
PolyPheMe HLA typing tool 
 

General description 

The HLA version of PolyPheMe software (Xegen, France) is a novel in silico solution to 

perform highly accurate HLA typing (HLA-A, -B, -C, -DRB1, and -DQB1 in this study) from a 

wide range of sequence data, including targeted, whole exome, or whole genome 

sequencing. Depending on the type of sequence data used, PolyPheMe provides different 

levels of typing resolution: for example, allotype-level typing if exon sequences are used 

(Field 2 or 3 in the HLA nomenclature [1]) or full allele-level typing if exon and intron 

sequences (whole genome or targeted approaches) are used (Field 4 in the HLA 

nomenclature [1]). All analyses in this study were performed with PolyPheMe v1.2 on 

exome sequences using the IMGT database 3.28 as reference [2]. 
 

Typing strategy 

Unlike HLA typing methods that rely on statistics, PolyPheMe is based on qualitative 

approaches. In particular, for many of the steps in the analysis, the software only works with 

sequence reads that are specific of the locus and allele investigated. As a result of this 

design, it is possible to perform accurate HLA typing even with low coverage data or with 

exome data that is heterogeneous in terms of coverage.  
 

Typing steps 

Stage 1 

When the HLA typing is performed from genome-wide sequence data, a first step in the 

analysis is to isolate all the reads related to the HLA loci investigated so that subsequent 

steps are only performed on those isolated reads, hence dramatically reducing the time 

required for data analysis. This step uses Bowtie 2 [3] and typically precedes the use of 

PolyPheMe. 
 

Stage 2 

The reads isolated in the first step are then assigned to one of the loci analyzed using an 

“end to end” mapping step with Bowtie 2 [3]. This step allows retrieval of highly specific 

reads for all loci based on the use of positive and negative references. The reference 

datasets rely on population genetics data and only include the HLA alleles of each locus 



investigated when they have frequencies >0.05 in at least one population (as defined in 

Allele Frequency Net Database [4]). The negative reference dataset includes all the alleles 

from related loci (HLA gene and pseudogene sequences). At the end of this stage, the 

software generates a fastq file for each locus that contains only the sequence reads specific 

of that locus.  
 

Stage 3 

For each locus, the software will then determine “allele group”-level types (Field 1 in the 

HLA nomenclature [1]). To do this, locus-specific reads are mapped against each of the 

possible allele groups (each group being represented by a selection of the most common 

alleles of this group, as defined in Allele Frequency Net Database [4]) to define which groups 

have the largest number of locus-specific reads. This step is a multipass process where the 

least-represented group is eliminated at each pass. When only two allele groups are left, a 

threshold of 12% is used to define whether the input individual sample is homozygous or 

heterozygous (i.e. when less than 12% of the reads are associated with one allele group, this 

group is eliminated). This step allows to define one (homozygous individual) or two 

(heterozygous individual) allele groups for each locus. 
 

Stage 4 

Once allele groups are defined for each locus, the final stage of the analysis is to increase 

the resolution of the typing to at least reach “specific HLA protein”-level typing (Field 2 in 

the HLA nomenclature [1]). Depending on the number of allele groups identified in stage 3, 

one or two alleles can be identified for each allele group. Allele identification is first made 

by analyzing exons and then, if available, introns. In this analysis, all the possible variable 

positions within the allele group are studied one by one to determine if they are 

heterozygous or homozygous, using a dynamic threshold dependent on the coverage and on 

the heterozygous character of the locus (one or two allele groups identified). Using IMGT 

data as reference [2], known alleles that display discordant sequences comparing to the 

sequence reads of the individual investigated are eliminated from the list of possible types. 

For loci with two distinct alleles within the same allele group, a phasing step is performed to 

identify the two alleles: this step uses a custom algorithm that considers data from the 

reads, read pairs and overlap between reads with allele-specific positions. At the end of this 

stage, a typing solution is provided.    



Results 

At the end of the analysis, PolyPheMe typically provides one (homozygous) or two 

(heterozygous) types per locus, as well as the sequence reads associated with each type.  

Solutions can sometimes be ambiguous when the sequence data are insufficient at variable 

positions (low coverage). A solution is defined as ambiguous when the final result includes 

three or more possible alleles or when more than one allele is predicted but no 

heterozygous position was detected and only one allele group is identified. In such cases, a 

CWD filter (Version 2.0.0) [5] can be applied to eliminate “rare alleles or not validated alleles" 

and only list those defined as common. 

 

Computing power requirements and availability 

Developed in Java, PolyPheMe can be used on a wide range of operating systems (Windows, 

Linux, etc...). The software can be run on a desktop computer with limited resources i.e. all 

analyses in this study were for example produced on a computer with a quadri-core 

processor and >4GB of RAM. Disk space requirement varies according to the type of 

sequence data used. Academic or commercial licenses of PolyPheMe can be purchased by 

contacting XEGEN company (direction@xegen.fr). 
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