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Características desejáveis para um Vetor

Lembrança do Curso de Biologia Molecular

X-gal + IPTG = 



Desenvolvimento de vetores para planta
Plasmídeo Ti:

- Sequencia das bordas do T-DNA

- Remoção dos oncogenes

- Genes VIR funcionam em trans

3. The journey to the plant nucleus

The molecular basis of genetic transformation of plant cells by
Agrobacterium has now been largely unveiled and it is well known
that a specific region, namely T-DNA, from the tumor-inducing (Ti)
plasmid, is transferred and stably integrated into the plant nuclear
genome [2]. As mentioned, the T-DNA region is the mobile element
that is responsible for tumor formation and opine biosynthesis in
planta. In addition, the Ti plasmid contains two other regions
associated with bacteriaeplant interaction (Fig. 2A). These regions
act in trans, and are not transferred to the plant cell. The vir region
contains approximately 35 virulence genes grouped in at least eight
operons (virA, virB, virC, virD, virE, virG, virF and virH). The encoded
virulence proteins have multiple important roles in both the
bacteria and the host cell, where they control T-DNA transfer and
integration [21]. The other region contain genes with a role in opine
uptake and metabolism [16,22]. The T-DNA region is defined
and delimited by highly homologous, directly repeated 25e28 bp

T-DNA border sequences [23,24]. Over the last decade, several
reviews extensively describe all aspects of the A. tumefaciens T-DNA
transfer and integration [2,12,21,25e33]. Therefore, our intention in
this section is to offer an updated condensed picture of the trans-
formation process. A simplified model of the events taking place
during Agrobacterium-mediated transformation of plants is shown
in Fig. 3.

4. Engineering Agrobacterium as tool for transformation.

Soon after the researchers have began to unveil the mystery of
the crown gall disease and to understand the process by which
Agrobacterium transforms its host, its potential as tool in molecular
biology started to be addressed. Meanwhile, in order to become
suitable for laboratory purposes, the Agrobacterium strains used to-
day needed to be engineered from selected wild-type strains. Some
of the natural features of the Ti plasmid had to be completely
removed (e.g. genes responsible for tumor formation and opine
biosynthesis in planta, Fig. 2B), while the characteristics of some
transformation machinery components had to be augmented and
further improved. The foundation for the biotechnological use of
Agrobacterium in genetic transformation lays on the T-DNA struc-
ture and functions. The two 25e28 bp direct repeat borders are the
only cis-acting elements essential for T-DNA transfer, being
required to flank the transferred DNA. In this way the native wild-
type oncogenes and opine synthase genes from the T-DNA can be
replaced by genes of interest [30,42]. As a result, any DNA placed
between the borders will be transferred to the host cell. However,
because the T-DNA is not able to mediate its own transfer, being
only the cargo vehicle, other bacterial features needed to be altered.
The vir genes, residing on the virulence region of the Ti plasmid, are
required for the T-DNA transfer and integration. Altering their
regulation [43] and copy number [44] proved to be useful for
increasing transformation efficiency [42]. Thereby the size of the T-
DNA that can be mobilized into plants could be enlarged [45].
Although induction and expression level of vir genes could be
a limiting step for efficient transformation of some plant species
[42], recent data show that transformation efficiency does not
always correlate with the vir gene expression, suggesting a more
complex correlation [2]. The ability of vir genes to act in trans led to
the development of binary and super-binary transformation
vectors, as a major step toward increasing the range of species that
are amenable to Agrobacterium-mediated transformation [46],
(Fig. 2B, C). Despite these achievements, there are still many
economically important crop species and trees that remain recal-
citrant to Agrobacterium-mediated transformation. Since the
transformation process is a result of a “cooperative project”
between Agrobacterium and its host, much effort is now directed
toward understanding the host’s contribution.

5. . and engineering the host species

The “classical” approach to increase the transformation effi-
ciency in already transformable species, or to “recruit” new hosts,
was either by identifying or engineering highly virulent Agro-
bacterium strains [47] or by optimizing the culture conditions to
provide bacteria with “transformable” host cells [48]. This strategy
has been successful, but has now reached its limits [49].
A complementary approach, consisting in manipulating the host
itself, showed potentially interesting directions to investigate. At
first, identification of Arabidopsis rat (resistant to Agrobacterium
transformation) mutants by a forward genetic screen opened the
way for identification of plant genes involved in the transformation
process [50,51]. Although more than 120 genes have been
acknowledged to play a role in transformation, it was suggested

Fig. 2. Schematic representation of a Ti plasmid (A), and diagrams of a typical binary
vector (B) and a helper plasmid (C) used for transformation.
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Vetores de clonagem em plantas

Preparando o vetor...

engineered plant cell. All the phyto-oncogenes (tumor-inducing genes) have been removed
(Fig. 7.7).

These plant vectors are known as binary vectors because they require the interaction of a
second, disarmed Ti plasmid lacking a T-DNA. This second plasmid contains the vir
region, allowing the T-DNA containing the transgenes on the binary vector to be transferred
and stably integrated into the host nuclear genome (a more detailed description of plant
transformation can be found in Chapter 10).

Plant binary vectors are constructed and amplified with the aid of E. coli, the workhorse
organism in molecular biology. Once construction is completed in E. coli, such plasmid
vectors are transferred to A. tumefaciens, the organism responsible for transferring genes
to the nuclear genome of plant cells. These vectors therefore contain origins of replication
that function in A. tumefaciens and E. coli. The pVS1 origin is derived from a Pseudomonas
plasmid and is stably maintained in a wide variety of proteobacteria, including
Pseudomonas, Agrobacterium, Rhizobium, and Burkholderia. For this reason, the pVS1
origin has been widely used to construct cloning vectors that are suitable for use in
plant-associated bacteria. A. tumefaciens uses the repABC operon to stringently control
plasmid replication and the partitioning of plasmid DNA to daughter cells. This operon
is not only present on large plasmids of low copy number derived from Agrobacterium
but is also encoded by the chromosomes of Agrobacterium. Unfortunately, E. coli does
not use the repABC operon for plasmid replication, so plasmids containing only the
pVS1 origin do not replicate in E. coli. Binary vectors designed to shuttle between
E. coli and A. tumefaciens must, therefore, also contain an E. coli–compatible ori, most
commonly the ColE1 origin (providing relaxed replication) (Fig. 7.8).

Since plant binary vectors provide no selective advantage to the bacteria, the vectors
must be engineered to encode selectable marker genes for their propagation in E. coli
and A. tumefaciens (examples of commonly used bacterial selectable marker genes are
shown in Table 7.2).

A broadly active bacterial promoter must be used to transcribe the antibiotic resistance
gene, so that bacteria containing the vector can survive and amplify the recombinant DNA.
The same selection criteria are used for E. coli and A. tumefaciens. However, the T-DNA
that is transferred to the plant cell must also contain a selectable marker, this time under the
control of a broadly active plant promoter, allowing the identification and propagation of
transformed plant cells (Fig. 7.8) (marker genes and the promoters that drive them are dis-
cussed in detail in Chapter 9).

7.2.2. Components for Efficient Gene Expression in Plants

The requirements for the successful introduction and efficient expression of foreign genes
in plant cells have developed with our understanding of the mechanisms of plant gene

Figure 7.7. T-DNA used to genetically engineer plants frequently contains a selectable marker gene
under the transcriptional control of a constitutively and ubiquitously active promoter to ensure gene
expression in all tissues at all stages of development, together with the gene of interest (GOI)
providing a novel phenotype for the plant.
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Transformação Genética de Plantas

engineered plant cell. All the phyto-oncogenes (tumor-inducing genes) have been removed
(Fig. 7.7).

These plant vectors are known as binary vectors because they require the interaction of a
second, disarmed Ti plasmid lacking a T-DNA. This second plasmid contains the vir
region, allowing the T-DNA containing the transgenes on the binary vector to be transferred
and stably integrated into the host nuclear genome (a more detailed description of plant
transformation can be found in Chapter 10).

Plant binary vectors are constructed and amplified with the aid of E. coli, the workhorse
organism in molecular biology. Once construction is completed in E. coli, such plasmid
vectors are transferred to A. tumefaciens, the organism responsible for transferring genes
to the nuclear genome of plant cells. These vectors therefore contain origins of replication
that function in A. tumefaciens and E. coli. The pVS1 origin is derived from a Pseudomonas
plasmid and is stably maintained in a wide variety of proteobacteria, including
Pseudomonas, Agrobacterium, Rhizobium, and Burkholderia. For this reason, the pVS1
origin has been widely used to construct cloning vectors that are suitable for use in
plant-associated bacteria. A. tumefaciens uses the repABC operon to stringently control
plasmid replication and the partitioning of plasmid DNA to daughter cells. This operon
is not only present on large plasmids of low copy number derived from Agrobacterium
but is also encoded by the chromosomes of Agrobacterium. Unfortunately, E. coli does
not use the repABC operon for plasmid replication, so plasmids containing only the
pVS1 origin do not replicate in E. coli. Binary vectors designed to shuttle between
E. coli and A. tumefaciens must, therefore, also contain an E. coli–compatible ori, most
commonly the ColE1 origin (providing relaxed replication) (Fig. 7.8).

Since plant binary vectors provide no selective advantage to the bacteria, the vectors
must be engineered to encode selectable marker genes for their propagation in E. coli
and A. tumefaciens (examples of commonly used bacterial selectable marker genes are
shown in Table 7.2).

A broadly active bacterial promoter must be used to transcribe the antibiotic resistance
gene, so that bacteria containing the vector can survive and amplify the recombinant DNA.
The same selection criteria are used for E. coli and A. tumefaciens. However, the T-DNA
that is transferred to the plant cell must also contain a selectable marker, this time under the
control of a broadly active plant promoter, allowing the identification and propagation of
transformed plant cells (Fig. 7.8) (marker genes and the promoters that drive them are dis-
cussed in detail in Chapter 9).

7.2.2. Components for Efficient Gene Expression in Plants

The requirements for the successful introduction and efficient expression of foreign genes
in plant cells have developed with our understanding of the mechanisms of plant gene

Figure 7.7. T-DNA used to genetically engineer plants frequently contains a selectable marker gene
under the transcriptional control of a constitutively and ubiquitously active promoter to ensure gene
expression in all tissues at all stages of development, together with the gene of interest (GOI)
providing a novel phenotype for the plant.
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Desenvolvimento de vetores para planta

- Origem de replicação em Agrobacteria

- Marcador de seleção para planta

- Bordas precisam ser incorporadas em vetores desejáveis

- Genes requerem ajustes

Promotor (força, especificidade e tipo de regulação)
Terminador
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Sequencias derivadas da Agrobacterium

- Nopalina sintase (NOS)

3. The journey to the plant nucleus

The molecular basis of genetic transformation of plant cells by
Agrobacterium has now been largely unveiled and it is well known
that a specific region, namely T-DNA, from the tumor-inducing (Ti)
plasmid, is transferred and stably integrated into the plant nuclear
genome [2]. As mentioned, the T-DNA region is the mobile element
that is responsible for tumor formation and opine biosynthesis in
planta. In addition, the Ti plasmid contains two other regions
associated with bacteriaeplant interaction (Fig. 2A). These regions
act in trans, and are not transferred to the plant cell. The vir region
contains approximately 35 virulence genes grouped in at least eight
operons (virA, virB, virC, virD, virE, virG, virF and virH). The encoded
virulence proteins have multiple important roles in both the
bacteria and the host cell, where they control T-DNA transfer and
integration [21]. The other region contain genes with a role in opine
uptake and metabolism [16,22]. The T-DNA region is defined
and delimited by highly homologous, directly repeated 25e28 bp

T-DNA border sequences [23,24]. Over the last decade, several
reviews extensively describe all aspects of the A. tumefaciens T-DNA
transfer and integration [2,12,21,25e33]. Therefore, our intention in
this section is to offer an updated condensed picture of the trans-
formation process. A simplified model of the events taking place
during Agrobacterium-mediated transformation of plants is shown
in Fig. 3.

4. Engineering Agrobacterium as tool for transformation.

Soon after the researchers have began to unveil the mystery of
the crown gall disease and to understand the process by which
Agrobacterium transforms its host, its potential as tool in molecular
biology started to be addressed. Meanwhile, in order to become
suitable for laboratory purposes, the Agrobacterium strains used to-
day needed to be engineered from selected wild-type strains. Some
of the natural features of the Ti plasmid had to be completely
removed (e.g. genes responsible for tumor formation and opine
biosynthesis in planta, Fig. 2B), while the characteristics of some
transformation machinery components had to be augmented and
further improved. The foundation for the biotechnological use of
Agrobacterium in genetic transformation lays on the T-DNA struc-
ture and functions. The two 25e28 bp direct repeat borders are the
only cis-acting elements essential for T-DNA transfer, being
required to flank the transferred DNA. In this way the native wild-
type oncogenes and opine synthase genes from the T-DNA can be
replaced by genes of interest [30,42]. As a result, any DNA placed
between the borders will be transferred to the host cell. However,
because the T-DNA is not able to mediate its own transfer, being
only the cargo vehicle, other bacterial features needed to be altered.
The vir genes, residing on the virulence region of the Ti plasmid, are
required for the T-DNA transfer and integration. Altering their
regulation [43] and copy number [44] proved to be useful for
increasing transformation efficiency [42]. Thereby the size of the T-
DNA that can be mobilized into plants could be enlarged [45].
Although induction and expression level of vir genes could be
a limiting step for efficient transformation of some plant species
[42], recent data show that transformation efficiency does not
always correlate with the vir gene expression, suggesting a more
complex correlation [2]. The ability of vir genes to act in trans led to
the development of binary and super-binary transformation
vectors, as a major step toward increasing the range of species that
are amenable to Agrobacterium-mediated transformation [46],
(Fig. 2B, C). Despite these achievements, there are still many
economically important crop species and trees that remain recal-
citrant to Agrobacterium-mediated transformation. Since the
transformation process is a result of a “cooperative project”
between Agrobacterium and its host, much effort is now directed
toward understanding the host’s contribution.

5. . and engineering the host species

The “classical” approach to increase the transformation effi-
ciency in already transformable species, or to “recruit” new hosts,
was either by identifying or engineering highly virulent Agro-
bacterium strains [47] or by optimizing the culture conditions to
provide bacteria with “transformable” host cells [48]. This strategy
has been successful, but has now reached its limits [49].
A complementary approach, consisting in manipulating the host
itself, showed potentially interesting directions to investigate. At
first, identification of Arabidopsis rat (resistant to Agrobacterium
transformation) mutants by a forward genetic screen opened the
way for identification of plant genes involved in the transformation
process [50,51]. Although more than 120 genes have been
acknowledged to play a role in transformation, it was suggested

Fig. 2. Schematic representation of a Ti plasmid (A), and diagrams of a typical binary
vector (B) and a helper plasmid (C) used for transformation.

D.I. P!acurar et al. / Physiological and Molecular Plant Pathology 76 (2011) 76e8178

- Promotor

- 35S RNA vírus do mosaico da couveflor

- Tecidos x células

- Eudicot x monocot (ZmUBI1, OsACT/intron)

- Constitutivo:

- Subst. tóxicas

- Sistemas heterólogos

- Tecido-específico:

- Caracterização funcional

- Elementos cis

Genetics (Cap. 13)



Sequencias derivadas da Agrobacterium

- Não derivado de planta

3. The journey to the plant nucleus

The molecular basis of genetic transformation of plant cells by
Agrobacterium has now been largely unveiled and it is well known
that a specific region, namely T-DNA, from the tumor-inducing (Ti)
plasmid, is transferred and stably integrated into the plant nuclear
genome [2]. As mentioned, the T-DNA region is the mobile element
that is responsible for tumor formation and opine biosynthesis in
planta. In addition, the Ti plasmid contains two other regions
associated with bacteriaeplant interaction (Fig. 2A). These regions
act in trans, and are not transferred to the plant cell. The vir region
contains approximately 35 virulence genes grouped in at least eight
operons (virA, virB, virC, virD, virE, virG, virF and virH). The encoded
virulence proteins have multiple important roles in both the
bacteria and the host cell, where they control T-DNA transfer and
integration [21]. The other region contain genes with a role in opine
uptake and metabolism [16,22]. The T-DNA region is defined
and delimited by highly homologous, directly repeated 25e28 bp

T-DNA border sequences [23,24]. Over the last decade, several
reviews extensively describe all aspects of the A. tumefaciens T-DNA
transfer and integration [2,12,21,25e33]. Therefore, our intention in
this section is to offer an updated condensed picture of the trans-
formation process. A simplified model of the events taking place
during Agrobacterium-mediated transformation of plants is shown
in Fig. 3.

4. Engineering Agrobacterium as tool for transformation.

Soon after the researchers have began to unveil the mystery of
the crown gall disease and to understand the process by which
Agrobacterium transforms its host, its potential as tool in molecular
biology started to be addressed. Meanwhile, in order to become
suitable for laboratory purposes, the Agrobacterium strains used to-
day needed to be engineered from selected wild-type strains. Some
of the natural features of the Ti plasmid had to be completely
removed (e.g. genes responsible for tumor formation and opine
biosynthesis in planta, Fig. 2B), while the characteristics of some
transformation machinery components had to be augmented and
further improved. The foundation for the biotechnological use of
Agrobacterium in genetic transformation lays on the T-DNA struc-
ture and functions. The two 25e28 bp direct repeat borders are the
only cis-acting elements essential for T-DNA transfer, being
required to flank the transferred DNA. In this way the native wild-
type oncogenes and opine synthase genes from the T-DNA can be
replaced by genes of interest [30,42]. As a result, any DNA placed
between the borders will be transferred to the host cell. However,
because the T-DNA is not able to mediate its own transfer, being
only the cargo vehicle, other bacterial features needed to be altered.
The vir genes, residing on the virulence region of the Ti plasmid, are
required for the T-DNA transfer and integration. Altering their
regulation [43] and copy number [44] proved to be useful for
increasing transformation efficiency [42]. Thereby the size of the T-
DNA that can be mobilized into plants could be enlarged [45].
Although induction and expression level of vir genes could be
a limiting step for efficient transformation of some plant species
[42], recent data show that transformation efficiency does not
always correlate with the vir gene expression, suggesting a more
complex correlation [2]. The ability of vir genes to act in trans led to
the development of binary and super-binary transformation
vectors, as a major step toward increasing the range of species that
are amenable to Agrobacterium-mediated transformation [46],
(Fig. 2B, C). Despite these achievements, there are still many
economically important crop species and trees that remain recal-
citrant to Agrobacterium-mediated transformation. Since the
transformation process is a result of a “cooperative project”
between Agrobacterium and its host, much effort is now directed
toward understanding the host’s contribution.

5. . and engineering the host species

The “classical” approach to increase the transformation effi-
ciency in already transformable species, or to “recruit” new hosts,
was either by identifying or engineering highly virulent Agro-
bacterium strains [47] or by optimizing the culture conditions to
provide bacteria with “transformable” host cells [48]. This strategy
has been successful, but has now reached its limits [49].
A complementary approach, consisting in manipulating the host
itself, showed potentially interesting directions to investigate. At
first, identification of Arabidopsis rat (resistant to Agrobacterium
transformation) mutants by a forward genetic screen opened the
way for identification of plant genes involved in the transformation
process [50,51]. Although more than 120 genes have been
acknowledged to play a role in transformation, it was suggested

Fig. 2. Schematic representation of a Ti plasmid (A), and diagrams of a typical binary
vector (B) and a helper plasmid (C) used for transformation.
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Genes marcador de seleção

- nptII (neomicina fosfotransferase II) (1983) - canamicina

Streptomyces kanamyceticus

- Inibe a síntese de proteína (Cloroplasto)

- Uso de Antibióticos

- hpt (higromicina fosfotransferase) (1985) - higromicina

Streptomyces hygroscopicus

Bock e Warzecha,  2010 (Trends in Biotechnology)
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transformantes



Genes marcador de seleção

- Acúmulo de amônia em plantas 

- Uso de Herbicidas

Streptomyces viridochromogenes

- pat (fosfinotricina acetiltransferase) (1989)

Herbicida PPT (fosfinotricina ou amônia glufosinato)

Inibidor da glutamina sintetase (GS)

- bar (fosfinotricina acetiltransferase) (1989)
Streptomyces hygroscopicus

Detoxifica PPT



Genes repórteres

- Presente nos vetores de transformação

β-glucuronidase (uidA/GUS)

- Indicador de transformação

- Análise funcional de promotor

- Sistemas não destrutivos x ausência de atividade endógena

Proteína verde fluorescente (GFP-green fluorescent protein)



Genes repórteres

β-glucuronidase (uidA/GUS) - 1987

Escherichia coli

- Ensaio histoquímico: fácil, rápido e não-radiotivo

- X-gluc (5-bromo-4-cloro-3-indolil-β-D-glucuronídeo)

- Quantitativo e qualitativo

- Uso de intron/procariotos

- Ensaio destrutivo e substrato é caro

- Acúmulo sem prejuízo vegetal
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Reproductive Meristem22 is a unique marker 
for the early stages of stamen development
ELISSON ROMANEL1, PRADEEP DAS2, RICHARD M. AMASINO3, JAN TRAAS2, 

ELLIOT MEYEROWITZ4 and MARCIO ALVES-FERREIRA*,1

1Laboratório de Genética Molecular Vegetal (LGMV), Departamento de Genética, Universidade Federal do Rio de 
Janeiro (UFRJ), Rio de Janeiro, Brazil, 2Laboratoire RDP, Ecole Normale Supérieure de Lyon (ENS), Université de 

Lyon, Lyon, France, 3Department of Biochemistry, University of Wisconsin, Madison, WI, USA and 
4Division of Biology, 156-29, California Institute of Technology, Pasadena, California, USA

ABSTRACT  Stamens undergo a very elaborate development program that gives rise not only to 
many specific tissue types, but also to the male gametes. The specification of stamen identity is 
coordinated by a group of homeotic genes such as APETALA3 (AP3) and PISTILLATA (PI), AGAMOUS 
(AG) and SEPALLATA (SEP1-4)  genes. Genome-wide transcriptomic comparisons between floral buds 
of wild-type and ap3 mutants led to the identification of the REM22 gene, which is expressed in 
the early stages of stamen development. This gene is member of the plant-specific B3 DNA-binding 
superfamily. In this work, we dissect the spatio-temporal expression pattern of REM22 during the 
early stages of stamen development. To this end, both in situ hybridization analyses as well as in 
vivo fluorescence strategies were employed. At stage 4 of flower development, REM22 is expressed 
exclusively in those undifferentiated cells of the floral meristem that will give rise to the stamen 
primordia. At stage 5, REM22 expression is restricted to the epidermal and the subepidermal layers of 
anther primordia. Later, this expression is confined to the middle layer and the differentiating tapetal 
cells. After stage 10 when all the tissues of the anther have differentiated, REM22 expression is no 
longer detectable. Furthermore, we examined the pREM22::GUS-GFP marker line in an inducible 
system where the ectopic AG function is used to promote microsporogenesis. The data support the 
idea that REM22 expression is a useful marker to study the early stages of stamen development.

KEY WORDS: male sporogenesis, B3 domain, reproductive meristem, stamen development, REM22 function
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Método de transformação: Infiltração da Inflorescência
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Genes repórteres
Proteína verde fluorescente (GFP-green fluorescent protein) - 2001

- Acúmulo sem prejudicar vegetal
- Não requer substrato (requer equipamento adequado)

Aequorea victoria



Genes repórteres
Proteína verde fluorescente (GFP-green fluorescent protein) - 2001

- Quantitativo e qualitativo (maior sensibilidade)

- Acúmulo sem prejudicar vegetal
- Não requer substrato (requer equipamento adequado)

Aequorea victoria
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Genes repórteres



pVRN1 VRN1 GFP Ter

Método de transformação: Infiltração da Inflorescência

Genes repórteres



Genes repórteres

Proteína verde fluorescente (GFP-green fluorescent protein) - 2001

- Quantitativo e qualitativo (maior sensibilidade)

- Ensaio não destrutivo

- Acúmulo sem prejudicar vegetal

- Não requer substrato (requer equipamento adequado)

- Análise em tempo real Aequorea victoria
- Sensibilidade ao nível subcelular



35S REM22 GFP Ter
Método de transformação: Agroinfiltração

Genes repórteres



Genes repórteres



Genes repórteres

Proteína verde fluorescente (GFP-green fluorescent protein) - 2001

- Quantitativo e qualitativo (maior sensibilidade)

- Ensaio não destrutivo

- Acúmulo sem prejudicar vegetal

- Não requer substrato (requer equipamento adequado)

- Triagem de transformantes iniciais, cultura de 

tecidos e pólen em campo

- Análise em tempo real Aequorea victoria
- Sensibilidade ao nível subcelular

- Ampla variedade de proteína fluorescente



Genes repórteres
Proteína verde fluorescente (GFP-green fluorescent protein) - 2001

http://zeiss-campus.magnet.fsu.edu/articles/probes/anthozoafps.html



Genes repórteres

Proteína verde fluorescente (GFP-green fluorescent protein) - 2001

- Quantitativo e qualitativo (maior sensibilidade)

- Ensaio não destrutivo

- Acúmulo sem prejudicar vegetal

- Não requer substrato (requer equipamento adequado)

- Triagem de transformantes iniciais

- Experimento ao longo do tempo

Aequorea victoria
- Sensibilidade ao nível subcelular



Consequencias da transformação



Consequencias da transformação

Ainda é uma arte imprecisa…

- Arranjo dos genes no vetor

> 1 gene – evitar o uso do mesmo promotor e terminador (regiões repetitivas) 
Múltiplos genes – devem estar na mesma orientação (regiões repetitivas) 

- Número de cópias do transgene

- Posição do transgene

- Características do transgene

- Diferenças no conteúdo G+C
- Arquitetura dos códons e região promotora
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Preocupação Pública

Tecnologia de Limpeza gênica

Yau e Stewart, 2013 (BMC Biotecnology)

- Marcadores: antibióticos/herbicidas

- Uso de PCR para identificação

- GOI e SMG não ligados

- Sistema recombinase sítio-específico


