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Abstract
Many autoimmune diseases share a genetic association with the presence or absence of HLA-
DQB1*0602, including type I diabetes, multiple sclerosis, and narcolepsy. High resolution HLA
typing to determine the presence of this allele is cumbersome and expensive by currently available
techniques. We present a real-time PCR assay for the identification of HLA-DQB1*0602, using
sequence-specific primers and probes, that provides rapid and sensitive identification of this allele,
involves minimal hands-on time, and provides a major cost savings compared to existing methods.
The assay allows the simultaneous determination of both the presence and the number of copies of
this allele. Since there is no post-PCR handling, the risk of contamination is avoided. We have
validated the assay using 44 blinded and 32 unblinded samples, previously typed by standard
techniques, which were identified with 100% accuracy, sensitivity, and specificity. Further, using
a narcolepsy cohort of 734 subjects, we demonstrated the robustness of the assay to analyze DNA
isolated from buccal swabs, demonstrating the applicability of this assay as an alternative
approach to traditional HLA typing methods.
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Introduction
The human histocompatibility locus antigen (HLA) plays a key role in autoimmune disease
etiology. As one component of the trimolecular complex (MHC-peptide-T cell receptor), the
presence of specific HLA alleles determines the repertoire of peptide epitopes that can be
presented, restricting the specificity of reactive T cells (1–4). HLA-DQB1*0602 is
associated with various autoimmune and other diseases, including narcolepsy (1;5–7),
multiple sclerosis (8;9), systemic lupus erythematosus (10–12), sarcoidosis (13), primary
sclerosing cholangitis (14), and gastric, cervical, and intraepithelial cancers (15–18). HLA-
DQB1*0602 is also strongly associated with dominant protection against type I diabetes
(19).

Traditional molecular methods for HLA typing, such as polymerase chain reaction (PCR)
with sequence-specific oligonucleotide probes (PCR-SSO) (20), require an initial PCR
amplification step, followed by post-PCR hybridization using specific probes. The resultant
typing is generally low resolution. PCR with sequence-specific primers (PCR-SSP) (21) and
sequence-based typing (PCR-SBT) are both able to resolve HLA alleles with high resolution
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(22), but both are labor intensive and time consuming. Further, each of these methods
requires post-PCR handling which introduces the potential for cross-contamination of
samples and reagents.

We previously introduced a real-time PCR assay for rapid HLA-DR4 subtyping (23). The
technique, called QPCR-SSPP (quantitative PCR with sequence-specific primers and
probes), is performed in a sealed PCR plate and does not require any post-PCR
manipulation. In this report we adapt the use of QPCR-SSPP to the rapid typing of HLA-
DQB1*0602, with amplification and detection steps carried out simultaneously in real time.
The assay involves minimal handling steps, is less expensive than other methods, and is
rapid, sensitive, and accurate.

Materials and Methods
Isolation of DNA

Peripheral blood or buccal swabs were obtained from healthy adults and autoimmune
disease patients after obtaining informed consent. Genomic DNA was isolated using the
QIAamp® DNA Blood Mini Kit (Qiagen, Inc.).

Primers and Probes
Primers and probes (shown in Table 1) were designed within exon 2 of the HLA-DQB1
locus, using Primer Express™ v2.0 (Applied Biosystems, Inc.), based on the sequence
alignments of Release 2.21.0 of the IMGT/HLA Sequence Database (updated April 8, 2008;
see http://www.ebi.ac.uk/imgt/hla/align.html) (24). DQB typing was carried out in two
wells. Each well contained one primer pair and two probes labeled either with FAM™ (6-
carboxyfluorescein) or VIC® and modified with a minor groove binder (MGB) and a non-
fluorescent quencher (Applied Biosystems, Inc.). These primer sets and probes distinguish
the major DQB polymorphisms at codons 25–28 and 47–48. In combination, the primers and
probes identify the allele DQB1*0602 and distinguish several additional DQB1 alleles, as
shown in Table 2. The primers and probes were designated as GDQ1 through GDQ8
(Genotyping oligonucleotides for HLA-DQ), as shown in Table 1. Primers and probe for
HLA-DRA (GDR1-3) were used in a third reaction well to control for template quality and
quantity, as previously described (23).

Real-time amplification
Reactions were performed with approximately 30–50 ng of genomic DNA in TaqMan®

Genotyping Master Mix (Applied Biosystems, Inc.) in a final volume of 25 microliters per
well. All primers and probes were used at the final concentrations listed in Table 1.
Reactions were amplified on an ABI PRISM® 7000 Sequence Detection System (Applied
Biosystems, Inc.) as follows: 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of
95°C for 15 sec, 60°C for 1 min. Samples were plated in singlate reactions in three wells.
Well 1 contained control primers and probes GDR 1–3, well 2 contained oligonucleotides
GDQ 1–4, and well 3 contained GDQ 5–8.

Analysis and interpretation
Thresholds (to measure fluorescence during the exponential phase of the PCR) were set at
0.05, except for GDQ3, which was set at 0.1, based on calibration with samples of known
genotype. The cycle during which each sample reached this threshold level of fluorescence
(CT) was determined. Reactions were scored as positive if the CT for GDR3 (DRA) was no
more than 36 and the CT for GDQ probes was within 3 cycles (GDQ3 and GDQ4 ) or 6
cycles (GDQ7 and GDQ8) of the CT of GDR3. All algorithms were combined into a
Microsoft® Office Excel (Microsoft Corp.) spreadsheet for rapid analysis of subtyping
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results based on the amplification patterns detailed in Table 2. DQB1*0602 was identified
and differentiated from all common DQB1*06 alleles, although the rare alleles,
DQB1*0610, *061101, *0613, *0615, *0616, *0620, *0624, *0629 and *0633, were not
resolved. As shown in Table 2, some additional common DQB1*03 alleles (including
DQB1*0302 and *0303, but excluding *0301) and other DQB1*06-non-DQB1*0602 alleles
(e.g. DQB1*0603) were also identified by this assay.

Dose determination
Copy numbers of DQB1*0602, common DQB1*03, and other DQB1*06 alleles were
determined by comparing the CT of GDR3 (DRA) with the CT of GDQ3, GDQ4, GDQ7,
and GDQ8. Samples were scored as having two copies of a GDQ3-positive allele (either
DQB1*0602 and/or *03, as shown in Table 2) if the dCT (CT

GDQ3 - CT
GDR3) was less than

1. Likewise, probes GDQ4, 7, and 8 were scored with two copies of detectable alleles (refer
to Table 2) if the dCT (CT

GDQx - CT
GDR3) was less than 1, 2, or 1.7, respectively.

Results
Validation with blinded samples

To assess the reliability and accuracy of this typing strategy, 76 samples that had been
previously typed using standard techniques (PCR-SSO, PCR-SSP, or PCR-SBT) were
analyzed using the QPCR-SSPP rapid assay. Thirty-two were analyzed without blinding,
and forty-four were blinded. Twenty-three of the seventy-six samples were accurately
identified as positive for DQB1*0602, including six that were correctly identified as
homozygous for this allele. Thirteen DQB1*06 alleles (other than DQB1*0602) were
identified and discriminated from DQB1*0602. This included correct typing of three DNA
samples that were heterozygous for DQB1*0602-DQB1*0603. Twenty-one samples were
correctly typed as positive for DQB1*03. There were three discordancies between previous
reference typing and the results of the QPCR-SSPP assay. Two of the samples had been
reference typed by PCR-SSO as positive for DQB1*0603 but were found by QPCR-SSPP to
be positive, instead, for DQB1*0602; one other sample that had been previously typed as
positive for DQB1*0603 was shown to be negative for any DQB1*06 by QPCR-SSPP. To
resolve these discrepancies, these samples were reanalyzed by sequence-based typing (PCR-
SBT). In all three cases, the QPCR-SSPP typing was concordant with PCR-SBT results.
Neither false positives nor false negatives were observed by QPCR-SSPP.

Determination of allele copy number
QPCR-SSPP can also be used to assess the number of copies of a specific allele, as
described in Gersuk and Nepom (23). This ability to determine copy number relies on one of
the capabilities of real-time PCR, in that the CT (the cycle at which accumulated
fluorescence reaches a set threshold level) is proportional to the amount of starting material,
and further, that a two-fold difference in copy number can be reliably differentiated. We
have chosen the essentially non-polymorphic gene, HLA-DRA, as a reference gene to
measure the amount of genomic DNA present. Since DRA is present in two copies in every
individual, it is possible to compare the CT of other products to that of DRA to assess
whether an individual carries one or two alleles of a particular type, in this case
DQB1*0602, as well as the other alleles detected by this assay.

We tested all four GDQ probes for the ability to distinguish one copy from two copies. As
shown in Figure 1A, the dCT (the CT from each GDQ probe compared to the CT of DRA)
consistently distinguished the copy number, and in conjunction with Table 2, could be used
to assess the dose of DQB1*0602, *03, and other *06 alleles in each sample. Homozygotes
for DQB1*0602 were easily identified and distinguished from samples with only a single
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copy of DQB1*0602 by assessing copy number with probes GDQ3 and GDQ7, since only
DQB1*0602 homozygotes display two dose equivalents with both of these probes (see
Figure 1B). By evaluating copy number, along with the presence or absence of signal from
each probe, several DQB1 genotypes could be distinguished (see Table 2). Further, since a
positive determination of DQB1*0602 requires a positive result for two separate GDQ
probes in two separate reaction wells (GDQ3 and GDQ7), along with the control GDR probe
in a third well, the likelihood of false positives is minimized.

Reproducibility and assay variation
The DQB1*0602 QPCR-SSPP assay uses multiple built-in control elements, including
simultaneous amplification of DRA as a control for quality and quantity and the use of pairs
of single- and multiple-nucleotide polymorphism-detecting probes for subtype
determination. These control elements provide internal checks that make running the
reactions in singlate feasible. In developing the QPCR-SSPP assay, a subset of both blinded
and unblinded samples were tested in replicate, both on the same assay plate and on separate
plates. Identification of HLA subtype was found to be equally accurate with replicates, run
separately or simultaneously, as with singlate reactions (data not shown). The use of singlate
reactions resulted in increased throughput without a loss of accuracy. This high throughput
allowed us to evaluate a large cohort of 734 individuals, including patients diagnosed with
narcolepsy along with unaffected controls, for a study of the prevalence of narcolepsy in
King County, WA (25). Using DNA isolated from buccal swabs, we observed 238 samples
that were positive for DQB1*0602, including 143 samples positive for a single copy of
DQB1*0602, thirty-five that were homozygous for DQB1*0602, plus, twenty-one that were
positive for DQB1*0602 and another *06 allele, and thirty-nine that were positive for
DQB1*0602 and *03.

Discussion
HLA-DQB1*0602 is associated with susceptibility to or protection from several diseases, so
typing for this allele can be an important component of many clinical and research studies.
Yet there is not a reliable, cost-effective method for directed identification. We wished to
evaluate a large narcolepsy cohort of 734 subjects for the presence and copy number of the
closely-associated risk allele, DQB1*0602. Using standard techniques would have been
prohibitive in terms of both effort and cost. For this reason, we set out to develop a targeted
DQB1*0602 assay, based on the previously described QPCR-SSPP TaqMan-based typing
technique (23). The QPCR-SSPP technique can be applied to both targeted allele
identification, as described here, as well as routine high and low resolution HLA typing. It
can be also be used to rapidly determine allele copy number (zygosity). The approach is
sensitive, specific and accurate.

Targeted typing for DQB1*0602 is complex because of the number and distribution of
polymorphisms in the DQB1 locus. However, by using a combination of primers and probes
that differentiate alleles based on these polymorphisms, we designed an assay that is
performed in a total of only three reaction wells—two for the identification of DQB1*0602
and one for quantity and quality control. Thus, identification of DQB1*0602 can be
performed on 32 samples at a time in a typical 96-well format plate. With standard
thermocycler speeds, a run takes approximately 1½ hours, most of which is hands-free. We
have conducted limited testing on a fast-block QPCR platform, which allows 40 minute run
times, and have shown that this assay can be successfully adapted to such a rapid system
(data not shown). Thus, using a 384-well and/or fast-block platform, throughput, time, and
cost savings could all be further enhanced. Most of the effort required by the assay is
automated and easily adaptable to robotic devices. The assay is performed in a sealed plate
and no post-PCR manipulation is required. To simplify analyses, we have created a
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spreadsheet in Microsoft® Excel, containing algorithms that quickly analyze data and
generate typing results automatically (available from the authors on request). Further, the
assay allows for the determination of allele copy numbers, which can be an important
component in evaluating disease risk, since both relative risk and severity can be affected by
the presence and copy number of susceptibility alleles (4;26–29). Using standard HLA
typing techniques, copy number is determined by inference, based on other alleles detected.
In contrast, QPCR-SSPP measures actual copy number directly, providing a simple,
inexpensive option for assessing zygosity.

A small number of recent reports describe the use of real-time PCR for HLA typing (e.g.
(23;30–34)). We have shown here that HLA-DQB1*0602 typing and dose determination can
be accomplished rapidly, accurately, and in a cost-efficient manner. This real-time PCR
assay is especially useful for rapid targeted typing of large sample numbers in both research
and clinical laboratories and further demonstrates the usefulness of real-time PCR
approaches for HLA typing determinations.
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Abbreviations

HLA Human leukocyte antigen

MGB Minor Groove Binder

PCR Polymerase chain reaction

PCR-SBT Polymerase chain reaction with sequence-based typing

PCR-SSO Polymerase chain reaction with sequence specific oligonucleotide probes

PCR-SSP Polymerase chain reaction with sequence specific primers

QPCR-SSPP Quantitative real-time PCR with sequence specific primers and probes

MS Multiple Sclerosis

T1D Type I Diabetes
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Figure 1.
Dose determination of DQB1 alleles. A. The dCT (CT

GDQx - CT
GDR3) for each GDQ probe

was assessed in thirty-two previously typed DNA samples. Each dot represents one DNA
sample identified by the indicated probe. The means of the dCT values for samples
containing one- or two-copies of the identified alleles are indicated, and the differences were
significant for GDQ3, 7, and 8 by a two-tailed, unpaired t test (p<0.0001). ND, there were
no tested samples with two copies of a GDQ4-positive allele. An abbreviated key to the
alleles identified by each probe is indicated in parentheses (see Table 2 for a complete key).
B. DNA samples with a positive signal for probes GDQ3 and GDQ7 are displayed. Each
line connects the dCT results for a single DNA sample for each of these two probes. Samples
homozygous for DQB1*0602 are those that display two copies for both probes.
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Table 1

Oligonucleotide sequences for HLA typing of DQB1*0602.

Oligo Name Description Sequence (5′ to 3′) Final concentration (nM)

DQB1 typing:

GDQ1 DQB forward 132 primer GGGCATGTGCTACTTCACCAA 225

GDQ2 DQB reverse 209 primer GCGTACTCCTCTCGGTTATAGATGT 225

GDQ3 DQB 167 probe 1 FAM-TGCGTCTTGTGACCAG-MGB 50

GDQ4 DQB 167 probe 2 VIC-TGCGTCTTGTAACCAG-MGB 50

GDQ5 DQB forward 155 primer GGACGGAGCGCGTGCGTCTT 225

GDQ6 DQB reverse 294 primer TTCCTTCTGGCTGTTCCAGTACT 225

GDQ7 DQB 245 probe 1 FAM-ACCGCGCGGTACA-MGB 50

GDQ8 DQB 246 probe 2 VIC-CACCGCCCGATAC-MGB 50

DRA control:

GDR1 DRA forward primer AGGCCGAGTTCTATCTGAATCCT 225

GDR2 DRA reverse primer CGCCAGACCGTCTCCTTCT 225

GDR3 DRA probe VIC-CATAAACTCGCCTGATTG-MGB 50
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