
Introduction
HLA typing is a crucial step prior to transplantation, particularly for bone marrow 
transplants. Correct allele matching of high resolution genotypes has been shown to 
improve transplantation outcomes and decrease the rate of GvHD, therefore obtaining 
and reporting accurate HLA types is essential. SBT has been considered the Gold 
Standard for high resolution HLA typing for many years, however, SBT is typically 
plagued by high levels of ambiguity, frequently requiring reflexive testing. Whole-gene 
sequencing by NGS has the potential to provide fully characterized and fully phased 
HLA loci. In this study we compare the same 300 samples sequenced by NGS and SBT. 

 Methods and Materials
300 clinical samples from five labs were sequenced at five loci (HLA-A, B, C, DRB1 
and DQB1) for a total of 3000 alleles using Omixon’s Holotype HLA on an Illumina 
MiSeq using the 2x250 bp chemistry. The resulting sequencing data was analyzed and 
the HLA allele calls were assigned using Omixon’s HLA Twin software. The reference 
typing results had been previously obtained by Sanger SBT or a combination of SBT/
SSO/SSP. The NGS results from Holotype HLA were compared to the existing typing 
results to determine concordance among the methods.   

Results and Discussion
An important advantage of Holotype HLA is the use of a long range (LR) PCR approach 
and 2 independent analysis algorithms in the software, one of which is a Consensus 
Genotyping algorithm which can provide comprehensive genotyping based solely on 
the read data available for each locus and each sample specifically, even in cases where 
HLA alleles are only partially characterized in the IMGT/HLA database (Figure 1). 
As a result the method can also reliably detect novel alleles, resolve null alleles and 
most cis-trans ambiguities and minimize ambiguity considerably.

Six alleles had discordant HLA calls between the NGS result and the Sanger SBT 
‘reference’ typing. Five of these alleles were discordant at the second field and one 
sample was discordant at the third field. Mistypings were observed in all five HLA loci 
that were tested among the six discordant samples. The errors were due to a variety 
of reasons ranging from failure of SBT to detect a second allele in a sample to a noisy 
SBT trace. Retyping these by SBT confirmed that the NGS result provided the correct 
typing. 
Here we present a subset of these samples which represent the different causes of 
mistypings and incorrect results at different levels. 

Mistyping #1 – 2nd field difference at HLA-DQB1
The SBT reference typing for this sample was reported as HLA-DQB1*02:01/06:02:01. 
However NGS reported HLA-DQB1*02:02:01/06:02:01. Upon comparison of the 
NGS call and the reference one in HLA Twin’s Genome Browser it was found that the 
2 alleles differ in exon 3 by just one nucleotide (intronic differences are not accounted 
for, since SBT only analyzes exons 2-4). At position 5364 DQB1*02:01 harbors an A, 
whereas DQB1*02:02:01 reports a G. Further inspection of this nucleotide position 
clearly shows that there are almost no reads supporting A5364 (DQB1*02:01) in 
comparison to the number of reads supporting the G5364 (DQB1*02:02:01) (Figure 2).

Mistyping was caused by the fact that DQB1*06:02:01 also has an A in this position 
and the G is poorly incorporated during Sanger sequencing, thus making it difficult for 
SBT to resolve it. Reanalysis of SBT data did show a weak G signal at the position.

Mistyping #2 – 3rd field difference in HLA-A
A 3rd field mistyping was identified in HLA-A, where the SBT reference was 
HLA-A*02:01:01:01/02:17:01, whereas the NGS call was HLA-A*02:01:01:01/02:17:02 
(Figure 3). In this case neither candidate allele is fully characterized in the IMGT/HLA 
database and only the exonic information is known. When comparing them side-by-
side along with the consensus sequence constructed in HLA Twin it’s clear that the 2 
alleles differ in a single nucleotide position in the beginning of Exon 1. HLA-A*02:17:01 
has a T in IMGT position 15 (software position 115), whereas HLA-A*02:17:02 has 
a G in the same position. Since Exon 1 is short (72 nt) we expect to see single reads 
spanning the entire length of it. However, just 9 reads are found to support Exon 1 
of HLA-A*02:17:01 while there is plenty of data – 188 reads - to support Exon 1 of 
HLA-A*02:17:02. 

Mistyping #3 – Cis-trans difference in HLA-B
Commonly, due to SBT’s inability to phase the alleles present in a sample, certain allele 
combinations may also be incorrectly reported as a result of a cis-trans effect. Since 
NGS has the ability to display each allele in a given sample separately and resolve locus-
level phasing, ambiguities like this can be almost entirely eliminated. 
In this example, a novel allele was identified and the genotype was assigned as 
HLA-B*14:02:01/51:01:16novel by NGS. The SBT reference typing for it was 
HLA-B*14:27/51:21. The coverage of both NGS allele calls and their consensus 
sequences is significant with very minimal noise, indicating that the alignment quality 
is very good (Figure 5a). The positions at which the NGS-assigned alleles and the SBT 
ones differ are exactly the same, towards the end of Exon 3 at two adjacent nucleotides. 

Comparison of Exon 3 of all four potential allele candidates side-by-side, shows 
that their corresponding pattern of SNPs match the consensus sequences perfectly 
except for the particular position which seems to have been flipped (a cis-trans effect) 
(Figure  5b). Given that the distance between these two SNPs and the immediate 
previous one is relatively small, we expect to have single reads spanning and phasing 
both positions for both chromosomes for the correct alleles. As expected, several short 
reads of both orientations are observed covering both positions in question in both 
HLA-B*14:02:01 and HLA-B*51:01:16novel alignments, resolving the chromosomal 
phasing. In contrary, a very small number of reads cover the corresponding location in 
HLA-B*14:27 and HLA-B*51:21 and most of them do not span both positions and 
are very short in length (low quality reads) which means that they are most likely not 
on the same chromosome and thus cannot resolve phasing (Figure 5c). 

Conclusion
NGS is a suitable method for high resolution HLA genotyping. During this comparison 
we uncovered a number of incorrect Sanger SBT typings which NGS can reliably 
genotype without ambiguity, thus highlighting the importance of adopting this new 
technique in the clinic. In addition, we were able to fill in previously unknown regions 
of each allele by generating whole gene consensus sequences.
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Figure 1

Example of a CG-generated  consensus sequence for an allele that is only 
partially characterized in the IMGT/HLA database. It is possible that this is 
the first time that the exact sequence of the introns is seen for this allele.

Figure 2

2nd field difference at HLA-DQB1

Figure 3

3nd field difference at HLA-A

Figure 5a, 5c

Figure 5a – Cis-trans 
difference in HLA-B. Overall 
coverage of the consensus 
sequences is very good 
indicating high quality data.

Figure 5c – Cis-trans 
difference in HLA-B
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Figure 5b
Figure 5b – Cis-trans difference in HLA-B.
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