Proteomics Visualization in Galaxy
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The Goal

* Provide interactive exploration and
visualization of proteomics data

* Deploy as Galaxy Visualization Plugin
* This eliminates building, configuring and
maintaining a server instance for

visualization.
* REST, Ajax and HTML5 compliant.




Galaxy Visualization Plugin

e config
e associates the plugin with datasets
* templates
* template to generate a webpage
» static (optional)
* javascript to which can communicate
with the galaxy server to interactively
retrieve data from a dataset
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* Proteomics complements genomics/transcriptomics
* Direct information on molecular “effectors” of cell functions (enzymes, transporters etc.)

* Properties not predicted by genes/transcripts (PTMs, protein complexes etc.) GalaxyP




Mass Spectrometer
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Mass Spectrometer Output

Peak Lists
Mass/Charge Intensity
112.087204 72.720093
115.086487 217.396378
120.080681 63.673885
121.927612 47.203938
126.055283 176.274216
127.086617 229.260223
129.067535 70.479492

129.102478 2281.949707




Information “currency” of MS:
mass spectra
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Protein identification by MS

Peptide fractionation coupled to tandem mass spectrometry (MS/MS)

peptide
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proteins peptides
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“MS2” or “MS/MS” spectrum
records masses of peptide
fragments

“MS1” spectrum records masses of
intact peptides
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Proteomics Identification Workflow
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Shotgun Protein Identification

protein protein
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Protein
level

enzymatic ‘ peptide
digestion . ' grouping,
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Peptide
level
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Slide from Alexey Nesvizshkii talk at http://www.scivee.tv/node/12671

INPUTS : PEAKLISTS and SEARCH dm PEPTIDESHAKER



Proteomics Formats

Peak Lists , :
Peptide Spectral Protein
Matches Search
mzML
Database
........ mzldentML
mzML A"
4 fasta
pepXML
mgf protXML




Proteomics Visualization Plugin Issues

* Proteomics file formats are often large XML files
* Data spread across multiple datasets
* |dentification formats use references to data
in other files:
e.g. their file paths in the temporary job
working directory on the compute node

which ran the application
* Relatively slow to examine, not interactive,

especially for filtering and aggregating values




Solution: Aggregate into SQlite DB

mzML mzldentML j--....
l A fasta
\
mzML Galaxy Tool
mz_to sqlite
A8 /

qgueryable via a galaxy dataprovider python function.
Perfect for a visualization plugin.

All data is consolidated in a single dataset ﬁle,\
SQLite




Proteomics MzSQlite Datatype

* New Galaxy datatype: mz.sqlite
* Extends generic SQlite datatype, with a
proteomics specific schema
 Schema based on MzldentML and mzML
format specifications
 (Can use the REST-like SQlite dataproviders
which return table results for SQL query
requests from the browser




Proteomics Visualization Plugin

Provides tables to view proteins, peptides,
and PSMs (Peptide Spectral Match)

Want to search, filter, and sort tables
Selecting items in a table, filters the other
tables to only display related items
Selecting a PSM opens a lorikeet spectral
viewer for examining the match.

Hovering over a protein accession opens a
orotein coverage display.

GalaxyP




Proteomics Visualization Plugin
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Proteomics Visualization Plugin
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Proteomics Visualization Plugin
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Proteomics Visualization Plugin
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Proteomics Visualization Plugin
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The Client Code

* A JQuery Javascript library plugin.

* This minimizes Javascript library bloat.
We have Jquery, JQuery-Ul, and JQuery
Data Tables libraries for the core
functionality

 We use additional libraries for add-on
'widgets'. For example, Lorikeet MS/MS
spectrum viewer.




The Client Code Design Decisions

Generate SQL queries to retrieve data
Manage paging, sorting, and filtering in the
construction of the SQL queries

Use DataTables to display query results

* Popular —used in RStudio

* Active developer community

Provide multiple starting views on the data

Selecting items in a display generates
events to display or filter other items




Scaling Up

The web browser is not happy managing
500K rows of data. Who knew? Right?
DataTable can handle data pagination
client-side or server-side.

But, we want to keep the Galaxy Data
Provider simple

So where to handle server-side pagination?




DataTables Server on the Client

 DataTables allow us to point to a function for server-
side Ajax calls: DataManager.ajaxDataProvider().

* Our client code adheres to the DataTable server-side
communication protocol, queries the Galaxy data
provider via the API then packages a response adhering
to the DataTable communication response protocol.
(https://datatables.net/manual/server-side)

 The client code is now highly responsive even when
scaled to large data sets.
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