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Introduction

Null Allele Detection

Human leukocyte antigen (HLA) genes are the most complex and polymorphic system in the human genome,
making their genotyping very challenging in the clinical setting. In recent years, the continuous and partial
characterization of new alleles has significantly increased the level of ambiguities using traditional genotyping
techniques (SSO, SBT), as a result requiring reflexive testing, sometimes extensive. Next Generation Sequencing
(NGS) is an advanced method able to provide unambiguous results and eliminate the need for reflexive testing in
the clinical laboratories.

HLA null alleles are alleles for which no HLA product is expressed on the cell surface. However, their presence
and mistyping might lead to a severe graft vs host rejection in hematopoietic stem cell transplantation. Figure
8 shows a sample with and HLA-A null allele (HLA-A*68:18N) that is characterized by a 20-nucleotide long
insertion in Exon 2.

We aim to use the Holotype HLA kit and the unique consensus generation algorithm of HLA Twin to resolve
previously ambiguous or problematic samples to show how easy is to detect and interpret novel alleles and
unambiguously confirm null alleles.

Methods
All the samples presented here were typed using Holotype HLA Kit and sequenced on the Illumina MiSeq. The
data was analyzed with Omixon’s HLA Twin software (v2) and IMGT/HLA database v3.28 on customers’ sides
and then independently reanalyzed and confirmed by Omixon’s R&D experts with the latest software version and
IMGT/HLA database v3.28 for consistency.

FIGURE 4 - In Exon 2, the reference IMGT sequence (position 646) contains a G nucleotide and the novel reference track indicates that an A is
present. When looking at the Base Statistics function, 73 different reads supporting the A nucleotide are present. And again with Amino Acid
Track function ON, it is indicated that the new mutation results in a change in the amino acid sequence from Aspartic Acid to Asparagine.

Novel Allele Detection – Sample 1

Novel Allele Detection – Sample 2

Sample 1 is an example of a novel allele. During the routine typing of a bone marrow donor, using a legacy technology
(SBT), the result C*02:02:02:01+06:19 was obtained. However, the other result C*02:02:02:01+06:02:01:01 was
more probable but it contained 1 mismatch (position 570 in Exon 2). It has shown up that it might be a new mutation
(Fig. 1). The sample was re-tested by NGS and Holotype HLA and confirmed the formerly observed mutation in
exon 2, while another novel SNP was detected in exon 1 (Fig. 2). This is not unusual because legacy technologies,
such as SBT, pose certain limitations such as a more limited gene coverage, resulting in missed information.
In HLA Twin the naming convention of novel alleles is the following: The names of novel allele candidates contain
the base allele name plus a hashtag and a number (e.g. in this case it is HLA-C*02:02:02:01#1). Specifically,
the closest allele is automatically chosen to name the novel allele. In the principal, allele calling is triggered first
without novel allele detection. If there is no allele pair detected, then the second round of allele calling with allowed
mismatches is performed. The alleles with the lowest number of mismatches (especially in key exons), low amount
of non-exon mismatches and with full characterization in the IMGT/HLA database, are used to name the novel
allele.In the HLA Genome Browser, one has the ability to visualize exactly where the new mutation occurred, how
many reads support the mutation and whether the mutation changed the amino acid sequence (Fig. 3 and Fig. 4).
It is often of interest to investigate whether these mutations were transferred through the pedigree
of the tested individual.

Figure 5 shows another example of a novel allele. This time a new polymorphism in exon 4 was observed. A solid organ
patient was typed by routinely used SSO technique. The result was DPA*02:01+03:01. This sample was then used
for the evaluation of Holotype kit and it has been revealed that there was a hidden novelty in exon 4. After the NGS
sequencing the correct result is DPA*02:01:08+03:01#1. A limitation of the SSO technique is that the technology
is based on the limited number of probes designed to target only the known polymorphisms at the time of their
manufacturing. Many of commercially available kits are targeting only the most polymorphic parts of HLA genes.
NGS brings the new insight into HLA typing because it brings both simplicity and robustness for the comparable
price with some extra new features. As we can see on figure 5 the DPA1*03:01 allele is partially characterized in the
IMGT/HLA database (bottom sequence), however HLA Twin is displaying the whole allele sequence in the upper
part. This is the effect of the Consensus Genotyping algorithm that HLA Twin utilizes. The consensus genotyping
algorithm assembles a de novo sequence of the gene based on the data of the specific sample, thus the user can also
see the nucleotide sequence of the intronic regions although it is not publicly available. Additional features allow the
verification that this novel nucleotide and allele is a real one. Firstly, it’s the ability to see the comparison between
the reference sequence and the novel sequence as well as how many reads support them at the position in question
(Fig. 6). Moreover, fully phased alleles confirm that both alleles in the sample were separated successfully
(the phasing trach that shows this is found at the top of the sequence tracks, Fig. 7). Finally, in addition to the
short reads that are generated in the Miseq, the fragments that the reads originated from can be visualized to
confirm that, when possible, neighboring exons or other nucleotide differences are found on the same fragment
(Fig. 7 shows how exons 3 and 4 are connected by several fragments).

FIGURE 1 - Sample 1 was initially sequenced using SBT and a novel polymorphism has been detected in position 570 in exon 2.

HLA Twin uses two different algorithms for orthogonal HLA genotyping. The powerful consensus genotyping
algorithm enables de novo assembly of the consensus sequence without any dependency on the IMGT/HLA
database or known alleles. After the complete consensus construction the sequence is realigned to the IMGT/
HLA database to search for the best matching allele while filtering out QC failed reads. This process ensures safe
and precise detection of insertions or deletions including the longer ones that are more challenging to detect.
The Genome Browser allows for visual inspection of the consensus sequences. The overall coverage and short
read overlap supporting the insertion of the null allele can be readily inspected. Confirmation of any allele can also
be achieved with the addition of a custom allele in the Genome Browser for direct comparison. Figure 9 shows
the comparison of the null allele with a closely-related common allele. The long insertion is clearly visible and
supported by a significant amount of data in the null allele, whereas there is a big gap in the same genomic position
of the common allele, indicating that the null allele is the correct result.

FIGURE 8 - In the Genome Browser we can confirm that the 20-nucleotide long insertion is supported by both forward and reverse reads
(yellow and pink lines). Furthermore, the Phasing track (green line at the top) indicates that the consensus sequence was assembled as
a single continuous sequence without any phase break.

FIGURE 5 - Sample 2 has a novelty on Exon 4 (position 4932). DPA1*03:01 is a partially characterized allele. The entire consensus
sequence including the intronic sequence is displayed which does not exist in the IMGT/ HLA database (most often limited to exons).
FIGURE 9 - For better comparison of the inserted nucleotide block, the common allele A*68:02:01:01 was added along with the A*68:18N
allele. By changing the visualization mode into a short read mode with collapsed reads it is possible to investigate the sequence of each
read and determine whether the insertion is sufficiently covered while excluding the common allele as a possible result.

Discussion
FIGURE 2 - After re-sequencing using NGS and Holotype HLA, a second novelty was detected. This is a screenshot of HLA Twin’s Genome
Browser displaying two novel positions of C*02:02:02:01 in exons 1 and 2. The top track displays the de novo constructed consensus
sequence while the bottom track displays the re-aligment of the reference closest matching allele in the IMGT database. The different
nucleotides between the 2 results are easily identified, when the homozygous nucleotides are hidden.

These examples of novel and null alleles are only a small sample of the powerful tool that is NGS and how clinical
labs use Holotype HLA and HLA Twin to tackle some of the their most challenging samples in a way that was not
previously possible.

FIGURE 6 - In Exon 4, the reference IMGT sequence (position 4932) contains a G nucleotide and the novel reference track indicates that a
C is present. When looking at the Base Statistics function, 90 reads are found to support the C nucleotide during the re-alignemnt of the
data to the known reference sequence in the IMGT/HLA database proving that it is indeed a novel mutation.

As shown in sample 1, SBT technology is limited to certain exons only. In this case routine SBT
typing has revealed only one new polymorphism while NGS detected two different novelties
in exons changing the amino acid sequence of the HLA molecule. These new SNPs will have an
impact on the protein structure of the final molecule and on the specificity of its binding groove.
Additionally, sample 2 demonstrates the power of HLA Twin’s consensus-generating algorithm in being
able to determine the entire genomic sequence of not only new alleles, but also partially characterized
ones. This will be an important field that the community will move towards as intronic information may
reveal alternatively spliced proteins or regions that affect regulatory and expression levels of the resulting
HLA proteins. Similarly, accurate and correct resolution of null alleles is a critical aspect in the HLA
community as well as detecting long insertions/deletions is something that has been a challenge in the past.
New tools such as the Amino Acid Track, the Phasing Track and different ways of displaying the consensus coverage
can help the user to better investigate the data and be more confident in final result assignment.

Conclusion
FIGURE 3 - In Exon 1, the reference IMGT sequence (position 364) contains a C nucleotide and the novel reference track indicates that a
G is present. Using the Base Statistics function, we can confirm that in this particular position we have 146 different reads supporting
the C nucleotide. With the Amino Acid Track function ON, you easily inspect that the new mutation results in change in the amino acid
sequence from Arginine to Proline.

FIGURE 7 - The phasing track (the green line at top) indicates that the consensus sequence was constructed as a single continuous
sequence without any phase break. The red box in the bottom track shows a fragment, composed by 2 reads (pink and yellow for read
1 and read 2) and a think grey line that connects them in between depicting the portion of the fragment that was not sequenced in this
particular fragment.

Due to the benefits of NGS, HLA typing laboratories worldwide are switching their laboratory workflows to
adopt the NGS technology. Both registries and clinical/research laboratories can benefit from the superpowers
of this new technology. Holotype HLA that includes the HLA Twin software provide the right solution for high
resolution HLA typing of organ transplant patients and hematopoietic stem cell donor registries.

