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Kanamycin is a widely used selection agent in dicot-plant
genetic transformation systems. In monocots, however, it
does not seem to be effective as it has no or minimal effect on
the normal growth of non-transformed plants. Kanamycin
was previously demonstrated to bleach the pigments of the

non-transgenic plants. This may yield the idea that kanamycin
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can be used as an effective screening marker rather than a
selectable marker in monocots.

Kanamycin, an aminoglycoside antibiotic,
was first isolated in Japan in 1957. It was
synthesized by the soil-borne
actinomycete known as Streptomyces
kanamyceticus.  Kanamycin is a
trisaccharide composed of a
deoxystreptamine and two glucosamine
units identified as 3-D-glucosamine-2-
deoxystreptamine-6-o0-glucosamine. A
tetrasaccharide antibiotic neomycin is a
related aminoglycoside with chemical
properties very similar to kanamycin [1].
Neomycin is synthesized by another
actinomycete known as Streptomyces
fragdiae?. Other similar molecules are

ribosomal 30S subunit, thereby blocking
the formation of initiation complexes and
leading to the inhibition of protein
synthesis. These antibiotics if used on
plant cells affect mitochondria and
chloroplast by impairing protein synthesis.
Mitochondria and chloroplasts have
ribosomes similar to those found in the
bacteria and are, therefore, susceptible to
aminoglycoside antibiotics. The
antibiotics, if present, block chlorophyll
synthesis (bleaching and chlorosis) and
tissue growth [3, 4].

A kanamycin scavenging gene nptll (or

gentamicin (also known as Geneticin or ?r?i?])s,poggr?res%% binc%?jcehsencnhelgm;;g
(G418), paromomyein, and hygromycin. phosphotransferase Il enzyme - also
Kanamycin is toxic to plants, animals and  known as aminoglycoside 3-
fungi [2]. The active aminoglycoside phosphotransferase Il [5, 6, 7]. This
antibiotics  specifically bind to the enzyme transfers the y-phosphate group of
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ATP to the 3-hydroxyl group of the
amino-hexose residue of the
aminoglycoside antibiotics that results in
detoxification.  This  ATP-dependent
phosphorylation allows protein synthesis,
thereby resisting the specific binding of
antibiotics to ribosomes. To sum up, the
kanamycin A, B, and C, neomycin,
paromomycin, and geneticin -
aminoglycoside antibiotics containing 3'-
OH group — are therefore substrates of
NPTII [8].

Kanamycin is among the most widely used
selection markers in plant genetic
transformation protocols. In a genetic
transformation setting, kanamycin is
supplemented to the growth medium in a
concentration that may inhibit
untransformed cells from regeneration.
The exact mechanism of the transport and
movement of aminoglycoside in plant
tissue is not yet known. Specifically,
kanamycin does not seem to be mobile in
the vascular tissue; rather, it seemingly
diffuse through the plant tissue via
intercellular spaces. The diffusion may
occur over short distances [9] suggesting
that in large explants the antibiotic may not
reach distal portions.

In plant genetic transformations, screening
/ selection (selection of marker) of the
transgene is critical. In dicotyledonous
plants, the use of kanamycin has proved to
be very effective as a selection agent.
However,  monocots were  found
insensitive to the relatively high levels of
kanamycin, thus allowing the regeneration
of untransformed plant cells on media
supplemented with kanamycin [10, 11,
12]. Even a high concentration of 100
png/ml kanamycin could not restrict the
growth of approximately 70% of
untransformed rice calli [12]. Specifically,
the protoplasts derived from the
suspension culture of Lolium perenne
were able to divide even in the presence of
800 pg/ml concentration of kanamycin
[10]. The reason might be the presence of
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endogenous resistance rather than the
transgene selection advantage.
Collectively, these results indicate that in
cereals kanamycin could not be used as a
selection marker that could restrict / stop
the growth of untransformed calli / cells.
On the contrary, there are several reports
of success with the use of kanamycin for
the transformation of rice [13], wheat [14],
and maize [15, 16].

In wheat and barley, kanamycin affects the
chlorophyll synthesis, thereby bleaching
the green pigment [17, 18]. Also, the non-
transformed callus on  kanamycin
supplemented media regenerated as
bleached (albino / white) plantlets [19].
Furthermore, no growth retardation or any
other symptoms of the antibiotic except

the green pigment bleaching were
observed in wheat (Figure 1). Our
analysis,  therefore, suggests that

kanamycin may better and efficiently be
used as a screening marker rather than as a
selectable marker.

Figure 1. Bobwhite wheat regenerated
from the callus and screened on media

supplemented kanamycin antibiotic.

A) White shoots emerged from the non-
transformed calli on shoot induction media
B) Shoots grown on root induction media
(Left bottle: non-transgenic plant turned
white on kanamycin, Right bottle:
transgenic plant on kanamycin antibiotic).

The pictures were adopted from Ali [20].
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