
Realizing the Potential of Genomics across the Continuum of Precision Health Care

How far have we come
— and how far do we have to go?

Euan Ashley BSc, MB ChB, FRCP, DPhil 
Roger and Joelle Burnell Professor of Genomics and Precision Health
Associate Dean
Stanford University



The dream…

A genome
• for anyone who wants it
• when they want it
• integrated into their medical record
• ready to warn of risk for thousands of diseases

• ready to inform prescribing
• seamlessly and securely connected to the genomes and 

medical information of millions around the world
• linked to a constantly updated anthology of medical 

evidence connecting genetic variation and risk of 
disease 

Futurism is a potent 
driver of creative ideation
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Cost – discussion pointsSequencing includes long and short read technology

Recent (2022) patent expiry of SBS led to entry of 
several new players to the market. Cost is predicted 
but accuracy of these technologies is not yet 
established.

Applications include sequencing high depth, low 
depth, and counting applications.

Cell free DNA/RNA is short, so applications are more 
about cost/Gb which favors short read technology

Germline and somatic sequencing requires accuracy in 
low complexity, highly polymorphic, or structurally 
variant areas of the genome which favors long read 
technology

Although sequencing costs have reduced, ancillary 
costs have come down less:

analysis costs
cloud/compute costs
human curation costs

Most clinical genomes are still billed at thousands of 
dollars (~3-12k)

Major sequencing providers Sequencing 
approach

Illumina (/CLR) short (/long “synthetic”)

Pacific Biosciences (/Omniome) long HiFi (short SBB)

Oxford Nanopore long nanopore

Element Biosciences Short (SBB)

Ultima Genomics Short (large, circular wafer)

Singular short

MGI short

Thermo Fisher / Iontorrent short

Genapsys short



COST

ACCURACY

SPEED

IMPLEMENTATION & 
INTEGRATION



Precision medicine 
needs to be 

accurate medicine

Nature Reviews Genetics 17 (507-522)



JAMA 2014 311:1035-44 2014 Percentage of gene not callable

10%5%0 Rick Dewey

Megan Grove

Standard 
exome, 
30x Hiseq, 
Hiseq X

Filled 
exomes

60x 
Novaseq



Major improvements in accuracy

• Benchmark dataset greatly 
expanded including with 
indels

• Dataset included difficult to 
sequence areas including 
MHC

• 64 submissions, 20 teams
• Winners: Sentieon, DRAGEN, 

Google (Genomics/Health), 
Seven Bridges, UCSC, Wang 
Lab, Roche Sequencing 
Solutions

• Data (fastqs) from Illumina NovaSeq, PacBio HiFi 
(Sequel 2), Nanopore PromethION

• Trio data

GIAB: Truth competition v2, June 2020



Nature Methods 18, 1322–1332 (2021)





Most rare disease genome studies:

• Show a diagnosis rate for ES or GS of 30-
50%

• Show that most findings are actionable 
(79% in UDN study)

• Show medical costs are reduced (by 94% in 
UDN study)
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2012: 50 hours
2014: 42 hours
2015: 26 hours
2018: 19.5 hours

Sci Tr Med 2012: 154: 1-13
Heart Rhythm 2014 11:1707-13
PNAS 113 (41) 11555-11560



March 2022



The human genome project

Quake genome
Guinness World 

Records for 
fastest diagnosis

Gorzynski et al 2021
Long read 
genomes

Speedy genomes

Kingsmore 2021

Early Illumina genomes

Hours



Top

Top speed: 199mph
New top speed:
New comparator vehicle required

32,000,000 mph
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https://www.biorxiv.org/content/early/2016/02/29/039651



https://www.biorxiv.org/content/early/2016/02/29/039651



"We're trying to help liberate 
genomics from the PDF 

report"

July 2022



Whole genome backbone for all genetic tests
40-45x short read coverage
in silico exome
in silico cardiovascular/renal panels
higher accuracy
improved SV detection

+ Polygenic risk scores to panel testing
Cardiovascular (CAD -> DM, LVH, EDV, AF)
Germline cancer panels (prostate, breast/ovarian)

+ Pharmacogenomics
Pain (PPI, anti-emetics)
Depression
cardiovascular (statin, P2Y12)

February 2021



Headwinds and Challenges

Diagnostics remains grossly under-valued compared to 
therapeutics.

It remains unclear who should pay for diagnostics
health care systems
payors incl CMS
pharma
self

There remains very little integration of genomic data with 
health care data in delivery

Rx Market cap 
(billions $) Dx Market cap 

(billions $)

Johnson & Johnson 422 Labcorp 19

Eli Lilly 309 Quest 14

Pfizer 235 Exact 6

Abbvie 243 Guardant 5

Merck 229 Natera 4

Abbott 177 Invitae 0.5

BMS 147 Sema4/GeneDx 0.4

Data as of 10/10/2022
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Genomic medicine 

Rare 
disease

Cancer
Inherited risk

The historical landscape of

Undiagnosed disease

Molecular classification of known disease



Genomic medicine 

Non-invasive prenatal 
testing

Rare 
disease

Infectious 
disease 

Transplant rejection

Circulating 
cell free DNA

Cancer
Inherited risk

Tumor sequencing

Liquid biopsy for cancer

Pharmacogenomics

Panels, selectively

Organism 
sequencing

The current landscape of

Undiagnosed disease

Early detection

Molecular classification of known disease



Genomic medicine 

Non-invasive prenatal 
testing

Rare 
disease

Infectious 
disease 

Transplant rejection

Circulating 
cell free DNA

Cancer
Inherited risk

Tumor immuno-genomics

Liquid biopsy for cancer

Pharmacogenomics

Common 
disease

EMR integration

Organism 
sequencing

Integrated 
predictive 
analytics

The future landscape of

Undiagnosed disease

Early detection

Minimal residual 
disease

Mendelian, oligo, 
polygenic 

architectures

Molecular classification of known disease

Microbiome

& RNA



Conclusions
• We have come a long way in a short time
• The genome: a $3bn multinational, 10-year effort can now 

be completed for single individuals for $100 in a few hours
• Accuracy has improved dramatically
• Long read sequencing provides advantages in clinical 

genomics
• While today’s major application is in rare and undiagnosed 

disease, near-term applications beyond this are expansive

• There is still work to do
• Equity: a genome for everyone who wants one
• Diversity: population cohorts must represent genetic 

diversity
• Inclusion: patients and families should be at the center of 

all our planning and decision-making
• Efforts should be focused on accelerating integration with 

health care processes beyond lab billing but actually at the 
point of care

• It is long past time that payors realize the patient benefits 
and cost savings of implementing genomics

genomebook.info




