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GENOMES AND PRECISION MEDICINE RESEARCH

Single nucleotide 
variants (SNVs) 

and disease

https://www.ebi.ac.uk/gwas/

CFH and age-related 
macular degeneration
rs10611790 (Y402H)

MAF ~30%



GENOMES AND PRECISION MEDICINE RESEARCH

Single nucleotide 
variants (SNVs) 
and disease

https://www.ebi.ac.uk/gwas/

3,541 publications
69,969 SNP-trait associations



GENOMES AND PRECISION MEDICINE RESEARCH

Genome-wide arrays

Illumina whole-genome arrays

~700,000 -millions variants

~$40 - $140/sample

Limited to known variants

Mostly common variants

European bias*



GENOMES AND PRECISION MEDICINE RESEARCH

Single nucleotide 
variants (SNVs) 
and disease

Cardioprotection and APOC3
splice site, nonsense, and 

missense mutations
MAF <1%

NEJM (2014) 
371:22-31



GENOMES AND PRECISION MEDICINE RESEARCH

Sequencing

Millions to billions of bases

~$750 - $1,500/sample

Assays known and unknown variants

Common, rare, and everything in 
between

Lower throughput

$$$



THE EVOLUTION OF SEQUENCING

First generation sequencing (mid-1970s)

Heather and Chain (2016) Genomics 107:1-8

Maxam-Gilbert
“Chemical sequencing”
• Add radioactive P32 to 5´ phosphate of DNA

• Add chemical treatments to selectively 
remove DNA bases

• Run on gel to infer position



THE EVOLUTION OF SEQUENCING

First generation sequencing (1977)

“Chain Termination”
• Incorporate radio- or fluorescently 

labeled dideoxynucleotide
triphosphates (ddNTPs)

• ddNTPs terminate polymerization

• Run on gel to infer position

Sanger Sequencing

Heather and Chain (2016) Genomics 107:1-8



THE EVOLUTION OF SEQUENCING

First generation sequencing (1977-present)

Sanger, Nicklen, Coulson (1977) 
PNAS 74:5463-5467

https://en.wikipedia.org/wiki/Nucleic
_acid_sequence

Fluorescent
Gel-based

One sample per lane

Radioactive
Gel-based

One base per lane



THE EVOLUTION OF SEQUENCING

First generation sequencing (1977-present)

ABI 370A (1986)

Photo credit: Giac83 on wikimedia

ABI 310
(1995)

Photo credit: Jacopo Werther on wikimedia

ABI 3700
(1999)

Springer (2006) American 
Laboratory News



THE EVOLUTION OF SEQUENCING
First generation sequencing (1977-present)

Throughput improved but 
limited by 

• Separation methods

• Ability to parallel sequencing

Stratton, Campbell, Futreal (2009) Nature
458:719-724

“Next generation” sequencing



THE EVOLUTION OF SEQUENCING

Next generation sequencing (2005-present)

Sequencing by synthesis (SBS):

• Tracks bases being added to growing DNA strand

Pyrosequencing (Roche 454)

• Uses natural nucleotides (dATP, dTTP, etc)
• Detection based on pyrophosphate released during 

polymerase reaction

Rogers and Venter (2005) Nature 437:326-327



THE EVOLUTION OF SEQUENCING
Next generation sequencing (2005-present)

Throughput improved greatly improved, but

• Reads were short (80-120 bases)

• Less accurate than Sanger (repeats, etc.)

• Need paired-end for de novo sequencing

Stratton, Campbell, Futreal (2009) Nature 458:719-724



Reuter, Spacek, Snyder (2015) Molecular Cell 58:586-597

THE EVOLUTION OF SEQUENCING

Next generation sequencing (2005-present)

Trends in next-gen

• Longer reads

• Accuracy

• Price $$$$$$



THE EVOLUTION OF SEQUENCING

Illumina HiSeq X Ten (2014)

$1,000 genome 

1.8 TB in <3 days

18K genomes/year

Genomes only

Illumina NovaSeq 6000 (2017)

$100 genome?

80 GB-6 TB in 1-2 days

3-48 whole genomes/run

Genomes, exomes, RNA-Seq, 
ChIP-Seq, etc

https://www.ecseq.com/support/ngs/do_you_have_two_colors_or_four_colors_in_Illumina



PRECISION MEDICINE RESEARCH SEQUENCING

https://www.illumina.com/documents/products/illumina
_sequencing_introduction.pdf

Enables population-scale 
whole genome sequencing 
for research



PRECISION MEDICINE RESEARCH

SEQUENCING

50,000 (2018-2019)

10,000 plus 
>34,000 (2018-2019)

http://nhlbi.sph.umich.edu/report/



PRECISION MEDICINE RESEARCH SEQUENCING

Aims to ascertain 
• At least 1 million US residents
• Representative of the population

Willing to provide
• Biospecimens
• Health data (EHRs)
• Lifestyle/behavior data

Longitudinally

(Photo credit:  Dr. Janina Jeff at the 2017 New Balance Bronx 10 Mile)

All of Us Research Program
Newsletter September 2018



DATA FROM PRECISION MEDICINE RESEARCH

SEQUENCING

A catalog of single 
nucleotide variants 

(SNVs) in diverse 
populations

Popejoy and Fullerton (2016) Nature 538: 161-164 



DATA FROM PRECISION MEDICINE RESEARCH

SEQUENCING

Variant servers with SNVs 
from diverse populations

Bush et al (2016) Clin Pharmacol Ther 100:160-169

Now includes eMERGEseq and 
PGRNseq with >24,000 samples 
and 1,138 genes



DATA FROM PRECISION MEDICINE RESEARCH

SEQUENCING
Variant servers with SNVs 
from diverse populations

>6,000 samples
http://evs.gs.washington.edu/EVS/

>60,000 samples
http://exac.broadinstitute.org/
>123,000 whole exome sequences
>15,000 whole genome sequences
http://gnomad.broadinstitute.org/



DATA FROM PRECISION MEDICINE

RESEARCH SEQUENCING

https://bravo.sph.umich.edu/freeze5/hg38/



DATA FROM PRECISION MEDICINE

RESEARCH SEQUENCING

Example TOPMed
variant data



SEQUENCING AND PRECISION MEDICINE RESEARCH

EXAMPLES

General genotype-phenotype studies have been somewhat 
disappointing 

Rare variant analysis will require

• Large (>10K) sample size

• “Careful” statistical analyses

Do et al (2014) Nature 518:102-106



SEQUENCING AND PRECISION MEDICINE RESEARCH

EXAMPLES

General genotype-phenotype studies have been somewhat 
disappointing Natarajan et al (2018) Nat Comm 9:3391 

“At these sample sizes and for these 
phenotypes, the incremental value of 
WGS for discovery is limited but WGS 
permits simultaneous assessment of 
monogenic and polygenic models to 
severe hypercholesterolemia.”



PRECISION MEDICINE RESEARCH

SEQUENCING

??????

(Photo credit:  Dr. Janina Jeff at the 2017 New Balance Bronx 10 Mile)



SEQUENCING AND PRECISION MEDICINE RESEARCH

CHALLENGES

• Pipelines and expertise

• Functional annotation

• Statistical methods

• Storage, secure access, and retrieval

Bioinformatics

*****



QUESTIONS?
Franklin and Gosling (1953) 

Nature 171:740-741 

Watson and Crick 
(1953) Nature
171:737-738

Wilkins, Stokes, Wilson 
(1953) Nature 171:738-740



SEQUENCING AND PRECISION MEDICINE RESEARCH

EXAMPLES

Population studies and candidate genes

Abul-Husn et al (2016) 
Science 354:1550



DATA FROM PRECISION MEDICINE RESEARCH

SEQUENCING

A catalog of single 
nucleotide variants 

(SNVs)

Dewey et al (2016) Science 354: aaf6814 



DATA FROM PRECISION MEDICINE RESEARCH

SEQUENCING


