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BEKVAEM: INTEGRATIVE DATA EXPLORER FOR HI-C DATA

Application Notes

Abstract

Motivation: The browser-based visualization of Hi-C contact maps alongside complementary data tracks is a
computationally challenging task and requires an efficient software implementation to run on small clients.

Few software packages have yet been shared with the community to address this problem and modification of these is
cumbersome.

Results: We introduce Bekvaem that addresses these problems by using high-level Python interfaces. Wrapping several
libraries for online visualizations at the front-end and the organization of large biological data sets at the server-side allows for
setting up a high-performance user-defined browser visualization for Hi-C data with just a few changes in the code.

Availability and implementation: The source code, written in Python, of Bekvaem alongside its documentation and sample
data is freely available on heiDATA .

A demonstration server is available here - URL: http://pi306a.itp.uni-heidelberg.de/bekvaem (accessed: 20/09/2019).
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BEKVAEM: UHTETPUPOBAHHBII OBO3PEBATEJIb JAHHBIX JJIsI HI-C
DATA

Texauueckas CHGHI/I(bI/IKaHI/IH

AHHOTAIIUSA

AxTyansHOCTh: Busyanmzamms xoHTakTHbIX KapT Hi-C Ha ocHOBe Opay3epa Hapsdy ¢ JONOJHHUTEIBHBIMHU JIOPOXKKaMU
JIAHHBIX — 3TO CIIOXKHAs BBIYMCIMTENbHAS 3ajada, TpeOyromas 3(¢GeKTUBHOrO MCIOIb30BaHM IPOrPaMMHOIO 00ECIIeUeHNUS
JUIst paboTHI C HEOONBIIMMH KIIMEHTAMHU.

Jiist pereHust 3Toi IpoOJIeMBI CYIIECTBYET MaJIo TAKETOB IIPOrPaMMHOT0 00ECTICUEHHMS, a UX MOAN(HKALIIS — TPOMO3/IKA.

Pesynprater: Mbl cozmamu «Bekvaem» mmst pemieHust 3TUX HpoOJeM € TOMOIIBIO BBICOKOYPOBHEBBIX HMHTEP(EHCOB
«Pythony. OObenanHeHNEe HECKONBKUX OHONMOTEK Ul OHJIAMH-BH3yaJM3allMii BO BHEIIHEM HHTepdeiice M opraHu3anus
OoNbIIMX HA0OPOB MAaHHBIX JUISI XpaHEHWs] OHOJIOTMYECKOM WH(OpMAamMu cO CTOPOHBI CepBepa IO3BOJISET HACTPOUTH
BBICOKOIIPOU3BOJIUTENFHYIO TIOJIB30BATENILCKYIO BH3yaln3aluio Opaysepa i naHHbeIX Hi-C ¢ momompio Bcero JMIb
HECKOJIbKMX U3MEHEHHUH B KOJIE.

Hammume n peammzanust:  Vicxoxnsiit kon Bekvaem, nanucanssiii Ha Python, Hapsmy ¢ nmokymeHTanued n mpumepamu
JTAHHBIX HAXOJUTCS B CBOOOMHOM moctyrie Ha heiDATA .

JleMOHCTpalOHHbIH cepBep aocTymeH mno ccbuike: http://pi306a.itp.uni-heidelberg.de/bekvaem (mata obpamenus:
20.09/2019).

KuarwueBble ciioBa: Hi-C, koHTakTHas KapTa, TeHOMHBIE JaHHbIE, BU3YaTH3aIlHs.
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1. Introduction

Genome-wide 3C-based experiments, such as Hi-C, enable insights into the 3D genome organization at an unprecedented
resolution. The analysis of Hi-C contact information alongside with other genomic data, such as ChlP-seq or RNA-seq, allows
for probing correlations between genomic information instead of analyzing each separately. With the help of such a combined
analysis it has been suggested that proteins shape the hierarchical organization of eukaryotes and transcription that of
prokaryotes [1]. Inversely, topological associated domains (TADs) that act as barriers to restrain enhancer-promoter contacts
involved in transcription regulation [2] have been identified using Hi-C and other chromatin marks are just correlated to TADs.
These findings illustrate the need of an integrated as well as interactive visualization of Hi-C contact maps alongside other
genomic data.

Several tools for the visualization of Hi-C and other genomic data were developed and released in the last years (see e.g.
[3], [4], [5], [6] and the supplementary material). Focusing mainly on mammalian genomes, the tools often provide complete
data processing libraries covering all the necessary steps from Hi-C sequencing data to the visualization of the processed data.
A resulting disadvantage is that the import of files containing already generated Hi-C contact matrices is not supported and
hence the flexible combination with other tools or rather existing data pipelines is not possible. The necessity of being able to
program in low-level programming languages, such as C, as well as large and complex codebases are obstacles for customizing
these tools.

Our aim was twofold. First, we wanted to keep the Hi-C visualization pipeline Bekvaem generic and as easy to modify as
possible. Second, its usability and performance should be on a par with existing tools.

2. Methods

Bekvaem aims to unify all steps involved in the creation of browser-based visualization of Hi-C contact maps in the high-
level language Python.

By making use of Bokeh and HoloViews, graphs to the web interface are included using a syntax similar to that of ‘off-
line' plotting libraries such as Matplotlib or ggplot. The workflow of introducing new types of data to the Hi-C analysis is
brought down to writing a class with read-in, plotting and processing methods.

The hierarchy of classes representing Hi-C data as well as other experimental data is designed around generic graph types,
such as a heat map for the Hi-C contact map and a line graph for ChlP-seq data. These classes handle 1/0, pre-processing and
live aggregation of the data sources, if applicable. Offering a broad range of powerful libraries and interfaces to many
programming languages (R, C), Python handles most existing data sources and processing routines.

The bottleneck of displaying large data sets on a restricted screen resolution is addressed by just-in-time compiled
regridding routines that allow live exploration of the data sets without fixed zoom levels. Individual plot elements are
initialized in HoloViews, a down-stream library to Bokeh. By supplying data pipes and axes range streams to the plot
containers, manipulation of the plot or elements of the user interface results in a call to the callback function of the container in
which regridding and filtering operations can be placed. Dynamic loading of the requested data using cooler for the Hi-C
contact maps and pyBigWig for continuous complementary tracks allows Bekvaem to visualize large genomes.

Meta information that is integral to an understanding of certain data tracks is accessed via Bokeh's HoverTool, a dynamic
HTML widget that pops up on hover actions. Revealing information only in the user-requested region increases the quantity of
displayable data while maintaining the lucidity of the visualization.

The synchronization of the server and client view is handled by the internal plotting server of Bokeh and no programming
is required for its usage. Internally a document body of the browser visualization is built in Python with the Bokeh library and
synchronized in a JavaScript Object Notation (JSON) format with the client side. Subsequently Bokeh's JavaScript library
BokehJS renders the plots on the client side using the HTML5 Canvas element.
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Figure 1 — Screenshot of the web interface of Bekvaem. A 6 Mb section of a 20 kb resolution Hi-C contact map of
untreated M. musculus embryonic stem cells overlaid with a domain detection track is shown. CTCF counts of a
complementary ChlP-seq experiment are displayed alongside the Hi-C contact map. Data from [7].

3. Application

Bekvaem is conceived to visualize Hi-C contact maps of any genome alongside complementary tracks. Besides Hi-C
contact maps in square and triangular form, several additional data tracks of domain detection, protein binding, gene
expression and gene databases were added to the pool of implemented plots.

First macros that are helpful for the data exploration were exposed via the user interface (Ul). Given a data track of RNA-
counts, genes can be filtered on their expression rates. Besides, the Ul contains HTML widgets to interchange the data sources
and adjust the color scale of the color bar of the Hi-C contact map. The user has access to markers to record positions along the
genome and a pdf-export routine was written to capture the current view. Figure 1 shows the output of Bekvaem using a Hi-C
contact map of M. musculus.

The layout of the visualization can be modified in a rich fashion by a plain-text configuration file. The visualization can be
installed and used on a local host or exposed to the general web. For the latter a reverse-proxy such as NGINX can be used to
embed the visualization in a larger web application.

4. Conclusion
We present a slim and interactive browser application capable of visualizing Hi-C contact maps alongside complementary

data tracks. Besides Hi-C contact maps genome-wide data, such as ChiP-seq and RNA-seq, can be included in the layout.
Bekvaem can be utilized for the visualization of any genomes including mammalian genomes.
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