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Aim
Sequence-based HLA typing approaches now include both next
generation sequencing (NGS) and Sanger capillary sequencing
based techniques. In this study we are going to present two different
NGS HLA sequencing methods plus two algorithmic genotyping
approaches, and compare these results to Sanger sequence based
typing (SSBT).
SSBT still serves as the “golden standard” for genotyping, in spite
of having inherent ambiguity since the two chromosomes are
represented in a single trace.
HLA typing of the same sample based on NGS reads can also
produce different outcomes either due to the sample preparation/
sequencing approach or due to the different typing algorithms used
for genotyping.

Methods
Eight human samples, with amplicons covering HLA-A, B, C and
HLA-DRB1 were analyzed. These amplicons were first sequenced
by Sanger capillary sequencing, then by Illumina MiSeq and Life
Technologies Ion Torrent instruments. The amplicons for class-I
typings included some part of the starting UTR region to the
beginning of intron 3 (to encapsulate exon 2, intron 2 and exon 3
in one amplicon) and the beginning of exon 4 to the ending UTR
for the rest of the gene. HLA-DRB1 was amplified in a way that a
~500bps long part of intron 2 close to exon 2 and the whole exon 2
sequence was included in the amplicon.
The resulting NGS reads from both Illumina (2x150 bps) and Ion
Torrent (average read length: 190 bps) were genotyped by two
distinct HLA typing algorithms. The first – ‘Statistical Genotyping’
– is a probability-based approach that is distributing reads among
the known CDS sequence of allele candidates and selecting the
most likely ones by comparison of coverage statistics. The second
algorithm – ‘Consensus Genotyping’ - aims to deliver phased,
positioned consensus sequences and then call the alleles that are
supported by the most reads from the provided sample data.

Consensus Genotyping:
• building a consensus sequence first, then selecting the best
matches from the IMGT/HLA database once the consensus is
ready - 4 field precision is possible
• exact phasing information is available, reducing ambiguity
• emphasizes local differences, novel allele detection is possible
for novelties either in exons, introns or both, reporting actual
nucleotide differences
• contamination and PCR crossovers are thrown out
• needs deep coverage
• primary QC measures: exon mismatch count (expected to be
zero), number of phase combinations (expected to be no more
than four)

Statistical Genotyping

Finding the best candidate pair by distributing reads among
IMGT/HLA alleles gives a reliable estimate of the HLA type.
However, there is no information about phasing, and genomic
sequence is missing for the majority of alleles in the database.

Consensus sequences

• no phasing, and finding novel alleles is cumbersome as local
coverage is an unreliable measure of novelty
• for most of the alleles only the important exons are sequenced
• background noise such as contamination or PCR crossover is
undetected

Sample
1 / B9143
2 / B9170
3 / B9063
4 / B9243
5 / B9226
6 / B9189
7 / B9153
8 / B9146
Sample
1 / B9143
2 / B9170
3 / B9063
4 / B9243
5 / B9226
6 / B9189
7 / B9153
8 / B9146
Sample

Sanger
02:01 / 26:01
03:01:01 / 26:01:01
01:01 / 68:01
02:01 / 32:01:01
01:01 / 02:01
02:05:01 / 26:01
29:02:01 / 68:01:01
01:01 / 02:01
Sanger
38:01:01 / 41:01
07:02 / 38:01
08:01:01 / 44:03
40:01 / 51:01
38:01 / 40:01
35:01 / 50:01:01
40:01 / 44:02:01:01
08:01:01 / 51:01:01
Sanger
12:03 / 17:01
07:02 / 12:03
04:01 / 07:01
03:04:01 / 14:02:01
12:03 / 17:03
04:01 / 06:02
03:04:01 / 16:01:01
07:01 / 15:02
Sanger

1 / B9143

03:01 / 14:54

2 / B9170

11:04:01 / 15:01

3 / B9063

03:01 / 07:01

4 / B9243
5 / B9226

07:01:01 / 11:01
01:02:01 / 13:02:01

6 / B9189
7 / B9153

12:01 / 13:01
04:01:01 / 13:02:01

8 / B9146

03:01 / 11:01

Consensus Genotyping
Illumina
IonTorrent
02:01:01:01 / 26:01:01
02:01:01:01 / 26:01:01
QC failed
QC failed
01:01:01:01 / 68:01:01:02
QC failed
02:01:01:01 / 32:01:01
02:01:01:01 / 32:01:01
01:01:01:01 / 02:01:01:01
QC failed
02:05:01 / 26:01:01
02:05:01 / 26:01:01
29:02:01:01 / 68:01:01:02
29:02:01:01 / 68:01:01:02
01:01:01:01 / 02:01:01:01
QC failed
Consensus Genotyping
Illumina
IonTorrent
38:01:01 / 41:01:01
QC failed
07:02:01 / 38:01:01
QC failed
08:01:01 / 44:03:01
QC failed
40:01:02 / 51:01:01
QC failed
38:01:01 / 40:01:02
QC failed
QC failed
35:01:01 / 50:01:01
QC failed
QC failed
08:01:01 / 51:01:01
QC failed
Consensus Genotyping
Illumina
IonTorrent
12:03:01 / 17:01:01:02
12:03:01 / 17:01:01:02
QC failed
07:02:01:03 / 12:03:01
04:01:01:01 / 07:01:01:01
QC failed
QC failed
QC failed
12:03:01:01 / 17:03
12:03:01:01 / 17:03
04:01:01:01 / 06:02:01:02
04:01:01:01 / 06:02:01:02
QC failed
QC failed
QC failed
07:01:01:01 / 15:02:01
Consensus Genotyping
Illumina
IonTorrent
03:01:01, 03:01:08 /
14:54:01, 14:01:01
QC failed
QC failed

QC failed

QC failed

QC failed
07:34, 07:01:01 /
11:01:01, 11:01:08
QC failed

QC failed
01:02:01 / 13:02:01
12:01:01, 12:10,... /
13:117, 13:01:01
QC failed
03:01:01, 03:01:08 /
11:01:01, 11:01:08

QC failed
QC failed
QC failed

Conclusions
Capillary reads can be ambiguous, and covering long genomic parts
with Sanger traces can be difficult and impractical. However, Sanger
traces are the longest available ones with high quality.
Statistical Genotyping can produce reliable results, but can lose
local information (i.e. important SNPs). Furthermore, phase
ambiguities, reads from homologous regions and PCR crossovers
render statistical typing less reliable.
Consensus Genotyping is less sensitive to homologous or PCR
crossover reads, and can deliver long phased consensus sequence
stretches. This makes it possible to discover new alleles or extend
existing incomplete ones. However, for reliable consensus
construction both relatively deep coverage and high quality reads
are needed.

Statistical Genotyping:

• reliable, can type low coverage samples, but insensitive to local
differences

Sample
1 / B9143
2 / B9170
3 / B9063
4 / B9243
5 / B9226
6 / B9189
7 / B9153
8 / B9146

HLA-A
Statistical Genotyping
Illumina
IonTorrent
02:01:01 / 26:01:01
02:01:01 / 26:01:01
03:01:01 / 26:01:01
03:01 / 26:01:01
01:01:01,01:11N / 68:01:01
01:01 / 68:01:01
02:01:01 / 32:01:01
02:01:01 / 32:01:01
01:01:01 / 02:01:01
01:01 / 02:01:01
02:05:01 / 26:01:01
02:05:01 / 26:01:01
29:02:01 / 68:01:01
29:02:01 / 68:01:01
01:01:01,01:04N / 02:01:01
01:01 / 02:01:01
HLA-B
Statistical Genotyping
Illumina
IonTorrent
38:01:01 / 41:01:01
38:01:01 / 41:01:01
07:02:01 / 38:01:01
07:02:01, 07:02:33 / 38:01:01
08:01:01 / 44:03:01
08:01:01 / 44:03:01
40:01:02 / 51:01:01
40:01:02 / 51:01:01
38:01:01 / 40:01:02
38:01:01 / 40:01:02
35:01:01 / 50:01:01
35:01:01 / 50:01:01
40:01:02 / 44:02:01
40:01:02 / 44:02:01
08:01:01 / 51:01:01
08:01:01 / 51:01:01
HLA-C
Statistical Genotyping
Illumina
IonTorrent
12:03:01 / 17:01:01
12:03:01 / 17:01:01
07:02:01 / 12:03:01
07:02:01 / 12:03:01
04:01:01 / 07:01:01
04:01:01 / 07:01:01
03:04:01 / 14:02:01
03:04:01 / 14:02:01
12:03:01 / 17:03
12:03:01 / 17:03
04:01:01 / 06:02:01
04:01:01 / 06:02:01
03:04:01 / 16:01:01
03:04:01 / 16:01:01
07:01:01 / 15:02:01
07:01:01 / 15:02:01
HLA-DRB1
Statistical Genotyping
Illumina
IonTorrent
03:01:01, 03:01:08 /
14:54:01, 14:01:01
QC failed
11:04:01 /
11:04:01 /
15:01:17,15:01:01
15:01:17,15:01:01
03:01:01, 03:01:08 /
07:34, 07:01:01
QC failed
07:34, 07:01:01 /
07:34, 07:01:01 /
11:01:01, 11:01:08
11:01:01, 11:01:08
01:02:01 / 13:02:01
01:02:01 / 13:02:01
12:01:01, 12:10,... /
12:01:01, 12:10,... /
13:117, 13:01:01
13:117, 13:01:01
04:01:01 / 13:02:01
QC failed
03:01:01, 03:01:08 /
11:01:01, 11:01:08
QC failed

The primary quality control (QC) measure for Statistical Genotyping
is the extent of important exons covered by reads. Consensus
based typing is more precise but also more sensitive. Its QC fails if
there are too many unresolvable phase combinations causing allelic
ambiguity or mismatches are detected when compared to IMGT/HLA
references. However, using consensus sequences it is easier to
detect novelties for high quality data and report the novel consensus
sequence.

Results
• using exons only from the IMGT/HLA database, try to find an
allele pair that contains most of the reads, 3 field precision is the
best that can be achieved

Comparing HLA typing obtained by different
sequencing methods and typing algorithms

A consensus sequence can cover introns even for alleles with
unknown intronic sequences, but needs more high-quality reads
to avoid short phase fragments. The two upper panels are the
consensus sequences, the two lower panels are the corresponding
matching alleles. The two amplicons are fully phased in this sample
(phased regions are denoted by a green track on the top). It is
possible to build phased consensus sequences covering the whole
gene if the amplified amplicons are stretching through all the
UTRs/introns/exons. See poster P090 for an example of this approach.

• primary QC measures: exon coverage width, coverage depth
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