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In this study, a procedure for the histological observation of the somatic embryogenesis in Dieffenbachia
‘Anna’ was developed. Thin slices of secondary somatic embryos (SSEs) were used as explants. Somatic
embryogenesis tended to be derived from a single cell. Upon further differentiation, the single cell became
an embryogenic cell mass, and somatic embryos (SEs) subsequently formed under the influence of 3,
6-dichloro—2-methoxybenzoic acid (dicamba) and 1-phenyl-3—-(1, 2, 3-thiadiazol-5-yl) urea (TDZ). The
cytological origin and early proembryoid differentiation process were initiated after 6 days of culture. A
single embryogenic cell initiated asymmetric cell division to form an apical cell and basal cell. A two—celled
proembryo subsequently developed from the basal cell, forming a three—celled proembryo. After 9 days of
culture, the apical cell underwent anticlinal division, and prior the two cells of periclinal division to form a
T—shaped four—celled proembryo. After 12 days of culture, the cells continued to divide and formed an eight—
celled proembryo. After 15-18 days of culture, 8-10 cells formed a rudimentary proembryo, revealing the
primary structure of the embryo. After 24 days of culture, a 16—celled proembryo was formed. The multi-
cellular embryoid had formed within the explants, which gradually emerged to the surface of the explants.
Each embryoid exhibited a thick cell wall, isolated with the surrounding cells from the embryonic base of
the suspensor construction. After 27 days of culture, the proembryo emerged from the explant surround-
ing, and the early globular embryoid with protoderm. After 12 weeks of culture, the explants in the original
medium formed embryoid clusters with various developments were visible. Histological observation showed
that the globular embryos separated from the explants, with distinct protoderm and Y-shape closed pro-
cambium. During the development of the somatic embryos, an asynchronous phenomenon was observed in
the mature embryo stage of the scutellum and coleoptilar embryos, but not when the mature somatic embryos

converted to emblings.
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INTRODUCTION

Dieffenbachia is a genus of monocotyledon in the
Araceae family that is native to the Caribbean. Possessing
characteristics such as sophisticatedly varied emerald
leaves, high shade tolerance, and easy cultivation,
Dieffenbachia is widely used in indoor landscape, and is
considered as one of the most popular and essential
indoor foliage plants worldwide (Chou, 1989).

Previously, Dieffenbachia was micropropagated
using axillary bud cultures (Shen and Lee, 2009b; 2014;
Taylor and Knauss, 1978). Hu and Huang (1997) used
newly unfolded leaves of Dieffenbachia maculata
‘Rudolph Roehrs’ as explants to induce callus formation,
thereby obtaining adventitious buds. This regeneration
system was also applied to mutation breeding. In
somatic embryogenesis, using male inflorescences of
Dieffenbachia as explants induces the genesis of embry-
ogenic callus and proliferation and somatic embryos.
After embling conversion, complete plants are formed
(Shen and Lee, 2007; 2009a; 2015).
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Totipotency is a crucial competence of plant cells,
enabling them to retain the parental genetic information
for re—differentiation into a complete plant (Fortes and
Pais, 2000). SEs are bipolar that are produced from
somatic cells without undergoing gamete fusion and
undergo a development process similar to that of zygote
embryos (Quiroz-Figueroa et al., 2006; Namasivayam,
2007). SEs show several advantages in mass multiplica-
tion, such as high efficiency, easy to culture in liquid
medium, and substantial yield. Furthermore, SEs can be
cultured by bioreactors, and are crucial production in arti-
ficial seeds and transgenic plants (Merkle et al., 1990).
SE is derived from a nonzygote cell; an individuals that
possess identical characteristics as its parent plant can
be obtained because of genetic stability (Gaj, 2004).
Studying somatic embryogenesis not only reveals the
mechanism of differentiation, development, and mor-
phology as well as zygote embryo development, but also
provides a cytological basis for further optimizing the
somatic embryogenesis system and expanding its appli-
cation in plant breeding. Currently, a rapid clonal micro-
propagation system for Dieffenbachia somatic embryo-
genesis has been established (Shen and Lee, 2009a;
2015); however, no study has investigated the histology
of early somatic embryogenesis. Therefore, the present
study used thin slices of Dieffenbachia embryogenic cell
clumps to perform SE induction and to observe the his-
tology of early somatic embryogenesis, thereby clarifying
the cytological origin and early proembryo development
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of Dieffenbachia.

MATERIALS AND METHODS

Explant Source and Culture Medium Composition

In this study, explants were obtained from 3—-4 mm-—
thick slices of in witro SSE clumps of Dzeffenbachia
‘Anna’ (Fig. 1), which were cultured at the Tissue Culture
Laboratory of National Chiayi University. The culture
medium was based on that adopted by Shen and Lee
(2009a), with young male—inflorescences used as explants
to induce the formation of SE clusters. The culture
medium composition was as follows: A half-strength mod-
ified MS (Murashige and Skoog, 1962) medium with
20 gL' sucrose (Sigma—Aldrich Co., USA), 10g-L™" glu-
cose (Sigma-Aldrich Co., USA), and 1.8g-L" Gelrite
(Supremacy Instrument Co., Taipei, Taiwan) was used
as the basal medium. Treatments of 2mg-L" of 3,
6-dichloro—2—methoxybenzoic acid (dicamba) (Sigma—
Aldrich Co., China), in combination with 1mg-L" of
1-phenyl-3—-(1, 2, 3—-thiadiazol-5-yl) urea (TDZ) (Sigma—
Aldrich Co., China) were supplemented to the basal
medium for somatic embryogenesis induction. Before
sterilization, the pH value of medium was adjusted to
5.5. Each test tube [140 mm (ht.) X 25 mm (dia.) flat—
bottomed round tube] contained 10 mL culture medium
and was sterilized at 121°C, 1.05 kg-cm™ for 20 min in an
autoclave.

Fig. 1. Clusters of secondary somatic embryos in
Dieffenbachia ‘Anna’.

Experiment Method

The SE clumps of Dieffenbachia ‘Anna’ were cut into
slices 3—4 mm thick after the SEs separated from primary
explant. These sliced tissues were placed on the culture
medium for test. The culture room was controlled at a
constant temperature of 25 = 1°C. The cool-white fluo-
rescent lamp (TFC-FL40D/38, Taiwan) was used as the
light source to provide a photosynthetic photon flux
(PPF) of 35 = 5umol-m*s”. The photoperiod was set
to a 16 h/8h light/dark cycle. The growth of explants
was recorded every 3 days from day O to day 27. An opti-
cal stereoscopic microscope (Olympus SZX-12, Japan)
was used to obtain photographic records. In addition,
plastic-embedded sections were adopted to observe

somatic embryo development. Resin sections were pre-
pared as follows: Callogenesis from dedifferentiation of
embryonic tissues were cut into 2 mm thick slices, which
were then fixed for 16 h at 4°C in 2.5% glutaraldehyde
(prepared by diluting 50% glutaraldehyde stock with
0.2 M pH 7.2 phosphate buffer). Subsequently, 0.1 M pH
7.2 phosphate buffer was used to wash the samples three
times. A series of dehydration steps was then performed.
The samples were first dehydrated for 20 min independ-
ently by using 156%, 30%, and 50% alcohol, and were then
dehydrated separately for 30 min by using 70%, 80%,
and 90% alcohol. Finally, the samples were dehydrated
three times by using 100% alcohol. Infiltration was per-
formed to the samples three times by using alcohol and
LR White Resin (London Resin Co. Ltd, England) at ratios
of 3:1, 1:1, and 1:3 respectively. Infiltration was then
performed three times using 100% resin. The samples
were embedded in LR White Resin according to the man-
ufacturer’s instructions. After being isolated from air,
the samples were heated for polymerization in an oven
at 656°C. Subsequently, an ultramicrotome (Reichert
Ultracut S., Leica Microsystems, Wetzlar, Germany) and
glasscutter were used to cut the samples into 1 z¢m thick
slices. After the samples were stained for 1 min on a hot
plate at 70°C by using 0.1% (w/v) alkaline toluidine blue
O (diluted with benzoate buffer), the microscope was
used to obtain photographic observation and records.

RESULTS

After the sliced tissues of SSE clumps of
Digffenbachia ‘Anna’ were cultured in 1/2 MS medium
containing 20 g-L' sucrose, 10 g glucose, 3 gL' Gelrite,
2mg-L™" dicamba, and 1 mg-L"' TDZ, embryogenic callus
and SEs were formed after 6 days of culture (Fig. 2).
After 24 days of culture, calli proliferated actively, cov-
ering the entire surface of the explants and exhibiting a
light yellow color. These were embryogenic calli (Fig.
2A).  After 27 days of culture, light-yellowish white
somatic embryos formed, presenting a smooth surface
with notching at the tip (Fig. 2B). After the explants
were cultured for 12 weeks in the original culture
medium, SE clusters were formed. These embryoids,
including globular—, scutellum—, and coleoptilar—shaped
embryoids, at various development stages coexisted
simultaneously (Fig. 2C). However, a browning phenom-
enon was observed in the basal portion of the embryoid
clusters (figure not shown).

The histological observation revealed that the somatic
cells were activated after sliced tissues of Dieffenbachia
embryonic explants were cultured for SE induction. Cell
layers near the incision developed into calli, and their
inner cells transformed into embryogenic cells, which
further developed into SEs (Fig. 3 and 4). The individ-
ual somatic cells of the explants transformed into embry-
onic tissue in the presence of a growth regulator, further
developing into SEs. The process of origin was as follows.
Six days after culture, a single cell initiated the first cell
division, forming into a two—cell proembryo, which fur-
ther developed into an apical cell and a basal cell through
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Fig. 2. Formation of embryogenic calli and somatic embryogenesis
in Dieffenbachia ‘Anna’
(A) A close—up image of calli formed after 24 days of cul-
ture. (B) Globular embryos arise on the surface of the
explant after 27 days of culture. (C) Clustered somatic
embryos formed after 12 weeks of culture, with the devel-
opment of globular, scutellar and coleptilar embryos visible.

periclinal division (Fig. 3A). The basal cell of the two-
cell proembryo underwent the second cell division (F'ig.
3B), forming a three—cell proembryo (Fig. 3C). Nine days
after culture, a T-shaped four—cell proembryo (Fig. 3D)
was developed following two periclinal divisions and one
anticlinal division of the apical cell. Between 15 and 18
days after culture, a multicellular proembryo comprising
7-8 cells was formed, revealing a suspensor (Fig. 3E).
After 24 days of culture, a multicellular proembryo com-
prising approximately 13 cells was developed, exhibiting
visible cell polarity and consisting of suspensor formed
after three periclinal divisions and the proper of globular
embryo above the suspensor (Fig. 3F). After 27 days of
culture, a multicellular proembryo comprising 16-18 cells
was developed. Anticlinal division occurred in the embryo
proper, forming SEs (Fig. 3G). In addition, another four—
cell proembryo shaped differently from the T-shaped
proembryo was observed, and the four cells were sym-
metrical in size, exhibiting no visible polarity (Fig. 4A and
B). Random anticlinal and periclinal divisions were sub-
sequently performed, causing the proembryo to develop
into 6-8 cells and eventually forming into an embryonic
clump (Fig. 4D). Through the histological observation of
the 24—-day explants, various stages of proembryos were
found to develop simultaneously (Fig. 5), including 2—,
3—, 4—, and 8—cell proembryos and numerous embryonic
cells with visible nucleoli. Such an asynchronous phe-
nomenon was commonly observed during somatic embry-
ogenesis.

A histological observation was performed on the SEs
visible by visual inspection. After 27 days of explant cul-
ture, globular embryos that protruded the explant showed
early protoderm structures, but were yet to form pro-
cambium (Fig. 6A). After 12 weeks of subculture, globu-
lar embryos that were separated from explants devel-
oped clear protoderm and closed Y—shaped provascular

Fig. 3. Histology of early differentiation of
somatic embryogenesis in Dieffenbachia
‘Anna’
(A) Two—celled proembryo formed through the
periclinal division (black arrowhead) of the
somatic cell after 6 days of culture. The first cell
division of the somatic cell resulted in the forma-
tion of an apical cell (ac) and basal cell (bc). (B)
The second cell division within the two—celled
proembryo. The mitotic apparatus (arrow) is
located toward the basal cell. (C) A three—celled
proembryo created through two periclinal divi-

sions (black arrowhead) of the somatic cell. (D) Four—celled proembryo formed through two periclinal
divisions (black arrowhead) followed by anticlinal division (white arrowhead) within the apical cell after
9 days of culture. (E) A multicellular proembryo comprising 7-8 cells with the suspensor (S). (F)
Multicellular proembryo (13 cells visible). Three periclinal divisions (black arrowhead) resulted in the
formation of the suspensor (S). (G) Multicellular proembryo (1618 cells visible) with clearly estab-
lished polarity and a uniseriate suspensor as well as cells in the apical region (embryo proper) that are
actively dividing. Furthermore, many periclinal and anticlinal divisions of the suspensor resulted in the

formation of somatic embryos after 27 days of culture. SG: starch grain.
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L > & — L) { - ; X ] . Fig. 5. Histology of unsynchronized somatic embryo differentia-
tion after 24 days of culture in Dieffenbachia ‘Anna’

Two—, three—, four—, and eight—celled proembryos (arrow)
emerged from the explant inner after 24 days of culture.

Fig. 4. Histology of embryogenic cell masses differentiation in
Dieffenbachia ‘Anna’
(A) Four—celled proembryo. (B) Proembryo containing
6-7 cells. (C) An eight—celled proembryo formed by divi-
sions in random planes. (D) Continued divisions would
result in an embryogenic cell mass. SG: starch grain.

Fig. 6. Histological observation of early proembryos, globular embryos, and scutellar
embryos in Dieffenbachia ‘Anna’
(A) Globular embryo stage with protoderm (arrow) after 27 days of culture. (B)
Individual globular embryo, visible protoderm (arrow) formation and procambium
initiation. (C) Globular embryo, protoderm and closed provascular bundle (PVB)
formation. (D) Cluster somatic embryos, visible protoderm and provascular bun-
dle formation; the mature somatic embryos had an elongated with a notch on the
top of scutellum (dotted arrow).

bundles (PVB) .(Flg. 6B and 6(?). Because of the asyn- DISCUSSION

chronous somatic embryogenesis, globular and scutellum

embryos existed simultaneously, with both possessing Shen and Lee (2015) indicated that using the young
protoderm and PVB. In addition, notches were detected male—inflorescences of Dieffenbachia as explants can
at the top of scutellum embryos, where coleoptile were induce the formation of embryogenic calli and SEs.

likely to form (Fig. 6D). Moreover, multiplication of SSE enables a highly efficient
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embling conversion into complete plants. However, no
study has examined the histological origin of early
somatic embryogenesis. This study adopted the SSE of
Dieffenbachia ‘Anna’ as explants. Because this type of
embryo proliferates rapidly, the entire process of
somatic embryogenesis can be observed in a short time.
Morphological observation showed that under the induc-
tion by dicamba and TDZ, slices tissues of SSEs first
developed into embryogenic callus (Fig. 2A). After 27
days of culture, a globular embryo was formed, exhibit-
ing preliminary protoderm (Fig. 2B and 6A), which fur-
ther developed into clusters of SE clumps (Fig. 2C). In
addition, histological observation of the Dieffenbachia
somatic embryogenesis showed that after induction, a
single cell obtained embryogenic competence and subse-
quently underwent periclinal division into a two—cell
proembryo comprising an apical cell and basal cell (Fig.
3A). Cell division was subsequently activated in the pro-
embryo to form three—cell, four—cell, and multicellular
proembryos as well as globular embryos with protoderm
(Fig. 3B and 3C). The observation proved that the direct
somatic embryogenesis of Dieffenbachia originated
from a single cell, providing further evidence regarding
the single—cell origin of somatic embryogenesis. Related
reports on single—cell origin have examined the direct
somatic embryogenesis of other species (Rugkhla and
Jones, 1998; Quiroz-Figueroa et al., 2002; Mandal and
Gupta, 2003). The first step in embryonic development
is the initiation of polarity (Wilson and Wilson, 1993).
Krikorian (1989) proposed that the asymmetric division
of the initial cell established the growth axis of the cell
plane, representing the bipolarity development. In the
four—cell proembryo stage, the basal cell underwent per-
iclinal division to develop a suspensor comprising two
cells, whereas the apical cell underwent anticlinal division
to form a two—cell proembryo. Thus, a T-shaped proem-
bryo exhibiting visible polarity was produced (Fig. 3D).
In the 13—cell proembryo stage, the suspensor was devel-
oped from three periclinal divisions (Fig. 3F). The
structure was similar to that of the 14—cell proembryo of
Deschampsia caespitosa grass (Vasilenko et al., 2000).
Furthermore, a non—-T—shaped four—cell proembryo was
also observed. After disordered cell division, this proem-
bryo developed into an embryonic clump (Fig. 4), which
was referred to by Haccius (1978) as a proembryonal
cell complex, from which one or multiple SEs were sub-
sequently developed. Similar reports have been published
on related histological observations of D. caespitosa
(Trigiano et al., 1989; Vasilenko et al., 2000) and Coffea
arabica (Quiroz— Figueroa et al., 2002).

A histological observation of Dieffenbachia somatic
embryogenesis revealed that the single cell that devel-
oped into a proembryo was an inner cell of the explant.
Induced by dicamba and TDZ, the cell developed into
embryogenic cells, advancing toward SE development.
Before embryonic induction, cells in the secondary
somatic embryogenic cell clumps were large and had
unobvious nuclei (figure not shown). However, after
required the embryonic competence, the somatic cells
converted into smaller embryogenic cells containing obvi-

ous nuclei and rich starch grains (Fig. 3 and 4). Dos
Santos et al. (2006) indicated that the immature zygote
embryo tissues of Glycine Max were mostly preembryo-
genic determined cells (PEDCs). After embryonic induc-
tion, no callus was formed; instead, the SE was devel-
oped directly from single epidermal cell. A similar result
was obtained by using immature zygote embryos of
Arabidopsis as explants for embryonic induction
(Kurczynska et al., 2007). Cells in the SSE clumps were
likely PEDCs, and developed into embryogenic deter-
mined cells (EDCs) after the cell competence was
adjusted through embryonic induction, further develop-
ing into SEs.

Because of the asynchronous phenomenon observed
in Dieffenbachia somatic embryogenesis, several multi-
cellular proembryos with various levels of development
were simultaneously observed in an explant (Fig. 5).
Furthermore, formations of globular, scutellum, and cole-
optilar embryos were also found in embryoid clusters
(Fig. 3C). Under the effects of various physical or chem-
ical factors, plant cells achieved totipotency through
dedifferentiation and redifferentiation. During this proc-
ess of somatic embryogenesis, a single cell initiated cell
division, causing quiescent cells in the G, phase to reenter
cell division. The cells entered their cell cycles at differ-
ent times, thus their development phases varied, result-
ing in asynchronous somatic embryogenesis (Li et al.,
2007), which was a common problem that is difficult to
avoid.

The present study verified that the somatic embryo-
genesis of Dieffenbachia ‘Anna’ originated from a single
somatic cell. The first cell division was periclinal division,
which was crucial to cell polarity and subsequent SE for-
mation. The T-shaped four—cell proembryo underwent
further cell division, forming multicellular bipolar proem-
bryos that contained an embryo proper and suspensor.
In the globular embryo stage, the embryoid separated
from the explant, and possessed visible protoderm and
closed Y-shaped PVB. This embryoid continued to
develop into a mature coleoptilar embryoid. However,
after 12 weeks of culture, the mature somatic embryos
did not convert into emblings. Additional tests and veri-
fications must be conducted to elucidate the conditions
in which embling conversion occurs.
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