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Welcome to BOSC 2015! The Bioinformatics Open Source Conference, established in 2000, is
held every year as a Special Interest Group (SIG) meeting in conjunction with the Intelligent
Systems for Molecular Biology (ISMB) Conference. BOSC is sponsored by the Open
Bioinformatics Foundation (OBF), a non-profit group dedicated to promoting the practice and
philosophy of Open Source software development and Open Science within the biological
research community.

Sponsors

We are grateful to Google for their generous support for videorecording BOSC 2015, and we
thank Curoverse (the team behind the open source platform Arvados) and GigaScience as
returning sponsors. We also welcome Bina as a new sponsor.
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BOSC 2015 Organizing Committee

Nomi Harris and Peter Cock (Co-Chairs)
Brad Chapman, Rob Davey, Chris Fields, Sarah Hird, Karsten Hokamp, Hilmar Lapp,
M—nica Mu—oz-Torres

Program Committee: Nomi Harris, Brad Chapman, Peter Cock, Karsten Hokamp, Raoul
Bonnal, Chris Fields, Karen Cranston, Jens Lichtenberg, Eric Talevich, Frank Nothaft, Michael
Heuer, M—nica Mu—oz-Torres, Francesco Strozzi, Hans-Rudolf Hotz, Timothy Booth, Tiago
Antc o, George Githinji, Manuel Corpas, Thomas Down, Sarah Hird, Scott Markel, Rob Davey,
Spencer Bliven, Michael Reich, Lorena Pantano, BjSrn GrYning, Hilmar Lapp, Daniel
Blankenberg, Amye Kenall, HervZ Menager

BOSC is a community effortN we thank all those who made it possible, including the organizing
committee, the program committee, the session chairs, our sponsors, and the ISMB SIG chair,
Steven Leard.

If you are interested in helping to organize BOSC 2016, please email bosc@open-bio.org.
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Talks and Posters

BOSC includes two full days of talks, posters, and Birds of a Feather interest groups (BOFs).
Session topics this year include Data Science, Standards and Interoperability, Open Science
and Reproducibility, Translational Bioinformatics, and Visualization, as well as the usual
session on Bioinformatics Open Source Project Updates. We also have a special session this
year for late-breaking lightning talks. The longer talks this year are 15 minutes (plus 5 minutes
for questions); lightning talks are 5 minutes, with no time allocated for questionsN we suggest
that you find the lightning talk authors during the breaks to ask them questions.

This year's keynote speakers will be Holly Bik and Ewan Birney. Our panel topic this year is
@pen Source, Open Door: increasing diversity in the bioinformatics open source
communityO, with panelistsHolly Bik, Michael R. Crusoe, Aleksandra Pawlik, Jason Williams
and moderator M—nica Mu—-oz-Torres.

There are poster sessions both days that start during the lunch hour. Authors should put up
their posters in their assigned poster spot before the first poster session (which starts at 13:00).

We have space for several last-minute posters, in addition to those listed in the program.
Please contact us at bosc@open-bio.org if youOd like to present a lasminute poster.

Optional BOSC Dinner

We invite you to join BOSC organizers and attendees at a pay-your-own-way dinner the first
evening of BOSC (Friday, 10 July, at 7pm) at KennedyOs Pub32 Westland Row, Dublin 2.
KennedyOs is 1.&m from the conference centerN see http://url.ie/z1ql

If you want to join us for dinner, RSVP at http://bit.ly/BOSC2015-dinner before Friday at 3pm.
The restaurant has space for 30 BOSC guests; only those who RSVP will be admitted.

In addition to the organized Friday dinner, there are always casual groups of BOSC attendees
who go out to dinner the second day of the meeting.

OBF Membership

Professionals, scientists, students, and others active in open science or open source software
or in the life sciences are invited to join BOSCOs parent organizationthe Open Bioinformatics
Foundation (the OBF). The OBF grew out of the volunteer projects BioPerl, BioJava and
Biopython and was formally incorporated in 2001 in order to handle modest requirements of
hardware ownership, domain name management and funding for conferences and workshops.
In 2005, we enacted bylaws for the first time, and along with it created a formal membership.

In 2012, upon overwhelming approval in a membership vote we changed from being
independently incorporated to joining Software In The Public Interest, Inc., a fiscal sponsorship
organization that aligns well with our own values and culture. We continue to maintain our own
membership so that our community has a role in shaping our direction and vision. You can find
information on how to join OBF on the OBF wiki at http://www.open-bio.org/wiki/Membership.
There is no membership fee. Also, if you are interested in meeting and talking to some of the
OBF Directors and members, please join us at the BOSC dinner (see above).

Bioinformatics Open Source Conference (BOSC 2015) complete program 2
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BOSC 2015 Schedule

Day 1 (Friday, 10 July 2015)

Time Title Speaker / Chair
7:30-9:00 Registration
Nomi Harris and Peter
9:00-9:15 Introduction and Welcome Cock (Co-Chairs,
BOSC 2015)
915-10°15 Keynote: Bioinformatics: Still a scary world for Holly Bik

10:15-10:45

biologists
Coffee Break

Session: Data Science

10:45-12:30 Chair: Rob Davey
. . Apollo: Scalable & collaborative curation for improved
10:45-11:02 ; : .
comparative genomics M—aica Mu—oz-Torres
GOexpress: A R/Bioconductor package for the
) ) identification and visualisation of robust gene ontology
11:02-11:19 | . . .
signatures through supervised learning of gene 3
expression data KZvin Rue-Albrecht
11:19-11-36 Aryados: A Free Software Platform for Big Data
Science Peter Amstutz
11:36-11°53 Bringing Hadoop into Bioinformatics with Cloudgene
' ' and CloudMan Sebastian Schoenherr
11:53-12:10 | Segway: semi-automated genome annotation Michael Hoffman
. . QualiMap 2.0: quality control of high throughput Konstantin
12:10-12:15 . .
sequencing data Okonechnikov
12:15-12:20 | A Genomics Virtual Laboratory Andrew Lonie
12:20-12:25 | BioSolr: Building better search for bioinformatics Tony Burdett
_ _ Prioritization of structural variants based on known
12:25-12:30 biological information Brad Chapman
12:30-13:30 Lunch ‘
13:00-14:00 Ppster Session and Birds of a Feather (overlapping
with lunch)
14:00-15:30 | Session: Standards and Interoperability Chair: Peter Cock
14:00-14:17 | Portable workflow and tool descriptions with the CWL Michael R. Crusoe
From peer-reviewed to peer-reproduced: a role for
research objects in scholarly publishing in the life Alejandra Gonzalez-
14:17-14:34 | sciences Beltran
14:34-14:51 Demystifying the Interoperability of Disparate Genomic .
Resources Daniel Blankenberg
14:51-15:08 | Increasing the utility of Galaxy workflows John Chilton

Bioinformatics Open Source Conference (BOSC 2015) complete program
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Time Title Speaker / Chair
. . Kipper: A software package for sequence database
15:10-15:15 - o ; _
versioning for Galaxy bioinformatics servers Damion Dooley
15:15-15:20 Evolution of the G_alaxy tool ecosystem - happier _
developers, happier users Martin ! ech
15:20-15:25 | Bionode - Modular and universal bioinformatics Bruno Vieira
15:25-15:30 | The EDAM Ontology HervZ MZnager

15:30-16:00 Coffee Break

Moderator : M—nica

Panel: Open Source, Open Door: increasing Mu—oz-Torres
16-00-17-00 dlversny_m the bioinformatics open source Panellsts - Holly Bik,
community Michael R. Crusoe,

Aleksandra Pawlik,
Jason Williams

017 s ; : Hilmar Lapp
17:00-17:10 | Open Bioinformatics Foundation (OBF) Update (President, OBF)
17:10-17:15 | Announcements Nomi Harris

Aidan Budd, Dave
BOF/Unconference: Building successful open-source Clements, Manuel
bioinformatics developer communities (Part 1) Corpas, Natasha
Wood

17:15-18:30

17:15-18:30 | BOFs

RSVP at
bit.ly/BOSC2015-
19:00- Pay-your-own-way BOSC dinner, KennedyOs dinner (limited space--
you must RSVP to
attend)

Bioinformatics Open Source Conference (BOSC 2015) complete program 4
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M
Day 2 (Saturday, 11 July 2015)

. . Speaker or
Time Title Session Chair
9:00-9:05 Announcements Peter COCl.( and

Nomi Harris

Brad Chapman
9:05-9:15 Codefest 2015 Report (Codefest 2015

Organizer)
9:15-10:15 Keynote: Big Data in Biology Ewan Birney

10:15-10:45

Coffee Break

Chair: M—ica

10:45-12:30 | Session: Open Science and Reproducibility Mu—0z-Torres
10:45-11:02 A gurrlculum for teaching Reproducible Computational .

Science bootcamps Hilmar Lapp
11:02-11:19 | Research shared: www.researchobject.org Norman Morrison
11:19-11:36 N_extflow: a tool for deploying reproducible computational _

pipelines Paolo Di Tommaso

. . Free beer today: how iPlant + Agave + Docker are
11:36-11:53 . . ) :

changing our assumptions about reproducible science John Fonner

The 500 builds of 300 applications in the HeLmod
11:55 repository will at least get you started on a full suite of

scientific applications Aaron Kitzmiller

. Bioboxes: Standardised bioinformatics tools using
12:00 .

Docker containers. Peter Belmann
12:05 The perfect fit for reproducible interactive research:

' Galaxy, Docker, IPython Bjsrn GrYning
12:10 COPO: Bridging the Gap from Data to Publication in
' Plant Science Robert Davey

ELIXIR UK building on Data and Software Carpentry to
12:15 address the challenges in computational training for life

scientists Aleksandra Pawlik

. Parallel recipes: towards a common coordination
12:20 S .
language for scientific workflow management systems Yves Vandriessche
12:25 openSNP - personal genomics and the public domain Bastian Greshake

12:30-13:30

Poster Session and BOFs (overlapping with lunch)

13:00-14:00
14:00-14:40 | Session: Translational Bioinformatics ClElE e
Chapman

OO A- CIViC: Crowdsourcing the Clinical Interpretation of
14:00-14:17 Variants in Cancer Malachi Griffith
14:17-14:34 From Fastq To Drug Recommendation - Automated

' ' Cancer Report Generation using OncoRep & Omics Pipe | Tobias Meissner
14:35-14:40

Cancer Informatics Collaboration and Computation: Two

Ishwar

Bioinformatics Open Source Conference (BOSC 2015) complete program
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M
. . Speaker or
T Titl
ime e Session Chair
Initiatives of the U.S. National Cancer Institute Chandramouliswaran
14:40-15:30 Session: Bioinformatics Open Source Project Chair: Nomi Harris
Updates
14:40-14:57 | Biopython Project Update 2015 Jo<o Rodrigues
. . The biogems community: Challenges in distributed George Githinji and
14:57-15:14 A ; : .
software development in bioinformatics Pjotr Prins
15:14-15:31 Apache Taverna: Sustaining research software at the
' ' Apache Software Foundation Stian Soiland-Reyes
15:30-16:00 Coffee Break ‘
16:00-16:30 | Session: Visualization IS NGt
Hokamp
16:00-16:17 S[mple, Shareable, Online RNA Secondary Structure )
Diagrams Peter Kerpedijiev
16:17-16:22 B_loJS.Z.O.: an open source standard for biological
visualization Guy Yachdav
16:22-16:27 | visualising Open PHACTS linked data with widgets lan Dunlop
16:30-17:00 | Session: Late-Breaking Lightning Talks Chair: Hilmar Lapp
16:30 Biospectra-by-sequencing genetic analysis platform Aurelie Laugraud
PhyloToAST: Bioinformatics tools for species-level
16:35 analysis and visualization of complex microbial Shareef Dabdoub
communities
16:40 Otter/ZMap/SeqTo_oIs: A pr_oductlve alternative to web Gemma Guest
browser genome visualisation
16:45 aRchive: enaplmg reproducibility of Bioconductor Nitesh Turaga
package versions
16:50 Developing an Arvados BWA-GATK pipeline Pjotr Prins
1655 Out of th(_a box cIouq solution for Next-Generation Freerk van Dijk
Sequencing analysis
. . . Nomi Harris and
17:00-17:10 | Concluding Remarks Peter Cock
Aidan Budd, Dave
17:15-18:15 BOF/Unconference: Building successful open-source Clements, Manuel
‘ ' bioinformatics developer communities (Part 2) Corpas, Natasha
Wood
17:15-18:15 | BOFs

Any last-minute schedule updates will be posted at
http://www.open-bio.org/wiki/BOSC 2015 Schedule

Bioinformatics Open Source Conference (BOSC 2015) complete program
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Keynote Speakers

Holly Bik

Dr Holly Bik is a Birmingham Fellow (assistant professor) in the School of
Biosciences at the University of Birmingham, UK. She obtained her Ph.D. in
molecular phylogenetics at the University of Southampton, UK (working in
conjunction with the Natural History Museum, London), followed by subsequent
postdoctoral appointments at the Hubbard Center for Genome Studies at the
University of New Hampshire and the UC Davis Genome Center.

Her research uses high-throughput environmental sequencing approaches (rRNA
surveys, metagenomics) to explore biodiversity and biogeographic patterns in
microbial eukaryote assemblages, with an emphasis on nematodes in marine sediments. Her long-term
research aims to address existing bottlenecks encountered in BOmic analyses focused on microbial
eukaryotes.

Holly's keynote talk topic is "Bioinformatics: Still a scary world for biologists".

Many biological disciplines remain staunchly traditional, where high-throughput DNA sequencing
and bioinformatics have not yet become widely adopted. In this talk, I'll discuss the ongoing
challenges and barriers facing biologists in the age of 'Omics, based on my experiences in
transitioning from nematode taxonomy to computational biology research.

Ewan Birney

Dr Ewan Birney is Joint Associate Director of EMBL-EBI, as well as
Interim Head of the Centre for Therapeutic Target Validation. He played a
vital role in annotating the genome sequences of the human, mouse,
chicken and several other organisms. He led the analysis group for the
ENCODE project, which is defining functional elements in the human
genome. He was also one of the leaders of the BioPerl project.

He has received a number of prestigious awards including the 2003
Francis Crick Award from the Royal Society, the 2005 Overton Prize from
the International Society for Computational Biology and the 2005
Benjamin Franklin Award for contributions in Open Source Bioinformatics.
He was elected a Fellow of the Royal Society in 2014.

Ewan was a cofounder of the Open Bioinformatics Foundation, the organization that sponsors BOSC,
and has been involved in BOSC since the first conference in 2000. He chaired the meeting in 2001, and
gave one of the keynote talks in 2002. We are delighted to have him back as a keynote speaker for 2015.

Ewan's talk title is "Big Data in Biology".

Molecular biology is now a leading example of a data intensive science, with both pragmatic and
theoretical challenges being raised by data volumes and dimensionality of the data. These
changes are present in both Olarge scaleO consortia science and small scale science, and across
now a broad range of applications B from human health, through to agriculture and ecosystems. All
of molecular life science is feeling this effect. This shift in modality is creating a wealth of new
opportunities and has some accompanying challenges. In particular there is a continued need for a
robust information infrastructure for molecular biology. This ranges from the physical aspects of
dealing with data volume through to the more statistically challenging aspects of interpreting it. A
particular problem is finding causal relationships in the high level of correlative data. Genetic data
are particular useful in resolving these issues. | will end with the serendipitous invention of using
DNA for an entirely different reason D as a long-time horizon digital archiving material. | will
describe this method and some of its benefits (as well as a few downsides) and explain how a
future culture in 10,000 years time may still be able to read all of ShakespeareOs sonnet® and
perhaps much more.

Bioinformatics Open Source Conference (BOSC 2015) complete program 7
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Panel: Open Source, Open Door: increasing diversity in the
bioinformatics open source community

Every year, BOSC includes a panel discussion that offers all attendees the chance to engage in
conversation with the panelists and each other. This yearOs panel focuses on the important topic of what
can be done to increase the diversity of participants in BOSC and in open source bioinformatics in
general. The panel chair and panelists are:

Panel chair Ménica Muiioz-Torres (@monimunozto) is the lead biocurator at Berkeley Bioinformatics
Open-Source Projects (BBOP). She co-leads the Community Curation group within the global initiative to
sequence and annotate the genomes of 5,000 arthropods (i5K Initiative), and is a member of the
Executive Committee of the International Society for Biocuration (ISB). As a graduate student, Monica
founded the first Southeastern Chapter of the Society for Advancement of Hispanics/Chicanos and
Native Americans in Science (SACNAS) at Clemson University. She is currently working on forming the
first professional chapter of SACNAS in the San Francisco Bay area.

Holly Bik (@hollybik) is a Birmingham Fellow (assistant professor) in the School of Biosciences at the
University of Birmingham, UK. Her research uses high-throughput environmental sequencing
approaches (rRNA surveys, metagenomics) to explore biodiversity and biogeographic patterns in
microbial eukaryote assemblages. Holly's efforts to promote diversity include serving as an invited
speaker at the Girls Who Code initiative and leading the organization of bioinformatics workshops for
undergraduate students at minority-serving institutions (including Historically Black Colleges).

Michael R. Crusoe (@biocrusoe) is the lead for the k-h-mer project at C. Titus BrownOs Lab for Data
Intensive Biology at the University of California, Davis in the School of Veterinary Medicine. A
community-minded bioinformatics research software engineer and Software Carpentry instructor, he is
also a member of the Debian Med software packaging team. MichaelOs social justice background
includes a prior seat on the board for the Phoenix, Arizona chapter of GLSEN, the Gay, Lesbian, and
Straight Education Network and he is proud to be a supporter of the Ada Initiative.

Aleksandra Pawlik (@aleksandrana) is a Training Lead at the Software Sustainability Institute at
Manchester University, UK. She is a member of the Steering Committees for Data Carpentry and
Software Carpentry Foundation. Currently, Aleksandra is collaborating on training with the ELIXIR project
supporting the bioinformatics community. As a certified Software and Data Carpentry instructor
Aleksandra has taught at a number of workshops, including Software Carpentry for Women in Science
and Engineering, which she co-organised.

Jason Williams (@JasonWilliamsNY) is the Lead of the iPlant CollaborativeOs Education, Outreach,
Training (EOT) group, based at Cold Spring Harbor Laboratory, where he has worked for over 10 years.
He is also a Lead Instructor of OThe Science InstituteO at Yeshiva University High School for Girls, and
the Treasurer of the Software Carpentry Foundation. Diversity is a focus of JasonOs wdr at the DNA
Learning Center and with iPlant, where he works to target outreach along the entire spectrum of
underrepresented and underserved groups ranging from minorities in urban communities to first-
generation college students at rural institutions.

In addition to the panelists listed above, the BOSC 2015 co-chairs Nomi Harris and Peter Cock will be
on hand, along with other Open Bioinformatics Foundation (OBF) Board Members and BOSC organising
committee members, to comment on what BOSC and the OBF are doing to try to improve diversity in the
open source bioinformatics community, and to listen to suggestions and feedback.

Bioinformatics Open Source Conference (BOSC 2015) complete program 8
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Talk and Poster Abstracts

O|B|F

2
BOSC

In the pages that follow, talk abstracts appear in the order in which the talks will be
presented. Some authors will also present their work as posters. Those abstracts have
a poster number above the abstract. Poster-only abstracts appear after the talk
abstracts.

There are also a few spaces available for last-minute posters. If you would like to present one,
please email your abstract (which must meet the BOSC criteria of freely available source and
recognized open source license) to bosc@open-bio.org.

Bioinformatics Open Source Conference (BOSC 2015) complete program
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Poster
Title Author #
Apollo: Scalable & collaborative curation for improved comparative M—nica Mu-o0z- P1
genomics Torres
GOexpress: A R/Bioconductor package for the identification and 3
visualisation of robust gene ontology signatures through supervised KZvin Rue- P2
learning of gene expression data Albrecht
Arvados: A Free Software Platform for Big Data Science Peter Amstutz -
Bringing Hadoop into Bioinformatics with Cloudgene and CloudMan Sebastian )
Schoenherr
Segway: semi-automated genome annotation Michael Hoffman P3
QualiMap 2.0: quality control of high throughput sequencing data Konstantin P4
Okonechnikov
A Genomics Virtual Laboratory Andrew Lonie P5
BioSolr: Building better search for bioinformatics Tony Burdett P6
Prioritization of structural variants based on known biological )
information Brad Chapman
Portable workflow and tool descriptions with the CWL Michael R. Crusoe P7
From peer-reviewed to peer-reproduced: a role for research objects in | Alejandra )
scholarly publishing in the life sciences Gonzalez-Beltran
Daniel i
Demystifying the Interoperability of Disparate Genomic Resources Blankenberg
Increasing the utility of Galaxy workflows John Chilton -
Kipper: A software package for sequence database versioning for i
Galaxy bioinformatics servers Damion Dooley
Evolution of the Galaxy tool ecosystem - happier developers, happier P8
users Martin ! ech
Bionode - Modular and universal bioinformatics Bruno Vieira P9
The EDAM Ontology HervZ MZnager P10
A curriculum for teaching Reproducible Computational Science i
bootcamps Hilmar Lapp
Research shared: www.researchobject.org Norman Morrison P11
Paolo Di P12
Nextflow: a tool for deploying reproducible computational pipelines Tommaso
Free beer today: how iPlant + Agave + Docker are changing our
. . : P13
assumptions about reproducible science John Fonner
The 500 builds of 300 applications in the HeLmod repository will at i
least get you started on a full suite of scientific applications Aaron Kitzmiller
Bioboxes: Standardised bioinformatics tools using Docker containers. Peter Belmann P14
The perfect fit for reproducible interactive research: Galaxy, Docker, ) i
IPython BjSrn GrYning
COPO: Bridging the Gap from Data to Publication in Plant Science Robert Davey P15
ELIXIR UK building on Data and Software Carpentry to address the P16

challenges in computational training for life scientists

Aleksandra Pawlik

Bioinformatics Open Source Conference (BOSC 2015) complete program
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Parallel recipes: towards a common coordination language for Yves
S . P17
scientific workflow management systems Vandriessche
openSNP - personal genomics and the public domain Bastian Greshake P18
CIViC: Crowdsourcing the Clinical Interpretation of Variants in Cancer | Malachi Griffith P19
From Fastqg To Drug Recommendation - Automated Cancer Report P20
Generation using OncoRep & Omics Pipe Tobias Meissner
Cancer Informatics Collaboration and Computation: Two Initiatives of Ishwar Chandra-
. : ; P21
the U.S. National Cancer Institute mouliswaran
Biopython Project Update 2015 Jo<o Rodrigues -
The biogems community: Challenges in distributed software George Githinji i
development in bioinformatics and Pjotr Prins
Apache Taverna: Sustaining research software at the Apache Stian Soiland-
) P22
Software Foundation Reyes
Simple, Shareable, Online RNA Secondary Structure Diagrams Peter Kerpedijiev -
BioJS 2.0: an open source standard for biological visualization Guy Yachdav P23
Visualising Open PHACTS linked data with widgets lan Dunlop P24
Biospectra-by-sequencing genetic analysis platform Aurelie Laugraud P25
P_hylo_ToA_ST: B|0|nformat|qs toqls for spem_e_s—level analysis and Shareef Dabdoub )
visualization of complex microbial communities
Otter/ZMa_p/Se-qquIs: A productive alternative to web browser Gemma Guest P26
genome visualisation
aRchive: enabling reproducibility of Bioconductor package versions Nitesh Turaga p27
Developing an Arvados BWA-GATK pipeline Pjotr Prins P28
Out of the box cloud solution for Next-Generation Sequencing analysis | Freerk van Dijk P29
Poster only:
Aequatus: Visualising complex similarity relationships among species | Anil Thanki P30
MOLGENIS Workbench for Systems Medicine K. Joeri van der P31
Velde
SPINGO: a rapid species-classifier for microbial amplicon sequences Feargal Ryan P32
ANNOgesic - A computational pipeline for RNA-Seq based
; : . - P33
transcriptome annotations of bacteria Konrad FSrstner
BioXSD N a data model for sequences, alignments, features, P34
measured and inferred values Matod Kala"
MGkit: A Metagenomic Framework For The Study Of Microbial
o . P35
Communities Francesco Rubino
From scaffold to submission in a day: a new software pipeline for rapid
. . - P36
genome annotation and analysis Sascha Steinbiss
Walk-in Posters P36-44
Bioinformatics Open Source Conference (BOSC 2015) complete program 11
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Arvados: A Free Software Platform for Big Data Science

Peter Amstutz <peter.amstutz@curoverse.com>, Brett Smith <brett@curoverse.com>,
Ward Vandewege <ward@curoverse.com>, Tom Clegg <tom@curoverse.com>,
Radhika Chippada <radhika@curoverse.com>, Alexander Zaranek <awz@curoverse.com>
Curoverse, Inc.

http://arvados.org http://github.com/curoverse/arvados Affero GPL v3, Apache v2

Large-scale bioinformatics such as genomics requires the application of cluster computing, with many
nodes working in paralel to produce results in a reasonable amount of time. When a compute job
draws on terabytes of data, uses days compute time, and produces thousands of files, robust
management of data sets and the analysis tools used on them is essential to avoid errors that may lead
lead to wasted effort or invalid results. To best serve the needs of science, computing platforms should
be designed from the ground up to achieve data integrity, provenance, and computational
reproducibility.

This talk will introduce the Arvados (http://arvados.org) platform for data science. Arvados is a
software system for managing compute clusters built around a scale-out content-addressed distributed
file system (Arvados Keep) for storage, a cluster job queuing system designed for reproducibility
(Arvados Crunch), and a user and group permission system for controlling and sharing access to those
resources. Arvados provides web based and command line tools for transferring, managing, sharing,
and computing on very large data sets.

Arvados is designed to scale from a single laptop to cluster and cloud based deployments with dozens
of nodes. Arvadosis aso designed to federate with other Arvados instances, with easy transfer of data
and computation between instances. For example, only a single command Garv-copyOis required to
copy a complex computation pipeline from a laptop to a cluster or cloud instance (or between
instances), where that computation can be run immediately with no additional provisioning or
configuration on the target system. The Arvados project is aso a founding member of the Common
Workflow Language working group, and provides robust support for running computational workflows
that are portable across multiple vendor platforms.

This talk will describe the Arvados architecture, describe how Arvados has been used successfully in
research, and how interested participants can download and try Arvados for themselves and join the
community. Arvados is free software, with services licensed under the GNU Affero General Public
License version 3, with SDK's under the Apache License 2.0.
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$FNQRZ BIGIP HOW( 8 ) 3 SURVIFWJ UDQADI UHHP HQW 0 IFKLIDQ, P SXVIAMRQ 6 HYHU7 HDP

" HVSIW WH HYIGHQASRMQIDOR \WH 0 DS5 HGXFH P RGHODQG H MMQFH R EIRQRUP DIF DORUKP V DQG
DSSTFDMRQY \WRVH DUH VIMD\R EHFRP H ZIGHD DCRSWMG 1Q \WH EIRQIRIP DUV GDWU DQDOMY  7KH + DGRRS
0 DS5 HGXFH P RGHCRIHY D VIP S®! [UDP HZ RUN [RUGDWY SDIDBDAP B\ SURYIGIQ) DXVRP DWMG XQUIP H UHFRYHY
IRUERK \BMN XQUIP H DQG KDUEZ DUH IDIOUHY [P STAVWVADOEIDY \BVNY DXVRP DWFDD® UXQ 1Q SDUDIICEDRK
PRGH DVZ HIDV G UHSTFDRQ DQG BFDON  UHGEXFH G P RYHP HQAKHQRH IGRUHDVH SURFHVMQU FDSDAW

© HIGHQM R SUHHTXIMM [RUZ IGHUDGRSVRQ DQG KL KHUX\M) DMRQ R 0 DS5 HOXFH\RRY  DEVAMDRVWH
WFKQEDOGHMIY R KRZ. P XEB6! H MIQ 0 DS5 HGXFH \RRY DUH FRP SRVHG DQG SURYIGH HDV DFFHW/\R
\WH QHFHWDL FRP SX\M QI IDVIRKFUYUH DQG \WH DSSURSUDWM HQYILRGP HQAG DU\ 1Q) \KHVH UHTXILHP HOW Z RX@
D@XZ EIRQRP DIFV GRP DIQH SHW R IRFXV RQ\KH DQDOMY Z KIG! WH UHTXILHG WIFKQEDOGHVIASY DUH KIGGHQ

$WR 6& R SOMRIP VV Z HIH SUVHOMG &BXGIHQH DO DS5 HEXFH \RROH HPXRQ SOMRIP GIYHUDJ QU
+DERRS DQG &BX® DQ D FBXG UHVRXUFH P DQDUHU 6 1IGFH \WHQ Z H KDYH FRP ELQHG DQG H] \WQGHG WHVH
\ZR SOWRIP V \R SURYIGH D UHDA® DYDIDE®! DQG DQ DFFHWIEBI + DERRS EDVHG EIRQIRUP DIV HOVILRGP HQARU
WH &BXG &BXGIHQH RWHUWDQ DABZ Q) DUEMDY 0 DS5 HGXFH \RRY R EH IQMJ UDWG DQG XVHGR FDIVDQ
DQDOMY KDV EHHQ H \WQGHG DV D IRE. H HRXURQ HQJLQH IRUFXWHQ® \B R GHAFDWG VHYIFHY DQ [P SXBAIRQ
VHYEH GHYHBSHG LQ FRRSHIMRQ Z K WH & HQMUIRUS \BAWMAFDG HQHWFY 8 QYHWAWR! 0 IFKLIDQ DYDIME®I DV
[P SXYBMRQUHIYHUVSK XP IFK HGX DQGD P W1 $ DCDOVY VHYIFH DYDIDE® DWP \BQD VHYHUXIEN DF DW 7 KXV
IDU \KH 20 IFKLIDQ ,P SXWBMRQ 6 HYHU KDV VKRZ Q UHP DUNDE®! SRSXOUMW DQG VFDDEIDW Z W RYHU

KXP DQ JHQRP HV EHQJ [P SXWMG ZIWIQ RQH \ HDU 7KHVH VHWIFHV KDYH EHHQ GHS®\ HG RQ GHAFDWMG
KDWZ DUH DQG RIHUD VP S®! IQMUIDFH IRUWKH VSHALE VBVNY Z KIB! \WH REV DUH EHQ) H HFXWG 1Q \WH
0 DS5 HGXFH IDKIRQ 7KLV GHP ROMDWY D SRVMYH GVSRVMRQ \RZ DBV Z IGHU DGRSURQ R 0 DS5 HGXFH
SDUDAIP 1Q\WH EIRIQIRUP DIV GDVI DQDOMY VSDFH J LYHQ DFFHWIE®! DQG HIHAMYH VROMRQY

7R IDADBM HDM DFFHW \R VXFK 0 DS5 HGXFH VROMRQY |RUEIRIQRUP DIV DQG EURDGHQ \WH DYDIDEIOW R
WHVH VHIYEHV  Z H KDYH H \WQGHG & BXQ DQR SURYIGH D + DERRS EDVHG HOYURQP HQAZ W SUH FRQLIXUHG
&BXGIHH &®XE DQ KDQEBN WH VN R SURFXUQ) WHTXILHG FBXG UMVRXUFHY DQG FRQLIXUQ) \WWH
DSSURSUDM HQYILRGP HOW WXV LQUXTMZY \WH XVHUIURP \WH BZ GIYHOWFKQEDOGHIY RNHZ IVH WHTXILHG
%HFDXVH &BXQ DQ IV FRP SDIEGI ZIW P XUBBI FEXG \WMKQRBILHV WY QRZ IHDVE®! \R GHS®  \MLV
HOYLRQP HQWRQ D WDQIH R SUYDW DQG SXETE FEXGV 7KLY P DNHV IVERWIEGI IRUDQ. RQH \R REWWIQ D VFDDE®!
+ DERRS EDVHG FOMMUZ W & BXGI HQH SUH IQABEBIG DQG UHDA® H HRXWM 0 DS5 HOXFH \RRY

7KV \BO! Z LOSUHVHANKH P RIYDURQIRUWXSSRMAQ] J UHDWUDGRSWRQRI 0 DS5 HGXFH EDVHG DSSTHDMRQV 1OQWH
EIRQRUWP DIV GOV DCDOMY VSDFH IRBZ HGE\ WH GHBIOY RN WH GHVFUEHG VHYYIEHVY DQG WHUIXCQRMRCDON
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The free Segway software package contains a method for analyzing multiple tracks of ful
genomics dataOur method uses a dynamic Bayesian network (DBN) modéthveimables it to
analyze the entire genome abfi resolution even in the face of heterogeneous patterns of
missing data. This method is the first application of DBN techniques to gesuateedata and
the first genomic segmentation method designed ®mith the maximum resolution data
available from ChIPseq experiments without downsampling. Our software has extensive
documentation and was designed from the outset with external users in mind. Segway
annotations for the human epigenome are now-buiti the Ensembl and UCSC Genome
Browsers.

We have continued development of Segway and Segway annotationsigimitial publication
(Hoffman et al. 201XNat Method®9:473).We have switched to open development in a
Mercurial repository on Bitbuckelimprovements irdeploymentof Segway and the underlying
Graphical Models Toolkit (GMTK) and Genomedata functional data storage system meal
installaton is now substantially easier.aMise the drone.io continuous integration systetha
series of new regssion tests to automatically ensure a high level of software quality.

We have added a number of new features to Segway. linotwades support for running in a
local mode without a cluster, in addition to the Grid Engine, Platform Load Sharing Facilit
(LSF), and Portable Batch System (PBS) cluster management systems. Segway now su|
concatenated segmentation mode for analyzing multiple grouped datasets. We continue
develop other new features such as a hierarchical segmentation mode.
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$ * HCRP LFV9LLWADO' DERIDVIRY

(QV$1IDQ &OUH 6 BRIIHM 1 XZ DQ* RRCDVHNHIDS 0 IFKDHCB KHDVDQA 5 RQ+ RUAS 0 DN
&URZHS ,JRU0 DOXNGE 6P RQ* OGP DB <RX\VH . RZ\VDUB ' HIHN%HOVRGE 5 QA
/RSB

5 RKQV + RSNQV8 QYHWW 86$ 4B QYHWW R 0 HERXWCH $XVDID B QYHWW R 4 XHHQUDQG
$XVDID 5 XHHOMDQG) DAMV IRUS GYDQFHG YARGQIRWP DIV $ XD HEQHE XQP HE HEX DX

SUIRMAVB 5/ BWEB JHCORP HHGX DX
&RGEH85/ KBWBV JI\KXE FRP JDOJ\ SUIRMFW DOY \ FEXGEP DQ SO\ ERRN

| IFHQUHG XQEHUWH $FDGP IE ) UHH / IEFHQVH YHWARQ

%DFNJ LRXQG
$CDO] 1QJ KLIK WWURXI KSXWIHQRP LFV GDVB IV D FRP S®f DQG FRP SX\M IQMQVYH BN JHQHUDX UHTXILKQ)
QXP HURXV VR DUH \RRY DQG O H UH HUHQRH CDB VHW WG \RJ HIWHULQ VXFFHWLYH W HV Rl DB
WDQVIRUP DURQ DQG YIVXD@ DIRQ $ FRP SXIMRCDCSOWRIP HQDEGR EHWBUDRWFH J HQRP [EV DCDOMY
IGHD@® P HHW D QXP EHUR! UHTXILHP HQW IQFOGQ) D Z IGH IDQIH R DQDOWY DQG YIVXDO/DMRQ \RRY
FEVHO GNHG R OU H XVHUDQG UHHUHGFH GO VHW Z RINGBZ SOWRP V' HQDE@ DFFHWIE®H
UHSURGXFIEG! SRUBE®! DQDOVHY \KURXI K D I LEG! VHWR! IQMUDFHY KLIK® DYDIDE®! VFDDE®!

FRP SX\BMRCDOUHVRXUFHY DQG 1B LELONV DQG YHWDMDY IQWH XVH R WHVH UHVRXUFHV \R P HWGEHP DQGV
DQGH SHUWH R D YDUHW R XVHY $ FFHW \R DQ DSSURSUDM FRP SXMRQDCSOMRYP FDQ EH D ML QUIEDQA
EDWHUWR UAVHDURKHY DV HABEQUKIQ) VXFK D SOWRWP UHTXLUHV D O H XSIURQNQYHR HOWQ KDUEZ DUA

H SHUHQFH DQG H SHWH

5 HVXQV

: HGMJIQHG DQG [P SBP HQMG \WH * HQRP IFV 9 WD DERIDRY * 9/ DV D P IGEBIZ DIH O\ HUR

P DFKIQH [P DIHV FBXG P DQDIHP HOARRY' DQG RQIH VHWIEHY \KDWHQDE®! UHVHDUFKHWY \R EXLG DUEMDLY
V] HG FRP SX\M FOMMY RQ GHP DQG  SUH SRSXOWIG Z W IX@® FRQILIXUHG EIRQIRUP DUFV \RRY  UHHUHQRH
CDIVHW DQG Z RINGBZ DQG YIVXDOVDMRQ RSMRQY 7 KH SOMRP LV 1B EG! IQ\WWDWKVHY FDQ FRQGXFW
DQDOVHV \WURXJIK Z HE EDVHG * DOJ\ 56 WGR ,3\ \WRQ 1 RMERRN RUFRP P DQG @H IQMIDFHY DQG
DGG UHP RYH FRP SX\M QRGHV DQG GDWI UHVRXUFHV DV UHTXILHG Y4-WBLUDRIFH WARUDY DQG SURRFRY
SURYIGH D SD IURP IQRRGXPRY \WDIQIQ) R SIDRIFH 7KH* 9/ 1V DYDIOE®! RQWH 2 SHQ6 \IFN EDVHG
$XWIDIDQ5 HVHDUK &BXG KWB QHRBURU DX DQGWH$P D RQ:  HE 6 HYIFHV FBXG 7 KH SUCASGNV
IP SBP HQBMRQ DQG EXIG SURFHW DUH GHVLI GHG R EH FBXG DI QRAF

&RQFOMVIRQ
: H SURYIGH D EGHSUQWRUH GHVL Q DQG 1P SBP HOBMRQR! D FBXG EDVHG * HQRP [EV/ 9 LWYDO' DERIDIRY
© HGAVFEXW VFRSH GHVLJ Q FROVIGHIVRQY DQG \WFKQEDCDQG & MIFDCFROMDIQN DQG H SBUH \WH YDOH
DGGHG \R \WWH UAVHDURK FRP P XQUV \KURXJ K \WWH VXU Rl VHYEHV DQG UAVRXUFHY SUIRYIGHG B\ RXU

IP SBP HQBMRQ
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High-throughput human resequencing characterizes whole genome changes with the goal of linking variatio
to disease, drug responses or other phenotypes. The primary challenge following sensitive and precise var
detection is prioritizing the large number of results in the context of previously known biological information.
This is especially problematic for samples that are not well explained by short variations like single nucleotid
polymorphisms (SNPs) or small insertions and deletions. In these cases, structural variations such as lar¢
insertions, deletions, rearrangments or copy number variations (CNVs) provide additional sources of causati
variability. However, detecting structural variations from short reads is challenging, so biologists must searc
through a noisier dataset to bnd potentially relevant mutations for additional investigation.

weOll discuss an approach to help prioritize structural variations using pre-existing biological informatiol
The approach is general and only reliant on inputs that link known mutations to genomic position, allowing
incorporation of custom BED or VCF bles into analyses. In this talk, weOll emphasize using public databas
like COSMIC (https://cancer.sanger.ac.uk/cosmic), ClinVar ( http://www.ncbi.nlm.nih.gov/clinvar/ ) and
CIVIC ( https://civic.genome.wustl.edu/ ) to evaluate cancer samples. We overlay known variants with existing
annotations on genes, domains and other genome elements from Ensembl. Regions with pre-existing char
that match those found in BED Ples of structural variants are reported along with supporting information.
WeQll discuss practical examples of how this helps improve our ability to utilize structural changes in analys
of tumor variant calls.

The implementation is part of bcbio (https://github.com/chapmanb/bcbio-nextgen ), which provides a
conbguration Ple and command line interface for running variant analysis on distributed machines. W
have an open development community which contributed to our current cancer calling support lttp:
//bcb.io/2015/03/05/cancerval/ ). We actively develop and support bcbio and hope to grow the community
of users who both contribute and use it for answering biological questions.
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Bioinformatics workflow platforms provide provenance tracking, execution and data management, repeatability,
and an environment for data exploration and visualization. Example F/OSS bioinformatics workflow platforms
include Arvados, Galaxy, Mobyle, iPlant DiscoveryEnvironment, Apache Taverna and Yabi. Each one
presently represent workflows using different vocabularies and formats, and adding new tools requires different
procedures for each system.

Neither the description of the workBowsnor the descriptions of the tools that power them are usable outside
of the platforms they were written for. This results in duplicated effort, reduced reusability, and impedes
collaboration.

Three engineers (Peter Amstutz, John Chilton, and Nebojsa Tijanic) from leading bioinformatics platform
teams (Curoverse, Galaxy Team, and Seven Bridges Genomics) and a tool author (Michael R. Crusoe /
khmer project) started working together at the BOSC 2014 Codefest with an initial focus on developing
a portable means of representing, sharing and invoking command line tools which was then the basis for
portable workflow descriptions. The group placed high value on re-using existing formats and ontologies;
they governed themselves with a lazy consensus / do-ocracy approach.

On March 31st, 2015 the group released their second draft of the Common Workflow Language specification.
The serialized form is a YAML document that is validated by an Apache Avro schema and can be interpreted
as an RDF graph using JSON-LD. The documents are also valid Wf4Ever ‘wfdesc’ descriptions after a simple
transformation. Future drafts will include the use of the EDAM ontology to describe the tools enabling
discovery via the ELIXIR tool registry.

Seven Bridges Genomics, the Galaxy Project, and the organization behind Arvados (Curoverse) have started to
implement support for the Common Workflow Language, with interest from other projects and organizations
like Apache Taverna, BioDatomics and the Broad Institute. Developers on the Galaxy Team are exploring
adding CWL tool description support with plans to add support for the CWL workflow descriptions. Tool
authors and other community members will benefit as they will only have to describe their tool and workflow
interfaces once. This will enable scientists, researchers and other analysts to share their workflows and
pipelines in an interoperable and yet human readable manner.
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The reproducibility of science in the digital age is attracting a lot of attention and concerns from the scientific
community, where studies have shown the inability to reproduce results due to a variety of reasons, ranging
from unavailability of the data to lack of proper descriptions of the experimental steps.

Multiple research object models have been proposed to describe dilerknt aspects of the research process.
Investigation/Study/Assay (ISA) is a widely used general-purpose metadata tracking framework with an
associated suite of open-source software, which o[erk a rich description of the experiment’s hypotheses and
design, investigators involved, experimental factors, protocols applied. The information is organised in a
three-level hierarchy where ’'Investigation’ provides the project context for a ’Study’ (a research question),
which itself contains one or more 'Assays’ (taking analytical measurements and key data processing and
analysis steps). Nanopublication (NP) is a research object model which enables specific scientific assertions,
such as the conclusions of an experiment, to be annotated with supporting evidence, published and cited.
Lastly, the Research Object (RO) is a model that enables the aggregation of the digital resources contributing
to findings of computational research, including results, data and software, as citable compound digital
objects.

For computational reproducibility, platforms such as Taverna and Galaxy are popular and e Lcieht ways to
represent the data analysis steps in the form of reusable workflows, where the data transformations can be
specified and executed in an automatic way.

In this presentation, we will address the question of whether such research object models and workflow
representation frameworks can be used to assist in the peer review process, by facilitating evaluation of the
accuracy of the information provided by scientific articles with respect to their repeatability.

Our case study is based on an article on a genome assembler algorithm published in GigaScience, but due to
the proven use of the respective research object models in their respective communities, we argue that the
combination of models and workflow system will improve the scholarly publishing process, making science
peer-reproduced.
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Bepartment of Biochemistry and Molecular Biology, Penn State University, University Park, PA 16801, US
imchilton@bx.psu.edu
Project: 18tp://galaxyproject.org/ 5 Code: Htp://github.com/galaxyproject/galaxy
License: Academic Free License version 3.0

* DO\ 1V D SRSXOUGDW DQDOVY SOWRP \KDWY P RANRIWQ XVHG R IQMI DM GLYHWH

FRP P DQG @QH XUIMAV LOR D FROMMONDQG IQMMYH Z HE EDVHG IQMUDFH $ B@Q) WBIQAQ
VHE SRIOMAR * DO[\ KDV EHHQ \WDWMD@RZ \/ UHVHDUFKHLY \R H \WDRPW/DP S®! DQDOMY KIMRUHY
RXWQR UHXVDE®! Z RINBZ V DQG EXITG VXFK Z RINBZ V GHQRYR ' HVSIWM \H SRSXOUWV R KLY
IHDWMUH WH NQGV R Z RINGZ V \KDWARX@ EH H SUWVHG E\ * DO\ KDYH KDG FUMFDOIP MIAMRQY
7ZRR \WHP RMIOUQ) R WHVH DH\KDW DOJ\ Z RINBZ V KDYH UHTXILHG D 11 HG QXP EHUR
LOBXW DQG \WH Z RINGBZ. HQJ LGH SOQQHG RVHYHY IRE W KWDWIXEP MMRQWP H ZRINGBZ V

Z RX@ FDXVH D VHUHV R IREV\R TXHXH XS 1Q* DO\ EXVWKHUH Z DV QR WD RINGBZ. HQILGH
\KDWARX@ DEMUVH VAKPXUH R KLY FRP SXBMRQRYHUMP H 0 DQ. UHDMYH® EDVIE DQDOVHV 1Q
EIRQIRUP DUFV UHTXILH IXQQIQ) D YDUDE®! QXP EHUR! ICEXW DFURW IGHQUIFDCSURFHVWQ) AMSV
3P DSSIQ)”  DQG WHQ FRP EIQQ) RUFRMIPIG) WHVH UHVXEV IQR D P HUJ HG RABXWEUHGXAQ)
/INZMH SDXMQI ZRINEGZV VSOND LOSXW XS IQR P XUB0I COWVHW DQG FRQGMRDY DO
UHTXIUH \WH UH HYDODVMRQ R Z RINBZ V RYHWP H 7KLY SURVHQBMRQ Z OEVFXW KRZ Z H KDYH
VABWMG DGGUAWMIQI \WWHVH @ MMRQY ,Q SDIMEXOUZ H Z IOSUHVHONEDBVHWRBIMRQY DQG D
UHDOSOUIJDE® * DOJ\ ZRINGZ VXEV WP \RI HKHUWHVH | HDWUHY DGGUHW \KH @ WBAMRQY
GHVRUEHG DERYH DQG YDW® LQFUHDVH \WH H SUHWMYHQHW R * DOJ\ ZRINBZ V

* DOJ\ COWVHWARGPRQY DUH SRZ HUXXZ D\ R JURXS FRIIFIRQY [QR SRMQID® QGHNG
KIHDURKIHY Rt @AV DQG SDILY Rl GDBVHW ([ MIQJ * DO\ \RRY FDQ EH XVHG Z LKRXW

P RAUFDURQ\R 3P DS’ RSHUMRQY DFLRW CDVHWRTBIURQY \R SURGXFH QHZ FRIFURQY Z WK
\VDP S®! LQRWP DIRQ P DIQEIGHG / INHZ IVH \RRY WDWARQVXP H P DQ. GDVHW FDQ EH UHDAD
XVHG \R BUHOXFH WHVH FRBIFIRQY ) RUQHZ ©® GHYHBSHG\RRY D ZIGH IDQIH R H \WOURQV\R
* DO[\ \RRIY |RWP DA MAR FRQUXP H DQG SURGXFH COMVHWRBRIRYY ,Q DAGMRQ\R
SUAVHQIDI \WHVH DCAMRQV\R * DO\ H \WMOVRQV \R WH Z RINGZ A VWP VR M \R HHUWHVH
DQDOVHV DQG IQQRYDWH 8, HBP HQW VXFK DV \WH SDILHG QAMEDWVHWARGIPIRQ EXICHUZ IQEH
SUMVHOMG

6 SHFLLE EIRRI IFDM® UHBIYDQMH DP SV \R KLI KO KVWKH SRZ HUR' CDBVHWARGPIRQY DQG \WH
QZ ZRINGZ HQICH Z LOEH SUIAVHOMG 7KHVH Z IGQFGGH DQ5 1 $ VHT ZRINGBZ EDVHG RQ\WH
WM HGR VXIW RN \RR® WDWADQ SURFHW DQ. QXP EHUR! VDP SBV DQG D Z RINGZ \KDWH SBRW \KH
DELOW R RASXWRGIPIRQY \R DFKLHYH J UHDMUSDUDEBID) DIRQ\WDQ Z DV SUHYIRXV® SRME®!

7 KHVH H \MQURQV DUH SRZ HUXAQHZ. 1HDWUAY WDW U-DV® HQKDQRH \WH H SUMWAYIW R! * DO \
ZRINGZV EXWP XFK Z RIN UHP DIQV\R GREH GRQH $ URDG P DS IRUWH IXWUH R * DO \

ZRINGZ V Z IOEH OIG RXW IFOAQ) FROGMRQDY MMDMRQ DQG P RUH 16 [EGI FRQGHAURQY
EHEHHQWMSY HJ P DSSIQ) RASXWP MG \R ICEXVSDUDP MY IRUQADGFH  HW
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Kipper: A software package for sequence database versioning for Galaxy
bioinformatics servers
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( YRGMROQRI WH* DOJ \ WRCHFRV WMP  KDSSIHUGHYHBRSHWY KDSSIHUXVHY

0 DMDT HK %ID* WQAQ) (UESDVKH . \ G ( WRW - RKQ&KIGRQ DQG* DOf\ 7HDP
" HSDWW HOMR %ARFKHP M DQG0 RBFXOUARBI\ 368 86$ P DWMQ# E[ SVX HGX

YIRIQRWP DIFV* URXS ' HSDWR HOAR &RP SXMUSFIHQFH 8 QYHWWR! ) UHEXU * HUP DQ\
&HOMUIRUBKDIH 7HAKQRBI\ 7THDV$S 0 8 QYHWMAW 86$

&HOMURUWARP RBFXOUSHHGH  ( QIIGHHUQ) 8 QYHWW R &DORQDE0DOD&K] 86$
3URWPWKWE DO\ SIRMIFVRY &RGH_KWBV J WIXE FRPJ DOJ \ SUIRMIFW IFHQWH $) /

* DO[\ VD SRZ HUXCRSHQ VRXUFH SOWRWP | RUGDW LOMOUYH UHVHDURK 7KH QXP EHUR! * DOJ \
RROGHYHBSHY DQG XVHWY/ IV J URZ LQ) GXH ERW\R IWMMDG. H| SDOVMRQR! \WH QXP EHUR! * DDJ \
IOABGRHV IQR GIYHWH VHMQIV HJ * D[\ 3 GHHS7RRY &R66FL 2 T\BQV * HQRP IF
+\ SHEWRZ VHU 2 MLy - DQG IQUDYHV VXFK DV\H' 5( $0 60 & + H.WRKDIIQIH Z KIFK IQFOGHVE
UHSURGXFLELD | RFXVHG VXE FKDEBIQI H UHTXILQ) VXEP MRQR! * DO\ WWRYDQGZRINGZV 7K-
UHVXOW D GHHG \R VFDBH \RROMAMY  GVFRYHU  DQG GMUEXWRQ

* DO\ XVHVWH 7RROBKHG DV DQ$ SS 6\RUH @H SOMRP |RIVRRCH SBRUMRQ DG
GHS® P HQ/Z WY UHSURGXFE®I Z RINBZ VKDUQJI VXSSRW7ZRED: \WH 7RRGBKHG FRQEIQV P RUH
\WDQ RRYIURP GLIHHQADUHDV R FRP SXVBMRQDOHVHDURK DQG D YIEUDQAFRP P XQW/ 1V
XSGDWY DQG P SIRYIQ) WHVH \RRY

' WYHQE\ FRP P XQW IHHGEDAN VRIFMWG YID TXHVRQQDWY . Z H IGHQMHG DQG IRFXVHG
RQWH DUHDV WDWZ RX@ EHCQH IVYIH P RAVURP [P SURYHP HQN
0 7RROMAMY) ZHEX®BOQHP R WDAGIP DIFD® VP SOLHY RRAFHDIRQ DQG ML)
7RROGMARYHY  Z H KDYH UHZ UNMWQ VHDURK 1URP \H J URXQG XS \R DIBZ * DO \
GHS® HY/WR P RUH HDVO® IGHQM KLIK TXDOWV \RRY
7RROGMUEXURQ B\ SURYIGIQJ IQAMI UDARQZ W - HONQY DQG* WIXE Z H KDYH VP SOLHG
DQG DXVWRP DIMG WH \RROMAY) DQG 7RR3BKHG SXEQKIQ) SURFHW
$ FRP P XQW EDVHG FRP P MRQ ,8 & VP DIQBIQQ) D EHWBUDRWEH J XIGH VR DGGUHWW WH [ LYWV
MXH DQG GHIICHY WBIQEDUEV IRUKLI K TXDDW* DOJ\ \RRG

© HDOR SUHVHQ/BOQHP R DQHDV \R IQABQFRP P DQG @QH XMW \WDWI LYHV GHYHBSHWY
DZD \R ERRMIDS CMMINVDQG H SEUH* DOJ\ WWRY Z MRXWWHYHQ UHT XL IOABGMRQ DQG
FRULXUMRQR! * DO[\ 30QHP R P DNHVH] M) GHYHBSHWY P RUH SURGXRIMWH DQG 3OCHP R
YILWDISSIGFHY DUH EHQ) XVHG R IQARGXFH QHZ. 60 & + HWEHYHBSHWY/ \R \RRODQG Z RINBZ
GHYHBSP HQW BZ HUIQ) \WH EDUIHUWR HQWY

- HONQV EXIG VRUSW GIYHUDI 1Q) 3OCHP R KDYH EHHQ GHYHBSHG R DXVRP DM M) DQC
GHS® P HQWR \RROMHSRMRUHY SURYIGIQ) YMIOHHGEDFNE\ SRV UHVX@V EDFN\R * W XE
7KH VRUSW FDQ DOR DX\RP DWFD® GHS®\ \RRAHSRVRUHY VR \MH 7RROBKHG UHGXAQ) \WH
RYHKHDG R P DQDJ Q) OU H QXP EHUR! \RRY

- HIWP ® EHOHYH WH SUHVHQIMG Z RIN Z I@HQDE®! WH * DOJ\ FRP P XQW \R \FDBI XS W
DOHDG. J BHDWRQUEXWRQY DQG ERRWARMERUMRQ

o C

([an)

KWBV _ZIN.J DO\ SUIRWANRU 3XETF* DOf \ 6 HYHY/

KWBV 277 MCDSWHRU 6\ CDSWHM Q

' DV DYDIOEGI DNKMWEBY _Z IN.J DOJ \ SUIRMFVRY &RP P XQW * DOJ\ $ GP 1OV 6 XWYH\ V
KWB JDOf\ [XFWIQEDUGY BHDOKWHGRFVRU
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Bioinformaticians handle an increasingly large and diverse set of tools and data. Meanwhile, researchi
demand ever more powerful and convenient means to organise, bnd, understand, compare, select, use
connect the available resources. These tasks often rely on consistent, machine-understandable descripti
of the underlying components, but these have been generally lacking in ad hoc resource descriptions. 1
urgent need - blled by EDAM - is for an ontology that unibpes semantically the bioinformatics concepts il
common use, provides the curator with a comprehensive controlled vocabulary that is broadly applicabl
and supports new and powerful search, browse and query functions.

EDAM is an ontology of well established, familiar concepts that are prevalent within bioinformatics, including
types of data and data identibers, data formats, operations and topics. EDAM is a simple ontology - essential
a set of terms with synonyms and dePnitions - organised into an intuitive hierarchy for convenient use k
curators, software developers and end-users.

EDAM is suitable for large-scale semantic annotations and categorization of diverse bioinformatics resourc
and also suitable for diverse application including for example within workbenches and workZow-manageme
systems, software distributions, and resource registries.

Version 1.9 of EDAM has been released. Contributions and suggestions are welcome!
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Veribability and reproducibility are among the cornerstones of the scientibc process. They are what allows
scientists to Ostand on the shoulder of giantsO. Maintaining reproducibility requires that all data management,

analysis, and visualization steps behind the results presented in a paper are documented and available in full
detail. Reproducibility here means that someone else should either be able to obtain the same results given
all the documented inputs and the published instructions for processing them, or if not, the reasons why

should be apparent.

Making the computational components of a research study fully reproducible can be very challenging or even
impossible if attempted post-hoc, such as when prompted by journal requirements or funder expectations.
Yet, there are techniques, tools, and practices that aleady exist and that stand to help practicing scientists in
organizing, documenting, and automating their digital work so that it can be more easily repeated and built
upon later by others, including by their future selves. Despite this potential, such tools and practices are
rarely taught, and many biological and other domain scientists remain unaware of them.

In this talk we report on an elort, the Reproducible Science Curriculum Hackathonto develop and teach a
2-day bootcamp-style workshop curriculum for basic techniques, tools, and best practices for life scientists
that promote the reproducibility of their computational work from the start. The curriculum is motivated
throughout by reproducibility not primarily for the future benebt of others, but for the benebt of accelerating
oneOs own research, for example by more easily repeating and extending analyses with new data, new tools,
or parameter modiPcations. The elort is an international collaboration of a diverse group of people from
dierent belds, disciplines, career tracks and stages, some of whom are actively prototyping and developing
tools to improve the reproducibility of data and compute-intensive research. We will present the basic lessons
that comprise the curriculum, and results from teaching them at the prst two workshops held in May and
June 2015. If successful, we expect the workshops to be replicated through train-the-trainer events, much
similar to the Software Carpentry and Data Carpentry workshops and teaching model.
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>+01*?"#$* N*@579$,#4%

Genomic pipelines usually rely on a combination of several pieces of third party research software.
Academic software applications tend to be prototypes and are often difficult to install, configure
and deploy. Furthermore their experimental nature can result in frequent updates, thus raising
serious reproducibility issues.

Despite the fact that many tools have been developed to tackle these problems none of them have
so far provided a comprehensive solution. For this reason we developed Nextflow, a tool that is
specifically designed to address the reproducibility problem in computational pipelines by allowing
researchers to easily write parallel and distributed data analysis applications. The three main
strengths of Nextflow are:

¥ Its capacity to integrate any existing tools and scripts.

¥ Its support of a high-level parallelization model for complex task interactions and easy
deployment.

¥ Increased reproducibility thanks to its reliance on Docker containers technology.

A Nextflow pipeline is made by putting together several processes. Each process can be written in
any scripting language that can be executed by the Linux platform (BASH, Perl, Ruby, Python, etc.).
Parallelization is automatically managed by the framework and it is implicitly defined by the
processes input and output declarations.

Moreover Nextflow provides an abstraction over the underlying execution platform. Thus, the
resulting pipeline can run on a single workstation, on different grid infrastructures or in a cloud
environment.

The integration with Docker containers technology and the Github sharing platform enables
pipelines to be deployed, along with all their dependencies, across multiple platforms without any
modifications, making it possible to share them and replicate their results in a predictable manner.
In addition Nextflow provides a rich set of built-in functions for recurrent operations on common
bioinformatics data formats (FASTA, FASTQ, etc.) such as split, count, filter, combine, etc.

Finally the Nextflow programming model greatly simplifies writing large scalable pipelines, by
utilizing a scatter-process-gather parallelization strategy that is quite common in bioinformatics
applications.

We used this approach in PIPER, a pipeline for the detection and mapping of long non-coding RNAs.
We managed to speed-up the overall pipeline execution by 6 times and to reduce the application
code base in a significant manner when compared to the previous PERL based implementation.
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For years Galaxy has made advanced bioinformatics software accessible to biologists directly by providing
intuitive webinterface to these applications while fostering reproducibility through the automatic creation of
re-runnable protocols of each analysis. With the Tool Shed, Galaxy gained a Rexible deployment platfor,
enabling identical software installations across Galaxies.

A major hurdle in using Galaxy today is simply Pnding an instance with the correct set of tools and with
enough computational power and storage necessary for a particular analysis. One interesting solution to tt
challenge is to move the software (Galaxy and the tools) to the data instead of shipping data to a remol
server running the correct software; itOs also worth noting that many researchers and institutions simp
cannot ship their data elsewhere.

Galaxy is using Docker to solve this problem in a way that is even more reproducible by delivering the entir
software stack in a container. Each new release of Galaxy is now available as a production-ready Doc
container. Additionally, this Docker image can be extended to build personalized Galaxy Ravours, witl
site-specibc sets of tools. For example, a Galaxy Docker Ravour containing all necessary tools for RNA-:
analysis, or a genome annotation Ravour with the NCBI BLAST suite. These Ravours are simple to crea
and can be easily deployed on Linux, OS-X and Windows.

Likewise, Galaxy now allows running tools securely in Docker containers. The process isolation provided

running Galaxy jobs in Docker containers provides a much higher degree of security than running them ¢
native processes, at least in part due to inability to access other usersO data. An exciting new developm
in this Galaxy/Docker ecosystem is the Galaxy-IPython project. IPython is a popular platform providing

a web-based interactive computing and visualization environment. Galaxy-IPython allows Galaxy users t
run IPython inside Galaxy and access it via their web browser. Additionally, it extends the default IPython
environment by providing easy, secure access to Galaxy, itOs API, and the userOs data. As Galaxy-IPythc
deployed on the Galaxy server, it removes the overhead of big-data downloads and uploads during analy
All of these features work to enable rapid, iterative, and interactive bioinformatics analysis and software
prototyping directly in Galaxy, next to your big data.

Galaxy is a popular tool for teaching bioinformatics applications to biologists - Galaxy IPython is a huge
step towards enabling it to be a teaching tool for bioinformatics programming as well.
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The aim of open science is to make scientibc research accessible, facilitating experimental reproducibility &
transparency. Mechanisms exist for preserving and publishing research objects in plant science within tl
OomicsO belds. However, researchers are often hindered by: (i) complicated and time-consuming procedure
repository deposition; (ii) a lack of interoperability between disparate information sources and mechanism
(iii) sub-optimal search and retrieval facilities across data repositories; (iv) a lack of public awareness
existing services.

To address these issues, we are developing COPO (Collaborative Open Plant Omics), a brokering serv
which enables aggregation and publishing of research outputs by plant scientists, and provides access
services across disparate sources of information via web interfaces, and Application Programming Interfac
(APIs) for bioinformaticians. COPO comprises a web front-end (based on the Django framework), dat:
grid infrastructure using iIRODS (www.irods.org), and a number of APIs which facilitate the creation and
management of logical probles containing heterogeneous but related research objects representing a kt
of work. A proble can contain, for example, references to omics and image data, source code, PDF bles
posters and presentations, which are fully described with associated ISA-based metadata. COPO leverages
Investigation/Study/Assay (ISA) formats and ISA software suite tools (http://www.isa-tools.org) to enable
experimental metadata attribution and conversion between metadata formats. Based on ISA research objec
this metadata comprises information about the investigators, objectives/hypotheses, related publication:
subjects, experimental design and assays. Deposition to public repositories is enabled, providing a techni
continuity between services. COPO will provide access to distributed resources through a single point
entry, integrating existing data services such as: European Nucleotide Archive (ENA) (www.ebi.ac.uk/ena
and MetaboLights (www.ebi.ac.uk/metabolights) for raw data; GigaScience for data and workRRow citation
(www.gigasciencejournal.com); f1000 (www.f1000research.com); Nature Publishing Group Scientibc D¢
(www.nature.com/sdata/) for data publication; bgshare (www.bgshare.com) for a variety of supplementary
data types; Galaxy (www.galaxyproject.org) and iPlant (www.iplantcollaborative.org) for data analysis;
GitHub (www.github.com) for source code and ORCID (www.orcid.org) to provide user information. COPO
does not store the data itself, but rather references deposited objects, thus keeping the system lightweic
and decentralised from third party repositories. DOIs (Digital Object Identibers) will be minted and mapped
to COPO probles providing permanent digital identities for these collections of research objects.

As research objects deposited through COPO will be accompanied by rich metadata implemented
JSON-LD (www.json-ld.org), cutting edge technologies such as MongoDB (www.mongodb.org) and neo-
(www.neodj.org) are being used to create a web of linked semantic knowledge, allowing for user customi:
suggestions for future avenues of investigation. Such inferences are domain agnostic, with the potential -
bioinformaticians to discover useful results and techniques from other pelds.

We present a prototype front-end with the ability to create user accounts and work probles. Data transfers t
the ENA are possible with associated metadata being input into intuitive online forms. Metadata is stored in
a document based database, with transfers between data formats (ISA metadata in RDF and JSON-LL
being handled by ISA software suite tools.
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ELIXIR UK building on Data and Sottware Carpentry to address the
challenges in computational training for life scientists

Aleksandra Pawlikl, Aleksandra Nenadi¢?, Susanna-Assunta Sansone?, Alejandra Gonzalez-
Beltran?, Carole Goble!

1University of Manchester, UK; 2 University of Oxford, UK
Email: aleksandra.pawlik@manchester.ac.uk
Project Website: http://elixir-uk.org/

Within life sciences training in lab skills for scientific computing and data manipulation faces
several challenges. The discoverability of training material is often poor. High assumptions about
prior knowledge render it effectively unusable. As a result, many scientists do not even attempt to
use them. Others use training material for self-teaching without support or guidance from
experienced instructors.

To address these challenges ELIXIR UK leveraged the work of the existing Software Carpentry and
Data Carpentry initiatives and launched them for ELIXIR Europe in order to train researchers in
core computational and data manipulation skills. ELIXIR UK is one of the nodes constituting pan-
European ELIXIR project for supporting and developing a sustainable infrastructure for life science
research, and its translation outside of academia. Software and Data Carpentry provide training
materials and workshop for computational skills in science.

The main goals of the of ELIXIR UK working with Software and Data Carpentry are:

¥ Adopt the training model of Data and Software Carpentry to suit the needs of the life science
research communities within ELIXIR,

¥ Collaboratively develop new and extend existing training materials tailoring them to the
various life sciences areas,

¥ Build the self-sustained ELIXIR-wide network of certified instructors though “train the
trainer” programme and workshops,

¥ Expand the training network of organisations within ELIXIR able to run independently
Software and Data Carpentry workshops.

To support an effective kick-off of these activities ELIXIR granted funding for a pilot

project "Working up and building the foundation for Data Carpentry and Software Carpentry within
ELIXIR”. The pilot consists of three events: a collocated training materials development hackathon
and a Data Carpentry workshop (the first one took place in March 2015, hosted by the Finnish node,
and the second one will be in June, hosted by the Dutch node) and a “train the trainer” workshop to
be hosted in early 2016 by the Swiss node. The attendance at the events of the representatives of as
many nodes as possible helped with the outreach and scaling up the whole project. The hackathons
provided an excellent opportunity for introducing in depth the node representatives to the
Carpentries’ teaching model, approach and training materials. The events were run by two
experienced Software and Data Carpentry certified instructors (one of them is also a member of the
Steering Committees for both initiatives). This helped in discussions at the events, clarifying and
answering all questions that the node representatives had. The points made by the ELIXIR
participants were fed back to the leads of Software and Data Carpentry leads. This two-way
communication was an opportunity to understand better how the Carpentry model can be used
beyond the original workshops and serve the life sciences research community.
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Cancer Informatics Collaboration and Computation: Two Initiatives of the U.S. National Cancer Institute

Authors:Ishwar Chandramouliswaraty Jui D. Klemmt, Tanja Davidsen, Anthony R. Kerlavagé Warren Kibbé
Author affiliations: *National Cancerinstitute, Center for Biomedical Informaics and Information Technology
Presenting author email addresstshwar.chadramouliswaran@nih.gov

URL for project websitewww.nciphub.org

http://cbiit.nci.nih.gov/ncip/nci -cancergenomics cloud-pilots/nci-cloud-initiative

Code URL:

Open Saurce License:

|

One of the objectives ofthe National Cancer InstituteOs Center for Biomedical Informatics and Informati
Technology is to focus on innovative programs and technologies teupport the use of informatics in cance
researchand encourage open scienceWe haveseveral initiatives underwaythat are designed to enhance
community driven software development, democratize access to cancer data, tools & standards as v
encourage innovative approaches that improve access to software applications & build scientific
communities that enable deep collaboration around specificdesearchquestions

At BOSC 2013we presented NCOsopen development initiative to share open-source code for cancer
informatics software applicationsthrough GitHub at https://github.com/ncip. This presentation describestwo
follow-on initiatives and how these initiatives can help researchersengaged in cancer informatic:
collaborate and contribute to NCIOspen scienceefforts.

|

NCIP Hub:One of our goals is toenable cancer researchers tacreate community driven, adaptive and
collaborative environments that promote the exchange ofresearchideas andresources To address this we
have established the NCIP Hubusing the open source HUBzero Platform for Scientific Collaborationto
provide this online collaboratory for the cancer informatics community. The intent is to empowercommunity
membersto both contribute and use software tools, data, standardsor other relevant digital assetsto an
ever-growing research andeducational resource The work products become discoverable and citable, ar
their impact can be measured We hope that this will contribute to the creation of a Ocommunity impa
score® basl on data sharing, algorithm sharing, software sharing, discoverability, annotation, and of cou
use and reuse Individuals engaged in cancer informaticscan become a member and contribute at

www.nciphub.org!
|

The Cancer @nomics Cloud Pilots:The purpose of the Cancer Genomics Cloud Pilois to support the
development of a new model for computational analysis of biologicaldata that can address the requirec
computational capacity for storage, analysisand discowery. In this new model the data repository is ce
located with computational capacity that can be accessed either via a welinterface or via an Applicaion
Programming Interface (ABIwhile ensuring data security.Developers of analytical software applicatons will
also be able to bringnew tools to the data, and researcherswill be able to bring their own data to the cloud
to analyze in the context of TCGA data.The Cancer Genomics Cloud has the potential to democratize acce
to NCkgenerated genomic dataand provide aless resource intensive andnore costeffective way to perform
computational analysis for the cancer research communitywhile enabling reproducibility of the analyses
The three pilot systemsbeing developed by theBroad Institute, the Institute for Systems Biology and Seve
Bridges Genomicsare expected to be available forcommunity use and evaluation inearly 2016. Stay
informed by following http://cbiit.nci.nih.gov/ncip/nci -cancergenomics-cloud-pilots/nci-cloud-initiative .!
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Biopython Project Update 2015

Joao RodriguesTiago Antao , Peter Cock Wibowo Arindrarto ? Michiel de Hoon
Eric Talevich, and the Biopython Contributors

16" Bioinformatics Open Source Conference (BOSC) 2015, Dublin, Ireland

Website: http://biopython.org
Repository: https://github.com/biopython/biopython
License: Biopython License Agreement (MIT style, seehttp://www.biopython.org/DIST/LICENSE )

The Biopython Project is a long-running distributed collaborative elort, supported by the Open Bioin-
formatics Foundation, which develops a freely available Python library for biological computation [1].

We present here details of the latest Biopython release - version 1.65. New features include: extended
Bio.KEGG and Bio.Graphics modules to support the KEGG REST API, as well as parsing, representing, and
drawing KGML pathways; inclusion of the new NCBI genetic code table 24 (Pterobranchia Mitochondrial)
and corresponding translation functionality in Bio.Data; improvements to Bio.SeqlO (parse and indexdb
methods) and Bio.SearchlO (hit retrieval using alternative IDs); and a rewritten Bio.SeqUtils.MeltingTemp
with additional methods to calculate oligonucleotide melting temperatures. Additionally, we continued
our elorts to abide by the PEP8 coding style guidelines, namely using lowercase module names in new
experimental modules.

We are currently preparing a new release - version 1.66 - that will feature additional improvements to
the Bio.KEGG and Bio.Graphics modules (support for transparency in KGML pathways), extended support
for the OabiO format in Bio.SeqlO, miscellaneous improvements to the test suite, and further adherence to
PEPS8. In addition, our participation in Google Summer of Code 2014 had Evan Parker adding lazy-parsing
support for Bio.SeqlO. The additions are currently under review and should soon be integrated.

Finally, complementary to these developments, we created a new repository for Docker containers. The
included containers support both Python versions 2 & 3 and install all of BiopythonOs dependencies. They
are, therefore, useful for development, but also for teaching due to the inclusion of IPython Notebooks.

References
[1] Cock, P.J.A., Antao, T., Chang, J.T., Chapman, B.A., Cox, C.J., Dalke, A., Friedberg, |., Hamelryck, T.,

Kau!, F., Wilczynski, B., de Hoon, M.J. (2009) Biopython: freely available Python tools for computational
molecular biology and bioinformatics. Bioinformatics 25(11) 1422-3.doi:10.1093/bioinformatics/btp163
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The biogems community: Challenges in distrib-
uted software development in bioinformatics

George Githinjit'°, Ben Woodcroft>1°, Joachim Barar®°, Francesco Strozz1°,

Raoul BonnaP1°, Naohisa Gotd19, Toshiaki Katayama 1, Hiroyuki Mishima &1°,
and Pjotr Prins®10

IKEMRI-Wellcome Trust Research Programme, KenyaEmail: ggithinji@kemri-
wellcome.org

2The Australian Centre for Ecogenomics, School of Chemistry and Molecular Bios-
ciences, The University of Queensland, AustraligNational Evolutionary Synthesis
Center, Durham, United States of America. “Bioinformatics Core Facility, Parco
Tecnologico Padano, Italy.®Integrative Biology Program, Istituto Nazionale Genet-
ica Molecolare, Milan 20122, Italy, ®Department of Genome Informatics, Genome
Information Research Center, Research Institute for Microbial Diseases, Osaka Uni-
versity, Suita, Osaka, Japan,’Human Genome Center, Institute of Medical Science,
University of Tokyo, Tokyo 108-0071, Japan, 8Department of Human Genetics,
Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan,
9University Medical Centre, Utrecht, Netherlands, 1°The Bioruby Project

Afbliation: The BioRuby Project

Contact E-mail: bioruby@lists.open-bio.org

URL.: http://biogems.info/

Source code: Linked from biogems website

License: All licenses are of type approved by the Free Software Foundation (FSF)

The BioRuby project is a comprehensive bioinformatics library for the Ruby
programming language. In its more than Pbfteen years of existence it has evolved
from a monolithic to a distributed code-base.

With over 40 contributors and 134 biogems and a plan to enlist other Bio' pro-
jects, it is important to assess potential challenges of the distributed contributions
model such as testing, documentation, coding standards and communication.

In this talk we present metrics on test coverage, documentation and commu-
nication within the biogems projects. We also highlight successful distributed soft-
ware development models and patterns that encourage new contributions, collab-

oration and build trust among developers.
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Title Apache Taverna: Sustaining research software at the Apache Software Foundation
Authors Stian Soiland-Reyes lan Dunlop, Alan R Williams , Apache Taverna team

Alliation Apache Software Foundation;eScience Lab University of Manchester

Contact http://taverna.incubator.apache.org/contact

URL http://taverna.incubator.apache.org/

License Apache License, Version 2.0

Apache Tavernais a scientibc workRBowsystem, encompassing a graphical workbench, command line toc
server and APIs. Although Taverna was conceived fobioinformatics, its user base also encompasses doma
such asastronomy, digital preservation, biodiversity and virtual physiology. Taverna has been an open sourc
project since 2003, developed by thenyGrid consortium and originally led by the University of Manchester
and EMBL-EBI. In October 2014, Taverna became anincubating project at the Apache Software Foundation

Here we describe our motivation for changing thegovernanceand ownership of the Taverna project, and
ref3ect on our experience and challenges in transitioning a University-led research software activity to an opi
development process and building a wider developer community.

Research Softwaresupports scientists and researchers; its development is usually funded for domain-spec
projects and made publicly available as Open Source through code repositorie§itHub , BitBucket). By the
time research software develops into a mature code base and gains a diverse user base, the initial funding
related projects may already be Pnished, yet ownership and control of the project typically remains with the
original authors. Users and third-party developers have thesource code but are often not included in project
decisions, and may not feebwnershipto contribute code, documentation or support for others.

The original developers may eventually become involved in new projects that do not directly relate to the
original project, and may lose focus as the user base changes. Thus it becomes critical to grow a sustain
and diversedeveloper community and to build an open governancemodel that encourages engagement ar
commitment from everyone using the software. Elorts like the Software Sustainability Institute are crucial,
as it helps guideresearch software engineer best practices for making their research software open an
maintainable. Ultimately the success of an open source project should lead to a change of its structure a
management to widen its developer base.

For Taverna, we considered several options to reduce the lead role and responsibility that the University «
Manchester had, and to move to a neutral ownership model where any interested developers could contribt
to TavernaOs development on an equal standing. One of the options was to create a Taverna Foundat
but this would have required legal administration and a dedicated budget. Another option was to assig!
copyright and management of the code to a well-established software foundation like th&oftware Freedon
Conservancy the GNU project at the Free Software Foundation the Eclipse Foundation, the Outercurve
Foundation which is backed by Microsoft, and the Apache Software Foundation The dilerent options come
with implications for the projectOs way of working, licensing, community, politics, infrastructure and public
impression - which must be evaluated for the particular research software project.

By choosing Apache as TavernaOs new home, we put emphasis on the community building, a strong
neutral governance model, and clear intellectual property management, which we believe makes the proje
more approachable for new participants and commercial entities. While the initial months as an Apach
Incubator involved a fair bit of administrative overhead, such as moving mailing lists, transitioning web sites
and bug trackers, checking dependency licensing and verifying intellectual property ownership of the donate
source code, we feel this elort is o!set already by an increase in awareness and engagement in the commui
at large. Several new developers have been attracted to the project, with many proposals and new ide
including four Google Summer of Code 2015tudent applications.
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Title Simple, Shareable, Online RNA Secondary Structure Diagrams

Author Peter Kerpedjiev, Stefan Hammer, lvo Hofacker

Alliation http://www.tbi.univie.ac.at

Contact pkerp@tbi.univie.ac.at

URL http://rna.tbi.univie.ac.at/forna

License GPLv2

*Z» The visualization of RNA secondary structure is essential for describing its function. If

50 @ depicts the inter-molecular pairing patterns that characterize its structure and provide

hints as to the role that it might play within the cell. It provides a context for explaining
@ experimental results. A mutation leading to a phenotypic variation can, in some cases, b
i described in terms of the change to the secondary structure that it induced. Conversel
D by @ { analysis of the secondary structure diagram can provide hints about where to mutate
sequence in order to test a hypothesis about its biological role. Finally, RNA molecule
can be categorized and classibed according to their structure, the visualization of which gives research
and practitioners a visual identiber for a particular class of RNA (most notably, for example, tRNAs and
miRNAS).

The actual generation of an RNA secondary structure diagram, however, is not trivial and a number o
techniques have been developed to generate visually pleasing and relevant layoufs P, 3, 4, 5]. What most
lack, however, is an easily accessible online interface to allow researchers to elortlessly generate beaut
interactive, customizable diagrams. Our software, dubbedforna , is an online application that allows for
dead-simple generation of secondary structure diagrams. It allows users to interactively manipulate the layot
of the diagram, using a force-directed layout reminiscent jViz.RNA [4], but rePned and made accessible onli

without dependencies.

In addition to providing an interactive, dependency-free, Javascript-based online secondary structure viewe
our software implements a number of features which make it easy for researchers to tailor their diagran
to maximize their expressive capacity. This includes interactively editing the underlying structure (rather
than just the layout), overlaying coloring information to express relevant supplementary information such as
probing data or conservation. More importantly, we provide a Javascript API to include our visualization
container on any web page, allowing researchers to seamlessly share interactive secondary structure diagri
without having to externally generate them or requiring the user to download or allow external dependencie
(such as Java) to view them. The result is a portable, reusable and accessible application for convertii
text-based secondary structure information to a descriptive visual representation which can easily be shart
and disseminated.

[1] Bruccoleri,R.E. and Heinrich,G. (1988) An improved algorithm for nucleic acid secondary structure display. Computer
applications in the biosciences: CABIOS, 4 (1), 167D173.

[2] Byun,Y. and Han,K. (2009) PseudoViewer3: generating planar drawings of large-scale RNA structures with pseudoknots.
Bioinformatics, 25 (11), 1435-1437.

[3] Darty,K., et al. (2009) VARNA: interactive drawing and editing of the RNA secondary structure. Bioinformatics, 25 (15),
1974.
[4] WieseK.C. et al. (2005) jviz. rna-a java tool for RNA secondary structure visualization. NanoBioscience, |IEEE Transactions

on, 4 (3), 212b218.

[5] Hecker,N., et al. (2013) RNA secondary structure diagrams for very large molecules: RNAfdI. Bioinformatics, 29 (22),
2941D2942.
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Title PhyloTOAST: Bioinformatics tools for species-level analysis
and visualization of complex microbial communities

Author Shareef M. Dabdouband Purnima S. Kumar

Alliation The Ohio State University College of Dentistry
Columbus, OH, USA

Contact dabdoub.2@osu.edu

URL http://phylotoast.readthedocs.org/

License MIT

Purpose: Understanding human-associated microbial ecology is essential for insight into health, as w
as identifying disease states, risk factors, and etiology. The 16S ribosomal RNA gene is the most comrmr
genetic marker for taxonomic identibcation due to its near universal presence and static function over tim:
and a wide variety of tools exist for quantifying samples. The popular QIIME software was developed t
gather such tools into a single, usable pipeline, but is less usable when species-level analysis is important
is the case with highly complex oral biobIms. We have developed a new set of tools, called PhyloToAS
that wholly integrate with the QIIME pipeline to reduce primer bias, enhance species-level analysis an
visualization, and greatly improve analysis speed.

Methods: All tools were developed using the Python programming language, and use QIIME output Ple
as input, but do not directly depend on a QIIME installation. All analysis and generation of data for
visualization was performed with resources provided by theOhio Supercomputer Center

Results : Our new pipeline was applied to three oral microbiome datasets examining subgingival bacteri
community composition in smokers and non-smokers, diabetics, and dental implant recipients. Compared wit
the QIIME-provided Amazon EC2 instance, our pipeline reduced processing time for 2 million 16S sequenc
from over one week to a matter of hours. Furthermore, we developed and applied algorithms to redu
single-primer bias, condense redundant taxonomic output, and automatically generate visual representatiol
of phylogenetic quantibcation and comparison.

Conclusion : We have developed a set of analysis tools (PhyloToAST) targeted at enhancing taxonom
identibcation of microbial samples while using the QIIME software pipeline. When applied to several larg
samples of the oral microbiome, analysis times were drastically decreased and species-level analysis
substantially enhanced. Our tools integrate with the QIIME pipeline and are available free and open sourc
(MIT license).
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Figure 1: Examples of visualizations created with PhyloTOAST. From left to right: A phylogenetic tree with
stacked bar charts providing species-level abundance comparisons between four groups. Next is a serie
PCoA plots, based on UNIFRAC distances, visually representing the abundance of several species betw
smokers and non-smokers. Finally, a k-Nearest Neighbors classibcation of microbial composition data. T
input into the KNN algorithm was high-dimensional OTU data simpliPed with Linear Discriminant Analysis.
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Title Otter/ZMap/SeqTools: A productive alternative to web browser genome visualisation
Author Gemma Guest Michael Gray

Alliation Wellcome Trust Sanger Institute (http://www.sanger.ac.uk )

Contact annosoft@sanger.ac.uk

URL http://lwww.sanger.ac.uk/resources/software/annosoft/

License GNU General Public License (GPL)

We believe our set of integrated software tools olers our annotators a genome visualisation and annotatic
environment that cannot be matched in a browser application. The softwareOs features have evolved ¢
many years to support complex vertebrate annotation using a workRow which pulls together genomic dat
from around the world.

Otter coordinates the annotation workf3ow, manages local editing session caches, and records and au
annotation edits. Otter performs on-the-RBy alignments to allow annotators to verify new and remappec
evidence. OtterOs blters can re-map data sources between dilerent sequence assemblies.

ZMap is a high-performance standalone genome browser/editor written in C/C++. Its vertical columns
allow for side-by-side comparison of many tens of data sources, drawn from local and remote resource!
standard formats including GFF3 and BAM. ZMap allows split panels to be scrolled in unison, and has
rich set of highlighting, searching and bltering options for coping with large-volume alignment and featur
sources. ZMap also provides a Oremote controlO interface that allows another program (e.g. otter) to excha
information with it, so that it can be integrated into existing software.

Otter and ZMap launch Blixem, an interactive browser which provides display of features from ZMap in
the context of one-to-many pairwise alignments at individual amino acid or nucleotide base level. Blixem i
supported by Dotter for graphical dot-matrix comparison of sequences and by Belvu for viewing of multiple
sequence alignments and phylogenetic trees. Blixem, Dotter and Belvu can also be run standalone us
standard ble formats such as GFF3, FASTA, Stockholm etc.
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D6 FKLYH HQDE@QI WHSURGXFLEIDW RI %4 RFRQGXFVRUSDFNDI H YHWIRQV
10K 7XIDID (QV$IIDQ (UE5DVRKH ' DQGRQUDNHU DQG7KH* DO[\ 7HDP

- RKQV+RSNQV8 QYHWW 9DUP RMH 0 86$ ( P DIOQMUIDID # MX HX
&HOMUIRUSKDIH 7HAKQRBJ\ 7$0 8 &RBUH6VIMRQ 7; 86%

SWIRWMFW HEVIW EIRDS FKIYH JMWKXE IR
6 RXUFH &RGH KWBV JIWKXE FRP  EIRDUFKIYH D5 FKLYHBVRXUAHBFRGH

/ IFHQVH 0,7

7 KH Y4RFRQGXPRUVXIM SURYIGHV EIRQIRP DIFV\RRY IQWHIRP R 5 SDFNDIHV Z KIFK KDYH | UHTXHQAHWARC
XSIWDGHV 2 QFH DQ XSJ UDGH \BNHV SOFH 1Q D YRFRQGXFRUSDFNDIH - IV KDL \IR UHMHYH SUHYIRXY YHWRQ.
IURP \WH VRXUFH UHSRMRY 2 GH R * DO[\ V SUP DY JRDY LV HQDE@Y \WH UHSURGXFIELOV R DQ DQDOMY
Z MRXVWKH XVHUKDYIQ) \R FRMGHUIWS P DRUFRP SRQHQAHCDE@Y \KLY IV \WH * DD[\ 7RRO6KHG Z KIFK
SURVIGHV D KRR \RRY DQG GHSHQGHQAHY \WDWFDQ EH IQABMG 1Q * DO\ IQABGFHY R SURYIGH SUHAM-
YHWRY/ R \RRY W * DO[\ XVHY 7KH ICDEION R UAMBHYH VSHALE SBHYIRXYV YHWRQY Rl YARFRQGXAR
SDFNDUHV P DNHV UHSURGXFIEIW RN Y4RFRQGXPRUEDVHG DQDOMY GLIEXOVIL QRAIP SRME®! 1Q * DD\ R
HOHZ KHH |, QMI UMY VXSSRWRUP XA$6! YHVRQY R YRFRQGXARUSDANDI HV Z WIQ * DO\ Z RXG\ LT
[P P HADW [P SURYHP HQWRUUHSURGXFIELDN Z KIB! XVIQI YRFRQGXARUSDANDI HV Z IDSSHGDV* DOf\ \RRY 7F
WDWHQG Z H KDYH [P SBP HQMG D P KRG \KDWBURYLGHV KLY BIYHCR! UHSURGXFLELDI | RIARFRQGXARURRY IC
WH FROM WR WH * DOJ\ 7RROBKHG 7R GR\KY ZHWBUWAMG Z 1\ D FRS\ R WH SXEGF® DYDIDE®! UHDG RQD
VXEYHWRQ UHSRMRY R DOYARFRQGXPRUSDANDIHY : H \WHQ WDFHG \WURXIK \WH FRP P MKIMRY R HDFF
SDFNDUH H WDRMZ) UHBDVHG YHWIRQY DQG\VRUHG\WHP DV IQGHSHQGHQWEREXP HOW $ @KH YHWIRQV R DOKH
SDFNDJHV KDYH QGRZ EHHQ P DGH DYDIDE®! IQD QGHZ ® IRP HG SXEQF D5 FKIYH IURP Z KHUH\WH FDQHDMO EF
UAMHYHG 7KH D5 FKLYH IV DXVRP DWFD® P DIQBIGHG YID D FURQ IRE WDWKSCDWY WH UHSRVMRY Z W GHZ
SDFNDUH YHWIRQV DV \KH DUH UHBDVHG 7KLY P DNHV. IVERWIEG! | RUGHYHBSHY \R HDVO® REBIQDQ. YHWRQR!
D YRFRQGXARUSDFNDIH UHTXILHG B\ D SISHIH DQG P DNH \WWH \RRCDYDIDE®! IQWH 7 RRG5 KHG 7 KH D6 FKLYF
HQUXUHV SUHYIRXV® SHURUP HG DQDOVHY FDQ EH UHSURGXFHG GRZ Q \R WH H DRAYHWIRQ R \WH IQUIDO/RIE DU
XVHG 7KIQNQI VR \WH IXUMUH \WH D5 FKLYH FRX@ EH IQM) UDMG QR YARFRQGXARU WHOD YID \WH ELRF/ WM
IXQRIRQ Z W DQ DEGMRCDODU XP HOAWSHALL IQ) D YHWIRQ QXP EHUR! \WH SDFNDIH 7 KLY \BXOI Z [OGHVFUEH
[P SBP HQBMRQ GHBIY UHVXOV DQG IXWUH Z RUN UHDWG \R D5 FKLYH DQG KRZ IMEUGTHV \WH JDS EHEIHHC

YARFRQGXARUDQG* DO \
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Developing an Arvados BWA-GATK pipeline

Pjotr Prins*2, Joep de Lig#, Isaac Nijmart, Ward Vandewegé, Bryan Cosc& and
Peter Amstutz*

1 University Medical Center Utrecht, Utrecht, The Netherlan ds
2 University of Tennessee Health Science Center, Memphis, US
8 Hubrecht Institute, Utrecht, The Netherlands

4 Curoverse, Boston, USA

Contact: pjotr.publicO5@thebird.nl

Project website: http://arvados.org/
Source code:https://arvados.org/projects/arvados/repository
License: AGPLv3 for core, Apache 2.0 for the SDK

Arvados is a free and open source platform for bioinformatics andgodata science. In this
(lightning) talk, we present the porting of an existing HiSeq BWA-GATK based variant
calling pipeline from Sun Grid Engine (SGE) to Arvados, resulting in a pipime that is
faster, scalable, simpler and more robust.

The main reason the pipeline runs faster is that the Arvados ble sgsh (named Keep) is
decentralized. In most bioinformatics cluster environments, theeatral ble storage is the
bottleneck because of resource contention, i.e. many cluster madare hitting the storage
for data requests. When uploading a Ple into Keep the Ple is chunkeddadistributed

across nodes. When a node requires data, it can fetch it from dilent locations in the
network.

Because of Keep, the new pipeline is scalable and runs in Rat time, i.e.oggssing one
genome takes the same amount of time as running ten or a hundreBunning pipelines
in parallel is now only a function of adding new nodes. Keep is distribudeand scales
accordingly.

The original SGE pipeline consisted of hundreds of lines of Perl anddbacode, which mostly
dealt with the plumbing of submitting jobs, checking conditions and jb completion. In

contrast, the Arvados version is mostly single lines for command lineviocation as Arvados
takes care of the plumbing.

We also needed to speed up GATK using GATK/Queue. Queue chunksAR bles and fans
work out to multiple nodes. For this, a special Queue adapter had twe written for Arvados
similar to the one that exists for SGE. The Arvadas implementation isrimprovement over
the SGE implementation because it avoids using mounted NFS for sivag and collating
Queue results, thereby making GATK/Queue more robust.

Disclosure: Curoverse is a major contributor to the Arvados opensource project and a sponsor of
BOSC 2015.
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License ISC license

High-troughput RNA sequencing (RNA-Seq) has become a powerful tool to improve the transcriptome/genome
annotations of organisms. This technology has helped to detect new transcripts including numerous ones of
non-protein-conding genes which are hard to predict purely on the genome sequence. Sitill, the translation
from RNA-Seq data into meaningful annotations is a labor intensive task and lacks streamlining. Here
we present the open-source licensed (ISC license) command line toANNOgesic which provides several
subcommands that assist in the RNA-Seq data based generation of high-resolution transcriptome annotations
with a focus on bacterial species.

Depending on the specibc task the tool requires dilerent input bles like the reference genome sequence,
RNA-Seq read alignments and available annotations of the organism to study or closely related species.
ANNOgesic searches for new loci and redebnes gene boundaries of those and previously known ones base!
on transcript assemblies as well as on transcriptional start sites and terminator predictions. It integrates
those bPndings with further information from public sources (like gene functions classibcations from Gene
Ontology) and produces high-resolution annotations in GFF3 format (Gene feature format). Additionally, it

can group genes into operons and suboperons, detect circular RNAs, Single Nucleotide Variation (SNV) as
well as processing sites and performs target predictions for newly found sRNAs.

Taken together, ANNOgesic o'ers several functionalities that improve the quality and increase the speed of
the transcriptome annotation process signibcantly.
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Metagenomics is a relatively new Peld, in which environmental samples are studied! ering insights into a
microbial community as a whole. The wide range of sample types and possible experiments, as well as
scale of the sequencing data, make the creation of new pipelines or the adaptation of a pre-existing on
complex and time consuming task.

Moreover, while metagenomics has been used extensively to study microbial communities from a taxonon
and functional perspective, little has been done to address how the species in a microbiome are adaptec
and maintain specibc roles in dynamic environments like the rumen. Identifying and assessing the level
this biological adaptation for function is an important aspect that has not been addressed by any currentl
available metagenomic pipelines.

To address these problems, we have developed a framework that can be used to create and adapt metagenc
analysis workRBows, making it faster to implement or prototype dil erent analysis approaches.

Example workBows are included that can scale in size and can be customised with ease. Moreover,
implemented approaches to estimate SNP diversity in metagenomic samples and carry out statistical tests
identify where di! erences exist, making it possible to apply evolutionary approaches to metagenomic datase

The framework does not tie the user to any specibc tool, providing templates and documentation that ca
be used to customise any metagenomic workf3ow. It is implemented in Python and can be installed on a
operating system that supports its library dependencies. The framework is open source, and licensed unt
GPL-2.0.



BOSC 2015 £Poster-only Abstracts B
Both Days, 10 & 11 July 2015, 13:00 B 14:00 [aa)
O

Poster #36.

I"H$968, ())HH+%, #06&-. $/8&&IHOY/0%(Yo+(12%(%6034%8&#),4("3%5/53*/03%)#
630#$3% (00, (,/#0%(0+%(0(*1&/8

"#$%"&!"()*+)##-&")/"'&!)01" 2-84)"*&345*G-8(4*"489&.9'% -&04)#')"*(&;(4'< =9>0(4 2-&
?"&3(44)"* -&N9/"HE&A&B" S

. C(00$9/(&@45# &!"*D (B&H#)'5'(-&;)*F'9*-&G H&J/") OK& 7 LM# *D (41"$I15 @
25%)1(4#)'N&IO&P)1(4Q990-&P)1(4Q890-&GH

7G*)1(4#) N&IO&R(*#NO1"*)"-&R%)0"8(0Q%)"-BRS-&G!S

&

7'#83',983.8/,3 K&"Q#KTTD) %5+I$9/T#" " T"*G*R
#-"3%;#+3 K&"Q#KTTD)' %5+I$9/T#" " T"**3* QR
</'30&3KR!:&U3!IA0)6(\&

&

@($%*909D)$"0& )/QA9L(/(*'#8 %"1(& (*"+0(8& D(*9/(& #(W5(*$)*D& "*8& "##(/+ON& '9& +($9/(& (OO
"*B& "SS5 (-&+5'& Vo) H&)H&BA)1)*D&"*&)*$4("H(8E&*((B&'I&"*9™ (&*(>ON& " ##(/+0(8&D (*9/ (#&>)'%
#'45$'54(& "*8& O5*$')9*& 90& D(*(#1& @ Y6(H#(& "**9"")9*#& 5*8(4Q)*& H5+#(W5(*'& $9/Q"4™)1(&"*"ON
)8(*)ON&8)OO(4(*$(#&+(">((*&)*8)1)85"0&#Q($) (& 948 H#'4")*#-& #5 VA& DY BB & $9//9%& "*8T 94,
HQ($) (##Q($)0)$&D (*(#&"*8805*$§9*#|

C%)0(& (#"+0)#%(BREY6(FH%(BBIO'>"4(& #905')9*#8& 0948 $9/QO('(& D(*9/(& "*+9"")9*& "4(& 4("8)(
"1M0"+0(& 094& Q496"4NY'(#-& '%(& *((8& 094& "*& (00)$)(*'& (56"4N9'(& (W5)1"0(*'& 4(/")*#I
%("1N>()D%'& (56"4N9")$& "*9"")9*& Q)Q(0)*(#&"4(&9Q")/)< (88 094& 8(0)1(4)*D&"$$54"' (& Q49'()*¢
D(*( &98(0#& +5'& 5#5"00N& 89& *9'& "SBA(HH "0& 948& *&98)*D& D(*(#-& Q#(589D (*(HEDBE')9*"0&
QU O*H-& *94& BI& 'Vo(N& D(*(4™(& "& Q4985$'& ‘%" & & A("8N& '9& #5+/)'& '9& Q5+0)$& 8™
4(W5)4(/(*'& 094& Q5+0)$") 9 @P&(& 0" GF1901 (#& '%(& Q4(Q"4")9*& 90& $Y&I(9"")9*& A(H50'#&
UOB500& D(*(& #('#-& D(*9/)$& #(W5(*$(#-& Q49'()*& #(W5(*$(#-& O5*$)9*"0& "*9"")9*V& )*& 1"0)8

)*&"E5+#")"0&+9"0(*($6&)*005(*$)*DERID"0& 54" 495*8&")/ (&' O&B""+"#(&H5+)##) I

C(&QA(H(*&"&*(>&050MB6&#90'>"4(&Q)Q(0)*(&094&(56"4NI"Y$&D (*9/(&"++9"")I*I&E' & "$$(Q#&)*
1"4)95#& #" (#8& 9O& "##(/+ON-& $91(4)*D& "00& #"D(#& 049/& QH#(589$%49/9#9/(& $9*')D5")9*& '
0)*8)*D& '9& OFEBE "##)D*/(*'| &C%)0(& +5)0'&EH0)"+0(&'# $Y6&&H"*8"488& $O/QO*(* #& #5$%& "H#E&
SGXG!@G!-& 'YSR& UD(*(& MR ZS@@& U"*9")9*& '4"*#ORMNMED?:P& US05H# (4)*®V8&
X(*0/(@990#& U"**9"")9*& %"*80)*D\W6(& Q) Q(0)8F$058 (#& *(>& "*8& )/ Q491 (8& 1 (4#)9*#8 90 & (F§é#"
#90'>"4(& #5$%& "#8& S3S: SIRBH(589$%649/9#9/ (& "H##(/+ONVEE >(00&. "#EQ96(&90'>"4(-& (IBDIA&
Q#(589D(*(&)8(*)0)$")9*I1&!1Q($)"0&$"4(& %" #&+((*& "6 (*&'9&/"6(&'%(& Q) Q(0)*(& Q4985 B(&188)8
"$$54" (&95'Q5' € (*&094&%)DI6ON&OA" D/ (*'(8&H(W5 (*$(&)* OI& #R $9//9*&)*&84"0'&D(*9/(&l

@%(&Q)Q(0)*(&/"6(H#&(F'(*#)1(&5#(898Y&I-&H'( DB (X4'&>946009>&UY (F'009>V& " *8&8(QO9IN,
'($%*909D) (#& UAISPEI(#54(& #$"0"+)0) 8l 4(Q4985$)+) @& Q94" +)0) NBIAE 5#(& 9*& Q9>(@0
#"*8 200*(8R:#& "#8& >(00& "#O(L $9/Q5' (& $O05# (A4DI& X J-& P!.-& PG Z®A& $09588 Q0" 094/#& U
:05#'(4H-8& AYS*(F5¥&)'%& "& /)*)/5/& 90& (OO94'1& E*& "88)")9*-& >(& %"1(& $4("(88=+&H(E&

"HQ")O*& ¥ (40" $(&'9& '%6(& Q)Q(0)*(-&"009>)* D& A(H#("4$% (4#& O49/& '%(& Q"4"#)'909DN&$9//5*)'!

1)#5"0)<(&' % (&A(H5BH1&

C(&(F(/QO)ON&'%(&5#(&90&'%(&Q)Q(0)* (&' &&HM) (#& 90 & &Y ('9Q0"#)8& Q"4 "#)' (& D (*9/ (HB#&
>(00&"#&)/Q491(&(F)#)*D&Q"4"#)' (& B*#I&



