
Transformação genética de plantas e 

suas aplicações em pesquisa e 

biotecnologia

2018

BIB0143 - Recursos Econômicos Vegetais

Bruno Silvestre Lira



O que é um OGM (organismo geneticamente 

modificado)?

É a mesma coisa que um organismo transgênico?



O que é um OGM (organismo geneticamente 

modificados)?

Toda entidade biológica cujo material genético (ADN/ARN) foi 

alterado por meio de qualquer técnica de engenharia genética, de 

uma maneira que não ocorreria naturalmente.

Ministério da Agricultura: http://www.agricultura.gov.br/vegetal/organismos-geneticamente-modificados
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O que é um OGM (organismo geneticamente 

modificados)?

Toda entidade biológica cujo material genético (ADN/ARN) foi 

alterado por meio de qualquer técnica de engenharia genética, de 

uma maneira que não ocorreria naturalmente.

Ministério da Agricultura: http://www.agricultura.gov.br/vegetal/organismos-geneticamente-modificados

Organismos manipulados geneticamente, de modo a favorecer 

características desejadas, como a cor, tamanho etc. Os OGMs
possuem alteração em trecho(s) do genoma realizadas através da 

tecnologia do RNA/DNA recombinante ou engenharia genética.

Na maior parte das vezes, quando se fala em OGMs, trata-se de 

organismos transgênicos. Mas OGMs e transgênicos não são 
sinônimos: todo transgênico é um organismo geneticamente 

modificado, mas nem todo OGM é um transgênico.

Wikipédia: https://pt.wikipedia.org/wiki/Organismos_geneticamente_modificados



O que é um OGM (organismo geneticamente 

modificados)?

“Living modified organism” as any living organism that possesses a 

novel combination of genetic material obtained through the use of 

modern biotechnology (Cartagena Protocol on Biosafety, 2003)

application of in vitro nucleic acid techniques, or fusion 

of cells beyond the taxonomic family, that overcome 

natural physiological reproductive or recombination 

barriers and are not techniques used in traditional 

breeding and selection
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Como aconteceu esta modificação? 
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Trigo

17 Gbp

Hexaploide = 42 cromossomos

3 subgenomas (A; B; D) = 2n = 14
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Cisgenesis refers to the transfer of genetic material between sexually compatible 
organisms.

Transgenesis occurs between sexually incompatible organisms .
(Schouten et al., 2006).

Fonte: Nielsen, 2003.

Diferentes nomes de acordo à distância evolutiva entre o 

gene a ser introduzido e o organismo receptor



A really useful pathogen, 
Agrobacterium tumefaciens

From common plant pathogen to 
useful tool in plant molecular 

biology and engineering



Crown gall (galha-de-coroa) disease 
and the tumor-inducing principle

Edward L. Barnard, Florida Department of Agriculture and Consumer Services, Bugwood.org;  Mike Ellis, Ohio State University; University 

of Georgia Plant Pathology Archive, University of Georgia, Bugwood.org; Wikimedia commons

The first written record of 

crown gall disease, on 

grape, dates from 1853 

Fridiano Cavara

(1897) found 

bacterias associated 

to crown gall in 

grape

Crown gall induces growths at 

wound sites and severely limits 

crop yields and growth vigor

http://www.forestryimages.org/browse/detail.cfm?imgnum=4823037
http://plantpath.osu.edu/people-and-programs/faculty-directory/ellis-michael-a/
http://fruit.cfans.umn.edu/grape/pictures/crowngall.jpg
http://www.forestryimages.org/browse/detail.cfm?imgnum=1492059
http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Acta_Horti_berg._-_1905_-_tafl._135._-_Fridiano_Cavara.jpg


“A plant tumor of bacterial origin”

1907 - Erwin Smith and C.O. 

Townsend isolated a bacterium 

from galls on daisy. When 

inoculated onto other plants, 

galls were produced 

gall

gall

Smith, E.F. and Townsend, C.O. (1907). A plant-tumor of bacterial origin. Science. 25: 671-673.

1907: Crown gall is caused by a 

bacterium

http://www.sciencemag.org/content/25/643/671.extract


Agrobacterium-induced galls do not 
require bacterial persistence

White, P.R. and Braun, A.C. (1941). Crown gall production by bacteria-free tumor tissues. Science. 94: 239-241; Photo from Wood, H.N., and Kelman, A. (1987)  Phytopathology 77: 991.  

Armin C. Braun

1911 - 1986

Gall tissues without any bacteria can persist 

indefinitely in culture, in contrast with most 

other pathogen-induced neoplastic growths 

that require the presence of the pathogen

Braun made fundamental 

discoveries about how 

Agrobacterium

transforms plant cells

http://www.sciencemag.org/content/94/2436/239.full.pdf
http://www.apsnet.org/publications/phytopathology/backissues/Documents/1987Articles/phyto77n07_991.PDF


Gall tissues can grow indefinitely 
without exogenous phytohormones

1930s – 1950s, 

numerous studies

Normal plant 

tissue cannot live 

indefinitely in 

hormone-free 

medium

Normal plant 

tissue grows and 

survives when 

auxin and 

cytokinin (CK) 

are added to 

medium

Crown gall tissue 

grows well 

without added 

hormones

“It is possible for a cell to 
acquire the capacity for 
autonomous growth as a result 
of the permanent activation of 
growth-substance-synthesizing 
systems”

-AC Braun 1958

Auxin

CK

High levels of auxin 

and cytokinin are found 

in gall tissues

Braun, A.C. (1958)  A physiological basis for autonomous growth of the crown-gall tumor cell. Proc Natl Acad Sci U S A. 44: 344–349. 

http://www.pnas.org/content/44/4/344.full.pdf


A large plasmid in gall-inducing 
Agrobacterium transfers virulence

Zaenen, I., van Larebeke, N., Teuchy, H., van Montagu, M. and Schell, J. (1974). Supercoiled circular DNA in crown-gall inducing Agrobacterium strains. Journal of Molecular Biology. 86: 109-127. Larebeke, N.V., Engler, G., 

Holsters, M., Den Elsacker, S.V., Zaenen, I., Schilperoort, R.A. and Schell, J. (1974). Large plasmid in Agrobacterium tumefaciens essential for crown gall-inducing ability. Nature. 252: 169-170. Van Larebeke, N., Genetello, C.H., 

Schell, J., Schilperoort, R.A., Hermans, A.K., Hernalsteens, J.P. and Van Montagu, M. (1975). Acquisition of tumour-inducing ability by non-oncogenic agrobacteria as a result of plasmid transfer. Nature. 255: 742-743.

A very large 

plasmid was 

identified that is 

present in virulent 

but absent from 

avirulent strains

Heat treatment 

removes plasmid 

and makes bacteria 

non-pathogenic

Virulent

Avirulent

tumor

No 

tumor

+ time

heat

tumor

tumor

Virulent

Avirulent

A plasmid 

carrying a genetic 

marker (antibiotic 

resistance) was 

shown to be 

transferred along 

with virulence
The plasmid was 

responsible for 

pathogenesis

http://www.sciencedirect.com/science/article/pii/S0022283674800112
http://www.nature.com/nature/journal/v252/n5479/pdf/252169a0.pdf
http://www.nature.com/nature/journal/v255/n5511/abs/255742a0.html


Some DNA from the Ti plasmid is 
transferred into the plant cells (1977)

http://cms.daegu.ac.kr/sgpark/microbiology/agrobacterium.jpg



Structure and function analysis of the 
Ti plasmid

T-DNA

pTi

The virulence (vir) 

genes are required 

for T-DNA 

movement into the 

plant cell (more on 

them later) 

Transfer DNA (T-DNA) moves 

into the plant cell nucleus. It 

is flanked by two direct 25 bp 

repeat border sequences, 

shown as yellow triangles

The organization of Ti plasmids 
varies between isolates, but all 
carry one or more T-DNA region 
and one vir region 
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Some DNA from the Ti plasmid is 
transferred into the plant cells (1977)



The T-DNA region: tumor-inducing 
genes and opine synthesis genes

T-DNA

pTi Auxin 

synthesis Cytokinin 

synthesis

Opine synthesis 

to “feed” 

Agrobacterium

Autonomous 

growth

Plant cell



The Ti plasmid can be used to 
introduce any gene into plants

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: 179-180.

The discovery that T-DNA was inserted into 

the plant genome raised the possibility that 

“any gene” could be transferred into plants
T-DNA

pTi

Tumor-inducing and opine 

synthesis genes on T-DNA can be 

replaced by a “gene of interest” 

and selectable marker 

Gene of interest Selectable 

marker

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


http://www.nature.com/nature/journal/v433/n7026/images/433583a-f2.2.jpg

ONE transformed plant cell



http://passel.unl.edu/Image/siteImages/CelltopltLG.jpg

?



Mexendo  in vitro

na composição do 

meio de cultura 

posso diferenciar 

qualquer tecido...



Transformação via Agrobacterium

Discos de folhas + bactérias

Diferenciação de brotos

PLANTA TRANSGÊNICA



Bombardeamento de discos de folhas

Diferenciação de brotos

Diferenciação de raízes

PLANTA 

TRANSGÊNICA

Transformação via bombardeamento: 
canhão gênico

Partículas de tungstênio
carregando DNA 

CANHÃO
GÊNICO



A. tumefaciens



A. tumefaciens

291 acessos testados

Adaptado de Kyndt, T., Quispe, D., Zhai, H., Jarret, R., Ghislain, M., Liu, Q., ... & Kreuze, J. F. (2015). The genome of

cultivated sweet potato contains Agrobacterium T-DNAs with expressed genes: an example of a naturally transgenic

food crop. Proceedings of the National Academy of Sciences, 112(18), 5844-5849.

iaa = biossíntese 

auxina

acs = biossíntese opina

C-prot = função 
desconhecida



Transformação Genética:

•Auxiliar no estudo da biologia 
vegetal

•Biotecnologia (melhoramento 
genético)



Cisgeneses ou transgeneses-
Estratégias:

•Expressão de gene
(que não estava antes nesse organismo e de origens 

diversas)

•Silenciamento de gene
(reduzir a quantidade de mRNA e consequentemente de 

proteína)



Cisgeneses ou transgeneses-
Estratégias:

•Expressão de gene
(que não estava antes nesse organismo e de origens 
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Resistência a nemátodos: gene Mi de Solanum peruvianum



Resistência a nemátodos: gene Mi de Solanum peruvianum

HR

HR

resistant tomato resistant tomato susceptible tomato



Resistência a nemátodos: gene Mi de Solanum peruvianum

Transformada não transformada



Pectinophora gossypiella

Resistência a insetos: genes Bt de Bacilus turingensis
(transgênico)



Aumentar a qualidade nutricional das culturas:
Arroz com pro-vitamina A (carotenoides)





PSY from maize
(Zea mays)Phytoene desaturase (CRTI) 

from Erwinia uredovora

Golden Rice 2nd 
generation

(trangênico)



VADD: Vit A deficiency disease
RDA: recomended dietary amount



Cisgeneses ou transgeneses-
Estratégias:

•Expressão de gene
(que não estava antes nesse organismo e de origens 

diversas)

•Silenciamento de gene
(reduzir a quantidade de mRNA e consequentemente de 

proteína)



LB RBKan
T

35S

attR1 attR1attR2 attR2

Intron p35SFragmento

173pb

RNAm de gene alvo é 

DEGRADADO!!!!! E NÃO 

HÁ PRODUÇÃO DE 

PROTEÍNA!

Estratégia para expressar um RNA mensageiro 

que forma uma estrutura de grampo (hairpin) 

RNA mensageiro



RNAi-Mediated Resistance to Bean golden mosaic virus in 
Genetically Engineered Common Bean (Phaseolus vulgaris)-

EMBRAPA

Expressa um mRNA em 

forma de grampo que 

da origem a um RNA 

dupla fita com um 

fragmento do gene da 

replicase viral (AC1)



















•Conselho de Informações sobre Biotecnologia 

(http://www.cib.org.br)
(info geral)

•Comissão Técnica Nacional de Biossegurança 

(http://www.ctnbio.gov.br)
(legislação)

•International Service for the Adquisition of Agri-Biotech

Applications (http://www.isaaa.org)
(números globais)

•Center of Environmenta Risk Assessment (www.cera-

gmc.org)
(detalhes dos eventos)


