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Summary

Embryoids which developed from callus obtained from leaves of
Medicago sativa L. (alfalfa) were studied with the light and scanning
electron microscopes; embryoids are not common in leguminous
plants. Sections showed that in organised callus embryoids
apparently originated from groups of embryonic cells, whereas in
friable callus, and in the epidermis of cotyledons, hypocotyls and
roots of callus-derived plantlets, they often originated from single
cells. Many early stages of embryogenesis (1, 2, 3- and 4-celled stages)
were observed, particularly in epidermal sites. Stages in somatic
embryogenesis, though variable, resembled those described for the
normal zygotic embryos of alfalfa. A suspensor-like structure was
sometimes present in the embryoids. Numbers of cotyledons, up to
six, were observed. The SEM provided confirmation of the many
stages of development and the very large number of embryoids
present, as well as evidence of the range of form resulting from
differential growth of regions of the embryos.

Keywords : Alfalfa; Embryogenesis; Embryos; Histology; Medicago
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1. Introduction

Since the first somatic embryos in vitro were described
by REeNerT (1958), such structures have been observed
in 80 different species in 33 families (W eTHERELL 1978),
and somatic embryogenesis is recognised as a wide-
spread phenomenon. However, in the Fabaceae, so-
matic embryogenesis is not a common event, although
embryoids have been reported in alfalfa (Medicago
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sativa L.} (Saunpers and Bincuam 1972, Kao and
MicHavLuk 1980, SanTos et al. 1980, JoHNSON et al.
1981), and red clover ( Trifolitun pratense) (PriLrLips and
CoLLing 1980).

In general, it has been observed that embryoids develop
either {rom callus or cell suspension cultures. or as
adventive structures developing without an intervening
callus phase from cotyledons and hypocotyls of existing
embryoids and young plantlets (see reviews by
RAGHAVAN 1976, REINERT ef al. 1977).

From observations of late globular, heart-shaped and
torpedo-shaped stages, and of young carrot seedlings
in vitro, various workers have stressed the close
similarities between zygotic embryos and somatic
embryos arising in culture. However, published
literature contains few descriptions of the origin of
embryoids from single cells of embryogenic tissue, and
the sequence of early developmental stages has not
often been satisfactorily related to normal embryo-
genesis from the egg cell. Backs-Husemann and
REINERT (1970) described the development of somatic
embryos from single cells, and small groups of cells, in
tissue cultures of carrot. The origin of embryoids from
the stem epidermis of Ranunculus sceleratus (K oNAR
and Natarasa 1965, KoNAR et al. 1972b) was also
unusually clearly established.

The present investigation traces, for the first time, the
origin and development of embryoids on callus tissue,
and of secondary adventive embryoids on the coty-
ledons of embryoids from callus and from the hypo-
cotyl and root surfaces of young plantlets of a legu-
minous plant (Medicago sativa, alfalfa) in vitro.

0033-183X/83/0117/0107/$ 01.80



108 A. V. P. D0os SANTOS er al.: Origin and Development of Somatic Embryos in Medicago sativa L. (Alfalfa)

2. Material and Methods

In order to obtain callus induction and embryoid formation peeled
leaflets with the mesophyll exposed were incubated on agar me-
dium with 2,4-D and kinetin as previously described (SANTOS et al.
1980).

Histological studies were carried out en eallus and on 0.5mm long
portions of cotyledons, hypocotyl and roots from plantlets regene-
rated in vitro. Callus and other specimens were fixed in formalin-
acetic acid-ethyl alcohol (FAA), dehydrated through an ethanol
series and embedded in paraplast (SAss 1966). Sections were cut
8-10 um thick, stained in tannic acid and iron alum with safranin and
orange G (SHARMAN 1943), and mounted in Canada balsam. Some of
the material fixed in FAA was prepared for scanning electron
microscopy by treatment in a Polaron critical point dryer after
dehydration through a graded alcohol series to absolute alcohol.
Specimens were mounted on stubs with double-sided tape, and coated
with a thin layer of gold in an Edwards S 150 sputter coater for 2.5
minutes. They were observed and photographed in a Cambridge
Stereoscan 150 scanning electron microscope at 10kV.

3. Results

Pecled leaflets incubated on UcHiMiva and MURA-
SHIGE'S (1974) agar medium with 2.0mg/1 2,4-D and
0.25mg/! kinetin developed friable callus which gave
rise to clusters of green embryoids on its surface (see
SanTos et al. 1980). These clusters originated from a
common compact nodule of callus tissue, consisting of
parenchymatous cells with an external layer of meri-
stematic cells competent to give rise to embryoids.
Observations with the scanning electron microscope
showed embryoids in various stages of development
emerging on the callus surface. Fig. 1 shows a general
view of a portion of callus with embryoids in globular,
early and late heart-shaped, torpedo and cotyledonary
stages of development. Fig. 2 shows in greater detail
some of the youngest, approximately globular embryo-
ids on the piece of callus in Fig. 1. The arrangement of
the surface cells suggests that both single and small
groups of multiple embryoids originated from the
callus.

Embryoids derived from callus and then placed on
hormone-free agar medium gave rise to further
embryoids on their cotyledons, hypocotyl (especially in
a swollen proximal region closer to the root), and root.
In these organs of the plantlets, two distinct types of
epidermal cells occurred: non-embryogenic epidermal
cells thinly lined with cytoplasm, and highly cyto-
plasmic embryogenic cells which stained densely and
occurred singly in small groups of two or more, or in
long bands (Fig. 3).

A general description of the origin of embryoids, and
the stages of development observed, will be given,
although slight differences occurred according to the
site of origin.

In the more friable types of callus, longitudinal sections
revealed meristematic nodules embedded in the friable
tissue. Each nodule consisted internally of parenchy-
matous tissue surrounded by 2-3 layers of densely
cytoplasmic cells (Fig. 4). Single or small groups of
embryogenic cells became detached from the outermost
layer of cells, which was in contact with the friable
callus. These remained embedded in the tissue (Figs. 5
and 6). Such cells were easily distinguishable by their
dense staining reaction, and gave rise to embryoids
which were thus surrounded by the friable callus.
Single embryogenic cells were observed in sections of
the hypocotyl (Fig. 7), and small groups on cotyledons.
These were somewhat palisade-like in shape when
situated on the lower epidermis facing the midvein or at
the margin of the cotyledons, but elsewhere, on most of
the surface of the cotyledon, were isodiametric (Fig. 8).
Evidence for the embryogenic nature of these epidermal
cells comes primarily from observations on the plane of
their first division, which was periclinal to form a 2-
celled proembryoid (Fig. 9), in which the apical cell (a)
was larger than the basal cell. The second division was
again periclinal (Fig. 10), forming a 3-celled pro-
embryoid. In some instances it appeared that the

Fig. 1. Scanning electron micrograph (SEM) of a piece of callus bearing embryoids in various stages of development. The arrow indicates the

region of developing globular stages shown in Fig. 2 (x24)

Fig. 2. SEM of the region of callus arrowed in Fig. 1, showing the cellular arrangement in groups of globular embryoids { x 140)

Fig. 3. T.S. cotyledon of an embryoid showing a single layer of embryogenic cells (ec) at the margin of the cotyledon ( x 180)

Fig.
Fig.

Fig.
Fig.

. A single embryogenic cell in the hypocotyl surface layer ( x 585)

. L.S. meristematic nodule embedded in friable callus. Two to three layers of embryogenic cells overlie parenchyma ( x 260)
. Densely cytoplasmic cells being released from the surface of meristematic nodules { x 495)

4
5

Fig. 6. Group of 4 embryogenic cells embedded in friable callus, having been released from a meristematic nodule ( x 485)
7
8

. T.S. cotyledon of embryoids which themselves have embryogenic epidermal cells. These are relatively isodiametric (x 610)
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second division occurred in the basal cell, and in others
(e.g. Fig. 10) in the apical cell. During embryogenesis in
the hypocotyl, the cuticle was sometimes disrupted and
the plane of the first division was not uniformly
orientated. The 4-celled stage of embryogenesis was
frequently observed in the hypocotyl (Fig. 11); more
complex globular structures developed from this.
Fig. 12 shows a group of 7 adjacent globular embryoids
on a piece of hypocotyl. In some globular embryoids,
for example that shown in Fig. 13, which originated
from a cotyledon, a suspensor-like structure (s) attached
the embryoid to the epidermis.

Early heart-shaped stages of embryogenesis are shown
in section and as seen with the SEM in Figs. 14 and 15,
both originating in callus. The region of attachment of
some of these embryoids was narrow and readily
damaged in sectioning (Fig. 14); in other instances,
embryoids were attached to the callus by a thick, solid
stalk. These may possibly have originated from a group
of cells rather than a single embryogenic cell; early
stages of embryogenesis (1-4 celled) were not observed
in callus though they could have been present.
Embryoids eventually developed cotyledons, and
groups of embryoids with two (Fig. 16) and with four to
six cotyledons (Fig. 17) were observed on callus cul-
tures. Fig. 16 also shows a suspensor-like structure (s).
An embryoid with well developed cotyledons and the
thick region of attachment referred to above is shown in
section in Fig. 18; it contrasts with the somewhat lateral
attachment to the cotyledon of the embryoid in Fig. 20.
Somewhat abnormal embryoids also occurred on the
cotyledon surface, with two cotyledons which were
unusually prominent in relation to the body of the
embryoid (Fig. 19). Fig. 21 shows a longitudinal section
of a hypocotyl bearing embryoids in different stages of
development. On the left hand side of the section the
epidermis consisted totally of embryogenic cells (ec),
which formed a double layer in some parts. Towards
the base of the section can be seen a mass of smaller
embryoids (e). On the right hand side, at the top of the

section, non-embryogenic epidermal cells are present,
while closer to the torpedo-shaped embryoid the epi-
dermal cells are embryogenic.

On the root surface embryoids originated from single
cells, and became embedded in the hormone-free agar
medium in which the plantlets were growing.

4. Discussion

Somatic embryogenesis was observed on cultured
callus tissue, and on the surface of cotyledons, hypo-
cotyls and roots of induced plantlets of Medicago sativa
L. Our observations suggest, but do not conclusively
establish that on organised callus embryoids originated
from groups of apparently homogeneous meristematic
cells, while on friable callus they originated from single
embryogenic cells distinguishable from the non-
embryogenic ones by their staining reactions.
Anatomical studies of somatic embryogenesis in callus
tissue have been carried out in only a few cases.
Embryogenic cells have been found deeply embedded in
callus parenchyma of Tylophora indica (Rao and
NaravaNaswami 1972), while embryogenic cells were
also located in the peripheral layers of callus of this
plant. In callus of Ranunculus sceleratus embryoids
originated either at the periphery or from deep seated
cells (KoNAR and NAaTaraja 1969). Densely staining
initial cells of embryoids were observed in suspension
cultures of Atropa belladonna (Kowaret al. 1972 a), and
in callus cultures of carrot (REINERT 1959, DANILINA
1972). However, HarpErIN and Jensen (1967) and
McWiLLiam et al. (1974) were unable to identify such
initials in cultures of wild carrot and cultivated varieties
respectively. TroMas et al. (1972) likewise failed to
observe initial cells in embryogenic callus of Ranunculus
sceleratus.

The present work provides evidence for the origin of
embryoids from single cells in the epidermis of
cotyledons, hypocotyls, and roots of induced plantlets
as well as in friable callus of Medicago sativa. Indeed,

Fig. 9. T.S. cotyledon of embryoid with embryogenic cells, some of which have divided; a larger apical cell ( x 590)

Fig. 10. As Fig. 9, but one cell has divided again to give a 3~celled embryoid ( x 590)

Fig. 11. A four-celled (or possibly 8-celled) globular embryoid developing on a hypocotyl ( x 585)

Fig. 12. Seven adjacent globular embryoids at the surface of the hypocotyl ( x 85)

Fig. 13. A globular embryoid with a multicellular suspensor, s; from T.S. cotyledon of an existing embryoid ( x 315)

Fig. 14. L.S. embryoid in friable callus, showing an early heart-shaped stage ( x 190)

Fig. 15. SEM of globular and early heart-shaped embryoids on callus ( x212)
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carly stages of somatic embryogenesis were more
readily observed in these epidermal sites. The ability of
epidermal cells to form embryoids along the hypocotyl
of plantlets derived from callus cultures was also
demonstrated in Ranunculus sceleratus (KoNar and
NATARAJA 1965, KONAR et al. 1972b), Daucus carota
(Haccrus and LAKSHMANAN 1969), and Brassica napus
(TuoMas et al. 1976). BRroerTies (1972) observed
division of epidermal cells at the base of the petiole of
Saintpaulia, which superficially resembled early stages
in embryoid development from cotyledons of Medi-
cago. But adventitious buds developed in Saintpaulia,
and although they originated ultimately from a single
epidermal cell the subsequent pathway of development
differed fundamentally from that of embryoids. Em-
bryoids arising on the cotyledon surface were also
reported in cultures of zygotic embryos of different
stages in Biota orientalis (KoNar and OBero11965), and
in Hlex aquifolium (Hu and Sussex 1971, Huet al. 1978).
In most instances the origin and development of the
embryoids were not traced histologically.
Observations of somatic embryogenesis in Medicago
with both light and scanning electron microscopes have
- indicated the close similarities between zygotic embryos
and embryoids arising in culture, at all stages of
development. Preliminary information on the develop-
ment of the early stages of the zygotic embryos in alfalfa
can be found in MARTIN (1914). Later, Coopgr (1935)
and Friorixsson and BoLTon (1963) traced in detail the
zygotic embryology of Medicago sativa. The zygote
divides periclinally to form a 2-celled proembryo
consisting of an enlarged basal cell and a much smaller
apical cell (CoopEr 1935). Subsequently, a 3, 5, and 6-
celled linear proembryo is formed (Cooper 1935,
FriprikssoN and BoLton 1963).
The first and subsequent divisions observed in somatic
embryogenesis of Medicago sativa were also periclinal,
forming 2, 3, and 4-celled proembryoid stages, well seen
in structures which arose from ¢otyledon surfaces. The
main difference, compared to zygotic embryogenesis,
was that the first division produced either two cells

equal in size, or an apical cell which was slightly larger
than the basal cell. It appears that the globular embryo
is formed from the apical cell, and that the subapical
cells together with the basal cell divide to form the short
suspensor. The 3-celled linear proembryoid stage was
frequently observed on the surface of cotyledons.
However, on the hypocotyl it was not always possible
to define the plane of the first division. A 4-celled
spherical stage was commonly observed, and the 3-
celled linear proembryoid was not seen as frequently.
The 3-celled proembryo as described by Cooper (19353),
consists of an enlarged basal cell, a central cell and a
smaller cell. Protoderm and provascular strands be-
came differentiated in the embryoid in the same way as
in the zygotic embryo (Cooper 1935).

Variation in the development of embryoids occurs in
M. sativa, again in agreement with the pattern of
embryo development in vivo (CoopEr 1935).

In zygotic embryos the suspensor is filiform, whereas in
globular, heart and torpedo-shaped embryoids it was
reduced and multicellular. However, a distinct demarca-
tion between embryo and suspensor is not always clear
even in vivo; for example, in Trifoliiun pratense the
suspensor was observed to be a massive structure
(MARTIN 1914).

The SEM has not yet been widely used in studies of
somatic embryogenesis. Recently, it has been applied,
as a tool, to follow somatic embryogenesis in several
monocotyledons, for example Pennisetum purpureum
(Haypuand VasiL 1981) and P. americanum (V asiL and
VasiL 1982), Panicum maximum (LU and VasiL 1981),
and Triticum aestivum (O z1as-Axinsand V asiL 1982). [t
was also used to observe more closely the ontogeny of
subsequent stages of somatic embryogenesis in
Nicotiana tabacum (WEATHERHEAD and GRrout 1979)
and Coffea arabica (SONDAHL et al. 1979). Embryoids
which developed from pollen in cultured anthers of
Hyoscyamus niger were also observed (Dopps and
REyNoLDs 1980). In the present work on Medicago the
SEM proved useful both to study early globular stages
of embryoid development on callus and on the surface

Fig. 16. SEM of callus with well developed torpedo shaped embryoids with 2 cotyledons; s suspensor ( x 16)

Fig. 17. SEM of callus and embryoids similar to those in Fig. 16, except that the embryos have 5 or 6 cotyledons (¢) (x 18)

Fig. 18. L.S. embryoid with well developed cotyledons. Note the thick region of attachment to the callus ( x 66)

Fig. 19. SEM of two slightly anomalous embryoids on the cotyledon surface. The region of attachment (r) is broad, and the embryoids are

dominated by their cotyledons ( x 160)

Fig. 20. An embryoid in the cotyledonary stage, attached somewhat laterally to a cotyledon ( x 120)

Fig. 21. L.S. hypocotyl with adventive embryoids in various stages; e mass of young embryoids; ec embryogenic cells. ( x 16)
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of plantlets, and to confirm similarities between the
pathway of development of zygotic embryos and
embryoids. In particular, study with the SEM empha-
sised the large number of embryoids, and the diversity
of stages of development, and provided a way to
recognise the occasional abnormalities to be found on a
small piece of tissue grown in culture. Scanning electron
micrographs undoubtedly provide some additional
insight into developmental studies of somatic embryo-
genesis.
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