
La trasformazione genetica 
delle piante

La tecnologia per trasformare il genoma
delle specie vegetali è resa possibile (a)
dall’impiego dell’ingegneria genetica e (b)
dalla disponibilità di protocolli di
rigenerazione «in vitro» delle piante.



(a) LA TECNOLOGIA del 
DNA RICOMBINANTE o
CLONAGGIO GENICO
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tutto ciò è possibile… grazie alla scoperta delle endonucleasi di restrizione
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Le Endonucleasi di Restrizione (I)
Enzimi batterici: endonucleasi di TIPO II:

- Riconoscono e tagliano corte sequenze di DNA 
(4-8bp);
- le sequenze riconosciute sono palindromiche, cioè 
risultano ugluali se lette su ogni filamento nella 
stessa direzione
- il taglio produce estremità piatte o coesive

Esempio di una delle prime endonucleasi di tipo II meglio caratterizzate:
EcoRI
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(b) Gli espianti vegetali, che 
contengono cellule 

meristematiche, sono in grado di 
rigenerare nuove plantule 
quando coltivati “in vitro”



plant hormones auxin and cytokinin, and generation of
individual leaves, shoot and root meristems, or newly
organized embryos, can be elicited from the growing callus
by culture in media with different ratios of the same plant
hormones [16–18].

In animals, regenerative capability ranges across spe-
cies and organs. Different tissues use different regenera-
tive strategies. The tail and limb of amphibians such as
salamanders, axolotls and Xenopus tadpoles (plus heart
and lens in newts), fin and heart of zebrafish, gut and germ
cells of Drosophila, blood, skin and gut in mice and the
whole body of planarians and hydra are used widely as
model systems (Figure 1d-f) [19].

Analogous between animal and plant regeneration is the
intermediate structure: plant callus and animal blastema, a
zone of progenitor cells formed at the wound site during
regeneration [15,20,21]. Because of its ability to produce
various cell types and the lack of characteristic structures,
both tissues have been believed to contain undifferentiated
cells, which are generated through dedifferentiation of

once-differentiated cells into a pluripotent state outside
their original lineages. To what extent these cells dediffer-
entiate, however, and the cells from which they originate
have long been unclear. As discussed later, recent reports in
plants andanimalshave clarified thesequestions for certain
regeneration systems.

What does dedifferentiation have to do with it?
Historically, discussion of both plant and animal regener-
ation has involved the concept of dedifferentiation. Indeed,
the earliest entry in the Oxford English Dictionary for the
word dedifferentiation, from 1917 [22] states that ‘‘dedif-
ferentiation or return to a more embryonic condition prob-
ably underlies all types of regeneration’’ (Figure 2).
However, there is little evidence for this concept besides
cellular morphology. Moreover, the concept of dedifferen-
tiation itself is vague. Over the intervening decades the
word dedifferentiation has taken on a variety of alternative
meanings, such as loss of evident differentiated cell type
characteristics, or re-entry to the cell cycle of normally non-
dividing cells, and consequent acquisition of the ability to
grow, each of which is involved in the process of reverting to
an earlier differentiation state but represents only parts of
the whole event.

In the next sections, we will discuss the case for and
against the involvement of dedifferentiation in plant and
animal regeneration processes, in view of contemporary
work.

Dedifferentiation in plants
Dedifferentiation in plant regeneration has been histori-
cally inferred, indirectly through the observation of the
renewed ability of previously quiescent cells to divide, and
the induction of structural and morphological changes
within dividing callus cells. During post-embryonic devel-
opment, tissues arise through the action of pluripotent
stem cells within structures called meristems. Cells
within meristems are small, with dense cytoplasm and
small vacuoles. By contrast, quiescent cells within mature
tissues that differentiate from the meristems are often
characterized by larger size, containing larger vacuoles
and different plastids and storage products than cells of
the meristem [16]. Callus initiation during regeneration
leads to cells acquiring features similar to meristematic
cells and consequent loss of differentiated cell morphology
[16]. These changes in cell morphology have been taken as
evidence of a process of dedifferentiation. Nonetheless,
these changes in cell structure do not necessarily equate
with a cell returning to a fundamentally more embryonic
state, or to a developmentally earlier position in their usual
lineage.

Callus, a mass of proliferating cells found after wound-
ing and stimulated in culture by the plant hormones auxin
and cytokinin, has long been held to be a dedifferentiated
tissue [see above]. However, recent work has shown that
callus is not dedifferentiated [6,7]. In fact, callus induced in
these studies resembles root tissue in its patterns of gene
expression and multicellular organization, even when it is
generated from aerial organs that are separated from the
root lineage from the earliest divisions of embryogenesis
[6] (Figure 3a,b). The transcriptome of callus is more
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Figure 1. Schematic drawing of various regeneration systems in plants and
animals. (a) The regeneration of the excised tip of a root and leaf in Arabidopsis.
(b) Arabidopsis in vitro shoot regeneration system. An intermediate growing cell
mass called callus is induced in the first hormonal treatment. Then the subsequent
culture of callus on different media causes the cells to be specified to form entirely
new stem cell niches (meristems), from which shoots or roots are derived. (c)
Somatic embryogenesis. Callus growth in liquid or solid media is transferred to
different media (hormone-free or different ratios of hormones) to induce somatic
embryogenesis. (d) The regeneration of limbs in amphibians. Amputation triggers
the formation of a pool of progenitor cells called blastema that regenerates
damaged or lost parts of the body. (e) Regeneration in Planaria and Hydra. These
invertebrates can regenerate a whole animal from a small piece of almost any part
of body, even from dissociated and re-aggregated cells. (f) The self-organization
system in Hydra re-aggregates. Head organizing centers are set up de novo after
positional cues are destroyed by dissociation and re-aggregation of cells.
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Espianti di tessuti vegetali possono essere coltivati
«in vitro» per indurre le cellule meristematiche a
rigenerare nuovi germogli



La rigenerazione in vitro



Rigenerazione per organogenesi diretta



Organogenesi indiretta



Embriogenesi somatica



L’embriogenesi somatica



La trasformazione genetica 
delle piante



Trasformazione genetica

• Trasformazione transiente : il gene 
esogeno di interesse viene trasferito 
all’interno di cellule e tessuti ma non è 
richiesta l’integrazione nel genoma.

• Trasformazione stabile: il gene esogeno 
viene trasferito nelle cellule allo scopo di 
farlo integrare nel genoma ed essere 
trasferito alla generazione successiva.



Sistemi di trasformazione

Trasformazione di cellule intatte o tessuti
1. Infezione con Agrobacterium tumefaciens
2. Biolistica: bombardamento di cellule vegetali

con microproiettili d’oro o tungsteno rivestiti di 
DNA (particle gun, gene gun)

Trasformazione di protoplasti:
• elettroporazione o trattamento con PEG (usata

soprattutto per saggi transienti)



Il tumore o galla del colletto provocato da 
Agrobacterium tumefaciens





La trasformazione genetica 
delle piante da parte di A. 
tumefaciens





I geni del T-DNA
• iaaM e iaaH (tms1= triptofano-2-

monossigenasi e tms2=indol-3-acetammide-
idrolasi) codificano enzimi per la sintesi di 
auxine;

• tmr o ipt per la sintesi delle citochinine;
• geni per la sintesi delle opine, prodotti di 

condensazione inusuali tra un chetoacido e 
un aminoacido o tra uno zucchero e un 
aminoacido (arginina  e acido 
piruvico=octopina; arginina e aldeide 
alfachetoglutarica=nopalina)



Ti Plasmid



Le sequenze nucleotidiche del confine destro e sinistro  
del plasmide Ti plasmid sono ripetizioni dirette 
imperfette.



La struttura chimica 
delle opine prodotte 
dale piante



200-800kb



Plant gene)c engineering with 
the binary Ti plasmid system

Clone YFG (your favorite gene) or
the target gene in the small T-
DNA
plasmid in E. coli, isolate the 
plasmid
and use it to transform the 
disarmed
A. tumefaciens as shown.

Transgenic
plant

(disarmed)

Disarmed 
Ti plasmid



La trasformazione e la rigenerazione in vitro



Dal transgene alla pianta transgenica














