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Editorial

Next Generation Sequencing (NGS) is today driv-
ing the generation of knowledge (especially in
biomedicine and molecular life sciences) to new
dimensions. The massive data volumes being
generated by these new technologies require
new data handling and storage methods. Hence,
the life science community needs not only new
and improved approaches to facilitate NGS data
management and analysis but also hundreds
if not thousands of scientists trained in the us-
age and analysis of these new fechnologies. In
this EMBnet.journal supplement the COST Action
Seqahed presents some insights in the work that
unites bioinformaticians, computer scientists and
biomedical scientists allowing them all together
fo bring NGS data management and analysis 1o
new levels of efficiency and infegration.
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Scientific Meeting 2014 “NGS Data after the Gold Rush” & “Management
Committee” Meeting, Norwich, UK

Vicky Schneider', Erik Bongcam-Rudloff?™*

'The Genome Analysis Centre (TGAC), Norwich, United Kingdom

2Swedish University of Agricultural Sciences, Uppsala, Sweden

With 70 stakeholders from 28 European coun-
fries, the three-day meeting at the The Genome
Analysis Centre (TGAC) facilities in Norwich (UK)
explored the state-of-the-art in Next Generation
Sequencing (NGS) data analysis, its current chal-
lenges and applications.

The event was opened by organiser, Dr. Vicky
Schneider, who highlighted the importance of
being able to host and make the most of this
networking opportunity at TGAC. The first session
was chaired by Dr. Ana Conesa, from the Prince
Felipe Research Centre (ES), and Aleksandra
Pawlik, from the Software Sustainability Institute
(UK).

Figure 1. Audience.

During the first day of the event, participants
heard presentations from leading international
scientists, covering data analysis and manage-
ment, bioinformatics training, functional and
pathogen genomics.

Figure 2. Ana Conesa.

The participants and speakers discussed the
importance and value of the SegAhead-COST
Action' in enabling the development and coor-
dination of a common action plan for the bene-
fit of the scientific community, in assisting with the
rise of NGS data, and in the development and
optimal use of state-of-the-art bioinformatics.

The establishment of a strong European net-
work of NGS data-analysis and informatics scien-
tists was underlined as a key facilitator and stimu-
lator towards the exchange of data, protocols,
software, experiences and ideas.

The scientific meeting also discussed cur-
rent and future directions in terms of the use of
NGS technologies, further developments of high-
throughput approaches, with a particular focus
on parallelisation of the sequencing process,
producing thousands or millions of concurrent
DNA sequences. The large data volumes being
generated by these new fechnologies require

1 seqahead.eu
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Figure 3. Ola Spjuth.

new data-handling and storage methods: solu-
fions created and implemented by the speakers
were shared and discussed, with emphasis on
the critical role and need for fraining life scientists
to make the most of existing solutions, and ensur-
ing best practice in experimental design, in data
quality control, analysis and storage, and in facil-
itating interoperability of data-sets and workflows.

The discussions during the scientific meeting
highlighted the importance and need for op-
portunities to distribute knowledge and expertise
via combined education and publication pro-
grams, such as the activities supported by this
COST action.

Figure 4. Dave Clements, Galaxy.
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All of these activities help to unite bioinfor-
maticians, computer scientists and biomedical
scientists, harnessing their expertise to bring NGS
data management and analysis o new levels of
efficiency and integration.

The SegAhead Management Committee
meeting concluded the event, led by Chairman,
Erik Bongcam-Rudloff, and Vice-Chair, Terri
Attwood

Figure 5. Group picture.

Speakers were happy to share their presen-
tations, which can be found at:; http://www.tgac.
ac.uk/SegAhead Scientific  Meeting and
Management  Committee  Meeting/

Some voices from the event:

Matt Clark, Plant and Microbial Genomics
Group Leader, said, "NGS is a large, growing and
rapidly moving field, it's critical 1o keep your eye
on the latest technical breakthroughs and best
practices both in the lab and in bioinformatics
to do the best possible research. Meetings such
as this are crifical to sharing knowledge across
the EU and fo ensure we learn from each other
rapidly.”

Teri Atwood, Professor of Bioinformatics at
the University of Manchester and Vice-Chair of
SegAhead, said: "Networks like SegAhead are
vital both for allowing scientists to share best
practice in the development and use of cutting-
edge research tools, and for helping fo train the
‘next generation” of next generation sequencing
researchers!”


http://www.tgac.ac.uk/SeqAhead_Scientific_Meeting_and_Management_Committee_Meeting/
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Day1

08:30-09:00
09:00-09:30
09:30-10:00
10:00-10:30
10:30-11:00

11:00-11:30
11:30-12:00

12:00-13:00
13:00-13:30
13:30-14:00
14:00-14:15

14:15-14:30
14:45-15:30

15:30-16:00
16:00-16:30

Day2

09:00-09:30
09:30-10:00

10:00-10:30
10:30-11:00
11:00-11:30
11:30-12:00
12:00-13:00
13:00-13:15
13:15-13:30
13:30-13:45
13:45-14:15
14:15-15:00
15:00-15:15
156:15-15:30

156:30-16:00
16:00-16:30

16:30-17:15

NGS: State of the Art, Current Challenges & Applications
Chair: Ana Conesa

Registration and Coffee

Welcome from Vicky Schneider & Dr Erik Bongcam-Rudloff

Plenary Lecture: "NGS, then, now and in the future”, Matt Clark

Coffee Break & poster set-up

SegAhead: NGS data analysis network across countries and projects,

Erik Bongcam-Rudloff

Using NGS to answer biological questions, Bjérn Usadel

NGS scaling up: A retrospective from the Norwegian Sequencing Centre,
Robert Lyle

Lunch

NGS for studying viruses "beyond the consensus’, Jan Kim

Towards sustainability in Bioinformatics training, Judit Kumuthini

Selected oral presentation: Added value of whole-genome sequence data to
genomic predictions, Marco Bink

Selected oral presentation: Molecular Signalling in inferaction between Potato,
Potato virus Y and colorado Potato beetle, Kristina Gruden

Coffee Break and Poster Presentations

Training in computational skills, Aleksandra Pawlik

NGS in Functional Genomics: Where are we now and its impacts,
Ana Conesa

NGS: State of the Art, Current Challenges & Applications
Chair: Aleksandra Pawlik

Morning Coffee

Coding & Best Practice in Programming: Why it matters so much in the NGS erq,
Lex Nederbragt

GWAS, where are we now?, Ashley Farlow

Scaling Galaxy for Big Data, Dave Clements

Coffee Break & poster set-up

Sex, deep sequencing and microRNAs, Antonio Marco

Lunch

Selected Oral Presentation: Transcription microvariability detection by NGS,

Fleur Leenen

Selected oral presentation: From BIG data to RELEVANT data: Application of ribo-
seq technology for understanding gene expression, Pavel Baranov

Selected oral presentation: KmerStream: a Streaming Algorithms for k-mer
Abundance Estimation, Pall Melsted

NGS data management and analysis for hundreds of projects: Experiences from
Sweden, Ola Spujuth

Coffee Break

Selected oral presentation: High-throughput Sequencing of the Immunoglobulin
Heavy Chain Repertoire of Transgenic Humanized Rats Reveals Convergent
Antibody Signatures, Claude Muller

Selected oral presentation: Analyzing RNA-seq data with RNASegHUI,
Claudia Angelini

NGS in Pathogen Genomics: It's impact and applications, Claudio Donati
Impact and sustainability of hands-on fraining in the analysis of NGS data,
Gabriella Rustici

Closing remarks & What's Next, Erik Bongcam-Rudloff
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08:30-09:00
09:00-09:15
09:15-09:30
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10:00-10:20
10:20-10:30

10:30-11:00
11:00-11:40

11:40-12:50

12:50-13:00

13:00-14:00
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SegAhead Management Committee Meeting

Morning Coffee

Welcome, Introduction and overview of the day, Vicky Schneider

Approval of minutes and matters arising from last meeting

Update from the Action Chair

Status of Action, including participating countries

Promotion of gender balance and of Early Stage Researchers (ESR) STSM status and
new applications

Annual Progress Conference in Malta

Coffee Break

Follow up of MoU objectives

a. WG reports (5 mins each)

b. Progress report on the third years workshops (5 mins)

¢. Publication of State-of-the-art Reports (5 mins)

d. Maintaining lists of publications and projects on the welbsite (5 mins)
Scientific Planning for last year of the action

a. Scientific strategy: WG activity during the last year

b. Action Budget Planning

c. Long-tferm planning (including anticipated locations and dates of future activities)
d. Dissemination planning (publications and outreach activities)

Summary of Management Committee Decisions, close meeting and confirm
location and date of next meeting

Lunch
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Scaling Galaxy for Big Data

Dave Clements, Galaxy Team
Galaxy Project, Johns Hopkins University, Baltimore, USA

Galaxy' is a widely-used, web-based platform
for data infegration and analysis in the life sci-
ences (Goecks et al, 2010; Blenkenberg et al.,
2010; Giardine et al., 2005). It is available as a
free public server? on the web, and as open-
source software that can be installed locally and
on the cloud®. Galaxy enables life scientists to
perform bioinformatics analysis using the large
and varied datasets now being generated in bi-
omedical research. It does this without requiring
researchers fo leamn Linux systemn management,
scripting, or command line interfaces.

In addition to making these methods acces-
sible to bench researchers, Galaxy also enables
sharing, reproducibility and transparency in re-
search. Galoxy features a robust history mech-
anism that automatically and unobtrusively re-
cords all data, metadata, and analysis steps,
allowing the analysis to be shared and pub-
lished, and run again with the same or different
data. The platform also supports creation of re-
usable pipelines, either de novo, or by extracting
them from existing analyses.

This talk will infroduce Galaxy and then focus
on what the project is doing to scale to support
complex analysis in experiments with hundreds
or even thousands of saomples and datasets. [t
also includes a discussion on the challenges
faced, and how they are being addressed

1 galaxyproject.org
2 usegalaxy.org
3 getgalaxy.org
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The STATegra project: new statistical tools for analysis and integration of

diverse omics data

Ana Conesa (on behalf of the STATegra consortium)
Scientific coordinator of the FP7 STATegra project, Genomics of Gene expression Lab, Prince Felipe Research Center,

Valencia, Spain

Next generatfion sequencing has speed up ge-
nome analysis and brought omics research clos-
er to many organisms and biological scenarios.
Today an increasing number of research projects
propose the combined use of different omics
platforms to investigate diverse aspects of ge-
nome functioning. These proposals ideally seek
o provide complementary sources of molecular
information that eventually can be put together
to obtain systems biology models of biological
processes. Hence, it is not rare anymore to find
experimental designs involving the collection
of genome, franscriptome, epigenome and
even metabolome data on a particular system.
However, standard methodologies for the inte-
gration of diverse omics data types are not yet
ready and researchers frequently face post-ex-
periment question on how to combine data of
different nature, variability, and significance into
an analysis routfine that sheds more light than the

analysis of individual datasets separately. The
STATegra project' has been conceived to address
these problems and provide the genomics com-
munity with user-friendly tools for the integration
of different omics data types. STATegra targets
several sequencing based functional genomics
methods, protfeomics and metabolomics. In this
presentation | will report about current results of
the project that include the STATegraEMS, an ex-
periment management system for storage and
annotation of complex omics experiments, novel
data integration visualisation tools, statistical ap-
proaches to infegrate RNA-seq data with differ-
ent regulators of gene expression, franscriptom-
ics measurements combined with downstream
features such as proteomics and metabolomics,
and data mining strategies to leverage public
domain datasets in the integrative effort. | will
also present the STATegRa, a new Bioconductor
R package for integrative omics data analysis.

1 stategra.eu
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Ashley Farlow
Gregor Mendel Institute of Molecular Plant Biology, Vienna, Austria

Genome-Wide Association Studies (GWAS) are a
powerful tool for establishing correlation between
phenotype and genotype. For the self-fertilising
plant Arabidopsis thaliana, more than 1000 in-
bred lines have been ‘fully sequenced’, remov-
ing the cost of genotyping for a set of lines that
can be phenotyped over and over. Does having
full sequence make a difference? How important
is sample size and line selection? The answers
from Arabidopsis are that it is highly dependent

page 12
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on frait architecture and population structure. This
offers an important insight into the fundamental
advantages and limitation of GWAS.

I will also discuss how Next Generation
Sequencing (NGS) data allows one to explore a
number of ‘genomic traits’ such as genome size
and centromere length, and how GWAS can be
used to follow the fate of new centromeric re-
peats in the population.
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NGS for Studying Viruses “Beyond the Gonsensus”

Jan T. Kim
The Pirbright Institute, Pirbright, United Kingdom

High mutation rates in viruses (especially RNA
viruses) have profound conseguences on viral
evolution, including the formation of quasispe-
cies. These have long been studied in theory
(Eigen, 1971) and in silico (Wilke et al., 2001). NGS
technologies provide new opportunities to di-
rectly observe sequence diversity and its evolu-
fion in viruses (Wright ef al., 2011) and other sys-
tems (Schutze et al., 2011).

Profiles of base frequencies can be construct-
ed from virus NGS data. They are used in a num-
ber of well established bioinformatics contexts, in-
cluding DNA binding site representation (Stormo,
2000) and progressive multiple alignment (Larkin
et al, 2007). Profiles can be formalised as ele-
ments of a continuous sequence space (Vingron
and Sibbald, 1993), and they serve as a basis
for information theoretic analyses (Schneider et
al., 1986; Kim et al., 2003) and statistical leaming
approaches (Kim ef al., 2004).

reads reference,
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Figure 1. Continuous sequences as a point of departure for
many bioinformatic analyses.

Given this basis, profiles provide a point of
departure for many types of analyses of NGS
data comprising diverse populations, illustrated

in Figure 1. | will demonstrate their construction,
outline some opportunities for their future use in
studying viral diversity and quasispecies, and dis-
cuss technical requirements for their appropriate
and efficient use.
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Bioinformatics Knowledge Transfer Programme (KTP) for Human and Capital

Development in South Africa

Judit Kumuthini*?, Emile Chimusa, Velaphi Masilela
Centre for Profeomics and Genomic Research (CPGR), South Africa

A shortage of practical bioinformatics skills and
expertise hinders scientific research and sustain-
able growth in Africa. This largely owes to un-
derdeveloped infrastructures coupled with rare
and depleted expertise that can facilitate skills
fransfer, including slow infermnet services, limited
access and availability of life science research
apparatus, and few organised activities that sup-
port knowledge expansion. Further compound-
ing the problem is that individuals with some
bicinformatics knowledge rarely collaborate
with other experts on the African contfinent and
rather look to international collaborative oppor-
funities. This in turn decreases knowledge shar-
ing and capacity development in Africa. The KTP
aims to address this problem to develop and
advance bioinformatics skill levels in Africa. KTP
functions by acquiring the services of global ex-
perts to provide expertise and guidance to local
research projects. Through this framework, KTP
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aims to promote knowledge exchange, grow |o-
cal capacity, and strengthen the quality of local
research data with the help of experienced and
accredited bioinformaticians. KTP  participants
will work with an expert using a ‘hands-on" ap-
proach to ensure that knowledge fransfer occurs
in a relevant environment using applicable ex-
amples. Trainees benefit from reduced training
costs, exposure to a professional biotech envi-
ronment and access to bespoke bioinformatics
support. Experts gain exposure and experience
in an African context, are afforded an opportu-
nity to publish or patent research findings, and
establish long-term collaborative relationships.
The KTP recognises that input from global experts
will help to ensure sustainable bioinformatics
capacity development in Africa and contribute
towards the identification of solutions to African
problems.


http://dx.doi.org/10.14806/ej.20.A.765
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Antonio Marco
University of Essex, Essex, United Kingdom

Expression analyses often quantify gene product
levels in samples under diverse conditions, from
multiple tissues or from different developmental
times. These analyses frequently miss an impor-
tant aspect in many species: sex. Most animals
and some plants have separate sexes, whose
morphological differences are the outcome of
the biased expression of some genes.
MicroRNAs are important regulators that re-
press translation by fargeting gene transcripfs.
Recently, we have investigated microRNAs with
sex-biased expression pattern from deep se-
quencing data. We found that sex-biased micro-
RNAs (SBMIR) are, as expected, expressed in the
gonads. Strikingly, the evolutionary dynamics of
SBMIR is different to that of protein coding genes
(SBPG). For instance, SBMIR are frequently locat-

Keynote LEcTURES
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ed in the sex chromosomes, whilst SBPG tend to
be in the autosomes. Interestingly, SBPG often
have duplicated copies with no expression bias,
and SBMIR usually arise de novo during evolution
(no duplication).

In this talk | will explore these and other find-
ings on sex-biased microRNAs, and why we must
account for sex differences when planning ex-
pression profile experiments.
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Coding & Best Practice in Programming: why it matters so much in the NGS era

Lex Nederbragt

Norwegian High-Throughput Sequencing Centre (NSC),Centre for Ecological and Evolutionary Synthesis (CEES), Dept. of

Biosciences, University of Oslo, Oslo, Norway

Next generation sequencing has democratised
large scale sequencing projects. No longer is
generating a large sequencing dataset limited
fo genome centres. Neither is the analysis of
large sequencing datasets limited to dedicated
bicinformatics feams at genome centres or large
institutions. Many more researchers now regularly
obtain substantial NGS data for their projects.
Wet lab biologists at all levels find themselves in
need of acquiring computational skills to inter-
pret their datfa. Coupled with a fast growing list
of computational tools developed for the analy-
sis of NGS data, this poses several challenges.
Researchers inexperienced in judging computa-
tional tools need to choose the best/optimal one
for the analysis of their data. Self-taught bioinfor-
maticians are not familiar with best practices in
computational science, leading to them make
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beginner's mistakes when they perform their
computational analyses. Ultimately, this threat-
ens correctness, reproducibility and reusability of
the results obtained.

Luckily, all is not lost. There is an increasing
awareness about the above issues, with repro-
ducibility in computational science a topic re-
ceiving increased attentfion. Papers on best
practices are published regularly. The non-profit
organisation ‘Software Carpentry’ is helping out
by organising two-day bootcamps where vol-
unteers teach computational best practices to
researchers.

In this talk, | will discuss what best practices in
computational science are important, and why
adhering to them, and teaching them, is crucial
for our trust in the results obtained through NGS.
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Aleksandra Pawlik
University of Manchester, Manchester, United Kingdom

This talk will outline the essentials of fraining in
computational skills in bioinformatics and be-
yond. The need for such training is clear: research-
ers need to be able to work independently and
efficiently using a variety of computational tools.
The skills which they require include the ability to
automate tasks and build reproducible research
pipelines, understand and be able to apply
good programming practices in a programming
language of choice, as well as being familiar with
those software engineering fools that provide rel-
evant support for computational research, such

Keynote LEcTURES
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as version control. The skills should scale up ena-
bling researchers to use large computational re-
sources and cloud infrastructure such as Amazon
EC2 or Microsoft Azure. The talk will also discuss
how much of the training in computational skills
is common across biosciences, and how and
when it needs to be adjusted for the particular
purposes of different disciplines. The example
of the successful model of Software Carpentry'
fraining shows that building on a common cur-
riculum base makes possible to develop and
deliver useful fraining packages.

1 software-carpentry.org
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NGS data management and analysis for hundreds of projects: Experiences

from Sweden

Ola Spjuth
Uppsala University, Uppsala, Sweden

UPPNEX is a national e-infrastructure for next-gen-
eration sequencing data storage and analysis
in Sweden. This presentation features strategic
decisions made regarding hardware, software,
maintenance and support, resource allocation,
and illustrate challenges such as managing data
growth in a shared system with over 400 research
projects of varying types. Insights into bioinfor-
matics usage patterns are also presented, to-
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gether with the ongoing development to extend
the e-infrastructure with redundant resources, a
secure system for analyzing sensitive data, and
a private cloud.
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Using NGS to answer hiological questions

Py

Bjorn Usadel
RWTH Aachen University and Forschungszentrum Julich, Germany

As generating next generation sequencing (NGS)
data has become much cheaper, it is becom-
ing more and more commonly used fo address
questions hitherto tackled by microarrays or by
costly large scale EST sequencing. However, the
computational challenge to analyse and inter-
pret these data still remains.

Here we present some tools for the process-
ing of NGS data. Focusing on RNA-seq data we
show that using these tools, it is possible to get a
first idea about major biological stories and o
get a first overview which can then be used 1o
develop biological hypotheses which can then
e tested in more detail.

One example entails the often performed
NGS analysis of non-model plant species and
the exploration of metabolic pathways within
these species (Lohse et al., 2014). Having estab-

Ascorbate, Glutathione

lished these annotations, NGS data can then be
analysed for statistical changes and explored for
differences in expression which is demonstrated
here (see Figure 1).

A main take home message however is that,
even though these tools will help the experiment-
er in data analysis and interpretation, knowledge
of the underlying biological system is of course
required.
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Analysing RNA-Seq data with RNASeqGUI

Claudia Angelini*, Francesco Russo

Istituto per le Applicazioni del Calcolo “*M. Picone”, Napoli, Italy

RNA-seq has quickly become one of the most
widely used approaches for identifying differenc-
es in the gene expression across multiple biologi-
cal conditions. Several tools have been already
developed to analyse such data. In general, a
complete analysis requires carrying out several
steps, using different methods and comparing
their outputs to obtain more reliable and less bi-
ased results.

In this work, we present RNASeqGUI (Russo
and Angelini, 2014), a novel R-package that im-
plements a graphical platform devoted to ana-
lyse RNA-Seq data, and illustrate both the most
recently added features and those ones that will
been soon available. RNASegGUI is not just a col-
lection of some known methods and functions,
but it is designed o guide the user during the en-
tire analysis process. In particular, RNASeqGUI al-
lows the identification of differentially expressed
(DE) genes and corresponding pathways in RNA-
Seq experiments by clicking buttons (see Figure

1).

RNASeqGUI incorporates several other R
packages for DE analysis. It includes multiple nor-
malisation procedures, tools for pathway analysis
and a large number of functions to explore the
data before the analysis and to compare results
that have been obtained by different methods.
Results are saved both in term of tab-delimited/
html files and customizable graphical plots.
Finally, in the spirit of "Reproducible Research”, a
human readable report is automatically gener-
ated 1o keep trace of all steps that have been
performed during the analysis. Such report is
generated by using R markdown language.
Therefore, it incorporates both the documenta-
fion and the R code used to generate the results.

Availability: RNAseqGui is freely available at
http://bicinfo.na.iac.cnr.it/RNASegGUl/.
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Figure 1. Screenshot of RNASeqGUI main inferface and few examples of data analysis oufput files.

page 21
(not for indexing)


http://dx.doi.org/10.14806/ej.20.A.783
http://bioinfo.na.iac.cnr.it/RNASeqGUI/
http://dx.doi.org/10.1093/bioinformatics/btu308

http://dx.doi.org/10.1093/bioinformatics/btu308





EMBnet.journal 20.A

Hadrien Gourlé
Swedish University of Agricultural Science, Uppsala, Sweden

Mycoplasma mycoides mycoides subsp. Small
Colony (MmmSC) is a small bacterium affecting
caftle and causing the contagious bovine pleu-
ropneumonia (CBPP), the deadliest cattle dis-
ease in Africa. This project aims at sequencing
and annotating the genome of MmmSC strain
Afade, one of the first Mycoplasma mycoides
that has been directly extracted from African
cattle.

The sequencing was realised with the lllumina
MISEQ 300PE technology, and a first quality
control (Schmieder and Edwards, 2011) showed
that although the quality of the reads and the
sequence length distribution were perfect, the
number of reads, as well as the duplication
level, was way too high. Those being obvious
signs of over sequencing, the genome assem-
bler (Chevreux ef al., 1999) cannot produce any
decent assembly with so many reads and an
estimated coverage of 1500x. Several methods
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for downsampling were tried and the assembly
was done with different coverage. The best one
was obtained with a coverage assessment of
100x and the downsampling was finally done
with a simple shell script that discarded 80% of
the reads. 106 contigs and a N50 of 22,554 were
obtained. Those contigs were mapped against a
reference genome (MmmSC strain Gladysdale,
an Australian  sfrain of the bacterium) and
merged with a python script. The annotation work
is still ongoing.
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