IL3%TH Y, FEICHEML T, S6I0, BEELEFELTEIET 5E
EITREFICERICEZ RN, ERV B ATY KX LTHEETHD I LHAHAL
Mmepote, 7, TARL T8 FENT I /BEEII L b MHC OfiE L &
5L DROFOFTHRT Yy b4 L 7E2BEHL, BEEFURLETIRETHY,
ZOEALOT I BERIC LY RERENELLL. AFTHEREOX LB
TEBObORROREREDRER L LTRIEEIC, FHICBEEE b b0
ESREISENT . BEA~LEL B TEShD,

R

AEFFRIZINT, I SEERIT T BoLA-DRB3 0 PCR-SBT {EDBAFEITARED
L, ZOFEICED, v 10 &, 581 8, 1162 MU BERFOFA LT
BT, B OEET 7 A AT 40 TN SR T O RS R L.
%@%%ib\%%ﬁﬁ\HKE@(V%~V—&%&U$»%&4V@@E

'ﬁTUWﬁﬁéﬁﬁK%ﬁHT%Bmmﬁél&ﬁf%\%h%@&@ﬁ@ﬁ
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EERTIERTEE, ThidiEa2ER L OBEEZE LTS LCUA
DEBRHIFRTHD, €I T, ZOERLEICEEMEICKIT S BLV FRIER
MRREEY S L ERRY Y DRB R Tole, EORE. HLARECH LEHR
HR OB RO R EFORELALNICT IES TE,

- PCR-SBT {EIMOBEF~DIEABELTH Y, BolA DX 5 2BERSE
B HORGTFOBN£1T) L CEbd TEDRFETH D, AFEDORE
D7 FUREREER LR, U URREREORROA N FRET S &

NTEDHLEDLND,
JRE R 3L
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Table 1. Oligonucleotide primers for the first-round PCR, subsequent

PCR-SSP and direct sequencing

P
ore
Ovicntalion Prier Seqarnco .
st scase ERBIN GOA ATT CCT CTCTCT GCA GCA CAT TICC a  seelwr e
PCR aaniscnse HLO3t TIT AAA TTC GG CTC ACC TCO.CCO CT PR T
Intron 106p.
2nd sease Splas tgtaseacg acy gec gt AGC ACA TIT OCT GCA GTA € » exon 22334 e
PCR Spaue tph asaacg acp o< agt AGC ACA TTT CCT GOA GTA TICTAA &2 o 22335 6.2
Spase 171388 56 ac gec gt AGC ACA TTT.CCT GGA GTA TTA » con 21332 s
—
spas tgtanxncy g gec ags AGCACATIT OCT GGAGTA TIG B iR @0
Spses 1o nm acg ucg gecagt CACATT TOS TOG AGT ATG % ewa22331 524
Spéas 151288 acy acy goc 3t QCA CATTICCTO GAG TATC El exon 2 2831 562
Sphae gt ana acg acg goc agt AGC ACA TIT CCTGOA OTA TA » aon 22331 55
Spias gt a8 acy acy ges st CACATTTCC TGG AGT ATT CTAC o cace 22335 sed
ALLse 191 228 acg acy gec apf ATLOCTCYCTCT CCA OCACALTICCTO 45 exon 22324 s
e
siloms  DRBIBNS ag gua 22 get g e COCCOOTGE ACA GTG AAA CTC » woa 2260018 122
Direct  yeme 21M13 TGT AAA ACG ACO GCC AGT n
sequen
cing misas  MiJRevess CAG QAA ACA GCT ATG ACC 1

& [ owercase letters denote complementary ~21M13 primer.

b letters denote compl y M13Reverse primer.
© The underlined sequence overlaps with the 3' end of ERB3N.
d The underlined sequence overlaps with the 3' end of HLO31.

€ Tm = melting temperature

A a PCR product with Spl/DRB3B

b PCR product with SpZ/DRB3B
WG CGACTGGGACGAGTTCCG

P4 2

B PCR product with ALL/DRB3B
[6C GGGC € GLGG TG GAC ACG T ACT &GC
A
£ . A . f{ A
ATAd S ».\..,i\g:;?‘«fvﬁi"i WY Vi
C  PCR product with ALL/DRB3B
GGGTGTGCAG ACACAACTACGG GGKYRKK GA
) /{\ W N
af\i i 5 il
A et
ﬁ;.\{\'l.-. ‘,;.». 'V(IXWNX\I
D a PCR product with ALL/DRB3B

AG

AGRY==e=sswcecreussuasnesl

GGCiGGICGCCGAG YASTKGAACRGC

Fig. 2 Partial sequences of products of PCR-SSP from animals
WKS5-38, WK5-45, WKS5-33 and WKS5-19 (Fifth International
BoLLA Workshop). A WK5-38 yielded two products of PCR with
primers Spl or Sp2 and DRB3B and was, therefore, classified as
heterozygous for alleles in groups GI and G2, Each product of
PCR was sequenced with a -21M13 primer. B WK5-45 yielded
one product of PCR with primers Sp1 and DRB3B and was, there-
fore, classified as homozygous or heterozygous for an allele in
group G1. The product of PCR with primers ALL and DRB3 was
sequenced with a -21M13 primer and the animal was classified as
homozygous. € WKS5-33 yielded one product of PCR with primers
Sp2 and DRB3B and was, therefore, classified as homozygous or
heterozygous for an allele in group G2. The product of PCR with
primers ALL and DRB3 was sequenced with a -21M13 primer and
then this animal was classified as heterozygous. D WKS5-19 yield-
ed one product of PCR with primers Sp8 and DRB3B and was,
therefore, classified as homozygous or heterozygous for an allele in
group G8. PCR product with primers ALL and DRB3 was
sequenced using a -21M13 primer (a) and an M13Reverse primer
(b). This animal was classified as heterozygous, having an allele
with a 3-bp deletion at nucleotide positions 193-195, which corre-
sponds to codon 65 and an allele without this deletion. Boxes indi-
cate three peaks at nucleotide positions 193-195. Letters indicate
nucleotide sequence as determined from chromatograms. Arrows
indicate heterozygous peaks.

HVI
9 1011 1713
EY TKK NRI

Gl 2201, *2202, *1401, #2801, *2802. *1101, U0U126
Z

U00133, *0101, *0102, #0901, *0902, *3001, *3601, #0503, #1902,
*3801.*1901,*3501,*1001, AFOU8234, UONI2S, UBDI31, UODI39

G3 [- - ¥ ~ G} =t102.*3101, #1103

= = Y = R 2701, %2702, %2703, *2704, #2705, <2706, #2707, *2708. * 1002
G4 [T7¢ = T mam

~ = C - S| *3002 *0301, 40302, “0303, *3401, *3402

~ = C = R| *2401, 2001, *2002, +2003. +3202, *3201, *0701, *060{. UNDI28. UODI29
G5 |- -aAQ g .

~ — A T S| *1701, *1702, *1802, *I501, *0801
G6 [T H - S| *0s01, UN0I41, U0DI34, #0502

- -~ L ~ S| *1301, 230652

- - R - S| 201,301
G7 “1601, <2301, *1201, #1602, *4101, *2601. U0D144, V00143
G8 [ - 5 T G| *4001. *1703. «3001, #2101

~ = § T S| *3301, #0201, *0401, *1501, *1502, *3701, *2501, UBA137,U0OL32

Fig. 1 Alignment of the predicted amino acid sequences of the Bl domain
encoded by 88 separate BoLA-DRB3 alleles with amino acids encoded by
the NR-1 ¢cDNA clone which represents the BoLA-DRB3 gene. Sequences
were divided into eight groups (G1 through G8) according to sequences of
amino acids 9-13 in the first hypervariable region HV1. A dash indicates
identity with the amino acid sequence at the top. Sequences were taken
from the web site of the International Society for Animal Genetics BoLA
Nomenclature Committee and the GenBank nucleotide sequence database.

Numbers refer to positions of amino acids in the mature protein.

Table 2. Results of BoLA-DRB3 typing of animals of the Fifth
International BoLA Workshop

Animal®  Breed" PCR-RFLP PCR-SSP SBT analysis
DRB3.2 typing® typing DRB3 ullele Method®
A B A 8 A B used
WKS-01 BF 22 21 GI G5 “1101  *0801 I
WKS5-02 BF x AY 16 1l G2 a8 9901  *1501 1
WK5-03 AY x LM 0 12 a1 G4 =601 *3202 1
WKS-04 BF x HE 7 12 G8 G4 #0201 %3201 i
WK5-05 BF x HE 18 i Gs G6 *1801  *0501 1
WKS-06 BF 3 G2 Gl w00l *1101 1
WK5-07 BF 7 1 c8 G2 201 0902 1
WK5-08 BF 2 24 G3 G2 =102 0101 t
WKS5-09 DR 11w G1 G2 *1601  *0901 1
WK5-10 DR 21 10 G7 Gl *1601  *14011 1
WKS-11 DR 27 22 Gl GI (401 *i10i 2
WKS5-12 DR 15 1 G4 Gl 20012 *110] 1
WKS-13 DR 15 22 G4 Gl 20012 *110! 1
WK5-14 DR [T T G2 ] 0902 *20012 1
WKS5-15 DR 27 15 Gl G4 4011 *20012 1
WK5-16 DR 15 15 G4 G4 0012 *20012 2
WKS-17 JE 15 9 a3 G4 *4501  *0301 1
WKS-18 JE 7 15 [} G3 *0201 4501 1
WKS5-19 DB 16 7 [el] [e1] w1501 %0201 3
WKS-20 DB 8 7 G7 [¢/] *1200  *0201 1
WKS5-21 DB 24 16 G2 [¢] 0101 *1501 1
WK5-22 DB 16 7 [¢1] as «1501 #0201 3
WKS5-23 DB 8 7 a1 a8 *1201  *0204 1
WK5-24 DB ] 7 a7 G8 *1201  *0201 1
WK5-25 DB 18 8 G5 G7 w801 *1201 1
WKS-26 DB 6 2 c8 a3 *sof  *1102 1
WK5-27 DB 8 2 G7 G3 *201 102 t
WKS-28 DB 28 16 G4 a8 %701  *1501 1
WKS-29 BF 24 8 G2 G7 010]  *120] 1
WKS-30 BF 24 15 G2 G4 0101 *2002 {
WKS-3t BF 3 o2 G2 Gl o0l 1101 1
WK5-32 BF 3 18 G2 G5 *100]  *1801 1
WK5-33 BF 24 U G2 G2 *0l01 0802 2
T WKS-34 BF 3 2 G3 G1 *1002  *1102 2
WKS5-35 BF 2 21 Gt Gs *1101  *0801 1
WKS5-36 BF 28 2 G4 a3 0701  *1102 1
WKS-37 DB 28 3 [« a2 %0701  *1001 !
WK5-38 DB 31 3 Gl G2 2801 *1001 1
WK5-39 DB 24 28 G2 G4 0101 0701 1
WK5-40 DB 3l 7 (]} G8 #2801 *0201 1
WK5-41 DB 24 1 G2 ¢ 010! *0201 1
WKS-42 DB o2 Gl G1 *2801  *110] 2
WKS-43 DB 6 22 G8 Gl «IS01  *1101 1
WK5-44 DB 3116 Gl G8 *2801  *1501 1
WKS5-45 DB 2 2 Gl Gt *1101  *110] 2
WK5-46 D8 18 2 G5 Gl %1801 1101 1
WKS5-49 BF 28 ] G4 G7 *0701  *1201 1
WKS-51 BF 28 8 G4 a7 0701  *1201 i
WKS5-56 JE 15 20 G3 G3 *501  *4401 2
WKS5-58 JE 21 10 G5 G7 Y0801 *2006 1
WKS-59 HF 24 23 G2 a3 *0l0l %2703 !
WK3-61 JE 1517 G3 G8 *4501 %2502 !

* The 52 animals were typed for BoLA-A antigens by serology and [EF, and for BoLA-DQA, -DQB, -
DYA, -DOB, -DIB and -DRB by serology, IEF, RFLP analysis and PCR-RFLP analysis as part of the
Fifth International BoL.A Workshop. Genomic DNA was extracted from whole blood with 10% SDS

and phenol-chloroform:

b AY= Ayrshire; BF= British Friesian; DB= Danish Black Pied; DR= Danish Red; HE= Hereford;

HF= Holstein Friesian; JE= Jersey; LM= Limousin

©1, Two products of PCR-SSP from an animal heterozygous for alleles in different groups of alletes

were sequenced.

2, One product of PCR-SSP from an animal homozygous or h

for alleles bel
the sume group of alleles was sequenced. Ve

=4

g in

3, One product of PCR-SSP from an animal heterozygous for an allele with a 3-bp deletion at aucle-

otide positions 193-195 was sequenced.

118 —



Table 3 Results of BoLA-DRB3 typing by PCR-SBT, PCR-SSP and PCR- - Table 4 Frequencies of various BoLA-DRB3 alleles

RFLP in analysis of 29 Japanese Shorthom cattle in 29 Japanese Shorthorn cattle as determined by
PCR-SBT
Animal o . PCR-SBT" e -RFLP" .
number Sire. : Dam (erigin) A B PfR SSBP PiR RF;P Frequency.
% 576 65 (Aomon) G501 %0801 T T Total ‘Aomori Twate
297 210 96( * ) %0101 #0501 Gz G w4 1 DRB3 allele (n=58) (n=24) (n=34) -
IVt B S o g ® W m
356 Sachiuma W # ) 0301 a0l - G4 as 2 *1201 14 @D 5@ 9 @65
k14 Ohno268 Kiyofuke ( # } *0801  *0901 G5 G2 0] *14011 12 (20.7) 3 (12.5) 9 (26.5)
n Rikihoho  Tadshime { # ) w0201 *0801 G8  Gs w7 1 0101 9 (155) 2 (83) 7 (206
34 Sachikaze ~ Okahimedl ( » ) «0801  *1201 G5 G7 »2] 08 #0301 8 (138) 4 (167) 4 (11
375 Masmka  Fujibime ( 4 ) *1201  *14011 671 Gl 8 *27 *0801 7 g - 6 (250) 1 (29
376 Kuzutono /6( ) *0801 *M4011 G5 Gl 21 7 0501 4 (69 20 (83) 2 (59
84 Kazuiono 26( 7 ) 0301 =201 G4 G7 *09 *08 *1101 2 (34 0 (00) 2 (59
385 Sachitama B0( # ) *0301  *14011 G4 a1 09 *27 0201 1 (1D 1 (42) 0 (00)
) Akihebl 712 (Iwate) #1201 *1201 G1  G7 “08 *08 *0901 (i 14D 0 (00
807 210 616( » ) 0101 =301 G2 G4 4 09 - —— ~ .
813 210 780 ( » ) . %0101 - *1201 G2 G7 4 08 * The animals used in this study were born to cows that originated
814 210 693( & ) *0301  *0501 G4 G6 «09  *01 from Aomori Prefecture or iwate Prefecture,
824 210 M0( ¥ ) “0l01  *0101 Gz G 4 2%
829 210 788 ( # ) =010l *0301 G2 G4 U 09
846 Koiohoho 802( » ) «1201  *1201 61 & w08 08 .
841  Sachitma w8( v ) “U01 *14011 al Gl o e Table 5 Comparative  pcpssp  pCR-SBT  PCR-RFLP
849 Sachitama 87 ( % ) 0501 *080| G6 G5 01 2 BolA-DRB3 typing of
863 Kazttono 809( # ) 0301 ~14011 G4 Gl "9 7
864 Kumutono 829( » ) 0101 *14011 @ Gl 4 29 Japanese Shorthorn Gl *14011 *27
865 Kazutono 78( 8 ) =101 *14011 Gl Gl w7 cattle by PCR-SBT, *1101 - - *22
866 Kazutono 846( # ) “1201  *14011 G1 Gl 08 *27 PCR-SSP and PCR- G2 *0101 24
875 Kazutono 813( # ) *1201 14011 - G7  GI 08 *27 RFLP lysi *0901 *11
877 Kazutoro 802( # ) =201 *14011 G Gt 08 *27 analysis
878 Kazutono 802 ( w ) *1201 *140H G Gt w8 27 G4 *0301 *Q9
879 Kazutono T8 (& ) D101 =1401t G2 Gt *24 =27 G5 *0801 %71
* Both alleles of each animal, A and B, are shown. G6 *0501 *01
, . . G7 *1201 *08
Table 6 BoLA-DRB3 alleles with their equivalents* G8 *0201 *Q7
PCR-RFLP  Fragment patterns PCR-SSP DRA3 allele by PCR-SBT
type (Rsal, Bst Y1, Haelll) type
*01 G2 *0503, U00133 - .
o : ; a 82 :1%500114 1U9(1)§(3) ? Fig. 3 Electrophoresis of .
a " -
*03 b b b G2 *1001 products of PCR-SSP 196
w0 a3 zio02 specific for exon 2 of
+05 £ & 2 Gs *3appcnee BoLA-DRB3allele in a 297
*; »! -
M ¢ a a a b herd of Japanese Short- 354
i £ a a G7 *12] horn cattle. The highly
e £ d 2 Pt 301, 0302 variable exon 2 of all 347 8
10 £ b a G7 *1601 *1602, U143, *2K6 -
N ¢ e .a G 0901 o) BoLA-DRBJ genes was 356
*12 h a a 8«51 :32(;1. +3202, *3203 ‘ first amplified from the -
13 h b a G4 gt T genomic DNA by PCR ’
. ' Gs 140! : with the locus-specific 373
14 h b b - No sequence . :
*15 i b a G3 *450( . primers ERB3N and 374
a 20011 F20012, 32002, *2003, *2Kd HLO31. Second-round
:{9 iopod Gt 11301 *1502 amplification (PCR-SSP) :
:{g 1 g g 8’51 :%28}' *1802 was peI:fo_nned with one 375 §
s -
- s .
§§ %§§§%2 - through Sp8) tflxat z_lmpll-h 384 g
‘1 1 b e a al fied all the alleles in each ;.
S S - R 1 S A
*73 n b a ef] 2701, #2703, *270)3, *2705, %2706, *2707, *2708, *2709, 2710 through G8) and the -
s n b b G2 SOI0L, *0102, UTZS locus-specific primer 807 §
! > ;
*26 o a b G4 T DRB3B. The locus-
27 o b £ gl 214011, =14012, UoL26 specific primer 813
B °o b b g‘; Wi DRB3ALL (ALL) was 814
3 P 8 ¢ gt 12801 also used for amplifica-
m a a .
3 m a2 -3 a s} tion of all alleles. The 824 }
*34 1 a b G 23001 numbers on the left cor-
v s b b c ;)%&;’ig respond to the numbers 2% §
a P4 ¢
37 > b a G4 U179 inTable 1. 846
el B 4 a G2 uoo13s
t a - 0 sequence 47 e
*40 u b a - No g:guence 847
41 a b a G2 #3801, *1901
G6 #0502 849
42 h b £ Gl *2802
"3 x b f G} *2501(2 863
44 kK b i G8 *250( 1
45 s a4 b G4 *3401, *3402 864
*46 v b a G2 *1501
47 w a a G8 *1703
4R w b a G8 *3901 865
*49 w b e G8 *3701, U00132
*50 x b a G8 4001
5| g a a G6 *4201 w6
52 s d a G4 *0303
*53 Y b a G2 *1002,
G8 uo0137 : 875
*54 j 4 b G6 *430(
fah E a n G7 U044 877
db y d b G2 AF008234
ab £ a b - No sequence /
fbb £ b b - No sequence 878
fbe £ b e - No sequence
ian i a a - No sequence . 879
iae i a e - No sequence:
kba k b a - No sequence :
nbe n b e - No sequence -
Sbe o) b e - No sequence

*To date, 102 alleles have been identified by sequencing of cloned genomic DNA, cDNA ar cloned products of PCR
and by PCR-SBT of genomic DNA. These alleles were identified in various breeds that included Holstein, Red Pied,
Martinique, Brahman, Japanese Black, Jersey, Hereford, Ethiopian Arsi, N'Dama, Boran, Swedish Red-and-White, Sim-
mental. .
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Fig. 4 Alignment of the predicted amino acid sequences of the $1 domain
encoded by 38 BoLA-DRB3 alleles derived from 419 animals inciuding four
distinct cattle breeds such as Holstein, Japanese Shorthorn, Japanese Black
and Jersey. New alleles were shown by bold character. Asterisks above resi-
dues indicate residues in the antigen recognition site in proposed model of the
class Il molecule. The numbers denote positions of amino acids in the mature

Fig. 5 BoLA-DRB3 allele frequencies in studied population of
various cattle breed

protein. Nucleotide and amino acid identities were shown by comparing NR- %

1 BoLA-DRB3 ¢cDNA clone.

- *0301(H, S, J)
50 '{__.——____.*3401(& B)
*1301(S)
2 e

Table 7 BoLA-DRB3 alleles found in four distinct cattle breeds.

Brecd No.of  Detected alieles™ ™ * No. of Q’x&d‘ff No. of '
studied detected TR, mew *0502(B)
animal allele a?lcic allcle %0 S B
Japancse 102 *0101, *0201, *0301, *0501, #0503, 20 5 0 5 & 503(S, B)
Shorthom *0701, *0801, *0901, *0902, *1101, [ 7 *0501(S, B)
#1201, *1301, *14011, *1801, *20012, :
#2002, *2601, *2703, *2710, *3401 7% L— md0sp6(B)
) 3 0 5 0 ° 1701
ersey 17 *0201, *0301, *0701, *0BOL, *1101, 12
*1601, %2006, 2801, *3701, *4401, 8% ———— *3202(H)
*4501, ¥2502 *0201(H, S, J, B)
Holstein 100 #0101, *0201, *6301, *0601, *0701, 18 3 0 . 47 ®
*0901, *0902, *1001, *1101, *1201, 1501(H, B)
1501, »1601, 1701, *14011, *20012, v *1801(S)
. *2201,%2703, ¥3202 © > L_ ¥0801(S, 1, B)
Japanesc 200 - #0101, *0201, *0501, *0502, *0503, 2% 5 3 . .
Black *ozg 1, :(1)?01' *ogm. 20902, #1001, 41 *2502(1)
*1101, *1103, *1201, *1302, *14011, ——-1
) #1501, *1601, *1801, *30012, %2703, 62 *3701(J)
*3401, *4002, *4401, md0sp6 ki *4401“ B)
Total 419 ‘ 38 19 3 ma— : *4501(J)
a g .
DDBJ/ EMBL/ Genbank accession numbers are AB033396 for BoLA- — L-—-——-—- *1001(H, B)

DRB3*1302, AB033404 for BoLA-DRB3*#4002 and --- for m40sp6
Breed-specific alleles in each breeds were shown by bold character.
€ New alleles were shown by underline.

A

. Japanese Shorthorn
Holstein

Japanese Black -

0.01
Jersey

B

3 in Japanese j,

Holstein Shorthorn €Y
Japanese Shorthorn 0.0415
Jersey ‘ 0.0867 - 0.0693
Japanese Black  °0.0258  0.0553 0.0791

Fig. 7 Unrooted neighbor-joining tree (A) using Nei's genetic
distances (B) based on the allele frequencies of BoLA-DRB3
gene of the four populations studied.

4} ———————— *1601(H, S, B)

Y *1201(H, S, B)
& *2601(S)

#2002(S)
"7[_‘:_*_23012(& S,B)
% *2006(1)

*0601(H, B)

~5_1E—--— *2703(H, S, B)
2 *2710(S)

f——

Z b———*701(H, S,J, B)
—*0101(H, S, B)

_____: *0901(H, S, B)
87 *0902(H, S, B)
“

+ *1103(B)
r“[:_— *4002(B)

61 L *2201(H)
- *2801())

2 *14011(H, S, B)

18

0.01

Fig. 6 Neighbor-joining tree using 236-bp nucleotide sequences
of B1 domain coding region in BoLA-DRB3 genes based on
Kimura's two-parameter distance. Numbers are bootstrap per-
centages in support of each node. Bootstrapping was performed
using 1000 replicates to assess the reliability of individual
branches. Breed-specific alleles are shown by bold character.
New alleles are shown by underline.
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Table 8

BoLA-DRB3 typing of nomal cattle and cattle with BLV-induced

lymphoma, PL and healthy.
Control cattle BLV-infected cattle with P values®
Allele {n=400) healthy (n=86) PL (n=30} lymphoma (n=46) {vs.control)
(DRB3I*) n* K3 ] n_ ok o % Hellmx Pl Lvmgnnmn .
mol 14 35 4 47 o 0o 0 00 0.539 0612 0.379 -
0201 18 45 4 47 1 33 5 109 1.000 1000 0076 -
0501 2 05 1 12 o 0o 1] 2.2 0.443 1.000 0.279
0502 12 30 12 [ 0 00 0481 1000 0622
0503 10 25 3 35 1 33 0 00 0710 0553 0.609
o 19 48 7 8t 1 33 0 00 0.195 1.000 0.242
0801 4 1.0 0 00 1 13 0 00 1.000  @.305 1.000
101 7 1.8 8 00 0 o0 0 00 0613  1.000 1.000
0502 29 13 5 58 0 0o 2 43 - 0.817  0.280 0.758
1001 0 17.5 10 116 3 oo 11 239 0,203 0448 0.312
Lol 4“4 110 6 7.0 1 33 3 65 0,330 0347 0453
1201 ¥ 85 6 10 133 to22 0829 0495 0.240
1302 20 50 7 8l 1 33 0 00 0.295 1.000 0.248
14011 8 2.0 7 81 0 00 o 00 8.21E-03 1.000 1.000
1501 3 18 8 93 5 16.7 2 43 0.661 0.094 0.560
1601 51 128 13 151 14 46,7 16 M3 0.598 1.81E-05 3.26E-04
012 H 1.3 1 12 o 00 3 65 1.000 1.000 0.040
2703 6 1.5 2 23 0 00 0o 00 0.636 1.000 1.000
3401 1 03 1 12 0 00 22 0.323 1,000 0.196
4002 k] 08 0 00 0o 00 o 00 1.000 1.000 1.000
mdtlspb 2 0.5 o 00 I 33 0 00 1.000 0.070 1.000
4401 5 1.3 ¢ 6.0 0o 00 1 22 0.592 1.000 0482
1103 5 1.3 o 00 0 00 0 00 0.592 1000 1.000
Table 9
Association of DRB3 epitopes with BLV-induced cattle lymphoma
BLV-infected cattie widy P values
heaithy PL lymphoma (vs.healthy)
. (n=86) (n=30) (n=46)
Epitape n_ % n % 0 % PL lymphoma
y78 31 360 2 67 5 109 0.00187 0.00195
Non-v78 (y78 55 640 28 933 41 8. 0.00187 0.00195
R 25 291 L33 2 43 0.00223 0.000535
Non-R7 (T77y 61 709 29 967 44 957 0.00223 0.000535
g7 31 360 2 67 109 0.00187 0.00195
Non-E74 (N'%) 13151 3100 2 43 0.759 0.085
A" 34395 19 633 37 804 0.033 0.00000791
) 8 93 5 167 2 43 0316 0.493
<™ o 00 133 0 00 0.259 -
k't 37 430 17 56.7 18 39.1 0.210 0.714
Non-k ' RTY) 21 244 2 67 8 174 0.037 0387
(! 20 233 5 167 18 39.1 0.608 0.070
€Y 3 93 6 200 2 43 0.189 0.493
Ry 25 29.1 1 33 2 43 0.00223 0.000535
T8 6 70 1 33 365 0.675 1000
TI7y78 55 640 28 933 41 89.1 0.00187 0.00195
EMRTTYTE 25 29.1 133 2 43 0.00223 0.000535
E/4T7Ty78 6 70 133 3 65 0.675 1.000
ATy T8 34 395 19 633 37 804 0.033 000000791
Y4777y 78 8 93 5 167 2 a3 0316 0.493
NT4r7Ty T8 13 151 3 100 243 0.759 0.085
sT4rTTy78 0 0o 133 [ 0259 -
K7 LEMR7Ty T8 1128 0 00 () 0.064 0.00834
RVIETRTTYT8 14 163 133 2 43 .11 0.053
R7IET4p77y 78 6 10 133 3 65 0.675 1.000
AT AT4TT7yT8 20 233 5 167 18 30.1 0.608 0.070
K71AT4TTTyT8 13151 14 46.7 16 348 0.000002 0.014
R7IAT4TT7Y T8 112 0 0 365 1.000 0.122
Elly74r77y78 3 93 5 16.7 2 43 0316 0.493
K7INT4TT7y78 13 151 3 100 2 43 0.759 0.085
E71g74777y78 0 00 1 33 0 00 0.259 -
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Table 10
Genotype frequencies based on amino acid motifs at positions
. P71 7477 and 78
BLV-infected cattle with P values
healthy PL {ymphoma (vs.healthy)
(n=43) (n=15) (n=23)
Genotype PR n % n % PL lymphoma
RV/RV or nen-RV 22 512 1 67 2 87 222E03  S25EU4
TV/TV or non-TV 6 14.0 1 67 3 13.0 0.664 1.000
TY/TY ornon-TY 39 907 15 100.0 231000 0.564 0.289
ERV/ERV or Non-ERV 22 512 2 133 2 BJ 0014 5.25E-04
ERV/Non-ERV 19 442 22433 2 BT 0059 4.73E-03
ETV/ETV or Non-ETV 6 140 0 0 3 130 0323 1.000
ATY/ATY or Non-ATY 28 65.1 14 933 21 913 0.046 0.036
ATY/Non-ATY 22 512 10 667 5 217 0374 0.034
NTY/NTY or Non-NTY 12279  3-200 2 R7 40.736 0.113
YTY/YTY or Non-YTY 8 186 5 333 2 87 0288 0.474
STY/STY or Non-STY 0 0 1 67..00 0.259 -
ERV/ERV 370 0 0 00 0.561 0.546
ERV/ATY 10 233 2 133 1 43 0712 0.081
ERV/NTY 516 .0 0 1 43 0313 0.656
ERV/YTY 370 00 g 0 0.561 0.546
ERV/ETV 1 23 0 0 00 1.000 1.000
ETV/IATY 370 0 0 3 130 0.561 0.413
ETV/NTY 2 47 0 0 00 1.000 0.539
ATY/ATY 6 140 5 333 16 69.6 O0.131 1.45E-05
ATY/NTY 4 93 2133 00 0.643 0.289
ATY/YTY 516 4 267 1 43 0218 0.656
ATY/STY 0 0 1 67 00 0.259 -
NTY/NTY 1 23 0 0 00 1.000 1.000
NTY/YTY 0 0 ! 67 1 43 0259 0.656
KERV/KERV ornon-KERV 10 233 0 0 00 0.050 0.011
KERV/ non-KERV 929 0 0 00 0.094 0.022
RERV/RERV or Non-RERV 13 302 1 67 2 87 0087 0.065
RERV/ Non-RERV 12279 | 67 2 87 0150 0.113
RETV/RETV orNon-RETY 6 140 1 67 3 13.0 0.664 1.000
KATY/KATY or Non-KATY 13 302 11 733 14 609 S.67E-03  0.020
KATY/ Non-KATY 13 302 & 533 12 522 0129 0.1
AATY/AATY or Non-AATY 19 442 5 333 14 609 0552 0.301
AATY/ Non-AATY 18 4.9 5 333 10 435  0.760 L0
KNTY/KNTY or Non-KNTY 12 279 3 200 1| 43 0736 0.025
EYTY/EYTY or Non-EYTY 7 163 5 333 2 87 0265 0.478
KERV/KERV 1.23 0 0 00 1.000 1.000
KERV/RERV 1 23 0 0 0 0 1.000 1.000
KERV/AATY 2 47 0 0 00 1.000 0.539
KERV/KNTY 370 0 0 00 0.561 0.546
KERV/EYTY 2 47 0 0 00 1.000 1.000
KERV/KATY 1 23 0 0 00 1.000 1.000
RERV/RERV 123 0 0 00 1.000 1.000
RERV/RETV 1 23 0 o0 00 1.000 1000
RERV/KATY 4 93 I 67 00 1.000 0.289
RERV/AATY 370 0 0 1 43 056l 1.000
RERV/KNTY 2. .47 0 0 1 43 L0 1.000
RERV/EYTY 1 23 0 0 00 1000 1.000
RETV/KATY 0 0 L. 67 1 43 0259 0.348
RETV/AATY 370 0 0 2 BT 0.561 1000
RETV/KNTY 2 47 -0 0 00 1.000 1.000
KATY/KATY 0 0 320 2 87 DOIS 0.118
KATY/RATY 1 23 0 0 3130 Lo 0.118
KATY/AATY 4 93 2 133 7 304 0.643 0.040
KATY/KNTY 1 23 1 67 00 0.454 1.000
KATY/EYTY 2 47 3 200 1 43 0103 1.000
AATY/AATY 1 23 0 0 4 174 1000 0.046
AATY/KNTY 3170 1 &1 00 1.000 0.546
AATY/EYTY 370 1 671 00 1000 0.546
AATY/ESTY 0 0 | 61 00O 0.259 -
KNTY/KNTY 1 23 0 0 00 L.000 1000
KNTY/EYTY 0 0o 1 &7 1 43 0259 0.348




DU R AN B E G

FEMBEANIR (MHC) 75 2 14T EHERFMIICL ) 700y v 7 Shihbko sy v o3
7 RBENTF FNFEICHALS, THRICGRRL, ERORERSEFIERITHTFTHE, ZOF
FREEICHHIZEATSEY, ¢ NMHC-DRBIEZFTI3#270%%, 7 MHC (BoLA) DRB3i#&
EF B TIEHI00EEO N LR ETIHME SN TV D, MHCHRERZHERAEL T L5135
BHESINTBY, EFHEZBUITWwS, L2L, Y YMHC-DRGFDS A ¥ ¥ FEEREHLENT
B57, BoLALER L OBEMEDOMREITE MIHRTRESZBHBNTEY, &4 €Y FEOMHLAH
i EEN T35, BoOLA-DRATFHEEMD L VDRAEIETFOEW TH ADRo L, BEILHICE
UDRB3BIZFOEWTH LDR PV FERERHE L O DTH 5D, DRB3 RIGTIE 40TV Y &
DHBRENTBY, SRIIISRIE 2 MARADEMNTH S LN A Y& a2~ FT 5 exon2 IZHEF LT
Wb, 2T, AEfFEHEIE, TOBoLA-DRGFOHFH L WY 4 ¥ 7kl LT BoLA-DRBS exon2 @
PCR-sepuence based typing (PCR-SBT) %#B% L7, €hEHWT, 2 a0 —VDNAL LTH
5 HBoLAEIE T — 2 ¥ a v ZIZBWTHBAENAEEDY ¥4/ ADNAY A ¥V 7, KUY, oo
YN E L TRIEKRFRZRREMFER R RIGO9HOHAREALED S L ¥V 7T\, ZOEHE
HEERAULHEIOEIZ, PCR-SBTEXHWT, BEETHL L % o T\, BoLA-DRB3
SUBRBETHEEL, Vvy—U-—f - AVAY A U BEAME - BREAEICOWTERL, 2h560
ORI E B 57 L7c, BoLAL BB E OB#M SN2 LCUEOHEERTH S, EH R LRE
FHEFIHLP L 27D T, EBICY VHIIFY A VR (BLV) L OB#EEZREL, FO#HR,
BoLA-DRRLF A A Y IZBWFAHTL74,TTR OISO 7 I / B EDBLVESA 0O HILRRIE, FERIE
WCRESBDLoTVBILBHLR Loy TNHADDT I /VBRIZIBLIF A M VIZBWTERICH
REEMTLRETHL 00, RESCOMBPERISHREBICED > TS ATEREISTRR SN,

PAED & 5 CRRgEE, BIfEE CHEY. ST\t h o 7: BOLA-DRB3 BIRF D5 A €V VxR L,
% A THFICEE TR R EFHREOE N, RUBLVESEY ¥ O BIFRSE L OS5 5
PIZL7CbDTHY, TORREEPOF - R EOFTRICELZHbDEZEIOND, Lo THE
B-FAEAmXNOEEICEL (RF) OFEMNLRETHIETAODLHE L,
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