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At a computer system 100 for classification of a test object 72 using spatial data, the
computer system comprising a graphical processing unit 50 having a graphical
processing memory 52, a general processor 74 and general memory 90 / 92 va 202
addressable by the general processing unit, the general memory storing at least one
program 56 for execution by the at least one general processor, the at least one program
obtains spatial coordinates 60 for a target object 58.

— — 204
The target object is a polymer. [
The polymer is a protein, a polypeptide, a polynucleic acid, a —— 206
polyribonucleic acid, a polysaccharide, or an assembly of any |
combination thereof.
The target object is a polymer and the spatial coordinates are a set of T 208
three-dimensional coordinates {x1, ..., Xy} for a crystal structure of the | __-

polymer resolved at a resolution of 2.5 A or better.

The target object is a polymer and the spatial coordinates are a set of
three-dimensional coordinates {x4, ..., xy} for a crystal structure of the | -~
polymer resolved at a resolution of 3.3 A or better.

T 210

The target object is a polymer and the spatial coordinates are an 912
ensemble of three-dimensional coordinates of the polymer determined '
by nuclear magnetic resonance, neutron diffraction, or cryo-electron

MIiCroscopy.

214
Model the test objects 72 and/or training objects 66 with the target objects 58 in each e
pose of a plurality of different poses.

The target object 58 is a polymer with an active site, the test object is a chemical
compound, and the docking comprises docking the test object into the active site of —
the polymer.

The plurality of different poses comprises 2 or more poses, 10 or more poses, 100 //'218
or more poses, or 1000 or more poses.

The plurality of different poses are obtained by markup chain Monte Carlo —220
sampling, simulated annealing, Lamarckian Genetic Algorithms, or genetic
algorithms, using a docking scoring function.

The plurality of different poses are obtained by incremental search using a greedy pe 222
algorithm.

Fig. 2A
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Create a plurality of voxel maps from the poses.

Each respective voxel map in the plurality of voxel maps is created by a method
comprising: (i) sampling the test object, in a respective pose in the plurality of
different poses, and the target object on a three-dimensional grid basis thereby
forming a corresponding three dimensional uniform honeycomb comprising a
corresponding plurality of uniform space-filling polyhedral cells, and (ii) populating,
for each respective space-filling polyhedral cell in the corresponding plurality of
cells, a voxel in the respective voxel map based upon a property (e.g., chemical
property) of the respective space-filling polyhedral cell.

| The sampling occurs at a resolution that is between 0.1 A and 10 A, |—/

The test object is a first compound and the target object is a second compound, a
characteristic of an atom incurred in the sampling (i) is placed in a single voxel in
the respective voxel map by the populating (ii), and each voxel in the plurality of
voxels represents a characteristic of a maximum of one atom.

The characteristic of the atom consists of an enumeration of the atom I
type.

The characteristic of the atom is encoded in the voxel as a binary y
categorical variable.

Each respective voxel in a voxel map in the plurality of voxel maps comprises a
plurality of channels, and each channel in the plurality of channels represents a
different property that may arise in the three-dimensional space-filling polyhedral
cell corresponding to the respective voxel.

The plurality of channels is five or more channels

The plurality of channels includes a first channel that is a binary
categorical variable for presence of an atom in the test object and a
second channel that is a binary categorical variable for presence of an
atom in the target object.

_/
The plurality of channels is fifteen or more channels -
_/

The plurality of channels includes a separate channel for each of at
least five different SYBYL atom types.

\

\

\

L— 227

— 230

L— 232

— 234

— 236

— 238

— 240

Fig. 2B
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224

The test object is a first compound and the target object is a second compound, a
characteristic of an atom incurred in the sampling (i) is spread across a subset of
voxels in the respective voxel map by the populating (ii), and wherein the subset of
voxels comprises two or more voxels.

The characteristic of the atom consists of an enumeration of the atom v
type.

The target object is a polymer having an active site, and the sampling samples the
test object, in the respective pose in the plurality of different poses, and the active
site on the three-dimensional grid basis in which a center of mass of the active site
is taken as the origin and the corresponding three dimensional uniform honeycomb
represents a portion of the polymer and the test object centered on the center of
mass.

The uniform honeycomb is a regular cubic honeycomb and the portion
of the polymer and the test object is a cube of predetermined fixed

between 5 and 100 or between 15 and 40.

The predetermined fixed dimensions of the cube are Q Ax RAx S A,
wherein, Q is a first integer between 5 and 100, R is a second integer

100, and at least one number in the set {Q, R, S} is not equal to another
value in the set {Q, R, S}.

dimensions NAx N A x N A where N is an integer or real value —

between 5 and 100, S is a third integer or real value between 5 and —

The active site is determined by a flooding algorithm. —

The obtaining obtains an electron density map for the target object that overlays
the set of three-dimensional coordinates, and the creating further samples the
electron density map.

The electron density map is a multiple isomorphous replacement map, a
single isomorphous replacement with anomalous signal map, a single | —
wavelength anomalous dispersion map, a multi-wavelength anomalous
dispersion map, or a 2Fo-Fc map.

e (cont.)

— 242

244

—248

— 250

— 254

— 256

L— 258

— 260

Fig. 2C
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Unfold each voxel map in the plurality of voxel maps into a corresponding vector,
thereby creating a plurality of vectors, where each vector 22 in the plurality of vectors is
the same size.

Each vector 22 in the plurality of vectors is a one-dimensional vector —

The plurality of vectors is provided to the graphical processing unit memory 52, where
the graphical processing memory includes a network architecture that includes an input
layer 26 for sequentially receiving the plurality of vectors, a plurality of convolutional
layers 28, one or more fully connected layers 29, and a scorer 30 where

the plurality of convolutional layers includes an initial convolutional layer and a
final convolutional layer,

each layer in the plurality of convolutional layers is associated with a different set
of weights,

responsive to input of a respective vector 22 in the plurality of vectors, the input
layer feeds a first plurality of values into the initial convolutional layer as a first function
of values in the respective vector, wherein the first function is computed using the
graphical processing unit,

each respective convolutional layer, other than the final convolutional layer, feeds
intermediate values, as a respective second function of (i) the different set of weights
associated with the respective convolutional layer and (ii) input values received by the
respective convolutional layer, into another convolutional layer in the plurality of
convolutional layers, wherein the second function is computed using the graphical
processing unit, and

the final convolutional layer feeds final values, as a third function of (i) the
different set of weights associated with the final convolutional layer and (ii) input values
received by the final convolutional layer that is computed using the graphical processing
unit, into the one or more fully connected layers, which, in turn, feed values into the
scorer.

A convolutional layer in the plurality of convolutional layers has a plurality of filters )
and each filter in the plurality of filters convolves a cubic input space of N* with
stride Y, where N is an integer of two or greater and Y is a positive integer.
The different set of weights associated with the convolutional layer are |
associated with respective filters in the plurality of filters.

— 268

— 270

Fig. 2D
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266

The scorer comprises a plurality of fully-connected layers and an evaluation layer

evaluation layer.

The scorer comprises a decision tree, a multiple additive regression tree, a

linear discriminant analysis, a quadratic discriminant analysis, a support vector
machine, an evolutionary method, a projection pursuit, or ensembles thereof

where a fully-connected layer in the plurality of fully-connected layers feeds into the | __/

clustering algorithm, principal component analysis, a nearest neighbor analysis, a |—~

£ écont.)

72

L— 274

:

Obtaining a plurality of scores from the scorer, wherein each score in the plurality of
scores corresponds to the input of a vector in the plurality of vectors into the input layer.

l

Use the plurality of scores to characterize the test object.

The test object is a chemical compound and using the plurality of scores to
characterize the test object comprises taking a measure of central tendency of the

predetermined threshold value or predetermined threshold value range, the test
object is deemed to have a first classification. When the measure of central
tendency fails to satisfy the predetermined threshold value or predetermined
threshold value range, the test object is deemed to have a second classification.

The using the plurality of scores to characterize the test object comprises taking a

predetermined threshold value or predetermined threshold value range, the test
object is deemed to have a first classification. When the measure of central
tendency fails to satisfy the predetermined threshold value or predetermined
threshold value range, the test object is deemed to have a second classification.

\

micromolar, ten micromolar, and the second classification is an IC50,
EC50, or Kl for the test object with respect to the target object that is
below the first binding value.

weighted average of the plurality of scores. When the weighted average satisfies a —

plurality of scores. When the measure of central tendency satisfies a _//"280

—282

_—— 284
The weighted average is a Boltzman average of the plurality of scores. 1
The first classification is an IC50, EC50, Kd or Kl for the test object with
respect to the target object that is above a first binding value (e.g., one _—— 286

Fig. 2E
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278

Ve (cont.)

Using the plurality of scores to characterize the test object comprises taking a
weighted average of the plurality of scores. When the weighted average satisfies a
respective threshold value range in a plurality of threshold value ranges, the test |
object is deemed to have a respective classification in a plurality of a respective
classifications that uniquely corresponds to the respective threshold value range.

— 288

Each respective classification in the plurality of classifications is an
IC50, EC50, Kd, or Kl range (e.g., between one micromolar and ten T 290
micromolar, between one nanomolar and 100 nanomolar) for the test
object with respect to the target object.

Fig. 2F
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