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Introduction

Bacteriophages (phages) are accomplished, bacteria-specific, viral predators with far-reaching
impact: from the food and biotechnology industries [1] to global nutrient cycling [2] to human
health and disease [3]; wherever bacteria thrive, it seems, so do predatory phages. In order to
survive the constant onslaught of phage, bacteria have evolved mechanistically diverse defense
strategies that act at every stage of the phage life cycle (Eig 1) [4,5]. Phages rapidly co-evolve to
overcome these barriers, resulting in a constant, and often surprising, molecular arms race [5].
In this review, I highlight the spectrum of “innate” strategies used by bacteria to evade phage
predation, with particular attention paid to more recent findings in the field. For a discussion
of the CRISPR-Cas adaptive immune system, readers are directed to several recent reviews
[4-6].
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DEFINICAO...

CRISPR-Cas (clustered regularly interspaced short
palindromic repeats—CRISPR-associated proteins)
modulos sao sistema adapatativos de imunidade
presente em muitas arquéias e bactérias.
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Repeats

A CRISPR Array

Sequencias repetidas de 24 a 47 pb, com espacadores de of 26—72 pb

Espacadores - 75% sequencias fagos e 20% plasmideos
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Between 59 and 60 min on the Escherichia coli penetic map, there is a highly conserved sequence of 29 base
pairs, containing an inverted repeat of seven base pairs that appears 14 times, 32 or 33 base pairs apart,
downstream of the iap gene coding region. About 24 kilobase pairs downstream of the 14 repeats, a similar
29-hase-pair sequence with a spacing of 32 base pairs appears seven times. Nucleotide sequences hybridizing
with the 29-base-pair fragment were also detected in Shigella dysenteriae and Salmonella typhimurium but not
in Klebsiella pneumoniae or Pseudomonas aeruginosa.

“14 repeats of 29 base pairs (bp) that were interspersed by 32—-33
bp non-repeating spacer sequences”
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Table 1. Main features of the SRSRs.

SRSR  Spacing Number of SRSR units  Reference

Organism size (bp) (bp) clusters per cluster

Archaea

H. volcanii 30 ND =2 ND Mojica et al. (1995) Mol Microbiol 9: 13-21

H. mediterranei 30 33-39 3 21/ ND/ND Mojica et al. (1995) Mol Microbiol 9: 13-21

M. jannaschii 28 30 31-51 7A+68 +1° 4-25 Bult et al. (1996) Science 273: 1058—1073 and this work
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A. aeolicus 36—-38 1 This work

E. coli 29 32-33 3 2/7/13 Nakata et al. (1989) J Bacteriol 171: 3553—-3556 and this work
S. typhi 29 32 =1 6 This work

C. jejuni 36 30 1 5 This work

Y. pestis 28 32-33 2 6/9 This work

C. difficile 29 36-38 4% +2° 5-17 This work

M. tuberculosis 36 38-40 1 Variable Hermans et al. (1991) Infect Immun 59: 2695-705
Calothrix sp. 37 35-41 =1 5 Masepohl et al. (1996) Biochim Biophys Acta 1307: 20-36
Anabaena sp. 37 32-43 >1 17 Masepohl et al. (1996) Biochim Biophys Acta 1307: 20—-36
Mitochondria

V. faba 40 20-35 1 6 Flamand et al. (1992) Plant Mol Biol 19: 913-923

A B, Types of SRSRs distinct (more than 3 bp differences) within the same microorganism. ND, Not determined.

Mol. Microbiol. 2000; 36:244-246.
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A DNA repair system specific for thermophilic Archaea
and bacteria predicted by genomic context analysis

Kira S. Makarova'2, L. Aravind', Nick V. Grishin?, Igor B. Rogozin' and Eugene V. Koonin'*

Sistema de reparo de DNA?
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Na realidade ....

CRISPR Provides Acquired Resistance
Against Viruses in Prokaryotes

Rodolphe Barrangou,® Christophe Fremaux,® Héléne Deveau,® Melissa Richards,®
Patrick Boyaval,® Sylvain Moineau,® Dennis A. Romero,? Philippe Horvath®*

Clustered regularly interspaced short palindromic repeats (CRISPR) are a distinctive feature of the
genomes of most Bacteria and Archaea and are thought to be involved in resistance to bacteriophages.
We found that, after viral challenge, bacteria integrated new spacers derived from phage genomic
sequences. Removal or addition of particular spacers modified the phage-resistance phenotype of the
cell. Thus, CRISPR, together with associated cas genes, provided resistance against phages, and
resistance specificity is determined by spacer-phage sequence similarity.
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Trés estagios da acao do CRISPR-Cas
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AS PROTEINAS CAS NAO SAO CONSERVADAS

Casl: metal-dependent Dnase que nao tem especificidade a sequencias
e tem sido proposto estar envolvida na integracao do “spacer DNA" no
cassete CRISPR,

Cas2: metal-dependent endoribonuclease cujo mecanismo no Sistema
CRISPR-Cas continua obscuro

DNA spacer integration by Casl/Casz2 RNA spacer integration by RT-Casl/Cas2
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Aquisicao do “CRISPR SPACER”
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ALTA VARIACAO NAS ETAPAS POSTERIORES...

Um complexo enzimatico — endoribonucleases (Cascade - CRISPR-
associated complex for antiviral defence)

Cas 6 para arqueéias - Pyrococcus furiosus

Em E. coli, a clivagem provavelmente é catalisada por um dominio HD
endonuclease da proteina Cas3



In vitro experimentos com o sistema
CRISPR—Cas proveniente de P. furiosus
demonstrou que nessa espécie 0 sistema
CRISPR degrada mRNA

Cell

RNA-Guided RNA Cleavage
by a CRISPR RNA-Cas Protein Complex
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COMO DETECTAR O CRISPR CAS EM
GENOMAS?

Table 1| Web resources for CRISPR analysis

Resource and web page Description Refs
PILER-CR; A software tool for the detection of CRISPRs in microbial genomic sequences; based on 49
http://www.drive5.com/pilercr/ local alignments in the genome that are represented by mathematical graphs*
CRISPR Recognition Tool: A software tool for the detection of CRISPRs in microbial genomic sequences; based on the 50
hitp://www.room?2 20.com/crt/ detection of exact k-mer matches that are separated by similar distances*
CRISPRFinder; A software tool for the detection of CRISPRs in microbial genomic sequences; based on 51
http://crispru-psud.fr/crispr/ enhanced suffix arrays*
CRISPRdb; Automatically updated database of CRISPR arrays in published microbial genomes; also 12
http://crispru-psud.fr/crispr/ contains CRISPR analysis tools that allow the alignment and comparison of repeats and

spacers against the public databases
Pygram; httpy/fwwnwirisafr/symbiose/projets/  Wisualization application that provides a graphical browser for studying repeats =¥
Modulome/article.php37id article=18
TIGR Comprehensive Microbial Resource: Provides a 'clickable’ table that depicts. for each sequenced genome. the presence or 17
http://rice.tigrorg/tigr-scripts/CMR2 absence of the 45 Cas protein families that are defined in Ref. 17

genome_property.splfsubproperty=CRISPE%
20region!fselect count=1

*This CRISPR [clustered. regularly interspaced short palindremic repeat) detection software applies post-processing filters to separate real CRISPR arrays from false
predictions. BLAST, Basic Local Alignment Search Tool.

do0i:10.1038/nrmicro1793
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Database Open Access

The CRISPRdb database and tools to display CRISPRs and to

generate dictionaries of spacers and repeats
Ibtissem Grissa!, Gilles Vergnaud!2 and Christine Pourcel *!
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Christine Pourcel * - chnstine. pourcel @igmors.u-psud.fr
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TECHNICAL NOTE
CRISPRcasldentifier: Machine learning for accurate
identification and classification of CRISPR-Cas systems

Victor A. Padilha®’', Omer S. Alkhnbashi ®2, Shiraz A. Shah3, André C. P. L.
F. de Carvalho! and Rolf Backofen 24"



CLASSIFICACAO DE CRISPR CAS...

OPEN a ACCESS Freely available online P1OS computarionaL sioLoGY

A Guild of 45 CRISPR-Associated (Cas)
Protein Families and Multiple CRISPR/Cas
Subtypes Exist in Prokaryotic Genomes

Daniel H. Haft', Jeremy Selengut, Emmanuel F. Mongodin, Karen E. Nelson

The Institute for Genomic Research, Rockville, Margland, United States of America

Clustered regularly interspaced short palindromic repeats (CRISPRs) are a family of DNA direct repeats found in many
prokaryotic genomes. Repeats of 21-37 bp typically show weak dyad symmetry and are separated by regularly sized,
nonrepetitive spacer sequences. Four CRISPR-associated (Cas) protein families, designated Cas1 to Casd, are strictly
associated with CRISPR elements and always occur near a repeat cluster. Some spacers originate from mobile genetic
elements and are thought to confer “immunity™ against the elements that harbor these sequences. In the present
study, we have systematically investigated uncharacterized proteins encoded in the vicinity of these CRISPRs and
found many additional protein families that are strictly associated with CRISPR loci across multiple prokaryotic species.
Multiple sequence alignments and hidden Markov models have been built for 45 Cas protein families. These models
identify family members with high sensitivity and selectivity and classify key regulators of development, DevR and
Devs, in Myxococcus xanthus as Cas proteins. These identifications show that CRISPR/cas gene regions can be quite
large, with up to 20 different, tandem-arranged cas genes next to a repeat cluster or filling the region between two
repeat clusters. Distinctive subsets of the collection of Cas proteins recur in phylogenetically distant species and
correlate with characteristic repeat periodicity. The analyses presented here support initial proposals of mobility of
these units, along with the likelihood that loci of different subtypes interact with one another as well as with host cell
defensive, replicative, and regulatory systems. It is evident from this analysis that CRISPR/cas loci are larger, more
complex, and more heterogeneous than previously appreciated.

Citation: Haft DH, Selengut J, Mangodin EF, Melson KE (2005) A guild of 45 CRISPR-associated (Cash pratein families and multiple CRISPRACas subtypes exist in prokaryotic
genomes. PLoS Comput Biol 1(8): e80.

DOI: 10.1371/journal.pchbi.0010060



Table 1. Description of the Different cas Core Genes, CRISPR/Cas Subtypes, and the RAMP Module, Based on the Mew Cas Prateln
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Classes de CRISPR- specer cmmm e
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TIPOS DE CRISPR CAS — PANORAMA GERAL
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of CRISPR—Cas systems
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UM DOS PRIMEIROS TRABALHOS...

A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Immunity

Martin Jinek,™* Krzysztof Chylinski,®** Ines Fonfara,” Michael Hauer,*t
Jennifer A. Doudna,**®+ Emmanuelle Charpentier*t

Clustered regularly interspaced short palindromic repeats (CRISPRVCRISPR-associated (Cas) systems
provide bacteria and archaea with adaptive immunity against viruses and plasmids by using
CRISPR RNAs {crRNAs) to guide the silencing of invading nucleic acids. We show here that in a
subset of these systems, the mature crRNA that is base-paired to trans-activating crRNA (tracrRNA)
forms a two-RNA structure that directs the CRISPR-associated protein Cas9 to introduce
double-stranded (ds) breaks in target DNA. At sites complementary to the crRNA-guide sequence,
the Cas9 HNH nuclease domain cleaves the complementary strand, whereas the Cas9 RuvC-like
domain cleaves the noncomplementary strand. The dual-tracrRNA:crRNA, when engineered as a
single RNA chimera, also directs sequence-specific Cas9 dsDNA cleavage. Our study reveals a
family of endonucleases that use dual-RNAs for site-specific DNA deavage and highlights the
potential to exploit the system for RNA-programmable genome editing.
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Bitter fight over CRISPR
patent heats up

Unusual battle among academic institutions holds key to gene-editing tool’s future use.

BY HEIDI LEDFORD

versatile technique for editing genomes
Ahas been called the biggest biotech-

nology advance since the polymerase
chain reaction (PCR), and the US Patent and
Trademark Office (USPTO) is set to determine
who will reap the rewards.

On 11 January, the USPTO granted a request
to review a key patent awarded for the tech-
nique, known as CRISPR-Cas9. The outcome
of the ensuing proceedings, called a patent
interference, could be worth millions to the
research institutions that are at war over the
relevant patents. It might also influence who
is allowed to use the technology — and under
what terms.

“This is an absolutely humungous biotech
patent dispute,” says legal scholar Jacob
Sherkow of New York Law School. “We're all
waiting with bated breath”

CRISPR-Cas9 is a bacterial defence system
that uses the enzyme Cas9 to snip DNA at

Jennifer Doudna of the University of California,
Berkeley, helped to develop the CRISPR system.

institutions usually come to an agreement to
share rights to the invention. “This seems more
bitter than disputes I've heard of in the past,’
she adds.

The two patents in question make broad
claims to ‘foundational’ intellectual property
thought to be necessary for most lucrative
CRISPR-Cas9 applications. But many patents
have been filed on CRISPR-Cas9 technologies,
and there is still the chance that the winner of
the interference will face additional challenges
in court. Zhang’s group has also reported
another enzyme, called Cpfl, that functions
much like Cas9. Researchers expect other
alternatives to emerge with time.

LICENSING LOOMS

For now, it is unclear how the dispute will
affect researchers who use CRISPR-Cas?9, if
it does so at all. “Patent holders might send
out a few cease-and-desist letters, but they
probably won’t sue academic researchers,”
says Rodney Sparks, a biotechnology-patent
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make a difference.

Last Wednesday, the Patent Trial and Appeal Board (PTAB)
ruled in favor of the Broad Institute in the most
monumental biotech patent dispute in decades: a patent HARVARD
"interference" trial over foundational patents % W
covering CRISPR-Cas9, a revolutionary gene-editing it
technology. A day later—in some truly fortuitous timing

—Jorge Contreras of the University of Utah and I published

an article in Science examining some of the licensing

complexities surrounding research institutions' surrogate

companies: for-profit biotech companies with exclusive

GET BROCHURE




CRISPR patent agreement seeks to
expand use in crops

By SHARON BEGLEY @sxbegle / OCTOBER 18, 2017

https://www.statnews.com/2017/10/18/crispr-patent-expand-crops/
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CRISPR-assisted editing of bacterial genomes

Wenyan Jiang“, David Bikard1~4, David Cox2->, Feng 2hang2-3, and Luciano A. Marraffini'
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Am | ready for CRISPR?
A user’s guide to genetic screens

John G. Doench

Abstract | Exciting new technologies are often self-limiting in their rollout, as access to
state-of-the-art instrumentation or the need for years of hands-on experience, for better or
worse, ensures slow adoption by the community. CRISPR technology, however, presents the
opposite dilemma, where the simplicity of the system enabled the parallel development of many
applications, improvements and derivatives, and new users are now presented with an almost
paralyzing abundance of choices. This Review intends to guide users through the process of
applying CRISPR technology to their biological problems of interest, especially in the context

of discovering gene function at scale.




Contents lists available at ScienceDirect

Biotechnology Advances
FIL.SEVIER journal homepage: www.elsevier.com/locate/biotechadv
Research review paper
The CRISPR/Cas9 system for plant genome editing and beyond @.;mm
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Molecular Plant
Review Article

CRISPR/Cas9 Platforms for Genome Editing in

Cell

PARTNER JOURNAL

Plants: Developments and Applications

Xingliang Ma'-%:3, Qinlong Zhu'-2:3, Yuanling Chen'?:% and Yao-Guang Liu™%:3"
"State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, Guangzhou 510642, China

?Key Laboratory of Plant Functional Genomics and Biotechnolegy of Guangdong Provincial Higher Education Institutions, Guangzhou 510642, China

3College of Life Sciences, South China Agricultural University, Guangzhou 510642, China

*Correspondence: Yao-Guang Liu (ygliu@scau.edu.cn)
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APPLICATIDNS OF NEXT-GENERATION SEQUENCING

rDeﬁning and improving the genome-
wide specificities of CRISPR—-Cas9
nucleases

Shengdar Q. Tsai and J. Keith Joung

a Intended target site b
_ W
Computational l Circular ligation
prediction ]

: Predicted off-target sites :

I Relling circle amplification
Cleavage with Cas0—gRNA

-2 oy :l - % Partially
= . randomized

% M = DNA library

In vitro cleavage with

1 Targeted PCR amplification CasO—gRNA
|

7 Detection of Casd-
mediated mutations
at amplified sites by
high-throughput
sequencing or Cas0—gRNA DNA cleavage specificity profile
biochemical assays.
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High-throughput DMNA sequencing
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Teble 1| Comparison of strategies for improving CRISPR-Cas9 specificity

Strategy

tru-gRMAs™
(FIG. 3b)

Extended
gRNAs™
(FG. 3]

Cas9n"
(FG. 3d)

RFNsts
(FIC. )

Engineered
Caz9

variants"*

(FIC. 3f

Deescription
gRNA truncated by

2-3 nucleotides at the
5 end

Two G nucleotides
added to the 5" end
of the gRNA

Co-localization of
paired Cas9nin
which one of the
nuclease domains
has been catalytically
inactivated

Fusion of catalytically
inactive dCas9

to dimerization-
dependent
non-specific Fokl
nuclease

Introduce alanine
substitutions at 3—4
residues in 5pCas9

Mechanism of action

May reduce excess interaction

energy at RNA-DNA interface

The mechanism of increased
specificity is unclear, but may
involve destabilization of protein
interactions with the 5" end of the
gRNA

The requirement for two proximal
single-strand breaks (nicks) on
opposite DMA strands of the target
site (guided by distinct gRNAs) is
thought to limit the propensity for
off-target nicks of either gRNA—

nickase to result in D5Bs

Similar to paired nickases,
generation of DSBs typically requires
binding of a pair of separately
targeted monomers on opposite
DMA strends at the target site but,
unlike paired nickases. unpaired
monomers are expected to be
catalytically inactive because Fokl
dimerization is required for activity

Reduce Cas9 non-specific
DMA interactions with target
(SpCas9-HF 1) or nen-target strand

(eSpCast 1.1)

Specificity characterization

Targeted high-throughput

sequencing and GUIDE-seq: number
of genome-wide off-target sites is
reduced: most off-target sites detected
have twe or fewer mismatches
compared to intended target site™

Targeted high-throughput sequencing:
reduction in off-target effects observed
with certain gRNAs: in some cases,
on-target activity is also reduced*>*

Targeted sequencing and HTGTS:
number of off-target sites detected is
generally reduced: monomeric activity
is low but certain sites retain high
mutagenesis frequencies #0851

Targeted high-throughput sequencing
of known monomeric and predicted
dimeric sites; background or
near-background off-target activity
detected by high-throughput
sequencing: has not yet been fully
characterized by genome-wide
methods" "

Targeted high-throughput sequencing.
GUIDE-seq or BLESS; number of
detectable genome-wide off-target
sites is reduced or eliminated; at
certain off-target sites high-frequency
mutagenesis remains possible"™ ™
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Heritable Genome Editing with CRISPR/Cas9 in the @
Silkworm, Bombyx mori e

pdates

Wei Wei'®, Huhu Xin?®, Bhaskar Roy’, Junbiao Dai', Yungen Miao**, Guanjun Gao'*

1 School of Life Sciences, Tsinghua University, Beijing, China, 2 College of Animal Sciences, Zhejiang University, Hangzhou, China

Abstract

We report the establishment of an efficient and heritable gene mutagenesis method in the silkworm Bombyx mori using
modified type Il clustered regularly interspaced short palindromic repeats (CRISPR) with an associated protein (Cas9) system.
Using four loci Bm-ok, BmKMO, BmTH, and Bmtan as candidates, we proved that genome alterations at specific sites could
be induced by direct microinjection of specific guide RNA and Cas9-mRNA into silkworm embryos. Mutation frequencies of
16.7-35.0% were observed in the injected generation, and DNA fragments deletions were also noted. Bm-ok mosaic
mutants were used to test for mutant heritability due to the easily determined translucent epidermal phenotype of Bm-ok-
disrupted cells. Two crossing strategies were used. In the first, injected Bm-ok moths were crossed with wild-type moths,
and a 28.6% frequency of germline mutation transmission was observed. In the second strategy, two Bm-ok mosaic mutant
moths were crossed with each other, and 93.6% of the offsprings appeared mutations in both alleles of Bm-ok gene
(compound heterozygous). In summary, the CRISPR/Cas9 system can act as a highly specific and heritable gene-editing tool
in Bombyx mori.
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CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes

Puping Liang, Yanwen Xu, Xiya Zhang, Chenhui Ding, Rui Huang, Zhen Zhang, Jie Lv, Xiaowei Xie,
Yuxi Chen, Yujing Li, Ying Sun, Yaofu Bai, Zhou Songyang, Wenbin Ma, Canquan Zhou"’, Junjiu Huang"’ -
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Efficient introduction of specific homozygous and
heterozygous mutations using CRISPR/Cas9

Dominik Paquet™*, Dylan Kwart'*, Antonia Chen', Andrew Sproul®+, Samson Jacob?, Shaun Teo!, Kimberly Moore Olsen',
Andrew Gregg"®, Scott Noggle” & Marc Tessier- Lavigne'
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ORIGINAL ARTICLE

CRISPR/Cas9-mediated gene editing in human zygotes using
Cas9 protein

Lichun Tamg',"z * Yanting Z.eng} * Hongeri Du’ - Mengmeng Gung' + Jin P‘i.-ngl .
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High-frequency off-target mutagenesis induced by
CRISPR-Cas nucleases in human cells

Yanfang Ful-4, Jennifer A Foden!-3, Cyd Khayter!-3, Morgan L Maeder!-3:%, Deepak Reyon!-4,
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Table 2 Indel mutation frequencies at on- and off-target genomic sites induced by
different amounts of Cas9- and sgRNA-expressing plasmids for the RGN targeted to

VEGFA target site 2
250 ng sgRNA/ 12.5 ng sgRNA/
750 ng Cas9 50 ng Cas9
Mean indel frequency Mean indel frequency

Site name Sequence (%) + s.e.m. (%) £ s.e.m.
T2 (on-target) GACCCCCTCCACCCCGCCTCCGG 50.2+4.9 254+ 48
or2-1 GACCCCCCCCACCCCGCCLLCGE 144+34 4.2+0.2
ar2-2 GGGCCCCTCCACCCCGLCTCTGG 200+6.2 98+1.1
aTz2-6 CTACCCCTCCACCCCGCCTCCGG 82x14 6.0+ 0.5
0T12-9 GLCCCCACCCACCCCGCCTCTGG 50.7 £ 5.6 1l6.4+2.1
0T2-15 TACCCCCCACACCCCGCCTCTGG 9.7+45 2.1+0.0
orz2-17 ACACCCCCCCACCCCGCCTCAGG 140x28 7.1£0.0
0T2-19 ATTCCCCCCCACCCCGCCTCAGG 17.0+3.3 9.2+04
0T2-20 CCCCACCCCCACCCCGCCTCAGG 6.1+1.3 N.D.
0T12-23 CGCCCICCCCACCCCGCCTCCGE 444+6.7 35.1£18
or2-24 CTCCCCACCCACCCCGLCTCAGG 62.8+5.0 44.1+45
0T2-29 IGCCCCICCCACCCCGLCTCTGG 13.8+5.2 5.0+0.2
0T2-34 AGGCCCCCACACCCCGCCTCAGG 28+15 N.D.

Amounts of sgRNA- and Cas9-expressing plasmids transfected into U205.EGFP cells for these assays are shown at

the top of each column. (Note that data for 250 ng sgRNA/750 ng Cas9 are the same as those presented in Table 1.) -
Mean indel frequencies were determined using the T7EIl assay from replicate samples, as deseribed in Online d O I - 1 O 1 03 8/n bt 2 6 2 3
Methods. OT, off-target sites, numbered as in Table 1 and Supplementary Table 2. Mismatches from the on-target L] L] [}

site (within the 20 bp region to which the gRNA hybridizes) are boldface and underlined. N.D., none detected.



Table 1 On- and off-target mutations induced by RGMs designed to endogenous human genes

Indel mutation frequency (%) + s.e.m.

Target Site name Sequence U205 .EGFP HEK293 K562 Gene

Target 1 (WEGFA site 1) Tl GGGETGGGGEGGAGTTTGCTCCTEE 260+29 1051 0.07 333z042 VEGFA
oT1-3 GGATGGAGGGAGTTTGCTCCTGE 257+59.1 1891 0.77 2931004 IGDCCE
oTil-4 GGGAGGGIGGAGTTTGCTCCTGG 32+08 8321051 M.D. LOCII16457
aTl-& CGGGGGAGGGAGTTTGCTCCTEE 53:02 3671009 M.D. CACNAZD
0oT1-11 GGGGAGGGGAAGTTTGCTCCTEE 17147 B5410.16 M.D.

Target 2 (WEGFA site 2) T2 GACCCCCTCCACCCOGCCTCOGE 50.2+49 386+ 1.92 150+ 0.25 VEGFA
oT2-1 GACCCCCCCCACCCCGCCCCCGE 144+34 3361 1.17 410+ 0LOS FMNI
oT2-2 GGEGCCCCTCCACCCCGCCTCTGE 200+6.2 156+ 0.30 300+ 0LOG PAXS
aT2-6 CTACCCCTCCACCCCGCCTOOGG B2+14 15.01 0.64 5241022 PAFPDF
oT2-9 GLCCCCACCCACCCCGOCTCTGE 0T+ 56 307+ 1.44 705+ 048 LAMASZ
oT2-15 TACCCCCCACACCCCGOCTCTEG 37+45 6.97+0.10 1.34+0.15 SPNE3
oT2-17 ACACCCCCCCACCCCGCCTCAGE 140+ 28 12.3+0.45 1.80+ 003
oT2-19 ATTCCCCQCCACCCOGCCTCAGG 170+33 19.4+1.35 M.D. HOLBFP
aT2-20 CCCCACCCCCACCCOGCCTCAGE E1+13 N.D. M.D. ABLIMI
oT2-23 CGCCCTCCCCACCCCGCCTCOGE 444+ 6.7 287+ 1.15 4.18 + 0.37 CALY
oT2-24 CICCCCACCCACCCCGCCTCAGE 628+ 50 298+ 1.08 21.1+ 168
oT2-29 IGCCCCICCCACCCCGOCTCTEG 138+52 N.D. M.D. ACLY
oT2-34 AGGCCCCCACACCCOGCCTCAGS 2B8:x15 N.D. M.D.

Target 3 (WEGFA site 3) T3 GGTGAGTGAGTGTGTGCGTETGG 494+ 38 357+1.26 279+ 052 VEGFA
0T3-1 GGTGAGTGAGTGTGTGIGTGAGG 74+34 897+ 0.80 M.D. fabParts)
oT3-2 AGTGAGTGAGTGTGTEIGTEEGE 243:92 235z 0.08 B9z0.16 MAXY
0T34 GCTGAGTEAGTGTATGCGTETGE 209:118 11.21+0.23 M.D.

o739 GGTGAGTGAGTGLGTECEEETES 32:03 2341021 M.D. TPCNZ
0T3-17 GITGAGTGAATGTGTGCETGAGS 29:02 1.27+0.02 M.D. 5LIT1
oT3-18 IGTGEETGAGTGTGTEOETGAGG 134+42 12.1+0.24 2421 0.07 COMDA
OT3-20 AGAGAGTGAGTGTGTGCATGAGG 167+35 7.64 1 0.05 1.18+0.01

Target 4 (EMXT) T4 GAGTCCGAGCAGAAGAAGAAGEE 42.1+0.4 26.0+0.70 10.7 + 0.50 EMX1
0T4-1 GAGTTAGAGCAGAAGAAGARAGE 168+0.2 B4311.32 254+ 0.02 HCNI

Target & (RNFZ) LE] GTCATCTTAGTCATTACCTGTGEG 266 £ 6.0 — — RNFZ

Target & (FANCF) LL:] GGAATCCCTTCTGCAGCACCAGG 332165 — — FANCF

OT indecates off-target sites (with numbering of sites as in Suppbementary Table 2). Mismatches from the on-target (within the 20 bp region ta which the sgRMNA hybridizes) are
boldface and undedined. Meaan indel mutaton frequencies in U205 EGFF, HEK 293 and K562 cells were determined as deseribed in Online Methods. Genes in which sites were
located (if any) are shown. All sites listed failed to show any evidence of modification in cells transfected with Cas% expression plasmid and & contral UE promater plasmbd that ded
not express a functional sgRMA. N.D., none detected: —, not tested.

doi:10.1038/nbt.2623
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Liberacdes Comercials

M Ultima atualizacao 10/06/15 10:51 | @ 55ubpastas | [£] 0Documentos
¥ Subpastas

Nome ¥

|£ﬂ‘u’aclnas

Subpastas: Parecer Técnico n® 099-2004, Parecer Técnico n® 1300-2008, Parecer Técnico n® 1427-2008, Parecer Técnico n® 1591-
2008, Parecer Técnico n® 2146-2009, Mais =

QPlantas
Plantas
Subpastas: Algodao, Eucalipto, Feijao, Milho, Soja, Mais »

@Dutms

Subpastas: Parecer Técnico n® 261-470_2004 - Importacao e Liberacdo Comercial de Enzimas - Processo 01200.00374, Parecer
Técnico n® 3964 - 2014 - OX513A de Aedes asgypti

QMIcmorga nismos

Subpastas: Parecer Técnico n® 2281 - 2010, Parecer Técnico n® 3287 - 2012, Parecer Técnico n® 3775 - 2013, Parecer Técnico n® 3877
- 2013, Parecer Técnico n® 4203 - 2014, Mais »

lEnglish Version
Subpastas: Crops, Microorganisms, Others, Vacccines

Mostrando 5 resultados.



Nome ¥

[iTabela de Plantas - Uso Comercial
Plantas Geneticamente modificadas aprovadas para Comercializagao

lsoja

Subpastas: Comunicado n® 54, Parecer Técnico n® 2236-2009, Parecer Técnico n® 2273-2010, Parecer Tecnico n® 2286-2010, Parecer
Técnico n® 2542-2010, Mais =

E=IMitho
Subpastas: Parecer Técnico n® 0987 - 2007, Parecer Técnico n® 1100 - 2007, Parecer Técnico n® 1255 - 2008, Parecer Técnico n® 1596

- 2008, Parecer Técnico n® 1597 - 2008, Mais =

|"::|1Feljan
Subpastas: Parecer Técnico n® 3024-2011

HEucalipto
Subpastas: Parecer Técnico n® 4408-2015

@Ngﬂdan

Algodao

Subpastas: Parecer Técnico n® 0513-2005, Parecer Tecnico n® 1521 - 2008, Parecer Técnico n® 1598 - 2008, Parecer Técnico n® 1757 -
2009, Parecer Técnico n® 1832-2003, Mais »
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24/09/2020 Resolugio Normativa N° 16, de 15 de janeiro de 2018 - CTNBio

Resolucio Normativa N 16, de 15 de janeiro de 2018

(S wmprimic

Estabebsle o QUERDS DACNICOS D S0NESENTI G0 O DONSW LY o CTHED Sobre 25 TéCnicas Inowvadoras de Medhor imeio o Frecisdo

A COMIESAO TECHHA MACIOMAL DE BICSSEGURANCA - CTNBIS, no uso de suas atribulpbes legais & regulamentares & em abserdnela is dsposighes contidas nos incisos X4 ¢ 30V do art. 14 da Lei o 11,105, de 24 de mango de 2005

COMSIDERANDD a necessidade de avaliar as Técnicas Incvadoras de Melharamento de Frecisdo (TIMP), do inghés Predsion Breeding Inndwation [PEI] & gue também englobam 25 denominadas Novas Teonologias de Melhoramento, do inghds New Breeding Technologies -METS, & luz dos
preceRos previstos na Led n® 11,105, de 24 de margo de 2005;
Consideranda que a Lei o™ 11,105, de 2005, define mokculas de ADNMARN recombinante, engenharia genética ¢ organismo geneticamente modificado - DGM nos incisos 11, W @ V de seu ar. 37, respecivaments;

Considerando que as TIMP alwangem wm conjumo de novas metodologias ¢ abordagens que diferem da estratégia de engenhara gendtica por ransgenia, por resultar na ausénda de ADNARN recombinante no produto final

Consideranda que as TIMP podem introduair uses incvadores de ferramentas de biclogia mokecular, que podem resukar:

1. Ma ediglo precisa de genomas, por indugla de mutagies especificas, gerando ou medificando akeios selagens &'ou matados sem insergdo de ransgeneist

2. Em transformagda gendtica 'ou controle de expressio glnica fathagofnathagdol

3. Em regulagio epigendtica da expressio de genes pOr mecanismas naturals sem haver modficacio genética na individun;

4. Em transformacdo gendtica e'ou controle de expressdo génica com genes de espécies sexualmente compatieis;

5. Em trarsfoemagso gendtica temponinia @ ndo herddvel de células & tecidas;

6. Em infecclo permansnie ou ndo no hospedeira de elementos viraks ransformados geneti camente;

7. Ma criagdo de alelos com heranga autdnoma e potencial de recombinacbo com possibiidade de alterar toda uma populacdo (diredonamento ginico, do iIngks: gene drivel ¢
B. Ka construclo de genes heterdlopos ou novas chplas de genes homdlogas.

Rsod

Art. 1 530 comsideracos mempics de Ténicas Incvadoras de Melhoramento de Frecsdo [TIMFY, mas ndo limitadas a estas, a5 teonologias descritas no Anexo | integrante desta Resalugdo Normatha, gue podem origings um produbo ndo considerado como um Organismo Genet cmente:
Modificada (DGM) ¢ seus derivadas, conforme definigbes da Led n” 11,105, de 24 de marga de 2005.

§ 1" 0 produbo 2 gue s refere o caput deste anigo & definido como a descendiénea, linhagem ou o produto final de um processo gue willz Téonkas Invadoras de Melhoramenso de Precisso em uma de suas fases de desenvolvimento.

§2* 05 casos 2 sevem enguadrados ndo se imiam s teonologias cescritas No ANEND |, LMa vz QU o Svango ripido & continuo de diferentes tecnologias podend propicar noves produtos, Jos quaks os preceRos desta Aesoluclo Mormativa serdo iguaimene apliciets.
§ 3" Os produtos a que se refers o Caput desse artigo implicam em, pelo menos, Uma das SeUNtES Caraceristicas:

|- produto com auséncia comprovada de ADNAARN recomiinants, obtido por tbonica que emprega OGM como parental;

Il - produto abtico por téonica que uss ADKAAAN que ndo s multiplcand em oiula viva;

Il - produta obtide por técnica que introduz mutagbes sitio dirigidas, gerando ganho ou perda de funglio génica, com 3 auséncia comprovada de ADMIARN recomibinante no produtn;

Iv - produso obtida por thcnica cnde existe a expressdo, tempordsia ou permanente, de mokdoulis de ADNAARN recombinante, sem gue haja 2 presenca ou imrogressdo dessas mokiculas no produso;

V- produsn onde Slo uilizadas wonicas gue emgregam mokculas de ADNARN gue, absorvidas ou ndo de formia sistémica, no causam modifcacko pemanente do genoma.

Pardgrafo Gnica. Mo caso de um produto chaido a parti de um OGM com parecer favordvel da CTRBio para liberaglo comercial, a5 condigBes desoritas serio aplichvels scmente & caracteristica inbroduzida por TIKGP.



TRECHOS IMPORTANTES

Considerando que as TIMP abrangem um conjunto de novas metodologias e
abordagens que diferem da estratégia de engenharia genética por transgenia, por
resultar na auséncia de ADN/ARN recombinante no produto final;

.JArt. 1° Sao considerados exemplos de Técnicas Inovadoras de Melhoramento de
Precisédo (TIMP), mas nao limitadas a estas, as tecnologias descritas no Anexo |
integrante desta Resolucdo Normativa, que podem originar um produto nao considerado
como um Organismo Geneticamente Modificado (OGM) e seus derivados, conforme
definicoes da Lei n° 11.105, de 24 de marco de 2005...

5. TECNICA: Mutagénese Sitio Dirigida.

5.1 RESUMO DA TECNICA: Complexos proteicos ou riboproteicos capazes de causar
mutagénese sitio dirigida em microrganismos, plantas, animais e células humanas....

8. TECNICA: RNAI uso topico/sistémico.

8.1 RESUMO DA TECNICA: Uso de RNA fita dupla ("dsRNA") com sequéncia homéloga
ao(s) gene(s) alvo para silenciamento especifico desse(s) gene(s). As moléculas
engenheiradas de dsRNA podem ser introduzidas/absorvidas pela célula a partir do
ambiente....



OGM ou nao?

RNAI e
CRISPR??



PESQUISA IRA CRIAR BIODEFENSIVOS DE USO TOPICO PARA CONTROLE
DE PLANTAS DANINHAS, INSETOS-PRAGA E DOENCAS PARA AS
PRINCIPAIS CULTURAS AGRICOLAS

https://www.agrointeracao.com.br/noticias/2020/09/23/pesquisa-ira-criar-
biodefensivos-de-uso-topico-para-controle-de-plantas-daninhas-insetos-
praga-e-doencas-para-as-principais-culturas-agricolas/



http://www.abbi.org.br/pt/noticia/decisao-da-ctnbio-sobre-tecnicas-

Inovadoras-de-melhoramento-de-precisao-e-um-marco-para-biotecnologia-
Industrial-brasileira/

Inicio » Noticias » Decisdo da CTNBio sobre organismo produzido por Técnica Inovadora de Melhoramento de Preciso € um marco para a biotecnologia industrial br

Decisgo da CTNBIo sobre organismo produzido

CRISPR permite
DOr Tecnica Inovadora de Me '

i LI acelerar o
Precisdo € um marco para a biotecnologia processo de
industrial brasileira producéo de

OGMs

SCRISPR A SIGLA DO FUTURO
‘DO AGRO

Como 74 tecnologla de edlgao de genes pode redefinir a agropecudria em todo o
\ mundo= . ,

http://plantproject.com.br/novo/2019/02/agribusiness-13-crispr-a-sigla-do-
futuro-do-agro/



Reportagem recente...

FOMENTO

Aprendizado em edicdo de genoma

Instituto Agronémico vai utilizar “tesoura genética" para solucionar
problemas nas culturas de cana, café e citros

. ma rede de pesquisadores sediada no Instituto Agronomico (IAC) vai utilizar
Fabricio Marques

técnicas de edicao de genoma para buscar ampliar a qualidade e a produtividade

Edicdo 305 de trés culturas agricolas de grande importancia economica: o café, a cana-de-
jul. 2021 ) ] ] - .

acucar e os citros. O esforco de pesquisa tem focos especificos, como o desenvolvimento de
Atualizado em café com baixissimo teor de cafeina, de laranjais resistentes a uma doenga conhecida como
7jul 2021

HLB ou greening e de variedades de cana aprimoradas. Esses alvos sao um pretexto para

A :
agronomia do Brasil uma expertise no uso da ferramenta CRISPR-Cas9, sigla de repeticoes

alcancar um objetivo mais ambicioso. A intencao é criar na comunidade de pesquisa em

palindromicas curtas agrupadas e regularmente interespacadas (ver Pesquisa FAPESP n”

288). O metodo funciona como uma espécie de tesoura e permite remover ou adicionar com
precisao trechos do DNA de seres humanos, animais, plantas ou microrganismos. Seu
potencial para criar tratamentos de doencas genéticas foi reconhecido com o Prémio Nobel
de Quimica de 2020, concedido as pesquisadoras Emmanuelle Charpentier, francesa, e

Jennifer Doudna, norte-americana.

https://revistapesquisa.fapesp.br/aprendizado-em-edicao-de-genoma/



14/12/21 | AGROENERGIA MELHORAMENTO GENETICO PESQUISA, DESENVOLVIMENTO E INOVACAO PRODUGAO VEGETAL

Ciéncia brasileira desenvolve primeira cana editada nao-
transgénica do mundo




Assunto: Consulta Previa - Resolucao Normativa 16
Decisao: Nao OGM

A CTNBIo, apos analise de Requerimento de Consulta Prévia a respeito do Enquadramento
Regulatorio do Produto Pivot Bio Kv137-2253 (Klebsiella variicola cepa 137-2253) obtido por Técnicas
Inovadoras de Melhoramento de Precisao (TIMP) nos termos da Lei n® 11105 de 24 de margo de 2005 e da
Resolucao Normativa N° 16, de 15 de janeiro de 2018, concluiu que nao se trata de um organismo
geneticamente modificado a luz da legislacao brasileira. Trata-se 01245.014231/2022-12 de um inoculante
em po para uso no tratamento de sementes de milho antes do plantio, contendo a bacteria diazotrofica
Klebsiella variicola cepa 137- 2253 que foi geneticamente editada por meio da tecnologia de plasmideo
suicida para aumentar sua capacidade de produzir amonia, um importante nutriente absorvido pela raiz da
planta para sustentar o seu crescimento. Isso € alcancado por meio da alteracao da via de fixacao de
nitrogénio (operon nif) localizada na regiao conservada do genoma de Klebsiella variicola, resultando no
aumento da taxa de fixagao de nitrogénio e producao de amonia, e, consequentemente, maior
produtividade da cultura do milho com menor consumo de fertilizantes quimicos nitrogenados. O produto
implica nas caracteristicas listadas: Produto com auséncia comprovada de ADN/ARN recombinante, obtido
por tecnica que emprega OGM como parental; Produto obtido por técnica que introduz mutacoes sitio
dirigidas, gerando ganho ou perda de funcao génica, com a auséncia comprovada de ADN/ARN
recombinante no produto; Produto obtido por tecnica onde existe a expressao, temporaria ou permanente,
de moleculas de ADN/ARN recombinante, sem que haja a presenca ou introgressao dessas moleculas no
produto, visto que nao existem moleculas de DNA/RNA recombinantes no produto Kv 137-1034.



PROXIMA AULA - 28 de Junho

Aula — Biologia Sintética — Profa. Dra. Elizabeth Bilsland

I'VE BEEN UsiNg CRISPR

TO EDIT THE SENOME
OF THESE CELLS!
IT's sucl
A POWERFUL TooL!
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I'VE BEEN ABLE TO
MUTATE GENES, DELETE SEMNES,
ACTIVATE AND INACTIVATE SENES
-— ALL TO CHANGE THE
FUNCTIONS AND EVEN

E ¥ OF THE C !
LE aowiix o b Tk el

THUERE ARE
NO CELLS
HERE.
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