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(200) Obtain, in electronic form, for each respective subject in a first plurality of
subjects having a first state of a biclogical characteristic a corresponding plurality of
genomic abundance values comprising, 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 biological sample from the gut of
the respective subject.

| (202) For each respective subject in the first plurality of subjects, the biological |
| sample from the gut of the respective subject is a fecal sample. |

| genomic DNA from the corresponding biological sample from the gut of the I
| respective subject, thereby obtain the corresponding first plurality of at least |
| 100,000 nucleic acid sequences. |

;-(2062 Obtain, in electronic form, for each respective subject in the first plurality |

of subjects, a corresponding first plurality of at least 100,000 nucleic acid
sequences for genomic DNA from a corresponding biological sample from the
| gut of the respective subject, and determine, for each respective subject in the
| first plurality of subjects, the corresponding genomic abundance value for each
| respective gut microorganism in the plurality of gut microorganisms from the
| corresponding first plurality of at least 100,000 nucleic acid sequences.

(208) For each respective subject in the first plurality of subjects,
I assemble a corresponding first plurality of gut microorganism genomes |
|1 by metagenomic de novo sequence assembly from the corresponding
| |first plurality of at least 100,000 nucleic acid sequences, and calculate, for
|| each respective gut microorganism genome in the corresponding first
| plurality of gut microorganism genomes, a corresponding genomic
I

I_abundance of the respective gut microorganism genome. |

|
|
|
|
|
|
| r e S e — = = = — — — — ||
|
|
I
|
|
|

Fig. 2A
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(200 continued)

I

| | each respective nucleic acid sequence in the corresponding first plurality |
of at least 100,000 sequences to a respective gut microorganism in the

I plurality of gut microorganisms, thereby generate, for each respective gut

| microorganism in the plurality of gut microorganism, a corresponding

| Icount of respective nucleic acid sequences in the corresponding first

| | plurality of nucleic acid sequences assigned to the respective gut

I

I

I

I

I

| the plurality of gut microorganisms, the corresponding genomic
abundance value for the respective gut microorganism based on the

Ic:orresponding count of respective nucleic acid sequences assigned to
the respective gut microorganism.

e c— ——e— —— —— —— — — —— —— — — — — — e—)

I
I
I
| microorganism, and determine, for each respective gut microorganism in |
I
I
I

I
(212) The first state of the biological characteristic is the absence of a disease |
| or disorder, the first state of the biological characteristic is a first severity of a |
disease or disorder, the first state of the biological characteristic is an untreated |
disease or disorder, the first state of the biological characteristic is a disease or |

| disorder treated with a first therapy, the first state of the biological characteristic
| is a first level of a nutrient in a diet, or the first state of the biological :
I

| characteristic is a first age.

(214) The plurality of gut microorganisms comprises at least 20 gut |
| microorganisms selected from Table 1, Table 2, or Table 3. |

Fig. 2B
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{216) Obtain, in electronic form, for each respective subject in a second plurality of
subjects having a second state of a biological characteristic, a corresponding
plurality of genomic abundance values comprising, for each respective gut
microorganism in the plurality of gut microorganisms, a corresponding value for the
abundance of the genome of the respective gut microorganism in a biological
sample from the gut of the respective subject.

|m For each respective subject in the second plurality of subjects, the |
| biological sample from the gut of the respective subject is a fecal sample. |
e e e e e e e e o e e o o o — o — o — — — — — —
| oot Qo o e T T e 1

(220) Sequence, for each respective subject in the second plurality of subjects,

genomic DNA from the corresponding biological sample from the gut of the I
| respective subject, thereby obtaining the corresponding second plurality of at |
| least 100,000 nucleic acid sequences. |

F———— — — — — =
(222) Obtain, in electronic form, for each respective subject in the second

plurality of subjects, a corresponding second plurality of at least 100,000 nucleic
I acid sequences for genomic DNA from a corresponding biological sample from
lthe gut of the respective subject, and determine, for each respective subject in

| the second plurality of subjects, the corresponding genomic abundance value

| for each respective gut microorganism in the plurality of gut microorganisms
|from the corresponding second plurality of at least 100,000 nucleic acid
sequences.

I
I
I
I
I
I
I
P o - — T
|{&Q For each respective subject in the first plurality of subjects, |
I
I
I
I
I

|

l ! _ : _

I assemble a corresponding second plurality of gut microorganism genomes
| by metagenomic de novo sequence assembly from the corresponding

I

I

I

| for each respective gut microorganism genome in the corresponding
| second plurality of gut microorganism genomes, a corresponding genomic

I

I

second plurality of at least 100,000 nucleic acid sequences, and calculate, |
|

. : _ I

| abundance of the respective gut microorganism genome. |

Fig. 2C
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(216 continued)
fe———— e e e e e e e — —

(222 continued)

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

|m The second state of the biological characteristic is the presence of the |
| disease or disorder, the second state of the biological characteristic is a second |
| severity of the disease or disorder, the second state of the biological |
characteristic is a treated disease or disorder, the second state of the biological
Ic:harac:teristi(: is a disease or disorder treated with a second therapy, the second |
state of the biological characteristic is a second level of a nutrient in a diet, or
the second state of the biological characteristic is a second age. |

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

(230) The plurality of gut microorganisms comprises at least 20 gut |
| microorganisms selected from Table 1, Table 2, or Table 3. |

Fig. 2D
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(232) Compute a first plurality of similarity metrics from the corresponding pluralities
of genomic abundance values across the first plurality of subjects, where the first
plurality of similarity metrics comprises a first corresponding similarity metric for
each unique pair of gut microorganisms in the plurality of gut microorganisms, and
the first corresponding similarity metric quantifies a similarity between (i) a
corresponding first vector formed by the corresponding genomic abundance values
of the first microorganism in the unique pair of gut microorganisms across the first
plurality of subjects and (ii) a corresponding second vector formed by the
corresponding genomic abundance values of the second microorganism in the
unique pair of gut microorganisms across the first plurality of subjects.

Y

{234) Compute a second plurality of similarity metrics using the corresponding
genomic abundance values for the second plurality of subjects, where the second
plurality of similarity metrics comprises a second corresponding similarity metric for
each unique pair of gut microorganisms in the plurality of gut microorganisms, and
the second corresponding similarity metric quantifies a similarity between (i) a
corresponding second vector formed by the corresponding genomic abundance
values of the first microorganism in the unique pair of gut microorganisms across the
second plurality of subjects and (ii) a corresponding second vector formed by the
corresponding genomic abundance values of the second microorganism in the
unique pair of gut microorganisms across the second plurality of subjects.

Y

Fig. 2E
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{236) Determine a set of unique pairs of gut microorganisms in the plurality of gut
microorganisms based on the first plurality of similarity metrics and the second
plurality of similarity metrics, for each respective unique pair of gut microorganisms
in the set of unique pairs of gut microorganisms, where the first corresponding
similarity metric and the second corresponding similarity metric both indicate a
statistically significant positive correlation between the abundance of the first gut
microorganism and the abundance of the second gut microorganism in the
respective unique pair of gut microorganisms, or the first corresponding similarity
metric and the second corresponding similarity metric both indicate a statistically
significant negative correlation between the abundance of the first gut
microorganism and the abundance of the second gut microorganism in the
respective unique pair of gut microorganisms.

[ ———— e e e e e —— —
| (238) The first corresponding similarity metric and the second similarity metric I

are both a Pearson correlation coefficient, an intraclass correlation coefficient,
or arank correlation coefficient. |
—

10.001.

Fig. 2F
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(242) Identify a set of gut microorganisms comprising respective gut
microorganisms represented in the set of unique pairs of gut microorganisms.

| (244) Cluster the respective gut microorganisms represented in the set of

| unique pairs of gut microorganisms into one of more networks, each respective
| connected network comprising a corresponding plurality of nodes and a

| corresponding set of one or more edges.

|| represents a unique gut microorganism represented in the set of unique I
| | pairs of gut microorganisms.

| | (248) Each respective edge in the corresponding set of one or more |
| | edges connects two nodes representing a respective unique pair of gut |
| microorganisms in the set of unique pairs of gut microorganisms. |

| | (250) Each respective node in the corresponding plurality of nodes is |

| connected to at least one other respective node in the plurality of nodes |
| | through a respective edge in the corresponding set of one or more edges. |
I

| 252) Identify the respective network in the one or more networks comprising |
|the most nodes, thereby identify the set of gut microorganisms represented by |
Ithe corresponding plurality of nodes in the respective network. |

| (254) The set of gut microorganisms comprises all respective gut |
| microorganisms represented in the set of unique pairs of gut microorganisms. |

— e e— — — e—— — ——— — — — ——— — —— ——— — — — — —— — —— — — — —
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(300) Obtain, in electronic form, for each respective training subject in a plurality of
training subjects: (i) a corresponding plurality of genomic abundance values
comprising, 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, and (ii) a corresponding state of a biological
characteristic of the respective training subject.

[ o191 Qo mms fmr o et e e Tt T S ol ot e e T 1

{302) Sequence, for each respective subject in the plurality of training subjects,

genomic DNA from the corresponding biological sample from the gut of the I
| respective training subject, thereby obtain the corresponding plurality of at least |
| 100,000 nucleic acid sequences. |

e e e e e e e e— e e e e— e— e— E— e— e— —— — — ———

(306) The plurality of gut microorganisms comprise at least 20 gut |
| microorganisms selected from Table 1, Table 2, or Table 3. |

| selected from those microorganisms in Table 1, Table 2, or Table 3 having a
| connectivity of at least 2.

| 310) For eachTespective training subject in the plurality of training subjects,
obtain, in electronic form, a corresponding plurality of at least 100,000 nucleic |
acid sequences for genomic DNA from the corresponding biological sample |
Ifrom the gut of the respective training subject, and 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 first plurality of at least 100,000 nucleic |

Fig. 3A
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(300 continued)

r

| (310 continued)
r

|{3_12) For each respective training subject in the plurality of training I
| subjects, assemble a corresponding plurality of gut microorganism |
genomes by metagenomic de novo sequence assembly from the |
ICorresponding plurality of at least 100,000 nucleic acid sequences. |
| Calculate, 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 based on the prevalence of I
| respective nucleic acid sequences used to assemble a respective gut |
microorganism genome in the plurality of gut microorganism genomes I
I corresponding to the respective gut microorganism. |

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

(316) The biological characteristic is a disease or disorder, a therapy

I administered to the subject, or a diet of the subject.

| (318) The disease or 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
!farkinsoné@“"s disease (PD).

(- e e e —————————————— — — — — — — —

(320) The disease or disorder is cancer. |

B)

Fig. 3B
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(322) 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 an
indication of the corresponding state of the biological characteristic of the respective
training subject, 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. The plurality of gut microorganisms are
selected from Table 1, Table 2, or Table 3.

r{324[ The indication of the corresponding state of the biological characteristic is I

| a class output of a respective state, in a plurality of possible states, of the

_________________________ -
| (326) The indication of the corresponding state of the biological characteristic is |
:_a probability output for the corresponding state of the biological characteristic. |

— e —— — — —— — — — —— —— — — — — — — — — — — — — —
[ e e — — —— — — — — — — —— — — —— — — — — — — —

Im 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

| algorithm.

r{3302 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———— — — s
| (332) 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 training subject from the model. |

Fig. 3C
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(334) adjust the plurality of parameters based on, for each respective training
subject in the first plurality of training subjects, one or more differences between (i)

the corresponding output from the model and (ii) the corresponding state of the
biological characteristic of the respective training subject.

Fig. 3D
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{400) Obtain, in electronic form, a plurality of genomic abundance values
comprising, for each respective gut microorganism in a plurality of at least 20 gut
microorganisms selected from Table 1, Table 2, or Table 3, a corresponding
abundance value for the genome of the respective species of gut bacteria, in the
plurality of at least 20 gut microorganisms, in a biological sample from the subject.

_________________________ =
I (402) Sequence genomic DNA from the biological sample from the gut of the |
I subject, thereby obtain the plurality of at least 100,000 nucleic acid sequences. |
e e e e e -

| selected from those microorganisms in Table 1, Table 2, or Table 3 having a
| connectivity of at least 2. |

| (408) 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
Isubject; and 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.

| | —m——— e e e - -
| (410) Assemble, in electronic form, a corresponding plurality of gut 1

| microorganism genomes by metagenomic de novo sequence assembly I
| from the plurality of at least 100,000 nucleic acid sequences, and |
| calculate, 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 based on the prevalence of I
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
| corresponding to the respective gut microorganism. |

Fig. 4A
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(400 continued)

408 continweqy '

! F(d72] Assign, each respecfive nucleic acid sequence in the plarality of at. ™
I | least 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 |
| Iof 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 l
| respective gut microorganism based on the corresponding count of |
| | respective nucleic acid sequences assigned to the respective gut |

(414) 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 an indication of the health of the subject.

;-{4161 The indication of the health of the subject is an indication of a biological |

characteristic. The biological characteristic is a disease or disorder, a therapy

I
I
| (418) The disease or disorder is selected from the group consisting of I |
| |type—2 diabetes, hypertension, schizophrenia, atherosclerotic | |
| | cardiovascular disease (ACVD), liver cirrhosis (LC), inflammatory bowel |
| ,diseases (IBD), colorectal cancer (CRC), ankylosing spondylitis (AS), and I
| lI_Darkinsoné€T”'s disease (PD). :
I
I

SUBSTITUTE SHEET (RULE 26)
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(414 continued)

_________________________ -
I (422) The indication of the health of the subject is a class output of a respective |
state, in a plurality of possible states, of the health of the subject. |

P —— — —— — — — — — — — — — — — — — — — — — — — —

| (424) The indication of the health of the subject is a probability output for the I
| corresponding state of the health of the subject. |

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

(426) The model is a neural network algorithm, a support vector machine |
algorithm, a Naive Bayes algorithm, a nearest neighbor algorithm, a boosted |
Itrees algorithm, a random forest algorithm, a convolutional neural network
| algorithm, a decision tree algorithm, a regression algorithm, or a clustering |
| algorithm. |

I-(4282 The plurality of parameters is at least 1000, at least 10,000, at least l
I 15,000, at least 50,000, at least 100,000, at least 250,000, at least 500,000, or

[—F—————— — ———— e ———————
| (430) 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 training subject from the model. |

Fig. 4C
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53/136

Run  WTPDiet* Follow-up
In Usual Care Follow-up
— - ® > &
-0.5 0 3 15 months
(MQ) (M3) (M15)

“WTP: whole grains, traditional Chinese medicinal food and prebiotics

(W) N=67 ; treatment group;

Baseline
Receive WTP diet for 3 month

One-year follow-up after withdrawal of
WTP diet in the 3™ month

(U) N= 28; control group;

»  Baseline

»  Receive Usual care for 3 month as control

»  One-year follow-up

FIG. 24
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54/136

Shotgun metagenomic sequencing

{} De novo assembly

Each sample was de novo assembled to get contigs
{On average, 66,994 contigs]

Contig binning

Contigs in each sample were binned
[26,296 bins]

Quality control

(Genomic integrity > 95%, Contamination < 5%
Consistency of genome < 5%
{4,125 high quality draft genomes]

< > Dereplication

1,845 high quality and non redundant draft genomes

Raw Reads Raw Bases| High Quality Reads | High Quality Bases
Mean 91,5 million 13.7 G 86.5 million 128G
Minimumi 61.3 million 9,26 56.9 million 356G
Maximurmi 135.0 million | 20.2G 125.0 million 183G
FIG. 25
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