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Biology Is where the silicon revolution was in the 1970s

« Through genomics we can decode the basic recipe of life in all
organisms on earth

 Through synthetic biology we are beginning to make the first
synthetic organisms

« Through genome editing we make precise modifications to this
basic recipe of life

- Through “big data” and artificial intelligence we can learn at
large scale the role of this decoded information in human health,
disease, and even human behavior
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Genome Editing is only just beginning to impact the Life Sciences

Stepping up
Number of CRISPR papers published and some research highlights

Yearly totals CRISPR used to control gene Liver disorder edited | “Gene drive”demonstrated
expression in bacteria out of micein n yeast

First monkeys 1 | laborat _
engineered wi%/h aboratory Chinese group uses CRISPR

CRISPR used to CRISPR (macaques) Zhang's patent to edit human embryo

engineer zebrafish on CRISPRin 1,000
mammalian cells R !

accepted by US

Zhang publishes paper on editing | CRISPR patent office

o y 0 used to edit
in human and mouse cells crop plants,

including
Feng Zhang applies for patent sorghum
on CRISPRin animals and plants and rice

Doudna et al show how CRISPR
could be used to edit genes

Jennifer Doudna et al apply for
patent on CRISPR gene editing

| |
2011 2012 2013 2_015
Sources: Thomson Reuters Web of Science and InCites; The Economist (to mid-August)




Africa will feel the effects of gene editing first in agriculture

APPLICATION OF GENOME EDITING
(Modified from Hsu et al. 2014)
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...And potentially In managing epidemics

Bye bye, brother Mendel

How gene-drives can quickly change whole populations

A gene on only one chromosome gets into only | Gene drive inserted into one chromosome copies
some offspring itselfinto the other
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Offspring have a 50% Nearly 100% of
chance of inheriting — offspringinherit
the modified the modified
gene gene

Source: Nature




The Impact of Genome Editing has been profound

Seven Governance Principles for
Human Genome Editing

Promoting Responsible
Respectfor Transnational
Persons Cooperation
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Biology Is where the silicon revolution was in the 19/70s...but
evolving much faster

Baseline information

Cost of genome sequencing compared with NeXt generatlon SequenC|ng haS reVO|Ut|On|Zed
e the field and ushered in the age of genomics,

100,000

Moore's law for computers

Cost of computing

ATl Drofoundly changing clinical medicine to
M 2griculture, in short anywhere there is the study
of life. Its implications transcend many
iIndustries.
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Source: Broad Instituta
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Biology is now a “Big Data™ Science

« Huge amounts of data are produced in the decoding
(sequencing) process

« Data science can be applied to this to determine correlations
between DNA sequences, traits and further used in “deep”
learning

« Specific use cases range from clinical medicine such as
oncology to agriculture and plant biology

« This data Is curated in the “cloud” and access in clinical
medicine Is increasingly regulated

PRE ION N E



Who's Biological “Big Data” Is it”

PERSISTENT BIAS

Over the past seven years, the proportion of participants in genome-wide
association studies (GWAS) that are of Asian ancestry has increased.
Groups of other ancestries continue to be very poorly represented.

2009 2016

373 studies 2,511 studies
1.7 million samples 35 million samples

vz 81%
96% 1%
European European
ancestry ancestry
Asian
Other non-
European
l

4%, Non- 199% Non-
European European
ancestry ancestry

Source: Nature October 2016
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We should ensure that all people,
regardless of their economic means,
have access to technology’s benefits.

MILDRED SOLOMON

President, Hastings Center
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