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The genus Verbascum L. belongs to the family Scrophulariaceae and its members are used as medicinal herbs
in traditional medicines worldwide. In this study we achieved plant regeneration in Verbascum sinuatum L. via
organogenesis and somatic embryogenesis by culture of mature embryos. Embryogenic and nonembryogenic
calli were induced from mature embryos on Murashige and Skoog (MS) medium supplemented with different
concentrations of benzyl adenine (BA) and a-naphthalene acetic acid (NAA) (but not for 1.5 and 3 mg I'! NAA).
For multiplication of somatic embryoids and differentiation of shoot buds, yellow and friable embryonic calli
were transferred to MS medium containing 30 g/l sucrose, 0.5 mg 1! charcoal and 0.1 or 1 mg 1! 2,4-
dichlorophenoxy acetic acid (2,4-D) or to MS medium containing 60 g I'! sucrose, 50 mg I'! casein hydrolysate
(CH), 0.5 mg 1'! kinetin (Kin), 5 mg 1! 2,4-D and 0.5 mg 1! charcoal. Shoot multiplication and plantlet regener-
ation were achieved by transferring shoot buds to MS medium supplemented with 1 mg 1! BA or Kin.
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INTRODUCTION

The genus Verbascum L. belongs to the tribe
Verbasceae (Valdes, 1987) of the family
Scrophulariaceae and has its main centers of diver-
sity in Turkey, Iran and Pakistan (Zohary, 1973;
Huber-Morath, 1978; Valdes, 1987). With about 360
species worldwide (Judd et al., 2002) and 42
species in Iran (Sharifnia, 2007), it is the largest
genus within the Scrophulariaceae. As hybridization
is a very frequent phenomenon within Verbascum
(Huber-Morath, 1978; Karaveliogullari et al., 2004),
high morphological variation complicates delimita-
tion of species. Verbascum species are adapted to
the various habitats in different regions, including
rocky mountains, open forests, roadsides and river
banks. The genus Verbascum is known for the pres-
ence of a variety of compounds. Among those that
have been isolated are saponins (Hartleb and
Seifert, 1994; Tatli et al., 2004; Karamian and
Ghasemlou, 2014), alkaloids (Dranarov and Hais,
1997), flavonoids (Afifi et al., 1993; Karamian
and Ghasemlou, 2013a), iridoid glycosides (Tatli
et al., 2003; Tatli and Akdemir, 2004) and
phenylethanoids (Akdemir et al., 2004).
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A wide range of medicinal properties are attrib-
uted to Verbascum species (Vijayavitthal et al.,
1998; Tuzlaci and Erol, 1999; Konoshima et al.,
2000; Sezik et al., 2001; Stevenson et al., 2002;
Turker and Camper, 2002; Ahmed et al., 2003;
Senatore et al., 2007; Amirnia et al., 2011;
Karamian and Ghasemlou, 2013b).

Plant tissue culture is one of the most important
conservation techniques for production of plant
material required for different purposes such as
breeding, genetic and biotechnological research, and
production of raw material (Endress, 1994; Sahai et
al., 2010). Micropropagation of some members of
the Scrophulariaceae has been described, for exam-
ple in Digitalis lanata (Lindemann and Luckner,
1997; Erdei et al., 1981; Miiller-Uri and Diettrich,
1999), Torenia fournieri (Aida et al., 2000), Bacopa
monnieri (Tiwari et al., 1998; Shrivastava and
Rajani, 1999), Verbascum thapsus (Turker et al.,
2001) and Verbascum speciocum (Karamian and
Ghasemlou, 2013b). There are no reports showing
micropropagation of Verbascum sinuatum. Here we
describe a protocol for organogenesis and somatic
embryogenesis through mature embryo culture of
Verbascum sinuatum.

© Polish Academy of Sciences and Jagiellonian University, Cracow 2014
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TABLE 1. Effect of different concentrations of NAA and BA on callus, shoot and root induction in Verbascum sinuatum

Growth regulator (mg 1) Callus Embryogenic callus Shoot Root
BA NAA (%) (%) (%) (%)

0 0 0 0 33.33bec 33.33b
0 1.5 50be 0 0 50ab
0 3 0 0 0 0
2.5 0 43.7¢ 18.75¢ 18.75¢ 0
2.5 1.5 62.5bc 50abe 50abe 33.33p
2.5 3 1002 62.52b 62.52b 68.52
S5 0 45.8¢ 58.33ab 58.33ab 12.5¢
5 1.5 68.7P 37.5abc 37.5abc 12.5¢
5 3 1002 79.162 79.162 0

Values are means of three experiments with 24 replicates per experiment. Means bearing the same letters within column do not signif-

icantly differ at P < 0.05.
MATERIALS AND METHODS

CALLUS INDUCTION

Plants of Verbascum sinuatum were collected from
Hamedan Province (W Iran) from July to August
2011. Voucher specimens are deposited in the
herbarium of Bu-Ali Sina University (BASU),
Hamedan, Iran. Different explants including leaves,
petioles and capsules were washed with tap water,
surface-sterilized in 70% (v/v) EtOH and 5% sodium
hypochlorite for 15 min, then rinsed three times in
sterile distilled water. Mature embryos, leaves and
petioles were dissected and cultured on MS basal
medium (Murashige and Skoog, 1962) supplemented
with BA (0, 2.5 or 5 mg 1'!), NAA (0, 1.5 or 3 mg 1),
3% (w/v) sucrose and 1% (w/v) agar. Media pH was
adjusted to 5.7-5.8 prior to autoclaving for 15 min
at 121°C and 15 lbs/in? pressure. After inoculation
to assure uniform and rapid growth of mature
embryos, all cultures were kept at 5°C for 48 h, then
incubated at 25+2°C under a 16 h photoperiod (cool
white fluorescent light, 3000 lux) in a culture room.
Data on explants producing calli were recorded after
4 weeks and calli were subcultured on fresh MS
medium after 30 days of culture. There were
24 replicates for each explant and the experiments
were done three times.

EMBRYOGENIC CALLUS PROLIFERATION

To promote multiplication of somatic embryoids
and shoot bud differentiation, pieces of yellow and
friable embryogenic calli produced on medium con-
taining BA or NAA were transferred to 3 new media
on day 30 of culture: (1) MS medium containing
30 g 1! sucrose, 0.1 mg 1! 2,4-D and 0.5 mg1"! char-
coal; (2) MS medium containing 30 g I'' sucrose,
1 mg 1! 2,4-D and 0.5 mg 1! charcoal; or (3) MS

medium containing 60 g I'! sucrose, 50 mg I'' CH,
0.5 mg 1! Kin, 5mg1"! 2,4-D and 0.5 mg 1! charcoal.
Data were recorded after 6 weeks of culture. Then
the embryogenic calli along with somatic embryos in
earlier stages were transferred to MS medium with-
out plant growth regulators, to develop somatic
embryos and induce shoot bud initials.

SHOOT AND ROOT INDUCTION

Shoot bud initials induced from embryogenic calli
on MS medium containing BA and NAA were trans-
ferred to MS medium supplemented with 1 mg 1!
BA or Kin for further growth and multiplication.
Data were recorded after 5 weeks. For root prolifer-
ation and plantlet regeneration, shoots with thin
roots were transferred to rooting medium contain-
ing 3 mg 1I'! NAA.

PLANT ACCLIMATIZATION

For acclimatization, healthy plantlets with well-
developed roots and shoots were chosen, washed in
water to remove agar, and transferred to pots con-
taining sterilized soil and perlite (1:1). The trans-
planted plants were covered with clear plastic bags
to maintain humidity, placed in an acclimatization
chamber, and watered with 1/4 MS minerals at
4-day intervals. After 2 weeks the plastic bags were
opened and the uncovered plants were maintained
under natural daylight at 19-23°C in the laboratory.
The survival frequency of the propagated plants was
assessed at week 3 of the acclimatization process.

STATISTICAL ANALYSIS

Each triplicate experiment used 24 embryo explants
or calli. Data were analyzed using SAS ver. 6.12
(SAS Institute, 1995, Cary, N. C.). All experimental
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Fig. 1. Somatic embryogenesis and organogenesis in Verbascume sinuatum. (a) Nonembryogenic calli induced from
mature embryo explants on MS medium containing 30 g 1! sucrose, 2.5 mg I'! BA and 3 mg 1'! NAA after 4 weeks,
(b) Globular somatic embryos on MS medium containing 30 g I'' sucrose, 5 mg I'' BA and 3 mg I'' NAA (arrows),
(c) Heart-shaped somatic embryos on MS medium containing 30 g 1! sucrose, 1 mg 1! 2,4-D and 0.5 mg I'! charcoal
(arrow), (d) Somatic embryos at cotyledonary stage on MS medium containing 30 g 1! sucrose, 1 mg I'' 2,4-D and

0.5 mg I'! charcoal after 4 weeks (arrow). Bars = 10 mm.

results were tested by ANOVA, and the significance
of differences among means was tested with
Duncan's (1955) multiple range test.

RESULTS AND DISCUSSION

CALLUS INDUCTION

Growth and morphogenesis in vitro are controlled
by the kind and concentration of plant growth regu-
lators (Fatima et al., 2009). The type of explant also
plays a considerable role in callus induction. In
Verbascum sinuatum the choice of explants is cru-
cial for callus induction. Callus was induced only
from mature embryos; leaf and petiole explants did
not show any morphogenetic response. This result
supports the idea that the internal state of explant
cells is most important to the expression of somat-
ic embryogenesis, with other conditions such as
exogenous growth regulators simply enabling
expression of this intrinsically determined pattern
of development (Williams and Maheswaran, 1986;
Zimmerman, 1993).

Callus was induced on all media supplemented
with different concentrations of BA and NAA, except
for growth regulator-free medium and medium with
1.5 or 3 mg 1'! NAA. The frequency of nonembryo-
genic callus initiation was highest on MS medium
supplemented with 5 mg 1'' BA and 3 mg 1"! NAA or
with 2.5 mg 1'! BA and 3 mg 1"} NAA. These calli were
heterogeneous in appearance and showed morpho-
genetic potential (Tab. 1). However, calli formed in
the presence of 1.5 mg1"! NAA only produced adven-
titious roots vigorously in this medium later.

EMBRYOGENIC CALLUS INDUCTION

Somatic embryogenesis has been induced from var-
ious explants in many taxa (Williams and
Maheswaran, 1986). Many factors including the

choice of plant growth regulators and explants are
involved in successful somatic embryogenesis (Luo
and Jia, 1999). According to Yasuda et al. (1985)
and Pasquale et al. (1994) somatic embryogenesis
has been induced in many plant species using BA
combined with 2,4-D or NAA, but induction of
embryogenesis using BA alone is very rare. In this
study we induced embryogenic and nonembryogenic
callus using 2.5 mg 1'! BA alone. Embryogenic calli
were observed at different concentrations of BA and
NAA, not on growth regulator-free medium and not
on medium with 1.5 or 3 mg 1! NAA (Tab. 1).
Somatic embryos were observed on yellowish green
embryogenic calli after subculturing them in the
same fresh medium. Then the calli turned green,
hard, and compact, while their peripheral portions
remained yellowish green and friable. Somatic
embryo maturation was observed after 4 weeks of
culture (Fig. 1). Shoots and roots were induced from
explants in some media containing BA and NAA.
Root induction was promoted by increasing the NAA
level, and reduced strongly by increasing BA in the
medium. However, no plantlet regeneration was
achieved on these media.

EMBRYOGENIC CALLUS PROLIFERATION

The growth of yellowish white and friable embryo-
genic calli was promoted by transferring them to new
MS media (Fig. 2). Among the three media tested, MS
medium containing 30 mg 1! sucrose, 1 mg 1! or
0.1 mg I'* 2,4-D and 0.5 mg 1! charcoal were more
effective in promoting embryonic calli (Tab. 2). Our
results are consistent with reports emphasizing the
role of auxin in embryogenesis induction. In some
plant species a high level of 2,4-D (up to 2 mg 1) is
needed to enhance embryogenic callus production
(Nagarajan et al., 1986; Nolan et al., 1989; Luo and
Jia, 1999). Compact yellowish white calli sponta-
neously formed vigorous embryoids and the somat-
ic embryos passed through each of the typical devel-
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Fig. 2. Shoot multiplication and plantlet regeneration in Verbascum sinuatum. (a, b) Shoot multiplication on MS medi-
um containing 5 mg 1! BA and 3 mg I'! NAA (a) or 2.5 mg 1! BA and 3 mg I'' NAA (b) after 6 weeks, (¢, d) Embryogenic
callus proliferation on MS medium supplemented with 0.1 (c) or 1 mg 1"} 2,4-D (d) 6 weeks after transferring from MS
medium containing 5 mg I'! BA and 1.5 mg I'! NAA, (e) Multiple shoot proliferation 5 weeks after transferring to MS
medium containing 1 mg 1! BA, () Acclimatization of plantlets. Bars = 10 mm.

opmental stages. MS medium containing 60 mg 1!
sucrose, 0.5 mg I'! Kin, 5 mg I'! 2,4-D, 50 mg I'' CH
and 0.5 mg I'' charcoal had no significant effect on
embryogenic callus proliferation (Tab. 2).

SHOOT AND ROOT PROLIFERATION

Torregrosa and Bouquet (1996) noted that shoot
regeneration could be obtained in the presence of BA
alone but that auxin could enhance the organogenic
response. In order to obtain a high frequency of
adventitious shoot regeneration we adjusted the con-
centrations and combinations of auxins and
cytokinins. Shoots have been regenerated directly
from explants in numerous species. Plants that
propagate adventitiously by conventional means
may be proliferated rapidly in vitro not only from
the organs commonly used as explant sources but
also from other tissues not normally associated with
vegetative reproduction (Meins, 1986).

In the present study, nodular structures that
proliferated in the presence of 2,4-D differentiated
into organized structures of shoot buds. Shoot buds
grew further and became well-developed shoots after
5 weeks in the presence of BA or Kin, in comparison
to primary medium containing both of BA and NAA
(Fig. 2). BA proved more effective than Kin; the num-
ber of shoots was highest on medium with 1 mg 1!
BA (Tab. 3). Verbascum sinuatum showed superior
rhizogenesis potential. Plantlets regenerated on

medium with 5 mg 1! BA. Similar results were
reported for shoot induction from Verbascum
thapsus stem explants (Caruso, 1971; Turker et
al., 2001). Our results are consistent with those of
Skoog and Miller (1957). They stated that a low
ratio of auxin to cytokinin induces shoots, while
the reverse induces roots. The in vitro culture pro-
tocol we established for Verbascum sinuatum can
provide material for future physiological and bio-
chemical studies, for example those aimed at devel-
oping extraction and analytical procedures for its
active ingredients.

PLANT ACCLIMATIZATION

Well-developed and rooted plantlets were trans-
ferred to sterile soil with perlite for acclimatization
and covered with plastic bags to ensure high humid-
ity around the plants. Two weeks later the plastic
bags were removed and the plants were transferred
to ex vitro conditions. At week 3 of acclimatization,
all of the plantlets survived and showed normal
growth (Fig. 2).

CONCLUSION

Many medicinal plant species are propagated in
vitro because they do not respond well to conven-
tional methods of propagation. An in vitro culture
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TABLE 2. Effects of new media on embryogenic callus and shoot bud induction 6 weeks after transferring from MS

medium containing NAA and BA in Verbascum sinuatum

0.5 mg 11 Kin + 5 mg I'!

Primary medium 1 mgl! 2,4-D 0.1 mgl!2,4-D 2, 4-D + 50 mg 1! CH

BA NAA Embryogenic Shoot Embryogenic Shoot Embryogenic Shoot
(mg 1) (mg 1Y) callus (%) (%) callus (%) (%) callus (%) (%)

2.5 0 88.88a 34.44b 100a 66.42 33.44= 0

2.5 1.5 1002 0 34.44¢ 63.332 0 0

2.5 3 33.1b 0 33.2¢ 35.3b 0 0

5 0 34.42b 0 0 66.42 0 0

5 1.5 44.44b 0 62.33b 65.22 0 0

5 3 33.33b 66.442 0 34.3b 0 0

Values are means of three experiments with 24 replicates per experiment. Means bearing the same letters within column do not signif-

icantly differ at P < 0.05.

TABLE 3. Effect of BA and Kin on shoot and root regeneration after 5 weeks in Verbascum sinuatum

Primary medium BA Kin
(mg 1) (1 mglY (I mgl1?)

BA NAA Shoot Root Plantlet Shoot Root Plantlet
(mg/1) (mg/]) (%) (%) (%) (%) (%) (%)

0 0 100 34.44b 0 100a 43.332 0

2.5 0 100 0 0 66.44b 0] 0

2.5 1.5 100 34.44b 0 100a 0 0

2.5 3 100 33.44b 0 100a 48.332 0

5 0 100 76.66a 65.22a 100a 48.332 65.33a

5 1.5 100 77.774 0 66.44b 48.332 0

5 3 100 34.44b 0 100a 0 0

Values are means of three experiments with 24 replicates per experiment. Means bearing the same letters within column do not signif-

icantly differ at P < 0.05.

protocol is important when a source of plant mate-
rial free of adulterated bulk material or material
free of pesticide residues or disease infection is
needed for medical purposes. Here we reported a
procedure for successful in vitro regeneration of
the medicinal plant Verbascum sinuatum through
mature embryo culture, for the first time in this
species. Embryogenic callus was induced on MS
medium supplemented with different concentrations
of NAA and BA. Further growth and maturation of
somatic embryos were not achieved with this hor-
monal combination; shoot and root induction was
observed in the presence of NAA and BA but no
regenerated plantlet was obtained. NAA alone was
more effective for root induction, while BA was bet-
ter for shoot regeneration. Our results confirm the
value of 2,4-D for embryogenic callus proliferation
and somatic embryo maturation in Verbascum sin-
uatum, but shoot bud initials did not differentiate
further in the presence of 2,4-D. Cultures containing

BA or Kin alone showed multiple shoot induction
and plantlet regeneration, as compared to medium
containing BA and NAA.
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