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Before we start

OCHEM is a web-based platform. Users can access and operate it simply within a web
browser, similarly to the way they access services like Gmail or Facebook.

The public version of OCHEM is available at www.ochem.eu.

To get the best experience it is recommended to use the latest version of Firefox

browser. Chrome and Safari browsers are fully supported. At the moment OCHEM
team does not support Internet Explorer and Konqueror Web browsers.

OCHEM user interface heavily utilizes “tabs” capability of web browsers. Often new
dialogues and result windows get output in a new tab as shown below.
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NOTE: Please do not use the “back” button of a browser, as it is not fully compatible
with the “tab” interface of OCHEM. Instead follow the navigation buttons at the bottom of

OCHEM windows or open the links from the previous tab or OCHEM main menu.



User account registration and login

A public version of OCHEM platform is free however a user needs to register an
account and to be logged into his/her account to fully operate the OCHEM.

NOTE: /It is possible to log into OCHEM server without registration as a guest. Guest
accounts have limited access to OCHEM resources and reserved mainly for users to
get familiar with the interface.

For this tutorial you will need to have a registered user account.
If you have already OCHEM
account please log in using

Please, login
your username and password.

Instant login

In order to access OCHEM, you must login. If you do not wish to register now, you can login as a
guest. You can also use your Facebook account to login.

LOGIN AS A GUEST LOGIN WITH facebook

If you do not have an account
yet please create a new one
by clicking on the button
‘REGISTER A NEW USER” at
the bottom of the page.

Already have an account?
If you already have an account, please enter you login and password below:

LoginiD | | o,

P d F Ot ) .

i | & posmve Select a login name (it should
be between 4 and 20

characters) and check its

Join OCHEM - register a new user!

Create a free account to upload data, create and apply QSAR models, screen chemical libraries and
many more. Registered users can correct data uploaded by other registered users publish models. As
a registered user, you can configure flexible access policies for your data and models.

availability by clicking on a
“Check availability” button. If
the selected login name is

available continue by filling all

mandatory fields (marked with

an asterisk), read the Terms
of Service agreement and
accept it electronically by
clicking on “l accept. Create
my account” button at the
bottom of the page.

User account
Details of your personal OCHEM account
NS

Registration Information

Login* (min. 4 characters and max. 20 characters)

.
e-mail* ] You should receive a
Password* | confirmation email with a link

to activate your account within
10 min. Please follow the
instructions in this email to
complete your registration.

Personal Information

Title* - please select - 5 | Pioase, select a form of address!

First name | NOTE: You may be able to
Last name* ] log into your account

Affiiation ] immediately after accepting
5:;'2;;; - —— R Service agreement without a

confirmation email.




OCHEM SYSTEM OVERVIEW

OCHEM is an open source system that is moderated and managed by users in a way
similar to Wikipedia. As a registered user you have a full access to all data on OCHEM
server. You may modify, add, delete any record in OCHEM database; you may create
your own QSAR models and make them available for all other registered users.

Please be EXTRA CAREFUL when you making any modifications to existing data or
adding new properties to OCHEM database.

OCHEM platform consists of two major components: the database of experimental data
and the modeling framework.

The database contains records of experimentally Online chemical database
measured biological and physicochemical properties of Home";mmev S
small molecules together with information about conditions Compounapropertes [
under which the experiments have been conducted and - -
references to the resources from which the data have Sear o1 et experimertaly
been collected. The most common sources of information our AricesBooks
on OCHEM are published articles in scientific journals, Crq Toens ’ _
books, and commercial databases. ffp'p o bodortre
OCHEM records can be accessed through Database iy v rttad changes '
menu. Any operation related to data browsing and Appl M data expors 5 o predict property
manipulation (adding new records, uploading datasets of i I

ip s N Screemrcompuournas-with ToxAlerts
molecules, modifying the existing datasets, etc) can be
found here.

The modeling framework module provides variety of tools for development of
: : predictive computational models for compounds from the
§ Online chemical database | QCHEM database.

R Through the Model menu user can select and calculate
waomer Seeamesel | molecular descriptors (OCHEM supports more that 20
Fxplore O] Create muliple models types of state-of-the-art molecular descriptors from

Search chemical & Open predictor entally

measured. pubist viewpendngtasks  messoy|  different vendors), specify and run various machine-
o1t s You o2 View publed acks learning algorithms (ANN, PLS, SVM, etc), analyze

SetCompare utility

L e statistics of new and existing QSAR and classification
Experimenta data,_ Descrtors sorage models, perform validation and apply the best models to

predict properties of new compounds.

User browsers

OCHEM user interface is based on individual windows known as user browsers.
OCHEM operates through browsers with all database entities (molecular properties,
molecules, journal, conditions, properties, units, baskets, models, etc).



In this tutorial we will use different browsers however the overall organization of all
browser windows in OCHEM is similar. Briefly, OCHEM browser layout includes three
major components

Filters

Commands panel

Content area

Below is a screenshot of one of the most important “Compounds properties” browser.
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. 2012; 2
S O (© AMES challenge (Training set) 2
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= Y WISCELLANEOUS —
[T Current set [?7):
She il : ™ " .
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Quality code= 5.0 %
Data origin and quality: m
Data i Al users ) Ho ;| @ The Pesticide Properties Database (PPDB) 2012. o>
Data visibility: Public only 5 N: AUTO_317 ®
Data from other users: | Only approved data %) M, 2012; &
C Original records (@) AMES Challenge (Test set) a
 Primary records 106-24-1
e MoleculelD: 143326
Discover issues with the data:
C Error records
( Error inchies
C Mismatching names @ Boiling Point = 1537.0 (in °C) Pressure= 1.0 atm
Include stereochem. Quality code= 3.0 %
( Empty molecules )
§ The Pesticide Properties Database (PPDB) 2012
£AA S < N AUTO 318 G
Sort by: P 2012; s
Creation time +) () Ascending order . 2
MoleculelD: M3341880

The filters panel allows user to specify content by applying various restrictions. In
“‘Compounds properties” browser they are:
original source of data (scientific publication, journal); property (physicochemical
parameter and biological activity); conditions of experiments (for example,
pressure for boiling point; S9 activation for Ames test); molecular structure
(substructure search, filters by molecular mass range), etc.

The commands panel is used to select/modify/delete/organize the content of the data
records. Commands may be applied to an inidividulal record (selected with a checkbox

at the right side of each record) or for multiple selections.

Batch data upload Add/remove tag
for the selected molecules

Add selected records Select records Batch edit
to a basket on the current page selecter records
Basket Tk'( T Records U = é ‘r:‘ i Tags @
; Unselect f
Remove selected records matching records Delete

from a basket selected records
Select

matching records



In the content area the actual data matching the specified filters are shown. If the
content does not fit in one window it could be displayed page by page by selecting a
page number at the top of the content area panel.

Detailed explanation of the content area of “Compounds properties” browser is shown
below.

Records Properties
- v Llog(iaC50-1) (concentration) 1093 records 4
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Zhu H . . .
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pyriformis. Chem. Biol. Interact., ISSN 0009-2797
< = Lt DO - PubMed - PrePrint - ArticlelD: Q1894 Neurochemistry international
Neurochem. Int., ISSN 0197-01868

‘ L DO - PubMed - ArticleD: Q1577 Journal of chemical information and computer sciences
¢ , ISSN 0095-2338
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Journal of ical i tion and
. ISSN 1549-9596

In this tutorial you will learn how to create a predictive QSAR model, validate it and
apply to a set of new compounds.

A typical QSAR modeling framework is shown below.

* Batch upload
* Batch modification
Work with data o Search by various criteria
(endpoint, publication, conditions of experiments,
substructure search, etc)
* Organize records in "baskets”

* Prepare the training and validation sets

* Select and configure molecular descriptors
Configure machine-learning method
(neural networks, linear regression, support
vector hines, k-nearest neighbors, etc)
* Select validation protocol
(cross-validation, bagging validation)

Create a model

4 * Review the statistics

scatter plots, RMSE, r2, q2, etc,
Analyze the model . ey Y]
* Assess the applicability domain
(Williams plot, accuracy averaging)

Analvze outliers and correct errors in the data
| I

i Select/draw/upload the compounds
Predict new compounds * View/export the predictions
* Automatically estimate the prediction accuracy

I‘

http://docs.eadmet.com/display/MAN/Modeling+framework.




Tutorial workflow

Manually drawn compound ~ SDF/SMILES file
Basket
Tag

Via web-services
(Pipeline Pilot)

Fetch result later (Pending tasks)

Via web-interface }

Data preparation Start calculations Run predictions

NSNS

KNN
PLS Training method <
SVM
MLR <

| Model configuration Sualisisfoliiestlis

Validation method
N-fold Cross-validation

Bagging ‘ .. ) )
4 Descriptors filtering Decorrel lation Model profile
PCA
v

Data preprocessing

. Unsupervised forward selection
salts removal Molecular dESCI’IptOI’S R2, Q2, RMSE, MAE Scatter plot
Applicability domain plot (Williams)
]

i
I

Standartisation

3D optimisation (Concord)

Dragon E-State indices

Spectrophores ISIDA fragment counts

1. DATA PREPARATION
In this tutorial, we are going to work with about a thousand of molecules with known
aqueous toxicity (measured as a growth inhibition concentration for T. pyriformis).
Fortunately we do not need to introduce each record individually into OCHEM database.
The current version of OCHEM supports a batch upload of data (molecular structures
and properties) in three different formats — excel file, sdf file and comma separated csv
file.

Download structural T_pyriformis files from http://tiny.cc/compchem
There are two files: excel and sdf. You may use either of them. Before we proceed with
an upload of data to OCHEM webserver take a closer look on the content of those files.

Excel file: Open file in excel. For a data upload to OCHEM server at least three
mandatory fields should be present: structural information as SMILES(or MOLECULE),
NAME (or MOLECULEID if the structure is present in OCHEM database) and
PROPERTY (registered property in OCHEM database). In our file we have SMILES,
MOLECULEID and log(IGC50-1) field for the property. Close Excel.

SDF file: Open sdf file in a text editor (notepad, word, etc). After a structural information
and $$3$$ there are several fields <SMILES>, <N>, <log(IGC50-1)>, <CASRN>,
however there is no NAME or MOLECULEID field present in the file. Fortunately
another way to specify a name is by using CASRN number. If CASRN number is
provided OCHEM batch loader automatically checks PubChem website for the name
and makes a substitution in the database.

Close structural files and proceed with upload.



In the main OCHEM window from the “Database” menu select the “Batch data
upload”. The “Batch upload” wizard window will open.

Online chemical database

« 4 Batch Upload 3.0 - File selection
S select the CSV, SDF or Excel file to upload multiple records to the
with modeling environment

Instructic
Home ~ | Database~ Models ~ = o
Here you have the possibility to upload data from an excel sheet.

Compound properties The format of this sheet is strict, and can be viewed in this sample (scientific format) and this sample (technical format).
ar pussible actions For more information, consider the wiki page that you can access by clicking on the wiki icon next to the title ("Batch upload browser").
Molecules If you have difficulties uploading your data, feel free to drop us an e-mail at info@eadmet.com
Ex Properties
Seal Cor!dltlons data: experimentally Upload file (Browse...) T_pyriformis_all.sdf
mea Units ed to public access by
our{ Articles/Books our data. Setting:
Journals @ Allow molecule lookup by name on PubChem
llow article lookup by PMID on PubMed
> »
Crg ToxAlerts ke the uploaded records hidden
Buil¢  Baskets ns of chemical
Prop  Tags ased on the (Upload
©XP€  Set area of interest... ur database.
User-related changes
Ru
..Is to predict property
.} of compounds.

In the “Upload file” field click on Browse and select T_pyriformis_all.sdf file. This file
contains about 1,000 measurements from the growth inhibition assay.

Make sure that “Make the uploaded records hidden” box is checked to avoid data
conflicts with other OCHEM users. Click “Upload” to continue.

The file review window with “column remapping” tool will appear.

Here you can examine
first few lines of the
uploading file and
make remapping of

, Batch Upload 3.0 - File preview and column remapping
=7/ Proview your data, selectthe sheet and the columns you would ie t upload

T_pyriformis_all.sdf

& MOLECULE @ SMILES @ N [PI6g(GES0=1) — UNIT (log(IGC50-1)) ¥ CASRN @ NAME

e vmcenn columns that are not
123111100009... CCC(0)CC1=CC=CC=C1 1 -0.16 ~log(mmol/L) 120055-09-6 .
123131300009... OCCCCCCC1=CC=CC=C1 2 0.87 -log(mmol/L) 2430-16-2 recogr“zed by the
12311110000 9... OCCCCC1=CC=CC=C1 3 012 -log(mmol/L) 4-Phenyl-1-butanol
123111100009... CCC(C)(0)C1=CC=CC=C1 4  0.06 ~log(mmol/L) 1565-75-9
123131300009... CCCCCOC1=CC=C(N)C=C1 5 0.97 -log(mmol/L) 39905-50-5 SyStem .
123141400009... CCCCCCOC1=CC=C(N)C=C1 6 1.38 -log(mmol/L) 39905-57-2 -
123101000009... CC(C)C1=CC=C(N)C=C1 7 0.22 -log(mmol/L) 99-88-7 NOTE - COIUmn
123111100009... CCCCC1=CC=C(N)C=C1 8 1.07 -log(mmol/L) 104-13-2
1239900009.. BrCCC1=CC=CC=Cl 9 042 -log(mmol/L) (2-BROMOETHYL)BENZENE headers are COIOUr
1238800009.. CC1=CC=CC=CIN 10 -0.16 -log(mmol/L) 2-methylaniline

coded. Green means
that the field is
recognized by the
system, red is not. The
property column is
dark green if this
property is already
registered in the
OCHEM database.

Severa | MOLECULE or NAME columns are present.
The ARTICLE column is missing, the stub unpublished article will be assigned by default

Green titles indicate recognized columns, red titles indicate errors. Please click on the red columns and select whether the column indicates
a property, condition or another column type like name, value or molecule, then select the matching entity and confirm your selection by
clicking on the green button on the left.

If you have irrelevant columns in your sheet, you can leave them red and they will be ignored in the further process. If you need help, feel
free to drop us an e-mail at info@eadmet.com .

Upload this sheet

—_——--------—-—-———— =}

|
Select column name *

[ unit s

| & UNIT (log(IG€50-1)) known column

-log(mmol/L) Property

-log(mmol/L) Condition oK Cancel

-log(mmol/L) 4-Phenyl- In our example the
-log(mmol/L) 1565-75-9 ’ column with unit

values was not
recognized by the system (marked in red). We need to specify that these values
represent units of “Aqueous toxicity”. Click on the red column header. In a popped up
menu window select “Known column” and then select “unit” from the list of known
columns. Click OK.



, Batch Upload 3.0 - File preview and column remapping
7\ Preview your data, selectthe sheet and the columns you would ike t pload

Note that the color
T_pyriformis_al.scf of column header
© MOLECULE  SMILES @ N ISGEGESH ) « unit @CASRN @ NAME © COMME h as Chang ed from
123111100009... CCC(0)CC1=CC=CC=C1 1 -0.16 -log(mmol/L) 120055-09-6
123131300009... OCCCCCCC1=CC=CC=C1 2 0.87 -log(mmol/L) 2430-16-2 red tO g reen
123111100009... OCCCCC1=CC=CC=C1 3 012 -log(mmol/L) 4-Phenyl-1-butanol . .
123111100009... CCC(C)(0)C1=CC=CC=C1 4 0.06 -log(mmol/L) 1565-75-9 (a reCOg nlzed un |t),
123131300009... CCCCCOC1=CC=C(N)C=C1 5 0.97 -log(mmol/L) 39905-50-5
12314140000 9... CCCCCCOC1=CC=C(N)C=C1 6 1.38 -log(mmol/L) 39905-57-2 the name Of the
123101000009... CC(C)C1=CC=C(N)C=C1 7 0.22 “log(mmol/L) 99-88-7 A
123111100009... CCCCC1=CC=C(N)C=C1 8 1.07 -log(mmol/L) 104-13-2 Col umn IS how
1239900009.. BrCCC1=CC=CC=Cl 9 042 ~log(mmol/L) (2-BROMOETHYL)BENZENE
1238800009.. CCl=CC=CC=CIN 10 -0.16 -log(mmol/L) 2-methylaniline “u n it” and the
)
Tha ARTICLE cohur 2 lesing, the stub smpatiished aricte wil bs sseipred by defauit checkbox in the
Green titles indicaty ized columns, red titles indicat . Pl lick on the red col d select whether the column indicat H
a proberty, contition or another column fype fike name, valae or molecale, then select the makching entity and Confiem your Selection by column header is
clicking on the green button on the left. .
If you have irrelevant columns in your sheet, you can leave them red and they will be ignored in the further process. If you need help, feel ma rked . C | |Ck

g-mail at info@eadmet.com .

Upiosd i sheet “‘Upload this sheet”
T e e > | button to proceed.

You can review and make the final changes to uploading data on the next “Entity
remapping” page.

Since no source of data (a journal article or a book) has been specified for an
uploading file this field was
« 4 Batch Upload 3.0 - Entity remapping automafucally marked as
S, Review and remap the properties, conditions, unis, artces and bskets nvolved i the data upioad “‘unpublished” data by the
system.
Click “submit” button to upload
the data. A new dataset will be

Database entities remapping

ol | i) added as hidden data and it
‘lja'}:esl T . : will be only visible to you
: - ;i 2 52 ,m : .
DGR SRS (recommended option for the

tutorial exercise).

Article: unpublished
NOTE: If the size of the

Molecule set: default uploading set is more than
(submit) 50000 it may take up to several

hours to upload the data on a
server. Please be patient.

The last step in the batch upload is to examine the uploading data in a preview browser.
Here you can check for any errors that may occur during the upload.

The statistical information about the dataset, the total number of processed records to
be uploaded and the count of valid, erroneous and duplicated records among them are
reported here. You may also exclude any individual records from upload on this page.



« , Batch upload 3.0 - records preview
=7\ i the sy ae bt 0 uosd, st e e sctns

Batch upload preview browser

Summary:

All rows in the sheet Count: 1093
Status: valid, Count: 1093
Filter by row number: and row type: (all -
1- 10 of 1093 1018 temsonpage [T] or110 > >
Row 1 LN @ 10g(IGC50-1) = -0.16 (in -log(mmol/L))
oSave J ADMET
oskip " T_pyriformis._alldf...
Ni1
[ 120055-09-6
A\/, MoleculeID: M6569
2
Row 2 @ 10g(IGC50-1) = 0.87 (in -log(mmol/L))
©Save eADMET
oSkip BN Tpyr is_all.sdf...
& N: 2

Row 9
@Save
oskip

@ log(IGC50-1) = 0.42 (in -log(mmol/L))
€ADMET

T_pyriformis_all.sdf.

N9

-5
Molecul
Row 10

[
CH, @ 1og(IGC50-1) = -0.16 (in -log(mmol/L))
@Save W ADMET
f?

oSkip _pyriformis_all.sdf...

(20189 tems on page [ 1] or110/51 (55
(Proceed with upload)

In our file all processed
records are reported to
be valid. Continue the
upload by clicking on
“‘Proceed with upload”
button.

Finally the resulting page of the batch upload provides statistics about the uploaded
data. You can review the uploaded data in the “Experimental property browser” on
OCHEM or download a detailed report to your local computer.

ex Batch upload 3.0 - finished

Batch upload results

Batch upload is finished. You can download the detailed upload report.
Sul

Count: 1093
saved_valid Count: 1093

New Batch Upload

Download Excel file

NOTE: The uploaded
data are automatically
put into a new basket
that can be accessed
from Data -> Basket
menu.

Experimental records on OCHEM server are organized into reusable sets and referred
to as baskets. A user may create unlimited number of baskets, modify their content for
specific tasks and rename them as needed. We will use baskets for the development of

QSAR models.

Online chemical database
with modeling environment
UCB edition v1.0

Home v | Database~ Models ~

Baskets

Basket browser
Browse, Compare or Join molecule set

Filter by name: [Create new -_]] ©OShow public sets
1-11of 11
OHEAG S 0 records
= [ Ry T_pyriformis_all.sdf 1093 records
R ——

Let’s review your baskets
in the basket browser
accessible from
Database > Baskets

At this moment you
should have at least one
basket, the set of
T_Pyriformis that we just
uploaded.

Click on it.

10



Basket editor
Add new basket or edit exiting basket

J

T Pyriformis tutorial datasef|
bas) d and lenoth &

Description (optional):

Actions

71 Create a copy of this basket Split the basket into two sets

Create a primary records basket Transform the basket using OScript

Add or delete particular records &) Export this basket into Excel, CSV or SDF
| Discretize the numerical values

Statistics of the basket

Properties Records Unique compounds
log(IGC50-1) 1093 records = 1087 compounds
Total Compounds (ignoring stereo-chemistry) = 1087 (1087) compounds

Articles Count

T_pyriformis_all.sdf | 1093

Tags Count
testtag2 2

ChemBlock building blocks | 11

Basket splitter

You are going to split the basket T Pyriformis tutorial dataset into two new baskets.

Provide the basket names

Basket 1: T Pyriformis tutorial dataset (training)

Basket 2: T Pyriformis tutorial dataset (test)

Select the splitting method
® Random splitting
Size of the validation set, in percentages: 40 %

Y-based splitting (not implemented yet)

Your original basket will be preserved.

" Split the basket )

In a new window, Basket editor, brief
information about the basket is displayed.
Here you can make changes to your
baskets. Let’'s rename this basket. In the
field “Name” put a new name
“T_Pyriformis_tutorial_dataset” and click
Save.

For typical QSAR modelling usually two sets
of compounds are required. One is so called
a Training set for creating (training) of a
model and a Validation set (additional set of
compounds that are not used for training) for
verification of the new model robustness.

Open a Basket editor again.

Database-> Basket. Select
T_Pyriformis_tutorial_dataset.

Now click “Split your basket into two sets”.
Enter new names for baskets: Basket 1
will be used later as a training set —
name it T_Pyriformis_tutorial_dataset
(training)

Basket 2 will be our validation set —
name it T_Pyriformis_tutorial_dataset
(test).

For the splitting method select Random
splitting and make a size of the
validation set 40%. It means that 40%
of compounds will be in Basket 2 and
60% in Basket 1 after splitting. Click

“Split the basket”. The notification

window about new baskets will pop up. Close it. Now you have two new baskets in the

basket browser.

For this tutorial we need one more set of compounds. We will use it later to apply our
QSAR model to for prediction of aqueous toxicity of new compounds.

Click on T_Pyriformis_tutorial_dataset (test) basket and split it into two more parts

Basket browser
Browse, Compare or Join molecule set

Filter by name: [ [Create new _]] ©Show public sets

1-150f20 15 |%) items on page of2 Bl B5
DD Records in trash 0 records
A% Selected records 644 records 5 pending models [
@& 437 records
DAR® T Pyriformis TOtOMaT dataset (training) 656 records
A T Pyriformis tutorial dataset 1093 records
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Enter new names for baskets:

Basket 1: T_Pyriformis_tutorial_dataset

(validation)

Basket 2: T_Pyriformis_tutorial_dataset

(prediction).

Size of the validation set: 10%. Click “Split the
basket”. Close the notification window.

We are ready to make a new QSAR model.

You are going to split the basket T_pyriformis_tutorial (test) into two new baskets.

Provide the basket names
Basket 1: T_pyriformis_tutorial (validation)
Basket 2: T_pyriformis_tutorial (prediction)
Select the splitting method
+ Random splitting
Size of the validation set, in percentages: 10| %

Y-based splitting (not implemented yet)
Your original basket will be preserved.

split the basket

2. MODEL CONFIGURATION (see a workflow chart on page 7)

To start a new model development, open “Models > Create a model”. In the next
wizard window you need to select a training set, external validation sets (optional), a
machine learning algorithm and a method for model internal validation.

Online chemical database

with modeling environment

Home~ Database v | Models ~

Create a model
Welcom #fions

l‘:Xpl()I‘C oC Create mult.lple models
Open predictor

Search chemical | nentally
measured, publis| View pending tasks access by
our users. You ca % View published tasks

emata . | SetCompare utility
Create Q‘S"\‘b MolOptimiser
Build QSAR modi., tal

¥ Calculate descriptors

ies. Th
IR WD Descriptors storage

experimental date__

Click inside square brackets [...] and
select the training set
T_pyriformis_tutorial (training).
Select a validation set
T_pyriformis_tutorial (validation).
Make sure that the predicted property
is set to —log(mmol/L).

OCHEM supports several dozen of
machine learning methods for model
training. For this tutorial, we will use
the default one, associative neural
networks (ASNN).

For internal model validation select
“‘N-fold cross-validation” with
Number of folds: 5. 5-fold cross-

validation is the most common choice.

Click “Next”.

Training set (required): T_pyriformis_tutorial (training) [details]
Validation set #1: T_pyriformis_tutorial (validation) [x] [details]
Add a validation set

The model will predict this property:
log(IGC50-1) using unit: | -log(mmol/L) °

Skip model configuration and use the predefined settings

Choose the learning method:

(¢) ASNN (ASsociative Neural Networks)
FSMLR (Fast Stagewise Multiple Linedr Regression)

KNN (K-Nearest Neighbors)

Library model (A model based on another ASNN model enriche
LibSVM wrapper with grid-search parameter optimisation

MLR (Multiple Linear Regression)

PLS (Partial Least Square)

WEKA-J48 (Weka-based implementation of C4.5 decision tree)
KNN (Weka implementation)

LADTree (Weka implementation)

Naive Bayes (Weka implementation)

REPTree (Weka implementation)

WEKA-RF (Weka-based implementation of Random Forest)

Models under development. (Do not use unless you are sure how
Consensus model (experimental)

Model validation

i i - lidation 4
Number of folds: 5
_| Stratified cross-validation

You can create a model from template: import an XML model templa

Next>>
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Next step is a sanity check for structural integrity of molecules in the dataset. Several
options are available: standardization, neutralization, salt
removal and cleaning the structural information stored in
molecular files.

NOTE: The last option, “Clean structure” is very important.
If your uploaded dataset contains 3D information about
molecules and you prefer to keep these coordinates intact
this checkbox should be unchecked! It may be useful, for
example, if your dataset is a set of ligands in preferred
docking poses.

Model editor

Select the preferred data preprocessing options

Prepr of (C

@ Standardization
# Neutralize
# Remove salts

# Clean structure

We will use default values. Click Next

Next step is a selection of molecular descriptors.
OCHEM is a unique resource known for a vast collection of molecular descriptors.

Model editor
Select model template 2nd traning set

Select the molecular descriptors

Recommended descriptor types

© E-state

E-State types:
& Atom indi © Atom counts
© Bonds counts

@ ALogPS (2)

© Dragon v. 6.0 (4885/3D)

O ISIDA fragments

o ADRIANA.Code (211/3D)

O CDK descriptors (246/3D)

O 'Inductive' descriptors (54/3D)

o MERA descriptors (529/30)

O MERSY descriptors (42/3D)

© Chemaxon descriptors (499/3D)
O QNPR

Experimental descriptors (use only if you know how to use them)

o AMBIT Descriptors
o ISIDA fragments (2011)

o Scaffold Hunter Descriptors
o) ECFP Fingerprints

o ETM descriptors

Predictions by OCHEM's featured models

5 Melting Point - 3D (Dragon 6 + Corina)

= Melting Point - 2D (ALOGPS 2.01 +OESTATE)
0 CYP450 modulation e-state

o Ames levenberg

o Toxicity against T. Pyriformis

© Outputs of other OCHEM models

Additional descriptor types

o OEState

2 MolPrint

o Dragon v. 5.4 (1630/3D)

o Dragon v. 5.5 (3190/3D)

O Structural alerts (ToxAlerts)
0 MOPAC descriptors (21/30)

@ Forbid NaN and Infinite descriptor values

Model editor

Select model template and training set

Select filters of descriptors

@ Eliminate descriptors with less than 2

unique values

@ Delete descriptors that have absolute values larger than 99999¢

@ Delete descriptors that have variance smaller than 0.01

@ Group descriptors, that have pair-wise correlations Pearson's correlation coefficient R larger than [0.95

Use Unsupervised Forward Selection to delete variables using the above value of multiple correlation coefficient R

Perform principal component analysis

After filtering, | want to select necessary descriptors myself (advanced)

Several thousand descriptors from
independent vendors and
commercial software packages can
be calculated here. The choice of
molecular descriptors is one of the
most important steps in developing
of the successful QSAR model. It is
common that the user tries different
type of descriptors with different
fitting techniques in the process of
developing QSAR models. In this
tutorial, we will use a default
selection — simple topological E-
State descriptors and ALogPS.

Click “Next”

Another important aspect in making
a good unbiased model is a
quality of selected descriptors.
They need to be orthogonal, or in
other words to be independent
from each other. In the next
window you may select various
filters to sift out highly correlated
and empty descriptors. It allows
significantly reduce number of
descriptors and avoid
unnecessary calculations for
fitting algorithms.

We will use default values.
Click Next
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Each fitting method requires a configuration of its
Model editor parameters. OCHEM has a preset of most
EOR S S common default values associated with each
particular method. In addition to default parameters

i flgpomes AN R auset ot users may select their own configuration.
Training method: <[ SupersA8__—>1#) | For ANN we will use SuperSAB training.
Number of neurons .

2 Click Next

in hidden layer

Learning iterations M000 |

(learning iterations)
SISO o Model editor
Disable ASNN 0 Select model template and training set

Additional Parameters

PARTITION=3,SELECT
(separated by comma)

Start calculation of the model

Now we are ready to start ion.

<<Back Please provide the name for your model: | Aqueous toxicity - a demo model
Task priority:

O Extra-high priority (please, use for fast tasks only)

Finally, name you model “Aqueous el e

toxicity” and make sure that the & Large tak picty (o long taska)

check box “Save models” is marked. Preferred calculation server: | (is available for developers only)
We are ready to start calculations,

click “Start calculation” [<<Beck | S | Diecerd |

The model training will start and the current
Model creator status of the model building process will be
S displayed. You may wait here for the modelling
process completion, which may take from

Run model builder

several minutes to several days depending on
Model training - Waiting for a free server the size and COmp'GXity of the model Setup or
feencel feeh rester click on “fetch result later” and check the status

of your job later.

To check the status of your job go to Models - > View pending tasks. The status of
running jobs can be

Pending tasks
e o i i a0l ot ass vt v acion checked manually by
All tasks types : | All tasks statuses \ete all matching t C_IICkI ng On. RefreSh
1-10f1 link or get it updated
Task type / Model / Task Property / G ‘ H
Time started name Set MethodJeStatusgBriotity BEAR every m | n Ute by
Model training log(IGC50-1) o - Se|eCti ng a
2014-03-26 g‘j(;‘g;“s T pyriformis_tutorial ~~ ASNN_ init normal 's’::’;:z'r’;ifl‘e fraining o minate = 9 .
21:58:21 (training) Correspond i ng
1-10f1
checkbox.

You may terminate the running job any time here or fetch the completed models for
analysis. When the task is successfully finished the yellow background of the
running jobs will change to green.

Click on a model

Task type / Model / Task Property / S q

Time started name Set Method ~ Status  Priority Details name to see a model
Model training log(IGC50-1) Lai) 1

2014-03-26 > pyriformis_tutorial ASNN  ready normal %] - recalculate 3 prOfIIe "

22:11:46 (training) @
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1l CONGRATULATIONS !!!

You have successfully built a QSAR model on the OCHEM platform.

A model profile window contains information about a model initial configuration (used
descriptors, machine-learning method and predicted property), basic statics for each set
(correlation coefficient R and cross-validated correlation coefficient g, root mean
squared error ,RMSE" and mean absolute error ,MAE®).

Save the model

Please enter your model's name: Agueous toxicity

Applicability domain

Model name: Aqueous toxicity [rename] [EState, ALogPS]
Private ID is 8196623 Correl. limit: 0.95 Variance threshold: 0.01,
Maximum value: 999999,

: . 5 Ay o Supersab, 1000 iterations, 3 neurons
?::fr:icrrgdm[;rg\%ijr.tﬁg;\jgﬂGCSO Rllpeseeclih e e ensemble=64 additional param

PARTITION=3,SELECTION=2
5-fold cross-validation

Data Set # R2 q2 RMSE | MAE 37 pre-filtered descriptors
.. i Supersab, 1000 iterations, 3 neurons
= Tralnlng §et, . - 656 0.78% | 0.77 052 034+ ensemble=64 k=15 additional param
T_pyriformis_tutorial (training) records | 0.02 0.02 0.02 0.01 PARTITION=3 . SELECTION=2
o Test set: T_pyriformis_tutorial 393 082+ | 082+ | 045+ | 0.31% .
(validation) [x] records | 002 | 002 | 003 | 002 Calculated in 260 seconds
3
2
1
0
-1
2
2.0 -1.0 0.0 1.0 2.0 3.0
Measured value
&) Download model statistics ] Create a copy of this model %= View confiquration XML % Export confiquration XML

R? shows how well data are fit into the model while g° is a measure of a model stability.
The higher those numbers the better model you have. RMSE and MAE represent the
difference between the actual observations and the observation values predicted by the
model. The smaller those numbers the better your model.

Important!! Write down numbers from the table on a piece of paper.

Below the table a scatter plot showing predicted versus observed (measured) values is
shown. Each point in the plot is clickable and linked to a corresponding profile of this
compound. Red dots on the plot represent a distribution of compounds from a training
set, green points are compounds from a validation set.

As you can see some points are far away from the correlation fitting line. Most likely
compounds represented by those points are outliers in our model. Let’s see if we can
improve the model by removing outliers.

However before we start to play farther with our model let’s save it.

Click Save at the bottom of the page. After saving your model screen will disappear.
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All saved models on OCHEM can be accessed through Models -> Apply model.

Select a model from the list

Model name or model ID: and property name: or by article id:
Models visibility: \ Private v \ Order by: | creation time v | [refresh]
1-150f 38 Public 15 v | items on page of 3 >

| Public and private

predicts log(IGC50-1)

] using T_pyriformis_tutorial (training) 2014-03-
™ &) 7= &_Aqueous toxicity ‘ apply the model ‘ (656) ASNN 26

validated by T_pyriformis_tutorial
(validation) (393)

predicts Ready biodegradability

Consensus Ready biodegradability using Combined (1884) 2013-10-

0 o)
DEE published by svorberg ‘M‘ validated by Boethling 63 drugs CONSEIsts 29
(63)
5 Table 3 - Consensus — . predicts DMSO Solubility 2013-10-
) ER -
DE® published by enamine ‘w’ using Enamine (50620) Consensus 29

Both your private models and publicly available models published by other users are
shown here. Let’s find our model. In the header Models visibility select Private. Now
only your model should be listed. You may apply your model to predict properties of
new compounds by clicking on the button “Apply the model”. However before doing this
let’s try to improve our model by excluding some outliers.

Click on the model name “Aqueous toxicity” instead to bring the model profile window.
You may select outliers manually on a scatter plot however OCHEM has a very useful
feature when outliers can be selected and excluded from a training set based on the p-
value.

At the top of the page click on the second tab — Applicability domain.

Applicability domain

)

Overview

Williams plot with ASNN-STDEV | active § a distance to model.
o how th
Distance to model 2 ° Mlitraining sst?n\qlaft:d
ASNN-STDEV v Ml validation L,
- predictive
. statistics
Averaging type for the
Default M ° validation
X axis sets
ASNN-STDEV v o
Show negative residuals
¥ 1
0.75 1.00 1.25 1.50 1.75
Distance to model
Select outliers with p-value less or equal than | v

PUBLISH THE MODEL RECALCULATE MODEL AND STATISTICS APPLY THE MODEL TO NEW COMPOUNDS

The Williams plot for standard deviation is shown here. Immediately below the plot you
may select outliers based on the various level of p-value.
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Select p < 0.05. Molecules from a training set with significance below selected p-value
will become highlighted.

Qverview Applicability domain

Williams plot with ASNN-STDEV used as a distance to model.

Distance to model 25 Mltraining
ASNN-STDEV ~ 50 8 Elvalidation
o
Averaging type qo
Default v 15| ® ©, o o

X axis

1.0 &
ASNN-STDEV v Ro%o 2 ©
Show negative residuals 05 °o° <
"o © o o
M8 © o ° ‘r
20
0.25 0.50 0.75 1.00 1.25 1.50 1.75
Ristance to model
39 records selected [uns€lect][exclu de [includ®][browse]
Select outliers with p-value less or equal than | 0.05 v

Exclude the selected points from the training dataset b
PUBLISH THE MODEL RECALCULATE MODEL AND STATISTICS APPLY THE MODEL TO NEW COMPOUNDS

Click on “exclude” link to exclude this molecule from a training set.

Switch back to model overview (tab Overview). There is a new row in the table showing
that 39 records have been excluded from the training set (this number can be different
in your case because the original dataset was split randomly and you may have slightly
different compounds in your training set). All excluded compounds are highlighted in
yellow on the scatter plot. Statistical numbers for the training set also changed to new
estimated values (may be higher or lower than originals). However it is just estimation,
our model has been made with all compounds and it is possible that some of excluded
outliers have significant influence on the model statistics. We need to recalculate the
model and statistics. Click on the corresponding button at the bottom.

Applicability domain

Model name: Aqueous toxicity [rename]
Private ID is 8196623

Predicted property: log(IGC50-1) modeled in -log(mmol/L)
Training method: ASNN

Data Set # R2 q2 RMSE MAE
o Training set: T_pyriformis_tutorial (training) 617 records [ 0.87 £ 0.01|0.87 + 0.01 {0.37 £ 0.01|0.278 £ 0.01
o Test set: T_pyriformis_tutorial (validation) [x] 393 records [0.82 £ 0.02|0.82 + 0.02 | 0.45+ 0.03 | 0.31 +0.02

Modified (need recalculation) [?] T
These ds were excluded or included after the model was calculated. [restore] 0.08 + 0.06 0+0 141+0.08| 1.33+0.07
The model needs recalculation to update these points

2.0 -1.0 0.0 1.0 2.0 3.0
Measured value

&) Download model statistics ] Create a copy of this model %= View configuration XML %= Export configuration XML

e ——
PUBLISH THE MODEL l RECALCULATE MODEL AND STATISTICS _B" APPLY THE MODEL TO NEW COMPOUNDS
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A tiny notification at the bottom of the page shows that the calculation started. Check
the status of your job in Models -> View pending tasks. Do not forget to select
‘Refresh every minute” checkbox or refresh the page manually.

When calculations complete click on the model name to bring updated model statistics
for analysis.

A new block of statistical values for recalculated model is added to the table.

Please enter your model's name: Aqueous toxicity

Original Recalculated
Data Set
# R2 q2 RMSE MAE # R2 q2 RMSE MAE
o Training set: T_pyriformis_tutorial (training) 617 records |0.873 + 0.010.87 £ 0.01|0.37 £ 0.01]|0.278 + 0. 617 records | 0.87 + 0.01|0.87 + 0.01(0.37 £ 0.01|0.28 + 0.01
o Test set: T_pyriformis_tutorial (validation) [x] 393 records| 0.82+0.02 |0.82+0.02|0.45+0.03| 0.31 + 0.0 | 393 records|0.81 + 0.02(0.81 £ 0.03|0.46 + 0.03| 0.32 + 0.02
o Excluded from training set records 39records [ 0.3+01 [ 02+02 | 1.1+01 | 09201
Modified (need recalculation) [?]
These compounds were excluded or included after the model was 39 records 0.08 £ 0.06 0£0 1.41+008| 1.3310.0|
calculated. [restore]

The model needs recalculation to update these points

¢ Store the recalculated model as reference (original model)
X Discard the recalculated model

-2.0 -1.0 0.0 1.0 20 3.0 -2.0 -1.0 0.0 1.0 20 3.0
Measured value Measured value

&) Download model statistics ¢ Create a copy of this model %] View configuration XML %] Export configuration XML

Unfortunately OCHEM has a small glitch: the statistics reported in the table for Original
and Recalculated models are the same. We can’t compare them here.

Remember | asked you to write down statistical values from the table on a piece of
paper. Find this paper now. Compare the numbers that you have before with updated
numbers. If new numbers are better (R? and g2 higher) we will keep a new model. If the
new numbers are worse than we revert the model to a previous stage.

Choose an appropriate link below the table for accepting or rejecting a new model. Then
click Save.

Okay, now we have a good QSAR model that we may use for prediction for compounds
that have not been yet tested.

Remember we created the third dataset at the beginning of this tutorial. Let’s predict
aqueous toxicity for these compounds.

Go to Models -> Apply a model

Find your model on the list — use option Private if there are many other models — and
click on “Apply the model” button.

predicts l0og(IGC50-1)

UBS?E% T_pyriformis_tutorial (training)

validated by T_pyriformis_tutorial
(validation) (393)

2014-03-

™ E) %= @ Aqueous toxicity ‘app[y the mode\‘ 2

In a new window “Model applier” you can select a set of molecules for prediction,
upload a new structural file or even draw a structure using embedded molecular editor.
We will use our earlier prepared set.
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Model Applier

Select “Choose a previously prepared set” and click

Provideth compound(s) o predit on [...]. In the basket browser select

Please provide compounds for whi
Several options are available:

 Upload compounds from a file
(SDF/MOL2/SMILES/Excel she

© Provide a Name/CAS-RN/SMIL

ich you want to predict the target property

- “T_pyriformis_tutorial (prediction)” set and click on
LN green checkmark.

N —

., Draw Molecule //

(click on depiction to the right to draw) Lj -

(Z = PR Selected records 0 records
I © Chocee & previoushy prapared set 1 I 2 4R I T_pyriformis_tutorial (prediction) 44 records I
O Select molecules by a tag: | & : — -
4 AR T_pyriformis_tutorial (validation) 393 records

’:d:i?"“m"fi"": S - @I R T_pyriformis_tutorial (test) 437 records

rediction scenario: | Use predictions only B =
© Disable prediction cache @2 T_pyriformis_tutorial (training) 656 records

Next>> @I R T_pyriformis_tutorial 1093 records

We are ready to run prediction. Click Next in the Model Applier.

Shortly a new window with predicted results will appear. Sort results “by prediction

accuracy”.

In the main panel you may examine predictions of aqueous toxicity for each individual

compound. B

ecause our set for prediction was extracted from a bigger set of

compounds with known (experimentally measured) toxicity we can see how accurate
our QSAR model is in prediction. However if you make a prediction for new compounds
with unknown experimental values you entirely rely on your model.

OCHEM predictor - results

&) Export results in a file

Here you can browse the predictions for your compounds and export them in a variety of formats

[:¥: Add the results as a validation set for model Aqueous toxicity recalculated

I Advanced applicability domain charts MAE = 0.28 +0.06

(Excel, CSV or SDF) Accuracy estimates for the set

log(IGC50-1) for 44 compounds
RMSE = 0.36 £+ 0.08

ISching by prediction accuracy ¥ Ascending l

T=Toorey

CHy

OH

molecule profile

/— CH,

molecule profile

CHy

molecule profile

items on page of3 > >>

log(IGC50-1) (Aqueous toxicity recalculated ) = 0.14 -log(mmol/L) + 0.45 (ASNN-STDEV = 0.11, estimated RMSE = 0.23)
log(IGC50-1)(measured) = 0.12 -log(mmol/L)

log(IGC50-1) (Aqueous toxicity recalculated ) = -0.65 -log(mmol/L) + 0.45 (ASNN-STDEV = 0.11, estimated RMSE = 0.23)
log(IGC50-1)(measured) = -0.384 -log(mmol/L)

log(IGC50-1) (Aqueous toxicity recalculated ) = 0.55 -log(mmol/L) + 0.46 (ASNN-STDEV = 0.11, estimated RMSE = 0.23)
log(IGC50-1)(measured) = 0.42 -log(mmol/L)

You may save prediction results in a separate file (excel, csv or sdf) or add compounds
from this set as a new validation set and recalculate your QSAR model.

19



