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Outline of talk

Brief intro to PhosphoSitePlus (PSP)

Improvements in HTP data quality
— Reanalysis of in-house MS data

New tools
— Motif and logo analysis

Building networks using data
— Downloadable datasets

— Cytoscape plugin

— Building site-centric networks

* Enhancing didactic pathways
 |dentifying subnetworks represented in MS datasets
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Protein modification sites in PSP: HTP and LTP

Phosphorylation Site Statistics

Mon-redundant sites: 207,714
Non-redundant proteins: 19,453
Sites curated from literature: 104,191
All sites using site-specific {(S5) methods: 11,386
All sites using discovery-mode MS (MS) methods: 95,462
Sites using both 55 and MS methods: 5,488
MS sites observed at CST: 156,253
NMumber of curated papers: 14,197

Other Modification Site Statistics

Acetylation: 24,511 Caspase cleavage: 481
Di-methylation: 1,678 Methylation: 139
Mono-methylation: 3,407 Neddylation: 39
O-GlcNAc: 617 Sumoylation: 705

Tri-methylation: 231 Ubiquitination: 39,225



Distinguishing MS data on protein page

e Separate columns in site tables

* Options to hide sites with only 1 MS reference,
or less than 5 references total



Reanalysis of CST MS data

Peptide spectra being re-evaluated using improved
criteria:

— Ascore>13

— Better site localization

Less robust sites will be removed

Published sites are evaluated using similar criteria
when available



New tools

* Motif/Logo Analysis Tools

Substrate Page:

Substrates of fami

Protein GeneS

14-3-3 zeta YWHAZ
acinus ACIN1
acinus Acinl
acinus Acinl
ACLY Acly
ADRB2 ADRB2
Aktl AKT1
Aktl AKT1
Aktl Aktl
AMPKA1 Prkaal
AMPKA2 Prikaa2
APS Sh2b2
AR AR

AR AR
arfaptin 2 ARFIP2
ARHGAP22 ARHGAP!

BACKGROUND SELECTION

By Kinase Species By Modification Type By Amino Acid () Phospho Ser/Thr/Tyr

D human @p Phnsphnwlation Ds O Phosho Ser,,-‘Thr
Ol rat gr () Phospho Tyr
[ mouse (O Acetyl Lys

O From input sequences

(*) Automatic selection

220 input sequences

www . phosphosite.og




Motif/Logo analysis
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* Motif/Logo Analysis Tools

Motif Analysis Generators Sequence Logo Generators

Foreground data set: submit prealigned sequences of 15
residues or less (15, 13, 11, etc). The modification site needs to

be centrally located for correct statistical analysis.

Paste Sequence Data:

Upload Sequence File:

Browse. ..

Motif Analysis Generator Settings

Title:
Algorithm:

Background based on:

Significance:

Support Threshold:

Upload Backaroumnd:

(® MotifAll

() phSer Proteins
() phTyr Proteins
® Automatic Selection

le-06
E.g. 1e-06 or 0.000001

0.05

(O Exhaustive 1-2 AA

(0 phThr Proteins
() acLys Proteins
() UbLys Proteins

Motif & Logo Analysis Tools

Motif Analysis Generators Sequence Logo Generators

Foreground data set: submit prealigned sequences of 15
residues or less (15, 13, 11, etc). The modification site needs to

be centrally located for correct statistical analysis.

Paste Sequence Data:

Upload Sequence File:

Browse...

PSP Logo Generator Settings

Title:
Logo Size per Line:

Background:

Algorithm:

First Position Number:

Logo Range:

) Phospho Ser
O Phospho Tyr
() From input sequences

(®) PSP Production

1

O Phoshe Thr
O Acetyl Lys
() Ubiquityl Lys

() Freguency Change



PSP data content provides interactions at the PTM level:
Site-centric networks
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Exploiting site-specific data in PSP

* Most interaction databases are protein-centric (e.g., protein-protein
interactions)

* Data curated in PSP is unique in providing interactions at the modification
site level

* Opportunity for more granular analysis of signaling networks; may provide
greater insight into biological processes and disease



Exporting site-specific data for analysis
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A PROTEIN MODIFICATION RESOURCE

Jul 2012 Download Datasets of Regulatory or Disease-Associated Sites.

Dec 2011 Download "PhosphoSutePlus. a comprehensive resource...” in

..... . ol

Modlﬁcatlon sites that regulate cellular processes, molecular functions and
molecular interactions. Metadata includes sequences, PMIDs, curator's notes, etc.

Jul 2011 Download PyMOL & Chimera Scripts from the Structure Viewer

Modification sites that correlate with specific disease states. Metadata includes
sequences, PMIDs, curator's notes, etc.

|| —————————————— >
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ML Reprints, References, Supplemental Tables Other Modification Site Statistics
) Acetylation: 23,778 Caspase cleavage: 481
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PhosphoSite plugin for Cytoscape
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PhosphoSitePlus

ytoscABEMZICIIESTt View Select Layout Plugins '\‘ PhosphoSitePlus

MO0 | New
H& E Open

Control Pan| Save

Export

Print...

Quit

Save as...

~8 -
E-m?i.ﬁ—l
Network | Network (Mul

Recently Opened

> Network from
> Network from

~P Node Attribut
N Attribute fron
Q Edge Attribut

Ontology and
Attribute /Exp
Vizmap Prope

Import attribt
Import Attribt

HyperEdge Sa

PhosphositePlus =

Key Attribute in Cytoscape

Attribute: [ ID 3
Data Type: = Gene symbol =
Options

E Map selected nodes only

E Add PhosphoSitePlus upstream kinases
E Add PhosphoSitePlus upstream treatments
E Add Phospho5itePlus related diseases

000

Reset { cancel ) ( Import )

P




PSP plugin builds protein-centric network
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PSP data content provides interactions at the PTM level:
Site-centric networks
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p53 site-specific network
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Using metanodes to simplify visualization
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Site-centric PSP network

nodes:

e 23,919 sites (only “annotated” subset)
* 17,716 proteins

* 1,473 treatments

109 diseases

e 26 effects on function

* 34 effects on process

edges:
e 91,569 from PSP
e 72,174 from external DBs* (GeneMania plugin)



Entire site-centric network




A didactic pathway

AMPK Signaling

E - @lﬂ% éran Insulin
Leptin ) Low Glucose, Racaptar
H | i 5 e
) L] i
L

vL (-Adrenargic Histamine  Hypoxia, Ischemia, AICAR]
Receptor Thrambin Heal Shock tarmin

Glucose Adiponectin

[ATP] |
l [Fhosphocreatineg]

Gluconeogenesis
Expression of
Mitochondrial Cardiovascular

Genas in Muscle l Homeostasis

Aging

SterolTsoprenaid L

- ¥ Hepalic Faity | .
Synthesis Fatty Acid Acid and Lipotysis
Owidation  VLDL Synihesis

Lipid Metabolism
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Representation in Cytoscape (protein-centric)




Site-centric representation (w/ metanodes)




Site nodes contain modsite sequences as attributes

Data Panel
E |_~] Ov O =
Ov O [
H_PROTEIN-MODSITE MMER
eEF-2 T59-p GETRFTDTREDEQER  «
eEF-2 T5Y-p RAGETRFTDTRKDED +
eEF-2 K498-u AHMMBEVMEFSVSPAWY
eEF-2 Y579-p KSDPYWWVSYRETWSEE i
eEF-2 T435-p RIMGCPNYTPGEKEDL
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Querying network using peptide sequences in
dataset

Input: List of peptide sequences from MS dataset

RCytoscape to select nodes with matching sequence
(node attribute)

— site nodes, or metanodes including sites
Highlight site nodes in didactic pathway
|dentify relevant subnetworks from entire network



Insulin-regulated sites




Insulin-responsive sites




Downstream effects of PTMs




Disease subnetwork




Disease subnetwork




Challenges

* Managing visual complexity of site-centric networks

e Refined tools
— Defining metanodes globally
— Programmatic matching of peptide and site sequences

* Test hypothesis that site-based networks have
greater analytical/predictive power
— functional analysis (e.g., GO enrichment)

— disease driver identification
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