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Abstract — Regulation of eukaryotic gene expression is
controlled by specific regulatory proteins transcription factors.
Binding sites of transcription factors are called motifs.
Conventionally, genome-wide annotation of motifs performed
with chromatin immunoprecipitation followed by massive
sequencing (ChIP-seq) approach. The term composite element
(CE) implied two closely located and frequently occurred in
genomic DNA motifs. CEs contain two overlapping or spacing
motifs. Earlier we proposed Motif Co-Occurrence Tool
(MCOT) package that is capable of (a) predicting CEs with both
overlapping and spacing of motifs in a single ChIP-seq dataset;
(b) all predicted CEs were classified by conservation of both
participant motifs. This work presents a web interface
WebMCOT for MCOT package.
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Motivation and aim

Chromatin immunoprecipitation followed by massive
sequencing (ChIP-seq) is the most popular approach for
experimental analysis of gene expression regulation by
transcription factors (TFs) through mapping of their potential
binding sites (motifs). Since TF binding conventionally is
cooperative, the term composite element (CE) denotes the
specific combination of two motifs that exhibit qualitatively
new properties, thus resulting in a new pattern of gene
regulation; the motifs participating in a CE may be
overlapping, or separated by a relatively short spacer [1].

We recently developed the Motif Co-Occurrence Tool
(MCOT) package [2] that is capable of (a) predicting CEs with
both overlapping and spacing of motifs in a single ChIP-seq
dataset; (b) all predicted CEs were classified to conservation
of both participant motifs, i.e. CEs with substantial asymmetry
between two participating motifs were also predicted. Hence,
MCOT approach have additional advantages as compared
with the previous tools [3, 4].

MCOT is console program working on Windows and
Linux operation systems without graphical user interface
(GUI). However, SpaMo tool for prediction of CEs with a
spacer [3] have web-interface and service for anyone to apply
this approach remotely, so users can use only browser.
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WebMCOT provides web-service for application of MCOT
package.

Materials and methods

For web-service development, we use different computer
technologies. Firstly, we make client-server architecture
through REST API interface between client and server. HTTP
requests and responses are compiled with JSON schema. In
addition, the “backend” consists of two parts: web-server and
worker. They can be on one or more host machines connected
by Redis broker messenger.

The JavaScript language, the Vue.JS library for creating
the user interface and the Material Design interface style form
Google, make frontend site. Backend is made by Python
language with Flask library for creating REST API interface
and Celery library for running background tasks.

The calculation kernel is written on the C++ language.
Also R and Python scripts are developed for visualization.

Results

In this work, we developed web-service WebMCOT for
prediction of co-occurred DNA motifs in ChIP-seq data. The
web-service is available on the site:
https://webmcot.sysbio.cytogen.ru. The help page was
implemented (https://webmcot.sysbio.cytogen.ru/help). The
screenshot of WebMCOT interface is provided in Fig. 1. Panel
A shows the page that allows to enter input data (ChIP-seq
peaks and motifs). The rest panels represent the main output
data of WebMCOT. In particular, panel B shows the
significance of various structural types of CEs (see the help
page for details); panel C shows the distribution of mutual
locations and orientations for predicted CEs; panel D shows
the relative abundances of various CE types with different
ratios of conservation of two participating motifs.
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Fig. 1. WebMCOT interface for applying MCOT pipeline. A. The application page for the input data specification (nucleotide sequences of peaks and motifs).
B. The summary for the significances of various structural types of predicted CRs. C. Histogram of frequencies of various structural types of CEs according
to mutual locations and orientation of motifs. D. The relative abundances of various types of CEs with different ratios of conservation of two motifs. Axes X/Y
show the conservation of two motifs, i.e. ~Log;o(FPR) value (here FPR denotes the false positive rate that respects to predicted hits). The color shows the
difference between observed (peaks) and expected (permuted sequences) relative abundance of CEs with specific conservation levels. The Anchor SPI1 and
Partner IRF8 motifs were derived from Homer de novo motif search [5] and Hocomoco database [6]. ChiP-Seq peaks were taken from [7]. The previous study
[8] have shown that SPI1 and IRF8 cooperate to regulate early B cell development
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