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https://www.thescientist.com/magazine/issue/ai-
tackles-biology-33-5
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Computational Intelligence
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Anatomical homeostasis in a self-regulating ‘Virtual Embryo’

SOURCE: Andersen, Newman and Otter 
(2006) Am. Assoc. Artif. Intel.

• EA for self-regulation (fitness measure) - simulation 
executes randomly paired agents (parent cells) that 
generate daughter cells mutated in their rules.

• You only need to specify the goal of the computation; 
EA searches rule-space using ‘survival of the fittest’ 
(good solutions propagate, poor solutions discarded).
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Jin and Ding (2006) Development

in silico in vivo

Morphogenetic fusion (palate)

SOURCE: Hutson et al. (2017) Chem Res Toxicol 8



9SOURCE: Hutson et al. (2017) Chem Res Toxicol

Reviewer Comment: “Crucial
mechanisms occurring during
palate fusion, especially opposing
palatal shelf adhesion, are not
considered in the model. In fact,
the main reason why Tgf-b3 KO
mice have cleft palate is a failure of
opposing MEE adhesion, leading to
separation of palatal shelves after
their initial contact. Even in those
strains in which palatal shelves
adhere partially, I have never seen
a MES as the one shown in Fig. 5.”

Our Response: TGF-b3 knockout mouse 
palates transduced with ALK vectors in 
vitro. (from Dudas et al. 2004).

SOOOOOOUUUUUUUUURRRRRRRRRRCCCCCCCEEEEEE::::: HHHHHHHHuuuuuuuttttttttssssssooooooonnnnnnn eeeeeeeeetttttttt aaaaaaallllllll.... (((((((2222222000000011111177777777)))))))) CCCCCCChhhhhhheeeeeeemmmmmmmmm RRRRRRes 

Smart model …



In silico dose-response: translating

Fluazinam

Diuron

TNP-470

FR167356
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VTLS
- access to models & simulations
- VT-KB (knowledgebase)
- Literature mining
- tied to ToxCastDB
- high-performance computing

vtls.epa.gov/
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Take Home Messages from Rusty …

• Multiple opportunities exist for using high-throughput and computational 
approaches to address challenges in toxicology and risk assessment.

• Using high-throughput approaches will require systematically addressing 
key technical and data analysis challenges.

• Enabling application of high-throughput data to chemical safety decisions 
will require delivery and integration using a broad range of IT tools.

• Partnering with regulators on case studies will increase confidence and 
acceleration application to chemical risk assessment. 
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Some Existing Limitations in HTS and In Vitro Test Systems
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Bioactivity Provides a Conservative Estimate of a NOAEL/LOAEL
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380 chemicals

httk, ToxCast data, and POD 
value(s) currently available

For ~91.3% of the 
chemicals, 

PODToxCast was 
conservative.

(~130-fold with 
human HTTK

~40-fold with rat 
HTTK)

ExpoCast PODToxCast (PODTraditional PODEFSA PODHC)

Missing an 
important 

component 
of biology?
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