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Conclusions

Results: reference chemicals

1. Diverse phenotypic profiles were observed across the entirety
of the chemical set.

2. Biological similarity was measured reproducibly, but only for
chemicals that are bioactive (i.e. have a high signal strength)

3. Chemicals with shared mechanism-of-action often had a
similar profile

4. Chemicals with high structural similarity often share the same
biological signatures.

• Redundant features might distort biological similarity measurements 
 evaluate feature reduction and feature selection approaches prior to similarity calculations

• Image-based phenotypic profiling is a chemical screening
method that measures a large variety of morphological features
of individual cells in in vitro cultures.

• No requirement for a priori knowledge of molecular targets.
• May be used as an efficient and cost-effective method for

evaluating chemical bioactivity.

High-throughput phenotypic profiling (HTPP)

What is phenotypic profiling? K means clustering of reference & environmental chemicals

Fig 4.: Signatures of 120 reference chemicals. Chemicals were manually grouped by their known mechanism-of-action. For
each chemical, data from the highest non-cytotoxic concentration is displayed. Signatures were generated by flooring all absolute
values < 1.5 to 0. Features (in columns) are ordered according to the corresponding channel/organelle. The color key on the left
indicates overall signal strength of the corresponding chemical.

Different signatures are observed
Different classes of DNA toxicants (group 6) share similar signatures

Calculation of structural similarity Calculation of biological similarity
1. Generation of signatures

2. Comparison of signatures
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Fig 6.: K means clustering of all chemicals. For each chemical, data
from the highest non-cytotoxic concentration was used to generate a
signature by flooring all absolute values < 1.5 to 0. Features (in columns)
are ordered according to the corresponding channel/organelle. The
number of clusters was chosen so that visually different signatures were in
different clusters, but replicates of the same chemical were in the same
cluster (not shown).

Approximately 16 signature clusters are observed
 300/441 environmental chemicals clustered with the null

data sets (i.e. have no distinctive signature at the highest
non-cytotoxic concentration)

 The remaining environmental chemicals mostly shared
signatures with reference chemicals

Finding biological and structural analogues
Example: Benzimidazoles (group 5.2)
The 9 benzimidazoles were used as a ‘seed’ to retrieve all chemicals
with a structural similarity > 0.25 (in green) or biological similarity > 0.6
(in pink):

Biological similarity 
(Pearson 

correlation)

Structural similarity 
(Tanimoto/Jaccard)

Biological analogues

Structural analogues

Fig 5.: Correlation matrix of biological and structural analogues of benzimidazoles All tested chemicals were searched for
structural and biological similarity to any of the benzimidazoles. Chemicals with a structural similarity > 0.25 or biological similarity
> 0.6 to any benzimidazole are displayed. The upper left half of the correlation matrix displays biological similarity (as pearson
correlation), while the lower right half of the matrix displays structural similarity (measured as Tanimoto similarity).

Benzimidazoles

All benzimidazoles are structurally similar, but only 5 had biological
similarity (the other 4 have low signal strength)

Among the biological analogues are microtubule stabilizer (group 5.3)
as well as actin cytoskeleton modulators (group 1.1).

Fig 7.: Similarity of strobilurins. (A) Signature of the highest non-cytotoxic concentration of each strobilurin (Azoxystrobin was tested in duplicate).
Features were clustered within a fluorescent channel for display. (B) Correlation matrix of biological and structural similarity of strobilurins.

Fig 8.: Structural and biological analogues of dieldrin. All tested chemicals with a structural similarity of > 0.2 are displayed. (A) Signature of the highest non-cytotoxic concentration of each
chemical. Features were clustered within a fluorescent channel for display. (B) Correlation matrix of biological and structural similarity.

Example: Strobilurins

Example: Dieldrin

Strobilurins have similar signatures with many mitochondrial features affected.

 Four structural analogues to dieldrin displayed high biological similarity with dieldrin, with changes in the
DNA channel.

Examples

Optimization of biological similarity calculation

A

A

Signal strength (SS) is a measure for the
effect size of a condition.

A high biological similarity can be measured for
chemicals screened in duplicate, but only if they have
higher signal strength than null chemicals.

Fig 1.: Biological similarity of QC
chemicals. A signature threshold
of 1.5 was used. QC reference
samples were tested in 15
replicates and compared against
each other (green). Comparisons in
gray indicate inactive (null)
chemicals against each other or
mismatching samples.

Fig 2.: Signal strength of
QC chemicals. A signature
threshold of 1.5 was used.
QC reference samples were
tested in 15 replicates. Signal
strength was defined as the
norm of the (1300
dimensional) signature
vector.

Fig 3.: Signal strength and
biological similarity of test
chemicals screened in duplicates.
A signature threshold of 1.5 was
used. Biological similarity was
calculated by Pearson correlation.
Average signal strength was defined
as the mean of the signal strengths of
the two duplicates.

Structural similarity = Tanimoto/Jaccard similarity:

𝐽𝐽 𝐴𝐴,𝐵𝐵 = |𝐴𝐴∩𝐵𝐵|
𝐴𝐴∪𝐵𝐵 = # shared structural features

total number of measured features

replacing |values| < 1.5 with 0

Signal strength
The norm (‘length’) of the 1300-dimensional 
signature vector �⃗�𝑥

𝑆𝑆𝑆𝑆 = ∑𝑖𝑖=11300 𝑥𝑥𝑖𝑖2

1. Morgan fingerprints

2. Comparison of chemical fingerprints

Chemical descriptors Chemical descriptor
 Present
 absentChemical A

Chemical A

Chemical B

Biological similarity = Pearson correlation

Chemical A

Chemical B

A range of signature thresholds (0 – 6) and four correlation methods
were evaluated.
 A signature threshold of 1.5 and Pearson correlation were used

for this study
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