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Abstract

Summary: Fine-mapping human leukocyte antigen (HLA) genes involved in disease susceptibility to individual
alleles or amino acid residues has been challenging. Using information regarding HLA alleles obtained from HLA
typing, HLA imputation or HLA inference, our software expands the alleles to amino acid sequences using the most
recent IMGT/HLA database and prepares a dataset suitable for fine-mapping analysis. Our software also provides
useful functionalities, such as various association tests, visualization tools and nomenclature conversion.

Availability and implementation: https://github.com/WansonChoi/HATK.

Contact: buhm.han@snu.ac.kr

1 Introduction

Human leukocyte antigen (HLA) genes encode the major histocom-
patibility complex (MHC) proteins, which control the immune
responses and affect one’s susceptibility to a diverse set of diseases,
including autoimmune and neuropsychiatric diseases. HLA fine-
mapping is a technique that identifies the allele or amino acid resi-
due in the HLA genes causing the disease. Recently, HLA fine-
mapping has grown in popularity owing to the development of HLA
imputation and inference technologies. These technologies allowed
researchers to collect information on HLA alleles from numerous
samples without performing expensive HLA typing analyses
(Dilthey et al., 2011, 2016; Jia et al., 2013; Xie et al., 2017; Zheng
et al., 2014).

Unfortunately, performing a systematic HLA fine-mapping ana-
lysis remains challenging for many researchers. To investigate which
amino acid residue or DNA base position is contributing to the dis-
ease, each HLA allele needs to be expanded to the amino acid and
DNA sequences from the IMGT/HLA database and be processed
into a format that facilitates various downstream analyses. It is im-
portant to use the most recent database containing the updated se-
quence and information on the allele names for the analysis because
the IMGT/HLA database is dynamically expanding and evolving
over time as information on new alleles is incorporated. For ex-
ample, the number of HLA allele entries in the database has
increased by more than 2-fold over the past 5 years. Moreover, due
to the complex history of the HLA naming convention, researchers

may need to convert HLA allele names to the updated nomencla-
ture. Often, specific statistical tests are required to account for the
multi-allelic nature of the amino acid residues at a single amino acid
position.

In this article, we introduce a novel software package, HLA
Analysis Tool Kit (HATK), which helps in overcoming these
obstacles (Fig. 1A). Our software takes the HLA alleles of samples
as input, for which the output of various imputation or inference
technologies can be directly fed. HLA allele names are automatically
checked and corrected to conform to the present naming standards.
Next, our software generates binary markers for HLA alleles, amino
acid residues, and intragenic single-nucleotide polymorphisms
(SNPs), which can be conveniently used for the fine-mapping of as-
sociation signals. These markers are created based on the sequence
information in the IMGT/HLA database, in which a specific version
may be selected. Our streamlined pipeline performs fine-mapping of
the association signals using various association test methods and
provides an effective method of visualizing the results.

2 Methods

2.1 Automatic HLA file conversion
The HLA2HPED module converts the output from various HLA im-
putation or inference technologies (Dilthey et al., 2011; Jia et al.,
2013; Zheng et al., 2014) to HPED (HLA PED), which is a file for-
mat that was introduced to handle HLA allele information in a
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unified manner. It is similar to the PED file format that was defined

in PLINK (Purcell et al., 2007), but the genomic alleles are replaced
by the alleles of the eight classical HLA genes (A, B, C, DPA1,
DPB1, DQA1, DQB1 and DRB1).

2.2 Obtaining the HLA sequence and nomenclature
The IMGT2Seq module preprocesses the raw database files that
users can download from the IMGT/HLA database (Robinson et al.,
2016). Specifically, IMGT2Seq generates the following: (i) the

amino acid and DNA sequence dictionaries of the eight HLA genes
and (ii) the table of Old/Standard/G-group/P-group names for HLA

alleles based on the HLA nomenclature of the given database files.
Users can either use the most recent version or a specific version of
the database. The processed files are used for b:MarkerGenerator

and NomenCleaner modules in the following steps.

2.3 HLA nomenclature cleaning
The NomenCleaner module is a versatile tool for converting HLA
allele names to the most up-to-date naming conventions (Fig. 1B).

First, the NomenCleaner can convert old names, which had been
used until 2009, to updated names (e.g. A*9202 to A*02:102).
Second, it can convert standard names to the appropriate P-group or

G-group name and vice versa. If multiple solutions exist (e.g.
A*24:02P can correspond with A*24:02:01:01, A*24:02:01:02L,

. . .), our module maps to the solution that appears first in the data-
base (A*24:02:01:01) and reports the possible candidates in the log.
Thirdly, it can clean the names in the nonstandard convention with-

out colons to the standard convention, since the numbers in each
field are often ambiguous without colons. For example, it is unclear

whether the allele DPB1*101101 corresponds with DBP1*10:11:01,
DPB1*101:101 or DPB1*1011:01. NomenCleaner searches the en-
tire IMGT database and determines that DPB1*1011:01 is the only

valid solution. This module is embedded in our preprocessing step
for input cleaning in HATK, but it can also be used as a standalone

program.

2.4 b:Marker generation
For facilitating fine-mapping, the b:MarkerGenerator module gener-
ates binary markers that represent genetic variations in the HLA
genes. Since HLA genes are highly polymorphic, one HLA gene can
have multiple alleles, multiple residues may be present at one amino
acid position, and one exonic SNP can have multiple SNP alleles.
Similar to the function of SNP2HLA (Jia et al., 2013),
b:MarkerGenerator generates binary markers (b:markers) that rep-
resent the presence/absence of each allele or amino acid residue. We
designed an extended marker name format; for example,
AA_DRB1_11_32552129_exon2_V represents the presence of val-
ine at the 11th amino acid position of HLA-DRB1, of which the
center of the codon is located at chr6:32552129 in the second exon.
The b:marker data are generated in the PLINK format for which the
genomic coordinate can be selected (hg18, hg19 or GRCh38).

2.5 HLA analyzer
HLA analyzer is a wrapper script that runs PLINK and in-house R
scripts for performing the association analyses of HLA genes using
the b:marker data. It can perform logistic regression analyses with
covariates, stepwise conditional analyses, omnibus tests for each
amino acid position and meta-analyses of multiple datasets.

2.6 HLA visualizer
HLA visualizer is a wrapper script that runs in-house R scripts for
visualizing the association results of HLA. The Manhattan plot
presents the P-values of all b:markers within the MHC region
(Fig. 1C). The amino acid Manhattan plot shows the omnibus test
P-values for the amino acid positions within each HLA gene. The
MHC heatmap plot shows the P-values for the HLA alleles and
amino acid residues in a matrix form (Fig. 1D).
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