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(200) Systems and methods for estimating graph edit distance between a first
compound and a second compound are provided.

| (202) A first graph is obtained that represents the first compound. The first graph I
comprises a first plurality of nodes and a first plurality of edges. Each atom of the |
first compound is represented by a node in the first plurality of nodes. Each bond of |

Ithe first compound is represented by an edge in the first plurality of edges. |

M A second graph is obtained representing the second compound. The second_l
I graph comprises a second plurality of nodes and a second plurality of edges. Each
| atom of the second compound is represented by a node in the second plurality of
| nodes. Each bond of the second compound is represented by an edge in the
| second plurality of edges.

| I(Ml The first compound and the second compound each satisfy two or more I
| Irules, three or more rules, or all four rules of the Lipinski's rule of Five: (i) not I

| more than five hydrogen bond donors, (ii) not more than ten hydrogen bond |
| |acceptors, (iii) a molecular weight under 500 Daltons, and (iv) a LogP under 5. |

(208) The first compound and the second compound have an exact graph edit I |
distance of between 1 and 10. | |

o

{2102 The first compound and the second compound have an exact graph edit I I
distance of between 1 and 15. | |

e
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

_________________________ -
I I(2122 The first compound and the second compound are each an organic

I | compound having a molecular weight of less than 500 Daltons, less than 1000 I
I | Daltons, less than 2000 Daltons, less than 4000 Daltons, less than 6000 I
| | Daltons, less than 8000 Daltons, less than 10000 Daltons, or less than 20000 I

Daltons I

| batons. ~  _ _ _ _ _ _ ______________4
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| (204 continued)
| Q- Y e e e

| (214) The first compound and the second compound are each an organic
I

| | compound having a molecular weight of between 300 Daltons and 1500

| |Paltons.

{216) The first graph (or other form of representation of the first compound) is
inputted into a model comprising a plurality of parameters. The model applies the
plurality of parameters to the first graph to generate as first output from the model a
first latent embedding that represents the first compound.

Y

{218) The second graph (or other form of representation of the second compound)
is inputted into the model. The model applies the plurality of parameters to the
second graph to generate as second output from the model a second latent
embedding that represents the second compound.

I
I (224) The model is a message passing graph neural network having between 3 |
l and 8 layers.

Fig. 2B
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(218 continued)

| layers.

| (228) The model comprises 500,000 or more parameters, or 1 x 10° or more |
| parameters. |

(230) The model performs at least 100,000 computations to compute the first |
latent embedding, and the model performs at least 100,000 computations to |
compute the second latent embedding. |

L e ___

(232) The estimate of the graph edit distance between the first compound and the
second compound is provided using a difference between the first isometry
preserving latent embedding and the second isometry preserving latent embedding.
M The first latent embedding is a first vector comprising a first plurality of |
Ivector values, the second latent embedding is a second vector comprising a |
second plurality of vector values, and the difference is an L2-norm difference |
| between the first vector and the second vector taken as the square root of the
| sum of the squared difference in corresponding vector values between the first I
| vector and the second vector. |

Fig. 2C
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(232 continued)

| (236) A determination is made as to whether the second compound is a |
chemically relevant analog of the first compound when the estimate of the graph |
I_edit distance falls below a threshold value. |

l(2381 The obtaining the first graph, obtaining the second graph, inputting the 1

Iﬁrst graph, inputting the second graph, and providing the approximate GED is

| repeated for each respective unique pair of compounds in a database of |

| compounds, where a first compound in the respective unique pair of compounds |

| is the first compound and a second compound in the respective unique pair of |
compounds is the second compound, thereby forming a plurality of graph edit |
distances. The plurality of graph edit distances are then clustered into a

I plurality of clusters by evaluating the plurality of distances with a criterion I

| function. Then, compounds are selected from one or more clusters in the |

| plurality of clusters for evaluation in a drug discovery program. |

| (240) The estimate of the graph edit distance is used to build a quantitative
| structure activity relationship model that includes the first compound and the

I-(2_42_2 TFe gst?nat_e ath_e g_rap;] e_dit_disan?eg u:ec;to_degrrﬁn;an_aavﬁy 1

!_C|iff with respect to a drug target. |

Fig. 2D
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(2300) System and methods for training a model to predict potency of a test
compound against an orthosteric site of a target protein are provided.

Y

(2302) Obtain a dataset comprising data for a plurality of training compounds. Each
training compound is labeled with a respective protein target in a plurality of protein
targets, a binding site for the respective protein target and a potency against the
protein target.

(2304) Each training compound satisfies two or more rules, three or more rules,
Ior all four rules of the Lipinski's rule of Five: (i) not more than five hydrogen |
bond donors, (ii) not more than ten hydrogen bond acceptors, (iii) a molecular |
Ilveight under 500 Daltons, and (iv) a LogP under 5. |

(23062 Each training compound is an organic compound having a molecular
Iwelght of less than 500 Daltons, less than 1000 Daltons, less than 2000 I
| Daltons, less than 4000 Daltons, less than 6000 Daltons, less than 8000 |
| Daltons, less than 10000 Daltons, or less than 20000 Daltons. |

(23081 Each training compound is an organic compound having a molecular |

ﬂ/elght of between 400 Daltons and 10000 Daltons. |

{23102 The plurality of training compounds comprises 1000 or more, 2000 or |

ILnore or 10,000 or more training compounds. |

| the plurality of compounds and the plurality of protein targets comprises 10 or
| more protein targets or 100 or more protein targets.

| (23141 At least 5 percent, 10 percent, or 15 percent of the protein targets |
| comprise multiple binding sites. I
I

L —————————————————————— —

Fig. 23A
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(2315) Train a model using the dataset where a pose of the compound in the
binding site of the target protein is inputted into the model and the training label is

the potency of the compound.

(2316) Obtain a test chemical compound.

(23181 The test compound satisfies two or more rules, three or more rules, or

all four rules of the Lipinski's rule of Five: (i) not more than five hydrogen bond |
Idonors, (i) not more than ten hydrogen bond acceptors, (iii) a molecular weight |

under 500 Daltons, and (iv) a LogP under 5. |

oot s - = == 1

(2320) The test compound is an organic compound having a molecular weight
Iof less than 500 Daltons, less than 1000 Daltons, less than 2000 Daltons, less I
| than 4000 Daltons, less than 6000 Daltons, less than 8000 Daltons, less than I
| 10000 Daltons, or less than 20000 Daltons. |

{23222 The test compound is an organic compound having a molecular weight |

I_of between 400 Daltons and 10000 Daltons. |

(2324) Pose the test chemical compound against the orthosteric site of the target

protein to obtain a test pose.

Fig. 23B
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&

(2325) Input the test pose into the model to predict potency of the test compound
against the orthosteric site.

(23261 The model comprises a first plurality of parameters. The model applies
the plurality of parameters to the pose through at least 10,000 computations to
I generate the predicted potency. |

| (2330) The model comprises 500,000 or more parameters, or 1 x 10° or more |
| parameters. |

Fig. 23C
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