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Fig. 1. Real-time PCR results for distinguishing HP* and HP alleles.

The results of a dual-color seatter plot of Auorescence signals (dR Last) from
genomic DNA from 3 lapanese individuals (4, HP/HP; B, HPHP*, €, WP/
HP?) and blood samples from 47 Indonesians (D, 45 HPAHP sampless E. 2
HP/HP ' samples) and 1 lapanese individual (©, HPMHP. Results for no added
template (F) are abso indicated. We used the following primers and TaghMan
probes [labeled at the 5' end with Ruorescent substonces and at the 3' end with
Black Hole Quenchers (BHQ) (Biosearch Tedwnologles)]: HPS'-F, 5°-CACATTTACT
GATTTCAGGCTGGA-3' (sequence from 513-536 bp, GenBank no. M10935);
HPS'-R, 5'-CCTTTICACAGTAATTTICTCCACCT-3' (everse sexquence from 571-
59 bp, GenBank no. M10935); HPS'~TagMan probe, 5CAL Fluor Red 610-
AGCTTTTAAGCAATAGGGAGATGGCCACA-BHQ2-3" (sequence from 538-566 bp,
GenBank no. M10935) HPdel-F, 5" TCTTTATGGCACTGGGGAACA-3' Isequence
from 694-714 bp, GenBank no. ABIZ5320); HPdel-R, 5™-AGCAAGACACTCGT
GAGTGGAA-3' (reverse sequence from 822-801 bp, GenBank no. ABOZ5320);
ond  HPdel-TagMan  probe, 5" FAM TGTGCAAGAGCCTTTCCAATITIGATCA-
BHQ1-3" (roverse sequence from 772-799 bp, GenBank no. AB025320). The
HP* breakpoint is betwean base pairs 782 and 783 (GenBank accession no.

AB025320).

tions, Thais (4, and Indonesians
(this study) at [requendes similar
to those of East Asians,

A previons stody demon-
strated that TagMan real time
PCR methods can distingoish al
leles from samples of dried whole
blood (5). In the present study,
we instead diluted samples of
whole blood 100-fold to decrease
the concentrations of substances
that conld inhibit the PCR reac-
tion or quench the Anorescence
signal. This procedure is simple,
but a proper assessment of its
reliabilily requires further eval
vation with many more sam-
ples. Compared with the conven-
tional PCR approach, the present
TaqMan real-time PCR assay is
simple and rapid { <1.5 h). More-

1096 Clinical Chemistry S4:4 (7004)

over, this antomated method is
cost-effective and amenable to
high throughput, eliminates prep-
aration of genomic DNA and
post- PCR handling, and prevents
contamination via PCR product
carryover. Thus, application of
this method for routine clinical
diagnosis prior to blood trans-
fusions or the infusion of hu
man blood products may prevent
anaphylactoid shock cansed by
anti-HP antibadies. This methad
may also be useful for detecting
HPY“UHP* homozygotes among
donors of blood samples used lor
preparing blood products, sach
as albumin for anhaptoglobin-
emic recipients, and for large
scale screening of HP* in vari-
ons populations.
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MM ERERATHY, BRATEINT P70V > (Hp) ki
TED RS HHEEICRD 5hb. HpRfET (Hp) KEHp D kT8
EEIZEREHpRIBIE L 2 525, TOMBEIZHAA TIi2#4,000
ACIALHEE E NS, SEBEKEBES CF ETiE 7z Hp* O B E B W
BEWLTHZ AN LEBRITEBI 2o/, [HE] Hp
DRIZFHI T > T HMBEB L U5 LADNAZ AV, Hp
& Hp® L% Ampdirect Plus (B#84E77), TaKaRa Ex Tag
Hot Start Version (TAKARA BIO INC.) % fv:7-duplex PCR
CEDHEL, BREBRIC L Y IERYONEE B 2o 7. 1858
i¥StepOne') 7V % £ APCRY & 7 A (Applied Biosystems) % B
W [RR]REELATFUBSEICOVTIIMBERBE, Hp*
DA EREHIIMBER 2RI TE L ho727204" ) ADNARE
ERCIATI S 1RO F 2 — 7 THp S 5\ i3 Hp LHBOBIEA
BOHLN, ) TIN5 4 APCREESSIC & 2 RMRRRATIC L DSl
DHENTRRTH -7, (EB]|AEOBAICL ) BREORE(LE
BIZAME I3 52— 3 o4y 7VOB) BEOBRIED
BRSNS, BAK+EHIC X ABRETIR, chTITICT
LN-HpRBFEBFIETRT, Hp“OFEHSHhTH Y, RETF
PITIC X D HpRIBEEEE 32 MBENAEEBOTF 74 7%V —
vav 7 ORBHPFREL 25 DEE 2 5. 45, Wil ERRB S
BUIAREOBKIEEIIOWTRHEBI I FETH S,
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BERES

e 2 8 -, A I5ES. Real-time PCRIZL A7 R 7 o BB FROHE
ADNAZ R 2L\ TR FHTIE S EIE, 2008, . HE

21 Real-time PCRIZ&LZNT R FOE BEETFROHE

Bl EEF. ESR
ABKKEELRERS - NSREFIRE

(ECoic) N RO MHp)id. Hpl & Bp2 0 2 3hIBEETOMAEDEICLS
SHOEHUNRDZENY 2N THD, W21 Hpl ORETHREBIZE>TEL
2H0THO Hp BEFHOREIZIL Hp2 O EEIHR %S T N E WLEHROMED
BETHDB, £ THERLIE Real-tine PCR #% A WiR#E THifEZ Hp BETHO
HE O 2R AT,

[$E} - FiE] TOE—&—H (o5 ') & Hp2 ISR BEMER () IEh T
nN7s54v—&70—7%@E L. Premix Fx Tag0 (Perfect Real Time) (takara
#) 352 TX Mx3000P (Stratagene #) 12X D Real-time PCR fR#T 2B /2o /z, Hps'
“0O—712 CAL Fluor Red 610. Ap2td CAL Fluor Orange 560 TEHENF VL
oo V77 L 2AELTHWE H2Hp28 > 7N0 fp2Ea > FO—LEKTH S
Ho5' OMBICETSETICETAHM ZIEOE(ACH S, &Y TID Al
ERU AACt &L, Hp2D Hps" Izt d MM E—%i 224 itk b RIL
METFMZRE LR, HRICIDMETRIBEANO N > FIVEER L. 28,
AR ERATRASREZRASORBERTE IR .

(R52 - #R) 139> TN OVWTRITEB AN, 7O0E—F—#KICHTS
Hp2 DHIR A P — A0 0. 34~0. 50 THAHH > FIV%E HplHp2 0.79~0.98 TH 5
4T IE HpHp2 & Utz 158 Hp2 7+ V0@ sNRhs ot > TV Hpl/Hpl
EHE L. BoNiRIE, fEkkicko TRELBRETHESUICTEBR S
oz B LT, AEIMETHORITICETAHMBENZ &0 5 KR IZE
LA THdENFEmant,
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JEAE J5 R F I e R wliBh &
(RS - [EFRERFL X2 T b)) —H A = 2RETFESF )
S AT IE e &
Mg AHERORKBEF AT P RET YLD
v il (5 72 G2 Wi O e ST & i M ATR2 T ~ O BRERIG A ) (2B B 8%

bRy s I AR ABKKY EYER B

WAES: MlET 7 457F%— 3 v Z7ORRAO—oTH S MIEHEAXR
DH>H, HEANEZSODERT V7 ANEMTIREANT F 7o v KBIED b &
ETHHZ EBMBENATWVWS, ZFD7=8 2005 4FEEH> 6 4 Rl il 85 O B g
O MEEREGOHE) ICRREIND L5, AFERHEIIZ, "7 e
VRIBRED 5 bR T V0 UEDOREBEF AT M a ErlE
FREXML®EF (Hp™) o, EKBRE CHFAATRE2 R 2 Wik & #esr L,

X0 ZeemmERORITE AL T3, BREROZOICIRE L, B8O
ERL, BETRITHEMNORAY v 72 LBLLRWEDRA Y v bOH A MHER
FENTIE DR S LETH S8, AR KB ESARRE M RERIT K 21
1 8 L0 Hp™ 2ot » o iaTRE o kR o st 5 % ik L7,

A. BFRAK B, W B i R
(TRALI) <0 i itk B o M 75 94 X
i L2 o i A D 4 5 13 T A2 BEEHILEE SN TS, Lo

MR OFRABE DI B GRA < s 20 S AW i (T C & 5

ERTRHTHD, LBLEBBLTAN  pogy 5% —vayvr0fEAD

AGORAMERER T ORRBE  gom L Mz BB CHS, 75747
RTHD, BAMAIFRMUATERE %o —v 39 270FED15E LTH
FORFAAMONTEY ., SHICR ey s KEANRMEATNS, 20
B ERORIME R e & RIS 5 g AT 1A KA B2 FIA
Ko &, BEFmmitMmaERY <5358, AAACIIEOBEEIZES .
BOBBECH S, EMMROEIE 7 | o ey kiBED 2 B

Fid, WRECRM EOBIEGINK  ©gpn = L avb 2005 b 45 ik
Wz Lo, BRETT747F  maimer et (RS 5 0H) (ci
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ahtTwa,

AWFEO BRI, Kb ReizigiE
WMOZETEEME L, BERBEBTHH
HaTaE 7R 2 eI 5 2 &
2k, BARANCEIT S miEMAIRS
DT 74 7F—ayv7DFEHE
7RG T T 5 Hp™ o B ihgdT
HEORRETHD, FroRBIL, O
REH TH 5 rE ISR KK FH
BoWERIN—TIZHICHEZIR
7= Hp™ o H gt i OfHii 2 B ) &
L 7= BF o8 2o
DMERE O G & | = OREES R
BRI CHH RTHED & 2% il 5
ZLETHD,

B. BRIk

AAEHENT, 3R B PR BRA Vb 1 B 75
FEORY v 7 EFRARKXETH DA
H 5 RRA R K K BAR OB/ Vv —
TEHROED S, BT OEBIRSL.
HERFIOVWTREREFFICL
D BEE OMEIREIT T2,

FFipmATZ e OMGIZHiz > T
EOLXIRWTA L 7xr—bFay
o b EBIRENEN HETE
w2 A, Wi T E BT O iR
ERICET 2 REZTTH B OAEN
fAv74—AFRarvtey b XET
BHrLWVWH HEEHFEMRLE,

X HIZED L H R Tl E %
AT E A e L. £ OS5 R ik
gLk Ny 74 —a— |
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SEiRt 4 A 2 LT, R 21 FHE
H & v it ot 5 2 tho /-, ks
7 RN KR 99 B Bl A A A i
MR = CH Y R 5 BH ik s 45 9
CINBE SRR T, Ry T 14—
— FyE# 300 L 25T H LS
HIET, REIOEA (LGRS fTREEA
)R B 2K K5 B R R A ol i i R 7
ET{T-»TWA,

LML RoE0H%AyT7 4—2
— b AyEi# 300 u L TIEARHTIZAW S
REOFERE 1 p L)VREETHD =
Ll EREROMBMYE (VTAFA
2 PCR DHH Y 7)) 1[ZiE D
DENDHDEVHIBABIZLY, 486 F
A oORED S x££ 300 L Ofits
ICEBELTWS, Fk21 43 A31H
HAE T 675 4 Olig i /i B ik % ik 5
LTW3,

(f Bl ~DACHE)

AT C Vg i i AR A i 2 it 5
LTWAH, @ilngior—F  RED
T=DHIZRMIZSLETH Y £OMmiko
—ERANTWAZ LRV ET S
M &A% 300u L EVRTHHZ &
b, ABFEE R 5 -0 ORHR
BRinisEE L2V, FETATOR
Fioxt L Clmm @ {ERIZ M 2 8A
EIOB0OREHA 74— A F3
Yy P EXFETHTND, SHICK
WFAC Rt O R I A B KK P HEE
BLOKBEZBEI ZTIToTW3,

C. WFFeAsHR




{5 i ¥ RS PTRERE A4 b (R
FEHOTWS) &Iz, FREED
WRIZN—FIfE G5 LTW5, BFEA
Tl fERAWIRE & 72 5 Hp™ @
REEAGEIIIAbAHIATELT
Rk 21483 H 31 BHEE 675 A DIz
2340 Hp™ ~7 u SRl & h
FOHRTHD, 5% Hp™ OREiEs
ERRHENTIBARAEACKEREY
W L. GE R BR o i o 5 oD o/ B A
NEZBETHL FETH S,

D. £%

AVFRHEICHT S, YHEED
Brx 0RBIIMERABOMRETH S
A3, SeAE B LARE 1 i i Ak o ik 512
2T, FICHR S iz Hp™ ok
EOFHEZ2{T-o T FETH S,
TaqMan 7 11— % i\ 7= Hp™ o

BHEHIETAHY T NLZ A APCRIE
IZEEICPRRE ST A A%, HIE SYBR
Green 1 Z4FEE& LY 7L 4 4 A PCR
% W - Hp* HIEEPDNA < A 2
o F v 7R KNAE E 2 O 7= AT
ERRBERPTCHAZ END, Zhb
PO AT LD HEDHERIK
LEREKBRBTOREHEL LTEL
TWVWONFHHL TR FPETH B,

E. K

ER 2141 H L0 Hp*™ oo
@ i AT R O i iR it 5 % PR
b U7, et HE LR Rt O fit 5
ZMZ T, A% ST Hp™ O @2Wrik
DOFMEIT-o T FETH S,

F. fREfaR

2L,
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Molecular Diagnostics and Genetics

TaqMan-Based Real-Time PCR for
Genotyping Common Polymorphisms of
Haptoglobin (HP' and HP")

Mikiko Soejima’ and Yoshiro Koda'”

vackarousy: The haptoglobin gene LHF) has 2 com
e codominant alleles (HPY and FIPP) that account
for & phenotypes HIF s generated by 5 1.7-kb intra-
genlc duplicadon of HP',

serons; We used the teal tine TagMan PCR systein
1o develop an effective method for HP genotyping that
Mlows s 1o evaluate the relative number of copies of
the HF allele-specitic junciional region of the 1.7-kb
gene duplication (HP2) by comparing the intensity of
the amplification signals to those of the HFP promoter
region (HP5"), which was usad as the internal control.
e difference in theeshold cycles (ACH between HF2
and HPS was used 1o assess FIF' copy number, In ad
dition, the assay detects the HP deletion (HP*') atthe
<iime tinie

arsvire The mean 2% values (the HP2/HPS 1a
tio) ebtained from 123 samples of known HP geno
ypes clearly differentiated 2 nonoverlapping intervals
that correspond Lo the HP genotypes. Ratios lor 117/
He sumples rangad from 0.3 0,30, HIPHE s
phes ranged from 0.79-098, and the absence of an
HP allele signal was defined as HP'/HP', We simulta
neously detected HPY The assay prodices results In
<1 h.

coscumsioss: The  TagMan-based  real-ime  PCR
method was successfully applied w HP genatyping
The method is easy 1o use in a molecular diagnosis
Liboratary, and its robustness and rapidity make it suit
abile for high' throughput ualysis of Targe populations.
© 2008 Amerioan Assoctation for Clinical ©hem iy

Haptoglobin (HP)® 1= 4 glycoprotein found in the
plasima of all vertebrates. [t binds hemoglobin to pre
vent both iren loss and kiduey damage during hemo

lvsis. Humuns have a polymorphism in the gene en
coufing the protein because of 2 codominant HP
thaptaglobing alleles, FIP and ITF, that give rise 1o the
5 commion HP phenoypes, HPL, HP2-1, and 11P2
£1, 20, The HI allele appears to have been generated
by a 1.7 kb Intragenic duplication of exons 2and 4 of
the HP allele. The frequencies of the HP* and HF
genotypes vary worldwide depending on tle ethnic
roup, with the HP frequency varying fram abont 0,07
in parts af India to =07 in pans of West Africa and
Sauth America {3,

Because of s polymorphic nistare, HE bias been
used as o genetic marker for identifving parentage and
individuals, and several variant phenatypes have been
reported, one of which, HP Johnson, occurs at low fre-
quency in vatlous populations (2 The molecular
welght of the o chain is larger (23 kDa) than thaten
coded by HP, and Southern bloiting has shown * tan-
dem repeats of the same 1.7 kb DNA segment found in
the B gene duplication (4 Another variant, HP2-1
madified (1TP2- 1M}, which exhibits greater HP1 pro
tein prodnction than HP2 becanse of a mmtation inuone
ol the interleukin: & response elements in the promioter
ol the HI7 allele, nccursat relatively hi gh frequencies in
African populations (5 7. In addition, 7IP*, which
lacks an approximately 28-kb segment of chromaosome
16 that extends from the HP promoter region toexon 3
of the haptoplobin related gene, has been identitied
‘8, 9. This allele has been tound only in East and
Southeast Asian populations (9 13)

Both HP and H1¥ allcles have been associated
with susceptibility 1w diabetic, cardiovascular, in
Mammatory, and amoimmune diseases 12 ). Snuch asso-
clations may be explained by functuonsl differences
between the subtypes in the binding of hemogobin
and its rate of clearance from the plasma. Recent sind
ies have identified profound differences bewween thie
antioxidam and immunomodulaory  properties of
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