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2B EEH1EE (Omnigenic Model)

Model: Most genes affect disease risk through
highly connected cellular networks
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Intetumour heterogeneity
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Nature 2013, 501:338
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Computational analysis

; ' T Diary‘ {food, sleep, physical activity) .
Gut microbiome ,-"ﬁ s \ Using smartphone-adjusted website PPGR

Per person profiling

: prediction

Metagen 5435 days, 46,898 meals, 9.8M Calories, 2,532 exercises

Continuous glucose monitoring
Using a subcutaneous sensor (iPro)

Blood tests
130K hours, 1.56M glucose measurements

Questionnaires - - S
" s Standardized meals (50g available carbohydrates) Valldatmn
Lifastyle Day1 Day2 Day3 Day4 Day5 Day6 Day7 cohort

Medical @@@@E ‘ gh\

Anthmpomﬂr’iﬂﬁ (% Bread Bread Bread & Bread & Glucose Glucose Fructose
\ butter  butter 100 Participants 26 Participants

Cell 2015, 163: 1079
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Measure personal Predict personal
features for 800 people glycemic responses

Microbiome

Blood tests

Questionnaires

Personalized Nutrition
Anthropometrics Predictor

Food diary

Design personalized diet
Cell 2015, 163: 1079 to lower glycemic responses
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Precision Medicine

National Research Council (2011-11)

Toward Precision Medicine: Building a Knowledge Network
for Biomedical Research and a New Taxonomy of Disease

Google Maps: GIS layers Information Commons
Organized by Geographical Positioning Organized Around Individual Patients

Exposome

T '
ransportation Signs and Symptoms

Land Use
Genome

Structuras : ]
Microbiome

Postal Codes
© Other Types of Patient Data

Raster Imagery
- 7 Individual Patients
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Clinical Medicine
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Genotype 1:

Coactivators ; ; : :
I expression in adipose tissue

{ response to anti-diabetic drug

Genotype 2: { ¥ expression in adipose tissue
> \) P +>response to anti-diabetic drug
S

AGTTCA | SNP disrupts motif and binding

S Y- Precision Medicine:
fm e Gengtype 1 | Metabolic Disease Predisposition
8 fﬁ rnunwnn“unx Personalized Pharmacotherapy

Genotype 2 Cell 2015, 162:33
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WT primers MUT primers

Steps 1 and 2:
in situ PCR
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(specific-to-allele PCR-FISH)
Nature Genetics 2015-8-24
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Liver Disease

'||‘1I‘wh'm Peddi HITW'W Pidieeer.. +

Disease

- 0

2017,169:1327 Hepatocellular Carcinoma

T N e ey

ey

sequence Copy number mRNAseq MicroRNAseq Methylomics Proteomics

i v = -
(‘significantly ) [ Gene ) (~ Integrated T
Mutated Deletion - Sub-group Insertional Hyper-

Genes Amplification Classifiers Activation methylation
CTNNB1A COKNZA WNT  SHH

psg | LETRI CCND Al MLLA COKNZA  HHIP RTK/IRAS
i - RB1 iCluster e
ey, EEFIAT i . TERT O PS3RE1
P gramr || ERREN p53 signature CONE1 Chromatin mad.

AlLR MET r2i MTIM CRPSY Metabolic
SIMARCAL IDH172-like

AFOB Immunclogic \_ ) kr'&pruglamming
~ / B\ .

Pathway
Analysis




12 BB TR 4 3R

=
i
F

"']’ L .' . - e
. Y B - gy B B, [l
i N1 Radah | U-.:’""I ii"lii
NG~
«"Ex . — ’ it

-

Wi -
|
B\
i

R AR




The Cancer Genome Atlas (TCGA)

Canada

e Pancreatic cancer
(ductal adenocarcinoma) g

United States

| - Through the Cancer Genome Atlas

¢ Ovarian cancer

* Brain cancer
(glioblastoma multiforme)

¢ Lung cancer
(squamous-cell carcinoma)

* Lung cancer
(adenocarcinoma)

¢ Acute myeloid l[eukaemia

* Colon cancer
(adenocarcinoma)

¢ Others

Britain
e Breast cancer
(ER-, PR-, HER-)
¢ Breast cancer (lobular)
* Breast cancer (ER+, HER-)
- European Union sponsored

; ~
Spain 1‘{]’
* Chronic i

lymphocytic

leukaemia

=

France

» Breast cancer
(HER2 overexpressing)
e Liver cancer |ta |y
(alcohol-associated)
® Renal-cell carcinoma
- European Union sponsored

ALL TOGETHER NOW

Eleven countries have signed on to sequence DNA from 500 tumour samples for

India

e Oral cancer
(gingivobuccal)

/g Number of

Germany

» Paediatric brain tumours
(medulloblastoma,

pilocytic astrocytoma)

China

» Gastric cancer

Japan
* Liver cancer
(virus-associated)

* Rare pancreatic cancers
(enteropancreatic endocrine,
pancreatic exocrine)

Australia

e Pancreatic cancer

each of more than 20 cancer types for the International Cancer Genome Consortium.
Each cancer type is estimated to cost nearly US$20 million to sequence.

HarkMEEEHZHE: 20 PB (1015 bytes)

(ductal adenocarcinoma)
¢ Ovarian cancer

i o cancer types
</ being sequenced !
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Personal Omics Profiling Reveals Dynamic Molecular

and Medical Phenotypes
Cell 2012, 148:1293
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Dynamical Data for 400 Days

Integrated Omics clustering

Transcriptome .
Proteome RSV Infection —+ Healthy:
Metabolome Integrated omics

Autocorrelated data clusters

EL LN IR AP

Full Reactome (Fl) known pathway map
for cluster:

Example pathway:
Protein processing
in endoplasmic
reticulum

-6 & &0 & 6 &
8@ @ @86

Dynamic expression pattern observed in:
@ ANA O Protein ’ Both RNA + Protein

Example pathway:

Phagosome

Example pathway: @y ELn
Lysosome

Example pathway:
Insulin i
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Proteins
302

Metabolites

722

SSPG, annual OGTT
H H

H

Healthy quarterly baseline

8§88 § S H
Infection/immunization

H H

H H

H

H

SSSS S HSS

Others (antibiotics, travel, colonoscopy and so on)

¢Plasma> -’
i

Genomic data |
106 genomes |

Transcripts

13,37

" Clinical tests

51

‘Wearables

Microbiome

\

Taxonomy
3,805

A

Predicted genes\

6,909

e

Taxonomy
2,274 4

\

(Predicted genes )

6,909

o

Cytokines
62

824 _ _
. - Insulin-resistant

Insulin-sensitive
Undetermined

Number of visits

H: Healthy vists
S: Stress visits

Analyte 1 7
Analyte 2
Analyte 3

1

Multi-omic measurements

:ﬂ.naiyte n _

Longitudinal sampling
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| = Matabolomics: 80.10%
| All omes combined: 88.0%

m— Metabolomics: 77.40%
weee  Proteomics: 76.0%
Cytokines: 76.80%
: Lab clinical data: 65.0%
i ...1 ........... e~ PEMC Cﬂ‘”t]l'p'ﬂS'.ﬁz.w% |
: | = GUL microbiota: 62.10%
s Masal microbiota: 60,00%

i . | === Proteomics: 77.10%
0.4_Ir 4 _ Cﬂukingsr?ﬁiguﬂ,{:

i i Lab clinical data: 67.50%
e PBMC cell types: 62.00%
| GUt microbiota: 60.60%
| s Nasal microbiota: 60.00%

| s Transcriptome: 52.20%

True Positive rate (Sensitivity)

0.2

True Positive rate (Sensitivity)

u-u,_ ! o - TRANISCFiptome: 52.30% 1

00 02 04 06 08 1.0 D B3 0% GB6 0E b
False Positive rate (1 - specificity) False Positive rate (1 - specificity)

Logistic Regression Model Support Vector Machine Model
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The Precision Medicine Initiative Cohort MWk XY= = 81§
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Table 2.1: Timeline when expected PMI cohort capabilities will be realized. The estimated timeline for
focused research for each type of investigation is indicated by the number of “+" characters in each cell.

VR g Time in years
ETEAERABMINGSR — = —_—_—
1. Discovery of disease risk factors + +++ +++ 4+
” 2. Pharmacogenomics + +++ +++ -+
2 | 3. Discovery of disease biomarkers + ++ +++ +++
E 4. mHealth connections with disease
S | outcomes i e B
S |5, Impact of loss-of-function mutations + S +++
E 6. New classifications of diseases + +++ +++
9 | 7 Empowering participants +++ +++ +++ 4+
8. Clinical trials of targeted therapies 3 PP 4t
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