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Introduction  
Human Leukocyte Antigen (HLA) typing using Next Generation Sequencing (NGS) is becoming the 
method of choice for high resolution HLA typing because of its unique ability to reach 8 digits of 
resolution. Due to improvements in commercially available NGS HLA kits and the release of more 
affordable NGS systems, many HLA laboratories have begun to evaluate bringing in NGS for their high 
resolution HLA typing (1). Most of the current NGS methods utilize long range PCR to amplify whole 
gene sequences including introns and exons, which is the key to obtaining higher resolution compared 
to traditional exon based methods such as Sequence Specific Oligonucleotide (SSO) Probes, 
Sequence Specific Primers (SSP) and Sequence Based Typing (SBT).

One of the challenges with long range PCR is that a relatively large amount of intact high molecular 
genomic DNA (>10kb) template is required to amplify both introns and exons (2). Buccal swabs 
are a common sample collection device due to their convenient and non-invasive nature; however, 
DNA samples collected with buccal swabs generally yield less and poorer quality DNA than samples 
collected from whole blood or buffy coat (3).

The purpose of this study is to evaluate the performance of the Immucor MIA FORA NGS FLEX HLA 
Typing kit with buccal swabs and to demonstrate accurate HLA typing calls without dropouts or 
failures due to inadequate amplification.

To perform this study, DNA samples were collected from 31 buccal swabs obtained using Copan 
FLOQ Swab (COPAN Diagnostics) from anonymous donors. The samples were extracted using the 
Qiagen DNeasy Blood and Tissue kit. The samples tested had a diversity of alleles including 24 HLA-A 
alleles, 36 HLA-B alleles, 24 HLA-C alleles, 9 DPA1 alleles, 16 DPB1 alleles, 19 DQA1 alleles, 20 DQB1 
alleles, 29 DRB1 alleles, and 14 DRB 3/4/5 alleles.

Linkage disequilibrium indicated that there were no allele dropouts and no amplification failures were 
observed. Additionally, three novel alleles were identified in HLA-B, DPA1, and DPB1 during this study.

The results of this study indicates that the MIA FORA NGS FLEX HLA Typing kit performs as well with 
buccal swabs as it does with samples collected from whole blood.

Methods  
The buccal swab samples were obtained using COPAN FLOQ Swab (COPAN Diagnostics) from 31 
anonymous donors based on manufacturer’s instruction. 

DNA was extracted from buccal swabs using the DNeasy Blood DNA extraction kit (Qiagen). DNA 
concentration was measured with a QubitTM 3.0 DNA Fluorometer (ThermoFisher). 

Concentrations of extracted DNA and OD260/280 ratio are shown in table 1. The DNA was diluted 
to 10ng/μl for testing. Results were analyzed using the MIA FORA NGS software with IMGT database 
version 3.24.
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Table 1.
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DNA Sample DNA Concentration 
(ng/µL) OD260/280 

AN01 35.2 1.9 

AN02 34.4 1.9 

AN03 42.4 1.9 

AN04 41.2 1.9 

AN05 15.6 1.8 

AN12 36.3 1.8 

AN14 13.6 1.8 

AN15 31 1.9 

AN17 28 1.9 

AN18 25.9 1.9 

AN20 9.3 1.9 

AN21 10.7 1.9 

AN22 28.8 2 

AN26 12.8 2.4 

AN30 24.1 2 

AN40 12.9 2.2 

AN76 25.4 2.1 

AN80 10.5 2.3 

AN153 15.8 2.1 

AN154 35.4 2 

AN156 12.7 2.2 

AN158 18.8 2.1 

AN206 18.8 2.2 

AN241 25.3 2.1 

AN256 16.8 2.2 

AN266 19.8 2.1 

AN268 40.3 2.1 

AN7ED 35.3 2 

ANCW 21.4 1.9 

ANJS 35.1 2 

ANKC 36.3 1.8 
 



Results 
PCR amplification
PCR products from each gene for all samples were quantified using Quant-iT™ PicoGreen® dsDNA 
reagent according to the manufacturer’s instructions (ThermoFisher). PicoGreen measurements indicated 
that all samples had suitable amplification products. PCR products were then balanced and pooled 
according to the values generated by MIA FORA’s gene balancing program, SironaQuant.

All samples tested had sufficient sequencing reads for all loci to generate genotypes.

Allele Diversities

A total of 541 alleles were typed from 31 samples tested: 2 alleles each for HLA-A, B, C, DRB1, DQA1, 
DQB1, DPB1, DPA1, and 0,1, or 2 alleles for DRB3/4/5 depending on the allele combination of DRB1. 
There were no allele dropouts in the samples tested and all expected DRB3/4/5 alleles based on the 
observed DRB1 alleles were present. Table 2 shows the number of total expected alleles and observed 
alleles for each locus.

Table 2.

  A B C DPA1 DPB1 DQA1 DQB1 DRB1 DRB3/4/5 

Number of 
Samples 31 31 31 31 31 31 31 31 31 

Number of 
Alleles 

Expected 
62 62 62 62 62 62 62 62 Variable 

Number 
Observed 62 62 62 62 62 62 62 62 

As expected 
from DRB1 
observed 
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Table 3 shows the number of unique alleles for each locus identified in this study.  
Intron variants are not included.

Table 3.
Locus No. of Unique Alleles Typed 

HLA A 24 

HLA B 36 

HLA C 24 

HLA DPA1 9 

HLA DPB1 16 

HLA DQA1 19 

HLA DQB1 20 

HLA DRB1 28 

HLA DRB-3/4/5 14 

 

Identification of new alleles
Three novel alleles were identified during this study. The first novel allele was identified in sample AN26. 
This sample has a single base mismatch with DPB1*02:01:02 in exon 3 which leads to a synonymous 
change in the amino acid in the protein derived from exon 3 (Figure 1).

Sample AN12 has a novel allele in DPA1 (Figure 2). This novel sequence has 3 mismatches with the 
closest to the DPA1 allele DPA1*02:02:01 in exon 3 which leads to non-synonymous changes in the 
amino acid in the protein derived from exon 3.

Sample AN266 has a novel allele in HLA-B (Figure 3), which causes a non-synonymous amino acid 
change in the protein derived from exon 3 which is part of the peptide binding groove of the molecule.

Figure 1: Novel allele with one base mismatch in exon 3 of DPB1*02:01:02 
Sample AN26 has one base mismatch in exon 3 of DPB1*02:01:02 that results in a synonymous amino 
acid change. The coverage plot of DPB1*02:01:02 shows a dip to the baseline (red arrow) in exon 3 
as indicated in figure 1a. Consensus alignment shows one base mismatch (A/G) at AA codon 113 in 
exon 3 (red rectangle box in figure 1b). The same position in the consensus browser indicates only “A” 
at this position (red rectangle box in figure 1c). All evidence suggests that this is a novel allele closest to 
DPB1*02:01:02 with a single base mismatch in exon 3.
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a) Coverage plot of DPB1*02:01:02 and DPB1*135:01

b) Consensus alignment of contig2 and DPB1*02:01:02
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c) Contig Browser indicates the presence of only “A” at the position 9501

a) Coverage plot of DPA1*02:02:01i1 and DPA1*02:02:02

 

 

Figure 2: Novel allele with three base mismatches in exon 3 of DPA1*02:02:01 
Sample AN12 has three base mismatches in exon 3 of DPA1*02:02:01 that results in non-synonymous 
amino acid changes. This novel allele is similar to the cloned and sequenced novel allele DPA1*02:02:01x1 in 
the Sirona Database which has 3 variants in exon 3 when compared to DPA1*02:02:01. The coverage plot 
of DPA1*02:02:01i1 shows multiple significant dips to the baseline in exon 3 (red rectangle) as indicated in 
figure 2a. Consensus alignment indicates three mismatches (M>V at codon 88, P>P at codon 124 and V>V 
at codon 151) in exon 3 (red rectangle boxes in figure 2b). All evidence suggests that this is a novel allele 
closest to DPA1*02:02:01x1 (cloned and sequenced allele in Sirona database) with three base mismatches 
in exon 3.
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Figure 3: Novel allele in HLA-B 
Sample AN266 has one base mismatch in exon 3 in HLA-B*40:02:01 that results in a non-synonymous 
amino acid change. The coverage plot of B*40:02:01  shows a dip to the baseline (red arrow) in exon 3 
as indicated in figure 3a. Consensus alignment shows one base mismatch (C>Y at AA codon 116) in exon 
3 (red rectangle box in figure 3b). The same position at consensus browser indicates “C and G “at this 
position (red rectangle box in figure 3c) where “C” belongs to contig 1, B*35:01:01:02 and “G” belongs 
to contig 2. All evidence suggests that this is a novel allele closest to HLA-B*40:02:01 with a single base 
mismatch in exon 3.
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a) Coverage plot of B*40:02:01 and B*35:01:01:02

b) Consensus alignment of contig2 and B*40:02:01e1
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C. Consensus browser indicates “C and G “at this position 1116 where “C” belongs to contig 1, 
B*35:01:01:02 and “G” belongs to contig 2 which is novel allele with one base mismatch in exon 
3 in HLA-B*40:02:01.

Conclusions:

This study demonstrated that buccal swab samples collected using Copan FLOQ Swab as per the 
manufacturer’s instruction are suitable for HLA typing using MIA FORA NGS FLEX HLA typing kit. DNA can 
be extracted using the DNeasy Blood and Tissue kit (Qiagen) or an equivalent commercial DNA extraction 
kit. No amplification failures or allele dropouts were observed in this study. During this study, three novel 
alleles were identified from the buccal swab samples. Our results indicate that the MIA FORA NGS FLEX 
HLA typing kit can successfully assign genotypes for samples with very low amounts of DNA such as buccal 
swab samples. This is due to the carefully optimized long range PCR conditions including primer sequences, 
primer locations, amplification conditions and master mix components that allow samples with relatively low 
concentrations of DNA to be successfully amplified to generate a sequencing library.  All data supports that 
the MIA FORA NGS FLEX HLA typing kit is compatible with DNA extracted from buccal swabs as well as 
whole blood to obtain HLA genotypes.
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