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Individualized Medicine from Prewomb to Tomb

Genome

Transcriptome

Proteome

Metabolome
Microbiome
Epigenome
Exposome
Social graph

Biosensors
Imaging

(Topol, Cell, 2014)
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Exogenous data
(Behavior, Socio-economic, Environmental, ...)

600/0 of determinants of health

Volume, Variety, Velocity, Veracity

-.1100 Terabytes

Generated per lifetime

6T1B

Genomics data

30°/o of determinants of health

Per lifetime
Volume
Clinical data
. 47TB
10% of determinants of health i 9’er lifetime
Variety :

Source: "The Relative Contrbution of Multple Determinants to Health
Outcomes”, Lauren McGover et al.. Health Affairs, 33. no.2 (2014)




The ultimate challenge - the human
genetic blueprint
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DNA Chip vs. NGS

o Next Generation
DNA Chip (microarray) Sequencing machines

(NGS)
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Decoding DNA

Whole genome sequencing Involves documenting each of the so-called base palrs
of nucleotides that make up some three blllion units of DNA In our genetic code.

1. The cetl: 2. The chromosome: 3. The gene: 4, The bases: The base
Within the Package of genes and Astretchof DNAthat  pairs alweys come together
nucleusis a other DNA that if contains the inthe same way—A with T
complete set  uncoiled would stretch  informetion necessary  and Gwith C But the

of all of our more than six feet. to make proteins, sequences along the
genes—called which meke up each molecule vary, encoding the
the genome. part of our bodies. gereticinformation.
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NANOPORE SEQUENCING

At the heart of the MINION device, an enzyme unwinds DNA,

feeding one strand through a protein pore. The unique shape of
each DNA base causes a characteristic disruption in electrical
current, providing a readout of the underlying sequence.

DNA double

DNA base helix

Unwinding enzyme
MinION MKI: portable, real time biclogical analyses

MinION

Protein pore
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Target Size:
Scale: 1

WGS

Whole genome

WES

v vy

Whole-exome (1%)

Targeted
Exome-seq

PCR amplicon

Transcriptome RNA

Exon capture transcriptome

# Structural variants
* Point mutations
* Copy number variation

Predominant applications:

I

Predominant applications:
* Point mutations
» Copy number variation

|

]

Predominant applications:
* Point mutations
* Deletions

Predominant applications:

» Gene expression
» Gene fusions
* Splice variants

Predominant applications:
» Gene expression

* Gene fusions

» Splice variants

3Gb

30Mb
0.01

1Mb (200 genes)
0.0003

File size for human germline WGS (30X)

* Image Data 16TB

* BaseCall/Quality score data 200GB

* Final Alighment output 1 TB

~30Mb

3Mb

(Nature Reviews Drug Discovery, 2013)
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APOE

APOE2
Chromosome 19

58 Arg

(Cure Alzheimer's Fund)
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A (GWAS: Genome-wide association studies)

Patients \ ‘ Non-patients

Patient DNA Non-patient DNA

Compare
differences
to discover

SNPs associated
with diseases

Disease-specific SNPS Non-disease SNPS
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Polygenic causes

New candidate genes
by GWAS+Network

co-functional
gene network
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VALIDATE H TEST (@  PRS CALCULATION

*

*

\0 eg. clumping J

EIREXEX
oL EEEEEE
Independent TEYRENE N
Samples o oy ’
BASE DATA TARGET DATA
at (. Summary statistics . Individual-level genotype and o)
g *  Betas/ORs weights in PRS phenotype data
_ calculation *  Often small sample size )
~ a o)
g Quality Control
2 . Both data sets QC’ed as standard in GWAS
g . Some QC requires special care in PRS eg. sample overlap,
relatedness, population structure (see Section 2)
& \- Retain set of SNPs that overlap between base and target data ,
.

- k- -

Generate PRS

+
Perform Association Testing

Out-of-sample PRS testing

K-fold cross-validation
* Test in data separate from base/target



UK Biobank Project

500,000 whole human genomes

Funding:
National Institute fo Ravaarcn Eof
atrol insti r meear: - T3
Health Research MRC |ceurcl -
NHS Genomic Medicine Centres
* Clinical samples and hospital data
* Laboratory processing including molecular pathology
* Broad consent for research and re-contact
UK Bicbank's 500,000+ participants - - o
: & = Clinical Data || Existing Clinical Data |
f - | gk Cancer &RD registries,
3 “' hiocentre" CakiAg * |dentifiable clinical data { HES, Mortality data, etc

Scctlne 36 000
pertcipath

DNA ‘é:.;;n;ples Eév * Longitudinal »n
for multi-omics . ‘ * Linked to genomic data J | |BSkHem

<
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Research Data ' Data and Analysis
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g - e * Psevdonymised ‘ Improvement

= | “U mina Genomics ...+ GeCIP and industry ‘ * Annotation & QC
3 s partners work within data ‘ + Scientists/SMEs
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centre |+ Product comparison

Clinicians & | = Training —
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UK Biobank Project

Our data can enable your vision to improve the world’s health

s
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OVER 19,000 GLOBAL
REGISTRATIONS

1,465 SCIENTIFIC
PUBLISHED PAPERS

UK 22%

INTERNATIONAL




Trans-biobank analysis with 676,000 individuals

The association of polygenic risk scores of complex traits with human lifespan

i Finland d. Meta-analysis
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Trans-ethnic meta-analysis
(Nature Medicine, 2020)



UK Biobank Project

Whole genome
sequencing

Whole exome Whole exome
sequencing data sequencing data
: 200,000 200,000

Genetic data release timeline

Genotype data

500,000
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Steve Jobs
1955-2011
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The Cancer Genome Atlas

NATIONAL CANCER INSTITUTE
THE CANCER GENOME ATLAS

TCGA@E

12 tumor types

TCoA produzed oyer
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Research Network

R -0 —EE
I I
e - G - EEEE)

57z 4
B = e

AE AUE BN M, A 21 57,
Qi 21} 7|8 A3}




S
<
Kir
JI
w
[=)
uy
ar
ul
o
o
~
_._._u

25,0008 ('20~'21)

x>
o

*

|.

o
—

=
o

Rl @0
o
o N8
T m® g o
S | m s 2 om @
S 8 8 |#8¢%
— < LN o_._._._ — X

Gl W

oo X

_®ly D

= o K X il
=2 0 = ol O _, H
0O o _._.__| oK 0
= T H | = = K
K 0T A K ml Ohu T o
&l m = KOl orar o K
mr o © <4 O
OF 71 = md | OF Kk = A
0 O 7 - oml Tl gl
of oK _.\AM o K oK @r 0 | o7 I ol
RN RIS 3
ob KE | oF Kl on_mﬂm_o T 30
of e K < oT - MR & o

e Lll _|

_u._u_._.Ao_._.__u_._ﬂ.Mo._ﬁmWM
IF o0 /I g N OF R m
TR o7 0 K o TR T
KT KKK U %o Fo ¢
ol Jol o T |l ©¥0 o | 3r KUl oK

ol ol K|o ol

1] T © Al 2

15 IR ) o

T ™3 ol

fol




(EeffEe)

Al SIAH 0]
AGT 40%0|& 1 G T of| &k

2|= HiColE
7= GiolE

HIo{2E 717]

il X2 7|2 1
< | M| cflo|E{

HE M7 e
S| CloEf

==2/ME =

24 fo|E

Allin Healthcare: Machine Learning and /" puug Discovery
Deep Learning Startups To Watch
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Deepleanﬁng
Cognitive
computing

classifying

prioritizing

interpreting
linking
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IBM 2=
cleveland clinic

resistant to treatments

Geisinger
MyCode clinical genomics

Pathway Genomics :
smartphon app of Huol=
personal genetic info :

genetic variant analysis ‘/ Drug development
Mendel.ai :v' Drug/treatment
clinical trial matching platform :  response
Sophia Genomics ‘/ Ca_mf:er ”S_'k
genome interpretation ;v Clinical trials
iCarbonX E
genomics & health factors :
=2 7| O|E =OF
/71€ HE



DATA
E\j
(A
= Phenotype Wearables

Lol
Genetic o a‘

Electronic Health
Health Insurance
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) Biosensors

» Anatome

~ B

The Virtual Medical Assistant

Inputs
» Social, behavioral
Genomics and omic layers

Output

p

Virtual health guidance

Immune system
Gut microbiome

Environmental

) Physical activity, sleep, nutrition
Medication, alcohol, drugs

/ Labs, plasma DNA; RNA
Family history

Communication, speech

) Cognition, state of mind

All medical history

World's medical literature, o
continually updated (Nature Medicine, 2019)
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