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INDRA: Integrated Network and Dynamical Reasoning Assembler

www.indra.bio



INDRA integrates pathway databases and other 
structured sources



INDRA is integrated with multiple machine 
reading systems

ASPP2 can be phosphorylated at serine 827 by MAPK1.

(Allen et al., 2015)



INDRA assembly standardizes concepts and finds relationships 
between causal statements
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INDRA uses a probability model to determine a 
belief score

High cutoff: the mechanism 
needs evidence from multiple 
sentences / systems / with 
database backup to reach high 
belief level

Low cutoff: allows 
uncorroborated 
results into model

Estimate reliability of Statements probabilistically by:
• Calculating joint probability of an incorrect 

statement given repeated extractions from different 
sentences

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

related statements

Machine-learning approaches
based on curation data



Large-scale continuous assembly of causal mechanisms with INDRA
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literature & 
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25 million abstracts and 
3 million full texts processed
4,000 new papers processed each day

12 million unique biological mechanisms with
38 million evidences from the scientific literature
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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



INDRA CoGEx Integrated analysis approach
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Querying the INDRA CoGEx KG programmatically

“What drugs target calcium
channels that are expressed
in dorsal root ganglion?”



INDRA Biomedical Discovery Engine using the CoGEx KG



Human-machine dialogue
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Human-machine dialogue 

COVID-19 Disease Map 
curators using dialogue



Sequential exploration of causal mechanisms, properties and data
through dialogue
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