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Genome Editing Highlighted by Science and Nature

Growing two-dimensional Algal taxin aleers spatial
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Dawn of the
gene-editing age
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MIT Technology Review

10 Breakthrough
Technologies
2016

Precise Gene Editingin Plants

CRISPR offers an easy, exact way to alter genes to create traits such
asdiseaseresistance and drought tolerance.

Immune Engineering

Genetically engineered immune cells are saving the lives of cancer
patients. That may be just the start.

<

Key Players in Engineering Crops
- The Sainsbury Laboratory and John lnnes
Centre, Norwich, LK.

- Seoul National University
- University of Minnesota

- Institute of Genetics and Developmental
Biology, Beijing
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http://upload.wikimedia.org/wikipedia/commons/1/16/DNA_orbit_animated.gif
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HBEBE Sequence in Normal Adult Hemoglobin (Hb A):

Mucleotide CTG ACT CCT GAG GAG AAG TCT
Amino Acid L?u Thr Pro G:u Glu Lys S-Izr
3 -] ]

HBEBE Sequence in Mutant Adult Hemoglobin (Hb S):

Mucleotide CTG ACT CCT GTG GAG AAG TCT
Amino Acid Leu Thr Pro Wal Glu Lys Ser
| |
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u’d: Genome Editing
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FMAY: Programmable Nuclease

Zinc Finger Nucleases TAL Effector Nucleases
(ZFNs) (TALENS)

CRISPR/Cas-derived
RNA-guided endonuclease
(RGEN)



Comparison of Programmable Nucleases

ZFN TALEN CRISPR RGEN
Success rate ~24% >99% ~90%
Average mutation <10% ~20% ~20%
rate
Length of target site |20 to 36 bp 30 to 40 bp 23 bp

Restriction in target
site

Guanine-rich

Start with T and
end with A

End with GG (PAM)

Design density One per ~100 bp | One per every bp | One per 8 bp
Off-target effects High Low Variable
Size 2 x ~2 kbp 2 x ~3 kbp 4.2 kbp + gRNA

nawre
REVIEWS

GENETICS

Kim H & Kim JS, Nat. Rev. Genet. (2014)
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Double-Strand Break Repair

[EGceaTeTeacceTaAGTCT
DSB

g

HDR NHE]

Donor DNA

Gene or tag insertion Gene correction or point mutagenesis Smallindels

Kim H & Kim JS, Nat. Rev. Genet. (2014)

» Gene-targeting efficiency is boosted drastically by DSBs.

« DSBs also induce NHEJ, an error-prone DSB repair system. 12



CRISPR
NEWS & V

BIOTECHNOLDGY

Rewriting a genome

A bacterial enzyme that uses guide RNA molecules to target DNA for cleavage has been adopted as a programmable tool
to site- specifically modify genomes of cells and organisms, from bacteria and human cells to whole zebrafish.

HWS

VOLUME 31 NUMBER 3 MARCH 2
ture.com/nature

MAALUTE
biotec

50 | NATURE | VOL 495 | 7 MARCH 2013

NEWS AND VIEWS

RNA guides genome engineering

Claudio Mussolino & Toni Cathomen

The Cas9 endonuclease is reprogrammed by RNAs for site-specific modification of eukaryotic and
microbial genomes.

Genome editing with RNA gux/ded nucleases
Chickpea genome et (
Threading proteins throughm nan’opore

VOLUME 31 NUMBER 3 MARCH 2013 NATURE BIOTECHNOLOGY

RESEARCH HIGHLIGHTS

RNA-guided gene editing

RNA-Guided ENdonuclease

Targeted gene modification can be guid-
ed by programmable RNA in bacteria,
zebrafish and mammalian cells.
Humble creatures, prokaryotes and
viruses, have an illustrious history of pro
viding biologists with molecular tools.
Where, after all, would molecular biol-
ogy—or for that matter, all of genomics—
be without restriction endonucleases or

NATURE METHODS | VOL.10 NO.3 | MARCH 2013 | 189 13

adjacent motif (PAM), which takes the
form NGG, immediately following the
20-base-pair target sequence.

In contrast to current tools, zinc-finger
nucleases and transcription activator-like

effector nucleases (TALENS), targeting of

a new sequence with CRISPR-Cas requires
the design of only a new RNA guide and
not a new pair of enzymes. The efficiency of

§-ATG. . .CAATCTATGACATCAATTATTATACATCOGAGCC -5
3. TAC. . .GTTAGATACTGTAGT TAATAATATGTAGCCTCGG &

Chimaric RNA
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CRISPR: Adaptive Immune System in Bacteria

Virus DNA @ Plasmid
DNA

Plasmid DNA cleaved
(1) Acquisition l / %’z
-’[:[:E:Leader10987654321 Y N
cas locus CRISPR array

@ Interference
@ Expression

4 4

AR AN Qf%
Q Pre-crRNA ~2
SR P
Cas proteins =
—Tf ﬂﬁ ﬂ Virus DNA cleaved
crRNA

CRISPR-Cas system
* Clusters of Regularly Interspaced Palindromic Repeats

* CRISPR-Cas9: RNA-guided programmable nucleases



RNA-Guided ENdonuclease (RGEN)

Chromosome

L ——

Guide RNA




Plasmid-free Gene Knockout in Human Cells

Purified Cas9 + - +
protein:

tommmene) \cmmem) lcmmmenl e - - . CCR5
- - > _
51 57

Indels (%) : 2.7 8.3 33

v
CAATCTATGACATCAATTATTATA-CATCGGAGCCCTGCCAAAAAATCAA WT
CAATCTATGACATCAATTATTATAACATCGGAGCCCTGCCAAAAAATCAA +1

CAATCTATGACATCAATTATTAT-—————————————— GCCAAAAAATCAA -13
CAATCTATGACATC-—=———==———————— GGAGCCCTGCCAAAAAATCAA -14
CAATCTATGACAT-—————=———————————— GCCCTGCCAAAAAATCAA -18
CAATCTATGACATCAATTATTAT-——————————————————— AAATCAA -19
CAATCTATGACATC—-—====—=————=————————————— CAAAAAATCAA -24
CAATCTATGACA-—————————————————————————————— AAATCAA -30

Cho & Kim et al. Nature Biotechnol (2013)

« Purified Cas9 protein and in vitro transcribed sgRNA are used.

« Mutation frequencies range from 1% to 98%.



Gene/cell therapy targeting CCR5

Barring the Door | How a mutation can protect against HIV

With CCR5

To enter cells, one
thing that most
HIY strains must
do is bind o
CCR5, a molecule

White
blood cell that protrudes

from the cells
surfacea,

« CCR5 is an essential co-receptor of HIV infection.

Without CCR5

Some people are born
with a mutation that
prevents CCRS from
appearing on their
calls, making them
resistant to HIV,
Some experimental
aene therapy
approaches aim to
mimic this mutation
in AIDS patients,

Motes Mlustratian is schematic

e CCRS5 A32 deletion leads to resistance to HIV infection.

 Homozygote CCR5 A32 carriers are healthy (1% of Caucasian)

17



The Emerging Race
To Cure HIV Infections

Timothy Ray Brown'’s startling fate has pushed to the front a
daunting research challenge that long seemed a fool's errand

'vm (Ieft)

has given momenturﬁ‘tﬁ"l}ovel
interventions like the gene therapy
that Matt Sharp (right) received.

- -

13MAY 2011 VOL 332 SCIENCE www.sciencemaqg.org




SB-728-T: Zinc Finger Nuclease Driven CCR5 Modified
Autologous CD4* T-cells

SB-728

CCR5 ZFNs o _ HIV+ subjects on ART
- Enrich
m  CD4+ \
o i
*-;-"-.:;-' Apheresis |
SB-728-T
Phase |
CCR5 gene
disruption

Median CCRS
modification ~25%

I Infusion

Single Infusion of;
&

10-30 billion
Expand, formulate and test <—|_ SB-728-T

T cells from HIV+ patients are treated with a programmable nuclease.

* CCR5-inactive T cells are delivered back to patients

19



D Normal Male
O Horma Femalke

B Herephiictae

C. Carrier Femak

Mk died in intncy,

poesible hemophilic

Queen Victoria and her royal family

* British Queen Victoria was a carrier of the hemophilia gene.

« AlImost half of the severe form of hemophilia A is caused by DNA inversion.

20
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Survival (%)

120 =«

100

80

60

20 T

2793 B3 NEIAE ¥%

15

— HA

— HAT (Pa2)
" -©- HAT (Pa2 Co-1)

40

10 -

ﬁjil

*
©

Relative Factor VIII activity (%)

Pa2 Co-1
1 2 3 4 35 40 45 50
Time (hour) HAT
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Naturally-occurring MSTN KO animals

« Myostatin inhibits muscle differentiation and growth.

« Animals lacking myostatin have extensive muscles.
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Super-muscly pigs created by small genetic tweak Recaimondes

Researchers hope the genetically engineered animals will speed past regulators.
David Cyranoski
30 June 2015

R Rights & Permissions

Andre Geim: Graphene's buzz has spread

The father of graphene talks to Nature about 2D
materials, George Osborne, and the business of
science.

Click here to explore
scientific events across
the world

Recent Read Commented Emailed

1. Researchers pin down risks of low-dose
radiation
Nature | 30 June 2015

2. The hunt for the world's missing carbon
Nature | 30 June 2015

3. Super-muscly pigs created by small genetic
tweak
Nature | 29 June 2015 27




DNA-free RNA-guided Genome Editing In Lettuce
! , ‘_"" 2 :"’"‘B‘ . 2\'6"’., . 'l F"“"' & ,.) .'§~ R — Py \’;1

Woo & Kim et al. Nature Biotechnology, in press
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CRISPR tweak may help gene-edited crops bypass
biosafety regulation

Technique deletes plant genes without adding foreign DNA.
David Cyranoski
19 October 2015

K Rights & Permissions

™ E-alert RSS [ Facebook [ Twitter
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The lab that knows where your time really goes

Armed with 850,000 diaries, an Oxford centre is
trying to find out why modern life seems so hectic.

m 217,650 people like this. Sign Up to see

what your friends like.

Click here to explore
scientific events across
the world

Recent Read Commented

1. Incoming space junk a scientific opportunity
Nature | 23 October 2015

2. US astronomers stuck in grant-rejection
cycle
Nature | 23 October 2015

3. Malaria vaccine cautiously recommended
for use in Africa
MNature | 23 October 2015

29



Bananageddon and Banana Save Project

 Banana is infected by a fungus.

« Gros Michel is an old banana variety extinct in 1950’s.
« Cavendish banana will be extinct in 10~20 years.

« Genome editing can be used to make banana resistant to the fungus.
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CRISPR Revolution

* Biomedical research
 Drug target discovery
* Gene and cell therapy
 Plant biotechnology

« Animal biotechnology
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