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Human whole genome sequencing cost

Cost per Human Genome
$100,000,000

$10,000,000

Moore’s Law
$1,000,000

$100,000

$10,000

National Human Genome
Research Institute

genome.gov/sequencingcosts
$100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019




Next generation sequencing (NGS)

Genomic DNA

-  Select ~200-300 bp fragments

¢ apply to flowcell
attach adapters to
create sequencing library
cluster generation by {
solid phase PCR i
— (bridae amnlification) H

sequencing by synthesis with reversible terminators

by ond Commerciaiization Centar
Asddlasdy



g at k d VARIANTS
best practices™ =i EEE :]
Sequencing L y

...... Raw SNPs + Indels [0 1
Raw Unmapped Reads yees Analysis-Ready Reads d
uBAM or FASTQ ] : J ; :

! H - [ Filter Variants ]
[ Map to Reference ] Call Variants Per-Sample H [

‘ HaplotypeCaller in GVCF mode : [ Refine Genotypes ]
| Raw Mapped Reads \ :

H I

GVCE m m E [ Annotate Variants ]
! Pl : ¥
[ MaTkcExiplicates ] P : Analysis-Ready [ \
I : H
Recalibrate Base § l-{ Consolidate GVCFs ]—J :
Quality Scores : 1 1

| : Joint-Call Cohort : [ Evaluate Callset ]
Analysis-Ready Reads : ol : o ‘A‘ o

BAM
Raw SNPs + Indels [

"""" [ Troubleshoot ] [ Use in prolectJ

36 threads => 36 hours https://software.broadinstitute.org/gatk/

S, KOGIC https://www.intel.com/content/www/us/en/healthcare-
.'_.» ped? it/solutions/documents/deploying-gatk-best-practices-paper.html



https://software.broadinstitute.org/gatk/
https://www.intel.com/content/www/us/en/healthcare-it/solutions/documents/deploying-gatk-best-practices-paper.html

Human whole genome sequencing

Human genome 3Gb X 3()|:|H—J|\—= 90Gb

sequencing data

wym sz oz 0.571TB/sample
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DNA Chip vs Whole genome sequencing (WGS)

If you printed all your DNA

DNA chip

23andMe
looks at

less than 1%
of your DNA

(equivalent to

CHA 2 Common HHO|E & 160 pages)

tA0| SHH2 = WL}

— -~

(6.4 billion letters), it would fill

4,200 books*

WGS

Veritas
sequences your
whole genome

(equivalent to
4,200 books)

A=THoff CHet #H0| mfet7ts

7Hol £0|X 9l HO| = 27

—~

or

et i

T
ikt

MATHk L

* Assuming that a book, like Darwin's Origin of Species, has 500 pages.

And this matters because having
your whole genome sequenced means:

More
® Useful Info

90%+ of relevant DNA
is distributed across
your genome

More A Resource
® Actionable ® for Life
Insights

Make better health &
lifestyle decisions with

clinical-grade results

https://www.veritasgenetics.com/whats-difference-between-genetic-testing-technologies



https://www.veritasgenetics.com/whats-difference-between-genetic-testing-technologies
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Genome wide association study (GWAS)

Manhattan plot of CAD additive meta-analysis results
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disease." Circulation research 118.4 (2016): 564-578.




CVD GWAS catalog variants

Refine search results

Publications

Traits

Catalog stats

+ Last data release on 2019-11-21
* 4298 publications

« 118283 SNPs

« 161525 associations

« Genome assembly GRCh38.p13
« dbSNP Build 152

« Ensembl Build 96

Search results for cardiovascular disease

GWAS Catalog

The NHGRI-EBI Catalog of published genome-wide association studies

cardiovascular disease

Examples: breast carcinoma, rs7329174, Yao, 2q37.1, HBS1L, 6:16000000-25000000

caraiovdsculidl aisedse DIOITAdIRET [medsurerne

cardiovascular disease biomarkers, such as ST2 cardiac biomarker and C-rea
for cardiovascular disease and as predictors for therapeutic responses

Associations () Studies €)

4,298 publications, 118,282 SNPs from GWAS catalog

égoelg;
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Morales, Joannella, et al. "A standardized framework for representation of
ancestry data in genomics studies, with application to the NHGRI-EBI GWAS
Catalog." Genome biology 19.1 (2018): 21.



° . Bezzina, Connie R., Najim Lahrouchi, and Silvia G. Priori. "Genetics of
M Onogen IC VS pOIVge NIC sudden cardiac death.” Circulation research 116.12 (2015): 1919-
1936.
Disease / phenotype threshold BrS, Brugada syndrome

CPVT, catecholaminergic polymaorphic ventri
Commonvariant  {2Chycardia

=
m -
association analysis DCN/, dilated cardiomyopathy
(SNP array) FRS, early repolarization syndrome
HCM, hypertrophic cardiomyopathy
% LQTS, long-QT syndrome
‘?—, Rare variant
§ association analysis
2 (WES/WGS)
:
g
2
Accumulation of
Mendelian Near- Oligogenic susceptibility
Mendelian poly ge nic variants

<« LQTS, CPVT, HCM
BrS, ERS, DCM —>
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Polygenic (genetic) risk score

. e i
S = Z Xjﬁ _nﬂl:\n\_ ﬁ \ Low score a“ﬂid FH patient at

lower risk

FH patient at
higher risk

Genetic Risk Score

Polygenic factors can influence the FH phenotype
CLINICAL APPLICATION OF PRS

A polygenic risk score (PRS) is calculated from many small genetic variants,
and can often be modified by lifestyle factors.

https://www.nature.com/articles/d42473-019-00270-w

80+ Mean : 12.11
SD:0.54

A\ NN A/ )N/, WSt

Some gene variants

confer very high risk

of getting a

particular disease -

but these are rare. + HE

oy o

e o ﬁ

ymwpc mmyc

4 PRS combined with
i lifestyle and clinical factors %

Some gene variants
confer very small risk
of getting a
particular disease -
these are common.

PRS uses the sum of all
4 known common
variants to calculate an
overall risk of getting a
particular dsisease.

Frequency (n)

N N SR

\ f—b (@) (2 12,0000
i+ which modify this risk, can \ 9 H ?f @
i inform treatment decisions N N N N/

i and the need to intervene

GRScap

Paquette, Martine, et al. "Polygenic risk score predicts prevalence of cardiovascular disease in patients
with familial hypercholesterolemia." Journal of clinical lipidology 11.3 (2017): 725-732.



https://www.nature.com/articles/d42473-019-00270-w

Cardiovascular disease risk prediction using
automated machine learning: A prospective
study of 423,604 UK Biobank participants

Ahmed M. Alaa®'*, Thomas Bolton??, Emanuele Di Angelantonio®?®, James H.
F. Rudd®*, Mihaela van der Schaar*®

N —
Al for CVD Risk prediction

1 University of California Los Angeles, Los Angeles, California, United States of America, 2 Department of
Public Health and Primary Care, University of Cambridge, Cambridge, United Kingdom, 3 National Institute
for Health Research (NIHR) Blood and Transplant Research Unit (BTRU) in Donor Health and Genomics,
University of Cambridge, Cambridge, United Kingdom, 4 Department of Cardiovascular Medicine, University
of Cambridge and Cambridge University Hospitals NHS Foundation Trust, Cambridge, United Kingdom,

5 University of Oxford, Oxford, United Kingdom, 6 Alan Turing Institute, London, United Kingdom

* ahmedmalaa @ucla.edu
Model AUC-ROC Absolute AUC-ROC Change
Framingham Score 0.724 + 0.004 Baseline model
Cox PH Model (7 core variables) 0.734 + 0.005 + 1.0%
Cox PH Model (all variables) 0.758 + 0.005 + 3.4%
Support Vector Machines 0.709 = 0.061 - 1.5%
Random Forest 0.730 + 0.004 +0.6%
Neural Networks 0.755 £ 0.005 +3.1%
AdaBoost 0.759 + 0.004 +3.5%
| Gradient Boostinﬁ 0.769 + 0.005 +4.5%
AutoPrognosis (7 core variables) 0.744 £ 0.005 +2.0%
AutoPrognosis (369 non-lab. variables) 0.761 + 0.005 +3.7%
AutoPrognosis (104 lab. variables) 0.735 +0.008 +1.1%
AutoPrognosis (all variables) 0.774 + 0.005 +5.0%




Omnigenic model

A Model: Most genes affect disease risk through
highly connected cellular networks

Degrees of separation
from core genes
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B Autoimmune GWAS hits affect shared and

tissue-specific regulation of immune cells

Autoimmune

GWAS SNPs

Null SNPs

Immune cellular network
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Boyle, Evan A., Yang I. Li, and Jonathan K. Pritchard. "An
expanded view of complex traits: from polygenic to
omnigenic." Cell 169.7 (2017): 1177-1186.

We propose that gene regulatory
networks are sufficiently interconnected
such that all genes expressed in disease-
relevant cells are liable to affect the
functions of core disease-related genes
and that most heritability can be
explained by effects on genes outside core
pathways.
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gene-regulatory-network
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/heritability

Pharmacogenomics : Warfarin

B 7-OHwarfarin|  [multiple other metabolites
(inactive) (inactive)

cyp2coR -

R-warfarin
(weak)

S-warfarin

p’

2
VKORC1

EPHX1

Vitamin K Vitamin K Vitamin K
inactive e‘poxlde reduced

CYP4F2

GGCX

profactors activated

variants in CYP2C9 and VKORCT contrioute to variable warfarn dosage.

Roden, Dan M., et al. "Cardiovascular pharmacogenomics." Circulation
research 109.7 (2011): 807-820.
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Pharmacogenomics

CI=0OfLt #H0|Q —
Q=7 ROl

Minor Allele Frequency heatmap for 79 Pharmacogenomics variants that are
common (MAF> = 0.1) and rare (MAF< = 0.005) in at least one 1KG population.

;'1:‘. KOGIC Lakiotaki, Kleanthi, et al. "Exploring public genomics data for population
o pharmacogenomics.” PloS one 12.8 (2017): e0182138.
2




Korean genome database
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Multi-omics

Als (7|

= oA

o
.,
=2 KOGI
*—o
*—e
%o, S
® s

o
Mg



Precision/Personalized medicine

ALY Y

Clinical Genome Sequencing Targeted Therapeutics
« Identify disease-causing mutations « Tackle molecular underpinnings
in patients and family members of specific disease subtypes
(e.g. cascade screening in FH) (e.g. PCSK9 inhibition via
antibodies in FH)

« Direct disease treatment (e.g. LQTS
subtype-informed drug selecti

« Clarify disease diagnoses

« Sequencing can aid placement
of patients into appropriate
clinical trials

<>

Genetic Risk Scores : I. x —
o Induced Pluripotent O O @)
« Risk of complex disease calculat S Cell E
from influence of many variants tem Cells .- — 1
(e.g. in coronary artery disease, » Model disease and test new
risk score discussion can affect therapies in vitro (e.g. testing

statin usage) calmodulin knockdown in LQTS)

« Association of genetic risk with « Potential source of autologous
disease outcomes can be as cells for transplantation (e.g.
strong as lifestyle risk iPSC-erythroblasts to treat

beta thalassemia)
CRISPR Genome Editing

« Potential to stop disease before
it starts (e.g. editing in HCM
embryos)

« Target disease at the DNA level
(e.g. editing of DMD in mice
can alleviate disease
symptoms)

- %

State-of-the-art genetic technologies are Dainis, Alexandra M., and Euan A. Ashley. "Cardiovascular precision

revolutionizing cardiovascular precision medicine. medicine in the genomics era." JACC: Basic to Translational Science 3.2
(2018): 313-326.




