TECNICAS INOVADORAS DE
MELHORAMENTO DE PRECISAO

Aula 10

LGNO0232 - Genética molecular

Maria Carolina Quecine
Departamento de Genética
maquecine@usp.br




QUEM CONTROLA A LIBERACAO DE
ORGANISMOS GENETICAMENTE
MODIFICADOS?

TODO ORGANISMO GENETICAMENTE
MODIFICADO E UM TRANSGENICO?

ELES SAO SEGUROS? /r\

TRANSGENICOS

eeeeeeeeeeeeeeeeeeeeeee




http://ctnbio.mcti.gov.br/

Ir para o conteGdo il Ir para o menu Ir paraa busca[§] Ir para o rodapé

ACESSIBILIDADE ALTO CONTRASTE MAPA DO SITE PORTUGUES ENGLISH

Comissao Técnica Nacional de

Biosseguranca

MINISTERIO DA CIENCIA, TECNOLOGIA E INOVACAO

Perguntas Frequentes | Contato | Servicos da CTNBio

INSTITUCIONAL W
A CTNBIO assessora o Governo Federal nas - W
_ questoes relativas a Biosseguranc¢a de e iy

de um OGM dentro

Organismos Geneticamente Modificados

Saiba mais

Secretaria Executiva

do CTNBio

Processo de OGM

Reunides

Avisos ULTIMAS ATUALIZACOES

Atas

Pautas Pauta 204° PLENARIA-AGOSTO-
Inscrigdes para as Reuniées da CTNBio. 2017

Deliberacdes informacdes gerais: 1) Fica autorizada a presenca de espectadores externos 3
Comiss3o nas reunides ordinarias e setariais da CTNBio; 2) O numero de vagas serd 06 -Junho 2017

Calendario 2017 determinado pela disponibilidade de a

ssentos no local da reunido, apos garantir
spaco a todos os membros da CTNBIo, equipe de...

m

05 - Maio 2017



MCS.

Liberagio comercial Submissio de um plano de monitoramento Isencao Sim Fimdo
aprovada ourequisi¢do deisengio concedida? processo
Nio
iy Riscos Execugdo do plano de
‘__'

negligenciaveis?

Sim

MG

monitoramento

Monitoramento geral

A

v

(avaliagoes periodicas)

% Nio

constatado?

Sim

| Relatorio técnico |

y

Medidas de Monitoramento caso-
mitigagao [ especifico
implementadas

4

3

feito adverso
permanece?,

Fimdo MCS

Prazo
atingido ou fim
precoce do
monitoramento?

: Fim do
Sim==> moni!ﬁtamqnb

Relagao coma
biosseguranca do
2

Sim

[

Confirmado ¢

Experimentacao
cientifica

casualidade entre
0 efeito adversoe

Sim

Suspensdo ou

revogagao da
NELES  decisdo técnica
sobrea liberagao

Existe
mitigacdo?

comercial

Sim




Liberagcbes Comerciais

Liberagcoes Comerciais

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 »



Ir para o conteddo|fl]l Ir para o menu Ir para a busca Ir para o rodapé [E] ACESSIBILIDADE ALTO CONTRASTE MAPA DO SITE PORTUGUES ENGLISH

Comissao Técnica Macional de

Biosseguranca L Q

MINISTERIO DA CIENCIA, TECNOLOGIA, INOVACOES E COMUNICACOES

Perguntas Frequentes | Contato | Servigos da CTMBio

INICIO > NORMAS ELEIS > RESOLUCOES NORMATIVAS

INSTITUCIONAL CTNBio
A CTMBIo =
. Resolugéao N° 18, de 23 de margo de 2018
~ Republica a Resolucdo Mormativa n® 2, de 27 de novembro de 2006, que "Dispde sobre a classificacdo de riscos de Organismos
Secretaria Executiva i . .
Geneticamente Modificados (OGM) e os nivels de biosseguranca a serem...
Ler mais »
Processo de OGM
= . ° . .
Reunides Resolugao Normativa N° 16, de 15 de janeiro de 2018
Estabelece os requisitos técnicos para apresentacdo de consulta 3 CTMBIo sobre as Técnicas Inovadoras de Melhoramento de Precisdo A
atas COMISSAD TECNICA NACIONAL DE...
Ler mais »

[] Resolugio Narmat...pdf A




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;

...Art. 12 S3o considerados exemplos de Técnicas Inovadoras de Melhoramento de
Precisao (TIMP), mas nao limitadas a estas, as tecnologias descritas no Anexo |
integrante desta Resolucao Normativa, que podem originar um produto nao
considerado como um Organismo Geneticamente Modificado (OGM) e seus
derivados, conforme definicdes da Lei n? 11.105, de 24 de margo 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 tépico/sistémico.

8.1 RESUMO DA TECNICA: Uso de RNA fita dupla ("dsRNA") com sequéncia homdloga
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....
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O inicio de tudo... 1990s

The Plant Cell, Vol. 2, 278-289, April 1990 © 1990 Amencan Society of Plant Physiclogists

Introduction of a Chimeric Chalcone Synthase Gene into
Petunia Results in Reversible Co-Suppression of

Homologous Genes in trans

Carolyn Napoli,’ Christine Lemieux, and Richard Jorgensen®
DMA Plant Technology Corporation, 6701 San Pablo Avenue, Oakland, California 84608
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Potent and specific

genetic interference by
double-stranded RNA in
Caenorhabditis elegans

Andrew Fire*, SiQun Xu*, Mary K. Montgomery®,
Steven A. Kostas*t, Samuel E. Driver! & Craig C. Mellot

* Carnegie Institution of Washington, Departenent of Entbryology,
115 West University Parkway, Baltimore, Maryland 21210, USA

T Biolegy Graduate Program, Johns Hoplins Usiversity,

3400 North Charles Street, Baltimore, Marpland 21218, USA

¥ Program in Moleculer Madicine, Department of Cell Biology,
University of Massachusetts Cancer Center, Two Biotech Suite 213,
373 Plantation Street, Worcester, Massachuserts 01605, LT84

Control RNA (ds-unc22A) ds-gfoG RNA ds-lacZL RNA

* Injecao de dsRNA silencia gene
de musculo unc-22 em C.
elegans.

* dsRNA>>> RNA fita senso ou
antisense

e Sistémico e sinal amplificado

L1

Adult

Adult

https://doi.org/10.1038/35888



Published: 29 October 1998

Specificinterference by ingested dsRNA Ingestdo de E.coli expressando dsRNA
Lisa Timmons & Andrew Fire por C, elegans -> SilenCIamentO

Nature 395, 854 (1998) | Cite this article

16k Accesses ‘ 1374 Citations ‘ 20 Altmetric | Metrics

* O gene fem-1 codifica um

Abstract componente tardio da via de

A genetic interference phenomenon in the nematode Caenorhabditis elegans has been d ete m | n ag éo d 0O sexo d (@) C .
described in which expression of an individual gene can be specifically reduced by e I eg ans .

microinjecting a corresponding fragment of double-stranded (ds) RNAL One striking feature L. -

of this process is a spreading effect: interference in a broad region of the animal is observed ® Muta(;ﬁes nUIaS ou InjeQaO de
following the injection of dsRNA into the extracellular body cavity. Here we show that C. d S R NA | m ped em a p rod u géo d e
elegans can respond in a gene-specific manner to dsRNA encountered in the environment. C. ;

elegans normally feed on bacteria, ingesting and grinding them in the pharynx and €S pe rm atozo I d €S - p rOd uzem
subsequently absorbing bacterial contents in the gut. We find that Escherichia colibacteria fé meas esté re | S.

expressing dsRNAs can confer specific interference effects on the nematode larvae that feed

onthem.
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Sistema presente em diferentes
organismos modelo...




ALGUMAS PROTEINAS CHAVES...

RNA-dependent RNA polymerase (RARP)



Genome size AGO-

Species (Mb) Piwi Dicer RDR
\ N
Glaucophyta & o
Cyanophora paradoxa 70.0 0 0 1 L '
T
Rhodophyta Y. /> :
Galdieria sulphuraria 13.7 0 0 0 2 (@ =
Cyanidioschyzon merolae 16.5 0 0 0
Porphyridium purpureum 19.7 3 1 3
Chlorophyta
Ostreococcus tauri 12.5 0 0 0
Ostreococcus lucimarinus 132 0 0 0
Bathycoccus prasinos 15.1 0 0 0
Micromonas sp. RCC299 20.9 1 0 0
Micromonas pusilla CCMP 1545 21.9 0 0 0
Chlorella variabilis NC644 46.0 1 1 0
Chlorella sorokiniana 56.8 1 1 0
Coccomyxa subellipsoidea 48.8 2 1? 1
Chlamydomonas reinhardtii 120.0 3 3 0
Volvox carteri 138.0 2 1 0

doi: 10.1128/EC.05106-11



dsRNA viral replication precursor miRNA

effector complex: RITS RISC RISC
genome \% mRNA
oNaLIT__TTT RNA 5 1T 1T 3

DNA/histone methylation mRNA degradation translation block

A enzima Dicer reconhece dsRNA para formar siRNA ou miRNA.
Esses RNAs sao incorporados no RNA-induced silencing
complex (RISC), que se liga ao mRNA.



RNAi em insetos

Formas de entrega:
* Microinjecao

* Entrega com NPs
* Soaking

* |Ingestao— exemplo E.coli e C. elegans.

RNAi delivery methods

X

Microinjection

Artificial diet

I,
%

Petiole dip

A

oy

Topical RNAi

https://doi.org/10.3390/insects11090557
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Inside insect cells



https://doi.org/10.3390/insects11090557

* HIGs (Host-Induced Gene Silencing) — Plantas transformadas
com construcdes que sao transcritas em hairpin — processados
pela maquinaria da planta ou inseto ao se alimentar.

* SIGs ( Spray-Induced gene silencing)

P

UL, Strand
Discarded

Ago/RISC Antisense
l strand

Ago/RISC
5'-mG-Cap AN AAAAAAAAA-3’
mRNA mRNA
Cleavage Destabilization
|||||||||||§||€ .LLLI.I.LLLLUJ.I% 5'-m><2ap

doi: 10.1111/mpp.12866
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Interfere na regulacao da expressao génica de patdogeno



Published: 04 November 2007

Control of coleopteran insect pests through RNA
interference

James A Baum, Thierry Bogaert, William Clinton, Gregory R Heck, Pascale Feldmann, Oliver llagan, Scott

Johnson, Geert Plaetinck, Tichafa Munyikwa, Michael Pleau, Ty Vaughn & James Roberts &

Nature Biotechnology 25, 1322-1326 (2007) | Cite this article

18k Accesses | 1244 Citations | 59 Altmetric ‘ Metrics

Abstract

Commercial biotechnology solutions for controlling lepidopteran and coleopteran insect
pests on crops depend on the expression of Bacillus thuringiensis insecticidal proteins’2,
most of which permeabilize the membranes of gut epithelial cells of susceptible insects.
However, insect control strategies involving a different mode of action would be valuable for
managing the emergence of insect resistance. Toward this end, we demonstrate that
ingestion of double-stranded (ds)RNAs supplied in an artificial diet triggers RNA interference
in several coleopteran species, most notably the western corn rootworm (WCR) Diabrotica
virgifera virgifera LeConte. This may result in larval stunting and mortality. Transgenic corn
plants engineered to express WCR dsRNAs show a significant reduction in WCR feeding
damage in a growth chamber assay, suggesting that the RNAi pathway can be exploited to
control insect pests viain planta expression of a dsSRNA.

https://doi.org/10.1038/nbt1359

Published: 04 November 2007

Silencing a cotton bollworm P450 monooxygenase
gene by plant-mediated RNAi impairs larval tolerance
of gossypol

Ying-Bo Mao, Wen-Juan Cai, Jia-Wei Wang, Gao-Jie Hong, Xiao-Yuan Tao, Ling-Jian Wang, Yonqg-Ping
&

Huang & Xiao-Ya Chen

Nature Biotechnology 25, 1307-1313 (2007) ‘ Cite this article

11k Accesses ‘ 970 Citations ‘ 31 Altmetric | Metrics

Abstract

We identify a cytochrome P450 gene (CYP6AE14) from cotton bollworm (Helicoverpa
armigera), which permits this herbivore to tolerate otherwise inhibitory concentrations of
the cotton metabolite, gossypol. CYP6AF14 is highly expressed in the midgut and its
expression correlates with larval growth when gossypol is included in the diet. When larvae
are fed plant material expressing double-stranded RNA (dsRNA) specific to CYP6AE14, levels
of this transcript in the midgut decrease and larval growth is retarded. Both effects are more
dramatic in the presence of gossypol. As a glutathione-S-transferase gene (GST1) is silenced in
GSTI dsRNA-expressing plants, feeding insects plant material expressing dsRNA may be a

I]Ic.l ture
biotechnology

: \
RNA interference tackles inséctontrol
(] gl ¢ antibodies™

VOLUME 25 NUMBER 11 NOVEMBER 2007

https://doi.org/10.1038/nbt1352
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Characterizing the Mechanism of Action of Double-Stranded a ,
RNA Activity against Western Corn Rootworm (Diabrotica -~ Y
virgifera virgifera LeConte) 3

Renata Bolognesi, Parthasarathy Ramaseshadri @, Jerry Anderson, Pamela Bachman, William Clinton, Ronald Flannagan,

Oliver llagan, Christina Lawrence, Steven Levine, William Moar, Geoffrey Mueller, Jianguo Tan, Joshua Uffman, [ -.- ],

Gerrit Segers
[ view all ]

Published: October 11, 2012 « https://doi.org/10.1371/journal pone. 0047534
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Day Day

Introduction

RNA interference (RNAI) has previously been shown to be effective in western corn rootworm
Results (WCR, Diabrotica virgifera virgifera LeConte) larvae via oral delivery of synthetic double-
stranded RNA (dsRNA) in an artificial diet bicassay, as well as by ingestion of transgenic corn
plant tissues engineered to express dsRNA. Although the RNAI machinery components appear
Materials and Methods to be conserved in Coleopteran insects, the key steps in this process have not been reported
for WCR. Here we characterized the sequence of events that result in mortality after ingestion
of a dsRNA designed against WCR larvae. We selected the Snf7 ortholog (DvSnf7) as the
Author Contributions target mMRNA, which encodes an essential protein involved in intracellular trafficking. Our results
showed that dsRNAs greater than or equal to approximately 60 base-pairs (bp) are required for

Discussion

Supporting Information

References biological activity in artificial diet bioassays. Additionally, 240 bp dsRNAs containing a single 21
bp match to the target sequence were also efficacious, whereas 21 bp short interfering (si)

Reader Comments RNAs matching the target sequence were not. This result was further investigated in WCR

Figures midgut tissues: uptake of 240 bp dsRNA was evident in WCR midgut cells while a 21 bp siRNA

was not, supporting the size-activity relationship established in diet bioassays. DvSnf7

Snf7 (DvSnf7) como mRNA alvo - codifica
uma proteina essencial envolvida no

trafego intracelular. _ _
https://doi.org/10.1371/journal.pone.0047534



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/
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First Sprayable Double-Stranded

RNA-Based Biopesticide Product -

Targets Proteasome Subunit Beta
Type-5 in Colorado Potato Beetle

(Leptinotarsa decemlineata) .

Thais B. Rodrigues™, Sambit K. Mishra’, Krishnakumar Sridharan’, Ethann R. Barnes',
Andrei Alyokhin®, Rich Tuttle’, Wimalanathan Kokulapalan?, David Garby?,

Nicholas J. Skizim?, Yu-wen Tang®, Brian Manley’, Lorenzo Aulisa®, Ronald D. Flannagan’,
Carole Cobb? and Kenneth E. Narva'

'GreenLight Biosciences, Research Tiangle Park, NC, United States, “School of Biology and Ecology, University of Maine,
Crono, ME, United States, GreenLight Biosciences, Medford, MA, United States

Colorado potato beetle (CPB, Leptinotarsa decemlineata) is a major pest of potato and
other solanaceous vegetables in the Northern Hemisphere. The insect feeds on leaves
and can completely defoliate crops. Because of the repeated use of single insecticide
classes without rotating active ingredients, many chemicals are no longer effective in
controlling CPB. Ledprona is a sprayable double-stranded BNA biopesticide with a new
mode of action that triggers the RNA interference pathway. Laboratory assays with second
instar larvae fed Ledprona showed a dose-response where 25x 10-°g/L of dsPSMB5
caused 90% mortality after 6 days of initial exposure. We also showed that exposure to
Ledprona for 6h caused larval mortality and decreased target messenger RNA (mRNA)
expression. Decrease in PSMBS5 protein levels was observed after 48 h of larval exposure
to Ledprona. Both PSMBS mRNA and protein levels did not recover over time. Ledprona
efficacy was demonstrated in a whole plant greenhouse trial and performed similarly to
spinosad. Ledprona, currently pending registration at EPA, represents a new biopesticide
class integrated pest management and insecticide resistance management programs
directed against CPB.

besouro da batata do
Colorado

Leptinotarsa decemlineata
Resistente a muitos pesticidas

Ledprona é um
biopesticida de RNA de
fita dupla pulverizavel




Edicao génica?

CRISPR-Cas??



PROCARIOTOS: MODELO CLONAL

Lawrence, 2002.
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Battling Phages: How Bacteria Defend
against Viral Attack

Kimberley D. Seed*

Departmant of Moleeular, Cellular, and Developmental Biology, University of Michigan, Ann Arbor, Michigan,
United States of America

* kdseed @umich.edu

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.

A CRISPR Locus

Spacers
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CAS Genes Leader \ \ /

Repeats

A CRISPR Array



JourmalL oF BACTERIOLOGY, June 1989, p. 3553-3556 Vol 171, MNo. 6

0021-9193/89063553-04502.00/0
Copyright © 1989, American Society for Microbiology

Unusual Nucleotide Arrangement with Repeated Sequences in the
Escherichia coli K-12 Chromosome

ATSUO NAKATA,* MITSUKO AMEMURA, ano KOZO MAKINO

Department of Experimental Chemotherapy, Research Institute for Microbial Diseases, Osaka University, 3-1,
Yamadaoka, Suita, Osaka, Japan 565

Received 19 December 1988/ Accepted 13 March 1989

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”



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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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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RNA-Guided Human Genome Engineering via Cas9
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Multiplex Genome Engineering Using CRISPR/Cas Systems
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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
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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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PRECISA ENTENDER UM POUCO DE SISTEMA DE RECOMBINAGCAO
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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.

Uso direto do sgRNA e mRNA Cas9!!ll
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CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes
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CRISPR/Cas9-mediated gene editing in human zygotes using
Cas9 protein
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Videos

https://www.youtube.com/watch?v=UfA_jAKV29g
https://www.youtube.com/watch?v=TnzcwTyr6cE
https://www.youtube.com/watch?v=jAhjPd4uNFY
https://www.ted.com/talks/jennifer_doudna_we_can_now_edit_our_dna_
but let_ s do_it wisely V
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Uma ferramenta
https://innovativegenomics.org/crisprpedia/ para editar o




