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Introduction
Genotyping of HLA genes is particularly challenging since these
genes are exceptionally polymorphic - the IMGT/HLA database
already contains 10K+ reference alleles for only 34 genes. For NGS
reads a specific HLA typing algorithm is needed to find the correct
HLA type for the genes, which are highly homologous and alleles can
be very similar.
Our HLA typing algorithm first maps and aligns these reads to all
the references in the database, and based on read coverage statistics,
it is choosing the best matching allele pairs. Since we are examining
only the coding regions of the genes, during the typing phase the most
important measure is the extent of coverage for each exon. We are
expecting that for correct typing the exons (exon 2 and 3 for MHC-I
genes and exon 2 for MHC-II) are almost completely covered by reads.
Earlier we demonstrated for HapMap samples using Illumina reads
from the 1000 Genomes data repository that it is possible to estimate
HLA types for MHC-I genes with more than 90% concordance in
four digits resolution. Now we are presenting results for further 67
samples validated by Sanger sequencing in higher resolution (6 digits)
and also for some MHC-II genes (HLA-DRB1 and HLA-DQB1).
Technically all the genes in the IMGT/HLA database can be typed as
we are showing for MICA, MICB and TAP1, TAP2.

A putative new HLA-DRB1 allele

Concordance values for MHC-I and MHC-II genes
Gene

Number of mistypings from ~67 samples,
(not all the samples passed QC)

Concordance

HLA-A

3

98,00%

HLA-B

5

95,90%

HLA-C

8

93,55%

HLA-DQB1

3

98,00%

HLA-DRB1

2

98,51%

Table 1: Concordance values for MHC-I and MHC-II genes. The validation values were obtained by
Sanger sequencing based HLA typing

could also be typed although many of these are defined only for
exon 2 in the database.
In case of a larger study it is likely that we are running into new
alleles: a nice example is NA19159, where apparently we have a new
unknown allele. Our assignment as DRB1*13:01:01 differs from the
validation value DRB1*13:35, and the alignment reveals that it is
more likely a novel allele (Fig. 1).
Since MICA, MICB and TAP1, TAP2 are less polymorphic as the
classical HLA genes, we can have a nice coverage, many times even for
intronic regions (Fig. 2). Although we do not have validation values
for these, the genotyping results are robust (no quality control issues)
and are bearing little ambiguity.
Some of the 1000 Genomes whole exome samples were targeting
only a subset of the CCDS: although the filtering procedure selected
a number of reads from the original samples, reliable HLA typing was
possible only from whole-exome sequencing experiments, where the
whole CCDS was targeted.

Fig 1: A putative new HLA-DRB1 allele typed as DRB1*13:01:01 by our method and as DRB1*13:35
by capillary sequencing

Methods and Results
Data from the 1000 Genomes repository (paired Illumina reads)
were first filtered to find the subset of reads that are mapping to the
IMGT/HLA database references. Only this filtered subset was used
for further typing. The details of the typing algorithm can be found in
our previous publication (Major et. al. 2013).
Concordance values (see Table 1) for HLA-A, -B and -C genes are
similar though slightly higher as in our previous study. As the previous
study involved lower quality data and the typing algorithm was also
improved, it is reassuring that the results are concordant for six digits
resolution. Furthermore, MHC-II genes (HLA-DRB1 and HLA-DQB1)

Coverage of MICB alleles

Conclusions
• It is possible to get high resolution (six digits) HLA types from
whole exome experiments
• The main reason for mistyping or allele dropout is missing reads
from exon 2 or exon 3
• Besides HLA-A, HLA-B and HLA-C, other important genes are
available for typing such as HLA-DRB1 and HLA-DQB1 from the
MHC-II region
• it is possible to find novel alleles using whole exome sequencing reads
• typing non-classical MHC genes like MICA, MICB and TAP1,
TAP2 is also quite likely from NGS reads, though we need
validation by other methods
• the targeting kit has to cover the MHC-region: it is possible to filter
reads that can be mapped and aligned to the IMGT/HLA database,
but these reads are not usable for real typing since they are mosty
covering conserved regions
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Fig 2: Coverage of MICB alleles. Reads are filtered from whole exome sequencing experiments.
Exons are evenly covered, together with some intronic parts
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