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Features: Overall picture
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2. Brown, K. K. et al. Approaches to target tractability assessment – a practical perspective. Medchemcomm 597–748 (2018). doi:10.1039/C7MD00633K

Targets identification

• Genome wide association studies

• RNAi Screens

• Crispr/Cas9 Screens

• Proteomics

• Knock-out phenotypes

Increased number of proposed targets

Targets evaluation

TRACTABILITYTOXICITYVALIDITYDRUGGABILITY + + =

• Binding domains ?
• Crystal structure ?
• Assayability ? 
• Small molecules ?

• Confidence in the data
• In vivo models
• k.o. phenotypes
• Target validation experiments ?

• Phenotype data
• Tissue expression

• Can be used to make 
strategic decisions

• Prioritise/rank lists of  
targets
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Tools available
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Aggregated data

Biology

Chemistry / Structural Biology

Literature



DYRK1A

Typical workflow
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DYRK1A

Typical workflow
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Exhaustive search
Deep understanding of a target
Highly curated data

ADVANTAGES

Person dependent
Scattered data
Difficult to scale up for many targets
Comparison of targets difficult

DRAWBACKS



TargetDB: Main workflow

6https://github.com/sdecesco/targetDB

All code is open source and available on GitHub

https://github.com/sdecesco/targetDB


TargetDB: Main workflow

7https://github.com/sdecesco/targetDB

All code is open source and available on GitHub

Fast
Ability to query many targets
Easy to compare targets to each 
other

ADVANTAGES

Less exhaustive search
Need to be updated

DRAWBACKS

https://github.com/sdecesco/targetDB


TargetDB in practice: 1. Installation
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Step 1: Installing a python distribution

• TargetDB is a python package and needs a python distribution to work.
• It also relies on several other packages to function properly.
• If you already have a python distribution installed you can skip these steps.

requirements

Python version >= 3.4

Preferred python distribution
Anaconda 3 

(https://www.anaconda.com/distribution/)

After the installation

You should have a folder in your start menu with Anaconda3 (64-bit) in that 
folder you can open the Anaconda Prompt software

Step 2: Installing TargetDB package

pip install targetDBIn the Anaconda prompt window simply type:

After some time, you should see a line saying: Successfully installed targetdb-1.3.0

Step 3: Downloading TargetDB database

• You can download the database here: 
https://github.com/sdecesco/targetDB/releases/download/v1.3.1/TargetDB_20_12_19.db.zip

• After downloading just unzip it in your desired location (unzipped file is > 7Gb) 

Note: Please check GitHub page for future update of the database (plan is twice/year)

Note to MacOS and Linux user: Use the terminal app instead

https://www.anaconda.com/distribution/
https://github.com/sdecesco/targetDB/releases/download/v1.3.1/TargetDB_20_12_19.db.zip


TargetDB in practice: 1. Installation - continued
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Step 4: Starting TargetDB for the first time

• Go back to the Anaconda prompt terminal and type: 

• After a few seconds a window should appear (with empty boxes in the first launch)

targetDB

• Fill in the information for each line (4 in total) 
• Database line: tell the software where the database file is saved (see step 3)
• Outputs (The program generates two types of outputs depending the mode used)

• LISTS: Please indicate a folder in which it will save the lists outputs
• SINGLE: Please indicate a folder in which it will save single outputs

• Note: These two folder can be the same
• Pubmed: TargetDB use a pubmed search to pull out relevant papers on targets or paper numbers if in list mode, it requires the 

user email address to use this functionality. 

• Click on Save and Close button
• The main targetDB window should appear



TargetDB in practice: 1. Installation - continued
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Step 5: Future TargetDB start

The setting window described in step 4
can be called back if you require to make
changes to the output folders / database
location and/or email address



TargetDB in practice: 1. Installation - continued
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Database creation mode

• The user can also choose to not use the pre-filled database and generate the database locally 

• In order to do so a few extra pieces are required:

• SQLite database of ChEMBL – Download here 

• Blast software – Instructions

• Fpocket software – Instructions

• Limitations: will only work on Linux

- Not Preferred

https://www.ebi.ac.uk/chembl/downloads
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download
https://github.com/Discngine/fpocket


TargetDB in practice: 2. Using
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TargetDB explained: Single output

13* Tab only present if data available

Commercial compoundsBindingDBPocketsStructure

Isoforms Variants / MutantsGenotypesExpression

OpenTargets AssociationPubmed search DiseasesGeneral Info

Binding Dose Response Percent Inhibition Emax Efficacy

Other BioactivitiesADME

* * * *

**

* *



TargetDB explained: Single output
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Machine learning 
model

(discussed later)

General Info



TargetDB explained: Spider plot
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Literature

Genetic Association

Diseases

Safety Biology

Chemistry

Structural Biology

Height
Amount of information available

Color
Safety issues (red)  No issues (green)

Height
Amount of information available

Color
Quality of associations (p-value) (green)  (red)

Height
Amount of information available

Height
Amount of information available

Height
Amount of information available

Height
Amount of information available

Color
Quality of compounds 
(selectivity/potency)

(green)  (red)

Height
Amount of information available

Color
Druggability of binding pockets

(green)  (red)

Central Number

Probability of tractability
(Machine Learning model)

Beta-secretase 1



TargetDB explained: Spider plot
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Acetylcholinesterase Tau

Presenilin1Apolipoprotein EBeta-secretase 1



TargetDB explained: Single output
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Pubmed search Simple search using the gene name as query (Caution: could lead to false hits for certain genes (e.g. REST))



TargetDB explained: Single output
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Diseases

GWAS

HumanMine

https://www.humanmine.org/humanmine/report.do?id=1188216



TargetDB explained: Single output
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OpenTargets Association

https://www.targetvalidation.org



TargetDB explained: Single output
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Expression

https://www.proteinatlas.org/ENSG00000186318-BACE1/tissue

𝑆𝑠𝑒𝑙 = −෍

𝑖

𝑇

𝜌𝑖 log 𝜌𝑖

𝑆𝑠𝑒𝑙 = 𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐸𝑛𝑡𝑟𝑜𝑝𝑦

𝜌(𝑇) =
𝐸𝑇

σ𝑖 𝐸𝑇𝑖

𝑇 = 𝐸𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑖𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑡𝑖𝑠𝑠𝑢𝑒

𝐸𝑇 = 𝐸𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑖𝑛 𝑡𝑖𝑠𝑠𝑢𝑒 𝑇

𝜌𝑖 = 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑛 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒

SELECTIVITY
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Genotypes

HumanMine

https://www.humanmine.org/humanmine/report.do?id=1188216



TargetDB explained: Single output
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Isoforms

Variants / Mutants



TargetDB explained: Single output
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Structure

DrugEbillity: File from ftp://ftp.ebi.ac.uk/pub/databases/chembl/DrugEBIlity/



TargetDB explained: Single output
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Structure

DrugEbillity

DrugEbillity: File from ftp://ftp.ebi.ac.uk/pub/databases/chembl/DrugEBIlity/



TargetDB explained: Single output
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Pockets

PDB File

Find Cavities

Calculate 
Properties

Score 
Druggability

1. Schmidtke, P. & Barril, X. Understanding and predicting druggability. A high-throughput method for detection of drug binding sites. J. Med. Chem. 53, 5858–5867 (2010).



TargetDB explained: Single output
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Binding / Dose Response / Percent inhibition / Emax Efficacy / ADME / Other bioactivities

Binding Ki, Kd

Dose Response IC50, EC50, Potency

Percent Inhibition %Activity, Residual activity, %Inhibition

Emax Efficacy Emax, Efficacy

ADME ADME

Other Bioactivities All other



TargetDB explained: Single output
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BindingDB



TargetDB explained: Single output

28

Commercial compounds



TargetDB explained: Single output
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Commercial compounds



TargetDB explained: Single output - summary
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Commercial compoundsBindingDB

Binding / Dose Response / Percent inhibition / Emax Efficacy / ADME / Other bioactivities

PocketsStructure

DrugEbillity

Isoforms Variants / MutantsGenotypesExpression

OpenTargets AssociationPubmed search DiseasesGeneral Info



TargetDB explained: List view – information categories
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Druggability

• Pockets druggability
• Domain druggability 
• Druggability of 

similar targets’ 
pockets

Structure

• % of sequence 
covered

• % of domains covered
• Number of PDB
• Number of PDB of 

similar targets

Chemistry

• BindingDB potent 
ligands

• BindingDB ligands in 
phase 2 clinic

• ChEMBL potent ligands
• ChEMBL selective ligands

Biology

• Protein expression 
levels

• Number of antibodies
• Variants
• Mutants
• Mice genotypes
• KEGG/Reactome

Disease Link

• Number of disease 
areas

• Max association score
• Diseases count

Genetic links

• GWAS association 
count

• Genetic association 
score

Information

• JensenLab Pubmed
score

Safety

• Heart protein expression
• Liver protein expression
• Kidney protein 

expression
• Lethal phenotypes 

observed in mice



TargetDB explained: List view – information categories
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Druggability

• Pockets druggability
• Domain druggability 
• Druggability of similar 

targets’ pockets

Structure

• % of sequence covered
• % of domains covered
• Number of PDB
• Number of PDB of 

similar targets

• % of sequence covered
• Percent of the sequence covered by PDB structures

• % of domains covered
• Percentage of the domains that are covered by PDB structures 

• Number of PDB
• if count >=1  Score = 0.25
• if count >=2  Score = 0.5
• if count >=3  Score = 1

• Number of alternate (BLAST) PDB
• Same as number of PDB * max similarity 

Structure Score

Average of all these 
components

 Pockets druggability scores

• Average of pockets with a druggability score > 0.5

• Domain druggability 

• Average of domains druggability and tractability coming from 

DrugEBIlity

• Alternate (BLAST) pockets druggability scores

• Average of pockets with a druggability score > 0.5 * max similarity

Druggability Score

Average of all these 
components



TargetDB explained: List view – information categories
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Chemistry Score

Average of all these 
components

Chemistry

• BindingDB potent 
ligands

• BindingDB ligands in 
phase 2 clinic

• ChEMBL potent ligands
• ChEMBL selective ligands

• BindingDB potent cpds (Score = log(count), normalized (0->1))
• Compounds with activity < 100 nM

• ChEMBL potent cpds (Score = log(count), normalized (0->1))
• Compounds with activity < 100 nM

• Quality

• Score = 1 
• Count of BindingDB ligands that are labelled phase 2 > 0

• Score = 0.8
• Count of ChEMBL ligands with great selectivity > 0

• Score = 0.7
• Count of ChEMBL ligands with good selectivity > 0

• Score = 0.6
• Count of ChEMBL ligands with moderate selectivity > 0

• Score = 0.3
• Count of potent ChEMBL ligands > 0

OR
• Count of potent BindingDB ligands > 0

• Score = 0
• All of the above not met



TargetDB explained: List view – information categories
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Biology Score

Average of all these 
components

Druggability Score

Only component

Biology

• Protein expression 
levels

• Number of antibodies
• Variants
• Mutants
• Mice genotypes
• KEGG/Reactome

Information

• JensenLab Pubmed
score

• Protein expression levels (bio_EScore = 1 if available)

• Number of antibodies (bio_AScore = 1 if count >50) 

• Variants (bio_VScore = 1 if count >0)

• Mutants (bio_MScore = 1 if count >0)

• Mice genotypes (bio_GScore = 1 if count >0)

• KEGG/Reactome (bio_PScore = 1 if KEGG+Reactome data =0.5 if KEGG or 

Reactome = 0 if none available)

• Log(JensenLab Pubmed score) capped at 12 then normalized (0->1)

https://jensenlab.org



TargetDB explained: List view – information categories
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Disease Score

Weighted average of all 
these components

Druggability Score

Disease Link

• Number of disease 
areas

• Max association score
• Diseases count

Genetic links

• GWAS association 
count

• Genetic association 
score

Average of all these 
components

 Log10(gwas count*10) capped at 2, normalized (0->1) 

 OpenTargets MAX genetic association score * normalisation depending on 

the number of associations with this maximum score

o Normalisation factor

 Log2(count of association with max score) capped at 5 normalized 

(0->1) 

 Count of significant gwas associations (p-value <= 5e-9) / total count of gwas

associations

 Avg score for the top10 open-targets associations

• Number of disease area (OpenTargets)

• Score = 0.5 if count = 1 / Score = 1 if count > 1 

• Max association score (OT) – weight of 2 in average

• OpenTargets max association score 

• Diseases count uniprot

• Score = 1 if any

• Diseases count tcrd

• Score = 1 if any
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Safety Score

Average of all these 
components

Safety

• Heart protein expression
• Liver protein expression
• Kidney protein 

expression
• Lethal phenotypes 

observed in mice

 Log(Number of genotypes) capped at 6, normalized (0->1) + 0.3 if expression 

data available, capped to 1 

 Genotypes (safe_GScore), capped to 1

 2 * Count of homozygote genotype with lethal phenotype + count 

of heterozygote genotype with lethal phenotype – count of 

heterozygote genotype with normal phenotype – 2 * count of 

homozygote genotype with normal phenotype

 Expression profile (safe_EScore)

 Heart protein expression

 Liver protein expression

 Kidney protein expression

 If any of the above is high or 1stddev higher than all tissue 

average  score = 1

 Else  score = 0



TargetDB explained: List view – MPO Score
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Low 
importance

High 
importance

Druggability

Structure

Chemistry

Biology

Disease Link

Genetic links

Information

Safety

MPO Score

𝐶𝑆𝑐𝑜𝑟𝑒𝑆 = 𝐶𝑆𝑐𝑜𝑟𝑒 − 0.5 ∗ 2 −1 → 1

𝑊 =
𝑊𝑒𝑖𝑔ℎ𝑡𝑠

100
−2 → 2

𝑀𝑃𝑂 𝑆𝑐𝑜𝑟𝑒 =
σ𝑖 𝐶𝑆𝑐𝑜𝑟𝑒𝑆𝑖 ∗ 𝑊𝑖

σ𝑖 𝑊𝑖

−1 → 1

𝑀𝑃𝑂 𝑆𝑐𝑜𝑟𝑒 𝑠𝑐𝑎𝑙𝑒𝑑 =
𝑀𝑃𝑂 𝑆𝑐𝑜𝑟𝑒

2
+ 0.5 0 → 1
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Medicinal chemists Crystallographers

TOP 10
MPO 

Score

GRIN2A 0.8

PLEC 0.79

TGFBR2 0.78

PLCG2 0.78

CFH 0.78

TGFB1 0.76

AP2B1 0.76

MSN 0.74

ERBB3 0.74

TREM2 0.73

TOP 10
MPO 

Score

SGPL1 0.73

ALK 0.69

SYNGAP1 0.68

S1PR1 0.67

NEFL 0.67

CSF1R 0.65

PLCG2 0.63

NR1H4 0.62

GFAP 0.62

PPARA 0.62

https://agora.ampadportal.org/genes/(genes-router:genes-list)

AMP-AD

AMP-AD (NIH): Accelerating Medicines Partnership - Alzheimer’s Disease

95
Targets
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Tractable targets Intractable targets

TargetDB
~19.000399

TargetDB

~13.500 400

799

random

560
240

Training set Test set

http://www.dgidb.org/

DATA

Jupyter Notebook file with 
all the model training 

process

https://github.com/sdecesco/targetDB/blob/master/targetDB/examples/Machine_learning_model/ML_targetDB_paper.ipynb


TargetDB explained: List view – building a model
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Step 1: Removed all colinear features



TargetDB explained: List view – building a model
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Step 2: Testing different machine learning algorithms

Sensitivity 
= Recall



TargetDB explained: List view – building a model
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Random Forest algorithm
Target X

Fe
at

u
re

 1

Fe
at

u
re

 2

Fe
at

u
re

 x

…………..

Fe
at

u
re

 3

Tree #1 Tree #2 Tree #n

Tractable Intractable
Consensus 

decision

Challenging

Tree #3 Tree #4 Tree #5

Detailed information on random forests: Towards data science - Random Forest explained

https://towardsdatascience.com/an-implementation-and-explanation-of-the-random-forest-in-python-77bf308a9b76
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Step 3: Looking at feature importance

Remove

Step 4: Final tweaking



TargetDB explained: List view
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TargetDB: Test cases
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AMP-AD

95
Targets In Dark 

Proteome

>25% 372

>60% without 
structure 

Tractable IntractableChallenging

47 57 268
(13%) (15%) (72%)

Disease link

12

AD

4

PD

1
2

Literature

64 targets with 
dementia linked 

literature

E3 Ligases
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Scope and limitations

TargetDB is …

… quick

… good at comparing targets

… giving you a good overview on targets

TargetDB is NOT …

… perfect

… exhaustive and 100% accurate

… completely replacing reading papers

Link here

https://doi.org/10.1101/2020.04.21.052878

