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Modificacao de plantas

Cross Breeding Transgenesis
Combining two sexually Addition of genes from any speces to
compatible species 1o create a varnely create a new varety with desired traits

with the desired traits of the parents

& O

The Honoyorisp Apple gets It fTamous tertize and The Rainbow Pagaya ts modified with & pene s
flavar by biending e trafls of 28 Darents gives |t resistance o the Papays Ringspot Vina

BIOLOGY,
FORTIFIED

&
<.
>



Modificacao de plantas

Genome Editing

Use of an enzyme system
to maodify DNA directly within the cell

GCanoma editing was usad 10 develop herbeico
rpsisiant condla 10 hold Liymers control weeds
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Homologous recombination Non-homologous end joining

Double strand break Double strand break
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Brochier, C., & Langley, B. (2013). Neurotherapeutics, 10, 817-830. S—




Edicao génica
Reparo

Reparo por:
- Homologia
- Juncao das pontas

Brochier, C., & Langley, B. (2013). Neurotherapeutics, 10, 817-830.
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Homologous recombination Non-homologous end joining

Double strand break Double strand break

Edicao génica " ’
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Brochier, C., & Langley, B. (2013). Neurotherapeutics, 10, 817-830.




Edicao génica
Estrategia

Sistema capaz de induzir

quebra de dupla fita

Reparo por: ;L e
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Edicao génica
Estrategia

Sistema capaz de induzir

quebra de dupla fita
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Edicao genica Sistema capaz de induzir
Estrategia quebra de dupla fita
(DSB) sitio-especifica

Recognition domain -— - Catalytic domain

https://international.neb.com/tools-and-resources/video-library/type-ii-restriction-enzymes?autoplay=1



Edicao genica Sistema capaz de induzir
Estrategia quebra de dupla fita
(DSB) sitio-especifica

Recognition domain -— - Catalytic domain

https://international.neb.com/tools-and-resources/video-library/type-ii-restriction-enzymes?autoplay=1



Edicao genica Sistema capaz de induzir
Estrategia quebra de dupla fita
(DSB) sitio-especifica

5 3
a-helix

Fedotova, A. A., Bonchuk, A. N., Mogila, V. A., & Georgiev, P. G. (2017). Acta Naturae, 9(2 (33)), 47-58.



Edicao génica

ZFN (Zinc Finger Nuclease)

Dominios dedo de zinco =

Especificidade

Dominio catalitico de FokI =

Induzir DSB

Miller, J. C., Holmes, M. C., Wang, J., Guschin, D. Y., Lee, Y. L., Rupniewski, I., ... &
Rebar, E. J. (2007). Nature biotechnology, 25(7), 778-785.
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Edicao génica
TALEN

Transcription Activator-Like Effectors
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Secretion Signal Region NLS Domain
TALEN 5'-T GCATCTCCCCETACGTAEACCAj
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Transcription Activator-Like
C
Effectors
Unidade = Repeticao 34aa a7
Especificidade = residuos 12-13 511 s ,,,MS““
(RVD = Repeat Variable Diresidue) ' ’&\“24

Mak, A. N. S., Bradley, P.,, Cernadas, R. A., Bogdanove, A. J. c3 )}Jj

Stoddard, B. L. (2012). Science, 335(6069), 716-719.
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Secretion Signal Region NLS Domain
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Mak, A. N. S., Bradley, P.,, Cernadas, R. A., Bogdanove, A. J. Fﬂcaﬁ\_“/j

Stoddard, B. L. (2012). Science, 335(6069), 716-719.



Edicao génica
TALEN
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TALE = Especificidade

Dominio catalitico de FokI = Induzir DSB

https://www.isaaa.org/resources/publications/pocketk/59/default.asp



Edicao génica
ZFN/TALEN

Dificil manipulacao
Especificidade
Proteinas

Right ZFP
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Edicao génica
CRISPR

Clustered Regulatory
Interspaced Short
Palindromic Repeat

Image by H. Adam Steinberg, artforscience.com
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Edicao génica
CRISPR

Bacterial immune system Targeted genome editing

Invading Site-specific Genomic Site-specific
DNA dsDNA break DNA dsDNA break

Host

Genome specific
tracrRNA

tracrRNA-crRNA

chimera Z
Cleaving
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DNA maintenance targeted genome

Image by H. Adam Steinberg, artforscience.com



Edicao génica
CRISPR

Clustered Regulatory
Interspaced Short
Palindromic Repeat

CRISPR-Cas9-Targeted DNA Breaks
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Edicao génica
CRISPR

Clustered Regulatory
Interspaced Short
Palindromic Repeat

CRISPR-Cas9-Targeted DNA Breaks
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Edicao génica
CRISPR-Cas9 - Vetor

POL Il POLII Cas9
Promoter, Promote

POL II - transcricdo de RNAs que codificam proteinas
POL IM-transcricao de RNAs funcionais (tRNA, alguns snRNAs,55rRNA)
T-Terminador

Selection T
Marker




Edicao génica
CRISPR-Cas9

=‘>é=

NHE)

Deletion
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Insertion

Variable length indels

Nuclease-inducted
Double-strand Break

Efeito em cada cromossomo homolgo pode ser diferente
Homozigota =edicoes iguais (Editada/Editada)
Heterozigota = WT/Editada
Bialélica =edicOes diferentes (Editada/Editada*)
Quimera =edicoes posterior ao inicio da

regeneracao (Populagao mista de celulas)



Edicao génica
CRISPR-Cas9

MEP
Pathway

SIPDS sgRINAL 21 0 0 15(71.4%) 6(28.6%)

SIPDS sgRINA2 7 0 1(14.3%) 6 (85.7%) 0

GGPP

\ 4
Phytoene

PDS

-

Lycopene «««««<» Lutein
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,i, Pan, C., Ye, L, Qin, L, Liu, X, He, Y,, Wang, J,, ... & Lu, G. (2016). CRISPR/Cas9-mediated efficient and heritable targeted
mutagenesis in tomato plants in the firstand later generations. Scientific reports, 6, 24765.

p-Carotene



Edicao génica
CRISPR-Cas9
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Pan, C., Ye, L, Qin, L, Liu, X,, He, Y,, Wang, J., ... & Lu, G. (2016). CRISPR/Cas9-mediated efficient and heritable targeted
mutagenesis in tomato plants in the first and later generations. Scientific reports, 6, 24765.



Edicao génica
CRISPR-Cas9
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Edicao génica
CRISPR-Cas9

Plantalt »* ' ' * "~
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GAAAGACAACATOCTATOTATCAAGCTCOTGAAGA
GAAAGACAMGATCCTATCTATC- AGCTCOTGAAAGA

GAAAGACAACATCCTATOTATCAAGCTCOTGAAAGA
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Edicao génica
CRISPR

Clustered Regulatory
Interspaced Short
Palindromic Repeat

CRISPR-Cas9-Targeted DNA Breaks
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Edicao génica
CRISPR-Cas9 - Vetor
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Edicao génica
CRISPR-Cas9
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CRISPR-Cas9
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Edicao génica
CRISPR-Cas9
WI_ P1 P2 P3
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Homodlogos

Quais sao certamente editadas?

Quais sao certamente homozigotas?




Edicao génica
CRISPR-Cas9

T-DNA
o



Edicao génica
CRISPR-Cas9

1 2 3 4 5



Edicao génica
CRISPR-Cas9

1 2 3 4 5




Edicao génica
CRISPR-Cas9

E necessario
I manter o T-DNA?
1 2 3 4 5
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CRISPR-Cas9



Edicao génica
CRISPR-Cas9

3’ 4

Frequéncia 1:16
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Edicao génica
CRISPR-Cas9

Além da edicao Googte i
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Edicao génica
C RI S PR- Ca 59 Targeted genome editin

Além da edicao choe |

Genome specific
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chimera
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specific
crRNA
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Dead-Cas9 (dCas9)  sequence

¥

¥
Modification of
targeted genome



Edicao génica
CRISPR-Cas9

Além da edicao

Site-specific
sgRNA

Transcription | <
activator E
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Transcription
repressor
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Target gene

Transcription regulation
of target gere

Moradpour, Mahdi, and Siti Nor Akmar Abdulah. "CRISPR/dCas9 Platforms in Plants: Strategies and
Applications beyond Genome Editing." Plant Biotechnology Journal (2019).
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CRISPR-Cas9

Além da edicao

Chromatin
imaging

Gene
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Moradpour, Mahdi, and Siti Nor Akmar Abdulah. "CRISPR/dCas9 Platforms in Plants: Strategies and
Applications beyond Genome Editing." Plant Biotechnology Journal (2019).
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