TRANSFAC revealed IRF3 site in SNPs associated with high severity of
Covid-19, missed by JASPAR

The COVID-19 pandemic has been estimated to cause 6.6 million deaths so far (1). The
predominant cause of mortality is pneumonia and severe acute respiratory syndrome.
Several genome-wide association studies (GWAS) were carried out for identifying
candidate genes and pathways that play a role in COVID-19.

A genetic study by Zeberg & Paabo (2), by comparing with Neanderthal DNA, has identified
a gene cluster on chromosome 3 as a risk locus for respiratory failure post-infection with
SARS-CoV-2. COVID-19 host genetics initiative (3) also proved that the risk locus on
chromosome 3 is the major risk factor for severe symptoms of covid-19.

Using CRISPRI analysis (4) it was proposed that a region near rs11385942 at chromosome
3p21.31 (locus of highest significance with COVID-19 disease severity at intron 5 of
LZTFL1) significantly affected the expression of LZTFL1 gene. LZTFL1 (leucine zipper
transcription factor-like 1) gene is an airway cilia regulator and has been identified as a
candidate effector gene at a COVID-19 risk locus (5).

Based on several previous studies, we analyzed the single nucleotide polymorphism (SNP)
rs11385942 in the LZTFL1 gene using the TRANSFAC Professional database. rs11385942
has been identified in a recent genome-wide association study as one of the most
important genetically predisposed risk factors of COVID-19 infection (6). For comparative
analysis, we also did a similar analysis using the JASPAR database.

Our aim was to identify transcription factors governing the regulation of the LZTFL1 gene.
It is important to note that when searching for transcription factors regulating the genes
of your interest, it is of crucial importance which collection of position weight matrices
(PWMs or DNA-binding models) is going to be used for identifying potential transcription
factor binding sites.

As of 2022, TRANSFAC professional contains 10,297 position weight matrices (PWMs)
covering vertebrates, plants, insects, and fungi. JASPAR contains 2430 position frequency
matrices (PFMs) covering vertebrates, plants, insects, nematodes, and fungi.

In the TRANSFAC database, positional weight matrices (PWMs) are built by collecting and
aligning known binding sites for a particular transcription factor and then counting the
nucleotides in each position, and then with this PWM, a score is calculated using the
program MATCH™ (6) for predicting potential new binding sites in any regulatory region
of the gene.

If there is an SNP in such a predicted binding site, its score either drops or increases
leading to either a gain or loss of the binding site.

This information on SNPs was loaded from the coronavirus database (covid19hg.org) into
the geneXplain platform to analyze them.

We used the full library of vertebrate matrices from the TRANSFAC Professional database
(profile: vertebrate_human_p0.001) to calculate TFBS on the SNPs. Additionally, we have
filtered the sites by the top core score to achieve highly significant results. When we
observed regions around the SNP of our focus, rs11385942, we found that several TFs
have gained or lost their sites due to nucleotide exchange. Two very important TFs VDR
(Vitamin D receptor) and IRF-3 (interferon regulatory factor 3) are identified using


https://covid19.who.int/

TRANSFAC Professional. Here it is very important to note that several studies have proved
the role of IRF-3 in covid infection.

A study by Fretias et al. (7) has proved that the SARS-CoV-2 Spike protein potentiates
proteasomal degradation of IRF-3. This may implicate a novel mechanism by which SARS-
CoV-2 evades the host’s innate immune response to facilitate COVID-19 pathogenesis.
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IRF-3 correlates to many diseases, specifically coronavirus infections, as also curated and
captured in the TRANSFAC database.

Xia et al. (8) also proved that SARS-CoV-2 proteins antagonize type I interferon (IFN-I)
response by suppressing IRF-3 phosphorylation.

Based on these publications we can infer that IRF-3 identified in our analysis is critical for
the infection with SARS-CoV-2.
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Similarly, several publications that prove the role of vitamin D receptor in coronavirus
infection severity (9), and our analysis indeed identified the VDR transcription factor in the
studied SNP.

For comparison, we loaded the JASPAR matrix library into the MATCH tool and performed
site search using the same parameters. The gained site of the VDR transcription factor
was successfully identified, but the IRF-3 site was not found.
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To summarize, via our analysis we further propose the role of IRF-3 and VDR in COVID-
19 infections. With the help of TRANSFAC Professional but not with JASPAR we were able
to identify a potentially crucial IRF-3 binding site. The reason is that in the JASPAR
database, there was only one IRF-3 matrix, not well matching the site in the studied
region, while TRANSFAC Professional had 11 IRF-3 matrices. One of these (M01279) was
built by our team by using information from binding sites from SARS-CoV-2-infected cells.
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Note: Subscription to TRANSFAC® Professional provides full access to regularly updated
content that is unique in the breadth and depth of its content. It also provides customized
pipelines that are designed to not only identify transcription factor binding sites but also
do upstream analysis (integrated promoter and pathway analysis) with one click.
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