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ATE 5 OFE > M-Hyde Park OB ICBEE T 3%
KR B

AEJFOEY (Hb) BEED—DO>THOMEEW TN 3 —HICHEEh 3 Hb M-
Hyde Park [B92His »Tyr] (%, B/ OE#HO7 I/ BEBERICE D A MEANETOE S
(ferri-Hb) DFBICL>TF 7/ —HEBMEEMEEY 5. $H, HhMEDEHHO
3BR (Rm#E), B NXZX422AN), B (AEXA) ERONXZH2 ARRICDOW
T, BIADHb 24, JOEC OEEHEAPEGTFHRIFEZITV, RiFELENZFIE2D
ADILFH Hb M-Hyde Park DA T OREE TH 3 & BHL 7-.

¥, ARFREAXAIRRGERFICOVWT, pJAECEGFEEDT7 #Fr, p/OE
CEIEFRAED S5 4~ D % B % PCR-RFLP (Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism) %, PCR-E# sequence 3EIC K VRFEL, HEL .
CDHER, PM-Hyde Park DZEZ D allele (/XX X2 AEBAXATIIE L » /8
#2—>%RU7. Thid Hb M-Hyde Park DEERARED, BRADRERTHILIL -
HDOTHd_EezmBL T3,

3512, BRI ABETFHEITETSH S Single Step Extention Method (SSE : % 7=
(3 SNaPshot ;%) 28 AL, B/ OEEGFREDS5 4~ D% E &, Hb M-Hyde
Park DEERDREE 1T TORR, AiE(d PCR-EE sequence EDRHRE—HL,
BHMOEER SR EZRET HHEE L TiE, ARMS (Amplification Refractory Mutation
System) ;%% PCR-RFLP %, SSCP (Single Strand Conformation Polymorphism) 3%
WREEETEN LA ETHDIEEZASNE (ER164E10 4 21 A 2 50)

Gene Analysis of Hemoglobin M-Hyde Park [ 92His —Tyr]
Yoshimasa SUETSUGU

Hemoglobin (Hb) M-Hyde Park [B 92His —Tyr] is a type of Hb M diseases in which the
cyanosis and hemolytic anemia are caused by ferri-Hb formation due to amino acid replacement of
the B-globin chain. In the present study, the author examined the hemoglobinopathy of a Pakistani
family, which is composed of the propositus (one year old boy suspected of Hb M disease), his
parents and an elder brother. It was decided that two members of the family, the boy and his father,
were heterozygous for Hb M-Hyde Park.

Single nucleotide polymorphism (SNP) at the seven positions of the B globin gene cluster
(haplotype) and five SNPs of the B-globin gene (framework) of this family and three Japanese
families (six patients) were determined by PCR-RFLP and PCR-direct sequencing. The results
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showed that the SNPs of the abnormal allele obtained from the six Japanese carriers of Hb M-Hyde

Park were of only one type, but that of the Pakistani family were different from those of the Japanese.
Therefore, it was deduced that origins of Hb M-Hyde Park differ in the Pakistani and Japanese.
In addition, the Single Step Extension Method (SSEM ; or SNaPshot method) for gene ana-

lysis was applied to determine the framework of the -globin gene. The results were consistent

with that of PCR-direct sequencing. This SSEM might be considered to be simpler and better than
the ARMS (Amplification Refractory Mutation System), PCR-RFLP (Polymerase Chain Reac-
tion-Restriction Fragment Length Polymorphism) and SSCP (Single Strand Conformation Po-

lymorphism) methods for the detection of known mutations or SNPs. (Accepted on October 21,

2004) Kawasaki Igakkaishi 30(2) . 123—135, 2004
(2) Haplotype
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i U & &

ANEZUE Y (Hb) RHEAEIX, Hb MM T
LozZuv v, HrVWiEBrol VST
DEMWRETHHEE HbIE &, B2 BE (R
W) 2ELHZHIEITICRAIEHR, wih
LR 2B TRFEIETH 5. £ Hb I,
BRER 7O VEETOTFY VHEBO—HEE
BIICL->CT7 I/ BEHR (BR) 28> 0
U TaakEn, Hb oFoREEeHEE
EARRICEMLZTIEREIT. L DERRY
WWIRIEEALEFETROEND O L, Hb
FORGEEEC X 2 EmEEm, SEREM%E
2k ALIE, WEBERNEICLLZFT/ —XE
2 Hb SHE GERAMERAERIM) ([ZH 5N BI0
EHEREEY BRI REZET VY.,
+5v3IT7IE, FubryERTORER, BE
HHEORT, EFmRNAELEZ LWL - T
aZu¥ yHEBrur rvMoaRAYE
ZIXRITERTH L. BRNIZIEZILAL
MEE o VWEERDaYrI7E2IT - 2,
FREMO HbHIETH LN A BEMEAE D, B
St 37 oGNS CREOREIIML TH
5.

Affgecit, YU o7 I BBHRIZE
T A MEHb (ferri-Hb) # 4 U % 721K ME

WFT /) —E¥2ET5, Hb MIEO—D2TH5b
A %2 5E 7 Hb M-Hyde Park % £ D /3 F A ¥
ARZIZOWT, B¥ H O, o ro
AT, Z7at v aRABR (o/B AR,

BIZ TR 2T, RRNOEEKRSN, B
allele DAARAF R L OBEEHO LB Z 1T - 7.
¥ BRI OF LW hHEE L TRERZE S
7> Single Step Extension Method (SSE )% %
A, Bz LToFAtzRET L.

MR e FE

1. I HFE & DNA

AT ERENTOARE, OBOF7T
J)—BERERMIN-EREOEE (1K), [
BOOEGEZR2LTWwAENRFAZ Y ADX, O
BAIEEZBAANORE KO 4 Ao Mgk %
F 7z, EDTA G800 2R A i oo i B3R E ) 13 0 5
BT o7. BETHITICHW/AZDNA R, H
MERE S 7 =/ — v — 7 a2 a RV AETHH
L7>. TE (10 mmol/L Tris-1 mmol/L EDTA,
pH7.4) \Z¥E L CDNA B E Lz, $72,8
FC B HE TN L 2 HA A D Hb M-Hyde
Park SEH, 3 K% 6 BT HRAMKDE
ZFWHA 2T o72. 7B, DNAOHEE L O
FFZE R ICo W T, Hb BEREDOBET - JHEMR
WEHMETAIETA VY IA—LFarky
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FEB-ETHEAL.

2. B Hb OB

1) Hb 73#7

411, 2 ml % 0.9% B3R TR G4, KRR
S A& VR LR ETHIM S &, w0 L7 REx
SEL, BIMEE R, B0 A 4 o35
MiRE ks < b 2757 14— (DEAE-
HPLC ; DEAE-5PW, 7.5%75mm, Tosoh Co.,
Tokyo, Japan, 20 mmol/L Tris-HCL, pH ; 8.0 &
0.5mol/L NaCl-20 mmol/L Tris-HCI, pH 8.0
LB 7 GV w P REX YT T 5k
A M2 ECEBENESRKE L (EF; pH:
6 ~9)Y THb 3 #H &2 17\v, % Hb MM
&4 Hb O E B L AR ETORIIE,
A4 Fars ) — Vikkik (Carrell 3 ; 17% A4
v 718/ — /0.1 mmol/L Tris-HCI, pH 7. 4)
N2 X o TTo 7.

2) 7rua¥ U

BRI E 1 %ER - 712 b VB X - T
ANLL, Zuvryir@#L oy
CMtnra—2Z (CMC) #ASAaz7u<xbrs
7 4 — (CM-52, Whatman Paper Co., Kent,
UK ; 8 mol/L JR &-50 mmol/L X )V # 7 b =
& —N=1) YEEF MY ARRE, pHE.85,
F )Y LAEE7.5—32.5mmol/LDY =7
FIILYN) Lo THITUE L EGEE, o
BL, KIS LCENE, SR LD. 1%
LNRESOY VEMET I 2 F VAL,
Sephadex G25 Fine 7 5 & (i © 0.2 mol/L
EERRvA) 2 LY, S L 72, TPCK -
FU Ty (Tp) X YiEILL, TpiH LR
F N % 34 HPLC [RP-HPLC ; 0.1% + Y 7V
FOBEEER E 7T b= MUV (0—-50%) I
)77V M ICXoTHRIBENT:
BERTF FEHEEY, BT E, 6 mol/
L¥EREZ Mz, WETFTTHEL, 110T, 208
WARS R L7z, 73 VBEBSIETT I/
AR & SR eD 7.

3) ruav rERE

4400 ul % AR CREER, mEkEz

M) F o AE#ET A Y (CH-Lew) 2847
I B TITC, 2L U F A R— ]
L7z, HBEIEAKTHRERE, 0.01% %K= ViE
0.8 ml & I 2 VA I S &, A B Hb ¥ I &
L7270, B2, 5 2) 70 s & 6
MiZZ7uoEry 2@, CMCAHFsru< b7
74 —TCoaZUubBr it Brur  ilxy
B L7z, &F 2—712&FN 5 H-Leu &k
YrFv—varvAavry— (YUFV—N
500, [MA-AbZ:, REAR, Z M) TdpmfE%
WEL, &7 iz ho dpm fEO&FHE
6 Bla BRI EEB L.

4) Polymerase Chain Reaction (PCR) —5$%

sequence

7 7L — | DNA OF#REIX, 1. THES
JADNAZFAWBZUVY VEEFBLIF®
LolZual yEETOIEY VERG O
RELIIREI LT T4 ~—, B, &
X2 L4+ F FBIXOPCREEZ % H\WwWPCR %
1T o 7:. p7 0 ¥ &1z T 1 TaKaRa Ex Taq
(TaKaRa Bio. Inc., Shiga, Japan) % PCR 3
ELTHY, MRERIEIST, 7=—55C,
ERR72C TV, 7 Vv aifol. a7l
v EfET1%, HotstarTaq (Qiagen Sciences, Me-
ryland, USA) %M\, BH95C, 7=—)55
T, HR2CT3HHA 7 VEATo 7210,

PCR IGM ORHIX, 1% T HFa—A7 )
BRIKE) (1 x TEANy 77—, 60V, 605)
2, BEFALZOAYF (Brolyi
ZTFTIZH 3kb, o 7y EETIZH 1kb)
VS DELD, DNAHiHF v b (Free-
ze’N squeeze DNA, Bio-Rad Laboratories, Her-
cules, CA, USA) THEIXL7z. 4V T uss) —
VRO ) — )V Tkl & & TE IZERF L 7.

H DNA (B, 02, al) 27 FL—F&
LT, %4 7V —4 > A (ABI Prism BigDye
Terminator Cycle Sequencing Ready Reaction Kits
ver.3.1, Applied Biosystems Japan, Tokyo, Ja-
pan) THLEEf%, ABI PRISM 3100 Genetic Ana-
lyzer (Applied Biosystems Japan) THitAds] %
PeE L7,
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3. BIEKDIEHT
1) PCR-Restriction Fragment
morphism (RFLP) %

NERY Y NHRDOFR Ak, HAANH
k3 KA 6 MAKDOETIOMMKIZ O W TRE 2
ToZ:. BHZ O Y VERETHIIAFET S
7T rOHIREZL BN (Fig. 1A)Y0 5
e 3T 5774~ —%HWTPCR
THIEL, ZOWIEY % &I REEE THILL
728, YIMOEEE 1% T Fa—AFrVE7
2% Nusieve gel (Takara Bio Co., Shiga, Japan)
HAIKENE THERR, &M OYMoOF/ iz +/
- THEL 7.

2) B av¥ vEET® framework D PE

Bruv¥ yBEEFDPCREWOEYEE - —
r v Rk () T, Bruv vEERFAO
5y D% A (Fig. 1B) %o L 7212010,

Length Poly-

A

N E E &

215

(%30% %25 2004)

3) ¥ X% v A& HAA®D Hb M-Hyde Park
DR
PCRRFLP L HEEY — 7 Y AETHE LR
PR YBIETFHOSE NTay A
7) & HEBME L7,

4. Single Step Extention Method (SSE %)
FEVL, FrEFTV—Y—FrF—2Hn
TER D 5 VI EFIERE L W % 8 {n AT
D—FETHA. ZHHHITEEBMVD 1IE
EFHEFTORMTIA v —2/ER L, 4Bz
ik U7z 4 FE¥EH @ dANTP (dideoxynucleotide trip-
hosphate) % FJ \»C PCR % 4T 9. ddNTP #% Jfi
WBDT, TORIGTIE 1IREZTOMERS
L%b. TOPCREMEFYEFI ) —V—7F
v — (ABI Prism 310 Genetic Analyzer, Ap-
plied Biosystems, Japan) TAT3 5 Z & T,
FHEINLGLED L VITERERTRNT S
EHTEL. OB, BEBEORLLEERD

5 € Gr Ay /0] o} B 3
© e R4 < 0 o &
e = v : I
% o T v,
& O’/ O// O@ ®/ /<9
Z Z z % -
@
z <
B % Exon 1| IVS | |Exon 2 IVS I Exon 3 2
. 7
Z Z
Q P oo %
% SR AR %
%o E G )
2 %age,
o 2 o

Fig.1 B/u¥Y  BEFHEBIUEVBEFICEINILEHA B/ VERTFHOMRERZERLIEB B

7 u e VEEFRROEE
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Table 1 Single step extension method THWAZRRIBO T I 4 < —,

detected site primer sequence direction prlm(en:::)ngth ccz:(:onl';r‘zjgan SNCF?&[RZ;Q”)
1 BcodonZ  5-AACAGACACCATGGTGCA forward 8 7 /T
2 VS I1-16 5'-CTTCAGGGTGAGTCTATGGGAC forward 22 0.5 G/C
3 VS I1-74 5-GTTAAGTTCATGTCATAGGAAGGGGA forward 26 0.5 G/T
4 VS I1-81 5'-AAAAAAAAAAAAAAAAAAAACCCATTCTAAACTGTACCCT reverse 40 1.5 o
S IVSI-666  5'-TTACAATTTATATGCAGAAATATTTATATGCAGA reverse 34 1.8 o/
g BCOUONOZ T ATATATATATATATATATATATATATCTTTGCCACACTGAGTGAGCTG forward 52 1.8 o

(Hb M-Hyde Park)

1~51ZB 7 0¥ VEEFOD framework (Fig. 1B) %, 6 1% Hb M-Hyde Parkk DERME D720 DT T4 = —,

M 794 v —%RETHI L Table 2 RIMBRENR

T, —2OORBRTEE ®K10 T % R =
) OEEAFRFICHRET S RBC (10%/u 1) 337 465 383 363
ENMEETH L. SHOKETIE Hb (g/dl) 103 108 12 10
protyBEFADS rHiO% Ht (%) 32.9 34 37.2 324
i (Fig. 1B) @ frame work % #t . .

ET D205 MHEOMET 74 retie 04 ! - 39 ]
iy QHb M Eigds Dk 2R MCV (fl) 97.6 731 97.1 89.3
Bz L RS54 < — D MCH (pg) 305 23.2 31.3 275
CHMOMIMTI 4 v —%EAL  MCHC (%) 818 317 322 309
7R THNT L7, FNEhomt WBC (/i 1) 7000 4700 6900 7100
75 4 < —DOEF) L Table 112 Plt (10%/ 1 1) 399 343 25.8 31.1

R

INERY Y ANFRRABRKEHARN 3RS 6K
RDOE10MIR D DNA 2 #HZ, B oY V&
ETD3O20LFY VEGEELHLTKD %,
75 4 <— (forward . 5°- AACTCCTAAGGCC
AGTGC, reverse : 5’- TTGGACAGCAAGAAA
GCGAG), TaKaRa Ex Taq % Ji\»C PCR (f#2
95C, 7=—n55C, 72T, 3544 7))
THWE, o N7 EW2.5 ul I Exonuclease
(Exol, TaKaRa) 1U, Shrimp Alkaline Phosphatase
(SAP, TaKaRa) 1U %Nz, 37C, 3070 MK
&%, WIEHPCRTHRoT 74—k
dNTP % 7 & &7-. & 512, 80T, 304
B L T Exol & SAP & NEAL L 72, A K2.5
ul £ SNaPShot i3 (Applied Biosystems) 2.5
ul, BB 794 <~—REW 1 Wl M, MR
96C, 7=—n50C, ME60C, 2594 7 VD
PCR C 1 iEMERIE 2T 272, D\WT, SAP
1U %1 2.37°C, 60438 @ SIS T ddNTP % 75
L, 512, 75T, 307 M Dm#L T SAP 2 4~
AL LT & N7z OB 0.5 41 12 Gene Scan
120 LIZ size standard 0.5 yl, HiDi 5V A7 X F

10ul &Mz, 95C, 2 %M@ TDNA %
REEEDL, FYEFT) =Y —r =2
Y, BT 7 o — ¥ 3 v Gene Scan(Ap-
plied Biosystems Japan) T % 4T - 7-.

¥ S

1. £% Hb OZ W
1) FAH MR R
RIEOHbEEIZT VT b Hb 10~ 12 g/dl
BECTREORIM % BD7:. BnE & KILMIR
FRIMEREL DO Z 320, WS 272 HILOREE
L e SEmEEmsEbN. —h, K
X MCV & #, 13 MCV S IE% T R o /hEk
HEMTdH -7z (Table 2).
2) Hb 73#7
Figure 2 [ZF8%5 & A 10K o Hb 547 O R %
7% 9. Figure 2A ® DEAE-HPLC |Z X % Hb 4
T, EHHb AXDRESHD Ay EER-T
BHTA2EFH XOY—27 2380, FO&E
314.7% THo72. T, HbFIZHN4T A E—
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l€«Hb A

Hb X |
(14.7%)
\ Hb F
¥ Hb X—
0 10 20 patient control

(min)

control  patient
FEIWBBEMBEDONE T T E VM
A : DEAE-HPLC

HZEANETOE Y, BIUREH X OEREZRT.

B B ELIKE
HBAEZUE Y, BLIUREH X #7577,
C : Rl
B EE A -
R

7 b AD b N7z. IEFTH Hb A DR,
Hb A, ICELZLAMBIZEFEH XDV FE
HFD/NY FE#EoH/- (Fig 2B). f V70
I — VAN MR, FEUE O I W
OYRIREDOEK % RS (Fig. 2C, <« TRE
NTWwa), NEEERBEEE L I hz.
LOEMAET b FFROFE Hb X 2R S N7z
2, WEBOBMECIIHFICRERAONE
Nz,

—ZEMEANTTTY L ORI %

(530% 25 2004)

3) Y RS

(+) CMCHZL7Uux b7 574 —
THmEIN/zrue vy -2 I3k
WhBr7OEYI)RIBES
haY—zhglns: (Fig. 3A).
BERBrsruvrtlLTHEOLHLN
2B D ) Ty EAE o
s u=<x b2 5 A % Figure 3B (Z
RL7. EFBZuvrosuo
YIRS = L, PREFRERH
505 A 12 3§ % BTp -10-11
BDE—=FHFHEEL, PIp,-4,- 5,
-9 BT %655 fi i Ic BE
Y —2r %R0z, ZOHREPS,
BTp-10-11 (Bcodon 83 - 104 ;
Gly-Thr-Phe-Ala-Thr-Leu-Ser-Glu-L
eu-His-Cys-Asp-Lys-Leu-His-Val-A
sp-Pro-Glu-Asn-Phe-Arg {2 #H 24)
DWTNPIIT I BEEED S
kiﬁ%é N7z, LaLahb, 7o
WLI=REY 207 3/ BHH
(F— 73R Tk, BETI
JREBRZRET HIZIEES %
noz.

4) Hb &R AR

AL OMIRARMERIC TE
KEN7-r7aerosiEis
Figure 4 |C/R L 7. BEB I 1
Vi, EFBI/oEryiis X
CoaZ7aE y#EIZy)ATh
SH-Leu O W8 G (dpm) 13,
FNEFNT.2x10%, 7.2x10° B L OV 24.5x10° T
botz. ZORR, REB I TY (B Ab)
CIEEB 7 uE M OEBIIZHHE A S
N7zH,a 70 YHITHTLH2EB oY VM
(B + PAbn) DA BIIL0.59 & ANHH 2D
bni:.

5) PCR-, TE## sequencing
PCRCHIEL B/ B Y &EET D5 M
A 5 NERIGILBCLY = AT L 7245 %, Figure 5
R L9103 mE B 71 ¥ v iEfsT codon 92

<«—Hb A2
(=)
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) <

OD2s80 % &
6’)
@

0.

I

%6.
%

%6
%

v

ODz2so

11

(retention time)

Fig. 3 70V ¥ »o5 0 HEdhEmht
A:CM VO —XAFLra b TFT7 14—

missing (retention time)

RIMBBEME» SR L 27ra ey sy 872 lvi, &7 yo¥—rs% | CRY. &% (abn) p 7
DY VEHEZHEEL, 73 /2F0V (AE) 1k, MU TS Y Vi bEITo 72

B M ra~ r57 14—

M7 VHEEREAEB Zu o ruax b8y — Y ERY, BHMONRY — v ERELT, HibxTF K
10-11DOREEBEXTSFF, abn | OV —Z OB ASNS.

dpm

ODz2s0 o
) a-globin -
B-globin -

abn B-globin -

v

absorbance

P avesee®

o [
jukm.""w} )

-t

& Fgo

dpm count }
=

B+ abn/a =0.59

B abn: 7.2%10%dpm
B : 7.2x10%dpm
o :24.5 % 10°dpm

Fig. 4 RERFZBONETOY VSRR
FBE7I 7 ECM v u—RAp S5 A2 ux b TS
T4 =l Lo THEEINZZE7OE VEADYE —
7 (OD280DWLNE) %, TE 79 71k 3HE#
O YT ADORY A (dpm o >~
M) 2RY. £r7aEyE¥—2rodpm A~ b
BEOEEHS, /o ra vy ElER L.

CACOEIIREICCLTOANT BRIHED
bih, 73 /BKoOEBRIIHSs (CAC) — Tyr
(TAC) ITHH L7z, FBOZEEIILIZHRED

b, REBEIEELZCOATH 7.
CORRE T OFRHKROEEHdIX, Hb M-
Hyde Park [ B 92 His (CAC)— Tyr (TAC)]&
FE S 7z,

2. BIEHA DT

PCR-RFLP #: B X UF PCR H # sequencing 7=
ko THON, NFXF VHEORESR 4
AR O allele Dy 71 % 4 7 % Table 3 |27~
$. Bcodon 92! Hb M-Hyde Park DZER % %
DEME LN, BLOLEFELRBONTOY LT
I L 72 4 &, B M-Hyde Park @ allele @ ¢
/Hinc I, Gy/Hind IIl, Ay /Hind III, y B/Hinc,
I, 3°- wpB/Hinc, 1, 3’-B/Bam HI DK"Y E )L
TARRE—+——++" TRIA:. AR
WEERBZ v ¥ v &5 T @ framework : B
codon2(C/T), IVS 11, 16(C/G), IVS II, -74,
(G/T), IVSTI-81, (C/T), IVSII-666 (C/T)
BFNENT, G, T, T, C (Typelll & [d] &
ENd) Tho':.

H A& A ® Hb M-Hyde Park ® 3 &%, 6 I
IO T OFEMKOKET % L7245 H (Table 4),
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B codon H Z& A @ B M-Hyde Park & /\ 7
90 91 92 93 94 |5 A = S e i
GAG CTG  CAC TGT gacnormal  fopework I3 T, G, T, C, C (Type,
Glu Leu His Cys Asp MA &[5 5h5) Chote. H
M  RAGRITIIEETHY, Sk
TTQE mutation  z 5 o A ko allele & 13k % <

GAGC TGNACT GT GAC o T,

3. Single Step Extension Method
(SSE %)
Figure 6 [Z R W& L 2O R B
Fig. 5 HuHE O B5E7 uYyEET codon90~94@i"£ﬁﬂ§ﬂ = TH ZIKA@ famﬂ}: 2D B
B I K92 CAC (HIS)— TAC (Tyr) OM@ETERIMIB SN, NN A= R AV - g i S OY /i o
RERd. 6 HEORM T4

Table 3 /3% 2 % » AH ¥ Hb M-Hyde Park @ allele type

B globin gene cluster haplotype** B globin gene framework***

B codon 92* IVS Il
e Gr Ar g 3wp 3p PO

Type

RinE

R(IFREVN)

B(BAEA)

1NF R4 EEOHb M-Hyde
Park allele type

*: CAC (His) (Z1IE% a ¥, TAC (Tyr) ¥ Hb M Hyde Park %5, **: PCR-RFLP 2 & b yeg (Fig. 1A &
). +IZHIBRBERICL2UWH 0. — 3R L. . PCR-EFEY—7 Y AIZX Yz (Fig. 1B BH).

Table 4 HAANE 3% X ¥ ~ A® Hb M-Hyde Park O allele type @ LB

8 codon B globin gene cluster haplotype** B globin gene framework***

3 VS
2+ Gr A 3B 3
family No.  ° e By Ay WEIWE 3B s 95 7a 81  66B

Type

CAC - + - - + = ¢ C T C T Il

CAC - + - + + + T G T C C A

NERZ AN TAC = + = = + + T G T T C 1l

:CAC (His) X E%# 2 N, TAC (Tyr) & Hb M Hyde Park ® 28 5, **: PCR-RFLP |2 X b g (Fig. 1A
’%H”). + A REER éﬁJliﬁW) — 3w L. »* i PCR-E# Y — 7 Y Ak D g (Fig. 1B BH).

N
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‘20 ,30 .40 ‘50 l60
\a4
NEFEPIN x| /L[\ Kx EAWA
v
IFR G NBHER) A[\ M J\ AAA
\a4
B Afanily 2-2 o i) J\(\ A
L1 u L L Ll

C/C:E®

B2 IVSI-16 IVSI-74 IVSI-666 VS I-81 .
CorT GorC GorT CorT CorT C/T'Hyde Park{REIH
(reverse) (reverse)
— _/
~

B/ OE V&L Fframework
Fig. 6 Single, step, extension method |2 & % Bl 2 1 ¥ » # {5 T @ framework @ Pt 5€, 3 & UF Hb M-Hyde Park

DBk

Eb TSI A4 v —EEEDOEVIEIZ, B3, IVS 1I-16, IVS II-74, IVS I1I-666, IVS I-810% ¥, Hb M-Hyde
Park DZERBIB Y — 7 SHBLTWE., ¥— 72200541 3ATO#ES, 1 005G REEATRT. E—
7 OEIIERE L7 dINTP OfEF R LCB Y, B ddGTP, Fi ddCTP, #kid ddTTP, #kit ddATP & .

T —DEEEDOFEVIEIZ, E»s B2, IVSIT
-16, IVS 1I-74, IVS II-666, IVS II-81, Hb
M-Hyde Parck D ¥ — 7 28l L TW 5. 4% B
IVST1-666 & IVSII-81OMM 77 4 = — 13
IN=ATIGAR—=%DT, TrFtr AR
EPHHEINT VS,

BiiH DB 7 a vt viEfsf O framework 13
B2 T/T, IVS II-16 G/G, IVS II-74 T/T, IVS
1-666 C/C, IVS II-81 C/T ", PM-Hyde Park
ZC/TATuORRFEE LTRIEERZ, —
¥, F® framework X T/T, G/G, T/T, C/C,
C/CT, B2 FrofgE 1 HIEITOVTRIER
DCOHOY — 7 DHAFD L 1L, Hb M-Hyde Park
HEETIE RV, RIS, HRARKICOWT
4 framework | C/T, G/C, G/T, C/T, C/C T,
Hb M-Hyde Park DIREFZ LEE NIz, Th
5 @ k& 513 PCR-1H # sequence £ TH S 7z
BRI -HL TV

Z =

Hb MJEIZ, 7O Y OIEAANLRT v MIC
U727 I JBERIZL > T2MMiONL8k053
fli~:®fbx i 2 MEHb (ferri-Hb) & 7% 2
LilEoTHEBOEEL, BEKARELY,
BRBICEEMN 2T T/ — 22T RE
HbED —HTHE. FEETTIZHMOENR TV S
Hb M JE121%, Hb M-Iwate [0 87His — Tyr],
Hb M-Boston [0 58His — Tyr], Hb M-Saskatoon
[B 63His — Tyr], Hb M-Hyde Park [B 92His
—Tyr] ONLEREHMT 5005 & OEAL
His ® Tyr ICZ# L 72 4 DT 512, HbM-
Milwaukee-I [B 67Val = Glu] 2% 4. Hb M-
Hyde Park (3 19664F, Heller ™ 512 X o THI®D
THRERED S I SNz RIFTLE19684F,
Shibata 16 & |2 X - T Hb M-Akita & L Tt
ENA, BOBETHENIC L D TEIZFE TR
IR 2o 2 LAV LA,
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Hb M-Hyde Park ® £ ¥ p 7 10 ¥ ¥ §4 iZ,
IFYPROCAFIUBRFRY VICERL
TWh, COLAF TV VITERMEAF T v LI
N, BZOE U EANLDHEICEETH
H., TOFAICT I/ BEMR T H D HM-
Hyde Park I3 ~NE 27 B V¥ V3T DR EWIMET
T, NAOMRHE, ~NAgkoB b (225 3
fligk~NDEAL), NEZF UL V5T OREHG
20, BRI T -V EBRNEEn: 2
THEEZOLNRTWSY,

GRIDONRF R Y AFKFRTIE, FiE L LI
F7/—E L BEOBEMERIM % ED, ~NEF
O Y YOHCIEMEICEE Hb X OFEERE
EMZEFOL. TORBEH XL, HPLC &
IEF 77T CTHb A fHR IS S iz ds, T h
id Hb M-Hyde Park Z ® & @ Tix % {, ~N A
R L72IRBOEEANEI O v TH L EE
AONTWE, Z0k), Mo npro
Y VSR EEE T UL TR IZ50% 8 AL
% B4 Hb Hi43%, Hb M-Hyde Park Ti320~
30%REICLE EF L E 3N, ARZTHLRNE
TUT%ERNETH - 72, BB Ba
Brut VRO CIX, MU 7Y UHL
HE B oy X7F Ko RP-HPLC ##4#7 T,
EEIa< MRy — v LB 5 EIEERICE—
7 WS NI, ZORERTF FHES B Tp
-10-11) D7 I BRKE S LAY, T3/
BEREZFETDHICEES Lo, BiE
DNA @ B 7 1 ¥ V{5 T % PCR-H# sequence
B CTHAN L 28R, B92CAC (His)— TAC
(Tyr) OZEEDFRD SN, Hb M-Hyde Park &
ZWE Nz, ZORFRAHBOLN. B
ERDOB U VHIBIEF THo. FEY
YEERBRTIE, BWMETIIE-B/o Ry
0.59L 1K<, BHIEITHROERNE SN
2%, T HNITHbM-HydePark D B EB 7 o ¥
VO EE®ICLBIDT, 5EITDOL
AT VERETORRATIEZWEEZ S
NTwa®, —J, BEBI/NREENTHY
B/ & kix1.67, 1.55&FBL a3 7T
AP EENTD, Gap-PCRIEIZLE B o T &

(330% 2% 2004)

ITAZ ) == 7%, 02%al 7OV V5E
{5F D E % sequence P12 & 2 HAEFF 12 137
WO SN o7z, & SIZEEM R BE 252
HEThorIHZBbhr.

B OY YBIZFRIES AL 3120
»oTe, Gy, Ay, wB, 6, pOEK& 7oy
VBIETHEATHS, ThoDOBIEFIZES
2 L3R ICAFAET 5 Locus Control Region (LCR)
PODORB Y b a— VAT, BBENHIL e,
BEEMIEGy & Ay, HAEDBEIZPASTIZHB
L, TNhENORIIZEHT L 708 Vs
L7zHb ZEALTWAY, ZOJEEFEICIX
WL DD —3EHE%L A (Single Nucleotide Po-
lymorphisms ; SNPs) 3% T 5 2 & 2540
LNTWABD, FOWNT » iR ES TS
M fifE (Fig. 1A) 2995, 207 5 rn%i
PHAEDE TR IO VEBEETFEHONT
Uy A THRREINS., T2, pruv @
fZFADa F 2, IVSI-16, IVSII-74, IVS
II-81, IVS II-666 M 5 4 FriZ 3 SNPs 27340 5
nTEbh (Fig 1B), ThH0LEOMALESD
TR 71V rEET D frame work St E &
NE, ZOXHTLTHREINAPHRITY
VHEIEFHIAVWEBRBI O Y VBETFOD
SNPs z Il L C Hb REHE & RIEM OFF 21
TR MR R oA, ReANTOI AL TT
DHEIEFE DB OB 5 EHREHEME ST
2,200~23)

Hb M-Hyde Park iZ, ZhFTIa—u v /g
ERHAADZVIZBEANLETHESINRTS
D, RSO M LTI RERELEL LN,
NRERY VP ARREARAIRR TR 1
VB THEoONTOy 4 7B o v
{&F @ framework % € L, M-Hyde Park ®
allele Z# I L 7. ZOFEHE, AERAD 3 5EH)
DEF allele 1X, M UNTEA FERLED,
NEFRXFY VFHRORF allele L IR »Tw
oo SNIIRBEMICERLZAHRANENF RS~
ANODORTix, Hb M-Hyde Park ®Z B3I L
TEEREEZD L, BENZEEOR NI %
RRTEHDTHE. BAOPITHIT %R
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ARMEREMAED Hb S L, HFRAIIA < 5
T 5 Hb BHEIETH 5, HSIEEHEKDH B
#7190 % 1% Benin, Bantu, Senegal, Cameroon,
Arab-Indian & FFEN 2% 5 EHONTO 5 47
THREINTBY, BEMZMZIEZS > T
%2.20  Hb M-Hyde Park (25 WTd HAA
INFRAF AOMIZE T -1 v RAREANTIE
FloRedzNTursfTeHLTwEhb LA
W,

RITFHSE &7z SNPs & P § % 729 @ SSE
BiE, VT FVEOFEEEHWIRED T
A==l —HmEDAERET 5 HET,
Minisequence $£%’, Single Base Extension Metod ¥
bl bEN S, KRPETIEPCR ETHIEL
7o THECE N A GRKR10MFT) @
SNPs % [AJ M2 Z E ST RETH 5. BE
MOEFE (SNPs) ZMM§ 5 HEke LT,
ARMS (Amprification Refractory Mutation Sys-
tem) {2027 % RFLP %%, SSCP (Single Strand
Conformation Polymorphism) #2997z & & Hei L
TRHER AT ETHS. 4HIE, SSE ik
X o TB 7 ul Vi fsT @ framework O Pt
EDT=, SHHOT I/ —2fRL TTo
72. SSE# 2 & o TH 5 ML 7z framework 13,
sequence {E & [F L TH o 72,

SSE{:1Z, ARSNPs # ET 572000 )
BETHHD, O Hb BEIEDBRITOWT
b5 AT BE T B 5. 4 [a] Hb M-Hyde Park
»a K P92 CAC »TAC O 1 ¥z Hi§
%7290125 7 Lt Ha N U915 3i{FE T TIS
LT 520 ERDOTFTA < —2FRL, fra-
mework JLIED 72D D 5 DD T 74 < — LA
G THENZIT > /2. £ DHEFE, HbM-
Hyde Park fRINZE RIEOFRH & XL T, I F

v B92 1 I C/TOANT T EITHN,
FRERZEORERTIICOFERTHRE SR
72. ARBEIC X o T3 Hb M-Hyde Park 28 % |
N7z, Hb M-Hyde Park DAt Hb ZHEFED
% F—IREBEIRICEI AT I BERTH LS
Lo, REOISHPTEEEZ OND. £z,
BHIEITOERDEL L, 1IEEEWR, 1~
BIEEORKD B VIIFHAILL B 7LV —L V7

FNERTH L. EFEERETN G CREIEE
HHIT L HHEEMO b o THE, REEF
HALTHREDSITREEEZ N5,

ABFFEIC & » CTHIW T 117z Hb FHET,
Hb M % ®» Hb M-Hyde Park ®/3% 2 % ¥ AR
ROfFNT A B LT, RIEGHARANENFAS &
N CHEEN R FERBE; R, L REEIR SN
2. TRmERB SN EETHBITETH S
SSE #:1%, X U #4812 SNPs O fE#T % Hb B 5
SEOBW TR LENLFEEEZ SN

e 23

RERZBIIHY, FEEHE, BIEERKFEE
b2 Bh iz, I R AR Ak R 22 R S 2 ), R Rl
TFIEREITIE, BRIz 5 MiGE L RO ME
MABEIEELIEHOBLERLT Y. /2, IIKE
BREFAEE BIEMEERIRIE, EBRTETT
b ETHEREBEB W 2n/Z LI R r
HLEFET. 7, EREKENIR BHZERE
ANiE, BELSRARZEIRMETEV 2 LIcR RS E
HLHIFET.

AR, NBERKZE7uY =7 MFRE H
13-104, H14-1023 & OF H15-209), SCEBEL2A% FHaf
ZeE M4 (126722598 & 1714572193, TH) OFEB)IC
L frbihi.

Z £ X ®

D BREER  REAEs/0E Y I3 7. Rk (HHE—, mRE—. 81, RN, REEE.

1998, pp 179-194
2) KEM=:~NEFalt Ve,
1995, pp 806-813

M| (SwERs, BN, SHEEHE. 52, TE, 5.
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