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In the US alone, there are currently 17.8 million affected by Atopic Dermatitis (AD), commonly
known as Eczema. It is characterized by itching and skin inflammation. AD patients are at
higher risk for infections, depression, cancer, and suicide. Genetics, environment, and stress
are some of the primary causes. With the rise of personalized medicine and the acceptance of
gene editing, as evidenced by the 2020 Nobel prize in chemistry for CRISPR, AD-related
mutations need to be identified for treatment. Genome Wide Analysis Studies (GWAS) have
associated the FLG (Filaggrin) gene with AD, but not identified specific problematic mutations.
This research aims to refine known Single Nucleotide Polymorphisms of FLG for gene editing
technologies to target. The research utilizes the R language and its Bioconductor packages to
refine data from the National Center for Biotechnological Information’s (NCBI’s) Variation
Viewer. The research filtered by coding regions and conserved domains. It also removed
synonymous variations and treated non-synonymous, frameshift, and nonsense mutations
separately. In the non-synonymous mutations, the mutations were refined and ordered by the
BLOSUM62 substitution matrix. Overall, the project removed 96.65% of data, which was
redundant, and ordered the remaining, relevant data, by impact. Currently, the research is
identifying mutations in phosphorylation sites and will soon test the impact of multiple
mutations and genes together. The code for the project can also be repurposed for other
diseases. This project will help solve GWAS's imprecise identification challenge. It is the first
step in providing the refined databases required for gene-editing treatment.
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• There are 17.8 million Atopic Dermatitis (AD) patients in the US (Avena 2020). AD, commonly referred to as
eczema, is characterized by itching and skin inflammation.
• AD patients have difficulty sleeping, have an increased risk of suicide and depression, and have an overall lower
quality of life caused by their ailment. (Avena 2020) AD has been associated with cancer due to the possible
interference in the epithelial barrier function, allowing the penetration of carcinogens and viruses, such as HPV.
(Ruff et al. 2017 and Skabby et al. 2014)
• Genome Wide Association Studies (GWAS) has identified the FLG gene/protein to be associated with Atopic
Dermatitis (Brown 2020)
•

But current GWA studies’ do not identify the specific mutations but highlight a genetic region
associated with the disease. This problem is a roadblock for possible therapeutic drugs.

• For the targeted treatment of FLG mutations by gene editing, which has been widely accepted as evidenced by the
2020 Nobel Prize in chemistry for CRISPR, the most impactful mutations need to be first identified.

Goal
To filter and order Filaggrin mutations (SNP) using R and Bioconductor packages for
targeted therapies of Filaggrin related diseases, such as Atopic Dermatitis, by gene
editing.

Background Information
The FLG gene codes for Profilaggrin, which is phosphorylated to produce multiple Filaggrin (FLG). Filaggrin, a vital
protein in the epidermis, balances pH, chaperones structural proteins, and supports moisturization. According to
NCBI's Variation Viewer, FLG is located in the genomic range of 152,302,165 nt - 152,325,239 nt in chromosome 1 and
includes three exon regions. Exon 3 ( 152302700 - 152314747) is the largest of the three exons and is the most
significant because it includes all protein domains, including the Calcium ion binding region, as per NCBI's conserved
domain database. The calcium ion binding region is a defining characteristic as it helps in epidermal differentiation
and cell signaling.
There are various types of SNP mutations that exist, and not all
impact protein function. SNP's (Single Nucleotide Polymorphism) are
mutations at a single nucleotide. Firstly, there are coding and noncoding mutations: coding mutations are mutations in the exon
regions, and non-coding are in the introns. Exons are genomic
regions that are transcribed and translated into proteins, whereas
introns are not. The coding region is further subsetted into
frameshift, nonsense, nonsynonymous, and synonymous. Frameshift
mutations change the codons, three mRNA nucleotides that code for
a single protein Amino Acid (AA). Nonsense mutations abruptly stop
the mRNA to protein translation, not creating the entire protein. The
earlier these two types of mutations are present, the greater their
impact on the protein.

Figure 2. Flowchart 1 describes the
overall procedure.

This research aimed to filter and order the current SNP known mutations. The first step was to remove all the noncoding mutations. As shown in figure 4., a significant portion (94.18%) of mutations were removed. The remaining
mutations (in green) are located primarily in Exon 3, where all of FLG’s domains are situated, including the Calciumbinding domain (in red).
Figure 5 describes the types of coding mutations. Their distribution can be attributed to their impact on the
protein. Frameshift (purple) and nonsense mutations (yellow) have the most severe impact on the protein because
they either change or terminate early the entire AA chain. Since they have severe impacts, frameshift and nonsense
mutations are negatively selected through evolution, leading to lower occurrences. Whereas nonsynonymous
mutations (pink) only impact the specific Amino Acid, which can be positive, negative, or neutral for the organism.
Therefore, they have a higher frequency. Finally, synonymous mutation’s lack of impact may allow for their
accumulation without interference by evolution. However, at a lower rate than nonsynonymous mutations because
there is no positive pressure. This lack of impact is why these mutations were removed during the project.
Not all nonsynonymous mutations are created equal, with some interchanging Amino Acids with similar
physicochemical properties and others with drastically different properties. Figure 6 displays the distribution of
nonsynonymous mutations based on the difference of properties scored using the BLOSUM 62 matrix. Positive scores
indicate similar AA and negative dissimilar, so the mutations with positive scores were removed. The distribution is
skewed towards the negative because two different AAs cannot have precisely the same properties, and extreme
positive scores describe synonymous mutations. Since extreme changes are negatively selected through evolution,
the distribution is centered at -2 and -1. Furthermore, the only instances of -4 scores come from the ‘multiAA’
dataset, where there are multiple possible AA changes from the sequential SNPs, and the most drastic difference was
selected.
Figure 7 describes the current filtered dataset. The frameshift, nonsense, and nonsynonymous mutations are in a
stacked histogram as they are the culmination of the current reduced and stratified dataset. This figure shows the
42.31% reduction from the coding mutations. The coding mutations (green) are in the background and not part of the
stacked histogram since they are a reference point to compare with figure 4 and show the amount of reduction.
Previous research has specifically identified a nonsynonymous mutation (Rs61816761 / R501X) as a loss of
function mutations linked to Atopic dermatitis (Palmer et al. 2006). The Rs138726443, a nonsense mutation, also
increases the risk for childhood Atopic Dermatitis (Esparza-Gordillo et al 2015). The presence of both of these
mutations in the final dataset confirms the validity of the program and project.

1. SNPs were extracted from Variation Viewer Live RefSNPs, dbSNP b154 v2 (range : Chr1 : 152,302,165 152,325,239). The transcript annotations and reference sequence came from UCSC browser’s hg38 assembly.
2. The Phosphorylation sites are being identified using the NetPhos 3.1 browser. This is currently an ongoing section
of the research.
3. Using NCBI’s Conserved Domain database and the reference sequence, it was identified that only exon 3 had
protein domains. Therefore, mutations in exons 1 and 2 were removed from the data.
4. Since nonsense and frameshift mutations impact the mutation site and the following sequence, this data was
ordered by location: earlier the mutation, the higher its impact.
5. Nonsynonymous mutation’s filtration is detailed in the second flowchart (figure 3).
Figure 4. This graph displays the change in data after selecting
for coding mutations. The data is a histogram based on the
genomic location with markers of specific protein regions.

Figure 5. This bar plot describes the types of coding mutations.

Figure 1. Chain B of profilaggrin. Green dots are the
Calcium ions. Data from PDB 4PCW, and image
created by researcher in JMOL.

Nonsynonymous mutations switch a single nucleotide, impacting the final Amino Acid. Moreover, synonymous
mutations have no impact on the AA chain. Furthermore, nonsynonymous can have varying degrees of impact based
on the AAs' physicochemical properties - changing similar AA has less of an impact than drastically different AA. This
change can be scored using the BLOSUM 62 substitution matrix. In the nonsynonymous data, there are entire groups
of sequential SNPs that change the coding for ranges of Amino Acid. This data is different from the singular
mutations; therefore, it needs to be processed separately.

Figure 6. This histogram displays the distribution of
BLOSUM62 scores. The red line indicates the cut off
point.
*All graphs in enlarged format are available on the next slide

Figure 7. This graph displays a stacked histogram of filtered final
frameshift, nonsynonymous, and nonsense mutations with respect
to all the coding mutations, genomic location, and markers of
specific protein regions.
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This study successfully reduced and ordered the SNP mutations for FLG. The novel algorithm, using known
software packages, reduced the dataset by a cumulative of 96.65%. Pinpointing the most impactful mutations has
made it viable to solve for FLG related Atopic Dermatitis through precise genetic altering technologies like CRISPR. The
project has also provided initial solvency to the GWAS problem of imprecise identification. Since this algorithm can be
adapted for other diseases, it will prove to be a useful tool for gene therapies.
Figure 3. Flowchart 2 describes the
procedure for nonsynonymous
mutations.
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*Unless otherwise noted, all images and figures were created by Aniket Naravane, student researcher

1. Because mutations with multiple AA possibilities can return multiple BLOSUM62 scores, the single and multiple
AA data has to be separated and scored with different code.
2. The lowest score indicates the most drastic change. The lowest score was selected because higher scores would
make the data obscure even if there is a possibility of the most drastic change.
3. The marker identifies the multiple AA in the final database.
4. As stated in the previous flowchart point 3, only exon 3 was selected.
5. Since positive scores indicate similar AA and not a significant change, only non-positive scores were selected for
the final database. The distribution of BLOSUM 62 scores is in figure 6.
6. The Ca+ marker identifies mutations in the defining domain of the protein.

Future works
Since changes at the phosphorylation site can impact the production of FLG from Profilaggrin, it is also vital to
identify mutations at the phosphorylation site, which is currently ongoing. Following identifying the phosphorylation
site mutations, the project will begin including the impacts of multiple genes or mutations on the protein
(multidimensional). Before embarking on the multidimensional, it is key to note that it is not viable to test all
combinations. Instead, similar mutations or genes need to be grouped, but information can be lost. So, a
mathematical solution needs to be identified for the grouping problem. After the multidimensional stage, the project
will move on to other AD-related proteins like IL13 or IL63 identified in Mucha et al. 2020. It is also important to check
the accuracy of the algorithm by testing the identified mutations in vitro. The algorithm will be generalized and
released, so that the scientific community can utilize it to for other genetic diseases and build mutation databases for
the diseases.
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