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REVIEW ARTICLE

Agrobacterium tumefaciens: a natural tool for plant transformation

Gustavo A. de la Riva1

Laboratory of Environmental Biotechnology. Plant Division. Centre for Genetic Engineering and Biotechnology (CIGB).
P.O.Box 6162, 10600 Havana, Cuba
Fax: (53-7) 218070, (53-7) 336008
E-mail: Gustavo.Riva@cigb.edu.cu

 Joel González-Cabrera
Laboratory of Environmental Biotechnology. Plant Division. Centre for Genetic Engineering and Biotechnology (CIGB).

P.O.Box 6162, 10600 Havana, Cuba
Fax: (53-7) 218070, (53-7) 336008

E-mail: CryLab@cigb.edu.cu

 Roberto Vázquez-Padrón
Laboratory of Environmental Biotechnology. Plant Division. Centre for Genetic Engineering and Biotechnology (CIGB).

 P.O.Box 6162, 10600 Havana, Cuba
Fax: (53-7) 218070, (53-7) 336008

E-mail: CryLab@cigb.edu.cu

Camilo Ayra-Pardo
Laboratory of Environmental Biotechnology. Plant Division. Centre for Genetic Engineering and Biotechnology (CIGB).

P.O.Box 6162, 10600 Havana, Cuba
Fax: (53-7) 218070, (53-7) 336008

E-mail: CryLab@cigb.edu.cu

                                                       
1 Corresponding author

Updated information of mechanisms for T-DNA
transfer to plant cells by Agrobacterium tumefaciens is
provided, focused on the role played by the different
components of the virulence system. The general
assessments for the establishment of efficient
transformation protocols are discussed with an
emphasis in the application of this methodology to
monocotyledonous plants. Based on our own experience,
we present the establishment of sugarcane
transformation by A. tumefaciens as a model of
application of this methodology to an important culture
plant specie, previously considered recalcitrant and
inaccessible for this type of genetic manipulation.

Plant transformation mediated by Agrobacterium
tumefaciens, a soil plant pathogenic bacterium, has become
the most used method for the introduction of foreign genes
into plant cells and the subsequent regeneration of
transgenic plants.  A. tumefaciens naturally infects the
wound sites in dicotyledonous plant causing the formation
of the crown gall tumors. The first evidences indicating this
bacterium as the causative agent of the crown gall goes
back to more than ninety years (Smith and Townsend,
1907). Since that moment, for different reasons a large
number of researches have focused on the study of this
neoplastic disease and its causative pathogen. During the
first and extensive period, scientific effort was devoted to
disclose the mechanisms of crown gall tumor induction

hoping to understand the mechanisms of oncogenesis in
general, and to eventually apply this knowledge to develop
drug treatments for cancer disease in animals and humans.
When this hypothesis was discarded, the interest on crown
gall disease largely decreased until it was evident that this
tumor formation may be a result of the gene transfer from
A. tumefaciens to infected plant cells.

A. tumefaciens  has the exceptional ability to transfer a
particular DNA segment (T-DNA) of the tumor-inducing
(Ti)  plasmid  into the nucleus of infected cells where it is
then stably integrated into the host genome and transcribed,
causing the crown gall disease (Nester et al., 1984; Binns
and Thomashaw, 1988).  T-DNA contains two types of
genes: the oncogenic genes, encoding for enzymes involved
in the synthesis of auxins and cytokinins and responsible
for tumor formation; and the genes encoding for the
synthesis of opines. These compounds, produced by
condensation between amino acids and sugars, are
synthesized and excreted by the crown gall cells and
consumed by A. tumefaciens as carbon and nitrogen
sources. Outside the T-DNA are located the genes for the
opine catabolism, the genes involved in the process of T-
DNA transfer from the bacterium to the plant cell and the
genes involved in bacterium-bacterium plasmid conjugative
transfer  (Hooykaas and Schilperoort, 1992; Zupan and
Zambrysky, 1995).
































