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Overarching theme of this session:
Computational Toxicology enables integrative, multiscale 

approaches to characterizing toxicity

2

The data are out there ……………………………….. now what?



The level(s) of integration needed depend on what kinds of 
questions we want to address

3

Can we develop Integrated Approaches to Testing and 
Assessment (IATA) that predict population risk?

Can we use epidemiological/population information to 
predict how chemicals of interest affect individual health?



At a practical level, integration is about developing 
structures for shared data 

4
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CFIN

0 0.0598 5.984

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.0598 5.984

●●

CIRC

0 0.0598 5.984

●●

TRUN

0 0.0598 5.984

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SWIM

0 0.0598 5.984

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.0598 5.984

●●

TR__

0 0.064 6.4 64

●●●●● ●●● ●●●●●● ●●●●● ●●●●● ●●●●●●●●●●●
●●
●

●●
●

●●
●●
●●

●●
●●
●

●●
●●
●

●●
●●
●●
●●
●

MORT

0 0.064 6.4 64

●●●●●●●●
●●
●●●●
●

YSE_

0 0.064 6.4 64

●●●●●●
●●●

AXIS

0 0.064 6.4 64

●●

EYE_

0 0.064 6.4 64

● ●●● ●●

SNOU

0 0.064 6.4 64

● ●● ●

JAW_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

OTIC

0 0.064 6.4 64

●●●●

PE__

0 0.064 6.4 64

●●●●

(1aR7bS)−5−({[(2S3S6S)−6−ethyl−2−phenylpiperidin−3−yl]amino}methyl)−6−methoxy−3−methyl−11a37b−tetrahydro−2H−cyclopropa[c]quinolin−2−one
BRAI

0 0.064 6.4 64

●●

SOMI

0 0.064 6.4 64

●●

PFIN

0 0.064 6.4 64

●●●●

CFIN

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.064 6.4 64

●●

CIRC

0 0.064 6.4 64

●●

TRUN

0 0.064 6.4 64

●●

SWIM

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.064 6.4 64

●●●●

TR__

0 0.064 6.4 64

●●●●● ●●●●●●● ●●●●●●● ●●●●●● ●●●●●●●● ●●●●●●●●●●●●●●●●●●
●●
●

●●
●●
●●
●

●●
●●
●●
●

●●
●●
●●

●●
●●
●●
●●

●●
●●
●●
●●
●●
●●
●●
●●

●●
●●
●●
●

MORT

0 0.064 6.4 64

● ● ●●●●● ● ●●
●●●

YSE_

0 0.064 6.4 64

● ●●●●●●●● ●●
●●
●●
●
●●
●●

AXIS

0 0.064 6.4 64

● ● ●●● ● ●●

EYE_

0 0.064 6.4 64

● ● ●●●●●● ● ●●
●●
●●●

SNOU

0 0.064 6.4 64

● ● ●●●● ● ●●
●

JAW_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

OTIC

0 0.064 6.4 64

● ● ●●●●●●● ● ●●
●●
●●●●
●

PE__

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

(1aS8R9S9aS)−1−Acetyl−8−[(carbamoyloxy)methyl]−5−formyl−7−methoxy−11a29a−tetrahydro−39−epoxyazireno[23−c][1]benzazocin−9(8H)−yl acetate
BRAI

0 0.064 6.4 64

●●

SOMI

0 0.064 6.4 64

●●

PFIN

0 0.064 6.4 64

●● ● ●●●●●● ● ●●
●●●

CFIN

0 0.064 6.4 64

●●●●

PIG_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.064 6.4 64

●●

TRUN

0 0.064 6.4 64

●●

SWIM

0 0.064 6.4 64

●●

NC__

0 0.064 6.4 64

●●●●

TR__

0 0.0605 6.048

●●● ●● ●●● ● ●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●
●

●● ●●
●

● ●●
●●

●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●

●●
●●
●●
●●
●●
●●
●●
●●
●

MORT

0 0.0605 6.048

● ●●●● ●●
●

YSE_

0 0.0605 6.048

●● ●●●● ●●

AXIS

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

EYE_

0 0.0605 6.048

● ●●●● ●●
●

SNOU

0 0.0605 6.048

●●●●

JAW_

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

OTIC

0 0.0605 6.048

● ●●● ●●

PE__

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

(1R)−1−[(ethoxycarbonyl)oxy]ethyl 1−{[5−(5−chlorothiophen−2−yl)−12−oxazol−3−yl]methyl}−2−{[1−(propan−2−yl)piperidin−4−yl]carbamoyl}−1H−indole−5−carboxylate hydrochloride
BRAI

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SOMI

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PFIN

0 0.0605 6.048

●● ●●● ●

CFIN

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.0605 6.048

●● ●●●● ●●

TRUN

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SWIM

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.0605 6.048

● ● ●●● ● ●●

TR__

0 0.032 3.2 32

●●●● ●●●●●●● ●●●●● ●●●●● ●●● ●●●●●●
●●

●●
●●
●●
●

●●
●●
●

●●
●●
●

●●
●

●●
●●

MORT

0 0.032 3.2 32

●● ● ● ● ●● ●●●●●●●●● ● ● ● ●● ●●
●●
●●
●
●●
●

YSE_

0 0.032 3.2 32

● ●● ●● ●● ●

AXIS

0 0.032 3.2 32

● ●● ●●● ●● ●●

EYE_

0 0.032 3.2 32

● ●● ●●●● ●● ●●
●

SNOU

0 0.032 3.2 32

● ● ●●● ● ●●

JAW_

0 0.032 3.2 32

●●

OTIC

0 0.032 3.2 32

● ● ●● ●● ● ●● ●

PE__

0 0.032 3.2 32

●●

(1R)−1−{4−[(2R6S)−4−(46−dimethyl−135−triazin−2−yl)−26−dimethylpiperazin−1−yl]pyrimidin−2−yl}ethanol
BRAI

0 0.032 3.2 32

● ● ●● ● ●

SOMI

0 0.032 3.2 32

● ● ●● ● ●

PFIN

0 0.032 3.2 32

● ●●● ●●

CFIN

0 0.032 3.2 32

● ●● ●

PIG_

0 0.032 3.2 32

●●

CIRC

0 0.032 3.2 32

●●

TRUN

0 0.032 3.2 32

● ● ●● ● ●

SWIM

0 0.032 3.2 32

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.032 3.2 32

●●

TR__

0 0.0541 5.408

●●●●●●●●●● ●●●●●● ●●●●●●●● ●●●●●●●● ●●●●●●● ●●●●●●●●●
●●
●●
●●
●●

●●
●●
●●

●●
●●
●●
●●

●●
●●
●●
●●

●●
●●
●●
●

●●
●●
●●
●

MORT

0 0.0541 5.408

● ●● ● ●● ●● ● ●

YSE_

0 0.0541 5.408

● ● ● ●●● ● ● ●●

AXIS

0 0.0541 5.408

● ● ● ●● ● ● ●

EYE_

0 0.0541 5.408

● ● ● ●● ● ● ●

SNOU

0 0.0541 5.408

● ● ● ● ●● ● ● ● ●

JAW_

0 0.0541 5.408

● ● ●● ● ●

OTIC

0 0.0541 5.408

●● ● ●● ● ●●● ● ●● ● ●

PE__

0 0.0541 5.408

● ● ●● ● ●

(2−{[4−(4−chloro−25−dimethoxyphenyl)−5−(2−cyclohexylethyl)−13−thiazol−2−yl]carbamoyl}−57−dimethyl−1H−indol−1−yl)acetic acid trifluoroacetate
BRAI

0 0.0541 5.408

● ●● ●

SOMI

0 0.0541 5.408

● ● ●● ● ●

PFIN

0 0.0541 5.408

● ● ● ●●● ● ● ●●

CFIN

0 0.0541 5.408

● ● ●● ● ●

PIG_

0 0.0541 5.408

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.0541 5.408

● ● ● ●●● ● ● ●●

TRUN

0 0.0541 5.408

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SWIM

0 0.0541 5.408

● ●● ●

NC__

0 0.0541 5.408

● ● ●● ● ●

TR__

0 0.064 6.4 64

●● ●●● ●● ●●● ●●● ●●●●●●●●●●●●●●●● ●●
●

●● ●●
●

●●
●

●●
●●
●●
●●
●●
●●
●●

●●
●●
●●
●●
●●

MORT

0 0.064 6.4 64

● ●●●●●● ●●
●●
●●●

YSE_

0 0.064 6.4 64

● ● ● ●●●●●● ● ● ●●
●●
●●●

AXIS

0 0.064 6.4 64

● ● ● ● ● ●●●● ● ● ● ● ●●
●

EYE_

0 0.064 6.4 64

● ● ● ●● ● ●●●●●●● ● ● ●● ● ●●
●●
●●●●
●

SNOU

0 0.064 6.4 64

● ● ●● ●● ●● ●●●●●●●● ● ●● ●● ●● ●●
●●
●●
●
●●
●●

JAW_

0 0.064 6.4 64

● ●● ●

OTIC

0 0.064 6.4 64

● ● ● ●●●● ● ● ●●
●

PE__

0 0.064 6.4 64

● ●●● ●●

(2−ethyl−4−{[(4−{[4−(4−methoxyphenyl)piperazin−1−yl]methyl}−2−[4−(trifluoromethyl)phenyl]−13−thiazol−5−yl)methyl]sulfanyl}phenoxy)acetic acid
BRAI

0 0.064 6.4 64

●●

SOMI

0 0.064 6.4 64

● ●● ●

PFIN

0 0.064 6.4 64

● ● ● ●●● ● ● ●●

CFIN

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.064 6.4 64

●● ● ●●● ●●●●● ● ●●
●

●●
●

TRUN

0 0.064 6.4 64

●●

SWIM

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__
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Integration allows comprehensive characterization of 
toxicity potential for single chemicals as well comparisons 

amongst groups of chemicals
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0 0.064 6.4 64

●●●●

TR__

0 0.064 6.4 64

●●●●● ●●●●●●● ●●●●●●● ●●●●●● ●●●●●●●● ●●●●●●●●●●●●●●●●●●
●●
●

●●
●●
●●
●

●●
●●
●●
●

●●
●●
●●

●●
●●
●●
●●

●●
●●
●●
●●
●●
●●
●●
●●

●●
●●
●●
●

MORT

0 0.064 6.4 64

● ● ●●●●● ● ●●
●●●

YSE_

0 0.064 6.4 64

● ●●●●●●●● ●●
●●
●●
●
●●
●●

AXIS

0 0.064 6.4 64

● ● ●●● ● ●●

EYE_

0 0.064 6.4 64

● ● ●●●●●● ● ●●
●●
●●●

SNOU

0 0.064 6.4 64

● ● ●●●● ● ●●
●

JAW_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

OTIC

0 0.064 6.4 64

● ● ●●●●●●● ● ●●
●●
●●●●
●

PE__

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

(1aS8R9S9aS)−1−Acetyl−8−[(carbamoyloxy)methyl]−5−formyl−7−methoxy−11a29a−tetrahydro−39−epoxyazireno[23−c][1]benzazocin−9(8H)−yl acetate
BRAI

0 0.064 6.4 64

●●

SOMI

0 0.064 6.4 64

●●

PFIN

0 0.064 6.4 64

●● ● ●●●●●● ● ●●
●●●

CFIN

0 0.064 6.4 64

●●●●

PIG_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.064 6.4 64

●●

TRUN

0 0.064 6.4 64

●●

SWIM

0 0.064 6.4 64

●●

NC__

0 0.064 6.4 64

●●●●

TR__

0 0.0605 6.048

●●● ●● ●●● ● ●●●● ●●●●●●●●●●●●●●●●●●●●●●●●●
●

●● ●●
●

● ●●
●●

●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●●
●

●●
●●
●●
●●
●●
●●
●●
●●
●

MORT

0 0.0605 6.048

● ●●●● ●●
●

YSE_

0 0.0605 6.048

●● ●●●● ●●

AXIS

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

EYE_

0 0.0605 6.048

● ●●●● ●●
●

SNOU

0 0.0605 6.048

●●●●

JAW_

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

OTIC

0 0.0605 6.048

● ●●● ●●

PE__

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

(1R)−1−[(ethoxycarbonyl)oxy]ethyl 1−{[5−(5−chlorothiophen−2−yl)−12−oxazol−3−yl]methyl}−2−{[1−(propan−2−yl)piperidin−4−yl]carbamoyl}−1H−indole−5−carboxylate hydrochloride
BRAI

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SOMI

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PFIN

0 0.0605 6.048

●● ●●● ●

CFIN

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.0605 6.048

●● ●●●● ●●

TRUN

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SWIM

0 0.0605 6.048

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.0605 6.048

● ● ●●● ● ●●

TR__

0 0.032 3.2 32

●●●● ●●●●●●● ●●●●● ●●●●● ●●● ●●●●●●
●●

●●
●●
●●
●

●●
●●
●

●●
●●
●

●●
●

●●
●●

MORT

0 0.032 3.2 32

●● ● ● ● ●● ●●●●●●●●● ● ● ● ●● ●●
●●
●●
●
●●
●

YSE_

0 0.032 3.2 32

● ●● ●● ●● ●

AXIS

0 0.032 3.2 32

● ●● ●●● ●● ●●

EYE_

0 0.032 3.2 32

● ●● ●●●● ●● ●●
●

SNOU

0 0.032 3.2 32

● ● ●●● ● ●●

JAW_

0 0.032 3.2 32

●●

OTIC

0 0.032 3.2 32

● ● ●● ●● ● ●● ●

PE__

0 0.032 3.2 32

●●

(1R)−1−{4−[(2R6S)−4−(46−dimethyl−135−triazin−2−yl)−26−dimethylpiperazin−1−yl]pyrimidin−2−yl}ethanol
BRAI

0 0.032 3.2 32

● ● ●● ● ●

SOMI

0 0.032 3.2 32

● ● ●● ● ●

PFIN

0 0.032 3.2 32

● ●●● ●●

CFIN

0 0.032 3.2 32

● ●● ●

PIG_

0 0.032 3.2 32

●●

CIRC

0 0.032 3.2 32

●●

TRUN

0 0.032 3.2 32

● ● ●● ● ●

SWIM

0 0.032 3.2 32

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.032 3.2 32

●●

TR__

0 0.0541 5.408

●●●●●●●●●● ●●●●●● ●●●●●●●● ●●●●●●●● ●●●●●●● ●●●●●●●●●
●●
●●
●●
●●

●●
●●
●●

●●
●●
●●
●●

●●
●●
●●
●●

●●
●●
●●
●

●●
●●
●●
●

MORT

0 0.0541 5.408

● ●● ● ●● ●● ● ●

YSE_

0 0.0541 5.408

● ● ● ●●● ● ● ●●

AXIS

0 0.0541 5.408

● ● ● ●● ● ● ●

EYE_

0 0.0541 5.408

● ● ● ●● ● ● ●

SNOU

0 0.0541 5.408

● ● ● ● ●● ● ● ● ●

JAW_

0 0.0541 5.408

● ● ●● ● ●

OTIC

0 0.0541 5.408

●● ● ●● ● ●●● ● ●● ● ●

PE__

0 0.0541 5.408

● ● ●● ● ●

(2−{[4−(4−chloro−25−dimethoxyphenyl)−5−(2−cyclohexylethyl)−13−thiazol−2−yl]carbamoyl}−57−dimethyl−1H−indol−1−yl)acetic acid trifluoroacetate
BRAI

0 0.0541 5.408

● ●● ●

SOMI

0 0.0541 5.408

● ● ●● ● ●

PFIN

0 0.0541 5.408

● ● ● ●●● ● ● ●●

CFIN

0 0.0541 5.408

● ● ●● ● ●

PIG_

0 0.0541 5.408

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.0541 5.408

● ● ● ●●● ● ● ●●

TRUN

0 0.0541 5.408

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SWIM

0 0.0541 5.408

● ●● ●

NC__

0 0.0541 5.408

● ● ●● ● ●

TR__

0 0.064 6.4 64

●● ●●● ●● ●●● ●●● ●●●●●●●●●●●●●●●● ●●
●

●● ●●
●

●●
●

●●
●●
●●
●●
●●
●●
●●

●●
●●
●●
●●
●●

MORT

0 0.064 6.4 64

● ●●●●●● ●●
●●
●●●

YSE_

0 0.064 6.4 64

● ● ● ●●●●●● ● ● ●●
●●
●●●

AXIS

0 0.064 6.4 64

● ● ● ● ● ●●●● ● ● ● ● ●●
●

EYE_

0 0.064 6.4 64

● ● ● ●● ● ●●●●●●● ● ● ●● ● ●●
●●
●●●●
●

SNOU

0 0.064 6.4 64

● ● ●● ●● ●● ●●●●●●●● ● ●● ●● ●● ●●
●●
●●
●
●●
●●

JAW_

0 0.064 6.4 64

● ●● ●

OTIC

0 0.064 6.4 64

● ● ● ●●●● ● ● ●●
●

PE__

0 0.064 6.4 64

● ●●● ●●

(2−ethyl−4−{[(4−{[4−(4−methoxyphenyl)piperazin−1−yl]methyl}−2−[4−(trifluoromethyl)phenyl]−13−thiazol−5−yl)methyl]sulfanyl}phenoxy)acetic acid
BRAI

0 0.064 6.4 64

●●

SOMI

0 0.064 6.4 64

● ●● ●

PFIN

0 0.064 6.4 64

● ● ● ●●● ● ● ●●

CFIN

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.064 6.4 64

●● ● ●●● ●●●●● ● ●●
●

●●
●

TRUN

0 0.064 6.4 64

●●

SWIM

0 0.064 6.4 64

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.064 6.4 64

● ●●●●● ●●
●●●

TR__

0 0.0298 2.976

●●● ● ●●● ●● ●●●● ●●●●
●

● ●●
●

●● ●●
●●

●●

MORT

0 0.0298 2.976

●● ●●● ● ●●●● ●●
●

● ●●

YSE_

0 0.0298 2.976

●●● ● ●●●●
●

● ●●

AXIS

0 0.0298 2.976

● ●●● ● ●● ●●
●

● ●

EYE_

0 0.0298 2.976

●●● ● ●●●
●

● ●

SNOU

0 0.0298 2.976

●●● ● ●●●
●

● ●

JAW_

0 0.0298 2.976

●● ● ●●● ● ●

OTIC

0 0.0298 2.976

●● ●●● ● ●●●● ●●
●

● ●●

PE__

0 0.0298 2.976

●● ● ●●● ● ●

(2E)−3−(4−fluorophenyl)−N−(4−{2−[7−(5−methyl−124−oxadiazol−3−yl)−1245−tetrahydro−3H−3−benzazepin−3−yl]ethyl}cyclohexyl)prop−2−enamide hydrochloride
BRAI

0 0.0298 2.976

●● ● ●●● ● ●

SOMI

0 0.0298 2.976

●● ● ●●● ● ●

PFIN

0 0.0298 2.976

●● ● ●●● ● ●

CFIN

0 0.0298 2.976

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

PIG_

0 0.0298 2.976

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

CIRC

0 0.0298 2.976

● ●● ●

TRUN

0 0.0298 2.976

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

SWIM

0 0.0298 2.976

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

NC__

0 0.0298 2.976

●● ● ●● ●●●● ● ●● ●●

TR__

0 0.064 6.4 64

●●●●●●● ●●●●●●● ●● ●●●● ●●●●● ●●●●●
●●
●●
●

●●
●●
●●
●

●● ●●
●●

●●
●●
●

●●
●

MORT

0 0.064 6.4 64

●● ●●●● ●●

YSE_

0 0.064 6.4 64

●● ●●●● ●●

AXIS

0 0.064 6.4 64

●● ●●●● ●●

EYE_

0 0.064 6.4 64

●● ●●●● ●●

SNOU

0 0.064 6.4 64
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AssaysModels
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…

Chemical
Structures

…

EXAMPLE: 
in vivo hypoactivity is associated with in vitro hits on 
assays for cholinesterases, ion transporters, 
monoamine oxidases

à Is this a neurotoxic AOP?

àCan we use this an an anchor for read-across to sets 
of chemicals with similar assay response profiles?



Software and methods exist for integration of multiscale data

6

Build data models Examine profile similarity via clusteringExamine priority (rank) distribution 

x ( )
10s-10000s of 
chemicals

Multiple sources for data on hazard testing, exposure, 
chemical structure, etc.

Chemical of 
higher concern    

Chemical of 
lower concern

=

[Marvel et al. (2018) BMC Bioinformatics |  www.toxpi.org]
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Integrating GIS data can help address questions on persistence 
and mobility

For example: Given information on PFAS exposure, persistence and mobility, can we prioritize at-risk communities?

[Marvel, Bhandari, Wright, Rusyn, Chiu, Reif. in prep]



How do we prioritize where in the PFAS universe to start?

8[Adaptation of original material from Denis Fourches]

There are many options for how to apportion the thousands of compounds in the PFAS universe in chemical 
space and/or decorate it with biological knowledge

à How can we integrate across data sources/scales/types to derive an objective priority list?
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