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Abstract — The study of the molecular-genetic mechanisms
predisposing to decline in male reproductive potential
(spermatogenic failure) is an actual problem of reproductive
biology. Most often in laboratory studies evaluating male
fertility, a study of the quality of ejaculate is used. Thus, a
pathological condition called pathozoospermia can be detected
if the quality indicators of the ejaculate are decreased.
Pathozoospermia can manifest itself in several distinct forms,
may occur in many diseases and can be caused by many factors,
including genetic ones. To reveal regulatory interactions
between genes associated with pathozoospermia, we
reconstructed gene regulatory network involving genes
harboring allelic variants associated with pathozoospermia.
Regulatory network comprised seven genes encoding
transcription factors (TFs) for which a set of target genes were
predicted by MoLoTool web-service. We identified three key
regulatory transcription factors (WT1, AHR, NROB1) that have
the greatest number of target genes in the network. Genes
encoding these factors can be considered as the most promising
candidate genes for identifying genetic variants associated with
pathozoospermia.
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INTRODUCTION

The decline in male reproductive potential, identified in
many countries of the world, is an important scientific problem
and serious social issue [1,2]. Most often in laboratory studies
evaluating male fertility, a study of the quality of ejaculate is
used. Thus, a pathological condition called pathozoospermia
may be revealed if the quality indicators of the ejaculate
(defined as the reference values of WHO [3]) are decreased.
The most common forms of pathozoospermia are
azoospermia, asthenozoospermia, oligozoospermia,
teratozoospermia. Pathozoospermia is a syndrome that can
manifest itself in several distinct forms, may occur in many
diseases and can be caused by many factors, including genetic
ones. To reveal regulatory interactions between genes
associated with pathozoospermia, we reconstructed gene
regulatory network and searched for its key regulators.
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MATERIALS AND METHODS

The list of 68 human genes associated with specific forms
of pathozoospermia was formed as it was described in [4]. To
identify genes that encode transcription factors, we used
AnimalTFDB [5]. DNA sequences of promoter regions (500
bp and 1000 bp) were extracted from the GRCh38.pl12
assembly for all genes using BioMart tool. Transcription
factor binding sites (TFBSs) were predicted using MoLoTool
web-service  (https://molotool.autosome.ru/).  MoLoTool
enables to scan DNA sequences for TFBSs with position
weight matrices presented in HOCOMOCO model collection
[6]. We used significance threshold pajusted < 10-4, which
was recommended by the web-service. Thus, the information
about the hypothesized transcriptional regulation of genes
associated with pathozoospermia was obtained. Networks
were visualized using Cytoscape [7]

RESULTS

Using AnimalTFDB we identified that 10 out of 68 genes
associated with pathoszoospermia encoded transcription
factors: WT1, AHR, NROBI1, ETVS, AR, NFE2L2, SOXS5,
AHRR, YBX2, SOX6. Three of them (AHRR, YBX2, SOX6)
had no motif information in the HOCOMOCO model
collection [6]. Then we scanned promoter regions (500 bp and
1000 bp) of all 68 genes with MoLoTool and identified a set
of TFBSs for each promoter. Next we reconstructed two
transcriptional regulatory networks built on data on binding
sites for TFs in upstream (500 bp and 1000 bp) gene regions.
These networks contained 60 nodes, 123 edges (when 500 bp
regions were analyzed) and 65 nodes, 178 edges (when 1000
bp regions were analyzed). Numbers of TFBSs of each type
and numbers of target genes for each TF were calculated for
each network (Table 1). We found that the greatest number (46
for 500 bp analyzed, and 58 for 1000bp analyzed) of target
genes had WT1. The other two top transcription factors (AHR
and NROB1) had less regulated genes (for AHR there were 29
and 38 target genes, and for NROB1 there were 25 and 33
genes). Our findings are in good agreement with results
obtained in mice, indicating that WTI is critical for
spermatogenesis via regulation of sertoli cell polarity via Wnt
signaling pathway [8]. Furthermore, we revealed three



regulatory self-loops involving transcription factors WTI,
NROBI, and AR.

TABLE 1. Ranking transcription factors according to the number of
target genes in the networks

Network based on analysis of
500 bp promoter regions 1000 bp promoter regions
. Number Number
"[:r anfscrlp- Number of of target Number of of target
tion factor binding sites genes binding sites genes
WTI1 344 46 660 58
AHR 46 29 76 38
NROB1 41 25 59 33
ETVS5 19 11 60 24
AR 9 7 19 14
NFE2L2 2 2 6 6
SOXS 3 3 5 5
Total
number 123 60 178 65
CONCLUSION

Using MoLoTool web-service that scans DNA sequences
for transcription factor binding sites we revealed potential
target genes for seven TFs and reconstructed transcriptional
regulatory networks involving 60 and 65 human genes
associated with pathozoospermia. We identified three key
regulatory transcription factors that had the greatest number of
target genes: WT1, AHR, and NROB1. We expect that further
experiments to test binding ability of the predicted binding
sites will verify the interactions between these three TFs and
their target genes. We propose to keep in mind genes encoding
these transcription factors as most promising candidates for
investigating the genetic factors predisposing to
pathozoospermia.
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Fig. 1. Gene regulatory networks formed by regulatory interactions
between transcription factors and target genes, associated with
pathozoospermia. Networks were constructed based on the analysis of 500
bp (top) and 1000 bp (bottom) promoter regions. Yellow nodes correspond
to both genes encoding transcription factors and transcription factors
themselfs, blue nodes denote target genes



