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The Agenda

4:0C Introduction to Galaxy
Hands-on Analysis
Running a Local Galaxy

Community Resources
6:1C Done



This workshop
complements

tomorrow's talks:

http://bit.ly/gxypag2014

~~Galaxy @

Plant and Animal Genome XXII (PAG 201

UCSC Genome Browser

Sat 4:00-6:10, California Room!
Robert Kuhn

The Banana Genome Hub

Tues 11:50-12:10, Pacibc Salon 6-7
Ga'tan Droc, et al.

- Galaxy for NGS Analysis

A Hands-on Workshop

Tues 4:00-6:10, California Room!
Dave Clements, Ahushka Brownley !

This workshop will introduce the Galaxy
platform and walk participants through a
multi-step next generation sequencing data
analysis, starting with quality control. We will
review common choices in NGS data analysis
and demonstrate them within the context of
Galaxy, taking advantage of Galaxy's tool set
and visualization capabilities.

We will also provide a brief overview of what
is needed to set up your own local Galaxy
instance. This complements th@alaxy
CloudMantalk on Wednesday

URGI Plant and Fungi Platform
Distributed Resources Through GMOD Tools
Wed 11:10-11:50, GMOD Workshop Golden West!
Joelle Amselem, et al.

Galaxy CloudMan

A Gentle Introduction to Data
Analysis on the Cloud

Wed 11:50-12:30, GMOD Workshop, Golden West!
Dave Clpments!

Galaxy is open-source and web-based, with over 50
publicly accessible Galaxy servers and hundreds of priva
installations around the world. Galaxy can also be run on
compute clouds usingGalaxy CloudMan

This talk will bri¢y introduce Galaxy, Galaxy CloudMan,
and some basic cloud concepts. We'll then show a live
demonstration of how to setup a Galaxy server on
Amazon Web Services (one of several supported cloud
infrastructures) using CloudMan, add a dynamically
scalable compute cluster to perform analysis, customize
the server by adding new tools, and then shut the server
down. All steps can be done through a web browser,
without ever using a command line interface.

Poster Sessions

Mon 10:00-11:30
P988: The South Green Bioinformatics Platform,

Mathieu Rouardet al.
P1050: Integrative System for Gene Family Gathering P1041: RepeatExplorer: Collection of Tools for
and Analysis in a Context of Crops' Stress Respons Mining of Repetitive Elements from NGS Data,

StudyDelphine Laviviere,et al.

Mon 3:00-

P135: SNP Genotyping to Accelerate Rice Breeding,
Michael Thomsonet al.

Petr Novaket al.

The Galaxy Project
Galaxy is an open source web-based platform for data integration and analysis in life sciences resec
The Galaxy Project is supported by a large and active community.

http://galaxyproject.org



http://bit.ly/gxypag2014

Not The Agenda

This workshop wilhot cover
¥details of how tools are implemented, or
¥new algorithm designs, or
¥which assembler or mapper or peak caller or ... Is
best for you.

This workshop isiot about learning how to do a spekc
type of analysis.

Goal Is to demonstrate how Galaxy can help you
explore and learn options, perform analysis, and then
share, repeat, and reproduce your analyses.



What Is Galaxy?

éé\ free (for everyone) web service
¥.’)pen source software

¥hese options result in severalays to use Galaxy

http://galaxyproject.org


http://gmod.org/wiki/Computing_Requirements

Galaxy Is avallable ...

As a free (for everyone) web service integrating a
wealth of tools, compute resources, terabytes of
reference data and permanent storage

http://usegalaxy.org

However,a centralized solution cannot scale to
meet the analysis needs of the entire world.


http://usegalaxy.org

Galaxy Is avallable ...

%S open source software

http://getgalaxy.org
Anushka will cover this more later


http://usegalaxy.org
http://usegalaxy.org

Galaxy Is avallable ...

amaZon
webservices™

¥)n the Cloud
We are using this today.

Galaxy CloudMan: A Gentle Introduction to Data
Analysis on the Cloud

Wed, 11:50, Golden West

http://aws.amazon.com/education
http://wiki.galaxyproject.org/Cloud


http://usegalaxy.org
http://usegalaxy.org
http://usegalaxy.org/cloud
http://wiki.galaxyproject.org/Cloud

Galaxy Is avallable ...

éé\s a free (for everyone) web service

éé\s open source software

éé)n the Cloud ~ STRERAN

¥Vith Commercial Support

A ready-to-use appliance (BioTeam)

Cloud-based solutions (ABgenomica, AlS, Appistn
GenomeCloud)

Consulting & Customization (Arctix, Deena
Bioinformatics)



Galaxy Project: Further reading & Resources

http://galaxyproject.org
http://usegalaxy.org
http://getgalaxy.org
http://wiki.galaxyproject.org/Cloud
http://bit.ly/gxychoices


http://wiki.galaxyproject.org/Cloud
http://bit.ly/gxychoices

Agenda

4:0C
Hands-on Analysis
Quality Control
Running a Local Galaxy
Community Resources
6:1C Done



What is our path?

¥Wi|l walk through an NGS example.
¥Wi|l adjust content based on this

audience's experience level
¥Wi|l get as far as we get.

http://cloud1.galaxyproject.org/


http://cloud1.galaxyproject.org
http://cloud2.galaxyproject.org
http://cloud3.galaxyproject.org

NGS Data Analysis Experience?

Novice Middling Expert
0

I'm getting a I've done some,  Just here to see If
terabyte of data!  but there has to Galaxy can help
That's a good be an easier way. others less
thing, Isn't 1t? fortunate than

myselfl.



NGS Data Quality Control

¥ Introduce FASTQ format

¥Examine gualityin an RNA-Seq dataset

¥Trim/! lter as we seét, hopefully without
breaking anything.

Quality Control is not sexy.
It IS vital.



What isFASTC?

éépecl es sequence (FASTA) and quality scores (PHRED)
¥'ext format, 4 lines per entry

@SEQ ID !
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+
(%)) Y%0%%++) (%6%6%6%6). 1#**-+%")*55CCF>>>>>>CCCCCCCH5 !

§A:ASTQ IS such a cool standard, there are 3 (or 5) of them!

SSS5S555555555555555SS55S55SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSISSSS
T T
XXXXXXXXXKXXXXXXXKX XXX KXKKXKKXXXKXXKXXXKKXXKXXXKKXXKX XXX XKXXKXXXXXXKXXXKX XX
I"#$%8&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]* _abcdefghijkimnopgrstuvwxyz{[}~
| I | |

' 33 59 64 73 104 126

S - Sanger Phred+33, 93 values (0, 93) (0 to 60 expected in raw reads)
| - lllumina 1.3 Phred+64, 62 values (0, 62) (0 to 40 expected in raw reads)

X - Solexa Solexa+64, 67 values (-5, 62) (-5 to 40 expected in raw reads)

http://en.wikipedia.org/wiki/FASTQ _format


http://usegalaxy.org/community

NGS Data Quality Exercise

Create new history

'#' dog)! Create New

Get some data
Shared Data Data Libraries
I UC Davis RNA-Seq Human*

I SelectMeOH REP1 R1, MeOH REP1 R2
and theimport to current history

=— UCDAVIS Bioinformatics Core

* RNA-Seq example datasets from the13 UC Davis
Bioinformatics Short Course. http://bit.ly/ucdbsc201.


http://bit.ly/ucdbsc2013

NGS Data Quality: Assessment tools
Options 1 & 2:

1.NGS QC and Manipulatidn Compute Quality Statistics
NGS QC and Manipulatidn Draw quality score boxplot

No control over how it Is calculated or presented,
statistics Iin text and graphic formats.

2. NGS QC and Manipulatidn FastQ Summary Statistics,
Graph / Display Datd Boxplot of quality statistics

Lots of control over what the box plot looks like,
statistics In text and graphic formats



NGS Data Quality: Assessment tools

Option 3:
3.NGS QC and Manipulatidn FastQC

§|./Gives you a lot a lot more information but little
control over how It Is calculated or presented.

http://bit.ly/FastQCBoxPlot


http://bit.ly/FastQCBoxPlot

NGS Data Quality: Sequence bias at front of reads?

Per base sequence content FrO M a

seguence
specl c bias
that Is
caused by
use of
random
hexamers In
library
preparation.

123456789 11 13 15 17 19 21 23 25 27 28 31 33 35 37 38 41 43 45 47 49 51 53 55
Position in read (bp)

Hansengt al, OBiases in lllumina transcriptome sequencing caused by
random hexamer priming®ucleic Acids Researdolume 38, Issue 12 (201C



http://nar.oxfordjournals.org/cgi/content/abstract/38/12/e131

NGS Data Quality: Trim as we séd

éf:ﬁ'rim as we seét: Option 1

¥\IGS QC and Manipulatior
FASTQ Trimmer by column

§(:ﬁ'rim same number of columns
from every record

§|{Can specify dierent trim for 50
and 30 ends




NGS Data Quality: Base Quality Trimming
éf:ﬁirim Filter as we selt: Option 2
¥\IGS QC and Manipulatidn

Filter FASTQ reads by quality
score and length

¥<eep or discard whole reads

§|{Can have dierent thresholds for
di" erent regions of the reads.

¥<eeps original read length.



NGS Data Quality: Base Quality Trimming
¥ﬁ'rim as we seét: Option 3

¥\IGS QC and Manipulatidn
FASTQ Quality Trimmer by
sliding window

éf:ﬁ'rim from both ends, using
sliding windows, until you hit a
high-quality section.

¥3roduces variable length reads



Options are Option 1
not mutually (by column)
exclusive
+
Option 2

(by entire row)




Trim? As we sekt?

¥ntroduced 3 options
¥)nepreserves original read lengthitwo donOt
¥)ne preserves number of reagswo donOt

¥'wo keep/make every read the same lengtbne does
not

¥)ne preserves pairingstwo donOt



Trim? As we sekt?

¥:hoice depends on downstream tools

éézind out assumptions & requirements for downstream tools
and make appropriate choice(s) now.

¥How to do that?

§|{Read the tool documentation
¥1ttp://biostars.org/

| U Aol
¥1ttp://seqanswers.com/

¥1ttp://galaxyproject.org/search BlOb ] UI



http://biostars.org
http://seqanswers.com
http://galaxyproject.org/search

NGS Data Quality: Base Quality Trimming

| really want to use Option 3:

¥\IGS QC and Manipulatidn
FASTQ Quality Trimmer by
sliding window

but ...




OMixing paired- and single- end reads together is
not supported.O Tophat Manual

OlIf you are performing RNA-seq analysis, there is
need to! lter the data to ensure exact pairs before

running Tophat.O Jen Jackson
Galaxy User Support Person Extraordinaire

ODang.O Dave C, mortal

Running Tophat omo-longer-cleanly-pairedatadoes
map the readsbut, it no longer keeps track of read pairs
In the SAM/BAM le.



Keeping paired ends paired: Options

¥Don't bother.

¥Run a workow that removes any unpaired reads before
mapping.

¥ Run the PicardPaired Read Mate Fixafter mapping
reads.

¥ Use sliding windows for Q@ut keep empty reads.



NGS Data Quality: Base Quality Trimming

IOIl use Option 3yt with the special
sauce).

¥\IGS QC and Manipulatidn FASTQ
Quality Trimmer by sliding window

Check"Keep reads with zero length'

Run again:

¥\IGS QC and Manipulatidn FastQC
on trimmed dataset
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NGS Data Quality: Base Quality Trimming

Distribution of sequence lengths over all sequences

New Problem?

Now some
reads are so
short they are
just noise and
canOt be
meaningfully
mapped

§ 2

6789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
Sequence Length (bp)

Option 2 can! x this ut break pairings.

Or, yourmapper may have an option to ignore shorter reads




NGS Data Quality: Sequencingrtifacts

Repeat this process with MeOH Repl R2 (the reverse read:

... and thereOs a problem in Overrepresented sequences:

Overrepresented sequences

Sequence Count Percentage Possible Source
CTGTGTATTTGTCAATTTTCTTCTCCACGTTCTTCTCGGCCTGTTTCCGTAGCCT 590 1 3541A929202201A7 Nn Hit
TTTTTTTITITTTTITITITTITITITITTITITITTITITITITITITITITIITTITIIT 342 0.2052981325073385 No Hit
CGGCCACAAATAAACACAGAAATAGTICCAGAATGTICACAGGTCCAGGGCAGAGGA 325 0.19509325457568719 No Hit
CTGCATTATAAAAAGGACAGCCAGATATCAACTGTTACAGAAATGAAATAAGACG 230  0.13806599554587093 No Hit
CGGCCGCAAATAAACACAGAAATAGTCCAGAATGTCACAGGTCCAGGGCAGAGGA 199 0.11945710049403614 No Hit
GTCAGCTCAACTTGTAGGCCCCAAAAGAAAACAGCGTCTTACTGGGGAGGGATAT 197  0.11825652661972422 No Hit

NGS QC and Manipulatidn Remove sequencing artifacts

But this will break pairings.



NGS Data Quality: Done with 1st Replicate!

Work#ows:

Create a QC wo#ow that does all these steps
(Or, cheat and import the shared waokkw.)

Load theMeOH REP2, R3G REMIAR3G REPplicates
Into your history, and

Run them through your workow.



NGS Data Quality: Further reading & Resources

FastQC Documenation

Read Quality Assessment & Improvement

by Joe Fass
From the UC Davis 2013 Bioinformatics Short Course

Manipulation of FASTQ data with Galaxy
by Blankenberget al



http://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%2520Analysis%2520Modules/
http://training.bioinformatics.ucdavis.edu/docs/2013/09/short-course-2013/MonAM-readQAI-lecture.html
http://training.bioinformatics.ucdavis.edu/docs/2013/09/short-course-2013/index.html
http://bioinformatics.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20562416

Agenda

4:0C
Hands-on Analysis
Mapping with TopHat
Running a Local Galaxy
Community Resources
6:1C Done



RNA-seq Exercise: Mapping with Tophat
Create a new history
Import all datasets from library:

UC Davis RNA-Seég RNA-Seq readdtered
Get all datasets, and

UC Davis RNA-Seg Chrl?2
Getgenes chrl2.gtf

NGS: RNA Analysls TopHat for lllumina



RNA-seq Exercise: Mapping with Tophat

éfzﬁ'ophat looks for best place(s) to map reads, and best
places to insert introns

¥magine pages and pages of discussion on the
Intricacies and pitfalls of RNA-seq mapping here.



Mapping with Tophat: mean inner distance

Expected distance between paired ends

¥—Ias to be provided to you by sequencing core!
¥Welll usgd* for mean inner distance
¥edll usgOfor standard deviation

I The library was constructed with the typical lllumina TruSeq protocol, which is
supposed to have an average insert size of 200 bases. Our reads are 55 bases

(R1) plus 55 bases (R2). So, the Inner Distance is estimated to be 200 - 55 - 55 =
90!

From the 2013 UC Davis Bioinformatics Short Course



http://nescent.org/

Mapping with Tophat: Use Existing Annotations?

You can bias Tophat towards known annotations

¥Jse Own Junctions Yes
¥Jse Gene Annotatioh Yes

éésene Model Annotatiodl genes chrl2.gtf

¥Jse Raw Junctionks Yeg(tab delimited! le)

¥Z)n|y look for supplied junction$ Yes



Mapping with Tophat: Make It quicker?

Warning: Here be dragons!

%IIOW Indel searcH  No
¥Jse Coverage Seardh NO (wee dragons)

TopHat generates its database of possible splice junctions from two sources of evidence. The first
and strongest source of evidence for a splice junction is when two se gments from the same read (for
reads of at least 45bp) are mapped at a certain distance on the same ge nomic sequence or when an
internal segment fails to map - again suggesting that such reads are span ning multiple exons. With
this approach, "GT-AG", "GC-AG" and "AT-AC" introns will be found ab initio . The second source is
pairings of "coverage islands", which are distinct regions of piled up r eads in the initial mapping.
Neighboring islands are often spliced together in the transcriptome, so T opHat looks for ways to join
these with an intron. We only suggest users use this second option (--coverage-search) for short
reads (< 45bp) and with a small number of reads (<= 10 millio n) . This latter option will only report

alignments across "GT-AG" introns
TopHat Manual



Mapping with Tophat: Max # of Alignments Allowed

Some reads align to more than one place equally well.
For such reads, how many should Tophat include?

If more than the spec¢ied number, Tophat will pick those
with the best mapping score.

Tophatbreak ties randomly.

Tophat assigns equal fractional credit to allmappings

Instructs TopHat to allow up to this many alignments to the reference for a given read, and choose
the alignments based on their alignment scores if there are more than this number. The default is 20
for read mapping. Unless you use --report-secondary-alignments, T opHat will report the alignments
with the best alignment score. If there are more alignments with the same score than this numbe g
TopHat will randomly report only this many alignments. In case of using --report-secondary-

alignments, TopHat will try to report alignments up to this option va lue, and TopHat may randomly

output some of the alignments with the same score to meet this number



Mapping with Tophat: How did we do?
NGS: SAM Tools #agstat

Mapping with Tophat: Lets do It some more!

NGS: RNA Analydis TopHat

for the remaining 3 replicates



RNA-Seqg Mapping With Tophat. Resources
RNA-Seqg Concepts, Terminology, and Work Flows

by Monica Britton

Aligning PE RNA-Seq Reads to a Genome
by Monica Britton

both from the UC Davis 2013 Bioinformatics Short Course

RNA-Seg Analysis with Galaxy
by Jeroen F.J. Laros, Wibowo Arindrarto, Leon Mei

from the GCC2013 Training Day

RNA-Seg Analysis with Galaxy
by Curtis Hendrickson, David Crossman, Jeremy Goecks

from the GCC2012 Training Day

Tophat Manual



http://training.bioinformatics.ucdavis.edu/docs/2013/09/short-course-2013/ThuAM-rnaseq-lecture.html
http://training.bioinformatics.ucdavis.edu/docs/2013/09/short-course-2013/ThuPM-PE-tophat.html
http://training.bioinformatics.ucdavis.edu/docs/2013/09/short-course-2013/index.html
http://wiki.galaxyproject.org/Events/GCC2013/TrainingDay%23RNA-Seq_Analysis_with_Galaxy
http://www.lgtc.nl/about_us/lgtc_team.php
http://bow.web.id/
http://ngs.nbic.nl/
http://wiki.galaxyproject.org/Events/GCC2013/TrainingDay
http://wiki.galaxyproject.org/Events/GCC2012/TrainingDay%23WS9
http://wiki.galaxyproject.org/Events/GCC2012/TrainingDay
http://tophat.cbcb.umd.edu/manual.shtml

Agenda

4:0C

Running a Local Galaxy

Community Resources
6:1C Done
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Galaxy Resources and CommunityWlailing Lists
http://wiki.galaxyproject.org/MailingLists

Galaxy-Announde
Project announcements, low volume, moderdted
Low volume (47 posts in 2013, 3400+ membérs)
Galaxy-Useér
Questions about using Galaxy and usegalaxy.org
High volume (1328 posts in 2013, 2600+ memblers)
Galaxy-DeV

Questions about developing for and deploying Gdlaxy
High volume (5200 posts in 2013, 900+ members)


http://wiki.galaxyproject.org/MailingLists

Community: Public Galaxy Instances
http://bit.ly/gxyServers

Interested In:

ChlP-chip and ChlIP-seq?
" Cistrome

Statistical Analysis?
" Genomic Hyperbrowser

Protein synthesis?
" GWIPS-viz

de novoassembly?
" CBIIT Galaxy

Reasoning with ontologies?
" OPPL Galaxy

Repeats!

" RepeatExplorer
Everything?

" Andromeda

Over 50 public Galaxy servers


http://bit.ly/gxyServers

Uni! ed Searchnttp://galaxyproject.org/search

-_ Galaxy Web Search
Coogie™ evstomsgesn ]

Search the entire set of Galaxy web sites and mailing lists using Google.

Run this search at Google.com (useful for bookmarking)

Want a different search?

Project home

-. Galaxy Web Search

All Tools Email Source code Shared Documentation Abstracts Requests

About 444 results (0.06 segonds)

Find!
Everything on E |
Tools fbr E , Related feature refjues
Email abdut E , Papers using Galaxy for E
Source code for E Documentation on E

Published Histories, Pages, Wiols, about E


http://galaxyproject.org/search

Community can create, vote and comment oissues

wretr R > ©

7 Galaxy: Development Inbox

A Notifications man-'d-

Members

ST = =\ F

Inbox Developer ideas Bug Reports Issues from Bitbucket

To add cards, use the Anonymous use of Issues with workflow 5: Option to disable

http.//galaxyproject.org/tr

workflows/visualizations

step hiding not persisting

automatic history
creation

o P

Bl

ello : '

Add Members...

Filter and Sort: "Select
tool not dealing with
special characters right

Uploaded fastq file
datatype not usable in
BWA

Reference genome
request: GATK-ordered
hg19

Feature request: manually
hide datasets

Feature Request: the
ability to restart a failed
workflow from the point
of failure,

Google Drive / Dropbox /

Box / ... integration

Bug report: always
Import deleted datasets

Standalone web
application(s) for
visualizations

Enh: Archiving histories

Modify data library
upload completion
message

Display in Ul runtime

Workflow View Broken in
Toolshed?

Unable to run jobs when
user job limits are set

Fix tool tip FASTQ
Summary Statistics

Bug when using
data_column

Velvet wrapper broken
when real user jobs are
used

apport.tileutils

Bug: Running functional
tests for migrated or

6: Option to require that
histories have names

8: More flexible output
handlers

10: Allow overriding
parameters when
running a workflow

20: Suggestion: new tag
n tool's XML file -
12/9/08 email from
Assaf Gordon

21: Real DB key build
ontology

24: Add ability to
password secure tools

http://bit.ly/gxyissues

Board

Options

Add List

Filter Cards

Activity

A

Dannon Baker added APL
Library Contents to
Developer ideas and
« sentto the board

* joined

g2roboto on Feature
request: manually hide
datasets

Submitted by
@nickstoler

g2roboto added Feature
request: manually hide
datasets to Inbox.

g2roboto on Reference



http://wiki.galaxyproject.org/MailingLists

http://wiki.galaxyproject.org

- Galaxy Wiki Login | Search: |

FrontPage Locked History Actions

3 N ‘7. J
A— I x g \.\.".«‘ 14 -%
— Galaxy @ PAG/GMOD

Galaxy is an open, web-based platform for accessible, reproducible, and transparent computational biomedical research. ' GALAXY
Accessible: Users without programming experience can easily specify parameters and run tools and workflows.

Reproducible: Galaxy captures information so that any user can repeat and understand a complete computational analysis.
Transparent: Users share and publish analyses via the web and create Pages, interactive, web-based documents that describe a complete
analysis.

BALTIMORE,MD | JUNE 30 - JULY 2,2014
Training Day voting
closes Jan 17

This is the Galaxy Community Wiki. It describes all things Galaxy.

Use Galaxy

Servers = Learn

Use Galaxy Deploy Galaxy

Main = Share » Search

Galaxy's public service web site makes analysis tools, genomic data, Galaxy is open source for all organizations. Local Galaxy servers can be .

tutorial demonstrations, persistent workspaces, and publication set up by downloading and customizing the Galaxy application. Communlcate
services available to any scientist. Extensive user documentation ¢ Admin Support « News B
(applicable to any public or local Galaxy instance) is available on this Cloud Evants « Twitter

Galaxy Appliance Mailing Lists (search)

—usegalaxy.org —-getgalaxy.org Deploy Galaxy

Get Galaxy = Cloud
Admin = Tool Config
Tool Shed = Search

wiki and elsewhere.

Community & Project Contribute

Galaxy has a large and active user community and many ways to Get Users: Share your histories, workflows, visualizations, data

Involved. libraries, and Galaxy Pages, enabling others to use and learn from

¢ Community them.

Contribute
* News Deployers and Developers: Contribute tool definitions to the

« Events Galaxy Tool Shed (making it easy for others to use those tools on Tool Shed » Share
their installations), and code to the core release. Issues & Requests



http://wiki.galaxyproject.org/MailingLists

Eve NS N ews



http://bit.ly/gcc2014




Galaxy Resources & Community: Videos

OHow toO
screencasts on
using and
deploying
Galaxy

Talks from
previous
meetings.

http://vimeo.com/galaxyproject



Galaxy Resources & Community: CiteULike Group

http://bit.ly/gxycul

Over
1300
papers

17
di" erent
tags



Thanks

Dave Clements

Galaxy Projec

Johns Hopkins Universii
clements@agalaxyproject.ot

Anushka Brownley

The BioTear
http://bloteam.net



