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Roy, Kar and Das, Understanding QSAR.. (Elsevier), 2015
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What is q-RASAR?

 Quantitative Read-Across Structure-Activity

Relationship (q-RASAR)

 Derived from the concepts of QSAR and

Read-Across

 Similarity and error-based measures as

descriptors

Banerjee, A.; Roy, K. Mol. Divers. 2022, 26, 2847-2862

Banerjee, A.; Roy, K. Chem. Res. Toxicol. 2023, 36, 446-464



Workflow of q-RASAR

Banerjee, A.; Roy, K. Mol. Divers. 2022, 26, 2847-2862

Banerjee, A.; Roy, K. Chem. Res. Toxicol. 2023, 36, 446-464



q-RASAR Descriptors

Banerjee, A.; Roy, K. Mol. Divers. 2022, 26, 2847-2862

Banerjee, A.; Roy, K. Chem. Res. Toxicol. 2023, 36, 446-464
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QSARs and their limitations
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Role of the ARKA descriptors

No. X Y

1 . 1

2 . ≥ 0.75

3 . < 0.75

4 . ≥ 0.5

5 . < 0.5

6 . ≥ 0.25

7 . < 0.25

8 . 0

Banerjee, A.; Roy, K. Environ. Sci.: Processes Impacts 2024, 26, 991-1007

Banerjee, A.; Roy, K. Environ. Sci.: Processes Impacts 2025.

ARKA = Arithmetic Residuals 

in K-groups Analysis



Grouping strategy 

in Multiclass ARKA

No. X Y

1 . 1

2 . ≥ 0.75

3 . < 0.75

4 . ≥ 0.5

5 . < 0.5

6 . ≥ 0.25

7 . < 0.25

8 . 0

= Positive class

= Negative class

Iteration #1
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Grouping strategy 

in Multiclass ARKA

= Positive class
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Grouping strategy 

in Multiclass ARKA

= Positive class

= Negative class
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Grouping strategy 

in Multiclass ARKA

= Positive class

= Negative class

No. X Y

1 . 1

2 . ≥ 0.75
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4 . ≥ 0.5

5 . < 0.5

6 . ≥ 0.25

7 . < 0.25

8 . 0

Iteration #4

Banerjee, A.; Roy, K. Environ. Sci.: Processes Impacts 2025



Algorithm

Banerjee, A.; Roy, K. Environ. Sci.: Processes Impacts 2025



Algorithm

Banerjee, A.; Roy, K. Environ. Sci.: Processes Impacts 2025



Banerjee A, Roy K. J Hazard Mater 2025

Contributions of descriptors 

across different iterations



Workflow of improved q-RASAR

Banerjee A, Roy K. J Hazard Mater 2025



Skin sensitization potential of industrial and 

environmental chemicals

Banerjee and Roy, Environ Sci: Processes Impacts 
2023, 25, 1626-1644

hERG K+ channel 

inhibition of 

chemicals

Banerjee and Roy, 
Chemom Intell Lab Syst

2023, 237, 104829

Aquatic toxicity 

of pesticides 

against Lepomis

sp. 

Ghosh et al., Aquat
Toxicol 2023, 265, 
106776

Androgen 

receptor 

binding affinity 

of endocrine 

disruptors in 

rats

Aquatic toxicity 

of pesticides 

against Rainbow 

trout

Ghosh et al., Aquat
Toxicol 2023, 265, 
106776

Datasets used in the 
current study

Banerjee et al., 
Chemosphere 

2022, 309, 136579



Workflow



Results



Multi-Criteria 

Decision Making
The Sum of Ranking 

Differences (SRD)

Lower the SRD, better 
is the model. 

AR = ARKA-RASAR
A = Hybrid ARKA
R = q-RASAR
Q = QSAR

ARKA-RASAR models 
are the best

SRD Plot of all the developed models

Heberger K. TrAC Trends Anal Chem 2010, 29, 101-109



Multi-Criteria 

Decision Making

Leave-1/7th-Out Cross-Validated SRD results, showing the ARKA-

RASAR models are the best (X-axis represents the models, Y-axis

represents the SRD-CV)

The Sum of Ranking 

Differences (SRD)

Lower the SRD-CV, 
better is the model. 

AR = ARKA-RASAR
A = Hybrid ARKA
R = q-RASAR
Q = QSAR

ARKA-RASAR models 
are the best

Sziklai et al., Cent. Eur. J. Oper. Res. 2024



 Factor 1: Between the four different

modeling approaches (QSAR, q-RASAR,

Hybrid ARKA, ARKA-RASAR)

 Factor 2: Between the five different

datasets

Inferences

 Bias due to the datasets is absent

 Modeling algorithms are not 

similar

ANOVA – To ensure 

unbiased observations

Snedecor and Cochran, Statistical Methods, 8th Edition, Wiley-Blackwell



One-way ANOVA analysis

Aim

 To show that the results obtained

from most of the models in the

five datasets were significantly

different from each other

 Least Significant Difference (LSD)

procedure coupled with One-way

ANOVA, using Fisher’s test (95% CI)

of the SRD values

Bolton S, Statistics, in: Remington JP.

Remington: the Science and Practice of

Pharmacy (ed. D. Troy), Lippincott Williams &

Wilkins, Baltimore, 2006.



Variable Importance Plots

Inferences

 ARKA descriptors appear to be

the most important.

 This is followed by the RASAR

descriptors computed on the

Hybrid ARKA feature matrix

 The conventional QSAR

descriptors appear to have low

importance

Wu et al., Introduction to SIMCA-P and its application. In:

Handbook of partial least squares: concepts, methods and

applications 2009, 757-774, Springer, Heidelberg.



Real world effectiveness 

in data gap filling

Burden et al., Regulat Toxicol Pharmacol 2016, 80, 241-246

(A curated set of 150 pesticide metabolites)

ARKA-RASAR models of Datasets 4 and 5

(Datasets for fish toxicity)



Generalizability 
with true external 

set data

Enhanced 
Robustness and 

Predictivity

Response range-specific 
contributions of 

descriptors Conclusions

ARKA-RASAR models are robust 
and highly predictive

Capture response range-specific 
contributions of descriptors

Show effective generalizability 
with true external set data

ARKA-RASAR
Models



A Java-based tool to 

compute multiclass ARKA 

descriptors

https://sites.google.com/jadavpuruniversity.in/dtc-lab-software/arithmetic-residuals-in-k-groups-analysis-arka



A Java-based tool to 

compute RASAR descriptors

https://sites.google.com/jadavpuruniversity.in/dtc-lab-software/home





The first article on ARKA

 Identification of Activity Cliffs

 Machine Learning-based Classification modeling
https://doi.org/10.1039/D4EM00173G



The book on q-RASAR

 Introduces the reader to a novel

cheminformatic workflow

 Presents the genesis and model

development

 Includes practical examples and

software tools

https://link.springer.com/book/10.1007/978-3-031-52057-0



The book on activity cliffs

 Provides an introduction to the concepts

of activity cliffs

 Details the impact of activity cliffs on the

modelability of data sets and the

prediction quality of QSAR models

 Analyzes dataset modelability, defining

the applicability domain of QSAR models

and identifying activity cliffs

https://link.springer.com/book/9783032100801

https://link.springer.com/book/9783032100801


Users of q-RASAR across the globe 

9 countries, 26 institutes (SCOPUS)

Kean University, 
USA

Beijing University 
of Technology, 

ChinaUniwersytet
Gdanski, Poland

GPC Regulatory, 
Sweden
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