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Why hDHFR? (O
Human Dihydrofolate M —
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Our previous work
Development of QSAR Models and Web Applications for Predicting
hDHFR Inhibitor Bioactivity Using Machine Learning
by Ibrahim Maattallaoui 1 E‘E’, Mahamadou Sakho 1 & Abdellah Maatallaoui 2 E@,
Enrique Barrajéon-Catalan 3. 8 © and Noureddine El Aouad 1." 80
Dataset Collection Dataset Treaining and Validation and
Optimisation Interpretation

and Preparation l Processing

|

Which molecular features are responsible for this prediction?
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From Prediction to Explanation

Explainable Al

Random Forest
Predicted pICso

.100se a prediction model

Which features?

DHFR prediction model using PubChem fingerprints v

Enter SMILES String
Ccccc : ;

Predict bioactivity of molecules Positive or negative?
against hDHFR using PubChem

fingerprints ii

PubChem model selected

SAR hypothesis

Objective: Identify and interpret the molecular features driving hDHFR activity predictions using SHAP.
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SHAP Analysis

Predictions [

Results
Local SAR
. Explamatlon hypotheses

black box ML
model

lead
optimization

S

Explalnatlon Global =

S QP Explaination §
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High FP17 >8 nitrogen atoms
PubchemFP17 st : FP12 >16 carbon atoms
PubchemFP1Z w0 ceooms *
Predominantly [#1 ]-N-C-[#]] —
PubchemFP328 — FP528 N-C—H>
favorable ,
PubchemFP659 “ ae environment
PubchemFP188 PubchemFPL7 +0.11 O—C—C—_N—C
PubchemFP374 FP659 1V1
chem PubchemFrL2 +0.1 connectivity pattern
PubchemFPG93
PubchemFRS2E +0.00 FP420 Carbgnyl-related
< PubchemFP420 Predominant] descriptor (C=0)
PubchemFP&07 PubchemFPESS 008 reaominantiy :
%&ngz 5 unfavorable N—C—C—C—aromqtlc
- PubehermFPLER 1006 FP607 carbon connectivity
< PubchemFP652 2 pattern
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beh ——
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L.ocal SHAP results

ﬂfﬂ =5.505
0 = PubchemFP17
Negative contributions 1 = PubchemFP145 _0.13
e absence of FP17 | = PubchemFP12 +0.1

e FP145 1 = PubchemFP488 ~0.09
e FP488 1 = PubchemFP659 +0.09
. FP146 1 = PubchemFP146 ~0.07

- 0 = PubchemFP712 +0.05
e FP593 0 = PubchemFP593 ~0.04

1 = PubchemFP420 =0.04 .

5.5 5.6 5.7 5.8 5.9

0 = PubchemFPL7 -0.13

I

E[RX)] =5.993
1 = PubchemFP145 =0.13

1 = PubchemFP12 +0.1

II

1 = PubchemFP488 =0.09

1 = PubchemFP&59 +.09

|
I

Positive contributions
 FP12
« FP659
e FP712

1 = PubchemFP146 =07

0 = PubchemFP712 +0.05

]I

0 = PubchemFP5393 —0.04

1 = PubchemFP420 ~0.04
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From SHAP to SAR

Structural

SHAP finding . . SAR implication Lead optimization
Interpretation
Favorable
FP17 1 >8 N atoms association with Preserve / explore
predicted activity
Favorable
FP12 1 >16 C atoms association with Preserve / explore
predicted activity
FPB59 1 O-C-C-N-C Favorable Retain / optimize
connectivity assoclation
Carbonyl-related  Unfavorable model .
FP420 | descriptor contribution Modity / replace
FP607 | N-C-C-C-aromatic Unfavorable model Modify / replace

connectivity contribution
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Overall worktlow
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SHAP-based
Interpretation

Validated Predictive
QSAR Framework

| ©

o SAR Hypotheses o Lead Optimization

r Feature 1 R
Feature 2 )\/N 0
N . /
Feature 3
— [ & » -©
Feature 5 R R

-0.2 0.0 0.2

Our previous study The resulting feature

established a validated
predictive QSAR framework.

The present study introduces
SHAP-based interpretation.

contributions are translated
into SAR hypotheses.

These hypotheses can be used
to support lead optimization.
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Future Direction

Our next step is to move from interpretation toward validation.
The future workflow will involve:

SHAP-derived
SAR hypotheses

..,1

»

I"'

Analogue design

=

Computational
validation

SIS

The experimental results can then be
incorporated into an iterative:

LN

Y,

Experimental
hDHFR inhibition assays |
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SHAP successfully interprets the Global analysis identifies the most
previously validated PubChem-RF influential fingerprint descriptors
SAR model. and their contribution directions.

N\ ? Y N Y

4 N 4 N

Local analysis explains individual XAI transforms predictive QSAR

compound predictions through into an interpretable framework for

feature-level attribution. SAR analysis and lead optimization.
\ / \ d P °/
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