SOFTWARE Papers COV2HTML

COV2HTML: A visualization and analysis tool of bacterial next generation

sequencing(NGS) data for postgenomics life scientists

Marc Monotl*, Mickael Orgeurz, Emilie Camiade®, Clément Brehier® and Bruno Dupuy1

1. Institut Pasteur,Laboratoire Pathogenése des Bactéries Anaérobies, Paris, France.

2. Institut Pasteur,Unit for Integrated Mycobacterial Pathogenomics, Paris, France.

* Corresponding author

Contact information

Marc Monot : marc.monot@pasteur.fr ; Tel. +33145688390 ;Fax. +33140613123

Mickael Orgeur : mickael.orgeur@pasteur.frTel. +33145688446 ;Fax. +33140613583

Emilie Camiade : emilie.camiade@univ-tours.fr ; Tel. +33247366193 ; Fax.

Clément Brehier : cleeeem@free.fr ; Tel. +33145688390 ;Fax. +33140613123
Bruno Dupuy : bruno.dupuy@pasteur.fr ; Tel. +33145683175 ;Fax. +33140613123

Keywords: Next-generation sequencing; NGS;Visualization; Analysis; DNA-seq; RNA-seq; TSS; ChIP-seq.

Running title:COV2HTML: a web interface for bacterial NGS data


mailto:marc.monot@pasteur.fr
mailto:mickael.orgeur@pasteur.fr
mailto:emilie.camiade@univ-tours.fr
mailto:cleeeem@free.fr
mailto:bruno.dupuy@pasteur.fr

SOFTWARE Papers COV2HTML

Abstract

COV2HTML isan interactiveweb interface,which is addressed to biologists, and

allowsperforming both coverage visualizationand analysisof NGS alignmentsperformed on

prokaryotic organisms (bacteria and phages). It combines two processes: a tool that converts
the huge NGS mapping or coverage files into light specific coverage files containing
information on geneticelements; and a visualization interface allowing a real-time analysis of

data with optional integration of statistical results.

To demonstrate the scopeof COV2HTML, the program was tested with data from two
published studies.The first data was from RNA-seq analysis ofCampylobacterjejuni, based
oncomparison of 2 conditions with 2 replicates. We were able to recover 26 out of 27
geneshighlighted in the publication using COV2HTML.The second data comprised ofstranded
TSS and RNA-seq data sets on the Archaea Sulfolobus solfataricus.COV2HTML was able to
highlight most of the TSSsfrom the article and allows biologists to visualize both TSS and

RNA-seqon the same screen.

The strength of the COV2HTML interfaceis making possibleNGSdataanalysiswithout software

installation, login or a long training period. A web version is accessible

athttps://mmonot.eu/COV2HTML/. This website is free and open to users without any login

requirement.


http://mmonot.eu/COV2HTML/
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Introduction

Next-generation sequencing (NGS) technologies are revolutionizing genomics and the
benefits are becoming widespread. Nowadays, they allow large-scale comparative and
evolutionary studies and understanding regulatory networks. The broadest application of
NGS (Shendure and Ji, 2008) has incredibly increased the number of new genomes (Monot
et al., 2009; Sekizuka et al., 2011) and rapidly re-sequenced existing genomes previously
obtained by the automated Sanger sequencing method (Wynne et al., 2010). The regulation
of gene expression being a fundamental process within every cell type, the deep
transcriptome sequencing (RNA-seq) has recently emerged as a method enabling the study
of RNA-based regulatory mechanisms in a genome-wide manner (Wang et al., 2009). The
RNA-seq has demonstrated its effectiveness in accurate operon definition, discovery of non-
coding RNAs, and correction of gene annotation (Passalacqua et al., 2009; Perkins et al.,
2009; Yoder-Himes et al., 2009). In addition, Chromatin immunoprecipitation combined with
massively parallel DNA sequencing (ChIP-seq) (Robertson et al., 2007), which is extensively
used to study nucleic acid-protein interactions in eukaryotes, has recently been applied to
study the target genes of some regulator proteins in bacteria (Butcher et al.,, 2011;

Kahramanoglou et al., 2011; Lun et al., 2009).

All NGS technologies pose several challenges in terms of results analysis and
visualizationof mapping coverage of NGS data. There are many applications that have been
developed for browsing, visualizing and interpreting these mapping files. For
example,Generic Genome Browser (GBrowse)(Stein et al., 2002)and Javascript-based
genome browser (JBrowse) (Skinner et al., 2009)are designed to visualize genome
assemblies, IGV (Robinson et al., 2011) is a multiple genome browser and BamView (Carver
et al., 2012) managesboth viewing and reading of short-read data. All these viewers load
large mapping file with a consequent amount of time. Moreover managing these files is
laborious and most of the analysis programs require to be installed, a fact that is not
completely obvious for biologists. Currently, some research groups visualize and analyse
large-scale data sets from multiple NGS experiments by using available, but often modified,
bioinformatics tools (Kroger et al., 2012). In fact, the readers usually reach only a minimal

part of the huge information obtained and analyzed in publications. The remainder has to be



SOFTWARE Papers COV2HTML

interpreted, but that involves tools dedicated to users with a minimum of programming

skills.

As more and more NGS data sets are made available, their analysis becomes more diverse
and complex and, as a consequence, needs experienced and skillful experts. On the other
hand, the main bottleneck for biologists to perform their own global and specific analysis is
the use of dedicated tools without the help of a bioinformaticsexpert. Ideally, biologists
should have a ‘plug and play’ software for such studies. Thus we developed COV2HTML, an
accessible visualization and analysis tool for biologists, which consists in two distinct
andhighly dependentprograms. The first one, MAP2COV, (i) calculates the genome coverage
from the heavy mapping file, reaching several Gb, and (ii) extractsgene, rRNA, tRNA and
ncRNA information from annotation files to create light result files of a few Mb. This
reduction greatly simplifies data management for the further NGS analysis and facilitates
saving of data on a classical computer. Actually, large files could pose some informatics
issues such as an incompatibility with old file systems (FAT32) that do not accept filesof
more than 4 Gb, or withless powerful computersthat lag due to the high amount of data.
Furthermore, sizereduction makes results transfer by email or upload for instance much
easier. The second program is a visualization tool dedicated to investigatethe coverage of
genes or their promoter region according to DNA-, RNA-, ChIP-seq or TSS experiments. One
or two conditions with a maximum of 4 replicates per condition can be processed or up to
eight experiments of diverse types can be visualized in parallel. Zoom on both axes (X, Y) and
a down-drop listto pack replicates into one mean coverage view are available. Finally the
analysis is managed by two filtering criteria: gene coverage leveland fold change. Statistical
results can be integrated from any sourceby using a tabulated textfile,and if this is not
available, coverage results can also be standardized in the software.The strength of the
COV2HTML is to easily analyse and share data without software installation, login or a long

training period.
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Methods

Implementation

COV2HTML is a web interfacedesigned for biologists that allows coverage visualization of
NGS data before being studied. In order to ease both data loading and processing,
COV2HTML uses its own coverage format instead of directly handling huge alignment map or
coverage file. Thus, after having been mapped against the reference genome, the NGS data
are converted by the tool MAP2COV provided with the visualization interface. MAP2COV is

written in python 2.6 (http://www.python.org/) and is available both in command line and

in “one click” graphical versions (require Python 2.6 or 2.7 and Tcl/Tk installed). COV2HTML

is a web interface implemented in PHP 5.0 (http://www.php.net/) to generate dynamic

HTML content. The web version (https://mmonot.eu/COV2HTML/) is currently running on a

PC server with Ubuntu Linux using an Apache HTTP server to support web services. The
source code and documentation are freely available at

http://cov2html.sourceforge.net/under a GPL license (GPL 3.0). Moreover, for better

understanding of the code source, an effort was done to annotate python and PHP functions

ofeach program.

MAP2COV: conversion of NGS data
MAP2COV is useable on three operating systems (Linux, Mac OS X and Windows) in
command line or through a graphical interface  written in  Tcl/Tk

(http://www.tcl.tk/software /tcltk/license.html). For the two latter platforms, we used

PylInstaller (http://www.pyinstaller.org/) to generate “one click” binary executables.

MAP2COV works with three mandatory inputs (Figure 1): (i) a file containing the annotated
reference sequence previously used for the mapping assembly in GenBank (Benson et al.,
2012) or EMBL (Kulikova et al., 2007) format, or two files, one containing the reference
sequence in Fasta format, and the second one containing annotations in GFF3 format (Stein,
2010) or features nucleotide sequence in Fasta format; (ii) an alignment map file in

‘SAM’/’BAM’ (Li et al., 2009), ‘ELAND’ (http://ccg.vital-it.ch/chipseq/elandformat.html) or

‘WIG’ format (http://genome.ucsc.edu/goldenPath/help/wiggle.html). Users also have to

select the type of data contained in the alignment file, ‘DNA’ (DNA-seq), ‘RNA’ (RNA-seq),


http://www.python.org/
http://www.php.net/
http://mmonot.eu/COV2HTML/
http://cov2html.sourceforge.net/
http://www.tcl.tk/software/tcltk/license.html
http://www.pyinstaller.org/
http://ccg.vital-it.ch/chipseq/elandformat.html
http://genome.ucsc.edu/goldenPath/help/wiggle.html
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‘TSS’ (Transcriptional Start Site) or ChIP (Chromatin ImmunoPrecipitation);and (iii) optional

parameters. Anonymize data (default: No): replace identifier (ID) of genes with ‘CDS’

numbered from the origin (CDS1, CDS2..) and remove their description. Read-length
threshold (default: 20 bp): remove reads from the alignment file shorter than the threshold

in order to avoid non-specific aligned reads. Strand-specific data (default: No): generate

anoutput file for each strand from the alignment. Genetic Elements Coverage Value (default:

Mean Coverage): coverage of genes and intergenic regions is calculated either as the mean

coverage or as the number of reads that match on them (Raw Counts).

MAP2COV extracts first the interesting features in extenso CDS, rRNA, tRNA, ncRNA and
reference sequence length contained in complete GenBank, EMBL files or Fasta, GFF3 files.
Feature information (ID, position, strand, type and description) isrecovered directly from
these files. For the gene nucleotide sequences in Fasta format, an alignment step is
performed to find out their position in the genomic sequence. The ‘find’ function of python
is used to get back the position of the first exact match of each CDS in the genomic sequence
plus and minus strand. In order to prevent that exactly duplicated genes correspond only a
single position on the reference genome, once a match has been found, one part of the
corresponding sequence is masked by Ns in the reference genome before subsequent
searches. Only part of the match is replaced to avoid losing the information necessary for
overlapping genes. As this step could not be 100% accurate, users are advised to use EMBL,
GenBank or GFF3 file whenever it is possible. Finally, intergenic region (IGR) elements are
created and begin one base after the stop codon of the previous gene, and end one base
before the start of the next gene, except in case of overlapping genes where IGR are ignored.
IGR are numbered from the origin and their description contains the ID of the surrounding

genes.

The position and direction of the read matches present in the alignment file are used to
calculate the coverage of the reference genome except for the ‘WIG’ format which contains
only the genomic coverage information. In the case of alignmentsperformed againstmore
than one reference genome andstored in the same SAM/BAM file (e.g. bacteria genome and
plasmid), MAP2COV retrieve the readsfrom the right alignment using the genome reference

length.The reads are stacked on the reference genome to compute the genomic coverage.
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Then the coverage of genes and IGR is calculated according to the selected coverage style.
For the mean coverage method, the read summation is divided by the length of the genetic
element, whereasthe raw count method is defined by a single hit per read, so only the first-
base position of the read is used. If the data type ‘TSS’ or ‘ChIP’ are provided, the coverage is
calculated in the expected promoter region, from 250 bp upstream of gene start codon to

100 bp downstream.

The output file is formatted as follow: the data type, the specified strand (in the case of
stranded analysis), the genomic reference coverage, the coverage of the mapped-read first-
base (TSS processing only), the annotation (ID, position, strand, type and description if
available) and the coverage value of each CDS and intergenic regions, respectively. By
default, the coverage value of genetic elements is summed for both strands. In case of a
strand-specific processing, the coverage is given for each strand and two output files are
generated (plus and minus). Coverage data are given for each position with 10,000 values
per line. To avoid overwritingissue, the output name is automatically generated as
‘export_map2cov.txt” with anincremental number at the end if the name already exists. The

coverage output file is then bzip2 compressed to speed up online loading in COV2HTML.

COV2HTML interface: integration, visualization and analysis of NGS data

The compressed coverage files from MAP2COV have to be directly visualized by submitting
them into the COV2HTML interface. COV2HTML uses simple HTML code that assumes the
low-technology style of the interface, allowing larger browser compatibility (Supplemental
Table S1) and better swiftness, with a high real-time reactivity. The interface is divided into 2
PHP web pages, « connexion.php » for data integration and « visualization.php » for data

visualization.

Data integration

In the « connexion.php » web page, analyses are entered into database or selected from
down-drop lists. Each analysis is defined by the title and two conditions can be compared
with a maximum of 4 replicates per condition (Figure 2a). Otherwise, COV2HTML can be

used to visualize up to 8 experiments of diverse type performedon the same genome. The
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title should be chosen to describe analysis carefully as there is no link between coverage files
and experiments. A label of up to 4 characters could be attached to each condition and
numbered per replicate e.g. ‘WT1, WT2’ (mandatory if statistical resultsare provided). Users
could also integrate statistical results obtained from any source using a tabulated text file
with the following columns: gene identifier (‘ID’), each condition numbered per replicate
(e.g. ‘WT1, WT2, rpoN1, rpoN2’), each condition normalized value (e.g. “WT, rpoN’), fold
change value (‘FC’), p-value (‘pvalue’) and a significativity column with 0 or 1 value
(‘significant’). Analysis integration into database takes approximately 30 seconds for each file
depending of your Internet connexion (see below performance test). The analysis is saved in
the ‘YOUR Analysis’ down-drop list of the « connexion.php » page (Figure 2b). As there is no
login requirement, analysis is linked to a cookie created in the web browser for 2 years. Case
studies are stored in the ‘TUTORIAL Data’ down-drop list.Article that used COV2HTML are
stored in the ‘PUBLISHED Analysis’ down-drop list.Finally a ‘REMOVEAnalysis’ button is

present to erase one or all of the analyses attached to the computer’s browser.

Data visualization

In the « visualization.php » web page, the analyses are described and the coverage value
of gene and IGR can be investigated. The different parts of an analysis page example are
shown in Figure 3. The search function can be used either with the ID of genetic element or
by using a genomic position. The genomic coverage is drawn as a barchart for each sample,
using a compression factor of 5 folds (0 -> 0; 1-5 -> 5; 6-10 -> 10...) to gain in performance.
For TSS experiments, we added green lines which represent the first-base coverage of
sequence reads. The coverage values for each replicate, the mean coverage and conditions

ratio are indicated on genetic-element information.

The navigation bar containsX and Y zoom buttons, a down-drop list to pack replicates into
one mean coverage view (2 conditions only) and buttons and links to move through genome

by feature or a fixed distance in bp.

Data analysis

The analysis of features and IGR is managed by filters based on their coverage value. In

the filter box (Figure 4), a button permits switching from genes ‘GENE’ to intergenic regions
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‘IGR’" analysis. If a statistical file is integrated, a ‘Statistics’ button is present and permits to
switch on/off the statistical results. In case of a two-condition comparison without statistical
file, a standardize button is present to normalize the coverage between conditions. We
normalize the mean coverage of each replicate to the mean coverage of all replicates. The
deduced replicate correction factor is applied to each genetic-element coverage value
(Figure 5a). To avoid that a small proportion of genes affects the normalization (Bullard et
al., 2010), the 5%-top covered genes are not used for the calculation. For instance, in RNA-
seq bacterial experiment, the rRNA are the main contaminants and high differences of rRNA
guantities between samples could be recovered even after depletion of the rRNA (Chen and
Duan, 2011). Removal of their values gives a more truthfulcorrection. The strength of this
correction is indicated by the color of the button, which is related to the highest correction

factor (green <2; pink <5; red >5).

The analysis of genetic-elements coverage can be performed in two different ways (Figure
4). When we compare one experimental condition against the reference genome, the
genetic elements are filtered according to their coverage, either lower or upper than a
desired value. To compare two conditions, a coverage threshold and a fold change (FC) have
to be selected. The threshold represents the minimum coverage value assigned to a genetic
element before calculating the ratio. Thus with a gene coverage value of 2 in condition A and
30 in condition B, the real FC is 30/2=15, but it is decreased to 3 when using a threshold of
10 (30/10) (Figure 5b). This threshold permits limiting the background of the experiment due
to low-level coverage value. The threshold modification is not available for statistical results.
The fold change (FC) level is customisable by using ‘+’ or ‘-‘ buttons. Finally the filtered
genetic elements are displayed in co-localized groups, named as ‘ID of the first element-ID of

the last one’, with the number of members indicated in brackets.

Case study: testing COV2HTML with recently published RNA-seq data

To test COV2HTML, we searchedamong the NGS publications of the 2011’s year for suitable
random NGS data. However only few of them published raw or coverage data and gave a
clear description of their analysis methods. Finally we chose two studies, one concerning
RNA-seq comparison with 2 conditions and the other one combining transcriptional start site

(TSS) analysis and RNA-seq data sets. The first study is a RNA-seq analysis performed in
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Campylobacterjejuni, which consists of a non-stranded RNA-seq comparison of 2 conditions
with 2 replicates per condition(Chaudhuri et al., 2011). Because only raw data were available
[ENA:ERP000728], we aligned the reads by using Bowtie (Langmead et al., 2009) to get a
mapping file in SAM format(Li et al., 2009). Then we used MAP2COV with the C.jejuni
genome sequence [GenBank:AL111168] and the mapped file to test COV2HTML for each
condition’s replicate. A statistical result file was created by using information fromtable
S3available inthe supplementary results of the publication.The second study contains
stranded TSS and RNA-seq data sets on the Archaea Sulfolobussolfataricus recovered from
multiple conditions (Wurtzel et al., 2010). The authors provided raw data files for TSS and
WIG-like coverage files for RNA-seq [GEO:GSE18630]. For the TSS approach, Bowtie
(Langmead et al., 2009) was used to create stranded condition mapping files (+ and -) which
gather 3 pooled conditions. Then MAP2COV was launched to convert them into coverage
files along with the S.solfataricus genome sequence [GenBank:NC_002754] which will be
used to validate COV2HTML. These studies are available in the tutorial part of the website

and files can be uploaded from sourceforge (http://cov2html.sourceforge.net/).

COV2HTML interface: a web and a local version

The web interfacehttps://mmonot.eu/COV2HTML/runs on a PC server (Core I3 at 3,4 Ghz

with 16 Gb of RAM and a 2-Tb HDD drive),withUbuntu Linux using Apache HTTP server to
support web services. Data generated by COV2HTML are stored in a MySQL database split
into 10 sub-bases. Each sub-bases is limited to 100 stored analyses (1000 analyses in total).
We set amaximum genome size which can be uploaded at 10 megabases.This website is free

and open to any users without login requirement.

A local version of the COV2HTML interface can also be set up by downloading the PHP

and SQL source filesfrom http://cov2html.sourceforge.net/,together with a package that

contains at least the Apache web server, MySQL, PHP and phpMyAdmin.We suggest

usingthe XAMPP Apache distribution (http://www.apachefriends.org/en/xampp.html)for

performing the local installation in3 steps : (i) install the XAMPP version for your operating
system; (ii) decompress the « COV2HTML_PHP.zip » fileto copy the resulting COV2HTML
folder into the « htdocs » folder of XAMPP; and (iii) launch the XAMPP control panel to start

« Apache » and « MySQL », and then in the « localhost/xampp/» web page go to

10


http://cov2html.sourceforge.net/
http://mmonot.eu/COV2HTML/
http://cov2html.sourceforge.net/
http://www.apachefriends.org/en/xampp.html
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« phpmyadmin »to  import the COV2HTML.sql file decompressed from the
« COV2HTML_SQL.zip » file. Finally you can access to your local version of COV2HTML via the

« localhost/COV2HTML/ » web pagewithyour internet browser.

COV2HTML web interface: performance test
We tested performances of the COV2HTML interface both for analysis uploading and
visualization by using the Apache JMeter desktop application

(http://jmeter.apache.org/).We performed several test plans simulating a succession of

steps executed by JMeter during the data handling, integratingmultiple criteria:
simultaneous users, database load (0, 250, 500, 750, 1000 analyses) and use of secure
internet protocol or not (HTTPS, HTTP). The first test plan built in JMetersimulatedl, 3, 5 or
10 users simultaneously uploadingdata from theCampylobacterjejuniRNA-seq analysis (Case
study 1) through the «connexion.php» web page, and then accessing to the
« visualization.php » web page. The second test plan simulated 10, 50, 100, 150, 160, 180,
2000r 250 users simultaneously refreshingthe « visualization.php » web page every 5 to 10
seconds. These two test plans were launched10 and 100 times respectively,to collect
meanresponse time and standard deviation(Supplemental Table S2 and supplemental Figure

s1).

Both test plans showed that the mean insertion time depends on the number of
simultaneous users and varies from 30 to 90 secondsaccording to the data tested.The
maximum of simultaneous uploadings into the database is reachedwith 10 users; at this
point some users could receive an error message.There is no difference in insertion or
visualization time relative to the database load. Since the internet protocol (HTTP and
HTTPS) does not influence the swiftness oftheconnection with our tests, we set the secure

protocol as default.

To limit database congestion, user sessions are deleted after 6 monthsif no analysis
insertion or visualization hasbeen done,and the 15 oldest analyses are removed when one
sub-base reaches 100 analyses. To keep a good visualization time (< 0.5 second), we limited

the number of simultaneous connections to 150.

11


http://jmeter.apache.org/

SOFTWARE Papers COV2HTML

Results

According to biological questions, handling and analyzing NGS experiments require a long
treatment process that can be heavy to complete for biologists without strong
bioinformatics skills, in particular the aspect of data analysis. First, they have to prepare
different biological samples (DNA or RNA) and send them to the sequencing platform that
provides sequence reads. Then, sequence reads are sent back to biologists either as a raw
data file i.e. ‘Fastg’, when the laboratory has the resources to achieve the alignment on the
reference genome, or directly as an alignment file e.g. in ‘SAM/BAM’ format. Moreover a
statistical file is also sent taking into account the experimental conditions and replicates. This
is the point that difficulties for the processing of NGS data begin for the biologists due to the
lack of adapted and easy analytical tools. The aim of this work was to develop a program

that makes NGS data analysis simpler and autonomous for biologists.

COV2HTML can be used either directly by NGS platforms providing their own specific
coverage files, or by biologists with coverage files converted by MAP2COV. For this
lastoption, the coverage file for each experiment is created with MAP2COV by providing the
reference genome information, the alignment file as well as the data type and optional
parameters(Figure 1).The analysis can be then performedin the COV2HTML connexion.php
web page (Figure 2), by filling the title boxand by uploading the right coverage files.For each
condition a short labelcanbe attached and it is possible to compare two conditions with a
maximum of 4 replicates per condition (Figure 2a).The statistics results could bealso
integrated by using a specific formatted file. COV2HTML canalso beused to visualize up to 8
experiments of diverse typeperformedon the same genome. Finally the analysis is saved in

the ‘YOUR Analysis’ down-drop list of the « connexion.php » page (Figure 2b).

Identification of mapping errors

The first step of the visualization permits a quick detection of errors due to the alignment
that are not always detectable in the alignment software logs. Once validated, the NGS data
can be analyzed according to biological questions. The mapping ofsequence reads againsta
reference genome greatly depends of the filters applied on reads or of the options chosen

for the alignment. A frequent error is to retain low complexity reads or trimmed reads

12
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whose sequences are not long enough to have a statistically unique match. As a
consequence, these sequences create mapping artefacts by matching several times onto the
genome. Actually, the read-length limitation depends both on the genome size and on its
bases composition. To illustrate this problem, we simulated from a RNA-seq experiment a
high proportion of small sequences by filtering the readswith poor-quality ends before
alignment againstourreference genome (unpublished data set). Then we converted the
mapping file with and without the read-length limitation option of MAP2COV. As illustrated
in Figure 6, we observed an accumulation of suspect reads without using the limitation
(Figure 6a), which disappeared when the limitation was applied (Figure 6b). This read-length
option is useful for bioinformaticians to check themapping quality and for biologists as well

to adapt filtering criteria without requiring an expert.

Case study 1: Analysis of recently published RNA-seq data by COV2HTML.

The aim of the RNA-seq analysis is to determine the impact of the various growth conditions
or gene mutations on the transcriptional expression and to identify which genesare
differentially expressed. Visualization of the results is critical and can quickly highlight
unexpected differences. To validate the relevance of COV2HTML for a RNA-seq analysis, we
tested the program with NGS data of a C. jejuni RNA-seq study recently published (Chaudhuri
et al., 2011), corresponding to a standard comparison of 2 experimental conditions (wild-
type and mutant strains) with 2 replicates. In this study they showed that the expression of
27 genes was significantly altered in the mutant compared to the wild-type strain with a
minimal fold change of 5 (Table 2). This analysis was well described, the raw data were
available onlineand we could therefore integrate them in COV2HTML. The statistical results
were also enteredinto COV2HTML. In the publication, the gene-coverage calculation style
was the raw counts whereas MAP2COV was configured to convert data either with the
‘Mean coverage’ or the ‘Raw counts’ styles. To compare with statistical results of the
publication, we simulated theC. jejuni RNA-seq analysis according to the author’s conditions
by setting in COV2HTML the gene filter standardization on “ON” with a minimum fold
change difference of 5 (FC < 0.20 or FC > 5) without coverage value limit (threshold = 1).
With these criteria, we were able to recover at least 26 out of 27 geneshighlighted in the

publisheddata whatever the coverage calculation style (Table 2).

13
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Case study 2: Analysis of a recently published TSS experiment by COV2HTML.

Transcription start site (TSS) sequencing or 5’-end sequencing experiments are used to
identify the exact 5-end of transcripts. The sequences derived from the 5-end approach
may correspond either to real start of transcripts existing in the native cell or to break points
of degraded RNA molecules. In addition to characterize the 5’-start of genes, such data need
to be analyzed by visualization tools in order to highlight the transcript sense and non-coding
RNA (ncRNA) as well as cis-antisense transcripts. With COV2HTML, the TSS coverage is
calculated from the most probable region of a transcriptional start corresponding to the
position -250 to +100 bp relative to the translational start points. Afterwards, a manual
curation of the putative TSS found can be done using the first-base coverage of sequence
readsrepresented in the coverage view of the sample as green lines (Figure 7). In order to
demonstrate the relevance of COV2HTML for the TSS analysis, we used data of the TSS
experiment performed in the Archaea S.solfataricus(Wurtzel et al., 2010). The raw data were
also available online and converted by MAP2COV into coverage files and the analysis was
simulated through COV2HTML by using only the default coverage filter (coverage > 10)
without manual curation. The authors found 960 TSS on both strands, which were verified by
combining the coverage of TSS experiments along with an incisive examination of the
nucleotide composition upstream to these sites. By usingCOV2HTML, a list of 755 and 817
TSS were detectedfor strand plus and minus(Supplemental TableS3) respectively, which
contains near 80% of the TSS published (Table 3). Thus, even with a simple criteria and
without further manual analysis, COV2HTML was able to highlightmost of the TSS results of

this article.

Case study 3: Combined analysis of RNA-seq and TSS data by COV2HTML.

The visualization of multiple RNA based NGS analyses can offer the possibility to detect new
transcript genes or the presence of ncRNAs and cis-antisense transcripts that could be
responsible of transcriptional regulation. A single-nucleotide resolution map of the
transcriptome of S.solfataricuswas recently generated (Wurtzel et al., 2010),by combining
two independent transcriptome sequencing approaches: a whole-transcript sequencing
(RNA-seq) and a 5’-end sequencing (TSS). Both converted files were entered into COV2HTML

in the following order: TSS + (strand plus), RNA-seq (non stranded) and TSS - (strand minus).

14



SOFTWARE Papers COV2HTML

This order was chosen to visualize (i) the transcript sense and the corresponding TSS; (ii) the
putative novel transcripted-protein coding genes and (iii) the non-coding RNA (ncRNA), or
cis-antisense transcripts. As an example, three transcriptional starts and the expression of 2
genes are illustrated in Figure 7. The RNA-seq coverage (Figure 7b) indicated that 2 genes
were expressed, SSO0048 and a new transcript. In the TSS strand plus (Figure 7a), the 5'-
ends of gene SSO0048 and SSO0049 are shown in black pillars bordered by a green line. The
same profile was observed in the TSS strand minus (Figure 7c) for the new transcript but
with multiple right green lines. By changing the Y-scale to view high coverage (1-2500), 2
main green lines are found that could correspond to (i) the 5’-end of the gene already
annotated (SSO0047) with a post-transcriptional maturation or (ii) the 5’-end of a new
transcript identified by the RNA-seq coverage. In addition in the same study (Wurtzel et al.,
2010), a proteomic analysis was performed and confirmed that this new transcript encodes a
protein. The visualization tools given with this publication (Wurtzel et al., 2010), combining
in one graphic all the results, are remarkable but not easily accessible for the biologists
without bioinformaticsskills. COV2HTML allows biologists to combine and visualize their raw

data and data from publications prior to access sophisticated analysis tools.

COV2HTML Security

The security of the COV2HTML websitehttps://mmonot.eu/COV2HTML/ is enhancedby

default using aHyperText Transfer Protocol Secure (HTTPS). It provides authentication of the
websiteby authoritatively signed certificates (Go Daddy Secure Certification Authority) and
bidirectional encryption of communications between client and server.As the encryption
could delay the website, we add the possibility to switch between HTTP and HTTPS protocols

(lock image next to the analysis title in the “connexion.php” page).

The security of the analysis is managed by a cookie coded inside the web browser with a
combination of the date and a unique identifier from the database. In the case of computer
sharing, the analysis can be erased manually or by removing cookie information at the end
of their session. Furthermore, coverage files do not contain any sequence or information
regardingthe experimental conditionsand it is possible to anonymize gene information by

using the appropriate option in MAP2COV.
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Discussion

COV2HTML provides an easy and 'in home' web interface for biologists allowing coverage
visualization of the NGS alignment needed for the analysis. It combines two essential
processes: (i) MAP2COV, a tool that converts the huge NGS mapping or coverage files into
light specific coverage files containing genetic-elements information (Table 1); and (ii) an
online coverage viewer allowing a real-time analysis of data using statistical results if
available with selected criteria. This interface offers a visualization of NGS mapping coverage
data (DNA-, RNA-, ChIP-seq and TSS), performed with prokaryotic organisms (bacteria,
phages) under different experimental conditions (such as mutant versus wild-type strains or

cells in different growth states), which facilitates studies.

Several NGS visualization tools are available online, such as Integrative Genomics Viewer
(IGV) (Robinson et al., 2011), Generic Genome Browser (GBrowse) (Stein et al., 2002),
Javascript-based genome browser (JBrowse) (Skinner et al.,, 2009) and BamView (Carver et
al., 2012). These interfaces are high-performance visualization tools for interactive
exploration of large integrated genomic datasets. Although many features overlap with
these interfaces (Table 4), COV2HTML offers facilities for the biologist users as follows. First,
a complex installation procedure is mandatory for GBrowse or JBrowse (server) but IGV,
BamView and COV2HTML are given directly as a graphical interface. IGV and BamView are
written in Java making them portable between platforms in theory, whereas a web browser
is sufficient for JBrowse (client) or the COV2HTML visualization interface. Secondly, the NGS
results can be sent in many formats to biologists. If IGV, GBrowse and JBrowse support a
wide variety of NGS format, BamView has been developed to visualize exclusively indexed
‘BAM’ files. For COV2HTML, it will use its own coverage format thanks to the converter
provided, MAP2COV, which supports files that are commonly attached to publications.
Thirdly, the visualization of all gene coverage is crucial for the analysis. Actually, the
automatic zoom of IGV, GBrowse and BamView can be a problem to visualize weakly-
covered gene, and particularly those, which are next to a strongly-covered gene. In JBrowse,
zooming in and out can be done without communicating with the server making them faster
and more fluid than in GBrowse. In COV2HTML, zoom on both axes (X, Y) are usable for the

data coverage visualization. This option allows users to see different expression levels
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without being overwritten by an automatic zoom. Finally, the analysis of genes or IGR
coverage is not present in IGV, GBrowse and JBrowse. BamView can normalize data with the
read per kilobase per million of mapped reads (RPKM)(Mortazavi et al., 2008), and write an
output file which can be used for further statistical analysis. In COV2HTML, the
interpretation of aligned reads is screened out by using filters on genes or IGR with or
without integrated statistical results. COV2HTML offers users to change analysis criteria in

real-time, depending on the results visualization.

Conclusions

As more and more NGS data become accessible online, scientists are attracted to exploit
diverse experimental results. However this often requires bioinformaticsskills, which
mayprevent them from undertaking such studies. Thus, COV2HTML has been designed as an
easy and accessible interface to simplify analysis of NGS data recovered from
laboratoryexperimentsor from databases.Furthermore information sharing is enhanced by a
new tiny coverage format.At the time of publication, the sourceforge project recorded 218
downloads from 25 countries. An overview of the current server charge is accessible

athttps://mmonot.eu/COV2HTML/statistics.php/.

To date, a local version of COV2HTMLhas runfor2 years,in collaboration with biologists of
8 groupsinside and outside of our laboratory. So far, 21 RNA-seq and 2 TSS
experimentshavealready beenprocessed by using COV2HTML and 2 analyses are already

published and viewable in the ‘PUBLISHED Analysis’ down-drop list of the « connexion.php »

page.
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Availability and requirements

Project name: COV2HTML

Project home page:http://cov2html.sourceforge.net/

Operating system(s): Platform independent

Programming language: COV2HTML: PHP, MAP2COV: Python

Other requirements: COV2HTML: up-to-date internet browser (Supplemental Table S1).
MAP2COV: Python 2.6 or 2.7including Tcl/Tk.

License: General Public License version 3.0 (GPL3.0)

Any restrictions to use by non-academics: No

Author contributions

MM and CB wrote the COV2HTML code. MO and MM wrote the MAP2CQOV code. EC tested
the software. MM, EC and BD wrote the manuscript, all authors have contributed to it and

have read and accepted the final version.
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FIGURES LEGENDS

Figure 1. MAP2COV Tcl/Tk graphical interface.

Three parts must be filled out (i) Reference information: GenBank, EMBL file or Genome and
Annotation files; (i) Alignment File: SAM/BAM, Eland or Wig files; Data type: DNA, RNA, TSS
or ChIP; (iii) Optional Parameters: Anonymize, Read-length, Strand-specific or Genetic

Elements Coverage Style.

Figure 2. COV2HTML connexion.php web page.

a) An analysis is specified by a title, a label attached to condition A and B (optional), up to 8
files using the “Choose File” button and a statistical results file (optional). To enter analysis
in the database, press the action button. b) Analyses stored in database. YOUR Analysis
(User’s analysis), PUBLISHED Analysis, TUTORIAL Data, REMOVE Analysis and a button to

activate help boxes.

Figure 3. COV2HTML visualization.php web page.

We divided the webpage into color boxes to separate each part. [Grey box] Analysis title and
strand. [Orange box] information of Gene or IGR: gene ID or IGR ID; position; strand; type;
product; coverage for each replicates; the mean value per condition; the ratio of conditions
A/B. [Purple box] Navigation tools. A view pack/fulldown-drop list to pack replicates into one
mean coverage view (2 conditions only).ZOOM Y-axis button to change coverage scale from
1-250 to 1-10°000. ZOOM X-axis button to change genomic scale from 1-1300 to 1-
6500.Current gene or IGR surround with link to the previous and next one. [Blue box]
Genetic elements and their labels. Gene are in blue, rRNA / tRNA are in red and ncRNA are in
grey.[Yellow box] Sample’s coverage: analysis condition and replicate genomic coverage
views. [Green box] Gene or IGR filters to analyse coverage data. At the topothers tools:
search for a position or a gene ID; activate help boxes; export all or filtered results in a

comma-separated value file (Excel compatible).

Figure 4. COV2HTML Genetic elements filter box.

Example of a two-condition RNA-seq experiment without statistics. From top to bottom:
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Experiment type selection switch between Genes and IGR analysis; Standardization ON/OFF:
Switch button to equilibrate the mean coverage of each sample (Figure 5a); The blue
rectangle represents the one condition panel: Filter genetic elements by their coverage. The
red rectangle represents the two condition comparison panels: Filter fold change differences
by setting the minimum coverage value assigned to genetic elements before ratio calculation
(threshold); Results are displayed below the filter box (Figure 3). If statistical results are

present, ‘Standardization’ is replace by ‘Statistics’ and ‘threshold’ option disappears.

Figure 5.COV2HTML Filter box options.

a) Normalization: we normalize the mean coverage of each replicate except the 5% top (red)
to the mean coverage of all replicates (green line). The deduced replicate correction factor is
applied to each genetic-element coverage value (Figure 5a). b) Threshold: the minimum
coverage value assigned to a genetic elements is set by the threshold before calculating the
ratio. Thus with a gene coverage value of 2 in condition A and 30 in condition B, the real FCis

30/2=15, but is decreased to 3 when using a threshold of 10 (30/10).

Figure 6. Identification of mapping error.
COV2HTML visualization of the same mapping file converted with MAP2COV by using two
different read-length option: a) set to 0, use all mapping read, b) set to 20, remove aligned

reads < 20 bp.

Figure 7. COV2HTML combine analysis.

Three coverage profiles from two experiments done with the same reference genome, RNA-
seq and TSS, were mixed in one view: a) transcriptional start site of the strand plus (TSS+); b)
non-stranded RNA-seq, to detect gene expression; c) transcriptional start site of the strand
minus (TSS-). A dashed red insert show a 10x Y-scale zoom (1-2500) of TSS region. In TSS

experiments green lines represent the first-base coverage of sequence reads.

Figure S1. COV2HTMLinsertion and visualization performance results.
COV2HTML insertion (a) and visualization (b)time results depending on the number of

simultaneous users and the database load (JMeter test plan).
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Table 1. Comparison of NGS data files composition.
Mapping file contains read information. Coverage file contains the genomic coverage.

MAP2COV file contains the genomic and genetic-elements coverage and their

annotation.
Mapping file Coverage file MAP2COV file
File Size 1-10Gb ~10 Mb ~1 Mb
Read Information
Sequence yes no no
Quality yes no no
SNP yes no no

Coverage Data

Genomic no yes yes
Genetic

elements No no yes
Genome Annotation

Genes No no yes
Intergenic

regions No no yes
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Table 2. RNA-seq analysis of Campylobacter jejuni comparison between published
statistics results and COV2HTML.

Results from Wurtzel et al. publication (Wurtzel et al., 2010) on C. jejuni RNA-seq
experiments are compared to COV2HTML analysis. The coverage style, normalization
method, threshold and fold change are indicated for each. Fold change of genes that are not

present in COV2HTML analyses are given in bold red surrounded by stars.

PUBLICATION COV2HTML
Coverage style Raw counts Raw counts Mean coverage
Normalization RPKM ON ON
Threshold No 1 1
Fold Change 5 minimum 5 5
Fold Change value in publication and COV2HTML
Cjoo40 0,00 0,00 0,01
Cjoo41 0,02 0,02 0,04
Cjoo42 0,01 0,01 0,02
Cjoo43 0,02 0,02 0,04
Cj0243c 0,09 0,09 *kk 0,23 *kk
Cjo423 16,9 16,3 16,4
Cjo424 12,7 12,7 13,2
Cjo425 18,0 20,8 21,6
Cjo454c 6,00 5,95 6,00
Cj0528c 0,16 0,16 0,17
Cjoe67 5,91 5,97 6,28
Cjoe87c 0,04 0,03 0,03
Cjo6e97 0,07 0,06 0,07
Cjo698 0,15 0,15 0,15
Cjo887c 0,15 0,15 0,16
Cj0898 5,21 5,10 5,46
Cj0912c 6,60 6,48 6,69
Cj0917c 6,03 6,26 6,43
Cj1242 0,03 0,03 0,03
Cjl462 0,03 0,03 0,04
Cj1463 0,03 0,03 0,03
Cj1465 0,11 0,12 0,10
Cjl466 0,07 0,07 0,08
Cj1650 0,17 0,20 0,17
Cjl726¢ 5,04 5,00 5,10
Cj1727c 5,42 5,17 5,31
Cj1729c 0,01 0,01 0,01
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Table 3. TSS analysis comparison between published results and COV2HTML.
In the publication TSS considered by an accumulation of more than 10 reads. For COV2HTML

the filter used was « coverage > 10 ».

PUBLICATION COV2HTML COMMON (%)

Transcriptional Start Sites
Strand + 463 755 354 (76%)
Strand - 497 817 409 (82%)
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Table 4. Characteristics of COV2HTML, GBrowse, JBrowse, IGV and Bamview.

Software utilization, data visualization and data handling compared in COV2THML,

GBrowse, JBrowse, IGV and Bamview.

COV2HTML GBrowse JBrowse IGV BamView
Software Utilization
Require installation No Yes Yes No No
Input feature Fasta/GFF3,
P EMBL, Many# GFF, BED Many Many
format
GenBank
SAM/BAM
[ NGS f ! M ¥ WI M BAM
nput NGS format WIG, Eland any G any
Data Visualization
Experiments upto8 Many Many Many upto5
Zoom X Manual Manual Manual Manual Manual
ZoomY Manual Automatic Automatic Automatic Automatic
Data handling
Normalization Yes* No¥ No¥ No RPKM
Statistics Yes* No¥ No¥ No No
Analysis Filters No# No¥ No No

*If optional statistical result file is provided

foptional plug in could be implemented
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800

MAP2COV - Convert mapping data into coverage format readable by the COV2ZHTML interface

Reference Information

Alignment File

Optional Parameters

GenBank file SAM/BAM file Anonymize data
F re—1 F armrm—Y 0
[ Browse | | Browse ® No ) Yes
EMBL file ELAND file Read-length threshold (0 to disable)

{ N\ s A
| Browse Browse 20

Reference Sequence (Fasta) WIG file Strand-specific data
Vs \ L A O
( Browse ) Browse ® No O Yes

CDS regions (Fasta or GFF3) Genetic Elements Coverage Style

Data type
| Browse | ) DNA ) RNA 188 ) chip ® Mean Coverage () Raw Counts
Output directory
( qQuit ) (" Launch Analysis )
£ “\
Browse
Figure 1.
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(a) (b)

ENTER your Analysis (title) : htips VIEW an Analysis
Condition A Condition B Cookies used to recover Your Data
Choose File no file selected Choose File no file selected I — YOUR Analysis ----------- ol
Choose File no file selected Choose File no file selected — PUBLISHED Analysis --------- 3|
Choose File no file selected Choose File no file selected I — TUTORIAL Data ---------- 4]

Choose File no file selected Choose File no file selected

STATISTICS (Optionnal) Choose File no file selected (- REMOVE Analysis ---------- 3|

ENTER ANALYSIS IN DATABASE HELP is OFF EI

Figure 2.
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Figure 3.
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