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Genotype + Environment
= Phenotype (Big
Picture)

e Plethora of data linking
genes and phenotypes

e Environment component
is often not linked

e Just enough modeling to
do what we need to do
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Modeling
Genotype +
Environment =
Phenotype

Genotype R

Decreased Increased

En\” I‘OI'IITIBnt temperature temperature

has
phenotype

Phenotype B e

has
phenotype

Decreased

pigmentation

ﬂ'.’, «”
b
e

e

Reared at 20°C or less Reared at temperatures above 30°C

Lobo, I. (2008) Environmental influences on gene expression. Nature Education 1(1):39
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Modeling
Frequency and
Duration of
Exposure

One
exposure or
multiple
exposures

1 x 5-hour cold exposure

1 x 10-hour cold exposure

2 x 5-hour cold exposures

20 genes
upregulated

69 genes
upregulated

76 genes
upregulated

Zhang et al. 2011



http://jeb.biologists.org/content/214/23/4021

Environmental Exposures Modeling with Ex0

Stressor

e Duration
e Frequency o  Severit
e Concentration Exposure Outcome s Fre ue)r/m
e Attribution/source/ Event quency

evidence

I Semantic Model of an Exposure Event.

e Lifestage This figure shows the basic structure of an exposure
e Age event according to the Exposure Ontology (ExO;

Mattingly et al. 2012). ExO is the foundational model
for the Comparative Toxicogenomics Database (CTD;
Mattingly et al. 2006).




Environmental Exposures Modeling with ExO - Example

Aldicarb

Steven J. Baskauf cc-by-4.0

e 48 hours
o LEL Aldicarb in microcephaly PREEEYY
*LEL = Lowest Effective
Level
I Semantic Model of an Exposure Event.
e Embryo This figure shows the basic structure of an exposure
e 2 dpf event according to the Exposure Ontology (ExO;

Mattingly et al. 2012). ExO is the foundational model
for the Comparative Toxicogenomics Database (CTD;
Mattingly et al. 2006).




Integrating Exposures into Monarch

The Monarch Initiative integrates
genotype and phenotype data across
species for improved disease diagnosis
(Shefcheck et al. 2019).

Monarch only integrates exposure data
from one source (CTD) and cannot
take advantage of all available data

Relationships between exposures and
phenotypes are missing

This makes Monarch less useful than it
could be for diagnosing diseases with
an important environmental component

@(

disease

e

maonarch
INITIATIVE

i
National
g 7" EDEE
EJ nstitute
s/ 7°* UMM
’Q
X HPO
d2p N P Ahnotations
o npi—"\|

@ ° GWAS
PHENOTYPE Catalog

GENE

dZt \ “e Orphanet
D -
o
TREATMENT ° C.‘Ctd
el )

CWP{?M‘



What is the Monarch
Knowledge Graph?

e monarchinitiative.org

e |Integrator of cross species
genotype-phenotype data

e OWL and DOS-DP

e Uses OBO ontologies
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Computable Exposures Workshop mct?:?ch
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e 28 participants
e To guide the development of the exposure data model, use cases and
competency questions were developed.

Example Competency Questions: Priority Concepts Ontologies Data Type

What fish species have [=leo[F[ef=o Taxon NCBI Taxonomy  Receptor
following sublethal [/ e e,
exposure? Phenotype Phenotype/Outcome

What is a safe amount of [[{ef] to
consume for someone diagnosed with
heterozygousfsldhomozygoush{sIg:!

Workshop report https://doi.org/10.5281/zenodo0.3697113




Integration with the Monarch Knowledge Graph hod
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Integration with the Monarch Knowledge Graph m%%
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ECTO: Environmental conditions, treatments and exposures

e EXxposure event ECTO class
o Exposure to Aldicarb | | stressor Expc_)sure_to
m Exposure to Aldicarb in water Aldicarb in
e Exposure to Aldicarb in water via ingestion e medium water
e route

Exposure event from ExO
Aldicarb from CHEBI (stressor)
Water from ENVO (medium)

exposure event and (has_exposure_stimulus some Aldicarb) and (has_exposure_medium some water)
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s ecto
O i

github.com/EnvironmentOntology/environmental-exposure-ontology ‘


https://github.com/EnvironmentOntology/environmental-exposure-ontology

Patterns and
typing

DOS-DP patterns

Chemicals

Medical actions
Environmental processes
Environmental materials
Behaviors

Change

Organisms

Geographic feature
Occupations and hobbies

Semantic typing in Biolink Model

Exposure event - includes
environments and experimental
conditions

Associated with phenotypic feature
and disease

Chemical exposure is a subclass -
includes drug treatment



Future Work

Data from surveys:

Eoh Environmental Polymorphisms Registry
(EPR) Survey
@ Translating questions into ECTO classes for
novel data integration (Chulada et al. 2011)
dnaregqistry.niehs.nih.gov

Live in an old house Lea_d
» Antimony
Tin
: Asbestos
Make st d-qgl rt i
ake stained-glass a o Glass dust

» Arsenic
\/ s Sulfuric acid

Refine models:

To account for:

e Certainty of cause and effect relationships

e Mixtures - multiple exposures at once

e Combinations of exposures and genes lead
to phenotype


http://dnaregistry.niehs.nih.gov
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Modeling Genotype + Environment = Phenotype
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Lobo, I. (2008) Environmental influences on gene expression. Nature Education 1(1):39



Modeling Genotype + Environment = Phenotype
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Environmental Exposures Modeling with Ex0

e Water Aldicarb pesticide
e Absorption

e 48 hours Exposure Event
e Single dose - e Moderate
e LEL Microcephaly e 33%
e Biobide
Semantic Model of an Exposure Event.
e Embryo This figure shows the basic structure of an exposure
e 2dpf event according to the Exposure Ontology (ExO;

Mattingly et al. 2012). ExO is the foundational model
for the Comparative Toxicogenomics Database (CTD;

Mattingly et al. 2006).
LEL = Lowest Effective Level



