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Cross-Validation Experiment

Table S1: Average Enrichment performance in the cross-validation experiment on the

ChEMBL dataset. Best results within each group are in bold.

Cutoff = 1µM

Enrichment MaxSim MeanSim 11NN 31NN 51NN IRV PS-IRV SVM RF

5 % 8 9 8 8 8 10 10 10 10

10 % 18 18 16 17 16 20 20 20 19
20 % 34 34 31 33 31 38 38 37 36
30 % 49 47 45 47 45 54 54 52 52

Cutoff = 5µM

5 % 7 7 7 7 7 8 8 8 8

10 % 14 15 14 14 14 16 16 16 16

20 % 29 29 28 29 27 32 32 31 31
30 % 42 41 41 42 40 46 46 45 44

Cutoff = 10µM

5 % 7 7 7 7 6 7 7 7 7

10 % 14 14 14 14 14 15 15 15 15

20 % 28 27 27 27 26 30 30 30 29
30 % 40 40 40 40 39 44 44 43 43
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Table S2: Average Enrichment performances in the cross-validation experiment on the exter-

nal validation dataset. Models are trained on the ChEMBL dataset. Best results are in bold.

Enrichment PS-IRV SVM RF

Cutoff = 1µM

5 % 8 7 7
10 % 16 16 16

20 % 30 30 29
30 % 42 42 41

Cutoff = 5µM

5 % 6 6 6

10 % 13 13 13

20 % 27 26 27

30 % 37 37 37

Cutoff = 10µM

5 % 6 6 6

10 % 12 12 12

20 % 26 24 25
30 % 36 36 36
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Table S3: 31 and 51 nearest neighbor AUC performances in the fold cross-validation exper-

iment on the ChEMBL Dataset. Each section of the table shows the average performance for
datasets with different sizes.

Cutoff 31NN 51NN

All Datasets

1 µM 0.79 0.74
5 µM 0.78 0.73

10 µM 0.78 0.72

Datasets with less than 100 molecules

1 µM 0.68 0.54
5 µM 0.67 0.53

10 µM 0.66 0.53

Datasets with greater than 100 molecules

1 µM 0.81 0.78
5 µM 0.81 0.78

10 µM 0.81 0.78

Datasets with greater than 200 molecules

1 µM 0.83 0.80
5 µM 0.84 0.81

10 µM 0.84 0.81
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Table S4: AUC performance and standard deviations in the cross-validation experiment on

the ChEMBL dataset. Each section of the table shows the average performance for datasets with
different sizes and the corresponding standard deviations. Best results within each group are in
bold.

Cutoff MaxSim MeanSim 11NN IRV PS-IRV SVM RF

All Datasets

1 µM 0.79 0.76 0.81 0.86 0.86 0.84 0.84
5 µM 0.76 0.74 0.82 0.84 0.85 0.84 0.82
10 µM 0.75 0.73 0.81 0.84 0.85 0.84 0.82

Standard deviations

1 µM 0.10 0.11 0.09 0.10 0.11 0.09 0.10
5 µM 0.11 0.13 0.11 0.13 0.13 0.10 0.13
10 µM 0.12 0.13 0.11 0.13 0.13 0.11 0.13

Datasets with greater than 100 molecules

1 µM 0.80 0.76 0.73 0.87 0.88 0.85 0.85
5 µM 0.77 0.74 0.84 0.87 0.88 0.86 0.84
10 µM 0.77 0.73 0.84 0.87 0.88 0.86 0.86

Standard deviations

1 µM 0.08 0.11 0.07 0.08 0.08 0.07 0.08
5 µM 0.10 0.12 0.09 0.09 0.09 0.08 0.10
10 µM 0.12 0.13 0.11 0.13 0.13 0.11 0.13

Datasets with greater than 200 molecules

1 µM 0.81 0.75 0.84 0.89 0.89 0.86 0.86
5 µM 0.78 0.74 0.86 0.89 0.90 0.87 0.86
10 µM 0.77 0.73 0.86 0.88 0.90 0.87 0.85

Standard deviations

1 µM 0.07 0.10 0.06 0.05 0.05 0.06 0.06
5 µM 0.09 0.11 0.07 0.06 0.07 0.06 0.07
10 µM 0.09 0.11 0.07 0.08 0.07 0.06 0.08
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Table S4: (continued)

Cutoff MaxSim MeanSim 11NN IRV PS-IRV SVM RF

Datasets with greater than 300 molecules

1 µM 0.81 0.74 0.85 0.89 0.90 0.87 0.87
5 µM 0.78 0.73 0.86 0.89 0.90 0.88 0.86
10 µM 0.77 0.73 0.86 0.89 0.90 0.88 0.86

Standard deviations

1 µM 0.07 0.09 0.05 0.04 0.04 0.05 0.05
5 µM 0.08 0.10 0.06 0.05 0.06 0.05 0.06
10 µM 0.08 0.11 0.06 0.07 0.06 0.06 0.08

Datasets with greater than 400 molecules

1 µM 0.81 0.74 0.85 0.89 0.90 0.87 0.87
5 µM 0.78 0.73 0.86 0.90 0.91 0.88 0.87
10 µM 0.78 0.72 0.86 0.89 0.91 0.88 0.86

Standard deviations

1 µM 0.06 0.08 0.04 0.04 0.04 0.05 0.05
5 µM 0.07 0.09 0.05 0.04 0.05 0.05 0.05
10 µM 0.07 0.09 0.06 0.05 0.06 0.05 0.06
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Table S5: Paired t-test corresponding to the cross-validation experiment on the ChEMBL

dataset. Here we test the statistical significance of the differences between the mean values re-
ported in Table S4. PS-IRV is compared with the other machine learning methods. P-values smaller
than 0.05 imply statistical relevance within a 95 % confidence interval.

cutoff SVM RF IRV

All Datasets

1 µM < 0.005 < 0.005 -
5 µM < 0.005 < 0.005 < 0.005
10 µM < 0.005 < 0.005 < 0.005

Datasets with greater than 100

1 µM < 0.005 < 0.005 -
5 µM < 0.005 < 0.005 < 0.005
10 µM < 0.005 < 0.005 < 0.005

Datasets with greater than 200

1 µM < 0.005 < 0.005 < 0.005
5 µM < 0.005 < 0.005 < 0.005
10 µM < 0.005 < 0.005 < 0.005

Datasets with greater than 300

1 µM < 0.005 < 0.005 < 0.005
5 µM < 0.005 < 0.005 < 0.005
10 µM < 0.005 < 0.005 < 0.005

Datasets with greater than 400

1 µM < 0.005 < 0.005 < 0.005
5 µM < 0.005 < 0.005 < 0.005
10 µM < 0.005 < 0.005 < 0.005
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Table S6: AUC performance and standard deviations in the cross-validation experiment on

the external validation dataset. Models are trained on the ChEMBL dataset. Each section of
the table shows the average performance for datasets with different sizes. Best results within each
group are in bold.

Cutoff PS-IRV SVM RF

All Datasets

1 µM 0.70 0.69 0.68
5 µM 0.69 0.67 0.67
10 µM 0.69 0.66 0.67

Standard Deviations

1 µM 0.18 0.19 0.18
5 µM 0.19 0.20 0.18
10 µM 0.19 0.20 0.18

Molecules with greater that 100 molecules

1 µM 0.71 0.70 0.70
5 µM 0.70 0.68 0.69
10 µM 0.70 0.67 0.67

Standard Deviations

1 µM 0.16 0.17 0.16
5 µM 0.17 0.19 0.17
10 µM 0.18 0.20 0.17

Molecules with greater that 200 molecules

1 µM 0.72 0.72 0.71
5 µM 0.71 0.69 0.70
10 µM 0.70 0.68 0.68

Standard Deviations

1 µM 0.16 0.16 0.16
5 µM 0.17 0.17 0.17
10 µM 0.17 0.19 0.17
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(a) Cutoff = 5 µM
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Figure S1: Cross-validation experiment: AUC scores as dataset size grows. The average AUC
(y-axis) is plotted as a function of the minimum number of training molecules on the x-axis. Model
performance (AUC) increases as more datasets with fewer examples are excluded.

9



0 1000 2000 3000 4000

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

Cutoff 5uM

minimum number of examples

b
e

st
 p

e
rf

o
rm

a
n

ce
 %

IRV Best
PS−IRV Best
SVM Best
RF Best

(a) Cutoff = 5 µM

0 1000 2000 3000 4000

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

Cutoff 10uM

minimum number of examples

b
e

st
 p

e
rf

o
rm

a
n

ce
 %

IRV Best
PS−IRV Best
SVM Best
RF Best

(b) Cutoff = 10 µM

Figure S2: Cross-validation experiment: best performing models as dataset size grows. The
fraction of times each model achieves the best performance for a dataset is potted on the vertical
axis, excluding datasets containing a number of molecules smaller than a specified size. PS-IRV is
more consistently the best performer as more of the smaller datasets are excluded.
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Figure S3: Probabilistic predictions. This reliability diagram plot the percentage of positive
molecules (y-axis) in the respective bins of molecules with similar prediction values (x-axis). The
data is collected from the outputs of the target-prediction models with AUC greater than 0.90. The
PS-IRV and RF both produce lines that closely follow the y=x line, indicating that their output can
be interpreted as a probability.
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Table S7: Paired t-test corresponding to the cross-validation experiment on the external vali-

dation dataset. Models were trained on the ChEMBL dataset. Here we test the statistical signifi-
cance of the differences between the mean values reported in Table S6. PS-IRV is compared with
the other machine learning methods. P-values smaller than 0.005 imply statistical relevance within
a 95 % confidence interval.

Cutoff SVM RF

All Datasets

1 µM 0.33 < 0.005
5 µM < 0.005 < 0.005
10 µM < 0.005 < 0.005

Datasets with greater than 100

1 µM 0.01 0.003
5 µM < 0.005 < 0.005
10 µM < 0.005 < 0.005

Datasets with greater than 200

1 µM 0.04 0.04
5 µM 0.003 0.002
10 µM 0.002 < 0.005
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Simulated Target-Prediction

Table S8: Average Enrichment performances in the simulated target-prediction experiment.

Models are trained using the 10-fold cross-validation protocol and tested on the corresponding test
set augmented with 9000 random negative ChEMBL molecules. Best results are in bold.

Enrichment PS-IRV SVM RF

Cutoff = 1µM

5 % 69 73 61
10 % 74 76 68
20 % 81 79 76
30 % 86 81 80

Cutoff = 10µM

5 % 62 73 52
10 % 68 77 62
20 % 75 80 70
30 % 80 82 76

Cutoff = 10µM

5 % 59 73 50
10 % 65 77 59
20 % 73 80 69
30 % 78 83 75
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Table S9: AUC performance and standard deviations in the simulated target-prediction ex-

periment. Models are trained using the 10-fold cross-validation protocol and tested on the cor-
responding test set augmented with 9000 random negative ChEMBL molecules. Each section of
the table shows the average performance for datasets with different sizes and the corresponding
standard deviations. Best results are in bold.

Cutoff PS-IRV SVM RF

All Datasets

1 µM 0.88 0.84 0.84
5 µM 0.84 0.85 0.80
10 µM 0.83 0.85 0.79

Standard deviations

1 µM 0.10 0.14 0.18
5 µM 0.12 0.14 0.19
10 µM 0.12 0.14 0.20

Datasets with greater than 100 molecules

1 µM 0.92 0.86 0.87
5 µM 0.88 0.88 0.84
10 µM 0.87 0.88 0.83

Standard deviations

1 µM 0.06 0.11 0.13
5 µM 0.08 0.11 0.15
10 µM 0.09 0.10 0.15

Datasets with greater than 200 molecules

1 µM 0.92 0.87 0.88
5 µM 0.90 0.89 0.86
10 µM 0.89 0.90 0.85

Standard deviations

1 µM 0.05 0.10 0.11
5 µM 0.07 0.10 0.12
10 µM 0.08 0.09 0.13
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Table S9: (continued)

Cutoff PS-IRV SVM RF

Datasets with greater than 300 molecules

1 µM 0.93 0.88 0.89
5 µM 0.91 0.90 0.87
10 µM 0.90 0.90 0.86

Standard deviations

1 µM 0.04 0.09 0.10
5 µM 0.07 0.08 0.11
10 µM 0.07 0.08 0.13

Datasets with greater than 400 molecules

1 µM 0.93 0.88 0.90
5 µM 0.92 0.90 0.89
10 µM 0.91 0.91 0.87

Standard deviations

1 µM 0.04 0.09 0.09
5 µM 0.05 0.07 0.09
10 µM 0.06 0.07 0.11

Datasets with greater than 500 molecules

1 µM 0.93 0.89 0.90
5 µM 0.92 0.90 0.89
10 µM 0.92 0.91 0.88

Standard deviations

1 µM 0.04 0.08 0.09
5 µM 0.05 0.08 0.09
10 µM 0.06 0.07 0.09
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Table S10: Paired t-test corresponding to the simulated target-prediction experiment. Here
we test the statistical significance of the differences between the mean values reported in Table S9.
PS-IRV is compared with SVM and RF. P-values smaller than 0.05 imply statistical relevance
within a 95 % confidence interval.

Cutoff SVM RF

All Datasets

1 µM < 0.005 < 0.005
5 µM 0.036 < 0.005
10 µM < 0.005 < 0.005

Datasets with greater than 100

1 µM < 0.005 < 0.005
5 µM 0.048 < 0.005
10 µM < 0.005 < 0.005

Datasets with greater than 200

1 µM < 0.005 < 0.005
5 µM < 0.005 < 0.005
10 µM 0.26 < 0.005

Datasets with greater than 300

1 µM < 0.005 < 0.005
5 µM < 0.005 < 0.005
10 µM 0.78 < 0.005

Datasets with greater than 400

1 µM < 0.005 < 0.005
5 µM < 0.005 < 0.005
10 µM 0.018 < 0.005

Datasets with greater than 500

1 µM < 0.005 < 0.005
5 µM < 0.005 < 0.005
10 µM < 0.005 < 0.005
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Figure S4: Simulated target-prediction experiment: AUC scores as dataset size grows. The
average AUC (y-axis) is plotted as a function of the minimum number of training molecules on
the x-axis. Each methods ability to separate known actives from a background set of 9000 random
ChEMBL molecules, assumed to be inactive, is measured. Training sets are not augmented.
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Training With Random Negatives

Table S11: Enrichment performances in the simulated target-prediction experiment includ-

ing external validation molecules. Models are trained using 10-fold cross-validation and tested
on the external validation set. Training and test sets are augmented with 1000 and 9000 random
negative molecules respectively. Each section of the table show mean and median enrichment
values. Best results are in bold.

Enrichment PS-IRV SVM RF

Cutoff 1µ

5% 70 65 66
10% 76 72 71
20% 83 80 76
30% 86 84 78

Median

5% 80 74 77
10% 90 84 85
20% 93 90 90
30% 97 96 92

Cutoff 5µM

5% 65 62 63
10% 72 70 69
20% 78 77 74
30% 82 82 76

Median

5% 73 68 71
10% 84 81 81
20% 91 90 87
30% 95 95 92
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Table S11: (continued)

Enrichment PS-IRV SVM RF
Cutoff 10µM

5% 64 61 62
10% 71 69 68
20% 77 77 73
30% 81 82 76

Median

5% 69 66 71

10% 82 80 78
20% 90 90 85
30% 95 96 88

Table S12: AUC performance and standard deviations in the simulated target-prediction

experiment when training with random negatives. Models are trained using the 10-fold cross-
validation protocol and tested on the corresponding test set augmented with 9000 random negative
ChEMBL molecules. 1000 random inactive molecules are added to the training set. Each sec-
tion of the table shows the AUC average performance for datasets with different sizes and the
corresponding standard deviations. Best results are in bold.

Cutoff PS-IRV SVM RF

All Datasets

1 µM 0.98 0.98 0.98

5 µM 0.98 0.98 0.98

10 µM 0.97 0.98 0.98

Standard deviations

1 µM 0.02 0.02 0.04
5 µM 0.03 0.03 0.03
10 µM 0.04 0.03 0.03

Datasets with greater than 100 molecules

1 µM 0.98 0.97 0.97
5 µM 0.98 0.97 0.98

10 µM 0.97 0.97 0.98

Standard deviations

1 µM 0.02 0.03 0.03
5 µM 0.03 0.03 0.03
10 µM 0.03 0.03 0.03
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Table S12: (continued)

Cutoff PS-IRV SVM RF

Datasets with greater than 200 molecules

1 µM 0.98 0.97 0.98

5 µM 0.98 0.97 0.98

10 µM 0.98 0.97 0.98

Standard deviations

1 µM 0.02 0.03 0.03
5 µM 0.03 0.03 0.02
10 µM 0.02 0.03 0.02

Table S13: Paired t-test corresponding to the simulated target-prediction experiment when

training with random negatives. 1000 random negative molecules are added to the training set.
Here we test the statistical significance of the differences between the mean values reported in
Table S12. PS-IRV is compared with SVM and RF. P-values smaller than 0.05 imply statistical
relevance within a 95 % confidence interval.

Cutoff SVM RF

All Datasets

1 µM - -
5 µM - -
10 µM - < 0.005

Datasets with greater than 100

1 µM < 0.005 -
5 µM < 0.005 -
10 µM - -

Datasets with greater than 200

1 µM < 0.005 -
5 µM < 0.005 -
10 µM < 0.005 -
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Table S14: AUC performance and standard deviations in the simulated target-prediction

experiment including external validation molecules. Models are trained using 10-fold cross-
validation and tested on the external validation set. Training and test sets are augmented with 1000
and 9000 random negative molecules respectively. Each section shows the average performances
for datasets with different sizes and the corresponding standard deviations. Best results are in bold.

Cutoff PS-IRV SVM RF

All Datasets

1 µM 0.90 0.88 0.87
5 µM 0.87 0.86 0.84
10 µM 0.86 0.86 0.84

Standard deviations

1 µM 0.14 0.15 0.17
5 µM 0.17 0.17 0.18
10 µM 0.17 0.18 0.18

Datasets with greater than 100 molecules

1 µM 0.91 0.89 0.87
5 µM 0.89 0.89 0.87
10 µM 0.88 0.88 0.86

Standard deviations

1 µM 0.11 0.13 0.14
5 µM 0.14 0.13 0.14
10 µM 0.14 0.14 0.14

Datasets with greater than 200 molecules

1 µM 0.91 0.89 0.88
5 µM 0.90 0.90 0.88
10 µM 0.90 0.90 0.88

Standard deviations

1 µM 0.11 0.13 0.14
5 µM 0.14 0.13 0.14
10 µM 0.14 0.14 0.14
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Figure S5: Simulated target-prediction experiment when training with random negatives:

AUC scores as dataset size grows.The average AUC (y-axis) is plotted as a function of the mini-
mum number of training molecules on the x-axis. Each methods ability to separate known actives
from a background set of 9000 random ChEMBL molecules, assumed to be inactive, is measured.
1000 random negative molecules are added to the original training set. The extended training sets
result in significant performance improvements.
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Table S15: textbfPaired t-test corresponding to the simulated target-prediction experiment includ-
ing the external validation data. Here we test the statistical significance of the differences between
the mean values reported in Table S14. PS-IRV is compared with SVM and RF. P-values smaller
than 0.05 imply statistical relevance within a 95 % confidence interval.

Cutoff SVM RF

All Datasets

1 µM < 0.005 < 0.005
5 µM 0.11 < 0.005
10 µM - < 0.005

Datasets with greater than 100

1 µM < 0.005 < 0.005
5 µM - < 0.005
10 µM - < 0.005

Datasets with greater than 200

1 µM < 0.005 < 0.005
5 µM - < 0.005
10 µM - < 0.005
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