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Day 5 : Galaxy !

You are free to: !

Copy, share, adapt, or re-mix; !

Photograph, Þlm, or broadcast; !

Blog, live-blog, or post video of; !

This presentation. Provided that: !

You attribute the work to its author and 
respect the rights and licenses associated 
with its components. !

Slide Concept by Cameron Neylon, who has waived all copyri ght and related or neighbouring rights. This slide only ccZero.!
Social Media Icons adapted with permission from originals by Christopher Ross. Original images are available under GPL a t; !
http://www.thisismyurl.com/free-downloads/15-free-speech-bubble-icons -for-popular-websites  !
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3 

http://www.ebi.ac.uk/training/course/embo-practical-course-analysis-high-throughput-sequencing-data-1 

()*+,'*-'./*0,'1,21,3,-4-0'56,'5*)7'6,1,'

89:;),'&'2*15'#'
<*)*=>!

?@'@1*-+.3'A;,)),B,'
EMBO Practical Course on Analysis of High-

Throughput Sequencing Data 
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@bffo!

francis@oicr.on.ca!E-mail!

@emblebi!

#usegalaxy !

@EMBOcomm!

Day 5 : Galaxy !

Disclaimer !

¥! I do not (and will not) proÞt in any way, shape or 
form, from any of the brands, products or 
companies I may mention. !

¥! I am on the Galaxy ScientiÞc Advisory Board 
(GalaxyÕs NIH grant), but I do that for free. !
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Outline !

¥! Bioinformatics.ca!

¥! Workßows & an examples on using Galaxy platform 
for DNA sequence manipulations.!

¥! More about interactions, networks, pathways and 
visualization. !

Day 5 : Galaxy !

Galaxy outline !
¥! Bioinformatics.ca!
¥! Workßows & an examples on using Galaxy platform 

for DNA sequence manipulations.!

¥! Reproducible Science!
¥! Galaxy Public server; Galaxy @home; !

Galaxy in the cloud !
¥! Putting and getting data in and out of Galaxy !

¥! Processing Data in Galaxy!
¥! Galaxy and # RNASeq!
¥! Lab!
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International Cancer Genome 
Consortium: icgc.org !
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ICGC data portal: dcc.icgc.org !
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http://www.csb.utoronto.ca/ !
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http://bioinformatics.ca/ !

Day 5 : Galaxy !
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Workshops planned for 2014: !
http:// bioinformatics.ca /workshops !

1.! Exploratory Analysis of Biological Data using R !
2.! Bioinformatics for Cancer Genomics!
3.! Informatics for RNA-sequence Analysis !

4.! Informatics on High Throughput Sequencing Data !
5.! Pathway and Network Analysis of - omics Data !
6.! Flow Cytometry  Data Analysis using R !

7.! Microarray Data Analysis !
8.! Informatics and Statistics for Metabolomics !

Day 5 : Galaxy !

http://bioinformatics.ca/workshops/2013 
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E-mail: course_info@bioinformatics.ca!
!
  Web: http://bioinformatics.ca !
!
Workshop announcement mailing list: !
!
http:// bioinformatics.ca/mailman/ listinfo /announce!

Day 5 : Galaxy !

Bioinformatics is about 
integrating biological 
themes together with the 
help of computer tools and 
biological databases, and 
gaining new knowledge 
about the system in study. !
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What biologist do: !

¥! Make observations!
¥! Make hypothesis!
¥! Test them !
¥! Challenge them!
¥! Conclude things!
¥! Write papers !

http:// goo.gl/7sCUI!
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RNA-Seq! Protein MS !

http://goo.gl/Lye8R 
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Interaction and Pathway Space !

Day 5 : Galaxy !

Central Dogma !

RNA!

protein !

DNA!
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Central Dogma !

RNA!

protein !

DNA!

Then you!
write a !
paper !
about it !

Day 5 : Galaxy !

Some of the things we do when we 
try and understand the cell É !

¥! We do experiments !
¥! Some of these are bioinformatics experiments !
¥! We all want these to be reproducible !

¥! We want people to Þnd our data !
¥! We want people to Þnd our methods !
¥! É and we want them to be able to rerun our 

experiments, validate our work, move the science 
forward. !
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Bioinformatics experiments: !

25!

BLAST search!Sequence! Alignment!

Reagents:!
!
¥!Sequence!
¥!Databases!

Method:!
!
¥!P-P " "BLASTP!
¥!N-P " "BLASTX!
¥!P-N " "TBLASTN!
¥!N-N " "BLASTN!
¥!N (P) Ð N (P) "TBLASTX!

Interpretation: !
!
¥!Similarity !
¥!Hypothesis testing !

Know !
your reagents !

Know !
your methods!

Do your controls !
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Doing and redoing experiments !

¥! If you do something once, you usually donÕt need a 
script. Do it hundreds or thousands of times, you 
will want something to help you. !

¥! Want to share what you did, providing a script is 
usually a good way. !

¥! Sometimes though, scripts are too complicated, and 
donÕt capture all that is need to do an experiment. 
For example: the version of a tool you used! !
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Some requirements: !

¥! Open Source!
¥! Solution should be useful to large community !
¥! Well supported (by community and funding agency) !

¥! Flexible!
¥! Expandable!
¥! Scalable!

¥! Cloud-aware!
¥! User friendly? !

Open Source!

Day 5 : Galaxy !

Some solutions!
1.! R and bioconductor (# rstat )!

http://www.ncbi.nlm.nih.gov/pubmed/16646837 
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Some solutions (2) !
¥! SeqWare : http://seqware.github.io / !
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Some workshop thoughts: !
¥! Since 1999 weÕve been experimenting with servers 

of one kind or another. !

¥! At 1st we had sponsorship from Sun Microsystems, 
and had a 4 CPU E450.!

¥! A few of years we had a Linux laptop in the back 
of the room: a web server and sharing some data. !

¥! In 2007-8 we were doing courses in same building 
as OICR, and has the systems group carve us 40 
cores from the cluster. !

¥! In 2010 We experimented with my MacPro in my 
ofÞce serving up Virtual Machines for students !
(it didnÕt work)!
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2011!
http:// aws.amazon.com/education/ !
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Genomic companies already there! !

¥! Complete GenomicsÕ pipeline:!

ACGTACGT
AAGTTCGG
ATGGCGTA
GTCCCTTT
TTGGGGTG
TAGTGAGG
CGCTGATT
CGGAGAG 

All of the hard !
work done here!!
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Most people already there! !

¥! Google docs!
¥! Dropbox!

¥! Netßix !
¥! Twitter !
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Amazon Web Services (AWS) !
¥! InÞnite storage (scalable): S3 (simple storage service) !
¥! Compute per hour: EC2 (elastic cloud computing) !
¥! Ready when you are High Performance Computing!
¥! Multiple football Þelds of HPC throughout the world !
¥! HPC are expanded at one contained at a time: !

http://goo.gl/7PVAl !
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Some solutions (3) !
¥! Galaxy !

Day 5 : Galaxy !

http://genomebiology.com/2010/11/8/R86 
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http://onlinelibrary.wiley.com/doi/10.1002/0471250953.bi1109s38/pdf 

Day 5 : Galaxy !

Which Galaxy? !

¥! galaxyproject.org: Galaxy home page !
¥! usegalaxy.org: main Galaxy public server !
¥! getgalaxy.org: source for installing local Galaxy !

¥! usegalaxy.org/cloud: use galaxy in the cloud !
¥! http://goo.gl/mlyOC : Other public Galaxy servers !

http://goo.gl/x3DXm 
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http://galaxyproject.org/ !

Day 5 : Galaxy !

http://usegalaxy.org !
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getgalaxy.org !

Day 5 : Galaxy !

usegalaxy.org/cloud!
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http://wiki.galaxyproject.org/PublicGalaxyServers !

Day 5 : Galaxy !

¥! Galaxy integrates input data sources !
¥! Galaxy allows you to use many tools that you 

donAût need to install and maintain. !

¥! Galaxy allows you to maintain workßows, reuse 
them, and share them. !

¥! Galaxy lets you AþpublishAÿ experiments. !
¥! Galaxy has fully entered the Ònext-genÓ space. !

¥! Galaxy works in the cloud. !
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¥! Galaxy strongly believes on reproducibility! !
¥! Galaxy is very good at keeping a history of what 

you did, and allow you do it again when you need 
to, or allow somebody else to do it again. !

¥! Galaxy makes it very to work with collaborators 
down the hall, or across the ocean. !

Day 5 : Galaxy !

!
¥! Galaxy is designed with biologists in mind, and 

basically thinks like we do (most of the time!) !

¥! Galaxy has a healthy developer community, and is 
very present in forums of other Open Source 
initiatives. !
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¥! To help biologists deal with tools and data. !

¥! Funding: NIH, NSF, & Penn State University. !
¥! Development: Emory University and Penn State !
¥! http://wiki.galaxyproject.org/ !
¥! http://wiki.galaxyproject.org/Learn !

!
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Challenge with multiple sites/model !

¥! Not all galaxy are created the same !
¥! Galaxy team moving to an ÒemptyÓ shell, and 

cafeteria model: take only what you need. !

¥! Adding tools and updating tools causes problems 
sometimes, but Galaxy team is working to make 
this easier !

¥! The Toolshed is a great solution for this! !
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Galaxy Toolshed: !
http://toolshed.g2.bx.psu.edu/ !

Day 5 : Galaxy !

Galaxy Toolshed: SAM !

http://toolshed.g2.bx.psu.edu/ !
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Publish your 
page!

Save your 
workßow!

General workßow for Galaxy !

login!
Upload 

your data !

Get data !

Manipulate 
you data !

Save your 
output !

Day 5 : Galaxy !

Time for sponsor announcement! !

Zhibin Lu!http:// www.pmgenomics.ca/ !
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Setup for this workshop done ahead of 
time:  https:// usegalaxy.org/cloud!

Day 5 : Galaxy !

     Key ID: AKIAIQMAL3HP52I3VQZA !
Secret Key: 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 !

http:// usegalaxy.org/cloudlaunch !
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Day 5 : Galaxy !

¥! Key ID!
¥! Secret Key !

¥! ebiXX!

¥! ebiXX!
¥! Retype password!
¥! Cloudman keypair !

¥! Extra Large !
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¥! Software on AMI: !
Ð! java openjdk-7-jre, 1.7.0_21 !
Ð! R 3.0.1 (include bioconductor, cummeRbund, ggplot2, edgeR, 

HMMcopy), !
Ð! Bedtools 2.17.0!
Ð! Hyra 0.5.3 !
Ð! JointSNVMix 0.8.0-b2, !
Ð! PennCNV !
Ð! Apolloh, MATLAB runtime library v7.7, !
Ð! HMMcopy 0.1.1, !
Ð! MutationSeq, !
Ð! bowtie2 2.1.0, !
Ð! tophat2 2.0.8b !
Ð! cufßinks2 2.1.1!
Ð! picard 1.9.1!
Ð! bwa 0.74,  !
Ð! samtools 0.1.19, !
Ð! GATK 2.5-2, !
Ð! vcftools 0.1.10, tabix 0.2.5, !
Ð! ANNOVAR, !

¥! All software is located in /usr/local directory !

Day 5 : Galaxy !

¥! We will load publically available data sets  
that reference GRCh37 (aka hg19) !

¥! http:// aws.amazon.com/publicdatasets / !

Ð!Free available S3 buckets are 1000 Genomes, 
GenBank, EnsEMBL and others.!
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At this point É !

¥! If all is good, you have started your instance of 
Galaxy on AWS, and should look some thing like: !

Day 5 : Galaxy !

What is next? !

¥! IÕm going to tell you about getting data in and out 
of Galaxy !

¥! Doing operations in Galaxy!
¥! Understanding the user interface. !
¥! Linking multiple steps into ÒpipelinesÓ!

¥! Do an RNASeq mapping experiment!
¥! Sharing pipeline with colleagues, and making them 

public.!

¥! How to learn more É !
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1st  thing to do before we start: !

¥! This is important, irrespective of which cloud you 
are using: Login (1st time you need to ÒregisterÓ)!

Day 5 : Galaxy !

Galaxy in the cloud !
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¥! Get Data !
¥! Send Data!
¥! ENCODE Tools!
¥! Lift-Over !
¥! Text Manipulation !
¥! Filter and Sort !
¥! Join, Subtract and Group !
¥! Convert Formats!
¥! Extract Features !
¥! Fetch Sequences!
¥! Fetch Alignments!
¥! Get Genomic Scores!
¥! Operate on Genomic Intervals !
¥! Statistics !
¥! Graph/Display Data !
¥! Regional Variation!
¥! Multiple regression !

¥! Multivariate Analysis !
¥! Evolution!
¥! Motif Tools !
¥! Multiple Alignments !
¥! Metagenomic analyses!
¥! FASTA manipulation!
¥! NGS: QC and manipulation!
¥! NGS: Assembly!
¥! NGS: Mapping!
¥! NGS: Indel  Analysis!
¥! NGS: RNA Analysis!
¥! NGS: SAM Tools!
¥! NGS: GATK Tools!
¥! NGS: Peak Calling!
¥! SNP/WGA: Data; Filters !
¥! SNP/WGA: QC; LD; Plots !
¥! SNP/WGA: Statistical Models !
¥! Human Genome Variation!
¥! VCF Tools !

Day 5 : Galaxy !

Galaxy cloud      usegalaxy.org !

¥! < NGS: Assembly!
¥! < NGS: GATK Tools!
¥! < SNP/WGA: Statistical Models !
¥! < Human Genome Variation!
¥! < VCF Tools !

¥! > Genome Diversity!
¥! > Phenotype Association!
¥! > EMBOSS!
¥! > NGS Toolbox Beta!
¥! > NGS: GATK Tools (beta)!
¥! > NGS: Variant Detection !
¥! > NGS: Picard (beta)!
¥! > BEDTools!
¥! > snpEff!
¥! > RGENETICS!
¥! > SNP/WGA: Statistical Models !
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¥! É and each item, when you 
click on it expands to lots 
more choices!!

¥! What I Þnd most useful when 
I know the name of the tool 
IÕm looking for is to simply 
using the search tool. !

¥! E.g. look for ÒsamÓ!

Day 5 : Galaxy !

usegalaxy.org !

Galaxy cloud!
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UCSC Genome Browser: source of 
data for Galaxy !

¥! Browse many Eukaryotic genomes (yeast to human)!
¥! Most annotations are there !
¥! Important evolutionary and variation data 

representation. !
¥! Very ßexible and conÞgurable views !
¥! Graphical and table views (Galaxy uses this) !
¥! Upload your data into custom tracks and share 

with colleagues !
¥! Client/server application with itÕs issues, but a 

great app! !

Day 5 : Galaxy !

"http:// genome.ucsc.edu/ !
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Other Examples of Data !
Format outputs from UCSC: !

¥! Tab-separated !
¥! Sequence (FASTA)!
¥! Browser Extensible Data format (BED) !

¥! General Feature Format (GFF)!
¥! Gene Transfer Format (GTF)!
!

Day 5 : Galaxy !

Examples of Data Formats for UCSC: !
¥! Sequence (FASTA):!
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Browser Extensible Data format (BED) !

http://goo.gl/agfWu 
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General Feature Format (GFF) !

http://goo.gl/agfWu 
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Gene Transfer Format (GTF) !

¥! Like GFF, but speciÞc to exon and CDS features, 
and has one extra Þeld: !

#gene_id "Em:U62317.C22.6.mRNA"; transcript_id  "Em:U62317.C22.6.mRNA"; exon_number 1!

Day 5 : Galaxy !

Publish your 
page!

Save your 
workßow!

General workßow for Galaxy !

login!
Upload 

your data !

Get data !

Manipulate 
you data !

Save your 
output !
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Pages in Galaxy !

¥! https:// usegalaxy.org/page/ list_published !
!

Day 5 : Galaxy !
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https:// usegalaxy.org /u/ jeremy /p/galaxy- rna-seq-analysis-exercise !
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RNA-Seq Analysis Exercise !

¥! Human BodyMap 2.0 data from Illumina .!
¥! paired-end 50bp reads from adrenal  and brain  

tissues. The sampled reads map mostly to a 500Kb 
region of chromosome 19, positions 3-3.5 million 
(chr19:3000000-3500000). !



!"#$%#"%!&'

C&'

Day 5 : Galaxy !

http:// en.wikipedia.org/wiki/ Adrenal_gland!
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Getting data !
¥! Most of time, you will get from a Þle on your 

computer, or from a URL. !
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Get 5 Þles !
¥! adrenal_1!

https:// usegalaxy.org/dataset/ display?
dataset_id =d44d2a324474d1aa&to_ext=fastqsanger!

¥! adrenal_2!
https:// usegalaxy.org/dataset/ display?
dataset_id =d08360a1c0ffdc62&to_ext=fastqsanger !

¥! brain_1!
https:// usegalaxy.org/dataset/ display?
dataset_id =f187acb8015d6c7f&to_ext=fastqsanger !

¥! brain_2 !
https://usegalaxy.org/dataset/display?
dataset_id=08c45996966d7ded&to_ext=fastqsanger !

¥! Annotations from this part of Chr 19!
https:// usegalaxy.org/dataset/ display?
dataset_id =f09f4a0bd8a19fd6&to_ext= gtf !

Day 5 : Galaxy !

Load Þle(s) to Galaxy !

autodetect !

Paste URL!
from previous !
page !

Execute!
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ÒPoke the eyeÓ!

ÒEdit attributeÓ!

ÒDeleteÓ!

ÒNumbers may vary with usageÓ!
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Òpoke the eyeÓ!

Day 5 : Galaxy !

ÒEdit attributesÓ !
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Publish your 
page!

Save your 
workßow!

"#$#%&'!()%*+)(!,)%!"&'&-.!

login!
Upload 

your data !

Get data !

Manipulate 
you data !

Save your 
output !

97!

Day 5 : Galaxy !
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Step 1: quality control !
 [NGS: QC and manipulation >] FASTQC tool !
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Brain 1 groomed!

Brain 2 groomed!

Adrenal 1 groomed!

Adrenal 2 groomed!
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Need to remove bad bases in 
reads?!

¥! Assume a median quality score of below 20 to be 
unusable. !

¥! Given this criterion, is trimming needed for the 
datasets? !

¥! If so, which base pairs should be trimmed? !
¥! [NGS: QC and manipulation >] FASTQ Trimmer!
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ÒNumbers may vary with usageÓ!

Day 5 : Galaxy !

[NGS: RNA Analysis >] Tophat  tool !

¥! Step 1 !
¥! Use the [NGS: RNA Analysis >] Tophat tool !
¥! To map RNA-seq reads to the hg19 Canonical 

Female build. !
¥! Because the reads are paired, you'll need to set 

mean inner distance between pairs; this is the 
average distance in base pairs between reads, not 
the total insert/fragment size. !

¥! Use a mean inner distance of 110 for BodyMap 
data. !
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I was hoping this !
would be lunch time now É !
~ 30 minutes É !
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[NGS: RNA Analysis >] Cufßinks !

¥! Remember to !
include reference !
annotations!

¥! Do Adrenal 1st, !
then Brain !

Day 5 : Galaxy !

[NGS: RNA Analysis >] Cuffdiff !

[NGS: RNA Analysis >] Cuffcompare !
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sharing!

Day 5 : Galaxy !

¥! Share history with 
neighbor!

¥! Extract workßow !
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Remember, lots of tutorials, videos, 
mailing list, twitter etc  É !

¥! https:// vimeo.com/galaxyproject !

Day 5 : Galaxy !

https:// vimeo.com/galaxyproject !
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https:// usegalaxy.org /u/ jeremy /p/interactive- rna-seq-with- trackster !
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http:// genomespace.org/!
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ArrayExpress: "http:// www.ebi.ac.uk/ arrayexpress / !
Cystrome: "http://www.cistrome.org !
Cytoscape: "http:// www.cytoscape.org/ !
Galaxy: "" " http:// usegalaxy.org!
GenePattern: "http:// www.broadinstitute.org / cancer/software/genepattern/ !
Genomica: "http:// genomica.weizmann.ac.il/ !
geWorkbench: "http:// www.geworkbench.org!
Gitools: " "http:// www.gitools.org/ !
IGV: " "http:// www.broadinstitute.org / igv/ !
InSilico DB: "https :// insilico.ulb.ac.be/ !
ISACreator "http:// isatab.sourceforge.net /tools.html !
MSigDB: "" " http:// www.broadinstitute.org /gsea/msigdb/ !
UCSC GB: "http://genome.ucsc.edu/ !
!
!
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Useful Resources !

¥! Galaxy!
Ð!usegalaxy.org and usegalaxy.org/cloud !

Ð!Twitter: @ galaxyproject  # usegalaxy!
Ð!UserÕs mailing list: !

http://lists.bx.psu.edu/listinfo/galaxy-user !

¥! BioStaR!
Ð!biostars.org!
Ð!Twitter: @ biostarquestion!

!

Day 5 : Galaxy !

Useful Resources !

¥! OpenHelix!
Ð! http://www.openhelix.com/ !
Ð! Twitter: @openhelix !
Ð! Blog: http://blog.openhelix.com/ !

¥! UCSC!
Ð! http://genome.ucsc.edu/ !
Ð! Twitter: @GenomeBrowser!
Ð! More tutorials: http://genome.ucsc.edu/training.html !

¥! SEQanswers!
Ð! Forum for NGS technologies!

http://seqanswers.com/ !
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Papers that should be of interest !

¥! Robert Gentleman, 2005, Reproducible research: a bioinforma tics case, 
Stat Appl Genet Mol Biol. 2005;4:Article2. !

http:// www.ncbi.nlm.nih.gov/pubmed/?term=16646837 !
¥! Goecks J, Nekrutenko A, Taylor J; Galaxy Team. (2010) Galaxy: a 

comprehensive approach for supporting accessible, repro ducible, and 
transparent computational research in the life sciences. Genome Biology 
2010, 11:R86!

http:// www.ncbi.nlm.nih.gov/pubmed/?term=20738864 !

¥! Afgan E, Chapman B, Jadan M, Franke V, Taylor J. (2012) Using cloud 
computing infrastructure with CloudBioLinux, CloudMan, and Galaxy. 
Curr Protoc Bioinformatics. Chapter 11:Unit11.9. doi: 
10.1002/0471250953.bi1109s38.!

http:// www.ncbi.nlm.nih.gov/pubmed/22700313 !

¥! Center for Informatics and Computing, Ruder Bo?ìkovi$ Institut !
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From @bffo  on twitter: !
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In the news É !

¥! As of December 2013, I will be the new PLOS 
Comp Biology Education Editor, and be sure I will 
be adding Galaxy tutorials and quick guides to the 
roster! !
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In the news É !

¥! FGED: Functional Genomics Data Society!
¥! fged.org!
¥! Gabry and I !

are ÔofÞcersÕ !
of this society !

!
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Time for sponsor announcement! !

Zhibin Lu!http:// www.pmgenomics.ca/ !

Day 5 : Galaxy ! Informatics and Biocomputing at the OICR 
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Maya et Pascale 
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If you have time É !

¥! Import your Dm RNA, and repeat experiments 
(from Monday) É !

¥! Do JeremyÕs trackster  lab: !
https:// usegalaxy.org/u/ jeremy/p/interactive- rna-
seq-with- trackster !


