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ABSTRACT
Somatic seeds of Plantago asiatica L. were produced for the first time. Shoot-tips isolated from in vitro obtai-
ned 4-week shoots were encapsulated using sodium alginate and calcium chloride. Capsules with or without su-
crose and with and without cytokinin — indole-3-butyric acid (IBA) were used. Sucrose presence in capsules very
distinctly influences somatic seeds of Plantago asiatica germination and their conversion into plants. However,
addition of IBA to capsules has not clear influence on the ability of plant regrowth. Plantlets transplanted to soil

grew to phenotypically normal plants.
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INTRODUCTION

Asiatic plantain — Plantago asiatica L. (Plantaginaceae)
is a common and valuable medicinal Far East plant (An-
drzejewska-Golec and Makowczynska 2005). In vitro cul-
ture of Asiatic plantain was initiated in 1996 by Tu. At pre-
sent this species has been cultured in vitro in the Depart-
ment of Biology and Pharmaceutical Botany, Medical Uni-
versity of Lodz (Andrzejewska-Golec and Makowczynska
2001; Makowczynska and Andrzejewska-Golec 2000,
2003, 2004a, b; Makowczynska et al. 2005).

The aim of this work was to produce somatic (artificial,
synthetic) seeds of Plantago asiatica and study their ger-
mination and conversion into plants. Preliminary experi-
ments with somatic seeds of this taxon were presented in
the Biotechnological Section of Pharmaceutical Sympo-
sium (Makowczynska and Andrzejewska-Golec 2004a).
There are no reports on somatic seeds production of any
Plantaginaceae taxon.

MATERIAL AND METHODS

Plant material

The 4 or 6-week shoots were obtained in vitro from 4-
week seedlings. The seeds for in vitro culture were recei-
ved from the Botanical Gardens, Faculty of Science, Uni-
versity of Tokyo. The shoot tips (ca 0.5 cm) from these
shoots were explants to produce somatic seeds.

Culture conditions

All cultures were conducted in growing chamber, 25£2°C,
80-90% humidity, light intensity 40 pM x m2 x 71,

Encapsulation of shoot tips

The explants were encapsulated in Murashige and Skoog
medium (MS), supplemented with 3 or 3.5% sodium algi-
nate (Sigma) solution with 3 or 3.5% sucrose or without it,
and with or without cytokinin IBA. Alginate droplets, each
containing one shoot tip, were placed into calcium chloride
solution.

Eight variants of capsules were produced (see Fig. 1).
The alginate beads about 5 mm in diameter, were then col-
lected to sterile filter paper in Petri dishes sealed up with
Parafilm.

Storage experiments

The obtained (as above described) somatic seeds were
stored in the refrigerator at 4-8°C for 42 days and for three
variants of capsules: 3% alginate; 3.5% alginate; 3.5% al-
ginate and 1.5 saccharose — also for 56 days.

Germination and conversion into plants

After the storage period the beads were cultured for
plants recovery on MS medium in Petri dishes and incuba-
ted as described above. After each week of culture the fol-
lowing data were recorded:

1) frequency of the shoot formation,

2) rooting frequency,

3) morphological data (shoot length, number of leaves).
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Fig. 1. The ability of somatic seeds of Plantago asiatica L. to form shoots
and to convert into the plants, 6-week culture.

Plantlets having well developed roots were transferred
into pots with a sterilised mixture of soil, sand and peat.
Plantlets were covered with glasses to maintain high humi-
dity. The glasses were opened after seven days.

RESULTS

In this work, encapsulated shoot tips of Plantago asiati-
ca were obtained (Fig. 2). In preliminary study (Makow-
czynska and Andrzejewska-Golec 2004a) artificial seeds
were placed on three types of agar—basal media: MS,
Schenk and Hildebrandt medium, Lloyd and McCown me-
dium for germination, i.e. emergence of shoots and roots.
For the present study only MS medium was used because it
was found to be the best.

Makowczynska J. et al.

Somatic seeds germination and their conversion into
plants are presented in Figs 3-6.

The ability of somatic seeds to form shoots and to co-
nvert into plants in the 6-week culture on MS medium after
6-week storage in refrigerator is presented in Figure 1. In
the case of capsules without sucrose, the percentage of sho-
ots formation and their conversion into plants was low.

The morphology of plants from the 6-week culture is
presented in Table 1. The plants obtained from somatic se-
eds with sucrose capsules were higher and contained more
leaves in comparison with plants from somatic seeds wi-
thout sucrose in capsules.

Continuation of capsules preservation in low temperature
(to 8 weeks) caused a decrease in germination capacity
about 32%, conversion into plant about 18% for version of
capsules with 3.5% alginate and 1.5% saccharose. The arti-
ficial seeds without sucrose transferred on MS medium we-
re dying out.

The plants obtained from Plantago asiatica synthetic se-
eds were phenotypically normal (Fig. 6).

DISCUSSION

The Murashige conception of artificial seeds for germ-
plasm storage derived from the year 1977 (Redenbaugh et
al. 1991). The first somatic seeds were encapsulated soma-
tic embryos (Redenbaugh et al. 1987, 1991). However, we
failed to produce P. asiatica somatic embryos of adequate
quality (Makowczynska and Andrzejewska-Golec 2000).

The encapsulation of non-embryogenic in vitro-derived
vegetative micropropagules for germplasm storage has be-
en explored in some plant species (Bach 2001; Mathur et
al. 1989; Pattnaik and Chand 2000; Paul et al. 2000; Rout
et al. 2001). These micropropagules might be shoot tips or
axillary buds (Danso and Ford-Lloyd 2003; Ganapathi et
al. 1992; Mathur et al. 1989; Pattnaik and Chand 2000;
Paul et al. 2000). The encapsulation of in vitro derived sho-
ot tips to develop somatic seeds has been employed as
a suitable alternative to the use of somatic embryos, for
example: shoot tips of Musa paradisiaca cv. Basrai (Gana-

TABLE 1. Morphology of plants regenerated from somatic seeds of Plantago asiatica L. after 6-week culture on MS medium.

Composition Mean number Mean length of shoots Mean number Mean length of roots
of capsule of leaves [cm] of roots [cm]
3% A 4.3840.47 1.85+0.24 1.43£0.30 1.69+0.36
3.5% A 4.57+0.65 2.07£0.13 1.80+0.13 3.40+0.55
3% A 1.5% S 4.86+0.21 2.74+0.13 1.88+0.13 3.69+0.15
35% A 1.5% S 5.44+0.39 2.93£0.18 1.67£0.21 3.10+0.25
3.5% A 1.5% S 5.33+0.20 2.94£0.13 1.69+0.10 3.73+0.13
0.1 mg/dm3 IBA

3% A3% S 5.90+0.26 2.81£0.17 1.88+0.15 3.78+0.19
3.5% A3%S 5.76£0.15 3.00+0.12 1.91+0.10 3.05+0.12
3% A3%S 5.81+0.18 3.59£0.15 1.83%0.13 4.13+0.15

0.1 mg/dm3 IBA

Values are the mean * standard error of 27-30 somatic seeds per each treatment (composition of capsule).
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Figs 2-5. Plantago asiatica L. somatic seeds, their germination and conversion into plants. Scale bar 1 cm. Fig. 2 — photo: Mariusz Michalak, Figs

3-5 — photo: Mateusz Pigon.

Fig. 2. Encapsulated shoot tips in alginate matrix.

Fig. 3. Germination of the somatic seed.

Figs 4, 5. Plantlet development from the somatic seed.

pathi et al. 1992) and Manihot esculenta Crantz (Danso
and Ford-Lloyd 2003). We succeeded in encapsulating P.
asiatica shoot tips isolated from shoot culturing in vitro.
The use of apical shoot buds, as well as axial shoot buds
(meristems), assures a high degree of genetic stability; co-
unteracting somaclonal variation.

We have found that the capacity to form plants from en-
capsulated shoot tips of P. asiatica depended on the time
of preservation in low temperature and the presence of su-
crose in the capsule. Other authors have also demonstrated
that storage at low temperature significantly reduces the
viability and plant recovery frequency of alginate-encapsu-
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lated embryos and other explants of many plant species, for
example: artificial seeds with somatic embryos of Camelia
Jjaponica L. (Janeiro et al. 1997), Asparagus cooperi Baker
(Gosh and Sen 1994) and Paulownia elongata Sh-y, Hu
(Ipekci and Gozukirmizi 2003) or encapsulated shoot buds
of Catalpa ovata G. Don (Wysokinska et al. 2002) and
Morus indica L. (Bapat et al. 1987), or nodal cuttings and
shoot tips of Manihot esculenta Crantz (Danso and Ford-
Lloyd 2003). However, encapsulated apical and axial shoot
buds of Valeriana wallichii DC. do not lose germinating
ability during 6-month storage in refrigerator (Mathur et al.
1989).

3% Sucrose presence in capsules very distinctly influen-
ces on somatic seeds of P. asiatica germination and co-
nversion into plants. Sucrose addition to capsule is often
used by authors for artificial seeds of various plants (Janeiro
et al. 1997; Mathur et al. 1989; Wysokinska et al. 2002).
Danso and Ford-Lloyd (2003) encapsulated shoot tips of
Manihot esculenta Crantz supplementing capsules with va-
rious concentrations of sucrose. According to these authors
the concentration of sucrose in the alginate matrix did not
significantly affect shoot development, but it did affect ro-
ot formation.

Some authors use growth regulators for supplementing
capsules, for example Danso and Ford-Lloyd (2003) used
them for encapsulated shoot tips and nodal cuttings of Ma-
nihot esculenta. According to these authors the presence of
cytokinin (BAP) and auxin — a-naphthaleneacetic acid
(NAA) in the alginate matrix enhanced early development
of shoot from encapsulated nodal cuttings of Manihot escu-
lenta. We have not observed the influence of cytokinin
(IBA in concentration 0.1 mg/dm?3) on the ability to form
plantlets and plants of P. asiatica.

The results of our study show that P. asiatica plants from
stored — encapsulated shoot tips, successfully transferred
into soil, were well adapted and developed into phenotypi-
cally normal plants.

Micropropagation of P. asiatica may be conducted thro-
ugh encapsulation of shoot tips.

Makowczyniska J. et al.

Fig. 6. The plants obtained from somatic se-
eds in the 2-week soil culture. Scale bar 1
cm. Photo: Mateusz Pigon.
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