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Conceptual overview of machine-assisted modeling
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INDRA: Integrated Network and Dynamical Reasoning Assembler
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INDRA integrates pathway databases and other

Database / Exchange
format
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Reference
http://pathwaycommons.org/
http://www.biopax.org/

https://github.com/pybel/pybel
https://github.com/OpenBEL
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INDRA is integrated with multiple machine

reading systems

ASPP2 can be phosphorylated at serine 827 by MAPK1.
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Reference
http://trips.ihmc.us/parser/cgi/drum
https://github.com/clulab/reach
https://github.com/ddmcdonald/sparser
https://github.com/clulab/eidos
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https://research.bioinformatics.udel.edu/rlimsp
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INDRA assembly standardizes concepts and finds relationships
between causal statements

INDRA ontology graph cross-references INDRA ontology family relationships

induce relationships between statements
prostaglandin E2
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Estimate reliability of Statements probabilistically by:
Calculating joint probability of an incorrect
statement given repeated extractions from different

INDRA uses a probability model to determine a

sentences

Combining results from different readers
Propagating error estimates through the network of

related statements
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Large-scale continuous assembly of causal mechanisms with INDRA
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INDRA Context Graph Extension (CoGEx) — knowledge graph

Idea: combine causal mechanisms assembled
by INDRA with relations representing data
and properties/taxonomy in a knowledge graph
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Knowledge
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SIDER

Reactome

WikiPathways

Relation
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isa / partof
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expressed_in

mutated_in /
copy_number_altered_in

sensitive_to

tested_in

has_trial

has_indication
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haspart
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Description

The source regulates or interacts with the target
according to an INDRA Statement.

The source node is a subclass or part of the target node.

The gene represented by the source is associated with
the GO term represented by the target.

The gene represented by the source is expressed in the
tissue/cell type represented by the target.

The gene represented by the source is mutated or its
copy number is altered in the cancer cell line
represented by the target.

The cancer cell line represented by the source is
sensitive to the drug represented by the target.

The drug represented by the source is tested in the
clinical trial represented by the target.

The disease/condition represented by the source has a
clinical trial represented by the target.

The chemical represented by the source has been
studied for use against the indication represented by the
target.

The chemical represented by the source has a side
effect represented by the target.

The pathway represented by the source node contains
the gene represented by the target node.

The pathway represented by the source node contains
the gene represented by the target node.



INDRA CoGEx Integrated analysis approach

Content Queries / analysis

Evidence Ul / dialogue
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Querying the INDRA CoGEx KG programmatically

1 MATCH pl=(n)-[:isa*1..]->({id: 'fplx:Calcium_channels'})

2 MATCH p2=(n)-[:expressed_in]>({id: 'uberon:0000044'}) ”What drugs target Calcium

MATCH p3=(d)-[stmt:Inhibition]—(n)

S ReTUR g, 2, g ey channels that are expressed ~ INDRA CoGEx Query API®

6 LIMIT 5000
[ Base URL: / |

i in dorsal root ganglion?” [ oase
o e CE

Q

@ discovery.indra.bio/apidocs

REST API for INDRA CoGEXx queries

CoGEXx Queries aueries for INDRA CoGEx

/api/get_diseases_for_trial Refumn the diseases for the given trial

/api/get_drugs_for_side_effect Return the drugs for the given side effect

/api/get_drugs_for_ target Return the drugs targeting the given protein

/api/get_drugs_for_ trial Retum the drugs for the given trial

/api/get_evidences_for_mesh Return the evidence objects for the given MESH term

/api/get_evidences_for_stmt_hash Return the matching evidence objects for the given statement |

‘/

/api/get_evidences_for_ stmt_hashes Return the maiching evidence objects for the given stateme

/api/get_genes_for_go_term Return the genes associated with the given GO term

/api/get_genes_for_ pathway Returnthe genes for the given pathway

/api/get_genes_in_tissue Return the genes in the given tissue




INDRA Biomedical Discovery Engine using the CoGEx KG

INDRA Biomedical Discovery Engine

The INDRA Biomedical Discovery Engine is built on INDRA CoGEXx, a graph database integrating causal
relations, ontological relations, properties, and data, assembled at scale automatically from the scientific
literature and structured sources.
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Apps and Services using INDRA CoGEx
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Discrete Gene List Signed Gene List Continuous Gene Discrete
Analysis Analysis Set Enrichment Metabolite List
Analysis Analysis

Performs gene set
enrichment analysis
using INDRA CoGEx.

Perform signed gene
set enrichment analysis
using INDRA CoGEx
and the Reverse Causal

Perform metabolite set
enrichment analysis
using INDRA CoGEx.

Perform gene set
enrichment analysis on
continuous data using

Reasoning algorithm. INDRA CoGEx.
Click to Start Click to Start Click to Start Click to Start
Directed Curation
o -
OO ==
GO Pathway Topic Curator Publication Curator Subnetwork
Curator Curator

Curate statements from
a given publication.

Curate statements from
publications annotated
with the given MeSH

tarm

Curate statements for
hat with IN CoGEx

Curate networks
induced by genes

Acenniatad with A ~ivan

Gene List Analysis

Query
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Over-Representation Analysis

m Reactome WikiPathways INDRA Downstream INDRA Upstream

These results are acquired by running over-representation analysis using Fisher's exact test and correcting using fdr_bh
and a=0.05 on the genes annotated to terms in the Gene Ontology via the Gene Ontology Annotations Database.

Show 10

CURIE

entries

Name

Search:

Over-Representation Analysis

go:0008515  proteinbinc GO  Reactome  WikiPathways [EINLINoEIS VM  INDRA Upstream

go:0032755  positive reg Othergenes

Input genes

Downstream targets

These results are acquired by running over-representation analysis using Fisher's exact test and correcting using fdr_bh
and a=0.05 on genes causally downstream in one step from all entities in the INDRA Database.

Show 10 # entries Search:
CURIE Name p-value N g-value
go:0006955 immune response 4.90e-41 1.47e-36
go:0001816 cytokine production 1.44e-39 2.16e-35
mesh:D007239 Infections 1.80e-37 1.80e-33
go:0006914 autophagy 1.25e-36 9.47e-33
hgnc:5438 IFNG 2.53e-36 1.52e-32

NG1



Human-machine dialogue

Example: Is BRAF a member of the RAF family?

Regular expression templates

isiBRAF|a member of the|RAF|{family

Syntactic dependency graph

member

/pfsubw of

BRAF family

RAF

Semantic interpretation graph
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Text, graphics «

“BRAF” -> HGNC:1097

“RAF” -> FPLX:RAF isa_or_partof

Grounding Python API call

Capability
matching

Coreference
resolution

IsMember

MATCH gene:BioEntity ...

Cypher query
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Human-machine dialogue

Private
thread
Dialogue :
* - context
Manager "~ " -
Private
thread COVID-19 Disease Map very Engme
Session cu rato rs usi ng d 1a |08U e a graph database integrating causal
Manager scale automatically from the scientific
160
[T
Channel %: a A
140 - 4aM 22M
Q
E ications Evidences
(=] -
= 120 M M ™ 619K
- NVs Mutations Xrefs Part Of
2 100 |
7] 159K 69K 46K
what are the members of calcium channels? 2 80 4
clare-test APP 1:52 PM g
| know about 41 members of Calcium_channels: Q 8 60
CACNA1H, CACNALI, CACNA1S, CACNA2D1, ¢ S DRA C
CACNG2, CACNG3, CACNG4, CACNGS5, CACNG =3 CLARE
CATSPERD, CATSPERG, ITPR1, ITPR2, ITPR3, RY/ “5 40 A ‘ Overall, | know that sorafenib can inhibit, for instance, cell population
[ J proliferation, angiogenesis, RAF, ERK, apoptotic process, Carcinoma,
ben.gyori 1:52PM g Hepatocellular, VEGFR, BRAF, RAF1, and VEGF. (View statements)
are any of those expressed in dorsal root ganglion = 20 4
clare-test APP 1:53 pM =
Out of those, CACNA1A, CACNA1B, CACNA1C, = 0 - G
CACNG3, CACNG6, CACNGS, CATSPER2, ITPR1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 Z:;e:tr
ben.gyori 1:53pPMm - CLARE
are t::e v drugs tarseting anw of those? COVID-19 Disease Map curators B Out of those, BRAF, RAF1, KDR, FLT3, RET, PDGFRB, KIT, FLT4, MTOR,
Y drugs targeting any ’ ene set FLT1, EGFR, MAPK14, PDGFRA, ABL1, MAP3K20, CSF1R, DDR2, FGFR1,
clare-test A%% 1:53 pi v TUSing INDRA CoGEX. USMG INDRA CoGEXand ——_enrichment analysis S

| found the following drugs for these targets:

o CACNA1C: nifedipine, nitrendipine, Verapamil
* CACNA2D1: gabapentin

* RYR1: EPIRYANODINE

* RYR2: ALADORIAN

the Reverse Causal

o
4= slack

Create Your Own
Slack Bot

continuous data usir

Enter Message



Sequential exploration of causal mechanisms, properties and data
through dialogue

bgyori 506 pPMm
what proteins might lead to the development of melanoma?

clare APP 406 PM Data
It looks like BRAF has a mutation frequency of 52% in melanoma so it could be a
useful target.

bgyori 406 pPMm

is it a kinase?

Properties /
taxonomy

clare APP 404 PM
Yes, BRAF is a kinase,

bgyori 4.06pPMm
what does it phosphorylate? Causal

clare APP 406 PM mechanisms

Overall, | know that BRAF can phosphorylate, for instance, MEK, MAP2K1, ERK,
MAP2K2, BRAF, MAPK7, PAX3, Pax3, BAD, and RAF1.

You can browse the full set of 177 statements here:
https:/s3.amazonaws.com/indrabot-results/49¢73701-b%a8-4c12-97ad-
9718f70df344 . html

3%
&)

bgyori #.40pPM |
do any of those activate EMT? Causa

mechanisms
clare APP 2.41pPM

Out of those, | know that for instance, AKT, NFkappaB, ERK, STAT3, EGFR, SRC,
MAPK, NANOG, MET, and TERT can activate epithelial to mesenchymal transition.

You can browse the full set of 72 statements here:
https:/s3.amazonaws.com/indrabot-results/2d485%94c-ac79-4067-93bc-
64e471962989.html

bgyori 2.44 Pm [ Causal ]

are there any drugs that target BRAF?

mechanisms
clare APP g.44pM
| know that ALW-I1-38-3, AZ-628, dabrafenib, Encorafenib, GDC-0879, GSK-718429A,
GW-5074, L-779450, LY3009120, PD0325%901, PD173955, PLX-4720, regorafenib,
SB590885, sorafenib, staurosporine, TAK-632, and vemurafenib target BRAF.
bgyori 2.45pMm

are there any clinical trials attempting sorafenib?

clare APP 245 PM

| found the following clinical trials for sorafenib:

» preoperative trial of sorafenib in combination with cisplatin followed by paclitaxel for
early stage breast cancer - terminated

o sorafenib and vinorelbine in treating women with stage iv breast cancer - completed
e phase i/ii trial of letrozole and sorafenib in post-menopausal hormone-receptor +
breast cancer - active, not recruiting

o sorafenib and paclitaxel in treating patients with metastatic breast cancer -
terminated
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