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ABSTRACT
The ultrastructure of two lines of nonmorphogenic Plantago asiatica callus was compared. The ultrastructure
of most organelles of cream-coloured and green-coloured lines of these callus lines was similar. Among the pla-
stides no difference in prevalence and composition of proplastides and amyloplasts was observed. The main diffe-
rence lies in the presence of chlororoplasts in green callus. The phenomena of vacuolisation and tracheogenesis in

both lines were found.
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INTRODUCTION

The range of Plantago asiatica L. occurrence comprises
the Far East countries (Yamazaki 1993). It has been ap-
plied there as a valuable medicinal plant (Andrzejewska-
Golec 1994). In Europe this species is known only from
some botanical gardens.

A callus of Asiatic plantain was obtained for the first ti-
me by Yisheng (1996). It was a morphogenic callus rege-
nerating plantlets. We have obtained nonmorphogenic,
morphogenic and embryogenic calluses of this plant (Ma-
kowczynska and Andrzejewska-Golec 2000) and also rege-
nerated plants both indirectly and via callus (Andrzejew-
ska-Golec and Makowczynska 2001; Makowczynska and
Andrzejewska-Golec 2003). In earlier works we described
plastids and tracheary elements of P. asiatica callus tissue
(Andrzejewska-Golec et al. 2004; Makowczynska et al.
2004). The aim of this study was to compare the ultrastruc-
ture of two lines of the nonmorphogenic Asiatic plantain
callus.

MATERIAL AND METHODS

The method of obtaining P. asiatica callus culture is pre-
sented in Scheme 1.

The methods of the ultrastructure study are presented in
Scheme 2.

RESULTS

The cream-coloured callus was formed in the presence
of cytokinin BAP (0.2 mg/dm?) and auxine TAA (0.1
mg/dm?). Green-coloured callus was formed in the presen-
ce of 2 mg/dm> BAP and auxine 2,4-D in concentration 0,5
mg/dm?.

The cream-coloured callus and green-coloured callus of
P. asiatica have a similar nodular structure (Figs 1, 2) and
similar ultrastructure (Figs 3-14).

Cell walls of both lines of the callus culture have a typi-
cal structure (Figs 3, 5). They are above all primary cell
walls. The cells are usually precisely connected with the
thin middle lamellae. The plasmodesmata are not numero-
us (Fig. 13). Secondary cell walls were formed during xy-
logenesis. The tracheogenesis was occurred in the both
analysed lines of Plantago asiatica callus (Fig. 10). We
observed only reticulate and helical thickenings of the se-
condary wall of tracheary elements. The xylogenesis is ac-
curately described in the earlier work (Andrzejewska-Go-
lec et al. 2004). Irregularly thickened middle lamellae were
sometimes observed. They degenerate and dissolve during
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SCHEME 1.
Plantago asiatica L. in in vitro culture

(source: Botanical Gardens, Faculty of Science, University of Tokyo)
in vitro germination in dark
MS + 0.2 mg/dm? K + 1 mg/dm3 GA,

4 week-old seedlings (source of primeval explants)

\
root
passage O in light
MS + 0.5 mg/dm? 2.4-D + 0.2 mg/dm> BAP
{

cream-coloured callus line
\
successive passages in light
MS + 0.5 mg/dm? 2.4-D + 0.2 mg/dm> BAP
\

Explanations to Scheme 1.
MS — Murashige and Skoog medium
K — kinetin
GA — gibberellic acid
2,4-D — 2 ,4-dichlorophenoxyacetic acid
BAP — 6-benzylaminopurine
TAA — indole-3-acetic acid

{
root
passage O in light
MS + 0.1 mg/dm? IAA + 2 mg/dm3 BAP
\

green-coloured callus line
\
successive passages in light
MS + 0.5 mg/dm? IAA + 0.2 mg/dm? BAP
\

SCHEME 2.
Samples of material: the pieces of cream-coloured callus tissue (7. passage) and green-coloured callus tissue (14. passage)

— fixation for 1.5-2 h in 3.5% glutaraldehyde in cacodylate buffer (pH 7.0-7.5),

— postfixation: in 1% OsO, in cacodylate buffer (pH 7.0-7.5),

— dehydration in ethanol series (50-100%),

— exercise of semi-thin sections (LKB III ultramicrotome),

— staining with 0.1% methylene blue, used for selection of an adequate place for light microscope ultrastructure study,

— exercise of ultra-thin sections (LKB III ultramicrotome),

— staining of ultra-thin sections for contrast with uranyl acetate and lead citrate,
— analysis of ultra-thin sections with JEM 100 B transmission electron microscope.

formation of intracellular spaces (Fig. 11). The electron-
dense fibrillar material can be observed in some intracellu-
lar spaces.

Ribosomes. The cells of both studied lines of the callus
are rich in free ribosomes and also in polisomes (Figs 7, 8,
13, 14).

Endoplasmic reticulum (rough endoplasmic reticulum
and smooth endoplasmic reticulum) is comparatively wea-
kly developed in both callus lines (Fig. 8).

Dictyosomes, mitochondria and nuclei have a similar
ultrastructure in both callus lines. Dictyosomes are typical-
ly formed with 3-7 cysterns and do not have numerous ve-
sicles of Golgi (Fig. 14). Mitochondria (with tubuli and
sacculi) are numerous (Figs 5-7), sometimes multiform
(Figs 6, 9). Some of them are ring-shaped (Fig. 6), also
strongly elongated (Fig. 9). We also observed dividing mi-
tochondria.

Nuclei are multiform in shape (Figs 1-3, 9, 10), also lo-
bed (Figs 4, 6, 7), with numerous pores in the nuclear
membrane (Fig. 6) and with irregular dispersed chromatin
(Figs 3-5, 9).Nucleoli are usually prominent (Figs 3-6, 9),
with granular structure (Fig. 8) and one or more “nucleolar
vacuoles” (Figs 4, 6, 8). Only sporadically we observed
two nucleoli in the nucleus.

Vacuoles. Meristematic and young parenchymatic cells
of callus have numerous small vacuoles (Figs 4, 5, 9). Old
parenchymatic cells are highly vacuolated (Figs 10, 12). In

large vacuoles, we observed different cell elements or their
fragments (Fig. 9), also the phagocytosis phenomenon —
cell organelles inside the tonoplast invagination. Strongly
vacuolated moribund cells were also found. This phenome-
non occurs in cell reorganisation during formation of tra-
cheary elements (Fig. 10).

Plastids. In cream-line and green-line callus we obse-
rved proplastids (Figs 3, 5, 9) and amyloplasts (Figs 9, 11),
but chloroplasts were seen only in green-line callus (Figs
10, 12). Phytoferritin in plastids was not observed. Amylo-
plasts contain one or some starch grains and rudimentary
thylakoid membranes. Chloroplasts are typical structures
with small starch grains and small dark plastoglobuli in
stroma. The prevalence of plastids in the callus tissue of P.
asiatica and steps of their ontogenesis are presented in
a separate publication (Makowczyfiska et al. 2004).

Numerous lipid body-like structures were present in cy-
toplasm in both lines of the callus (Fig. 3).

DISCUSSION

An in vitro culture of callus is commonly obtained, but
only some authors have studied its ultrastructure.

The cream-coloured callus and green-coloured callus of
P. asiatica have a similar ultrastructure. This main diffe-
rence lies in the presence of chloroplasts in green callus.
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Fig. 1. Cream-coloured callus of Plantago asiatica L. Scale bar 1 cm.

Parts of cells of both lines of nonmorphogenic callus of
plantain are characterised by intensive metabolism, which
is evidenced by large nuclei with prominent nucleoli inclu-
ding “nucleolar vacuoles”, numerous ribosomes and poliri-
bosomes as well as numerous mitochondria. Stepinski and
Kwiatkowska (2001) supposed that large “vacuoles” in
central position of nucleoli might in consequence form in-
tensive transposition of granular compounds from nucleo-
lus to cytoplasm. Gwdézdz et al. (1974) observed in TAA-
treated callus tissue of Cichorium intybus a remarkable de-
velopment of the granular endoplasmic reticulum and an
increase in number of ribosomes, mainly in the form of po-
lyribosomes. With abundance of ribosomes, the size, “va-
cuolisation” and granular structure of nucleoli coinciden-
tally increased. According to these authors, such changes
in nuclei are considered to represent the first step of increa-
sed growth activity of cells in response to growth regula-
tors. After Mikuta et al. (2002), symptoms of increased
metabolism activity in the cell are enlarged, with centrally
located nuclei of the granular structure containing large
nucleoli with “nucleolar vacuoles” inside. According to
these authors such structure is an evidence of an increased
synthesis of RNA and is typical for cells getting ready for
cell divisions or for embryogenic callus tissue formation.

Lobeled nuclei (nuclei with deep invaginations of the
nuclear envelope) observed by us in callus cells of P. asia-
tica are described by other authors, for example: Poljuha et
al. (2003) in shoot cells of Mammillaria gracilis cultivated
in vitro, and Mdl and Sierzant (2001) in maize antipodal
cells.
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Fig. 2. Green-coloured callus of Plantago asiatica L. Scale bar 1 cm.

All kinds of plastids in cream-coloured and green-colou-
red lines of P. asiatica callus are very variable in this ultra-
structure. Poljuha et al. (2003) give attention to plastids as
very sensitive plant cell organelles reacting to the artificial
environment in the culture.

Green colour of callus is associated with chloroplast diffe-
rentiation. After Caredda et al. (2004), in the microspore-deri-
ved callus of barley regenerating albino plantlets, all the pla-
stides are non-dividing amyloplasts with scarce thylakoids.

The cytodifferentiation was found to appear in the callus:
we observed numerous tracheary elements in both lines of
callus. It is a frequent phenomenon observed in morphoge-
nic and nonmorphogenic callus (Andrzejewska et al.
2004). Gatz and Reinke (2004) reported 100% of xyloge-
nesis in the callus of pepper when concentration of cytoki-
nine was 0.5 mg/dm> (with or without TAA).We noticed,
first of all, reticulate and rarely helical thickenings of the
secondary wall of tracheary elements. The occurrence of
this type of thickening is characteristic for vascular ele-
ments in callus (Gatz and Reinke 2004). We observed deep
transformation of parenchymatic cells in tracheary ele-
ments. The phenomenon of intensive digestion occurred in
vacuoles that play the part of lisosomes.

CONCLUSIONS

1. The ultrastructure of most organelles of cream-colou-
red and green-coloured lines of Asiatic plantain callus is si-
milar.
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Figs 3-8. Ultrastructure of cream-coloured callus of Plantago asiatica L.
Fig. 3. Various steps of vacuolisation of callus cells, X7 500.

Fig. 4. A lobate nucleus, x10 000.

Fig. 5. A nucleus with large irregular nubs of chromatin, x20 000.

Fig. 6. A nucleus lobe with a nucleolus, x25 000.

Fig. 7. A cytoplasmic invagination in lobate nucleus, x37 000.

Fig. 8. A nucleolus with granular structure and “vacuoles”, x37 000.

Explanations to Figures 3-14

A — amyloplast; C — chromatin; CH — chloroplast; CW — cell wall; D — dictyosome; ER — endoplasmic reticulum; ERR — ring endoplasmic reticulum; L —
lipid drop; M — mitochondrion; ML — middle lamella; N — nucleus; NU — nucleolus; NV — nucleolar “vacuole”; P — proplastid; PD — plasmodesmata; PM —
plasmalemma; S — starch grain; T — thylakoids; TE — tracheary element; V — vacuole
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Figs 9-14. Ultrastructure of green-coloured callus of Plantago asiatica L.
Fig. 9. Cells with proplastids and amyloplasts, x12 500.

Fig. 10. Cells with chloroplasts, X7 500.

Fig. 11. Amyloplasts, x10 000.

Fig. 12. Chloroplasts in strongly vacuolated cells, x20 000.

Fig. 13. Plasmodesmata, X125 000.

Fig. 14. Dictyosome, X125 000.
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2. For the cream-coloured callus two types of plastids are
characteristic: proplastides and amyloplasts, for green-co-
loured callus also chloroplasts.

3. Green colour of callus is associated with chloroplast
differentiation.

4. The phenomena: division of the cells, vacuolisation,
degradation of protoplast and tracheogenesis are very fre-
quently in cream-coloured and green-coloured lines of the
nonmorphogenic Plantago asiatica callus.
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