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Brief communication

C. Pera Novel associations among HLA-DQA1 and
L. Delfino -DQB1 alleles, revealed by high-resolutionA. Longo
M.P. Pistillo sequence-based typing (SBT)
G.B. Ferrara

Abstract: Althought it is a valuable tool for the identification of HLA
alleles, sequence-based typing (SBT) presents difficulties when used to deter-
mine HLA-DQA1 and -DQB1 alleles. Specifically, some HLA-DQA1 alleles
have a three-base deletion at codon 56 of exon 2 that interferes with the
sequencing read. Moreover, the frequently used primers for HLA-DQB1
may co-amplify the HLA-DQB2 pseudogene. To overcome these problems,
we amplified DQA1 exon 2 using five group-specific polymerase chain reac-
tions (PCRs) which allowed separation of deleted from non-deleted DQA1
alleles. DQB1 exon 2 was amplified using two group-specific amplifications.
To increase typing resolution, we also analyzed DQA1 exons 1, 3 and 4 and
DQB1 exon 3 by PCR using sequence-specific primers (PCR-SSP) or SBT
analysis. Using this method we found some important associations between
DQA1 and DQB1 alleles: DQA1*05011 and DQB1*0201, DQA1*0505 and
DQB1*03011, DQA1*01021 and DQB1*06, DQA1*01022 and DQB1*0502.

HLA-DQA1 and DQB1 molecules are involved in a number of path-

ological conditions, chief of which are susceptibility to autoimmune

diseases, graft rejection and graft vs. host reaction after bone mar-

row transplantation (BMT) (1). As a consequence, it is imperative

to obtain a complete and accurate typing of HLA-DQA1 and HLA-

DQB1 gene polymorphisms. Sequence-based typing (SBT) would

provide the ideal high-resolution approach for this purpose, but the

method is hampered by several technical problems. First, the ab-

sence of a trinucleotide segment at codon 56 of exon 2 in a subset

of 10 DQA1 alleles (deleted alleles), compared to the 10 other alleles

(non-deleted alleles), causes strong interference in the sequence read

(2). Second, the primers commonly used for HLA-DQB1 amplifi-

cation frequently coamplify the HLA-DQB2 pseudogene (3). Third,

typing of each HLA-DQ exon requires a separate amplification,

since HLA-DQ exons are separated by large introns (4) which pre-

clude the amplification of several exons with one primer pair. In an

attempt to improve the SBT of DQA, we amplified exon 2 of DQA1

with five group-specific polymerase chain reaction (PCR) primer

Authors’ affiliations:

C. Pera1,
L. Delfino1,
A. Longo1,
M.P. Pistillo1,
G.B. Ferrara1,2

1National Cancer Institute,
IST, c/o Advanced
Biotechnology Center, ABC,
Genoa, Italy,

2Department of Oncology,
Biology and Genetics,
University of Genoa, Italy

Correspondence to:
G.B. Ferrara
Immunogenetics Laboratory
Advanced Biotechnology

Center
L.go R. Benzi næ 10
16132 Genoa
Italy
Tel: π39 10 5737236
Fax: π39 10 5737237
e-mail:
ferrara/sirio.cba.unige.it



Pera et al : New associations among HLA-DQA1 and -DQB1 alleles

pairs (QA1 to QA5), to separate the deleted alleles from the non-

deleted alleles, and subsequently performed sequencing reactions in

both orientations. This method was tested on 30 Epstein-Barr virus

(EBV) cell lines, 88 samples from the ‘‘Centro Ricerche Immunoema-

tologiche AVIS’’ (Bergamo, Italy) and 32 samples from UCLA (Los

Angeles, CA, USA), that allows the identification of all known 20

HLA-DQA1 alleles, with the exception of the following groups:

DQA1*0101, DQA1*0104 and DQA1*0105 alleles that are dis-

tinguished in exon 1 and 4; DQA1*03011, DQA1*0302 and

DQA1*0303 alleles that require typing of exons 1 and 3;

DQA1*01021 and DQA1*01022, distinguished in exon 3;

DQA1*05012 that differs from DQA1*05011/0502/0503/0505 group

at codon 8 of exon 2, before our 5ø primer; DQA1*0505, previously

reported as DQA1*05013, differing from DQA1*0501 alleles in exon

1 and 3. Typing of these alleles also required analysis of exons 1, 3

and 4 (see Figs. 1 and 2) by one PCR-sequence-specific primer (PCR-

SSP) reaction or one PCR amplification followed by two sequencing

reactions. It is noteworthy that while all 94 DQA1*05 alleles in our

panel were previously typed as DQA1*0501 by PCR-SSP kit (Dynal,

Oslo, Norway), our approach revealed that 65 of these were

DQA1*0505, and that only 29 were true DQA1*0501 (27 of which

were DQA1*05011 positives and two showed the DQA1*05012 al-

lele). The analysis of exon 3, by additional PCR-SSP (Fig. 3) or by

SBT, revealed that out of 44 DQA1*0102 samples, 28 were

DQA1*01021, 17 DQA1*01022 and one DQA1*01021/01022, while

these samples were previously typed as DQA1*0102 by Dynal kit.

Fig. 1. Samples underwent five PCRs: four PCRs were performed the QA2 mix (positive for the DQA1*02,0401,05,06 alleles) gave us the final
with the DQA1*01/02/04/05/06 forward primer and one of the fol- typing for the relative allele; the QA5 mix was performed only to check the
lowing group-specific 3ø primers: DQA1*O1π reverse (QA1 good functionality of the two specific reverse primers (DQA1*0401 rev and
group), DQA1*02/0401/05/06π reverse (QA2 group), DQA1*no04 rev) and to distinguish homozygous (DQA1*04015QA2πQA4)
DQA1*0401π reverse (QA4 group), DQA1*not 04 reverse (QA5 from heterozygous (DQA1*0401/02,05,065QA2πQA4πQA5) individuals.
group). A fifth amplification was performed with the DQA1*03π Exon 1, 3 and 4 SBT primers were selected to completely sequence the HLA-
forward primer and the DQA1*03π reverse primer (QA3 group). DQA1 locus. The PCR cycle profile for each locus (HLA-DQA1 and
The choice of the primers that allow amplification of deleted and not-deleted -DQB1) and exon (exons 1–4) was the same: 30 amplification cycles were
DQA1 alleles is limited to particular regions at the beginning and at the carried out in a GeneAmp 9600 with 10 min at 95æC, followed by 30 cycles
end of exon 2. Primers were designed to be completely matched with the at 96æC for 20 s, 60æC for 30 s and 72æC for 1 min. * HLA-DQA1 PCR
common nucleotide sequences of the exon 2 regions specific to each group. primers, . HLA-DQA1 sequencing primers.
In fact, the QA4 mix (which reveals the DQA1*0401 allele), combined with
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No ambiguous heterozygous combinations of DQA1 alleles were de-

tected in our samples. To improve the SBT of DQB, exon 2 of the

abovementioned samples, previously typed by PCR-SSP (Dynal kits)

and serology, was amplified with two pairs of group-specific

primers, that divide the DQB1 alleles into two groups, designated

as QB1 (DQB1*05/06) and QB2 (DQB1*02/03/04) (Fig. 4). The SBT

approach to HLA-DQB1 exon 2 was combined with either PCR-SSP

subtyping or with the SBT of exon 3 (Fig. 5) in order to distinguish

between DQB1*0201 vs. 0202, DQB1*06011 vs. 06013 and

DQB1*03011 vs. 0309. Our findings showed that all DQB1*0503

allele in our population were DQB1*05031, all DQB1*0601 were

DQB1*06011 and that DQB1*0301 was only DQB1*03011. Further-

more, distinction of DQB1*03011 from DQB1*0309 confirmed the

presence of only the DQB1*03011 in our population. Last generation

SSP kits for DQB1 typing cannot distinguish the DQB1*0302 from

the DQB1*0308 allele. Utilizing the method described here, we con-

firmed the DQB1*0302 positivity of our samples. Finally, the

DQB1*03033 allele was not found in our samples, confirming that

our individuals were DQB1*03032.

Only one heterozygous combination found in our panel, the

DQB1*0301/03025DQB1*0303/0304, was then resolved by a PCR-

SSP. Importantly, our results revealed a strong association between

the DQA1*05011 and DQA1*05012 alleles with the DQB1*0201, in

DRB1*03011-positive samples. In addition, the DQA1*0505 allele

displayed a strong association with the DQB1*03011 allele in

Drw52-positive, especially DRB1*11011, samples. Although the
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Fig. 2. The additional PCR-SSP subtyping of HLA-DQA1 exon 1, matching codons 126–133, and the reverse primer CTR2, matching codons
3 and 4 analysis (alternative to the SBT analysis of these exons). 197–203, amplified a 560-bp product. PCR reactions were performed follow-
The PCR sequence-specific-primers for HLA-DQA1 locus are listed. Our ing Dynal kit procedures. The PCR-SSP mixes gave rise to PCR band rang-
SSP approach was performed as follows: each primer mix contained the ing from 90 to 300 bp, and the internal control, of 560 bp in length, was
specific primers and a pair of positive internal control primers, selected in adopted to obviate misinterpretation of results.
the conservative regions of HLA-DRA1. The forward primer A500,

products was 280 bp. Each PCR reaction included the positive control primer
pair of A500 and CTR2, which gave rise to a 560-bp amplified fragment. The
number of each lane that the primer mix corresponds to is the primer mix of
interest (no. 1 corresponds to primer mix DQA1*01021Fπ3DQA1R and no. 2
corresponds to primer mix DQA1*01022Fπ3DQA1R). Amplified DNA
samples were electrophoresed on 2% agarose gel and visualized by staining
with ethidium bromide. PCR primer combinations and reaction specificities
were as follows: two PCR reactions for these combinations of alleles were per-
formed per sample (lanes 2 and 3 for the first sample; lanes 4 and 5 for the
second sample). A molecular weight marker (100-bp ladder) was loaded in lanes

Fig. 3. Example of additional PCR-SSP subtyping. HLA-DQA1*01021 1 and 6. The first sample was DQA1*01021-positive, and the second was
and -DQA1*01022 subtyping by PCR-SSP. The length of the allele-specific PCR DQA1*01022-positive.

samples studied did not represent a random population, this last as

yet undescribed, association (DQA1*0505/DQB1*03011), was ex-

tremely significant (P-value,0.0001) (Fig. 6) and well characterized

in our population. Furthermore, our typings confirmed the pre-

viously reported (5) strong association between DQA1*0201/

DQB1*0202 in DRB1*0701-positive samples, an association that has

not been evaluated by many typing laboratories (6–9), but that have

277Tissue Antigens 2000: 55: 275–279

been found to be correlated with some important diseases (10). Our

subtyping of DQA1*0102 also proved important, since the

DQA1*01021 in our panel was found in association with

DQB1*06(02, 04, 09), while the DQA1*01022 samples were found in

association with the DQB1*0502 (Fig. 6). Finally, a number of im-

portant results emerged from the DQA1 and DQB1 sequence-based

typing on homozygous cell panel: 1) the cell line 9047 resulted to
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Fig. 4. The generic DQB1-Primer-Forward-Exon 2 (DQB1 PF2) another for the identification of DQB1*02,03 and 04 alleles. The
was combined, alternatively, with the DQB1*05/06-specific re- heterozygous individuals DQB1*group1 and group2 can be easily identi-
verse primer (QB1 group) and with the DQB1*02/03/04-specific fied by the two positive PCRs. PCR and sequencing primers for exon 3
reverse primer (QB2) in two distinct PCR reactions for the same are included with the same cycle profiles described in the legend to
sample, one for the identification of DQB1*05, 06 alleles and Fig. 1 / HLA-DQB1 PCR primers, . HLA-DQB1 sequencing primers..

Fig. 5. Additional PCR-SSP of HLA-DQB1 exon 3, as in the leg- BπD for DQB1*03032. The sequence of this reverse primer was modified
end to Fig. 2. % The forward and the reverse primers were used in four at the 5ø end by adding an ‘‘A’’, instead of a ‘‘C’’ according to the consensus
different primer mixes in order to amplify each allele of the ambiguous sequence, in order to arrange the TM of the primer with the TM of the
heterozygous combination. For example, AπC was used for the DQB1*0304 DQB1*03011 PCR-SSP primer. The final typing results were not affected by
allele amplification , BπC for DQB1*0302, AπD for DQB1*0301 and finally this intentional modification.

Fig. 6. The strong association between some DQA1 and DQB1
alleles in our population. Statistical analysis was performed using a
Fisher’s two-tailed exact probability test for 2¿2 contingency tables, and
introducing a 0.5 Yates’ correction value.
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be DQA1*0201/DQB1*0202 instead of DQB1*0201 as reported in

previous literature (10); and 2) the cell lines 9016, 9038, 9043, 9178,

9200, 9201 and 9202, previously typed as either DQA1*05013 or

DQA1*0501, were all DQA1*0505, in keeping with recent literature

(11). The protocol for HLA-DQA1 and -DQB1 sequence-based typing

described here provides a rapid and reliable method for the molecu-

lar characterization of the 20 HLA-DQA1 and 42 DQB1 variants

thus far described (12). It allowed the high-resolution typing of our

DQA1*05 samples, the majority of which, while previously included

in the DQA1*0501 group, were re-typed as DQA1*0505,. Most im-

portantly, the development of our SBT method allows the identifi-

cation of previously undetected strong locus associations that could

be relevant in correlating a given haplotype with HLA-associated

diseases (13), and in finding potential unrelated donors for bone

marrow registries.
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