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Abstract

An important part of the scientific process is the formation of hypotheses. A clear statement of a hypothesis in unambiguous language is the
basis of good experimental design. Our challenge is to develop a method to record hypotheses in formal languages, with the precision required
for robot scientists to execute experiments, and also that each hypothesis makes a clear statement about Saccharomyces cerevisiae biology.

Existing ontologies are used to describe scientific concepts in hypotheses. For example, we use terms from the Ascomycete Phenotype
Ontology (APO) to describe observable traits of S. cerevisiae. In its current form, comparative statements are implicitly in reference to changes
In genotype, so we extend APO to allow for arbitrary comparison in hypothesis statements.

Changes in phenotype, genotype, and logical implications are described using concept inclusions in description logic. This ontology is
being integrated into existing ontologies that we have developed to specify experimental design and execution with a robot scientist!.

Implication in hypotheses

Scientific hypotheses seek to provide a theoretical explanation for a phenomenon. A
common form of hypothesis is a relational statement couched in relative change.

“cells with lower intracellular alanine levels exhibit decreased heat resistance’

The relational statement is most useful when it i1s a causal implication. And to examine
a causal implication we need to consider the temporal aspect of the phenomenon.

For S. cerevisiae, we predict and examine how the organism state changes over time.

Phenotype

Observable traits of an organism. Defined in the context
of the yeast Saccharomyces cerevisiae as:

/

“Features of ascomycete fungal cells, cultures,
or colonies that can be detected, observed,
measured, or monitored.”

— Ascomycete Phenotype Ontology (APQO)

collected from experiments are used to evaluate a
hypothesis.

Robot scientists can execute different forms of
experiments, but common to all is that the yeast will
be cultivated over time.

A Control experiments will provide the reference data
for the test.

Implication over time can be expressed in different
ways, for example with S, and S, two states:

{ VeVt At t<t' A (T(S1(e), t) = T(S2(e), t)))
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Experiments
\ So So Statistical or logical tests based on empirical data

Reference states

Differences in phenotype are measured
X against a reference state, or control.

N\

Commonly, this is a wild type strain (a
standard genotype, or (genetic
configuration) cultivated in a standard
condition.

APO defines phenotypes using the
observable class. Differences are
defined implicitly with reference to the
wild type. So implicit in APO definitions
Is that the induced variation from the
reference state is only in the genotype.

We use description logics to describe

C (CHEBI: chemical entity’)

methionine

“Cells with lower intracellular methionine levels
exhibit increased acid pH resistance.’

[ Hypothesis

Hypothesis expressed
using concept inclusions

/I Defining base state S 0

S (organismState)

stateHasObservable accumulationOfChemical

o _i O (observable) /\
| Lo, h

S0 E organismState
So C dstateHasObservable.O( 1
S C dstateHasObservable.Og9

O01 E ‘chemical compound accumulation’
O01 E daccumulationOfChemical.methionine

002 C ‘acid pH resistance’

/I Defining perturbation state

Sq E organismState

S1 E 3stateHasObservable.O1 1 | | Oo, 0,, : concepts that allow us to specify
O11 E ‘chemical compound accumulation’ - \\ | «}/ncreasedComparedTo |, arbitrary reference states allowing for
O11 E JaccumulationOfChemical.methionine \ ! much richer forms of hypothesis_
O11 E IdecreasedComparedTo.001 =
/I Defining result state ————

stateHasObservable

So C organismState
S92 E JstateHasObservable.022 ) - _ _ _ _
Hypotheses modelled using description logics can be expressed neatly in RDF triples. We store these in an

Apache Jena triplestore. Certain concepts will be reused between many hypotheses. Storing and retrieving
hypotheses like this prevents duplication, allowing increased efficiency and potential for semantic connections.
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0292 C ‘acid pH resistance’
O99 C dincreasedComparedTo.Op92

//Hypothesis

Sq1 C dimplies.So

Future/outlook

We are testing this modelling framework with a robot scientist that has automated
experimental protocols, and Al software generating new hypotheses. More can be
done to couple the formalised hypotheses directly to experimental ontologies!.
Linking the hypotheses directly to the tests and empirical data, as well as modelling
uncertainty in conclusions, is an exciting future direction for this work.
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