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The extended HLA (xHLA) region is already known to 

have the highest gene density and extreme 

polymorphism

It also contains the highest number of disease-associated 

variants, trans-eQTLs, and a high frequency of 

deleterious variants

We aimed to compare genomic features of the xHLA with 

the rest of the genome

BACKGROUND



METHODS

We explored the unique genomic features of the extended 

HLA (xHLA) region (chr6:25,726,131 to 33,400,601bp) in 

the latest genome assembly (GRCh38) to gain insight into 

the gene and variation content

The gene list was obtained from NCBI Map Release 108.6 

(n=674)

We extracted the current SNP list (GRCh38.p7) from 

Ensembl (n=470,343)



RESULTS: Gene content

xHLA makes up 0.24% of the genome

674 genes 

(1.1% of total genes)

453 protein-coding genes (67.2%)
(2.3% of total protein-coding genes) 

(67.2% vs 32.7% (genome-wide proportion); P < 0.0001)

Non-protein coding genes (8.0% of all x HLA genes) 
(42.6% in the rest of the genome; P < 0.0001)

Only 13 microRNA and seven recognised 

long non-coding RNA genes in the xHLA

The pseudogene content of xHLA is similar to the rest of 

the genome (25.5% vs 24.0%)



RESULTS: Gene content
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RESULTS: SNPs

xHLA makes up 0.24% of the genome, but contains 

0.40% of all SNPs in the human genome

The most SNP-dense regions:

HLA-DR region (18,071 in 32.5 to 32.6Mb) 

HLA-DQ region (12,189 in 32.6 to 32.7Mb) 



RESULTS: Ensembl Variant Effect Predictor



RESULTS: Missense SNPs

xHLA contains a higher proportion of missense SNPs 

(7.4%) than the rest of the genome (2.7%) as reported by 

NCBI ENTREZ SNP 

Ensembl VEP



RESULTS: Deleterious SNPs

We used PredictSNP2 algorithm to assess functionality of 

xHLA SNPs, and found that 45,302 (11.2%) of them were 

deleterious. The majority of deleterious SNPs were 

intergenic (18,610 or 41.1%). Rare nonsense mutations 

consisted of 2.7% (n=1,240) of the deleterious SNPs 

within xHLA.

http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004962
http://loschmidt.chemi.muni.cz/predictsnp2/


Plotting the density of deleterious SNPs across xHLA and 

sliding window analysis identified a hotspot 

(305/477 = 63.9%) for deleterious SNPs between 

31,274kb and 31,281kb centromeric to HLA-C and 

containing two pseudogenes (USP8P1, RPL3P2).

The deleterious SNPs of this region included risk markers 

for type 1 diabetes (rs2524067), multiple sclerosis 

(rs7382297) and psoriasis (rs3132486) as well as strong 

eQTLs for HCG22 (rs7382307, rs9264731, rs3930575, 

rs7382297). 

Only three of the 305 deleterious SNPs in this region were 

also cancer somatic mutations.

RESULTS: Deleterious SNPs
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Only three of the 305 deleterious SNPs in the hotspot 

region were also cancer somatic mutations.

Of all xHLA SNPs, 8,139 were present in the COSMIC 

database as somatic cancer mutations. The proportion of 

COSMIC SNPs among the deleterious SNPs was higher 

(2.5 vs 1.9%, P < 0.0001). 

RESULTS: Deleterious SNPs



In summary, xHLA makes up 0.24% of the genome, 

but contains 2.3% of protein-coding genes (but only 

0.2% of non-coding genes) and 0.4% of all SNPs with 

a high missense SNP proportion. We also show that 

deleterious SNP distribution is not homogeneous 

across xHLA.

CONCLUSIONS



DATABASE

Available on request as an Access file. The full version will be released in the 
summer 2017 both as an Access file and as an online searchable database.
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