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Evaluation

■ Traditionally, evaluation estimates if
reaction predictions of a compound are
likely to be correct

■ Initially, we evaluated the performance
only on a reaction level

■ This ignores problems with
intermediates and effects in predictions
of the children of nodes
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■ This ignores problems with
intermediates and effects in predictions
of the children of nodes

A BTP

DFP

CFN

+1/2

−1/4

−1/4

+X

−X

Observed

Not

Observed

Reward

Penalty

Predicted

Not

Predicted

3



Limitations – Applicability Domain

■ The chemical space is huge, yet we
train our models on only hundreds of
compounds

■ Our model does not “know” enough
about all compounds

■ We use the applicability domain of a
model to estimate if we can use our
model on a given compound

■ There are interesting connections
between the concept of applicability
domain and adversarial attacks on
machine learning models

■ We introduced a 3-stage approach in
enviPath based on applicability,
reliability, and local goodness of fit

Applicability Domain

Compound
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Reliability
Stage
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Limitations – Applicability Domain

Applicability Domain

Compound
Applicability

Stage
Reliability
Stage

LocalGoF

Outside
AD

Outside
AD

Outside
AD

Model Prediction

Applicability

■ Bounding
Box in PCA
space

Reliability

■ Use qualified neighbours - instances in
training set that share possible reactions
(based on rules)

■ Score calculates similarity to qualified
neighbours

Local Goodness of Fit
■ Critical Success Index

across qualified
neighbours

CSI =
#TP

#TP + #FP + #FN
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enviLink – linking Enzymes
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Future modeling – Mixture of Experts

■ Build ensemble of models, each an expert for enzyme classes

■ Learn the weights for each input compound

■ Prediction is a combination of enzyme-‘expert” model predictions

■ Significantly improves model performance

■ To be published mid-2025
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Mitigating Bias – Cancels

Chemical Compound Dataset
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enviPath – The Environmental Contaminant
Biotransformation Pathway Resource

■ Successor of UM-BBD/PPS (Eawag-BBD/PPS)

■ Initial release September 2015

■ Database and prediction system for the microbial
biotransformation of organic environmental
contaminants

■ Database provides the possibility to store and view
experimentally observed biotransformation pathways

■ Pathway prediction system provides different relative
reasoning models to predict likely biotransformation
pathways and products

■ Current data sets

■ Eawag BBD, Eawag Soil, Eawag Sludge
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Interface

■ Web interface avalaible at
https://envipath.org with
possibility to

■ Predict new pathways
■ Access database (pathways, reactions,

compounds, models)
■ Enter your own data
■ Set model parameters
■ Train your own models
■ . . .
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REST Interface

■ REST interface provides an
language-independent interface to the
server

■ Provides all functionality of the server
for integration into external code

■ Add data
■ Predict pathways
■ Search the database
■ . . .
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Python Interface

■ The Python client allows you
to include enviPath directly
into you Python code

■ This is done by using the
REST API

■ All calls to Python functions
are translated to remote calls
to enviPath

■ Exposes all functionality to
direct function calls in Python

from pprint import pprint

from enviPath_python import enviPath

ePServer = 'https://envipath.org'

package = '32de3cf4-e3e6-4168-956e-32fa5ddb0ce1'

eP = enviPath(ePServer)

bbd = eP.get_package(ePServer + '/package/' + package')

bbd_pws = bbd.get_pathways()

pprint(bbd_pws[0].get_description())
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Python Interface

■ The Python client allows you
to include enviPath directly
into you Python code

■ This is done by using the
REST API

■ All calls to Python functions
are translated to remote calls
to enviPath

■ Exposes all functionality to
direct function calls in Python

from enviPath_python import enviPath

ePServer = 'https://envipath.org'

package = '32de3cf4-e3e6-4168-956e-32fa5ddb0ce1'

eP = enviPath(ePServer)

bbdPackage = '32de3cf4-e3e6-4168-956e-32fa5ddb0ce1'

soilPackage = '5882df9c-dae1-4d80-a40e-db4724271456'

# get package(s) that should be searched

bbd = eP.get_package(ePServer + '/package/' + bbdPackage')

soil = eP.get_package(ePServer + '/package/' + soilPackage')

# returns a dictionary with properly initialized objects

res = eP.search('c1ccccc1', [bbd, soil])

print(res)

# or use a package to search it

res = bbd.search('c1ccccc1')

print(res)

13



Conclusion

■ Current work
■ Implementing enviFormer into enviPath
■ Implement rule learning into enviPath
■ Adding more data
■ Adding more improvements into the prediction engine
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Thank you for listening! Any questions?

https://envipath.org

https://wickerlab.org

https://envipath.org
https://wickerlab.org
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