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Co-expression and evolution of Mafa-B alleles in Macaca
fascicularis based on third-generation sequencing

HU Qingxiu, HUANG Xiaoqi, ZHAO Aimin, LING Fei’
School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006,
Guangdong, China

Abstract:

influencing the outcome of biomedical experiments. Particularly, specific MHC-B alleles are closely related

[Background] Major histocompatibility complex (MHC) is highly polymorphic, thus

to the development of various diseases. Macaca fascicularis (Mafa) is an important animal model for
conducting biomedical research. Currently, Mafa-B alleles in Mafa have not been comprehensively
characterized. [Objective] To explore the comprehensive information on Mafa-B alleles in Mafa and to
identify co-expression and evolution of Mafa-B alleles. [Methods] Through third-generation sequencing, the
genomic information of MHC-B of Mafa was obtained. Then, we designed specific primers to amplify
Mafa-B alleles in a cohort of 33 Vietnamese Mafa individuals and characterized Mafa-B alleles with multiple
bioinformatics methods. [Results] On the basis of information of 92 Mafa-B alleles, we identified 65 novel
Mafa-B alleles. Among them, 8 alleles were identical to sequences previously reported in Mafa of other
geographical origins and 32 were also found in macaque populations. In addition, we identified
7 high-frequency Mafa-B lineages and 7 pairs of co-expressed Mafa-B alleles, and detected one potential
recombination event. Evolutionary analysis revealed the high similarity of Mafa-B sequences in Mafa from
different geographical origins. [Conclusion] These co-expressed Mafa-B alleles in Vietnamese populations
have undergone selection pressure by certain antigens, and Mafa populations of different geographical
origins may fine-tune the Mafa-B sequences in response to pathogens. This study lays a foundation for
elucidating the genetic background of MHC in Mafa.

Keywords: Macaca fascicularis; major histocompatibility complex; Mafa-B gene; co-expression; evolution

R —MEENIEAR KLY, 28N, HMBINPRAS S0 AN EEALT al M

A TR AN, gt JRAg
4 % B [ 25 & 1E (acquired immunodeficiency
syndrome, AIDS)*. BAH#HF7EF COVID-19
P TP R AEN,

FoEA LN M A ™A S K (major
histocompatibility complex, MHC)2&— 1~ 7% 1Y
LR 2H X3, HZR A% A MHC 43T 16 5% Bl o
PrEE EEA A, MHC 4020 128, 11241 1T
BT T A TT IR ) 2 A X e B I
BELCT, WifE MHC 12850 T, 2 H1 3 4k
B FAEEEA MHC 123N 7 41 v 52 B e i Y

a2 Z5R R

NESEC AV RS RN N W PN S S E
2470 5 (human leukocyte antigen, HLA), {H [/
(Macaca mulatta , Mamu) F1 & 8 # (Macaca
fascicularis, Mafa)W] F2EHLFAENER G
WIFR A Mamu F Mafa® . HLA-A. HLA-B F
HLA-C FERJE 35 DL, T HLA-A F1 HLA-B F£[A
R IR E R bR 24 DLy B E AT, AE
Bk i AR & B HLA-C (TRIESN Y, AR
MHC R R HREE = AL, E i 24
S, B MHC 128 4 Fl B BN A %50aE =
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A7 s AAECT MHC-A JEIR, MHC-B FEF H A
2 A B DR AT AR %S SoKF-, T R 28K
MHC-B 3L REARFL U fEfd A, —A
Mamu-B BAERELE 1-6 D F RS Mamu-B
JERAN 1-10 AUREERE 41 Mamu-B FeHU1,
— NG R | [F B AR B Mamu-B JE R ] 23K
19 AN, B Mafa-B HASR FIIEREGE N
1-17 AP A~ Mafa-B BAEIAT iy 1-7 A~ F %
SR IEDIRN 1-15 AUREERE SRR AL, B
t MHC-B K i T2 B R A2 T A8 52 2
HBPR A MHC-B 55575 R 73 e 21 B Y
FEERY B PR AR Ry R

AN MHC RENCHIRAMTE, 8 849 4
HLA-B i 5:[H (IPD-HLA Release 3.48.0)# %
i, e TCE 1090 4 Mafa-B S 3L
(IPD-MHC Release 3.9.0.0)#% #ei . 5 AZEAHL,
Mafa-B 50 KA 4 THHE SR B = HE A
FLUCRETE ) MHC-B S5 5L 55 22 Rl 1 1F
JRAT K BN, Mamu-B*001 FRAEA A 15 )55
55T % (collagen-induced arthritis, CIA)HA
PitEPY; HLA-B*35 F1 HLA-B*58 5 NGz ik
&9 %(human immunodeficiency virus, HIV)#Y
Gy AT B i HLA-B*57 R HLA-B*27
AANARALE IS HIV i S22 30 A0 Ay s 25 28 2 A
G BR IR R AN, AR T G
Ff397 7% (simian immunodeficiency virus, SIV)f)
PR, #EH Mamu-B*08 B, Mamu-B*017 1
AR SR BLAIR, i R g8 12
—48 MHC-B 737 W JIKGS & 2 e e A [R) W) b o
AT FUn, Mamu-B*039:01 F# g A5
1) Mafa-B*039:01 WG A —AReE RS &
FLERY Mamu-B*03 1 Mamu-B*08 (1) k454 3L
J¥ 55 HLA-B*27 MRS & S p AR 3 AR I, &
fITAT REPATAH I A e . AF9R KA, MHC 43+

R 20 M S 2 BR R A 32 K (killer cell
immunoglobulin-like receptor, KIR)ZZ[A] A H.
EHYS AIDS # A3 5¢. i, KIR3DLOS/
KIR3DS05/KIR3DLI10 F1 Mamu-B*012 J:HH 5
TR E R, BRI EAGEPY X R,
HERA AT S RALIE AN R KBS WA MHC-B
JE DA )38t 4% 1AL SRR AR AT R AR e i i HAT
TEEL,

AT EE T AR P AR5 1 2 Bk MHC-B
FEAFH, FIHER R Y R, i
Xt Mafa-B B[R 2 #1 3 488 FUEFTINRE , 3615
T 33 HBr BB HAY Y Mafa-B S0
A, HET R Mafa-B S50 LR E8, E
— X Mafa-B BER AT 3R B ML b o A
TR AL 1 R e e U B B A Mafa-B S5 HE TR R
TE A AL BRI SRS B, DU Rk Y
AR 2L SR R R B S, MRy
HCAth Hi 2 g2 B PR 20 A RRAE A ST SR AL TR IR, Lk
an KIR FEH 4 .

WL

1.1 #&
1.1.1  SEIEzY)

R R 33 Hyg R g8k A T
7R W BRI N O i A R R RS
TE &G o B T35 mL (AR AR AR,
RAFTEZ: EDTA PR AE T, SR &K
Wi B A P BORAT BR 2 w] S sl My o B il &
514> (Institutional Animal Care and Use Committee,
TACUC)# #itif 1 (3 H 4> : TACUC-003).
1.1.2 EBIRXA, (FMEFRE

E.ZN.A.™ Blood RNA Kit, Omega /A ;
PrimeScript' " II Ist Strand cDNA Synthesis Kit .,
DL2000 DNA Marker Al pMD™19-T #iiAk,
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TaKaRa /A F]; Green Tag Mix, Vazyme /A A ;
KIGHF# DHSa 25400, A4 T AW TR
TR BR S F) 5 DNA SRS Bl 4t ik it 57
&, Magen A H]; JREE . BEEERI) . NaCl
FBER , OXOID Awl; & FHERM, Bh:
T2Aw . DNAMFAL, T7INER AW s PCR AT
HEASCR L VK E B RIS A, Bio-Rad A Fl

LB WK T (g/L): R IR 10.0, Wbk
FEH 5.0, NaCl 10.0. LB AR FE 3 (g/L):
TE LB AR FREHINA 15.0 g/L M BAR K . 55
FRILTF 1x10° Pa KB 30 min, LB & F itk s
FRIE . INIWITERYRE M 100 mg/mL MR E &
EY L
1.2 7k
1.2.1 Bk MHC-B £AXIHAYIR R F0 157

HG, 1/ BLAST(V2.2.26)% Mg 235
%5 2 (Immuno Polymorphism Database, IPD)
TEE MHC-B R (B B8 A AR LA ) Y 2 i
J¥ %1 (coding sequence, CDS), HA U EIZH =1
) P 2H 2% i) B B8 A L K 2H (GenBank & 55k
PRINAS19149)E4 T HLXT, MR Eb X &% 5 v
B e At et 2 R, I . MHC-B 3 K X 38k i
LB HR, K XA B B R MHC 24
J¥51 5 IPD HR N A () MHC-B S50 35 K73 A 7
FoXT, AN B A MHC-B 3K B 40 7l
WEF. wa, BEBRSEIM MHC-B )75
X R GenBank G55, 4238 2 EHPrAE
AR KHKEhY) MHC @4 & RS s .
1.2.2 RNA $2Hl. cDNA ZFEFNF

fdi [} E.ZN.A.™ Blood RNA Kit M 33 Hfi
R P A A R I P 4 R AR B RNA,
% i il PrimeScript'™ 1I 1st Strand cDNA
Synthesis Kit & i cDNA  FA TR 5 10 1~ Mafa-B
FE D BRI 7 81 22 S BT T 10 X RYER 1)
(& DI Mafa-B FER Y 2 F1 3 S8BT I35,

PCR S WK Z (50 puL): Green Tag Mix 25 pL,
F. FUESI#(10 pmol/L)4% 2 uL, cDNA AR
(100 ng/uL) 1 puL, ddH,0 20 uL. PCR J i 5544 -
95 °C 5 min; 95°C30s, 58—64°C30s, 72 °C
25-50's, 34 MEFR; 72 °C 10 min; 4 °C {34%.
H T+ Tag DNA RAHGIC 3'— 51 N VIS M,
19 3 e Je — R SR R A VC L P
RS 34 H =y, Bk ar DU AR R 5
A T B 25 S R A T e BRI B P Y, PCR
PR DNA B i Lt & gk 5 S
pMD™19-T #ikik Bz, i )5 10 = Wi AL K
FF 1R DHSa J8AZ Al rh , 7820 NPk (B B
9 100 pg/mL)iY LB [EfAEE I3 | 37 °C #5357
12-16 h J&, PRk smhe 2 W hudk (&
100 pg/mL)fY LB AR S 3,30 °C 200 r/min
BRI, TR PCR 10 7 vk Pk sk PEM: v e
+, B PCR 514 Ry 3l 159 M13-F (5'-GTA
AAACGACGGCCAGT-3")Hl M13-R (5-CAGG
AAACAGCTATGAC-3"). AL Hh ik 5
10-50 ANPHME SR Tk 2 MR A R HE T
J¥ . {4 SnapGene 4.1.9 il MEGA 11 #4434
R FA, 2 1 ANFHIZEDTE 3 Al ek
HAR RIS T DA e o 1 SRR R S
A SR 7513228 8 GenBank FRIUT 415,
JF5 IPD A FF S5 3 R 1E4 T BLAST HeX ff o
BN, FrEmEEELZEREARK
J8h¥) MHC 44 % 5L &t 4 o
1.2.3 Mafa-B FAERF XS HAELH S
fdi 1 MEGA 11 H1[¥J Clustal W F2£5 Ho X
H, R AL A p-distance 1R AL R
bootstrap ZEUEE A 1 000, i 5= 41K R
(recombination detection program version 4,
RDPA)HEA 75 2H 4347, i W7 F 4 S 1) e o ] 422
% PHEE K 0.000 005, 7 10 K/NEEE N 20 4>
BATER, R ZD 4 Pl 34 i B 4 =
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K1 HBEMYE Mafa-B EERS4)
Table 1  Primers for specific amplification of Mafa-B genes
SN 514 PR Fr3 1B G SEARETE]
Gene Primer name  Sequence (5'—3) Annealing Extension  Product
temperature (°C) time (s) length (bp)
Bl  Fl ACGCAGTTTGTGCGGTTCGACAGCA 58 47 847
R1 AGCTCTTCCTCCTCCACATCACAGCG
B2 F2 ATGCGGGTTATGGCGCCCGGA 64 25 498
R2 GTTCTGAGCCGCCTCACCCGCA
B3 F3 TCGCACTCCATGAGGTATTTCAGCAA 62 50 850
R3 CGATGGGGATGGTGGACTGGGT
B4 F4 GCTCGCACTCCTTGAGGTATTTCT 58 34 616
R4 GCACCTCAGGGTGGCCTCATGGTT
B5 FS CCGTGTCCCGGCCCGGCCGGC 60 35 663
R5 CACAAGTTCGGTGTCCTGAGTTTGA
B6  Fo6 CCCACTCCATGAGGTATTTCC 60 35 673
R6 TGAGTTTGCTCCTCCCCATCT
B7  F7 ATGATGCCCGGAACCGTCCT 60 40 665
R7 CAGGGTGGCCTCATGGTCAGAT
B8 F8 CCTGGCCCTGACCGAGACCTGGGT 58 35 616
R8 ATGGTCAGAGACGGGGTGGTGGGC
B9 F9 GCGAACCCTCCTCCTGCTGCTCTCA 62 30 592
R9 CAGCGTCTCCTTCCCGTTCTCCAT
BI10 FI10 GCACCTCAGTGTCCCGGCCT 58 27 508
R10 TGCAGCGTCTCCTTCCTGTTCTCT

F BN B A R 41 ) R
(recombination identification program, RIP)i#1T
20 S A9 56 E (http:/www.hiv.lanl.gov/), i [
K/NBE N 200, BAEIXAIBLE K 99.0%5,

2 ZREAM

21 ETF=KRNFHEER MHC-B £F
FRERF

FE T 2 = I 2 2 15 ) £ A A
ZH, contig utg0003481 (A4 8 094 345 bp)
I 4.9-5.4 Mb i [l 5 S A A A E ] A 1) MHC-B
SENLFER Y CDS 8 Lk PE R (| 1), 51—

HER 93.7%-100.0%. BN MHC-B JEH X
B2 500 kb, £27% 10 4> B 3K (GenBank
BRESH MZ254652-MZ254661), 4% MRAEYL (0,
& B F X 10 4 B LR 5l 4 5
BI-B10, I 2 EPrAE N RKZKBhH MHC
TMRERSPFIFE I mAGER 2),
2.2 Mafa-B FNMEE R L EMTER

e 33 Hm kIR Atk bk T T
Mafa-B S SEH S Y, S5REH, H
10 4~ Mafa-B FERRE RS A TY 3 )5 79
KANGHESEAF S, KUY HEE(E 2). BT
fd 158 P 514 M13-F/M13-R 47 1 BV pafie 4
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Contig utg000348l

0.0 Mb 0.8 Mb 1.6 Mb 2.4 Mb 3.2Mb 4.0 Mb 4.8 Mb 5.6 Mb 6.4 Mb 7.2Mb 8.0 Mb

Published CDS sequences of MHC-B genes of Mafa and Mamu

1 Contig utg0003481 SR EMRFIETZR MHC-B ZEFHH CDS FyHs&kt  KAYTHH N contig
utg0003481 WJF4], FIMLLEFRIN; ZIEEL FiEcT 03 contig utg0003481 )P FIKE; EIRIIKHE A
M IPD T # ) B B AR G R R 1 MHC-B JEH Y CDS J¥31, % 6RR

Figure 1 Contig utg0003481 showed good synteny with CDS sequences of MHC-B genes of Mafa and

Mamu. The sequence of contig utg0003481 is shown in pink at the top of the graph; The numbers on the scale
represent the sequence length of contig utg0003481; The published CDS sequences of MHC-B genes of Mafa

and Mamu downloaded from IPD are shown in purple at the bottom of the graph.

#2 10 Mafa-BEENESHHE
Table 2 Official designations of 10 Mafa-B genes

Fral s BEH EWRES

Accession No.  Gene Official designation
MZ254661 Mafa-Bl ~ Mafa-B*162:01:02:01
MZ254660 Mafa-B2  Mafa-1*01:57:01:01
MZ254659 Mafa-B3  Mafa-B*056:05:01:01
MZ254658 Mafa-B4  Mafa-B*109:30:01:01
MZ254657 Mafa-B5 ~ Mafa-B*034:04:01:01
MZ254656 Mafa-B6  Mafa-B11L*01:07:01:01
MZ254655 Mafa-B7  Mafa-B16*01:03:02:01
MZ254654 Mafa-BS  Mafa-B17*%01:06:01:01
MZ254653 Mafa-B9  Mafa-B*054:04:01:01
MZ254652 Mafa-B10 Mafa-B19Ps*01:01:01:02

S, BAME TR =YK B 2N | pMD™19-T #{k
RZ 111 bp K, S5 R Y w1
KANGHESEAF A (A 3).

WFFE LT T 6 437 ANBAYETEREF, 2007
Ja AT H T ELXT, 4R45 T 5 351 4% cDNA J7
G, EE RT3 AN TR R ARG F Y
HEFES], #E T 92 4~ Mafa-B 547 3K ¥4
(GenBank %555 OK486180-0K486272), i,

65 NS IERACEB Y Mafa-B 5036, Higx
27 NMEEMERE B A T O AHRE, F
PEY IS REM, B2, B3, BS Ml B6 JEINFERF:
PESI Y3 B T SRR Mafa-B 15 Z 57
(I*01. B*056. B*034. B1IL); B7 Fll B9 JE 4
SHGI Y Ry T b AR (B*079 .
B*017. B*180. B*124 #l B*021) (F 3); Ti/H
BI. B4, B8 fll B10 JE R FYE5 9 48 5 R %
E BB I CREEE S 34 I 3 AL BRI AY
PR SRR 51, T LAASRERG & S SE ) . BF
JEF W], BI B4 Tl B9 LR 55 s K PARAE S,
ifii B7. B8 # B10 g4 e AL MEC
SR RS, AT MERE AL
FOAT LAY HE Y 2 F Mafa-B S50 3

FES TR 33 HE R IR BT, A
{hZRik 4-8 4~ Mafa-B FEH . H, 15 MR
KT 4 Mafa-B FEH, 13 DPMEAERIET 51
Mafa-B J:H 4 DN MERIXT 6 4> Mafa-B 3EH
1 MMAZRIRT 8 /4 Mafa-B R (5& 3). iX L4
W, Mafa-B JENTE B REAH A M E
K. 25811, AR RT 10%0 Mafa-B %5
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A B C
bp M123456 738910 bp M123456 78910 bp M1 23456 7 8 910

2000
1 000
750
500
250
100

bp M12345678910 bp M123456 738910 bp M123456728910

2 000
2 000 1 000
12(5)8 750 2000
500 1000
500 250 750
fgg 100 500
250
100
G H
bp M12345678 910 bp M123456 78910

2000
1 000
750
500
250
100

bp M123456728910 bp M123456738910

2000 2 000

1000 1000
750 750
500

500
250
100

250
100

&2 10 Mafa-B EE R PCR I BLER  A-J: BI-BI0; M: DL2000 DNA Marker; 1-10: 1-10

SEERRR R Y Y
Figure 2 Results of PCR amplification of 10 Mafa-B genes. A—J: BI-B10; M: DL2000 DNA Marker; 1-10:
Specific amplification products of Mafa No. 1-10.
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2000
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B C
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500 ?gg
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E F
bp M12345678910 bp M12345678910

2000

2000 1900

1000 750

750 500

500 250

250 100
100

H
bp M12345678910

2 000
1000
750
500
250
100

J
bp M1 2345678910

2000
1000
750
500
250
100

B3 PHMEELXZE A-J:. BI-BI0; M: DL2000 DNA Marker; 1-10: 1-10 5 & 19 =4y

Figure 3
products of bacteria No. 1—-10.

Identification of positive clones. A—J: B/-B10; M: DL2000 DNA Marker; 1-10: Amplification
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PR 2 1%01:43 (16/33, 48.5%) . B*056:05
(10/33, 30.3%). B*007:09 (5/33, 15.2%) .
B*034:04 (10/33, 30.3%). B*007:01 (5/33,
15.2%) . B*001:01 (8/33, 24.2%)F BIIL*0]
(733, 212%). XL, X 7 MERD
S L PR AT RE LA SRR o A AE A b [R]E
AAFGRLEER] 3 A0 RE S5 B U A 56 1 [A] UR
% N (Mafa-B*056:01 . Mafa-B*017:02 FlI
Mafa-B*001). Mamu-A1*001:01 ZHi SIV JEH
R AR AP 2 7 L I B Mamu-41+%001:01 0
Mamu-B*056:01 236 Z ik Gag QI9, 1ii . HA 4
] (0 BE 45 4 B F OO AR FRILPY | Mafa-B*
056:01 5 Mamu B*056:01 7£ 75 &5 FEAL
Mamu-B*017:01 =t SIV JBYL (R -4 2500 Bk
R0 Mafa-B*017:02 5 Mamu-B*017:01 1)
JF 471 e AL o Mamu-B*001 BiIF B 2 1 5155 5
PESEAT R R PEER L NP Mafa-B*001 5
Mamu-B*001 JZ[RJEFHENH . R, Mafa-B*056:01 .
Mafa-B*017:02 1 Mafa-B*001 W] fig 5 &A1Y 7]
P L HA R T RE
2.3 HRIE Mafa-BENEFANLEE
HREH MHC-B S50 3 A Al BE-5 59 1)
RARBEYIMG., 458 EW, FAEEAA
B*056:05:02n0v2-B*034:04:01:01 (6 F121 54~
1K), I1*01:43:03:01-B*034:04:01:01 (6 F1 7 ‘54
A)F B*001:01:01:02-B*079:10:01:0IN (9 Fl
11 SRR 6.1%; ZA 5 H A4
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17, 18 Fll 21 SRR R 12.1% (36 3), XL
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TRZ 7 T FR e R
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*4 SEMEFRIMEREN Mafa-B FHERK L

Table 4 Summary of Mafa-B alleles identical to other macaque species

Feol SR 5 ARG el R [ 14 25 B A
Accession No. Allele Alleles identical to other macaque species
0OK486184 Mafa-B*079:08 Mamu-B*079:01:01:01 (EF611165)
Mane-B*079:01:01 (GQ153468)
OK486185 Mafa-B*079:09:01:01 Mamu-B*079:01:02:02 (LR990716)
Mane-B*079:01:07 (HQ110970)
OK486187 Mafa-B*079:02:03:02 Mamu-B*079:01:02:02 (LR990716)
Mane-B*079:01:07 (HQ110970)
OK486188 Mafa-B*017:02:01:01 Mamu-B*017:02:02 (LR655877)
Malo-B*017:01 (KT214461)
0OK486189 Mafa-B*044:01:01:03nov Mamu-B*44*08 (NHP06746)
0OK486196 Mafa-B*001:01:01:02 Mamu-B*001:01:01:02 (LR743803)
0K486202 Mafa-B11L*01:01nov2 Mamu-B11L*01:05:01:01 (EU429632)
0OK486218 Mafa-B*007:10nov Mamu-B*007:04:02 (AB540183)
Mane-B*007:02 (KF012964)
0OK486219 Mafa-B*004:04:01:01 Mamu-B*004:04:01:01 (NHP02221)
0K486220 Mafa-B*007:01:06:01nov Mamu-B*007:02:02 (LM608024)
Maas-B*007:01 (NHP05201)
0OK486221 Mafa-B*105:01:01:01novl Mamu-B*105:01 (AB540184)
Mane-B*105:02 (GQ131759)
0OK486223 Mafa-B*066:01:01:01 Mamu-B*066:01:01:01 (EU682526)
0OK486226 Mafa-B*104:01:02:01nov Mane-B*104:02 (GQ131759)
0OK486228 Mafa-B*081:05:02:01nov Mamu-B*081:01:01:01 (EF611167)
Mane-B*081:02 (LN899612)
0OK486230 Mafa-B*018:01:01:02nov Mamu-B*018:01 (AM902534)
Malo-B*018:01 (KT214460)
0OK486232 Mafa-B*002:04:01:03nov1 Mamu-B*002:03 (LT546138)
0OK486233 Mafa-B*013:11:01:01 Malo-B*013:01 (KT214463)
0OK486234 Mafa-B*002:04:01:03nov2 Mamu-B*002:03 (LT546138)
0OK486237 Mafa-B*056:05:01:01 Mamu-B*056:02:01:04 (LR743859)
Mane-B*056.:01 (FI875237)
Malo-B*056:01 (KT214446)
0OK486240 Mafa-B*056:05:02nov2 Mamu-B*056:02:01:04 (LR743859)
Malo-B*056:01 (KT214446)
Mane-B*056:01 (FI875237)
0K486242 Mafa-B*056:01:01:01 Mamu-B*056:01:01:02 (LR743854)
0K486243 Mafa-B*041:02:01:03 Mamu-B*041:01:01:02 (LR723148)
0OK486244 Mafa-B*056:06 Mamu-B*056:03:01:01 (AB540195)
0K486252 Mafa-B*101:08:01:01 Mamu-B*101:06:01 (LR723080)
0OK486254 Mafa-1*01:14:05:02 Mamu-1*01:52:01:01 (LT908865)

Mane-I*01:06:03 (LN875482)
($25)
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0K486256 Mafa-1*01:31:01:01 Mane-1*01:13 (KF012987)
0OK486257 Mafa-1*01:43:03:01 Mamu-1*01:06:24:01 (LR990787)
Mane-I*01:03 (KF012987)
Malo-1*01:01 (KT214468)
0K486260 Mafa-1*01:43:03:01nov Mamu-1*01:06:10 (AB541977)
Mane-1*01:03 (KF012987)
Malo-1*01:01 (KT214468)
0K486264 Mafa-B*036:05 Mamu-B*036:05 (LT623001)
0OK486265 Mafa-1*01:70 Mane-1*01:13 (KF012987)
0K486268 Mafa-1*01:35:03:01 Mamu-1*01:01:04 (EU429640)
Maas-1*01:02 (KF012975)
0OK486269 Mafa-1*01:14:08:02 Mamu-1*01:06:05:02 (LR743948)

Mane-I1*01:11 (LR743948)
Malo-I*01:01 (KT214468)

TE: 55 NIFS15 2 GenBank 2 5% %5

Note: The serial number in brackets is GenBank accession number.
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4 AEMIEKIFEREHRMEE Mafo-B FAUERZEHNRZLERR VCM: B EEM; ICM:
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Figure 4 Phylogenetic relationships between Mafa-B alleles in Mafa populations of different geographical
origins. VCM: Vietnamese cynomolgus macaque; ICM: Indonesian cynomolgus macaque; PCM: Philippine

cynomolgus macaque; MCM: Mauritian cynomolgus macaque; The 12 pairs of Mafa-B alleles marked in bold
indicate that one sequence is found in the Vietnamese population and the other sequence is from a population

outside Vietnam.
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&5 RDP4 AN
Table 5 Recombination test using RDP4

Recombination information

Mafa-B*105:01:01:01nov2

Mafa-I1*01:43:03:01nov

Breakpoint begin positions 315

Breakpoint end positions 518*
Major parent
Minor parent

Methods GMST

Mafa-B*056:01:01:01
Mafa-B*156:01:01:01nov

289

546*
Mafa-B*072:18nov
Mafa-B*034:04:01:01
RGMCST

. MR S AL B SR A ERT; R: RDP; G: GENECONV; M: MaxChi; C: Chimaera; S: SiScan; T: 3Seq
Note: * means the actual breakpoint position is undetermined. R: RDP; G: GENECONYV; M: MaxChi; C: Chimaera; S: SiScan; T: 3Seq.

Query: Mafa-B*105:01:01:01nov2

1.00 F —
— Mafa-B*056:01:01:01

Mafa-B*156:01:01:01nov

0.98 |

s (k)

0.96 |-

0.94

092k . . s . . . 4
100 150 200 250 300 350 400 450
k

5 RIP EESH  TUIK: Mafa-B*105:01:
01:01n0v2; x (k)RR FHNER S E 1 H 0
MINEE s y il s (OFRFIE H AT 575
Z 1] A ARABL

Figure 5  Recombination analysis using RIP.
Recombinant:  Mafa-B*105:01:01:01nov2; The
x-axis (k) represents the query sequence position at
the center of the moving window; The y-axis, s (k),

shows the similarity between that window of
sequence and each of the background sequences.

3 iwEE#

M T35 MHC 128 XS my Ui 4n A g
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BIIL. -B12. -B16 M-B17, MHC-B 3£ £ 4K
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b i) MHC T 28BS T 4 S A 52 mtel,
WX 92 4~ Mafa-B 54T 5007, 2 S5
PR 2 26 5 W] BEJE T STV B GL (R A [R] VR L A
1 AN ER 25 BB CIA AOORY I [R5 L
K, XL PN TAE AIDS 1 CIA BE4mig v
PSSO Gy R PR R Y e A o
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Exon 2
31

90

Mafa-B*105:01:01:01nov2 ¢CGTGTCCCGGCCCGGCCGGCGGGAGCCCTGGTATCTCGAAGTCGGCTACGTGGACGACA

Mafa-B*056:01:01:01 o o . .. CG
Mafa-B*156:01:01:01nov - s o S L C

91

.C.C.TCA.T.CC G. . .

150

Mafa-B*105:01:01:01nov2 CGCAGTTCGTGCGGTTCGACAGCGACGCCGAGAGTCCGAGGATGGAGCCGCGGGCGCCGT

Mafa-B*056:01:01:01
Mafa-B*156:01:01:01nov
151

210

Mafa-B*105:01:01:0Inov2 GGGTGGAGCAGGAGGGGCCGGAGTATTGGGAAGAGCAGACACGGAACGCCAAGGCAAACG

Mafa-B*056:01:01:01 AL

Mafa-B*156:01:01:01nov L

.GA . T AGGC

270

Mafa-B*105:01:01:01nov2 CACAGACTGAGCGAGTGGGCCTGGGGAACCTGCTCCGCTACTACAACCAGAGCGAGGGGG

Mafa-B*056:01:01:01 S .. TTC G.AA.

Mafa-B*156:01:01:01nov

Exon 3
271

. C. C.GC . . LT B .. C

330

Mafa-B*105:01:01:0Inov2 GGTCTCACACCCTCCAGATAATGTACGGCTGCGACCTGGGACCCGACGGGCGCCTCCTCC

Mafa-B*056:01:01:01

Mafa-B*156:01:01:01nov GG

331
Mafa-B*105:01:01:01nov2 GCGGGTATGAACAGTACGCCTACGACGGCAAAGATTACATCGCCCTGAACGAGGACCTGA

Mafa-B*056:01:01:01

Mafa-B*156:01:01-0lnov - - -~ - - - C.C... .TA . ..

391

STT .. T . S
T LA o
390

.G o o T. . L ... . C
450

Mafa-B*105:01:01:0Inov2 GCTCCTGGACCGCGGCGGATGTGGCGGCTCAGAACACCCAGCGCAAGTGGGAAGCGGCCG

Mafa-B*056:01:01:01

Mafa-B*156:01:01:01nov i C CA

A G.TT . G. . C

510

Mafa-B*105:01:01:0Inov2 GTGAGGCAGAGCGGATGAGAGCCTACTTGGAGGGCGAGTGCGTGGAGTGGCTCCGCAGAT

Mafa-B*056:01:01:01

Mafa-B*156:01:01:0Inov - G cG

c. ... .CG .. C B N
546

Mafa-B*105:01:01:0Inov2 ACCTGGAGAACGGGAAGGAGATGCTGCAGCGCGCGG

Mafa-B*056:01:01:01
Mafa-B*156:01:01:01nov

6 Mafa-B*105:01:01:01nov2. Mafa-B*156:01:01:0Inov 1 Mafa-B*056:01:01:01 LI EEH) 2 Fn

3SNEFRFHIEERT
Figure 6 The

A R] B Bl ] <™ s

sequences alignment of

€Xxons

2 and 3 of Mafa-B*105:01:01:01nov2,
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Figure 7 Phylogenetic analysis of B*/05, B*056 and B*156 alleles from Mafa and Mamu. A: Exon 2; B:
Exon 3. The numbers at branch nodes present bootstrap values; 0.01 and 0.02 represent the sequence

deviation.
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