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Archaeoglobus fulgidus
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Clostridium kluyveri
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Bacillus halodurans
BH0336-BH0342

Geobacter sulfurreducens
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tuberculosis
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MTH328-MTH323
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Current Opinion in Microbiology Volume 37, June 2017, Pages 67-78
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vI-B2 @

Species in which
system identified

Legionella pneumophila str. Paris
lpp0160-lpp0163

Streptococcus thermophilus
str0657-str0660

Neisseria lactamica 020-06
NLA_17660-NLA_17680

Francisella cf. novicida Fx1
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Alicyclobacillus acidoterrestris
N007_06525
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HMPREF9699_02005

doi:10.1038/nrmicro.2016.184
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Cas9 vs Cpfl(Casl2a)
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Photoactivatable Cas9 (Pa-Cas9)
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Gene editing saves girl dying from
leukaemia in world first

Y
e,
i d 743
D
i oy
i

N

¥
Y Y
/‘-« ~
~

Layla is doing well so far

Sharon Lees/GOSH

By Michael Le Page

st (1149} (ex vivo)

One-year-old Layla was dying from leukaemia after all conventional treatments failed. “We didn’t want to give up on

our daughter, though, so we asked the doctors to try anything,” her mother Lisa said in a statement released by Great
Ormond Street in London, where Layla (p ed above) was treated.
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Correction of a pathogenic gene
mutation in human embryos

Hong Ma'*, Nuria Marti-Gutierrez'¥, Sang-Wook Park?¥, Jun Wu**, Yeonmi Lee!, Keiichiro Suzuki?, Amy Koski', Dongmei Ji',
Tomonari Hayama', Riffat Ahmed!, Hayley Darby!, Crystal Van Dyken!, Ying Li!, Funju Kang!, A -Reum Park?, Daesik Kim?,
Sang-Tae Kim?, lianhui Gong®57#, Ying Gu™%" Xun Xu*57, David Battaglia®, Sacha A. Krieg®, David M. Lee®, Diana H. Wu®,
Don B Wolf!, Stephen B. Heitner!?, Juan Carlos [zpisua Belmonte®$, Paula Amato'-§, Jin-Soo Kim>*§, Sanjiv Kaul'®s &
Shoukhrat Mitalipov!'§
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Repair of double-strand breaks induced by
CRISPR—Cas9 leads to large deletions and c« |

rearrangements

Michael Kosicki, Kirt Tomberg & Allan Bradley

CRISPR-Cas9 is poised to become the gene editing tool of
choice in clinical contexts. Thus far, exploration of Cas9-
induced genetic alterations has been limited to the immediate
vicinity of the target site and distal off-target sequences,
leading to the conclusion that CRISPR-Cas9 was reasonably
specific. Here we report significant on-target mutagenesis,
such as large deletions and more complex genomic
rearrangements at the targeted sites in mouse embryonic

stem cells, mouse hematopoietic progenitors and a human
differentiated cell line. Using long-read sequencing and long-
range PCR genotyping, we show that DNA breaks introduced
by single-guide RMA/Cas9 frequently resolved into deletions
extending over many kilobases. Furthermore, lesions distal to
the cut site and crossover events were identified. The observed
genomic damage in mitotically active cells caused by CRISPR-
Cas9 editing may have pathogenic consequences.

The utility of the CRISPR-Cas9 system for gene therapy in humans
has been recognized and extensively investigated!. Initial concerns
about the off-target activity have been addressed by the development
of sensitive detection methods, as well as modified Cas9 enzymes and
improved delivery protocols that limit this type of damage®~'2. The
vast majority of on-target DNA repair outeomes after Cas9 cutling
in a variety of cell types are thought to be insertions and deletions
(indels) of less than 20 bp'*~1%. Although indels a few hundred nuele-
otides in size were also observed in experiments using Cas9 or other
nucleases, they were reported to be rare!® 1% Consequently, Cas9
has been assumed to be reasonably specific and the first approved
clinical trials using Cas9 edited cells are underway (clinicaltrials. gov:
NCTO3081715, NCTO03398967, NCTO03166878, NCTO2793856,
NCTO3044743, NCTO03164135).
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be missed by such short-range assessmer
lines, whose genome and DNA repair nf
were often used in the context of study
making extrapolations to normal tissues
We speculate that current assessments 1

tial proportion of potential genotypes g¢ asinon

eulting and repair, some of which may hav o1 1
sequences following somatic editing of 14
cally active cells.

We first comprehensively explored alleld
at the X-linked PigA locus, which is hemi

3 intronic (#10)

stem (ES) cells. In contrast to cancer-deriy
normal karyolype and intact DNA repair
them more representative of a normal sor
ES cells and embryonic fibroblasts differ
pathways, it is not known how they compj
We introduced Cas9 and gRNA constry osisoo
exonic sites of Pigd into TM8 mouse ES

position. Cells with both constructs were|
stained with FLAER reagent to quantify th
cient cells (Fig. 1ab). Single gRNAs targety
high rates of PigA loss (59-97%). Notab)

intronic sites also vielded PigA-deficient 4
cies. Ten different guides located 263-524 .

exonic (#56)

caused 8-20% PigA loss, whereas two guides greater than 2 kb away
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