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Abstract

The histological events during adventitious bud and somatic embryo development in explants from Picea omorika
seedlings cultivated in vitro have been examined. Meristematic activity in the superficial layers of cotyledons led to bud
primordia formation. Bud primordia had characteristic zonal organization with needle primordia arising on the flanks of
the meristem. Somatic embryo initial was formed on the cotyledon surface after an unequal transversal division of a cell.
The smaller, apical cell gave rise to apical dome and later on secondary, filamentous suspensor while the larger

vacuolated cell presented primary suspensor.
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Increasing need for reforestation have lead to establish-
ment of improved programs for tree propagation.
Micropropagation through organogenesis or somatic
embryogenesis has been reported in number of conifer
species. Initiation of organogenic or embryogenic tissue
in conifer species is generally achieved from juvenile
tissue as reviewed by Bonga and Durzan (1987), Attree
and Fowke (1991) and Stasolla et al. (2002).

Serbian spruce, Picea omorika (Panti¢) Purk. is
tertiary relic and endemic conifer that is native only
within a restricted area in Yugoslavia. As a decorative
tree P. omorika is successfully grown in cities, and has
been planted in many European countries. The
regeneration of Serbian spruce from mature zygotic
explants (Kolevska-Pletikapi¢ and Buturovi¢-Deri¢ 1995)
and from seedling derived explants (Budimir and Vuji¢i¢
1992) has been achieved. In seedling explants culture of
Picea omorika, adventitious buds, needle-like organs,
embryogenic and callus tissues were formed under the
same culture conditions. The aim of this study was to
analyze the origin and cell division pattern during early
stages of adventitious bud and somatic embryo
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development. The study is important in a view of the
need to identify cells associated with induction processes
related to the formation of structures capable of organized
growth and finally developing into seedlings.

Seeds of Picea omorika collected from open
pollinated trees and stored at 4 °C were used for experi-
ments. Seeds washed for 24 h under running tap water
were further surface disinfected with 25 cm’ of 30 %
H,0, containing a drop of Tween 20 for 20 min, and
rinsed three times with sterile water. The seeds were
placed to germinate in Petri dishes on medium containing
2 g dm™ glucose and 6 g dm™ agar (Torlak, Belgrade,
Serbia and Montenegro). After 21 d shoot apices bearing
cotyledons 4 - 8 mm long (shoot explant) were excised.

For the induction of adventitious buds and
embryogenic tissue shoot explants were placed on a
modified LP medium (Von Arnold and Eriksson 1981)
consisting of salts, vitamins, sugars (90 mM sucrose) and
22.5 uM benzyladenine (BA). Cultures were grown on
this medium for 2 weeks and than transferred to growth
regulator-free medium for another 4 - 6 weeks (Budimir
and Vuji¢i¢ 1992). Cultures were maintained at 25 °C

Abbreviations: LP - Von Arnold and Eriksson medium; BA - benzyladenine; 2,4-D - 2,4-dichlorophenoxyacetic acid.
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under a 16-h photoperiod at photon flux density of
5.1 pumol m? s provided by white fluorescent tubes
(Tesla, Pantevo, Serbia and Montenegro, 65 W, 4500 K).
Developed embryogenic tissue was further isolated from
the explant and grown on LP medium supplemented with
9 puM 2.4-dichlorophenoxyacetic acid (2,4-D), 4.5 uM
BA and 30 mM sucrose. Media were solidified with
7 g dm” agar. The pH of the media was adjusted to
pH 5.7 prior to autoclaving for 25 min, at 115 °C.

For paraffin sections organogenic tissue was fixed in
formalin:acetic acid:ethanol (10:5:85) for 24 h, dehy-
drated in graded ethanol and embedded in paraffin wax at
57 °C. Sections 5 um thick were stained with Harris’s
haematoxylin (Johansen 1940). For semi-thin sections
embryogenic tissue was fixed in 3 % phosphate-buffered
glutaraldehyde, pH 7.2 for 2 h and postfixed in 2 % OsO4
for 2 h. Samples were dehydrated in graded ethanol and
embedded in Araldite. Sections 1 um thick were stained
with methylene blue. For squash preparation small pieces
of embryogenic tissue were placed on glass slide and
stained with 1 % acetocarmine. Material was observed
and photographed under Jenamed photomicroscope (Carl
Zeiss, Jena, Germany).

In the shoot apex culture of Picea omorika after two
weeks on medium supplemented with 22.5 uM BA, the

only morphologically observed response was the
cotyledon elongation. Within the following three weeks
on hormone-free medium tissue proliferation has
occurred and whole explant become swollen and nodular
in appearance. Subsequently explant surface was
overgrown by abundant greenish callus tissue, adventi-
tious buds and foliar structures. At the rim of cotyledons
or at their base a small mass of mucilaginous, translucent
embryogenic tissue was also readily distinguishable.
Histological analyses of the cotyledons, six weeks
after culture initiation, confirmed the presence of various
developmental stages of adventitious buds. Thus it was
possible on the same explant to trace the origin and cell
division pattern during bud formation. Cell divisions
were observed throughout the cotyledon (Fig. 1), but the
cells in superficial layers contained prominent nuclei and
cell divisions appeared to be more frequent, so that
regions of meristematic activity could be distinguished
(Fig. 2). In these meristematic zones, both anticlinal and
periclinal cell divisions occurred frequently. This led to
protrusion of meristematic domes over the surface of the
explant (Fig. 3). These meristematic domes presented
apical meristems of bud primordia with distinct zonal
organisation. Periclinal cell divisions on the flanks of the
bud meristem further resulted in needle formation.

Fig. 1. Longitudinal section through cotyledon with pronounced mitotic activity in the subepidermal and subjacent region.

Bar = 100 um.

Fig. 2. Longitudinal section through nodular segment of cotyledon. Note the meristematic centers in superficial regions of explant
and formation of large intercellular spaces in deeper layers (*). Bar = 100 pm.

Fig. 3. Median longitudinal section through apical meristem of bud primordia. Apical meristem was characterized by distinct
cytohistological zonation and periclinal cell divisions at the flanks of the meristem (arrow). Bar = 50 pm.

Fig. 4. Median longitudinal section through adventitious shoot with needle primordia. Bar = 100 um.
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Although shoots had organized apical meristem and leaf
primordia (Fig. 4), further shoot elongation was arrested
because most of the explant surface was overgrown by
callus tissue. Abundant callus tissue originated from cell
divisions in deeper layers of cotyledon. Within the callus
tissue two kinds of cell division pattern were observed.
Namely organized cell divisions led to the bud primordia
formation, and divisions in various planes resulted in
growth of undifferentiated tissue (not shown).

On the squashed preparations of mucilaginous,
embryogenic tissue small cell aggregates, dissociated
highly vacuolated cells and immature embryos at various

Fig. 5. Bipolar somatic proembryo composed of apical initial
(arrowhead) and primary suspensor cell (arrow), arising from
superficial cotyledon tissue. Bar = 50 um.

Fig. 6. Somatic proembryo, grown on auxin and cytokinin
medium, composed of apical, cytoplasm rich cells and
vacuolated suspensor cell. Bar = 50 pm.

Fig. 7. Somatic proembryo composed of two files of cells in the

apical dome and vacuolated primary suspensor cell. Bar =

50 pum.

Fig&& Filamentous, somatic embryo. Note cell elongation and
vacuolation of secondary suspensor cells (arrow). Bar = 50 pm.
Fig. 9. Cross section of a somatic embryo. Note the frequent cell
divisions at the periphery of the apical dome. Bar =50 pm.

Fig. 10. Early somatic embryo composed of globular apical
dome and long filamentous suspensor, surrounded with
elongated, highly vacuolated cells. Bar = 200 pm.

ORGANOGENESIS AND EMBRYOGENESIS IN SPRUCE

stages of development have been observed. Proembryo
consisted of smaller, apical cell and larger, suspensor cell
(Fig. 5). The two-cell aggregate was formed after an
unequal cell division of cell in superficial layers of coty-
ledon. Early somatic embryo was composed of spherical
apical dome subtended by long suspensor (Fig. 10). On
the agar-solidified medium supplemented with 2,4-D
(9 pM) and BA (4.5 pM), continuous proliferation of
embryogenic tissue was sustained. Microscopic analyses
showed that regular cell division pattern occurred during
embryo development. Transversal cell divisions in the
apical initial were often followed by longitudinal
divisions, giving raise the cylindrical appearance of
apical dome (Figs. 6 - 8). The basal cells of the apical
dome gradually vacuolated and elongated forming
secondary suspensor (Fig. 8). In the enlarging apical
dome, cell divisions were more frequent at the dome
periphery and were often occurring in a periclinal plane.
With regular subculturing of embryogenic tissue long-
term maintenance was possible.

In the seedling explant culture of P. omorika, two
different cell types, epidermal and subepidermal cells of
cotyledons and callus tissue cells, responded to induction
treatment resulting in adventitious bud forniation. In both
cases organized cell divisions proceeded within the
meristemoids, resulting in bud primordia formation.
Corresponding developmental sequences have also been
described in Pinus radiata (Yeung et al. 1981), Picea
abies (von Arnold and Hawes 1988) and Abies amabilis
(Kulchetscki et al. 1995) culture. These indicate that
during organogenesis, under in vifro conditions. similar
control mechanisms operate.

Little is known about the origin and development of
embryogenic tissue in seedling explants of conifers.
Somatic embryos in P. omorika culture originated from
superficial cotyledon cells. Embryos were formed after an
unequal cell division. Mo and von Arnold (1991) have
found that somatic embryos can differentiate from
nodular structures in the epidermal layers or in the cortex
region of seedling but also from single epidermal cells. In
Picea abies and Picea glauca culture (Hakman and
Fowke 1987, Nagmani et al. 1987) somatic embryos
derived from single elongated and vacuolated cell after an
unequal division. Somatic embryo initials or frequently
more advanced embryos in Picea omorika (Vuji¢i¢ and
Budimir 1995) as in some other conifer species (Nagmani
and Bonga 1985, Von Arnold and Woodword 1988, Jasik
et al. 1995) can also arise at the apical end of embryos by
cleavage polyembryogenesis. Even though the results of
the first stages of somatic proembryo formation in
conifers are somewhat contradictory depending on the
type of the explant or culture conditions the further events
during embryo development are more similar, as was
described for Picea glauca (Hakman and Fowke 1987),
Picea abies (Nagmani et al. 1987) and Pinus nigra (Jasik
et al. 1995). For Norway spruce embryos, abscisic acid
was added to trigger further development of embryos
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(Svobodova et al. 1999). The study also verified the
necessity of the presence of osmotic stress induced by
polyethylene glycol (PEG-400) for successful embryo
maturation.

Although there are obvious differences between the
developmental pattern of adventitious buds and somatic

References

Attree. S.M.. Fowke, L.C.: Micropropagation through somatic
embryogenesis in conifers. - In: Bajaj, Y.P.S. (ed.):
Biotechnology in Agriculture and Forestry. Vol. 17. High-
Tech and Micropropagation 1. Pp. 53-70. Springer-Verlag,
Berlin - Heidelberg 1991.

Bonga, J.M., Durzan, D.J.: Cell and Tissue Culture in Forestry.
- Martinus Nijhoff, Dordrecht 1987.

Budimir, S., Vuji¢ié, R.: Benzyladenine induction of buds and
somatic embryogenesis in Picea omorika (Panci¢) Purk. -
Plant Cell Tissue Organ Cult. 31: 89-94, 1992.

Hakman, I, Fowke, L.C.: An embryogenic cell suspension
culture of Picea glauca (white spruce). - Plant Cell Rep. 6:
20-22, 1987.

Jasik, J., Salajova, T., Salaj, J.: Developmental anatomy and
ultrastructure of early somatic embryos in European black
pine (Pinus nigra Arn). - Protoplasma 185: 205-211, 1995.

Johansen, D.A.: Plant Microtechnique. - McGraw-Hill Book
Co. Inc., New York - London 1940.

Kolevska-Pletikapi¢, B., Buturovi¢-Deri¢, Z.: Regeneration of
Picea omorika via organogenesis. - Plant Cell Tissue Organ
Cult. 41: 189-192, 1995.

Kulchetscki, L., Harry, 1.S., Yeung, E.C., Thorpe, T.A.: In vitro
regeneration of Pacific silver fir (4bies amabilis) plantlets
and histological analysis of shoot formation. - Tree Physiol.
15: 727-738, 1995.

Mo, L.H., Von Armold, S.: Origin and development of
embryogenic cultures from seedlings of Norway spruce
(Picea abies). - J. Plant Physiol. 138: 223-230, 1991.

Nagmani, R., Becwar, M.R., Wann, S.R.: Single-cell origin and
development of somatic embryos in Picea abies (1..) Karst.
(Norway spruce) and P. glauca (Moench.) Voss. (white

470

embryos, this study has shown that in P. omorika they
could originate from the same type of cells. Adventitious
buds may also develop indirectly from callus tissue,
while somatic embryos can arise by secondary somatic
embryogenesis defined as cleavage polyembryogenesis.

spruce). - Plant Cell Rep. 6: 157-159, 1987.

Nagmani, R., Bonga, J.M.: Embryogenesis in subcultured
callus of Larix decidua. - Can. J. Forest. Res. 15:
1088-1091, 1985.

Stasolla, C, Kong, L., Yeung, E.C., Thorpe, T.A.: Maturation
of somatic embryos in conifers: morphogenesis, physiology.
biochemistry, and molecular biology. - In Vitro cell. dev.
Biol. Plant 38: 93-105, 2002.

Svobodova, H., Albrechtova, J., Kumstyfova, L., Lipavské, H..
Vagner, M., Vondrakova, Z: Somatic embryogenesis in
Norway spruce: Anatomical study of embryo development
and influence of polyethylene glycol on maturation process.
- Plant Physiol. Biochem. 37: 209-221, 1999.

Von Arnold, S..-Eriksson, T.: /n vitro studies of adventitious
shoot formation in Pinus contorta. - Can. 1. Bot. 59: 870-
874, 1981.

Von Arnold, S., Hawes, C.: Differentiation of bud meristems and
cataphylls during adventitious bud formation on embryos of
Picea abies. - Can. J. Bot. 67: 422-428, 1988.

Von Arnold, S., Woodward, S.: Organogenesis and embryogenesis
in mature zygotic embryos of Picea sitchensis. - Tree Physiol.
4:291-300,1988.

Vuji¢i¢, R, Budimir, S.: Somatic embryogenesis and plant
regeneration in Picea omorika. - In: Jain, S., Gupta. P.
Newton, R. (ed.): Somatic Embryogenesis in Woody Plants.
Vol. 3. Pp. 81-97. Kluwer Academic Publishers, Dordrecht
1995.

Yeung, E.C., Aitken, J., Biondy, S., Thorpe, T. A.: Shoot
histogenesis in cotyledon explants of radiata pine. - Bot.
Gaz. 142: 494-501, 1981.





