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Pollen Development of Aucuba jap’om’cd Thunb.
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Abstract. The developmental pattern of pollen and anther wall in Aucuba japonica
was investigated. In addition, during the pollen development, the detection of callose
and PAS-positive substance was performed. The anther wall was formed according
to the dicotyledonous type of development in the sense of Davis (1966). The tapetum
was of the amoeboid type. The pollen was formed according to the simultaneous type
of cytokinesis. The cells which were undergoing the meiosis were surrounded by the
thick callose wall. The deposition of callose to the microsporocytes started from the
walls which were in contact with the tapetum. The PAS-positive substance, which
was observed in the form of granules, occurred in the pre-meiotic cells, The PAS-
positive granules continued to exist in the cells which were undergoing the meiosis,
but they disappeared from the cytoplasm of the microspores. However, they appeared
again in the cytoplasm of the pollens with the vegetative and the generative nuclei.
They accumulated around the vegetative nucleus, while they did not exist around
the generative one. However, it was not confirmed under the light microscope and
the fluorescence one whether there was the wall between the two nuclei or not.

Introduction

Many taxonomits (Lawrence, 1951 ; Engler, 1964 ; Hutchinson, 1973 ; Cronquist,
1981; and so on) have treated Aucuba japonica Thunb. as a species of the Cor-
naceae, but some ones (Airy Shaw, 1976; Takhtajan, 1980) have divided it into
some families and have assigned the species to the Aucubaceae which were one
of the families segregated by them. The embryological investigation of A.
japonica has been occasionally performed. The embryo sac formation of the
species was investigated by Palm & Rutgers (1917) and Saté (1971), and the
histological and cytological studies of the embryo at several stages of its develop-
ment also were performed by Saté & Yamaguchi (1987). Unfortunately, the
pollen development has not been investigated yet. So, the writer intended to
investigate the development of pollen of Aucuba japonica. The occurrence of
polysaccharides during the spore development of the angiospermous plants has
come to receive much attention (Kapil & Tiwari, 1978). So, the detection of
callose and PAS-positive substance of polysaccharides was attempted in the cells
during the pollen development. This paper reports on the development and
structure of the anther wall, the development of the pollen and the occurrence
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Fig. 1. Anther. A. Four sporangiate anther. B. Anther in which sterile partition
plate has broken down. (bar; A=100 zm, B=150 pm)

of callose and the PAS-positive substance in the process of the pollen develop-
ment in A. japonica.

Material and Methods

A. japonica is an evergreen dioecious shrub. Many flowers at various stages
of development were collected from several male plants growing on the campus
of the Yokohama National University at appropriate intervals extending from
November in 1987 to March in 1988, and they were fixed in FAA (formalin-
acetic-alcohol). After they were dehydrated in ethyl alcohol-tert. butyl alcohol
series, they were embedded in paraffin or histosec (supplied by Merck and Co.,
Ltd.). These embedded materials serially sectioned at 6-10 gm thick. To in-
vestigate the pattern of the pollen development, the sections were stained with
Heidenhain’s iron alum hematoxylin and fast green combination. The materials
for detecting callose were also fixed and sectioned according to the same pro-
cedure as the above-mentioned one. The sections were stained with aqueous
solution of aniline blue (Smith & McCully, 1978) and observed under the fluores-
cence microscope. Callose emits bright-yellow fluorescence when treated with
the fluorochrome. Moreover, since it is said that aniline blue does not neces-
sarily stain callose alone (Nakamura, 1987), the disappearance of callosic fluores-
cence was confirmed by treating with §8-1, 3-glucanase or zymolyase, not that it
was performed for all the sections. The materials for detecting PAS-positive
substance were stained with Schiff’s reagent (O’Brien & McCully, 1981). The
stained matrerials also were observed under the fluorescence microscope. The
PAS-positive substance emits bright-red fluorescence when treated with the
Schiff’s reagent.

Observation

(1) Anther wall
An anther contained four microsporangia arranged in pairs in two anther
lobes which were separated by a connective. In a young anther (Fig. 1A),
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Fig. 2. Development of anther wall. A. Anther in which archesporial cells has been

formed below epidermis. B. Anther in which primary parietal layer and sporo-
genous cells has been formed. C. Anther in which primary parietal cells are
dividing periclinally to form two secondary parietal layers. D. Anther in which
future endothecium and middle layer are being formed. E. Anther in which
young endothecium, middle layer and tapetum has been arranged in good order.
F. Anther locule in which tapetum encloses microsporocyte before meiosis. (ac;
archesporial cell, end ; endothecium, ml; middle layer, ppl; primary parietal layer,
sc; sporogenous cell, spl; secondary parietal layer, ta; tapetum next to anther
wall, tc; tapetum next to connective) (bar; A=50 pm, B—E=20 ym, F=80 pm)
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Fig. 3. Development of anther wall (continued). A. Two-nucleate tapetal cells. B.
Anther with microspores. C. Anther with microsporocytes just before meiosis.
Some cells of the middle layer occasionally divide, so that the layer becomes two
partially. The vacuolarization in endothecial cells proceeds greatly. D. Tapetal
cells with fibrous bands. (at; amoeboid tapetum, end; endothecium, ml; middle
layer, ms; microspore) (bar; A—C=20 pm, D=30 pm)

members of each pair of the microsporangia were separated from each other
by a partition plate of a sterile tissue. Before the anther released pollens,
however, the sterile partition plate broke down and disappeared (Fig. 1B). As
a result, a pollen sac was formed in each lobe of the anther.

In the descriptions of the development of anther wall in the angiospermous
plants, there has been a lack of unity in the terminology. In this paper, the
description is based on the terminology of Davis (1966). Anther walls originated
by periclinal divisions of a group of hypodermal cells situated at the corners of
the very young anther. Subepidermal cells situated at the corners of the anther
differentiated as archesporial cells (Fig. 2A). They divided periclinally to form
a primary parietal layer outwards and a primary sporogenous cells inwards
(Fig. 2B). The former developed to form an anther wall, while the latter dif-
ferentiated as microsporocytes after the several mitotic divisions. A primary
parietal layer periclinally divided to form two secondary parietal layers (Fig. 2C).
The outer of the two divided once more to form two parietal layers (Fig. 2D).
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As a result, three parietal layers (Fig. 2E) were formed before the micro-
sporocytes entered the first division of meiosis. These layers were the future
endothecium beneath the epidermis, the middle layer and the innermost tapetum.

Externally to the microsporangium, the tapetum differentiated directly from
the inner secondary parietal layer, whereas internally, metamorphosed cells of
the connective tissue completed the tapetum around the circumference of the
anther locule (Fig. 2F). However, the tapetal cells next to the anther wall
usually differed from those next to the connective in shape and stain property.
Many of these tapetal cells began to divide without cytokinesis to become 2-4
nucleate condition, usually 2-nucleate (Fig. 3A), before the microsporocytes
entered the first division of meiosis. The contents of the tapetal cells were
rich and large vacuole or vacuoles were absent, though small vacuoles were
present throughout the cytoplasm. Therefore, they were strongly stained with
hematine. From the end of the meiosis, the tapetal cells became irregular in
shape and they got separated from each other (Fig. 3B). In the cells at this
stage, the wall had been lysed. They gave rise to the periplasmodium along
the periphery of the anther locule. Thus, the tapetum seems to be of the
amoeboid type. However, the plasmodium which intruded among the develop-
ing microspores and pollen grains was not observed in the preparations used
for the present investigation.

Some cells of the middle layer periclinally divided further and the layer
became two partially (Fig. 3C). Almost all cells of the layer were compressed
and became flat. As the differentiation proceeded, a large vacuole or vacuoles
were formed in the cytoplasm. When the meiosis was over, they were absorbed
and disappeared.

In the endothecial cells as in the cells of middle layer, a large vacuole or
vacuoles developed as well (Fig. 3C). After the completion of meiosis, the
endothecial cells increased prominently in radial extent. Together with their
increase in size, the epidermal cells sloughed gradually. After the microspore
completed the mitotic division, the sterile partition plate disappeared. In the
endothecial cells, after then, the secondary wall thickenings were formed in the
form of bands (Fig. 3D). The bands were located on the anticlinal and the
inner tangential walls. The anther dehisced longitudinally along the furrow
situated at each side of the anther between the members of a pair of sporangia.

(2) Pollen development

During the development of the anther wall, the sporogenous cells divided
mitotically in various plane, the cells functioning as microsporocytes (Fig. 4A).
The microsporocyte underwent the first division of meiosis (Fig. 4B) without
the cytokinesis, though the phragmoplasts (Fig. 4C) appeared. After the first
division of meiosis completed, the phragmoplasts disappeared. As a result, the
microsporocyte (Fig. 4D) was two nucleate. The two nuclei underwent the
second division of meiosis (Fig. 4E) to become four nuclei (Fig. 4F). During
this division, also, the phragmoplast appeared between each two nuclei, though
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Fig. 4. Development of pollen. A. Microsporolcytes arranged compactly in the spo-
rangium. B. Microsporocytes at metaphase of the first division of meiosis. C.
Microsporocytes at anaphase of the first division of meiosis. D. Two-nucleate cell.
E. Cell in which the second division of meiosis is undergoing. F. Four-nucleate
cell before furrowing. G. Tetrad after furrowing. (bar; A—G=20 ym)

no cell plate was formed. After the meiosis was over, the phragmoplast disap-
peared. The four nuclei usually arranged in a tetrahedral fashion. The quadri-
partition of the four-nucleate cell (Fig. 4G) took place by the formation of
furrows. The furrows originated at the surface of the wall of cell in which
the meiosis had already been over, and they developed inwardly until they
joined in the center, resulting in the accompanying formation of walls which
partitioned the original microsporocyte into four microspores. The four released
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Fig. 5. Development of pollen (continued). A. Young microspores which begin to
release. B. Microspore without vacuole. C. Microspores with large vacuole. D.
Microspore at anaphase of the mitotic division of its nucleus. E. Pollens with
vegetative nucleus and generative nucleus. (bar; A—E=20 pm)

from one another (Fig. 5A) to become free microspores (Fig. 5B). Immediately
after the release, a large vacuole was absent in their cytoplasm and their
nucleus occupied in their center. After then a large vacuole developed in the
cytoplasm of microspores (Fig. 5C). The nuclei were pushed aside by the large
vacuole to lie next to the intine. Meanwhile, a finely dotted exine enclosed
the microspore and three slender furrows, each with a pore, were formed; the
grain was of tricolporate type. The microspore (Fig. 5D) once divided mitoti-
cally to develop into a two-nucleate pollen (Fig. 5E). One of the two nuclei
was larger than the other, and it had higher stain property than the other.
The larger nucleus seemed to be vegetative, while the smaller seemed to be
generative. However, it was very difficult to observe the cell wall by which
the two nuclei were separated.

(3) Deposition of callose during pollen development

The microsporocytes which had just differentiated from the sporogenous
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cells were polygonal and were compactly arranged (Fig. 4A). Many of them
were in contact with the tapetal cells, though there were some microsporocytes
surrounded by other microsporocytes only. As soon as the microsporocytes
entered the first division of meiosis, callose began to deposite on the wall of
microsporocytes. The deposition of callose onto the wall started from the wall
which had been in contact with the tapetal cells of the anther wall (Fig. 6A).
A little later, in the microsporocytes next to the connective, callose deposited
onto the wall adjacent to the tapetal cells. As a result, callose wall enclosed
the sporangium (Fig. 6B). After then callose deposited also in the corner where
more than two microsporocytes were joined (Fig. 6C) and the deposition spread
to other wall parts (Fig. 6D). By the metaphase of the first division of meiosis,
the microsporocytes were separated not only from the tapetal cells but also
from one another. The shape of the microsporocytes changed from polygon to
sphere, and they became free. Meanwhile, callose wall rapidly and prominently
increased in thickness (Fig. 7A), and the free microsporocytes invested with
thick callose wall. The callose wall was retained till the time when the release
of the microspores started after the meiosis (Figs. 7B-D). As the quardripar-
tition in the 4-nucleate cell in which the meiosis had just been over was proceed-

Fig. 6. Callose deposition during pollen development. A-D. Anther locules in which
microsprocytes has just entered the first division of meiosis. A. Callose at first
deposits on the walls of microsporocytes next to the tapetum of the anther wall.
B. Callose then deposits on the walls of microsporocytes next to the tapetum of
the connective. As a result, the callose walls are formed around the micros-
porangium. C. Callose deposits in the corner where microsporocytes are joined,
after the deposition around the microsporangium. D. Callose then begins to deposit
on the entire walls of the microsporocytes, (bar; A & C=40 ¢m, B & D=60 pm)
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ing, callose walls developed centripetally along developing furrows. During the
quardripartition, an exine and an intine began to be formed along the inside of
callose wall. The callose wall around four microspores first disappeared and
then the walls which separated four microspores disappeared (Fig. 7E), so that
microspores were released and became free. In the free microspores and pollens,
the intine (Fig. 7F) which lined the pores emitted the very weak fluorescence,
though the other part of the intine did not emit the fluorescence. There was
no fluorescent structure or substance within the microspores and pollen grains
except for the intine which lined the pore.

(4) Occurrence of PAS-positive substance during pollen development

The PAS-positive substance was absent in the cytoplasm of the sporogenous
cells which were dividing mitotically. The substance in the form of granules
appeared in the microsporocytes (Fig. 8A) which did not enter the first division

Fig. 7. Callose deposition during pollen development (continued). A. Microsporocytes
at the metaphase of the first division of meiosis. Thick callose wall encloses
every microsporocyte. B. Two-nucleate cells with thick callose wall. C. Four-
nucleate cells before furrowing. D. Tetrad after furrowing. Callose deposits
along the furrows, too. E. Outer callose wall which has enclosed entirely the
tetrad at first disappear. Remaining callose walls separating four tetrad cells also
disappear just later, so that the tetrad cells release to become microspores. F.
Pollen with vegetative and generative nuclei. Callose wall lines every pore of
the pollen. This callosic fluorescence invariably is very weak. (bar; A—F=25 pm)
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of meiosis yet. They were small, but prominent since the cytoplasm of the
archesporial cells did not fluoresce except for the granules. They became
larger gradually to attain to the maximum at the prophase of the first
division of meiosis (Fig. 8B). As the meiosis proceeded further, the cytoplasm
of the cells which were undergoing the meiosis emitted somewhat weaker
fluorescence than that of the granules. Because of this cytoplasmic fluorescence,
the outline of the granules became obscure, though they occurred in the cyto-
plasm (Figs. 8C-F). After the meiosis was over, the cytoplasmic fluorescence
disappeared gradually. Because of this disappearance, again, the granules became
prominent. They were situated along the wall of the tetrad cells (Fig. 8G).
The fluorescence could not be observed in the cytoplasm of the free microspores.
In the pollen grain in which the mitotic division had already been over, however,
the PAS-positive granules accumulated around the large vegetative nucleus, but
they were not observed around the small generative nucleus (Fig. 8H).

Fig. 8. PAS-positive substance during pollen development: A. Anther locule in which
the microsporocytes do not enter the first division of meiosis yet. Many PAS-
positive granules appear in microsporocytes long before meiosis. B. Micros-
porocytes shortly after meiosis. C. Microsporocytes at metaphase of the first
division of meiosis. D. Two-nucleate cells. E. Four-nucleate cells in which the
furrowing has just begun. F. Tetrad after the furrowing has just finished. G.
Tetrads with the PAS-positive granules which become prominently due to the
disappearance of the cytoplasmic fluorescence. H. Pollen with vegetative (v) and
generative (r) nuclei. The PAS-positive granules accumulate around the vege-
tative nucleus. (bar; A=50 pm, B—H=20 pm)
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Fig. 9. Development of anther wall.

Discussion

(1) Development of anther wall

The developmental process of the anther wall in Aucuba japonica is sum-
marized as in Fig. 9. Thus, the anther wall is formed according to the dico-
tyledonous type of its development in the sense of Davis (1966).

(2) Development of pollen

The development of pollen in A. japonica is of simultaneous type. As in
the microsporocyte of almost all of the angiospermous plants, in A. japonica,
callose walls enclose the microsporocytes which have just entered the first
division of meiosis as well. The deposition of callose starts on the walls of
microsporocytes next to the tapetum and rapidly extends to the cells in the
center of the sporangium. Such a fairly regular sequence as this is also known
in the process of the callose deposition in Helleborus foetidus (Waterkeyn, 1962).
This may show that there is necessity of considering the tapetal contribution
to the callose deposition. If so, callose deposition in A. japonica is very in-
teresting, because callose starts to deposit earlier on the microsporocyte walls
next to the tapetal cells of the anther wall than on those next to the connective.
This seems to show that, in relation to the differentiation level and/or physio-
logical maturity, there is a difference between the tapetal cells next to the
anther wall and those next to the connective. It seems that, although Chapman
(1987) has reviewed on four functions of the tapetum, the function in relation
to the callose deposition will have to be added to the four functions.
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In almost all of the angiospermous pollen, the cell plate is formed soon after
the telophase of the mitotic division in the microspore. The wall is formed
from the plate and becomes callosic.. In the pollen of A. japonica, however, the
occurrence of a rigid wall between the vegetative nucleus and the generative
nucleus is very obscure, when it is stained with hematoxylin and fast green
combination. In the pollen stained with aniline blue, moreover, there is no
fluorescent wall between the two nuclei. But the PAS-positive granules ac-
cumulate around the vegetative nucleus and they are absent around the genera-
tive nucleus. Therefore, it seems that the wall separating the vegetative nucleus
from the generative one is not formed, but the separation of the cytoplasm takes
place between the two nuclei. Otherwise, it seems that the separation wall
may be formed by a process different from the formation of a cell plate. The
further investigation used the electron microscope is required in this respect.

1 2

TAFDOIEMOHBAR L, COBRTOIr—2 & PAS BEGEOTEICOWTORELYH
2o RICIIFIREILIAT2ESODO/MITESESR D, L L, FFEO 2 /Mo EL S
2B, FROMBRNCIHET 50 FEEI N TEEMEICH - T, F /M RTIXRIER R
CHe > TR S %o MATOBINHL, 2BEDTEMIMESh S, ~<bFv ) v 7 5 A b
7Y = VCREUIEERN D, ZOEJAK L REK DT DRI TR S A BT DOVLTD
Flkn XN TH D, EMIE SWEIRLT, 0 2R THF, SHBICE IR 5, NNaF R
B HE 2T D L3, DMMETRMOBEAD» v — 2 DWHED, WMEBEMECE LT
WOEBEMDIGE Do MEMIREICEE L T\ B/ FRAIIE O fih o BE L BB IS4 L T Tev NP
EONMO/POFRMBDOBC S, » »r —2DWEN T DV ED/NATFRRIAS 2 = — A
DR CHE LKL 5, BRSUFOMIULFECE D v — AMDBETH LR T 5, 4O
ML 4 EOPISFRIIICH T B &L XMEBLR DB L v — ANEET B, NaAFONED
Bl e 200, 4 @EomyFMlasH 5 SIS v — AOBEN FFE L, HivTHATH
fakpdCunicr v — AMOBELNET 5, 25 LTS T E I RIWVNET & b B
THY D%  DIEW T, REREEMBA DT BT H v — A0 EET 5, LoL, 7
FETRIDN r— AMDOBEIBIZE T X In PAS IBHWEL, BESZCI V5 B0/ Nat g
RO MIRE I ER O TAbhIED Do BEHHHOMIATIE, 2 OB b T, MlaEs
03 PAS Btk OWEE % F2, LovL, PASBMWER, BEOHUEKT L/ MaTRMlacr,
—BHNCBRHCE 2 T do Lan L, SEEM & AT A - B T, MK R PAS
IS EILE > o CRIBTE 70wy, EHEBOBE b icit PAS BHEBRAEREEL TV 5, o0
PAS BH:BROD M2 5, RB/EE ST & EER Y &1 S IEROMEIRN T SR T
HEBbhb, Livl, ~7bhFv U vE7 22 b 20— TR LEEATIE, 20 28ORO
MRREEDFEA DYWL R ECH v, TEMOMIVEADS» v —A%KRHT 5 2 LIZTE VW EDH
HAs b, T OMIKEOSBIIAIIEEC X 5 b DT & Bk b, EFEMEY 1 ABROH
FHE TR B,

References

Ary Suaw, H.K. (Reviser) 1973. A Dictionary of the Flowering Plants & Ferns, by
J.C. Willis. 8th ed. Cambridge Univ. Press, London.



Pollen development of Aucuba japonica 45

CHAPMAN, G.P. 1987. The tapetum. Inter. Rev. Cytol. 107: 111-125.

CronNquisT, A. 1981. An Integrated System of Classification of Flowering Plants. Colum-
bia Univ. Press, New York.

Davis, G.L. 1966. Systematic Embryology of the Angiosperms. Wiley, New York.

ENGLER, A. 1964. A. Engler’s Syllabus der Pflanzenfamilien, II Band. (Herausgegeben
von Prof. Dr. Hans Melchior).

HurcHinson, J. 1973. The Families of Flowering Plants. Oxford at the Clarenson Press,

‘ Oxford.

KariL, R.N. & R.N. TiwarI. 1978. Plant embryological investigations and fluorescence
microscopy : an assessment of integration. Inter. Rev. Cytol. 53: 291-331.

LawrgNce, G.H.M. 1951. Taxonomy of Vascular Plants. Macmillan, New York.

NakaMmuRrA, N. 1987. Polysaccharides in pollen tube cell wall (in Japanese). Bull. Yoko-

, hama City Univ. Natural Science 38: 181-195.

O’BrieNn, T.P. & M.E. McCuLLy. 1981. The Study of Plant Structure: Principles and

. Selected Methods. Termarcarphi Pty. LTD., Melbourne.

PaLMm, Bj. & A.A.L. Rurcers. 1917. The embryology of Aucuba japonica. Rec. Trav.
bot. Neel. 14: 119-126.

SaTo, Y. 1971. Embryological study in Aucuba japonica Thunb., with special reference
to the unusual development of the embryo sac. Sci. Rep. Tohoku Univ. Ser. IV
(Biol.) 35: 201-206.

SaTto, Y. & J. Yamacucul. 1987, Histological and cytological changes during embryo
sac formation in Awucuba japonica. Sci. Repts. Yokohama Natl. Univ. Sec. II 34:

, 15-30.

SMITH, M.M. & M.E. McCuLLy. 1978. Enhancing aniline blue fluorescent staining of cell
wall structure. Stain Technology 53: 79-85.

TaxHTAJAN, A, 1980. Outline of the classification of flowering plants (Magnoliophyta).
Bot. Rev. 46: 225-359.

WATERKEYN, L. 1962. Les parois microsporocytaires de nature callosique chez Helleborous
et Tradescantica. Cellule 62: 225-255.



