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by the PCR-SSP technique

Abstract There is preliminary evi-
dence that matching for HLA-DQ
is important for kidney graft
survival. We developed a method
for HLA-DQA typing based on the
PCR-SSP principle. The procedure
consisted of three steps: DNA
isolation, PCR amplification and
visualization of the PCR product
under UV light. For the identifica-
tion of all currently known DQA 1
alleles, we designed 18 different
primers that allowed typing for the
specificities DQA 1*0101, *1012,
*0103, *0104, *0201, *03, *0401,
*0501 and DQA1*0601. For the
typing of a single individual, 12

PCR mixes were needed, each
containing a primer pair specific
for a certain allele group, and a
pair of control primers that ampli-
fied a non-polymorphic region. The
time required for this procedure
was approximately 3 h from the
time of blood collection. Com-
parison of this method with DQA
typing by the RFLP method in 151
individuals revealed only a single
discrepancy. The method can be
easily applied for prospective
cadaver donor typing.
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Infroduction

The HLA class IT region has a high degree of allelic
polymorphism {5]. Typing and matching for HLA-DR
has been shown to be important for kidney graft survival
[8]. There is recent preliminary evidence that matching for
HLA-DQ may also be important, although this work is
limited to an analysis of matching for the DQ beta chain
[9]. The influence of DQA matching in kidney transplan-
tation is not known. As the DQ alpha chain is also
polymorphic and its structure is exposed in a similar
manner to the DQ beta chain, it may be reasonably
assumed that matching for DQA might be relevant for
transplantation. In this paper we describe a method for
HLA-DQA typing that can be completed within 3 h from
blood collection and, therefore, is suitable for prospective
donor typing and matching studies.

Materials and methods
DNA isolation

For DNA isolation, we modified the salting out method and
combined it with the method described by Graham [2, 6]. With this
protocol it was possible to obtain high quality DNA within 40 min of
blood collection. We transferred 10 ml EDTA blood to a 50-ml tube
and 40 ml cold lysis buffer 1 (0.3 M sucrose, 10 mM Tris-HCl, pH
7.5, 5 mM MgCl, 1% Triton x-100) was added and mixed. The tube
was centrifuged at 4°C for 5min at 2400 g, the supernatant was
carefully poured off and the pellet was resuspensed in 4.5 ml lysis
buffer 2 (0.075 M NaCl, 0.024 M Na-EDTA), 125 ul 10% SDS and
1.1 ml 5 M sodiumperchlorate. After resuspending, the solution was
agitated vigorously for 10 s at room temperature, 2ml 6 M NaCl
was added, the tube was shaken for another 15 s and centrifuged for
5 min at 1500 g. The supernatant was carefully poured into a 50-ml
tube (avoiding the pellet), 7 ml of absolute isopropanol was added
and the tube was capped and mixed gently. The precipitated DNA
was removed with a s=- * Pasteur pipette and excess isopropanol
was squeezed out was washed twice in 3 ml 70 % ethanol
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Table 1 Sequences of oligonucleotide

primers used for PCR-SSP DQA typing Oligonucleotide Sequence (5'-3') Length Tm
TM melting temperature of the oligonu- ' P

f:leo tide) g p g 5’ Primers
S’A01 CAT GAA TTT GAT GGA GAT GAG G 22mer 62°C
5'A01.23 CAT GAA TTT GAT GGA GAT GAG C 22mer 62°C
5'01.4 CCT TGT GGA GGT GAA GG 17mer 56°C
5'A01-6 CTT GTG GAG GTG AAG A 16mer 50°C
S'A03 TGC GGA ACA GAG GCA ACT G 19mer 604
5'A04 ACG GTC CCT CTG GCC AGT A 19mer 62°C
5'A05 CTG GGT CAG CCC AAC AT 17mer 54<C
5'A06 ACG GTC CCT CTG GCC AGT T 19mer 62°C
3' Primers
JA01 ATG ATG TTC AAG TTG TGT TTT GC 23mer 62°C
3’A01.S GTT CAA GTT GTG TTT TGC 18mer 50°C
IA02 AGG ATG TTC AAG TTA TGT TTT AG 23mer 60°C
3'A03 TGC GGA ACA GAG GCA ACT G 19mer 60°C
3'A04/6 GTT CAA GTT GTG TTT TGT 18mer 48°C
3’A05.1 AAG AGG CTT GTC CAG G 16mer 50°C
3'A05.2 GAA GAG GCT TGT CCA GT 17mer 52°C
3'A01-6 AGT GGT TGG GGC TCT GGT TT 20mer 62°C
Control primers
C5 TGC CAA GTG GAG CAC CCA C 19mer 60°C
Cs GCA TCT TGC TCT GTG CAG AT 20mer 60°C

Table 2 Composition of the mixes used i . . . .

the PCR-SSPpDQA typing assay, frag- T Mix 5’ Primer 3'Primer PCR Amplified

ment sizes of the amplified products, and fyagment alleles N

alleles amplified by each mix size (bp) (DQA1¥)
1.1 S'A01 A0 149 0101, 0104
1.3 5'A01.23 3'A01S 144 0102, 0103
1.4 5'A04 IA01S 167 0101, 0102, 0104
1.5 5'A06 3’A01S 167 0103
1.6 5'A01.4 3IA01-6 192 0104
AE4 5'A01-6 3A01-6 19 all except 0104
21 5'A06 3A02 172 0201
3B 5A03 3'A03 108 03
41 S'A04 IA04/6 144 0401
53 5'A05 3'A05.1 228 0501
5.4 5A05 3'A05.2 229 0501
6.1 5'A06 3’A04/6 144 0601

and redissolved in 100~ 300 pl TE buffer (10 mM Tris-HCI, pH 7.5,
1 mM Na-EDTA, pH 8.0) by incubation for 10—20 min at 55°C.
The DNA concentration was measured in an UV spectrophotometer
and the DNA concentration was adjusted to 0.5-1.0 pg/ul. This
procedure yielded approximately 50—500 pg DNA, sufficient for
performing several PCR.

PCR reaction
Primer mixes
For HLA-DQA1 typing of a single individual, 13 reactions using 13
different primer mixes were performed. Twelve mixes were needed

for assigning the specificities DQA 1*0101, *1012, *0103, *0104,
*0201, *03, *0401, *0501 and DQA 1*0601, and one mix was used as

a negative contamination control. The sequences of the primers,
their lengths and their melting temperatures are listed in Table 1. The
combination of the primers as used in each mix, the size of the
amplified fragments (base pairs) and the amplifiable alleles by each
mix are listed in Table 2. As internal positive amplification control,
the mixes contained a pair of primers with non-allelic sequences. The
sequence of the 5'-control-primer C5 (5" TGC CAA GTG GAG
CAC CCA A3") derived from codon 173—179 in the 3’ end of exon 3
and the sequence of the 3’-control-primer C3 (5" GCA TCT TGC
TCT GTG CAG AT3") from codon 193-200 in the 5" end of exon 4
(71

Each primer mix consisted of 10 x PCR buffer (10 maf Tris HC,
50 mM KCI, 0.1% gelatine and 0.2% NP40), 250 pM dNTP each
(dATP, ACTP, dGTP and dTTP), 1.5 mM MgCl2, 0.1 pM ampli-
fication control primers C3 and CS5 each, 0.25-1 uM sequence
specific primer pairs and ddH,0.
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neg. control

DQA 0201,0401

#2

neg. control

DQA 0101,0102

#4
I DOA 1.1 DQA 1.1
LR DOA 1.3 DOA 1.3
S DOA 1.4 DOA 1.4
=Ml DOA 1.5 DQA 15
T B DOA 16 DOQA 1.6
Pl DQA AE4 DQA AE4
L B DOQA 2 DOA 2
S DOA 3B DQA 38
B DOA 4 DQA 4
W DOA 5.3 DQA 5.3
"l DOA 5.4 1)8,«\ 5.4
S DOA 6.1 DQA 6
neg. control neg. control
DQA 0201,03 DQA 0103,0501
#5 #6
DOA 1.3 DOA 1.3
DOA 1.4 DOA 14
DQA 1.5 DQA 15
DQA 1.6 DQA 1.6
DOA AEA DQA AFA
DQA 2 DOA 2
DQA 3B DQA 3B
DQA 4 DQA 4
DQA 5.3 DQA 5.3
DQA 5.4 DQA 54
DQA 6.1 DOQA 6
neg. control neg. control

DQA 0501,0601

Preparation of the PCR reaction

DQA 0104,0104

For the typing of one individual, 20 pl of each primer mix was
pipetted into a Perkin Elmer micro amp reaction tube. To each tube,
except the one containing the negative control, 1 pl of the DNA test
sample was added at a concentration of 0.5-1.0 ug/ul. To each tube,
we added 1.0 unit of Taq polymerase (Boehringer Mannheim, Perkin
Elmer or Beckmann; diluted with ddH,0 to a concentration of
0.5 u/ul), the tubes were centrifuged briefly and placed into the
thermocycler. Using the Perkin Elmer thermocycler, 30 cycles with

the following conditions were applied: (1) denaturation at 94 °C for
30 s,(2) annealing at 55 °C for 60 s and (3) extension at 72 °C for 60 s.

Agarose gel electrophoresis and visualization

A 20cm x 20 cm 0.7% agarose gel (1.75 g agarose, Sml 50 x TAE
buffer (2 M Tris-acetate, 0.05 M Na-EDTA), 250 ml ddH,0, 12.5 ul
ethidium bromide) was prepared. Four or five combs (each with 22
teeth) were placed into a gel. We designed special combs, the teeth of
which had the same distance as the tubes within the micro amp racks.
The contents of eight PCR tubes can be dotted simultaneously with
an eight-channel pipette and the PCR products of six or even eight
different individuals can be visualized on a single gel. We added 2 pl
of loading buffer (50 mM Tris-HCL, pH 7.6, 50 mM Na-EDTA,
0.5% SDS, 40% saccharose, 0.1% bromphenol blue) to the
amplified product of each tube, mixed it and 10 ul were dotted into
the slots. Electrophoresis was performed for 20 min at 170 V
(4.25 V/ecm?) in approximately 2 1 of electrophoresis buffer (20 ml
50 x TAE buffer, 50 pl ethidium bromide). Thereafter, the gel was
placed on a UV light transilluminator (312 nm) and a polaroid
picture was taken for interpretation and documentation (Fig. 1). The
time required for the performance of a DQA-PCR-SSP typing was
approximately 3 h from the time of blood collection. RFLP typing
for the purpose of comparison was performed as described by
Bidwell et al. [1].

Results

We typed 152 individuals, all of whom were also typed for
HLA-DRB, HLA-DQB and HLA-DQA by the RFLP
method. The panel of individuals represented all currently
known DQAT1 alleles, except for DQA 1*0302, in homo-
zygous and heterozygous combinations. PCR-SSP typing
was performed blindly, without knowledge of the RFLP
results. In one case, the PCR-SSP was unsuccessful due to
amplification failure. In 150 cases the PCR-SSP result
was concordant with the RFLP result. There was only one
discordant result: DQA 0201/03 was assigned by RFLP
and 0201 /blank by PCR-SSP.

Discussion

The method described herein was able to identify all
currently, known subtypes of the DQA 1*01 alleles. For
the definition of DQA1*03 subtypes (i.e. 03011, 03012
and 0302) there is a theoretical possibility of differen-
tiation; however, we were not able to obtain a
DQA1*0302-positive cell as this allele is associated with
HLA-DR9 haplotypes in Asians [4]. We, therefore,
included only one DQA 3 mix that recognizes DQA 1*03.

A differentiation between DQA1*05011 and 05012
might not be biologically relevant as the nucleotide
sequences of both alleles led to the same amino acid
sequence. However, we thought that a differentiation
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of the two subtypes might be of interest, as the two sub-
types were associated with different DR and DQB
alleles. DQA 1*0104 differs from DQA 1*0101 in a single
position in exon 1 [3]. Mix 1.6 was capable of detect-
ing this single nucleotide difference in DQA1*0104
alleles whereas mix AE4 amplified all other alleles.
Thus, mix AE4 was only relevant for the differen-
tiation of a DQA1*0104 homozygous individual
from a DQA1*0101, 0104 heterozygous individual.

HLA-DQA typing is possible only at the molecular
level and not by serology. The relevance of DQA
matching in kidney transplantation still has to be ex-
plored. The method presented herein should be a useful
tool for this purpose. Furthermore, the method might be
useful for the typing of bone marrow donors and
recipients.
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