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Abstract
• The regulatory elements such as super enhancers suggest that stretches of 

genome, either close or far apart from gene, may have a role in gene 
regulation. Then the collective genetic variance around regulatory 
element, rather than the lead tagging variant, could better explain the 
variance in gene expression. 

• Hypothesizing that difference in allele frequency spectrum of coding and 
regulatory regions would explain variation in the gene expression levels 
between populations across human tissues, we investigated the 
association between local genetic variance and gene expression with the 
paired whole-genome sequencing and tissue-wide transcriptome datasets 
from the Genotype-Tissue Expression (GTEx) project. We estimated local 
genomic variance as top 3 principal components from every 5kb intervals 
over autosome and tested their association with gene expression. 

• With skeletal muscle tissue data from GTEx, 9,372 genes were found 
significantly associated (adjusted P < 0.01) with local genetic variance from 
one or more 5kb intervals within 1.5Mb of the genes. The intervals were 
significantly enriched with various regulatory element candidates from 
ENCODE, suggesting the impact of collective genetic variance in regulatory 
elements on gene expression.

• Further validation studies including additional populations are required for 
understanding the impact of local genetic structure on gene expression 
regulation implicated in both rare and common genetic disorders.

Methods

1. Divide genome (autosome) into uniform-sized (5kb) intervals.
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2. For each interval, extract the top 3 local principal components 
with common (MAF > 1%) bi-allelic SNPs.
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3. Test association between the local principal components and 
gene expression by performing ANOVA with two hypotheses:

𝑚!: 𝑔𝑒𝑛𝑒"~𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠
𝑚#: 𝑔𝑒𝑛𝑒"~ 𝑃𝐶#$ + 𝑃𝐶%$ + 𝑃𝐶&$ + 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠

covariates = (top 10 global PC, PEER factors, age, sex)
gene x and interval i should be less than 1.5Mb apart

Dataset & Test Measure

Skeletal Muscle data from GTEx release V8:
N=687 (includes 86 African American)
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Squared semi-partial correlation coefficient 
(SSCC) measures the contribution of 
independent variable (local principal 
components) to the total variation in 
dependent variable (gene expression) = 
increment in R-square when independent 
variable is added.

Results
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Intervals significantly associated genes are enriched among those overlapping 
ENCODE candidate cis-Regulatory Elements (cCREs).

With Associations All Tested
Genes 9,372 17,983
Intervals 137,013 536,915
Association Pairs 251,583 10,751,129

Intervals with higher SSCC are enriched closer to gene and intervals apart 
from gene tend to have lower SSCC. 

Upstream Downstream

The significant intervals showed similar or 
higher SSCC compared to the predicted 
eQTL from GTEx data (with matching 
genes and tissue).

Variants nearby the lead eQTL can 
collectively provide additional explanation 
power for variance in gene expression.
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Window Position
Scale
chr2:

Alt Haplotypes

Human Dec. 2013 (GRCh38/hg38)   chr2:88,144,471-88,189,470 (45,000 bp)
10 kb hg38

88,150,000 88,155,000 88,160,000 88,165,000 88,170,000 88,175,000 88,180,000 88,185,000
Reference Assembly Fix Patch Sequence Alignments

Reference Assembly Alternate Haplotype Sequence Alignments

GENCODE V38 (7 items filtered out)

NHGRI-EBI Catalog of Published Genome-Wide Association Studies
ENCODE Candidate Cis-Regulatory Elements (cCREs) combined from all cell types
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Selected Interval Gene (THNSL2)15.295kb

Example: THNSL2 and chr2:88150001-88155000

After corrected by covariates (10 global PC, PEER 
factors, age, sex), the gene does not show 
significant difference by global ancestry or sex.

However, the local 
genotype variance (not 
correlated with global 
ancestry) is strongly 
associated with 
expression level.

The selected interval is in 
~15.3kb upstream of the 
gene. Also, it does not 
overlap with ENCODE cCREs.

Summary

• We demonstrated a simple approach to identify genomic locations 
whose local genomic variance were associated with gene expression 
variance across individuals.

• Most of identified locations coincided with other reported regulatory 
elements’ locations (e.g., ENCODE cCREs).

• Locations near the gene had greater effect than those distantly located.
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Overall, we found a total of 137,013 5kb intervals potentially associated 
with 9,372 genes. On average each gene was associated with 14.62 intervals 
and each interval was associated with 1.84 genes. 


