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Unit of Process Control and Informatics
● 1 Professor, 2 senior researchers, 3 post-docs, 6 Ph.D. students, 3 

software engineers,  many graduate and undergraduate students.
● Research Interests: mathematical modelling, data-driven methods, 

machine learning, computational intelligence, mathematical 
programming

● Applications: process control, production optimization, modelling in the 
chemical industry, cheminformatics, nanoinformatics
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Jaqpot at a glance

Jaqpot is a user-friendly web-based e-infrastructure containing 
many data analysis and modelling microservices integrated under 
a common API. 
The Jaqpot infrastructure allows for: 
• Preprocessing data
• Computing descriptors from raw data (such as electronic 

images)
• Creating, validating, storing and sharing datasets and 

predictive statistical and machine learning models
• Generating reports in standard formats.



NATIONAL TECHNICAL 
UNIVERSITY OF ATHENS

Developent of Jaqpot
● Original development during the OpenTox project (2008—2011)) 

● Main modelling tool in the eNanoMapper project (2014-2017)

● Part of the OpenRiskNet open e-infrastructure (2017-2019)

● Major Component of the NanoCommons community framework 
and infrastructure (2018-2021)

● Provides infrastructure and modelling tools to the NanoSolveIT 
e-platform (2019-2023)
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Application Programming Interfaces (Swagger 
Documentation)
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Infrastructure

Docker is used to run software 
packages called "containers". 
Containers are isolated from 
each other and bundle their 

own 
application, tools, libraries and 

configuration files;

An open-source system for 
automating deployment, scaling, 
and management of 
containerized applications

OpenShift is a multifaceted, 
open source container 

application platform from Red 
Hat Inc. for the development, 
deployment and management 

of applications.

Connect

An open source software product 
to allow OpenID Connect single 
sign-on with Identity Management 
and Access Management aimed at 
modern applications and services. 
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nanoQSA(P)R
The development of a mathematical relationship y=f(X), that predicts an end-point (property, toxicity 
index) as a function of one or more descriptors (phys-chem properties, computational descriptors, 
image descriptors, omics data)  

OECD principles:

1. A defined end-point
2. The use of an unambiguous algorithm
3. A defined domain of applicability
4. Appropriate measures of goodness-of-fit, robustness and predictive ability
5. A mechanistic interpretation, if possible

Guidance Document on the Validation of (Quantitative) Structure-Activity Relationship [(Q)SAR] Models; OECD SERIES ON TESTING AND 
ASSESSMENT. (OECD, 2007), ENV/JM/MONO(2007)2

Reporting formats developed by Joint Research Center (JRC):

QSAR Model Reporting Format (QMRF)
QSAR Prediction Reporting Format (QPRF)
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Jaqpot 4
http://www.jaqpot.org/

Chomenidis C,  Drakakis, G,  Tsiliki G,  Anagnostopoulou E,  Valsamis A,  Doganis P,  Sopasakis P,  Sarimveis, H, (2017) Jaqpot Quattro: A Novel 
Computational Web Platform for Modeling and Analysis in Nanoinformatics, Journal of Chemical Information and Modeling, 57(9),  2161-2172.

http://jaqpot.org/
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Create new account
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My resources
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Algorithms
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Ontological annotation of algorithms

Category / URI Description OpenTox Ontological Classes

Preparation-additional

1 http://jaqpot.org:8080/jaqpot/services/algorithm/scaling Scaling

"ot:Algorithm",
"ot:Scaling",
"ot:Transformation"

WEKA (Java)

1 http://jaqpot.org:8080/jaqpot/services/algorithm/weka-mlr
MLR - Weka (multi-response linear regression 
implemented in Java-WEKA)

"ot:Algorithm",
"ot:Regression",
"ot:SupervisedLearning"

Python

1
http://jaqpot.org:8080/jaqpot/services/algorithm/python-id3-
mci Id3 - with MCI (Implemented in Python-Scikit-Learn)

"ot:Algorithm",
"ot:Classification",
"ot:SupervisedLearning"

OpenTox Algorithm Ontology http://old.opentox.org/data/documents/development/RDF%20files/AlgorithmTypes

http://jaqpot.org:8080/jaqpot/services/algorithm/scaling
http://jaqpot.org:8080/jaqpot/services/algorithm/weka-mlr
http://jaqpot.org:8080/jaqpot/services/algorithm/python-id3-mci
http://old.opentox.org/data/documents/development/RDF%20files/AlgorithmTypes
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Model training

Farhad  Gha raghe izi & Re za  Fa re ghi Alam d ari (20 0 8) A Mole cula r‐Bas e d  Mod e l fo r Pre d ic t ion  of So lub ilit y o f C60  Fulle re ne  in  Va rious  Solve nt s , Fu lle re ne s , Nanot ub e s , 
and  Ca rb on  Nons t ruc t ure s , 16 :1, 4 0 - 57, DOI: 10 .10 80 / 15363830 70 1779 315

Example

Modelling the Solubility of C60 fullerene
in various solvents (Gharageizi et.al.,
2008).

The full dataset of 124 solvents has been uploaded 
to Jaqpot and can be viewed in the URI 
http://www.jaqpot.org/data_detail?name=nGF3G5
SBo4wk5h

Training dataset of 93 solvents

http://www.jaqpot.org/data_detail?name=XmCQVC
7o5jKKRv) 

Test dataset of 31 solvents 
(http://www.jaqpot.org/data_detail?name=3UbgEJ
PIdT2Ovs)

http://www.jaqpot.org/data_detail?name=nGF3G5SBo4wk5h
http://www.jaqpot.org/data_detail?name=XmCQVC7o5jKKRv
http://www.jaqpot.org/data_detail?name=3UbgEJPIdT2Ovs
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Model training - Dataset selection
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Model training - Choice of algorithm
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Model training – Variable and parameters selection
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Task management
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Model webpage URI of model: http://www.jaqpot.org/m_detail?name=72GEEmGhhavY00n7O209

http://www.jaqpot.org/m_detail?name=72GEEmGhhavY00n7O209
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External validation of models
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Validation report http://www.jaqpot.org/report?name=cnJlt1LZ3fnvlcI

http://www.jaqpot.org/report?name=cnJlt1LZ3fnvlcI
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Validation report
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Validation report
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Validation report

The  re p ort  is  d ow nloa d ab le  a s  PDF
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Model predictions
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QPRF report
The QPRF (QSAR prediction reporting format) 
report generated by Jaqpot contains all the 
fields required by the OECD guidelines, namely: 

● Substance
○ Contains information such as 

CAS and EC numbers, SMILES, 
InChi, etc. 

● General
○ Information such as date and 

creator name and email.
● Prediction

○ Biological endpoint, variables, 
model used, DoA, etc

● Adequacy
○ Optional field, containing 

regulatory purpose, conclusion 
etc
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QPRF report
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QPRF report

The  re p ort  is  d ow nloa d ab le  a s  PDF
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Other model validation options 

Options:

● Cross :performs Cross Validation
● Data Split :splits data into training and test datasets

according to a split ratio
● External :validation with an external dataset

Offered in model webpage
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Jaqpot 5
https://app.jaqpot.org/

https://app.jaqpot.org/
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Jaqpot 5 - Login
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Jaqpot 5 - User profile - Contact Info
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Jaqpot 5 - User profile - Quota
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Jaqpot 5 - Organizations
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Jaqpot 5 - Organizations
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Jaqpot 5 - NanoCommons Organization page
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Jaqpot 5 - Sharing of resources
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Jaqpot 5 - Sharing notification
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Jaqpot 5 - Home
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Jaqpot 5 - Shared space - Models
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The jaqpotpy library
https://jaqpotpy.readthedocs.io/en/latest/
• jaqpotpy is a python library that integrates fully the python Scikit-learn machine learning library 

with Jaqpot
• Only basic python programming is required to automatically deploy a predictive model as a web 

service in Jaqpot. Jupyter notebooks are developed to further assist model deployment.
• Similar libraries are under development for the integration of machine learning packages from 

other languages, R, Julia, Java.

https://jaqpotpy.readthedocs.io/en/latest/
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Automated machine learning
https://jaqpotpy.readthedocs.io/en/latest/
Automated machine learning (AutoML) is the process of automating the end-to-end process of 
applying machine learning methodologies with the goal of maximizing the predictive performance of 
their final machine learning model: 
• data pre-processing
• feature extraction
• feature selection
• algorithm selection
• hyperparameter optimization

Examples of AutoML platforms
• DataRobots: a commercial platform for AutoML
• Auto-sklearn: a Bayesian hyperparameter optimization layer on top of scikit-learn
• TPOT: a genetic progrmming optimization layer on top of scikit-learn that automatically creates 

and optimizes full machine learning pipelines.
• Auto-WEKA: a Bayesian hyperparameter optimization layer on top of WEKA
• RRegrs1: an exhaustive search layer on top of Caret  (NTUA, University of Maastricht)

•1Tsiliki G, Munteanu CR, Seoane JA, Fernandez-Lozano C., Sarimveis H., Willighagen EL, (2015) RRegrs: an R package for computer-aided model 
selection with multiple regression models, Journal of Cheminformatics20157:46, https://doi.org/10.1186/s13321-015-0094-2

https://jaqpotpy.readthedocs.io/en/latest/
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Jaqpot 5 – Create and deploy a nanoQSAR model using a 
Jupyter notebook

import pandas as pd
from jaqpotpy import Jaqpot
from sklearn.linear_model import LinearRegression
from sklearn.preprocessing import MinMaxScaler
from sklearn.pipeline import Pipeline
from sklearn.model_selection import train_test_split
from sklearn.model_selection import cross_val_score, GridSearchCV, RandomizedSearchCV
df=pd.read_csv('C:\\MyDocuments\\European-funded\\Trexonta\\NanoCommons\\Actual Project\\WP5\\NanoQSAR deliverable\\
A Molecular Based Model for Prediction of Solubility of C60 in Various Solvents\\70_model_reduced.csv') # Reads the data

Xall=df[['piPC03', 'ATS1m', 'Seigp', 'More23e', 'H1m']] # Defines the columns that will be used as independent features
Yall=df['logS Exp.'] # Defines the end-point
X_train, X_test, Y_train, Y_test = train_test_split(Xall, Yall, train_size=0.75, test_size=0.25, random_state=1)
# Splits the data into training and test sets
stepslinear = [('scaler', MinMaxScaler()), ('MLR', LinearRegression())]
pipelinelinear = Pipeline(stepslinear) # define the pipeline object.
cross_val_score(estimator=pipelinelinear, X=X_train, y=Y_train, cv=5, n_jobs=-1) #Performs a 5-fold cross validation

pipelinelinear.fit(X_train, Y_train)
print('Training score: ', pipelinelinear.score(X_train, Y_train))
print('Testing score: ', pipelinelinear.score(X_test, Y_test))
print('Total score: ', pipelinelinear.score(Xall, Yall)) #Trains the model and prints R^2 statistics

jaqpot.deploy_pipeline(pipelinelinear,Xall,Yall,"Linear Model for Predicting Solubility of C60 Fullerenes in Various Solvents","Linear
Model","linearmodel")

jaqpot = Jaqpot("https://api.jaqpot.org/jaqpot/services/")
jaqpot.request_key_safe()
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Jaqpot 5 - Model page ht t p s :/ / ap p .jaq p ot .o rg/ m od e l/ uxRBCMs V9 lkSQT1Kw 7km

https://app.jaqpot.org/model/uxRBCMsV9lkSQT1Kw7km
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Jaqpot 5 - QMRF report
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Jaqpot 5 – PMML representation
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Jaqpot 5 - Model page
ht t p s :/ / ap p .jaq p ot .o rg/ m od e l/ uxRBCMs V9 lkSQT1Kw 7km

https://app.jaqpot.org/model/uxRBCMsV9lkSQT1Kw7km
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Jaqpot 5 - Model page - Data tab
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Jaqpot 5 - Model page – Predict/Validate tab



NATIONAL TECHNICAL 
UNIVERSITY OF ATHENS

Jaqpot 5 - Predict - Entering values
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Jaqpot 5 - Predict - Downloading template
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Jaqpot 5 - Predict - Editing template
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Jaqpot 5 - Predict - Uploading data
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Jaqpot 5 - Predict - Uploading data



NATIONAL TECHNICAL 
UNIVERSITY OF ATHENS

Jaqpot 5 – Calculating predictions
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Jaqpot 5 – Displaying predictions
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Jaqpot 5 - Predictions as CSV
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Jaqpot 5 – Model validation
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Jaqpot 5 - Social network of models
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Jaqpot library of nanoQSAR models 
Jaqpot 4/NanoCommons account, Jaqpot 5/ Nanocommons organization

Model description Endpoint Model URIs

1

Methodology for developing structure-activity evaluation to identify combinations of physical 
features of nanomaterial that influence potential cell damage by MLR/LDA (TiO2 case)
Sayes & Ivanov (2010)

In vitro - Cytotoxicity - membrane damage 
measured as lactate dehydrogenase (LDH) release 

[units/L] Jaqpot 4: http://jaqpot.org/m_detail?name=2KoKHcIgMJloSeWuZ03a
Jaqpot 5 https://app.jaqpot.org/model/izMncmc5LMbgC6o7Fkj8

2

Methodology for developing structure-activity evaluation to identify combinations of physical 
features of nanomaterial that influence potential cell damage by MLR/LDA (ZnO case)
Sayes & Ivanov (2010)

In vitro - Cytotoxicity - membrane damage 
measured as lactate dehydrogenase (LDH) release 

[units/L] Jaqpot 4: http://jaqpot.org/m_detail?name=cm49KGhUjkMw6wyntKQF
Jaqpot 5: https://app.jaqpot.org/model/fvAe4KnIOOiNgGf7Ve1p

3

Regression model to understand the aggregated ZVCN against E.Coli by MLR (Placket-Burman 
design)
Rispoli et al. (2010)

In vitro - Cytotoxicity - measured as percentage of 
dead E. Coli population Jaqpot 4: http://jaqpot.org/m_detail?name=48JYATz0KFTkZjGd8AfS

Jaqpot 5: https://app.jaqpot.org/model/8su6n4cfcJpzZD2NDZGN

4

Prediction of the Biological surface adsorption index (BSAI) on different NPs by MLR
Xia et al. (2011)

log(k)
k: adsorption coefficient Jaqpot 4: http://jaqpot.org/m_detail?name=DjRQk8AqG42nckg5KoxZ

Jaqpot 5: https://app.jaqpot.org/model/gSvjUZ17EEAV5OWL7Uls

5

Predictive model of TiO2 NPs damage on membrane cell by SMILES-based optimal descriptor and 
Monte Carlo technique (CORAL software)
Toropova & Toropov (2013)

In vitro - Cytotoxicity - membrane damage 
measured as lactate dehydrogenase (LDH) release 

[units/L] Jaqpot 4: http://jaqpot.org/m_detail?name=4oxlwXBZMJ4suYFTSl4d
Jaqpot 5: https://app.jaqpot.org/model/nTJgb4Ss3zHIYZEcbg78

6

Cytotoxicity of metal oxide to bacteria E.Coli models by Periodic table-based descriptors and 
stepwise-MLR
Kar et al. (2014)

In vitro - Cytotoxicity - measured as pEC50
Jaqpot 4: http://jaqpot.org/m_detail?name=EFffilLYKMgLUq3qNYBw
Jaqpot 5: https://app.jaqpot.org/model/QgRRwyU8r7e0NubEuDdX

7

Photo-induced toxicity of metal oxide NPs to E. Coli by MLR (dark condition case)

Pathakoti et al. (2014)

In vitro - Cytotoxicity - measured as -log(LC50)

Jaqpot 4: http://jaqpot.org/m_detail?name=KIWUeelVM8x7x1iC7cXi
Jaqpot 5: https://app.jaqpot.org/model/hygpzrH71XS1Wr8lGS69

8

Photo-induced toxicity of metal oxide NPs to E. Coli by MLR (Photo-induced (light) case)

Pathakoti et al. (2014)

In vitro - Cytotoxicity - measured as -log(LC50)
Jaqpot 4: http://jaqpot.org/m_detail?name=o6Jr81BfQtUddgmwqaee
Jaqpot 5: https://app.jaqpot.org/model/5gCY316DzDh1Fdw4aigo

9
Predicting metal oxide Nps toxicity to E. Coli cell line by MLR
Toropov et al. (2018)

In vitro - Cytotoxicity - measured as log(1/EC50) Jaqpot 4: http://jaqpot.org/m_detail?name=qul6HlLHSypXWX8zvMQ3
Jaqpot 5: https://app.jaqpot.org/model/OAiBYuee5PLJ7F580f2J

10

Predicting C60 solubility in organic solvents by SMILES-based optimal descriptor and Monte Carlo 
technique
Gharagheizi & Alamdari (2008)

Solubility in organic solvents

Jaqpot 4: http://jaqpot.org/m_detail?name=sCoqY3D3xCpSuyS6RdoQ
Jaqpot 5: https://app.jaqpot.org/model/VRp8f6A4DuJc8fsavvpB

http://jaqpot.org/m_detail?name=2KoKHcIgMJloSeWuZ03a
https://app.jaqpot.org/model/izMncmc5LMbgC6o7Fkj8
http://jaqpot.org/m_detail?name=cm49KGhUjkMw6wyntKQF
https://app.jaqpot.org/model/fvAe4KnIOOiNgGf7Ve1p
http://jaqpot.org/m_detail?name=48JYATz0KFTkZjGd8AfS
https://app.jaqpot.org/model/8su6n4cfcJpzZD2NDZGN
http://jaqpot.org/m_detail?name=DjRQk8AqG42nckg5KoxZ
https://app.jaqpot.org/model/gSvjUZ17EEAV5OWL7Uls
http://jaqpot.org/m_detail?name=4oxlwXBZMJ4suYFTSl4d
https://app.jaqpot.org/model/nTJgb4Ss3zHIYZEcbg78
http://jaqpot.org/m_detail?name=EFffilLYKMgLUq3qNYBw
https://app.jaqpot.org/model/QgRRwyU8r7e0NubEuDdX
http://jaqpot.org/m_detail?name=KIWUeelVM8x7x1iC7cXi
https://app.jaqpot.org/model/hygpzrH71XS1Wr8lGS69
http://jaqpot.org/m_detail?name=o6Jr81BfQtUddgmwqaee
https://app.jaqpot.org/model/5gCY316DzDh1Fdw4aigo
http://jaqpot.org/m_detail?name=qul6HlLHSypXWX8zvMQ3
https://app.jaqpot.org/model/OAiBYuee5PLJ7F580f2J
http://jaqpot.org/m_detail?name=sCoqY3D3xCpSuyS6RdoQ
https://app.jaqpot.org/model/VRp8f6A4DuJc8fsavvpB
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Jaqpot 5 - Datasets - Uploading new dataset
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Jaqpot 5 - New dataset -Dataset details
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Jaqpot 5 - Dataset page
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PBPK model: Multi-compartment model (System of Ordinary 
Differential Equations, ODEs)  

• Mechanistic models 
that incorporate 
species’ physiology

• Provide information 
about the 
concentration-time 
profile

• Advantage: can 
conduct meaningful 
extrapolation

• Two types of 
parameters: 
physiological and drug-
related
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Physiologically based pharmacokinetics (PBPK) models 
for nanomaterials

Lung

Carlanderg U., Li D., Jolliet O.,, Emond C., Johanson G., Toward a general physiologically-based pharmacokinetic model for intravenously injected 
nanoparticles, International Journal of Nanomedicine, 2016
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The Jaqpotr library: Uploading a model to Jaqpot through R
• Define a dataset containing the dose, infusion time, initial concentrations and other covariates 

used as model input 
• Define a system of differential equations as a function (according to the deSolve package)
• Define a function that generates covariates, whose output will be parsed to the differential 

equations
• Define the compartment names and declare the input compartment 
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Calling deploy.pbpk()
• Load jaqpotr
• Call deploy.pbpk() and provide the dataset, covariate model, differential equations, 

compartment names and input
• Give Jaqpot base path (https://api.jaqpot.org/) and choose the authentication method (Api key 

or Jaqpot credentials, i.e. username and password)
• Add a model title (cannot be edited) and a short description (editable) 
• The PBPK model is generated and the model id is provided. 
• The user can further refine the model description and information through the Jaqpot UI

https://api.jaqpot.org/
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Accessing the model
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Entering model information through Jaqpot UI
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Add description and units to the model variables 

• Same procedure to add description and units to 
the model variables 
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Perform PBPK simulations
• Users can enter dose and physiological characteristics and get predictions
• Upload dataset or manually fill in values
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Getting predictions
 Predictions are generated in a table form and can be 

downloaded as a csv file and be further processed offline
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Predictions in a csv file
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Jaqpot Image Analysis
https://app.jaqpot.org/nanoImage/

http://jaqpot.org:8880/nanoImage/
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Calculating image descriptors for spherical nanomaterials
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Calculating image descriptors for spherical nanomaterials
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Calculating image descriptors for spherical nanomaterials
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Calculating descriptors for carbon nanotubes
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Calculating descriptors for carbon nanotubes
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Calculating descriptors for carbon nanotubes
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Jaqpot: Other services

ToxFlow1: a read-across methodology, considers the multi-perspective characterization of 
nanoparticles and selects neighbour based on both physicochemical and biological similarity 
criteria, http://147.102.86.129:3838/toxflow1

Dose-response modelling : a web implementation of the Benchmark Dose (BMD) approach for 
estimating derived no-effect levels (DNELs). Integrates the PROAST open-source software 
developed by RIVM  

Biodescriptor calculations2 : descriptors which are derived by enriching high-throughput omics 
data with biological-pathway information

Biokinetics: Integration of high-throughput toxicokinetics (httk) and PK-Sim software platforms 

1Varsou DD, Tsiliki G, Nymark P, Kohonen P, Grafström R, Sarimveis H.(2018) toxFlow: A Web-Based Application for Read-Across Toxicity Prediction Using 
Omics and Physicochemical Data, J Chem Inf Model. 2018 Mar 26;58(3):543-549. doi: 10.1021/acs.jcim.7b00160

2Tsiliki G, Nymark P, Kohonen P, Grafström R, Sarimveis H. (2017) Enriching Nanomaterials Omics Data: An Integration Technique to Generate Biological 
Descriptors, Small Methods; 1700139.

http://147.102.86.129:3838/toxflow
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Jaqpot in EOSC Catalogue

https://catalogue.eosc-portal.eu/service/openrisknet.jaqpot_

https://catalogue.eosc-portal.eu/service/openrisknet.jaqpot_
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NanoCommons Transnational Access Programme
https://www.nanocommons.eu/apply-for-access/

https://www.nanocommons.eu/apply-for-access/
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Conclusions

● Jaqpot is an open source web infrastructure with a flexible structure:
○ generalization across disciplines
○ integration to third-party tools in order to fulfil modelling needs on the Cloud
○ easy integration to diverse architectures/ontologies/knowledge domains.

● Jaqpot offers a seamless way to:
○ take models out of the desktop or paper and automatically make them available as 

web services via their URI
○ functionality is provided both through an API and GUIs. 

J aq p ot  cons t it u t e s  a  universal platform
t ha t  produces and exchanges s e m an t ica lly annot a t e d  d a t a s e t s  

and  m ach ine  le a rn ing predictive models .
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Thank you!
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