
Genotyping of Human Platelet Antigens 1 to 6 and
15 by High-Resolution Amplicon Melting and
Conventional Hybridization Probes

Michael Liew,* Lesa Nelson,* Rebecca Margraf,*
Sheri Mitchell,* Maria Erali,* Rong Mao,*†

Elaine Lyon,*† and Carl Wittwer*†

From the ARUP Institute for Clinical and Experimental

Pathology;* and the Department of Pathology,† University of Utah

School of Medicine, Salt Lake City, Utah

High-resolution melting techniques are a simple and
cost-effective alternative to other closed-tube geno-
typing methods. Here, we genotyped human platelet
antigens (HPAs) 1 to 6 and 15 by high-resolution melt-
ing methods that did not require labeled probes. Con-
ventional melting analysis with hybridization probes
(HybProbes) was also performed at each locus. Hyb-
Probe assays were performed individually, whereas
amplicon melting (HPAs 1 to 5 and 16) and unlabeled
probe (HPA 6) assays were duplexed when possible.
At all loci for each method, both homozygous and
heterozygous genotypes were easily identified. We an-
alyzed 100 blinded clinical samples (33 amniotic
fluid, 12 cultured amniocytes, and 55 blood samples)
for all 7 single-nucleotide polymorphisms (SNPs) by
each method. Genotype assignments could be made
in 99.0% of the SNPs by high-resolution melting and
in 98.7% of the SNPs with HybProbes with an overall
genotype concordance of 98.8%. Errors included
two sample misidentifications and six incorrect
assignments that were all resolved by repeating the
analysis. Advantages of high-resolution melting in-
clude rapid assay development and execution, no
need for modified oligonucleotides, and similar accu-
racy in genotyping compared with other closed-tube
melting methods. (J Mol Diagn 2006, 8:97–104; DOI:
10.2353/jmoldx.2006.050053)

Human platelet antigens (HPAs) can cause illness when
platelets expressing an antigen are introduced into an
individual who does not have that antigen but has circu-
lating antibodies directed against the antigen.1–3 Sixteen
HPA systems have been identified.4 HPA loci are desig-
nated by an integer (1 to 16) followed by either an “a” to
represent the more common allele or a “b” for the less
common allele. The different alleles arise from an amino
acid change brought about by a single-nucleotide poly-
morphism (SNP).5 The most well-known disease exam-

ples are neonatal alloimmune thrombocytopenic purpura
and posttransfusion purpura. The neonatal disorder is
caused by transplacentally acquired maternal platelet
alloantibodies to fetal platelets that carry paternal HPA
antigens. It has a frequency of approximately 1 in 1200
and is caused primarily by HPAs 1 and 5 in Caucasians
and HPAs 3 and 4 in Asians.6–8 In posttransfusion pur-
pura, an individual negative for antigen is transfused with
platelets from another individual who is positive for an
HPA antigen. Antibodies to HPA 1a are the most common
cause,9 and transfusions with platelets negative for HPA
1a are therapeutic in most cases.10,11

HPAs 1, 3, 4, and 6 are found on integrin �IIb�3; HPA
2 is found on the GPIb-IX-V complex; HPA 5 is found on
integrin �2�1; and HPA 15 is found on CD109.5 Pheno-
typing of HPA 1 on platelets by flow cytometry has been
reported.12,13 Several molecular methods are also avail-
able for HPA genotyping.14 Closed-tube fluorescent as-
says include a hybridization probe melting (HybProbe)
assay15 and 5�-nuclease genotyping with a minor groove
binder and a nonfluorescent quencher.16 Although con-
venient, these closed-tube methods require relatively ex-
pensive labeled probes.

Recently developed high-resolution melting methods
for genotyping do not require covalently labeled probes.
The simplest method, small amplicon melting,17 requires
only two polymerase chain reaction (PCR) primers. This
method was used to genotype six of the seven HPA
SNPs. Because of a neighboring benign polymorphism at
the HPA 6 loci, an unlabeled oligonucleotide probe assay
was developed to distinguish HPA 6 genotypes.18 These
methods were compared with genotyping with conven-
tional adjacent hybridization probes.19

Materials and Methods

DNA Samples

All samples were de-identified according to a global
ARUP protocol under Institutional Review Board (protocol
no. 7275). The samples used in this study included blood
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specimens, amniotic fluid, and cultured amniocytes sub-
mitted to either ARUP (Salt Lake City, UT) or the DNA
Diagnostic Laboratory (University of Utah) for routine clin-
ical genotyping. Thirteen samples of DNA extracted from
cultured amniocytes (a training set) were used to develop
the assays. These samples had a final concentration of
25 ng/�l and had been previously genotyped for HPAs 1
and 5 and 15 by allele-specific PCR analysis.20,21 To
validate the assays, 100 DNA samples of unknown HPA
genotype were obtained for a blinded study: 33 were
samples of amniotic fluid, 12 were samples of cultured
amniocytes, and 55 were samples from blood. DNA was
extracted from these specimens with the MagNa Pure
instrument (Roche, Indianapolis, IN) according to the
manufacturer’s instructions. These samples had a final
concentration ranging from 10 to 50 ng/�l.

Primers

Primers for the HybProbe assays were obtained from GTI
Inc. (Waukesha, WI). All other oligonucleotides were ob-
tained from Integrated DNA Technologies (Coralville, IA)
or Qiagen Operon (Alameda, CA).

Artificial Template Synthesis

Certain genotypes for some of the HPA systems are so
rare, it was highly improbable that the genotype would be
encountered in the samples studied. Therefore, artificial
templates were synthesized for HPA 4 b/b and HPA 6.
This was done according to the method described by
Barik.22 Artificial templates were sequenced after
synthesis.

Sequencing

HPA amplicon sequencing was performed in the Se-
quencing Laboratory at ARUP by standard dideoxy ter-
mination. The amplified nucleic acid was sequenced bi-
directionally using dye-terminator chemistry on an ABI
PRISM 377 DNA Sequencer (Applied Biosystems, Foster
City, CA).

PCR of HPAs 1 to 6 and 15 by Adjacent
Hybridization Probes (HybProbes)

PCR of HPAs 1 to 6 and 15 was performed in a LightCy-
cler (Roche) with reagents commonly used in clinical
laboratories. Generally, 10-�l reaction mixtures con-
tained 2 to 4 mmol/L MgCl2, 1� LightCycler FastStart
DNA Master Hybridization Probes master mix, forward
primer, reverse primer, 0.2 �mol/L fluorescein-labeled
probe, and 0.2 �mol/L LC640-labeled probe, 0.01 U/�l
Escherichia coli uracil N-glycosylase (UNG; Roche), and
10 to 50 ng of genomic DNA. Table 1 lists primer and
probe sequences as well as primer concentrations. The
PCR was initiated with a 5-minute hold at room tempera-
ture for contamination control by UNG and a 10-minute
hold at 95°C for activation of the polymerase. Thermal

cycling was performed with a 10-second hold at 95°C, a
10-second hold at 55°C, and a 10-second hold at 72°C
for 40 cycles. The transition rate between all steps was
20°C/second.

After amplification, samples were held at 95°C for 1
minute, followed by 60°C for 1 minute, 50°C for 1 minute,
and 35°C for 1 minute with programmed 20°C/second
transitions. This was followed by melting curve acquisi-
tion at a ramp rate of 0.1°C/second to 95°C with contin-
uous fluorescence acquisition.

PCR of HPAs 1 to 5 and 15 for High-Resolution
Amplicon Melting Analysis

PCR for high-resolution amplicon melting analysis (HPAs
1 to 5 and 15) was also performed on a LightCycler.
Exact concentrations of primers in the master mixes for
each of the reactions varied slightly (Table 2), even
though the cycling parameters for all targets were the
same. In addition, to increase throughput, pairs of targets
were multiplexed together. Constant components of the
10-�l reactions were 5 mmol/L MgCl2, 1� LightCycler
FastStart DNA Master Hybridization Probes master mix,
1� LCGreen PLUS, 0.01 U/�l UNG, and 10 to 50 ng of
genomic DNA. PCR was initiated with a 10-minute hold at
37°C for contamination control by UNG and a 10-minute
hold at 95°C for activation of the polymerase. Rapid
thermal cycling was performed between 94 and 60°C.
The transition rate from 60 to 90°C was 2°C/second and
from 90 to 60°C was 20°C/second. On completion of
thermal cycling, samples were analyzed by melting in the
LightCycler to provide fast verification of amplification.
Samples were rapidly heated to 95°C, then cooled at
20°C/second to 55°C, and held for 20 seconds. This was
followed by melting curve acquisition at a rate of 0.05°C/
second up to 95°C with continuous fluorescence acqui-
sition. To induce heteroduplex formation, samples were
then rapidly cooled to 40°C and were either stored at 4°C
before high-resolution melting analysis or analyzed
immediately.

PCR of HPA 6 for High-Resolution Unlabeled
Probe Melting Analysis

Genotyping of HPA 6 was performed by high-resolution
melting analysis of an unlabeled oligonucleotide probe.18

Amplification was performed in a LightCycler with 10-�l
reactions consisting of 3 mmol/L MgCl2, 1� LightCycler
FastStart DNA Master Hybridization Probes master mix,
1� LCGreen PLUS, 0.01 U/�l UNG, 0.49 �mol/L forward
primer, 0.06 �mol/L reverse primer, 0.5 �mol/L 3�-phos-
phorylated unlabeled oligonucleotide probe (Table 2),
and 10 to 50 ng of genomic DNA. Rapid thermal cycling
was performed with a 1-second hold at 95°C, a 1-second
hold at 68°C, and a 10-second hold at 72°C for 56 cycles.
All transition rates were 20°C/second. On completion of
thermal cycling, these samples were treated the same
way as described for HPAs 1 to 5 and 15.
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High-Resolution Melting Curve Acquisition and
Analysis

The HR-1 (Idaho Technology) is an instrument that mea-
sures high-resolution DNA melting curves from samples
in a single LightCycler capillary. This is achieved by
monitoring the fluorescence change of the fluorescent
DNA intercalating dye, LCGreen Plus, as the sample is
melted. Turnaround time per sample is approximately 1

to 2 minutes, depending on how broad the temperature
range is required to be.

LightCycler capillaries were transferred to the HR-1
instrument and heated at 0.3°C/second. HPA 1/HPA 5
and HPA 2/HPA 15 were analyzed between 63 and 90°C,
and HPA 3/HPA 4 were analyzed between 70 and 95°C
with a turnaround time of approximately 2 minutes/sam-
ple. HPA 6 was analyzed between 65°C and 95°C. High-
resolution melting data were analyzed with the HR-1 soft-

Table 1. List of Primers, Probes, and Concentrations Used in HybProbe Assays

Locus Primer locations and probe sequences* Primer (�mol/L)

HPA 1 tttatgctccaatgtacggggtaaactcttagctattgggaagtggtagggcctgcaggaggtagagagtcgccatagctctgatt-
gctggacttctctttgggctcctgtcttacaggccctgcctctgggctcacctcgctgtgacctgaaggagaatctgctgaaggat-
aactgtgccccagaatc (189)

0.2/0.2

LC RED 640-cctgcctccgggctcac-P
ggacttctctttgggctcctgtcttacagg-FITC

HPA 2 ggctgacctcgctgcctcttggtgccctgcgtggtcttggcgaactccaagagctctacctgaaaggcaatgagctgaagaccc-
tgcccccagggctcctgacgcccacacccaagctggagaagctcagtctggctaacaacaacttgactgagctccccgctgg-
gctcctgaatgggctggagaatctcgacacccttctcctcc (207)

0.2/0.2

tcctgacgcccacacccaa-FITC
LC RED 640-ggagaagctcagtctggctaacaacaacttgactga-P

HPA 3 ctgggcctgaccactcctttgcccccccaggtggactgggggctgcccatccccagcccctcccccattcacccggcccatca-
caagcgggatcgcagacagatcttcctgccagagcccgagcagccctcgaggcttcaggatccagttctcgtagtga (160)

0.2/0.2

tgcccatccccagcccc-FITC
LC RED 640-cccccattcacccggcccatcac-P

HPA 4 aagaatttctccatccaagtgcggcaggtggaggattaccctgtggacatctactacttgatggacctgtcttactccatgaaggatg-
atctgtggagcatccagaacctgggtaccaagctggccacccagatgcgaaagctcaccagtaacctgcggattggcttcggg-
gcatttgtggacaagcctgtgtcaccatacatgtatatctccccacc (218)

0.15/0.5

cccagatgcgaaagctcacca-FITC
LC RED 640-taacctgcggattggcttcgggg-P

HPA 5 atgagtgacctaaagaaagaggaaggaagagtctacctgtttactatcaaagaggtaaaaaaaaaaaaataaactaatagtttaatt-
tgctttagtactggtaatttaacttgcatttggaaagaaaaatttattattattgaatgataatttgcacagatagtatggtttacatttc
(178)

0.05/1.0

ctacctgtttactatcaaagaggtaa-FITC
LC RED 640-aaaaaaaataaactaatagtttaatttgctttagtactgg-P

HPA 6 tgggatcccagtgtgagtgctcagaggaggactatcgcccttcccagcaggacgaatgcagcccccgggagggtcagcccgt-
ctgcagccagcggggcgagtgcctctgtggtcaatgtgtctgccacagcagtgactttggcaagatcacgggcaagtactgcga-
gtgtgacgacttct (180)

0.15/0.5

cagcccccgcgagggtcag-FITC
LC RED 640-gtctgcagccagcggggcgagtgcct-P

HPA 15 attttggcttatttcaaaatgtatcagttcttggttttgtgatgtttatatttattatcttgacttcagttacaggatttaccaagaatttgaagtaac-
tgtacctgattctatcacttcttgggtggctactggttttgtgatctctgaggacctgggtcttggactaacaactactccagt (183)

0.2/0.2

acttcagttccaggatttaccaa-FITC
LC RED 640-aatttgaagtaactgtacctgattctatcacttctt-P

*Primer locations are indicated by underlined sequences. Italicized sequences indicate that these particular primers had TCCT engineered onto the
5� end of oligonucleotide covering these nucleotides. Number in parentheses indicates the length of the amplicon in base pairs. Listed after the
amplicon sequences are the detection probe and then the anchor probe. Nucleotides in bold in the detection probe indicate the locations of the SNPs.

Table 2. List of Primers and Concentrations Used in High-Resolution Melting Assays

Locus Primer locations Primer (�mol/L)

HPA 1* ctcctgtcttacaggccctgcctctgggctcacctcgctgtg (42)† 0.2/0.2
HPA 5 gaaggaagagtctacctgtttactatcaaagaggtaaaaaaaaaaaaataaactaatagtttaatttgc (69) 0.5/0.5
HPA 2 tcctgcccccagggctcctgacgcccacacccaagctggagaagctcagga (51) 0.15/0.15
HPA 15 tatatttattatcttgacttcagttacaggatttaccaagaatttgaag (49) 0.25/0.25
HPA 3 Gcctgaccactcctttgcccccccaggtggactgggggctgcccatccccagcccctcccccattcacccggcccatcaca-

agcgggatcgcagacagatcttcc(105)
0.5/0.25

HPA 4 taccaagctggccacccagatgcgaaagctcaccagtaacctgcggattg (50) 0.25/0.25
HPA 6 tgggatcccagtgtgagtgctcagaggaggactatcgcccttcccagcaggacgaatgcagcccccgggagggtcagccc-

gtctgcagccagcggggcgagtgcctctgtggtcaatgtgtctgccacagcagtgactttggcaagatcacgggcaagtactg-
cgagtgtgacgacttct (180)

0.49/0.06

ctgcagacgggctgaccctcacgggggctgc-P‡ 0.5

*The duplex reactions were as follows: HPAs 1 and 5; HPAs 2 and 15; HPAs 3 and 4.
†Locations of primers are indicated by underlined sequence. Bold nucleotides are SNPs. Numbers in parentheses indicate the length of the

amplicon in base pairs. Italicized sequences indicate that these particular primers had TCCT engineered onto the 5’ end of oligonucleotide covering
these nucleotides.

‡Unlabeled probe is 3� phosphorylated to prevent extension during PCR.
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ware. All curves were plotted using Microsoft Excel after
export of the data.

Genotyping

Genotyping for the HybProbe assay was based on the
melting temperature (Tm) calculated from the derivative
melting temperature plots of the LightCycler data. An a/a
homozygous sample has a single peak of a certain Tm, a
b/b homozygous sample has a single peak of a different
Tm, and an a/b heterozygous sample has both peaks.

Genotyping by amplicon melting was based on nor-
malized melting curves17,23 compared against control
samples. For amplicon melting of HPAs 1 to 5 and 15,
homozygous samples were identified by a single transi-
tion, with a/a and b/b melting curves separated by about
0.3 to 1°C. Heterozygous samples showed broad and/or
additional transitions at low temperatures. In addition,
fluorescence difference plots were also analyzed, high-
lighting differences between homozygous and heterozy-
gous samples. HPA 6 data were analyzed by examining
the derivative melting curves of the HR-1 data and cor-
relating alleles with Tm, similar to HybProbe analysis.
Homozygous samples were detected by the presence of

a single derivative melting peak, and heterozygous sam-
ples were detected by the presence of two derivative
melting peaks.

Results

HybProbe Assays

Example data of HybProbe analysis of HPAs 1 to 5 and
15 are shown in Figure 1. Homozygous samples have
clearly defined single peaks, and heterozygous samples
contain both peaks. HPA 6 was more complicated to
genotype because of a 1545G�A polymorphism adja-
cent to the 1544G�A SNP.24 Therefore, instead of two
possible homozygous genotypes, there are six (Figure 2).
At 1544, the possible nucleotides are G and A; whereas
at 1545, the possible nucleotides are G, A, and rarely, C.
In the rest of this study, when we refer to these genotypes
at these two nucleotides, we will use two letters, eg,
1544A and 1545A is simply AA. The genotype order from
lowest to highest probe Tm was: AA, AG, GG � GA, AC,
and GC.

Figure 1. Melting curves of HPAs 1 to 5 and 15 from HybProbe assays performed on the LightCycler. Each HPA locus (1 to 5 and 15) is displayed on separate
graphs (A–F). The genotype of each curve is indicated with arrows. The thin gray line without an arrow on each graph represents the no template control
for each reaction.
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High-Resolution Melting Assays

As predicted by nearest neighbor stability calcula-
tions,25–31 the melting temperature differences between
homozygotes at the same SNP locus varied from 0.4 to
1.3°C. HPAs 1 and 5, HPAs 2 and 15, and HPAs 3 and 4
were run as duplex assays. For each duplex assay, the
two amplicons were well separated as judged by deriv-
ative melting curves of the high-resolution data (Figure 3).
The degree of separation was 3 to 6°C. Even though the
efficiency of amplification (and hence the height of the
derivative melting curves) often differed between ampli-
cons, this did not interfere with genotyping. When looking
at the normalized data for each amplicon, all genotypes
were well separated with high-resolution analysis (Figure
4). Homozygous a/a and b/b samples were separated by
0.3 to 1°C. Heterozygous samples could be distin-
guished by the presence of heteroduplexes indicated by

an inflection at a lower temperature in the normalized
data compared with the homoduplexes. The melting
curves of the three genotypes at all of the HPA loci tested
were well discriminated, although HPA 3 heterozygotes
had curves very close to HPA 3 a/a. However, these
curves were still easily distinguishable when fluores-
cence difference plots were used (data not shown).

Genotyping of HPA 6 with unlabeled probes used de-
rivative melting curves of the HR-1 data without normal-
ization (Figure 5).18 Similar to the HybProbe assay, the six
potentially different homozygotes were resolved using
unlabeled probe melting analysis (Figure 5A). HPA 6 b/b
genotypes had lower Tms compared with HPA 6 a/a
genotypes. The order of homozygote Tms (low to high)
were: AG, AC � AA, GA � GC, and GG. All heterozygous
genotypes are also resolved with this assay, and exam-
ples of two of the most difficult are shown in Figure 5B.

Validation Studies

One sample of DNA from amniotic fluid (out of 100 total
samples) did not amplify in any assay. Two of the remain-
ing samples (one amniotic fluid and one blood) did not
amplify in the HybProbe assay for HPA 5. There was
100% concordance between the HybProbe assay and
the high-resolution melting assays for HPA 2, 3, 4, and 6.
For HPA 1 and HPA 5 there was 99% (98 of 99 and 96 of
97, respectively) concordance, and for HPA 15 there was
93% (92 of 99) concordance. After repeating the discrep-
ant samples by high-resolution melting, the discrepant
samples were found to be 100% concordant with the
results of the HybProbe assay. The distribution of geno-
types is listed in Table 3.

The discrepancies were explained as follows. The dis-
crepant sample for HPA 1 was due to sample misidenti-
fication. The discrepant sample for HPA 5 was a weak a/b
sample that was identified as a/a. The subsequent repeat
was genotyped as a/b. One of the discrepant samples for
HPA 15 was the same sample that was misidentified for
HPA 1. The remaining six samples that were discrepant
for HPA 15 (five amniotic fluid and one blood) occurred
because of insufficient amplification and primer dimer
interference in the duplex assay. When the samples were
repeated as singleplex assays, results were 100% con-
cordant with the HybProbe assay.

Discussion

Two robust, closed-tube genotyping methods based on
melting analysis for HPAs 1 to 6 and 15 were evaluated in
this report. They can be applied to DNA from whole
blood, amniotic fluid, and cultured amniocytes. The Hyb-
Probe method has previously been reported on some of
the HPA loci.15 High-resolution melting curve analysis of
small amplicons and unlabeled probes are new tech-
niques that have only been applied to a few SNPs.17,18

Compared with other methods for genotyping HPA,
closed-tube assays limit the possibility of contamination
because there is no postamplification manipulation and
the results are read directly from the tube.

Figure 2. HPA 6 melting curves from the HybProbe assay performed on the
LightCycler. There are six melting curves shown, each representing a ho-
mozygous genotype at HPA 6 (nucleotide 1544) and the adjacent 3� nucle-
otide (nucleotide 1545). The genotype of each curve is labeled with an
arrow. The thin gray line without an arrow on each graph represents the
no template control for each reaction. The first letter is the nucleotide at
position 1544; the second letter is the nucleotide at position 1545.

Figure 3. Derivative curves of high-resolution melting data from an HPA 1
and 5 duplex assay. Three samples are shown, which represent the six
possible genotypes. Each genotype is labeled with an arrow. Sample 1 (thin
black line) is HPA 5 b/b and HPA 1 a/b, sample 2 (thick gray line) is HPA
5 a/b and HPA 1 a/a, and sample 3 (thick black line) is HPA 5 a/a and HPA
1 b/b.
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The design of high-resolution melting assays is very
simple compared with HybProbe assays. To assay the
seven HPA loci in this study, 15 oligonucleotides were
required for high-resolution melting compared with 28
oligonucleotides with HybProbes. Furthermore, one-half
of the oligonucleotides in the HybProbe assay were la-
beled with fluorescent dyes, whereas only unlabeled oli-
gonucleotides were required for the high-resolution melt-
ing assays. However, high-resolution melting methods
required a special dye (LCGreen PLUS) and instrument
(HR-1). Although commercially available, these products
are not as widely known or available as real-time PCR
instruments.

The accuracy of high-resolution melting was the same
as the HybProbe method for HPAs 2, 3, 4, and 6. Al-
though some discrepant genotypes initially occurred for
HPAs 1, 5, and 15, repeated analysis resolved these
discrepancies, which were caused by sample misidenti-
fication and difficulty duplexing one of the assays. All
analytical errors correlated with insufficient amplification,
particularly with DNA extracted from amniotic fluid. DNA
was not quantified routinely, and robust amplification
could be ensured by using a known quantity of high-

quality DNA. If it was not possible to ensure the quantity
and quality of DNA, genotyping SNPs as single reactions
was more robust than multiplexing.

Melting curves were analyzed largely by custom soft-
ware with normalized, temperature-shifted curves. In ad-
dition, HPA 3 was analyzed as fluorescence difference
plots to help with the genotyping. Fluorescence differ-
ence plots have been described previously by Graham et
al.32 In short, fluorescence difference plots display the
difference in fluorescence between the melting curve of a
standard versus an unknown sample, highlighting small
differences in melting curve shape and Tm. In the case of
HPA 3, melting curves of a/a samples were very close in
shape and position to a/b samples, and fluorescence
difference plots helped to further separate the two differ-
ent genotypes.

High-resolution melting data are affected by the salt
concentration,23 and care is required to use the same
batch of reagents during DNA purification of samples
and controls. Alternatively, controls can be purified at the
same time as unknown samples. Another option is to
multiplex the assays, providing an integrated internal
control. If the salt concentration changes between sam-

Figure 4. Normalized curves of high-resolution melting data from HPAs 1 to 5 and 15. Each HPA locus (1 to 5 and 15) is represented by one graph (A–F). Three
samples are shown on each graph, which represent the three possible genotypes: a/a (thick black line), a/b (thin gray line), and b/b (thick gray line). Each
genotype is labeled with an arrow.
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ples, then identical shifts should occur in both amplicons.
To the best of our knowledge, this is the first time that
solution genotyping by amplicon melting has been
multiplexed.

The unlabeled probe assay was designed to unambig-
uously genotype HPA 6, regardless of the immediately
adjacent polymorphism at 1545.33,34 The polymorphism
at position 1545 has allele frequencies of 63% (G), 37%
(A), and �1% (C).24 Of 99 samples, we identified 43 as
1545G, 8 as 1545A, and 48 as G/A heterozygous (data
not shown). The unlabeled probe used for the HPA 6
genotyping assay does not differentiate 1545A from
1545C, so it is not possible to determine whether any
samples included the rare 1545C polymorphism.

Diagnosis is paramount in treating alloimmune ill-
nesses related to the HPA system. Simple melting assays
provide a rapid method for determining HPA genotype.
They are accurate, closed-tube methods that can be
performed as the need arises. HPA genotyping provides
a good example of molecular based assays that can
provide an immediate clinical diagnosis for tailored
treatment.
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