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Table 1: Overlapping versus contradictory regioselectivity signal

Diagonal: Number of substrates in each set.

Upper-triangle: Number of substrates in both sets with at least one overlapping observed SOM.
Lower-triangle: Number of substrates in both sets with no overlapping observed SOMs.

Isozyme 1A2 2A6 2B6 2C19 2C8 2C9 2D6 2E1 3A4
1A2 271 61 94 136 8 123 151 93 183
2A6 2 105 53 50 42 61 58 60 69
2B6 6 4 151 91 67 83 86 65 121
2C19 3 1 5 218 90 139 141 58 164
2C8 2 0 1 0 142 104 81 48 123
2C9 6 1 6 2 2 226 118 72 162
2D6 11 5 3 6 2 7 270 76 171
2El 5 3 0 4 3 4 3 145 88
3A4 9 2 1 3 2 7 21 6 475

Table 2: Degree of regioselectivity signal overlap

Diagonal: Number of substrates in each set.

Upper-triangle: Number of substrates in both sets with identical observed SOMs.
Lower-triangle: Number of substrates in both sets with identical observed primary SOMs.

Isozyme 1A2 2A6 2B6 2CI19 2C8 2C9 2D6 2E1 3A4
1A2 271 36 68 98 56 82 102 57 113
2A6 49 105 36 32 30 42 37 51 42
2B6 75 49 151 62 48 58 64 45 82
2C19 116 40 72 218 65 95 107 43 112
2C8 73 34 55 79 142 79 60 37 73
2C9 95 49 66 117 90 226 79 57 97
2D6 113 48 65 111 65 95 270 52 107
2El 74 53 51 44 42 60 60 145 5l
3A4 143 56 98 127 102 119 130 69 475




Table 3: The percentage of identical regioselectivity signal from the substrates of the column
isozyme to be found within the substrates of the row isozyme. Total number of substrates per set
is shown on the diagonal, save for the merged set which has 680 substrates.

Isozyme 1A2 2A6 2B6 2C19 2C8 2C9 2D6 2E1 3A4 merged
1A2 271 343 450 450 394 363 37.8 393 238 399
2A6 133 105 238 147 21.1 186 137 352 8.8 15.4
2B6 25.1 343 151 284 338 257 237 310 173 222
2C19 362 304 41.1 218 458 42.0 396 29.7 236 321
2C8 20.7 286 31.8 298 142 35.0 222 255 154 209
2C9 30.3 40.0 384 436 556 226 293 393 204 332
2D6 36.6 352 424 49.1 423 350 270 359 225 397
2E1 21.0 486 298 197 26.1 252 193 145 107 213
3A4 417 400 533 514 514 40.1 39.6 352 475 69.9

Table 4: CYP-mediated pathway propensities (%) according to the #;gggggﬁdsso%l\gs of the sub-

strates within the Calibration and External sets of 2C9, 2D6 and 3A4.

Pathway 2C9 Cal. 2C9 Ext. || 2D6 Cal. 2D6 Ext. || 3A4 Cal. 3A4 Ext.
Csp> Hydroxylation 21.2 8.9 12.4 5.8 9.9 13.2
Aromatic Hydroxylation 13.0 12.6 10.7 10.7 8.2 14.5
Ring Hydroxylation 11.9 7.1 8.0 11.1 10.4 11.7
O-dealkylation 441 50.7 52.1 46.9 26.3 434
N-dealkylation 35.7 35.8 27.2 35.2 45.5 42.0
Sulfur(IT) Oxidation 53.8 65.2 71.4 50.0 70 40.9
Sulfur(IV) Oxidation 100 0 None 100 100 100
Desulfuration 0 50 100 50 333 100
Csp? Oxidation 32.7 54 0 7.5 9.5 6.8
Aldehyde Oxidation 100 100 None 100 333 100
Alcohol Oxidation 28.6 20 0 30.0 6.3 19.4
N-hydroxylation 5.2 6.1 34 9.5 3.6 13.8
N-oxide Formation 1.2 32 2.6 4.2 4.1 4.7
Nitro-group Reduction 0 0 0 0 0 25.0
Dehalogenation 0 0 0 1.9 1.3 1.7
Uncommon 0.5 0.3 0.1 0.8 0.4 1.1
Overall 11.0 9.7 9.6 9.5 8.6 11.1




Table 5: The percentage of Complete(Com.), Calibration(Cal.) and External(Ext.) 3A4, 2D6 and 2C9 substrate sets
with an experimentally observed SOM predicted in the Top-1, -2 or -3 rank-positions by the given method

Feature Set QC TOP TOP TOP TOP | SMARTCyp Stardrop Schrodinger = Random
QC QC SCR Model

Dataset / Metric SCR

3A4 Com. Top-1 49.7 613 615 672 66.1 62.3 59.7 56.3 11.3
3A4 Com. Top-2 714 756 77.7 823 82.1 74.4 74.1 76.4 21.0
3A4 Com. Top-3 794 85.1 86.1 88.6 882 81.4 83.0 84.7 29.6
3A4 Cal. Top-1 464 61.7 63.6 682 66.7 63.9 63.9 59.7 10.2
3A4 Cal. Top-2* 72.0 748 81.0 857 819 73.1 77.5 80.2 19.4
3A4 Cal. Top-3 813 835 888 90.7 885 81.1 86.0 88.2 27.6
3A4 Ext. Top-1 494 558 526 571 63.6 58.8 51.0 49.5 13.5
3A4 Ext. Top-2 623 72.1 688 727 179.2 77.2 66.9 68.2 24.5
3A4 Ext. Top-3 76.0 812 792 844 87.7 82.0 76.9 77.2 33.7
2D6 Com. Top-1 59.6 670 71.1 704 73.0 46.5 61.5 48.1 11.0
2D6 Com. Top-2 73.7 79.6 833 859 837 58.4 75.3 68.1 21.1
2D6 Com. Top-3 80.4 86.3 904 91.1 90.0 65.2 86.9 82.6 29.9
2D6 Cal. Top-1 619 739 739 724 724 41.4 67.2 43.7 10.6
2D6 Cal. Top-2® 754 843 843 86.6 85.8 48.5 81.5 66.2 20.2
2D6 Cal. Top-3  85.1 91.0 918 918 89.6 56.9 90.1 86.6 28.8
2D6 Ext. Top-1  50.7 58.8 603 64.7 66.9 51.5 55.9 52.6 114
2D6 Ext. Top-2 66.2 75.0 772 787 179.4 68.1 69.2 70.1 21.9
2D6 Ext. Top-3 757 81.6 84.6 853 89.0 73.4 83.6 78.7 31.0
2C9 Com. Top-1 51.8 633 63.7 695 721 524 61.3 52.0 11.9
2C9 Com. Top-2 739 76.5 805 845 84.1 67.3 78.0 72.1 22.2
2C9 Com. Top-3 82.7 87.2 885 903 90.7 77.4 83.3 82.9 31.2
2C9 Cal. Top-1 541 643 643 673 724 53.1 60.7 50.5 12.2
2C9 Cal. Top-2¢ 714 765 78.6 81.6 84.7 67.7 77.4 69.6 22.5
2C9Cal. Top-3 77.6 83.7 87.8 89.8 89.8 79.8 83.1 82.9 315
2C9 Ext. Top-1 469 58.6 562 60.2 64.1 51.8 61.7 53.1 11.7
2C9 Ext. Top-2 633 773 789 79.7 80.5 66.9 78.4 74.0 22.0
2C9 Ext. Top-3  72.7 83.6 86.7 86.7 875 75.5 83.4 82.8 31.0

a. 77.4 and 61.8 respectively for Merck method and MetaSite Version 2.7.5 for non-updated 3A4 calibration set.
b. 71.9 and 65.4 respectively for Merck method and MetaSite Version 2.7.5 for non-updated 2D6 calibration set.
c. 72.4 and 68.8 respectively for Merck method and MetaSite Version 2.7.5 for non-updated 2C9 calibration set.



Table 6: Lift predictions rates for Complete(Com.), Calibration(Cal.) and External(Ext.) 3A4, 2D6
and 2C9 substrate sets. The Lift metric give each individual substrate a weight value based upon
the likelihood of randomly predicting an observed SOM within the Top-1, -2 or -3 rank-positions.
Full definition of Lift was given in our prior work.

Feature Set QC TOP TOP TOP TOP | SMARTCyp Stardrop Schrodinger
QC QC SCR

Dataset / Metric SCR

3A4 Com. Top-1 453 56.7 564 623 604 55.8 533 51.0
3A4 Com. Top-2 67.7 710 734 775 76.2 66.7 69.1 70.5
3A4 Com. Top-3 744 80.5 80.7 833 83.5 74.7 78.7 79.1
3A4 Cal. Top-1 433 57.8 589 615 59.7 574 57.0 54.1
3A4 Cal. Top-2 683 70.1 759 80.1 754 65.9 71.8 73.7
3A4 Cal. Top-3 762 784 833 849 828 74.0 81.2 81.8
3A4 Ext. Top-1 434 505 472 524 61.0 51.7 43.7 433
3A4 Ext. Top-2 574 69.1 662 708 77.0 68.7 62.2 62.5
3A4 Ext. Top-3 70.6 78.0 756 814 854 76.2 72.6 72.1
2D6 Com. Top-1 57.1 63.2 69.8 67.6 69.2 41.1 57.8 43.0
2D6 Com. Top-2 69.8 764 81.5 83.6 81.6 534 71.5 63.3
2D6 Com. Top-3 76.8 84.1 882 89.2 88.0 59.5 83.6 78.2
2D6 Cal. Top-1 614 687 71.6 71.1 67.1 343 64.6 38.1
2D6 Cal. Top-2 72.8 822 820 842 83.8 42.7 79.4 60.8
2D6 Cal. Top-3 82.6 89.8 90.5 88.8 87.3 49.2 88.3 82.0
2D6 Ext. Top-1 484 54.6 565 590 645 47.9 50.9 47.9
2D6 Ext. Top-2 61.6 724 727 751 769 64.2 63.5 65.9
2D6 Ext. Top-3 704 779 799 80.7 853 69.9 78.9 74.4
2C9 Com. Top-1 49.6 60.1 595 664 68.4 50.0 59.9 45.9
2C9 Com. Top-2 694 726 758 80.2 80.5 64.6 76.4 67.7
2C9 Com. Top-3 793 84.1 854 86.5 88.8 74.4 82.1 79.4
2C9 Cal. Top-1 529 646 628 645 729 534 61.3 43.8
2C9 Cal. Top-2 686 741 755 782 83.0 69.0 71.5 66.0
2C9 Cal. Top-3 744 814 855 878 89.2 78.9 82.6 80.9
2C9 Ext. Top-1 403 545 506 550 57.7 47.4 58.8 47.5
2C9 Ext. Top-2 584 720 744 733 768 61.2 75.5 69.0
2C9 Ext. Top-3 68.5 78.7 819 832 84.7 71.0 81.6 78.2




Table 7: The percentage of 1A2, 2A6, 2B6, 2C19, 2C8, 2E1 and merged substrate sets with an
experimentally observed SOM predicted in the Top-1, -2 or -3 rank-positions by the given method

Feature Set QC TOP TOP TOP TOP | SMARTCyp Random
QC QC SCR Model
CYP Metric SCR
1A2 Top-1 579 646 653 70.1 694 62.6 14.3
1A2Top-2 77.1 775 79.7 83.0 823 78.9 26.0
1A2 Top-3 80.8 882 &7.1 88.6 919 85.1 35.6
2A6 Top-1  59.0 629 667 66.7 173.3 69.4 18.3
2A6 Top-2 724 819 79.0 81.0 85.7 83.3 31.9
2A6 Top-3  83.8 86.7 83.8 88.6 90.5 87.7 43.5
2B6 Top-1 603 629 63.6 649 64.9 64.0 14.0
2B6 Top-2 768 76.2 80.1 82.1 76.8 73.6 24.8
2B6 Top-3  84.8 81.5 86.8 88.7 834 79.7 33.8
2C19 Top-1 59.6 65.1 679 706 729 58.0 10.5
2C19 Top-2 784 80.7 82.6 86.2 86.2 73.7 20.2
2C19 Top-3 87.6 88.1 899 93.6 922 79.9 28.8
2C8 Top-1 570 62.7 62.0 67.6 6€9.0 60.4 12.1
2C8 Top-2 775 83.1 775 83.8 83.8 73.2 22.6
2C8 Top-3  83.8 88.0 88.0 923 944 81.4 31.7
2E1 Top-1  60.0 62.1 67.6 64.8 64.8 62.1 21.1
2E1 Top-2  76.6 79.3 80.7 82.8 80.7 81.0 36.5
2E1 Top-3 834 855 855 855 86.2 84.7 47.7
merged Top-1 56.6 663 68.1 703 72.2 62.0 14.7
merged Top-2 76.0 79.0 81.6 84.1 86.0 74.8 26.3
merged Top-3 83.2 869 89.7 90.9 90.1 81.3 36.0




Table 8: Lift prediction rates for 1A2, 2A6, 2B6, 2C19, 2C8, 2E1 and merged substrate sets

Feature Set QC TOP TOP TOP TOP | SMARTCyp
QC QC SCR
CYP Metric SCR
1A2 Top-1 50.1 603 58.8 629 644 58.0
1A2 Top-2 695 728 750 787 717.1 74.1
1A2 Top-3 743 846 8277 849 88.9 80.5
2A6 Top-1  43.1 483 532 52.6 599 57.9
2A6 Top-2 568 724 679 685 75.7 70.2
2A6 Top-3 73.0 783 742 819 83.1 78.8
2B6 Top-1 52.6 569 56.0 579 572 57.1
2B6 Top-2 71.2 689 742 1768 71.0 64.9
2B6 Top-3  80.0 76.0 83.1 844 793 73.9
2C19 Top-1 563 62.6 63.7 677 69.8 54.0
2C19 Top-2 75.0 77.3 80.7 84.1 82.7 69.7
2C19 Top-3 855 87.2 88.0 919 89.7 76.0
2C8 Top-1  49.1 60.0 55.1 60.8 65.9 56.0
2C8 Top-2 719 785 719 179.5 78.1 69.1
2C8 Top-3  80.1 83.2 85.1 87.8 89.0 77.7
2E1 Top-1 492 52.1 574 544 539 47.4
2E1Top-2 65.1 70.7 694 728 713 69.7
2E1Top-3 724 7715 769 772 178.0 74.9
merged Top-1 49.2 589 60.2 625 63.5 54.3
merged Top-2 68.1 729 76.0 773 179.5 66.6
merged Top-3 764 81.7 845 858 85.0 73.9




Table 9: Robustness of 2C9, 2D6 and 3A4 Models: Performance differences between External and Calibration
prediction rates for Standard and Lift metrics

Feature Set QC TOP TOP TOP TOP | SMARTCyp Stardrop Schrodinger Random
QC QC SCR

Dataset / Metric SCR
3A4 Standard Top-1 2.9 -5.8  -11.0 -11.1  -3.0 -5.2 -12.9 -10.5 2.3
3A4 Standard Top-2 9.6 -2.7 -122 -129 -2.7 4.0 -10.6 -12.0 5.1
3A4 Standard Top-3 -53 -23 96 -62 -08 0.9 -9.2 -11.0 6.1

3A4 Lift Top-1 0.1 73 -11.7 9.1 1.2 -5.7 -13.3 -9.8

3A4 Lift Top-2 -109 -10 -97 93 1.6 2.7 -9.6 -11.2

3A4 Lift Top-3 56 04 -76 -34 2.6 2.2 -8.6 -8.3
2D6 Standard Top-1  -11.2 -15.1 -13.6 -7.7 -55 10.1 -11.3 8.9 0.8
2D6 Standard Top-2 -92 93 -7.1 -79 -64 19.6 -12.3 39 1.7
2D6 Standard Top-3 -93 94 -72  -65 -0.6 16.5 -6.5 -7.9 32

2D6 Lift Top-1 -13.0 -141 -15.1 -12.1  -2.6 13.6 -13.7 9.8

2D6 Lift Top-2 -11.3 98 92 9.1 -6.9 21.5 -15.9 5.1

2D6 Lift Top-3 -12.1 -119 -106 -82 -2.0 20.8 -9.4 -7.6
2C9 Standard Top-1  -72 -57 -80 -72 -84 -1.2 1.0 -2.6 -0.5
2C9 Standard Top-2  -8.1 0.8 0.3 -1.9 42 -0.8 0.9 -5.4 -0.5
2C9 Standard Top-3 49 -0.1 -1.0 -3.1 -23 -4.3 0.3 0.1 -0.5

2C9 Lift Top-1 -12.6 -10.1 -122 95 -152 -6.1 -2.7 3.7

2C9 Lift Top-2 -102  -21  -11  -50 -62 -7.8 -2.0 3.0

2C9 Lift Top-3 59 26 36 47 45 -7.9 -1.0 -2.7




1A2 2A6 2B6 2019 2C8 2689 2D6 2E1 3A4 MERGED

100

181 34 64 64 65 122 118 a2 196 361

50

100 50

150

200

1116 229 522 a3r 588 256 1100 451 1913 2563
Figure 1: Aromatic ring hydroxylation true-positive and false-negative rates of (from left to right)

TOP, TOP QC, TOP QC SCR, TOP SCR and SMARTCyp models for all substrate sets. For the
majority of models QC modes have improved TP rates relative to non-QC models.
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Figure 2: The average absolute weight values of influential descriptors for each isozyme model.
The positive or negative correlation of each descriptor with observed regioselectivity is designated
on the right of each label. The one exception is the correlation of lipophilicity 4 within the TOP
SCR model of 2A6, designated by a black cirlce.
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Model Stability

An individual MIRank model is a vector of numbers representing the relative importance of each
descriptor towards the ranking of the observed SOMs of each substrate over the non-observed
SOMs of the same substrate for all compounds upon which the model is trained. The weight of
each descriptor may be positive or negative, indicating the correlation of values of the descriptor
with observed regioselectivity trends. The absolute weight values of the 149 TOP SCR descriptors
of all ten substrate set models are shown in decreasing order in Figure 3a. While there are slight
differences between models, they all share the general trend of having a minority(10-31) of descrip-
tors with high weight values (>.05) and a large majority of descriptors with lower weight values
(<.05) that gradually asymptote to zero. A view of the 50 descriptors with the highest absolute
weight for TOP, TOP QC, TOP SCR and TOP QC SCR models of the merged set is given in Fig-
ure 3b. Close examination reveals that the highest weighted descriptor of the SCR models, which
is in fact the SMARTCyp reactivity descriptor, has a higher weight value than the top weighted
descriptor of non-SCR models. One of the consequences of this is that the weights of all other
descriptors within these models have lower weights than they otherwise would have had. This is
expected to happen whenever new descriptors that contain additional signal are added to model, as
MIRank elucidates the maximum amount of complementary information contained within a given
descriptor set. Consequently the absolute weight values of QC models, which have 392 additional
descriptors, fall slightly lower than non-QC values for the first 70 or so descriptors and take longer
to asymptote, as illustrated in Figure 3c. The question of where and when QC signal is valid is
then synonymous with how relevant the asymptotic area for the lowest (541 — ~ 70) weighted
descriptors is for a particular substrate. As an additional complication, each prediction made by
RS-Predictor is in fact the aggregation of the individual substrate predictions of 10 independently
generated MIRank models.

RS-Predictor operates by employing 10-fold cross-validation, essentially dividing a training
set into ten partitions and making a prediction for the substrates within each partition based upon

the elucidated signal from the nine other partitions. However to ensure that results are unbiased

11
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Figure 3: (a) Absolute weights of the 149 TOP SCR descriptors for each substrate set model sorted
by decreasing value. (b) The values of the 50 descriptors with the highest absolute weights for
TOP(148), TOP QC(540), TOP SCR(149) TOP QC SCR(541) models of the merged substrate set.
(c) Absolute weights of TOP SCR and TOP QC SCR descriptors for the merged substrate set.
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from the initial divide, this process is repeated ten times, giving each individual substrate ten
different SOM rank-orderings that were obtained from 90% of the substrates in the given set.
These independent SOM rank-orderings are then merged into a single consensus rank-ordering
using techniques of rank aggregation to ensure that end-user medicinal chemists will only have to
look at a single optimized prediction for each predicted substrate. Another benefit of this technique
is that the accuracy of the aggregated prediction tends to be greater than the average accuracy
of each individual set of cross-validated predictions. We were the first group to incorporate the
concept of rank aggregation with regioselectivity modeling, but in our initial work RS-Predictor
was only applied to CYP 3A4 using TOP QC descriptors. Further investigation into the utility
of rank aggregation, as well as the relative stability of predictions made by independent training
set partitions, are made in Figure 4. It is important to note that the weight values used earlier in
Figure 3 were averaged across the ten different models for the particular isozyme, and as such have
corresponding standard deviations.

The most important differentiation between TOP SCR and TOP QC SCR models is that the per-
formances of individual QC models are much less stable. TOP QC SCR models have visibly larger
ranges in overall cross-validated prediction quality, and their average rates are lower than the av-
erage rates of non-QC models for all isozymes save 2B6. This corroborates previously mentioned
views that semiempirical-derived models should be interpreted and used cautiously for compounds
outside of the initial training set (Mayeno et. al 2009). The likely cause of this problem is that the
much larger asymptotic QC signal elucidated from 90% of training set substrates is valid for the
remaining test partition in some cases, and not valid in others. What is very interesting however
is that rank aggregation, essentially the merging of independently predicted signal identified from
multiple training set partitions, gives significantly greater performance increases for QC models
than they do for non-QC models. This makes sense, as the greater the variation between individual
predictions, the more likely overlaps between those predictions stem from a successful applica-
tion of encoded regioselectivity signal, as opposed to noise dependent upon a particular training

set partition. The use of rank aggregation upon multiple cross-validated predictions therefore cir-
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- Average Top-1 = Average Top-2 = Average Top-3
- Consensus Top-1 + Consensus Top-2 + Consensus Top-3
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Figure 4: The percentage of each substrate set with an observed SOM predicted within the Top-1,-
2 or -3 rank-positions by one of ten individual cross-validated models, or by the rank aggregated
consensus of the predictions made by those models.

cumvents the difficulties associated with overtraining models through the use of large number of

descriptors, which is likely why TOP QC SCR models have optimal prediction rates for 8 of the
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10 reported substrate sets.
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