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Discovery

1.2 million assay records

Approximately 694 million bioactivity values

ChEMBL    DrugBank   Tox21
BindingDB    PDBbind   MLSP   etc.

2.3 million chemical structures
10 thousand protein targets

Data
$$$ >$1B

Training Set

Test Set

Model

Discovery
Accuracy

Unknown Set

! Big data issues comparing values across different records !

Analysis

Approximately 231 million bioactivity outcomes 

Datasets

! Restores Interoperability, Annotation, & Standardization !

Build

Test Run

QSAR
Docking

Metabolism
Machine Learning

Deep Learning

Assay Development
Reproducibility

Toxicity
Drug Discovery

Disease &  Health

ADMET Hazard & Risk



Overview (in words)
• ScrubChem is an effort to programmatically identify and correct for 

many big data issues related to the interoperability and 
standardization of biochemical data across millions of bioassay 
records in PubChem.

• ScrubChem concepts (e.g., modalities & justifications) establish the 
way forward for organizing disparate data so that it can be reliably 
combined into hit-calls and datasets.

• A direct result of the ScrubChem effort is a database which can be 
used to build many different kinds of datasets for various data-
driven use cases (e.g., docking, QSAR, machine-learning, regulatory 
decision-making, assay design). 

• ScrubChem datasets expand the number of targets and chemicals
with robust and reliable data.



Hit-Calls

Cleaning of this data increases the number of results usable for building datasets.



Chemical 2,   3,       2/3,          .66,         active
Chemical 1,   3,       2/3,          .66,         inactive

Androgen Receptor - Agonist
Chemical,     N,    Fraction,   Ratio,       Hit-Call

Without ScrubChem 
(-) Modality

With ScrubChem 
(+) Modality

Chemical 2,     1,              3,            active
Chemical 1,     2,              3,            active
Chemical,     [M]           [N],         Hit-Call

[Androgen Receptor]

Hit-Calls 
(protein-modality)

[Hit-Calls]
(combined modalities)

ISSUE: 
Without modality information chemical 1 
appears as active 1x and inactive 2x. 

active in any modality = active for protein



Assay Description:

Assay ID (AID)

Panel Descriptions (if panel is true):

TID 1  (name, descr, unit, DR conc, AC/TC, mid #)
TID 2  (name, descr, unit, DR conc, AC/TC, mid #)
TID … (name, descr, unit, DR conc, AC/TC, mid #)

MID 1 (Panel Name, Descr, Comments, Protocol, Target (ids, comments)) 
MID 2 (Panel Name, Descr, Comments, Protocol, Target (ids, comments)) 
MID 3 (Panel Name, Descr, Comments, Protocol, Target (ids, comments)) 

Descriptions Results

Results:

Result Descriptions:

Protein GIs

(target IDs)

Substance ID (SID)

Outcome

Assay ID (AID)

TID 1 - (value)
TID 2 - (value)
TID 3 - (value)

…

Substance ID (SID)

Outcome

TID 1 - (value)
TID 2 - (value)
TID 3 - (value)

…

…
Assay 
Name

Assay 
Description

Assay 
Comments 

Assay 
Protocol

Assay 
Targets

(ids, comments)

External 
References 

(xrefs)

Panel 
(T/F)



Issue Impact Solution Affected



Issue Impact Solution Affected



85,580

10,934

7000

3100

Bioactivities

Chemicals

Human Androgen Receptor

ChEMBL ScrubChem
- modality + modality

Selecting data for the human androgen receptor (GENE ID: 367) returns:
85,580 results and 10,934 Chemicals with modalities.

As a comparison, ChEMBL data only contains:
7,030 results and 3,142 Chemicals and no modalities for deriving hit calls. 



Modality & Outcome1 Chemical: Estradiol
Group by 



Modality                  (hit-call)
Chemical

Outcome INFO…

Tree structure for flat file filtering



Filtering by INFO Lines (view results and retains hit-calls)

Filtering by Root Modality (view hit calls and hides results)

Main Grouping Scheme



1 2 3 4 5 6 7 8 9 10 12 18 26 ALL
#CIDs 1258 4883 816 762 499 249 103 61 9 8 1 1 1 8651
#Active 388 123 14 19 8 12 2 5 0 0 0 0 1 572
#Inactive 870 4760 802 743 491 237 101 56 9 8 1 1 0 8079
#References 49 21 10 6 10 7 2 7 2 1 1 1 22 58
AVG_RATIOs 1 1 0.986930.989170.987980.983940.990290.977460.98765 1 1 1 1 0.99637
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Hit-calls can be divided by the modality and binned by confidence/reproducibility metrics, 
such as the number (n) of results (evidences) used in each hit-call or % agreement. 

8,651 chemical hit-calls for hAR-agonist modality binned by Evidence (n).

e.g., 
There are 8,651 total chemicals tested 
for the agonist modality with an (n) of 
at least 1. 

A selection grid of n >  or = 9 yields:
20 chemicals out of 8,651 
1 active out of 572 
19 inactive out of 8,079.

This means that each hit call derived 
from this selection will have at least 9 
separate evidences (n). The lowest AVG 
Ratio of agreement for a bin in this 
selection is 98.77% (n=9).

Evidence (n)



658 more target-modalities

376 more protein targets

155 
Chemicals

Combined Modality Hit-calls for 578 Protein Targets
[Active] = 15 : [Inactive] = 289

summary

….
Combined 

modality hit-calls
for protein

(target-modality)

# Combined # of modalities
# Combined # of evidencesSingle

modality hit-call
for protein # of evidences

Agreement of evidences

Bisphenol A

active : inactive

Summary for protein and modality hit-calls

Targets:
Hit-Calls:

Summary for hit-calls 
from combining modalitiesChemical



www.ScrubChem.org



1. Select a Search Tab Category

3. Type input and select 
from the autocomplete

2. Select an Identifier





View only records that are used to ‘best’ justify each outcome.

Filters results from 11 M records to 262 K.



iframe of https://www.scrubchem.org/Home/Results?CIDs=2244

PubChem

ScrubChem
ToxCast

EPA’s CompTox Dashboard (to be added)



https://www.scrubchem.org/api/QueryApi/GetResults?Accs=1017&start=0&take=10&getJustifications=true



ScrubChem.org
https://www.scrubchem.org

ScrubChem API
https://www.scrubchem.org/api/QueryApi/GetResults?Accs=1017&start=0&take=10&getJustifications=true

ScrubChem Embed
https://www.scrubchem.org/Home/Results?Accs=1017

EPA CompTox Dashboard (to be added)
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=aspirin

https://www.scrubchem.org/
https://www.scrubchem.org/api/QueryApi/GetResults?Accs=1017&start=0&take=10&getJustifications=true
https://www.scrubchem.org/Home/Results?Accs=1017
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=aspirin


ScrubChem Accomplishments:
• Accesses millions of assay records.
• Programmatically identifies & corrects data issues (systemic and 

anecdotal)
– Adds critical annotations (e.g., modality & justifications) and implements 

concepts (hit calls) needed for aggregating data from different assays into 
datasets.

• Provides online access to the database and datasets.

In Progress:
• Improving assay annotation and code (iterative cleaning).
• Expanding vocabularies and ontology needed to better standardize 

endpoints, targets, and system information (grow scope of database).
• Reviewing hit calls (improving the methodology and scope).
• Model/Analysis/Tools (implement datasets)!
• Enhance web access (open to ideas!).
• Publish & Continued Support!
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