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Ecotoxicity Prediction System “KATE2017” Internet Version 

Operating Manual (Version 1.0.2) 
 

 

 

 

 

  

 
* KATE2017 on NET is a system to predict the ecotoxicity of chemical substances as 

follows: 

 50% lethal concentration (LC50) in the fish acute toxicity test 

 50% effective concentration (EC50) in the Daphnia magna immobilization 

test 

 50% effective concentration (EC50) in the algal growth inhibition test 

 No-observed-effect concentration (NOEC) in the fish early-life-stage toxicity 

test 

 No-observed-effect concentration (NOEC) in the Daphnia magna 

reproduction test 

 No-observed-effect concentration (NOEC) in the algal growth inhibition test 

 

* Values predicted by KATE2017 on NET cannot be used to satisfy the 

requirements for ecotoxicity test results necessary for notification under the 

Japanese Act on the Evaluation of Chemical Substances and Regulation of Their 

Manufacture, etc. 
Please use the predicted values as a reference of the ecotoxicological effects of 

chemical substances. 
 

If you have any questions, please contact the following address: 

Center for Health and Environmental Risk Research, National Institute for 

Environmental Studies KATE Contact Desk 

 
Copyright(C) 2019 Ministry of the Environment, Government of Japan. 

All Rights Reserved  
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List of abbreviations  
 

EC50: 50% Effective Concentration 

A concentration of a chemical substance, etc. dissolved in test water expected 

to produce a certain effect in one-half (50%) of test organisms. 

FITS: Fragment Identification by Tree Structure  

The name of a program used in KATE2011 to obtain the substructures. 

Please see the webpage of KATE2011 on NET:  

https://kate.nies.go.jp/onnet.html 

KATE: KAshinho Tool for Ecotoxicity 

The name of the ecotoxicity QSAR system researched and developed by the 

Center for Health and Environmental Risk Research, the National 

Institute for Environmental Studies. It is pronounced as “Kate”. 

KOWWIN:  

A program to estimate log P values of organic compounds.  That is 

incorporated in EPI SuiteTM (Estimation Programs Interface: a tool intended 

for use in applications such as to quickly screen chemicals), which was 

developed by the US EPA, etc.  

LC50: 50% Lethal Concentration 

A concentration of a chemical substance, etc. dissolved in test water, which 

causes death in one-half (50%) of the test organisms. 

Log P: The logarithm of the octanol/water partition coefficient 

  Octanol/water partition coefficient 

A common logarithm of a ratio of the concentrations of a chemical substance 

between two solvents of 1-octanol and water in equilibrium. It is considered as 

a hydrophobic index of a chemical substance. Log P values ignore ionized 

query chemical. 

http://www.eic.or.jp/ecoterm/?act=view&serial=295 
(Description of the term on EIC Net; accessed on January 25, 2019) 

NOEC: No Observed Effect Concentration 

A tested concentration causing no statistically or biologically significant 

increase in the frequency or intensity of any effect in the tested group 

compared with the control group. Concentration division just under LOEC 

(Least Observed Effect Concentration). 

https://www.env.go.jp/chemi/report/h18-12/pdf/chpt1/1-ref2.pdf 

(Glossary by the Ministry of the Environment); accessed on January 25, 2019) 

(Q)SAR: (Quantitative) Structure-Activity Relationships 

A relationship between the structural characteristics or the physicochemical 

constant of a chemical substance and its biological activities (e.g. toxicity) is 

called the Structure-Activity Relationship (SAR) and the quantitative 

relationship is called the Quantitative Structure-Activity Relationship (QSAR). 

Both are described as (Q)SAR. SAR refers to, for example, an estimation of the 

toxicity level of a chemical based on the presence of a specific functional group. 

A model to quantitatively calculate the toxicity or other properties of a 

chemical based on the structure is called a QSAR model. 

https://www.env.go.jp/chemi/report/risk30-01/1-ref2.pdf 

(Glossary, etc. by the MoE; accessed on January 25, 2019) 

SMARTS: SMiles ARbitrary Target Specification 

An identifier extended from SMILES to describe substructures.  
http://www.daylight.com/dayhtml_tutorials/languages/smarts/  
(Detailed description by Daylight Chemical Information Systems, Inc.; 

accessed on January 25, 2019)  

 

https://kate.nies.go.jp/onnet.html
https://kate.nies.go.jp/onnet.html
http://www.eic.or.jp/ecoterm/?act=view&serial=295
http://www.eic.or.jp/ecoterm/?act=view&serial=295
https://www.env.go.jp/chemi/report/h18-12/pdf/chpt1/1-ref2.pdf
https://www.env.go.jp/chemi/report/h18-12/pdf/chpt1/1-ref2.pdf
https://www.env.go.jp/chemi/report/risk30-01/1-ref2.pdf
https://www.env.go.jp/chemi/report/risk30-01/1-ref2.pdf
http://www.daylight.com/dayhtml_tutorials/languages/smarts/
http://www.daylight.com/dayhtml_tutorials/languages/smarts/
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SMILES: Simplified Molecular Input Line Entry System 

An identifier of line notation with printable characters to describe the 

molecular structures, etc. of chemical compounds. 

http://www.daylight.com/smiles/index.html 

(Detailed description by Daylight Chemical Information Systems, Inc.; 

accessed on January 25, 2019) 

US EPA: United States Environmental Protection Agency 

  

http://www.daylight.com/smiles/index.html
http://www.daylight.com/smiles/index.html
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1.  Introduction 

 

(1) What is the Ecotoxicity Prediction System “KATE” (KAshinho Tool for 

Ecotoxicity)? 
KATE is an ecotoxicity QSAR system researched and developed under contract with 

the Japan MoE (fiscal year 2004 to fiscal year 2018) by the Center for Environmental 

Risk Research, the National Institute for Environmental Studies (current Center for 

Health and Environmental Risk Research, the National Institute for Environmental 

Studies). KATE beta version was released on January 2008 and then KATE2009 was 

released on the Internet on March 20091). An updated version KATE2011 was 

released in March 2011 due to the addition of reference chemical data, the 

modification of the rules for substructure classification, updates of structure 

judgement, the addition of substructures related to skin sensitization, and others. 

KATE2017 on NET beta version was released in March 2018. Then KATE2017 on 

NET official version (version 1.0) was released in January 20192). 

KATE is a system to predict ecotoxicity based on the structure of chemical substances. 

KATE2017 predicts the ecotoxicity values as follows3): 

･50% lethal concentration (LC50) in the fish acute toxicity test (OECD TG 203) 

･No-observed-effect concentration (NOEC) in the fish early-life-stage toxicity test 

(OECD TG 210) 

･50% effective concentration (EC50) in the Daphnia magna acute immobilization 

test (OECD TG 202) 

･No-observed-effect concentration (NOEC) in the Daphnia magna reproduction test 

(OECD TG 211) 

･50% effective concentration (EC50) and no-observed-effect concentration (NOEC) 

in the algal growth inhibition test (OECD TG 201) 

Data is input by SMILES notation, which can be obtained by CAS number search or 

a drawing using a chemical structure editor to perform QSAR prediction based on log 

P. 

KATE 2017 was developed using data from the results of ecotoxicity tests conducted 

by the Japan MoE (fish acute toxicity tests, Daphnia magna acute immobilization 

tests, fish early-life-stage toxicity tests, Daphnia magna reproduction tests, and algal 

growth inhibition tests)4) as well as the fish acute toxicity test results from the US 

Environmental Protection Agency (US EPA) fathead minnow database5) as a 

reference chemicals dataset. QSAR equations will be updated when additional test 

results become available. 

 

(2) What is KATE2017 on NET? 
KATE2017 on NET official version (version 1.0) released in January 2019 is an 

updated version of KATE2017 on NET released in March 2018 and includes the 

additions of predicting functions for multiple chemical substances and several 

improvements. KATE2017 on NET operates on a web browser screen on the Internet. 

 
   (https://kate2.nies.go.jp/onnet2017-e.html) 

 

(3) Major differences from KATE2011 
(i) The QSAR models were updated. 

(ii) Predictions for algae and chronic toxicity were added. 

(iii) Limit test data were introduced, which are output in the result tables and 

graphs and used for structure judgement. 

(iv) The substructure search method was changed from FITS to SMARTS. 

(v) An English version was released.  
(vi) Displays and user interfaces were improved. 

https://kate2.nies.go.jp/onnet2017-e.html
https://kate2.nies.go.jp/onnet2017-e.html
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(4) Major differences from KATE2017 on NET beta version 
(i) Predicting functions for multiple chemical substances were added. 

(ii) The log P calculation module, etc. were changed from products by Daylight 

Chemical Information Systems, Inc. to KOWWINTM by the US EPA. 

(iii) The log P values of chemical substances for toxicity prediction entered by 

a user are displayed. 

(iv) Descriptions of judgement of applicability domain were changed. 

(v) A show/hide filter by number of reference chemicals (n) was added in the 

QSAR Results screen. 

(vi) The graph was changed to draw the regression lines and the confidence 

limit curves only within the log P applicability domain. 

(vii) The displays and user interfaces were improved. 

 

(5) About Log P 
This system utilizes the log P prediction model KOWWINTM owned by the US EPA, 

with permission from the US EPA, in order to obtain log P values used for the 

toxicity prediction of chemical substances 6). 

Users must comply with the KOWWINTM Licensing Policy described below. 

 

KOWWIN v1.69 (April 2015) 

 

c 2000-2015 U.S. Environmental Protection Agency 

 

KOWWIN is owned by the U.S. Environmental Protection Agency and is protected 

by copyright throughout the world.  

 

Permission is granted for individuals to download and use the software on their 

personal and business computers.  

 

Users may not alter, modify, merge, adapt or prepare derivative works from the 

software. Users may not remove or obscure copyright, tradename, or proprietary 

notices on the program or related documentation.  

 

KOWWIN contained therein is a tradename owned by the U.S. Environmental 

Protection Agency. 

 

Please refer to the KATE2017 technical guidance document (to be published) for the 

details of log P utilized in KATE2017. 

 

(6) Disclaimer 

The prediction results by the KATE system are not guaranteed to give adequate 

accuracy. Please use this system as a tool to obtain reference information on the 

degree of ecotoxicological effects of chemical substances. The Ministry of the 

Environment and the National Institute for Environmental Studies give no 

guarantee on the predicted ecotoxicity values provided by KATE and assume no 

responsibility whatsoever for any damages resulting from the use of predicted 

ecotoxicity values by KATE. 
Predicted ecotoxicity values provided by KATE cannot be currently used to replace 

any ecotoxicity test results that are necessary for notification under the Japanese Act 

on the Evaluation of Chemical Substances and Regulation of Their Manufacture, etc. 

For copyright information and instructions for linking to the site, please visit the 

Website Policy page in the KATE website (https://kate.nies.go.jp/spolicy.html). 
 

https://kate.nies.go.jp/spolicy.html
https://kate.nies.go.jp/spolicy.html
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https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface
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2. Outline of KATE2017  

 

(1) QSAR prediction procedures 
KATE2017 performs the toxicity prediction of a chemical substance using the 

following procedures (see Figure 1a and 1b).  

 

1.Input of the structure of a chemical substance by a user (using SMILES 

notation)  

 

2. Process on QSAR equations, calculations of predicted toxicity values and 

judgement of applicability domain 

(i) Extraction of substructures of the query chemical 

(ii) Extraction of structure class*1 based on the combination of multiple 

substructures 

(iii) Assignment of applicable QSAR class*2 based on the substructure class 

for each type of prediction toxicity (an toxicity type may be assigned to more 

than one class) 

(iv) Calculation of toxicity values using the QSAR equations*3 for each 

assigned QSAR class 

(v) Judgement of applicability domain (structure judgement and log P 
judgement) 

*1 Classification defined by the number of substructure of the combination of 

AND/OR conditions 

*2 Classification defined based on substructure class  

*3 A model created by a group of reference chemicals applicable to the QSAR 

class, which is a simple linear regression equation using log P as a descriptor.  

 

3. Output of prediction results (Unclassified class*4, and QSAR class applicable to 

at least one of R2<0.7, Q2<0.6, or n<5 by default is not displayed*5 (see 3.(5).(ii))). 

*4 QSAR class that is not assigned to any QSAR class. 

*5 R2, Q2, n is coefficient of determination, internal validation index (leave-one-

out method), and the number of reference chemicals respectively, which have 

been calculated to each QSAR class in advance. 

 
Figure 1a. QSAR Prediction Flow in KATE 
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Figure 1b. Example of QSAR Prediction Flow in KATE2017 

 

* Actual names of Phenol 1, Phenol 2, Phenol 3 and CNO_X_Unreactive are as 

follows. 

Phenol 1: phenol unreactive 

Phenol 2: phenol unreactive excl. Diphenylether HRAC Ea 

Phenol 3: phenol unreactive w X 

CNO_X_Unreactive: CNO_X unreactive (Fish chronic), excl. (CnosX w/o n+) 
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(2)  Process on QSAR equations, calculations of predicted toxicity values and 

judgement of applicability domain 

KATE2017 performs the following process to predict the QSAR equations and the 

toxicity values based on the structure of a query chemical (SMILES) entered by a 

user. This section describes the outline of KATE2017. 

 

(i) Extraction of substructures of the query chemical 

Based on the list of substructure definitions (SMARTS), the system calculates 

the number of each substructure contained in the query chemical. The CDK 

library (see 1. (7)) is utilized for the calculations of the number of 

substructures by SMARTS. 

 

(ii) Extraction of structure class based on the combination of multiple 

substructures 

Based on the list of structure class definition (combination condition of 

prediction toxicity type and structure class), all the QSAR classes applicable to 

the query chemical are extracted. 

 

(iii) Assignment of applicable QSAR classes based on the substructure for each 

prediction toxicity 

The system extracts all the QSAR classes applicable to the query chemical 

based on the list of QSAR class definitions for each type of prediction toxicity. 

KATE2017 may assign more than one QSAR class for each type of prediction 

toxicity. 

 

(iv) Calculation of toxicity values for each assigned QSAR class using the QSAR 

equations 

A QSAR equation is assigned to each QSAR class and the log P value for the 

query chemical is substituted into the QSAR equation to calculate the log 

(1/toxicity value [mmol/L]). Then the system converts the unit into the toxicity 

value [mg/L] using the molecular weight of the query chemical. 

 

(v) Judgement of applicability domain 

KATE2017 judges whether a predicted toxicity value of query chemical is 

within the applicability domain as a prediction result. It performs two types of 

judgment: A) structure judgement, and B) log P judgement.  When the results 

of both judgement types fall within the applicability domain, the predicted 

toxicity value of KATE2017 is considered to be applicable. 

 

A) Structure judgement 

KATE2017 judges whether the structure of a query chemical falls within the 

applicability domain of the QSAR class classified in (ii) based on the presence or 

absence of the predefined substructures (described in the technical guidance 

document [to be published]). There are three patterns as follows and a QSAR class 

with the result of “in” or “in (conditionally)” is judged as within the applicability 

domain. 

in: Within the applicability domain 

All the substructures of a query chemical are found in the reference 

chemicals*1 in the QSAR class. 

in (conditionally): Conditionally within the applicability domain 

All the substructures of a query chemical are found in reference chemicals*1 

in the QSAR class or the Narcotic Group*2. 
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out of: Out of the applicability domain 

In the query chemical, there is at least one substructure(s) that is in 

neither the reference chemicals of the QSAR class*1 nor those of "narcotic 

group"*2. 

 

*1 It contains limit test data whose log P judgement is within the applicability 

domain.  

*2 Baseline toxicity not based on specific physiological activity but based on narcotic 

effect. In KATE2017, QSAR classes whose toxicity is explained by only simple 

narcotic effect are defined for each type of prediction toxicity, such as aliphatic 

hydrocarbons, sulfoxide, aliphatic ethers, aromatic ethers, aliphatic ketones, 

aromatic ketones, and alcohols. These QSAR classes are gathered together and 

redefined as the Narcotic Group for each toxicity type.  

 

 
 

Figure 2. Example of Structure Judgement 
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B) Log P judgement  

KATE2017 judges whether the log P value of a query chemical is between the 

minimum and maximum log P values of all reference chemicals in the QSAR class 

concerned (the limit test data are not included) based on whether the log P value 

falls within the applicability domain or not. 

in: Within the applicability domain (see Figure 3) 

out of: Out of the applicability domain (see Figure 3) 

out of+: Out of the applicability domain (however, the data points of the limit 

tests used as a reference exist outside the log P value of the query chemical; 

see Figure 4)  

 

 
Figure 3. Example of Log P Judgement (in, out of) 
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Figure 4. Example of Log P Judgement (out of+) 
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3. Operation procedures 

 

(1) New User Registration 

Before using KATE for the first time, you must register your username and password. 

You can’t register any username that has been already registered in KATE2017 on 

NET. 

If you forget your username or password, please register using a new username and 

password. Note that usernames that are unused for a long time are periodically 

removed. 

 

Step 1. Click the “register” link in the login screen of KATE2017 on NET 

 (Figure 5). 

 

 
Figure 5. “Register” Link on Login Screen 
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Step 2. On the New User Registration screen (Figure 6), enter the “login name”, 

“password”, “password (re-enter)” and “input registration key” (characters 

shown in the image below) and then click the “register” button. The user 

name must have at least five characters and the password must have at 

least six characters.  

 

 

Figure 6. New User Registration Screen 
 

The following message is displayed upon successful registration (Figure 7). 

 
Figure 7. New User Registration Success Message 
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(2) Log In 

Enter the username and password registered in Step 1, read the KOWWIN License 

Agreement and if you agree, check the box of “I agree to and accept the terms of the 

agreement above.” Then click the “login” button (Figure 8). You can’t log in to the 

system if you don’t agree with the KOWWIN License Agreement. 

 

 

Figure 8. Login Screen 
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(3) Password Change 

Users can change the password. Click the “Password” on the right upper part of each 

page after login to display the Password Change screen (Figure 9). 

 

 

 

 

Figure 9. Password Change Screen 
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(4) Input of Chemical Substance 

 

 
Figure 10. Chemical Substance Input Screen 

 

KATE2017 performs prediction based on SMILES. 

The following methods are available to input a chemical substance for toxicity 

prediction: 

Input method 1: Directly enter SMILES 

Input method 2: Convert a chemical structure drawing into SMILES 

Input method 3: Convert a CAS number or name of the chemical into SMILES 

 

(i) Unacceptable chemical substances 

Chemical substances acceptable in the KATE system are basically organic 

compounds. 

KATE2017 cannot predict the toxicity of chemicals represented as the    

following types i) to iii) of SMILES. 

i) SMILES which includes elements other than H, C, N, O, F, Si, P, S, Cl, As, Br, 

Sn, and I 

ii) SMILES which includes ions other than ammonium [N+] or pyridinium [n+] 

iii) SMILES which includes “.”, i.e. SMILES which express a mixture 

in addition,  

iv) [Na], [K], [Li], [Na+], [K+] and [Li+] in SMILES need to be replaced with the 

protonated form, i.e. "c1ccccc1O[Na]" needs to be replaced with "c1ccccc1O". 

 

If an entered SMILES meets any of i) to iv) described above, the system prompts an 

error message or “No applicable results” is displayed on the QSAR results (see b) in 

3. (5) (ii) “QSAR prediction results”). 
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(ii) Input method 1: Directly enter SMILES 

After login, the screen shown in Figure 10 on the previous page is displayed. Enter 

a SMILES of chemical substance for toxicity prediction in the field highlighted by 

a red circle. 

After entering a SMILES, click the “Predict” button (Figure 11). Then the QSAR 

Prediction Results screen is displayed (see 3. (5)). In this example, NCc1cccnc1 is 

entered as a query chemical. 

 

 

Figure 11. “Predict” Button next to SMILES Input Box 

 

(iii) Input method 2: Convert a chemical structure drawing into SMILES 

You can draw a chemical structure for toxicity prediction using the JSME Editor (a 

chemical structure editor) and convert the drawing into SMILES. 

 

 

 

Step 1: Click the link of “JSME Editor” highlighted by a red circle shown in Figure12. 

 

Figure 12. “JSME Editor” Link 
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Step 2: On the JSME Editor window (Figure 13), draw a chemical structure (phenol as 

an example here) and click the “Submit smiles to KATE” button. Please see the JSME 

Editor webpage for the details of the Editor. (https://peter-ertl.com/jsme/ , accessed on 

January 25, 2019)   

 

 

Figure 13. Screen of JSME Editor 

 

Clicking executes conversion of the depicted chemical structure into corresponding 

SMILES, which is automatically entered in the SMILES input field on the Input 

screen. Click the “Predict” button to display the QSAR Prediction Results screen 

(see 3. (5)). 

 

 

Figure 14. Result of Conversion from Depicted Chemical Structure to SMILES 

 

 

 

(iv) Input method 3: Convert a CAS number or chemical name into SMILES  

You can convert a CAS number or chemical name into SMILES using “CAS to 

SMILES, IUPAC Name” or “Name to SMILES, CAS”, respectively. 

The “CAS to SMILES, IUPAC Name” button provides the SMILES and the 

IUPAC name and the “Name to SMILES, CAS” button provides the SMILES 

and the CAS number. 

  

https://peter-ertl.com/jsme/
https://peter-ertl.com/jsme/
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Step 1: Enter a CAS number of chemical into the CAS field and click the “CAS 

to SMILES, IUPAC Name” button (Figure 15). 

 

 
Figure 15. CAS Input Box and “CAS to SMILES, IUPAC Name” Button 

 

Clicking executes a conversion of the CAS number into a SMILES, which is 

automatically entered in the SMILES field (output of the corresponding chemical 

structure is also provided and the converted name of the chemical (IUPAC name) 

is also entered in the Name field. Figure 16). Then click the “Predict” button to 

display the Prediction Results screen (see 3. (5)). 

 

 

Figure 16. Result of Conversion from CAS to SMILES and Chemical Structure 

 

You can convert a chemical name into a SMILES as well using the “Name to 

SMILES, CAS” button. Chemical name does not have to be an IUPAC name. 
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(v) Use of entered log P 

You can enter the log P value of a query chemical (optional. Figure 17). The 

entered log P value is preferentially used in toxicity prediction. Please use this 

field if you know the log P value of a query chemical. 

 

 
Figure 17. Input of Log P 

 

(vi) Use of entered CAS number and chemical name 

You can also specify a CAS number or chemical name, which is not necessary for 

prediction. Any information entered in the fields is displayed on the result screen 

as you entered. 

 

 
Figure 18. Input of CAS Number and Chemical Name  
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(5) QSAR Prediction Results Page 
After clicking the “Predict” button, the prediction results screen is displayed once 

the calculation finished (Figure 19). 

 
Figure 19. QSAR Prediction Result Screen 
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(i) Basic information on the query chemical 

The upper part of the result screen shows the entered SMILES and supplementary 

information (Figure 20). 

 

 
Figure 20. Fundamental Information of Query chemical 

 

a) Chemical structure of the query chemical 

b) Entered CAS number (displayed only when you entered one)  

The CAS number is verified (a verification of the check digit* only) and an 

incorrect CAS number is followed by “(incorrect)” for an alert. 

* The rightmost single digit number to verify the CAS number. It only 

verifies any incorrect input and does not check whether the SMILES string 

matches the CAS number. 

c) Entered name of chemical (displayed only when you entered one) 

d) SMILES of the query chemical 

SMILES may be different from the entered one because it is converted in 

the system.  

e) Calculated molecular weight of the query chemical (using the Open Babel 

Program)  

f) Measured log P value of the query chemical (displayed only when it is included 

in the KOWWIN database) 

Note) If there are more than one measured log P value(s) of the query chemical 

in the KOWWIN database, the last one on the database is adopted. Please run 

the KOWWIN Program in the EPI SuiteTM by the US EPA to see all the 

measured values included in the KOWWIN database 

g) Calculated log P value of the query chemical by KOWWIN 

h) Entered log P value of the query chemical (displayed only when you entered 

one) 

i) “Update” button: Clicking updates the QSAR prediction results with the log P 

value entered in the field h).  

 

  

c) 

 
a) 

b) d) 

f) 

g) 

e) 

h)            i) 
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(ii) QSAR prediction results 

The middle section of the results screen provides the QSAR class name of the query 

chemical, type of predicted toxicity, log P used for the query chemical, predicted 

toxicity results (in green), 95% prediction interval, judgement of applicability 

domain, and the statistics. This section describes each item. 

 

 

 

 

 

Figure 21. QSAR Prediction Results 

 

   Checkboxes 

a) “Include” checkboxes: The results display only the QSAR classes for the 

checked type of predicted toxicity. If you uncheck the boxes, you can filter the 

toxicity type displayed. All the boxes are checked by default. 

b) “Exclude” checkboxes: If a QSAR class meets any of the conditions about 

statistics of R2 (coefficient of determination), Q2 (internal validation index) 

and n (number of reference chemicals), it is not displayed in the results. You 

can specify a QSAR class to be shown by unchecking the box or changing the 

value. All the boxes are checked by default and QSAR classes meeting any of 

the conditions of R2 < 0.7, Q2 < 0.6 or n < 5 are not displayed. KATE2017 

considers that the QSAR classes hidden by default are not reliable. However, 

this setting is a referential filter to exclude any unreliable data and may be 

altered in future. 

 

Note) No QSAR class may be displayed for some types of predicted toxicity even if 

you uncheck all the boxes, which means the Unclassified class that is not 

classified into any class (the present setting does not display the Unclassified 

class, but the Reference Mode enabling display of it may be implemented in 

future). When no QSAR class is displayed for all types of predicted toxicity, 

“No applicable results” is displayed (Figure 22). 

 

 

Figure 22. QSAR Prediction Results (No QSAR Class shown) 

 

c) “Go” button: Clicking updates the QSAR results with the changed conditions.  

  

b) c) 

d)           e)                      f)             g)       h)       i)       j)     k)         l)        m)      n)     o)    p)  q)     r) 

a) 
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QSAR class names and links 

d) Click the icon  to go to the Verify QSAR screen (see 3. (7)). 

e) QSAR class names  

 

Type of predicted toxicity 

f) Organism (fish, daphnid, algae), chronic/acute 

g) Test duration 

h) Type of toxicity 

 

The following combinations are available for f) to h): 

Organism 

(chronic/acute) 
Testing method Test duration 

Type of 

toxicity 

Fish (acute) 
 Toxicity 

(OECD TG 203) 

96 hr 
LC50 

Daphnid (acute) 
Immobilization 

(OECD TG 202) 

48 hr 
EC50 

Algae (acute) 
Growth inhibition 

(OECD TG 201) 

72 hr 
EC50 

Fish (chronic) 
Early-life-stage toxicity 

(OECD TG 210) 
Embryonic stage and 

30 days after hatching-* 
NOEC 

Daphnid (chronic) 
Reproduction 

(OECD TG 211) 
21 day NOEC 

Algae (chronic) 
Growth inhibition 

(OECD TG 201) 
72 hr NOEC 

* Although the test duration of the fish early-life-stage test differs by species and the number 

of days before hatching, the number of days after hatching was set as 30 days for killifish used 

in the ecotoxicity tests conducted by the MoE. 

 

Log P 

i) Type of log P used for the query chemical, which is determined by the 

following priority order (it is the order currently used and may be changed in 

future). 

1. User Input: Log P value entered by user 

2. Measured: Measured log P value (utilizing the measured value on 

KOWWIN database)  

3. Calculated: Calculated log P value (utilizing KOWWIN) 

 

j) Log P value of the query chemical  
 

Predicted values 

k) Predicted toxicity value 

l) 95% prediction interval of the predicted toxicity value 

 

Judgement of applicability domain 

m) Structure judgement 

See “2. (2) (v) A) Structure judgement”. 

n) Log P judgement 

See “2. (2) (v) B) Log P judgement”. 
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Statistics 

o) R2 (coefficient of determination) of the QSAR equation 

p) Q2 (internal validation index by the leave-one-out method) of the QSAR 

equation (see the KATE2017 technical guidance document (to be published) 

for the details.) 

q) RMSE (root mean square error) of the QSAR equation 

r) Number of reference chemicals for the QSAR equation (limit test date are not 

included). The values in the bracket are the number of limit test data points.  

 

(iii) List of substructures 

The lower part of the Results screen displays the list of substructures contained 

in the query chemical (Figure 23). The substructures are used for assignment of 

the query chemical into the applicable QSAR classes, which is also used for the 

judgement of the applicability domain based on the structure. KATE2017 

adopts SMARTS as the substructure search method. 

 

 

 

 

Figure 23. List of Substructures 

 

a) Frag ID: Substructure ID, which is a four-digit number set for KATE 

development and was arbitrarily set for convenience of development. The first 

digit is 3, 4, 5 or 6 at present and the numbers that start with 5 are also 

utilized as substructures for judgement (substructures to be utilized for 

structure judgement). 

b) Substructure Class Name: Substructure names, which are also arbitrarily set 

(the names may be changed in future).  

c) Count: Number of substructures in the query chemical corresponding to d) 

SMARTS. 

d) SMARTS: Definition of substructures 

 

  

b) a) c) d) 
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(6) Prediction of multiple chemical substances 

You can input a file containing multiple SMILES strings to perform a QSAR 

prediction for multiple chemical substances. 

 

(i) Input file: “SMILES list” 

KATE utilizes “SMILES list”, an input file consisting of a series of data for a 

chemical in a line to sequentially process multiple SMILES strings. 

 

In this file, enter the header in the first line (case-sensitive) and the 

information on each query chemical in the subsequent lines in text form. 

For a header, you can enter “SMILES” (required) as well as “LogP” (entered log 

P value), “NAME” (name of chemical), and “CAS” (CAS number) arbitrarily. 

Please enter the case letters correctly. Use tab-delimitation for each column. 

 Example 1 of SMILES list 

SMILES 

CCCCOC(=O)CS 

CC(=C)CS 

CC1(CC2(C)CC3(Br)C1)CC(Br)(C2)C3 

CCCCCCCCCBr 

CCCCCCCCC(Br)CBr 

CCCCCCCCCCBr 

 

* In the example described above, the first line specifies the column name 

“SMILES” and the subsequent lines specify the “SMILES” strings of the 

query chemicals. 

 

 Example 2 of SMILES list 

NAME LogP SMILES CAS 

name1 -0.8 CCCCOC(=O)  

name2  CC(=C)CS  

name3 1.3 NCc1cccnc1 3731-52-0 

 

* The order of columns is arbitrary. 

* Use tab-delimitation for the headers and each value (                denotes a tab 

character in example 2). The number of tabs should be the same in each 

line. 

* You can omit the columns except the “SMILES” column.  

 

To see the details about the SMILES, click “SMILES list” link above the “Select” 

button (Figure 24). 

 

 
Figure 24. Link to Description Screen of “SMILES List” 
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(ii) Prediction procedures 

 

Step 1. Click the “Select” button on the Input screen (Figure 25). 

 

 
Figure 25. Select Button for “Prediction of Multiple Chemical Substances” 

 

Step 2. Select the input file “SMILES list” containing the SMILES of chemicals to 

predict toxicity (see 2. (6) (i)) and click the “Open” button (Figure 26). 

 

 
Figure 26. Selection of SMILES List 
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Step 3. Click the “Predict” button to start calculation (Figure 27).  

 

 
Figure 27. “Predict” Button for Prediction of Multiple Chemical Substances 

 

 

 

After the calculation, the prediction results for multiple SMILE strings contained 

in the SMILES list are displayed (Figure 28). 

 
Figure 28. Results of “Prediction of Multiple Chemical Substances” 

 

 

The items in the checkboxes and the table are almost the same as those for 

prediction of a single chemical. 

 

(iii)About the operation  

• Once you click the “Predict” button, the system first performs an error 

check in the SMILES list. 

• The number of chemicals the system can predict at a time is currently 

limited to 50 per run. 

• The time needed for prediction may change due to the structure of the 

chemicals contained in the SMILES list. It takes normally about 30 

minutes at maximum to finish the calculation. If it takes more than 30 

minutes, a defect may be occurring in the calculation due to the entered 

SMILES or for another reason. Try to reduce the number of chemicals 

(SMILES) in the SMILES list or enter a single chemical in order to check 

if the system operates normally. If you found any defect in calculation for 

a certain SMILE or others, please contact the KATE Contact Desk. 
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(7) View Details and Comparison with Reference Chemicals 

On the QSAR prediction results described in 3. (5) (ii), click on the d) icon  to see 

the points and regression lines of the data of reference chemicals for the QSAR class 

on a graph (Figure 29). The chemical structure of the query chemical is displayed on 

the right side.  

 

 

Figure 29. Verify QSAR Screen 
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(i) Graph 

     A graph consists of the following elements (Figure 30):  

 

 

 
Figure 30. Graph of Relationship between Toxicity and Log P 

 

a) + : Points of the reference chemical data  

b) ▽ : Points of the limit test data 

c) × : Points of the query chemical 

d) Green line: Regression line 

e) Orange lines: 95% confidence interval of the regression equation 

f) Yellow lines: 95% prediction interval of the log(1/EC50) 

g) Left lower part in the graph       First line: Regression equation 

Second line: “R2: 0.8536”: Coefficient of 

determination of the regression equation 

Second line: “N: 9”: Number of reference 

chemicals (the limit test data are not 

included)  

h) Above the graph    Field to select the horizontal axis. 

Change from “Descriptor 1” to “Predicted Variable” and 

click the “Go” button to draw a graph of “measured 

toxicity value vs. predicted toxicity value”. 

i) Below the graph    Shift in the first line: L = Shift to the left side, R: = Shift  

to the right side, Dn: = Shift to the 

downside, Up: = Shift to the upside  

Zoom in the second line: - = Zoom out the graph: + = Zoom 

in the graph 

X in the second line: - = Zoom out, the X axis +: = Zoom in 

the X axis 

Y in the second line: - = Zoom out, the Y axis +: = Zoom in 

the Y axis 

 

h) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i) 

a) 

b) 

c) 

  

 

d) 

e) 

f) 

 

 

g) 
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(ii) Information on regression equation 

 

Figure 31. Information on Regression Equation 

 

The columns of information on regression equations (Figure 31) consist of the 

following elements: 

Equation: Regression equation 

Number of Data Points used for Regression: 

Number of the reference chemicals data (the limit test data are not 

included) 

Total Number of Chemicals: 

Number of the reference chemicals data and the limit test data 

log P Range: 

Log P range (minimum and maximum) in the reference chemical data 

(the limit test data are not included) 

 

(iii) List of chemical structures 

Click the “+ Chemicals list” (Figure 32) highlighted by the red frame to 

display a list of chemical structures for the reference chemical data and limit 

test data of the QSAR class (Figure 33). 

 

 

Figure 32. Link to Substructure List of Substance Data 

 

The background color is gray for chemicals above the regression line on the graph and 

white for those below the regression line. 

The values displayed below the chemical structures are the similarity with the query 

chemical (Tanimoto coefficient using PubChem fingerprint) (see the KATE2017 

guidance document [to be published] for the details). The values fall between 0 and 1 

and a structure of higher similarity with the query chemical has a value closer to 1. 

Click “+ Limit test” to display a list of chemical structures in the limit test data. 
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Figure 33. Substructure List 

 
 

(iv) Selection of chemicals 

Select the “chemical structure in the list of chemical structures” or “a point on the 

graph (+)” by clicking to exclude the chemical from the regression line (unselected, 

in a violet line). The selected chemical is displayed by in the graph and 

highlighted by a violet frame in the list of chemical structures (Figure 34).  

Click the point again to deselect. 

 

 

Figure 34. Selection of Chemicals 
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In addition, if you select four or more chemicals, you can plot a regression line using 

only the selected chemicals as reference chemicals on the graph (selected, in a light 

brown line) (Figure 35). 

 

 
Figure 35. Selection of Chemicals (4 or more Chemicals) 

 

(v) Last selected chemical 

When this page (Verify QSAR page) is displayed and no chemical is selected in the 

list of chemical structures or on the graph, “Not selected” is displayed below “Last 

selected”. Once you select chemicals, the information on the last selected chemical 

(chemical structure, SMILES, CAS number, substance name, coordinate on the 

graph, square of residual between the measured and predicted values) is displayed 

below “Last selected” (Figure 36). 

Click the “Predict” link on the right upper part to predict the toxicity of the last 

selected chemical. 

 

 
 

 

 

 

Figure 36. Information on Last Selected Chemical 
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(8) Log Out 

Log out after you finish using KATE. If you terminate your session 

without logging out, your last set of prediction results will remain 

on the server (your last set of prediction results of last entered 

chemical groups in the case of prediction of more than one chemical). If you forget to log 

out, the last set of prediction results is deleted by login and logout again with the same 

username. 

To log out, click the “Logout” link (Figure 37) on the right upper part on each page after 

login. Once you have logged out, “Logged out.” is displayed in red as shown in the 

Figure 38. 

 

 

Figure 37. Logout Link 

 

 

Figure 38. Screen After Logout 

 

 

 

 


