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A2 B MHC & E 3 DOB1 FEAIE 4Tl
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oY g kO AFEY #Hx©
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(@ PEBFRHHHIH, dLx 100080)

B OE OMETASPTREMARK (Lipotes verillifer) MHC TI 23N DQB B8 — 456 172 bp B EBRF
g, KB ISHFF, RAT 21T FRAS, ZBHEROERNIEREISETFRIESR, HERT 5 T8
KT, RERMWEBERETEPAEAREN SNEAMNAFERHIEXHCAREI. oBEDOB REMBHBRAE
EAF A S ORI E A EHE ( Delphinapterus leucas) M— 8 { Monodon monoceros) DQBI FE 7 B4 ¥ % 69 R
#. SEEBFAARFEARRE SR KAEDY DOQB2 EEFHAMER (Matif), ™54 DQBI AR M KT H
M, EEMEAENEEE MHC)EFIRE TH DOQBL B/, B4 EBATERFFMNEL, BRHBERN
DOBENUWSFEEFRVERS. OREPEDQB ENHFFIFHFELEREFHOAFMAS, HEMEh THERE
i [S2R 49 (4): 501~507, 2003]),

E@iE BHEKE MHC 2 DQB1 (DQBl-like) B RHEEE HEHHR

Sequence variation at exon 2 of the major histocompatibility
complex DQB1-like locus in the Baiji ( Lipotes vexillifer)
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Abstract We investigated genetic variation at exon 2 (including part of the putative peptide-binding region, PBR) of the
class [[ major histocompatibility complex { MHC) DQB locus in the Baiji { Lipotes verillifer ). PCR products were cloned
into a pMD-18T vector after purification. Almost 135 recombinant plasmids for each individual were screened out, isolated,
purified, and then sequenced. Within the 172 bp nucleotide sequences of 45 clones from three individuals, 22 variable sites
were determined and 15 sequences were attained. All 15 sequences did not show deletions, insertions, or stop codons, and
therefore could be assumed functional fn wive. Phylogenetic trees reconstructed using the neighbor joining (NJ) method
contained in the MEGA ( Molecular Evolutionary Genetics Analysis) software package divided the 15 sequences into two
monophyletic clades. Seven nucleotide acid and four amino acid diagnostic sites were found between these two clades.
Within the four diagnostic amino acid sites, non-conservative amino acid substitution was found at site 28, suggesting that
the variation at this site would be responsible for recognition and presentation of different kinds of peptides. The ratio of
nonsynonymous substitutions was much higher than that of synonymous substitutions (dy/ds = 6.359/2.57), which
caused 15 amino acid differences. Substitutions of amino acid tended to be clustered arcund sites postulated to be responsi-
ble for selective peptide recognition. Nucleotide acid and amino acid sequences both showed high level of similarity (nu-
cleotide acid: 90.7% 3 amino acid: 80.6% ) to DQBI1 alleles of the beluga whale ( Delphinapterus leucas) and narwhal
{ Monodon monoceros ). Amino acid sequences did not share motifs with human and some other primates, but showed sim-
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ilarity to that of BoLA-DQBL. Therefore, the present sequences were all identified as DQB1-like locus. More than two se-
quences were found in each individual, suggesting duplication in the locus examined. Different motif recombination among
sequences were also found and could be expiained as gene conversion. Locus duplication, in combination with the polymor-
phism in each DQB sequence, will markedly increase variation of MHC molecules. The high level of MHC polymorphism
in Haiji was incongruent with those found in other marine mammals, but probably correlates with the evolutionary adapta-
tion of small Baiji population to fresh waters with relatively high level of pathogens [ Actq Zoologica Sinica 49 (4): 501

- 507, 2003].
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HB K ( Lipotes vexillifer) R R MM 5
MK Z —, W FRENKIT ST, T
LR RIT PR . BB, B ERA L
MAKEBESER, DBEKNFASRED T ~858%
W, MERESRBREREMNAL 100 % (Zhou e
al., 1998). &5 Mk, X% WK i Fb T 45 4 05
RN ED, AXIWME (2001) @it mD-
NAERHXKFF S0, EROEHEMENREL
KL

FEALRMAHE A K (Major histocompati-
bility complex, MHC) X8RS HE Yk i 5Lk
RRMEFEHEN- - EERK, BEEGHE
SURFEEMEEZ — (Yuhki et af., 1990), T
HREFYITESEEMHIMERENIRD, E£5
T K B B AR AT S BOR BE P9 AR X 28 R PR e
WIREN G REEE, PRABRRRE S 4
fFH TR (O Brien er af., 1999), i& M MHC 4
PRSI R EMEP RS EME, REEX
R R M B K R (Hedrick, 1994; Haig,
1998; #%%, 2002),

AMAMEHEEDQB ZEENSE 4 7
(Exen 2) ¥, AR OBEMWRABKE &KX
(Peptide binding region, PBR), HWTE FTW#E T #
H% K MHC £ H 83 RIS IE & S8R5 S REH
MABELERI R X T
1 #Met5F%

ARFTHAR 3 L HBEES (NJNU 0359,
0381 F10388) #HK - 200 MWL HA . AR
HEEOM K HEER AR E (Sambrook e
al., 1989) B A DNA, H T4 # 8% K MHC
I £%HE DQB H fif 8 3 i % 5-CTG-
GTAGTTGTGTCTGCACAC-3" # 5-CATGTGC-
TACTTCACCAACGG-3" (Murray er al., 1995),
M Tag DNABES MW A Promega 22 7, " 1¥
YE PCR Y HESLRANE (LEEFLA)
adfbls, 5 TARBHE (pMD-IST #ik, K%

Takara A7) H#, BHEARNELAXH T
WH DHSe BRI M., B ESHNEER
PCR 5% E Se b . $2BUFRL, FI M13 3]
¥ ( 5-TGTAAAACGACGGCCAGT-3') # ABI
310 38 % 5 BT X (Perkin Elmers) F # 17 Ff 5]
i o

B8 B 5 B Clustal X 8% ( Jeanmougin et
al., 1998) #HATHRE, FHHMUATRN, BEH
MR RABFEF. A MEGA %4 (Kumar e
al., 2001) PETF Kimura WEHERKPE T
(Neighbor joining, NJ) HEREKEM,

2 & B

HWET 45 TR D 172 bp By 4h
Fol, ZEFH R@IE 2 FHFRMA, 5
12.8%, HZB/ ISHFH (K1), XBFHD L
#87F A GenBank, ##S ¥ AY177150~ 177153 3
AY177283 ~ 177293, 3 ~ H B K 4 1k 4,
NINUO3SO Ml T 14 17k, BE 7 #EF (Live
DQB*2~4. 7~8, 10 fl 12); NIJNUO0380 # T
Lo NsikE, KB 6FMERN (LiveDQBx 1, 4~ 5.
8~9F 14); NJNUO3SS #J T 15 %, 478 6
MRS (LiveDQB* 4, 6, 8. 11, 13 1 15). 22
TERUAT, BREETEEBFHUE 1. 203
NAKWSHH -, 9S54, &4 36%. 41% F
23% . RN 15 MR, 6 T EKR, B4 1
TR ARE N EER, BERATTEA .
KMFHEHREFBF. ERXERIE 174, &
BT 5 M EERNSH.

ETNEMREZEINT 5SHFF SN
P35, 51H LiveDQB * 1~7 (4% 1) 1 Live-
DQB*8~15 (43X 2) A/ (BH2: a), W XZH
BINMBERESIMA, 904 18~20, 23
~2SM 29 X IMFEFIZE, BEERN
0.58% % 2.91%, ¥¥H 1.63%. 4432 2 EH|
ZH, BEXERM 0.58% B 5.23%, EH %
2.30% . MPIXZEMBEHBMESRENMEYSE, M
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Fig.1  Variable sites of Live-DQB sequences
in three baiji individuals
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* Live-DQB* 1~7  Live-DQB* 8 ~ 15

Sequence codes are
shown on the left. Site numbers are on the above. A dot indicates
identity and asterisks indicate diagnostic sites between sequences
Live-DQB * 1 ~ 7 and Live-DQB * 8 ~ 15. Shadowed boxes indicate

the position of polymorphic motifs
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39 Live-DQB*9 Live-DQB*14
Live-DQB*14 . Live-DQB*9
42 §Live-DQB*8 ~ 46 [Live-DQB*11 -
83)5 Live-DQB*11 g 5 [ 'Live-DOB*S 4
Live-DQB*10 © s9 Live-DOQB*10 | T
61 Live-DQB*12 70 Live-DXQB*12
Live-DQB*13 Live-DQB*13
Live-DQB*15 Live-DQB*15
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Live-DQB*5 = Live-DQB*5 —
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0.01 b
2 NJ DQB
Dele-DQB * 0101 Murray ef al. 1995
Fig.2  Phylogenetic relationship of Baiji DQB sequences reconstructed by neighbor-joining method
in computer program MEGA with a beluga DQB allele Dele- DQB * 0101 as outgroup
a Based on nucleotide acid sequences b Based on amino acid sequences
1 000 Bootstrap values from 1 000 iterations were indicated above the branches
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90.7% Live-DQB % 6  Live-DQB * 7
80.6% DOQB Gene
conversion
DQB2 DOQBI Inter-locus recombination
DQB2 DQB2
DQBI1
DQB2 DQB2 DQBI1 Wakeland
Marello et al. 1995 et al. 1990 Gyllensten et al. 1991
MHC Il DRB
DQBI1 Gorski et al. 1986 Wu et al.
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Fig.3 DQB amino acid sequences of baiji cattle human and some other primates
Murray et al. 1995 : Live-DQB * 1
° . * 15
# PBR Brown et al. 1993  The number above the sequences represents the amino

acid position based on beluga DQB sequences Murray et al. 1995 . As shown in figure 1 identity to the first sequence is indi-
cated by a dot . . Amino acid substitutions leading to strong weak and no conservation of physiochemical properties of amino
°

acid are indicated by and - respectively. Asterisk indicates the fully conserved residue of the amino acid. # indi-

cates the site postulated to be responsible for selective peptide recognition Brown et al. 1993
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