Creating the Engine of
Scientific Discovery

Hiroaki Kitano












JST ERATO 1tBHE RTL7AY =7 FITHC,
JST ERATOAIAEERE XY b7—27 027 b
DR E R ICEFREEITTHN TV S,



Taxila COVID-19 Al/NLP Service (https://covid19.taxila.io/)



https://covid19.taxila.io/

Global Network of Researchers

Who is working on which molecule? Who is working with who?



How good is automated curation vs expert curation?

ST2SBML

VS.

Expert curated map (Gold Standard)

mTOR pathway as a case study

Spranger, M., Palaniappan, S., Ghosh, S.: Measuring the state of the art of automated pathway curation
using graph algorithms - a case study of the mtor pathway. BioNLP 2016, pp. 119-128. ACL






Key Case Studies

Text mining approach for BioMarker Discovery

Biomarker Knowledge Mining Pipeline Biomarker Galaxy
Associate biomarkers with diseases



Literature-driven Approach
Influenza infection and replication network

Matsuoka Y. et al BMC
Syst. Biol. 2013



By 2050, develop Al systems that can make

major scientific discoveries that worth
Nobel Prize in Physiology and Medicine

Photo by Hiroaki Kitano, 2002



Nobel Turing Challenge

The Nobel Committee to give Al system
the Nobel Prize without noticing it is an
Al system, not a human scientist.

The Turing Test at the Nobel-quality
scientific activities

Alfred Nobel Alan Turing



Yeast Signaling



Yeast Cell Cycle



Oda and Kitano, Molecular Systems Biology, 2006
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Matsuoka, et al., Weaving Knowledge of Biochemical Pathway in collaboration,
to appear in Computational Systems Toxicology



Human Cognitive Bias and Limitations of
Semantic Mapping

Cognitive Bias in Clinical Human Cognitive
Reasoning Human Cognitive Representation 1 Map is not

the terrltory

Representation2 ™

* Anchoring Bias

* Availability Bias

* Confirmation Bias
* Premature Closure
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Entire Hypothetical Body of Scientific Knowledge

Some hypotheses
require experimental
Experiments \\

verification

impact outcome of
previous hypothesis

-
Hypotheses Generated
\ False Verified
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Are newly verified
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hypotheses consistent @ Experiments
Hypothe with current ;r? may include
generatic knowledge, or do they I errors and foise
knowledge generate L
inconsistencies? éf
- Scientific ko]
" Upl-d datlng (f Knowledge in Al §
nowledge may \ ystem & Integrating
KnOWledg Papers and
e
EXtraction Databases apers and databases
contains errors,
‘_ inconsistencies, and
even fabrications
Kitano, H., Al Magazine, March 2016

Portions of knowledge
believed to be correct
may in fact be false



An Example of Knowledge Structure of Biological Discovery

Explaining mechanisms of biological phenomena

Experimental Constraints Biochemical Constraints
Empirical Constraints Systems Constraints

Possible combinations of
molecular mechanisms

Molecules involved




AlphaGo

Human played games Possible moves based

in the record on past human played
N\ games

All possible moves on GO



AlphaGo ZERO

AlphaGo

) Possible moves
in the record
N\ / based on past
human played

games

Human played games

AlphaGo Zero

\ Tabula rasa based

generation of games

All possible moves on GO
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Discovered knowledge Human discoverable knowledge

N

Scientific truth



Discovered knowledge Human discoverable knowledge

N

Knowledge that human may to be able to
generate and understand

Scientific truth



Implications

* Alternative forms of scientific discovery

* Alternative forms of intelligence

» Accelerating sciences at unprecedented speed
« Machines to evolve by itself?



