


INTRODUCTION

The introduction of DNA based methods in HLA typing has revealed a high degree of
polymorphism of HLA genes at the nucleotide sequence level. For DRB 1 the allelic variability is
predominantly present in the second exon, clustered in three distinct hypervariable regions. The
allelic variation of the different subtypes for the DRB3, 4 and 5 genes is not restricted to exon 2
as is the case for DRB1. The DRB3 alleles presently recognized show allelic differences in exon
2 as well as in exons 3 and 4, the distinction between the different alleles can however be made
by sequencing exon 2 only. This in contrast to DRB4 and DRB5 where the sequences of exon
2, exon 3 and part of intron 1 are needed to enable correct assignment of all different alleles.
For DRB4 one nucleotide difference is present between DRB4*0101 and *0103, located in exon
3. The DRB4*0103101 and DRB4*0103102N null allele can be distinguished on the basis of the
last 2 nucleotides of intron 1 (AG vs AA). For DRB5 the difference between DRB5*0102 and
*0108N is a deletion of 19 nucleotides in exon 3, resulting in a premature stopcodon which
explains the null allele (1).

Subtyping of DRB1, 3, 4 and 5 has been described for different DNA methods, i.e. PCR-SSP
and SSO. To cope with the rapidly increasing allelic diversity the number of probes and primers
necessary has to increase equally fast. In this respect direct DNA sequencing as typing strategy
has the advantage of unequivocal assignment as well as direct identification of new
polymorphisms, since complete nucleotide information is obtained for the gene region of
interest.

The protocols for sequence based typing of the DRB1, 3, 4 and 5 genes using the Pharmacia
ALFexpress automated DNA sequencer are described here. The SBT approach for the DRB
alleles is based on sequencing exon 2, which is amplified by PCR using genomic DNA. The
protocol was extended with part of intron 1 and exon 3 for correct subtyping of the DRB4 and
DRBS alleles.

METHODS

DNA isolation

DNA was isolated from fresh heparinized blood or from liquid nitrogen stored lymphocytes,
either by the "salting out" extraction procedure as described by Miller et al. (2) or by using QIA-
AMP Kkits following the suppliers protocol (Qiagen, Westburg, Leusden, NL). DNA samples were
quantified by UV measurements at OD 260.

Ampilification and sequencing primers

Sequence and localization of the primers used for SBT of DRB1/3/4/5 are given in table 1. DNA
strand separation before sequencing was achieved by the use of one biotinylated primer for
each PCR reaction. The melting temperature of the amplification primers used varied between
60°C and 64°C to ensure uniform amplification conditions for all genes and exons using the
same PCR protocol. For group-specific amplification of DRB1 and gene-specific amplification of
DRB3, 4 and 5 the specific 5'primers mentioned in table 1 were combined with the generic
3'primer DRB95008b, except for DRB1*04 where DRB97005b was used to be able to identify
DRB1*0423. For amplification of exon 3 of DRB4, primers DRB96039 and DRB96040b were
designed, whereas amplification of exon 2 with part of intron 1 was achieved using primers
DRB97007b and DRB96034. Exon 3 of DRB5 was amplified with primers DRB96035 and
DRB96036b. The primer pairs described were located at group specific sites surrounding the
regions of allelic variation. This led to PCR fragments that included the sequence information
necessary for subtyping.
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TABLE 1 :DRB primer sequences, locations and specificity

Name Specificity Primer Sequence Location' (BASE)
DRB96002 5'DRB1*01 CTT GTG GCA GCTTAAGTT TGAAT  108-130 (EXON 2)
DRB95002 5'DRB1*15/16 TTC CTG TGG CAG CCT AAG AGG 106-126 (EXON 2)

DRB95003  5'DRB1*03/11/13/14 GTT TCT TGG AGT ACT CTACGTC 104-125 (EXON 2)

DRB95004  5'DRB1*04+ GTT TCT TGG AGC AGG TTA AAC 104-124 (EXON 2)
DRB95005 5'DRB1*12/*08+ AGT ACT CTA CGG GTG AGT GTT 113-133 (EXON 2)
DRB96011  5'DRB1*07 TCC TGT GGC AGG GTA AGT ATA 107-127 (EXON 2)
DRB96006  5'DRB1*09 CGTTTC TTG AAG CAG GATAAG TT  103-125 (EXON 2)
DRB95022 5'DRB1*10 CAC AGCACGTTTCTT GGA GG 1-115 (EXON 2)
DRB96101  5'DRB3 GTT TCT TGG AGC TGC G/TTAAGT C  104-125 (EXON 2)
DRB96001  5'DRB4 GCT AAG TGT GAG TGT CATTTC C 118-139 (EXON 2)
DRB95016  5'DRB5 GTT TCT TGC AGC AGG ATAAGT A 104-125 (EXON 2)
DRB96035 5'DRB5 GTG TAT CCT GCAAGG ACC CAGA  388-409 (EXON 3)
5' DRB1*04/10,

DRB96039 DRB4/5 CCT CCT GGT CTG CTC TGT GAA 426-446 (EXON 3)
DRB97007b 5'DRB b°CCG GAT CCT TCG TGT CCC CA INTRON 1

DRB95008b 3'DRB(-DRB1*0423) P°CTC GCC GCT GCA CTG TGA AG 351-370 (EXON 2)

DRB96028b 3'DRB SPLIT P°)CTG CAC TGT GAA GCT CTC AC 344-363 (EXON 2)
DRB96029b 3'DRB SPLIT P°CTG CAC TGT GAA GCT CTC CA 344-363 (EXON 2)
DRB97005b 3'DRB P°’GAA TTC CCG CGC CGC GCT INTRON 2

DRB96036b 3'DRB °’GAG AGG GCT CGT CAC GCT TG 620-639 (EXON 3)
DRB96040b 3'DRB4/2/6/8 P°AGA GGG CTC ATC ATG CTT GGA  618-638 (EXON 3)
DRB96034 3'DRB4 CTC CAC AAC CCC GTAGTT GTA 328-348 (EXON 2)
DRB95035c  Seq primer exon 2 CY5GAG TGT CAT TTC TTC AA 127-143 (EXON 2)

Seq primer exon 2

DRB96032c reversed &Y5GTC CTT CTG GCT GTTC 270-285 (EXON 2)
DRB96037c Seq primer exon 3 ©Y5GGT TTC TAT CCA GGC A 448-463 (EXON 3)

"The location of the primers is according to the april 2000 update of the HLA database (3)

For the sequencing reaction an internal Cy-5 labeled sequencing primer located in a conserved
region was used in all instances. For exon 2 of DRB1, 3, 4 and 5 primer DRB95035¢ was used,
whereas primer DRB96037¢ was used to sequence exon 3 of DRB4 and 5. Primer DRB96032c
was used for reversed sequencing of exon 2 and part of intron 1 of DRB4.

Primers are custom synthesized and purified by HPLC. Upon arrival 25 ul aliquots are frozen at
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-70°C, whereas a working concentration of 10 pmol/ul is stored at -20°C. The Cy5-labeled
primers are kept in the dark.

PCR conditions

The PCR reaction mixture had a final volume of 60 pl. It consisted of 600 ng DNA, PCR buffer
(10 mM Tris-HCI, pH 8.3; 50 mM KCI; 1.5 mM MgClI2), 5% glycerol, 6 ug cresol red, 200 uM
each dNTP, 20 pmol biotinylated primer, 40 pmol unlabeled primer and 2.0 U AmpliTag DNA
polymerase (Perkin-Elmer Corporation, Roche Molecular Systems, Branchburg, USA). PCR
amplifications were carried out in a Gene Amp PCR System 9600 (Perkin Elmer Corporation,
CT, USA). The PCR profiles consisted of an initial denaturation at 94°C for 2 min, followed by
10 cycles of 10 sec at 94°C, 60 sec at 65°C, and finally 20 cycles of 10 sec at 94°C, 50 sec at
61°C and 30 sec at 72°C. 10 pl of PCR reaction mixture were checked by electrophoresis on a
1.5% agarose gel prestained with etidium bromide (0.5 mg/ml). Due to the presence of
cresolred and glycerol in the PCR mix, no loading buffer is needed for running the samples on
the agarose gel. 0.5xTBE (1xTBE: 100 mM Tris-HCI (pH 8.3), 83 mM Boric Acid, 1 mM EDTA)
is used in both the gel and as running buffer. Samples are electrophoresed at 10 V/cm for 36
min. A distinct band of the expected size should be seen.

An indication of the amount of PCR product can be obtained by using a molecular weight
marker with given amounts of DNA per band or by quantification with a geldocumentation
system.

Sequencing reaction

A solid phase sequencing approach is used by attachment of the biotinylated PCR product
either to streptavidin-coated combs or beads. Attachment to streptavidin coated combs is
performed using the Autoload Solid Phase Sequencing kit from Amersham Pharmacia,
according to the suppliers protocol.

The protocol using streptavidin coated magnetic beads (Dynal, ITK diagnostics, Uithoorn, NL) is
as follows:

Use for each sample 20 ul (=200 ug) streptavidin-coated dynabeads and remove supernatant in
MPC (magnetic particle concentrator, Dynal) with pipette. Wash with 20 ul of 1X B&W buffer (1
M NaCl, 5 mM Tris-HCI (pH 7.5), 0.5 mM EDTA, 0.1% Triton X100) and mix gently (never
vortex). Resuspend in 40 yl 2X B&W buffer (beads: 5 pg/ul) and add 40 ul PCR product.
Incubate 15 min at room temperature and mix several times during incubation period.
Immobilize and remove the supernatant. Wash by adding 40 uyl 1X B&W buffer. Remove the
supernatant and resuspend in 25 pl 0.1 M NaOH (freshly prepared). Incubate at RT for 10 min
and remove the supernatant. Wash the beads once with 50 pl 0.1 M NaOH, once with 50 pl
B&W buffer and once with 50 pl TE buffer.

Prepare annealingsmix and sequencing mix using the Autoread Sequencing kit (Amersham
Pharmacia).

Annealingsmix per reaction: 13 pl demineralized water; 2 pl Cy5 labeled primer (10uM);
2 pl annealingsbuffer (17 pl total).

Sequencing mix per 10 reactions: 165 yl demineralized water; 22 ul annealingsbuffer; 11 pl
extension buffer; 33 yl DMSO; 22 pl diluted T7 enzyme (253 ul total).

Diluted enzyme per 10 reactions: 19.5 pl enzyme dilution buffer; 4.5 pl T7 enzyme, add just
before use and keep enzyme at -30°C at all times.

Immobilize beads and remove the supernatant and resuspend the beads in 17 ul
annealingsmix. Incubate the samples in a PCR machine using the following program: 10 min at
65°C; ramp to 20°C in 5 min; 5 min at 20°C and hold at 4°C.
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The sequencing reaction is carried out in Terasaki plates. Fill 4 wells per reaction with each 2,5
Ml A, C, G, T mix and store on ice until use.

Immobilize beads, remove supernatant and wash samples once with 100 ul TE buffer to remove
excess primer. Resuspend beads in 23 ul sequencing mix and keep on ice.

Preheat the Terasaki plate 1 min at 37°C (water underneath the plate for conduction of heat).
Pipette and mix 5,5 yl of the mixture (beads + sequencing mix) in each A, C, G, T mix and
incubate at least 5 min at 37°C. Add 5 ul STOP solution and store on ice. The reactions are
ready for loading or storage at -20°C. Prior to loading on the gel the samples are heated during
2 min at 90°C. 6 pl is loaded on the sequence gel.

Gel electrophoresis and data analysis

Sequencing is performed on a denaturing gel of 6% polyacrylamide with 7 M urea in 1 X TBE
miX, using standard glass plates. Glass plates have to be cleaned extensively and bindsilan is
used for proper attachment of the gel to the plates.

Gels are polymerized for at least 2 hours, 0.6 X TBE is used as running buffer. The gel is run at
1500 V, 60 mA and 25 W at 55°C for 5 hours. During electrophoresis, the data are automatically
collected.

After the run the results are processed by the Evaluation programm, using the heterozygous
medium option. After manual evaluation of the processed data the determination of the HLA
subtype is performed with the use of the HLA-Sequityper software. The sequence based typing
report obtained by this software includes information on sample identification, run identification
and clone number, mastersequence used (gene and date of release), number of matched
versus total in polymorphic positions and in conserved positions, HLA assignment (best
assignment, nearest next possibilities, and sequence information) and allignment of sequenced
allele with the mastersequence.

DATA AND INTERPRETATION

Within the framework of the 12th international workshop SBT was used to determine the HLA
types of a number of interesting variant cells collected by the Allele and Haplotype Society 11,
which was responsible for DR2-DR51 (4). These DNA samples were also typed by SSP.
Typing results of SSP and SBT were concordant in all but 4 cases. In these 4 samples a new
allele was identified which could not be detected by SSP. The new allele was officially assigned
DRB1*1506 (5).

SBT typing of HLA-DRB1/3/4/5 was compared between the laboratories of Utrecht and
Maastricht (6). For this purpose a panel of 30 individuals was selected representing the most
frequent combinations of DRB1 and DRB3/4/5 in the Caucasian population. In the two
laboratories different amplification primers and conditions, different sequencing reactions and
different automated sequencers were used. The comparative study clearly demonstrated that
the sequencing strategy to perform SBT is not crucial and can be done with either machine.
However selection of primers for template amplification is critical and should be extensively
tested to ascertain that all alleles are amplified during the first PCR reaction.

The SBT method for DRB3/4/5 was extensively tested (7). 238 Individuals were fully typed for
their DRB3, 4 and 5 subtypes. Additional samples were typed for only one of the genes. Al
samples had been previously typed by PCR-SSP. Concordant typing results were obtained for
all individuals tested. The DRB3 alleles typed for included *0101, *0201, *0202 and *0301, for
DRB4 they were *01011, *0102 and *0103 and for DRB5 *0101, *0102, *0103, *0105, *0201,
*0202 and *0203. All alleles were easily detected by the protocol described except for
DRB5*0201. Sequencing of exon 3 and 4 of the DRB5*0201 allele showed this allele to be a
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sequencing error and the sequences obtained were identical to the exon 2, 3 and 4 sequences
of DRB5*0202. Therefore DRB5*0201 has been dropped. Two new alleles were identified in the
samples studied, DRB4*0105 (8) and DRB3*0207 (9).

After identification of the DRB4*0103102N null allele the method for SBT of DRB4 was
extended to part of intron 1 (10). Typing kidney patients and their families revealed the
presence of the DRB4*0103102N null allele segregating with DRB1*04 and DQB1*03 in 4
different families. Three different haplotypes on which the null allele was located, were
recognized by familystudies: DRB1*0401, DQB1*0301; DRB1*0402, DQB1*0302 and
DRB1*0404, DQB1*0302.

Sometimes both DRB alleles belonging to the same specificity group result in unresolvable
ambiguities, i.e. DRB1*0401/*0404 is identical to DRB1*0408/*0413. These ambiguities are
resolved by the designation of allele specific amplification primers and subsequent allele
specific sequencing. One of the most frequently used allele specific primer pairs is based on the
GT/TG dimorphism at codon 86, which can discriminate between the two combinations of
alleles in most cases. These primers are indicated in table 1 as DRB96028b and DRB96029b.

CONCLUSION

The SBT approach for DRB1/3/4/5 is based on amplification of genomic DNA followed by
sequencing using a solid support for DNA strand separation. The solid phase sequencing
approach together with the use of an internal sequencing primer at the other end of the PCR
product facilitates sequencing of entire products. Spurious peaks in the sequencing pattern due
to incomplete PCR products are avoided in this way. The use of T7 sequencing chemistry
provided relatively even base incorporation patterns thus making identification of heterozygous
individuals possible.

By performing gene-specific amplification the presence of more than 2 alleles in the sequencing
reaction is prevented. Gene-specific amplification is obtained by using PCR primers that
recognize unique sequences. For exon 2 of DRB1, 3, 4 and 5 these primers are located in the
first hypervariable region at the 5' end. Exon 3 of DRB4 was amplified using specific 5' and 3'
primers. To obtain the intron 1 sequence of DRB4 the gene amplification, using primers in intron
1 and exon 2, was followed by reversed sequencing. Gene-specific amplification of DRB5 exon
3 was achieved by a specific 5' primer in combination with a generic 3' primer.

Although it has been recommended to sequence both DNA strands to obtain reliable typing
results, with our protocols for DRB1, 3, 4 and 5 sequencing of one strand only proved to be
sufficient for unambiguous assignment of the subtypes.

For correct assignment of alleles in heterozygous individuals both alleles have to be amplified
and sequenced in equal amounts. Failure to correctly amplify one of the alleles can result in a
phenomenon called allelic drop out, one of the alleles is missed in the assignment. The fact that
these allelic drop outs are found with different alleles in different combinations implicates that
extensive quality control is needed to assure correct typing results. Therefore the protocols for
SBT of DRB1, 3, 4 and 5 were extensively tested (6,7) and are updated regularly (10). An
update of the DRB3 protocol is underway, using 5'primers located in intron 1 to be able to
distinguish all hitherto known alleles.
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