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The Super-enhancer XL9 in the HLA Class II Region
One of the regulatory elements called X box-like (XL) sequences, XL9, is located between 
HLA-DRB1 and -DQA1. Multiple enhancers regulating the expression of HLA class II genes 

map to XL9. XL9 is involved in the formation of long-distance chromatin loops with the 
promoters of the DRB1 and DQA1 genes.
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Super-enhancer XL9
The XL9 super-enhancer maps to chr6:32,541,785..32,610,513 (hg19) in the SuperEnhancer
Database (SEdb) in the ENCODE primary B cell line. XL9 covers the whole intergenic region 

between the DRB1 to DQA1 genes and partially overlaps with them.
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Super-enhancer XL9 SNPs
There are 11,193 SNPs within the XL9 (68kb) some of which are 

missense coding region or splicing site SNPs 

Background

XL9

The Immunochip v.1 contains only 90 of those variants
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To assess the extent of the involvement of XL9 SNPs in 
disease associations, and explore potential mechanisms using 

in silico methods

Specifically, to examine longevity associations with HLA region 
SNPs and explore their mechanistic aspects 

Aim
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We have used publicly available data on GWAS results, genomic 
features of the region and a number of bioinformatics tools.  

Material & Methods

http://www.dorak.info/mtd/bioinf.html

We used the Immunochip genotyping data on 95 IHWG cell lines 
and 1KG Project data genotypes downloaded using Ferret (Limou S 

et al, Bioinformatics 2016) and HLA typings of 1KG Project 
participants (Gourraud PA et al, PLoS ONE 2014) for correlations of 

SNPs with HLA types. 
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Results: Associations
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Results: Associations
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In XL9 (and in LD with the two other 
longevity-associated XL9 SNPs

Results: Associations
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Results: LD Matrix
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Results: HLA linkage

Longevity associations in HLA point towards HLA-DR6 (DRB1*13)
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Results: HLA-DR13

Longevity associations in HLA point towards HLA-DR6 (DRB1*13)
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Results: Functional Annotation

Longevity-associated SNPs show eQTL and meQTL effects
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Results: FUN-LDA
rs28383322rs34831921

Targets include all HLA class II alpha 
and beta-chain genes, TAP1/2, 
HLA-DMA/B, PSMB8, BRD2; and C4, 
NOTCH4, SKIV2L, C6orf47
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Results: Gene Content of XL9

non-coding RNA loci within XL9

Alternative haplotypes

http://www.kingston.ac.uk/


The two longevity-associated HLA region SNPs map to the super-enhancer 
XL9 in the HLA class II region. 

The haplotype formed by the two longevity- associated alleles 
"rs28383322-T and rs34831921-A" is exclusive  to DRB1*13:01/02 and 

08:03:02 haplotypes. 

The two longevity-associated XL9 SNPs show eQTL or meQTL effects 
across the HLA II region.  

The presence of three non-coding RNA loci within XL9 is intriguing. 
Identification of their functions and targets together with next-gen 

sequencing-based disease association studies should unravel 
the exact role of XL9 in genome biology.

Conclusions

http://www.kingston.ac.uk/


https://www.kingston.ac.uk/
https://www.kingston.ac.uk/aboutkingstonuniversity

