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Rationale — Journal information
Nature 407(6805):770-6.The Biochemistry of Apoptosis.

“Caspase-8 is the key initiator caspase in the death-receptor pathway. Upon ligand
binding, death receptors such as CD95 (Apo-1/Fas) aggregate and form membrane-
bound signalling complexes (Box 3). These complexes then recruit, through adapter
proteins, several molecules of procaspase-8, resulting in a high local concentration of
zymogen. The induced proximity model posits that under these crowded conditions,
the low intrinsic protease activity of procaspase-8 (ref. 20) is sufficient to allow the
various proenzyme molecules to mutually cleave and activate each other (Box 2). A
similar mechanism of action has been proposed to mediate the activation of several

other caspases, including caspase-2 and the nematode caspase CED-3 (ref. 21).”

How can | access the pathway
described here and reuse it?



Rationale - Figures A picture paints a

thousand words...
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Procaspase-3 1

Apo! pt otic substrates Nature. 2000 Oct
12; 407(6805 ):770-6.
The biochemistry of apoptosis.



Reactome Is...

Free, online, open-source curated
database of pathways and
reactions in human biology

Authored by expert biologists,
maintained by Reactome editorial
staff (curators)

Mapped to cellular compartment




Reactome Is...

Extensively cross-referenced  Entrez Gene
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Tools for data analysis —
Pathway Analysis,

Comparison

Used to infer orthologous
events in 17 other species




Theory - Reactions

Pathway steps = the “units” of Reactome

= events in biology
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Reaction example 1: Enzymatic




Reaction example 2: Transport

R-HSA-5694462.1




Other reaction examples

Dimerization
Binding

Phosphorylation



Reactions connect into Pathways

CATALYST CATALYST
O O
l 1 CATALYST
O » O » O
INPUT  OUTPUT INPUT  OUTPUT l
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INPUT OUTPUT




Evidence - Inferred Reactions

Direct evidence
PMID:5555 PMID:4444

v v
Human pathway 4 4
MID:8976 —» Indirect evidenc
mouse

<4 PMID:1234

cow




Primary external sources

Gene Ontology
Molecular Function
Compartment

Biological Process

ChEBI — small molecules

UniProt — proteins

Ensembl — genes and transcripts
PubMed — literature evidence for events



Curation
« 52.6% of the 20,296 predicted human protein-coding genes

20000 — M proteins
W small molecules
B reactions
¥ 15000 — [ references
» Human content in numbers® &
& 10000 (-
11896 ul

Reactions 0 duls |
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Covering 2222
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Literature
References

* June 2018



Data Curation Process

Experts Curators Reviewers
(recruited) (staff) (recruited)

* Pathways authored and reviewed by expert biologists

* Curator works with Author to represent knowledge in Reactome data
structure

* All new pathways are internally reviewed within Reactome
* New pathways sent for Review by another expert
* New data release every 3 months
* Regular Pathway updates.
o ind d:ed as attributions for Reactome content
— For visibility of expert contributions (authors, reviewers and curators).



Data Expansion — Projecting to Other Species

Human
B>
@ + ATP > @.-P + ADP
Mouse
B>
@ + ATP > @.p + ADP
Drosophila
% + ATP Reaction not
projected

No orthologue - Protein not projected



Species Selection
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= Event Hierarchy:

@ =% Y Cell Cycle
@ =24 U Cell-Cell communication

@ =fa Y Cellular responses to stress

® =%a Y Chromatin organization

® =% Circadian Clock

@ =fa Developmental Biology

@ =%. U # Disease

® =% Y DNA Repair

® =2 DNA Replication

@ =%a Y Extracellular matrix organization
*%1 Y Gene Expression

® =% Y Hemostasis

® =24 Y Immune System



Disease annotation in Reactome

Three main areas:

Infection (eg. HIV, influenza, botulism)
microbially-expressed proteins

Cancer (eg. EGFR, FGFR and NOTCH signalling)

altered protein functions

Metabolic diseases (eg. mucopolysaccharidoses,

phenylketonuria, vitamin metabolism abnormalities)
altered expression of proteins



Disease display in Reactome - Infection

(=]

R

Influenza virus life cycle: budding




Disease display in Reactome —

Altered protein function in Cancer
Constitutive Signaling by AKT1 E17K in Cancer

= 7 \ g




Disease display in Reactome —
Loss of function in metabolism

Phenylketonuria




Downloads

Small(ish) sections from Pathway Browser as text, PDF, etc.

Entire database content (and software) from Downloads
page (linked to Homepage).

Reusable standard formats BioPAX & SBML
lllustrations and icon library

UniProt to Pathways

GO annotations

Protein-Protein interaction pairs - Interactions between
proteins in the same complex, reaction, or adjoining reaction



Coverage — Content, TOC
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Reactome Tools

Interactive Pathway Browser

Analysis
Over-representation
Pathway topology
Expression overlay

Molecular Interaction overlay
Species Comparison
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Q Why Reactome ¥ Tweets

Reactome is a free, open-source, curated and peer reviewed pathway database.
Our goal is to provide intuitive bioinformatics tools for the visualization,

reactome @reactome

interpretation and analysis of pathway knowledge to support basic research,
genome analysis, modeling, systems biology and education. The current version
(v62) of Reactome was released on September 27, 2017.
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The Pathway Browser

Home

# reoctome 33

%2 Event Hierarchy:
¥ Cell Cycle
‘; Cell-Cell communication

'¥¢ Cellular responses to external stimuli
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%, Vesicle-mediated transport
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Displays details when you select an item in the Pathway Browser. For
example, when a reaction is selected, shows details including the input
and output molecules, summary and references containing supporting
evidence. When relevant, shows details of the catalyst, regulators,
preceding and following events.

| Detail Panel |

[ Export

Settings
Sidebar
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Extracellular
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Pathway Overview
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Edges = shared pathways
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Zoom in for pathway names
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Hierarchy Panel

U Cell Cycle

© =5 Y Cell-Cell communication

Y cell junction organization

= Signal regulatory protein (SIRP) family interactions % Pathwa
“%1 DSCAM interactions y
= Nephrin interactions

=52 U Cellular responses to stress J-). Re a Cti O n

= Y Chromatin organization

=%\ Circadian Clock A=+l B I aCk- bOX

= Developmental Biology

I » Inferred from

=% U DNA Repair -

=%1 DNA Replication N N

=% Y Extracellular matrix organization eW
=% U Gene Expression

N U Updated

Y Immune System

I % Disease
=1 Y Metabolism

= Y Metabolism of proteins

=%1 Muscle contraction

%1 Neuronal System

"3 Organelle biogenesis and maintenance

U Programmed Cell Death

= Reproduction

S Signal Transduction

‘g Y Transmembrane transport of small molecules

= U Vesicle-mediated transport



The Pathway Browser - Pathway Diagrams

Ovals are small molecules (or sets of)
Green boxes are proteins,
Blue are complexes,

Blue with double-boundary are sets Regulation

Inputs +ve -ve

_
Reaction node cofacton J / \H

Catalyst [veu ® \_ /

Compartment & Outputs @

SNE A

protein alpha | G-protein
TP Ardamdata P

i | |
S ——
m =

Transition Binding Dissociation Omitted Uncertain




Navigating in the Pathway Browser

Home button |

rT——
. Q @ @ \\ kY

"% Event Hierarchy:

@ 5. Y Cell Cycle

@ <% Cell-Cell communication

@ <% Cellular responses to external stimuli

® <%u Chromatin organization

® %4 Circadian Clock

® <. Y Developmental Biology

® <% Digestion and absorption

® <%, * Disease

@ <Zu DNA Repair

@ =Z. DNA Replication

@ =%u Extracellular matrix organization

@ <fs Y Gene expression (Transcription)

@ %a Hemostasis

@ <f. ¥ Immune System

@ %4 U Metabolism

@ <§. Metabolism of proteins

@ <54 Metabolism of RNA

® o5 Mitophagy

@ “%a Muscle contraction

@ <f. Neuronal System

® Organelle biogenesis and maintenance

® <. Programmed Cell Death

® <. Reproduction

e
@ 5 Signaling by Receptor Tyrosine Kinases
® =4 Signaling by TGF-beta family members
® "%, Y Signaling by GPCR
o %

@ %4 Pre-NOTCH Expression and Processing
© <% Signaling by NOTCH1

© % Activated NOTCH1 Transmits Signal to the Nuclet

J* » NOTCH?1 binds DLL1
J* » NOTCH?1 binds DLL4
* » NOTCH?1 binds JAG1
F* NOTCH1 binds JAG2

B » Ubiquitination of DLL/JAG ligands upon bin¢
= » Complex of NOTCH1 with its ligand is cleav

F* M NEXT1 is cleaved to produce NICD1

B M NICDA1 traffics to nucleus
F* DTX binds NOTCH1

= » Contactin-1 (CNTN1) binds NOTCH1
"*' » Cleavage of CNTN1:NOTCH1 complex rele:

. an

»

="

"“N

'31

e,
[
hm‘. &m“¥%
ey
L]
- @
Soratng b'"‘%,,
() Signal
Transduction

E

DOI

SU/REA
Summation

The Notch Signaling Pathway (NSP) is a highly conserved pathway for cell-cell communication. NSP is involved in the regulation of cellular differentiation, proliferation, and specification.
For example, it is utilised by continually renewing adult tissues such as blood, skin, and gut epithelium not only to maintain stem cells in a proliferative, puripo!em, and undifferentiated state

but also to direct the cellular progeny to adopt different developmental cell fates. Analogously n is used dumg embryonlc develomnem to create ﬁne—ganed patterns of differentiated cells,

notably during neurogenesis where the NSP controls patches such as that of the vertebrate arting cells.

This process is known as lateral inhibition: a mol nism by individual c ates and the NSP inhibits their
direct neighbours from doing the same. The NSP has been adopted by several other bio Iso used during veriebrate
segmentation to divide the growing embryo into regular blocks called somites which eve r pulses of Notch signaling
generated from a in the

The Notch receptor is synthesized in the rough endoplasmic reticulum as a single polype y cleaved in the trans-golgi
network, creating a heterodimeric mature receptor comprising of non-covalently associat to the cell surface ready to
interact with specific ligands. Following ligand activation and further proteolytic cleavage, . & where it regulates gene

expression.
» Background literature references...

°
&2
2

»




Navigating in the Pathway Browser

@35
¥ reactome

% Event Hierarchy:
@ < Y Cell Cycle
@ < Cell-Cell communication

@ . Cellular responses to external stimuli
@ % Chromatin organization

@ “%. Circadian Clock

@ <. ¥ Developmental Biology

@ <. Digestion and absorption

@ <%, * Disease

@ *£. DNA Repair

@ *%. DNA Replication

@ % Extracellular matrix organization

@ 5. U Gene expression (Transcription)
@ <. Hemostasis

@ <%. Y |mmune System

@ %4 Y Metabolism

@ <. Metabolism of proteins

@ <%, Metabolism of RNA

@ <% Mitophagy

@ <% Muscle contraction

@ <f. Neuronal System

® % 0 i is and

@ “%. Programmed Cell Death

@ <%. Reproduction

sy
@ <% Signaling by Receptor Tyrosine
@ <% Signaling by TGF-beta family me
@ =% ¥ Signaling by GPCR
o

@ “%. Pre-NOTCH Expression

ER- A signaling by NOTCH1

EE A Activated NOTCH1 Tralismits Signal to the N

® % Signaling

@ “F NOTCH1 | llular Domain Regulates Transcri|
@ . Signaling

vl
Intracellular Domain Regulates Transcription

Selected

O oescrption | 4, wolecues | B swmctres | & expression | i anaysis @ powniosss

»

@ <. Signaling by NOTCI
@ <. Signaling by WNT
@ <%, Signaling by Hippo
@ <. Signaling by Hedgehog
@ <24 Signaling by Leptin
& <% Integrin signaling
@ =22 Signaling by Nuclear Receptors
& %4 MAPK family signaling cascades

Mature NOTCH1 heterodimer on the cell surface is activated by one of its ligands: DLL1 (Cordle et al. 2008, Jarriault et al. 1998), DLL4 (Benedito et al. 2009), JAG1 (Li et al. 1998,
Benedito et al. 2009) or JAG2 (Luo et al. 1997, Shimizu et al. 2000), expressed in trans on a neighboring cell. Thus, a ligand-expressing cell is a signal-sending cell, while the NOTCH1
expressing cell is a signal-receiving cell. If NOTCH1 has undergone Fringe modification in the Golgi, it is preferentially activated by Delta ligands (Yang et al. 2005), DLL1 and DLL4.

Upon binding to NOTCH1
endocytosed (Koo et al. 2007,
stretch the bound NOTCH
al. 2002, Pan et al. 1997).
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Pathway Diagram Viewer

Zoomed-out view
* Subpathway boxes
* No glyph labels, No trivial molecules

o

L — T
)
The c retinoid ¢ [z twilight
vision)| s
& 5
C

(s )

Close view
 Glyph labels

« Trivial molecules and interactor summary appear

[ Closer view

Stoichiometry shown

Node attachments appear

Interactors show gene or chemical name

Zoomed-in view
 |nteractors show structures and details

« Diagram proteins, chemicals extra info




Contextual Information Panel

IPin/Unpin
Names/li)}

‘ '& HSP27 oligomer [cytosol]
Molecules F-actin [cytosol]

\

-

HSP27 oligomer:F-actin




Colour Profiles
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Export Diagram

(@) Export diagram to image

(;BDownload as PNG ¢ Upload to GenomeSpace

[R-HSA-5617833]...pptx A




Show lllustration
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=Event Hierarchy: ASSEMBLY OF THE PRIMARY CILIUM
CILIOGENESIS INTRAFLAGELLAR TRANSPORT AND CARGO TRAFFICKING

“HiEffects of PIP2 hydrolysis “ -,.}
'¥-Response to elevated platelet cytosolic Ca: R?&le-ﬁ EAETOAT"E
“EiFormation of Fibrin Clot (Clotting Cascade) R R AAAT

=iDissolution of Fibrin Clot

";Cell surface interactions at the vascular wall

IEEL 2R
3aVHO0NLIY

=iFactors involved in megakaryocyte developme
=5 mmune System
%Mitophagy
=5 Metabolism
=£:UMetabolism of proteins
“fiMuscle contraction
“£¥Neuronal System
s
=£iMitochondrial biogenesis
=fiMitochondial translation

C] Assembly of the primary cilium
. .
=HxAnchoring of the basal body to the plasma | Descripﬁ - 4, Molecules difi Analysis D Downloads

&Cargo trafficking to the periciliary membran:

v

4 >

%Intraﬂagellartranspon Analysis results are shown here when an analysis has been run. To

1+ ATAT acetylates microtubules start an analysis, click on the Analyse Data button in the top bar.
PHDACS deacetylates microtubules
e &“Programmed Cell Death
%“Apoptosis
"gRegulated Necrosis
"Si:Reproduction

e %"Signal Transduction
« I »




The Details Panel - Overview

@ Description 1
3= Collagen type | binds integrin alphaibetat, alpha2beta1, alpha10betal ]_[ Species: Homo sapiens

Summation

Integrin alphatbetat binds to collagen type IV and VI with higher affinity than to types I-lll, whereas alpha2beta1 has a higher affinity for collagen
types I-1ll than for type IV. Integrin alpha10beta1 binds collagen types I, IV, and VI with similar affinities (Tulla et al. 2001). Integrin alphaiibeta1l
binds preferentially to the fibril-forming collagen types | and I, binding to type IIl is weaker and collagens IV and VI are poor ligands (Zhang et al.
2003).

B a C kg ro u n d Binding to collagen type | occurs at sites corresponding to the six-residue sequence G(F/L)OGER (Knight et al. 1998, 2000, Xu et al. 2000).

Integrin alpha2beta1 is the major platelet collagen receptor (Kunicki et al. 1988). It requires Mg2+ to interact with collagen and may require initiation
mediated by the activation of Integrin alphallbBeta3 (van de Walle 2007).

» Background literature references...

S e I e Ct '";3 Collagen type | fibril [extracellular region] P R e V e a I

| ]
EJ Mg2+ [extracellular region] ® D eta I I S
EJ Integrin alphaibeta1, alpha2beta1, alpha10beta1 [plasma membrane] P
Output
iJ Integrins alpha1beta1, alpha2beta1:Collagen type | fibril:Mg2+ [plasma membrane] <P
Cellular compartment
extracellular region P
plasma membrane P
Inferred from another species
O t h I tJ Collagen type | binds integrin alphaibeta1, alpha2beta1, alpha10beta1 [Homo sapiens, Rattus norvegicus] P
rtnoiogues | |...
Geiger, B, Horwitz, R, 2008-05-07 08:30:32 <y
Reviewed
K I n t t Yamada, K, Humphries, MJ, Hynes, R, 2008-05-07 08:53:37 P
ey I e ra u re Ricard-Blum, Sylvie, 2013-08-13 P
Revised

Jupe, S, 2013-08-13 -y




|3 pescripon |4, Molecuies | I} Structures %% | ¥ Exprossion | _ifl Analysis | & Downiosds

UniProt: P17301ITGA2 Chain: C Resolution: 1.9 Coverage: 0.174 PDB Range: [1, 200]
UniProt Range: [167, 366]

Rgle. |
o EEEDrEE
L

» All other structures for P17301

- ChEBI Name 3-phospho-D-glyceroyi dihydrogen phosphate
A »
&gg‘ 9\&, . ChEBI ID CHEBI: 16001
s 3 % d oH oK N _ )
- . ﬁ s . Ip e Definition The (R)-enantiomer of 3-phosphoglyceroyl dihydrogen phosphate.
I
L 0 OH 0 Stars W
» All other struct Secondary ChEBI IDs CHEBI:1658, CHEBI:11881, CHEBI:20189
. RNA-seq of coding RNA from tissue samples of 122 human individuals representing 32 different tissues
Showing 4 genes: @ Select genome browser to view tracks v Download =+

Expression level in FPKM

S (\ GUCY1A2

K s GUCY1B3
2'5 | STRN4
. ®

GUCY1A3

See more expression data at Expression Atlas.
This expression view is provided by Expression Atlas.

Please send any queries or feedback to arrayexpress-atlas@ebi.ac.uk.



Understanding gene lists...Reactome Tools
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Analysis
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Find Reactions, Proteins and Pathways
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Pathway Browser Analyze Data ReactomeFIViz Documentation

Visualize and interact with Reactome Merges patn ey

viological pathways over-representation, and expression patterns rel @35
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& mapping, Designed to find pathways and network Information to browse the database
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" Event Hierarchy:

8 'E Y Cell Cycle (23/620) FDR: 6.24E-3
8 '¥- Cell-Cell communication (7/130) FDR: 3.14E-2

® <% Cellular responses to external stimuli (20/482) FOR: 4.1E-3
@ *fa Chromatin organization (6/241) FDR: 2.79E-1

8 % Circadian Clock (2/68) FDR: 3.52E-1

@ f v Developmental Biology {37/1,049) FDR: 8.42E-4

® % Digestion and absorpfion {1/27) FDR: 3.89E-1

® <%, # Disease (62/1,143) FDR: 2.43E-13

8 "I’- DNA Repair (11/294) FDR: 4.8E-2

® % DNA Replication (1/108) FDR: 8.62E-1

@ =fu Extracellular matrix organization (17/201) FDR: 5.84E-4

8 'E Y Gene expression (Transcription) (42/1,422) FDR: 6.39E-3
® “%a Hemostasis (36/743) FDR: 1.77E-6

@ <fs ¥ Immune System (75/2,344) FDR: 3.09E-6

@ *fu Y Metabolism (26/2,106) FDR: 9.92E-1

8 '¥- Metabolism of proteins (31/2,011) FDR: 8.73E-1
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® =%a Metabolism of RNA (4/673) FDR: 9.99E-1
@ “f Mitophagy

8 'E Muscle contraction (1/205) FDR: 9.77E-1
@ =« Neuronal System (7/370) FDR: 5.15E-1
® % Organelle biogenesis and maintenance (4/297) FDR: 7.93E-1
® Programmed Cell Death (6/175) FDR: 1.03E-1

8 '¥- Reproduction (5/114) FDR: 8.72E-2
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e
@ Signaling by EGFR (8/42) FDR: 2.7E-5
® % Signaling by FGFR (12/94) FDR: 4.38E-6
@ 5 Signalling by NGF (12/178) FDR: 1.24E-3
& giid y Insulin receptor (14/8 .
S
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¥ (PDGF-AA clevage by Furin |
¥ (PDGF-BE clevage by Furin )
¥ (PDGF-AB clevage by Furin )

**' Release of novel PDGFs as latent factors

¥ Extracellular processing of novel PDGFs

¥ (PDGF binds to extracellular matrix proteins |

** [PDGF dimer binds two receptors simultaneously

P [Autophosphorylation of PDGF beta receptors | -
« I 4

 Results for: unProT (214) ¥ | [ Type: Overrepresentation | [ [Data: GBM Uniprof] |
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Results Identifiers not found: 20

Entities Entities Entities  Entities Entities Reacti Reacti Reacti
Pathway name found Total ratio pValue FDR found total ratio Species name
gITanmmy oy EMTEUrTTS ) TTU T T.00C-10 T.OZE- 13 TIE 00U UUES TYOTTO DW

Disease 62 1,143 0.104 1.67E-15 2.43E-13 275 891 0.082 Homo sapiens
PIP3 activates AKT signaling 30 264 0.024 2.11E-15 27E-13 32 87 0.008 Homo sapiens
Negative regulation of the PI3K/AKT network 21 110 0.01 2.66E-15 3.04E-13 4 10 0.001 Homo sapiens
Signaling by FGFR in disease 17 72 0.007 4.66E-14 4.76E-12 74 106 0.01 Homo sapiens
Constitutive Signaling by Aberrant PI3K in Cancer 17 74 0.007 7.19E-14 6.69E-12 2 2 0 Homo sapiens
PISP, PP2A and IER3 Regulate PI3K/AKT Signaling 19 103 0.009 1.09E-13 9.27E-12 2 7 0.001 Homo sapiens
Cytokine Signaling in Immune system 52 920 0.084 1.35E-13 1.06E-11 150 601 0.055 Homo sapiens
Signaling by SCF-KIT 14 44 0.004 1.67E-13 1.22E-11 33 36 0.003 Homo sapiens
Signaling by VEGF 19 106 0.01 1.79E-13 1.22E-11 42 83 0.008 Homo sapiens
VEGFA-VEGFR2 Pathway 17 97 0.009 4.98E-12 3.19E-10 39 77 0.007 Homo sapiens
Insulin receptor signalling cascade 0.005 7.31E-11 4.39E-9 15 25 0.002 Homo sapiens
Signaling by PDGF 13 59 0.005 1.11E-10 6.32E9 25 28 0.003 Homo sapiens ll
IRS-mediated signalling eI 0005 2.81E-10 1.44E-8 4 9 0007  Homo sapiens
Signaling by FGFR1 in disease 1 40 0.004 3.16E-10 1.52E-8 35 35 0.003 Homo sapiens ~
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% Event Hierarchy:

-+ Signaling by Insulin receptor (14/81
Wh Slgnalng by PDGF (13/59) FOR: 6.32E-9
» [m
3 (PDGF-BB clevage by Furin )
P+ (PDGF-AB clevage by Furin )
** Release of novel PDGFs as latent factors

P Extracellular processing of novel PDGFs

P* (PDGF binds to extracellular matrix proteins )
**' (PDGF dimer binds two receptors simultaneously
P+ (Autophosphorylation of PDGF beta receptors )

3 (Autophosphorylation of PDGF alpha receptors

3 (Autophosphorylation of PDGF alphalbeta recep'

© i Downstream signal transduction (10/30) FOR: 1.52
P (PI3-kinase binds to the active receptor |
P (PI3K catalyses the phosphorylation of PIP2 t

Pathways for. Homo sapiens v
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P+ (PLC-gamma binds to the active receptor )
* (Phosphorylation of PLCgamma by PDGFR |

P (Activated PLC gamma dissociates from the F

g [§H2 domain of Src binds to the active recept

P* (Activation of Src

b (SHP2 binds to the active receptor )

}* (GAP binds to PDGF-beta receptors only )
P (Grb2/Sos1 complex binds to the active recep
P (Sos-mediated nucleotide exchange of Ras (F
> (STAT binds to the active receptor )

P (Crk binds to the active PDGF receptor )

F* (p130Cas and C3G bind PDGFR bound Crk |
* (Nck binds to the active PDGF receptor )

+* (Grb7 binds to the active PDGF receptor )
« I

 Results for: unPROT (914) v | [ Type: Overrepresentation | [ [Data: GBM Uniprot] | Result
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Entities Entities Entities  Entities Entities Reactions  Reactions Reachons
Pathway name found Total ratio pValue FDR found total ratio Species name
> - : ;
Negative regulation of the PI3K/AKT network @ Description -‘. Molecules 13 Structures ,§’ Expression il Analysis 214 @ Downloads
Slgnalhg by FGFR in disease [ Results for: UNIPROT (914) ¥ ] [ Type: Overrepresentation ] [ [Data: GBM Uniprot] ] ‘ Results.
Entities
Constitutive Signalin: Ab(l 4 A
9 by 0 Pathway identifier Pathway notfound
PI5P, PP2A and IER3 Regul R-HSA-5663202  Diseasesofsig 095831
X . . 3 R-HSA-9006924  SignalingbyR¢|  QaIWV1
Cytokine Signaling in Immui RHSA-2219528  PI3K/AKT Signi
R-HSA-162582 Slvlll Transdu, Q13214
Slgnahg by SCF-KIT R-HSA-9006925 Intracellularsi'|  P35716
. R-HSA-449147 signaling by I
Signaling by VEGF R-HSA-1643685 mse:s:s " S;:::zz
R-HSA-1257604 PIP3 activates
VEGFA-VEGFR2 Pathway RHSA 199418 Negativeregy | Q16799
" . R-HSA-1226099 Signaling by F(
Insulin receptor signalling ca; B{hsa-22195%0 [constutes Q8IZT6
Signaling by PDGF RHsA6g11SSs  Pisp,PP2Aang 06455
R-HSA-1280215 Cytokine Signa.  Q9HOK1
IRS-mediated signalli RHSA-1433557 _ Signaling by S
signalling 16 R-HSA-194138 signaling by VI QOH1R3
Signaling by FGFR1 in disea 17 r-+sa-4420097 VEGFA-VEGFR;  Q8TF68
- R-HSA-74751 Insulin recep
A ) '
R-HSA-112399 IRS-mediated M4 1-200f20 » »
v (1] 2 resun| £ mapping| rroasemm:  soamrord v
R-HSA-186763 Downstream signal transduction 10 30 0.002724 3.31E-10 1.52€-08 16 16 0.001472
R-HSA-6785807 Interleukin-4 and 13 signaling 16 111 0.010078 3.59€-10 1.58E-08 24 46 0.004231
R-HSA-74752 Signaling by Insulin receptor 14 81 0.007354 4.75€-10 2.00E-08 23 34 0.003127
R-HSA-2428928 IRS-related events triggered by IGF1R 12 55 0.004994 6.54E-10 2.68€-08 6 12 0.001104
R-HSA-2428924 IGF1R signaling cascade 12 58 0.005266 1.18€-09 4.60€-08 7 17 0.001564
R-HSA-2404192 Signalii 1Insulin-like Growt 12 19 0.001747
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Species Comparison |

ijjAnalysis tools

Species Comparison

This tool allows you to compare human pathways with those in any of the other species inferred from Reactome
by orthology.

Use the species selector to choose the other species and click on the "GO" button to perform the comparison.

Compare Homo sapiens witn Got

Species Comparison




Species Comparison Il

Yellow = orthologue
No colour = not found
OR no data

SPECIES COMPARISON Q
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Molecular Interaction Overlay - Data

EMBL-EBI

Services Research Training About us

EBI-8686389 OR EBI-8686371 OR EBI-72093¢
IntAct)

Examples: BRCAZ Q00806 dmel, 10831811

Home | Advanced Search | About | Resources | Download * Feedback

IntAct > IntAct Search Results Show more data from EMBL-EBI

7 binary interactions found for search term
EBI-8686389 OR EBI-8686371 OR EBI-7209397 OR EBI-8686317 OR EBI-8623527 OR EBI-72094

l Interactions (7) I Interactors

No results in other databases. €. What is this view? €

l---_-__—

O g PECAM1  P16284 PTPN11 Q06124  pull down EBI-8623527  MINT
EBI-716404 EBI-297779 MINT-8033235

0o pull down EBI-8686299  MINT
MINT-8031324

0 q pull down EBI-8686371  MINT
MINT-8033280

1] Q surface plasmon resonance  EBI-8686317  MINT
MINT-8031339

[} Q surface plasmon resonance  EBI-8686389  MINT
MINT-8033295

0 q lambda phage display MINT

0q lambda phage display MINT

IntAct View version: 4.2.3.2
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Developer's Zone

Explore our tools and web services and learn how to include them in your applications

<P

Analysis Service Content Service Graph Database
Use the Analysis Service to analyse your data against Use the Content Service to access all our Access to the Reactome knowledgebase content as an
Reactome’s content knowledgebase content from your client interconnected graph database

Pathways Overview Pathway Diagrams Reactome Partners
Use this widget to include our pathways overview in Use this widget to include our pathway diagrams in Check out who is currently using Reactome web

your web application your web application services and widgets



Extracting participating molecules using the
Graph Database and Cypher

Breaking down complexes and sets to get their participants

The components of a complex, which are also physical entities, are stored in the “hasComponent” slot. Let's use the complex
“Ag-substrate:E3:E2:Ub"” with identifier R-HSA-983126 as example in this case:

//First level components for the complex with stable identifier R-HSA-983126
MATCH (Complex{stId:"R-HSA-983126"})-[:hasComponent]->(pe:PhysicalEntity)
RETURN pe.stId AS component_stId, pe.displayName AS component

The result of the query is



Partners

The BLUEPRINT consortium has
been formed with the aim to
further the understanding of how

HUMAN PROTEIN ATLAS <

Contains information for a large
majority of all human protein-
coding genmes regarding the

genes are activated or rep:
in both healthy and diseased
human cells.

& analysis Service
O widgets
O Graph Database

BLUEPRINT

*COPakB

The (OPa Knowledgebase
(COPaKB) has been created as
3 unigue resource to facilitate
the discovery of novel
biclogical insights from
proteomic datasets. COPaKB
was developed under the

& Analysis Service
O widgets
O Graph Database

COPaKB

>

LLJ
Integrated Proteomics 4
Applications  provides a |
comprehensive proteomic
data analysis solution, the
Integrated Proteomics
Pipeline (IP2), which allows
researchers  to  dentify, Y

O Analysis Service
& widgets
O Graph Datzbase

] and ion of the
corresponding proteins based on
both RNA and protein data.

& Analysis Service
O widgets
O Graph Database

PRIDE

compliant, public data
repository for proteomics
data, including protein and
peptide identifications, post-
translational ~ modifications
and supporting spectral
evidence.

& Analysis Service
O widgets
O Graph Database

4

LINCS is an
integrative web platform for
analysis of LINCS data and
signaturesThe  BD2K-LINCS
Data  Coordination  and
Integration Center is part of
the Big Data to Knowledge

Integrative

& Analysis Service
O widgets
O Graph Database

>

Open Targets

For biomedical
who need to identify a
biological target for a new
therapy, Open Targets = a3
public-private
generate evidence on the
validity of therapeutic targets

researchers

initiative  to

O Analysis Service
™ widgets
O Graph Database

Open

Tabloid Proteome is a
database of protein
association network
generated using  publicly

available mass spectrometry
based experiments in PRIDE.
These associations represent

O Analysis Service
O widgets
@ Grapn Datzbase

>

Chemical Entities of Biological
Interest (ChEBI) is a freely
available dictionary of
molecular entities focused on
‘small’ chemical compounds.
The term ‘molecular entity’
refers to any constitutionally

O Analysis Service
& widgets
O Graph Database

ChEBI

>
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Instirure”
PINT, the Proteomics
INTegrator, is an online
experiment repository for

final results coming from
different qualitative and/or
quantitative proteomics
assays. PINT = 2 rnew
& Analysis Service

& widgets

(O Graph Datzbase

>

PINT
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Table of Contents
e.g. 095631, NTN1, signaling by EGFR, glucose

DOIs
Graph Database :: Data Schema

Data Schema

- AbstractModifiedResidue [68844] ORCID Integration Project
- GeneticallyModifiedResidue [1641]
- FragmentModification [198]
‘.- FragmentDeletionModification [45] authored + InstanceEdit Event
i FragmentlinsertionModification [64]
‘- FragmentReplacedModification [89] compartment * Compartment Event
“ReplacedResidue [1443] created 1 InstanceEdit DatabaseObject
- TranslationalModification [67203]
- CrosslinkedResidue [1766] crossReference + Databaseldentifier Event
- InterChainCrosslinkedResidue [1548]
“- IntraChainCrosslinkedResidue [218] dbid 1 Long DatabaseObject
- GroupModifiedResidue [14074] definition | String Event
-- ModifiedResidue [51363]
- Affiliation [266] disease + Disease Event
- CatalystActivity [39005]
- Databaseldentifier [336598] displayName 1 String DatabaseObject
- EntityFunctionalStatus [446] doi 1 String Pathway
-Event [108696]
i ' [22842] edited + InstanceEdit Event
- TopLevelPathway [419]
" ReactionLikeEvent [85854] eventOf + Pathway Event
i BIECkBOXEV'em' [6790] evidenceType 1 EvidenceType Event
+-- Depolymerisation [17]
- FailedReaction [286] figure + Figure Event
-~ Polymerisation [223]
-Reaction [78538] followingEvent + Event Event
~ EvidenceType [1] goBiologicalProcess 1 GO_BiologicalProcess Event
-ExternalOntology [465]
-~ Disease [296] hasDiagram Boolean Pathway
‘-psiMod [155]
.- SequenceOntology [14] hasEvent Event Pathway
::lg:;ew[;zi]m‘( o~ inferredFrom Event Event




More Information

From the Reactome Homepage
Reactome User Guide
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