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Dear Editor,

The ACE2 gene encodes the angiotensin-converting
enzyme-2, which has been proved to be the receptor for
both the SARS-coronavirus (SARS-CoV) and the human
respiratory coronavirus NL63. Recent studies and analyses
indicate that ACE2 could be the host receptor for the novel
coronavirus 2019-nCoV/SARS-CoV-2"2 Previous studies
demonstrated the positive correlation of ACE2 expression
and the infection of SARS-CoV in vitro®*. A number of
ACE2 variants could reduce the association between ACE2
and S-protein in SARS-CoV or NL63°. Therefore, the
expression level and expression pattern of human ACE2 in
different tissues might be critical for the susceptibility,
symptoms, and outcome of 2019-nCoV/SARS-CoV-2
infection. A recent single-cell RNA-sequencing (RNA-seq)
analysis indicated that Asian males may have higher
expression of ACE2°. Currently, the clinical reports of 2019-
nCoV/SARS-CoV-2 infection from non-Asian populations
for comparison are very limited. A study from Munich
reported four German cases, all of which showed mild
clinical symptoms without severe illness’. However, the
genetic basis of ACE2 expression and function in different
populations is still largely unknown. Therefore, genetic
analysis of expression quantitative trait loci (eQTLs)® and
potential functional coding variants in ACE2 among
populations are required for further epidemiological
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investigations of 2019-nCoV/SARS-CoV-2 spreading in
East Asian (EAS) and other populations.

To systematically investigate the candidate functional
coding variants in ACE2 and the allele frequency (AF)
differences between populations, we analyzed all the 1700
variants (Supplementary Table S1) in ACE2 gene region
from the ChinaMAP (China Metabolic Analytics Project,
under reviewing) and 1KGP (1000 Genomes Project)’
databases. The AFs of 62 variants located in the coding
regions of ACE2 in ChinaMAP, 1KGP, and other large-
scale genome databases were summarized (Supplemen-
tary Table S2). All of the 32 variants potentially affecting
the amino acid sequence of ACE2 in databases were
shown (Fig. 1a). Previous study showed that the residues
near lysine 31, and tyrosine 41, 82-84, and 353-357 in
human ACE2 were important for the binding of S-protein
in coronavirus®. The mutations in these residues were not
found in different populations in our study. Only a sin-
gleton truncating variant of ACE2 (GIn300X) was iden-
tified in the ChinaMAP (Fig. 1a). These data suggested
that there was a lack of natural resistant mutations for
coronavirus S-protein binding in populations. The effects
of low-frequency missense variants in populations for
S-protein binding could be further investigated. The dis-
tributions of seven hotspot variants (Lys26Arg, lle468Val,
Ala627Val, Asn638Ser, Ser692Pro, Asn720Asp, and
Leu7311le/Leu731Phe) in different populations were
shown (Fig. 1b). Six low-frequency loci (rs200180615,
rs140473595, rs199951323, rs147311723, rs149039346,
and rs73635825) were found to be specific in 1KGP
database, the AFs of which were also low in the gnomAD
and TopMed'® database. Only two of these six variants
(rs200180615 and rs140473595) could be found in CHB
(Han Chinese in Beijing) population with the AF <0.01.
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Fig. 1 The coding-region variants and eQTL variants for ACE2 in East Asian and other populations. a Schematics of 32 coding variants in ACE2
identified in the ChinaMAP and 1KGP databases. Yellow stars indicate the nonsense variants; dots indicate the missense variants. The number of
samples with hotspot variants was marked. b The distribution of hotspot missense mutations of ACE2 in different populations. The colors indicate
different populations. ¢ The distribution and the allele frequencies of representative eQTL variants for ACE2 in different populations. Pie charts depict
the allele frequencies of an intron variant of ACE2 (rs4646127) in the world. Orange color denotes the frequency of alteration allele, and blue color
denotes the reference allele. The allele frequencies of 15 eQTLs for ACE2 gene are shown in tables. The color gradient from blue to red indicates the
increasing of allele frequencies. The allele frequencies of INDEL variant rs200781818 were annotated by the gnomAD database. EAS, East Asian; EUR,
European; AFR, African; SAS, South Asian; AMR, Ad Mixed American.
>y

Interestingly, the SNP rs2285666 with the highest AF in
the 62 variants exhibited much higher AF in the China-
MAP (0.556) and CHS (Han Chinese South, 0.557)
populations compared to others (AMR, Ad Mixed
American, 0.336; AFR, African, 0.2114; EUR, European,

0.235). In addition, the homozygous mutation rate in
males (0.550) was much higher than females (0.310) in the
Chinese population (Supplementary Table S2). Taken
together, the differences in AFs of ACE2 coding variants
among different populations suggested that the diverse
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genetic basis might affect ACE2 functions among
populations.

To analyze the distribution of eQTLs for ACE2, we used
the Genotype Tissue Expression (GTEx) database (https://
www.gtexportal.org/home/datasets). We found 15 unique
eQTL variants (14 SNPs and 1 INDELs) for ACE2 with ¢
value <0.05 in 20 tissues from the GTEx database
(rs112171234, rs12010448, rs143695310, rs1996225,
rs200781818, rs2158082, rs4060, rs4646127, rs4830974,
rs4830983, rs5936011, rs5936029, rs6629110, rs6632704,
and rs75979613). The AFs of the 15 eQTL variants were
compared among different populations. Notably, our
results showed most of the 15 eQTL variants had much
higher AFs in the ChinaMAP dataset and EAS popula-
tions compared to European populations (Fig. 1c and
Supplementary Table S3). The AFs of the top 6 common
variants (rs4646127, rs2158082, rs5936011, rs6629110,
rs4830983, and rs5936029) were higher than 95% in EAS
populations, whereas the AFs of these variants in Eur-
opean populations were much lower (52%-65%). All of
the 11 common variants (AF >0.05) and 1 rare variant
(rs143695310) in the 15 eQTLs are associated with high
expression of ACE2 in tissues (Supplementary Table S3).
For instance, the eQTL variant rs4646127 (log allelic fold
change = 0.314), which locates in the intron of ACE2
gene, has the highest AFs in both of the ChinaMAP
(0.997) and EAS (0.994) populations. Comparatively, the
AFs of rs4646127 in EUR (0.651) and AMR (0.754)
populations are much lower. These findings suggested the
genotypes of ACE2 gene polymorphism may be associated
higher expression levels of ACE2 in EAS population.

Recent reports of the ACE2 expression analysis in lung
tissues from Asian and Caucasian populations are still
controversial. The single-cell RNA-seq analysis reported
that the Asian donor had much higher ACE2 expression
cell ratio than white and African-American donors®. In
contrast, the ACE2 expression analysis using the RNA-seq
and microarray datasets from control lung tissues indi-
cated there were no significant differences between Asian
and Caucasian, or male and female''. The ACE2-
expressing cells are a very small part of cells in lung tis-
sues®. The sample size and the purity of ACE2-positive
cells in the selected samples would influence the con-
clusions. Our analysis showed the differences in dis-
tribution and AFs of eQTLs for ACE2 in different
populations, indicating the diversity of ACE2 expression
pattern in populations (Supplementary Table S3). Large-
scale and multiple tissue-level analysis of single-cell RNA-
seq would be more accurate for the expression analysis of
ACE2 in different populations. In addition, our data
showed the moderate difference in AFs of eQTLs between
South Asian and EAS, which suggests the potential dif-
ference of ACE2 expression in different populations and
ethnics in Asia (Fig. 1c).
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In summary, we systematically analyzed coding-region
variants in ACE2 and the eQTL variants, which may affect
the expression of ACE2 using the GTEx database to
compare the genomic characteristics of ACE2 among
different populations. Our findings indicated that no
direct evidence was identified genetically supporting the
existence of coronavirus S-protein binding-resistant
ACE2 mutants in different populations (Fig. 1a). The data
of variant distribution and AFs may contribute to the
further investigations of ACE2, including its roles in acute
lung injury and lung function'?. The East Asian popula-
tions have much higher AFs in the eQTL variants asso-
ciated with higher ACE2 expression in tissues (Fig. 1c),
which may suggest different susceptibility or response to
2019-nCoV/SARS-CoV-2 from different populations
under the similar conditions.

Acknowledgements

This work is supported by the National Basic Research Program of China (973
Program, 2015CB553601); the National Natural Science Foundation of China
(81530020, 81522032).

Author contributions

Y.C. and WW. conceived the study; LL, ZF, SW, PH, XS, FW, XH, and Y.C.
performed the bioinformatics analysis. G.N. contributed to the discussion of
the results. Y.C. and LL. wrote the manuscript; Y.C. and W.W. revised the
manuscript.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary Information accompanies the paper at (https://doi.org/
10.1038/541421-020-0147-1).

Received: 11 February 2020 Accepted: 16 February 2020
Published online: 24 February 2020

References

1. Zhou, P. et al. A pneumonia outbreak associated with a new coronavirus of
probable bat origin. Nature https.//doi.org/10.1038/541586-020-2012-7 (2020).

2. Lu, R et al. Genomic characterisation and epidemiology of 2019 novel cor-
onavirus: implications for virus origins and receptor binding. Lancet https//doi.
0rg/10.1016/50140-6736(20)30251-8 (2020).

3. Hofmann, H. et al. Susceptibility to SARS coronavirus S protein-driven infection
correlates with expression of angiotensin converting enzyme 2 and infection
can be blocked by soluble receptor. Biochem. Biophys. Res. Commun. 319,
1216-1221 (2004).

4. L, W. et al. The S proteins of human coronavirus NL63 and severe acute
respiratory syndrome coronavirus bind overlapping regions of ACE2. Virology
367, 367-374 (2007).

5. Li, W. et al. Receptor and viral determinants of SARS-coronavirus adaptation to
human ACE2. EMBO J. 24, 1634-1643 (2005).

6. Zhao, Y. et al. Single-cell RNA expression profiing of ACE2, the putative
receptor of Wuhan 2019-nCoV. bioRxiv. https//doiorg/10.1101/2020.01.26.
919985 (2020).

7. Rothe, C. et al. Transmission of 2019-nCoV infection from an asymptomatic
contact in Germany. N. Engl. J. Med. https//doi.org/10.1056/NEJMc2001468
(2020).


https://www.gtexportal.org/home/datasets
https://www.gtexportal.org/home/datasets
https://doi.org/10.1038/s41421-020-0147-1
https://doi.org/10.1038/s41421-020-0147-1
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1101/2020.01.26.919985
https://doi.org/10.1101/2020.01.26.919985
https://doi.org/10.1056/NEJMc2001468

Cao et al. Cell Discovery (2020)6:11 Page 4 of 4

8. The GTEx Consortium. The Genotype-Tissue Expression (GTEx) pilot analysis: 11.  Cai, G. Tobacco-use disparity in gene expression of ACE2, the receptor of

multitissue gene regulation in humans. Science 348, 648-660 (2015). 2019-nCov. Preprint at  https//doi.org/10.20944/preprints202002.0051.v1
9. Auton, A et al. A global reference for human genetic variation. Nature 526, (2020).

68-74 (2015). 12. Imai, Y. et al. Angiotensin-converting enzyme 2 protects from severe acute
10. Taliun, D. et al. Sequencing of 53831 diverse genomes from the NHLBI lung failure. Nature 436, 112-116 (2005).

TOPMed Program. bioRxiv https://doi.org/10.1101/563866 (2019).


https://doi.org/10.1101/563866
https://doi.org/10.20944/preprints202002.0051.v1

	Comparative genetic analysis of the novel coronavirus (2019-nCoV/SARS-CoV-2) receptor ACE2 in different populations
	Acknowledgements




