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Supporting information

Table S1. Enrichment factor in top 100 compounds, 1%, 3%, 5%, 10%, 15%, 20%, and 50% of the data
sets. Cells marked in red indicate that not enough compounds were scored by that method to calculate an
EF for that percentage.

DS1

CDK2 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 57.69 5711 2448 16.32 857 599 454 192
Phase 1442 1428 510 367 245 184 179 1.65
Rocs 1545 1530 6.12 388 255 218 1.94 1.61
Eon 6.18 6.12 442 265 194 163 168 1.16
Sum rank 17.51 17.34 884 714 479 3.81 347 1.94
Rank vote 2266 2244 16.32 1428 857 578 454 1.94
Sum score 2163 2142 1428 1142 775 572 449 194
Pareto 4120 4080 22.78 1550 836 599 4.64 1.96
Parallel 4120 4182 2210 1550 826 585 459 1.94
EF Max 100.95 99.95 33.32 19.99 10.00 6.67 5.00 2.00
COX-2 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 2926 29.37 26.04 1885 9.84 6.58 4.94 1.99
Phase 3325 3325 2238 13.88 7.06 475 360 1.78
Rocs 3325 3325 2894 19.05 9.84 6.56 492 1.99
Eon 3225 3196 2346 1821 980 6.58 494 1.98
Sum rank 3325 3325 2712 18.92 987 6.60 495 1.99
Rank vote 33.25 3325 30.77 19.76 9.93 6.62 4.97 1.99
Sum score 33.25 3325 30.77 19.63 9.90 6.62 4.97 1.99
Pareto 3225 3325 3045 1956 9.90 6.65 4.98 2.00
Parallel 3192 3196 2873 19.76 996 6.65 4.98 2.00
EF Max 33.25 33.25 33.25 20.01 10.00 6.67 5.00 2.00
ERa 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 3427 3394 1371 1021 6.09 433 344 1.76
Phase 26.21 26.62 13.71 1047 642 464 364 1.72
Rocs 45.03 4458 17.69 1206 6.69 459 351 1.56
Eon 1277 1264 6.19 451 364 265 225 1.28
Sum rank 40.32 40.59 1547 1021 6.22 459 3.67 1.68
Rank vote 43.68 4325 1746 1153 6.16 442 358 1.68
Sum score 4570 4525 16.80 10.34 596 4.59 3.61 1.67
Pareto 33.60 33.27 16.14 11.27 6.75 495 387 1.77
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Parallel 4100 4059 17.02 1047 649 490 391 1.75
EF Max 67.21 67.21 33.38 20.02 10.00 6.67 5.00 2.00
fXa 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 49.78 49.44 2169 1457 807 568 4.32 1.91
Phase 1048 1027 472 4413 213 |
Rocs 917 899 365 258 252 284 3.36 1.87
Eon 12.44 1284 1095 877 652 585 4.81 1.99
Sum rank 15.72 1541 859 1019 820 576 4.48 2.00
Rank vote 15.06 14.77 966 1315 832 641 4.94 2.00
Sum score 1441 1413 795 864 865 628 4.94 2.00
Pareto 3340 3275 18.04 13.92 871 6.36 4.94 2.00
Parallel 2554 2569 18.04 13.67 813 593 471 2.00
EF Max 65.50 65.50 33.29 19.98 10.00 6.67 5.00 2.00
MMP3 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 65.63 64.98 2956 1840 947 6.43 4.83 2.00
Phase 2395 2459 12.00 7.89 447 327 268 177
Rocs 47.89 4742 1961 12.09 640 4.74 390 1.98
Eon 5765 57.96 2225 1367 7.28 515 4.12 1.86
Sum rank 48.78 4830 20.20 13.50 8.07 596 4.74 1.98
Rank vote 60.31 60.59 24.88 17.70 9.12 6.20 4.78 2.00
Sum score 62.09 6147 2488 1578 912 6.26 4.83 2.00
Pareto 59.42 58.84 2576 17.00 9.04 6.08 4.69 1.98
Parallel 56.76 57.08 28.10 17.53 9.12 620 4.65 1.96
EF Max 88.69 88.69 33.37 19.98 9.47 6.67 5.00 2.00
NA 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 64.30 64.30 2470 17.21 940 6.40 4.80 2.00
Phase 5224 5224 2203 1481 840 6.40 |GG
Rocs 84.39 84.39 30.04 18.01 10.00 6.67 5.00 2.00
Eon 82.39 8239 2937 18.01 920 6.67 5.00 2.00
Sum rank 90.42 9042 33.38 20.01 10.00 6.67 5.00 2.00
Rank vote 94.44 9444 3338 20.01 10.00 6.67 5.00 2.00
Sum score 98.46 98.46 33.38 20.01 10.00 6.67 5.00 2.00
Pareto 88.41 8841 33.38 20.01 10.00 6.67 5.00 2.00
Parallel 90.42 9042 31.38 20.01 10.00 6.67 5.00 2.00
EF Max 100.47 100.47 33.38 20.01 10.00 6.67 5.00 2.00
DS2

ACE 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 17489 30.62 16.32 1020 6.12 5.03 4.18 1.92
Phase 31092 4287 1768 12.65 6.94 490 3.78 ||
Rocs 408.09 5920 23.13 1388 7.14 503 3.88 1.76
Eon 291.49 6328 2313 1469 959 653 4.90 2.00
Sum rank 388.65 61.24 2313 1469 7.96 544 418 2.00
Rank vote 388.65 6124 2517 1592 8.16 544 418 1.88
Sum score 408.09 6532 2381 1510 7.76 544 418 1.88
Pareto 42752 5920 23.81 1429 7.76 544 418 2.00
Parallel 42752 5920 2313 1510 7.55 517 4.18 2.00
EF Max 952.2 100.02 33.33 20.00 10.00 6.67 5.00 2.00
AChE 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 0 381 540 629 514 400 3.38 1.70
Phase 9.07 286 286 190 105 076 062 0.65
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Rocs 43555 69.51 2349 1429 771 514 386 1.56
Eon 44462 6855 2540 1562 8.09 571 4.38 1.81
Sum rank 8167 1619 698 590 648 502 386 1.66
Rank vote 326.66 65.70 23.81 1524 7.81 521 395 1.66
Sum score 190.55 61.89 2349 1524 781 521 395 1.66
Pareto 15426 5427 2349 1467 7.71 527 4.00 1.73
Parallel 326.66 64.75 23.81 14.67 790 5.33 4.05 1.79
EF Max 907.39 99.97 33.34 20.00 10.00 6.67 5.00 2.00
COX-2 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 118.03 5260 2385 1557 856 590 448 1.89
Phase 236.05 52.02 20.21 1276 7.01 498 388 1.74
Rocs 260.76 7214 2768 1695 8.68 5.88 4.47 1.88
Eon 208.60 3593 16.76 11.15 6.75 519 411 1.85
Sum rank 236.05 6955 2576 15.86 865 590 4.50 1.89
Rank vote 24978 7473 2768 16.95 874 586 443 1.86
Sum score 25527 75.88 2749 16.78 8.65 580 4.38 1.86
Pareto 203.12 7415 2768 17.36 8.85 6.00 455 1.93
Parallel 216.84 7013 27.87 17.01 8.85 6.02 457 1.94
EF Max 274.48 100.02 33.33 20.00 10.00 6.67 5.00 2.00
EGFr 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 4.31 496 533 586 466 393 323 1.61
Phase 19597 70.51 2643 16.76 8.99 6.17 4.66 1.97
Rocs 189.51 76.36 27.56 1743 9.08 6.11 461 1.90
Eon 99.06 2568 1186 847 518 393 324 1.71
Sum rank 14428 5564 2193 1410 829 595 458 1.97
Rank vote 180.89 7456 27.26 16.80 8.69 6.05 464 1.96
Sum score 167.97 7231 2651 16.35 8.58 6.01 4.61 1.96
Pareto 86.14 5722 2786 1766 953 6.56 4.92 2.00
Parallel 12490 75.46 29.06 1829 948 6.41 490 1.99
EF Max 215.35 100.02 33.34 20.00 10.00 6.67 5.00 2.00
fXa 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 23493 5423 2324 1549 824 573 444 192
Phase 6.71 141 117 085 092 085 1.02 1.21
Rocs 26.85 493 164 169 134 117 127 1.07
Eon 13.42 141 070 042 021 019 0.14 0.35
Sum rank 6.71 211 164 099 085 094 1.13 1.54
Rank vote 53.70 3944 1338 817 430 3.15 243 1.65
Sum score 33.56 775 493 366 296 254 225 1.62
Pareto 3356 2113 1385 944 570 451 373 1.80
Parallel 87.26 3944 1761 1197 6.97 512 4.01 1.80
EF Max 671.22 100.01 33.34 20.00 10.00 6.67 5.00 2.00
HIVRT 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 2380 10.00 917 7.00 5.00 350 3.13 1.70
Phase 19042 20.00 833 500 350 267 250 1.45
Rocs 166.62 1750 6.67 5.00 275 250 250 1.70
Eon 14282 1750 750 5.00 325 267 213 1.80
Sum rank 142.82 20.00 1167 8.00 525 383 313 1.70
Rank vote 166.62 2250 833 850 5.00 3.67 288 1.35
Sum score 166.62 20.00 833 850 500 367 288 1.35
Pareto 166.62 2250 750 650 525 417 325 1.70
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Parallel 21422 2250 750 5.00 425 367 3.00 1.70
EF Max 952.11 100.01 33.34 20.00 10.00 6.67 5.00 2.00
InhA 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 19051 3175 1176 8.00 4.12 275 229 1.34
Phase 14569 4233 1568 9.65 494 345 271 1.48
Rocs 358.61 49.39 16.86 10.35 529 392 294 158
Eon 156.89 28.22 1059 6.82 341 243 188 1.27
Sum rank 313.78 36.45 13.33 894 529 353 276 1.32
Rank vote 313.78 4233 1490 9.18 506 3.53 265 1.27
Sum score 313.78 3528 13.72 847 506 353 265 1.27
Pareto 302.58 43,51 16.47 1035 529 3.69 282 1.32
Parallel 336.20 4233 17.25 10.82 541 3.76 2.82 1.27
EF Max 952.56 99.95 33.33 20.00 10.00 6.67 5.00 2.00
p38 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 0 039 130 141 156 182 176 1.43
Phase 5219 1211 443 266 145 125 1.09 0.98
Rocs 48.46 781 404 266 160 138 141 1.23
Eon 14.91 6.64 352 258 2.07 201 217 1.41
Sum rank 22.37 899 508 359 277 208 193 1.36
Rank vote 5219 1133 521 430 289 242 213 1.34
Sum score 26.09 1055 547 430 289 242 213 1.34
Pareto 4100 1133 6.25 461 266 203 1.97 1.26
Parallel 4846 1133 6.64 500 273 201 1.62 1.22
EF Max 372.76 100.03 33.33 20.00 10.00 6.67 5.00 2.00
PDE5 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 0 196 065 039 039 065 059 1.10
Phase 112.03 1765 850 588 353 248 196 1.22
Rocs 130.70 1765 588 353 255 183 196 1.41
Eon 56.01 981 523 314 196 196 1.67 1.06
Sum rank 3734 1177 588 392 235 209 196 1.29
Rank vote 149.37 1961 784 510 294 222 176 1.29
Sum score 130.70 1765 719 471 294 222 176 1.29
Pareto 7468 2157 784 471 314 222 176 1.25
Parallel 130.70 1961 719 510 353 248 206 1.37
EF Max 952.22 100.02 33.33 20.00 10.00 6.67 5.00 2.00
SRC 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 36.90 839 387 271 206 168 148 0.90
Phase 0 065 086 077 0.71 060 0.71 049
Rocs 0 0.00 022 052 052 056 045 0.63
Eon 0 0.00 065 1.03 065 056 042 0.31
Sum rank 0 0.00 000 026 019 0.30 0.35 048
Rank vote 0 516 194 116 0.77 0.73 0.68 0.49
Sum score 0 065 065 065 052 065 0.68 0.50
Pareto 12.30 387 194 116 116 0.82 0.81 0.77
Parallel 12.30 516 280 1.81 142 138 135 0.90
EF Max 615.01 100.03 33.33 20.00 10.00 6.67 5.00 2.00
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Table S2. Average relative EF for DS1

Relative EF 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 0.68 0.68 0.70 0.80 0.87 0.89 0.90 0.97
Phase 041 042 040 046 052 044 059 0.87
Rocs 0.56 055 0.53 056 064 0.69 0.75 0.92
Eon 048 048 048 055 065 0.71 0.76 0.86
Sumrank 0.58 0.58 0.57 0.67 0.79 0.83 0.88 0.97
Rankvote 0.62 062 066 0.80 0.88 090 0.93 0.97
Sumscore 063 063 0.64 072 0.86 0.90 0.93 097
Pareto 0.66 066 0.73 0.81 0.89 092 094 0.98
Parallel 065 0.65 0.73 0.81 0.87 090 0.93 0.97
EF Max 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Table S3. Average relative EF for DS2
Relative EF 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 0.13 0.20 0.30 0.36 046 0.52 058 0.78
Phase 0.27 0.26 0.32 034 0.39 042 046 0.56
Rocs 0.36 0.37 041 043 047 050 055 0.74
Eon 0.24 026 0.32 0.34 041 047 050 0.68
Sumrank 0.26 0.28 0.35 0.38 048 0.53 057 0.76
Rankvote 0.34 042 047 051 054 057 059 0.74
Sumscore 0.31 0.37 042 047 052 056 0.59 0.74
Pareto 0.25 0.37 047 050 057 0.61 064 0.79
Parallel 0.32 041 049 052 058 062 0.65 0.80
EF Max 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Table S4. Average relative EF for all the data sets.
Relative EF 100 compounds 1% 3% 5% 10% 15% 20% 50%
Glide 0.34 044 050 058 066 071 0.74 0.87
Phase 0.33 0.34 036 040 046 043 052 0.71
Rocs 0.43 0.46 047 050 055 060 0.65 0.83
Eon 0.33 0.37 040 045 053 059 063 0.77
Sum rank 0.38 043 046 052 064 068 0.72 0.86
Rank vote 0.45 052 056 066 0.71 074 0.76 0.85
Sum score 0.43 0.50 0.53 059 069 073 0.76 0.85
Pareto 0.40 0.51 060 066 0.73 076 0.79 0.88
Parallel 0.44 0.53 061 0.67 0.73 0.76 0.79 0.89
EF Max 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Examples of data fusion calculations

The top ten glide hits from the ACE data set are used to illustrate the different data fusion methods.
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Table S5. Parallel selection calculated from the raw scores

Compound tite  Active Glide score  Phase score ROCS score EON score Parallel Selection
ZINC03798786 No -11.5095907 1.78537551 0.994 1.163 1
ZINC04218120 No -11.4582187 1.64951414 0.83 0.663 5
ZINC01492143 No -11.4508012 1.23655119 0.755 0.945 8
ZINC03988734 No -11.4422131 1.06001352 0.755 0.945 9
ZINC01554316 No -11.3383462 1.30499251 0.743 0.851 10
ZINC03874386 No -11.1849068 1.49706598 0.982 1.061 4
ZINC02726694 No -11.1587683 1.49124425 1.029 1.048 6
ZINC03814175 Yes -11.1361274 1.81640255 1.246 1.098 3
ZINC04097772 No -11.1182701 1.3335404 0.845 1.059 7
ZINC03814183 Yes -11.0207759 2.02068832 1.363 1.229 2

Table S6. Pareto rank and sum rank calculated from the rank lists.

Compound title Glide rank Phase rank ROCSrank EON rank Paretorank Sum rank

ZINC03798786
ZINC04218120
ZINC01492143
ZINC03988734
ZINC01554316
ZINC03874386
ZINC02726694
ZINC03814175
ZINC04097772
ZINC03814183
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Table S7. Rank vote calculated from the rank list.

Compound title

Glide votes Phase votes ROCS votes EON votes Total votes

Rank vote

ZINC03798786
ZINC04218120
ZINC01492143
ZINC03988734
ZINC01554316
ZINC03874386
ZINC02726694
ZINC03814175
ZINC04097772
ZINC03814183
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To exemplify each method is given four votes to calculate the rank voting ranks.

Generated e-pharmacophores

DS1
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ERa fXa

EGFr

fXa HIVRT P38

PDES SRC

Figure S1. The energetically favorable protein interaction sites as calculated by Glide XP of the

respective ligands. These sites were used as pharmacophore sites. Hydrogen bond acceptors are
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pictured in red, donors in blue, hydrophobic features in green, aromatic features in brown and

positive and negative charges in dark blue and dark red, respectively.

Omega settings

Flags used when running OMEGA:

—rms 0.6 -ewindow 5 -maxconfs 1000

ROC plots
COX2 ERa
1 1 1
° ° v PRy o
208 2 0.8 e 208 -
g g e
3 3 — 3
2 0.6 206 2 0.6 /__’_,.-'-‘
= g o ; r_,_/-'_'_
o4 C o4 C o4
o k) k=)
8 0.2 8 02 8 02
[ [ [
0 i i i 0 H 0 i i
4] 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Fraction FP Recovered Fraction FP Recovered Fraction FP Recovered
fXa MMP3 NA
1 1 F 3
K K] K
§ 0.8 § § 0.8
8 3 3
¢ 06 2 806
o o o
Zoa ) = o4
s |y s $
8 02 3 8 0.2
[ [ [
o i i i i 0 i i i i 0 i i
0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Fraction FP Recovered Fraction FP Recovered Fraction FP Recovered
ACE AChE
1 1
3 3 o B
[ (9 (9
> 508 o8
> > >
3 3 3
€ 806 gos
= = =
0.4 0.4
s s /! ] &
S S y e =
8 802 i 8 02
[ [ I S [
0 i i i 0 i i i 0 i i
4] 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

Fraction FP Recovered

Fraction FP Recovered

Fraction FP Recovered

SIS



EGFr fXa HIVRT

1 1 1
o o o
2 ] @ F" @
Q08 | — o Q08 |
g o6 12 S o6 =
o o o
= o4 © /_/f’;fJ_ o4t
5 / 5 - 5
8 02 1 3 E g 0.2
iy P ’_'_._’_'_,_/‘—’ P
o i i i i i 0 i i i
(0] 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Fraction FP Recovered Fraction FP Recovered Fraction FP Recovered
InhA P38 PDES5
1 1 1
° © ©
g os § o8 8
: 3 :
S o6 | e § 06 s
[ rff_},,:_;‘a— 7 o o
o o - o
=R e Foal = TR
s s : o — s
8 0.2 ‘ 1 802 — ‘ 1 @
[ [ [
0 i i 0 i i i 0 n i i
4] 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Fraction FP Recovered Fraction FP Recovered Fraction FP Recovered
SRC
1 T . T .
Glide
® os Phase
e ROCS
3 EON
@ 0.6 ]
< sum rank
=04} =T rank vote
0.4
f =4
S — sum score
802} : 1 parallel
= | Pareto
0 i i
(0] 0.1 0.2 0.3 0.4 0.5

Fraction FP Recovered

Figure S2. ROC curves showing all the results for all methods in the same plot for all the datasets.
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Number of top enrichment factors for each method

Table S8. The number of times each method gave the top one, top two, and top three highest EF in top
100 compounds, 1%, 3%, 5%, 10%, 15%, 20%, and 50% of the data sets.

100 comp. 1% 3%

Topl Top2 Top3 Topl Top2 Top3 Topl Top2 Top3

Glide 5 5 5 5 5 5 5 6 6
Phase 3 4 4 2 2 3 1 1 2
ROCS 3 7 10 4 5 5 1 3 4
EON 1 1 1 0 2 2 1 1 1
Sum rank 1 1 3 1 1 3 2 2 2
Rank vote 3 4 12 2 8 14 3 7 9
Sum score 3 6 9 5 6 6 2 3 5
Pareto rank 1 4 5 3 6 8 1 8 13
Parallel 2 7 11 1 7 10 4 9 11
5% 10 % 15 %

Topl Top2 Top3 Topl Top2 Top3 Topl Top2 Top3

Glide 5 5 5 4 4 5 4 4 5
Phase 1 1 1 1 1 1 1 1 3
ROCS 1 2 4 1 3 4 2 2 2
EON 1 1 1 2 2 2 3 3 3
Sum rank 1 1 2 2 3 5 1 3 5
Rank vote 4 8 11 3 6 10 3 4 8
Sum score 2 4 6 2 4 7 2 4 8
Pareto rank 2 7 10 6 7 12 6 9 14
Parallel 5 11 13 5 10 11 4 10 13
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20 % 50 %
Top 1 Top 2 Top 3 Top 1 Top 2 Top 3
Glide 3 5 6 5 7 10
Phase 0 1 2 0 1 1
ROCS 2 3 3 3 4 5
EON 4 4 4 4 5 5
Sum rank 1 4 6 3 4 8
Rank vote 2 4 7 3 3 5
Sum score 3 5 6 3 3 5
Paretorank 6 10 13 7 10 12
Parallel 5 12 12 6 12 13
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