110 120 130 140
HLA-B*2702
HLA-B*5701
Mamu-B*02
Mamu-B*03
Mamu--B¥04
Mala~B¥01
Ma [a—B+02
Mafa- B¥03
Mata Bx04
Ma [a-B%05
Mafa-B¥06

Maia—B+07

Mafa-B*08

Mafa-B%09

Mafa-B*10

Mafa-B*11

Mafa-B*12

Mafa-B*13

Mafa-B#14

Mafa-Bx15 FOR O Q
MaTa~B*16 FR P V.1
Mala-B*17 B S
Mata-B+18 B T, F
Mala-B*19 B F

Ma la—-B*20 L LE D.H..
Mafa-B+2] P Y
Matfa—B*22 JR N Y
Mafa-B*23 P S e e
Mafa-~B¥24 JE P Y.R
Mafa-B#25 Lo Ll Y.R
Mafa-D*26 J P Y.S...
Mamu~T%04 R T 1.5
Mamu~1%07 FE PO Y.S ..
Mamu—-T*08 F T Y.S ...
Mafa 1%01013 ..L....... ... Y.S. ..
Mafa %02 P PO, Yoo
Mata- %03 P PO (O, L
Mata  1%04 JE P .5
Mala~T%05 FR P, V.S
Mala~-T#06 PR ¥.So..
Mafa-1#07 FR P, Y. S
Mafa-1%08 P T Y.S....
Mafa- %09 P T V.S
HLA-A%0201 ....S.W.F Yo
Mamu—-A*0 R T E.Y
Mamu-A%02 R S S
Mala-A%01 FR O EF
Mafa-A%02 T T D. I
Mata-A%06 TR L

Fig. 1 (continued)

Resulis

Detection of 26 MHC class I B locus alleles and nine
I locus alleles in cynomolgus monkeys

To amplify cynomolgus MHC class I B locus genes, PCR
was carried out using primers that were successfully used
for amplification of rhesus MHC class 1 B locus genes
along with newly designed ones (Table 1; Boyson et al.
1996b). We obtained 48 clones from each animal. The
nucleotide sequences that were found in just one clone

CDVGPDGRLL RGYHQDAYDG KDYIALNEDL SSWTAADTAA QITQRKWEAA RVAEQLRAYL EGECVEWLRR YLENGKETLQ RA

Alpha 3 domain
150 160 170 180 190 200

DPPKTHVT HHPISDHCAT

were excluded from the subsequent analyses to avoid incor-
poration of artificial sequences generated by PCR error or
during the cloning procedure into public databases. Ambig-
uous sequences were also excluded. When the nucleotide
sequence was shared by more than two clones, regardless
of whether they were derived from one animal or multiple
animals, the sequences were regarded as a consensus se-
quences representing a particular alleles of each animal.
Eventually, 43 candidate alleles were obtained, and 34 of
43 were found to have substantial homology with Mamu-B
alleles. Amino acid sequences deduced from the nucleo-
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Fig. 1 (continued)

tide sequences of these 34 candidate B alleles were further
subjected to phylogenetic analysis using the neighbor-joining
method (Saitou and Nei 1987; data not shown). When the
predicted amino acid sequence variation between two
candidates was negligible (4<0.025), the amino acid se-
quence shared by a majority of the clones was regarded as
representing a particular aliele. The other sequence shared by
a minority of clones was excluded from the subsequent
analyses. As the result of the analysis, 26 Mafa-B alleles
were identified. It was found that the remaining nine can-
didate alleles were closely related to those of Mamu-I locus

193

Transmembrane domain

210 220 230 240 250 260 270 280 290 300

HLA-B*2702  LRCWALGFYP AEITLTWQRD GEDQTQDTEL VETRPAGDRT FQRWAAVVVP SGEEQRYTCH VQHEGLPKPL TLR¥ | EPSSQS TVPIVGIVAG LAVLAVYVIG

HL ARG 70 L i e e e e e e b

Mamu-Bx02 j

Mamu-B*03 I

Mamu—-B*04 1

Mafa B#01 1

Mata-B*02 I

Mafa-B*03 1

Mafa-~Bx04 T..\

Mata-B*05 I

Mafa-B*06 LI

MaFa-B*07 1

Mafa-B*08 !

Mafa-B*09 1

Mala-B%10 1

Mata-B*11 T

Mata-B%12 ]

Mafa B*13 T .

Mafa—B%14 1 B

Mafa-B*15  .......... ... . Eo...ooo i G.NG ....G .o o DA T I oot T.

Mafa-B*16  .......... ... ... ... .. T G..G ... Govr i e e RE.. ....|...... . oo o Go.... T.

Mafa-B¥1T . . o e e G..G. ... Gt e e | RN PN LMoo oo T,

Mala=B*18 .. ... . o e e G .G oo Covr i e | S R T it -—T.

Mafa-B¥19 ... ... i e e G..G ... Gt e e | I, Ao o --T.

Mafa~Bx20 .. i e e G e e | S S T.

Mafa-B%21 ... ... ool L [ Govevr Ll P | | S T.

Mafa-B*22 ... . ... ..o L oo G ... [ . ... I...... Voo T.

Mafa-B#23 ... ... ... .o oo L. ool e, G..G. ... GooGo oo T oM V. T

Mafa-Bx24 ... ... Dove o s G..Go.... Govee e | T Lo oo, T.

Mafa-B¥25  ...... D e e G..G. ... G e e Eoo oo b ) P P....T.

Mafa-B%26  .......... ... .. ... .. E...... Foo. G..Go.... Gy i | |V, WL T B S

Mamu-1%04 . ... 00 ool L. Eoovvvn oo G..ON L e [ LMoo oo, T.
CoMamu-THOT L e e Go.GN L e E.. ..o b Moo T.

Mamu-[%08 o o e e Go.GN e e [ I A T.

Mata-T*01013 .. ... . .. i e e G.GN L e A LMo T.

Mafa-T%02 o o e e G.GN o e A LMoo T.

Mafa-T#03 ... ..... ... ... .. | D G..GN L s D N LMoo T

Mafa-T%04  .......... ... ... ... .. B ool G.GN o e | A P Moo T.

Mafa 105  .......... ....... ... .. O Go.GN Lo e T LMoo T.

Mafa-T%06  .......... .......... .. Eovvvvnn ol Go.ON L e | SR To.Mo T.

Mafa-1%07 .. .... ..., . ...l .. B oot G e e e [ I LMoo oo T.

Mafa-T%08 .. ........ ... ... Eooviiin it Go.GN L e YR I TooMooos T.

Mafa-1%09 .. ... ... L. Eoovvnnn oolt G..ON o e DY I LMoo T.

HLA-A%0201  ...... S e e e Goovieiie e L P PN P .L.....1.. .VLFCA. IT.

Mamu=A%01 . e e e G e e e e H.o K p..Fo. LML 1. VL.GA..T.

Mamu-A%02 L o e e Goovvviienen Kooooooo i RE.. ....}...... . IL....I.. .YL.GI....

Mafa-A%01  .......... . Govvvvine o Lo oo G v e e E.. .... oo I JVLLGALL T

Mala=A%02 L e e e Goovveeen KiL.... ... E..oo.... Jioooo 1o JVLLGALL T

MaTa-A%06  ..... Ve e e Goovvienn o Koooooon N oo T UVLLGALL T

reported by Urvater et al. (2000b). Since Urvater et al. also
identified two Mafa-1 alleles (Mafa-I*01011 and Mafa-
I*01012), we named tentatively alleles identified here Mafa-
I1*#01013 through Mafa-I*09. The Mafa-I*01013 allele was
identical in amino acid sequence with Mafa-I*01011 and
Mafa-I*01012, but there were several synonymous nucleo-
tide changes scattered around the sequence. We therefore
considered that this alleles was a variant of Mafa-I*01,
although reported sequences of Mafa-I1*01011 and Mafa-
I*01012 were incomplete. The deduced amino acid se-
quences of Mafa-B and Mafa-I alleles were shown in Fig. 1
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Cvioplasmic domain

310 320 330 340
HLA-B%2702  AVVAAVMC] RR KSSGGKGGSY SQAACSDSAQ GSDVSLTA%- —-
HLA-B#3T01 oo o o o o -
Mamu B%02 .. ..... L S
Mamu-B*03  ....... Wl ..o oo S\oL o - -
Mamu-B%04  ....... L [N Sl
Mafa~-B¥01  ....... Rl .. s LS Y - -
Mafa-B%02 oG ML R T FoooSKeo.. oL, Moo —
Mafa-Bx03  ....... ) e S - -
Mafa-B¥04  ....... W oo SN - -
Mala-B%05  ....... Wl oo o SNeL - -
Mafa-B*06  ....... L1} I N - -
Mafa-Bx07  ....... LY S e - -
Mafa-Bx08  ....... L N Sooeel ol
Mala-B%09  ....... Wl oo o SNeooo o - -
Mala-B%10  ....... L Sooos - -
Mata-Bx11  ....... WE oo oo S - -
Mafa-B%12 . ... .. Wi oo o Soein
Mafa-B%13  ....... L S - -
Mafa-B+14  ....... LY N SN
Mafa-B%15  ....... LY N SN
Mafa-B*16  ....... W .K...S..R.. ..., Soooen oo M- —
Mala-B*17 oM T R.. F...SK..P. Mo.- —
Mala-B*18 MR .. F...SK..P. O
Mata Bxly .. ..., L [, I SK. . P |
Mafa-B¥20  ....... W oo o LS - -
Mafa-B21  ....... W oo s S
Mafa-B¥22 ..., Wooo o Se
Mafa-B*%23  ....... W] .KRT...R.... F...S..o.. ... - -
Mala—-B%24 ... ... Wl oo o LS S - -
Mala-B%25 . ... .. Wl oo o S - -
Mala-B%26 . ...... W oo SN - -
Mamu-1%04 ... ..., Wl oo o Sooool - =
Mamu-1%07  ....... L [N Sovoo Lo e o
Mamu-1%08  ....... A SN
Mafa- I%01013 P...... 1L I SN -
Mafa—1%02 | Wi oo o VSN -
Mafa- 1%03 .. ..... 1 SN
Mafa-i%x04 .. ..... Wl oo oo SN - -
Mafa-Tx05 .. ..., WE oo o SN - -
Mafa-1%06  ....... L N S - -
Mala-1x07  ....... L SN - -
Mafa-1%08  ....... Ll . S - -
Mafa-{%09 ... ... WE oo oo SN - -
HLA-A®Q201 ..., .. L' B DR..... ... S e CK V&
Mamu-A%01  ....... V.. ... DR..... (... S CK V#
Mesmu - A%02 R P 1 I DR..... ... S CR V¥
Mafa—-A%01  ....... W .. ... DR L.l SNec CK Vx
Mafa-A%02 LG VOURE L DR..... ..o S i CR V#
Ma{a~A%06 TR L DR...oo oLl S CK V=

Fig. 1 (continued)

along with those of alleles reported for other primates. The
total numbers of clones obtained and the numbers of ani-
mals having the allele were shown in the figure. The puta-
tive glycosylation site was located at residue 86, and the
conserved cysteine residues occurred at positions 101 and
164 in «2 and at positions 203 and 259 in o3. To evaluate
whether the nucleotide sequences of Mafa-B and Mafa-1
alleles established in this study were gene products of class
1 B and 7 loci, respectively, Mafa-B and Mafa-I alleles were
phylogenetically analyzed (Fig. 2a). The full-length nucle-
otide sequences of Mafa-B, Mafa-I, Mafa-A, Mamu-A, Mau-
B, Mamu-1, HLA-A, and HAL-B were aligned by Clustal W. A

5 Mala-1"04
Mafa-t*03
Mafa-1"05
Mafa-1"01013
Mamu-1*07
Mata-1"06
Mafa-1*09

1 Mata-1"08
Mamu-1*08
Mamu-1*04
Mafa-1"07
Mata-1*02 J
Mafa-B*26
Mafa-B*25
Mafa-B*24

Mafa-B*22

Mafa-B*21

Mafa-B*10

Maia-B*09

Mafa-B*06
Mafa-B*05
Mafa-B*15
Mafa-B*14
Mafa-B*13
Mafa-B*12

Mafa-B*23
Mamu-B*03

Mafa-B*02
Mafa-B*01
Mafa-B*08
Mafa-B*07
Mata-B*03
Mamu-B*02
Mamu-B*04
Mafa-B*04
Matfa-B*16
Mata-B*20
Mafa-B*17
Mafa-B*19
Mafa-B*18

A

I loci

B loci

Mafa-B*11.-
W"»‘L Mamu-B*36
HLA-B*2702
— HLA-B*5701
[ HLA-A 020 1 N

Mamu-A*02

Mamu-A*01

Matfa-A*06

Mafa-A*01

Mafa-A*02 7

g

A loci

Fig. 2 Phylogenetic analysis of primate class | MHC molecules. The
phylogenetic tree was constructed using a full-length and b exon five
to eight nucleotide sequences by neighbor-joining method with
MEGAZ2.1. The bootstrap values of more than 50% were shown

i

phylogenetic tree was constructed by the neighbor-joining
method of MEGA2.1 software. The reliability of the tree
topology was tested by the bootstrap method, and the boot-
strap values are shown in Fig. 2a. Since the bootstrap values
of less than 50% were unreliable, the bootstrap values of
greater than 50% are shown in Fig. 2a. Several Mafa-B alleles
(Mafa-B*21, 22, 24, 25, and 26) appeared to cluster with
Mamu-I or Mafa-I allele rather than B locus alleles. Since
amino acid difference between alleles of 7 and B loci were
more apparent at the carboxy half of the protein, we recon-
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B .| Mala-101013
Mata-t*02
Mamu-1"01011
Mafa-1*04
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= Mamu-{*02012
Mata-1*05
Maia-109
Mafa-1"03
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Mafa-1"06
Mamu-1*10
Mafa-1*07
Mamu-1"038011
Mamu-1~08
Mamu-1*04
Mamu-B*04

9 HLA-B*5701
fil -[: HLA-B*2702
Mamu-B*05

Mafa-B*22
Mafa-B*21

-7 Mamu-8-36
Mafa-B*11
Mafa-B~26
Mamu-B*07

Mamu-B*02
Mafa-B*24
Mata-B*25
Mamu-B=03

I loci

Mafa-B*23

Bloci

Mamu-B~08
Mamu-B*06

0.0t

Fig. 2 (continued)

Table 2 Segregation of alleles with haplotypes

Haplotypes Alleles Animal no.

3032 3028 1159 1113 0079 7071 0068

O O
o} @)

A Mafa-B*03
Mafa-I*09

B Mafa-B*24
Mafa-B*25

C Mafa-B*17
Mafa-B*20
Mafa-I*06

D Mafa-B*01
Mafa-B*04

E Mafa-B¥16 ©
Mafa-I*03  ©

F Mafa-B*06 ©

O

O

o o0 OO0

OO0 0Q0C0
o000 O0O0

Mafa-B*23
Mafa-1*02

O :Alleles were detected in each individual

3028 1159
A/B C/D

0079 || 7071 0068
B/E B/C AD

Fig. 3 The family pedigree demonstrating the inheritance of alleles
of the MHC class I B and 7 loci of cynomolgus monkeys. Male and
female are denoted by squares and circles, respectively. The animal
number assigned to the animal is shown. The haplotypes of each
animal are given by capital letters

structed the phylogenetic tree using the amino acid sequences
of the exons 5 to &. The result clearly showed that these nine
alleles clustered with Mamu-I alleles (Fig. 2b). These results
strongly suggested that these cDNA clones were derived from
distinct alleles on MHC class I B and 7 loci of cynomolgus
monkeys.

Inheritance of Mafa-B and Mafa-I in a
family of cynomolgus monkeys

A family consisting of three parents (one sire and two dams)
and four offspring was subjected to genetic analysis to study
inheritance of Mafa-B and Mafa-I alleles. By nucleotide
sequence analysis, ten Mafa-B alleles and four Mafa-I alleles
were detected in this family as shown in Table 2. Since
certain alleles appeared to be inherited in this family as a
complex, we considered those gene complexes as haplotypes
and assigned letters A through F to those combinations of
alleles (Table 2). Haplotype A (Mafa-B*03 and Mafa-I*(9)

Table 3 The presence of multiple Mafa-B alleles in cynomolgus
monkeys

Animal Alleles

Number of Primers

no. copies
2010  Mafa-B*09 5 5'MBS/3’MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*11 16 5'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*12 7 5'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*19 2 5'MBS/3'MBS, 5'Beta 3’
XHO/Mafa-Bla
5076  Mafa-B*10 4 5'MBS/3’'MBS
Mafa-B*14 17 5'MBS/3'MBS, 5'Beta 3
XHO/Mafa-Bla
Mafa-B*15 10 5'MBS/3’'MBS

Mafa-1%*010103 13 5'MBS/3'MBS, 5'Beta 3

XHO/Mafa-Bla
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was detected in 3028, 1113, and 0068, whereas haplotype B
(Mafa-B*24 and Mafa-B*25) was carried by 3028, 0079,
and 7071 (Fig. 3). Haplotype C (Mafa-B*17, Mafa-B*20,
and Mafa-I*06) was found in 1159 and 7071, haplotype D
(Mafa-B*01 and Mafa-B*04) in 1159 and 0068, haplotype E
(Mafa-B*16, Mafa-I*03) in 3032, 0079, and 1113, and
haplotype F (Mafa-B*06, Mafa-B*23, and Mafa-I*02) in
3032 (Fig. 3). We could not detect Mafa-1 alleles in monkeys
bearing haplotypes B and D. It was evident that Mafa-B
alleles were inherited in 2 Mendelian fashion. Moreover,
cynomolgus monkeys in this family were shown to have two
to four Mafa-B alleles. The presence of multiple Mafa-B
alleles was confirmed by nucleotide sequences analysis of
two additional cynomolgus monkeys unrelated to this fam-
ily. Table 3 showed that 2010 had four Mafa-B alleles and
5076 had three Mafa-B alleles. These results indicated that
MHC class 1 B locus of cynomolgus monkeys was duplicated
as in the case of rhesus monkeys (Boyson et al. 1996b).

Discussion

Although cynomolgus monkeys are widely used as animal
models in a variety of biomedical researches, there are no
nucleotide sequence data on cynomolgus MHC class I
B locus. In this study, we tried to identify the alleles of cy-
nomolgus MHC class I B locus, using PBMC ¢cDNA from 16
cynomolgus monkeys,

Nucleotide sequence analyses and following phyloge-
netic analysis identified 26 Mafa-B alleles (Figs. 1, 2a). We
also found nine clones with the nucleotide sequences show-
ing high homology with those of Mamu-I alleles. Phylo-
genetic analysis showed that these clones were derived from
nine Mafa-I alleles. It was reported that novel MHC class |
I'locus in rhesus monkeys, Mamu-I, could be amplified
with B locus-specific primers, and that the 7 locus was
recently evolved from a classical MHC class 1 B locus by
duplication (Urvater et al. 2000b).

The haplotypes of rhesus MHC class 1 composed of at
least one A4 locus and at least two B loci (Boyson et al.
1996b). In cynomolgus monkeys, we previously reported
that the 4 locus had been duplicated, because one to four
Mafa-A alleles were found in an animal (Uda et al. 2004).
The presence of up to six Mamu-B alleles in a rhesus
monkey (Urvater et al. 2000a) indicates that rhesus mon-
keys have three class I B loci. In this study, we also
showed that two to four Mafa-B alleles were present in
each individual, strongly suggesting that cynomolgus mon-
keys have multiple MHC class 1 B loci. Regarding the
I'locus, it seemed possible that at least one locus was pres-
ent in each animal, although some individual appeared not
to have the locus. The apparent lack of the / locus in some
individual was probably due to low efficiency of amplifi-
cation of the / locus because of the presence of the multiple
B loci.

Information on MHC class 1 molecule is particularly
important in better understanding of pathogenesis of var-
ious infectious diseases including HIV infection. So far the
nucleotide sequence data are available for the alleles of

Mafa-A4 (Uda et al. 2004), Mafa-E (Alvarez et al. 1997;
Boyson et al. 1995), Mafa-G (Arnaiz-Villena et al. 1997;
Castro et al. 1996}, Mafa-I (Urvater et al. 2000b), Mafa-DRB
(Gaur et al. 1997; Kriener et al. 2000; Leuchte et al. 2004),
Mafa-DOA (Kenter et al. 1992), and Mafa-DOB (Otting
et al. 2002) in cynomolgus monkeys. The identification of
Mafa-B alleles would, therefore, greatly help understand
the pathogenesis of various pathogens that naturally or
experimentally infect cynomolgus monkeys.
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REEtE D ICEEE L 2 NEES N, A BT v
FMERENNTS. —FH, A7 T HEE
Ry MIESNS., BABEROT S 7 F—
AL, TG 2OOBKEDORT v hORRIC
PE L 2L EEICEET 5 (H1A). iTCRO
TCRVoFHIZIZCDIAFF D A'Fsr v VO LET
o2\ v 7 A, TCRVBEBIZCDIASGFDF'
By v P EFTaINY v 2 ABICHEBET S LS
WZCDIdFF &G L, FIZTCRo$HNCDRIFERR
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BE (BRI SRIE) OEICL > TOVHEHRTAEBENEL Y, HFEIZENTTL 5.
RS ORERRBIIRERENE VA (TTHE) <, IL-2, IFNy, IL-12, TLR2,
TLRIZD M KB EINTHBY, —HLLEIE TIIILA, IL5, [L-10%ENE EH IS TV,
TR, Nl VRO 6 2Bk H APARK2E PACRG® 2 DOEEFIZBS
THIEMHPEL, SVEBRNEEASREOME, SNV VFEOREOGHREZ
MG C & BRI T & 72,

L2L, BHZWEREE, 775 RE, TBEARE, EERE SVwERE, €
FEY, BBEOTH, KMEMREOVEHEOMRZ EHERXILIEL CwD. TLEE,
BEFEIZDWVWTOMRIIZEEL LETH 5.
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F2 NrEUVREIHEEES (2004/9/15)

SHEA
HAA VANEIDN e
kB % B KR %
8 1 71 1993 9 1 10 556
9 7 211994 [ 4 2 6 40
8 3 5] 19% 9 1 10 556
93—-"97 6 2 4, 199% |14 4 18 75 93-"97 A%
37 (74/y) 6 3 3| 1997 6 2 8 571 52 (104/y) 584%
5 2 3| 1998 2 3 5 50
8 2 6| 199 7 4 11 579
6 4 2| 2000 5 3 8 571
98 — 2002 5 2 3| 2001 5 3 8 615 98 — 2002
31 (62/y) 7 3 4| 2002 6 3 9 563 41 82/y) 56.9%
68 (68/y) 1 0 1 2003 6 1 7 85 93 (93/y) 57.8%
10418 1 1 0 2004 6 1 7 10414

EAETHS., WEIEICEBEREMEIZEL, FABPBEERLZLEFHTHS.
DENE [, (vl ZRELIFHREINTHAD, BER [(hrEe Vil PERBELTH S.
BE, BANIW AR, EEAEAIHSETHS (R2). HAANTIZMHEER HE )

ZL 2 HEDTVB500, FREZOBIIELL, MOERILLTwS. —F, SEAR
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TEHABEAFBEIZ N0 TH 5. HI/3ONENBEIDHREESE, HELZTTIE

E9 5.

2 HREECHT IHEBEOBRIK

[HWFPHHE] BIEICX o TV VRPMRBRZBETELLHICRY, HEBEORBLIR
REEFBER—BmEE, 7V =y 7 2 EORBERE2ZZ L TRREEfTbhTwh, HEE
L Ti&, OEMM»N Y VRICHT BB V72012, D202 BB LE
55, QHAANBZEORAY, RARURKESR EICHL LORRICHT20hWw 25 [ER]
BHY, MEDENSL AN T NORLEEF TG LREEPLETH L. QFEHNEANEE
DER, EEOME (BXEOBUBIAT), BERE GETZILW), BEAFL0H
th RECREOTREY) 2E0d5. HER, SEFBETREODERLMEEL, KER
EREOPHE L LDV THR=-NTHI LT, ~BREBR O L VHROEZIZEHL
TWa,

3 NZEIPREMEE ICXT 29 kEEDOEIK

NV VIRBEEAEON Y & YRR OREED W T OBEIIFER 2 P.OITH
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®3 WHRONVEVHEEEH (WHO)

BHEER  AWRE WEER WERAX
Jan012004  (/10,000) (200348)  (/100,000)

14 v F 265781 2.6 367,143 35.7
75 U W 79908 46 49,206 286
Ry 70 A 952 26 542 147
a v TRFELME 6,891 L3 7,165 135
VA= 3,776 28 2,933 22.1
EF LV -7 6,310 34 5907 294
Y HAH N 5514 34 5,104 311
% - 7,549 31 8,046 329
y v ¥ =7 5420 16 5,279 154
& B 457792 513,798

nTwnsb,

BAEFTRITE, YW LIREBRLTWATRBRE R EON YV FEEEEZ, BED [/
e VIR] B, fMAICHMONE I L AR ASEND L. FOHEBELT, O—KHTRD
N VRIS AER - 25, QOFER - BREBREON VL VRD L VIdHEE, TR0
FREFEIZOWTOME - BBEOAR TS, QREEDBEOEEEIS [Nt vii] BE
BaETAI L, 2EFBTONE. LPLEEZISHIOGEDX, BECHEE, €56
W—BROBRICH L TCRERARZHOTWES, HEZIFROEE, UREBEOETH-
TR, NV VREMBER, BEORFHRELRECER TH-oTCHBRTLIZ LD
5. L2L, §TEANVEVHIL (8] ORRTHY, ~BASTEELFLLRNLEE
DEENTESL ) =54 ¥—a v (normalization) # HIEL, ZEIT—REBRKE
(integration) L, ZL L THETEXDEEMED IS LB TH 5.

4 HREONCtLLREE
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PRIR, NV VIRBBEOLZVWE - HIBTHS (R3), THOELIIWHODIEE L,

GORNGODW N - B A ST RN oN VU FEE*EELTWD., BARANEMSCERE
BEBEMNI vy V=R T IHZRAY VR ETNN VL VIRHEDO - DEFH LTV 5D,

V. Nt VIEDOER

1 EARERPRADDN

N VIROMPOEBITIEAD LK, BE, BIREZ ERLTHY, NrEUFIC
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THEDPE .
ZLFRPBLLRENDEOT, RIFORD, BELELH N2,

2 EBEAR

REROEM BEEBELZED) ZEBFRT—EDDE L BB 0, WMEIER TR 35
PETHS., BEIETEER~221T5. EEMTIIEREEDZ VRS, MERE, Wig
RE R Loy 2 RREIICBR, SOEOBRE (28 2 A TRE, REERTOYE,
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a) HEAATHRE. RERBOBEGHE T A A THrEHL, BHERHBERE) 2R L TRET 2.
b) HFEAAMELR  RESEBEEERL, PIREREG LR,

¢) PCREE: M, MMk HEAER, V<) VEEER, 574 VUF%) 22 ODNALZ IR
LT, SVHERHTHLIPELERETS.
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a) HIEME A - WK REEORE

b) FHMEIE OB | FAEROME LA L TES, KS2RET 5.
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