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WP2: Database on experimental parameters and (Q)SARs for 
chemical and biological endpoints 
 
Work Package Leader: Mojca Kos Durjava (Partner 2: Public Health Institute Maribor) 
 

 

The CADASTER QSPR-THESAURUS database has been developed within the framework of 

the CADASTER project. The database is based on the On-line Chemical Modeling 

Environment (QSPR THESAURUS) http://www.qspr-thesaurus.eu, which has been developed 

by Dr Tetko’s group at HMGU1 and is currently being offered as a commercial software from 

eADMET GmbH http://www.eadmet.com. The database was further developed according to 

the request of the CADASTER project partners and database users. The database provides 

the main repository to store and handle endpoint data collected and measured during the 

CADASTER project. Below, we describe the main features of the database. 

 

 

 

Figure 1. Front page of the QSPR THESAURUS database. 
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Overview of the database structure 

The front page of the QSPR THESAURUS database provides an access to the 4 classes of 

chemicals which are the focus of the CADASTER project (Figure 1). After selection of one of 

the classes, the user accesses the database of experimental and calculated properties. The 

database (Figure 2) contains experimentally measured biological and physicochemical 

properties of molecules belonging to the four classes, together with the conditions under which 

the experiments have been conducted and references to the sources where the data were 

published. These data were collected or measured by CADASTER partners during the project.  

 

 

 

 

 

Figure 2. Database of experimental properties and fate effects available at http://www.qspr-

thesaurus.eu.  

 

The experimental measurements are the central entities of the database. They combine all the 

information related to the experiment, in particular the result of the measurement, which can 

be either numeric or qualitative depending on the measured property. The central system 
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component, where the experimental measurements can be introduced, searched and 

manipulated, is the compound property browser. 

 

The experimental measurement includes information about the property that was measured 

and the associated chemical compound. The compounds and the properties can be marked 

with particular keywords, also known as tags, that allow convenient filtering and grouping of 

the data. The CADASTER database uses five tags to differentiate compounds from each of 

four analyzed classes as well as all compounds. 

 

 

 

Figure 3. Rich annotation of endpoint data in the database.  

 

For each measurement stored in QSPR THESAURUS, it is obligatory to specify the source of 

the data (Figure 3). The source is usually a publication in a scientific journal or a book. The 

strict policy of QSPR THESAURUS is to accept only those experimental records that have 

their source of information specified. This improves the quality of the data and allows it to be 

verified by checking the original publication. Although a user can also introduce an 

unpublished article and link the data to it, records from such sources should be treated with 

caution. The ways to browse, introduce and automatically fetch the publications from the 

PubMed database are described below in the “Sources of information” section. 
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Every numeric property has a corresponding category of units, for example, the category of 

units for Inhibition Concentration 50% (IC50) is “Concentration”. By default the QSPR 

THESAURUS database keeps experimental endpoints in the original format (i.e., in units as 

reported in the publication). For this purpose all units are grouped into strictly defined unit 

categories, for example Kelvin, Celsius and Fahrenheit degrees belong to the “Temperature” 

category. For the purpose of compatibility and for modeling of the combined sets from different 

publications, the system provides on the fly conversion between different units. 

An important feature of our database, which is also unique among other chemical databases, 

is the possibility to store the conditions of experiments. This information is crucial for modeling: 

in many cases, the result of an experimental measurement is senseless without knowing the 

conditions under which the experiment has been conducted. For example, it does not make 

sense to specify the boiling point for a compound without specifying the air pressure. Such 

conditions should be introduced as obligatory conditions, i.e., a new record will be rejected by 

the system if there is no information about these conditions provided. Conditional values 

stored in the database can be numerical (with units of measurement), qualitative or descriptive 

(textual). Moreover, in the “conditions” section it is possible to note additional information 

related to the experiment, even if it is not a “condition” in the classical sense. Examples of 

such additional information are assay descriptions, a target of the ligand (the receptor) or 

species on which the biological activity has been tested. For simplicity, we further universally 

refer to all this information as “conditions”. 

Features overview 

In brief, the distinguishing features of the QSPR THESAURUS database are as follows. 

� The wiki principle: most of the data can be accessed, introduced and modified by 

users 

� Different access levels: guests, registered users, verified users, administrators 

� Tracking of all the changes 

� Obligatory indications of the source of the data 

� Possibility to indicate conditions of the experiment, which can be later used for 

QSAR modeling 

� Search by substructure, molecule names, by publication where the measurements 

were referenced, by conditions of experiments, etc. 

� Control of duplicated records 

� Batch upload and batch modification of large amounts of data 

� Different units of measurements and utilities to interconvert between units 

� Organizing the records in re-usable sets (“baskets”) 
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� Hidden and public records to allow collaborative development on the web 

 

Introduction of data 

Basics 

There are two ways to introduce experimental data to the QSPR THESAURUS database: the 

first way is the manual record-by-record input, where each experimental measurement is 

entered separately; the second way is the batch upload facility that allows upload of large 

amounts of data from Excel or SDF (Structure Data File). This functionality is described in 

more detail below in the “Batch upload” section. Other types of database entities (new 

physicochemical properties, units of measurements, publications, etc.) can be introduced via 

special interface windows called browsers. Basically, every entity in the QSPR THESAURUS 

database has a corresponding browser: the compound properties browser for experimental 

measurements, the publications browser for articles and books, the properties browser, the 

units browser etc. Additionally, for every entity there is a specific dialog window where a user 

can create a new entry or edit an existing one.  

 

This also applies to experimental measurements: each measurement is created and modified 

in the record editor window (Figure 4), where a user specifies all relevant information: 

compound structure, corresponding publication, conditions of the experiment, units of 

measurement etc. 
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Figure 4. The single record editor is used to introduce a new data point. In addition to exact 

values, the user can also specify ranges, accuracy, and predictions. 

 

Similarly, there is the molecule editor that allows introduction of compound structures in 

several ways: a user can either explicitly draw the structure in the JME molecule editor, upload 

an SDF or MOL2 file, specify a SMILES string, or paste a file in one of these formats. The JME 

editor used at QSPR THESAURUS is probably the most used structure input tool on the 

internet. The program allows users to draw, edit, and display molecules and reactions as 

described at http://www.molinspiration.com/jme/. Additionally, the structure of a molecule can 

be automatically retrieved from the PubChem database by the name of molecule, though this 

leaves the potential for incorrect retrieval based on incorrect name-structure association and 

the user should validate the correctness of the structure that is downloaded. 

Batch upload 

Since QSPR THESAURUS relies on user contributions, it is essential to provide the user with 

simple and efficient tools to introduce data into the system. The record editor mentioned above 

is useful for data correction or single record introduction, but is not suitable for the introduction 

of hundreds or thousands of records. For efficient and fast introduction of large amounts of 

data, QSPR THESAURUS offers the “batch upload” tool. This section provides an insight into 

the main features of this tool.  

 

Input data. The input data for the batch upload tool is a specially prepared Excel workbook, 

CSV or SDF file. The file is processed by the tool to create records according to the provided 

data. To unify the upload process, SDF and CSV files are internally converted to the Excel file 
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format with tags represented as columns and molecular structures and names put into 

additional columns. An example Excel file with all possible columns and explanations can be 

downloaded directly at the first page of the batch upload tool. 

 

As described in the “Structure overview” section, the essential information contained in the 

record is the value of a biological or chemical property for a specific molecule published in a 

specific article. Although the Excel file format allows a user to provide all the detailed 

information about a record (number of a page in an article, where a particular value was 

published, accuracy of measurements, textual comments, record evidence, measurement 

units, etc.), a minimal valid file must contain only the information on property value, molecular 

structure (or name) and article details for every uploaded record. In case some information is 

not provided (i.e., unit of measurement), the default values specified for the uploaded property 

(or condition) are used.  

 

Information about a molecular structure can be provided in the form of SMILES, SDF or MOL2. 

If the structure of the molecule is not available, it is possible to provide a molecule name or 

identifier, e.g., Chemical Abstract Registration Number (CAS-RN) – if possible, the structure 

will be retrieved automatically from the PubChem database. The publication can be specified 

either in the form of an internal QSPR THESAURUS article identifier or a PubMed identifier. 

The sheet can also contain information about the measurement conditions. The information 

about the property itself and all the required conditions and units should already be present in 

the database. For numerical properties, users can provide predicates, such as >, <, ≥, ≤, ~, >>, 

<<, ≈ as well as the accuracy of the measurements.  

 

After the file has been created, the user can use the batch upload tool to introduce data to 

QSPR THESAURUS. The tool is created in the form of a “wizard” with a step-by-step 

approach for the upload process. In the first step, the user must choose the file to upload. The 

file should be a valid Excel, CSV or SDF file not larger than 25MB. The database also allows 

storing predicted and hidden data and on the first page a user should indicate whether his/her 

data are of one of these types. 
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Figure 5. Sheet preview during the data upload. The green headers indicate automatically 

recognized entities. 

 

Sheet preview. The second step of the batch upload is the data sheet preview (see Figure 5). 

At this stage the user can choose a particular sheet from the uploaded workbook (only one 

sheet at a time can be uploaded), deselect unnecessary columns (especially useful in the case 

of multiple property columns in a sheet since only one property can be uploaded at a time) and 

override default units for properties and conditions. 

At this stage, it is also possible to provide details of the associated article for the records that 

have no article explicitly specified in the uploaded file. This is often the case for SDF files. In 

case of mistakes in the property and column names, the user can rename (or “remap”) 

columns. 

Once the required columns are selected, all property units are set to the desired values and 

column names are remapped, the user can proceed with the upload.  
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Figure 6. Data preview during the batch upload. 

 

Data preview. After an intermediate page that shows the upload progress, the user proceeds 

to next step, as displayed in Figure 6. At this stage, the user is presented a summary of the 

batch upload. The summary indicates the recognized or non-recognized columns, missing 

required columns, as well as some basic statistics regarding the molecular structures – the 

number of structures retrieved from QSPR THESAURUS or from PubChem. It also contains 

the preview browser, which allows the user to preview the data in the almost exactly same way 

as it would be stored in the QSPR THESAURUS database.  

At the data preview step, the records are generally divided into four groups - valid records, 

internal duplicates, external duplicates and unrecoverable errors. 

 

A valid record is a record that fulfills all the requirements and is ready to be uploaded and 

saved. This record has a white or yellow background. It can be marked for upload or skipped. 

An internal duplicate is a record that from the QSPR THESAURUS point of view is an exact 

duplicate of some other record in the uploaded sheet. These records can not be uploaded. 

An external duplicate is a record that from the QSPR THESAURUS point of view is a duplicate 

of some other record in the database, e.g., a duplicate of a record uploaded before. The rules 

for duplicate detection are described in more detail below in the “Data quality and consistency” 
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section. The external duplicate can be skipped, saved as a duplicate, or overwritten. Saving as 

a duplicate saves the record, but marks it with red color. External duplicates should be 

reviewed and corrected after uploading. When an overwrite option is selected, the system 

attempts to replace the existing record with a new one only if the user has sufficient access 

privileges. Otherwise, any attempt to overwrite the existing record will be rejected. 

 

An unrecoverable error is any record that according to the system rules is invalid, e.g., wrong 

format or invalid value in the property column, a missing article or obligatory condition. A user 

can use a drop-down button to review the cause of the error. Such records cannot be saved to 

the database in their current form. 

 

The preview browser has special filters and navigation buttons to help a user to review specific 

subsets of the uploaded dataset. At this stage it is also possible to download the Excel file 

generated with all the changes made in the previous step. 

 

Data upload. After revision and verification of the data in the preview mode, the uploading 

process can be finalized by saving the records into the QSPR THESAURUS database.  

 

 

Figure 7. Final report of batch data upload. The statistics of the uploaded data are indicated. 

 

A final upload report (Figure 7) is generated and displayed. It contains error messages for 

each skipped record with a brief explanation of the reason why the record has not been 

uploaded. It is possible to export the report as an Excel file for further revision. 

After the upload process is complete, the user can proceed to the compound property browser 

to inspect the freshly uploaded records and to work with them.   
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Sources of information 

One of the basic principles of the QSPR THESAURUS database policy is a strict requirement 

to provide the source of information for each experimental measurement introduced to the 

database. Most chemical databases do not store this information, which makes it difficult to 

verify the data and to correct them if needed. 

QSPR THESAURUS supports two types of sources: articles (publications in scientific journals) 

and books (or chapters of books). There are a number of supplementary fields for each type of 

source: the title, the abstract, the journal, PubMed identifier, DOI identifier, ISBN number, web 

link etc. For each source it is possible to store a PDF file, which makes it easier to verify the 

data later on. For legal reasons a PDF file uploaded by a particular user is accessible by this 

user only. 

There are several ways to add a new article to the database: 

� automatically retrieve the article from the PubMed database. This requires a PubMed 

identifier. 

� upload from an external citation file. Currently the database supports the RIS, EndNote, 

BibTex and ISI formats. Such files are frequently provided by publishers. 

� input all the fields manually. This is the most tedious and error prone way and should 

be used only if the PubMed identifier is not known and no article citation file is available 

Similarly to the addition of a new article, there are several ways to introduce a new book: 

� automatic retrieval by the ISBN number 

� manual input of all fields 

Manually introduced articles and books can be edited later. If a publication has been retrieved 

automatically (via PubMed or ISBN identifier), further modifications are forbidden to ensure the 

consistency of information. 
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Figure 8. The article browser also provides information about the number of records in the 

article, the introducer, and the modifier of the article. 

 

All publications stored in the QSPR THESAURUS database can be searched for and 

accessed from the article browser (Figure 8). Similar to the other browsers in our system, the 

article browser has a set of filters, which allow search by author, PubMed ID, ISBN, title, 

journal etc. From this browser, the user can easily navigate to the experimental measurements 

associated with a particular publication. 

 

Data access and manipulation 

All data records stored in the QSPR THESAURUS database can be easily modified, 

filtered, searched and eventually grouped and organized for further convenient work. 

 



 15 

Batch editing 

Data modification can be done in two ways: by either editing a single record separately or by 

using the batch editing tool (Figure 9) to work with multiple records simultaneously. In the 

editor window, the user can change all fields of a record: measured property, article 

information, structure and conditions. Batch editing is useful to correct systematic errors that 

might have occurred during batch upload, e.g., wrong units or missing conditions of 

experiment. 

 

 

 

Figure 9. The batch editor allows changing several features of records simultaneously. The 

checkboxes indicate features that will be changed. 

 

Filtering and searching 

Every browser of QSPR THESAURUS, e.g., molecules, articles, properties, etc., has a panel 

for data filtering. Filters are used to focus on a certain subset of the data, e.g., a set of certain 

properties, a set of specific organisms or conditions, etc. Records can be filtered by literature 

source (article or book where the data has been published), physicochemical property or 

experimental condition and structural information, e.g., molecule name or InChI key as well as 

by molecular sub-fragments. Comprehensive filter options to find duplicates, errors or non-

validated entries are available.  
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Figure 10.  Filtering options in the database: article and property filters (highlighted) are used. 

The CADASTER substructure search can be also done using Ambit software through web 

services. 

 

QSPR THESAURUS supports relational filtering (Figure 10): for a given record, the user can 

find other records with the same structure (preserving or ignoring stereochemistry) or the 

records that have been modified at approximately the same time as this record. 

Data can also be filtered by tags, i.e., labels assigned to molecules or properties. A desired set 

of tags, referred to as an “area of interest”, restricts all the displayed information (experimental 

measurements, publications, properties and compounds) to the selected tags.  The tags are 

used to organize data according to four analyzed sets of molecules. 
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Data organization 

By applying various filters, a user can specify and select records of interest that can be stored 

separately in sets called baskets. A typical use of a basket is to assign both training and 

validation sets for modeling. The content of a basket can be browsed and modified from the 

compound properties browser or from the basket browser. 

 

Public and private records. By default, all records introduced to the database are publicly 

available unless the user explicitly makes the records private. The private records are only 

visible to CADASTER users. This allows data curation by the CADASTER project participants 

before making them publicly available. The login and registration is only required for 

CADASTER participants. All other users can access data after login in as a guest user. 

 

 

Data download. The users can download data from CADASTER web site (e.g., in Excel or 

SDF format).  During the download user can specify which additional information (e.g., InChi, 

position in the article, introducer/modifier, etc.) is required. This information will be provided as 

tags in the sdf file or as columns in the Excel file. 

 

Data quality and consistency 

Control of errors, data origin and quality 

An experimental measurement can be marked as an “error”. Such records are highlighted with 

a red background and indicate a possible problem. The system allows users to manually mark 

a record as an error if they believe there is a mistake. In this case, the user should provide an 

explanation of the problem in the comment or discussion field related to this record. The QSPR 

THESAURUS system can also automatically mark records as erroneous if they do not comply 

with the system rules. Namely, a record is automatically marked with red color if: 

� an obligatory condition of the experiment has not been specified (for example, a boiling 

point measurement without specifying the pressure is ambiguous and would be marked 

as an error automatically) 

� a duplicate of the record exists in the database (see the next section for the definition 

of "duplicate")  
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Figure 11. A record, which is a duplicate of a public record, is shown in red color. 

 

Another quality indicator is the “to be verified” flag. This flag signals that the record has been 

introduced from a referencing article, e.g., benchmarking/methodological article and should be 

verified against the original publication. This flag can be set either manually or automatically by 

the system (e.g., in case of batch data upload, see the “Batch upload” section for details). 

 

Duplicates management 

To ensure data consistency, it is essential to avoid redundancy in the database. Thus, there is 

a need for strict rules for the definition of duplicates. In QSPR THESAURUS two experimental 

records of a physicochemical or biological property are considered to be duplicates if they are 

obtained for the same compound under the same conditions, have the same measured value 

(with a precision up to 3 significant digits) and are published in the same article (Figure 11). 

We refer to these records as strong duplicates, as opposed to weak duplicates, for which only 

part of the information is the same. The QSPR THESAURUS database does not forbid strong 

duplicates completely, but forces all the duplicates (except for the record introduced first) to be 

explicitly marked with red color. This ensures that there are no strong duplicates among the 

valid (i.e., non-error) records. 

 

The uniqueness of chemical compounds is controlled by special molecular hashes, referred to 

as InChI-Keys. Namely, for the determination of duplicated experimental measurements, two 

chemical structures are considered the same if they have identical Inchi-keys. 
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QSPR THESAURUS allows weak duplicates (for example, completely identical experimental 

values, published in different articles) and provides facilities to find them. Moreover, in the 

modeling process, it is always automatically ensured that the same compounds in the training 

set appear only in one fold of the N-fold cross-validation process.  

 

Experimental data origin  

Each record has a colored dot indicating the origin of the data. Green dots indicate “original 

records” from publications with a description of experimental protocols; these are usually the 

publications where the property was originally measured (original data). The users can verify 

experimental conditions and experiments by reading these articles. These are the most 

reliable records in the database. The weak duplicates of original records have magenta dots. 

The other records have red dots and originate from articles that re-use the original data but for 

which the original records are not stored. These are frequently methodological QSAR/QSPR 

studies. The original records can be easily filtered out by checking a corresponding box in the 

compound property browser. Another filter, “primary records”, eliminates all weak duplicates 

except the record with the most early publication date. 

 

Available Data 

The database contains 6838 experimental data within the four classes of chemicals (2482 

chemicals). This number counts primary records, i.e. data points (value + property) without 

duplicates. For example, the database contains an experimental value of 4.21 log P (125225-

28-7, ipconazole) from the Bhhatarai et al2 article. This value is also reported in the US EPA 

database (2010) as well as in the Pesticide manual of Tomlin, 1995.3 The primary record is the 

one with the oldest publication date, i.e. Tomlin, 1995. All other data points are duplicates of 

this primary record. For the provided statistics we considered only non-duplicated data points. 

They can be accessed in the database by selecting “primary records” checkbox. 
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Table 1. Brominated flame retardants, including BDEs (243 structures with at lest one 

experimental value) 

Endpoints – groups Number of data 

Physical Chemical Properties  419 

Environmental fate parameters 119 

Aquatic and terrestrial ecological effects 
parameters 18 

Other effect data 537 

Total 1093 
 

Table 2. Perfluoroalkylated substances (PFC) (691 structures including 454 with at least 

one experimental value)  

Endpoints – groups Number of data 

Physical Chemical Properties  701 

Environmental fate parameters 78 

Aquatic and terrestrial ecological effects 
parameters 

138 

Other effect data 808 

Total 1725 
 

Table 3. Substituted musks/fragrances (532 structures including 160 with at least one 

experimental value)  

Endpoints – groups Number of data 

Physical Chemical Properties  343 

Environmental fate parameters 85 

Aquatic and terrestrial ecological effects 
parameters 144 

Other effect data 566 

Total 1138 
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Table 4. Triazoles and Benzotriazoles (TAZ/BTAZ) (447 structures including 299 with at 

least one experimental value)  

Endpoints – groups Number of data 

Physical Chemical Properties  588 

Environmental fate parameters 204 

Aquatic and terrestrial ecological effects 
parameters 

933 

Other effect data 1001 

Total 2726 
 

The data available in CADASTER database were collected from numerous articles as well as 

from public databases. The original source of information is provided for each record.  

 

Figure 12. The distribution of data across different classes indicates that largest numbers of 

experimental data are available for TAZ/BTAZ. 
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Model Upload  

The database is integrated with models. The tools available on the site of the project provide a 

possibility to upload models developed by project participants, which are than published on the 

web site of the project (Figure 13).  

 

 

 

Figure 13. A model published on the CADASTER web site. A click on statistical parameters 

(R2, Q2, RMSE, and MAE) opens a wiki page with their description. All these parameters are 

computed using results calculated by a model. Additional statistical parameters can be 

specified and provided using QRMF. The user who uploaded the model has a possibility to 

provide it (see “Add QRMF url” link). 

 

The upload of linear models developed using OLS and PLS approaches is currently supported. 

It is also possible to develop models using other algorithms on http://qspr-thesaurus.eu  and 

publish them on the web site of the project. 
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Estimation of the accuracy of predictions. 

Applicability domain assessment for linear models 

All uploaded or developed models come with the estimation of the accuracy of prediction. For 

linear models, the Williams plot, which reports the standardized residuals in y-axis and the hat 

values (h) from the H matrix in x axis is used. For chemicals with available experimental data, 

the h* (leverage) threshold is used to identify predictions for chemicals that are more 

dissimilar, in the model space, to the majority of chemicals (x axis), while the outliers for the 

response are those with predicted values lower/higher than 3 standardized residuals (y axis)4 

as shown in (Figure 14). Several other measures to estimate applicability domain of models 

are provided by integration of CADASTER database with web services provided by Ambit 

software. The user can specify them when uploading his/her model and they will be calculated 

for the prediction of new compounds.  

 

 

 

Figure 14. Williams plot for a linear model.  

 

For the prediction of new compounds, the h value can be used for verifying if the model can be 

structurally applicable to a new chemical4-6. If the leverage h value is lower of the cut-off value 

of h* the chemical is inside the structural AD of the model and its predicted data is 

interpolated, while if its h value is higher than h* its prediction is less reliable, being 

extrapolated (Figure 15).  

This information on the possibility of interpolation vs. extrapolation is highly important and may 

help the external user to decide whether he or she is going to use the provided predictions for 

the estimation of the given molecule.  
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Figure 15. Prediction of properties using CADASTER models. Interpolated and extrapolated 

values are indicated. 

 

Applicability domain assessment of the ASNN models 

The estimation of the accuracy of neural network models, which are also published on the web 

site of the project, is based on the concept of “distance to a model” (DM)7,8, i.e., some 

numerical value estimated solely from molecular structures and experimental conditions, which 

correlates with the average model performance (Figure 16). Currently several DMs are 

supported: the standard deviation of an ensemble of models (STDEV), the correlation in the 

space of models (CORREL). The DMs are calibrated against the accuracy of models for the 

training set using N-fold cross-validation as described elsewhere4. The estimated accuracy of 

predictions as a function of the respective DM is visualized on the accuracy averaging plot 
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(see Figure 16), which shows the absolute values of the prediction residuals versus the 

respective DM. The DMs are used to estimate the prediction accuracies for new molecules. 

The same methodology has been recently extended for classification models.9  

 

 

 

Figure 16. The accuracy plot for neural network model. The solid black line show average 

prediction error as function of a distance to model, that is standard deviation of ensemble 

predictions. It is used to provide a quantitative estimation of the accuracy of predictions for 

new molecules. 

 

Summary 

The database contains convenient tools for upload, search, editing, curation, tracking and 

download of experimental data. It is integrated with models that were developed during the 

CADASTER project. It provides an easy and professional way to store and share information 

about the environmental toxicity of chemical compounds. The estimation of the accuracy of 

predictions and applicability domain of models allows external user to make a proper choice on 

whether the calculated values of a particular models can be used to avoid experimental 

measurements.  
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