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Abstract — Genome-wide association studies have shown
that approximately 90% of the nucleotide substitutions
associated with diseases are located outside the coding regions
of the genes, with about 40% occurring in regulatory regions.
However, the molecular mechanisms by which such SNPs
influence incidence of diseases are still poorly understood. In
this work, we have developed a software pipeline that allows us
to predict the potential effects of nucleotide substitutions on
potential transcription factor binding sites (TFBSs). This
pipeline integrates and analyzes information obtained from the
UCSC Variant Annotation Integrator and PERFECTOS-APE
programs, and the dbSNP, Ensembl and HOCOMOCO
databases. The operation of the pipeline was tested on two sets
of SNPs. All of them were located in the BDNF gene regulatory
regions in the vicinity of the SNP rs11030104 associated with
elevated body weight. SNPs from the first set were in linkage
disequilibrium with rs11030104 and the second set contained
random SNPs. We found some differences in the functional
characteristics of TFBSs and corresponding transcription
factors identified on the basis of the analysis of these two sets of
SNPs.
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Introduction

Genome-wide association studies have shown that
approximately 90% of the nucleotide substitutions associated
with diseases are located outside the coding regions of the
genes, with about 40% occurring in regulatory regions [1].
However, the molecular genetic mechanisms of the influence
of the revealed polymorphisms on the development of
pathologies have been studied insufficiently. Such genetic
variants can be either causative, that is, change the functional
activity of regulatory DNA sites (transcription factor binding
sites), or they may mark specific haplotypes containing causal
SNPs [1-3].

The aim of this work was to create a software pipeline to
evaluate the potential effects of nucleotide substitutions on
TFBSs. Functionality of the software pipeline was tested on
nucleotide variants in regulatory regions of the BDNF gene
associated with the development of monogenic forms of
obesity [4]. The relevance of the chosen research object is due
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to the fact that today obesity is an extremely common disease
in both developed and developing countries. In addition,
obesity may increase the risk of many health problems [5].

Materials and methods

To write scripts of the software pipeline, the Python was
used. Data on polymorphisms was obtained from dbSNP,
Ensembl, UCSC table browser, and UCSC Variant
Annotation Integrator program output. Weight matrix data and
the types of DNA-binding domains of transcription factors
(TFs) were obtained from HOCOMOCO [6]. Prediction of the
effects of nucleotide substitutions on TFBSs was carried out
using the PERFECTOS-APE program using the default
settings (P-value cutoff = 5*10*, Fold change cutoff = 4).

The set of SNPs Ne 1 (case) included 87 SNPs that were in
linkage disequilibrium in the European population with the
BDNF gene polymorphism rs11030104 associated with
increased body weight [7]. The identifiers of these SNPs were
extracted from the LDproxy database using the criterion
r>>0.6. The set of SNPs Ne 2 (control) included 86 SNPs
localized in the vicinity of rs11030104 polymorphism but not
linked to it and having a minor allele frequency over 0.01. To
compare the results of the analysis of case and control, the
statistical chi-squared test and Kullback criterion were used
[8]. The p-value threshold for a statistical significance was
0.05.

Results

We have developed a software pipeline that includes two
original Python scripts that integrate and analyze information
obtained from the UCSC Variant Annotation Integrator and
PERFECTOS-APE programs, as well as from the dbSNP,
Ensembl, and HOCOMOCO databases (Fig. 1). At the output,
the pipeline provides information on the effects of nucleotide
substitutions on the similarity of a DNA regions with the
TFBS weight matrices, on the positions of SNPs in the
genome and relative to gene transcription start sites, on the
TFs, as well as the p-values characterizing the similarity of
pairs of sites with their matrices, its fold change, and some
other data.
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Fig. 1. The scheme of the software pipeline, which allows to analyze the effects of nucleotide substitutions on TFBSs

The software pipeline was tested on the case and the
control sets of polymorphisms (see Materials and methods).
As a result, 423 and 505 TFBSs were predicted, whose
similarity with weight matrices changed by nucleotide
substitutions (Table 1). According to the 1000 Genomes
Project report [9], for SNPs located in conserved fragments of
regulatory regions of the human genome the ratio between the
number of nucleotide substitutions damaging the TFBSs and
the number of substitutions leading to their occurrence is 4:1.
Both SNPs sets showed a significant difference in the
proportions between positive and negative effects of
nucleotide substitutions on TFBSs in comparison with this
ratio. In both cases, an approximately equal numbers of both
positive and negative effects of nucleotide substitutions on the
similarity of TFBSs with the corresponding weight matrices
were predicted (Table 1).

TABLE 1 — RESULTS OF ANALYSIS OF SNPs EFFECTS ON TFBSs,
OBTAINED BY THE SOFTWARE PIPELINE

Num- Num- Number of TFBSs for | Number of
ber of | ber of which the similarity TFs corres-
SNPs set | SNPs iden- with the weight ponding to
in the tified matrix has identified
set TFBSs | increased | decreased TFBSs
Nel 87 423 215 208 246
(case)
Ne 2 86 506 231 275 266
(control)

It was revealed that the predicted sites corresponded to 246
and 266 transcription factors (Table 1). When comparing the
distributions of these TFs sets by the classes of their DNA-
binding domains (DBDs), significant differences were
identified using the chi-squared test, as well as using Kullback
criterion. When comparing the proportion of TFs of a
particular DBD class, significant differences were found
between sets of TFs for the classes of Basic and Other all-
alpha-helical types of DBDs. When comparing the
proportions of binding sites for specific TFs using Kullback
criterion, significant differences were revealed between sets of
TFs predicted for the case and the control sets of SNPs.

Similar results were obtained when comparing the sets of
predicted TFBSs and TFs for the control SNPs set (on the one
hand) and the sets of predicted TFBSs and TFs for SNPs from
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the case set that have a higher degree of correlation with
rs11030104: r>>0.8 and r>>0.9 (on the other hand) (data not
shown).

Conclusion

We have developed a software pipeline that takes a list of
SNP identifiers as an input and allows us to predict the
potential effects of nucleotide substitutions on potential
transcription factor binding sites. The efficiency of the
pipeline was tested on two sets of polymorphisms in the
regulatory regions of the BDNF' gene associated with obesity.
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