Real-Time PCR for HP Typing

the HPI and HP2 polypeptides (14). There are also
corresponding reports of negarive associations with
disease (2). Thus, development of a simple, high-
throughput HI' genotyping method is needed to fucil-
itate these association studies,

Several methods for phenotyping HP1 and HF2
have been described. High-pressure gel-permeation
chromatography and gel electrophoresis methods rely
on differences in the molecular sizes of HF1, HP2-1,
and HP2 for typing (14, 15). More recently, a single
chain antibody-based ELISA test was also established
(16). In addition, several HP-genotyping methods
based on conventional PCR have been developed;
however, these PCR-based methods need 1o amplify a
relatively large DNA fragment to detect the 1.7 kb du
plicated regions, are time-consuming, and require la-
borious post-PCR processing steps (&, 17, 18). On the
other hand, real-time PCR is a high- throughput, rapid,
and sensitive method. It also eliminates post-PCR pro-
cessing of PCR products, reducing the chances of car
ryover contamination. TagMan assays {Applied Bio
systems) use both amplification with gene-specific
primers and fluorescence detection of target-specific
probes. This method allows evaluation of RNA pro
duction or DNA genotyping of not only single-nucle-
otide polymaorphisms but also gene dosage (19-21 ).

We recently developed a TagMan-based real-time
PCR method that allows differentiation of HP and
HP*™ alleles by detecting the junctional region of the
gene deletion and the promoter region of a gene that is
deleted in HI"™ (22). To detect the juncrional region of
the 1.7-kb intragenic duplication of HP, we added the
HP2 probe and primers in the TaqgMan-based real-
time PCR method mentioned abave. This new method
allows differentiation of HI*¥ and HI* allcles by evalu-
ation of the relative numibers of copies at the junctional
region of the 1.7-kb intragenic duplication in HI* via
comparison with the intensiry of the amplification sig-
nals from an internal control (the promoter region of
this gene).

Materials and Methods

The ethics conunittee of Kurume University School of
Medicine approved this study. We used genomic DNA
from 123 randomly selected Ghanaians from Accra and
7 lapanese individuals whose HP phenotypes and ge-
notypes had previously been examined (10 ).

We performed real-time PCR to detect 3 regions:
() the region encompassing the breakpoint of the
partial gene duplication in intron 4 of the [IP” allele
(HP2), (b) the 5' region of HF exon 1 as an internal
conftrol to compare the intensity of the amplification
signals (HP'5'), and (c) the region encompassing the
ITP*'breakpoint (HP*') to detect the 117 allele at the
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Fig. 1. Structures of the HP' and HP® alleles and
relative positions of the HP2 and HP5' probes.

same time. The 20-pL PCR reaction contained 6.1 pg
to 100 ng genomic DNA, 10 ul of Premix Ex Tag™
(Perfect Real Time) {Takara Bic), and the following
primers and TagMan probes at the indicated concen
trations: HP2-F and R primers (300 nmol/L), HP2
probe (83 nmol/L) for the detection of IIFF, HP5'-F
and -R primers (150 nmol/L), HP3' probe (42 nmol/L)
for the detection of the HP 5' region, HP*'-F and -R
primers (300 nmol/L}, and HP* probe (83 nmol/L)
for the detection of HP™', The PCR temperature profile
was 95 °C for 30 s followed by 40 cycles of denaturation
at 95 °C for 5 s and annealing and extension at 60 *C
for 30 s. The positions and sequences of the HP2-F
and -R primers and the HP2 probe are as follows
(GenBank no. M10935): HP2-F (5'-GGAGCTGCT
CTGCACATCAA-3', the reverse of the sequence of
base pairs 4547-4566); HP2-R (53'-CCCTTTCAATGA
ATTTCAGGGA-3', from base pairs 4448—
4469); and HP2 probe (3'-CAL Fluor Orange 560-
ACCCCCGAATAGAAGCTCGCGAACTGTA-BHQ1-3,
the reverse of the sequence of base pairs 4511-4537). The
positions and sequences of the HP5'-F and -R primers,
the HP5' probe, the HP*.F and -R primers, and the
HP* probe have previously been described (22 1, All oli-
ponucleotides were synthesized by Biosearch Technolo-
gies. The relative positions of the HV'2 and HPS' probesin
the HPY and HP* alleles are shown in Fig, 1. To increase
the flucrescence signals, we carried out the PCR and signal
detection in Sorenson uliraAmp PCR semiskiried 96-well
white plates {Nippon Genetics). To monitor the prog-
ress of amplification, we messured the fluorescence ul the
end of each cycle with an Mx3000P svstem (Stratagene)
equipped with excitation/emission filters of 492/516 nm
(FAM), 535/535 nm (CAL Fluor Orange 560), and
585/610 nm (CAL Fluor Red 610). Data were collected
and analyzed with MxPro™ software (version 4.00;
Stratagene).

The change in threshold cycle (ACt) of each sam
ple was calculated as the Ct value of HPS' (control)
minus the Ct value of HP2 {target). The AACt of each
sample was obtained by subtracting the ACt value of
the sample from the ACt value of the reference, The
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Fig. 2. Real-time amplification plots for HP2, HPS’, and HP*™ with genomic DNA targets of various genotypes:
HPIHP' (A), HPYIHP' (B), HPYIHP® (C), HPYIHP™! (D), HPSIHP*! (), and HP*IHP*' ().
Red, blue, and green curves represent HP2, HPS', and HP®®, respectively. dR, baseline-corrected raw flucrescence.
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ACt reference value was obtained with 5 ng genomic
DNA from an HP/HF individual, The HP2/HPS
ratic of each sample was calculated as 2~ 335 vempic

Results

THIPLEX PR POR 1P, 1IPS, AND 1P

T'he region chosest as the target sequence is located in
the intronic sequence 3 of the junction region of the
gene duplication of the HF* allele (intron 4: Fig. 1). The
HapMap and NCBI databases have not reported any
single-nucleotide polymorphisma within this region
Although we could have used any of several genomic
regions as an internal control for relative quantification
ofthe H-specific copy number, we selected the HP 5°
region as an internal control for 2 reasons: (a) We pre-
viously used the [IP 5 region to distinguish the /17"’
allele (22 ), and (b) we might miscategorize individuals
with HP™, particularly HPPIHP™ {udividuals as 117/
HP', if we selected another region as the internal con
trol, Thus, we used triplex PCR to detect the relative
numbers of copies of the HI” allele and the HI allele
by adding the HP2-F primer, HP2-R primer, and HP2
probe in the previously described TaqMan based
method, although the duplex PCR (using the HPS' and
HP2 prabes) scems to be adequate for HP genotyping
in many populations other than those of East and
Southeast Asia. In this assay system, we observed am
plification of the HP 5" region (CAL Fluor Red 610
signal) without mnplitication of the HP allele-specific
region (CAL Fluor Orange 360 signal) or the [TP*" a]
lele—specific region (FAM signal) in the HP//HP' DNA
sample { Fig. 24}, whereas we observed amplificanon ol
the HP" allele-specific region and the HP 5' region
without amplification of the I[P allele-specific re
gion in the HI*/HP' and HIP/HIP DNA samples ( Fig,
2, B and C). We observed amplification ot the HP 5’
region and the HF*' allele-specific region without am
plification of the [ TP allele-specific region in the [1F'/
HM DNA sample (Fig. 2D) and obtained all 3 signals
in the HP(HP™ DNA sample (Fig. 2E). Only the FAM
signal was detected in the IIP*/LIIP DNA samples
(Fig. 2F).

UK EFFICIENCIES FOR HI'T AND M

To determine the common HP genotypes, we then per-
formed quantirative real-time PCR assays with Tag-
Man probes to evaluate the relative numbers of copies
ofthe 1P specific sequence. We evaluated the effect of
DINA quantity on PCR efficiency in a dilution series of
genomic DNA (100, 25, 6.25, 1.56, 0.39, 0,098, 0,024,
und 0.006 1 ng/reaction) trom HP/HP or HFFIHP in-
dividuals. The calculated efficiency rates of the PCR for
the HI*-specific sequence were 108.9% and 102.3%
tor templates from JIP/1IPY and HTE/1TF individuals,
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Fig. 3. HPZ and HPS' calibration curves calculated
from Ct data for 6.1 pg to 100 ng DNA template from
HPIHP® and HPYHP Individuals.

Red and blue lines represent calculations for means of 6
data points for HPS' (CAL Fluor Red 610) and HP2 (CAL
Fluor Orange 560), respectively. Eff, efficiency; dR, base-
line-corrected raw fluorescence.

respectively, and those for HPS® were 107.0% and
102.2% for templates from HP'/HP' and HIP/HP in-
dividuals, respectively (Fig. 3). Because the efficiencies
for both regions were very similar, the estimates of rel-
ative copy number obtained with these 2 Ci values were
considered valid. In addition, the PCR reaction re

quired -<1 h. Thus, this method permits evaluation for
both the common HY' genotypes and the HI™ allele.
This triplex PCR system is particularly suitable for East
and South Asian populations, where the [P is
observed.

VALIATION OF THE ASSAY
To determine the quantity of genomic DNA necessary
to obfain correct resulrs, we calculated rthe results ob-
tained with serially diluted samples of genomic DNA
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Table 1. HP genotyping of 123 Ghanaian samples with a TagMan assay.
No. of HPL/HPS ratio
HP genatype Irvehiviehiaads Plate ro. in sach asay® Range Totsl mean HP2AHPS' ranis
HE e il 1 o 00 o (o
1 o 00
i o o0
14 4 o 00
5 o o0
] 0 -0
HP P 3 1 0.4 (008 035053 0.44 (0.038, 034050
2 0.48 (0.03) 03053
3 043 (0.03) 030-0.48
n 4 047 (0.03) 0.8-056
5 045 (0.03) 030-032
6 0.43 (0.03) an-0s2
HP P 15 1 087 0.on 074099 0.88 (0.071), 0.79-0.98"
2 088 (0 10) 068110
3 092 (0.06) 0.|m-1.10
16 4 089 (0.05) on-097
3 080 (0.05) 0.80-099
6 082 (006 071054
* Data are preenied = the mean ()
" The sange of HPS® 8 values was 766 -793 no HPZ €1 valwes were obtusned
"Pata s prevenied a5 the mean (5, 1ange. Range dats av ihe mean of 1 idepraden| egenmenis.

from HF[HF or HFPJHP' individnals as PCR tem
plates. Table 1 in the Data Supplement that accompa
iies the online version of this article at hitp:/fwww.
clinchemorg/contentvol5dfissuel | presents  mean
(SD} Ct valnes for 0.0061-100 ng (2-33 000 copies of
the control region) of genomic DNA from HFHP?
and HPYIHP' samples (n = 6). The ranges of ACI
values (the HPS' (1 value minus the HP2 Ct value)
were - 0.79to0 - 091 for HP/HP and -~ 1 8510 - 207
for HP|[HP'. As expected, the variances of Ci values
are higher with lower amounts of genomic DNA
(00061 and 0024 ng ie, 2-8 copies); however,
mean ACt values did not differ appreciably at ge
nomic DNA amounts >0.0061 ng. We observed no
significant differences in Ct values between samples of
the saime genotype at genomic DNA amounts be
tween (1. 1-100 ng. Thus, the quantity of template DNA
wis not critical in this method. To obain reference
ACt values, we performed real-time PCR with 5 ng
genomic DNA from an HPY/HP individual and ob
tained reference ACt vahies of -0.73 1o -0.86 {data
not shown)

We then examined 123 DNA samples from Gha
naians whose HP phenotypes and genotypes had pre-
viously been determined (10 ). HPS' Ct values ranged
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from 26.6-29.3, and we obtained no HP2 Ct values for
the 35 HP'JHP' individuals (1 = 105), This absence of
an HIY signal was defined as indicating i HIHP!
genotype. Mean (SD) ACt values for 57 HPJHP indi
viduals were —1.99(0.11) (range, — 16410 =2.5%in
171), and those for 31 HFPHP individuals were —1.00
{1111} (rnge, —0.62 10 —1.2% n = 93} (data not shown).
We then calculated the HP2/HP 5 ratio with the AACt
value of each sample. Table 1 shows the average of
6 independent assays (3 independent assays of each
sample). Tn each assay, the quantitative results ob
tained with the present real time PCR assay were con
cordant with those obtained with previous phenotype
and genotype assays. We observed no overlap between
the ranges of valnes that corresponded to the HPY HP
and HPYHP' genotypes. The mean (SD) HP2/HPS'
rados were 0.44 (0.036) for 57 HP/HP' individuals
and 0.88 (0.071) for 31 HF'IHF individuals

Although we have examined only a single individ-
ual for each of the HF*" genotypes (ie., HP'/HP™,
HP'/HP™ and HPY/HIP™), the results of 12 replicate
assays were identical. suggesting that our application of
the present wethod to genotyping of the commeon HP
alleles and to detecting HP* was successful
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Discussion

We have developed an elfe tive iethad for genotyping
common 1P palymorphisms with the real time Tag
Man PCR system; however, the main lirnitation of this
method, compared with Southern blutting phenotyp

The frequency ol the HP Johnson allele is very low
in many popolitions (3 ). whereas ncidence ol
HP2 1M can be as high as 10% (In Atricans), which is
ible (6. 7 ). In fact, we have 15 samples from
luals with the HP2 1M phenotype but without
HF Johnson in the sample of 123 Ghanaians. Becanse
the present method calculated only the copy number of
the HP' specific sequence relative to that of the fnter
nal control sequence, we identified HP2 IM as I/
HP in the present real time PCR method. In addition,
we puay score an HP Johnson allele as HFTHIE, Over
coming this miscategorization seems w be difficult
with the present assay system. On the other hand, ir

4

destgn can be customized inaccordance with the mmor
alleles present ina particular populiation. Our methed
may be useful for rapid and high-throughpur gencyp
ing ot common HEP alleles for association stdies.
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