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Overview A Modular Methodology Results

The problem

Learn potential relations between proteins (targets of drugs) and the
COVID-19 Disease Map
Mechanistic modeling of the Map
Connect the Drug (Protein) Space with the Map Signalization Space

Infer what is important to regulate the Map
Suggest potential repurposable drugs.
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Multi-output Supervised Learning
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Overview A Modular Methodology Results

Multi-output Supervised Learning

Build the Signalization Space
>10k samples across 53 tissue sites
The COVID-19 Disease Map
277 circuits in 47 sig. pathways.

Hipathia Signal Transduction
Sn = vn

(
1 −

∏
sa∈A (1 − sa)

)∏
si ∈I (1 − si)

Connect the Dots
The Map results in 10k x 277 activities.
Over 2k KDT targeted by 1.7k drugs.
Most KDT lie outside the Disease Map.
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Overview A Modular Methodology Results

Data-driven Validation

Performance
Model: Multi-Output Random Forest
Hyper-parameter optimization with TPE
Repeated Nested 10-fold CV
Use SHAP values for explanations
Summarize by MeanAbs and take 1st decil

Explanation stability
Robustness Vs Stochastic, Noise, Sampling
100 Holdout splits of half the sample size
Split training into learning and validation
Check unbiased performance over test
Compute Nogueiras statistic test and CI

Figure: R2 score distribution over the test (R10-foldCV).

Mean R2: 0.82 ± 0.02
N-Stat CI: (0.729, 0.735)
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Overview A Modular Methodology Results

Classical Model Explanations
Useful but too broad. Only speak about the whole map. Misleading?

CA
CN

A1
B

HR
H3

BM
X

CA
10

IT
GA

5
HT

R5
A

KC
NC

1
KC

NQ
2

CS
F3

R
PR

KC
G

CH
RN

B2
FC

ER
1G

SL
C3

2A
1

AN
XA

2
S1

00
A4

TN
FR

SF
1B

IL
2R

G
CD

H5 FG
R

FP
R1 LY

N
CT

DS
P1

M
AS

T1
HC

K
NC

AN
NF

KB
1

VW
F

LP
L

PA
DI

4
AC

AC
B

SL
C1

2A
5

AL
OX

5
CT

SS
SC

N4
A

PP
AR

G
GA

BR
D

TI
E1

CX
CR

1
TU

BB
3

TE
K

CL
EC

14
A

KC
NJ

9
S1

PR
1

IT
GA

L
TG

FB
R2

IT
GB

2
TL

R8
AO

C3
FC

GR
2A

KC
NN

1
PP

BP
P4

HB GP
9

TN
FR

SF
1A CD

4
FC

GR
3B

CD
52

GR
M

4
GR

ID
2

ST
K1

0
GP

D1
SL

C1
9A

3
SC

N2
A

CO
X7

A1
RE

LA F8
CS

F2
RA

AP
LP

1
AP

OB
R

PL
AU

R
TU

BB
1

CS
F2

RB
SN

AP
25

GA
BR

G2
RP

S6
KA

1
TB

XA
S1

TL
R2

SB
K3

CA
CN

G2
AV

PR
2

CD
24

7
JU

N
FO

S
GH

R
BT

K
ZA

P7
0

CA
CN

A1
C

AC
TN

1
GA

TM
RA

M
P3

RA
CK

1
TN

FR
SF

8
M

CL
1

IC
AM

1
CA

LY
CK

M
T2

CK
M

KC
NM

B1
FL

T1
SE

LP
CY

BB M
B

RA
M

P2
CO

X6
A2

BM
PR

1A
FL

T4 LC
K

GA
D2

CA
SP

1
EL

OV
L4

NR
P1

SL
C2

5A
4

TP
O

PS
M

E1 IL
6

PT
GS

2
IT

K
M

AP
1A

AZ
IN

2
SL

AM
F7

CX
CR

4
RI

C3
M

YL
K

TN
NC

1
GP

X8 GC
A

CA
4

S1
00

A1
2

CL
IC

1
HB

A1
OG

DH GS
N

SH
2B

3
IT

GB
1

JA
K3

PT
GI

R
CA

SQ
2

CD
79

B
TG

FB
1

RB
P4 SR
C

SY
K

PT
K2

HL
A-

DQ
B1

CA
LB

2 CS HB
B

PI
K3

CD
CA

M
K2

B
CC

L2

0.0000

0.0025

0.0050

0.0075

0.0100

0.0125

0.0150

0.0175

Re
le

va
nc

e

Drug repurposing for SARS-CoV-2 infection using machine learning and mechanistic models of the COVID-19 Disease Maps 4/10



Overview A Modular Methodology Results

SHapley Additive exPlanations
Fair feature responsibility attribution.
Dis-aggregated by circuit by construction.
Additive (use biologically-relevant groups).

Template patterns
Conform a series of templates, e.g.:

Affect massively almost all Map
Affect a few very specific circuits
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Overview A Modular Methodology Results

380 KDTs (targeted by 679 drugs)
have direct influence over the whole or
partial parts of the map.
The GO biological processes enriched
are mostly related to immune activity
(T-cell, inflammatory response)
The COVID-19 Hallmarks are
represented.

Drug repurposing for SARS-CoV-2 infection using machine learning and mechanistic models of the COVID-19 Disease Maps 6/10



Appendix

Future works

Speed the computation (GPU extensions).
Develop sign like SHAP aggregations.
Aggregations in task-space.
Use directly the COVID-19 Disease Map (near done! see Kinza’s talk, and
our ML framework is DB-agnostic (modular!))
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Appendix

Machine learning software and other tools

python ML coded in python 3.7 (and metadata parsing)
scikit-learn ML pipelines, experimental design, etc
seaborn ML plots
click Command line interface
other LATEX, bash, slurm, jupyter lab, Steven’s LATEX styles, OBS studio ...
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Appendix

Accepted for publication in Signal Transduction & Targeted Therapy!
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Appendix

...the INB-ELIXIR-ES, National Institute of Bioinformatics
and the BiER (CIBERER Network of Centers for Research in Rare Diseases)

@xdopazo 

@ClinicalBioinfo

@loucerac

@CSoriguer
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Clinical Bioinformatics Area
Fundación Progreso y Salud, Sevilla, Spain, and…

MINISTERIO
DE CIENCIA ,  INN O V A CIÓN
Y UNIVERSI D ADES
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