Extending Galaxy’s reach: recent progress towards
complete multi-omic data analysis workflows

Ea

Galaxy Community Conference 2015
July 8, 2015

Tim Griffin
University of Minnesota
tgriffin@umn.edu




Outline

A mass spectrometrist/protein biochemist’s winding
road to Galaxy awareness

The Galaxy-P project and “multi-omics”

Thoughts about the future




Starting point: an acknowledgement to the Galaxy team

Thank you to the Galaxy creators, core team
and community for your vision and hard work!




A journey towards Galaxy awareness...
Quantitative proteomics circa 2002
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Abundance ratio-dependent proteomic analysis by mass spectrometry. Anal Chem. 75 867-874

The speaker circa 2002




Proteomic data analysis circa 2002




On to the University of Minnesota.....

* Mass spectrometry-based proteomics data volume and complexity continues to
grow and so does needs for better computational tools

 Dabbling in developing our own software:

LTQ-iQuant: A freely available software pipeline for
automated and accurate protein quantification of

isobaric tagged peptide data from LTQ instruments
Proteomics 2010, 10, 3533-3538

Getiria Onsongo’, Matthew D. Stone®, Susan K. Van Rr’per‘g, John Chilton®, Baolin Wu®,
LeeAnn Higgins?, Troy C. Lund® John V. Carlis’ and Timothy J. Griffin?

* Sought out resources on campus:

UNIVERSITY OF MINNESOTA
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Our in-house workflow engine, circa 2008

A UNIVERSITY OF MINNESOTA
Supercomputing Institute

TI NT 1 : 4 John Chilton

TROPIX ProTlPF GaneTIP

Pratik Jagtap

The TINT portal is a web 2.0 GUI for interacting with a pipeline providing 3" party
tools for analysis of raw mass spectrometry data

“[TINT] has provided essential and enabling infrastructure for numerous projects
using mass spectrometry-based proteomics in the Griffin lab"
-- Dr. Tim Griffin, Department of Biochemistry, Molecular Biology, and Biophysics




All our problems are solved, right?
Not quite....

Myrimatch

ARTIST : G. RENEE GUZLAS

J

 New software for protein identification and quantification
continued to emerge...how to we integrate it into our pipeline?

GalaxyP




And...”multi-omic” approaches started to catch our eye
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So how do we solve our “big data” problems?

Extend TINT?
Something new?

Anne-Francoise Lamblin

UNIVERSITY OF MINNESOTA
SUPERCOMPUTING
INSTITUTE



The Galaxy-P project
I

* Define data types and operations and deploy basic tools for mass
spectrometry-based proteomics data analysis

* Focus on multi-omic approaches in proteogenomics and
metaproteomics

* Promote the use of Galaxy to a new user community

Galaxy-P working model
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Putting Galaxy to work in proteogenomics

(Mass spectra (RAW)

MGF Peaklist (MGF or mzml) ) P
msconvert Formatter | PR

Peptide Summary

‘\

Data Processing

EEEE— lllll

Spectral Matching
using ProteinPilot

-8

Ef; Peaklist generation

- @ Two-step database search
: Target
Database generation
Moo database Target-Decoy database
getORF 3 frame FASTA RS Splectral Ma.tch_ing T
transalated db Crlendnal using ProteinFilot : 3

> 2p] Acc HE 4 |Humen »3p|ace b 1]uman.
S aneens ee—— |
L raonoanprten G i

EnSEMBL cDNA %
tobse e 1) Database/peaklist e .
i . eptide Summary from
: generation module Second-Step Search
: 11) Database _
Protein Database  Human Protein 2
Downloader Database search module
. .
(= Short peptides (<30 aas R
. . pep!
111) Data filtering module T
fraauipermioss Peptides in
o Ay FASTA format @ Determination of putative  Data Processin
. . peptides e s
L Frams g meRTE R

s novel PSMs
e Q—r . e
BLAST-P Analysis »csr| Pepides 0 2 ]
Y T J
. l : (

~
Foink pepftes 1V) Genome visualization module
®Automated BLAST-P analysis (>30 aas)
General Transfer
Filter peptides Peaklist (mzml) Format file for ) o
with — Spectral Human genome Peptide to GFF Visualization in
mismatches to Tt | isualvation E convervsion genomic context
human NCBI = o m— : e
database. PEPtide spectrum Peptide to GFF .,—« O ——— —— ll: ——
match evaluation -

(PSME)

. i s . . . " o

S f teof tid
LA : Peptide Spectral Filtsing of Peptid o PSM quality metrics
Peptide Summary of new Match Evaluator Spectral Matching \_ o
\_ proteoform peptides. Metrics J
Journal of
proteome rresee
eresearch
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Analysis Using the Galaxy Framework 2014, 13, 5898—5908




Module 1 — Database generation : Playing to Galaxy’s strengths
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Sheynkman et al. BMC Genomics 2014, 15:703
http:/fwww. biomedcentral.com/1471-2164/15/703 BMC

Genomics

METHODOLOGY ARTICLE Open Access

Using Galaxy-P to leverage RNA-Seq for the
discovery of novel protein variations

Gloria M Sheynkman', James E Johnson?, Pratik D Jagtap>*, Michael R Shortreed', Getiria Onsongo?, Brian L Frey',
Timothy J Griffin®* and Lloyd M Smith'~"




Module 2 — Sequence database searching: global development
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Module 3 — Data Filtering/QC/Visualization
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Training and promotion activities

* A tool for training undergraduates to postdocs in bioinformatics:
» Students with computational or biological interests and those in-between

Galaxy P Students

* Promoting Galaxy-P to target user-communities:

.. American Society for

* Publication:
biotechnology

Multi-omic data analysis using Galaxy

Boekel,J., Chilton, J.M., Cooke, I|.R., Horvatovich, P.L., Jagtap P.D,
Kall, L., Lehtid, J., Lukasse, P., Moerland, P.D. and Griffin, T.J.
2015, 33: 137139




Where are we going?
Show biological value!!

 Lung disease proteogenomics and metaproteomics

e Ground squirrel proteogenomics

 Periodontal metaproteomics

e QOvarian cancer proteogenomics and metaproteomics
* mRNA regulation in cancer (proteogenomics)
 And always looking for more.....!!

New avenues in proteomics: Data-independent acquisition
Galaxy-M: metabolomics tools (in process)
Easier install for the non-expert: Docker containers etc.

Implementation of Galaxy-P on cloud resources: Globus
Genomics, Chorus

Extending the power of visualization and interpretation tools

GalaxyP




Some musings on extensions to our visualization plugin

 Automating biological interpretation and hypothesis-generation
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