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BIOTECNOLOGIA

“Qualquer tecnologia que utilize
sistemas biologicos, organismos vivos,
ou seus derivados, para fabricar ou
modificar produtos ou processos para
uma utilizacao especifica.”

(ONU, Convencao de Biodiversidade 1992, Art. 2)

Fonte: https://www.iberdrola.com/innovation/what-is-biotechnol
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Biotecnologia Verde pode ser definida como a aplicacao de técnicas
tecnoldgicas em plantas, com o objetivo de modificar caracteristicas das mesmas
e contribuindo para uma agricultura mais eficiente e sustentavel.
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A domesticacao provocou alteracoes nas plantas
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A ai. WX, Daucus carot
Cenourasde cor branca e ramificadas com poucas
semelhanc¢as com a cenoura que conhecemos

As bananas originais possuem muitas
sementes e uma polpa reduzida




Desafios Aplicacoes

A The problem @Iimate changeIand insecurity g jGreen biotechnology: Applications

B The causes and l @ ‘

perspectives
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Genetically modified food:
Resistant to extreme pH, salinity,
drought ,&' , heats '\ , flooding,

insects
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D The avaluation

‘ Fﬁ T Crop productivity
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studies

Expression of bacterial citrate synthase
in roots.

E The solutions ;
precautions

Biotechnological @

Aluminum
discharge

Euro-Mediterranean Journal for Environmental Integration (2021) 6:29

https://doi.org/10.1007/s41207-020-00240-5



Planta ndao modificada Planta modificada

“ CRISPR/Cas
Pragas .
\. 0 DNA genomico
Virus
Bactérias 7 /\ /

DNA genémico modificado

(}‘ ~

Nematodes

As culturas estao invariavelmente expostas a pragas e doencgas.

No sentido de acelerar o processo de melhoramento de plantas, as NOVAS TECNICAS GENOMICAS, como as tecnologias de edi¢éo de
genoma, permitem introduzir mecanismos de resisténcia ou remover suscetibilidade de forma rapida e precisa.

Fonte: InPP



Como obter uma planta melhorada®e

Melhoramento convencional Modificacao genética
Sweet and Not sweet and
Susceptible to Tolerant to

disease

Susceptible to

disease ("—"

Vector
(means for gene transfer)

. Repetitions of
. crossbreeding and selection

Insertion of disease
- tolerance-related gene
’ Obtaining sweetness

and disease tolerance Obtaining sweetness

and disease tolerance

Fonte: https://news.agropages.com/News/print-34172.htm

disease ‘ Bacterial DNA =) Tresimomszyme)
Sweet and i Disease tolerance-
related gene

Edicao genética

© Sci
. Tomato's DNA ’1 [rest?i::sﬁ%greanmel

Sweet and : -
: . D tibility-
Susceptible to disease l,;f:f;fg?::ep' o
=
| S &
Deletion
l (cutting)
' HKOOOOOOX
o Repair
Obtaining sweetness
and disease tolerance



Conventional plant breeding

Como obter uma planta melhorada®¢

Melhoramento
convencional

RNA-directed
DNA methylation
(RdADM)

Targeted
mutagenesis

..,.‘_.-.;;: w Cisgenesis f
(when carred §
out by genome
editing)
reiatives IS combined in a new way and in : Intragenesis
(when carned ~Into a crop. - ' - ' - _
out by genome

editing)
Transgenesis
(GM™)

Fonte: https://www.foodstandards.gov.scot/

https://doi.org/10.1038/embor.2012.168
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Como obter uma planta melhorada®¢

Melhoramento
convencional

RNA-directed
DNA methylation
(RdADM)

Targeted
mutagenesis

out by genome
editing)

“ Intragenesis
(when carned P ,

out by genome
editing)

Transgenesis

(GM)

Fonte: https://www.foodstandards.gov.scot/

Mutation breeding
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https://doi.org/10.1038/embor.2012.168
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Como obter uma planta melhorada®¢

Melhoramento
convencional

RNA-directed
DNA methylation
(RdADM)

Targeted
mutagenesis

out by genome
editing)

(when carried o L

Transgénese

Fonte: https://www.foodstandards.gov.scot/

Transgenesis

https://doi.org/10.1038/embor.2012.168
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Targeted mulagenesis

Como obter uma planta melhorada®¢

Melhoramento
convencional
RNA-directed

DNA methylation
(RdADM)

Mutagénese
dirigida

Cisgenesis

Intragenesis

Transgénese

https://doi.org/10.1038/embor.2012.168

Fonte: https://www.foodstandards.gov.scot/
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Como obter uma planta melhorada®¢

Fonte: https://www.foodstandards.gov.scot/

Melhoramento
convencional

RNA-directed
DNA methylation
(RdADM)

Mutagénese
dirigida

Cisgénese

Intragenesis

Transgénese

Cisgenesis

https://doi.org/10.1038/embor.2012.168
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Como obter uma planta melhorada®¢

Melhoramento
convencional

RNA-directed
DNA methylation

Mutagénese
dirigida

Cisgénese

Intragenesis

Fonte: https://www.foodstandards.gov.scot/



Mutagénese dirigida

molecular “scissors”
Specific genomic site
(e.g. gene)

7

¢ targeted cut

Double DNA strand break
(DSB)

Natural repair mechanisms

Natural repair mechanisms
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J, Double strand break (DSB)

repair by the cell

,
.
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. homologous
Non-homologous end "\, recombination

joining (NHEJ)

|
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>< >< < repair
\l! J, template

A

mutation

precise repair




Mutagénese dirigida

Site-Directed Nucleases (SDN):
v" Zinc Finger

v" TALENs (transcription  activator-like

effector nucleases)

v/ CRISPR/Cas9 systems (Clustered

Regularly Interspaced Short Palindromic

Repeats - associated protein-9 nuclease

(Cas9)) N
Q.
vo... b3S

NN

¢

Natural repair mechanisms

Yo

¥
J’ Double strand break (DSB)

repair by the cell

,
.
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. homologous
Non-homologous end "\, recombination

joining (NHEJ)
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>< >< < repair
‘l’ ,l, template
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mutation precise repair




Edigéo do gene Cultura de
candidato tecidos

Cas9 fo
TCTTACA TTTAGTTGT
AGAATGT AAATCAACA "\
7 l .-.'- W
fo DSB > 3
— e | —cY ‘
NHE / \HDR
Gene Knockout Gene Knock-in l

Genotipagem (expressdo do gene) Regeneragao
_—— — &

T ?_e r ﬁ:.- i:-«, ﬁ‘i-_
Estudos evolutivos Testes em campo Fonte: Ferramentas de edigdo genética
Avaliacao da estabilidade New Breeding Technologies (NBTs)




Banana
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%& Cassava
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[ Maize
i
Potato
Rice
Wheat

Disease resistance
(BXW, Fusarium wilt, BSV)

Disease resistance (BB)

DMR#6, BSV sequences

SWEET gene promoters

Food safety (cyanide-free)

Linamarin synthase

Quality (waxy starch) GBSS1
Disease resistance (MLN) C6 QTL
Weed resistance (Siriga) Strigolactone

Disease resistance
(PVY?, late blight)

Disease resistance

elF-4E, StDMR6-1,
StCHL1

SWEET gene promoters,

(BLB, RHB) AGO4, STV11
Food safety (low arsenic OsNRAMPS5, OsPTS,
and cadmium) LS1,LS2
Nitrogen remobilization, and Unpublished

methane emission reduction

Insect resistance® (BPH)

Disease resistance
(rusts, mildew)?

BPH resistance alleles

Lr67 and others

3,1

4,3

Fonte: Pixley et al. Nat Genet 54, 364-367 (2022).
https://doi.org/10.1038/s41588-022-01046-7
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