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O gue ¢ Biotecnologia®

“Aplicacdo de sistemas bioldgicos, organismaos
vivos ou derivados desfes, para fazer ou
modificar produtos ou processos, ou seja, produzir

bens ou servicos.”



Uso da biotecnologia data milhares de anos:
agropecudria, medicina e producdo de alimentos
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Domesticacdo de animais, cultivo de planftas e seu
melhoramento usando cruzamentos



Biotecnologia Moderna

- Bases: Estrutura do DNA Recombinant DNA

GENES AND GENOMES A SHORT COURSE

(Watson & Crick, 1953)

- A partir dos anos 70:
manipulacdo do DNA

- Interdisciplinar: genética, biologia
molecular, bioguimica, biologia
celular, além de engenharia
quimica, tecnologia da
informacado, robdfica, bioética e o
biodireito, etfc




Produtos de origem biotecnolodgica, por setor

Setores
Agricultura
Alimentacéao
Quimica

Eletrénica
Energia
Meio Ambiente

Pecuaria
Saude

Bens e senvicos
adubo composto, pesticidas, silagem, mudas

de plantas ou de arvores, plantas transgénicas,

efc

paes, queljos, picles, cerveja, vinho, proteina
unicelular, aditivos, etc.

butanol, acetona, glicerol, acidos, enzimas,
metais, etc

biosensores
etanol, biogas

recuperacao de petroleo, tratamento do lixo,
purificacédo da agua

embrides

antibiéticos, hormdnios e outros produtos
farmacéuticos, vacinas, reagentes e testes
para diagnostico, efc.



Domesticacao e Selecao Artificial

Plantando sementes de
plantas “boas”
aumentou a sua
frequéncia nas proximas
geracoes

Variacdo natural
dentfro da
populacdo

Image courtesy of University of California Museum of Paleontology, Understanding Evolution -

© 2013 American Society of Plant Biologists


http://www.evolution.berkeley.edu/
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NATURAL “CORN’, 7000 B.C.

PEEELPEGEI').I&MV'JJEEIRG TASTES LIKE VERY
HARD OBJECT DRY, RAW POTATO
[
19 MM
5-10 VERY HARD KERNELS

== 8KNOWN VARIETIES

Y ONLY FOUND
‘ IN CENTRAL
AMERICA

A -
75.0% WATER

1.9% SUGARS  23.1% OTHER

MOSTLY STARCH

Teaching Tools
m Plant Blology

ARTIFICIAL CORN, 2014

STEAM COOKS IN
MINUTES

TS

AVAILABLE IN

FIVE COLOURS:
190 MM WHITE

~1000 Jimes Lorger  DARKAED

I DEEP PURPLE
I BLUE-BLACK

EASY TO PEEL
Tlo Fammer Reguired!

~200 VARIETIES
25-Fold Inerease

3 ﬁ‘ .
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B
73.2% WATER  6.6% SUGARS  20.2% OTHER
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Couniries

o

JAMESKENNEDYMONASH.WORDPRESS.COM



NATURAL “WATERMELON" ~3000 B.C.

OPEN WITH A HAMMER

EXTREMELY BITTER TASTE
OR SHARP OBJECT

(SOME VARIETIES ARE BITTER-SWEET)

CAUSES INFLAMMATION ;;/'6‘% ] 50 MM
18 SEEDS, VERY RICH IN FAT
THEY TASTE NUTTY AND EXTREMELY BITTER
6 KNOWN VARIETIES
FOUND IN
NAMIBIA &
v BOTSWANA

[
80.0% WATER  1.9% SUGARS  18.1% OTHER

MOSTLY STARCH
AND FAT

ARTIFICIAL WATERMELON, 2014

DIFFERENT SHAPES
AVAILABLE:

@ SPHERICAL
@ SPHEROID
MOULDED INTO
ANY SHAPE

06 H0

AVAILABLE IN
FOUR COLOURS:

CREAM

YELLOW

LIME GREEN
= RED

OPEN BY DROPPING
FROM ONE METRE

Tlo Hamumer Reguired!

~1200 VARIETIES
200-Fold Inerease

c Cwwnint5
Countries

et are grown in China

95 Tfillien Tonnes

||

91.5% WATER 6.2% SUGARS 2.3% OTHER

14% Juicier  3.3x Jweeter  Vintually Foit-Free
and Stareh -Free

352 more Vitamin C

JAMESKENNEDYMONASH.WORDPRESS.COM



Como o Melhoramento Cldssico é

Tomate Elite

feltoe

Objetivo: introduzir
resisténcia a
doenca em um
tomate elite.

Tomate pobre mas

resistente (gene de
resisténcia indicado)

© 2013 American Society of Plant Biologists



Intfrogressao de um gene de
resisténcio

Cruzamento das plantas.
Algumas filhas herdam o
carater de resisténcia,
outras ndo. Seleciona-se
as resistentes para a
proxima fase.

Photo by USDA

© 2013 American Society of Plant Biologists


http://www.ars.usda.gov/is/graphics/photos/jul03/k10498-2.htm

Intfrogressao de um gene de
resisténcio

Esta planta € um tomate elite?
Nao, metade dos seus genes
sao oriundos do tomate pobre

© 2013 American Society of Plant Biologists



Intfrogressao de um gene de
resisténcio

Diversos rounds de

1 ' refro-cruzamenfto com
| o0 gendtipo elite sdo
CEHIT L1 feitos para “limpar” o
“m1 11 background do

gendtipo pobre.

© 2013 American Society of Plant Biologists



Intfrogressao de um gene de
resisténcio

ApOs diversas
geracoes, gerou-se

um tomate elite e
\ ! resistente
B e I

© 2013 American Society of Plant Biologists



Limitacdes do Melhoramento Cldassico

Melhoramento Cldssico

2 4 5 6 7 8 9 10
1. Caracteristica no pool 2. Baixa especificidade 3. Planta deve ser 4. Demorado
genético (aofeta vdrios genes)  propagada sexualmente
Photo credits: Gramene.org

© 2013 American Society of Plant Biologists


http://www.gramene.org/species/zea/maize_intro.html

Engenharia Genética (EG) € uma alternativo

EG permite a
infroducdo de um
UNICO GENE no
genoma. Este método
pode ser mais rapido
que o melhoramento
convencional.

Tomate Elite | | Planta Resistente a
| Doenca (ndo

precisa ser da

mesma espécie)

... m
Tomate Elite e Resistente

© 2013 American Society of Plant Biologists



Melhoramento x Engenhario

Melhoramento Cldssico

-
2 3 45 6 7 8 9 10
1. Caracteristica no pool 2. Baixa especificidade 3. Planta deve ser
genético (aofeta vdrios genes)  propagada sexualmente

Engenharia Genética

A

&

1. Gene pode vir de 2. Altamente 3. Planta pode ser 4. Rpido
qualguer fonte especifico propagada
vegetativamente

Photo credits:
© 2013 American Society of Plant Biologists


http://www.gramene.org/species/zea/maize_intro.html
http://archiv.ethlife.ethz.ch/e/articles/sciencelife/cassava.html

\

Fonte do gene
| (planta resistente)

Uma vez integrado
Nno genoma da
planta, o gene

% X funciona como
e

Gene de interess qualguer outro

&

Isolamento do gene

de interesse usando Recombinacdo
métodos de biologia no DNA da planta
molecular receptora

G » I GO

© 2013 American Society of Plant Biologists



Pipeline da Biotecnologia Vegetal

DISCOVERY PROOF-OF-CONCEPT EARLY DEVELOPMENT

functional characterization, validation of the strategy in development of the strategy
"OMICs" / model plants in crops

‘m
Pr— - S o
COMMERCIAL A A -

OPTIMIZED FIELD TRIALS GREENHOUSE CANDIDATE
CROP OPTIMIZED CROPS

Cesarino & Mortimer (unpublished)



Como funciona a Engenharia Genética de
Plantase

Estratégia

Gene, Promotor, Marcador, Objetivo

Biobalistica, Agrobacterium

y

Regeneragao

_ CuluadeTecidos




1. Estrategia: Qual o objetivoe
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Fonte do gene Planta Receptora

) 4 )

Gene de in’reresse%3
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SR » 9 GO

PROMOTOR
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© 2013 American Society of Plant Biologists



() Constitutive Organ/Organelle Chemically Environmentally

Specific Inducible Inducible
.camy 355 o
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© 2013 American Society of Plant Biologists
Park et al. (2016) Plant Biotech J
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ENGENHARIA METABOLICA
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Resisténcia a insetos pela infroducdo
do gene Bt

Amendoim selvagem Amendoim expressando gene Bt

Photo by USDA

© 2013 American Society of Plant Biologists


http://ars.usda.gov/is/ar/archive/nov99/pest1199.htm

Bactéria Bacillus thuringiensis (Bt)
poroduz proteinas inseticidas

. Dipel  YenTari |
.. Bacillus thuringiensis

expressando a tfoxina

Bacillus inseficida Bt foxin pode

thuringiensis ser aplicada na planta
expressando

\ioxmam\

Célula vegetal
expressando
toxina Bt

Ou a planta pode ser
modificada para
expressar o gene que
codifica a toxina Bt

© 2013 American Society of Plant Biologists



Efeito da toxina Bt € altamente especifico

TABLE 1 | Bt Cry proteins in GM crops authorized for cultivation in one or

more countries.

Protein Insect Crop Examples of
type species products®
controlled approved? (Registrant)
Cry1Ab Lepidoptera  Maize YieldGard (Monsanto)
Agrisure CB/LL
(Syngenta)
Cry1Ac Lepidoptera  Cotton Bollgard (Monsanto)
Maize® Bt Xtra (Monsanto)
Soy Intacta Roundup Ready
2 Pro (Monsanto)
Brinjal BARI Bt Begun-1, -2,
-3, -4 (MAHYCO)
Cry1A.105 + Cry2Ab2 Lepidoptera  Maize Genuity VT Double Pro
(Monsanto)
Cry1Ac + Cry2Ab2 Lepidoptera  Cotton Bollgard Il (Monsanto)
Cry1Ac + Cry1F Lepidoptera  Cotton WideStrike (Dow)
Soy DAS-81419-2 (Dow)
Cry1Fa2 Lepidoptera  Maize Herculex | (Dow)
Cry1Ab + Cry2Ae Lepidoptera  Cotton TwinLink (Bayer)
mCry3A Coleoptera Maize Agrisure RW (Syngenta)
Cry3Bb1 Coleoptera Maize YieldGard Rootworm
RW (Monsanto)
eCry3.1Abd Multiple Maize Agrisure Duracade
(Syngenta)
Cry34Ab1 + Cry35Ab1 Coleoptera Maize Herculex RW (Dow and
DuPont)

Koch et al. (2015) Trends Biotech
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FATOR DE TRANSCRICAO
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Produto
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D VANTAGEM

varios genes ao
mesmo tempo
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ENGENHARIA METABOLICA

2013 American Society of Plant Biologists



nature
biotechnology

Enrichment of tomato fruit with health-promoting
anthocyanins by expression of select transcription factors

Eugenio Butelli!, Lucilla TittaZ, Marco Giorgioz, Hans-Peter Mock3, Andrea Matros?, Silke Peterek?,
Elio G W M Schijlen®, Robert D Hall’, Arnaud G Bovy*, Jie Luo! & Cathie Martin!



nature

biotechnology

Butelli et al.,

2011
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nature
biotechnology

Enrichment of tomato fruit with health-promoting
anthocyanins by expression of select transcription factors

Eugenio Butellil, Lucilla Titta?, Marco Giorgioz, Hans-Peter Mock?, Andrea Matros>, Silke Peterek?,
Elio G W M Schijlen*, Robert D Hall’, Arnaud G Bovy*, Jie Luo! & Cathie Martin'
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ENGENHARIA METABOLICA

© 2013 American Society of Plant Biologists



ANTISENSO

HAIRPIN

amiRNA

© 2013 American Society of Plant Biologists



Tomate FLAVR SAVR, o primeiro alimento
fransgénico comercializado (1992)

MONSANTO

Tomate “Longa Vida”
(amadurecimento retardado)

Silenciamento de enzimas de
degradacdo de parede celular

RNAi-a-Man RNAI-f#-Hex

10 Days




Combinacdo de Estratégias (Gene

Stacking)
INTRON
|
_|:> I pro ' GENE A A ENEG
l J | J
Producdo de um Silenciamento de
metabdlito de uma via
interesse competidora

O avanco das técnicas de biologia molecular e biologia sintética
oferece novas oportunidades para estratégias biotecnologicas



EdicGo genOmica: uma nova era na
biologia molecular

Meganucleases Zinc flnger nucleases TALEN CRISPR/Cas9

/8 =
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AW@mwm%%%_ GO PDR

Double strand break

Template
PENY L e " VR
Non-homology end joining (NHEJ) Homology-directed repair (HDR)
D OOV
P s PGEDP Y T A - (e
Insertions/deletions Precise DNA editing
gene disruption gene insertion

© 2013 American Society of Plant Biologists

Adli et al. (2018) Nat Comm



(a)

— -

tracrBRNA CRISPR (clustered regularly interspaced short palindromic repeats)

transcription

W

crRNA processing

DNA degradation

\ pre-crRNA

tracrBNA 8

ejCaw

unidentified
nuclease

\ »

target DNA %‘S
tracrBNA
crRNA’ ©as9

Belhqj et al. (2015) Current Opinion in Biotechnology

CRISPR: parte do sistema imune de
bactérias

Current Opinion in Biotechnology
© 2013 American Society of Plant Biologists



CRISPR: muito mais do que edicdo
gendmica

b CRISPR/Cas tools and their applications
( Conventional mutagenesis Transcriptional regulation Base editing Post-transcriptional
‘\ 9 Epigenetic regulation Prime editing regulation

111011 geeotospacer i1 1 Il

Frotospacer |11
QUM

domain
GOI PAM [—aciivation . ol PAM
TN Gene  crisera [ 1T LTTTTHGHTT o z/\/
Knockout -
insertion l—| repression Base editing ‘
| gol T RNA cleavage
crisprs T N

Current Opinion in Plant Biology

© 2013 American Society of Plant Biologists

Pfeiffer et al. (2022) Cur Opin Plant Biol



CRISPR-TSKO: edicdo gendomica
tecido-especifico

CRISPR-TSKO: A Technique for Efficient Mutagenesis in
Specific Cell Types, Tissues, or Organs in Arabidopsis*™"

Ward Decaestecker,2P-1 Rafael Andrade Buono,2-P:1 Marie L. Pfeiffer,2* Nick Vangheluwe,:* Joris Jourquin,2-*
Mansour Karimi,2® Gert Van Isterdael,®“ Tom Beeckman,?* Moritz K. Nowack,?*2 and Thomas B. Jacobs??-2

aDepartment of Plant Biotechnology and Bioinformatics, Ghent University, Technologiepark 71, 9052 Ghent, Belgium
bVIB Center for Plant Systems Biology, Technologiepark 71, 9052 Ghent, Belgium

¢VIB Flow Core, VIB Center for Inflammation Research, Technologiepark 71, B-9052 Ghent, Belgium

dDepartment of Biomedical Molecular Biology, Ghent University, Ghent, Belgium

Annealed oligos PCR Product
Golden Gate 1 gRNA Beal 2 gRNAs
ATTGNNNNNNNNNNNNNNNNNNNN or _l-___
NNNNNNNNNNNNNNNNNNNNCAAA gRNA AtUB le,al
Tissue Specific Fluorescent
RB Promoter Cas9 Tag CmR ccdB FAST LB
— (- —-—I— — Il - Unarmed Destination Vector
Bsal Bsal

© 2013 American Society of Plant Biologists



Knockout de GFP especificamente em
raizes laterais em desenvolvimento

A NLS-GFP pGATA23.Cas9-mCherry,GFP-1

-
~.
S~
~
~
O
~,

GFP

mnnmm”

--------

© 2013 American Society of Plant Biologists

Decaestecker et al. (2019) Plant Cell



Manipulacdo da deposicao de lignina
em fibras por meio de CRISPR-TSKO

wild-type  HCT-RNAI

© 2013 American Society of Plant Biologists

Li et al. (2010) Plant Cell; Zhong et al. (2007) Planta



Manipulacdo da deposicao de lignina
em fibras por meio de CRISPR-TSKO
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Liang et al. (2019) Biotech Biofuels Bioproducts



Como funciona a Engenharia Genética de
Plantase

Estratégia

Gene, Promotor, Marcador, Objetivo

Biobalistica, Agrobacterium

y

Regeneragao




Agrobacterium tumefaciens:
Bactéria que provoca uma doenca nas plantas
(tumor no caule)

A. tumefaciens

galha-de-coroa



T-DNA: genes indutores de fumor e da
sinfese de opinas

Célula vegetal

l

Sintese de

Sintese de
opinas para
alimentar
Agrobacterium

Auxinas Sintese de

\ Citocininas

Crescimento
Autonomo

© 2013 American Society of Plant Biologists



Plasmidio Ti pode ser usado para intfroduzir
genes de inferesse

A descoberta que o T-DNA era inserido no

genoma da planta indicou a possibilidade

de "qualqguer gene” ser transferido para
T1-DNA pIOnTCIS

Gene de interesse
Gene de

Selecdo

I
\
NS

~
~~~~~
b >

9@/7@& Genes indutores de tumor e de
sinfese de opinas do T-DNA
podem ser substituidos por um
“gene de interesse” e um
gene de selecdo

Hoekema, A., Hirsch, P.R., Hooykaas, P.J.J. and Schilperoort, R.A. (1983). A binary plant vector strategy based

on separation of vir- and T-region of the Agrobacterium tumefaciens Ti-plasmid. Nature. 303: © 2013 American Society of Plant Biologists


http://www.nature.com/nature/journal/v303/n5913/abs/303179a0.html

Biobalistica

~ Gene gun
Preparacdo do

. Encapsulamento com ouro/tungsténio
Plasmidio

Integracdo do fransgene
no DNA nuclear




Alferamos o plasmidio, o infroduzimos na bactéria, e a bactéria
transforma a célula vegetal, mas.........

R




Como funciona a Engenharia Genética de
Plantase

Estratégia

Gene, Promotor, Marcador, Objetivo

Transformacgao

Biobalistica, Agrobacterium

y

Regeneragao




Células vegetais sdo pluripotentes e
totipotentes

(A) Leaf

Sinais

3 N

. — X
Upper epidermis
(dermal tissue)
Glitiela Palisade
e / parenchyma
O > (ground tissue)
‘

Bundle sheath
parenchyma

___—Xylem | Vascular
tissues
———Phloem

Lower epidermis
(dermal tissue)

= ) b = / :' Guard cell
__ : Stomata
Célula Meristemadtica N \Spongy mesophyl
= (ground tissue)
Lower epidermis

Cuticle

PLURIPOTENCIA: vdrios tipos celulares



Células vegetais sdo pluripotentes e
totipotentes

Sinais

Cauline (stem) Ieaf\

Célula Meristematica

TOTIPOTENCIA: individuo completo



De célula a planta

(A)

CULTURA
DE

TECIDOS

> Internode

Célula Meristematica




PLANTAS TRANSGENICAS

Modified gene —> gifglci’s’i?ccterium
inserted into the
DNA of a single
plant cell_ @D [ Ju. Modified gene

® |®
! ~f

S
(é)@%@ I o
N

® ® )

Cells divide and grow

Cells with modified gene
are selected and grown
into plants

Cortesia Profa. Eny Floh, IB/USP



Como sao selecionadas somente as céelulas
tfransformadase

~ Hormonios

Agrobacterium
Biobalistica

SIFe®
SI0Ie®
SIS

Explante

Planta Transgénica



Plasmidio contém um gene de selecdo

Xbal (111500 Apal (1) T'DNA

Smal (11141) "
Xmai (11139)
Sacli (11015

Gene de Selecao

attR2

 Xmal(638)

smal (640)

_ ccdB

T EcoRI(1507)
atR 1
smspR /| 355

Kan

} i pK7TWG2,0
4 11159 bp

 Saci(3030)
 Hingiti (3032)
RB

Clal (6286)



Existem diversos tipos de genes de selecdo

N

Resisténcia Antibidtico

Resisténcia Herbicida

Resisténcia Aminodcidos
Fonte Alternativa de Carbono

Crescimento na auséncia de
citocininas exdgenas

Screening Visual

Kanamycin, Hygromycin,
Streptomycin, Spectinomycin

Glifosato, Sulfoniluréias,
Cianamida, Bromoxinil

Lisina, Treoning, Serina
Manose, Xilose, Arabitol

Isopentenil fransferase de
Agrobacterium

GUS, GFP



Selecdo da Célula Transformada

Hormonios " -
+ AP
Agente de Selegao siweriy Y 9,

SIS®®

ERR -

QIoIbIe @
Explante ?@

Planta Transgénica



Transformacao via Agrobacterium

GENE DE SELECAO
GENE DE Para identificar as
INTERESSE células que receberam

eréncia do Tiplasmid

Discos de folhas + bactérias

Origem de replicagio

l selecao

Diferenciagao de brotos

l regeneragao
PLANTA TRANSGENICA

A

Diferenciagao de raizes



Transformacao via Biobalistica

Gene Gun

{

+ 14
LN

GENE DE b
INTERESSE células

Particulas de tungsténio :
carregando DNA

T-DNA

Tiplasmid

Origem de replicagio

NAO PRECISA SER DE AGROBACTERIUM!!!

PLANTA
TRANSGENICA

Diferenciagao de brotos

Diferenciacao de raizes



LigninLab

Prof. Igor Cesarino
Departamento de Botdnica
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