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S 402

A discovery system for inferentially screening a test entity to determine whether it
exhibits a target property without directly measuring the test entity for the target
property. The discovery system comprises at least one processor and memory
addressable by the at least one processor. The memory stores at least one program
for execution by the at least one processor. The at least one program comprises
instructions for performing the disclosed methods.

+ 404

Obtain a training set that comprises a plurality of reference entities and, for each
respective reference entity, (i) a respective measurement of each first feature in a
respective subset of first features in an N-dimensional feature space and (ii) a
respective measurement of each second feature in a respective subset of an M-
dimensional feature space. N is a positive integer of two or greater. M is a positive
integer. The training set collectively provides at least one measurement for each
first feature in the N-dimensional feature space. The training set collectively
provides at least one measurement for each second feature in the M-dimensional
feature space. At least one second feature in the M-dimensional feature space is a
metric for the target property. The N-dimensional feature space does not include
any of the second features in the M-dimensional space. The M-dimensional feature
space does not include any of the first features in the N-dimensional space. The
test entity comprises a protein, a fragment thereof, or a mixture of the protein with
one or more other proteins.

/,— 406
T T T T T T e o — —
The respective measurement of each first feature in the N-dimensional |
feature space for a single reference entity in the plurality of reference
| entities is obtained from a molecular assay set comprising three or more |
| different molecular assays. | 408

| A plurality of first features in the N-dimensional feature space for a
single reference entity in the plurality of reference entities is obtained

| from a single molecular assay of the reference entity. // 410

Each first feature in the plurality of first features is measured

using the single molecular assay under a different physical |
| condition (e.g. pH, temperature, or concentration) of the single |
Lreferenceentity.  _ _ _ _ _ _ _ _ _ _ _ _ !

K-—mz

| The respective measurement of each second feature in a respective |
| subset of the M-dimensional feature space for a single reference entity |
in the plurality of reference entities is obtained from a functional assay
set comprising three or more different functional assays of the single |
| reference entity. |
L

Fig. 4A



WO 2017/059250 PCT/US2016/054777
5/18

404
(cont.)
/—— 414
|Kpﬁral7cy_of second features in the M-dimensional feature s&ca‘or_a B
single reference entity in the plurality of reference entities is obtained | 416

Ifrom a single functional assay.
| | Each second feature in the plurality of second features is | |
| measured using the single functional assay under a different | |
physical condition (e.g. pH, temperature, or concentration of | |
_the single referenceentity. I
——————————————————— _—'/" — 4 1 8
I-The test entity consists of the protein or the peptide in a solution (with |

| no other protein or peptide in the solution in appreciable or easily |
| measureable amounts). |

- f —420

___________________ _.//-— 422

Bl@t Ein&iogs. _______________ —424
____________________ 71//

| The test entity comprises a mixture of two or more proteins from a
| single plant species. | 476

| The test entity comprises a mixture of five or more proteins from a
| single plant species.

|
____________________ —_ — 428
____________________ -I/'
D~

e test entity comprises a mixture of ten or more proteins from five or
| The test entit ture of t teins from fi
| more plant species. :/—432
r- - - - - = = T |
| The protein is from an Angiosperm, Gymnosperm, Pteridophyte,
Bryopyte, Fungi, or Algae.
| DIopyte, tungl, orAlgae. JK—434
The protein is from a Fabeaceae, Poaceae, Brassicaceae, Apiaceae, |
| Solanaceae, Cucurbitaceae, Rosaceae, Algae, Anacardiaceae,
 Amaranthaceae, Lauraceae, Linaceae, Cannabaceae, or Piperaceae.
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404
(cont.)
—436
| A first subset of the plurality of reference entities do not exhibit the |
target property or exhibit the target property to a lesser degree than a
Lsecond subset of the plurality of reference entities  _ _ _ _ _ J/—-m

TA representation of the training set as a matrix of the plurality of |

| reference entities against the N-dimensional feature space and the M- |
dimensional feature space has a sparseness of 80 percent or greater, 85

| percent or greater, 90 percent or greater, 95 percent or greater, or 99 l

| percent or greater. |

* 440

Identify two or more first features, or one or more combinations thereof, in the N-
dimensional feature space using a feature selection method and the training set,

thereby selecting a set of first features {py, ..., pnx} from the N-dimensional feature
space, where N-K is a positive integer less than N, K— 442
r—— - e T T T
L N is 10 or more and N-K is 5 or less |
——————————————————— -—‘K/ — 444
r- - . . T T T
L N is 35 or more, M is 60 or more, and N-K is 10 or less | 446

MN'is 200 or more, and an absolute value of a coefficient of multiple |
correlation between measurements for the N-K first features across the |
I
|

|training set and measurements for a single second feature across the
|training set is 0.60 or greater, 0.70 or greater, 0.80 or greater, or 0.90 or

\greater. f_ 448
LARS, or Elastic net) across the training set using the N-dimensional
| feature space and a single second feature in the M-dimensional feature |
|space. ?/——450
| The feature selection method comprises application of a decision tree to |
p pp

| the training set using the N-dimensional feature space and all or a I
| portion of the M-dimensional feature space. |
———————————————————— —-//—452
| The feature selection method comprises application of Gaussian process

| regression to the training set using the N-dimensional feature space and
E single second feature in the M-dimensional feature space. |
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/- (cont.
454

___________________ e

['The respective measurement of each first feature in a respective subset 1

| of first features in the N-dimensional feature space for each

| corresponding reference entity in the training set is taken when the
corresponding reference entity is in the form of an emulsion or a liquid
and the set of first features {p, ..., pnx} comprises protein |
concentration, hydrophobicity, fat content, color, phospholipid
concentration, or denaturation temperature of the corresponding |

| reference entity. I

£l

| of first features in the N-dimensional feature space for each

| corresponding reference entity in the training set is taken when the
corresponding reference entity is in the form of an emulsion or a liquid,

| and the set of first features {p,, ..., pxnx} comprises an amount of free
thiols and disulfide bonds within the corresponding reference entity.
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456

458

Train a model using measurements for the set of first features {py, ..., pnx} across
the training set, thereby obtaining a trained model.

____________________ yal

| The trained model is a linear regression model of the form:

I
t
| FO0=ft ) KB :
] =
where / is a positive integer, are the measurements for a secon
| here ¢ t t fi th ts fi d |
feature in the M-dimensional feature space across the training set, S,
I B1, ..., By are parameters that are determined by the training, and each I
| X; in {Xq, ..., X;} is a first feature p;in the set of first features {p1, ..., |
| pn-k } of the training set, a transtormation of the first feature p;, a basis |
I expansion of the first feature p;, or an interaction between two or more |
I

| features in the set of first features {p1, ..., pnk}. /”'

| | At least one X in {Xj, ..., X¢} represents an interaction between | |

| [two or more features in the set of first features {py, ..., Py}, _ |
| __________________ k

|

|| {Xj, ..., X¢} 1s determined by the identifying or training from the | |
| N-dimensional feature space using a subset selection or shrinkage |

I ,method. | :

2

I
| machine I
- - —

L 460

— 462

— 464

— 466
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/_ 458 (cont.)
f 468
Va

| A first plurality of first features in the N-dimensional feature space is |
obtained from a first molecular assay of each reference entity in the |
y y
training set. A second plurality of first features in the N-dimensional |
‘ g P y
| feature space is obtained from a second molecular assay of each |
reference entity in the training set. The feature selection method ‘
| comprises: (1) application of a first kernel function to the respective |
| measurement of each measured first feature in the first plurality of first
| features in the N-dimensional feature space for each reference entity in |
the plurality of reference entities, thereby deriving a first kernel |
| y g
matrix, (i) application of a second kernel function to the respective |
| measurement of each measured first feature in the second plurality of |
| first features in the N-dimensional feature space for each reference |
| entity in the plurality of reference entities, thereby deriving a second
| kernel matrix, and (iii) applying principal component analysis to the |
| first kernel matrix and the second kernel matrix thereby identifying a ‘
| plurality of principal components wherein the plurality of principal |
components collectively represent the set of first features {py, ..., pn. |
| k} from the N-dimensional feature space. The training the model |
| using measurements for the set of first features {p, ..., pnk} across
| the training set comprises training the model using the plurality of |
| principal components samples for each reference entity in the plurality
|
|

of reference entities. _k’-— 470
_________________ |
——T 472

| A plurality of first features in the N-dimensional feature space is —i
| obtained from a molecular assay of each reference entity in the training
set. The feature selection method comprises: (i) application of a kernel |
| function to the respective measurement of each measured first feature |
in the plurality of first features in the N-dimensional feature space for |
| each reference entity in the plurality of reference entities thereby ‘
| deriving a kernel matrix, and (i1) applying principal component |
| analysis to the kernel matrix thereby identifying a plurality of principal
components wherein the plurality of principal components collectively |
| represent the set of first features {pi, ..., pnx} from the N-dimensional |
feature space. The training of the model (e.g., support vector machine) |
| using measurements for the set of first features {pi1, ..., pnx} across |
| the training set comprises training the model using the plurality of |
| principal components samples for each reference entity in the plurality |
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458 (cont.)

" The feature selection method comprises application of principal |
component analysis to the training set thereby identifying a plurality of |
principal components. The plurality of principal components |

| collectively represent the set of first features {py, ..., pyx} from the

| M-dimensional feature space across the training set. The training of |
the model using measurements for the set of first features {p, ..., px. |
k) across the training set comprises training the model using the |
plurality of principal components samples for each reference entity in |
the plurality of reference entities and measurements for one or more

| second features in each reference sample in the training set. Aﬁ/

_________________ 4

—_——,——— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_———

The training further comprises training the model using measurements
of each corresponding reference entity in the training set for a single

| second feature selected from the group consisting of dye penetration,
viscosity, gelation, texture, angled layering, layer strength, flow

| consistency, and gelling speed.

|
7(/
i
____________________ _lf/
|
|
|

{ The training further comprises training the model using measurements
of each corresponding reference entity in the training set for a single

| second feature that is hardness, fracturability, cohesiveness,
springiness, chewiness, or adhesiveness as determined by a texture

| profile analysis assay.

L 474

— 476

— 478

— 480

482

Obtain measurement values for the set of first features {py, ..., pnx} of the test

entity.

484

Input the set of first features {py, ..., pnx} of the test entity into the trained model
thereby obtaining a trained model output value for the test entity.

+ o 486

Compare the trained model output value of the test entity to one or more trained
model output values computed using measurement values for the set of first features
{p1, ---, pnx s Of one or more reference entities that exhibits the target property
thereby determining whether the test entity exhibits the target property.

Fig. 4F
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486 (cont.)
/Q/— 488
| The trained model is a clustering applied to the measurements for the |
| set of first features {pi, ..., pnx} across the training set without use of |
| respective measurements of each second feature in the M-dimensional
feature space. The inputting comprises clustering the set of first |
| features {p1, ..., pnx} Of the test entity together with the |
| measurements for the set of first features {p1, ..., PNk} across the |
| training set. The comparing comprises determining whether the set of
| first features {pi, ..., pxx} Of the test entity co-clusters with the set of |
| first features {py, ..., pn.x} of one or more reference entities in the
I
|

training set that exhibit the target property. //__490
_________________ |

Mhe clustering comprises unsupervised clustering ||

- - f - 492
| The model is a k-nearest neighbors classifier. The inputting and the 1
| comparing comprises obtaining the trained model output value as the |
| outcome of the set of first features {pi, ..., pxx} of the test entity |
| against the k nearest neighbors of the test entity in the training set |
| using the trained k-nearest neighbors classifier. The k nearest |
| neighbors of the test entity includes one or more reference entities that |
| exhibit the target property. —
T T, T T T T T T T T T T T T —
| The at least one program further comprises instructions for repeating |
the obtaining, inputting, and comparing for each test entity in a |
| plurality of test entities. Each respective test entity in the plurality of |
test entities comprises a different protein, a different fragment thereof,
| or a mixture of the different protein with one or more other proteins. | 496
| _ﬂ/
|| The plurality of test entities comprises more than 50 different test
| entities, more than 100 different test entities, more than 200
different test entities, or more than 300 different test entities, each
| Ifrom the same single plant species. _ _ _ _ _ _ _ _ _ I
|

Fig. 4G
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The test entity is extracted from a plant and the at least one program further
comprises instructions for associating one or more data structures with the test

entity. The one or more data structures identify the test entity, an extraction 502
parameter for the test entity, and a characteristic of the plant. /’l

—
| The extraction parameter is (i) an elution pH or time and a |
predetermined purification column for the test entity, (ii) a buffer type |
l used to extract the test entity, (iii) a pH range used to extract the test |
| entity, (iv) an ionic strength used to extract the test entity, or (v) a
| temperature used to extract the test entity from the plant. | 504
———————————————————— r——’lr
—— e — [
| The one or more data structures comprises at least three extraction I
| parameters used to extract the test entity from the plant selected from l :
the group consisting of : (i) an elution pH or time and a predetermined | :
| purification column for the test entity, (ii) a buffer type used to extract | [
| the test entity, (iii) a pH range used to extract the test entity, (iv) an | :
| ionic strength used to extract the test entity, or (v) a temperature used | :

| of the plant selected from the group consisting of a family name of the |
| plant, a genus of the plant, a species of the plant, a subspecies name of |
| the plant, a varietal of the plant, or a forma of the plant, a harvesting |
| date of the plant, an arrival date of the plant, a source geographic

_origin of the plant, or a physical form of theplant. 7—» 512
|
___________________ |

| | The material characteristic is a harvesting date of the test entity, |
| [ an arrival date of the test entity, a geographic origin of the test ||
| | entity, a form of the test entity, a particle size of the test entity, a | |
| |

I_vendor of the test entity, or a volume of the test entity. |

[
[ . o I
| The one or more data structures comprises at least two characteristics | I
of the test entity selected from the group consisting of a harvesting :
date of the test entity, an arrival date of the test entity, a geographic | I

| origin of the test entity, a form of the test entity, a particle size of the | :
| testentity, a vendor of the test entity, or a volume of the test entity. | :
[
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