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Figure EV1. The smoothing and balancing procedure using bootstrapped averages reduces the effect of outliers and balances the classes increasing
classification accuracy.

One of the sparsely populated classes (GluCl agonists with 5 compounds) and the most well-populated class (AChE inhibitors with 10 compounds) are shown before and after
the smoothing and balancing procedure in the 3 top PCA components.

Adam McDermott-Rouse et al Molecular Systems Biology

ª 2021 The Authors Molecular Systems Biology 17: e10267 | 2021 EV1



PC 1PC 2

PC 3

PC 1
PC 2

PC 3

AChE inhibitor - Thiodicarb
AChE inhibitor - Carbofuran
AChE inhibitor - Fenobucarb
Mitochondrial inhibition - SY1048
Mitochondrial inhibition - Rotenone
Mitochondrial inhibition - Cyazofamid

normalization

A B

Figure EV2. Illustration of the effect of normalization with real data.

The normalization of samples to unit L2 norm brings compounds with different potencies closer together and helps separate the classes in the phenotypic space.
A PCA of the data from 2 different classes with 3 compounds each before normalization (data simply standardized).
B PCA of the normalized data.
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Figure EV3. Confusion matrices showing cross-validation performance of a classifier trained to distinguish compounds of the same class from each other.

Adam McDermott-Rouse et al Molecular Systems Biology

ª 2021 The Authors Molecular Systems Biology 17: e10267 | 2021 EV3



DMSO

No Compound

Drug A (max concentration)

Drug B (max concentration)

serial dilutions

serial dilutions

A
B
C
D
E
F
G
H

21 3 4 5 6 7 8 9 10 11 12

A
B
C
D
E
F
G
H

21 3 4 5 6 7 8 9 10 11 12

Opentrons randomisationOpentrons randomisation
D

es
tin

at
io

n 
(im

ag
in

g)
 p

la
te

S
ou

rc
e 

pl
at

e

Figure EV4. Randomization of columns using liquid handling robot.

Tominimize any position-induced bias, we use an Opentrons liquid handling robot to randomly shuffle the position of the compounds in the imaging plates. We programmed
the robot to keep a record of the randomized shuffle and use this log to create the correct well-compound mapping.

Molecular Systems Biology Adam McDermott-Rouse et al

EV4 Molecular Systems Biology 17: e10267 | 2021 ª 2021 The Authors



Clean up data:
- Remove wells with less than 50 skeletons

- Remove wells with NaN feature ratio > 20%
- Remove features with NaN ratio > 5%

- Impute NaN values with gobal feature mean

Tracking

pre-stimulus
(5 min)

blue light stimuli
(5 min)

post-stimulus
(5 min)

Tierpsy tracker

Tierpsy feature summaries for every well

Filter compounds
beased on univariate

statistical tests

For every feature:
- Fit LMM

- Get p-value for fixed effect

Is number of
significant 
effects > 1

Correct p-values for
multiple comparisons

No

Compound does not have
detectable effect.

 Remove from
downstream analysis.

Yes

Compound has
detectable effect.

feature ~ drug_dose
random effect = tracking day

Test one compound repeat for all compounds

Compounds with
detectable effect

Is compound 
mode of action 

well-populated (i.e.
contains at least 5

compounds)

No Assign compound to
novel test set

Assign compound to
training/tuning set or test set
based on statified train-test

split (test_ratio=0.2)

Yes

Novel test set

Training/tuning set

Test set

Figure EV5. Flow chart showing the data pre-processing steps.
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Figure EV6. Flow chart showing the pipeline for the clustering of
average drug doses.
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Figure EV7. Flow chart showing the steps
followed for the tuning and training of the
classifier using the training dataset and the
prediction of the mode of action in the test set.
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Figure EV8. Flow chart showing the steps of the novelty detection method.
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