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Supplementary Method

All cell line-matching strategy

In the all cell line-matching strategy, we calculated the transcriptional similarity
score between a query compound X (4"™) and an interactome compound X
based on the integration of the same cell lines and different cell lines as follows:

San(X(query)7X(i)) — max{gsame(X(query)’X(i))75diﬂ(X(query)’X(i))}' (S.1)



Supplementary Figures Legends

Supplementary Figure S1 Venn diagram of cell lines (left) and chemi-
cal compounds (right) present in TG-GATEs, CMap, and LINCS; the three
databases containing chemically-induced gene expression profiles.

Supplementary Figure S2 Landmark genes of the cell cycle that are par-
tially downregulated by drug perturbations. Information concerning drugs and
cell lines are shown in the first three columns. Drugs are categorized according
to the ATC code. Names of drugs and genes are given in alphabetical order.
Downregulated genes are colored green. Code J: anti-infectives for systemic use;
code L: anti-neoplastic and immunomodulating agents; code N: nervous system;
code R: respiratory system; and code S: sensory organs.

Supplementary Figure S3 Distribution of drug classifications according to
the biological pathways that they activate (top) and inactivate (bottom). The
fraction of drugs in a particular classification that affect each pathway is repre-
sented by the intensity of color in the appropriate box. The intensity of color
indicates the relative frequency (the compound frequency was divided by the
number of compounds in each Anatomical Therapeutic Chemical classification
system (ATC code)). The boxes are arranged according to the first level of the
ATC code. Drug are assigned the following ATC codes: code A: alimentary
tract and metabolism; code B: blood and blood-forming organs; code C: car-
diovascular system; code D: dermatologicals; code G: genitourinary system and
sex hormones; code H: systemic hormonal preparations, excluding sex hormones
and insulins; code J: anti-infectives for systemic use; code L: anti-neoplastic and
immunomodulating agents; code M: musculo-skeletal system; code N: nervous
system; code P: anti-parasitic products, insecticides and repellents; code R:
respiratory system; code S: sensory organs; and code V: various.

Supplementary Figure S4 Distribution of the identified pathways in RE-
ACTOME. (a) the histogram of detected pathways by the result of analyzing
all compounds, where the horizontal axis indicates the list of biological path-
ways and the vertical axis indicates the frequency of detected pathways. (b)
the histogram of the numbers of detected pathways for each compound, where
the holizontal axis indicates the number of detected pathways for each com-
pound and the vertical axis indicates the frequency of compounds. Red bars
indicate the numbers of activated pathways, identified using upregulated genes,
and green bars indicate the numbers of inactivated pathways, identified using
downregulated genes.

Supplementary Figure S5 Distribution of drug classifications according to
the biological pathways that they activate (top) and inactivate (bottom) based
on REACTOME. The dendrogram shows the result of clustering pathways ac-
cording to their similarities of the drug classifications. The fraction of drugs in a



particular classification that affect each pathway is represented by the intensity
of color in the appropriate box. The intensity of color indicates the relative
frequency (the compound frequency was divided by the number of compounds
in each pathway). The boxes are arranged according to the first level of the
Anatomical Therapeutic Chemical classification system (ATC code). Drug are
assigned the following ATC codes: code A: alimentary tract and metabolism;
code B: blood and blood-forming organs; code C: cardiovascular system; code
D: dermatologicals; code G: genitourinary system and sex hormones; code H:
systemic hormonal preparations, excluding sex hormones and insulins; code J:
anti-infectives for systemic use; code L: anti-neoplastic and immunomodulating
agents; code M: musculo-skeletal system; code N: nervous system; code P: anti-
parasitic products, insecticides and repellents; code R: respiratory system; code
S: sensory organs; and code V: various.

Supplementary Figure S6 Distribution of drug classifications according to
the biological pathways that they activate (top) and inactivate (bottom) based
on REACTOME. The fraction of drugs in a particular classification that affect
each pathway is represented by the intensity of color in the appropriate box. The
intensity of color indicates the relative frequency (the compound frequency was
divided by the number of compounds in each Anatomical Therapeutic Chemi-
cal classification system (ATC code)). The boxes are arranged according to the
first level of the ATC code. Drug are assigned the following ATC codes: code
A: alimentary tract and metabolism; code B: blood and blood-forming organs;
code C: cardiovascular system; code D: dermatologicals; code G: genitourinary
system and sex hormones; code H: systemic hormonal preparations, excluding
sex hormones and insulins; code J: anti-infectives for systemic use; code L:
anti-neoplastic and immunomodulating agents; code M: musculo-skeletal sys-
tem; code N: nervous system; code P: anti-parasitic products, insecticides and
repellents; code R: respiratory system; code S: sensory organs; and code V:
various.

Supplementary Figure S7 Venn diagram of new compound—protein inter-
actions predicted using CMap and LINCS. The left panel shows the result for
the same cell line-matching strategy, and the right panel shows that for the all
cell line-matching strategy.

Supplementary Figure S8 Venn diagram of new compound—disease asso-
ciations predicted using CMap and LINCS. The left panel shows the result for
the same cell line-matching strategy, and the right panel shows that for the all
cell line-matching strategy.

Supplementary Figure S9 Examples of newly predicted target proteins of
drugs (a—c) and pathway enrichment analysis (d). Blue circles denote drugs, red
rectangles denote proteins, gray diamonds indicate ATC codes, and gray edges



and red dotted lines denote known interactions and newly predicted interactions,
respectively.

Supplementary Figure S10 Dose response curves of four tested drugs in the
AR-binding assay run in (a) agonist and (b) antagonist modes. The horizontal
axis represents the drug concentrations on a logarithmic scale, and the vertical
axis represents the percentages of drug activity. The open circles represent the
data points from triplicate experiments.

Supplementary Figure S11 Histograms for evaluating the similarity be-
tween gene expression signatures in CMap and LINCS. The left and right pan-
els show the distributions of similarity scores between signatures obtained using
cell lines MCF7 and PC3, respectively. The signatures were obtained using the
“Biological control” from profiles measured at 6 (6.4) h. The numbers of com-
pounds used to treat both MCF7 and PC3 cells in CMap and LINCS were 331
and 283, respectively. The similarity scores were calculated using the Pearson
correlation coefficient.
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Supplementary Table S3 Evaluation of target protein prediction using com-
mon data (a) and merged data (b).

a. common data

LINCS - Level 3

signature : L1000 genes

similarity search strategy AUC AUPR

same tissue-matching 0.8226  0.1225
different tissue-matching 0.8197  0.0973
all tissue-matching 0.8241 0.1192

b. merged data
LINCS - Level 3

signature : L1000 genes

similarity search strategy AUC AUPR

same tissue-matching 0.8633  0.1025
different tissue-matching 0.8374  0.0574
all tissue-matching 0.8608  0.0998
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Cell lines Compounds

CMap LINCS CMap LINCS
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TG-GATEs TG-GATEs

Supplementary Figure S1 Venn diagram of cell lines (left) and chemi-
cal compounds (right) present in TG-GATEs, CMap, and LINCS; the three
databases containing chemically-induced gene expression profiles.



L1000 genes on the cell cycle pathway
drug name ATC code cell line
9 (First level)
Alvocidib - SKBR3
Bortezomib HCT116
MCF7
Cladribine
VCAP
Crizotinib MDAMB231
BT20
Dasatinib
MDAMB231
Doxorubicin hydrochloride L VCAP
Fludarabine VCAP
HEC108
Ixazomib
MCF7
Lonidamine A549
BT20
Palbociclib
MCF7
Promazine hydrochloride N HA1E
Terfenadine R A549
Vidarabine J, S VCAP

Supplementary Figure S2 Landmark genes of the cell cycle that are par-
tially downregulated by drug perturbations. Information concerning drugs and
cell lines are shown in the first three columns. Drugs are categorized according
to the ATC code. Names of drugs and genes are given in alphabetical order.
Downregulated genes are colored green. Code J: anti-infectives for systemic use;
code L: anti-neoplastic and immunomodulating agents; code N: nervous system,;
code R: respiratory system; and code S: sensory organs.
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Supplementary Figure S3 Distribution of drug classifications according to
the biological pathways that they activate (top) and inactivate (bottom). The
fraction of drugs in a particular classification that affect each pathway is repre-
sented by the intensity of color in the appropriate box. The intensity of color
indicates the relative frequency (the compound frequency was divided by the
number of compounds in each Anatomical Therapeutic Chemical classification
system (ATC code)). The boxes are arranged according to the first level of the
ATC code. Drug are assigned the following ATC codes: code A: alimentary
tract and metabolism; code B: blood and blood-forming organs; code C: car-
diovascular system; code D: dermatologicals; code G: genitourinary system and
sex hormones; code H: systemic hormonal preparations, excluding sex hormones
and insulins; code J: anti-infectives for systemic use; code L: anti-neoplastic and
immunomodulating agents; code M: musculo-skeletal system; code N: nervous
system; code P: anti-parasitic products, insecticides and repellents; code R:
respiratory system; code S: sensory organs; and code V: various.
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Supplementary Figure S4 Distribution of the identified pathways in RE-
ACTOME. (a) the histogram of detected pathways by the result of analyzing
all compounds, where the horizontal axis indicates the list of biological path-
ways and the vertical axis indicates the frequency of detected pathways. (b)
the histogram of the numbers of detected pathways for each compound, where
the holizontal axis indicates the number of detected pathways for each com-
pound and the vertical axis indicates the frequency of compounds. Red bars
indicate the numbers of activated pathways, identified using upregulated genes,
and green bars indicate the numbers of inactivated pathways, identified using
downregulated genes.
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Biological pathway

Supplementary Figure S5 Distribution of drug classifications according to
the biological pathways that they activate (top) and inactivate (bottom) based
on REACTOME. The dendrogram shows the result of clustering pathways ac-
cording to their similarities of the drug classifications. The fraction of drugs in a
particular classification that affect each pathway is represented by the intensity
of color in the appropriate box. The intensity of color indicates the relative
frequency (the compound frequency was divided by the number of compounds
in each pathway). The boxes are arranged according to the first level of the
Anatomical Therapeutic Chemical classification system (ATC code). Drug are
assigned the following ATC codes: code A: alimentary tract and metabolism;
code B: blood and blood-forming organs; code C: cardiovascular system; code
D: dermatologicals; code G: genitourinary system and sex hormones; code H:
systemic hormonal preparations, excluding sex hormones and insulins; code J:
anti-infectives for systemic use; code L: anti-neoplastic and immunomodulating
agents; code M: musculo-skeletal system; code N: nervous system; code P: anti-
parasitic products, insecticides and repellents; code R: respiratory system; code
S: sensory organs; and code V: various.
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Biological pathway

Supplementary Figure S6 Distribution of drug classifications according to
the biological pathways that they activate (top) and inactivate (bottom) based
on REACTOME. The fraction of drugs in a particular classification that affect
each pathway is represented by the intensity of color in the appropriate box. The
intensity of color indicates the relative frequency (the compound frequency was
divided by the number of compounds in each Anatomical Therapeutic Chemi-
cal classification system (ATC code)). The boxes are arranged according to the
first level of the ATC code. Drug are assigned the following ATC codes: code
A: alimentary tract and metabolism; code B: blood and blood-forming organs;
code C: cardiovascular system; code D: dermatologicals; code G: genitourinary
system and sex hormones; code H: systemic hormonal preparations, excluding
sex hormones and insulins; code J: anti-infectives for systemic use; code L:
anti-neoplastic and immunomodulating agents; code M: musculo-skeletal sys-
tem; code N: nervous system; code P: anti-parasitic products, insecticides and
repellents; code R: respiratory system; code S: sensory organs; and code V:
various.



same cell line-matching

LINCS
1,776,734 interactions
CMap 7,007 compognds
82,119 interactions 2,275 proteins

655 compounds
1,318 proteins

1,766,932 interactions

72,317 interactions [ 9,802 interactions!

644 compounds | 188 compounds 7,005 compounds
1,317 proteins 831 proteins 2275 proteins

all cell line-matching

CMap
82,385 interactions

LINCS

1,926,069 interactions
6,429 compounds

626 compounds
1,309 proteins

73,699 interactions [ 8,686 interactions'

613 compounds
1,304 proteins

167 compounds
786 proteins

2,188 proteins

1,917,383 interactions

6,426 compounds
2,188 proteins

Supplementary Figure S7 Venn diagram of new compound-protein inter-
actions predicted using CMap and LINCS. The left panel shows the result for
the same cell line-matching strategy, and the right panel shows that for the all

cell line-matching strategy.



same cell line-matching

LINCS
76,788 associations
4,146 compounds

cMm
o 250 diseases

3,340 associations
361 compounds
191 diseases

145 associations| 76,643 associations

42 compounds
72 diseases

3,195 associations

4,144 compounds
250 diseases

357 compounds
191 diseases

all cell line-matching

LINCS
85,359 associations
4,009 compounds

CM:
o 244 diseases

3,204 associations
349 compounds
190 diseases

136 associations| 89,223 associations

34 compounds
69 diseases

3,104 associations

4,007 compounds
244 diseases

344 compounds
190 diseases

Supplementary Figure S8 Venn diagram of new compound—disease asso-
ciations predicted using CMap and LINCS. The left panel shows the result for
the same cell line-matching strategy, and the right panel shows that for the all

cell line-matching strategy.
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Stomatological
preparations
R03
Drugs for obstructive
airway diseases

Symbol

@

Annotation
query compound
interactome compound
protein
ATC code (Second level)
known interaction

newly predicted interaction

BLM

A10 TNF

Drugs used in
diabetes

Jhalidomide

&

L04
Immuno-
suppressants

Veterinary anthelmintic
for digestive organs

Enzalutamide

. e

Endocrine
therapy

d Phenothiazine

(in)activated pathway P-value
activated | Melanogenesis 0.021*
activated | Apoptosis

0.086
activated | Olfactory transduction

" Inflammatory mediator
activated | o yiation of TRP 0.115

" Natural killer cell
activated | Oy 0.135

" Estrogen signaling
activated pathway 0.148

Enzalutamide

(in)activated pathway P-value
activated | Melanogenesis
activated | Apoptosis

Oifack 0.036*
activated actory
" Hematopoietic cell
activated lineage
" GnRH signaling
activated pathway 0.166
inactivated | Cell cycle 0.180
*P<0.05

Supplementary Figure S9

respectively.

Examples of newly predicted target proteins of
drugs (a—c) and pathway enrichment analysis (d). Blue circles denote drugs, red
rectangles denote proteins, gray diamonds indicate ATC codes, and gray edges
and red dotted lines denote known interactions and newly predicted interactions,
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Supplementary Figure S10 Dose response curves of four tested drugs in the
AR-binding assay run in (a) agonist and (b) antagonist modes. The horizontal
axis represents the drug concentrations on a logarithmic scale, and the vertical
axis represents the percentages of drug activity. The open circles represent the
data points from triplicate experiments.
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Supplementary Figure S11 Histograms for evaluating the similarity be-
tween gene expression signatures in CMap and LINCS. The left and right pan-
els show the distributions of similarity scores between signatures obtained using
cell lines MCFE7 and PC3, respectively. The signatures were obtained using the
“Biological control” from profiles measured at 6 (6.4) h. The numbers of com-
pounds used to treat both MCF7 and PC3 cells in CMap and LINCS were 331
and 283, respectively. The similarity scores were calculated using the Pearson
correlation coefficient.



