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2001



2001 2003

• Human	Genome
• Encode	project

~2014

• Nucleosome
3D	genome

~2015

• Deep	learning	in	genomics
• Functional	screens
(CRISPR	and	parallel	reporters)

~2016

• Large	scale	deep	
sequencing	of	the	
human	population

gnomAD	|	genome	Aggregation	Database

2008
• GTEX

Gigabyte Petabyte

Telenti, Lippert, Chang, DePristo. Hum Mol Genet, 2018



We routinely 
sequence 84%
We interpret 2% 
(protein coding)



•Human genome = 3.2x109 base pairs. 

•Mid-2017: 
- 150 million SNVs in the public database dbSNP
- 10 million coding variants in ExAC
- 150 million SNVs in 10,545 deeply-sequenced 

whole genomes 

•The union of these resources = 242 million unique SNVs

•1 out of every 13 nucleotides in the genome has been 
observed variant in the population

Genome variation 101



1,000,000 whole genome 
sequences
= 1 every third nucleotide 
variant

Every additional 
sequenced genome
= 8,000 new variants

Telenti et al. PNAS, 2016



Telenti et al. PNAS, 2016

Most variants only 
seen once

This is the content of 
a 23andMe report



HLI Cloud Data Volume per Week

Google 
Photos

CERN YoutubeHLI

Human Longevity, Inc.

Source: Human Longevity Inc.



Data

Patterns

New Genomic 
elements

EssentialityConservation 
of function



Patterns Your Genome in 16,384 Bricks

Heptamer composition:
Most uncommon = TACGCGA 
n=1,691 x 10,000 genomes = 
16,910,000 datapoints

Most common = AAAAAAA 
n=4,346,493 x 10,000 genomes 
= 43,464,930,000 datapoints

Di Iulio et al. Nat Genet 2018



Take home message - 1

•Current pace of generation of genome and other 
OMICs data is heading towards the Exabyte.

•The burden arises from the raw sequencing data

•The computing cost associated with moving data 
and from specific analyses that use the raw data
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Volume of data currently in use:
10 times the library of Congress

One library is:

•838 miles of bookshelves

•155 million items

•Three buildings on Capitol hill





Differences in performance between information retrieval 
through indexing vs conventional databases

Considerations

• Data to store (text, numeric, structured)

• Queries to run (lookup, Boolean, free-text)

• Other options  (incremental updates, fault tolerance, 
atomicity, ability to delete records, access control)

• A conventional database provides more features and 
easier setup, but is slower and more resource-hungry 
that an IR index

• The difference in speed becomes more pronounced as 
queries become longer and as data becomes less-
structured

• IR indices are also easier to scale to PB-sized data

Sample comparison over Wikipedia (textual 
data, biased to favor IR):

• - time to index: 84min for DB vs. 18min for IR

• - index footprint: 3GB for DB, 2.9GB for IR

• - free-text query: 286ms for DB, 22ms for IR

• - Boolean query: 24ms for DB, 13ms for IR

• - phrase query: 3692ms for DB, 21ms for IR

Sources:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.636.5266&rep=rep1&type=pdf
http://ceur-ws.org/Vol-1226/paper36.pdf
https://www.programmierer-forum.de/files/2009/01/eurooscon2006_high_performance_fulltext_search.pdf
https://pdfs.semanticscholar.org/509f/e1a5c08012268ac57ea7f7915a910002fccc.pdf

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.636.5266&rep=rep1&type=pdf
http://ceur-ws.org/Vol-1226/paper36.pdf
https://www.programmierer-forum.de/files/2009/01/eurooscon2006_high_performance_fulltext_search.pdf
https://pdfs.semanticscholar.org/509f/e1a5c08012268ac57ea7f7915a910002fccc.pdf
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Medicine as Data Science



Case scenario – Morbid Obesity



Cirulli et al. BioRxiv 2018



“Deep learning needs deep data”

Telenti, Steinhubl, Topol. Lancet , March 2018

Eric Topol



DanQ
(CNN)

Basset 
(CNN)

DeepBind and DeeperBind
(CNN-LSTM)

DeepMotif
(CNN) 

DNA Binding predictions

Predicting Enhancers, 3D interactions
and cis-regulatory regions

PEDLA
(DL-HMM Hybrid)

DEEP (CNN)

FIDDLE (CNN)

DNA Methylation

Variant callers, 
pathogenicity 
scores and 
identification of 
genomic elements
DeepVariant (DCNN)

DeepLNC (DNN)

evoNet (evolved DNN) 

DANN  (DNN)

DeepSEA (DCNN)

DeepCpG
(DNN)

Telenti, Lippert, Chang, DePristo. Hum Mol Genet, 2018

Deep Learning
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Institutions

Cohorts

Genotypes 

Phenotypes
Corporate

Telenti, Steinhubl, Topol. Lancet , March 2018

Data 
brokers

EHR

Owners

Zenome, CoverUS, LunaDNA, 
Doc.ai, Medicalchain, Proof 
Work, Nebula Genomics 



Protection



27

Recent progress in Genome Privacy

Xioqian Jiang, UCSD



Summary

•Large scale genomics is happening

•Data management is both a practical and an 
economic challenge.

•There is an increasing interest in returning data 
ownership to the individual
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