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Abstract : Histological observation was conducted to evaluate the origin, initiation site and development of callus
in mungbean cotyledon culture. Results showed that callus formation in mungbean occurred in three sites : 1)
in the peripheral area of the provascular strands where the initiation of endogenous callus was noted ; 2) at the
cut portion of the cotyledon where external primary callus developed ; and 3) in the ruptured epidermal layer
where the primary callus emerged. Callus formation differed in each site. Endogenous callus formed due to the
rapid cell division of the cells in the peripheral zone of the provascular tissues. The primary callus from the cut
portion of the cotyledon and reptured portion of the epidermal layer were mostly formed out of cell enlargement
of the parenchymatous cells. Although the primary callus cells soon became highly vacuolated, this does not seem
to contribute to the increase in callus cell mass. Owing to low dividing activity of the primary callus cells, the
cytoplasm-rich and meristematic callus cells are apparently derived from the small callus cells which were located
on the periphery of the original provascular tissues. And so, some cells in the provascular cells could be seen as
the prominent origin of callus in the excised cotyledon system of mungbean.
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The increasing demand for food by the
world’s population necessitates the rapid
development of new crop varieties, particular-
ly in mungbean. To address this challenge, the
introduction of genes into cells is acknowl-
edged by researchers as one of the most
promising ways of developing new genotypes.
When genes are introduced, the availability of
callus with high meristematic activity or high
regeneration potential may be an important
prerequisite for efficient plant regeneration
through embryogenesis or organogenesis.

Callus has been successfully induced using
various plant explants in mungbean and other
Vigna species®~+810.1215 Thege studies report-
ed plantlet regeneration through somatic em-

bryogenesis, or from organogenesis. However,
in case of mungbean, a highly efficient proto-
col for plantlet regeneration is yet to be estab-
lished. To obtain callus lines with high meri-
stematic or embryogenic cells as well as those
competent for regeneration, it is essential to
advance the study of those callus lines. His-
tological observation can provide information
on the embryogenic potential of a callus type
and its growth and development, which are
possibly important in the establishment of an
efficient protocol for regeneration. Moreover,
histological study can provide us the precise
site of active callus formation, which can see as
a guide in determining a morphogenetically
potential site in which gene introduction can
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be pursued. The work of Mendoza ¢t al'® is
the only known report which deals with the
histological observation in mungbean. This
examined plant regeneration in mungbean
cotyledon histologically but did not look at the
process of callus induction. In this regard, the
present study evaluated the origin, initiation
site and development of callus in mungbean
through histological observation in order to
recognize the embryogenic potential of a callus

type.
Materials and Methods

Mungbean variety IPB22-117 was used as
test material. Mature seeds of this variety were
surface sterilized following the method of
Mendoza and Futsuhara'®. The surface steri-
lized seeds were immersed sterile water for 16
hrs to allow easy removal of seed coat. The
seed coat was removed and the 2 cotyledons
were excised under aseptic conditions. The
portion where the embryonic axis was located
was removed. The cotyledon was inoculated
by placing their abaxial side on the medium.
The callus induction medium as described by
Eapen and George? consisted of : MS salts
(Murashige and Skoog!?) -+B5 vitamins
(Gamborg et al?) +39, sucrose+5 mgL™!
2,4-D+2.5 gL.7 gelrite. Ammirato? reported
that the early stages of somatic embryogenesis
in legumes and non-legumes is induced by
exposure to 2,4-D with or without other ac-
companying growth regulators. This medium
was used by Eapen and George® for callus
induction of some Vigna species. It was also
observed in our previous work that callus
induced from this medium has high em-
bryogenic potential. The pH of the medium
was adjusted to 5.8 prior to the addition of the
gelling agent and autoclaved for 20 min at
120°C. The cultures were incubated at 25+2°C
under minimum light conditions of about 8.5
#Em~?sec™!. Sampling of the cultured coty-
ledon was done at 0, 1, 3, 5, 7, 10 and 14 days
after culture and fixed immediately with FAA
for 24 hr. The fixed samples were dehydrated
in graded acetone series and embedded in
resin, according to Mendoza et al.'® The resin-
embedded samples were sectioned at 6 ym
using a rotary microtome. The sections were
stained with toluidine blue for two minutes.
For the observation of starch grains and pro-
tein bodies, samples taken at 0, 5, 10 and 14

days after culture were used. T'o detect starch
and protein bodies, samples were double-
stained with Periodic Acid-Schiff (PAS) and
amido black, respectively. The prepared sec-
tions were viewed under light microscope.

Results

Cross section of mungbean cotyledon at day
0 shown in Fig. la revealed the presence of
parenchymatous cells which were more or less
isodiametric, with an average maximum diam-
eter of 110 ym and minimum diameter of 89
pum. Embedded in the parenchymatous cells
are the provascular tissues which were darkly
stained and consisted of small, cytoplasm-rich
cells. Covering the parenchymatous cells and
provascular tissues was the epidermis com-
posed of one layer of cells arranged parallel to
the axis of the cotyledon surface. Beneath the
epidermal cells was a single layer of subepider-
mal cells, which were relatively bigger than the
epidermal cells.

There was no apparent morphological
change that occurred in the cotyledon at day
1. However, histological observation showed
that cotyledon at day 1 had slightly larger
parenchymatous cells which may indicate the
start of cell vacuolation (Fig. 1b). At day 3,
very small nodular protuberances began to
appear at the surface of the cotyledon (Fig.
1f). Fig. 1c showed that there was a marked
cell enlargement in the epidermal and sub-
epidermal cells at day 3. At day 5, the first
visible sign of callus formation was observed.
Friable callus started to emerge on the portion
where the embryonic axis was cut (data not
shown) . During this time, further cell enlarge-
ment was observed in the parenchymatous
cells as well as the subepidermal and epider-
mal layers (Fig. 1d). There was a 349}, and
179, increase over that at day O in the maxi-
mum and minimum diameter of paren-
chymatous cells, respectively. Concurrent with
rapid cell enlargement was the induction of
meristematic activity in the provascular tis-
sues. Meristematic activity shown as an in-
crease in cell numbers was abnormally local-
ized in the peripheral area of the provascular
tissues. With the rapid cell enlargement and
meristematic activity, endogenous callus for-
mation occurred at day 3 in the periphery of
the provascular tissues (Fig. le). The en-
dogenous callus cells might have come as a
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Fig. 4
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result of the rapid cell division of small cells in
the periphery of the dedifferentiating provas-
cular tissues. As callus induction progressed,
meristematic cell mass increased in size and
the provascular cells were seen to be dediffer-
entiated (Fig. 2a-c). Growth of endogenous
callus started at the provascular tissues and
expanded rapidly towards the epidermal layer.
The pressure generated by the rapid growth of
the endogenous callus and enlargement of
parenchymatous cells led to the rupture of the
epidermal layer to allow callus formation on
the surface at day 5 (Fig. 3a). It can be noted
that there was rapid cell division in the en-
dogenous callus cells, including the dediffer-
entiating provascular cells in the area near the
rupture of the epidermal layer (Fig. 3b).
However, in the area that was not ruptured,
both division and elongation of cells in the
periphery of provascular tissues was observed
(Fig. 3c). This area might not be directly
involved in the rupture of the epidermal
layers. The initiation of primary callus at dy 5
can be attributed to the enlargement of paren-
chymatous cells near the cut portion of the
cotyledon.

At day 0, the parenchymatous cells were
filled with starch grains and protein bodies
(Fig. 4a). With the start of external callus

formation at day 3, starch grains and protein
bodies have become few and were found only
in cells adjacent to the epidermal layer (Fig.
4b). At day 10, starch grains were very few
and it was not evident.in areas where callus
was formed (Fig. 4c). At day 14, starch grains
were almost depleted while protein bodies
were completely depleted (Fig. 4d).

Discussion

Callus formation in mungbean cotyledon
occurred in three sites: 1) in the peripheral
area of the provascular tissues where the
endogenous callus was initiated, 2) at the cut
portion of the cotyledon and where external
primary callus developed and 3) at the rup-
tured epidermal layer, where the external
primary callus emerged. At the first site, callus
formation was noted to be preceded by the
induction of meristematic activity at the
periphery of provascular tissues. At the second
and third sites, cell enlargement of the paren-
chymatous cells occurred prior to callus forma-
tion. Endogenous callus was formed due to the
rapid cell division of the cells in the periphery
of the provascular tissues. The external pri-
mary callus from the cut portion of the cotyle-
don and ruptured portion of the epidermal
layer were formed from cell enlargement of the

Abbreviations

EC=endogenous callus, EL=epidermal layer, PC=parenchymatous cells, PT= provascular tissues,
SL =subepidermal layer.

Explanations of Figures

Fig. la-e. Light microscopic observations of mungbean cotyledon at different days of culture. Cross
sections, (a) at the day of culture showing the parenchymatous cells, provascular tissues, epidermal
layer and subepidermal layer ; (b) at day 1 after culture; (¢) at day 3 after culture; (d) at day 5
after culture. Note the enlarged parenchymatous cells, subepidermal layer and epidermal layer. (e)
Endogenous callus produced at day 3 after culture. Scale bars=100 ym.

Fig. 1f. Mungbean cotyledon at day 3 after culture. Note the tiny protuberances (open arrows) and the
ruptured central portion (closed arrow). Scale bar=1 mm.

Fig. 2a-c. Light microscopic observations of the mungbean cotyledon at: (a) day 5 after culture, (b)
day 7 after culture and (c) day 14 after culture showing the dark-stained provascular tissues. Scale
bars =100 g m.

Fig. 3a-c. Light microscopic observations of mungbean cotyledon at day 5 after culture showing : (a)
the ruptured epidermal layer. Scale bar=200 ym ; (b) cell division in the provascular tissues near
the callus initiation site. Scale bar=100 ym ; (c) cell elongation in provascular tissues away from the
initiation site. Scale bar=100 ym.

Fig. 4a-d. Starch (open arrows) and protein bodies (closed arrows) as stained by PAS and amido
black in cotyledon at: (a) the day of culture, day 5 after culture, (¢) day 10 after culture and (d)
day 14 after (b) culture. Scale bars=100 g m.
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parenchymatous cells. E1 Madtaoui et al®
using stem fragments of cork oat also observed
the formation of endogenous callus prior to
callus proliferation on the surface of the ex-
plant. Their report indicated that prior to the
induction of endogenous callus, dedifferentia-
tion of the cortical parenchyma occurred and
the calluses were formed as a result of
repeated cell division. It was observed in this
study that there were two areas where meri-
stematic activity of provascular tissues oc-
curred. The first was the area near the rupture
of the epidermal layer, and the second distant
from the ruptured site. In the area near the
ruptured site, rapid cell division was observed
while both cell division and elongation were
observed in the remaining area.

Histological studies in other crops have
pointed to the exact origin of callus using
various explants. In sugarcane, Liu et al'V
traced the origin of callus from rolled young
leaf to the parenchyma adjacent to the pri-
mary phloem, while callus from stem tip ex-
plants arose from the primary phloem region.
Gupta® also noted the pericycle origin of the
hypocotyl callus of Trigonella foenumgraecum L.
White'® reported that the callus of mature
spruce explant was formed starting from the
cambium, through the lining of the xylem
resin ducts. Fasseas and Bowes® observed that
the initiation of callus in the mature cotyledon
of Phaseolus vulgaris L. was confined to storage
parenchymatous cells. In the present study,
the possible origin of mature cotyledon callus
was traced to the parenchymatous cells and
the cells at the periphery of the provascular
tissues.

Callus formation, just like any  vitro proc-
ess, is an energyrequiring process. This was
revealed by the observation that the amount
of starch grains and protein bodies in the
parenchymatous cells decreased as callus
induction progressed. Protein was more rapid-
ly depleted than starch. At 14 days after
culture, there were still traces of starch grains
observed in some large parenchymatous cells,
while protein bodies were completely depleted.
Mendoza ¢t al'® also observed rapid deple-
tion of starch and protein in the paren-
chymatous cells of mungbean cotyledon dur-
ing i vitro shoot initiation.

The discovery of the endogenous callus,
which has not been reported yet in mungbean

cotyledon cultures, can be considered as the
most important finding of this study. This
would have not been possible if histological
observation had not been done. Histological
observation showed that endogenous callus
was formed as a result of rapid cell division of
immature parenchymatous cells in the periph-
eral area with high meristematic activity sug-
gesting the high embryogenic potential of this
callus. This callus type, if cultured in an
appropriate culture medium and condition,
could possess higher regeneration efficiency
and potential for in future transformation
studies.
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