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Occurrence of Callose during Embryo Sac Development

in Stachyurus praecox Sieb. et Zuce.

by

Yoshihiko SAT6* and Keiko TAkKeEDA™

Abstract. The deposition pattern of callose during the embryo sac development
was investigated in Stachyurus praecox. Although two chalazal megaspores of a
tetrad began to develop in some of the tetrads examined, it was only one megaspore
nearest the chalaza that developed into an eight-nucleate embryo sac. Callose was
detected only in wall separating two dyad cells and in walls separating four tetrad
cells. This deposition pattern of callose has not been known in process of the embryo
sac development of the monosporic type studied hitherto. According to Kapil and
Tiwari (1978), in process of the development of bisporic type, the deposition of callose
is restricted in the separating wall formed after the first meiotic division. In this
respect, the deposition pattern of callose in S. praccox seems to bear a resemblance
to that found in process of the development of bisporic type. The Stachyuraceae
have been considered to have a near relation to the Flacourtiaceae by mordan
taxonomists. It is necessary to consider a relation of the Stachyuraceae to the
Theaceae as well, because only the Theaceae among the families which have been
considered to have a relation to the Stachyuraceae by taxonomists have the bisporic
development of embryo sac.

Introduction

The genus Stachyurus has been treated as only one genus of the family
+Stachyuraceae by almost all of the mordan taxonomists. But there has been
~ disagreement about the taxonomic position of the Stachyuraceae. For example,
: ‘Hutchinson (1973) included the family in the order Hamamelidales, Cronquist (1968)
in the order Theales, and Melchior (1964), Takhtajan (1969, 1980) and Cronquist
(]981)1n the order Violales.

The embryological studies on Stachyurus have been performed by Maurizon
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Fig. 1. Nucellus with parietal cell and sporogenous cell.

No callose exists in these
cells. Scale equals 10 pm.

Fig. 2. Nucellus with megasporocyte, whose nucleus is interphase. No callose exists
in the megasporocyte. Scale equals 10 wm.
Fig. 3A, B.. Dyad. A is the fluorescence photomicrograph of the dyad shown in B.

Scale equals 10 pm.

Fig. 4A, B. Dyad in second meiotic division. A is the fluorescence photomicrograph
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(1936), Satd (1976) and Mathew and Chaphekar (1977). Judging from their reports,
Stachyurus has embryologically prominent features as follows. Only a megaspore,
nearest the chalaza, of the tetrad cells becomes functional and develops into an
eight-nucleate embryo sac. That is, the embryo sac is formed according to
the monosporic eight nucleate Polygonum type of development. But, although a
tetrad cell which lies directly above the functional megaspore does not develop into
an eight-nucleate embryo sac, it frequently undergoes a division of its nucleus once
or twice. Besides the monosporic type of the embryo sac development, Mathew
and Chaphekar (1977) suggested the rare occurrence of the bisporic Endymion type
of development.

Saté and Arima (1984) conjectured that, if the knowledge of the deposition
pattern of callose during sporogenesis and gametogenesis in the angiospermous
plants was added to that obtained by the traditional embryological method,
embryological features would have a greater significance in the systematics and
the taxonomy of Angiosperms than they used to. So, the pattern of embryo sac
development in Stachyurus praecox, which had been studied once by Satd (1976),
was confirmed again and, furthermore, to acquire a considering knowledge of
taxonomic position of the Stachyuraceae, we investigated the pattern of the
depoistion and disapperance of callose during the embryo sac development. The
results obtained will be reported in this paper.

Material and Method

Many buds and flowers of Stachyurus praecox were collected at appropriate
intervals extending from April to May in 1984, from a female plants growing wild
on the campus of the Yokohama National University, Hodogaya-ku, Yokohama
City. They were fixed with formalin-acetic-alcohol (FAA). The fixed materials
were dehydrated in ethyl alcohol-fe¢. butyl alcohol series and embedded in paraffin
(m.p. 57—60 C). They were sectioned serially at 6—8 um thick. The sections
were stained with aqueous solution of aniline blue (Smith and McCully, 1978) and
observed under the fluorescence microscope. Callose emits bright-yellow fluorescence
when treated with the fluorochrome. Callosic fluorescence was photographed using
Kodak Tri-X film (ISO, 400). After the photographs had been taken, the sections

of the dyad shown in B. Scale equals 10 um.

Fig. 5A, B, C. Linear tetrad. In B, two micropylar megaspores are in focus, but two
chalazal ones are out of focus, though the extrimity of them is observed in
this section. C, which is the next section to B, shaws two chalazal megaspores.
A is the fluorescence photomicrograph of the tetrad shown in B. Scale equals
10 pm.
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Fig. 6A, B. Oblique tetrad. A is the fluorescence photomicrograph of the oblique
tetrad shown in B. Scale equals 10 pm.

Fig. 7A, B. Tetrad, of which two micropylar megaspores are degenerating. A is the
fluorescence photomicrograph of the tetrad shown in B. Scale equals 10 pm.

Fig. 8A, B. Two chalazal cells of tetrad; two micropylar cells of tetrad have degen-
enerated and thier residuum is still persisting. A is the fluorescence photo-
micrograph of the chalazal cells shown in B. The callosic fluorescence of the
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were well washed in running water. Then they were dehydrated in ethyl alcohol
series and stained again with Heidenhain’s iron alum hematoxylin and fast green.
After then the same cell or cells that fluorescence had been observed were photo-
graphed again under the optical microscope with a tungsten bulb as the illuminator.

Observation

An archesporial cell divided to form a sporogenous cell and a primary parietal
cell (Fig. 1). The former became larger and differentiated into a megasporocyte
(Fig. 2), while the latter repeated a mitotic division and formed a well-developed
parietal tissue. It was composed of one to two files of cells, each of which consisted
of seven to eight cells. There was no occurrence of callose in any walls of these
parietal cells and the megasporocyte which did not enter the first division of meiosis
yet (Fig. 2). Although callose was never detected in the wall of the megasporocyte
in which the first division of meiosis was proceeding, it was invariably detected in
the transverse wall separating two dyad cells which had been produced after the
first division (Figs. 3A, B). The two dyad cells underwent the second division
of meiosis (Figs. 4A, B), resulting in the formation of a four-celled tetrad. The tetrad
cells usually arranged in line (Figs. 5B, C), but two micropylar cells of them
occasionally arranged obliquely (Fig. 6B). Of three walls separating the four tetrad
cells, callose persisted in the separating wall formed after the first division of meiosis
and it was, in addition, detected in the two separating walls formed newly after
the second division of meiosis (Figs. 5A, 6A, 7TA). The separating wall, which had
been formed after the first division, emited much stronger callosic fluorescence than
the two walls, which had been produced after the second division. Thus, only
the separating wall, by which the respective cells constructing the dyad and the
tetrad were separated, became callosic, but callose was not detected in any other
portions of wall enclosing the dyad and tetrad cells.

The megaspore nearest the chalaza alone became functional and developed
into an eight-nucleate embryo sac. In all tetrads examined, the two micropylar
cell degenerated soon after formation of the tetrad (Figs. 7B, 8B, 9B). In some
tetrads (Fig. 10), however, the cell which lay directly above the functional megaspore
soon degenerated without any nuclear divisions, following the degeneration of the

separating wall nearest the chalaza is much stronger than that of the upper wall.
Scale equals 10 pm.

Fig. 9A, B. Two chalazal cells of tetrad, which are at the same stage as those shown
in Fig. 8. A is the fluorescence photomicrograph of the chalazal cells shown
in B. The callosic fluorescence of the separating wall nearest the chalaza is
much stronger than that of the upper wall. Scale equals 10 pm.
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two micropylar cells of the tetrad. In other tetrads (Fig. 12), which were more
frequently than the tetrad just mentioned above, it persisted long after the two
micropylar cells of the tetrad had degenerated, and furthermore, became a two-
nucleate (Fig. 13) or a four-nucleate state. Although it never developed into a
mature embryo sac, the nuclear division of it usually proceeded earlier and faster
than that of the functional megaspore. As a result, frequently, a two-nucleate cell or
a four-nucleate cell lay directly above the functional megaspore, or a four-nucleate
cell lay above a two-nucleate embryo sac.

Before the functional megaspore or the tetrad cell directly above it became
a two nucleate state, tbe callosic fluorescence disappeared perfectly from three
separating walls of the tetrad. The disappearance of callose in these walls proceeded
as follows. The callosic fluorescence of the separating wall nearest the micropyle
first disappeared together with degeneration of the two micropylar megaspores of
tetrad. After then, however, in some of the degenerating tetrads, the fluorescence
of the separating wall nearest the chalaza temporarily became stronger (Fig. 8A) than
that of the separating wall which had been formed after the first division of meiosis,

Fig. 10. Elongating functional megasphore; three micropylar megaspores degenerate
already. Scale equals 10 pm.

Fig. 11. Two-nucleate embryo sac. No callose existsinit. Scale equals 10 um.

Fig. 12. Two chalazal megaspores, each of which is elongating. No callose already

exists in them. Scale equals 10 pm.
Fig. 13. Two nucleate embryo sac, above which a two-nucleate cell lies. No callose
exists in them. Scale equals 10 pm.
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while in others it became gradually weak (Fig. 9A). In the former, the tetrad cell
directly above the functional megaspore had not increased in size conspicuously.
It was suggested that it would degenerate soon after the degeneration of the two
micropylar cells of tetrad. In the latter, it had increased in size. It was suggested
that it would develop into multinucleate state. These suggestions were made as
in the following. Formation of callose is closely related to the severing of cellular
connections between the cell with callosic wall and the cell adjacent to it (Heslop
—Harrison, 1966). For this reason, in the latter an information to make the tetrad
cell nearest the chalaza develop into a female gametophyte was transmitted to the
cell lying directly above it, while in the former, transmission of such an information
was prevented by the wall with strong fluorescence of callose.

After then no callosic fluorescence could be observed in process of the embryo sac
development (Figs. 10—13).

Discussion

The developmental pattern of embryo sac in S. praecox quite agreed with that
which had been reported for this species by Sat6 (1976). In S. praecox, the depo-
sition of callose during the embryo sac development is invariably restricted in a
wall separating two dyad cells and in three walls separating four tetrad cells. The
deposition pattern of callose during the embryo sac development of the monosporic
type (Polygonum type and Oenothera type) is summarized as follows: callose is
secreted not only in a separating wall of dyad and tetrad, but also in a wall encloseing
a megasporocyte, two dyad cells and four tetrad cells, though the portion where
callose is absent occurs in the wall of these cells in almost all of the species examined
hitherto (Kapil and Tiwari, 1978). The deposition pattern of callose found in S.
praecox is obviously different from that found in process of the development of the
monosporic type examined hitherto. The pattern in which only a separating wall
becomes callosic is found in process of the embryo sac development of bisporic type
(Rodokiewicz, 1968; Kapil and Tiwari, 1978). That is, the deposition pattern of
callose in S. praecox bears a resemblance to that found in process of the development
of bisporic type. In prosess of the development of embryo sac in S. preaecox, two
megaspores begin to undergo the nuclear division. It may be premature to ralate
unquestioningly this phenomenon with the developmental pattern of the bisporic
type. But, considering the deposition pattern of callose, it seems that the develop-
mental pattern of embryo sac in S. praecox has a characteristic common to that of
bisporic type.

Occasionally in S. chinensis, also, two megaspores of tetrads begin to undergo
a nuclear division (Mathew and Chaphekar, 1977). Mathew and Chapekar (1977)
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suggested, on the basis of the cccurrence of dyad which is composed of a three-
nucleate micropylar cell and a two-nucleate chalazal cell, that in S. chinensis there
is the bisporic Endymion type of embryo sac development as well as the monosporic
type of development. They further stated that this developmental pattern of the
bisporic type is more frequent in S. praecox than in S. chinensis. But they did not
observe all stages of embyro sac development of this type. We could not have
observed such a phenomenon as suggesting the occurrence of the bisporic type of
development. There is no ground for denying the occurrence of the bisporic type
of development. However, it is premature to conclude the occurrence of the
Endymion type without observation of a series of the developmental stages of embryo
sac, because frequently in Stachyurus, two chalazal megaspores of the tetrad undergo
the nucledr division, which proceeds earlier and faster in the micropylar one of the
two than in the chalazal one.

Hutchinson (1973), who placed the Stachyuraceae in the order Hamamelidales,
did not grasp characters of the family correctly as mentioned by Mathew and
Chaphekar (1977). Melchior (1964) and Takhtajan (1969, 1°€0) treated the
Stachyuraceae as one of the families in the order Violales. According to Lawrence
(1951), the Stachyuraceae were once united with the family Theaceae. Cronquist
(1968, 1981) stated that the boundary between the Theales and the Violales is arbitary
and the Stachyuraceae have a near relation to the Flacourtiaceae of the Violales.
In Idesia of the Flacourtiaceae (Tohda, 1971), two megaspores of the tetrad have a
tendency to develop, though the embryo sac is formed according to the monosporic
type of development. Corner (1976) considered that the seed structure of the
Stachyuraceae is compatible with that of the Theaceae, not the Flacourtiaceae.
The developmental pattern of the embryo sac in the Flacourtiaceae is monosporic,
while that the Theaceae, especially in Camellia, is bisporic (Davis, 1966). The
deposition pattern of callose in S. praecox is common to that found in the
species examined hitherto in which the embryo sac is produced according to the
bisporic type of development. Thus, the Stachyuraceae have a characteristic
common to the Theaceae and the Flacourtiaceae. At present, it is difficult from
the embryological point of view to solve the problem whether the Stachyuraceae
should be placed in the Violales or in the Theales, or whether it should be placed in
other order established newly, because the knowledge of the embryology of the
Theaceae, the Flacourtiaceae and their allied families is too meager to solve the
problem. However, it is probably certain that the group composed of the Theaceae
and their allied families and the group composed of the Flacourtiaceae and their
allied families are phylogenetically connected by the Stachyuraceae.



Occurrence of Callose during Embryo Sac Development. 43

F 7Y OMFEHFRBRC KT 55 v — A DWWERER

e % ZF EZ2-HH BT

i =

F 7Y ORBYRBBRICET S H v — ADWBERERICOCHE Lo + 7~ DI
BRTVE S Bx 7 - TBREh D, 4HDOKITO S B A AAO KB T 8
oI MBCHEET D0, CoRKBTOT ¢ LRMBET S ABTL, LT LI 2> 4
BOMBCRET B, » v — AR THMB AT 5 FREE & PUA Tl A 0 5 R 72
TR Shsd, DX 57h m —2ADWEHERL, BRTHEOREVEEE T, chi
TRIEE ST CHBR TR 57D ThHD, L, “HTFHOREBHEERC BT
LN e —ADWEL, REHBEOBIIELRABEESR T %, ¥ 7o Thbhb b
R ADWERRL, KRTHHBROBEEC Loy v — 22508 Lic &5 5T, —
RTHORBHEERTOTR LB THMEELOLD L EBbh s, *7 v & 0k
BRI HER SN TV 2O T, BieA A F0FE+ 7o B RV BER D L2 2 BHF
REDZ o L, 7oL 0BBBERERSR TV LROhT, “lHTHORE
BEPRABITCBPHEY "F R Th D, SEIOMAED BB SR Rk L v 2
FREDBFRERTLO L EbR S,

References

CronquisT, A. 1968. The Evolution and Classification of Flowering Plants. Thomas Nelson
and Sons, London.

—— 1981. An Integrated System of Classification of Flowering Plants. Columbia University
Press, New York.

Corner, E.J.H. 1976. The Seeds of Dicotyledons, Vol. 1 and 2. Cambridge University Press,
Cambridge.

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

Hesvor~Harr1son, J.  1966. Cytoplasmic continuities during spore formation in flowering plants.
Endeavoir 25: 65-72.

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

KapiL, R.N. and R.N. Trwarr. 1978. Plant embryological investigations and fluorescence micro-
scopy: an assessment of integration. Inter. Rev. Cytol. 53: 291-331.

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

Marnew, C.J. and M. Cusprekar. 1977. Development of female gametophyte and embryogeny
in Stackyvius chinensis. Phyto morphology 27: 68-79.

Mavurizow, J. 1936. Zur Embryologie einiger Parietales—Familien. Svensk bot. Tidskr. 30:
79-113.

Mercuior, H. 1964. Reihe Violales. In Mgercuior, H. (ed.), A Engler’s Syllabus der Pflanzen
familien. 12th ed. Vol. II: 322-341. Gebriider Porntreaeger, Berlin.



44 ‘ Y. Saté and K. Takeda

Ropkiewicz, B. 1968. Bull. Acad. Pol. Sci. 16: 663—665. (cited from KariL and Tiwari, 1978).

Satd, Y. 1976. Embryological studies on Stackyurus praecox and its variety. Sci. Rep. Tohoku
Univ. Ser. IV (Biol.), 37: 131-138.

Satd, Y. and T. Arima. 1984. Development of spore and geametophyte in Liviope platyphylla
Wang et Tang. Journ. Jap. Bot. 59: 116-128.

Syira, M.M. and M.E. McCurLy. 1978. Enhancing aniline blue fluorescent staining of cell wall
structures. Satin Technology 53: 79-85.

TakuTaJaN, A. 1969. Flowering Plants: origin and dispersal. Oliver & Boyd, Edkinburgh.
(Authorised translation from the Russian by C. Jeffrey).

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

Toupa, H. 1971. Embryological study on Idesia polycarpa. Sci. Rep. Tohoku Univ. Ser. IV
(Biol.), 35: 231-237.



