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Morphology and Protein Pattern During Microspore-derived
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ABSTRACT

Developmental pattern of in vifro embryogenesis from microspore of Brassica napus L. cv. Topas
was studied by histological analysis and two dimensional gel electrophoresis of protein. Developme-
ntal stage of responsive microspore for embryo induction was determined after staining the cells
with 4,6-diamidino-2-phenylindole (DAPI). Initial viability of the microspores was 63.9% and these
different viabilities of microspores resulted in microspore dimorphism in the early stage of culture.
The first cell division switching to the embryogenic pathway took place to form two identical
daughter cells inside the pollen wall followed by suspensor development, Rapid embryo develop-
ment from globular to torpedo-shape was accompanied with various tissue differentiations. For
two dimensional gel electrophoresis, 5 phases of the microspore embryogenesis were recognized
as follows; 1) freshly isolated microspores, 2) 3-day cultured cells, 3) globular-/heart-shaped embr-
yos, 4) torpedo-shaped embryos, and 5) mature cotyledonous embryos after 21-day culture. Twe-
nty-three proteins disappeared in the early stage of embryogenesis. In 3-day cultured cells, eight
proteins were induced specifically or lastingly. Forty-two proteins in the range of 20~50 kD were

induced rapidly or progressively in the course of the later embryo development.

INTRODUCTION

Many attempts have been made to characterize the
cellular and biochemical changes occurring in the course
of plant embryogenesis (Meinke, 1991). For many years
emphasis was restricted on comparative morphology and
cytochemical analysis using electron microscopy. The fact
that manipulation of zygotic embryos is limited by the
presence of surrounding maternal tissues made it difficult
to elucidate detailed mechanism of embryogenesis. Atte-
ntion, then, shifted to experimental studies of somatic
embryogenesis. Morphological and biochemcal similarities
between somatic and zygotic embryos, particularly in la-
ter development, were reported (Perez-Grau and Gold-
berg, 1989; Sterk et al., 1991). In the very early stage
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of embryo development, however, significant differences
existed between embryos derived from somatic cells and
those from gamete fusion. Furthermore, in suspension
culture, it was difficult to isolate early stage of somtic
embryos from undifferentiated cell clusters. So recent
advances in molecular biology have not contributed much
to studies on nonzygotic embryogenesis as a model of
totipotency.

When cultured in witro, microspore can be diverted
from the normal developmental pathway to undergo re-
peated divisions which lead to the formation of embryo-
like structure. Since this phenomenon was first reported
in Datura (Blakeslee et al., 1922), great interest has deve-
loped in anther culture and microspore culture to pro-
duce haploid and homozygous diploid plants for plant
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breeding purposes (Sangwan and Sangwan-Norreel, 1990).
Especially microspore culture system in Brassica napus,
since first report (Lichter, 1982), has improved conti-
nuously (Chuong and Beversdorf, 1985; Pechan and Kel-
ler, 1988; Polsoni e al., 1988; Kott and Beversdorf, 1990),
now recognized as a model system i microspore embry-
ogensis. Using this system as a tool for biochemical stu-
dies on early embryogenesis, many limitations previously
placed on zygotic embryos or somatic embryos have been
overcome (Pechan ef al., 1991).

Proper stage of microspore development for under-
going embryogenesis was determined (Pechan and Keller,
1988), and underlying cytochemical changes in this con-
version were studied using light and electron microscope
(Zaki and Dickinson, 1990). But consistent model for spo-
rophytic pathway of microspore has not been suggested.
Although, recently, a number of mRNA specifically indu-
ced during the commitment phase of microspore embryo-
genesis were identified (Pechan et al., 1991), no more
data have been presented afterwards.

The purpose of this work is to characterize cell divi-
sion patterns and tissue differentiation during embryo
development, and to analyze total protein patterns corre-
lated to the morphological development. Ultimately this
study should provide us systemic recognition of micros-
pore-derived embryogenesis and identification of corres-
ponding change of proteins which are developmentally
regulated.

MATERIALS AND METHODS

Plant materials and microspore culture. Seeds of
Brassica napus L. cv. Topas (kindly supplied by Dr. Bang,
Rural Development Administration) were sown in sterili-
zed filter paper under dark at 27°C. Once established
the plants were transferred to pots and grown in a condi-
tioned environment growthroom under 16-h photoperiod
(approximately 150 uE-m 2-s !) at 27°C for 3 weeks and
subsequently transferred to 24-h photoperiod (300 uE-
m~*s™1) at 12°C. Isolation and culture of microspores
mostly followed the procedure outlined by Polsoni et al.
(1988). Microspores were plated at a density of 2X10*
microspores/mL and distributed to 60X 15 mm petridish
as 4 mL aliquot.

After 3-week culture normal-
shaped, mature embryos were selected and air-dried to
40~60% moisiure content. Alternatively, final concentra-
tion of 25 pM ABA was added to 3 week-cultured suspe-
nsion and incubated for 1 more week. The embryos were
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then air-dried to below 10% moisture content. Dry emb-
ryo were transferred to petri plates containing solid B5
medium (1% sucrose) with 0.1 mg/mL GA to test survi-
val. The embryos were incubated at 27°C with 16 h pho-
toperiod. After 21 days of the desiccation treatment, em-
bryos producing both roats and shoots were considered
as having converted into plants.

Viability assay and nuclear observation. For deter-
mining viability of microspores, 2 uL. of {luorecein diace-
tate (FDA) stock solution (2 mg/mL in acetone) was dilu-
ted in 1 mL microspore culture medium. A small aliquot
of microspore suspension was mixed with a drop of FDA
diluted medium. The reaction was allowed to proceed
for 10 min. Cells were examined by Nikon Epifluoresce-
nce microscope (B2 filter, main wavelength 495 nm). For
identifying nuclei, microspores and developing embryos
were stained for 10~20 min with 1pg/mL of DAPI in
1% Triton X-100. The material was examined by Nikon
Epifluorescence microscope (UV-2 filter, main wavelength
365 nm).

Anatomical analysis. Plant material was fixed in 5%
glutaraldehyde in 0.05 M phosphate bulfer (pH 7.0) over-
night, posi-fixed in 1% osmium tetroxide overnight, deh-
ydrated in graded ethanol series and transferred into
low viscosity Spurr resin (Spurr, 1969). Semi-thick sec-
tions (1 um) of resin embedded material were stained
with 1% methylene blue. Alternatively large, mature em-
bryo was lixed in FAA (formalin : glacial acetic acid:
ethanol : water=2:1:10:7), and embedded in paraffin.
Thick-sections (10 uym) were stained with hematoxylin.

Protein extraction and gel electrophoresis. Soluble
protein extraction followed the procedure of Hurkman
and Tanaka (1986). To synchronize early developmental
stage of embryos, 7~-15-day suspension culture solution
was sieved sequentially through a 375 ym and a 43 ym
mesh. Early globular/heart-shaped embryos were collec-
ted on the 43 um mesh. Torpedo-shaped embryos were
collected on the 395 um mesh after 15~18-day culture.
Mature cotyledonous embryo was hand-selected under
stereomicroscope after 21-day culture.

Two dimensional gel electrophoresis was done accor-
ding to O'Farrell (1985) with modifications. The isoelect-
ric focusing (IEF) rod gels [9M urea, 2% NP-40, 5%
ampholyte (4% 5~8, 1% 3~10)] were 12 cm long and
had a diameter of 1.6 mm. After prerunning, isoelectric
focusing of equivalent of 200 ug BSA were conducted
for 15h at 400V plus 1h at 800 V. Following focusing,
the pH gradient of a gel was measured by the method
of Bollag and Edelstein (1991). Ten percent polyacryla-
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mide gels were used for the second dimension. Two-di-
mensional gels were fixed and silver stained by method
of Heukeshoven and Dernick (1985) with an exception
that concentration of sodium bicarbonate was reduced
to half.

RESULTS

Microspore culture and plant regeneration. Micros-
pores from buds, 2.7~3.3mm in length having single
marginally located nuclei were in uninucleate stage (Fig.
1A). So 3~5 buds in this length (Fig. 1B) were harvested
from each racemy and microspores for culture were iso-
lated from them.

After 10-day culture, many early embryos were identi-
tied by naked eye. After 21-day culture, most embryos
developed to mature cotyledonous stage. Conversion test
was done after ABA and/or drying treatment on 21-day
old embryos (Table 1, Fig. 2). Partial desiccation (40—~ 60
% water content) resulted in 90.1% of whole plant conve-
rsion rate and showed little difference between shoots
and roots production rates. In case of drying to less than
10% water content, ABA pretreatment had significant ef-
fect on regeneration efficiency.

Anatomical analysis of microspore embryogenesis.
We could not observe pollen dimorphism in freshly isola-
ted microspores (Fig. 3A). Initial viability of freshly isola-
ted microspores was 63.9% in determination with FDA
staining. This indicated that quite a number of microspo-
res had been dead before isolation. Microspore dimor-
phism appcaring after 30 min in vitro culture (Fig. 3B)
was caused by different viability of each microspore,
which was recognized by FDA staining (Fig. 3C). Dead
microspore did not swell in in vitro condition. Conseque-

Fig. 1. Development of microspores i vivo (A) with ter-
minally differentiated inflorescence (B) of B. napus. A,
late uninucleate microspores found in bud of 3.2 mm;
B, arrows indicate position and relative size of buds used
for microspore isolation. Bar=25 um.
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Table 1. Effect of ABA and air drying as pretreatment
conditions on plant regeneration from B. napus cv. Topas
microspore embryos?

Water Shoot Root Plant
content’ recovered recovered conversion
(%) (%) (%) (%)
Partial drying* 40~60 90.1 919 90.1
ABA"+Drying®™ <10 182 937 18.2
Control*** <10 0 0 0

“Normal shaped, 21-day old embryos (n=161*, 444**,
307%%%), *[(dry wi—final dry wl)X1001/fr wt, ‘25 uM ABA
pretreated for 7 days.

BT SR

Fig. 2. Plant regeneration from microspore-derived emb-
ryos. Plantlet regenerated after partial desiccation.

Fig. 3. Initial morphology of microspores in in vitro cul-
ture. A, freshly isolated microspores; B, microspores ob-
served after 30 min. culture; C, the same phase as B,
but stained with FDA, observed under blue light illumi-
nation. Bar=>50 um.
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Fig. 4. Early stage of cell divisions after 3-day culture.
A, first division of microspore inside pollen wall; B, early
cell clusters bursting out pollen wall; C, two cell cluster
bursting out pollen wall stained with DAPI under UV
illumination; D, the same phase as C, but observed under
bright field. Bar=25 um.

Fig. 5. Early development of embryos. A, suspensor re-
sulted from unidirectional cell division from microspore;
B, initial development of embryo by perpendicular cell
division to suspensor cells; C, globular-shaped embryo
with suspensor; D, semi-thick (1 ym) sectioned globular-
shaped embryo without suspensor, observed by phase
contrast microscopy, arrows indicate pollen wall debris.
Bar=50 um.

ntly, different viabilities of microspores caused pollen di-
morphism and resulted in different embryogenic poten-
tials.

Although the first cell division was reported to initiate
in 8h culture, we chose 3-day cultured cells to analyze
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Fig. 6. Histological observation of embryo development.
A, globular-shaped embryo showing protoderm, meriste-
matic cells and longitudinal clongation; B, heart-shaped
embryo showing cotyledonous differentiation; C, torpedo-
shaped embryo; D, mature cotyledonous embryo after
21-day culture, proceeded by paraffin embedding method,
stained with hematoxylin. am, apical meristem; pd, proto-
derm; rm, root meristem; v, vascular bundle; pc, procam-
bium; pa, parenchyma cells. Bar in A, B=50 um, Bar
in C, D=100 pm.

initial cell division patterns because more cells participa-
ted in division within 3-day culture. The first cell division
took place to form two identical daughter cells inside
the pollen wall (Fig. 4A). Then cell cluster protruded
pollen wall by unidirectional division and cells which re-
main inside pollen wall were degenereated (Fig. 4B, C,
D). Unidirectional cell divisions resulted in suspensor-like
structure (Fig. 5A). Perpendicular cell division plate to
suspensor-like structure was led to initiation of globular
shaped embryo development (Fig. 5B, C). However, a
few embryos were not preceded by suspensor-like deve-
lopment, but held direct embryo development inside pol-
len wall (Fig. 5D). Early stage of embryo already showed
protodermal layer (Fig. 5D), and accelerated cell divisions
resulted in the formation of globular embryo in more
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SDS PAGE

Fig. 7. Representative 2D gels of total protein extracted
from 5 stages of microspore-derived embryo develop-
ment. A, a, freshly isolated late uninucleate microspore;
B, b, 3-day cultured cells; C, c, early globular/heart stage
embryos; D, d, torpedo stage embryos; E, e, mature coty-
ledonous embryos. Eqivalents of 200 ug of BSA were fra-
ctionated.

than 100 pm length in 7-day culture. Globular embryo
showed ordered differentiation of various tissues like
protoderm and procambium (Fig, 6A), and were more
densely packed than amorphous cell cluster which appea-
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red on rare occasions. As globular embryo developed into
heart-shaped stage, cell elongation and longitudinal cell
divisions contributed to polar elongation of embryo (Fig.
6A.B). Cotyledon, protoderm, parenchymatous layer, api-
cal/root meristem and procambial strand differentiated
rapidly in the course of torpedo-shaped embryo develop-
ment (Fig. 6C). Distinct tissue differentiation was obser-
ved in 21-day cultured cotyledonous mature embryo (Fig.
6D).

Protein pattern analysis.
protein patterns (Fig. 7A~E) accompanied with morpho-
logical change, embryo development from microspore was
distinguished into 5 phases as freshly isolated microspo-
res, 3 day-cultured cells, globular/heart-shaped embryos,
torpedo-shaped embryos, and mature cotyledonous embr-
yos after 21-day culture (Fig. 7A~E). Two dimensional
gel electrophoresis enabled us to analysis total 185 pro-
teins in the range of MW 20~120kD and pH5.1~7.5.
One hundred and seventeen proteins showed constitutive

In an attempt to determine

expressional pattern. Twenty-three microspore-specific
proteins slowly decreased in early stage of culture. They
lasted to 3-day culture and completely disappeared in
globular/heart-shaped embryos. A protein pattern formed
in torpedo-shaped embryos showed a little change during
late embryo development.

Six microspore-specific proteins in the range of 50—66
kD rapidly disapeared in 3-day culture (Fig. 8A). An 150
kD protein, 15 proteins in the range of 50~~66 kD, and
a 40kD protein which slowly disappeared in globular/
heart-shaped embryos development also showed the cor-
relation to microspore developmental pathway (Fig. 8A).
A 45KD protein and two proteins about 60 kD were exp-
ressed only in 3-day cultured cells (Fig. 8B). Four pro-
teins about 45 kD and a 30kD expressing constitutively
from 3-day culture (Fig. 8B) showed the embryogenic
potentials in 3-day cultured cells.

A number of proteins in the range of 20~50 kD appea-
red during globular/heart-shaped embryo development
(Fig. 8C) and showed constitutive or strengthened expre-
ssions in the late embryo development. There were little
difference in protein pattern of torpedo-shaped embryos
and that of mature cotyledonous embryos except that
three proteins about 40 kD markedly expressed in tor-
pedo-shaped embryos (Fig. 9A) and three proteins about
50kD and a 27kD in cotyledonous embryos (Fig. 9B).

DISCUSSION

Despite of its advantages, microspore culture of B, na-
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Fig. 8. Protein patterns during early embryo develop-
ment. A, freshly isolated uninucleate microspore, circle
indicates microspore specific protein disappeared in 3-day
cultured cells, square indicate microspore specific protein
lasted to 3-day cultured cell; B, 3-day cultured cells, cir-
cle indicate 3-day cultured cell specific protein, square
indicate embryogenic protein existed to all stage of emb-
ryo development; C, early globular/heart stage proemb-
ryo. Arrows and box indicate embryogenic proteins not
detected in previous stage.

pus is not widely used for biochemical purpose. The rea-
son is that tissue culture technique for microspore-deri-
ved embryogenesis is still more difficult than that of so-
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(kD)
66~ 1

Fig. 9. Protein patterns during late embryo development.
A, torpedo stage embryo; B, mature cotyledonous embryo
after 21-day culture. Arrow indicates protein showing st-
rengthened expression from corresponding stage.

matic embryognensis, that infeasibility of long term sus-
pension culture of embryogenic cell line requires conti-
nuous cultivation of mother plants, and that well-control-
led environment for mother plant growth is required.
In culture of B. napus microspore, optimization of mother
plant growth condition has more fundamental importance
than selection of embryogenic microspore by pollen di-
morphism (Heberle-Bors, 1985) as we recognized that
feasibility of microspore division leading to embryogene-
sis was based on microspore viahility (Fig. 3B, C) which
was correlated to mother plant growth condition.

In case of B. napus, both late uninucleate stage and
early binucleate stage are responsive for embryo induc-
tion (Pechan and Keller, 1988). However we used only
late uninucleate microspore because it was difficult to
recognize cell division patterns in binucleate state where
only reproductive nucleus could divide for embryogenesis
(Zaki and Dickinson, 1990).

In the early cell divsions, embryogenic development
following suspensor formation resembled zygotic embry-
ogenesis. But there were no typical patterns in embryo-
genic development, for example, proembryo formation
without suspensor development (Fig. 5D) or great varia-
tion with regard to the number of component cells in
suspensor. It has been suggested that the suspensor an-
chors the embryo to the embryo sac and pushes it deep
into the endosperm so that the embryo lies in a nutritio-
nally favorable environment (Bhojwani and Bhatnagar,
1979; Yeung, 1980). In recent in vitro culture of zygotic
embryo, early embryo with suspensor removed efficiently
developed into mature embryo (Liu ef al., 1993). These
reports supported that suspensor be more important in
the initiation of embryo than in embryo development.
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In our experiment embryo development was preceded
by suspensor development (Fig. 5B) and initiated in any
position of suspensor layer, which forced us (o suppose
that all the component cells of suspensor have tolipote-
ncy. As exact cell division pattern was reported in early
zygotic embryogenesis (Bhojwani and Bhatnagar, 1979),
embryo induction from single cell like microspore in li-
quid culture has an advantage in pursuing early cell divi-
sion pattern. But there has been no reports explaining
consistantly about cell division and differentiation pattern
in the course of embryogenesis from microspore. We
could neither suggest exact model for microspore embry-
ogenesis.

Biochemical studies using somatic embryogensis sys-
tem have difficulties in synchronizing embryos according
to morphologically defined developmental stage. Using
homogeneous late uninucleate microspores we could ove-
rcome synchronization problem in early state of cell divi-
sion. To acquire synchronized globular/heart shaped em-
bryos, two kinds of sieve which had different pore size
were used and mostly globular embryos (mixed with
some heart-shaped embryos) could be isolated (Fig. 4C).

Many embryo-specific genes recognized in the develo-
pmental procedure of somatic embryogenesis were turn
out to be expressed in embryogenic mass (PEM) in au-
xin-added media, which intimated PEM already had em-
bryogenic potential (Dayton ef al., 1988). Likewise, 5 pro-
teins expressed from 3-day cultured cells proceeding su-
spensor-like development proved that 3-day cultured ce-
lls had obtained embryogenic potential. In culture of B.
napus microspore, plant hormone were not used, but only
high temperature culture condition was employed for
switching to embryogenic pathway. In addition, comparing
embryos to microspores lying in quite different develop-
mental pathway, we could analyze protein pattern related
to totipotency or embryo specificity more efficiently than
in the case of somatic embryogenesis using 2,4-D (Sung
and Okimoto, 1981).

Changes of protein patterns during embryo develop-
ment from globular/heart- to torpedo-stage were more
striking than during torpdedo to cotyledonous stage (Figs.
8C, 9). This result was coincident with anatomical analy-
sis that tissue differentiation was rapidly achieved during
the development of torpedo-shape embryo (Fig. 6). Con-
sequently, changes of protein patterns during embryo de-
velopment were significantly correlated to morphological
differentiation.

In this study we confirmed supericrity of microspore
culture system showing high efficient embryogenesis
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from homologous microspores as a tools for biochemical
studies of plant embryogenesis, and understood cell divi-
sion and differentiation pattern in the course of early
embryogenesis from the microspore. We also compared
changes of protein patterns to morphological differentia-
tion during the embryogenesis.
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