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200 A method of associating a plurality of cellular constituents with a physiological

condition of interest.

/-202
Obtain one or more first datasets comprising or collectively comprising, for each
respective cell in a first plurality of cells, for each respective cellular constituent in a
plurality of cellular constituents, a corresponding abundance of the respective
cellular constituent in the respective cell. The first plurality of cells comprises twenty
or more cells and collectively represents a plurality of annotated cell states. The
plurality of cellular constituents comprises 10 or more cellular constituents.

* 204

Access or form a plurality of vectors. Each respective vector in the plurality of
vectors (i) corresponds to a respective cellular constituent in the plurality of
constituents and (ii) comprises a corresponding plurality of elements. Each
respective element in the corresponding plurality of elements has a corresponding
count representing the corresponding abundance of the respective cellular
constituent in a respective cell in the first plurality of cells.

* /-206

Use the plurality of vectors to identify each cellular constituent module 132 in a
plurality of cellular constituent modules. Each cellular constituent module in the
plurality of cellular constituent modules includes a subset of the plurality of cellular
constituents 134. The plurality of cellular constituent modules are arranged in a
latent representation dimensioned by (i) the cellular constituent modules and (ii) the
plurality of cellular constituents or a representation thereof. The plurality of cellular
constituent modules comprises more than ten cellular constituent modules.

/——208

Obtain one or more second datasets comprising or collectively comprising, for each
respective cell in a second plurality of cells, for each respective cellular constituent

in the plurality of cellular constituents, a corresponding abundance of the respective
cellular constituent in the respective cell, thereby obtaining a cellular constituent
count data structure dimensioned by (i) the second plurality of cells and (ii) the
plurality of cellular constituents or the representation thereof. The second plurality of
cells comprises twenty or more cells and collectively represents a plurality of
covariates informative of the physiological condition of interest.

Figure 2A
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210
il

Form an activation data structure 150 by combining the cellular constituent count
data structure and the latent representation using the plurality of cellular constituents
or the representation thereof as a common dimension. The activation data structure
comprises, for each cellular constituent module in the plurality of cellular constituent
modules, for each cell in the second plurality of cells, a respective activation weight.

* /—212

Train a model using a difference between (i) a prediction of an absence or presence
of each covariate in the plurality of covariates in each cellular constituent module
represented in the activation data structure upon input of the activation data
structure into the model and (ii) actual absence or presence of each covariate in
each cellular constituent module. The training adjusts a plurality of covariate
weights associated with the model responsive to the difference. The plurality of
covariate weights comprises, for each respective cellular constituent module in the
plurality of cellular constituent modules, for each respective covariate, a
corresponding weight indicating whether the respective covariate correlates, across
the activation data structure, with the respective cellular constituent module.

* /—-214

Identify, using the plurality of covariate weights upon training the model, one or more
cellular constituent modules in the plurality of cellular constituent modules that is
associated with one or more covariates in the plurality of covariates, thereby
associating a plurality of cellular constituents with the physiological condition of
interest.

Figure 2B
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/-300

A method of associating a test chemical compound with a physiological condition of
interest (e.g., disease or a disease stimulant in a cell system or animal) is provided.

* /—-302

At a computer system comprising a memory and one or more processors, obtain a
fingerprint of a chemical structure of the test chemical compound.

| Calculate the fingerprint from a simplified molecular-input line-entry system |
| (SMILES) string representation of the test chemical compound. |

The fingerprint is generated from the chemical structure using SMILES |

Il'ransformer, ECFP4, RNNS2S, or GraphConv. I

—304

—306
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308
i

Input the fingerprint into a model 180 that comprises 100 or more parameters and
output one or more calculated activation scores responsive to the inputting of the
fingerprint into the model 180.

machine, a Naive Bayes model, a nearest neighbor model, a boosted trees
model, a random forest model, a decision tree, a multinomial logistic regression

-
IThe model comprises logistic regression, a neural network, a support vector I
model, a linear model, or a linear regression model. |

_______________________ |

IThe model comprises a neural network (e.g., a fully connected neural network, a |
message passing neural network, efc.). |

r
I Each calculated activation score in the one or more calculated activation I
scores is a measure of central tendency of an output of each component I
model in the plurality of component models. |

I

I

| I
L e Py O e e o o __ _

I /J—'
I P — —— — — — — — —— — — — — — —— — — — — — I
| IThe plurality of component models comprises a logistic regression model, I
| | a neural network model, a support vector machine, a Naive Bayes model, I
| | a nearest neighbor model, a boosted trees model, a random forest model, | |
| I
| |
| I

| @ decision tree model, a multinomial logistic regression model, a linear |
| model, a linear regression model, or a plurality of neural networks). I

| A first neural network in the plurality of neural networks is a fully _i
connected neural network with ReLU activation, and a second neural |
I
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O

326
il

Each respective calculated activation score in the one or more calculated activation
scores represents a corresponding cellular constituent module in a set of cellular
constituent modules.

* /—-328

Each respective cellular constituent module in the set of cellular constituent modules
includes an independent subset of a plurality of cellular constituents.

IThe independent subset of the plurality of cellular constituents in the respective |
| cellular constituent module comprises five or more cellular constituents. I

|The independent subset of the plurality of cellular constituents in the respective |
| cellular constituent module consists of between two and 20 cellular constituents |
lin a molecular pathway associated with the physiological condition of interest. |

—330

—332
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334
ya

A first cellular constituent module in the set of cellular constituent modules is
associated with the physiological condition of interest.

* /—336

Each respective calculated activation score in the one or more calculated activation
scores represents a corresponding cellular constituent module in a set of cellular

constituent modules.

+ /—-338

Each respective cellular constituent module in the set of cellular constituent modules
includes an independent subset of a plurality of cellular constituents.

| The set of cellular constituent modules is a plurality of cellular constituent |
modules. A first subset of the plurality of cellular constituent modules, including I
the first cellular constituent module, is associated with the physiological |
I condition of interest. A second subset of the plurality of cellular constituent |
| modules is not associated with the physiological condition of interest. The |
| chemical compound is identified with the physiological condition of interest when
| the respective calculated activation score for the first cellular constituent module I
satisfies the first threshold criterion and the respective calculated activation |
| score for a cellular constituent module in the second subset of the plurality of I
cellular constituent modules satisfies a second threshold criterion. |

L

[m————— —— — — — — — — — — — — — — — — —

The set of cellular constituent modules comprises five or more cellular 1
constituent modules, ten or more cellular constituent modules, or 100 or more |
| cellular constituent modules. I

— 340

— 342

344
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*, /,a—648

Identify the chemical compound with the physiological condition of interest when the
respective calculated activation score for the first cellular constituent module
satisfies a first threshold criterion. /—-

| The first threshold criterion is a requirement that the first cellular constituent |
| module have a threshold activation score. |

IrThe set of cellular constituent modules is between two and 100 cellular |
constituent modules and the identifying requires that the respective calculated |
I activation score of each cellular constituent module in the set of cellular |
constituent modules satisfy the first threshold criterion. |

| The set of cellular constituent modules is between two and 100 cellular |
| constituent modules and the identifying requires that a measure of central |
| tendency (an arithmetic mean, a weighted mean, a midrange, a midhinge, a

trimean, a Winsorized mean, a mean, or a mode) across the respective I
calculated activation score of each cellular constituent module in the set of |
:ﬁellular constituent modules satisfy the threshold criterion. |

IThe test chemical compound is an organic compound having a molecular weight

|of less than 2000 Daltons. I
_____________________ _(—T_

I
| | The test chemical compound is an organic compound that satisfies each (.
| |

-
| IThe test chemical compound is an organic compound that satisfies at |
| least two, three, or four criteria of the Lipinski rule of five criteria. |
I

—350
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700
-

A method of associating a test chemical compound with a physiological
condition of interest.

702
-

Obtain a fingerprint of a chemical structure (122) of the test chemical compound.

¢ /—-704

Input the fingerprint into a model comprising 100 or more parameters. The
model outputs one or more calculated activation scores responsive to the
inputting of the fingerprint into the model, where each respective calculated
activation score in the one or more calculated activation scores represents a
corresponding perturbation signature (142) in a set of perturbation signatures. 706

{Each respective perturbation signature in the set of perturbation signatures I
comprises an identification of a respective plurality of cellular constituents |
| and, for each respective cellular constituent in the respective plurality of I
| cellular constituents, a corresponding significance score (144) that quantifies |
| an association between a change in abundance of the respective cellular

| constituent and a change in cell state between a respective first cell state

| and a respective second cell state, where one of the respective first cell
state and second cell state is an unperturbed cell state and the other of the
| respective first cell state and the second cell state is a respective perturbed
cell state caused by exposure of cells to the corresponding compound.

¢ /—708

Identify the chemical compound with the physiological condition of interest when
the respective calculated activation score for a first perturbation signature in the
set of perturbation signatures satisfies a first threshold criterion.

Figure 7
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800
/—'

A method of associating chemical compounds with a physiological condition
of interest.

802

—

Obtain, in electronic form, a respective fingerprint of a chemical structure
(122) of each compound in a plurality of compounds, thereby obtaining a
plurality of fingerprints.

¢ /_-804

Obtain, in electronic form, a respective numerical activation score (154) of
each cellular constituent module (132) in a set of cellular constituent modules
for each compound in the plurality of compounds, where each respective
cellular constituent module in the set of cellular constituent modules includes
an independent subset of a plurality of cellular constituents (134).

¢ /-806

Train an untrained model using, for each respective chemical structure of
each respective compound in the plurality of compounds, for each respective
each cellular constituent module in the set of cellular constituent modules, a
respective difference between: (i) a respective calculated activation score for
the respective cellular constituent module upon input of the fingerprint of the
chemical structure of the respective compound into the untrained model and
(ii) the respective numerical activation score of the respective cellular
constituent module for the respective compound in the set of cellular
constituent modules. 808

The training adjusts a plurality of parameters associated with the |
| untrained model responsive to the difference, where the plurality of I
parameters comprises 100 or more parameters, thereby obtaining a |
Itrained model that associates chemical compounds with the physiological |
condition of interest. |

Figure 8
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900
-

A method of associating chemical compounds with a physiological condition of

interest.
/—902

Obtain, in electronic form, a respective fingerprint of a chemical structure (122)
of each compound in a plurality of compounds, thereby obtaining a plurality of
fingerprints.

* /-—-904

Obtain, in electronic form, a respective numerical activation score (156) of each
respective perturbation signature (142) in a set of perturbation signatures for
each corresponding compound in the plurality of compounds. _/—-—906

| Each respective perturbation signature in the set of perturbation signatures

| comprises an identification of a respective plurality of cellular constituents |

| and, for each respective cellular constituent in the respective plurality of
cellular constituents, a corresponding significance score (144) that quantifies |
an association between a change in abundance of the respective cellular |
constituent and a change in cell state between a respective first cell state |
and a respective second cell state, where one of the respective first cell |

| state and second cell state is an unperturbed cell state and the other of the

| respective first cell state and the second cell state is a respective perturbed I

| cell state caused by exposure of cells to the corresponding compound. |

* /—908

Train an untrained model using, for each respective chemical structure of each
respective compound in the plurality of compounds, for each respective
perturbation signature in the set of perturbation signature, a respective
difference between: (i) a respective calculated activation score for the respective
perturbation signature upon input of the fingerprint of the chemical structure of
the respective compound into the untrained model and (ii) the respective
numerical activation score of the respective perturbation signature for the 910
corresponding compound in the set of perturbation signatures. B
e

IThe training adjusts a plurality of parameters associated with the untrained |
I model responsive to the difference, where the plurality of parameters |
| comprises 100 or more parameters, thereby obtaining a trained model that |
| associates chemical compounds with the physiological condition of interest. |

Figure 9
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1500
~

Identify the first cellular constituent module.

+ /-1502

Obtain one or more first datasets in electronic form.

* /—-1504

The one or more first datasets comprise or collectively comprise, for each respective
cell in a first plurality of cells, for each respective cellular constituent in a plurality of
cellular constituents, a corresponding abundance of the respective cellular
constituent in the respective cell, thereby accessing or forming a plurality of vectors.

o |

| The first plurality of cells comprises twenty or more cells and collectively |
|represents a plurality of annotated cell states. |

_______________________ |

r
Each respective vector in the plurality of vectors (i) corresponds to a respective |
cellular constituent in the plurality of constituents and (ii) comprises a |

corresponding plurality of elements. (__;_
______________________ |

I

I

I

| | corresponding count representing the corresponding abundance of the

| |respective cellular constituent in the respective cell in the first plurality of
I

n annotated cell state in the plurality of annotated cell states is an exposure o
lA tated cell state in the plurality of tated cell states i f
a cell in the first plurality of cells to a compound under an exposure condition
Il 'in the first plurality of cells t d und diti |
|(e.g., a duration of exposure, a concentration of the compound, or a |
| combination of a duration of exposure and a concentration of the compound). |

—1506

—1508

—1510

—1512

—1514

Figure 14A
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1504

f”——(Cont)

—1518
_______________________ |

| Each cellular constituent in the plurality of cellular constituents is a particular |
| gene, a particular mRNA associated with a gene, a carbohydrate, a lipid, an |
| epigenetic feature, a metabolite, a protein, or a combination thereof. |
T T T T T T TS T T T T T T T T T T T T T T —{—.—- —1520
r-——=—=-=—"—=—=—=-"-—=-"—- S — S T
The corresponding abundance of the respective cellular constituent in the
respective cell in the first or second plurality of cells is determined by a

Ic:olorime’(ric measurement, a fluorescence measurement, a luminescence |
measurement, or a resonance energy transfer (FRET) measurement. |
/—-— 15622

The corresponding abundance of the respective cellular constituent in the }
I respective cell in the first or second plurality of cells is determined by single-cell

| ribonucleic acid (RNA) sequencing (scRNA-seq), scTag-seq, single-cell assay |
| for transposase-accessible chromatin using sequencing (scATAC-seq), CyTOF/ I
| SCoP, E-MS/Abseq, miRNA-seq, CITE-seq, and any combination thereof. |
_________________________/_;——1524
|?he_pl'§sio_loaca_l caﬂdmo?oﬁngre_st Ea_dis:ag, ;ncﬁh:fir_st p_lut:ality_of ceTs

| includes cells that are representative of the disease and cells that are not I
| representative of the disease as documented by the plurality of annotated cell :

* /—-1526

Use the plurality of vectors to identify each candidate cellular constituent module in a
plurality of candidate cellular constituent modules, each candidate cellular
constituent module in the plurality of candidate cellular constituent modules including
a subset of the plurality of cellular constituents, wherein the plurality of cellular
constituent modules are arranged in a latent representation dimensioned by (i) the
plurality of candidate cellular constituent modules and (ii) the plurality of cellular
constituents or a representation thereof, and where the plurality of cellular
constituent modules comprises more than ten cellular constituent modules.

&

Figure 14B
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1526

il (Cont.)

I The using the plurality of vectors to identify each candidate cellular constituent |
module in the plurality of candidate cellular constituent modules comprises |

| application of a correlation model to the plurality of vectors using each

| corresponding plurality of elements of each vector in the plurality of vectors. In I
some embodiments, the correlation model includes graph clustering (e.g., the |

Igraph clustering method is Leiden clustering on a Pearson-correlation-based |
distance metric, the graph clustering method is Louvain clustering, efc.) |

- -

f———— e e e e e ——
The plurality of cellular constituent modules consists of between 10 and 2000 |

IEellular constituent modules. |

rTFeauEIigof—cJuEr c—ongitaerﬁ c;n;st; of—beTwe—en—1OEaE:I EO&) c—ellular

constituents.
e e o e e o e e S e S S G S G G S G G G GEEe GEEr G GEEs S S—

l Each candidate cellular constituent module in the plurality of constituent |
I modules consists of between two and three hundred cellular constituents. |

— 1528

— 1532

— 1534

— 1536

* /—-1538

Obtain one or more second datasets in electronic form. The one or more second
datasets comprising or collectively comprising, for each respective cell in a second
plurality of cells, wherein the second plurality of cells comprises twenty or more cells
and collectively represents a plurality of covariates informative of the physiological
condition of interest: for each respective cellular constituent in the plurality of cellular
constituents: a corresponding abundance of the respective cellular constituent in the
respective cell, thereby obtaining cellular constituent count data structure
dimensioned by (i) the second plurality of cells and (ii) the plurality of cellular
constituents or the representation thereof. /"

| The plurality of covariates comprises cell batch, cell donor, cell type, disease |
|status, or exposure to a chemical compound. |

— 1540

Figure 14C
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1542
g

Forming an activation data structure by combining the cellular constituent count data
structure and the latent representation using the plurality of cellular constituents or
the representation thereof as a common dimension, wherein the activation data
structure comprises, for each cellular constituent module in the plurality of cellular
constituent modules: for each cell in the second plurality of cells, a respective

activation weight.

* 1544

Train a candidate cellular constituent model using a difference between (i) a
prediction of an absence or presence of each covariate in the plurality of covariates
in each cellular constituent module represented in the activation data structure upon
input of the activation data structure into the candidate model and (ii) actual absence
or presence of each covariate in each cellular constituent module, wherein the
training adjusts a plurality of covariate weights associated with the candidate cellular
constituent model responsive to the difference, and wherein the plurality of covariate
weights comprises: for each respective cellular constituent module in the plurality of
cellular constituent modules: for each respective covariate: a corresponding weight
indicating whether the respective covariate correlates, across the activation data
structure, with the respective cellular constituent module.

P .

| The training the candidate cellular constituent model is performed using a |

| categorical cross-entropy loss in a multi-task formulation, in which each |
covariate in the plurality of covariates corresponds to a cost function in plurality

|of cost functions and each respective cost function in the plurality of cost :

IE,lnc:tions has a common weighting factor.

— 1546

* /-—-1548

Identify, using the plurality of covariate weights upon training the candidate cellular
constituent model, the first cellular constituent module in the plurality of candidate
cellular constituent modules.

Figure 14D



