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rs1769793 variant reduces EGLN1 expression in
skeletal muscle and hippocampus and contributes
to high aerobic capacity in hypoxia
Guiyou Liua,b,c,1, Wenbo Zhaob, Haihua Zhanga,c, Tao Wangd,e, Zhifa Hanf,g,h,i, and Xunming Jia,b,c,j,k,1

Evidence shows that EGLN1 could control the
hypoxia-inducible factor-α (HIF-1α) level by suppress-
ing its transcriptional activity, which, in turn, regulates
the cellular hypoxic response (1–3). Brutsaert et al. (4)
analyze 429 Peruvian Quechua individuals and 94 US
lowland referents. They identify five EGLN1 variants
(rs1769793, rs2064766, rs2437150, rs2491403, and
rs479200) to be associated with higher VO2max in
hypoxia (4). They further demonstrate the role of nat-
ural selection in increasing the frequency of EGLN1
genetic variants at high altitude (4).

However, it remains unclear how these variants
affect high aerobic capacity in hypoxia, as they are
located in noncoding regions of EGLN1 or outside the
EGLN1 gene boundaries (4). In discussion, Brutsaert
et al. (4) hypothesize that these variants may be regu-
latory, which needs to be further investigated. How-
ever, they do not directly evaluate the regulatory
relation, which prompts us to conduct further investi-
gation. Our recent expression quantitative trait loci
(eQTLs) analysis indicated that genetic variants, espe-
cially in noncoding regions, could regulate gene ex-
pression (5–9). Using SNiPAv3.3 (a tool for annotating
and browsing genetic variants), we found that all five
of these EGLN1 variants were in high linkage disequi-
librium with each other. Hence, we select the most
significant variant rs1769793 to evaluate its associa-
tion with EGLN1 gene expression.

The eQTLs dataset is from the Genotype-Tissue
Expression project (version 8) including 49 tissues
(number of samples with genotype ≥ 70) (10). Here,
we select the FastQTL to perform the eQTLs analysis
by adjusting for some key covariates (10). The statisti-
cal significance for eQTLs analysis is a Bonferroni-

corrected threshold of P < 0.05/49 = 1.00E-03. Mean-
while, we conduct a gene expression analysis to inves-
tigate the distribution of EGLN1 expression in these 49
tissues. The gene expression level is quantified by tran-
scripts per million (TPM) based on the GENCODE (en-
cyclopedia of DNA elements) 26 annotation, collapsed
to a single transcript model for each gene using a cus-
tom isoform collapsing procedure (10). Here, we select
the t test or analysis of variance method to evaluate the
distribution difference of EGLN1 expression in different
tissues. The statistical significance is P < 0.05.

The eQTLs analysis indicates that the rs1769793 T
allele, which is associated with higher VO2max in hyp-
oxia, could significantly reduce EGLN1 expression in
skeletal muscle (P = 5.20E-05) and hippocampus (P =
2.90E-04). Meanwhile, the rs1769793 T allele is also
associated with reduced EGLN1 expression in other
brain tissues including cortex, hypothalamus, amygdala,
cerebellum, and putamen, as provided in Table 1. The
gene expression analysis shows that EGLN1 has the
highest expression in skeletal muscle compared with
the other 48 tissues (P < 0.05), as provided in Table 1.

Taken together, our findings show that EGLN1 is
mainly expressed in skeletal muscles, and rs1769793 T
allele reduces EGLN1 expression in skeletal muscle
and hippocampus, which may, in turn, promote
HIF-1α transcriptional activity and contribute to high
aerobic capacity in hypoxia. Importantly, our results
are consistent with previous findings from William G.
Kaelin Jr. and colleagues (2). They revealed that inhib-
iting Egln1 in skeletal muscles could protect mice
against myocardial ischemia−reperfusion injury (2).
Hence, our findings may provide important informa-
tion about the role of rs1769793 in hypoxia.
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Table 1. rs1769793 variant T allele and EGLN1 expression in 49 human tissues

SNP Beta SE P value Tissue Samples EGLN1 expression

rs1769793 −0.033 0.030 2.60E-01 Adipose - subcutaneous 581 40.15
rs1769793 −0.088 0.038 2.30E-02 Adipose - visceral 469 24.81
rs1769793 0.130 0.059 3.00E-02 Adrenal gland 233 21.13
rs1769793 −0.094 0.045 3.30E-02 Artery - aorta 387 27.97
rs1769793 −0.140 0.067 4.10E-02 Artery - coronary 213 27.09
rs1769793 −0.019 0.031 5.40E-01 Artery - tibial 584 34.18
rs1769793 −0.190 0.083 2.40E-02 Brain - amygdala 129 16.39
rs1769793 −0.079 0.061 2.00E-01 Brain - anterior cingulate cortex 147 17.84
rs1769793 −0.092 0.048 5.50E-02 Brain - caudate 194 18.57
rs1769793 −0.083 0.044 5.70E-02 Brain - cerebellar hemisphere 175 29.55
rs1769793 −0.089 0.042 4.00E-02 Brain - cerebellum 209 24.69
rs1769793 −0.100 0.036 5.40E-03 Brain - cortex 205 16.69
rs1769793 −0.047 0.043 2.80E-01 Brain - frontal cortex 175 19.97
rs1769793 −0.180 0.049 2.90E-04 Brain - hippocampus 165 16.89
rs1769793 −0.130 0.050 1.10E-02 Brain - hypothalamus 170 17.92
rs1769793 −0.077 0.045 1.00E-01 Brain - nucleus accumbens 202 20.62
rs1769793 −0.110 0.055 4.80E-02 Brain - putamen 170 15.60
rs1769793 −0.075 0.106 4.80E-01 Brain - spinal cord 126 23.47
rs1769793 −0.070 0.076 3.60E-01 Brain - substantia nigra 114 17.56
rs1769793 −0.024 0.038 5.20E-01 Breast - mammary tissue 396 27.40
rs1769793 0.017 0.028 5.50E-01 Cells - cultured fibroblasts 483 26.48
rs1769793 −0.044 0.072 5.40E-01 Cells - EBV-transformed lymphocytes 147 18.79
rs1769793 −0.058 0.048 2.50E-01 Colon - sigmoid 318 30.26
rs1769793 −0.015 0.030 6.20E-01 Colon - transverse 368 21.15
rs1769793 −0.056 0.047 2.40E-01 Esophagus - gastroesophageal junction 330 26.50
rs1769793 −0.021 0.027 4.40E-01 Esophagus - mucosa 497 17.00
rs1769793 −0.007 0.035 8.30E-01 Esophagus - muscularis 465 27.96
rs1769793 0.008 0.034 8.10E-01 Heart - atrial appendage 372 19.72
rs1769793 −0.002 0.029 9.30E-01 Heart - left ventricle 386 19.43
rs1769793 0.050 0.114 6.60E-01 Kidney - cortex 73 12.59
rs1769793 −0.052 0.043 2.10E-01 Liver 208 13.97
rs1769793 −0.054 0.032 9.90E-02 Lung 515 15.28
rs1769793 0.004 0.077 9.60E-01 Minor salivary gland 144 16.50
rs1769793 −0.077 0.019 5.20E-05 Muscle - skeletal 706 155.90
rs1769793 −0.049 0.038 2.10E-01 Nerve - tibial 532 36.21
rs1769793 −0.091 0.083 2.70E-01 Ovary 167 29.63
rs1769793 0.056 0.043 1.90E-01 Pancreas 305 11.36
rs1769793 0.045 0.056 4.20E-01 Pituitary 237 19.80
rs1769793 0.110 0.050 2.90E-02 Prostate 221 16.67
rs1769793 −0.036 0.030 2.30E-01 Skin - not sun exposed 517 27.21
rs1769793 −0.014 0.029 6.30E-01 Skin - sun exposed 605 30.22
rs1769793 0.001 0.042 9.90E-01 Small intestine - terminal ileum 174 17.31
rs1769793 0.036 0.051 4.90E-01 Spleen 227 17.49
rs1769793 −0.033 0.030 2.90E-01 Stomach 324 11.67
rs1769793 0.019 0.023 4.20E-01 Testis 322 14.29
rs1769793 −0.007 0.037 8.60E-01 Thyroid 574 19.08
rs1769793 −0.095 0.086 2.70E-01 Uterus 129 29.75
rs1769793 −0.017 0.100 8.60E-01 Vagina 141 25.67
rs1769793 −0.021 0.015 1.60E-01 Whole blood 670 16.48

SNP, single-nucleotide polymorphism; EBV, Epstein–Barr virus; Beta is the regression coefficient based on the
effect allele. Beta > 0 and Beta < 0 means that this effect allele increases and reduces gene expression, respectively.
The threshold of statistical significance for eQTLs analysis is P < 0.05/49 = 1.00E-03. The gene expression values are
shown in TPM. The gene expression level is quantified by TPM based on the GENCODE 26 annotation, collapsed to a
single transcript model for each gene using a custom isoform collapsing procedure.
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