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English Summary

Summary

Seed plays an important role in the sexual reproduction of higher plants. A
seed consists of a seed coat enveloping the endosperm and the embryo which
is the new generation of the plant. To understand seed formation,
differentiation, and maturation, three species, i.e. celery-leafed buttercup
(Ranunculus sceleratus L.), bean (Phaseolus vulgaris L.), and poplar
(Populus nigra L.), were selected for comparative cytological and
immunocytochemical investigations. Special attention has been paid to
embryo and endosperm development and to the configurations of the
microtubular cytoskeleton during these processes.

The embryogeny of celery-leafed buttercup belongs to the Onagrad Type.
However in this study, the pattern of embryo development appeared different
from the Onagrad Type. From three-celled linear proembryos, the basal cell
gave rise to a multicellular suspensor that exhibited limited development,
whereas the middle and upper cells formed the embryo proper. Therefore, the
embryo proper is not only formed by the apical cell but also by the sub-apical
cell. The endosperm occupies the greater part of the mature seed, and is filled
with lipid and starch. Endosperm cells surrounding the embryo suspensor
persist whereas those surrounding the embryo proper degenerate, indicating a
site-specific interaction between the endosperm and the embryo. The
distributions of wall ingrowths of the transfer type and multivesicular
structures are analyzed in relation to metabolite transport. Wall ingrowths are
abundant in the antipodal cells and point to the transfer of metabolites from
the apoplast to the symplast of the megagametophyte (Chapter 2). During the
process of seed coat differentiation the microtubular cytoskeletons of the seed
coat cells exhibit various configurations, functioning in cell and in the
formation of wall ingrowths of a non-transfer-type. During cell aging
microtubular organizations became disturbed in the seed coat cells (Chapter
4).

In bean, the embryo exhibits three cytomorphological zones: the embryo
proper, the suspensor neck zone and the suspensor basal zone. The
ultrastructure, including microtubular cytoskeleton, was analyzed. The results
indicate that the structural differentiation of the embryo zones is related to the
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English Summary

functional differentiation of the three zones. Also the microtubular
cytoskeleton is involved in the structural differentiation of the three zones. In
particular, it functions in the development of the shape of the embryo proper
and the suspensor. Taken the distribution of wall ingrowths in the embryo
into account, it is plausible from the structural point of view, too, that the
embryo suspensor functions in the transport of nutrients from the integuments
and nucellus cells towards the embryo proper (Chapter 3).

The endosperms of celery-leafed buttercup (Chapter 5), bean (Chapter 6)
and poplar (Chapters 7 and 8), all belong to the Free Nuclear Type which is
characterized by an initial coenocytic phase in which free nuclei are
distributed throughout the cytoplasm of the fertilized central. The coenocytic
phase is followed by cellularization, studied in detail in this work.. In the
process of cellularization, three sub-types of developmental patterns are
distinguished, i.e., the Peripheral Type as seen in e.g., celery-leafed buttercup
and poplar, the Lingering Type as seen in e.g., bean, and the Linear Type as
seen in e.g., sunflower. In the Peripheral Type, the free nuclei of the
endosperm surround the central vacuole and give rise to alveoli all around.
Cellularization proceeds centripetally. In the Lingering Type, the free nuclei
surround the central vacuole but the endosperm only forms alveoli in the
micropylar area, whereas the chalazal area remains free nuclear.
Cellularization proceeds from the micropylar side towards the chalazal side.
In the Linear Type, the free nuclei are only present in the micropylar area
where they gave rise to alveoli. Cellularization proceeds from here towards
the chalazal side. Endosperm development is investigated with special
attention to the process of cellularization. The Peripheral and Linear Types
belong to the synchronous cellularization type, and the Lingering Type is an
asynchronous type (Chapter 9).

Although tissue development proceeds differently, the process of the
nuclear endosperm cellularization starts with the formation of alveoli, and
proceeds by both alveolus formation and cell formation. The formation of
alveoli, termed alveolation, includes three steps: (1) mitosis-cytokinesis
derived and non-mitosis-cytokinesis derived cell plate formation in
internuclear spaces, (2) fusion of cell plates at the lateral sides of the alveoli,
and fusion of the extending cell plates with the wall of the fertilized central
cell, and (3) elongation of alveoli by the extension of the freely growing wall
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edges of the anticlinal walls at the side towards the central vacuole of the
central cell. Cellularization of the endosperm ends when the elongating
alveoli meet in the central part of the original central vacuole of the central
cell.

During the endosperm alveolation, the freely growing edges of the
anticlinal walls are associated with extensive MTs with mirror symmetric
organization with the respect of the wall plane. In the areas where cell plates
fuse, Y-shaped junctions of walls are usually formed. Here, populations of
microtubules run well parallel to the bisectors of the wall angles, forming an
axial symmetric, Y-shaped organization, too, staggering with the Y-shaped
walls (Chapter 6). The microtubules in mirror symmetric and axial symmetric
configurations form one phragmoplast covering the freely growing wall edges
of all the alveoli. Such phragmoplast is termed alveolar phragmoplast (a-
phragmoplast) in this thesis. It functions as a mechanically supporting
framework for cell plate growth throughout the process of alveolation. The a-
phragmoplast and the mitosis-cytokinesis related phragmoplast, termed m-
phragmoplast in this thesis, are characterized as functionally different
structures. It is suggested that the term phragmoplast should be maintained as
a general term for both types of phragmoplasts (Chapter 8).
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Chinese Summary

XE BKMNRGNAHEROMFLAERARERR
(=)

MFESSHEYAMLEEAPEEEEFR. cHMERASHMN
RAMBEEE, HPERF—KOEDMME. AXUER, REMK
MBRFAME, MRHFO~% SUNBERAIEHTTARFZNEE
AL F R B R

FHERNEBREZETBWHER. BEAXRET —HAREFHH
KBUNAEKREFLEE. BZHARER BEARLERSHAREENE
W mAARNhEARERLEETAREE. BEAETXERA
MK METHPEARSSHE. X5EEHNNAMPREETK
BEGHEXNAE. ERANEHERMHFD BRASBETHEXNDS
e, B XERELAMNER. FAARERFLARTERTF BER
EEBFEER RW XERTHEMEABEERAPHECESRYE.
AXEERAMBAMBHENS AEEHEREDOEH ZEH
KRBT THR. EREHAKRP KENARBERNERTTREDE
FRMEMEREZEANEHXRE ($25). MEEFALZBEBRES
i, M. Hif), RESREAHSHHER, FEATIEEBHARD
ARASFHNENARMTESER. ARERZEED, RESENA
AR EREESHRLHEXS (FEE).

RENEERH=ZITARESARANRE: BAk BEHIAXM
EHEX. WHEBREHEEREWNRNMARRE, EREXNIL
SXEAEMREZTHEX. HEBRSESX=/REKNEHIE H
o AR ESRARNARENENSEDUR EFRRENE
WERSEETPHARERRH#TTHR. XERRNBREHMERT
HEEFMEROINE (F=F).

FHER XENMKMRGHNEAZTERTHERE. £HHA
BRENMEE BRAFESEZMEHTHEANES. ARLIERZ
g AXHEANBBREHTTESHR. FERBREANZHRT
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SGAZANTE: mOR (FIMFHERMEMARS), TER (HW
KE) MELR PHlumBEE). ACEOERIAAREIERBRSZHR
BB ERA KA REF O EK. EIREN 2 S K0 M e
REHLGBFEME RRNEARFEFEEZKS, ARETIEHZKI
mEEREAR. ZENEAARESIEREAFBER THEKRTL
WA AR RARE AREEKARAGSRAR. @HOR
MERNBRTRSARLE MERHRERSUE (FAHE). ER
= FhEEFL40 A4k 26 B Y 3 B S R 40 AL BB 1L 98 LK 4 B B R T < AR
BRRAEMAFE. I—IBERY BEL". TEE=ITHE:
(1) AL4Mo R R LH M5 R AT ™% 40 MR FE&iE XK
(2) XEHRREBARERERFTHBSOARERSES SE~E£E
BHRam 3) XERMAENARREEAEETHEREENEREHAE
BEEANEOCHEAESEERK. XEERFHEHERKBNALTA
Rtk RANERESEUERARBEERAMNMNE BEKER
THEEPRAIESEMEMELER-

ERFEZHEED EAZMNABEKRGAFAETEORE
O XERERAUNARES AERKROEmARERRAOEE. EH
BEABEFREBAERARESH, v BHOMAMEBREA. HARE
BETT YVEENRATESER HESELEAMEMNIERN Y Fig
B, B85 "Y'RHARSBETHE 1/20AE (FXE). EREHHRLN
REMZTHESEMBEERAAREERE L, BR— 18 KEEE
~AXGEA AMEREE. AMUREGEA-TERAREEKER
MM ENEEENFEEEARZAHIEREER. 5 28K
AN, FLARIRPONBREERIPERA MERINEE".
Hig, AARKXMERS 22REEFH. £T6k, "HREE—
WEREEAR AR MBI KM G AR AR XIS MBY R
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