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{200) Obtain, in electronic form, for each respective training subject in a plurality of
training subjects, (i) a corresponding plurality of genomic abundance values for the
respective training subject at a time prior to receiving the therapy. The
corresponding plurality of genomic abundance values comprise, for each respective
gut microorganism in a plurality of gut microorganisms, a corresponding value for
the abundance of the genome of the respective gut microorganism in a
corresponding biological sample from the gut of the respective training subject.(ii) an
indication of the respective training subject’s response to the therapy of the
respective training subject. Each respective training subject in the plurality of training
subjects has received a therapy for a disorder.

(202) Sequence, for each respective subject in the plurality of training subjects, 1
genomic DNA from the corresponding biological sample from the gut of the |
| respective training subject, thereby obtain the corresponding plurality of at least |
| 100,000 nucleic acid sequences. |

[————— — — — ——— — — ——— — — ———— — — =
| (204) Obtain, for each respective training subject in the plurality of training !

subjects, in electronic form, a corresponding plurality of at least 100,000 nucleic |
acid sequences for genomic DNA from the corresponding biological sample |
| from the gut of the respective training subject. |

— — — — — — — — — — — — — — — — — — — — — — — — — —

| (206) Determine, for each respective gut microorganism in the plurality of gut

| microorganisms, the corresponding value for the abundance of the genome of

| the respective gut microorganism from the corresponding plurality of at least
100,000 nucleic acid sequences.

I

| I

| !subjects, assemble, in electronic form, a corresponding plurality of gut |

| | microorganism genomes by metagenomic de novo sequence assembly |
| from the corresponding plurality of at least 100,000 nucleic acid

| sequences, and calculate, for each respective gut microorganism in the I

| | plurality of gut microorganisms, the corresponding value for the |

| ' abundance of the genome of the respective gut microorganism based on |

| Ithe prevalence of respective nucleic acid sequences, in the plurality of at |

| | least 100,000 nucleic acid sequences, used to assemble a respective gut

| | microorganism genome in the plurality of gut microorganism genomes

I

Fig. 2A
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(200 continued)
Moo ogs . =~ — — - - "7"""">"""""""""= |

I |
|| assign each respective nucleic acid sequence in the corresponding | |
| | plurality of at least 100,000 sequences to a respective gut microorganism | |
I in the plurality of gut microorganisms, thereby generate, for each | |
| respective gut microorganism in the plurality of gut microorganism, a |
corresponding count of respective nucleic acid sequences in the |

I corresponding plurality of nucleic acid sequences assigned to the | I
I respective gut microorganism, and determine, for each respective gut | |
| | microorganism in the plurality of gut microorganisms, the corresponding | |
| | genomic abundance value for the respective gut microorganism based on |
I the corresponding count of respective nucleic acid sequences assigned I
I |

— e —— e —— — — — — — — — — —— — — — — — — — — — — —

|£212) The plurality of gut microorganisms comprises at least 20 gut |
| microorganisms selected from Table 1, Table 2, or Figure A-XX. |

r(2141 The plurality of gut microorganisms comprises at least 20 microorganismsI

selected from those microorganisms in Table 1, Table 2, or Figure A-XX having
| a connectivity of at least 2.

| a radiation therapy, a gene therapy, a hormone therapy, a photodynamic |
therapy, a targeted therapy, small molecules, antibodies, polynucleotide |

natural compound, immune modulator, bone marrow therapy, stem cell therapy,
surgery therapy, induction therapy, maintenance therapy, or a combination |
thereof.

'
(B

Fig. 2B
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(200 continued)
|{2_201 The disorder is selected from the group consisting of type-2 diabetes, |
| hypertension, schizophrenia, atherosclerotic cardiovascular disease (ACVD),
| liver cirrhosis (LC), inflammatory bowel diseases (IBD), colorectal cancer (CRC), I
ankylosing spondylitis (AS), and Parkinson’s disease (PD), inflammatory bowel |
disease (IBD, rheumatoid arthritis (RA), or advanced melanoma and B cell |
|
|
I

I lymphoma.
F—— =
| (222) The disorder is cancer. |

(224) Input, for each respective training subject in the plurality of training subjects,
information about the respective training subject into a model comprising a plurality
of parameters. The model applies the plurality of parameters to the information
through at least 10,000 computations to obtain a corresponding output for the
respective training subject from the model. The corresponding output comprises a
prediction of the respective training subject’s response to the therapy, and the
information about the respective training subject comprises the corresponding
genomic abundance value for each respective gut microorganism in the plurality of
gut microorganisms, and the plurality of gut microorganisms are selected from Table
1, Table 2, or Figure A-XX.

[(2261 The prediction of the respective training subject’s response is a class !
output of a respective response, in a plurality of possible responses, of the
| respective training subject.

Fig. 2C
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(224 continued)

— — — — — — — — — — — — — — — — — — — — — — — — — —

| (228) The prediction of the respective training subject’s response is a |
| probability output for the respective training subject’s response. |

e e ———— —————— ——— ——— — — — — — — — — — —

|M The model is a neural network algorithm, a support vector machine |
algorithm, a Naive Bayes algorithm, a nearest neighbor algorithm, a boosted |
|trees; algorithm, a Random Forest algorithm, a convolutional neural network
|a|gorithm, a decision tree algorithm, a regression algorithm, or a clustering I
| algorithm. I

r[2321 The plurality of parameters is at least 1000, at least 10,000, at least |

I 15,000, at least 50,000, at least 100,000, at least 250,000, at least 500,000, or

[—F———— —— e — — —
|(234l The model applies the plurality of parameters to the information through I

at least 25,000, at least 50,000, at least 100,000, at least 250,000, at least |
I 500,000, or at least 1,000,000 computations to obtain a corresponding output [
for the respective training subject from the model. |

(236) Adjust the plurality of parameters based on, for each respective training
subject in the plurality of training subjects, one or more differences between (i) the
corresponding output from the model and (ii) the corresponding indication of the
respective training subject’s response to the therapy.

Fig. 2D
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(300) Obtain, in electronic form, a plurality of genomic abundance values
comprising, for each respective gut microorganism in a plurality of gut
microorganisms selected from Table 1, Table 2, or Figure A-XX, a corresponding
abundance value for the genome of the respective species of gut bacteria, in the
plurality of gut microorganisms, in a biological sample from the subject.

_________________________ -
|{3_021 Sequence genomic DNA from the biological sample from the gut of the |
|subject, thereby obtain the plurality of at least 100,000 nucleic acid sequences. |
e —
| (304) Obtain, in electronic form, a plurality of at least 100,000 nucleic acid

| sequences for genomic DNA from the biological sample from the gut of the

isvbject _ _ _ _ _ _ _ _ ______________1

| (306) Determine, for each respective gut microorganism in the plurality of gut
| microorganisms, the corresponding value for the abundance of the genome of
the respective gut microorganism from the plurality of at least 100,000 nucleic

acid sequences.
rree———————-—-—-—-—————_——=— |
| (308) Assemble, in electronic form, a corresponding plurality of gut

I
I
I
| |
: microorganism_ genomes by metagenomic_de novo sequence assembly | :
from the plurality of at least 100,000 nucleic acid sequences, and calculate,

I for each respective gut microorganism in the plurality of gut I I
: | microorganisms, the corresponding value for the abundance of the genome : |
of the respective gut microorganism based on the prevalence of respective
| Inucleic aopid sequgnces, in thge plurality of at least 1pO0,000 nucleic a(F:)id [ :
| |sequences, used to gssemble_a respective gut microorganism genome in |
| th(—; plgrallty of gut microorganism genomes corresponding to the respective | |
S ____ X
|1 |1
| |
| |
l |
| |
| |
l |
| |
| |
| |

(310) Assign each respective nucleic acid sequence in the plurality of at
lleast 100,000 sequences to a respective gut microorganism in the plurality |
| of gut microorganisms, thereby generate, for each respective gut
| microorganism in the plurality of gut microorganism, a corresponding count |

of respective nucleic acid sequences in the plurality of nucleic acid
| sequences assigned to the respective gut microorganism, and determine, |

for each respective gut microorganism in the plurality of gut |

microorganisms, the corresponding genomic abundance value for the |
| respective gut microorganism based on the corresponding count of [
| respective nucleic acid sequences assigned to the respective gut |
| microorganism.
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(300 continued)

(3122 The plurality of gut microorganisms comprises at least 20 microorganisms
selected from those microorganisms in Table 1, Table 2, or Figure A- XX having
| a connectivity of at least 2. |

— e e e e e S S G G S G G S—— S — C—— S—— G—— —— — — — — — —

| £316) The therapy is a biological therapy, an immunotherapy, a chemotherapy, |
a radiation therapy, a gene therapy, a hormone therapy, a photodynamic |
therapy, a targeted therapy, small molecules, antibodies, polynucleotide , |

|r1atural compound, immune modulator, bone marrow therapy, stem cell therapy,
surgery therapy, induction therapy, maintenance therapy, or a combination I

| thereof. |

|m The disorder is selected from the group consisting of type-2 diabetes, |
| hypertension, schizophrenia, atherosclerotic cardiovascular disease (ACVD),
| liver cirrhosis (LC), inflammatory bowel diseases (IBD), colorectal cancer (CRC), |
ankylosing spondylitis (AS), and Parkinsons disease (PD), inflammatory bowel |
disease (IBD), rheumatoid arthritis (RA), advanced melanoma and B cell |
| Iymphoma |
I
I

(322) Input the plurality of genomic abundance values into a model comprising a
plurality of parameters. The model applies the plurality of parameters to the plurality
of genomic abundance values through at least 10,000 computations to generate as
output from the model a prediction of the subject’s response to the therapy.

&

Fig. 3B
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(324) The prediction of the subject’s response is a class output of a respective |
response, in a plurality of possible responses, of the respective subject. |

— e e e e e S—— E—— E—— G G G GE—. S GE—— S S S GE—— GE—— Gm—— S——— S—— —— — —

| (326) The prediction of the subject’s response of the subject is a probability |
| output for the respective subject’s response. |

| (328) The model is a neural network algorithm, a support vector machine |

| algorithm, a Naive Bayes algorithm, a nearest neighbor algorithm, a boosted

|trees algorithm, a Random Forest algorithm, a convolutional neural network !
algorithm, a decision tree algorithm, a regression algorithm, or a clustering |
algorlthm |

330 The plurality of parameters is at least 1000, at least 10,000, at least
| 15,000, at least 50,000, at least 100,000, at least 250,000, at least 500,000, or
| at least 1,000,000 parameters. |

lm The model applies the plurality of parameters to the information through

at least 25,000, at least 50,000, at least 100,000, at least 250,000, at least I
| 500,000, or at least 1,000,000 computations to obtain a corresponding output |
for the respective subject from the model. |

(334) Treat the subject by: i) when the prediction of the subject’s response to the 1
|therapy satisfies a threshold likelihood that the subject will respond favorably to the |
therapy, administer the therapy to the subject; ii) when the prediction of the subject’s
response to the therapy does not satisfy the threshold likelihood that the subject will
respond favorably to the therapy, administer one or more of the plurality of gut |

| microorganisms to the subject.
—1

Fig. 3C
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