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IN VITRO MUTAGENESIS IN SUGARCANE CALLUS CULTURE
XA0054536

Tissue and cell culture are considered an important breeding tool for crop
improvement. In vegetatively propagated species, mutagenesis combined with in
vitro culture techniques may be the only method to improve existing cultivars.
Tissue culture and mutagenesis were applied to increase variation in sugarcane by
irradiation of dormant buds or cuttings and subsequent in vitro development of
plants [1]. An alternative method, allowing mutagenic treatment of large numbers of
individuals, is in vitro mutagenesis of somatic callus or cell suspension followed by
regeneration and selection of desired mutants [2]. The study was designed to
determine conditions for chemical and physical mutagenesis of sugarcane somatic
callus. Callus culture was established from shoot-explants of 8-week old, pot
grown, sugarcane (Saccharum officinarum L.) plants. The BL4 clone was used,
obtained from Dr. S.H. Siddique, Atomic Energy Agricultural Research Centre,
Tandojam, Pakistan. The explants of the innermost 5-6 tightly furled leaves were
placed on induction agar medium consisting of Murashige and Skoog [3] salts and
vitamins, 4 mg/1 2,4-D and 20 g/1 sucrose. The induction of callus took place in a
dark room, at 28°C. After one month of culture, the actively growing callus tissues
were separated from the explants and treated with physical or chemical mutagens.
Two doses of gamma-rays (10 and 15 Gy) or 2 raM solution of N-nitroso-N-
methylurea (MNH) from Serva were applied for 2 and 3 hours. After irradiation,
part of the calli were directly transferred to fresh, non-irradiated medium (IC
method). The remainder of the calli were kept on irradiated medium for 4 weeks as
they were subcultured onto fresh medium just one day before irradiation (ICM
method). For each mutagen and dose tested, 10 samples of callus (about 1 g of fresh
weight each) were placed on induction medium (one sample per petri-dish). After
one-month culture on induction medium, the fresh-weight gain of every callus
sample was measured and the culture was transferred onto regeneration medium in
which 2,4-D was replaced by 2 mg/1 kinetin; 2 mg/1 IBA and 2 mg/1 IAA. After 8-
week culture on regeneration medium, data on regeneration capacity of calli were
recorded. Additionally, the frequency of shoots displaying chlorophyll deficiency
(chlorophyll variants) among regenerants was estimated.

The inhibition of callus growth in relation to the control was observed in every
treated culture and reduction in fresh-weight gain ranged from 42 to 91% (Table 1).
The influence of both mutagens in all doses applied was also noticed at the level of
plant regeneration. In the most harmful combinations (15 Gy - ICM and MNH 2 mM
x 3 h) a 72% reduction in regeneration ability was observed. An increase in the
frequency of chlorophyll deficient variants was recorded after all doses of MNH or
gamma-rays used. In all treated combinations a 1.5 - 8 fold increase over the control
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in frequency of variants, was noticed. The highest frequency of chlorophyll-
deficient variants, up to 8.0%, was induced when callus and medium were exposed
to 15 Gy gamma-rays. A similar frequency of chlorophyll shoots (7.8%) was
observed in culture treated with 2 mM x 3 h of MNH. The most frequently observed
variants were albino shoots but a few light-green or striped shoots were also
noticed. It was noticed that after the same gamma-ray doses, the reduction in fresh-
weight gain of callus and number of regenerated shoots was higher when irradiated
callus was cultured for a subsequent 4 weeks on irradiated medium (ICM) than when
it was transferred onto fresh, non-irradiated medium (IC). The difference between
these two regime treatments was also noticed in the frequency of chlorophyll
variants, as 10 Gy of gamma-rays resulted in 3.3 and 5.0% and 15 Gy caused 5.0 and
8.0% of chlorophyll deficient shoots in IC and ICM combinations, respectively.
Hundreds of sugarcane plants regenerated from control and gamma-rays or MNH-
treated calli were planted in the field to estimate the frequency of variation in
morphological characters.

Table 1. The influence of gamma-rays and MNH treatment on callus and regene-
ration ability of sugarcane

Dose
Treatment

0
IC 10

15
0

ICM 10
15

0
2 x 2
2 x 3

Fresh-weight
gain of
callus

(g)

0.66 ±0.35
0.39 ±0.18
0.16 ±0.05
0.65 ±0.12
0.08 ± 0.02
0.05 ± 0.02

0.54 ±0.12
0.15 ±0.05
0.06 ± 0.02

Callus
growth

reduction
(%)

Regenerated
shoots
(No.)

Gamma-rays (Gy)
0

42
77
0

88
91

1351
847
486
925
350
258

MNH (mM x h)
0

72
89

1092
398
305

Regeneration
ability

reduction
(%)

0
27
65
0

62
72

0
64
72

Frequency of
chlorophyll-

deficient
variants (%)

2.1
3.3
5.0
1.0
5.0
8.0

0.9
4.5
7.8
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XA0054537
IN VITRO INDUCED VARIATION FOR SELECTION OF VALINE RESISTANCE IN

CALLUS CULTURE OF Arabidopsis thaliana (L.) Heynh.

Studies on selection of valine-resistant tobacco mutants indicated the high
efficiency of recovery of such mutants [1]. The presented study has been designed
to screen for mutants of Arabidopsis thaliana (L.) Heynh. in callus culture derived
from mutagenised leaf-explants. This system combines in vitro mutagenesis
followed by selection of culture growing in the presence of a toxic concentration of
valine. Two ecotypes of A. thaliana C-24 and RLD were used in the study. Culture
of arabidopsis leaf-explants followed the regeneration system proposed by [2]. The
protocol includes 5-7 day culture of explants in liquid induction medium and then
culture on agar shoot regeneration medium. The culture was established from
untreated (control) and mutagenised explants. N-nitroso-N-methylurea (MNH,
Serva) was applied as a chemical mutagen. Small rosette-leaves or fragments of
bigger leaves (0,5-1,0 cm2) excised from donor plants were incubated for 3h on the
gyratory shaker in callus induction medium containing three concentrations of filter-
sterilised MNH (0,25; 0,5 and 1,0 mM) and thoroughly rinsed in the mutagen-free-
medium. For physical mutagenesis, gamma radiation (60Co, intensity 64 rad/sec) at
two doses (15 and 30 Gy) was applied to plants growing on MS 10 medium. On the
same day the explants were excised from irradiated plants to start the culture.
In spite of a very strong toxic effect of valine on germination and growth of A.
thaliana plants, no distinct influence of 10 mM valine was noticed on callus-
formation ability of cultured leaf-explants (Table 1). The high efficiency of callus
formation was observed in all combinations studied. Over 88 and 91% of explants,
for C-24 and RLD respectively, developed callus tissue. The strong inhibitory effect
of valine on shoot regeneration ability was more pronounced in culture derived from
untreated explants than in culture of mutagenised explants. The highest number of
calli able to develop shoots (10.8%) was induced after gamma-irradiation with 15
Gy. Among MNH doses applied the most efficient for both genotypes was 0.5 mM x
3h which induced shoot regeneration in 6.4 and 5.7% of calli for C-24 and RLD
genotype, respectively. In total, 924 control and 2077 mutagen-treated explants
were subjected to selection on valine-containing regeneration medium and 17 and
294 shoots were regenerated, respectively (Table 2). The average frequency of
regenerated shoots was much higher in cultures established from mutagenised
explants and reached 14.2 shoots per 100 calli in comparison to 1.8 shoots in the
control culture. Although in total, over 300 shoots were regenerated on selection
medium, a vast number of them failed to grow after transfer onto rooting medium.
Only 28 of the regenerants selected on valine-medium developed seeds. Two fertile
arabidopsis shoots were developed under valine selection without any mutagenic
treatment, as a result of somaclonal variation. The phenomenon of somaclonal
variation has been described as a source for in vitro regenerated mutants or variants
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