Galaxy as backend for TralT genotype to phenotype studies

Youri Hoogstrate

GCC2015
7/ July 2015, Norwich




TralT, TranSMART & Galaxy

CI!n:::L Clinical Digital Biosample Experimental

. d
data imaging pathology data ata

= Galaxy

PROJECT

B
Data integration and analysis -atranSMART

Deployment and user support




When you think of Galaxy

Get Data

Lift-Over

Text Manipulation
Convert Formats

Filter and Sort

Join, Subtract and Group
NGS: QC and manipulation
NGS: Mapping

NGS: RNA-seq

NGS: VCF Manipulation
Extract Features
Fetch Sequences

Fetch Alignments
Get Genomic Scores

Operate on ic Intervals

Statistics
Graph/Display Data
Phenotype Association
SnpEFff

BEDTools

Genome Diversity
EMBOSS

Regional variation
FASTA manipulation
Evolution

Muitiple Alignments

Metagenomic analyses
Motif Tools

NGS TOOLBOX BETA
NGS: Peak Calling

NGS: Variant Analysis
NGS: GATK Tools (beta)

NGS: Picard (beta)
RNA Structure Prediction

Galaxy is an open source, web-based platform for data intensive biomedical
research. If you are new to Galaxy start here or consult our help resources.
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The Galaxy Team is a part of the Center for Comparative This instance of Galaxy Is utilizing infrastructure

Genomics and Bioinformatics at Penn State, and the generously provided by the iPlant Collaborative at the

Department of Biology and at Johns Hogklns University. Texas Advanced Computing Center, with support from
the National Science Foundation.

The Galaxy Project is supported in part by NSF, NHGRI, The Huck Institutes of the Life Sciences, The Institute for
CyberScience at Penn State, and Johns Hopkins University.

This is a free, public, internet accessible resource. Data transfer and data storage are not encrypted. If there are restrictions on the
way your research data can be stored and used, please consult your local institutional review board or the project PI before
uploading it to any public site, including this Galaxy server. If you have protected data, large data storage requirements, or shart
deadlines you are encouraged to setup your own ocal Galaxy instance or run Galaxy on the cloud.

Galaxy version 15.05, commit §423454857bbc4b958ec1966b184ccd]33edebdd
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When you think of Galaxy

mmm Galaxy Project
- Galaxy is an open, web-based platform for data intensive biomedical research.

http:/igalaxyproject.org/ outreach(@galaxyproject.org

Filters ~

galaxy Python # 45 169
Data intensive biology for everyone.

Updated 25 minutes ago

tools-devteam Python # 18 1726
Contains a set of Galaxy Tools mostly written by the Galaxy Team.

U i an hour ago

cloudman Python 8 P17
Easily create compute clusters on the Cloud.

Updated 2 hours ago

usegalaxy-playbook Python %8 P4
Ansible Playbook for usegalaxy.org

Updated 17 hours ago

ansible-postgresql Shell #1 1
An Ansible role for managing a PostgreSQL (http://www.postgresql.org/) server

Updated 18 hours ago
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Purpose of Galaxy: using

from bioblend.galaxy.objects import GalaxyInstance
gi = GalaxyInstance("URL", "API_KEY")

wf = gi.workflows.list()[0]

hist = gi.histories.list()[0]

inputs = hist.get _datasets()[:2]

input_map = dict(zip(wf.input_labels, inputs))
params = {"Pastel": {"delimiter": "U"}}
wf.run(input_map, "wf_output", params=params)




Purpose of Galaxy: using

from bioblend.galaxy.objects import GalaxyInstance

gi = GalaxyInstance("URL", "API_KEY")

wf = gi.workflows.list()[0]

hist = gi.histories.list()[0]

inputs = hist.get _datasets()[:2] .

input_map = dict(zip(wf.input_labels, inputs)) :EtranSMART
params = {"Pastel": {"delimiter": "U"}}

wf.run(input_map, "wf_output", params=params)




TranSMART

Active Filters and Il

Comparisan Summary Statistics

: Arglysis -

Grid View

Navigate Terms

4[] celHine (19)
=l - Characteristics (19)

+ | ] Cellline constructs (3)

4 |_]Cell line name (18)

+|_]Cell type (19)

+ || Disease (19)

+ |1 Gender (18)

+|_] Organism (19)

4 |__] Origin tissue (19)

#[_]Race (17)

123 Age (14)
=l - Molecular profiling (19)

=)+ High-throughput molecular profiling (19)
4 | ) Copy number aberrations (DMNA) (14)
4 || Expression (miRMNA) (2)
+ |_) Expression (mRNA) (18)
+ |_) Expression (protein) (8)

=+ Non-highthroughput molecular profiling (13)
# |_) Copy number aberrations (DNA) (4)
4 || Expression (mRMNA) (1)

aCGH Survival Analysis
Box Plot with ANOVA
Correlation Analysis
Frequency Plot for aCGH
Geneprint

Group Test for aCGH
Group Test for RNASeq
Heatmap

Hierarchical Clustering
1C50

K-Means Clustering
Line Graph

Logistic Regression
Marker Selection

PCA

Scatter Plot with Linear Regression

Survival Analysis
Table with Fisher Test

Waterfall

TranSMART
 Clinical data
 Interpreted data

VCF files

Expression tables

Copy number aberration

No intermediate files
* No BAM files
 No raw FASTQ files




The right man for the right job

m=
~stranSMART

+ Clinical data
+ Interactive cohort selection

+ Drag 'n Drop cohorts

— Analysis suite
— Large experimental data

+ API
+ Many bioinformatics apps (>3300)
+ Scaling resources for tools

— Link clinical- to experimental data
— Drag 'n Drop cohorts
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The right man for the right job

m=
~stranSMART

+ Clinical data
+ Interactive cohort selecti

+ Drag 'n Drop cohorts

— Analysis suite
— Large experimental data

?

+ API
+ Many bioinformatics apps
+ Scaling resources for tools

— Link clinical- to experimental data
— Drag 'n Drop cohorts




Example: PoC: RNA-seq

Search Terms | Navigate Terms e g Generate Summary Statistics | |=-| Summary | | @ Clear | @ Save Dra ln
9 Comparison Advanced Workflow | Results/Analysis Grid View || Data Export | Export Jobs Analysis Jobs Genome g
@[] Clinical Trials (%) Analysis =
=53 Private Studies -
(=143 RNASEQ_GOUD (27) Analysis: Group Test for RNASeq
= j ?mmarlfer Data {27) Cohorls!

=3 Fusion Gene (27) Subset 1: (\Private Studies\RNASEQ_GOUDY)

abe no-Fusion (16)

abc TMPRSS-ERG (11)
=5 lumina (27} RNASeq ¢ Group Analysis type

i@l Frostate (27) L ARNASeq\ ...\no-Fusion\ @ two group unpaired

10X RNASeq (27) i
=[] Biopsy (27) - \TMPRSS-ERG} ) multi-group

&l [Z] Derivatives (27)
[ [_ ] Diagnosis (27)
& [C] Foliow-up (27)
[© =] General data dynamic {27)
#l[_] Laboratory dynamic (27)
[~ ] Patient Information (27)
# ] Pca general dynamic (27)
[ [C] Prostatectomy (27)
& [_] Sample Data (27)
[ ] Samples dynamic (17)
[ Treatment (27)
[ ] RNASEQ_PROSTATE (27)
=143 Public Studies
= TCGAOV (573)
=147 Biomarker Data (80}
[==5) Chrom (80)
=15 GPL4091 (80) B
X Ovary (80) |4 4 |Page(t Jotzaa| p b] | &

[ Input Parameters

7| Intermediate Result - Job Name: admin-RNASeqgroupTest-100541




Example: PoC: RNA-seq

Search Terms Navigate Terms

(7]
[ Clinical Trials
=3 Private Studies
=5 RNASEQ_GOUD (27)
=)=5] Biomarker Data (27)

=15 Fusion Gene (27)
abe no-Fusion (16)
abc TMPRSS-ERG (11)
=13 umina (27)
=5 Prostate (27)
A RNASeq (27)

] Biopsy (27)
&l [Z] Derivatives (27)
[ [_ ] Diagnosis (27)
& [C] Foliow-up (27)
[© =] General data dynamic {27)
#l[_] Laboratory dynamic (27)
[~ ] Patient Information (27)
# ] Pca general dynamic (27)
[ [C] Prostatectomy (27)
& [_] Sample Data (27)
[ ] Samples dynamic (17)
[ Treatment (27)
[ ] RNASEQ_PROSTATE (27)
=143 Public Studies
= TCGAOV (573)
=147 Biomarker Data (80}
[==5) Chrom (80)
=15 GPL4081 (80)
X Ovary (80)

4 Generate Summary Statistics | |=-| Summary | | @ Clear | @ Save
Comparison Advanced Workflow | Results/Analysis Grid View || Data Export | Export Jobs Analysis Jobs Genome
0,_ Analysis *

Analysis: Group Test for RNASeq

Cohorts:
Subset 1: (\Private Studies\RNASEQ_GOUDV)

[ Input Parameters

RNASeq # | Group | Analysis type

ARNASeq)\ ...\no-Fusion\

@ two group unpaired

L. A\TMPRSS-ERG\

) multi-group

7| Intermediate Result - Job Name: admin-RNASeqgroupTest-100541

Page(1 Jotzaa| b b |

Drag 'n Drop

Creates expression- &
design matrix




Example: PoC: RNA-seq

Search Terms Navigate Terms e g Generate Summary Statistics | |=-| Summary @ Clear B Save D ra 1 n D ro
9 Comparison Advanced Workflow | Results/Analysis Grid View || Data Export | Export Jobs Analysis Jobs Genome g p
@ (] Clinical Trials (%) Analysis =

5 e Ses e — Creates expression- &

=15 RNASEQ_GOUD (27)

jj Biomarker Data (27) Cobarts: deSi n atrix
=I5 Fusion Gene (27) Subset 1: (\Private Studies\RMASEQ_GOUD) g m

abe no-Fusion (16) T

abc TMPRSS-ERG (11) [ g patpacamctas

:I"i‘-l .Illumina (27) RNASeq # | Group | Analysis type S e n dS j O b to G al aXy
I sl Prostate (2] ARNASeq)\ ...\no-Fusion\ @ two group unpaired

10X RNASeq (27) i
[ [ Biopsy (27) --\TMPRSS-ERGY ) multi-group

=[] Derivatives (27) [ ]
TR = Galaxy
& [C] Foliow-up (27)

[+ ] General data dynamic {27) P R O _J E C —|—

[ Laborat ic (2 =
- l:‘ YAy thnearic o) |- ] Intermediate Result - Job Name: admin-RNASeqgroupTest-100541
[ (] Patient Information (27)

# ] Pca general dynamic (27)
[ [C] Prostatectomy (27)
& [_] Sample Data (27)
[ ] Samples dynamic (17)
[ Treatment (27)
[ ] RNASEQ_PROSTATE (27)
=143 Public Studies
= TCGAOV (573)
=147 Biomarker Data (80}
[==5) Chrom (80)
=15 GPL4081 (80) =
YOt Ovary (80) | 4 Pageuf234. bkl




Example: PoC: RNA-seq

Search Terms Navigate Terms . 0 4 Generate Summary Statistics | |=-| Summary @ Clear B Save D rag ln D ro p

9 Comparison Advanced Workflow | Results/Analysis Grid View || Data Export | Export Jobs Analysis Jobs Genome
& [Z] Clinical Trials (%) Analysis =

5 e Ses e — Creates expression- &

=15 RNASEQ_GOUD (27)

jj Biomarker Data (27) Cobarts: deSi n atrix
=I5 Fusion Gene (27) Subset 1: (\Private Studies\RMASEQ_GOUD) g m

abe no-Fusion (16) T

abc TMPRSS-ERG (11) [ g patpacamctas

=3 .Illumina (27) RNASeq # | Group Analysis type S e n dS j O b to G al aXy
I sl Prostate (2] ARNASeq)\ ...\no-Fusion\ @ two group unpaired

10X RNASeq (27) i
[ [ Biopsy (27) --\TMPRSS-ERGY ) multi-group

=[] Derivatives (27) [ ]
I = Galaxy

& [C] Foliow-up (27)
[+ ] General data dynamic {27) P R O _J E C —|—

[ Laborat ic (2 =
- l:‘ YAy thnearic o) |- ] Intermediate Result - Job Name: admin-RNASeqgroupTest-100541
[ (] Patient Information (27)

# ] Pca general dynamic (27)
[ [C] Prostatectomy (27)
& [_] Sample Data (27)
[ ] Samples dynamic (17)
[ Treatment (27)
[ ] RNASEQ_PROSTATE (27)
=143 Public Studies
= TCGAOV (573)
=147 Biomarker Data (80}
[==5) Chrom (80)
=15 GPL4081 (80) e
YOt Ovary (80) | 4 Pageuf234. bkl

Runs edger with design matrix




Example: PoC: RNA-seq

@ Clear B Save

Grid View |

Search Terms Navigate Terms 0 4 Generate Summary Statistics | |=-| Summary

Drag 'n Drop

9 Comparison Advanced Workflow | Results/Analysis Data Export | Export Jobs Analysis Jobs Genome

[ Clinical Trials
=3 Private Studies
21455 RNASEQ_GOUD {27)
=)=5] Biomarker Data (27)
=15 Fusion Gene (27)
abe no-Fusion (16)
abe TMPRSS-ERG (11)
=13 umina (27)
=@+ Prostate (27)
K RNASeq (27)
] Biopsy (27)
@[] Derivatives (27)
[ [_ ] Diagnosis (27)
& [C] Foliow-up (27)
[© =] General data dynamic {27)
#l[_] Laboratory dynamic (27)
[~ ] Patient Information (27)
# ] Pca general dynamic (27) i logFC
[ [C] Prostatectomy (27)

E‘,_ Analysis *

Creates expression- &
design matrix

Analysis: Group Test for RNASeq

Cohorts:
Subset 1: (\Private Studies\RNASEQ_GOUDV)

[ Input Parameters

Sends job to Galaxy

= Galaxy

PROJECT

RNASeq # | Group | Analysis type

ARNASeq)\ ...\no-Fusion) @ two group unpaired
..A\TMPRSS-ERG)\

) multi-group

7| Intermediate Result - Job Name: admin-RNASeqgroupTest-100541

logCPM PValue FDR &

& [_] Sample Data (27)
[ ] Samples dynamic (17)
[ Treatment (27)

[# [C] RNASEQ_PROSTATE (27)

=143 Public Studies
= TCGAOV (573)
=147 Biomarker Data (80}
[==5) Chrom (80)
=15 GPL4081 (80)
X Ovary (80)

ERG

7.10928707922517

B.35626964115133

8.75358661813074e-77

2.04553816766079e-72

| Gened724
Genel3a2
Genel8489
GeneB050
Geneld2el
Gene2672
Geneld322

Page(1 Jof234| b |

-5.78278722779815
7.10050324567181
1.84097063954614
4.96006717564777
-2.2609826167846
2.8848BB68773622
3.1428B894830092

7.66920103825944
2.03445035002976
8.65291950367125
6.93655936022684
7.20595832688266
7.82754661421219
6.86964019840253

]

2.80151278046494e-31
7.85182363409181e-30
8.64713841917363e-29
2.51934189828676e-28
9.2041741148182e-28

3.53105818705219%-27
1.03031920942848e-25

3.27328753269524e-27
6.14720445938191e-26
5.05165626448123e-25

1.1774396295833e-24
3.61977101191786e-24
1.17876811021479e-23
3.00956241074059¢-22

edger with design matrix

Runs

Returns statistics & plots




Example: PoC: RNA-seq

Part 01 (hg19)
15,690,000 15,700,000 15,710,000
; i'ne;"sll:‘arru n_starrnap;;e';d.b'ah

 How to get back to the reads?




Export: EGA

(2) reference to and retrieval of
raw data per sample

—

tranSMART
processed and clinical
data storage

p

raw data storage (3) selected batch of samples for processed data
upload in Galaxy (TralT)

Galaxy
data processing pipelines

(1) raw data upload (4) data access control per study
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