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Abstract: Rhesus macaque (Macaca mulatta) has long been used as an experimental model animal for biomedical re-
search and was under the key state protection (class II) from Chinese government. In order to facilitate the use of Chinese
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rhesus macaques in biomedical research and their protection based on better understanding of the major mistocompability

complex (MHC) genes in these macaques, the exon 2 of Mamu-DPB1 genes were determined in 106 wild rhesus macaques

using DGGE, cloning and sequencing. A total of 21 Mamu-DPB1 alleles were obtained, of which 15 alleles were novel

sequences that had not been documented previously. Mamu-DPB1*30 was the most frequent allele in the whole large

population comprising all 106 rhesus macaque individuals (0.1120) and in Xiaojin population (0.1120), Mamu-DPB1*04 in
Heishui (0.1702), -DPB1*32 in Bazhong (0.1613), -DPB1*30 in Hanyuan (0.1120), and -DPB1*04 in Jiulong (0.1139). The
alignment of the amino acids sequences showed that 12 variable sites were species-specific, of which 9 sites occurred in the

putative amino acids sequences of the 15 novel Mamu-DPBL1 alleles. Trans-species polymorphism was observed on the

phylogenetic tree based on the DPB1 alleles of rhesus macaques and cynomolgus (Macaca fascicularis). In addition, these

results also demonstrated that significant genetic differentiation has occurred between Chinese and Indian rhesus macaque

population.

Keywords: Macaca mulatta; major histocompatibility complex class II; Mamu-DPB1 gene; polymorphism
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, 106
20 20 15 25
26
1~1.5 mL s
EDTA(0.5 mol/L) ,
, -20
1.2
1.2.1 DNA ##I5—Kk PCR ¥ 3%
DNA DNA
DNA , Doxiadis 1% GC
( 57 30 GO),
Mamu-DPB1 exon 2 330 bp

: M5 “DPBI1: 5 “~“CCCGCCGCGCCCCGCaCCe

GGCCCGCCGCCTGAGAGTGGCGCCTCCGCTCAT-
3T ), M3 DPB1: 5 TAGCCCGGCCCAAAGCCT

CACTC-3T ),
PCR : 2xTag Plus MasterMix
( )25 uL, 2 uL
(10 pmol/L), 60~120 ng,
50 uL  PCR 2 96 5 min; 96
30 s, 61 20s, 72 30s, 32 ;
72 20 min, 4 PCR 1%

Goldenview

]

1.2.2 &% DGGE

20 uL PCR , 2x
loading Buffer , 12%
, 0~80%(100%
=7TM +40% ),
D-CODE (BioRad) , 60 200V 4h
1% , NaOH ,

40%~75%
1.2.3 K DGGE
20 pL PCR 2x

loading Buffer s 12%
, DGGE
, DGGE
40%~75%, D-CODE(BioRad) , 60
200V 4h 1% , NaOH
, 50 uL
TE ,4

1.2.4 Mamu-DPB1 %124 B 45—k PCR ¥ 3 & &
A
1.2.1 PCR ,
GC M5 DPB1: 5 “TGAGAGTGG
CGCCTCCGCTCAT-3T ) M3 DPBI: 57AGC
CCGGCCCAAAGCCTCACTC-3T )X
),

Mamu-DPB1 PCR R DNA
(
)
PCR pBluescript 11
( «C ) ) )
DH5a ( ( ) )
PCR ,
, DGGE
, (
) PCR ;
3~5 ,
) 1
1.2.5 4B
Chromosoma 1.62 DNAStar
SeqMan EditSeq Megalign (DNASTARInc,
1996) CLUSTAL X s

, MEGAA4.1
(Average rates of nonsynonymous
substitutions, dN) (Average rates
of synonymous substitutions, dS)
Kimura

(Kimura 2-parameter, K2P), (Neighbor
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joining, NJ), Mamu-DPB1 exon 2

Bootstrap , 1 000

2

2.1 Mamu-DPB1

DGGE ,
5 106 MHC-DPB1
exon 2 , 21 Mamu-DPB1
, 6 (Mamu-DPB1*04
-DPB1*06 -DPB1*07 -DPB1*10 -DPB1*12
-DPB1*13) , 15
Mamu-DPB1
GenBank 18 Mamu-
(Mamu-DPB1*1~18) ,

15
Mamu-DPB1*19~33,
GQ354419~GQ354433
, 5 21

exon 2 63

exon 2

DPB1

NCBI

Mamu-DPB1
, DPB1
55~62 (D,
62 ), (55 )
, T C A G
14.8% 23.7% 24.9% 36.6%,
GC (60.3%) AT (39.7%) 4
, 3 G
R 49.8%; 2 A R
43.6% DPB1
, 1, (si) (sv) I:1,
DPB1

DPB1 exon 2

exon 2 10

) 21  exon?2

33 )
38.8% 20
5 (Glu)
R 14.0%; Arg
Tyr, 11.4%  8.6%, (Pro)
(Met) , 1.17% DPB1
exon 2 s GAG
, 9.9%, GAC (7.1%)
CUG (5.5%);
, (Leu) 6 , CUG
, 5.5%; UUG (0.7%)

CUC(0.1%) ,UUA CUU CUA

2.2 Mamu-DPB1

DGGE 1

DGGE ,
(D 5
Mamu-DPB1 ( 2 106
3 Mamu-DPB1*30(0.1120) -DPB1*04
(0.0965) -DPB1*26(0.0772), 10%

Mamu-DPB1*30(0.1120)

, 5

, Mamu-DPB1*30
(0.1120) -DPB1*04(0.1702) -DPB1%*32(0.1613)

-DPB1#30(0.1120) -DPB1*04(0.1139),

Mamu-DPB1*13(0.1111) -DPB1*26(0.1489) -DPB1*32

(0.1613) -DPB1#28/29(0.0893) -DPB1*30(0.1013);
Mamu-DPB1*10 (0.0889)

&1 M5 AFREERE AR DPBL FREEHR EBRERIIERTRMU S

( , %0) ( , %)
20 18 62(24.0) 33(38.8)
20 14 55(21.3) 29(34.1)
15 16 57(22.1) 32(37.6)
25 18 61(23.6) 33(38.8)
26 19 61(23.6) 33(38.8)
106 21 63(24.4) 33(38.8)
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515 507

. o &R 32 32

E 1 E|OBRIEAE DPBL Z41E H exon 2 B PCR #1277~ 418 DGGE HB& R

> , 04 Mamu-DPB1*04
2 5 Mamu-DPB1
(n=106) (n=20) (n=20) (n=15) (n=25) (n=26)
Na AF Na AF Na AF Na AF Na AF Na AF

Mamu-DPB1*04 25 0.0965 2 0.0444 8 0.1702 3 0.0968 3 0.0536 9 0.1139
Mamu-DPB1*06 5 0.0193 1 0.0222 0 - 0 - 2 0.0357 2 0.0253
Mamu-DPB1*07 2 0.0077 0 - 0 - 0 - 2 0.0357 0 -

Mamu-DPB1*10 18 0.0695 4 0.0889 0 - 4 0.1290 4 0.0714 6 0.0759
Mamu-DPB1*12 1 0.0039 1 0.0222 0 - 0 - 0 - 0 -

Mamu-DPB1*13 14 0.0541 5 0.1111 1 0.0213 2 0.0645 3 0.0536 3 0.0380
Mamu-DPB1*19 3 0.0116 1 0.0222 0 - 0 - 0 - 2 0.0253
Mamu-DPB1*20 11 0.0425 0 - 4 0.0851 1 0.0323 2 0.0357 4 0.0506
Mamu-DPB1*21 15 0.0579 3 0.0667 2 0.0426 2 0.0645 2 0.0357 6 0.0759
Mamu-DPB1*22 8 0.0309 2 0.0444 1 0.0213 1 0.0323 3 0.0536 1 0.0127
Mamu-DPB1%*23 7 0.0270 1 0.0222 0 - 1 0.0323 4 0.0714 1 0.0127
Mamu-DPB1%*24 10 0.0386 2 0.0444 3 0.0638 1 0.0323 3 0.0536 1 0.0127
Mamu-DPB1*25 3 0.0116 0 - 0 - 0 - 2 0.0357 1 0.0127
Mamu-DPB1*26 20 0.0772 3 0.0667 7 0.1489 2 0.0645 1 0.0179 7 0.0886
Mamu-DPB1*27 6 0.0232 2 0.0444 2 0.0426 0 0.0000 0 - 2 0.0253
Mamu-DPB1*28 19 0.0734 2 0.0444 4 0.0851 2 0.0645 5 0.0893 6 0.0759
Mamu-DPB1*29 18 0.0695 3 0.0667 3 0.0638 2 0.0645 5 0.0893 5 0.0633
Mamu-DPB1*30 29 0.1120 7 0.1556 6 0.1277 2 0.0645 6 0.1071 8 0.1013
Mamu-DPB1*31 15 0.0579 3 0.0667 2 0.0426 1 0.0323 3 0.0536 6 0.0759
Mamu-DPB1*32 15 0.0579 2 0.0444 1 0.0213 5 0.1613 3 0.0536 4 0.0506
Mamu-DPB1*33 15 0.0579 1 0.0222 3 0.0638 2 0.0645 3 0.0536 5 0.0633

: Na s AF ;n ;AF 0 .

-DPB1#*30(0.1277) -DPB1*04(0.0968) -DPB1*10/23 DPB1*12
(0.0714) -DPB1%*26(0.0886) , Mamu- Mamu-DPB1*04 -DPB1*13 -DPB1*21 -DPB1%*22
DPB1*07 , Mamu- -DPB1*24 -DPB1*26 -DPB1*28~33 12
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5 ( 2) , Mamu-DPB1 12, 9
2.3 DPB1 exon 2 15 Mamu-DPB1
Mega4.1 , Kuma
)1 DPBL 2.5 DPBI1
, exon?2 (Antigen 33 Mamu-DPB1 43 Mafa-
binding sites, ABS) (Non-antigen DPB1 4 HLA-DPB1(FM211032~FM211034
binding sites, Non-ABS) AM158320) 1 Saoe-DPB1*0101(AF027966)
(dN) (dS), Z-test exon 2 , NJ
(3 dN ds, ( 3) 3 , 4 HLA-DPB1
(P>0.05), , :
(Purifying selection) 21 DPB1 33 DPB1
; 35  DPB1 (Mafa-DPB1*1~32 44 45
1 (Mamu-DPB1*12 Mamu-DPB1%*23) 49) | ,
dN(0.106+0.028) dS(0.035+0.022), dN/dS (Trans-species polymorphism):
3.03 (P<0.05), § DPBL (Mafa-DPB1*34~
(Positive selection) 41) ’ Saoe-DPB1*0101
2.4 DPB1 ,
3
DPB1 exon 2 MHC-DP
Bl 15 Mamu-DPB1 MHC
GenBank 18 Mamu-DPB1 (23240202~ MHC
73240210 AF024563~AF024565 EF544137 NM_ ,
001134293) 43 (Macaca fascicularis Raf- , MHC
fles)Mafa-DPB1(AB235856~AB235896 AMO086064~ ) MHC
AMO86065 AM943634) 2 :
( 2 85 (Mamu- MHC-DPB1 ,
DPB1*26~28 87 ), 52 Be21 poxiadis ™ 161
, 5 ( 6 10 60 8 83 ) Mamu-DPB1 , DPB1
; 15 Mamu-DPB1 s DpPB1
, 3 (Mamu-DPB1*26~28) Sano
) , 43 44 o217 MHC-DPB1 exon 2
, , , 41 Mafa-DPB1 ,
, 45 MHC-DPB1
Fz 3 MNIFREEEAG 21 4 DPBL HFA £ E exon 2 FHIER X B K IRIEE (IN)5 TR B IREE(S)
dN=SE dS=SE dN/dS P
0.072%0.015 0.112%+0.031 0.643 0.095
(ABS) 0.068+0.028 0.110=%0.107 0.618 0.323
(Non-ABS) 0.074=%0.018 0.116%+0.033 0.638 0.104
DPB1 B (ABS) 16 5 7 9 24 26 33 34 53 57 63 66 67 70 74 78 82

24 SE 1000
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26

80

60 — & HLA-DPBI*1502
*HLA-DPBI*040101
*1LA-DPBI*020102
98 afa-DPBI 6

Maja-
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325 Mafa-DPBJ*32
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Mafa-DPBI*22
-~ Mamu-DPB1*03

68 “ Mamu-DPBI*16
Mafa-DPB*04
——— ® Mamu-DPBI*19
® Mamu-DPBI#20
® Mamu-DPB1#23
@ Mamu-DPBI#29
Mafa-DPBI%02
-~ Mamu-DPBI*04
® \amu-DPBI*33
Mafa-DPBI*07
Mafa-DPB1*06
Mafa-DPBI*05
Mafa-DPBI*03

® Mamu-DPE1*30
63 | @ Mamu-DPBI#21
64 " Mafa-DPBI1*01

— “* Mamu-DPB1*15
.

Mafa-DPBI*11

79 ® \famu-DPB1%24
4';;3 Mafa-DPBI#21

99 '~ Mamu-DPRI#12
79 * Mamu-DPB1%18
844 Mamu-DPBI*14
80 Mafa-DPBI*11
98 Mafa-DPBI*47
88 " Mafa-DPBI*12

42

— Mafa-DPBI*10

Mafa-DPBI*08
99 ® Mamu-DPB1*22
49 « Mamu-DPBI*13

51 " Mafa-DPB1#*09

— Mafa-DPB1%26

99— Mafa-DPBI*19
75 : Mafa-DPBI*37
801 —Mafa-DPB1*36
374 - Mafa-DPBI*35
Mafa-DPBI*38
o8 | L Mafa-DPBI*39

57 = Mafa-DPBI*40

|Mafa-DPB1%34
99— "Mafa-DPB1 %41

0.02

W Saoe-DPBI

3 MHC-DPB1 Z i £ R Y R G idt 1L 1

[ J Mamu-DPB1

, A GenBank Mamu-DPB1 DPB1

>



596 £ f# HEREDITAS (Beijing) 2010 32
DGGE )
106 21
DBP1 , 6 « 2 ,
18 DPB1 Mamu- 18 , 15
DPB1*04 -DPB1*06~07 -DPB1*10 -DPB1*12~13 ;
, DPB1 , 45
, , 12 Mamu-
DPB1 Mamu-
15  (71%) DPB1 DBP1
, DPB1
, DPB1 21 DPB1
s MHC , exon?2
tal P
3 , (dN) (dS ), z-test
509 8 ( D, ( 3 dN ds,
Mamu-DPB1
(Purifying selection) Qiu H#
18  Mamu-DPB1 , MHC-DQB1 ,
MHC-DPB1 DQB1 ABS ,
, DPB1 ABS
Doxiadis 1% , 21 DPB1
MHC-DPB1 , , 1 (Mamu-
Mamu-DPB1*01 DPB1*02 DPB1*12 Mamu- DPB1*23) dN(0.106=20.028)
, -DPB1*05 -DBP1*09 dS(0.03540.022), dN/dS 3.03 (P<0.05),
-DPB1*14 , -DPB1*15
5 Sano 8 s
, 21 41 Mafa-DPB1 , Gl
Mamu-DPB1 5 33 Mafa-DPB1 Gl
, (Mafa-DPB1*1~32 44 45 49), G2
5 , 8 Mafa-DPB1 G2 (Mafa-DPB1*34~
Mamu-DPB1*30(0.1120) 41), G2 Mamu-DPB2
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