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Abstract. This study has been performed to investigate the efficiency of the chemical
mutagen ethylmethanesulphonate (EMS) to inducemutations in Saintpaulia. In vitro leaf
sections of Saintpaulia cv. Crystobal were exposed to various EMS treatments at 0%,
0.2%, 0.4%, and 0.6% for 30, 60, 120, and 240 min after which adventitious shoots were
recovered from the treated explants. Shoots producing at least six leaves were induced to
root and the resulting plantlets were transplanted to soil. A total of 1838 plantlets was
grown to flowering stage and 10 mutants were identified. Four of the mutants were
variegated leaf chimeras and the remaining six presented variations at the level of flower
color and/or fringe. Results in the present study showed the efficiency of EMS to induce in
vitro mutation of Saintpaulia and the method can be used in the future to assist breeding
in this popular ornamental plant.

Saintpaulia (family Gesneriaceae), com-
monly known as African Violet, is a popular
houseplant as a result of its compact size,
tolerance of shaded conditions, ease of veg-
etative propagation, and potential to flower
year round. To date �20,000 varieties have
been produced globally by conventional hy-
bridization techniques and spontaneous mu-
tation, and annually, several hundred new
cultivars are released (Ghisleni andMartinetti,
1995). The breeding of Sainpaulia is never-
theless hampered by the low number of wild
species available for crosses and the low
spontaneous mutation frequencies. For com-
mercial floriculture, development of new and
improved varieties is important because it
will keep up the interest of the consumers.
Today, biotechnological approaches (e.g.,
mutation breeding, genetic transformation)
have proved to be a powerful tool to com-
plement the traditional breeding works in
many ornamental species.

Mutation breeding has become increas-
ingly popular in recent times as an effective
tool for crop improvement, and more than
2250 mutant cultivars have been released
worldwide (Ahloowalia et al., 2004). Artifi-
cial mutation induction can be carried out
using physical and chemical mutagens and
mutation induction with radiation was the
most frequently used method to develop di-

rect mutant varieties (Ahloowalia et al.,
2004). Several reports on the induced muta-
tion of Saintpaulia using physical mutagens
such as ion beam, x-ray, and gamma ray were
published in the past (Leenhoots et al., 1982;
Wongpiyasatid et al., 2007; Zhou et al.,
2006). In these works, although variants were
observed in the regenerated shoot population,
the procedure required expensive units to
operate, which is out of scope for most re-
search and commercial laboratories. Chem-
ical mutagens could be successfully applied
to induce mutations where no irradiation facil-
ity is available. In some cases, the efficiency of
chemical mutagens has proved to be greater
than those of physical mutagens (Jacobs,
2005; Rego and Faria, 2001). Among the
chemical mutagens, EMS is considered very
effective and its effectiveness has largely
been demonstrated in cereal crops such as rice
(Bhan and Kaul, 2003), wheat (Bozzini and
Mugnozza, 2003), and barley (Nicoloff, 2003)
as well as in Arabidopsis thaliana (Jacobs,
2005). Recently, this mutagen has also been
used to treat seeds and in vitro propagules of
many species (Basu et al., 2008; Latado et al.,
2004; Luan et al., 2007). To our knowledge,
there is no report so far on the EMS use in
Saintpaulia; it is therefore our objective to
study the possibility of using this mutagen to
inducemutations in in vitro-grown Saintpaulia.

Materials and Methods

Saintpaulia cv. Crystobal is a standard-
sized cultivar with a rosette growth habit. Its

flowers are double (�3 to 4 cm in diameter),
magenta in color, and present a white fringe
around the lobes. The leaves are plain green.
This cultivar is fast-growing, moderately tol-
erant to heat so it is popularly sold in warm
climate countries such as Taiwan. For the
initiation of aseptic culture, young expanding
leaves were dissected and washed under
running tap water for 5 min to remove super-
ficial dirt. They were then washed with
a detergent solution (consisting of one drop
of household detergent in 100 mL of water)
for 10 min. After several rinses with tap
water, the leaves were transferred inside a
laminar flow cabinet. Surface sterilization of
the leaves was carried out with 70% ethanol
for 1 min followed by 0.5% sodium hypo-
chlorite disinfection for 10 min; a few drops
of Tween-20 were added as a surfactant. Both
steps were conducted on an orbital shaker set
at 150 rpm. The leaves were finally rinsed
three to four times with sterile distilled water
to remove traces of sodium hypochlorite.
Sterilized leaves were cut into 0.5 cm · 0.5-
cm sections and each section was placed,
with its abaxial side touching the medium, in
a test tube containing 15 mL of the African
Violet Multiplication (AVM) medium. The
AVM medium consisted of full-strength
Murashige and Skoog (MS) (Murashige and
Skoog, 1962) salts and vitamins, 30 g�L–1

sucrose, 0.5 mg�L–1 benzyl adenine, 0.1
mg�L–1 a-naphtaleneacetic acid, and 7 g�L–1

agar. The pH of the medium was adjusted to
5.7 before sterilization in an autoclave at
121 �C, 15 psi for 15 min. The explants were
maintained on AVM medium for a total
duration of 8 weeks. Induced adventitious
shoots were transferred into 175-mL glass
jars containing 60 mL of MS medium devoid
of growth regulators for further shoot devel-
opment. Two months later, leaves were ex-
cised from the grown up shoots and cut into
0.5 cm · 0.5-cm sections again and thus
initiating a new multiplication cycle. The
shoots obtained after several multiplication
cycles were then used for the mutation
experiment.

EMS is a potential carcinogen so its
preparation and handling were conducted
inside a chemical fume hood. A 1% stock
solution of EMS was first prepared using
distilled water. This stock solution was then
used to prepare 0%, 0.2%, 0.4%, and 0.6%
EMS solutions using 0.1 M phosphate buffer
(pH 7.2). The various EMS solutions were
filter-sterilized (through a 0.2-mm mem-
brane) before use. Leaf sections measuring
�0.4 cm · 0.4 cm were immersed in 0%,
0.2%, 0.4%, and 0.6% EMS solutions for 0,
30, 60, 120, and 240 min with constant
swirling throughout the treatment. After the
treatments, the explants were rinsed three
times with sterile distilled water and blotted
dried on a sterile filter paper. They were
plated on AVM medium for shoot regenera-
tion. The frequency of explant survival was
recorded at Week 4 and the frequency of
explants producing shoots was observed at
both Weeks 4 and 8 after EMS application.
Explants were considered alive if they
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exhibited any kind of growth. The EMS
experiment was arranged in a completely ran-
domized design. There were 20 leaf explants
per treatment and the experiment was con-
ducted twice. Data were subjected to analysis
of variance (Version 9.0; SAS Institute Inc.,
Cary, NC) and treatment means were ranked
according to Duncan’s multiple range test and
difference tested at 5% probability.

By the end of the eighth week, regenerated
shoots were transferred onto plant growth
regulator-free MS medium and the subculture
was conducted every 30 d. Two months later,
the in vitro plantlets were acclimatized and
grown in a pre-sterilized substrate composed of
peat, vermiculite, and perlite at a ratio of 1:1:1.
Selection of mutants was conducted at the
flowering stage of the plants. All the cultures
(i.e., in vitro and acclimatized plantlets) were
maintained at 25 ± 2 �C with a 16-h photope-
riod provided by 40 mmol�m–2

�s–1�L cool white
fluorescent lamps.

Results

Early response of the leaf explants to EMS
can be detected within 1 week after the treat-
ments. Some explants shriveled and started
to turn brown. However, in other cases, the
explants started to swell and expand in size.
Observation at a later date indicated that those
explants that lost their green appearance were
not capable of shoot regeneration, whereas the
remaining green explants were all competent to
shoot initiation within 4 weeks of EMS expo-
sure. In this case, the shoots were observed to
arise directly from the cut edges and on the
adaxial side of the explants without an in-
tervening callus phase.

For the 0.2% EMS treatments, there was
no significant difference between the different
treatment durations in terms of explant sur-
vival; nearly 100% of explants survived the
treatments (Table 1). A similar survival rate
was recorded for the 0.4% EMS treatments
for 30, 60, and 120 min. However, a signifi-
cantly lower survival rate was observed when
the explants were treated for 240 min (e.g.,
85%). With the 0.6% EMS treatments, there
was a gradual reduction in the survival rate of
the explants as the duration of EMS exposure
increased. No survival was recorded when the
leaves were treated for more than 120 min. It
was interesting to see that the frequency of
shoot formation recorded at Week 8 coin-
cided with the frequency of explant survival
at Week 5. This indicated that the surviving
explants were all capable of producing shoots
as stated previously.

Shoots were progressively separated from
the leaf sections and transferred to growth
regulator-free MS medium for elongation
and rooting. A total of 1849 in vitro plantlets
went through acclimatization, and only 11
shoots died during the process (91.3% sur-
vival rate). Plantlets were raised to flowering
stage and a total of 10 mutants with distinct
leaf and flower morphology were identified
(Table 2). Among the 10, four mutants were de-
rived from the 0.2% to 60min, 0.2% to 240min,
0.4% to 60 min, and 0.4% to 120 min EMS

treatments and they all exhibited variegated
foliage (Fig. 1A–D). The remaining six mu-
tants were obtained from the 0.4% to 30 min
and 0.4% to 120 min EMS treatments and they
either showed variations in flower color (i.e.,
different shades of purple, pink, red–purple)
and/or in the white fringe around the lobes (i.e.,
presence, absence) (Fig. 1E–J). Unlike the leaf
mutants, the flower mutants were all pheno-
typically uniform.

Discussion

The global flower industry thrives on
novelty and traits such as flower color, form,
size, and scent are primary novelty markers
because they are key determinants in con-
sumer choice of ornamental plants (Datta and
da Silva, 2006). For Saintpaulia, a species
that is mostly appreciated for its flowers,
continuous production of new cultivars with
original flower colors and forms is important

to maintain its economic interest. Although
Agrobacterium-mediated transformation of
Saintpaulia has been attempted (Mercuri
et al., 2000), genetic engineering is still a
relatively expensive technique. Mutation
breeding, which leads to altered phenotypes
after permanent heritable change in the struc-
ture of the genetic material (Rego and Faria,
2001), is now established as a time-saving
and inexpensive approach for flower im-
provement (Datta and da Silva, 2006). The
present study explores the possibility of
adopting mutation breeding in generating
new Saintpaulia cultivars.

Chemical mutagens have been applied to
numerous plants to induce mutations. For
instance, Kohleria internodes treated with
N-nitroso-N-methylurea have resulted in a
mutant with shorter internodes and smaller
leaves (Geier, 1989). Two cultivars of Ipo-
moea purpurea treated with EMS, N-methyl-
N-nitro-N-nitrosoguanidine and NaN3, showed
corolla whorl-specific characteristics (Bhate,
2001). Rodrigo et al. (2004) obtained chry-
santhemum mutants with various petal colors
(i.e., pink–salmon, light pink, bronze, white,
yellow, and salmon) by means of EMS treat-
ment. However, the low penetration into
vegetative tissues of chemical mutagens is
a major concern in chemical mutagenesis
because this might lead to low mutation
efficiency and difficulties in reproducing the
experiment (Van Harten, 1998). This prob-
lem can nevertheless be circumvented by
performing in vitro mutagenesis in which
mutations were reported to occur more uni-
formly compared with the in vivo treatments
(Constantin, 1984). The present study showed
that the diffusion of EMS into Saintpaulia
leaves was successful as evidenced by the
gradual loss of explant viability with increas-
ing EMS exposure and concentration. The
EMS concentrations used in the present study
were hence effective in inducing mutations in
Saintpaulia, and they were within the range
(0.5% to 2%) tested for in vitro mutagenesis
of other plants (Latado et al., 2004; Luan
et al., 2007).

Table 1. Frequency of leaf explant survival and
shoot regeneration after different EMS
treatments.

EMS treatment

Survival
(%)

Shooting (%)

Concn
(%)

Duration
(min)

4
weeks

8
weeks

0 0 100a 57bc 100a

0.2 30 100a 80a 100a

60 97.5a 50bc 97.5a

120 100a 35c 100a

240 100a 43bc 100a

0.4 30 100a 55bc 100a

60 100a 50bc 100a

120 100a 63ab 100a

240 85b 45bc 85b

0.6 30 90ab 60ab 90ab

60 55c 10d 55c

120 0d 0e 0d

240 0d 0e 0d

Means in each column followed by the same letter
are not significantly different by Duncan’s multiple
range test at the 5% level.
EMS = ethyl methanesulphonate.

Table 2. Frequency of plantlets exhibiting morphological variations following different EMS treatments.

EMS treatment

No. plantlets
screened

No. leaf
mutants

No. flower
mutants Mutation (%)Concn (%)

Duration
(min)

0 (control) 0 94 0 0 0

0.2 30 43 0 0 0
60 485 1 (A) 0
120 222 0 0 0
240 115 1 (B) 0 0.87

0.4 30 95 0 2 (FG) 2.11
60 158 1 (C) 0 0.63
120 277 1 (D) 4 (HJKL) 1.81
240 84 0 0 0

0.6 30 162 0 0 0
60 103 0 0 0

The letters within the parentheses refer to the code used for the mutant plant.
EMS = ethyl methanesulphonate.
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The occurrence of chimeral sectors in Saint-
paulia after mutagenesis has been reported
previously. Sparrow et al. (1960) observed that
one of 154 mutant plants (0.7%) regenerated
from irradiated Saintpaulia leaf cuttings was
chimera. Colchicine treatment to petioles of
Saintpaulia leaf cuttings produced one chimeral
plant out of 29 (3.5%) (Arisumi and Frazier,
1968). In the present study, four of nine (44%)
mutants were chimeral in nature. The occur-
rence of chimera suggests that the adventitious
shoot formation in Saintpaulia might arise
from a multicellular origin rather than from
a unicellular origin as reported byBroertjes and
Van Harten (1985). To stabilize the mutated
sector, repetitive vegetative propagation might
be necessary. Continuous in vitro tissue culture
cycles of variegated adventitious shoots are

underway to obtain solid mutants. Besides the
chimeral leaf mutants obtained, we have also
identified six solid flower mutants. Based on
this finding, we propose that 0.4% EMS
treatment for 30 to 120 min could be adopted
for the in vitro mutagenic manipulation of
Saintpaulia in the future to obtain new mutant
cultivars.

Conclusion

The system described in this study is easy
and fast to perform and thus can be imple-
mented in laboratories equipped with stan-
dard tissue culture facilities. It is hoped that
the in vitro EMS-induced mutations can open
up a new approach for the breeding of
Saintpaulia.
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