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During cloning of mature conifers, isolated somatic cells from apical meristematic
tissue under any external stress conidions of cold\heat or chemical are induced to form a
somatic embryo. This review paper highlights the difference between embryogenesis
patterns in angiosperms and gymnosperms and updates information on the current progress
made in the cloning of mature trees of conifers. Insights gained through these systems has
already lead to the development of cloning methodologies that could aid in reprogramming
apical meristematic cells of recalcitrant mature conifers for clonal forestry.

Key words: Cloning, India, meristematic cells, mature pines, somatic embryogenesis, Western

Ghat forests

Plant cells are totipotent. Somatic
embryogenesis is the best example and
evidence of totipotency, and is used as a
model system for studying the mechanisms
of de-defferentiation and re-differentiation of
plant cells (Feher et al. 2003; Ikeda-Iwai et al.
2003; Mordhorst et al. 1997, Namasivayam,
2007; Toonen et al. 1994). It is still unclear
how a external applied stress conditions such
as cold\heat or chemical stimuli changes a
somatic cell has to undergo in order to
become an embryogenic cell and capable of
forming an embryo at a later stages of
development (Feher et al. 2003;Namasivayam,
2007). In general, an embryoid may arise from
a single cell, or a group of cells, budding,
depending on neighbour relationship of cells
within  the explant (Williams and
Maheswaran, 1986; Feher et al. 2003;

Namasivayam, 2007). In plants, cell division
continues in specialized meristem regions
such as those at the apices of primary roots
and stems. As these regions are displaced
distally by the cells they create, they leave
behind cells that cease division but continue
in growth and therefore, expand extensively
(Zimmerman, 1993; John and Qi, 2008). The
embryogenic cells are very important because
they differentiate, and undergo cleavage
polyembryony to form somatic embryos at a
later time in conifers. This review paper
highlights the difference between
embryogenesis patterns in angiosperms and
gymnosperms and updates information on
the current progress made in the cloning of
mature trees of conifers.
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Plant embryogenesis; Angiosperm versus
Gymnosperm

Zygotic embryogenesis is the result of
the fertilized egg cell. In flowering plants,
sexual reproduction involves  double
fertilization that gives rise to an embryo and
the suspensor simultaneously. Meiosis
precedes the formation of gametes and
fertilization restores the somatic chromosome
number. Conifer embryos arise from a single
fertilization event within the ovule, creating a
diploid embryo that develops within a
haploid female gametophyte (Konar, 1963;
Choudhury, 1962; Dogra, 1967; Singh, 1978;
Nagmani et al. 1995). In the majority of
angiosperms, the first division of the zygote
is asymmetric and gives rise to a small apical
cell and a large basal cell. The fates of the
apical and basal cells are clearly distinct,
resulting in the formation of octant stage as a
two tires towards the formation of embryo
proper by apical cell. The basal cell forms
suspensor and the very basal end of the
embryo in Arabidopsis (Jurgens, 2003). In
angiosperms, the endosperm (triploid tissues
arising as a result of double fertilization) may
surround the developing embryo and
supplies the nutrients to the developing
embryo e.g. Arabidopsis. Endosperm may be
absorbed during the development in the
common bean (Phaseolus wvulgaris). In
contrast, in case of gymnosperms, the nucleus
in the zygote divides so that four free nuclei
are formed, which become arranged in a tier
(Choudhury, 1962; Konar, 1963; Singh, 1978).
After several divisions, the proembryo
becomes cellularised. Conifer embryos
develop within the female gametophyte; no
endosperm is present in conifer seeds
(Choudhury, 1962; Konar, 1963; Singh, 1978).
However, the gymnosperm embryos are
surrounded by the megagametophyte
(haploid maternal tissue). Gymnosperm
zygote undergoes several rounds of nuclear
divisions without cytokenesis to enter a free
nuclear phase after fertilization which is
followed by cellularization to form two tiers

to form four tiers. Cells of the first and second
tiers will multiply to form the embryo proper,
while cells of the third and fourth tiers will
elongate but undergo limited cell division to
form the embryonal suspensor (Choudhury,
1962; Konar, 1963; Dogra, 1967; Singh, 1978;
Nagmani et al. 1995). The outer layer of cells
in embryonal mass divides periclinally, but
also anticlinally, thereby not permitting the
differentiation of the classical protoderm
(Konar, 1963; Singh 1978). Another important
step during plant embryogenesis is the
establishment of the plant axis. First, the
apical root meristem is formed. Later, the
shoot apical meristem and cotyledon
primordial are organized at the distal part of
the embryo proper. Once both meristems are
delineated, the plant axis becomes
established. Multiple embryos are found
commonly within the early-stage seeds of
conifers. These multiple embryos may be
formed via two processes. In simple
embryony egg cells within different
archegonia are fertilized by different pollen
grains, resulting in zygotes of different
genotype within the seed. A process called
cleavage  polyembryony  wherein the
immature embryos are multiplied. The
fertilized embryos within the seed then
divide into four embryos (cleavage
polyembryony), and thus up to 16 embryos
may form within each seed in P. roxburghii
(Konar, 1963; Singh, 1978). Of the 10 genera in
the family Pinaceae, only Cedrus, Pinus, Tsuga,
Keteleeria were reported to show cleavage
polyembryony (Konar, 1963; Dogra, 1967).
Some species of Douglas-fir (Pseudotsuga
menziesiiy ~do  not  show  cleavage
polyembryony during somatic
embryogenesis (Hong et al. 1991). In conifers,
out of two embryos, one embryo within the
seed becomes dominant by unknown
processes, and continues to grow and
develop. The subordinate embryo(s) do not
develop but persist briefly in the ovule and
appear to be the initiating material for
somatic embryogenesis in some pines/ or
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ultimately degraded, by programmed cell
death (PCD) (Filonova et al. 2002). In both
gymnosperm and angiosperms, seeds are
designed to supply the embryo with nutrients
and signaling molecules, as well as to protect
the embryo from different stresses and
premature germination. The mature seeds are
classified as orthodox or recalcitrant
(Engelmann, 1991). The embryos of orthodox
seeds undergo maturation drying while
recalcitrant seeds do not and are generally
desiccation intolerant. The majority of
angiosperm and gymnosperm seeds are of
the orthodox type. At the end of the
maturation phase, seeds of the orthodox type
enter dormancy, including that physiological
processes stop and the water content rapidly
decreases (Goldberg et al. 1989).

Cloning mature trees of conifers

Embryo cloning was well established
in conifers, and somatic embryogenesis was
first reported in Picea abies (L.) Karst.
(Hakman and von Arnold, 1985), Larix
deciduas Mill (Nagmani and Bonga, 1985), and
in Picea abies (Gupta and Durzan, 1986).
Somatic embryogenesis has since been
initiated in other conifers, including several
pine species. Embryo cloning system is the
most common method of somatic
embryogenesis in many conifers since it is
easily applicable to many pine species. The
most common explant in conifer somatic
embryogenesis for cloning is immature
zygotic embryos. During cloning, fertilized
megagametophytes from seeds are excised
and placed on an appropriate medium to
permit the extrusion of embryogenic tissue
from the micropylar end. The problem with
this method 1is numerous genetically
undefined somatic embryos often form in the
extruded material which can then be
subcultured to a multiplication medium
(Gupta and Durzan, 1985). However, use of
an embryo as an explant has several
disadvantages including heterozygosity as a
result of cross-pollination (Malabadi and van

Staden, 2005a, 2005b, 2005c). Immature
zygotic embryos (actually whole
megagametophytes  containing  multiple

zygotic embryos) are induced to undergo
what might best be described as continuous
cleavage polyembryony following extrusion
of the zygotic embryos from the
megagametophyte (Becwar ef al. 1991). Thus,
while the zygotic embryos from which the
cultures are initiated may represent superior
half-sib or even full-sib families (if they are
the product of controlled pollinations), the
fact remains that they are unproven
genetically. To add to the uncertainty of the
genetic value of material propagated via
somatic embryogenesis, many workers have
observed that embryogenic cultures are
usually not initiated from the dominant
zygotic embryo in the megagametophyte, but
rather from one of the subordinate embryos
that would most likely have aborted had the
seed been allowed to mature (Becwar et al.
1991).  Furthermore, it was shown that a
certain percentage of the embryogenic
cultures initiated using this approach may
actually be mixtures of genotypes, derived
from multiple zygotic embryos that were
present in the megagametophyte at the time
of extrusion (Becwar et al. 1991). Another
major drawback of embryo cloning is very
low initiation frequencies of embryogenic
tissue which is less than 2 to 3% in most of
the conifers. Along with low initiation
frequencies, tissue maintenance particularly
cryopreser-vation, and processing is very
expensive due to multi step tissue culture
procedures. This limits the embryo cloning
and deployment of plants for the clonal
forestry. Even if there is any success of
embryo cloning, the deployment of somatic
seedlings in the field trial is a waste process
for the clonal forestry due to undefined
genetic material, and for the assessment of
genetic characters, it may take another 15-25
years as a period of time for the breeder for
the assessment of genetic characters in the
offspring. These drawbacks of the current
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approach for initiating embryogenic pine
cultures from seed embryos could be avoided
if a method was available for initiating
embryogenic cultures from tissues of mature,
proven pine trees. However, mature tree
tissues of most pines are known to be highly
recalcitrant to vegetative propagation of any
kind and the general consensus is that they
must be “rejuvenated” to make them
amenable to propagation via such approaches
as rooted cuttings or tissue culture, including
somatic embryogenesis.

At present an embryogenic system
derived from vegetative shoot apices or
secondary needles of mature pines have been
well established in at least a few conifers
(Bonga and Pond, 1991; Ruaud et al. 1992;
Bonga and von Aderkas, 1993; Ruaud, 1993;
Westcott, 1994; Litz et al. 1995; Smith, 1994,
1997; Paques and Bercetche, 1998; Bonga,
1996, 1997, 2004; Malabadi et al. 2004;
Malabadi and van Staden, 2003, 2005a, 2005b,
2005¢, 2006; Malabadi, 2006, Malabadi and
Nataraja, 2006a, 2006b; Aronen et al. 2007,
2008; Malabadi and Nataraja, 2007a, 2007f,
2007g, 2007e; Malabadi et al. 2008a, 2008b;
Park et al. 2009;Malabadi et al. 2009; Malabadi
and Teixeira da Silva, 2011). Another
important advantage of using vegetative
shoot apices of mature pines as a starting
material for somatic embryogenesis is that
cells are actively dividing, hence their higher
regeneration capacity, and serve as the best
starting material for genetic transformation
studies. These cells are generated by the
active division of meristematic tissue, and
meristimatic cells possess higher regeneration
potential, withstand higher biolistic pressure
showing maximum cell integrity compared to
cells derived from embryo cloning (Malabadi
and Nataraja, 2007a). Another reason might
be that during cloning of mature trees, the
single somatic cell is programmed towards
embryogenesis under the stress conditions of
cold-pretreatment (Malabadi et al. 2004;
Malabadi and van Staden, 2005a, 2005b,
2005¢c). On the other hand the cells resulting

from embryo cloning are much elongated and
loosely arranged cells since they are
originated not due to any stress conditions
but from the embryo only that resulted in the
bursting and loss in cell integrity during
biolistic  transformation (Malabadi and
Nataraja, 2007b, 2007c). Recently transgenic
trees produced by using embryogenic tissue
derived from cloning mature trees by
biolistic-mediated  transformation = were
reported in Pinus roxburghii (Malabadi and
Nataraja, 2007a). The transformation
efficiency was higher than our other studies
of P. kesiya and P. wallichiana (Malabadi and
Nataraja, 2007b, 2007c) by wusing the
embryogenic tissue of mature trees, and also
resulted in the stable expression of transgenes
(Malabadi and Nataraja, 2007a). In another
study, the embryogenic tissue of mature trees
of P. wallichiana was also successfully used for
genetic transformation studies, and resulted
in the production of transgenic plants in three
lines using Agrobacterium-mediated genetic
transformation (Malabadi and Nataraja,
2007e).

Conclusion

The cloning of mature conifers using
apical meristematic tissue is one of the novel
approaches for the clonal forestry. There are
many differences between embryogenesis
patterns in angiosperms and gymnosperms.
The the use of stress conditions either cold or
heat or chemical treatment of apical
meristematic cells in combination with other
culture conditions, has the potential to induce

somatic embryogenesis in  recalcitrant
conifers.
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