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THE 8TH INTERNATIONAL
SYMPOSIUM

- ON SEXUAL REPRODUCTION
IN SEED PLANTS,

The proceedings

These proceedings of the 8th International
Symposium  on  Sexual reprodﬁdion in Seed
Plants, Ferns and Mosses links up the previous
seven editions.

In 1968 Prof.Dr. M, Favre Duchartre took
the initiative to organize a symposium in
Paris entitled: "Colloque sur [es aspects
cytelogiques de la reproduction sexuele des
plantes avulees".

This was the beginning of a loeng row of
scientific symposiat Reims 1970, Siena 1972,
Nijmegen 1974, Reims [$76, Lublin 1980,
High Tatra 1982, each with a 'growing interest
from all countries of the world. Also in
Wageningen new colleagues were present
and many young scientists.

A symposium is a place of encounter, partly
ordered in a programm, but for an important
part running during the day.and evening.
Also at 1Hi§ symposium there were new
and renewed acquintances, Both the Rector
Magnificus of the Agricultural University,
Prof.Dr. C.C. Oosterlee in his opeﬁingspeech,
and Dr.r. H.,N. Hasseloo at the reception
of the Ministry of Agriculture and Fisheries,
menticned the value of fundamental research
on sexual reproduciion especially for plant
breeding and crop sciences. The location

of this sympesium at Wageningen has promo-
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FERNS AND MOSSES

ted these praciical aspects by visiting the
Uniyersity Depariment of Plant Breeding
and the Institine of Horticultural Plant
Breeding.

Compared with the preceeding symposia

there was increasing interest on male sterility,

incompatibilty and apomixis; the number
of presemations on mosses and ferns was
small. During the poster sessions the presenta-
tion of specialized often adapted methods
was manifest. Structural studies combined
Wi1h.h1510chémical, physiological or genetical
d‘a1a were very clarifying..

The programm covered the processes of
sexual reproduction from sporogenesis 1o
seed formation, a broad but essential scope.
In this large field of research nearly ail
participants showed progress in their special
field of interest by lectures, posters, discus-
sions and the exchange of reprinis. Altogether
the presentations and conlacts resulted in
a stimulus te continue this inferesting and
important field of scientific research and
applied aspects, not only by individual or
cooperative research, but alse through 1he
next 9th symposium in 1986- at Reims, conve-
nior  Prof. Favre-Duchdrtre, and in Siena
in [988.




Congress organization

The scientific program comprised three lec-
ture sessions with 29 lectures, three poster
sessions and poster discussions with 49 posters
and the film "Befruchtung und irlihe Entwick-
fung von Embryo und Endosperm beim Schnee-
glockehen (Galanthus nivalis)” by D.C. Erdelska.

The lectures and posters were placed in

three groupst

1. Lectures: Microsporegenesis, anther
and pollen development. This session
was divided in three parts. Chalrmen
of these parts were respectively:
Dr. E.G. Williams, Dr.Ir. H.J. Wilms
and Prof.Dr. L. van Went,

[.  Posters: Microsporogenesis, pollen
development, progamic phase and
incompatibility, The panel for the
noster discussion were composed of
Dr. H.G. Dickinson, Dr. W.V. Dashek,
Dr. F.M. Engels and Prof.Dr. H.F.

Linskens.

2. Megasporogenesis, ovary, embryo
sac development, incompatibility,
and fertilization. This session was
divided in four parts. Chairmen of
these parts were respectively: Dr,
$.D. Russell, Prof.Dr. W.A. Jensen,
Frof.Dr. L. Albertini and Dr. K, Larsen.

1. Fosters: megasporogenesis, embryo
sac  development and embryogenesis,
The panel of the poster discussion
ws composed of Prof.Dr. D.D. Cass,
Dr. 1. Bednara and Dr. J1.H.N. Schel.

3. Embryo and endosperm development.
. Apomixis and miscellaneous subjects.
This session was divided in two parts.
Chairmen of these parts were Prof.Dr.
E. Pacini and Prof.Dr. P.R. Bell,

L. Posters: repreduction in  mosses and

ferns, hybridization and applications.

The panel of the poster discussion
was composed cf Prof.Dr. P.R. Bell,
Prof.Dr. R. Hagemann and Prof.Dr.
M.T.M. Willemse.

In this proceedings volume both lectures
and posters are compiled in three groups.
I:  microsporogenesis, microgameiogenesis,
anther and pollen germination in vitro;
II: stigma incompatibility and pollen germina-
tion in vive; Il rmegasporogenssis, ovary,
embryosac development, fertilization, and

embryo and endosperm development.

Some contributions of colleagues, unable

to come, are added.

Members of the organizing commitiee were:
A.C. van Aelst, F.M, Engels, C.J. Keijzer,
AAM. van Lammeren, J.H.N. Schel, 3J.L.
van Went, M.T.M. Willemse and H.J. Wilms.

Technical assistance was given by: LB.A.
van Brakel, J. Cobben-Molenaar, J. Drijver,
Ir.  AJM. Groenenwegen, A.B. Haasdijk,
G.G. van de Hoef-van Espelo, E.J.L. Hotke-
Staal, P.A. van Snippenburg, E.P. van de

Wetering,

The following sponsoring organizations assisted
the symposium by making a major donation,
which is gratefully acknowledged:

Ministry of Agriculiure and Fisheries of
the Netherlands

Agricultyral Universily LH, Wageningen
International _Agricullural Cenire, LA.C.,
Wageningen

Royal Netherlands Academy of Sciences,
K.N.AW.

Royal Netherlands Botanical Society, K.N.B.V.
Philips, Eindhoven, the Netherlands

Algemene Bank Nederland, A.B.N., Wageningen




This proceedings volume of the 3th meeting
of plant embryologists links up the previous

editions, 1o begin with:

Paris 1968: Colloque sur les aspects cytologi-
ques de la reproduction sexuée des plantes
ovuies. Revue de la  Cytologie et Biologie
Végétale 1969, 32: 1-404.  ien Ka®e

followed by:

Reims 1970: Colloque sur les aspects cytologi-
ques des gametogénéses femelles et males
chez les Cormophytes. Ann. de I' Université
et de 'ARERS 1971, 9 1-237. 7.7 45+

Siena 1972: From ovule to seed: ultrastructur-
al and biochemical aspects. Caryologia 1973,
251 1314, T e

Nijmegen 1974: Fertilization in higher plants.
H.F. Linskens, ed., North Heolland Publ. Comp.
1974, p. 1-373, wwn 1§ 360

Reims 1376: Cytobiologie de la reproduction
sexuée des plantes ovulées. Builetin de la
Sociéié Botanique de France 1978, 125:
1-299. s 308030 TlentSouy

Lublin 1980: Proceedings of the VHh Inier-
national Symposium Advances in plant cytoem-
bryology. Acta Societatis botanicorum Polo-
nige 1981, 50: 1-356, Ve 104 % &g

High Tatra 1982: Fertilization and embryo-
genesis in ovulated plants. O. Erdelska, H.
Ciamporova, A. Lux, A. Petrova, I. Tupy,
Centre of Biclogical and Ecological sciences.
Institute of Experimental Biology and Ecology,
Slovak Academy of Sciences, Bratislava,
1983: 1-384.  tem 2 ([BLph
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PART 1

MICROSPOROGENESIS, MICROGAMETOGENESIS ANTHER AND POLLEN GERMINATION IN VITRO
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Part I: Microsporogenesis, microgametogenesis, anther and pollen germination in wvitro

Introduction

Spore  and microspore development, male
sterility, pollen tube formation in wvitro
and external influences on different
developmental stages are the main topics
of this part. Mainly ultrastructural
and biochemical methods are wused, in
some cases a combination of structural
and hiochemical approach 1is offered.
Some more or less new methods are des-
cribed as the use of fluorcochrcmes, immuno-
logical technics and quantitative measure-
ment of pollen. For applications the
study of male sterility and the use of
hybridizing agents are important in plant

breeding.

During the poster session the complex
guesticn abcut the genetic order and
program arises related to the various
developmental processes., Till now enly
Tew complete studies of anther and pollen
development, including +tissue interaction
are available. However, gradually progress
is made by compariscon, and the  impression
arises of a genetic order. in the major
steps, as induction of meiosis, isclation
of the meiotic cell by a special wall,
the spore formation, formation of storage
preducts and a resting period. When such
stages appear to be common steps in micro-
and megasporogenssis, perhaps a common
genetic base for the preduction of spores,
pollen and seed as dispersal organs can
be postulated. However, the development
cf spores, pollen and seed is also spe-
cies-gpecific and strongly dependend-
ing on the surrounding tissues and environ-
ment. in such an approach a comparison
between sporogenesis In  mosses, ferns

and higher plants is important *too and

can sustain a general view on spore devel-

14

,

oprent. In that aspect also links with
animal cells <should ke included. Also
the study of the normal process and the
exact estimation of the anomalies will
be very helpful to understand the study

of spore development.

On her way to Holland Dr. Williams from
Bustralia had a delay for 7 hours in
a KLM airplane. This situation stimulated
her to produce a number of limerics about
KLM. During the symposium this poetical
attitude was stjill present and so she

shortly summarized the situation:

The poster display it was fun.
¢ As Tfrom poster to poster we run

Sixtythree, sixtyfour -

and twentyfive more?

But I still haven't seen number

one

Therefore the proceedings will permit
the reader to run on his own way in his

own speed.




ULTRASTRUCTURE OF MEIOSIS IN THE MOSS ENTODON SEDUCTRIX

R. €. Brown and B. E. Lemmon

University of Southwestern Loulsisna, lLafayette, LA 70504 USA

Summary

The aim of this ultrastructural
investigation of melosis in the moss Entodon
seductrix wae to provide a comprehensive
account of nuclear and plastid inheritance
and to provide information cn the control of
division planes in plant sporogenesis. The
eventual cleavage planes are predicted by
aggregations of vesicles that mark the sites
where, following melosie, cell plates will
fuse with the sporocyte wall, Vesicle.
complexes and precoclous infurrowing of the
cytoplasm predict the future plane of
division as accurately as do preprophase
bands of microtubules known from mitosis in
parenchymatous plant tissues. Cytaplasmic
microtubules of the prophase system are first
associated with vesicles of the division site
and later comprise an extensive system
asgociasted with prophasic distribution of the
four plastids, one to each of the tetrad
poles.

Keywords: melosis, mlcrotubules, moss,
polarity, sporogenesis

Introduction

Previous studies on moss sporogenesis have
emphasized that the marked polarity exhibited
throughout sporogenesis stems from events of
meiotic prophase (Browmn & Lemmon, 1982a, b,
¢; 1983). Of particular importance is the
presence of a mechanism for the quadri-
partitioning of the single plastid in the
premeiotic sporocyte so that each haploid
spore recejves a single plastid in addition
to a nucleus. Migration of daughter plastids
to the future tetrad poles is a striking
manifestation of the establighment of
pelarity in woss sporocytes. From our
studies it is clear that the moas
sporocyte approaches the process of melosis
a8 a single event rather than as two
sequential divisions. The three polar axes
necessary for the two nuclear divisions are
established early in meiotic prophase.

Results and discussion

The nucleus migrates from a central
position to a peripheral position in the
synaptic stage and returns to a central
puosition in pachynema. The single plastid
undergoes two consecutive divisions early in
meiotic prophase and the four resulting
pPlastids move to the future telophase II
Poles prior to metaphase I, This pattern of

regular distribution of plastids, one to each
of the future telophase II poles, is
associated with an elaborate system of
wicrotubules. Typical preprophase bands of
ricrotubules are not assgociated with the
prediction of cleavage planes. Instead,
numerous vesicles develop in the planes of
cleavage furrows and there is reason to
suspect that microtubules of the prophasic
system are nucleated in this division site.
By late prophase, chromatin decondenses aund
the diffuse nucleus is ensheathed by a system
of microtubules that interconnects the four
plastids. The cytoplasm has become deeply
lobed around the tetrahedrally arranged
plastids and planes of the future post-
meiotic cytokinesis are clearly eatabiished
as deep furrows between the lobes. It must
be remembered that this cytoplasmic
prepatterning anticipates the second nuclear
division. In Entcdon, as in some other
mosses (Brown and lLemmon, 1982d) an organelle
band incompletely separates the cytoplaam
iato two portions. Following a brief
inframelotic interphase, the second division
apindles, with axes at right angles to each
other, form between pairs of plastids located
on either side of the organelle band.
Cytokinesis along second division equatorial
planes precedes septal formation in the
persistant meiosis T organelle band, Cleavage
along planes predetermined in early meilotic
prophase results in four tetrahedrally
arranged spores each with a plastid near the
distal surface and a nucleus proximal to it.
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CYTOCHEMICAL AND ULTRASTRUCTURAL STUDIES ON SPOROGENESIS

THICARPUM MITT.

1)

E. Chauhan & M. Lal

IN THE MCSS PHYSCOMITRIUM CYA-

Plant Cytochemistry and Ultrastructure Laboratory, Department of Botany, University of

Delhi, Delhi - 110 007, India

Summary

Present investigations comprise a com-
prehensive c¢ytochemical and ultrastruc-
tural study of wvarious stages of differen-
tiation in the woss Physcomitrium cya-
thicarpum Mitt., a member of Funariaceae.
Presence of a special non-callosic PAS-
positive sporocyte wall, moneplastidic
condition of the sporocytes, indications
of intense RNA and protein synthesis
in the archesporium, and marked histo-
chemical events in the cells of the specre-
sa¢ corresponding to the development
of the sporogenous tissue are some of
the interesting features recorded with
the help of quantitative and qualitative
histochemical techniques.

glectron microscopic studies have re-
vealed moncplastidic condition as a transi-
tory stage during sporogenesis. Alsc
studied are some of important aspects
of spore mother cell development, inter-
sporal septum and spore wall formation,
and the fine structural attributes of
the spore-sac which are parallel and
complimentary to the spore development.
Keywords:  cytochemistry, moss, sporo-
genesis, ultrastructure.

Material and methods

Capsules of various ages of P. cyathi-
carpum were excised from the leafy plants
and fixed according to conventicnal pro-
cedures for 1light and electron microscapy.
Paraffin-embedded sections cut at Tym
were stained with Pyrenin Y for the locali-
zation of RNA and with MBB for total
proteins. Cytophotometric observations
were carried out using a Reichert Micro-
photometer. Measurements were made at
550 nmm {for RNA} and 610 nm (for total
proteins) peak transmission of the inter-
ference wedge filter. The mean absorpticn
values were substituted in the plug-method
to determine the relative amounts of
chromophore per cell. Sections of 1.5
thickness cut from the Glut-Osmium fixed/
Durcupan embedded capsules were stained
with PAS and TBO reactions, for pectins,

and for «c¢allose. Ultrathin sections,
stained’ with uranyl acetate and lead
citrate were viewed and photographed

in Philips EM 300 at 80 kv.
1)

D-7900 Ulm, FRG
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Results and Diacussion

Barly stages of differentiation of
the sporogonium are characterized by
very active RNA and protein synthesis
in cells of the amphithecium and endothe-
cium. There is a high content of these
till the spore mother cell stage. The
mature SMC's show a single, elongated
plastid around the nucleus (monoplasti-
dy). The BSMC protoplast shows prominent
cytoplasmic pretrusions. The SMC wall
is intensely PAS-pesitive and reveals
toluidine blue metachromasia. The wall
alsc stains with ruthenium red but the
callose is absent. Thus, it seems that
the isoclation of the spore-mother cells
by callose walls may not be a stringent
premequisite for =naormal sSporogenesis
{Chauhan, 1981; ZLal & Chachan, 1982).
The 5SMC wall and the intersporal septum
are a product of the protoplast itself.
The protoplast reveals abundance of
‘smooth ER and golgi along the SMC mem-
branes.

Cytochemical and preliminary ultrastruc-
tural studies on the cells of the spore-
sac suggest that these may ke playing
a role 1in making available precursors
for the deposition of the perine coat
on the young spores as well as metabol-
ites for the development of the spores
themselves. Fine structural attributes
of* cells of the spore-sac are indicative
of their secretory nature, like those
of the secretory tapetum in higher -
plants. The ornamentation on the spores
seems to be excgenous, possibly of the
tapetal {spore-sac} origin.
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DISTRIBUTION OF PLASTIDS AND MITOCHONDRIA DURING SPOROGENESIS

IN EQUISETUM BYEMALE

J. BRednara and B, Rodkiewicz

Institute of Biology, Maria Curle-Sklodowska University, Akademicka 19

20-033 Lubklin, Poland

Summar

At the meiotic telophase I plastids
and mitochkondria of Equisetum aggre-
gate in an equatorial layer. It per-
sists until the telophase II, then it
is reshaped and separates postmiotic
cells., After formation of cellplates
plastids take the position in a dis-
tal part of each spore while mito-
chondria are distributed randomly.

Introduction

There are conflicting data on the
behaviour of cytoplasmic organoids in
sporogenesis of Equisetum (Lenoir,
1934, Jungers, 1934), Using an elec-
tron microscope we followed localiza-
tion of plastids and mitochondria in
meiosis and in spore differentiation
of Equisetum hyemale. Plastids of
its meiocytes contain starch grains
visible in squash preparations of
sporangia after PAS -reaction.

Results and discussion

During meicosis plastids and mito-
cthondria of Equisetum meiocytes
change their localization in a regu-
lar pattern (fig. 1 a-p). In the
early prophase they are randomly dis-
persed throughout cytoplasm. Some-
what later all plastids and mito-
chondria aggregate in a large group
close to the nuclear envelope (fig.
2). Later in prophase they disperse
again around the nucleus, but before
the metaphase I they form two groups
2% the opposite sides of the nucleus.
At metaphase and early telophase
plastids and mitochondria move to-
wards the equator of the meiocyte
where they congregate in a ring. At
the Ilate telophase I all these or-
ganoids occupy the equatorial plane
(fig. 3) separating the cell into two
parts. This aggregation of organoids
differentiates into three layers: the

Acknowledgements: We thank I,

Glelwanowska M. Sc.

middle one of closely packed mito-
chondria and two others, mostly of
plastids: . (fig, 4). The aggregation
remains until the late telophase 17T,
when it changes its shape and
stretches between telophase nuclei.
Later a cell plate is set up along
the middle of the mitochondrial
layer; plastids scatter in the cyto-
plasm, but aggregate again in the
distal part of the spore., When the
cell plate is completed, mitochondria
are randomly distributed in the spore.
Equatorial aggregation of organcids
has been observed in meiosis of a few
plants - from mosses to Angiosperms
{for references see Rodkiewicz et al.,
1984), This type of arrangement, ac-
cording to some authors, may ensure
apportionment of organoids among post-
meiotic cells, It may also play a dif-
ferent, not necessarily alternative,
role. All meiocytes with organcid
layers fTorm tetrads after simulta-
necous cytokinesis. Therefore 1t scems
possible that the layers substitute
cell plates and, at a later stage,
are related to cell plate formation,
Distal localization of plastids in
young spores of Equisetum precedes
the division into rhizoidal and pro-
thalial cells.
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Fig. 1. Equisetum sporogenesis + -mitochondrion
o ~plastid
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Tig. 2 Light mierograph of pro-
phase I meiocytes after
PAS reaction. Amyloplasts
gathered in one dense group
close to the nuclear envel-
ope.
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Fig. 3

Electron micrograph of
sporocyte in telophase I
stage., All plastids and
mitochondria arranged in
a band at the eguatorial
region of the cell.

Fig. 4

Mitochondria closely packed
and plastids in post telo-
phase band. ,




ANTHER DEVELOPMENT OF GASTERIA

C.J. Reiijzer

Department of Plant Cytology and Morpholegy, AU, Wageningen, The Netherlands

The developing anther of Gasteria verru-
cosa (Mill.) Haw. was investigated by
means of light and electronmicroscopy.
Some aspects of the development and behav-
iour of 1living anthers in situ had been
followed earlier by means of micromanipula-
tion (Keijzer, 1983). These observations
together lead to some functional relation-

ships and can explain the develcopment
of the living anther.
The two main geoals of a developing

anther are the formation andé the exposure
of mature pollen. The young Gasteria locule
consists of an epidermis, an endothecium,
one middle layer, a tapetum and a multilay-
ered sporogencus tissue. These strongly
differing cell layers appear to develop
on behalf of either the first or the second
goal, or both. Moreover interactions between
these tissues can be found besides the
ones that are already known.

The epidermis and the endothecium develop
somewhat comparable. Both layers are alrecady
vacuolated before meiosis and contain
chloroamyloplasts. &after the first pellen
mitosis the endothecium cells lose most
of this starch and form their characteristic
- wall thickenings. At the same time the
calls of both layers swell by vacuolatien,
causing the inward bending of the locule
wall, thanks to the inflexible inner tangen-—
tial wall of the endothecium cells. This
mechanism keeps the opened stomium closed
and works opposite to the well known outward
directed bending later on,

It prevents the loss of immature pollen
into the closed flowerbud.
shortly before the flower opens, the

epidermis enlarges its cuticular surface
by the formation of ridges on its outer
tangential wall. This enlargement enables
a very fast evaporation from epidermis
and endothecium, by which the anther dehisces
immediately after the flower opens.

The function of the single middle layer
is more difficult to explain. During anther
development 1its «cells are stretched in
tangential direction by which they are
flattened. Although this phenomenon is
often described as disruption, degeneraticn
tekes place only Jjust before anther de-
hiscence. MNext the degenerating fatty
cell content mixes with the tapetal remnants,
but keeps 'separated from the content of
the bordering, swollen endothecium cells.

The tapetum and the microspores interact
to form three final products: the mature
pellengrains, the pollenkitt and the orbkbicule

covered inside of the locule wall. The
amount of cyteplasm in the tapetum cells
increases during meiosis. The acetolysis

20

at’’ dehiscence.s ’

resistant structures,
the tapetal membranes and the exine {on
the microspores} arise gradually and syn-
chronously. After the microspores are
released from the callose wall, the tapetum
starts to degenerate. The plastids Ileose
their starch forming 1lipid-like drops
and fuse to form a part of the pollenkitt.
Next this substance fuses with the content
of the ER to form the pollenkitt. Shortly
before dehiscence the tapetal cells consist
merely of pollenkitt and some cell remants,
covered by the tapetal membranes with
the orbicules,

The first

being the orbicules,

visible spare substance of
the future pollengrains 1is presumably
the meictic callose wall, as +the main
pollen storage product, starch, is formed
immediately after the post-meiotic dissclu-
tion of this wall. After the first pollen
mitogis the amount of cytoplasm in the
vegetative cell increases, by which the
cell expands strongly. This expansion
is made peossible by the stretching of
the colporal region, less by the rest

_of the exine. Finally the swelling pollen-

grains press themselves intec the
and the middle layer remnants,

the pollenkitt finds its way capillary
inte the intercellulary spaces between
the pecllengrains and even between the
epidermis and the endothecium cells. 1In
this way the exines stick to each other
ahd to the orbicules and the tapetum mem-

tapetum
by which

branes. Sc¢ the pellengrains stay on the

locu%e wall after dehiscence, waiting

fdr a pollinator.
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ANTHER DEVELOPMENT AND POLLEN FORMATION IN CUCURBITACEAE

shridhar* and Dalbir Singh#**
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Summary

Development of anther and formation
of pollen graing were studied in 18 species
covering 14 genera and six tribes of Cucur-
bitaceae. The number of anther lcbes was
variable and they showed cohasion to vari-
ous degrees., The anther wall development
is of "dicotyledons type". The mature
wall compresis epidermis, fiberous endothe-
cium, 2 ephemeral middle layers and the
secretary tapetum. In TLuffa c¢ylindrica
alone tapetal cells formed periplasmo-
dicum in situ. Tapetal celis showaed enlarge-
ment, division of their nuclei and £fusion
of resulting nuciei.

Microsporeogenesis is normal and the
microspores are arranged in  tetrahedral
and isobilateral fashion in tetrads. Usual-
ly the micreospore nucleus is uninucleolate
but occasionally multinucleolate condition
occurred in L. eylindrice and Mukia scabrel-

leg. TEnucleate cytoplasmic nodules were
cbserved in developing wvacuclated pollen
grains of Cucurbita pepo, Trichosanthes
bracteata and T. dicica, a feataure hither-
to unknown to pollen grains.

Pollen grains are 2 celled at shedding.
Usually uninucleolate but rarely multi-
nucleolate vegetative nucleus was observed
in Dactyliandra welwitschii, Edgaria dar-

Dzevaltovsky et al. (1973} and Dzeval-
tovsky & Zhalalov (1976) have also reported
S-layered anther wall (including epidermis)
in Cucumis anguria and Mukia scabrella,
respectively.

The tapetum is secretary and the cells

bacome multinucleate [Castetter, 1926;
Passmore, 1930; Asana & Sutaria, 1932).
The multinucleate nature of the tapetal

cells in Cucurbitaceae has attracted the
attention of many workers who tried to
explain the mechanism by which this con-
dition has been attained.

In Tndia although a large number of
investigations have appeared on the origin
and development of female gametophyte
{Banerjee & Das, 1937; Chakravorty, 1947;
Singh, 1970) which cover a good number
cof plants from each tribe of the family,
studies on the development and structure
of anther and the male gametophyte are
scanty (Asana & Sutaria, 1232; Banerjee
& Das, 1937). The present study was there-
fore undertaken.

Materials and methods

Buds of all stages, youngest to open
fiower, of Momordica charantia, Citrullus
colocynthis, €. lanatus, Coccinia grandis,
Lagenaria siceraria, Cucurbita pepo, Luffa

jeelingensis, L. cylindrica and Tricho-

cylindrica, cyclanthera pedata, Sechium

santhes spp. Mature pollen grains were
found to be colpate, colporate and porate
and exine surface wvaried from reticulate
to spinate.

Keywords: dicotyledons, fibrous, ephemeral,

secretary, multinucleclate, cytoplasmic
nodules.
Introducticn

Tropical family Cucurbitaceae with 110

genera and 640 species {Willis, 1973)
is characterized by many distinctive morpho-
logical features. Chakravary (1959) record-
ed 34 genera and 108 species from India.
The embryclogical work on the family has
been summerised by Kirkwood (1204), Johan-
sen (1950}, Davis (1266) and Singh {1970).
The literature on the development of anther
and pcllen is scanty. Kirkwood ({1967}
reported, in addition to epidermis, three
wall layers in anthers of Micrampelis
and Cyclanthera and four in Cucumis and
Fevillea. Heimlich ({1927} observed four
parietal layers in Cucmis sativus.

edule, Trichosanthes anguina, 7T. bracteata
and T. dicica, T. lobata, Edgaria darjee—
lingensis, Ctenolepis garcinii, Dactylian-
dra welwitschii, Cucumis melo var. utilissi-
mus and Mukia scabrella were studied. Usual
microtome technigues were employed to
prepare double stained slides for study.

Ohservations

Anther lobes in the members of Cucurbi-
taceae vary from 5 (Mukia scabrella) to
18 (Coceinia grandis). In Cyclanthera
pedata, the whele androecium forms a cir-
cular disc with a central partition running
throughout the disc.

Development and structure of anther wall

The young anther comprises one to three
hypodermal male archesporial cells (Fig. 1)
differentiate at each of the sites destined
to form the pcllen secs. The archesporial
cell(s) divide periclinally feorming an
outer primary parietal layer and an inner
sporogenous layer (Fig. 1). The parietal
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cells underge periclinal as well as anti-
clinaldivisions forming outer and inner
secondary parietal layers (Fig. 2). The
latter enlarges and differentiates to
form the tapetum (Figs 2, 3, 4) whereas
the former redivides periclinally (Figs 2,
3). Of the two resulting layers the outer
undergoes one more periclinal division
{Fig, 4). Thus the parietal layer forms
in all four anther wall layers. The outer-
most derivative functions as the endothe-
cium, the innermost as the tapetum and
the remaining twce as the middle layers
(Fig. 4). The development of the anther
wall conforms te the "Dicotyledonous type"
of Davis (1966) and is summarised in the
scheme given below:

o.s.p.l._E[?‘ndothecium ten)
p.-p-1. _I iddle layer (ml)
0.5.p.1. tapetum {1}

The innermost wall layer forms the glan-
dular secretary tapetum (periplasmodium
in L. cylindrica) which is of dual origin.
To begin with the tapetal cells are uni-
nucleate but later on as the microspore
mother cells enter meiocsis, these cells
enlarge radially and become usually binuc—
leate, rarely polynucleate in M. charantia
{Fig. 5).

Microsporogenesis

The microsporogenesis follews a commen
pattern. The sporogenous tissue is usually
l-layered (Fig. 3). The cells undergo
a few mitotic divisicns and a mucileginous
wall 1s secreted around each cell. The
microspore mother cells unde&rge normal
meiotic division.

Microgametogenesis

The young microspore grows in size and
its nucleus is usually uninucleolate (Fig.
7), rarely the multinucleolate condition
is observed in L. c¢ylindrica (Fig. 9)
and M. scabrella.

An interesting phenomencn, hitherto
unreported ' in pollen grains, is the forma-
tion of enucleate cytoplasmic nodules
observed in the pollen grains of Cucurbita
pepe, T. Dbracteata and T. dicica. The
nodules are chserved as small ballcon-like
outgrowths from the inner lining of the
cytoplasm into the large central vacuole
(Fig. 11).

The nuclets of the microspore divides
te form a large vegetative and a small
lenticular generative cell. The vegetative

nucleus which is usually uninucleclate
IFPig. 8) Dbecomes multinuclenlate during
the maturation of ©pollen grains in L.

cylindrica (Fig. 10} and in 4 other plants.
1
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Figs 1-11: Figs 1-5: Momcrdica charantia.
Fig., 1: T.s. of anther portion showing
twe archesporial cells; Figs 2-4: same
showing formation of wall layers and micro-
spore mother cell; Fig. 5: T.s. part of
anther. Note the degeneration of the inner
middle layer and 2 or 3 nucleate tapetal
cells. Figs 6, 7, 8: Citrullus lanatus.
Fig. 6: T.S. part of mature anther wall;

Pigs 7, B: one and two celled pellen grain
respectively., PFigs 9, 10: Luffa cylindrica,
pcllen grains showing multinucleate con-

dition in microspore nucleus and vegetative

nucleus, respectively. Fig. 11: Cucurbita
pepc: uninucleate pollen grain showing

enucleate cytoplasmic nodules.
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Discussion

The present study on 18 species of the
cucurbitaceae gives the first comprehensive
account of the anther wall development
and structure in the family. The develop-
ment of the anther wall follows the "Dicot-
yledonous type" and the anther wall is
of 4 layers. The inner middle layer de-
generates scon after its formation. This
may account for the observation cof only
3 wall layers in Cylanthera and Micram-
pelis by Kirkwood (1907). The endothecium
develops the characteristic fibrous thicken-
ings.

Periaswamy & Swamy (1966} have reported
that the tapetum is of dual origin in
angiosperms. This 1is confiremd in the
present study also. Initially the tapetal
cells are uninucleate but they become
binucleate in all the taxa investigated
presently. The tapetum is secretary and
in L. cylindrica alone it forms & peri-
plasmodium which is - absorbed while in
situ. Turala (1958, 1963) has asserted
that the tapetum remains uninucleate through-
out in 7 members studied by her and that
further differentiation is attained@ through
endomitosis. This is in contrast to our
observations which have c¢learly shown
that the cells become usually Z-nucleate
in all the taxa.

An interesting and hithertc unrecorded
feature 1is the {formation of enucleate
cytoplasmic nodules in the uninucleate
pollen grains in C. pepo and Trichosanthes
spp. The nodules arise from the inner
lining layer of the cytoplasm and buldge
inte the large central wvacuole of the
uninucleate pollen grains. Such cytoplasmic
nodules have been recorded in the endosperm
of many plants belonging to dicotyledons
and monocotyledons (see Singh, 1964).
The significance of the cytoplasmic nodules
aven in endosperm development remains
disputed. Singh (1964} consider it an
active method of endosperm growth helping
in the obliteration of the central vacuole.

Another interesting feature in pellen
grains 1is the multinucleoclate condition
of the micrespore nucleus and vegétative
nueleus in some of the investigated members.
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Introduction

The present report, ultrastructural, cyto—
chemical and radicautographic study of mi-
crospore and pollen grain development in
Rhoeo discolor (Commelinaceae) is a part of
our team research devoted to the study of
microsporocyte and tapetum (periplasmodial)
development and the interrelation of these
two tissues,

Observations
Microspore protoplasm

After the lysis of the special callosic
wall surrounding the tetrad, the young mi-
crospores with a central nucleus (stage 1)
are separated ; approximatively 20 Z of mi-
crospares are fertile. During the maturation
of microspores, the narrow zone of cytoplasm
which is crushed between plasmalemma (close
to the sporoderm) and vacuolar tonoplast
contains an increasing density of ribosomes
and polyribosomes. Themitcchondria swell, the
RER profiles with numerous ribosomes attached
multiply and the diameter eof the peolysaccha-
ridic granule increases from microspore sta—
ge 1 (1-2 ym) to premitotic stage (1,5~
3,5 um). But, the number of dictyosomes re—
mains peor.

At the beginning of microsporéimaturation,s'

its cytoplasm stains deeply with Fast Green
FCF (basic preteins). During the period of
maturation, there is a slow incorporation of
several precursors (3H-uridine and 3H—0yotic
acid : RNA ; JH-arginine : histones ;
3H-leucine : total proteins) and a low in—
corporation for the 3H-tryptophane (non-
histone proteins) into the auclei and ecyto-
plasm of microspores. The cytoplasmic label-
ling with 3H-proline and 4C—hydroxyproline
(the amino-acids often lied with glycopro-
teins} is moderate in the young microspores
and it decreases during further development.
The JH-glucose is mainly incorperated into
the inscluble polysaccharides, in relation
to the amylogenesis as previously observed
by TEM.

Pollen protoplasm

In the young pollen grain, the hemisphe—
roidal wall that geparating the vegetative
cell (VC) and the generative cell {GC) is
attached to intine and it is Thiery-positive.
At the juvenile stage this fine wall contains
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callose, cellulose and pectic compounds but
after there is a progressive loss of the
pecto-callosic compounds. When the detachment
of GC from intine proceeds , the VC and the
GC are separated by their plasmalemma.

The nucleus of the VC is bighly convoluted
and thereis ahigh densityof organelles in
the vegetative cytoplasm ; particularely,
dictyosomes, mitochondria and lipidic glo-
bules (in the VC, the neutral lipids ave
strongly stained by Sudan black and acidic
lipids by Nile blue). After the pre-mitotic
amylolysis, amylogenesis occurs which renews
the polysaccharidic granules of amyloplasts,
During the early period of pollen, GC con-
tains the same organelles as that of VC but
the density is lower. At the mature stage of
the gwo-celled pollen grains, the generative
nuc¥eus is horseshoe shaped and it occupies
the major part of the GC.

A flash-labellingwith 3H-uridine (RNA) for
isolated pollen grains marks firstly the ge—

.nerative and vegetative nuclei. Fer the long

period of precursor supply, the VC is more
labelied both in its cytoplasm and nucleus ;
the incorporation of JH-uridine into vegeta-
tive cytoplasm can be associated with the
multipiication of its RER profiles.

The vegetative cytoplasm strongly incorpo-
rates the 3H-glucose, 4H-acetate {(neutral
lipids) and 3H-choline (phospholipids with
choline), these activities cerrespond to the
amylqgenesis, the increase of lipidic glebu-
lés and the cytomembrane multiplication,
respactively.

Sporodern

The main part of exine is built under the
callosie wall. The presence of white-lines
in the inner part of the protoexine indica-
tes the role of plasmalemma in the exine de-
velopment. After the breaking up of the te-
trad, the exine reacts positively to the
lipid reagents but only the exine of the
fertile microspores Incorporates the lipid
precursors, particularely the l4c-mevalonate
(carotenoidic lipids).

Intine which is deveid of callose, is po-
sitive for PAS and Thiery tests. It contains
a lot of acidic pectic compounds (whith free
—COCH) inthe outer layer and pecto-cellulosic
compounds in the inner layer. When the thick-
ness of intine increases, the sporoderm of
the fertile microspores (from stage 3) and
pelien grains incorporates the 3H-myo-
inositol.
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Summary

The ultrastructure of pollen grain
development in the olive is described from
archesporium differentiation to pollen
shedding. A particular emphasis is given to
the relationships between tapetum and
meiccytes/microspores/pollen grains, and to
some cytological events. Also the presence
of anomalies 1is described from the
ultrastructural point of view.
Key words: Olea europaesa, pollen grain
development, anther tapetum.

Introducticn

The ultrastructural features of some
aspects of pollen grain development 1in
olive (0lea europaea L.}, i.e. the tapetum
development (Pacini & Juniper, 197%b;
Pacini & Casadoro, 1981}, the formation of
sporophytic proteins in correspondence to
the pores (Pacini & Juniper, 197%9a), the
sporoderm pattern in some cvs. (Pacini &
Vosa, 1979), the mairn anomalies at the L.M.
(Pacini et al., 1978), have already been
described. 1In this paper we intend to
complete the missing sections of the
ultrastructural description, together with
polien ancmalies.

Materials and Methods

0live anthers were collected, fixed,
embedded, cut, stained and observed as
previously described (Pacini & Juniper,
197%a).

Results and Discussion

Pollen grain development is the result of
an interaction between two tissues, which
appear after archesporium differentiation,
namely the microspore mother cells (mMC)
and the tapetum. This interaction is
explained in Fig. 1, which refers to the
chservations at the E.M. level. In this
figure all the steps leading to pollen
ripening are represented, starting from
archesporium differentiation. This whole
Process occurs in abeut seventeen days.

1

Tapetum cooperates in the pollen grain
develcpment producing: 1} nutritive
substances, 2) control substances
(callase), 3) sporopollenin precurscrs and
orbicles, 4) substances to be deposited on
pellen grain surface e.g. tapetal prints,
sporophytic  proteins and  pollenkitt.
Tapetal protopast volume (detected by
cross-sections) increases up to the early
microspere stage, fcllowed by tapetal
degeneration in correspondence to pollen
first haploid mitosis. Also volume and
number of mitochondria and undifferentiated
plastids (at last beceming elaioplasts)
continuously increase up to pollen first
haploid mitosis, whilst free and ER
ribosemes, and ER cisterns, reach the
maximum at the mid-microspore stage; then a
little decrease 1is detectable, before
degeneration occurs. As the result of their
degeneraticn, tapetal cells are transformed
in round lipidic masses, which before
dehiscence will cover the grain surfaces
(pollenkitt).

After archesporium differentiation, but
before the first meiotic prophase, mMC are
connected to cne ancther and to tapetal
cells by plasmodesmata. During leptotene
plasmodesmata between mMC and tapetum
disappear, whilst some connecting mMC
between themselves seal and some others are
transformed in cytomictic channels; these
channels close during interphase.

The callosic wall starts developing
around meiocytes during zygotene, and is
completed at diplotene; at the mean time
mMC, firstly polyhedral, become round, and
the locular fluid is formed. During the
first and the second meiotic prophases,
some nucleoloids are formed: these are
accessory nucleoli and are released in the
cytoplasm during the first and the second
karyokinesis (Dickinson & Heslop-Harri-
son, 1977). They are detectable in the
mierospore cytoplasm wup to the mid
microspore stage, and probably originate
new ribosomes (Fig. 2).
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Meiosis leads to the ‘formation of
tetrahedric tetrads and the callosic wall
is formed centripetally after the second
meiotic division. As soon as microspores
are isolated from cne another, primexine is
laid down, showing all exine components,
with the exception of endexine (Fig. 2).
After the dissolution of the callosic wall,
the free microspores rapidly change their
shape and become round; a sharp increase in
the equatorial diameter occurs during the
early and middle microspore stages (Fig.
3), followed by a slight increase in the
late microspore stage and the two celled
stage: when pollen is shed, grain diameter
is more or less the double than that cof the
single microspore inside the tetrads (Fig.
3). Olea europaea microspores do not
increase very much , if compared with other
species (Heslop~Harrison, 1972).

Exine 1is completed before the mid
microspore stage, but the tapetum still
produces sporopollenin precursors, up to
the first haploid mitosis, when coreless
orbicles start tc appear. Other cytological
events during the middle and the late
microspore stages are: microspore
vacuolization, followed by the formation of
new cytoplasm and ribosomes; the first
amylogenesis, with few small starch grains
per plastid (these grains are hydrolized
just before the first hapleid mitosis); the
formation of ER stacks from the nuclear
membrane, which migrate towards the pores
and, according to Pacini & Juniper (1979a),
are probably responsible for the
gametophytic proteins deposited into the
tubules of poral intine.

The first hapleid mitosis is
asynchronous, lasting about three days, and
is folleowed by a new vacuclization, and by
a new wave of starch depositien in
plastids. Starch in this second
amyleogenesis is more abundant than in the
first one, and it is cumulated in one
single big grain per plastid (often a
composed grain). As reported by Pacini et
al. (1978) in some cvs. this starch 1is
hydrolized before pollen shedding, whilst
in other pollen is shed starchy.

As far as morphological anomalies are
concerned they have been glassified (Pacini
et al., 1978),in four groups:

1) macro and micro-grains;

2} pollen grains not separated but connect-
ed by a cytoplasmic bridge;

3) pollen grains with irregular pores or

1

more than three pores;
4} pollen grains germinated inside anthers.

At the ultrastructural level, both micro
and macro-grains may be empty or full of
cytoplasm when shed, as they derive from
meiotic ancmalies. It is remarkable that
sometimes macro-grains contain tWo
generative cells, These anomalies are
generally also linked to the presence of
irreqularly placed pares, and macro-grains
pores are often four or more.

Wher pollen grains (two pollen grains,
and sometimes four) are connected by
cytoplasmic bridges (Fig. 4), they might
derive either from two adjacent tetrads,
where cytomictic channels between the mMC
were not sealed off during the meiotic
interphase, or from two microspores of the
same tetrad, not completely separated after
the second meiotic division {the callesic
wall is incomplete and perforated - Pacini
& Cresti, 1977). 1In these twin grains
cytoplasms are continuous, and plastids
behave in the same way, whilst in adjacent
microspores/grains their development 1is
slightly asynchronous in the amyloge-
nesis/amylolysis.,

Dehiscing anthers (in seven cvs. out of
the forty-eight observed) often contain
pre~germinated grains. The hypothetical
causes and the ultrastructural features of
this anomaly have already been discussed
(Pacini & Franchi, 1982).
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Summary

The effect of cold (4°C) on the level of
the incorporation of “H-proline and 14c-
hydroxyproline into the nuclear, cytoplasmic
and wall proteins of microsperocytes, tape-
tum and anther connective during microsporo-
genesis has been studied in Rhoeo discolor
Hance, a plant sensitive to chilling stress.
The cold treatment was applied to the exci-
sed inflorescences either during or after
labelling whereas the controls were labelled
at 22°C.

Keywords cold treatment, 3H—proline,
3B-hydroxyproline, radioautography, micro—
sporogenesis, Rhoec discolor.

"Introduction

Rhoeo discolor Hance, a plant which is
characterized by 2z melosis with a phenomenon
of catenation and by a plasmodial tapetum,
is sensitive to chilling stress. Recently,
we have studied by radiocautoradiography, the
effect of celd (4°C) on protein synthesis in
micresporocytes and tapetum of R. discolor
by using 3E-leucine (3H-LEU}, 3H-arginine
(3H~ARG) and 3H—tryptophane (3E-TRP)
(Albertini and Souwré&, 1983).

It is known that pollens contain high le-—

vels of free proline and of proteins rich in .

preline {Zhang Hong-qi, Croes and Linskens,
1982}, The glycoproteins of plant cell walls
contain hydroxyproline {(Lamport, 1977) pro-
duced by the hydroxylation of proline
(Chrispeels, 1970). Furthermore, proline me-
tabolism undergoes wide modifications when
the plants are chilled {Dashek and Erickson,
18581).

The present paper reperts the influence of
cold on the 3H-PRO and 14C-HYP incorporation
into the proteins of nucleus and cytoplasm
of microsporccytes and tapetum and into the
cell wall proteins of connective during mi-
crosporogenesis in R. discolor. The present
data are discussed with some of the results
of our previous work and of the literature.

Material and methods

The different stages of the microsporoge—
nesis of R. discolor Hance have been pre-
vicusly described (Albertini, 1970). The in-
corperation of JH-PRO and l4C-HYP inta the
excised inflorescences of R. discolor was
monitored as previcusly described (Albertini,
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1970). The effect of cold (4°C) on amino—
acld incorporation in the microsperocytes,
tapetum and connective of anther has been
studied by comparing the incorporation data
obtained from anther sets treated differen—
tly : 18t get : 24 h labelling at 22°C
(contrel 1) ; 20d get : 24 h labelliing at
22°C followed by 48 h incubation without
radiotracer at 4°C ; 3rd set : 24 h label-
lingat 22°C (l4C-HYP) followed by 48 h incu-
bation without radiotracer at 22°C (control
2} or 24 h labelling at 4°C (3H-PRO). The
anthers fixed by ethanol-acetic acid 3/1,
then embedded in paraffin, were sectionned
(8 um) and treated by Ficq's (1961) radicau-
tographic technique (Ilford nuclear emulsion
in gel form, K2 type for 3H-PRO and G5 type
for 14C-HYP ; time of exposure in dark room:
1 month for 3E-PRO and 15 days for l4C-HYP).
Before mounting, the sections were stained
with methyl green-pyronin,

The total activity of a given cellular
structure was determined as being the number
of silver graius, counted over this structure.
Each result in Table 1 is the average value
cbtained after counting the pumber of silver
grains over 15-30 nuclei, cytoplasms or wall
porticns at a given stage.

Results (Tables | and 2)

a) 24 h labelling at 22°C (control 1)
. ¥

Pollen mother cells {PMC) and microspores:

The determinations carried on control 1
corroborated earlier results obtained with
3H-1EU, 3H-ARG and 3H-TRP (Albertini, 1970,
1975 ; Albertini and Souvré, 1983) : the in-
corporations of 3H-PRO and l4C-TYP into PMC
nucleus and cytoplasm were high during the
premeictic resting stage (PMR), then decrea-
sed markedly during the meiotic prophase and
remained moderate to low until the end of
meiosis and through the tetrad stage and mi-
crospore stages l=4, The nucleolar activity
was very high during the PMR, then decreased
markedly (40 Z) at wid-synizesis before va-
nishing at the beginning of the zygotene
stage. During PMR and synizesis, the primary
wall proteins of PMC has not incorporated
38-PRO and !4C-HYP but the PMC wall was la-
belled from zygotene/pachytene until the end
of division I (during the formation of calle—
aic special wall). The callesic wall sur-—
rounding the tetrads did not incorporate the



radiotracers but the penetration of these
radiotracers into the tetrad cells occurred
as there were silver grains found over the
cytoplasm and nucleus. The activity of mi-
crospore sporoderm 1s significant from mi-
crospore stage | to stage 4.

Tapetum :

The incorporation of 34-PRO and 14c-uyP
into the nuclei of tapetum at different sta-
ges {meiosis, tetrad formation and microspo-
re stages 1-2) was relatively moderate when
compared to the incorporation of 3u-1E0,
3H—ARG, 3H-TRP (Albertini, 1970 ; Albertini
et al., 1983). During the maturation of mi-
crospores, the incorporation of precursors
into tapetum nuclei progressively decreased
and finally was close to zero just before
the division of microspore. The cytoplasmic
activity of the tapetum (periplasmodium) in-
creased during meiosis, became high beyond
the pachytene stage and reached a maximum at
the tetrad stage (Tables 1 and 2).

Cell wall of anther connective :

From premeicsis until the end of microspo-
re stage 2, the cell wall and the narrow cy-
toplasmic film bound to the wall incorpora—
ted more stromgly the 3H-PRO (104 to 120
silver grains per 100 pm length of cell wall
section) than the !4C-HYP in the anther con~
nective. Then, the incorporation of these
precursors inte the cell wall progressively
decreased and became zero at the stage of
young pollen grain.

b) 24 h labelling at 22°C followed by 48 h
incubation without radictracer at 22°C
(contrel 2 ; lic-HYP : Table 2)

The level of l4C-HYp incorporaticn obser-—
ved into the different celiular structures
was more often equal or even superior (PMC
nuclei during meiotic prophase ; commective
cell wall) to the level of incorporation of
the control 1 (24 h labelling at 22°C). This
can be explained by the prolonged presence
of the radiotracer in the anther tissues and
more especially in the vascular tissue of
connective.

c) Inflorescences cold treated at 4°C

When the inflorescences were treated by
cold (4°C for 48 h) after the radioactive
precursor supply, the incorporation of ra-
diotracer into the nuclei and cytoplasms of
PMC and tapetum and into the connective cell
wall more often markedly decreased when com—
pared to the controls | (Tables 1 and 2) and
2 (l4c-HyYP) : Table 2). The 3H-PRO labelling
of connective cell wall was very sensitive
to cold as well during the meiosis as during
the microspore development : the observed
reduction of labelling wés always above 73 %
and even reached 100 % at microspore stage 2
(Table 1). A marked reduction of wall label-
ling by JH-PRO and l4C-HYP was also observed
in the PMC wall (from zygotene-pachytene un-—
til the end of division I) and in the sporo-
derm cof microspores during the stages 1 to4.

When inflorescences were treated by cold
during the entire peried (24 h) of 35-7PRO

Table 1. Distribution of radicautographic silver grains over nucleus and cytoplasm (in brac-—
kets) of microsporocytes and tapetum and also over connective cell wall following 3g-proline
(20 uCi/ml) incorporation into execised and chilled inflorescence of Rhoeo discolcr Hance.

PMR Syn. D.M. T Mo Mg
[ % (24 h at 22°C) 59(31)  29(28) 10 (8) 4 (8)  5¢19)  2(i6)
PMC # (id.) then 48 h°at 4°C  26(12) 10 (5) & (8) 1(2 0@ 1
| % during 24 h at 4°C 6 (8)  2(2) 1 {1y 0 (2 1¢(2) 0 (3)
(% (24 h at 22°C) 9(32) 15{62) 5 (5) 0 (0)
Tapetum # (1d,) then 48 h°at 4°C 5(22) 4(25) 0.(0) 0 (0)
‘ | % during 24 h at 4°C 1 (5)  2(18) 1(5) 0 (2)
]
c . [% 41 at 22°¢) 115 - 104 120 60
! onnective
(100 um of | % (id.) then 48 h®at 4°C 1 - 27 0 11
cell wall) | o quring 24 h at 4°C 16 - 17 17 5

% = incorporation of radiotracer ; 48 h° = 48 h imcubation without radiotracer.

Abbreviations : PMC : microsporocytes, PMR = premelotic resting stage, Syn. = synizesis,
D.M.| = diakinesis to metaphase 1, T = Tetrad, My = microspore stage 2, M4 = microspore
stage 4.
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Table 2. Distribution of radicautographic silver grains over nucleus and cytoplasm (in brac-
kets) aof micresporocytes and tapetum and also over commective cell wall following MC-—hydro—
xyproline (4 pCi/ml) incorporation into the excised and chilled (or not chilled) inflores-—

cences of Rhoeo discolor Hance.

PMR Sym. D.M.] T Mo My

(% (24 b at 22°C) G Gm o o+ ++
eMC % (id.) then 48 Wac 22°C 1% (11 (:i;+ (:ﬁii) e

[ % (id.) then 48 W0at 4°c L (:f::) (:§+ e o[+

[ (24 b ar 22°C) (::++) (::++) (:++) (:+)

Tapetum | % (id.) then 48 h°at 22°C ) ) ) 0

| % (id.) then 48 h"at 4°C () e et ()

% (24 h at 22°C) + + + + + +
Qomective| 4 tmendgWat22°c ¢ £+ s e
% (id.) then 48 h’at 4°C -/+ + + Al A -

# = incorporation of radictracer ; 48 h° = 48 h incubation without radiotracer.

See Table 1 for abbreviations

=~ = no labelling, —-/+ = very paor labelling (0 to 2 graims), + = poor labelling (2 to 10
grains), ++ = moderate labelling (10 to 20 grains), +++ average labelling (20 to 40 grains),

++++ = strong labelling.

The labelling of My and M, (PMC) correspond to the whole microspores.

supply, the level of incorporation into the
nuclei and cytoplasms of PMC and tapetun and
into the connective cell wall was markedly
decreased with respect to the control 1 (the
activity loss most often ranged from 70 to
80 Z). The activity of PMC wall (betweén the
zygotene and the end of division I} and of
sporoderm of microspores at stages 1 to &
was low or zero.

Remarks and discussion

The present results are.to be comparedwith
the data of our earlier experiments on the
incorporation of 3H-LEU, JH~ARG and 3H-TRP
(Albertinl and Souvré, 1983) and 3Y-orotic
acid (Souvré and Albertini, 1978) into PMC
and tapetum of Rhoeo discolor and to be dis-
cussed in the light of the data available
from literature.

At 22°C, the general trend of incorpora-
tion of JH-PRO and JH-DYP into PMC and mi-
crospores runs parallel with that of 3B-LEU
and more especially with 3H-ARG (the H~PRO
incorporation into PMC is moderate but it is
significant from the beginning of zygotene
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teo the young micrespore stages the PMC 1la-
belling then represents 13 to 26 % of the
PMC fctivity at PMR). At 22°C, 3H~PRO and
L4C-HYP were still significantly incorpcra-
ted inte the proteins of cytoplasm and spo-
roderm of old microspores ; this result is
to be related with two facts : 1°/ pcllen
proteins contain PRO (Zhang Hong-qi et al.,
1982), 2°/ tryphine which coats the pollen
exine, contains antigenic proteins {Knox,
1971) that are rich in PRO {Underdown and
Goodfriend, 1969). At 22°C, the pattern of
incorporation of 3H~PRO and !4C-HYP into the
incereasing periplasmodium (from the zygotene
to the tetrad stage) was similar to that of
3H-ARG and 3H-TRP (Albertini, 1970, 1975 ;
Albertini et a2l., 1983) ; on the other hand,
during the senescence phase (after the te-~
trad stage) the periplasmodium incorporated
less actively l4C-HYP and especially 3H-PRO
than 3B-LEU, 3H-ARG and 3H-TRP (Albertini et
al., 1983) into its proteins.

"“When the cold treatment (4°C) was applied
during the 3B-PRO supply, in PMC (at PMR or
meiotic prophase) and in expanding or fully
developed periplasmodium, only a small but



1 s gignificant amount of the radiotracer (7 to

| 27 %) of the control | radioactivity) was

: incorporated in the nuclear and cytoplasmic
proteins (Table 1). Under similar conditions,
no RNA synthesis could be detected when 3H-
-orotic acid was used as a precursor (Souvré
et al., 1978). The latter two results sug-
gesE_that the RNAs present in the cell befo-
re the action of celd (particularly the long-
lived mRNAs detected for example in Trades-—
cantia pollen by Mascarenhas (1966)) are
able to induce at 4°C a low, but significant
protein synthesis in the PMC and periplasmo-
dium considered.

At 22°C, in the anther connective, the
cell wall and the narrow cytoplasmic film
bound to the wall have incorporated signifi-
cant amount of SH-PRO and l4C-BYp 3 but a
reduction in the level of incorporation was
chserved when the inflorescences were expo—
sed to celd after the applicaticn of the ra-
dioisotopes. The wall proteins might have
undergone the preccess of proteolysis, and the
less of proteins in partially compensated by
a gubstitution synthesis as indicated by the
results concerning the effect of cold during
supply of 3H-PRC (Table 1). Although
R. discelor is a plant sensitive to chiliing
stress, the results presented here could be
related to those of Kacperska-Palacz,
Jasinska, Sobczyk and Weislinska (1977) who
noted, in the cold-teolerant winter rape, an
increase of free PRO resulting from the pro-
teolysis induced by cold and, more precise-
ly, to those of Rochat and Therrien (1976) ;
according to these two authors, there would
be a lysis of the wall HYP-glycopreoteins
with the release of PRO"as & result of dehy-
droxylation of wall HYP.
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BIOCHEMISTRY OF POLLEN PIGMENTATION

R. Wiermann

Botanisches Institut, Minster, Federal Republic of Germany

Summary

Pollen pigmentation is highly variable and
is generally due to the accumulation of caro-
tenoids and/or flavoncids such as chalcones,
anthocyanins and diverse flavonolglycosides.
The anther tapetum plays a crucial rele in
the accumulation of these substances. This
was demonstrated by enzymclogical and immuno-
histochemical studies.

Keywords: polTen pigmentation, phenylpropa-~
noids, enzyme localization, anther tapetum.

Introducticn

Pallen pigmentation, which is highly vari-
able, is generally due to the accumulation of
carotenoids and/or flavonoids such as chal-
cones, anthocyanins and diverse flavonclgly-
cosides. (Stanley & Linskens, 1974).

As part of a study of the biochemistry of
pollen pigmentation, the role of the anther
tapetum in the accumulation process of phenyl-
propanoids was investigated. If the accumula-
tion of these substances is regulated by the
tapetum cells, enzymes involved in their bio-
synthesis should be located in the tapetum,

Results and discussion

Experiment 1

The contents of anthers were:sgueezed out .
in a buffer/sucrose medium and were seperated
by filtration into polTlen and.tapetum frac-
tions for determination of enzyme activities
involved in phenylpropancid biosynthesis.

The highest specific enzyme activities -
with the exception of chalcone-flavanone iso-
merase ~ were chtained with the tapetum frac-
tion. The pollen fraction exhibited only Tow
activitias (Herdt et al., 1978).

Experiment 2

In order to study the distributicn of rele-
vant enzymes within the anthers, specifically
in the tapetum cells, the tapetum tissue was
isotated by the use of hydrolytic enzymes and
was seperately analysed for comparisen with
polTen and the other anther tissue.

The results demonstrate that a high specific
PAL activity is located in the tapetum tissue.
The pollen and other anther tissues contain
only marginal activity (Table 1; Rittscher &
Wiermann, 1983).
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Experiment 3

The Tocation of enzymes of phenylpropanoid
metabolism was studied using antibodies a-
gainst chalcone synthase (CHS) and phenyla-
lanine ammonialyase (PAL) in immunohistoche-
mical assays.

After Jncubation of cress sections of tu-
Tip anthers with antibedies directed against
PAL and CHS the most intense fluorescence
was seen in the tapetum cells (see Kehrel &
Wiermann, in press).

Table 1. Distribution of PAL activity 1in
different anther tissues (1: whole anther,
2: anther sections without pollen, 3: rest
of the anther after squeezing the loculus
mq}eria], 5: pollen, 6: tapetum ceills.

F

PAL activity (ukat/kg protein)
1. 2. 3. 4. 5. B,

33,6 34,7 31,1 9,7 - 755,5

From these experiments one can conclude,
that the enzyme of phenylpropancid metabo~
1ism are predominately localized in the ta-
petum celis. The tapetum thus plays a cru-

“c¢ial role in this metabolism in the lcculus

of the anther and so in the pigmentation of

pollen.
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DEGRADATION OF TAPETAL CELL NUCLET DURINCG THE FORMATION OF MICROSPORES

R, Herich and A. Lux

Department of Plant Physiclogy, Comenius University, Bratislava,

Czechoslovakia

Degradation of ftapetal cell nuclei
and protoplast was followed in diffe-
rent species of family Liliaceae,
taking place during the last stages
of microsgpores formation. It was
found, that the process 1sg reslized
in differnt speclies by differing
WAy S .

In Lilium henryi Bak. a gradual
desintegration of nuclei occcurs,
nuclel become lobed, karyotheca
desintegrates, light vacuole-like

~bodies appear in karyoplasm, passing
to the cytoplasm /Fig.l/. A great
amount of reserve material /lipids/
ig formed in plastids. Plastids are
filled with numerous plastoglebuli
in later stages of ontocgenesis,
their envelope cdesintegrates.

In Lilium davidii Duch. the nu-
cleus chanzing in shape becomes
deeply lobed. Tt is of interest,
that the process does not take place
in all nuclei simultaneously, compact
globular nuclei are present together
with intensively lobed nuclei /Figz.
2/. In that time the number of plas-
tids 1s increasing, they are fre-
quently censtricted in shape. Plas-
tids contain numerous small plasto-
zlcbuli. A great number of parallel
membranes of ER is present in the
cviopiasm,

Lobed nuclei are present in tape-
tal cells of Tulipa kaufmanniarna
Regel var.Shakespesre. Plastids are
cup-shaped in those cells in later
stages ¢f ontogenesis. Thelr cava-
tions can be filled with cytoplasm

or a vacuole. Dilatation of inner
membranes and vacuclar degradation
of plastids occur.

The last stage of tapetal cell
degradation in Lilium martagon L.
occurs without the presence of va-
cucles. Cytoplasm is filled with
dark patcheg of reserve material.
Nuclel are compact, globular, they
does not form lobes. Chromatin is
condensed. /Fig.3/.
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THE EFFECT OF A CHEMICAL HYBRIDIYING AGENT ON THE DEVELCPMENT OF WHEAT POLLEN

William A. Jensen

Department of Botany, Ohic State University, Columbus, Ohic, 43210 U.S.A.

Cultivated variation cf wheat were treated
with a chemical hybridiving agent develop-
ed by Rohm and Haas Chemical Corporation.
This ccmpound caused the pollen te abort
and this study was undertaken to determine
the mechanism of acticn of the chemical.
Plants were treated with the compound
early in flower development, Such treated
plants had normal development except
that the pollen wall formed was much
thinner than in the control. When the
stage of pollen development 1s reached
where the cell gees from a highly wvacucl-
ate stage to cne where the cell is filled
with c¢ytoplasmic organelles, the cell
collapse. Preliminary chemical studies
indicate that carctene content of the
anthers was normal or higher than in
the control. Also, preliminary data in-
dicate that a peroxydase with a pH optimum ;
of 7.2 is strongly inhibited in the treat- ‘
ed anthers. Thus, it appear that the
mode of action of the compound 1is to
prevent formation of the pollen wall
by the inhibition of <the deposition of
the sporopollenlin.
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l! GENETICAL APPROACH OF AUTOSTERILITY IN CAMELIA SINENSIS L.,

E. Habintore, J.P. Tilquin & A, Serrhini
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Bujumbura, Burundi

Summary

The tea plant has a trilocular ovary with
two cvules per loculus, In a pelyclonal seed
garden, the majority of fruits contents one
seed, exceptionally, five. A statistical
study of the number of seed in upper and
lower position per clome is given. Diallel
crosses after hand emasculation and pollina-
tion were realized. The results demonstrate
a marked difference between the reciprocal

. crosses, a total autosterility and a multi-
allelism.

Intreduction

Clonal selection was the more important
strategy in tea improvement giving a uniform
plantacion and a stability of organoleptic
characteristics. But the seedage of synthe-
tic populations is mot witheut interest.
Synthetics are easily produced in biclonal
seed garden. The value of the synthetic can
be estimated by a progeny-test; all progeny-
testing procedures depend upon the estima-—
tion of combining abilities (a2 general and
a specific). Diallel is a mating pattern for
estimation of combining abilicies and the
relative importance of the two and so, autho-
tizes a choice between synthetic or clonal
selection. Often, the two cmcur together as
in Cacao; many clones are also self-incompa-
tible and synthetics show a "dramatic" inter-
population heterosis (Simmonds, 1979). A
diallel is an excellent tool to understand
the incompatibility system.

Results and discussion

Experiment 1

In order to understand the nature of the
¢ncounterad sterility, fruits were collected
at randem in an openpollinated seed garden
(P°1Y610nal) Fruits were carefully dissec-—
ted. Three categories are found : seed, un-
f?rtilized and aborted ovules (ctable 1), A
discinction is made between the upper (style)
and lower (pedlcel) position of ovules.

X analysis show a SLgnlflcantly difference
between the number of seed in lower and upper
Position with all the clomes and no differ-
ence with the aborted ovitles. A comparison

of the means of seed in upper and lower pesi-
tion show a significantly difference.

g

Clone Seed Unfertil. Aborted

h) L U L u L

Tri 3i/8 37 12 162 174 40 55
Tri 31/11 44 19 145 173 51 66
BB 35 &4 17 157 211 32 38
B 174 66 9 86 113 80 73
IB 241 12 3 60 70 2 1
TR 401 62 34 1170 139 76 75
IB 108 73 20 87 135 67 84
TR §2 72 61 245 260 91 76
SHAN 116 62 84 107 98 132
1B 62 83 10 182 121 34 28

Experiment 2 : some results of diallel cros-
ses, % of fruiting after 6
menths

Male Female %

Tri 31/8 Tri 31/11 75
Tri 31/1t Tri 31/8 16

Tri 31/8 IE 174 65
B8 174 Tri 31/8 20
Tri 31/8 IB 108 20
TB 108 Tri 31/8 0

These results show a marked difference bet-
ween the reciprocal crosses, a great impor-
tance of the female cytoplasm,
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HORMORAL AND TEMPERATURE CONTRCL OF MALE-STERILITY IN A TOMATO MUTANT

V.K, Sawhney

Department of Biology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada, S7N OWQ

Summary

The male-sterile, single gene, stamenless-
2 (8lp/s1lp) mutant of tomate can be induced
to form normal stamens and viable pollen
either by the applicarion of gibberellic
acid (GA3) or by growing plants under low
temperatures, TAA treatment or high temp-
eratures resulted in the production of
carpel-like stamens. The mutant stamens
contained lower levels of proteins and
different banding pattern in SDS polyacryla-
mide gels rthan the normal (+/+) scamens.
The reversion of mutant stamens toc nermal
by GAg or low cemperatures partly restored
the differences in the protein content and
the banding pattern.
Keywords: male-sterilicy, romatc mutant,
GAq, TAA, temperature, proteins.

Introduction

Male-sterility in plants is extremely
valuable for the production of hybrid seeds
and for increasing the yield of crops.
Generally, cytopilasmic male-sterility (CMS)
is used in producing hybrids, since CMS can
be readily maintained in the F; generation.
Alternatively, nuclear or genic male-sterile
lines can also be useful for hybrid produc-
tion, but the maintenance of such lines is
tedious and invelves the process of rogu1ng
(Frankel and Galun, 1977). - \

We propose that 1f male-sterile mutant
plants can be reverted by -chemical or
environmental treatments to produce normal
stamens, such pollen can be used to polli-
nate mutant flowers and the seeds thuis pro-
duced will generate all morant plants. This
approach can therefore he useful in main-
taining the pure male-sterile lines (Fig. 1).

In tomato (Lycopersicon esculentum Mill.)
CMS is not commonly known, but several
single gene male-sterile mutants exisc which
exhibit a varying degree of male-sterility
(Rick, 1953, 1960, 1962; Hafen and Stevenson,
1955}). These mutants have been shown to
serve as female parents in hybrid seed
production (Hafen and Stevenson, 1958;
Lapushner and Frankel, 1967). As proposed
in Fig. 1, if the fertility of rhese murants
can be restored by hormonal or environmental
means, such mutants can be very useful in
hybrid seed productiom.

In this article we report on the regula-
tion of male-sterility in a male-sterile,
single gene, stamenless-2 (slp/slp)mutant of
tomato by plant hormones and temperature
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conditions and alsoc provide information on
the protein patterns assoclated with male-
sterilicy/fertilicy.

A line C line
Male -sterile Fertile
ms ms Ms Ms
{ 9 parent) { Fparent}
Harmonal Fertile
or F, hybrid

"Environmental-
induced revertant
Fertile
ms ms
/ (maintainer)

o
7

ms ms
B line

Fig., 1. A proposal for the maintenance of
genic male-sterile line by rthe experimencal
induction of revertants and the preduction
of mutant and hybrid lines (Adapred from

, Fnankel & Galun, 1977)

Macterials and Methods

Seeds of the stamenless-2 mutant were
criginally obtained from Dr. C.B, Clayberg
of the Comnecticur Agricultural Scation, New
Haven, CT, U.S.A. Initially, mutant plants
were maintained through cyrrings; later the
gibberellic acld-reverted flowers were used
for selfing and pure homozygous seeds were
obtained. The normal line used was
homozygous deminantc (+/4) .

Hormenal and temperature experiments were
performed on clones of plants cbtained
through cuttings, Gibberellic aecid (GAz
10-34) and indole-acetic-acid (LAA, 107%1)
was applied with a micropipette {10 or 25 ul)
to the axil of the youngest leaf immediately
before floral initfatiom. For temperature
experiments, plants were grown in growth
chambers maintained in one of the following
three regimes: Low - 18°C day/15°C night,




intermediate - 23°C/18°C night, and high -
78°C day/23°C night.

Preteins were extracted by homogenizing
the tissue in 10 mM Tris-HC1 buffer (pH 7.5)
with mercaptoethancl. The homogenate was
centrifuged at 10,000 x g for 10 min. and the
supernatant was used for protein determina-
tions and electrophoresis. Protein determi-
nations were performed according to the
method of Bradford (1976). The reaction
mixture was read at 5%5 nm in Beckman DU-7
spectr qghotometer.

For electrophoresis, the supernatant of
plant extract was mixed with equal volume of
a buffer contalning 10% glycercl, 5% g-
mercaptoethancl, 2.3% SDS (scdium dodecyl-
sulfate) and 0,0625 M tris-HCL {pH 6.8). The
mixcure was dipped in boiling water for 3
minutes and the cooled sample was loaded ona
12% polyacrylamide slab gel in the Blo-Rad
Protean Cell. The gels were run at a
constant electric current of 20 mA for each
gel and were stained with coomassie blue
{R-250).

Results and Discussion

The stamenless—2 mutant produced abnormal
stamens which were pale yellow in color, bore
naked external ovules (E.0.) on cthe adaxial
surface, werse laterally free, produced non-
viable pollen and were shorter in length than
the normal scamens (Sawhney and Greyson,
1973a). The nommal stamens were orange-
yellow in colour and pubescent (Y.P.), and
were laterally fused to form a staminal cone,

Gibberellic acid at the concentration of
10=3M induced the formation of mormal g tamens
in flowers which were initiated after the
treatmenr. The stamens were yellow and
pubescent, produced normal pollen, formed a
staminal cone, and were as long as the normal
stamens (Table 1; see also Sawhney and
Greyson, 1973b). The pollen produced were
viable and when used to ‘pollinate the sla/sly
flowers formed Fruits with normal seeds,
which upon germination produced all mutant
plants,

Indole~acetic-acid induced the production
of carpel-like stamens (C.S.}. The C.S§.
showed no signs of microsporogenesis and
Passessed a basal ovary-like region which
contained ovules inside (see Sawhney and
Greyson, 1973b). The stamen length of such
Stamens was smaller than that of the Gy~
treaced slzlslzwand +/+ flowers, and the
Stamens did not fuse to form a staminal cone
(Table 1), More importancly, such stamens
were functionally male-sterile.

These observations showed that the male-
fertility of the sly/sl; mutant can be eirher
reéstored by GA4 treatment or the stamens can
be induced to form a complerely sterile
Structure by IAA, The timing of hormonal
Lreatment was, however, a critical facror
(Sawhney and Greyson, 1979). Since normal

Table 1. Effects of GAq (2 x 10 ul of lU-3M) and IAa {2
x 25 ul of 1077} on the development of stamens of the
stamenless~2 (512/5192) mutant of tomato. Y.P. = vellow
and pubescent (normal), c.s. = carpel-like stamens.
Values presented arz the mean. n = 15.

Treatmenc No, of Y.P, o, of c.s. Stamen  Staminal
stamens gcamens f length cone {%
flaver flower (mm} flowars)
Gas 6.602 0.0 9.:02 160.9
1aa 0.25° 5.26° 6.50" 0.0
shafsly 2.25¢ 0.5 7.80° 0.0
{control)
++ 6.3 0.0" 5.80%  100.0
{control)

Note: Means followed by the same letter in a verrtical
columa not different at 5% level.

(Data from Sawhney and Greysom, 1973b).

pollen and viable seeds were produced
following GA3 treatment, it is clear that
this treatment can be used to maintain the
male-sterile line, i.e. the B-line (Fig. 1).
Mutant plants grown under different
temperature regimes also showed somewhat
gimilar results, Plants grown under low
temperatures praduced normal stamens
which were yellow and pubescent, were as
long as +/+ stamens and were fused to form
a staminal cone (Table 2, see alsc Sawhney,
1983a). The pollen produced in these
stamens was normal and viable and if used
to pollinate the mutant flewers, resulted in
fruics with seeds which were all sljp/sls.
The high temperature conditions on the
other hand caused the production of carpel-

Table Z, Temperature effects on the stamen development of
the stamenless-2 (3121512) mutant of (omato, Temperatule
regimes: LTR = low, [TR = intermediate, HIR = high. ¥.P. =
yellow and pubescent (mormal}, c.3. = carpel-like stamens.
Values prasented are the mean. n = 30,

Genotype/ He. of ¥,F, No, of ¢.5. Stamen Staminal
Temperature Stamens/ scamens/ length cone (%
regime flower flower {mm} flowers)
sl,/sly (LTR) 6.16% 0.12% 9.92% 66,6
nITR) 0.50" 1.30° 7.61° 0.0
" (TR) 0.00° 5.46° 5.72¢ ¢.0
i+ (LTR) 6.70% 0.00% 9.42%  100.0

Hote: Means followed by che same lecter in 2 column not
different at 5% level.

lFor details on different remperature regimes see the text.

{Dara from Sawhney, 1983a).
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like stamens (Table 2) in which micro-
sporogenesis did not take place and
instead ovules were produced at the basal
end (See Sawhney, 1983a).

Thus the male-sterility of sl;/sl2 mutant
can alse be controlled by growing mubant
plants under different rfemperature regimes.
This can therefore be an alternative
approcach for the malntenance of pure sterile
lines (Fig. 1). That temperature effects
may be mediated through changes in
endogenous hormones was discussed elsewhere
{Sawhney, 1983b).

A protein analysis showed that the normal
scamens contalned nearly twice as much
protein as the mutant stamens under the
intermediate temperatures (12.26 for s12/slp
and 24.34 for +/4, ug/mg fresh wt. of
protein). The 512/512 stamens reverted to
normal by low temperatures {(15.86 ug/mg) or
Gay (18.44 yug/mg) contaiped greater procein
than the untreated slpy/sly stamens, but
less than the +/+ stamens. The carpel-like
stamens produced under high temperatures
contained lowest levels of protein (10.1 ug/
mg) than all the other conditions.

The lower level of protein in the mutant
vs normal stamens, may be primarily related
to the proteins associated with pollen
development; the reversion to normal stamens
and pollen by GA; and low temperatures
restored some of these proteins.

An §DS-polyacryalamide gel analysis showed
that mutant stamens contained 3 bands of
approx. 33, 28 and 23 k daltons which were
either faint or absent in the +/+ stamens.
The low temperature reverted mutant stamens
showed the absence of these bands, but
they were present in the high remperarure
stamens. The +/+ stamens had a zone of
protein bands ca., 35-45 k daltons which
were also more distinet in the low tempera-
ture reverted mutant stamens, than in the
intermediate or high temperature mutant
stamens. In the GA3j~ treated stamens alsco
protein bands found in the mutant stamens
were much fainter and the zone of protéin
bands found in +/+ stamens was much more
distinct,

It appears therefore that the differences
in the protein levels or protein bands in
the mubant and normal stamens were partly
recovered by the restoration of normalicy
in the nmutant stamens elther by low
temperature or by GA3z. The nature of such
proteins, however, remalns to be resolved.
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CHARACTERIZATION OF CYTOPLASMIC MALE STERILITY IN PETUNIA X HYBRIDA (HOOK) VILM.

G.A.M. van Marrewijk & L.C.J.M. Suurs

Dept. of Plant Breeding, AU, Wageningen, Netherlands

Summary

Cytoplasmic male sterility (CMS) in many
species is accompanied by a number of cyto-
logical and biochemical deviatiecns in the
male sex organ. An inventory of all abnorma-
lities in CM8 Petunia x hybrida is underway.
Callase activity appears to be strongly
reduced in CMS types compared to normal male
fertile plants. Also deviations have been
observed in the esterase and acid phosphatase
iso-enzyme patterns, whereas percxidase com-
position did not show consplcuous differences.
Keywords: cytoplasmic male sterility (CMS),
Petunia x hybrida, callase, isoeclectric
focussing, isc—enzyme patterr.

Male sterility

Male sterility {MS) can be defined as the
incapacity of plants to produce or to release
functional pollen [Van Marrewijk, 1979). Male
sterility occurs in many forms: absence of
the male sex organ, atrophy of anthers, reduc-
tion of the stamens intec staminodia or conver-
sion of the male sex organ into carpels or
petals. The most common type, however, is
pellen sterility. In this case of M3 the an-
thers develop normally but irregularities in
the development of the microspores cause
abortion of the pollen grains. Pollen steri~
lity is widely spread throughout the Plant
Kingdom. It scmetimes occurs spontaneously
under extreme environmental conditions, but
is usually controlled by hereditary factors.
In most cases pollen sterility is governed by
one nuclear gene: genic male sterility, GMS.
Some species (tomato, barley) involve large
numbers of GMS loci,

In a limited number of cases pollen steri-
lity is brought about by extranuclear here-
ditary factors or by the joint action of both
nuclear genes and extrachromosomal factors:
cytoplasmic male sterility: CMS.

Significance of male sterility

Male sterility has been extensively adopted
in plant breeding, Its main use is found in
the production of hybrid varieties. Introduc-
tion of MS in cone of the parental lines ena-
bles the breeder to produce pure hybrid seed.

A complicating factor is the inheritance of
male sterility. Nearly all cases of GMS inhe-
rit monofactorially recessive. Such implies
that the male sterile plants have to be main-
tained by crossing with a heterozygous fertile
isogenic counterpart, resulting in a progeny

congisting of only 50% male sterile plants,
So the breeder is compelled to rogue half of
the seed line plants to prevent undesired
sibbing. Usually this is technically and
economically unfeasible.

CMS, on the other hand, lends itself very
well to hybrid breeding. Crossing between a
CMS-plant and a male fertile maintainer line
results in a completely male sterile progeny,
since the plasmagenes responsible for steri-—
lity are transferred from the mother to all
the offspring via the egg cells.

CMS can be restored by the introduction of
fertility restoring genes {(Rf-genes). The way
in which the gene products of the sterilizing
cytoplasm and nuclear Rf—pgenes interact has

not yet been unravelled.

The causal agent of CMS -

Several investigators have preoccupied them-
selves with the guestion about the causative
factor of CMS. In the nineteen-sixties it was
predominantly thought that this agent of CMS
had a vireid or episomic nature (Atanasoff,
1964). This hypothesis was corroborated by
the cbservation that CMS could be transferred
to a normal fertile plant by means of graf-
ting, such as with petunia (Frankel, 1956),
sugarbeet (Leonova, 1974) and sunflower
(Pimakhin & Agashev, 1978). On the strength
of many negative results with the same crops
as well as with others, the accuracy of these
observations, however, has been questioned
(see i.a., Van Marrewijk, 1970). Recent studies
have revealed an involvement of the mitochon-
drial genome in the mechanism of CMS, =spe-
cially in maize (Levings & Pring, 1979},
gorghum (Levings, 1983) and most probably
petunia (Kocl et al, 1982}.

Expression of CMS

Cytoplasmic male sterility expresses itself
primarily by deterioration of the sporogenous
tissue.The time of collapse ranges from pre-
meiosis up to the maturing pecllen stage. One
particular CMS type can cause degradation at
different stages in different genetic back-
grounds or even in the same plant {Chauhan &
Singh, 1966). Generally CMS is accompanied by
other histological and bicchemical abnormali--
ties in the sex organ.

Schreur (1978) inventorizing the literature
on CMS expression distinguishes six main
categories of deviatlons from the normale
fertile situaticn:
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1. Deviatiens in the development of the tape-
tal layer.

2. Abnormalities in the vascular system of
the filament and/or connective tissue.

3. Substantially modified free amino acid
composition.

4, Decreased content of nucleic acids and
their derivatives.

5. Changed activities of enzymes, especially
of redox systems.

6. Deregulated callase activity,

Also agriculturally important characteristics

may be affected, but it is often difficult to

say whether this results from pleistropic gene

action or from closely linked genes.

The data in the literature, however, cause
confusion, because the different aspects have
een investigated separately in different
stages of development for diverse crops under
varying conditions and by means of non-stan-
dardized methods.

Motivation of the resarch subject

In the preceding part the importance of CMS
for hybrid seed production has been menticned.
Practical application, however, is limited
by the fact that CMS only occurs in a limited
number of species. MS inducticn by chemical
polien killers or gametocides has offered so
far no reliable alternative {Van Marrewijk,
1979). The present research is aimed at
obtaining insight in the mechanism of CMS
and to discover where the process of the
deregulaticon in the sporogenous development
takes a start.

The work is done with well-described material,
grown under standard conditions. This mate-
rial will be examined for all possible dif-
ferences between male fertile and cytoplas-
mic male sterile plants. It is hoped that the
data obtained in this way can be joined.as *
pieces of a jigsaw puzzle and may lead to a
fathoming of the CMS-system. By imitating
this mechanism, it will then be tried to
induce male sterility in fertile plants.

Some results obtained so far will be dis-
cussed briefly below, It is intended to
publish the results with the separate sub-
jects elsewhere in more detail,

Materials and metheds

The plant material consists of a nunber of
clones of Petunia hybrida, namely:

1. Two clones of cyteoplasmic male sterile
idiotypes of cvs. Snowball (SBS), Blue
Bedder {(BBS) and Rosy Morn (RMS) and the
matching male fertile maintainers (SBF,
BBF, RMF).

2, Two clones of restored fertile idiotypes
{R1-2, R2-2}.

This material was described earlier by

Van Marrewijk (1989}.

3. F,~progenies from crosses between CMS-
and R-idiotypes.
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All clones are grown in climatic chambers
under standard conditions of illuminaticn
and daylength at & temperature range of 13°-
17°-21°-25°C, Not all conditions nor all
plant types ars used in each experiment.
Since the composition and activity of enzymes
and other components is dependent of the
stage of development of the anther, all de-
terminations are executed in 8 developmental
stages. The proper stage is established
cytologically after squashing one of the an-
thers or with the aid of an empirically
determined relation between flower bud size
and sporogenic stages. The last method is
especially used for CMS types in which the
sporeogenocus tissue deteriorates already
during meicsis.

In several enzyme activity assessments use
is made cof ultrathin-layer iscelectric focus-
sing (IEF) in acrylamide gels. The focussing
is done at a temperature of 4°C in an LKB
Ultrophor flat-bed container connected to a
power supply (Pharmacia ECPS 3000/150 with
Volthour integrator VH-1} at a constant
input of 3 Watt. Samples are obtained by
extraction of 10 mg ground anther LTissue in
20 ul H,0, centrifugation (10.000 g) for 10
mifhi and dialyzation of the supernatant
(25 ul) against 2 1 H,O.

The composition of the 100 um gel is accor-
ding to Radola (1980) adding 10% glycerol to
prevent desiccation.

Callase activity

Callase activity plays an important part in
the development of the microspore. Proper
timing of the build-up and degradation of
callase appears essential for the production
of vital pollen. Frankel et al (1969) stu-
dying isogenic male fertile and cms lines of
Petunia hybrida cv. Rosy Morn cbserved a re-
markable difference in callase activity. In
fertile plants callase activity was nil be-
tween prophase and tetradformation and in-
creaged sharply during the release of the
microspores. Sterile anthers on the contrary
displayed a strong activity of callase be-
tween prophase and the second meiotic divi-
sion. After that the activity decreased.

The authors concluded 'that the precocicus
rise of callase activity in CMS anthers is a
cause rather than an effect of the breakdown
of microsporocytes'. In a later article
Izhar & Frankel (1971) demonstrate the rela-
tionship between callase activity and pH
level.

We have investigated whether we could veri-
fy the results of Frankel c.s. through our
material. This has been done (i) by means of
the semiquantitative bioassay used by Frankel
c.s. and {ii) with a quantitative biochemical
approach, the laminarin digest test.
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The semi-quantitative lacmoid test

The lacmcoid test is a semi-quantitative
bioassay. The essential part of this test is
that extracts are made of anthers at different
developmental stages. These extracts are
subsequently added to a standard substrate
which consists of young tetrads of fertile
anthers. The latter contains a great amount
of callose, which can ke digested by the
callase of the extract. After incubation at
38°C lacmoid (resorcin blue in absolute
ethanol) is added to stop the reaction and
to stain the indigested callose. The callase
activity in the extract is inversely propor-
ticnate toc the staining intensity of the
substrate. The method is described in Frankel
et al (1969) and has been adopted by us after
a few modifications.

All fertile idiotypes showed the same trend
in activity: low callase activity from pre—
meicsis up to the young tetrad stage and a
sudden outburst of activity in the late te-
trad stage just before the release of the
microspores (Fig. 1).

Fig. 1. Callase activity in relation to
micresporogenesis in male fertile (RMF1) and
cytoplasmic male sterile {RMS1) Petunia
hybrida cv. Rosy Morn, determined with the
laemoid staining test.
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CMS idiotypes were characterized by an egual
or slightly higher callase activity compared
to the fertile counterparts in the early
developmental stages and a less complete and
inconsistent increase of activity in later
stages. There is no clear point of turn and
the level of activity is considerably lower
than in the fertile plants.

Restored fertile plants act in complete
accordance with the pattern followed by
normal fertile plants.

The laminarin-digest test

The laminarin-digest test makes it possible
to quantitatively assess callase activity.
Laminarin is a commercial preparation whose
brimary structure completely corresponds with
callose.

In thisg test laminarin is added as a sub-
Strate to carbohydrate-free extracts of

anther tissue. The laminarin is converted by
the callase in the exiract into D-glucose,
which in its turn is oxidized to gluconic
acid by glucose oxidase. The released hydro-
gen peroxide reacts with indicator reagents
{4-amino phenazon, sodium hydroxybenzoate,
and peroxidase) to become a stable red-—
stained quinoncomplex. The intensity of the
staining of this complex is assessed specto-
photometrically at 510 nm and is directly
proportionate to the D-glucose concentration
in the sample. Such assesswment requires large
samples (300 mg per assessment) and is there-
fore performed with only one normal fertile
{BBF), cne male sterile (BBS) and one resto-
red fertile (R2-2) clone.

The results of the laminarin test are
given in Fig. 2.

Fig. 2. Callase activity in relation to
flower bud size in male fertile (BBF1l) and
cytoplasmic male sterile (BBS1l) Petunia
hybrida cv. Blue Bedder and in a restorer
line (R2-2) determined with the laminarin-
digest test.
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The figure shows that the fertile anthers
have very little callase activity in the
first phases of development. At the flower-
bud size of 2.3 mm, which correspondends with
the second meiotic division, a rapid increase
in activity occurs reaching its maximum at
flewer bud sizes between 3.4 and 3.8 mm
{(=microspore release)., Sterile anthers appear
to have a very low callase activity at all
stages of development, whereas restored fer-
tile anthers show almost the same trend as
observed in normal fertile ones.

Although the results of both tests are
certainly not identical, they do demonstrate
a clear similarity. In any case,neither of
the approaches lends support to the hypothe-
sis of Frankel c.s. that the sporogenous
cells degenerate because of a too early cal-
lase activity.
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Iso—enzyme patterns

Esterase

Esterases are aspecific enzymes of common
occurrence whose function it is to hydrolize
esters. Eoterase iso-enzyme patterns are in

use as a tool for the identification of
cultivars of a crop.
After IEF treatment esterase was stained
with the aid of @-naphtalene acetate and
Fast Blue RR at pH 7.2.
In male fertile plants a gradual increase
both in number and activity of ssterase iso-
enzymes was obhserved, maximum intensity
being reached at the early tetrad stage.
CM3S idiotypes, in contrast, showed low enzy-
me activity and few bands in all develop-
mental stages.

No differences between cultivars on both
the fertile and the CMS level were discerned.
The restorer idiotypes produced zymogrammes
which were nearly identical to those of the
male fertile plants. Both the number of
bands and the density of the particular
bands were much alike those in the fertile
Zymogrammes -

We may conclude that CMS affects the iso-
enzyme pattern both qualitatively and quan—
titatively. Alsc, the effects are in turn
cancelled by the introducticon of Ri-genes,

Peroxidase

Peroxidases occur in all plant tissues.
Their activity and iso-enzyme number in-
creases with the apge of the plant. According
to Parish (1968) it is an indicator for the
physiological situation of a plant. Peroxi-
dase is a very stable enzyme with a high
water—solubility.

It deoes not denaturate when tissues are
stored in deep-frozen conditicng. The bio-
chemical function of peroxidase is unclear:
one recent hypothesis is that it has to.he
congidered as a degradation product of
catalase. Both anthers and leaves were in-
vestigated for percxidase patterns.
Percxidases were detected by incubating the
gel after IEP-{reatment in a staining
solution according to Shaw & Prasad (1970).

It appeared that iso-enzyme patlferns are
organ—specific. The zymogramme of leafl sam—
ples was identical for all idiotypes invol-
ved, Slight differences could be discerned
in the percxidase composition of anthers
between developmental stages, varieties and
fertility types. So, a few bands which occur-
red in BBF could not be traced in the sterile
version and vice versa. There also seemed to
be an influence of the temperature in which
the plants had been grown. A few bands which
were clearly visible in the 17¢C BBF sample
disappeared or were less clear at 25°C, but
also reverse situations occurred.

Differences between varieties were hardly
more conspicuous than those between fertili-
ty types. 1t was concluded that the observed
differences were of a quantitative rather
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than a qualitative nature.
Acid phosphatase

Acid phosphatase is detected after staining
the gel in e-naphtyl acid phosphate and Fast
Garmet GBC at pH 4.8,

with this enzyme the number of iso-enzyme
bands and their density increase between the
premeiotic stage and the tetrad stage, but
to a considerably less high degree than with
esterases. This process occurs in the ferti-
le as well as in the CMS types., A most con-
spicuous thing however is that the zymogram-
mes of BBF and BBS differ qualitatively. BBS
shows three clear bands that are ahsent in
BBF, whereas BBI has a few indistinct bands
which are absent in BBS,

In cv. Rosgy Mcorn, though, these differences
have not been found.
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CYTOCHEMICAL LOCALIZATION OF CYTOCHROME OXIDASE IN ANTHERS OF CYTOPLASMIC MALE STERILE

PETUNIA HYBRIDA (HOCK.) VILM.

R.J. Bino, 5.J. de Hoop and A. van der Neut

Department of Plant Cytoleogy and Morpholegy, Wageningen, The Netherlands

Summary

In Petunia it was demonstrated that
changes in mitochondrial DNA are assopciated
with cyteplasmic male sterility (Kool
et al., in preparation). Investigatiocns
of translational preducts from isolated
mitochondria have revealed several unique

polypeptides. This distinct polypeptide
composition possibly influences sterile
microsporogenesis and may ultimately

result in abortlion of the tapetal and
sporogencus cells. In the present study,
cytochrome oxidase 1is localized at the
ultrastructural level, using the diamino-
benzidine method. Cytechrome oxidase
activity is demonstrated in the cristae
and at the membranes of the mitochondria.
We could not detect any difference in

gtaining specificity, correlated with
sterility.
Keywords: cytoplasmic male sterility,

Petunia, cytochrome oxidase, cytochemical
localization.

Introducticn
Cytoplasmic male sterility (cms) is

a maternally inherited trait which inter-
feres with pollen preduction and is used

to produce F! hybrids by preventing self
fertilization of the seed parent -(for

more details the reader is kindly referred
te the contribution of Van Marrewijk).

Substantial -evidence, especially in
maize and Sorghum, suggests that the
trait is encoded by the mitochondrial
genome (Levings, 1983). A number of pro-
teins afe produced within the mitochendria.
For example, three subunits of cytochrome
¢ oxidase, two subunits of the cytochrome
be complex and mitochondrial ATPase are
synthesized within this organelle {(Dillon,
1981). Deviations in +the synthesis of
one of these proteins may ultimately
result in aborticn of the tapetal and
sporogencus cells. 1In several studies,
sterility appears to be associated with
alterations in c¢ytochrome oxidases. Mito-
chondria from a cms Sorghum, synthesize
a cytochrome ¢ oxidase subunit I, 4000
daltons larger than the form found in
fertile cytoplasms {Dixon and Leaver,
1982). Tn maize, differences in the number
of isczymes of cytochrome oxidase were
cbserved during meicsis in the anther
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{Watscn et al., 1977). Throughout sporoge-
nesis, sterile anthers showed fewer iso-
zymes than their fertile counterparts.
In addition, the enzymatic activity of
cytochrome oxidase appeared to be differ-
ent. Sterile anthers of wvarious types
of cms maize plants, exhibited a signifi-
cantly lower cytochrome oxidase activity

than fertile ones (Watson et al., 1977;
Chmasa et al., 197¢6). During fertile
meicsis, cytochrome oxidase activity

increased rapidly, & phenomenon not found
in sterile sporogenesis (Chmasa et al.,
1976). However, since the differences
in enzyme activity occured rather late
in sporogenesis, they may be evoked by
the, preceding process of degeneration.
Cyfochrome oxidase activity assayed
from leaf tissus, was similar for fertile
and sterile plants.

In Petunia, Keol et al. (in prepara-
ticn), demonstrated that changes in mito-
chondrial DNA and its translaticnal pro-
ducts are correlated with sterility.
Investigations of translaticnal preducts
from iseclated mitochondria have revealed
several unigue polypeptides associated
with male sterile cytoplasms. Recently,
specific sequence analysis of mitochon-
drial DNA affirmed changes in the genetic
code for subunit II of cytochrome ¢ oxida-
se, possibly related with c¢ms (Hanson
at %al,, 1984}, 1In the present study,
we attempt to establish whether these
alterations in mitcchondrial DNA do have
implications for enzymatic activity in
the anther at the ultrastructural level,
The results demonstrate the localization
of cytochrome oxidase in the cristae
and at the membranes of the mitochondria.
We could not detect any difference in
staining specifity correlated with sterili-
ty-

Materials and methods

Two iscgenic types of Petunia hybrida
(Hook.) WVilm. were used in this study,
i.e. male fertile cv. Blue Bedder (BBF)},
and the cms Blue Bedder (BBS), described
by Van Marrewijk (1968).

The localization of cytochrome oxidase
was based on the methods developed by
Seligman et al. (1968) and Anderson et
al. {1975). The wmedium contained 2.5
mM 3,3'-diaminobenzidine (DABR} in 0.05
M Na-phosphate buffer at pH 7.2.



Fig. 1. Part of a micrespore of BBF,
stained for cytochrome oxidase activity.
Enzyme reaction product appears in the
mitochondria.

Tetrad stage, x 15%,000.

Fig, 2. Part of a meiocyte of BBS, stained
for cytochrome oxidase activity. Enzyme
reaction product appears in the mitochon-
dria,

Prophase I, x 15,000.

y

Fig. 3. Distribution of the reaction
product of DAB within mitochondria of
a microspore of BBF. A few cristae and
the outer surface of the inner membrane
of the envelope are stained.

Tetrad stage, x 52,500,

Fig. 4, Part of a microspore of BBF.
Staining for cytochrome oxidase is inhib-
ited with KCH. Wo formation cof reaction
product is observed.

Tetrad stage, x 15,000.
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Resuits and discussion

The electron transport system regulates
the flow of electrons during oxidative
phosphorylation and 1is an integral part
of the inner mitochondrial membrane (Dil-
lon, 1981). Cytochrome oxidase, which
catalyzes the oxidation o©f cytochrome
¢, is an essential component of this
system and consists of a complex of several
transmembrane polypeptides that are in-
tegrated into the inner membrans. Using
DAB as an electron acceptor, the consistent
morpholegic wvisualization of an oxidase
system can be demonstrated on the outer
surface of the inner membrane (Seligman
et al., 1968). The initial step in the
mitochondrial oxidaticn of DAB relies
upon cytochrome ¢, acting as the electron
acceptor. The next step is the reoxidation
of DAB by cytechrome oxidase. The oxidated
DAB forms a nondroplet, amorphous reacticn
product at the enzyme site. The precipitate
is osmiophilic and insoluble in the dehy-
dration and embedding agents used in
specimen preparation. If the reaction
is conducted under controlled conditions,
the intensity of the reaction product
affords & dependable criterion for indi-
cating cytochrome oxidase activity (Perotti
et al., 1983),

In Petunia, the DAB reaction product
is located in the cristae and at the
mitochondrial envelope (PFigs., 1, 2 and
3). Cytochrome oxidase reaction is presumed
because formation of the reaction product
is inhibited by short prefixation in
glutaraldehyde and by cyanide [(Fig. 4).
Mitochondria from fertile and sterile
sporogenous cells comprise only a small

number of reacting cristae. The distribu-,

tion of the reaction product is not i
fluenced by the develcpmental stage.
Staining specificity of the meiocytes
of BBS, and the microspores of BBF appeared
to be similar. :

We could not detect any difference
in enzyme localization correlated with
sterxility. The localization of the reaction
product in fertile and sterile mitochon-
dria, suggests a similar cytochrome oxidase
activity. Nevertheless, it cannot be
ruled out that differences in mitochondrial
enzyme activity play a role in sterility.
Viz., the specificity of the reaction
for cytochrome oxidase 1is not completely
certain. In plant tissues, other coytochro-
mes may participate in the oxidation
of DAB {Upik, 1975). Comparison of tissue
specific localization of cytechrome oxidase
and total biochemical activity should
reveal whether the altered mitochondrial
DNA correlates with differences in enzyme
activity in the anther. However, prelimina-
ry results could not establish any bioche-
mical difference in cytochrome oxidase
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activity Dbetween fertile and sterile
anthers. Hence, the situation in maize
appears te be not representable for coms
species in general.
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STERILITY OF MICROSPARES IN NEMOTHERA HONKERI.VELANS

Centro de Microscopia Electrénica, Universidad Catdélica de Cdrdoba, Cdérdoba, Argentina.

Summary

Durina the non vacuolate stage dense mate-
rial accumulates outside the precursor laver
of the ektexine. Later the microspores vacu-
olate but no paracrvstalline structure is
formed in the ektexine. Enzyme digestion of
the endexine is followed by dissolution of
the abnoymal dense deposits of the microspore
surface. Lamellations are the last remains of
the exine on the external surface of the
intine which comes in direct contact with the
pollen sac environment. After the microspores
collapse without suffering mitosis, lamellar
material as well as dense deposits and cyto-
plasm remains are finally contained in the
deqenerating anthers, Tapetal cells show
concomitant modifications to these channes,
affecting mainly the transpher phase, the
E.R. and the plastids and mitochondria.

Introduction

The aim of this work is to compare the de-
velopmental stages in normal and sterile an-
thers after the release of the microspores
from tha tetrad. It seems important to state
the developmental stages of microspores and
Dg??en arains usinn electron microscopy meth-
ods.

Some work on pollen sterility in the genus
fenothera was first published usino methods
of Tight microscopy {Oehlkers, 1927). After
this the work of Harte % Bissincer (1952) re-
ported on the chances occuringin 0. hookeri.
velans using paraffin-embedded cuttings of
normal and sterile anthers. The same hybrid
15 the material used in this work, which was
kindlv supplied by Prof. (. Harie of the Uni-
versity of Cologne. At electron microscopy
level only the pollan sterility of 0. ery-
trosepala BORBAS (lamarckiana DE VRIES) was
studied befpre (Jean, 1971). Normal develop-
ment is partially known through work done
using electron microscopy [Afzelius, 1956;
Lepousé % Romain, 1967; Skvarla et al., 1978:
Skvarla, 1975; Skvarla et al., 1976). No work
was done before with a developmental point of
View.

Results and discussion

Four developmental staqes were recognized
after release of the microspores from the
tetrad (Fig. 1}: 1. Mon vacuolate micraspores;

2. Vacuolate microspores; 3. Two-celled vac-
uolate pollen arains; 4. Two-celled pollen
grains with starch. These are coincident with
those generally described by Laser & Lersten
{1972).

After release from the tetrad the microspo-
res are covered by an external fibrillar lay-
er which can be cansidered the ektexine pre-
cursor layer. An internal, dark, homogeneous
layer can be identified as the endexine. The
apertural chamber has fibrillar contents and
shows at the base lTamelles which look Tike
compressed vesicules (Fig.1 a). Later the
paracrystalline strycture of the ektexine ap-
pears and the beaded viscin threads become
their final structure. Dark sporopollenine
grains appear at the base of the apertural
chamber, At this stage the tapetal cells
reach the transpher phase.

The vacuolization of the microspores is
concomitant to the deposition of the intine
(Fia. 1 bj). The tapetal cells at this stage
are characterized by plastids which contain
vesicules of 1ight material surrounded by a
dark halo. Deposits of dark material are seen
hetween the mitochondrial membranes and the
ammount of RER decreases.

After the first mitosis of the microspore
is completed, the sporoderm arrives at the
typical final structure. The anther tapetum
shows some cells with degenerating cytoplasm
still "in situ” but abundant cell remains are
swimming in the pollen sac.

Shortly before anther dehiscence, the pol-
len grains reach the dormancy stage which is
marked by the Toading of abundant plastids
with starch and at the same time the disap-
pearance of the big central vacucle {Fig.l
c). No tapetal cells remain "in situ".

An accurate description of the modifica-
tions occuring in sterile anthers during de-
velopment will be published elsewheve. Only
the main differences with normal development
are pointed out in this symposium book.

As Harte &% Bissinger stated {1952), pollen
sterility is monogenic. The ster gene in ho-
mozinous plants determines pollen sterility,
causing a very deep modification of the me-
tabolism in the flower. The maturation se-
gquence of the anthers in the flowers of the
inflorescence is altered, as well as the syn-
chronism of developmental stages in the pol-
len sacs of the same anther.

Regarding the microspores no differences
between normal and sterile development could
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re, b, Two-

celled vacuolate polien grain. ¢, Two-celled pollen grain with starch, Symbols:
intine;

precursor; ektexine; . endexine;
tids with starch.

he verified during meiosis. This is coinci-
dent with findings in 0. erytrosepala {Jean,

18713, where at a very late stage pollen die

Teaving empty qrains with almost normal

sporoderms. ’

In 0. hookeri. velans differances between
normal and sterile pollen development appear
as the Tinal consequence of deep metabalic
alterations of the last stages of sporodernm
rmorphogenesis, which fail to develop the
paracrystalline structure of the ektexine
(Fig. 2 a),

Two main changes could be stated in sterile
anthers (Fig. 2 a-¢):

1. Dark material deposited on the outer sur-

face of the microspores is the first evidence
of modificaticns during sterile development.

It is produced in vesicules of the tapetal
cvtoplasm, passing on to the pollen sac and |
accumulating on the outer surface of the " ¥

ektexine precursor without originating the

paracrystalline structure.

2. Later on the material secreted by the
~tapetal cells becomes lamellated. Lamella-
~tions of the exine seem to be a common fact

in modified pollen arains. They were ghserved

in aborted pollen of several species (Rowlav

& Flynn, 1969).

On the base of my observations I assume
that dark material accumulated in tapetal
vesicules and on the microspore surface is
probably a kind of 1ipid self-assembly
(Sitte, 1981} of colourless sporopollenin
precursors nroduced in the tapetal cells
during the transpher phase, which fail to
oraganize as definitive sporopollenin mole-
cule in sterile anthers. Production of col-
ouriess precursors of sporopollenin was as-
sumed before (Heslop-Harrison, 1968). Three
alternative pathways can be postulated for

- these precursoys: they originate either
sporopoilenin or B carotenoids in normal
anthers and argrphous lipids in sterile pol-
len sacs. Plastid morpholoay in tapetal cells
allow the assumption that they play a role
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. & ektexine
apertural chamber; Tamelles O plas-

during sporoderm development. This is also
supported by the fact that they fail to de-
velgp normally in this hybrid. The tapetal
cell mitochondria also look different, which
is remarkable.

fhe dissoluticn af the endexine and later
of the digestion of the dark deposits on the
microspore surface can be a secondary con-
sequence of the metabolic disturbance in the
pollen sac. Enzymes could be responsible for
the initiation of digestion of the endexine.
These enzymes are acting from the inside of
the layer towards the outside. Once the
endexine becomes discontinuous the dark ma-
terial of the microspore surface is also di-
gested. In barley, esterases are shown to
digest the exine (Ahorkas, 1976). Otherwise
the endexine is not a continuous layer, as
has been demonstratad in Epilebium angusti-
folium L. {Rowlev, 1976). The endexine chan-
nels could be the sites of location of the
inactive enzymes. The beginning of enzyme
digestion is marked by suitable conditions
arriving in the envirenment. This occurs
either durino cermination on the stigmatic
surface after polien dormancy in normal
compatible pollinations, or still in the pel-
len sac before pollen grains arrive at their
maturity and enter dormancy in sterile an-
thers.
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STAGES OF TAPETAL CELL CELL DEVELOPMENT IN STERILE ANTHERS OF OENOTHERA HOOKERI. VELANS

L. Noher de Halac

Centro de Microscopia Electrfnica, Universidad Catdlica de Cdrdoba, C&rdoba, Argentina

Summary

The tapetal cell stages were identified
and their ultrastructure related tec micro-
spore morphology. During sterile development
they show changes in their plastids and ER.
Vesicles with dense contents and paramural
bodies appear as main modifications.

Introduction

O.hookeri.velans is a hybrid with sporo-
phytically controlled microspore sterility
(Noher de Halac,l984).Developmental stages
of tapetal cells had not been recognized
before at electron microscopy level, either
in normal or in degenerating anthers, in
spite of the fact that pollen sterility has
been known to be present in the genus Qenothe-
ra for a long time.

Results and discussion

After release from tetrads the microspores
are at the non vacuclate stage. The secretory
tapetal cells reach the transfer phase which
is characterized by the digitations of the
plasmalemma with a mitochondrion at the base
of each digitation. At the vacuclate stage
of microspores, the tapetal cells gradually
locse the digitations of the plasmalemma and
the amount of RER decreases while the plas®-
tids become full of light vesicules similar
to those observed in Raphanus (Dickinson,
1973) ,Antirrhinum maius (Lombarde &Carraro,
1976) and Clea europaea (Pacinik Casadoro,
1981). Vacuolation of tapetal cells follows
and the cell remains partially migrate into
the pollen sac. Tapetal cells completelly
desappear when peollen grains get charged
with starch after mitosis.

During sterile development, tapetal cells
show alterations in the transfer phase. Later
on ne plastids containing light vesicles de-
velop. Instead, a hypertrophya of the ER is
seen and dark materials accumulate first in
vegicles and then as paramural bodies oppo-
site the locular face of the cells(Fig.l).
This demonstrates the relationship between
the transfer phase of tapetal cells and the
development of the paracristalline structure
in the ektexine.

The main functional activity cf the tape-
tum is associated with synthesis of lipids
and carotenoids. This was assumed for the
developing lily anther (Reznikova & Willemse,
1981). In the sterile anthers of 0,hookeri.
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2

2 3 g " ¥ -3 A
Fig.l. Autslytic tapetal cells. a, Tapetal
layer with lamellar material at the locular
face.Scale:25um. b, Lamellar material and
dark droplets in the autolytic cytoplasm,
Sséle: 2 um.

velans a deep disturbance of lipid metabolism

in tapetal cells conduces in the ektexine to
the failure of the paracristalline organiza-
tion of sporopollenin. It has been assumed
that the tapetum plays a role in the synthe-
siz of informational macromolecules (Ragha-
van,1981). Further work should provide more
evidence on the kind of macromolecules invol-
ved in lipid metabolism which cculd be modi-
fied in these hybrids,
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ISOLATION OF PETUNTA HYBRIDA CYTCPLASTS

M.M.C. Tan, J. de Bruin, G.A.M. van Marrewijk*, A.J. Kool and H.J.J. Wijkamp

pept. of Genetics, Vrije Universiteit, De Boslelaan 1087, 1081 HV Amsterdam,
The Wetherlands
*Tnstitute of Plant Breeding, Agricultural University, Wageningen, The Netherlands

Somatic cell fusion of protoplasts with
cytoplasts {enucleated protoplasts) rep-
resents an ideal toel for transfer of
specific cytoplasmic genetic information
from one plant into another, without
changing the nuclear background of the
acceptor protoplast.

By using a simple method of Percoll
centrifugation, we have developed a proce-
gure for cytoplast isclation of Petunia
hybrida preotoplasts, aiming at the trans-
fer of cytoplasmic male sterility from
P. hybrida to Lyccpersicen species,

Freshly 1isolated Petunia protoplasts
were centrifuged (50,000 g for one hour
at 12 °C) on top of a discontinuous Per-—
coll gradient. Fractions of - protoplasts
{R), cytoplasts (B} and nuclear fragments
(C) were collected and analyzed micros-
copically after staining with 1% aceto-
carmine.




Plastid content of generative cells in ILiliaceae

M.B.Schrdder and R.Hagemann

Department of Genetics, Martin-Luther-University, Domplatz 1

DDR-4020 Halle/S., CGerman Dem. Rep,

Summary

The plaatid content of generative
cells in gpecieg of the Liliaceae hag
been studied uging electron microsco-
py. Mature generative ‘cells without
plastids are formed either by the un-
equal distribution of plagtids during
firat pollen mitosis (G.verrucoss &
F.melengris) or by the degeneration
of plagtids during the maturation of
generative cells (F.imperialis & H.
ventricosa). The genetic conseguence
is a maternal inheritance of plastids,

Generative cells of Lilium martagon
contain plastids during the whole
pellen development, The mode of the
plastid inheritance in this species
depends on the fate of plasiids dur~-
ing sperm cell formation and fertil-
ization; this has to be enalyzed in
future Invegtigations.

Introduction

The mode of plastid inheritance de-~
pends on the mode of plastid dlstri-
bution during the development of the
male gametophyte and the fertlization
in angiosperms. Accordingly, four
types of plastid transmission have |
been desoribved (Hagemann, 1983). The
underlying cytological mechanigms are
not yet fully understood. Purther in-
vestigations on many gpecies are-
necessary. :

Results and discussion

Pive species of Liliaceae have been
investigated using electron microsco-
py. Three types of planis have been
found:

1. Lilium martagon: The young micro-
gpore as well ag the generatlve and
the vegetative cell contain plastidas.
Degenerating plastids have not been
observed., Therefore, we assume that
the transmiasion of plastids inteo the
sperm cells and later into the zygote
may be pospible, Purther gtudies on
the plastid distribution during the
progamic¢ phase and fertilization have
to be performed.

2. Fritillaria imperialis and Hosta
ventricosa: The young generative cell
containg some plastids as a result of
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the first pollen mitosis. During the
maturation of the generative cell
these plastide seem to degenerate,
Only mitochondria, dictyosomes, ribo-
gomes, endoplasmic reticulum and
myelin-like structures could be found
within the generastive cytoplasm at
anthesis, The lack of plastids in
mature generative cells leads to a
meternal inheritance of plastids in
these gpecies.

3. Gagteria verrucosa and Fritillaria
meleagrig: The young generative cell
as well aa the mature generntive cell
do not contain plastida, Plastids are
excluded from the generative cell
during the firat pollen mitosgis.

In Gasteris verrucosa we could ob-
gerve a polarization of plagtids far
from the dividing microspore nucleus
starting at the late prophage and
ending at the early two-cellulsr
atage, This plastid arrengement pre=
ventlng the plastids from being
transmitted intc the generative cell
mey be controlled by a bilochemical or
a biophysical gradient (Schridder
1984), The genetlc consequence of the
absence of plastids in mature genera-
tive cells is a maternal inheritance
of plastids,
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¥EW RESULTS ABOUT THE PRESENCE OF PLASTIDS TN GENERATIVE ALD SPERM CiLLS
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JRibininkz]

Data in the literature seemed to
indicate s gtriking heterogeneity of
the cereals regarding the plastid
content of thelr generative and sperm
cellsg as well as the trangmission of
male plastids into the egg cell.
~ However, electron microscopic studies
in our lak and critical analyses of
recent literature data make a revi-
gion neceggapry: The CGraminecge seen
to be more homogeneous than previcusg~
ly thought. All cereals, studied
intensively, do contain plastids in
she generative and sperm cells of
their pollen grains and tubesm resp.
iogt of them belong to fthe Triticum
type: Presence of plastids in gener=-
atilve and sperm cells, but their
atripping off the sperm nucleus
during the fertilization process.
Careful genetic studies ars neces-
sary to analyse the situation in Se-
cale which may show an exceptional
bekaviour.

Intreduction

On the previous Symposium in the
Migh Tatra the Tirst auihor hag
charscterized 4 types of angiosper-
nous species regarding the preselice
or absence of plastids in generative
and aperm cellsg of the pollen and
the transmission of male plastids
inte the egg cell (Hagemsnn 1983):
lycopersicon iype, Solanum type
Triticum type and Pelargonium type.

Data in the (older) literature led
to the opinion that the UGramineae
{= Pogceac) show a striking heterc-—
geneity in that resgpect; different
Bpecies gesmed to belong fo all 4
types, There are papers reporting
that Hordeum, Agropyron and Zea be~
long to the Lycopersicon fype,
Oryzas to the Sclanum type, Triticum
and Triticale to Lhe Triticum type,
and Secale to the Pelargonium type.

Llectron microzcopie giudies in our
laboratory and detailed critical ana-
¥ges of geveral recent literature

data smeem to make a revigion neceg-
sary: The cereals seem te be much

more honmegeneous regarding the plas-
tid copntent of their generative and
sperm cells than previously thought.

Results znd discussion
Hordeum vulgare:

Cacs & Karas (1975) reported that
in bariey ‘there amre no recoeognizable
plastids in the generative cell’.
lixodzianowski (persom. comm. 1982)
reported the obgervaiion of plastids
in generative cells. hicgensen {1982)
atated that the sperm cytoplasm of
bariey 'containg numerous organelles,
moat of which appear to be mitochon-
dria, but some of which may be pro-
plastids'. - We have, thus, to take
inte account the presence of {at
least some) plastids in generative
and sperm cells.

The genetic data of Arnason et al.
(1946) show a uniparental maternal
inheritance of chleorophyll deficient
mutant plastids in barley.

Zea mayd:

Lavson (1965) reported the observ-
ation of sperm cellsg without starchn
suggesting an absence of plastids,.
But the paper of Chebotaru (1981)
clearly shows the presence of plastids
in sperm cells. :

Genetlc studies demonstrete a uni-
parental maternal inheritance of
mugagt piastids (Shumway and Bauman,
1567).

Cryza sativa:

Vaughn et al. {1980) discussed rice
as . an example for their hypothesis
that 'chloropiasts may ke physically
altered in the process of wicrosporo-~
senegis, preventing them from being
trangmitied’ inte the egg cell, but
have nol documented tuls gtatement
by electron micrographs.

In crogses Pal and Ramanujam (1941)
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Tound a uniparental naternal inherit-
ance of plasiid mutationsg.

Triticum gestivum:

In ocur lab in Halle the pollen de-
velopment of wheat was studied. The
generaiive and sperm cells regularly
contain plastids (Schréder, Risch;
Fig.1). Genetic studies ghowed a uni-
parental maternsl inheritance of mu-
tant plastids {Briggle, 1966). The
uniparental inheritance of plastid
characters was also demonatrated by
restriction analyses after crosses
{(Vedel et al., 1981). I'rom these Tacts
we drew (1983) the conclusion that
wheat reprecents a new type: In the
Triticum type of plastid distribution
both generative and sperm cells do
countain plastids, but during the pro-
cess of fertilization the plastida
are siripped off the sperm nucleus
and are not transmitied into the egg
cell,

The mitochondria of wheat seem to
behave in the game way: purely mater-
nal trensmission {as does cytoplasmic
male sterility).

Triticales

Our gtudies with Triticsle demon=
gtrated alsc ithe presence of plastids
in generative and sperm cells (Schri-
der, 1983; Fig.2).

So far genetic resulis about the
transimigaion of plastids i1n Triticale
gre nol avallable.

Cotmon characteristics of the spesiks,
dealt with in the preceding paragrapis:

Supmarizing the main resulis of our
studies and the critical analysis of
the literature data regarding harley,
ngize, rice, wheat and triticale, we
come to the conecluglion:

- In all these gpecies tl.e generative
gnd speri cells contaln plastids

{(The situation in rice is not clear
in the moment, )

- Tue gencetic resulis indicate a uni-
parental naternal inherisance of plas-
tides. Thus i+ ig 1o be concluded,
that the plastids, still present in
the sperm cells, are stripped off the
sperm nucleus in the process of fer-
tilization and are not transmitted
into the egg cell.

- That is to say, ithat the gpecies,
mentioned above, all belong to the
Triticum type of plastid digtribution,
described by Hagemann (1983).
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Secale ceregle:

Electron microscopic studies in our
lab proved the presence of plastids
in generative and sperm cells of rye
(Laub, Schroder; Iig.3).

In contrast to the Tindings about
the species, mentioned above, there
is a paper by Frost et al.(1970) re-
porting a biparental inheriitance of
an extranuclear chlorophyll deficien-
¢y« This is the only report about z
biparentsl plastid inheritance in a
monocet gpecies.

However, the analysis of restric-
tion patterns of organelle DHAs of
eight Triticale lines with different
wheat cytoplasms showed exclusively
the presence of the maternsl plastids
and mitochondria, thus glving no Lint
at a transmission of paternal (Secale
organelles into the hybrid zygotes
(Vedel et al, 1981). - Siudies of the
restriciion patterns of plastid DNA
of primary triticales in our lab (Sic-
menroth) also revealed only the pre-
gence of wheat plastids, and no in-
dicaticn for a ltransmigsion of male
rye plastids.

Therefore it is highly desirable
to perform reciprocal crosses in rye
with regard to genetic plastid diffe-
rences in order fo confirm or to dis-
prove the report of Friat et al.

Concluding remarks

The study of the distribution of
plastids and mitochondria during
made gametogenesiz and the elucid-
ation, whether male plastids and mi-
tochondria are transnitted inte the
zygote (and thus the next generation)
are not only interesting questions of
the fertilization biology of higher
plants. This problem is alac of great
practical value for plant breeders,
because they wigh to¢ know with what
types of cytoplasmic organelles a
hybrid nucleus is combined, and
whether other plastids or mitochon-
dria might show a better interaction
with a hybrld nucleus with regard fo
kybrid vigour and plant production.
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PMig.2. Triticale. Generative cell
containing a proplastid (P) end a
mitochondrion (Mg. Generative nucle-
ug {(G¥). Electron micrograph. Bar
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organelles, Electron microgrsph 5.
Risch. Bar represents 0.5 /U

Fig.2. Secale cereale. Generative
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H. Oldenburg. Bar represents 0.5 /um.
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THE SURFACE COATING OF MICROSPORES AND MICROSPORE MOTHER CELLS IN PINUS SYLVESTRIS

J. R. Rowley and B. Walles

Botany Department, University of Stockholm, 5-106 91 Stockholm, Sweden

Summary

Components of the microspore surface
coating are structurally distinctive scon
after cytokinesis of the tetrad of micro-
spores and before a recognizable preexinous
pattern is discernible. The distinctive
structures include a system of rod-like
subunits and processes. This appears to be
due to specific glycocalyx receptors on
which sporopollenin accumulates.

Keywords: exine, pollen, glycocalyx
receptors, sporepollienin.

Introduction

Surface coatings of microspore mother
cells and of microspores both form as plasma
membrane glycocalyces. Both are present when
a sporopolleninous exine is initiated so
that monomers are presumably available to
both cocatings. As is well known, an exine
forms only on the microspore — the micro-
spore mother cell coating eventually .
vanishes. This situation offers an opportuni-
ty for investigating systems having or not
having the capability for sporopollenin
polymerization.

Results and discussion

The microspore mother cell surface coating
is structurally distinct from-~the surfacew.’
coating of microspores. The mother cell
coating has the appearance of an irregular
filamentous mesh (Fig. 1) whereas the micre-—
spore surface coating has complex structures
which include rod-like subunits ca 30 om in
diameter (Fig. 2). Rodlets appear to be
linked and associated with processes that
are ca 100 om in width. These processes
are prominent in the "air bladder" regions
but are alsc present in generally radial
orientation on all but the apertural area of
microspores. They may be censidered as units
of an exine template since the outer portion
of the exine forms directly on them. Beth
when it is initiated and again later when it
is thickened the exine surface is rough be-
cause of the presence of the rodlet surface
coating (Fig. 3). The processes are smocthed
out as they increase in thickness due, pre-_
sumably, to the addition of sporopollenin.
The distinctive plasma membrane surface
components are also observed on tapetal sur-
faces which likewise accumulate sporopollenin.

S$poropollenin accumulation not only requir-
es the availability of monomers {carotencids
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and carotenold esters) but alsc surface
receptors,according to the findings of
Atkinson et al. {1972) with algal cells.
We assume that the structure of the sporo-
polleninous coating is influenced by the
specific chemical composition of the
receptars,
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Figs. 1-3, Karnovsky fixative plus ruthepium
red. Staining: U, Pb. Bars: 100 om.

Fig. 1. Microspore mother cell surface coat-
ing {M). — Fig. 2. Microspore surface coat-—
ing between plasma membrane (P) and callosic
envelope (£). Dark rodlets (arrows) occur
between and on procesgses of future exine (8).
— Fig. 3. Exinous processes {(8) and tectum
(R) are studded with components of the micro-
spore surface cozting which are ca 30 nm in
diameter and appear to be rod-shaped; end
views are marked by arrow heads and rod-
-shaped side views by arrows.
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LIGHT ABSORPTION OF POLLEN TUBE WALLS
AND POLLEN WALLS

M.T.M. Willemse

pepartment of Plant Cytology and Morphology,
AU, Wageningen, The Netherlands

Summar

It is feasible using a microscope to deter-—
mine the light absorpticn of a selected small
area of a pecllengrain or pollen tube. Light
absorption of developing pollen, different pol-
len species and the pollen tube can be related
to the changes in wall thickness and composzi-
tion and the cytoplasmic vclume.

Methods

The pollen grain is
. a microscope slide and
mined of a known fixed area using a 40x objec—
tive. A 75W xenon lamp and an automatically
driven Iveon~Jobin monochromator provides a con-
tinuous spectrum from 400-750 mm. Transmitted
light was measured using a RCA photomultiplier
supplied with a selected voltage. Compared

with a control without specimen (= 100%), it
was possible to determine the optical density
of a sample in mV, which was expressed as AZ.
If not otherwise mentioned the variance in the
mean value of 3 measurements is 7%.

suspended in water on
the absorption deter-

Results and conclusions

1. Developing and mature pollen.

During the development of Gasteria verrucosa
pollen absorptiom remains nearly constant during
the early stages. Increases at the mature
stages are mainly due to changes in the com-
position and augumentation of the plasma. Ab-
sorption from 700-750 nm is primarily due to
the cytoplasmic content of the pollen.

Absorption by pollen wall in aborted empty
pollen is high in the young microspore due tc
the continuing wall formation. Thereafter the
wall streches because of the increasing cell
volume, See figure 1, measured volume was
20%20%10 um at 1070 V; I, at 500 om = 4,5 mV
1007,

Comparable results in Lilium and Physios-
tegia suggests that especially the thickness
and composition of the pollen wall and the
volume of the cytoplasm influence the rate of
absorption.
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Measuring mature pollen of different species
three types of spectral absorption curves can
be distinguiwhed: a maximum present between
400-450 nm {Delphinium elatum hyb., Digitalis
purpurea, Campanula bononiensis, Phyostegia
virginiana); a maximum present between 450-

550 nm {Chrysanthemum segetum, Potentilla
pyrenaica, Lupinus mirabilis, Gasteria verru-
cosa) and no maximum present at all (Cedrus
atlantica, Colchicum autumnale, Hibiscus syria-
cus, Lilium c.v. Enchantment).

The nature and concentration of pigments
such as delphidine and carotenoids probably
determine absorption between 400-450 nm. Flavo-
noids absorb in general between 200-400 nm. The
specific absorption spectrum of each pollen is
determined by their specific cell wall cempo-
nents including pigments and its cell contents.

2, Pollen tube and pollen tube tip.

The pollen tube and the tip of the pollen
tube of Impatiens walleriana show distinct
absorption curves. The ratic in absorption
from 450 nm between pollen tube and its tip
is about 1:0,75. See fig. 2, measured area
10x10 pm at 1170 V. Ip at 500 nm = 6,4 mV =
100%,

FProm 400-450 om the pdllen tube shows a
strong decrease in absorption. The tip has mo
slope and a lower percentage cf absorption.
The difference between the tip and the other
parcs of the tube can be related te the compo-
sition of the tube wall, the presence of cal-
lose and the cytoplasm, at the tip rich in
vesicles, in the tube as with starch grainms.

- o)

MPATIENS 5P

| L +— Pollen Tube
i
1

+—= PoltanTuba Tip

0585 500 L) 7a0 ™

When stained with calcofluor white, mainly
for polysaccharides, the intemsity of a measur-
ed area of 10x10 ym for the tip is 24 X 2 mv
(n=5) and for the tube is 16 L 1 mV (n=7) at
450 nm and 1000 V, This suggests a 1.5% higher
level of cell wall components in the tip,
partly present in the vesicles in the cyte-
plasm,

When stained with water blue, a stain main-
1y for callose, the intensity of a measured
area of 10x10 um for the tip is 20 2 6 wv (n
=7) and for the tube 30 % 8 mV (n=5) at 500
am and 1170 V (Willemse, 1981}. There exsists
a 0.6 x lower callose concentration in the tip.

Reference

Willemse, M.T.M., 1981. In: D.C. Robinson &
H. Quader (Eds.). In: Proc. IT Cell Wall
Meeting. Wiss. Verlag Gesell. MBH, Stuttgart,
p. 242-250. 57




EFFECT OF WATER LOSS ON GERMINATION ABILITY OF MAIZE PCOLLEN

B. Barnabéds

Agricultural Research Institute of the Hungarian Academy of Sciences,

Martonvédsadr, Hungary

summary

The correlaticn between the water
content and viability of maize pol-
len grains was studied on the basis
os the germination abllity of pollen
from a single cross hybrid. There
was found to be a close correlation
between viability of the grains and
their tolerance to desiceation.

Key words: maize, pollen viability,
dehydration, pollen treatment,

Introduction

Knowlton /1922/ has ascribed the
rapid loss of viability in cereal
pollen to the desiccation of the
grains. According te Shivanna
Heslop-Harriscen /1981/ structural
changes take place in the membranes
of the pollen grains during dehyd-
raticn, and the permeability of the
plasma membranes alters. N¢ records
appear yet to have been published
with respect to the effect of various
degrees of water loss on the
viability of maize pollen.

Materials and methods

Pollen was collected from a sing}e
cross maize hybrid and was theri dried
to various water contents, 15-2C mm
pieces of silk were pollinated with
pollen under examination and were
incubated for 15, 30, 60 and 120 min
at 25 ©C in petri dishes. After
these periods the numbers of
germinated pollen grains were counted
and the maximum length of the pollen
tubes was measured.

Results and discussion

A comparison of the germination of
pellen grains with varicus water
content showed that grains with high
/50-55 per cent/ water content
adhered to the stigma and germinated
most rapidly and in greater numbers.
Almost 80 min were required for ger-
minaticn of the pollen grains with
low /10-25 per cent/ water contents.
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With regard to the length of the
pellen tubes, it was observed that
pellen grains containing less than
25 per cent water developed
considerably shorter pollen tubes
during the period 60-120 min after
pollination than those with higher
water contents /Fig.1./.

Fig. 1.
water content
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It is reasonable to assume that is
the most telerant grains which sur-
vive the experimental treatment
fdrying/ without loss of their
normal function,
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MICROTUBULAR CONFIGURATICNS ©DURING ENDOSPERM AND POLLEN DEVELOPMENT IN ZEA AND GASTERIA

AS VISUALIZED BY IMMUNOFLUORESCENCE

A.A.M, van Lammeren

pepartment cf Plant Cytclogy and Morphology, Wageningen, The Netherlands

Summar

The arrangement of micretubular (MT)
configuraticns was studied in differenti-
ating cells to elucidate the role of the
cytoskeleton during cytomorphogenesis.
Endosperm from Zea mays and anthers from
casteria verrucosa were fized with aldehy-
des and embedded in polyethylene glycel
{(PEG) at wvarious stages of development.
Semi-thin sections were mounted on slides
and processed for immunccytochemistry.
The specificity of antisera was confirmed
by proper control experiments.

In the developing maize endosperm a
variety of MT arrangements was detected.

puring cell division microtubules were
conspicuocusly labeled in spindles and
phragmoplasts. At interphase, however,
they were preferentially oriented along

the cell membrane. In isodiametric cells
the microtubules appeared in & Criss—cross
texture while in the elongated cells of
the epidermal layer they were highly or-
dered into bundles arranged parallel to
each other along the anticlinal cell walls.

Throughout the process of pollen develop-
ment in Gasteria MTs were demonstrated
in wvarious concentrations and configura-
tions. Their location at meiocsis and polien
mitosis was well established. The shape
of the generative cell proved toc be deter-
mined and maintained by bundles of MTs.

Introduction

In recent
has been used

years
frequently to

immunocytochemistry
study the

arrangements and functions of microtubules

(MTs) in wvarious organisms {for surveys,
see Oshorn & Weber, 1982; Lloyd, 1982).
Besides functioning during cell division

in the formatien of the spindle (McIntosh,
1984) their functioning in cell motility
was stressed (Hyams, 1982). During inter-
Phase their main function has proved to
be the forming of a cytoskeleton estab-
lishing and maintaining cell shape, both
in animal and plant cells (see Brinkley
et al., 1380; Marchant, 1982).
Plant tissues, however,
Specific difficulties during
for immunocytochemistry as was discussed
by Knox et al. (1980). Ensuring access
of antibody te cellular sites of antigen
Seems +to be the main problem. Indeed in
Maize endosperm the celluiose cell wall
dppeared to be a barrier to immuncglobulins
(IgGs) and also during pollen develop-

often cause
preparation

ment the callese cell wall and later on
the sporopollenin ¢ell wall impeded IgGs
to penetrate protoplasts. This problem
was initially cvercome by enzymic digestion
of the cell walls (Van Lammeren, 1982},
The subcellular organization, however,
changes during cell wall digestion because
protoplasts round up and protease activity
may interfere {(Wick & Duniec, 1983).

To circumvent the problem, Wolosewick
and De Mey ({(1982) embedded animal tissue
in polyethylene glycel {PEG). This paper
sets out to describe a modification of
their method leading teo a successful appli-
cation for plant material. Microtubular
arrangements will be shown using this
technigue in the study of developing maize
endosperm and developing Gasteria pollen.

Materials and methods

Young caryopses of 2&a mays L., strain
A-188 (kindly provided by Dr, C.E. Green,
Minnesota) were dissected in the greenhouse
at wvarious developmental stages. Sagittal
sections of endosperm were fixed in a
mixture of 3% depolymerised paraformaldehy-
de and 0.25% glutardialdehyde in phosphate
buffered saline (PBS: 135 mM NaCl; 25
mM KC1; 1.5 mM KH.PO,; 8 mM Na2HPO4, PH
7.2) for 2 Thours at room-temperature,

Anthers from immature flowers of the
inflerescence of Gasteria wverrucosa (Mill.
H. Duval}) were dissected and to improve
penetration of the same fixative into
the loculi the distal ends of the anthers
were cut prior to fixation. The developmen-
tal stages of the c¢ells in the loculi
were determined for each flower by Nomarski
optics.,

After fixation tissues were subseguently
rinsed in PBS for 30 minutes, treated
with 15 mM NaBH and 0.1 M MNH Cl, both
in PR3, for 15 minutes each and rinsed
again in PBS for 30 minutes. Samples were

washed 1in water and processed through
a graded series of ethanol. Temperature
was raised up to 55°C when ethanol 100%
was replaced by a 1:1 mixture of ethanol

: PEG 1500,/4000 (w/w PEG 1500 : PEG 4000
= Z:1)., After two hours of infiltration,
the mixture was replaced by pure PEG 1500/-
4000. After one hour samples were transfer-
red 1into siliccne moulds or gelatine cap-
sules containing pure PEG  1500/4000 at
55°C, This temperature was maintained
during ancther two hours. Then the heater
was switched pff to allow the PEG to cool

down slowly. Semi-thin sections (5 pm)
were prepared with a Xulzer Histoknife
58
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{Kulzer, Friedrichsdorf) mounted on a
LKB Ultrotome V. Serial sections were
picked up with hanging drops of 40% PEG
6000 in water to permit wrinkles tec disap-
pear slowly. Then the secticns were care-
fully +tipped cnto poly-L-lysine coated
slides [poly-L-lysine, Sigma, MW = 70,000,
0.1% w/v in distilled water, pH 8.6) for
adhesion. $Slides were rinsed twice in
PBS to remove the PEG prior to the applica-
tion of antisera.

For immunocytechemistry, the first
antiserum was raised in rabbit against
tubulin purified from calf brain essential-
ly according to Shelanski et al. (1973).
The IgG fraction was isolated with column
chromatography (DERE Affi-gel Blue, PRio-
rad). Sections were incubated at 37°C
with 20 ul1 diluted antiserum (1:15 in
PBS) or 20 pl IgG solution for omne hour,
subsequently rinsed in PBS and exposed
to the secondary flucrochrome-labelled
antibody (goat anti-rabbit IgG-FITC, HNor-
diec, Tilburg) diluted 1:40 in PBS for
one hour. BAll steps were at 37°C. Slides
were rinsed in PBS for 1 hour and sections
were embedded in Mowiocl 4-88 (20% Mowicl
4-88, Hoechst, Frankfurt am Main, in 0.1
M Tris-HCl, pH 8.5).

Sections were observed with epifluores-
cence on a Leitz Orthelux microscope with
Xenon 150 or HBO 100 W high-pressure mercu-
ry lamp illumination. The objectives used*
were Nikon Plan achremate 50x oil (N.A.
0.50-0.85), Leitz Tluor 9% o0il (WN.A.
1,10-1.32) or Leitz 100x oil (N.A. 1.25).

BElack and white images were recorded
on Agfapan 400. Color slides were made
on Kodac Ektachrome 400 and processed
commercially.

Results -

Technical aspects. Both the fixation and PEG
embedding procedures appeared to be appropri-
ate to detect MTs at various stages of
the cell cycle. This not only holds for
the endosperm and the developing pollen
tested but for the embryo and carpels
of maize and for root tips of maize, onion
and radish as well ({(Van Lammeren, unpub-
lished). With respect to immunolabeling
both the first antiserum and the IgG frac-
tion gave excellent visualization of MTs.
However, serum dilutions less than 1:25

coincided with increasing aspecific la-
beling of the background. Two control
experiments in which either the first

antiserum was omitted or pre-immune serum
was applied resulted in but a faint as-
pecific labeling of the cytoplasm while
no MI's were tc be detected. The first
antiserum was stored for meore than 2 years
at -60°C without an apparent loss of bind-
ing capacity. The high temperature of
55°C durihg PEG embedding influenced nei-
ther the distribution of MTs nor the inten-

&0 .

sity of their labeling as was concluded
from data obtained from unembedded FITC-
labeled tissues.

The composition of the mixture of PEG
with wvaricus molecular weights was deter-
mined experimentally and the combination
used gave the best results during section-
ing. A microtome was used to obtain repro-
ducible section thickness which proved
to be of particular importance for quantita-
tive analysis and photography. Semi-thin
sections did adhere well at poly-L-lysine

coated slides and the cut single cells
in the loculi of the anthers remained
localized when PEG was washed away and

slides were further processed. It should
be taken into account that direct micro-
scopic observation of the fluorescent
cytoskeleten revealed far more details
than c¢an be shown on prints or slides
because of the samall depth of field and
the limited resolving power of the photc-
graphical emulsicn.

Microtubular configurations in the endosperm.
Approximately nine days after pollination (DAP)
several regions could be distinguished in
he developing maize endosperm. At the
base o©of the endosperm, near the chalaza,
cells are elongated and densely cytoplas-
mic. The central region of the endosperm
consists of isodiametric cells which often
have large central wvacuoles. The outer
region of the endosperm consists of an
epidermal layer with small, densely cyto-
plasmic cells.

Both in the epidermal layer and in
the central region of the young endcsperm,
cell divisions were detected at low fre-
quency. Mitotic spindles were observed
and during cytokinesis wvarious stages
cf phragmeplast development were seen.
IR interphase cells of the central region
MTs were detected preferentially surround-
ing the nucleus and running criss-cross
along the cell membrane (Fig. la}l.

When the carvopsis was about 15 DAP
cells of the central region of the endo-
sperm contained only few vacuoles but
numerous plastids. Microtubules were still
found running along the cell membrane
but also throughout the central part of
the cytoplasm. Interphase cells of the
epidermis had a strikingly different confi-
guration. Here, MTs were highly ordered
inte bundles which ran aleng the anticlinal
cell walls parallel tc the surface of
the endosperm (Fig. 1b). In the nucellus
tissue &also two cell types were observed.
The iscodiametric cells showed a cortical
mesh-work of MTs. The epidermal cells
exhibited bundles of MTs as can be seen
in Fig. lc.

Microtubuiar configurations during pollen devel~
opment. At the pre-meiotic stage of pollen
development, cells of the spcrogencus tissue
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and young microspore mother cells of Gaste-
ria are polyhedral and about Iisodiame-
E;IC. The large nucleus occupies the cen-
tral region and only few small wvacucles
appear in the cytoplasm, Starting at this
stage MTs were detected in various, but
stage specific configurations. As is shown
in Fig. 2a, microtubules in microspore
mother cells are arranged 1n a criss—cross
texture throughout the whole cytoplasm.
At meiosis MTs were visualized in spindle

and phragmoplast configurations (Figs.
2b and c).
Cell wall synthesis of pollen starts

from early tetrad stage; when microspores
are set free in the loculus they have
a bilateral symmetry. Then microspores
are elongated and the nucleus is situated
near the cell wall opposite the colpus

(Fig. 2d). Strands of MTs preferentially
appear in between the nucleus and the
colpus.

Cytoplasmic MTs disappear at pollen
mitosis. The position of the fluorescent
spindle and phragmoplast indicate the
asymmetric plane of division {Fig. 2e).

The newly formed generative cell is firstly
attached to the intine, but as it differen-
tiates, it becomes completely surrounded
by the cytcoplasm of the vegetative cell
and subsequently elongates. Eventually
the spindle-like «c¢ell merely consists
of a nucleus surrounded by a thin layer
of cytoplasm, which is enveloped by the
plasma membrane. 1In the cytoplasm of the
vegetative cell only a diffuse fluorescence

was observed and MIs were vrarely seen.
However, in the generative cell striking
fluorescent cables running from pole *to

pele indicate a highly ordered arrangement
of MTs (Fig. 2£).

Discussion
Sectioning plant tissues embedded in
2 mixture of polyethylene glycel proved

to be useful in overcoming the problem
of the plant cell walls forming a barrier
to IgGs in their penetration of the proto-
plasm. The antigenicity of tubulin struc-
tures appeared not to be altered compared
to hand made sections. Moreover it was
quite easy to study serial sections. Ini-
tial experiments directed towards the
addition of PEG with a lower moclecular
weight which strongly improved the section
quality. In pure PEG 4000 as used by Wolo-
Sewick and De Mey (1982) sections were
too prittle. The use of the solidifying
Pelyvinylalecohol Mowiol 4-88 (see Osborn
& Weber, 1982) enabled us to manipulate
the slides without vrisk of damaging the
sections.

It is beyond the scope of this paper
to describe and interpret the various
MT  configurations extensively. However,
some striking features will be discussed.

configurations in

Fig. 1. Microtubular
Zea mays.

r's
a. Endosperm cells at the central region

at interphase. MNote the criss-cross
texture of fluorescent MTs.

b. Epidermal endosperm cells with cortical
bundles of MTs {arrows) at interphase.

c. Epidermal <¢ells of the nucellus (Nc)
with M™Ts along the anticlinal cell -
walls. The MTs are oriented parallel
to each other and perpendicular to
the surface of the epidermis.

The cytoplasmic MIs of the interphase
cells of maize endosperm appear to be
crganized in two different confiqurations,
depending on the location of the cells.
In the small epidermal cells they are
mainly arranged into bundles which align
the anticlinal cell walls whereas in isodia-
metric cells a cortical criss-cross texture
of MTs appears to be most frequent. These
findings are in agreement with the now
widely accepted view that the asymmetric
shape of plant cells is largely the result
of the orientation in which cellulcse
microfibrils are deposited within their
cell walls. During the establishment of
the mature shape and size of cells, MTs
appear to influence the pattern of cellu-
lose deposition and thus MIs control indi-
rectly the developing shape (Marchant,
1982; Traas et al., 1984). Spindle and
phragmoplast MTs are not likely to interfe-
re with the ultimate cell shape. The plane
of division, however, is determined at
mitosis. The position of the cell plate
of epidermal endosperm cells is predominant-
ly perpendicular to the outer surface,
while the orientation 1is random in +he
central region.
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configurations in

Fig. 2. Micretubular

Gasteria verrucosa.

a. Microspore mother cells with fluorescent
MTs in a criss-cross texture throughout
the cytoplasm.

b. Diade stage with MTs radiating from
the nuclei and forming the phragmoplast

c. Tetrade stage. Wote MTs radiating from
the nuclei towards newly formed cell
walls,

d. Microspores
in between the
colpus (C).

e. First pollen mitosis at metaphase with

showing MTs preferentially
nucleus (M) and the

spindle MTs indicating the asymmetric
plane of cell division (arrows).

f. Pollen grains with gener.utive cells
(G} in transverse section. Bundles

of cytoplasmic MTs surround the unstain-
ed nucleus of the generative cell.

in Gasteria only the isodiametric micro-

spore wmother cells exhibited the ocriss-
cross texture throughout the cytoplasm.
211l other cell types showed altered MT
configurations.

In the diade (Fig. 2b) and tetrad (Fig.
2¢)  stage MIs were observed extending
frem the nuclear envelope to the plasma
membrane as was also reported recently
for wvery young microspores in Lilium by
Dickinson and Sheldon (1984). These authors
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proposed that the MIs play part in crienta-
tion of the nuclews and in transport of
materials te the «cell surface. 1In our
cbservations your microspores of Gasteria
have a length axis while they are stili
encapsulated in the callose wall and the
MTs that run throughout the cytoplasm
sometimes have a pole-to-pole orientation.
The same pole-to-pcle orientation is mast
striking after pollen mitosis in the spin-
dle-shaped generative cell in which several
bundles of MIs appear. The morphogenetic
functicon of these MT bundles was already
stressed by Sanger and Jackson (1971)

who reported that the elongation of genera-
tive cells of Haepanthus katherinae is
accompanied by the development of a peri-

pheral array of MPs which are oriented
parallel to the leong axis of the cell.
When they destroyed MTs generative cells

partially reverted to their former spheroi-
¢al shape. Elongated generative cells
with bundles of MTs were shown in a wvariety
of plant species (Cresti et al., 1984)
and indeed for Gasteria their presence
was also recorded by electron microscopy
(Keijzer, this wolumel. In free wicrospores
which have a colpus and a pollen wall,
MTs were not equally distributed throughout
the cytoplasm but werely restricted +to
the colpus region {(Fig. 2d}. This probably
indicates the conservation of the cell
shape at the colpus zone by the MTs.

The data obtained indicate a coincidence
of a proper MT configuration with a certain
cell shape. We suggest that MTs influence
the cell shape as feollows: MPs in a criss-
cross texture only permit cells to differ-
entiate isodiametrically while MI's in
parallel arrays direct towards longitudinal
cell growth or shape. In all it can bhe
stated that the PREG embedding procedure
as g modified by us was suited to study
and their function in
the endosperm cells of maize and in develop-
ing pollen of Gasteria. Mere experimental
conditions interfering MT arrangements
will be used in further studies.
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GROWTH OF TOBACCC POLLEN TUBES IN VITRO; EFFECTS CF DRUGS INTERFERING WITH THE CYTOSKELETON

Jan Derksen end Jan A. Traas

Department of Boteny, KUN, Toernociveld, £525 ED Nijmegen, The Netherlands

Abgtract

The presence of the drugs colchicine, deu-
terium oxide, cytochalasin B and phalloidin
inhibited germination and tube growth of
Nicotiana tabacum pollen in vitro. The pol-
len tubes did not loose thelr polarity in
the presence of the drugs. The effect on the
microtubule skeleton was examined using im-
mmnofluorescence, In Lthe presence of colchi-
cine no or almost no microtubule skéletons
could be observed. If deuterium oxide, phal-
loldin or cytochelasin B were present in the
culture medium, microtubule skeletons, though
distorted, remained preszent

Introduction

Pollen tubes are able to diresct their
growth, probably guided by environmental fac-
tors.

They are growing at their tip only and thus
show a distinct polarity (Sievers and Schnepf,
1981). Therefore pollen tubes must have af
their disposal a growth directing system that
ie probably loceted in or near the tip. The
mein structural element of plant cells, the
cell wall, cannot be considered such a system
gince the wall 1s a passive element only,

The pre-eminent morphogenetic element in
plant cells is probably, like in animal cells,
the cytoskeleton, a coherent network of
various elements, mainly microtubules and
microfilements (for reviews see a.o.: Lloyd,
1984 and Robards, 1983). The presence of
these elements in pollen tubes has been shown
already in 1972 by Franke and coworkers.
Microfilamenta (Picton and Steer, 1982) and,
due to their presumptive role in cell wall
deposition, especially microtubules (Lloyd,
1984) have besn supposed 1o be involved in
plant cell morphogenasis. Various drugs are
known to interfere with the cytoskeleton.

We used phallofdin and cytochalasin B, both
known to interaet with microfilaments and to
inhiblt plasma streaming and colchicine and
deuterium oxide (D,0) respectively depolymeri-
zing and stabilizing microtubules (reviews:
Rebards, 1983, Sato et al., 1982). Here we
present not only the effects on germination
and pollen tube growth of these drugs, but
alge their effect on mlerotubule skeletons
using immunofluorescence (Wick et al., 1981),
recently adapted to pollen tubss (Derksen et
al., manuscript in prep.).
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Material snd methods

Culture conditions

Pollen from Wicotiana tabacum (L) cov Sam-
sun were collected and stored as deseribed
by Kroh and Knuiman (1982).

Pollen {10 mg) were germinated and grown
in sucrose/borate medium {2 ml) for several
hours under standardization conditions (Kroh
and Knuiman, 1982). Samples were taken at
2 and 3 hours after start of ihe incubation.
Representative ares's were photographed.
Germination end tube length were determined
from mierographs with sultable magnification:
Germinabion was scored at least 1000 pollen
grains. Pocllen tube length was determined
from at least 200 germinated pollen using a
Kontron videcplan computer. Drugs were added
%o the medium in various concentrations
gprior to the incubation. All experiments were
carried out in duplo.

TImmunoflucrescence

Immmollucrescence was carried out princip-
ally as described by Wick et al. (1981} with
some modifications (Derksen et al. manus—
cript in prep.). The primary antibody was a
rat monoclonsl enti-tubulin {(Mas 0T77; Sera
labs}, the second antibody was a rabbit Fite
labelled snti-rat Igg (Nordle BV). Preprara-—
tions were examined in a Leitz orthoplan
microscope equipped for immunofluoresczence,
using a Leitz 100x water immersion lens.
Motographs were made with a Leitz vario-
orthomst combination on either Fujichrome LOO
or Agfapan W00 professional film,

Resgults
CGermination

In preliminary experiments the curves re-
presenting germination were sigmeld with a
linear range between 1 and 3 hours after
start of the incubation. Though experiments
carried out in duplc showed almost identical
results, larger differences occursed between
independent experiments, Therefore, experi-
ments were not pooled. The effect of variocus
concentrations of colchicine, D0, eytocha-
lasin B and phalioldin of a representative
experiment is shown in fig. 1.
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Figure 1. Inhibiticn of germination by colehichine, DEO’ cytochalasin B and phalloidin.

explanation: see text.

1w & COLCHICINE !' 18
r“ s——a 2hs. I, s——ea 2hrs
\ x---x Jhrs. \ *-—x 3hrs.
80 X B \\
| T LI, - \\\
T X 3(\
60 |- - s
} \ "
\ I~ \\
" [, . L \;\
[ L 1 w L o ol
0 0* 6107 107 L 0 50 %
W xmoxe X CYTOCHALASIN - PHALLGIN
T —s 2lvs s »——a 2Hrs.
" T ¥--x 3l N X-—=x 3hrs
; 80 / B \x ______________
' - ~y yo _______ -
&} . ‘r
W B .\ ’
B 1 L 1 n L L 1
0,005 091 WSpgimt W4 20t 0w

Leagth (py 200}

Concentration

COLCHICHHE 1A
e—a 2 hrs. a—s 2hrs
kil = x-~-X 3hrs. - %——-x 3brs.
X i~
\\ A
Fii] —\x--‘ﬁ_“_ - ‘x\\
““““ Xm m e \ \\\
— .
10 \ - * ~
° -t——.\l
L]
0 L L
0% Y AR R i 50 %
CYTOCRALASIN PHALLOTD!¥
o——-a 2 hrs, a——a 7 hrs.
0 [k N x-==x 7 hrs. - ¥-—-x ¥ his.
N X,
A N
al S L N %
., --.ﬁ_\\
\. a.__‘__\ ..
g ~x | ‘_‘.‘_‘*_“‘*—‘—___
\. .
0 bl e ) L L
0,005 01 0,05pg/ml 10 210" 1Y M

Cencentration

Figure 2. Inhibition of pollen tube growth by colchicine, D0, cytochalasin B and phalloidin,

explanation: see text,
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The effect of colchicine shown at a concen-—
tration of 1077°M is hardly stronger a% in-
creasing concentrations. D, 0 strongly inhibi-
ted germination and almost complete inhibi-
tion ig reached at concentrations somswhat
higher than 50%. Both phallofdin and cytocha-
lasin at low concentrations did not inhibit

germination and even showed slight stimulation.

However, this effect was not consistent and
probably may not be significant. Higher con-
centrations of these drugs were clearly inhi-
biting. In control experiments the germina-~
tion percentage was almost 100% after 3 hours.
If an inhibitory effect of a drug was recor—
ded also the maximum germination percentage
became lower than 100%. The maximus germina—
tion percentage was 2till reached then after
about 3 hours.,

Pollen tube growth

In representing our results we chased to
use the mean wvalue of the pollen tube lengths
as an arbitrary measure. All drugs clearly
inhibited pellen tube growth (fig. 2).
Inhibition of pollen tube growth by colchicine
and D_0 showed & simllar course as the inhi-
bitichl of germination {(compare figs 1 and 2).
The effeects of pollen tube growth of cyto-
chalasin and phalloidin occurred at lower
concentrations than the effects on pollen
germination {compare figs 1 and 2], The effect
of the drugs on tube growth seem to be more
pronounced than on germination.

Effects of drugs on microtubule skeletoen,

In immunofluoresenze preparations parallszl
strands of microtubules were visible through-
out the cell with mainly axial orientations
(fig. 3A and table 1), but also helices with
a right turn (5 helix) occurred.

The presence of the drugs caused marked d1ffe~
rences in microtubule organizetion (fig. 3)
and are described below for the dlfferenE
drugs. The concentratlon used were: 10 M
colehicine, 50% D0, 107 M phallofdin and
0.002 ugr/ml cytochalasin B.

In the presence of colchicine pollen tubes
generally did not show numbers of parellel
strands of microtubules anymore. Unly few in-—
dividual strands, mainly axially orisnted
were present {fig. 3B), bubt occasionally
arrays of microtubules could be observed, The
tubes showed a high background. The strands
that remained were less strictly oriented and
less straight then in the controls (compare
figs 1A and B), The diameters of the pollen
tubes were lrregular and learger than in the
control cells, sometimes a knob at the tip of
the tube occurred. As judged from phase cone
trast microscopy, the organization of the
plasma and the plasme streaming was disturbed.

D.0 cuased changes in the microtubule skele-
tont more and shorter strands that were iess
strict oriented and less straight than in the
control cells {figs 1A and C and takle 1},

66

Figure 3. Immmoflucrescence of microtubule;

Fig. 3. Immunofluorescence of microtubules.
A: untreated; B: colchicine, C: DEO’ D: phal
lofdin, and E: cytochalasin treated, Polnter
microtubules., All magnifications: 3000 x.

The main orientations remained axial but mor
end steeper helices occurred (see table 1).
Near the tip of the tube fewer and less
strictly oriented microtubules strands were
visible. Organization of cytoplasm and plasm
streaming were disturbed. The dismeter of th
tubes was irregular, mostly larger than in
the contrels and endknobs occurred regularly
Often, about 50%, the pollen tubes weres
twisted in a right turn {8 helix, see figs
34 and C).

PhalleIdin did not clearly effect the num-
ber of microtubule strands, but they often
sppeared to occur in bundles. The strands we
less strictly oriented, especially near the
tip, but they remained straight (fig. 3D).
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crossing strands were observed (fig. 3D).
More and steeper helices occurred (see:
table 1). Organization of the cytoplasm and
plasma streaming seemed to be normal.

The effects of cytochalasin were similar to
those of phailoidin but much more proncunced
{fig 3F and table 1). Cleasr wavelike patterns
with many creossing strands {fig. 38) were
seen. Also bundles of non wavelike strands
and spiralg were observed. The density of the
microtubule strands is obviously higher than
in the control cells. Near the tip the
mierotubule skeleton is less well organized
and sometimes the hellces in the tip are
steeper than in the rest of the cell.
Occasionally, pollen tubes appeared to be
twisted in a S.helix. o obvious disturbances
in the organization of the cytoplasm could be
observed out plasma streaming seemed to be
irregular.

Hone of the drugk caused great changes in the

. mierotubule strands of the generative cell.

However, colchicine, but especially D.O and
cytochalasin B caused & somewhat wavelike
pattern in the microtubule skeleton of the
generative cells,

Table 1, Main direction of the microtubules.
range mnode mean N
control OO—LBO o®(604) ¢ g95(-1)
0,0 0°-85° (20%) 21% 118(-17)
eytochalagin 0°-70° 24) 149 q121(-16)
phallofdain  0°-75° © (23%) 127 2g{-11)
Table 1, The sngle of microtubule skeletons

with the cell axis measured at intervals of

5 . Between parenthesis in column 2: percen-
tage of microtubule-skeleton with an angle
within the mode. N: number of cells measured;
number of cells from which no main orienta-
tion could be determined in parenthesis.

Discussion

A1l drugs showed significant effects on ger-
mination, growth and microtubule organization
of pollen., Cells growing in the presence of
phalloidin or eytochalasin still showed
vlasma streaming, indicating & resistance of
the microfilaments or a failure of the cell
to take up these drugs. The Inhibitory effect
of D0 is striking and is probably related to
its 2freezing‘ effect. However, the distur-
bance of growth and plasma organizaticn indi-
cates different effects on morphogenesis
leaving their interpretation uncertain
{see for discussion: Satc et al., 1982).
Though colchicine inhibited germination and
growth, st1ll numercus peollen could grow in
1ts presence. These pollen tubes hardly show-
ed any coherent mierotubule skeletons, all-
though microtubules remained always present,
ngy bhe protected by MAPs. It cannot be ex—
c¢luded that the fluorescence background in

1

colchicine treated pollen tubes is caused by
numerous small, non-cortical microtubules that
persist in the cell. In various itypes of
cells growing at theiy tip colchicine causes
loss of polarity (for discussion see a.o.:
Mizukami and Wade, 1983). However, for pollen
tubes it wag concluded (Framke et al,, 1972)
that microtubules would plsy only a minor
role in morphogenesis, In our material no
loss of polarity was observed.

Increased microtubule densities after cyto-
chalasin treatment, as observed here have
also been reported for roct hairs (Seagull
and Heath, 1980) and associations between mi-
crotubules and microfilaments are regularly
observed (see also for refs,: Traas et al.,
manuscript submitted). Such observations in-—
dicate a narrow relationship between the mi-
crotubulaer and microfilamental system, Thus
it might well be that both systems act to-
gether, one system taking over when the other
system fails. Thus cells might still be able
%o maintain polarity when one of the systems
ig non-operational. As proposed recently Dby
Lloyd (1984) the occurrence of steeper heli-
ces after inhibition may be related to & lower
growth rate,
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Summar

In wvitro, the percentage of germination
and tube length of the pollen grains in
Lilium longiflorum are best when the grains
are cultured in s medium containing boron.
The thickness of the tube wall of the pollen
grains cultured in a sucrose medium contain-
ing calcium is the greatest, and they are
thinest in a medium containing boron. The
pollen tube walls in compatible and incom-—
patible styles are thin, while thoee in
incompatible stylar exudate are very thick.
Structural differences are observed on the
surface of the stylar canal cells between
compatible and incompatible styles. The
cytoplasm of the pollen +tubes in the
incompatible style at 96h after pollination
degenerates.

Keywords: pecllen +tube, compatible, incom—
patible, boron, calcium.

Introduction

Pollen germination and pollen tube elon-

gation are greatly stimulated by caleium and,

boron contained in the culture media used.
The presence of boron has been reported to
help the translocation of sugar{Gauch &
Dugger,1953), and play a definite role in
pectic synthesizs in germinating pollen-
(Stanley & Loewus, ,1964). In addition, the
requirement for Ca ions during membrane
fusion and the release of the secretory
product is well established (Morrisy.' &
Northcote, 1977; Koter et al., 1978; Baydoun
& KNerthcote,1980).

We report here the fine structural di-
fferences of the germinated pollen fubes in
Lilium longiflorum, which have different
physiological conditions depending on the
presence or absence of sucrese in the medium
and depending en the presence or absence of
calcium snd/or boron. In the incompatible
1ily style, pollen tube elongation ceases
after growth has occured for half the length
of the style(Ascher & Peloquin,1266). A
comparison of the fine structure of pollen
tubes and conductive tissues in the style
between compatible and incompatible condi-
tions was also made by the transmission and
scanning electron microscopes.

For materisls, pollen grains and pistils
of Lilium longiflgrum Georgia were used. The
compatible pollen grains were obtained from
another variety, and they were tested for
their fertilitly on the flowers of Lilium
longiflorum Georgia. For the test of incom-
patibility, =& pistil, pollen grains and
exudate were obtained from the same f{lower.
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For the experiments in vitro, 5 mg of
pollen grains were shaken at 28C for 3h in
a small Erlenmeyer's flask with 1 ml of
the medium, which was composed of dis-
tilled water, 10% sucrose, 10% sucrose and
0 03% Ca(NC )2, 10% sucrose and 0,001% H

0.03% Ca(NO ), and 0,001% H BO
10% sucrose, Dickinson's medlum(f%GG)
contained 0.03% Ca(NO_),, 0.001% H_BO, and
0.01%KNO_ in 0,322M pentaerythritdl, “res-
pectively. In addition, pollen grains were
germinated in the compatible and incom-
patible exuédates, Calcium ion(Picton &
Steer,1883) and boric' acid(Stanley &
Lichtenberg,1963; Vasil,1964) concent-
raticns are cptimum. The sleongated pollen
tubes were collected from the canal of the
compatible or incompatible styles 48, 72,
96 hours after pollination, and the
germinated pollen grains cultured in vitre
in the media described above, were fixed
with 3% glutaraldehyde in cacodylate
buffer(pl 7.0) for 3h, postfixed with 1%
osmium tetroxide for 3h, dehydrated in an
ethanol series at 4 C, embedded in low
viscosity epoxy resin, sectioned with a
diamond knife on an LEKB-Ultratome and
cbserved with =a JEM-100B TEM. Uranyl
acetate and Raynolds' lead citrate(1963)
were used for staining. For scanning
electron microscopy, pollinated compatible
and incompatible styles were fixed with 3%
glutaraldehyde for 3h, rinsed and post—
fixed with 1% osmium tetroxide for 3h,
dehydrated with alcohol, critical-point
*dried, coated with carbon and gold and
examined in a JEM-15 SEM at 15kV,.

Results and discussion

The pollen grains of Lilium longiflorum
cultivated in the media which are described
in Table 1, absorb water from the culture
medium and germinate. The percentage of ger-—
mination, pollen tube length and the thick-
ness of the tube wall of germinated pollen
grains in each culture medium are shown in
Table 1.

The percentage of germination in the
sucrose medium and in sucrose medium plus
calcium and/or boron, is higher than that
cbtained in Dickinson's medium. The tube
length in the sucrose medium plus boron, is
longer than that in the medium lacking
boren, and is similar to that in the exuda-
te. In general, the percentage of ger-
mination and <ftube length of +the pollen
grains in the medium containning boren are
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the best in vitro conditions.

All of the peollen tube walls shcwed in
Table 1 have double lgyvers. The thickness of
the pollen tube wall in the sucrose plus
calcium medium is the greatest among those
in the artificial media, On the other hand,
the tube wall is thin in the media conta-
ining boron. It was suggested that calcium
combined with pectin substances made cell
wall components(Ito & Fujiwara,l1968), promo—
ted pollen tube growth by stimulating vesi-
cle fusion at the tip(Herth,1978), and that
boron helped the translocation of sugar and
pectic synthesis. From our results, it is
assumed that calcium promotes the vesicle
fusion at the tip more than boron.

In stigmatic exudates, germination is
better in the incompatible stylar material,
and growth is better in the compatible
material. While the thickness of the polien
tube wall in the compatible stylar exudste,
is not great, and resembles the results
obtained in 10 % sucrose medium, the tube
wall 1is very thick in the Incompatible
stylar exudate. It is supposed that the wall
formation is arffected by some aspect of the
incompatiblity. There were nc ultrastructu—
ral difference among the cell organelles in
the pollen tubes in either the compatible or
incompatible exudates, except for the thick-
ness of the tube wall. On the other hand,
the thickness of the tube wall in the
style(in vivo) is very thin; the thickness
of the walls in compatible styles is similar
te the results obtained in the medium con-
taining boron, and the thickness of the
walls in incompatible styles is similar to
the results obtained in Dickinson's medium,

It is supposed that the tissues of the style
offer protection to the developing tube B0
that thick tube walls are not formed and in
addition a high rete of elongation mitigates
against thickness.

Ultrastructural cbservation of the pollen
grain cultured in 1C% sucrose medium, show
that the Gelgi bodies produce numerous Golgi
vesicles, the number of amyloplasts in-
creases, and starch grains in amyloplasts
and lipid bodies are converted to poly-
saccharide particles(p-particles,Miki-
Hirosige & Nakamura,l1982) which sometimes
enclose fibrous substances. The situations
of the cell orgasnelles in the pollen tubes
cultured Iin the used media except water
medium, are almost the same. The cuter layer
of the tube wall is formed at the pellen
tube tip region by Golgi wvesicles, and the
inner layer is formed at the lateral tube
wall region from p-particles(Miki-Hirosige &
Nakamurs,1982). Although  uniform large
vesicles{ca.400 mm in diameter) which make
the pollen tube wall, can be seen in the tip
region of the pollen tubes cultured in
distilled water, small vesicles(ca. 150 nm
in diameter} derived from the Golgi body and
large vesicles{ca. 500-1000 nm in diameter)
which are made by thé fusion of small
vesicles(these vesicles make the pollen tube
wall), are seen in tubes cultured in other
media. The number, size and distribution of
vegicles in the pollen tubes in the medium
containning calcium and those in the medium
containning boron, appeared to be the same.
Amyloplasts and lipid bodies which are the
reserve substances in the pollen grain, are
scarce in the pollen tube cultured in water

Table 1. Percentage of pcllen germination, tube length, and tube well thickness of the
pellen grain of Lilium longiflorum in artificial culture media, exudates and styles.

% of Tube Tube wall
CULTURE MEDIUM germination length{mm} thickness(nm)
A Water 33.4-41.3 1.2340.42 550
R
T 10% sucrose 76,7-81,7 7.79+2,43 180
I
F 10% sucrose 0.03% Ca(N03)2 65,7-71.6 B,48+1.64 600
I
C 10% sucrose 0.03% Ca(N03)2 0.001% H3B03 71.8-77.6 12.04+1.98 150
I
A 10% sucrose 0.001% HBO, 82.9-87.8 19.04+2.04 110
L
0.322M 0.03% Ca(NO_). 0.001% H_BO_ 0,C1% KND3 49,4-57.9 8.38+1.97 190
pentaerythritol(Dickinson's medium,1868?
E Compatible 87.1-81.2 17.06+2.13 170
X
UA
T Incompatible 93.8-97.1 12.76+41.80 880
E
after pollination 48h  96h
In compatible style 110 120
In incompatible style 120 250
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and Dickinson's medium, but they are nume-
rous in those cultured in media containing
sucrose., In the pollen tube cultured in
water, very thick tube wall, numerous rough
ERs{rERks) and few Golgi bodies can be =een,
In the pollen tubes which develop in the
compatible style, numerocus vesicles and rERs
are seen. Cresti et 2l{1979) made the same
observation in Prunus avium. In our experi-
ment, it is observed that the numbers of the
vesicles which contain fibrous materials and
form the pollen tube wall, and rERs are much
greater in the pollen tubes grown in the
compatible style than those found in tubes
grown in the artificial media and exudates.
Many rERs are associated with many vesicles
in the in wvivo situation, but It is not
clear that the rERs are making the vesicles
or secreting something into them. The
cytoplasmic fine structure of the pollen
tubes growing in incompatible styles is
normal until 48h after pollination, but at
96h and after, degeneration occurs. Cresti
et 2l.(1980) alsc reported that no differen-
cea were obgerved in vivo between pollen
tubes of Lycopersicum peruvianum growing in

- compatible and Incompatible styles during

activation and organization, until 4h and 30
min after pollination, while Dickinson &
Lawson(1975) reported that differences be-
come evident from a very early stage in
Oenothera organensis. In the style, secreted
materials from the stylar canal cells are
observed on the surface of the conductive
canal tissue. The amount of the secreted
materials from the incompatible tissue is
less than those from the compatible one.
Presumably +the pollen tubes grown in the
incompatible style are affected with some
substances secreted from the canal tissue of
the style, and degenerate. Most probably the
entire pollen tube in the incompatible style
is damaged uniformaly. Furthermore, a hew
layer(Miki-Hirosige & Nakamura,1982} has
been found to form between the cytoplasmic
membrane and the intine layer 30 min after
water absorption. This layer protrudes from
the aperture and develeps into the peollen
tube wall, therefore, we wish to propose the
term “"germinative layer' for this new layer.
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MEMBRANE~STRUCTURE AND EVENTS IN NON-PLASMCLYZED AND PLASMCLYZED TOBACCC POLLEN TUBES:

A FREEZE-FRACTURE STUDY

M. Kroh and B. Knuiman

Department of Botany, University of Nijmegen, The Netherlands

Introduction

The outer layer of the tobacco pollen tube
wall (primary wail) is formed by the growing
pollen tube tip, whereas the inner wall
layer (zecondary wall) and the plugs are
deposited by the non-growing part of the
tube. The secondsry wall and the plugs
contaln calloge in addition to pectin, hemi-
cellulose and cellulose (Kroh & Knuimen,
1982).

Plasmolyzed tobaccc pollen tubes form &
cap of wall material (with cellulose micro—
fibrils} between the retracted protoplast
and the tube tip (Kudlicks et al., 1981).
Membrane-bound vesicles and irregulsr mem-
brane systems were obgerved Just ouitslide the
plasma membrane but slso within the cap
material. The membransous structures were
agsumed to play a roie in exocytosis and
reduction of the plesma membrane {Kroh et
al., 1983), Tn order to %est this assumpbion
we carried out a freeze-fracture study on
non-plasmolyzed and plasmeclyzed tobaceo
pollen tubes.

Results and conclusions

Exocytosis

Polyseccharides for the matrix material of
tube wall, plugs and wall cap may be extru-
ded
A. by fuslon of secretcry vesicles with the

plasma membrane and incorporation of the
vesicle membrane into the extending
plasma membrane,

B. by membrane-bound vesicles via invagina-
tions of the plasma membrane; no exten-
sion of the plgsma membrane occurs then.

The formation ol the primery wall may
oceur predominantly in the first manner. The
formation of the secondary wall, the plugs
and the well cap of plasmelyzed pocllen tubes
pPossibly occur in the second way.

Hexagonal arrays of particles

Hexagonal arrays of particles were observed
in the plasmatic fracture faces of more than
50% of both non-plasmolyzed/pollen tubes, Tn
Tew cases of non-plasmolyzed pollen tubes
small hexagonal arrays of particles were
tbserved together with imprints of microfi-
brils of the tube wall. For these cases it

can be excluded that the hexagonal patterns
and plasmolyzed

are the result of distortions of the plasma
membrane caused e.g. by & loss in turgidity
of the tube.

Reductlon of plasma membrane

During the formaticn of the seccndary wall
gnd the plugs Iin non-plasmolyzed pollen tubes
and of the wall cap in plasmolyzed tubes a
reduction in surface of the plasma membrane
occurs. This reduction is apparently achieved
by vesiculation and often also by strong
invaginations of the plasma membrane with a
subsequent outward detachment cof vesicles
and membrane pieces.
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ULTRASTRUCTURE OF NICOTIANA ALATA AND PETUNIA HYBRIDA POLLEN TYUBES GROWN IN SEMI-VITRD

CONDITIONS.

* *
M. Cresti, F. Ciampolini, D.L.M. Mulcahy and G. Mulcahy
Department of Environmental Biology, University of Siena, 53100 Siena, Italy
* Department of Botany, University of Massachusetts, Amherst, U.S.A.

Research on pollination and fertilization
"in vitre" could be important for plant
breeding as it could allow the functional
characterization and selection of wvarious
types of pellen (Tilton & Russell, 1984).

Similarly pollen tube growth in-

"semi-vitro” conditions could be used for
the same purposes wWith the advantage of
quick results and the possibility of
relating tube growth rate and
ultrastructural features. 1ln corder to test
this hypothesis we have started a number of
experiments especially in order to find the
most suitable techniques.

Styles of N. alata and P. hybrida (self
and cross-pollination) were cut in twoe
equal parts 18 h after pollination and the
samples with the stigmas were transferred
to the culture medium (Brewbaker & Kowach,
1964) under centrelled conditions.

After compatible pollination the pollen
tubes of N. alata and P. hybrida grow out
cf the style and successively developed in
the culture medium. After self-incompatible
pollination no pollen tube grows out of the
style. Both in N. alata and P. hybrida the
same cytological zonation was cbserved as
already described for pollen tubes of
Nicotiana grown "in vitro" (Cresti et a1,
1984) and Petunia grown "in viwve" (Cresti
et al., 1979}.

Nicotiana alata (Fig. 1): in comparison
to the tubes grewn 'in vitro" the tubes in
"semi vitro" show the presence, especially
in the sub-apical zone and nuclear zone, of

many  lipidie bodies and  concentric
confiquratians of rough endoplasmic
reticulum  (CER};  sometimes  autophagic.

vacucles are present and surround the
lipidic bedies. These morpholegical aspects
may be interpreted as cessation of protein
synthesis (CER) or as the beginning of
degeneration (lipid formation) and thereby
arrest of tube growth.

In Petunia hybrida pollen tubes {Fig. 2)
the - cytoplasm shows the presence of
numerous lipid bodies also, but RER con-
centric configurations were not observed
while plastids containing a single starch
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granule were frequent. In comparison to
what was described "in wvive" {Cresti et
al., 1979), the callesic tube wall in "semi
vitro" is slightly undulated.
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USE OF FLUORCCHROMES IN POLLEN BIOLOGY

Vvictoria 3052, Australia

Summar

The fluorescent DNA probes ethidium
promide or Hoechst 33258, when used in
conjunction with the aniline blue
fluorcchrome (sirofluor) which stains the
callese component of pollen tube walls,
allow location of nuclei within pollen tubes
and permit discrimination between the tube
nuelei and those of the backgrcund pistil
tissue.

Introduction

Fertilization depends on precise behaviour
and migratlion of pollen nuclel in the pollen
tube as it traverses the pistii. Single-
stalning techniques used to locate nucled
have been of limited use for the study of
pollination, owing to the length and narrow
diameter of the tubes, together with both
the obscuring density of the grain and tube
walls and the similarity of pollen tubes to
narrow, elongate cells in the transmitting
tract of many types of pistil. Here we
report on techniques for visualising pollen
tube nuclei, and for selective double
staining to contrast nuclei against a
differentially stained pollen tube wall
within the pistil.

Staining procedures

Ethidium bromide (EB) and Hoechst 33258
(433258} were used as vital stains or
applied after fixation with 1:3 acetie acid;
ethanol. They were employed singly or with
siroflucr (purified fluorochrome from
aniline blue stain. Evans & Hoyne 1482,
Commercial release pending). Pollen and in
vitro grown tubes were treated with stains
5-10 min. on microscope slides and whole
pistils for 1-7 hours in small wvials,
Osmotic adjustment of stains was made only
for vital prestaining of pollen before
poilination, where a substantial period of
viability was required before observation.
(For further details see Hough et al. 1984).

For single staining with EB the stain was
applied as a 0.01% aqueous sclution, For
double staining with sirofluor the stains
were applied together as an aqueous mixture
of 3 parts 0.01% EB: 1 part sirofluor
(0.25 mg/ml). For single staining with
H33258 the stain was applied in aqueous
solution (20 pg/ml}. For double staining
Wwith sirofluor the stains were applied as a
mixture of 1 part H33258 (U0 pg/ml) : 1 ’
Part sirofluor (0.25 mg/ml}. For vital pre-
SLaining for in vivo pollination studies,
fresh pollen was hydrated 5 minutes before
Pollination in either EB CG.01% in 18%

)y -

7, Hough, P. Bernhardt, R.B. Knox and E.G. Williams
plant Cell Bilology Research Centre, School of Botany, University of Melbourne, Parkville,

sucrosgse or H33258 20 pg/ml in 18% sucrose.
At various times after peollintion pistils
were fixed, cleared ahd stalned in siro-
fluor (0.25 mg/ml).

Observations were made with Zeiss
epifluorescence pptics on materials mounted
in stain or water. Specimens stained with
EB were viewed using blue-violet
excitation (FITC system) and specimens
stained with H33258 were viewed with UV
excitation.

Results and discussion

Double staining with the callese stain,
sirofluor, in combination with either of
the fluorescent DNA probes, ethidium bromide
(EB) or Hoechst 33258 (H33258), allowed
visualisation of all pollen or peollen tube
nuclei and discrimination not only between
vegetative and generative or sperm nuclei,
but alsc between nuclei within the pollen
tube and those of the pistil tissue after
pollination., Under blue-violet excitation
with EB plus siroflucr, crange nuciei were
enclosed by yellow green tube walls. Under
UV exeitation with H33258 plus sirofluor,
blue nuclei were contrasted against light
vellow tube walls. For ungerminated pollen
grains and in vitro grown tubes, definition
of nueclei was better after vital staining
than after fixation. A major advantage of
sirofluor over decolorised aniline blue is
that it will stain at neutral pH and hence
can be used for vital staining. Pre-
pollination vital staining with EB or H33258
followed by sirofluor staining after pistil
fixation, allcwed visualisation of pollen
tube nuclei against unstained pistii tissue
at least in the early stages of tube growth
within the piastil.

The techniques deseribed are potentially
suitable for monitoring nuclear behaviour
during pollen tube growth, and possibly
during the fertilization process itself with
further development of pre-pollination vital
staining procedures,
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STRESS RELATED STRUCTURAL MODIFICATIONS

IN THE POLLEN OF DATURA
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Under certain in vitro conditions, the micro-
spores of a number of Angiosperm species can
be induced toc an embryogenic developmental
pathway to produce sporophytes. The key to
the formation of « greater number of microspo-
re-derived sporophytes therefore lies in the
means of modifying the normal microspore de-
velopment so that embryes or calli differentia-
te into plants. A number of factors controlling
the deviation from a gametophytic to a sporo -
phytic pathway have already been elucidate:
omong these , cold treatment and centrifuga-
tion have been shown to increase androgenic
potentiality to a large extend especially in
Dotura (1, 2, 3, 4 Y. In the present study
we have made observations on the ultrastruc-
tural changes occuring in Datura anthers (in
both microspores and somaTiT Tissues) caused
by a cold treatment (3°C for 48h’ or a centri-
fugation (40 g for 5 min or 150 g for 5 min).

%

Percentages of embryogenic microspores.

Dead pollen grains and young embryos were
counted in the cnthers ofter 11 days of cultw=
re. Statistical studies of the resulfs show that
the treatments did not increase the percentage
of androgenic microspores when applied 1-2
days before the first haploid mitosis. However
when applied 1-2 days ofter this division the
same treatment greatly enhanced the embryo-
genic potenticlities of the pollen grains. After
mitosis chilling flower buds increased the num-
ber of androgenic wollen grains five fold; cen-
trifugating the anthers for 5 min ot 150 g
before culture increcsed six fold the number
of embryogenic pollen grains; but the best re -
sult was obtained by the association of the 2
treatments which increased 12 folds the yield
of embryes (8.6 % andragenic pollen grains}.

Structural changes. .

The genetal pattern of ultrastructura! chan-
ges by the above treatments are:

- a modification in the pollen wall. The
midified exine shows sole slighly crumbled
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and split endexine.

- o rapid disorganization of the tapetum.
This give rise to a mass of cytoplasm which
infiltrated between the microspores.

- the formation of periodic structures in va-
cuoles and apertural intine of some pollen
grains.,

- in somatic tissues of the anthers, many
cells seem damaged and starch grains in the
plestids begin to dissappear or to reduce.

s These results suggest that the efficiency of
#he treatments could be due to o delay in
first haploid mitosis and/or ar increase in the
percentage of viability of the androgenie
pellen grains.

On an other hand, the structural changes,
in the pollen wall and in the tapetum, may
modify the kiological environment of the
microspores and the exchanges between this
envirenment and the pelien in o way favoura-
ble to androgenesis.
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LILIUM LONGIELORUM POLLEN
GERMINATION AND TUBE ELONGATTON
AS MARKERS FOR SULFUR DIOXIDE

* *
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*est Virginia Univ., Morgantown,
W7 26506, TAtlanta Univ. Atlanta,
GA 30314 and **Virginia Commormealth
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Synuary

Atmospheric sulfur dioxide (S0,)
is an air-pollutant requiring survegl-
lance as it impairs human health ang
promotes crop damage at certain levels.
This surveillance has included attempts
to utilize both pollen germination (G)
and tube elongation (TE) as air-pollu-
tant indicators. Here, we report SOZ-
induced alterations of Liliugm pollen“G
and TE,

Intreduction

While a variety of plants has been
surveyed for their assay of air-pollu-
tants (Kellerher & Feder, 1978), few
investigations have dealt with the
pogsibility that pollen G and/or TE
could serve to bicassay 50,. Here,
report S0, —induced alterations in
Lilium pollen G and TE.
Faterialg and Methodg

Purigation conditjions ~ Whole
anthers (stored 4 C, 1-2 months) with
achering Lilium i ¢ Cv. 'Ace'
Pollen were fumigated with either 2.5
(4 hr) or 10,0 (10 hr) pom SO, within a
Plexiglass chamber and the 502 guanti-
fied as in Erickson & Dashek {1982),

Germination conditions ~ Twenty mg
fr wt lots of both fumigated and un-
fumigated pollen were sown in sterile
Petri dishes containing 10 ml each of
Sterile Dickinson's (1965) medium
except for tetracycline. Pollen was
germinated either 2 or 4 hr at 24 + 2 C
in constant darkness. At either time
medium aliquots were withdrawn to shell
vials containing 100 ul 40% formalde-
hyde, The experiment was replicated
three times.

Quantification of both % G and TE
= Germinated pollen was removed from
the vials and transferred to microscope
slides for scoring of both % G and TE.
Sixteen hundred grains and tubes were
SCored for both the ocontrol and each
treatment, Tube lengths were measured
with a calibrated ocular micrometer.

Significant differences in either
% G or TE between fumigated and non-
fumigated pollen were assessed by a n

i

we

FEACEMT GERM INATION

2 30 TTest (Mendenhall & Ott, 1972},

Besulis

Germination - Fumigation of pellen
upon the anthers with 2.5 ppm SO,
followed by in witro G resulted In 1.5
and 1.2-fold elevations in % G > the
control at 2 and 4 hr, respectively.

At 10 ppm, the enhancements were 3.4
and 2,7-folds {(Fig. 1).

Tube elongation - Neither 2.5 nor

10.0 ppm 50, significantly (p=0.05})

affected TEZat either 2 or 4 hr (Fig.
2).
FIG1 FIG.2 2 H, +Hs.
I—nl] Ei_[ 1) [ T ¥o L—S ri-[ w2 had »

o 637

Discusaion

The data within Figs. 1 and 2 demon-
strate that only G could be a possible
monitor since neither 2.5 nor 10.0 ppm S0
significantly affected TE at either 2 or
hr., These results differ markedly from
investigations with other pollens.
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EARLY INDICATORS OF IN VITRO TRANSFORMATION FROM GAMETOPHYTE TO S5POROPHYTE IN DATURA
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Summary

At the verge of the first haploid mitosis,
some of the microspores/pollen grains of Da-
tura may be induced tc follow a sporophytic
development. At this stage, the microspore
before culture in vitre, form three distincts
size types having mean diameter of 32, 39, 45
um respectively. At the mature anther stage,
only two major types are evident with a mean
diameter of 48 um and of 58 um.

In vitro, the first manifestation of the
androgenic induction is the development of
a coating or deposit on the tonoplast, only
in the embryogenic microspores. Cytochemical
tests indicated the presence of tannins in
the deposits. The early embryc globular stage
is also characterized by the formation of ri-
bosomal bodies. These bodies persists only at
the globular stage and discrganize when the
embryo enter the heart—shaped stage. Similar
bodies are alsc observed in the young zygotic
embryos of Datura. The presence of the above

indicators, in relation tc in vitro androge-— -

nesis, are discussed.
Keywords: in vitro culture, androgenesis,
pollen, embryo, Datura, haploidy.

Introduction

Since Guha and Maheshwari (1964) obtained
hapleid plants from cultured anthers, works,
in cur laboratory have been aimed to unded-
stand the mechanism of in vitro androgenic
induction in view tc increase the yield of
haploid plants., We have been successful to
increase theyields by using different trau-
matic shocks before the anthers are cultured
{see Sangwan-Norreel, 1980), But, it is now
evident that the percentages of microspores
forming embryos can not be increased behend
certain level (approxymately 5 % in Datura
even by applying the best culture conditions
(stress, media, hormones etc..). The above
facts suggest that scme species e.g, Solana-
ceae and Oraminae family may have pollen
grains which are genetically predisposed tu
develop in culture, Therefore, it is not the
normal pollen grains which are deviated from
their gametophytic pathway in vitro. In fact
pollen dimorphism have been observed in many
species (Sunderland, 1980; Maheshwari et al
1983). Our aims in this investigation have
been: 1) to catalogue, depending on the dia-
neter, the main types of pollen at the andro-
genic as well as at the mature pollen stage,
2) to evaluate the early cytological beha-
viour of in wvitrc pollen populatiom, 3} to
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find a specific cytological marker in order
to distinguish embryogenic from non embryoge-
nic microspores at an early stage of androge-
nesis.

Material and methods

Anthers, for fixing directly ard for cultu-
ring, were taken from the plants of Datura
innoxia grown in the Phytotron {Gif sur Yvet~
te) according to the methods previously des-
eribed (Sangwan and Camefort, 1982; Sangwan,
1983),

For examination of the androgenic (uninu-
cleate or early binucleate )and mature polien
grain stages, 5 anthers of each floral buds
were pressed gently in 2 ml of distilledwater
with 2 % sucrose. The pollen suspensions thus
obtained were observed directly under the
{ight microscope. A minimum of 1000 grains
were counted for each stage

Results and discussions

a) In vive characterization of different
pollen populations

Although all stages of poilen development
have been studied, here only two particular
stages (i.e. androgenic and mature pollen
stages) are described. Pollen of androgenic
stage is characterize by a large central va-
cuole, thin layer cytoplasm and periphral
nucleus/nuclei. As is evident from the Table
I, Three principals types of pelien could be

Table I. Percentages c¢f different types of
pollen grains after spore—diameter at andro-
genic/uninucleate and mature pollen stage in

Datura.,MD: mean diameter, A: androgenic stage

B: mature pollen stage.

Stage Floral Type | Type 2 Type 3
buds  MD: 3Zum MD: 39%um MD: 45um
p4 4 b4
i 27.3 52.8 19.¢
A 30.4 56.6 13
3 22.6 63 14.4
Smaller Larger types
type
MD: 45 um MD: 58 um MD: 70 um
Z 4 b4
1 46,10 45.65 8.38
B 2 42.15 50,98 6,85
3 33,55 60 6,44




A

recognized. Type 1 with a mean diameter of

32 um which represent about 30% of the total
pollen population. Type 2 with a mean diame-
ter of 39 um with more than 30 % and type 3
with a mean diameter of 45um which represent
a low percentage of peollen population at the
androgenic stage.

Although the majority of grains, in mature
anthers were bicellular, there were two dis—
ringuish types: smaller (mean diameter 48 um)
and larger (with mostly a mean diameter of
58 um and a few wih 70 um), (Table I). The
frequencies of the above types vary largely
from one floral bud to other and even from
one anther to another in the same floral bud.
Such types of wariations in the pollen popu-
lationhas frquently been observed in many
species {Maheshwari et al, 1983). When stai-
ned with acetocarmine, no clear cut differen-
ces could be observed within these three ty-
pes at the androgenic stage. However, at the
mature anther stage, pollen grains with small
diameter (48 um)) were weakly stained as com—
pared with the larger ones (58 um or 70 um).
The larger size seems to correspond to regu-
lar normal mature pollen grains as is evident
after the fluorescine diacetate staining.

b) In vitro observations

The early evolution of the microspores to-
wards embrycgenesis could be traced from Feul-
gen-squashes of material fixed at regular in-
tervals of 48h for 16 days {(Sangwan, 1983).
Approxymately 3 to 5 Z of the microspores
formed embryos.

- Tonoplast feature during in vitre culture

Before culture the vacuclate androgenic mi-
Crospore has a thin tonoplast (Fig. 1). Only
about 50 %Z of the microspores remained viable
after 48h in witro and could be distinguished
hY electron microscopy into three types: 1)
microspores with densely contrasted/coated
tonoplast (Fig. 23 4 to 6 %), 2) microspores
in which tonoplast do not change (15 to 2¢ %)
3} micrespores which develop into mature pol-
len as a result of which tonoplast rupture
and fipnally disapear.

After 8 days in culture around 94 Z of the
microspores were dead, | % became mature pol-
len and the rest develop into ewbryos. These
Percentages agree with our light miercscopic
observations on the evolution of micreospores
in vitrp and the origin of different pathways
of embryo formation (Sangwan and Camefort,
1982; Sangwan, 1983)

All the microspore-derived embryos showed
the coated tonoplast. This coating persisted
only in the globular stage. By means of cyto—
chemical testes {Sangwan and Camefort, 1983)
W%e have confirmed the presence of tauninsg in
the coating of vacvolar membrane/tonoplast.
The forms and dimensions of the deposits/coa-
tings were vsually uniform at the beginning
of the embryogenesis although it was occasio-
rally more irregular in some micraspores. Tan—

nins were cbserved in the mature non androge-
nic pollen grains as discrete bodies or gle—
vles in the remaiders of the central vacuole
rather than as a coating, The origin and the
rale of this in vitro deposits are not clear,
although there seems tc be a correlation bet-
ween its presence and the embryogenic pathway
of the microspore in wvitro.

- Riboscmal bodies formatiom.

The most important cytoplasmic feature of
the sarly globular embryos {4 to 10 cells)
was the formation of condensed pyroninophilic
structures after Unna staining with positive
Brachet test for RNA. About 3— 5 such strue-
tures could be seen per cell section, situa-
ted around or very near the nucleus, Thes cy-
toplasmic structures, called ribosomel bodies
(Fig. 33 RB) lasted only during the globular
stage and disorganized progressively as the
embryo entered in the heart-shaped stage.
These bodies consis ted of dense masses of ri-
bosomes and a rough endoplasmic reticulum.
Similar bodies were also cbserved in the zy-
gotic embryoe of Datura. The RB are therefere
characteristic of the early embrycgenesis in
whatever form. They are not observed during
pollen maturation in wvivo, Their role and
function are not clear although in animals
they are suggested to be an important site of
enzyme formatien necessary for induction and
development of embryos (Van den Beggelaar,
1976).

Conclusions

1 -Thete are not two, as observed in other
spacies but three types of pollen grains in
Datura after spore size.

7 “No clear cut relationship could be obser—
ved between these types and in vitro androge-
nesis. i.e. which type will only forms embryo
instead of following the normal gametophytic
development. The smaller pollen grains in the
mature anther stage seems to correspond Lo
the abnormal pollen population. It is quite
passible that this type may develops embryo
when cultured. However, the percentages of
these grains is largely superior to the per-
centages of pollen grains undergoing in vitro
androgenesis.

3 ~Tannin~ccoated tonoplast was found to be
specific for microspoes forming embryos.

4 -Ribosomal bodies were only present in
the early embryogenesis in Datura.
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Explanation of figures

Fig., | — Electron micrograph of an uninucle
te microspere before culture, Note tono-
plast (t) without deposit. C: cytoplasm,
Ex: exine, N: nucleus, nu: nucleclus, V:
part of the large central vacuole. Arrows
indicate the tonoplast {x 6 100},

Fig. 2 - Microspore after 48 h of in vitre
culture, Neote the densely contrasted tono
plast (arrows) and the two-like nuclei ,
{x & 950).

Fig. 3 - Ribosomic amas (RB) in a cell of a
young pollen—embryo, (x 7 200}.
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Part ITI: Stigma, incompatibility and pollen germination in vivo

Introduction

The stigma surface, incompatibility and
pollen germination in vivo are the topics
of this part. Ultrastructural and biochemi-
cal methods are used and combined. A recent
new technic is the thin layer chromatogra-
phy - bio assay and the pollen tube test
system. For application the study of incom-
patibility is of high importance in plant
breeding.

The sporophytic incompatibility gets atten-
tion as an interaction which occurs at
the place of contact between pollen coat
and stigmatic surface.

One of the major guestions is still the
way of recognition and nature of the signal
or signals during this first contact.
Different possibilities are proposed offer-
ed, but to fit them in +the process of
difficult. The

incompatibility is still

complexity of the pollination stimulus

is alsoc demonstrated in the wilting of

the flower. Several other aspects of the

flower behaviour, such as oclour shift,

position, rate of opening or

could be

changes in

its general morphology studibd

in relation to pollination. Also the -study

of the differences in stigma morphelogy

can offer more data about the conditions

and tasks present in pollen or stigma.

Alsc the development of specific cytochemi-

cal methods is wvery important. Recogni-
tien is a wery important mechanism, working
on different moments from pollination
till after fertilization, between sporophy-
te or

gametophyte and gametophyte. This

interaction is very dependent on timing
and environmental factors. Constant compar-
able conditions of the flower and its
way of acting in acceptation or rejection
should be well known before conclusions
can be made.

Because of the complexity in recognition,
it is perhaps not by accident that Dr.
Williams omits a word as “"Incompatibility"
or male sterility in the following verse:
please
"technicalese"

s B poem you asked me for -
’ with a few words of
I said "not to worry”
But now I must hurry
To get as many words like:
apomixis
gametophyte
and sporogenesis
inte the last line as I can possibly
squeeze !

To avoid all negative effects of squeezing

in recognition systems a male sterile

life form seems to be a simple solutien,
puch as Lord Bommel, probably a male ster-
ile boar, a well known cartoon hero [see
fig. 1la, b). So he has to 1live in his

own world of fairy tales, a situation

of no

squeezing at all (see {fig. Ic).

VAl
oK e P M

Fh

This figure Buggests an intensive meeting between individuals {a, b, ¢)}. In respect to a
possible interbreeding, a lot of differences may be expected. However, contacts by hands
and eyes show some incempatibility. Probably this alsc becomes clear in fig. ¢, shown by
one persen on which male sterility can be observed. Note the flower in ¢ too. {From ‘'Den

Andere Wereld'. Marten

Toonder. Druk: Van Boekhoven Bosch B.V, Utrecht,

1982. With permission

of Marten Tocnder/De Bezige Bij, Amsterdam. Not permitted to copy the figure].
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LOCALIZATION OF POLLEN SURFACE GLYCOPROTEINS USING MONOCLONAL ANTIBODIES
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pPlant Cell Biology Research Centre, School of Botany, University of Melbourne, Parkville,

3052  Australia.

Summary

The cellular sites of dllergenic glyco-
proteins in mature ryegrass have been
located by immunoelectronmicroscopy using
monoclonal antibodies, BSeveral chemical
fixation procedures and two resins (Spurr's
{3) and London resin white (LRW) were
evaluated for their suitability in pre-
serving both structure and antigenicity in
mature pellen, Allergenic glycoproteins were
localised in the pollen grain cytoplasm,
wall layers and on the grain surface and
anther orbicules,

Introduction

In ryegrass pollen, four groups of
allergens (groups I-IV) have been described
(Marsh, 1975). These allergens have no
known role in the pollen grain, and thus the
precise localization of these proteins and
glycoproteins and their sites of synthesis
are essential for an understanding of their
function.

Recently, monoclonal antibodies to
allergenic components of ryegrass pollen
have been developed (Smart et al., 1983) and
made available to us, In the present investi-
gation, indirect post-embedding immuncgcold
methods have been used together with
different specific monoclonal antibodies to
precisely localise some of the allergens,

Results and Discussion

Immunogold localization of pollen allergens
Overall, the periocdate-lysine-para-
formaldehyde (PLP} fixative (McLean and
Nakane, 1974) produced superior structural
preservation even though the pollen wall
layers were well preserved using glutaral-
dehyde and cetylpyridinium chloride
(GCC) fixative (Grote et al., 1983).
Pollen grains embedded in Spurr's resin were
less distorted and sections could be viewed
for longer periods under the electron
microscope than those in London Resin White.
Eowever, London Resin White is easier to use
and requires less infiltration time. The
distribution of coclloidal gold particles
(10 nm diameter) in different regicns of the
Pollen grain showed considerable variation
depending on the specific monoclonal antibody
used (Table 1).

&

Table 1. Approximate molecular weight and
specificities of FMC-A series of hybridoma
antibodies (Smart et al. 1983).

Antiboqgy approx. mw specificity
(x1600 daltons)

FMC-A1 35 Group I

FHC-A5 16 Group II or III

FMC-AT 30,28 Group I

FMC-A9 T1,87,49,47,18 Group IV

Negative Control: Supernatant from
cultures of the moude myeloma line X-63 which
secretes an IgG molecule,

The binding of all fouf monoclonal anti-
bodies in the cytoplasm cf the pollen grain
always coccurred near ER membranes or mem-
branes around vesicles and P-
(polysaccharide) particles. In the intine,
the gold particles bound mainly to the
tubular structures of the matrix. In the
exine the gold particles were localised in
the arcades, the pores and the exine layers,

Although the different menoclonal anti-
bodies show different densities of binding
in the pollen grain sectiona, binding always
cecurred In similar regions (Table 2).
Further information concerning the precise
gites of synthesis of the allergens will
depend on more detailed characterization of
the meonoclonal antibodies used.

Conelusions

Monocclonal antibodies bind to thin sec-
tions,and may be detected with immunogeld
labelling, Three interesting features of
pollen allergens emerge:

all the monoclonals bind to a similar
Tange of cellular sites in the pollen grains.
- differences in number of gold particles
bound may not reflect differences in
glycoprotein concentration since the various
antibodies had different titres, and the
surface receptors may not always be
accessible for antibody binding.
- antibody binding in the pollen cytoplasm
is assceiated with ER and vesicles, and
P-particles, suggesting that these
organelles may be associated with the
extracellular. secretion of the glycaproteins

into the pollen wall.
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Table 2. Semi-quantitative distribution
of gold label on thin sections of ryegrass
pollen grains after different fixation and
embedding protocols.

Fixation FMC- Pcllen Pollen Wall Pollen
& Resin  Anti- Cyto- Intine Exine Surface

body plasm Arc-

& GAM ardes

Frobe
PLP/S Al -+ + + -
GCC/s Al ++ + + +
GCC/LRW A1 + + + +
PLP/S A5 ++ + + +
GCC/S a5 + + * +
GCC/LRW &5 + + + +
PLP/S A7 + + + +
GCC/S A7 - - - -
GCC/LRW A7 ++ + ++ +
PLP/3 A9 +++ ++ ++ -
GCC/3 A9 E. i ++ ++
GCC/LRW A9 e ++ ++ ++
PLP/3 )
GCC/3 ) X-63 - - - -
GCC/LRW )
PLP/S )
GCC/S ) GAM - - - -
GCC/LRW

t nho labelling; + : < 10 grains/section;
++: < 100 grains/section; +++: > 100 grains/
section; GAM: colloidal gold geat-anti-
mouse IgG.

.'M'
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CYTOCHEMISTRY OF THE STIGMA SURFACE COMPONENTS USING THE PRINT TECHNIQUE
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Summary

Dry and wet stigmas possess surface compo-
nents, easily diffusible. Stigma-print tech-
nigque allows to visualize and identify these
surface products, with light and scanning
electran microscopy, without any inclusion
procedurs. We demonstrated that polysaccha-
rides, proteins, lipids , enzymatic activity
and mineral ions, especially Ca = can be
revealed by this method. Dry stigmas
(Brassica aleracea L., Populus alba L.} or
wel stigmas with small exudate {Forsythia
intermedia Zab.} gave best results than wet
stigmas with copious exudate (Petunia hybri-
da L.},
ngworda: cytochemistry, stigma print, print
technigue.

Introduction

In crder to gain a better understanding
of polien-pistil interactions in Angiosperms,
it is necessary to determine the nature of
the interacting surface components. These
components diffuse easily in an aqueous
medium: this property has been used by some
authors to develop the print method (Heslap-
Harrison et al., 1973, 1975). We have adap-
ted and improved the print method for both
light and scanning electron micraoscopy.

Material and method

The study was performed on several species
with dry type stigmas: Brassica napus L.,
Populus alba L. and wet type stigmas:
Forsythia intermedia Zab., and Petunia hybri-
da L. Prints were realized on glass slides
and fixed with glutaraldehyde or DsU4 vapour
in a hermetically sealed box.

For scanning electron microscopy, prints
were coated with gold palladium and observed
in a Cambridge 600, at 15 kv.

For light microscopy, different cytoche~
mical tests summarized in the following
table have been used.

Results

Cytochemical data from light and U.Y. mierso-
Scopy for Brassica napus, Populus alba and
Forsythia intermesdia.

(+ = positive reaction, - = negative reaction,
* = weak reaction, nt = not tested).

Fixation Cytochemical test*
none CTC SB PAS CB EA
none - + + + + nt
0504 + - + + + nt
Glutaral-
dehyde - + + + + +

* CTC: chloretetracycline for Ca*t, 5B8: Suden
Black for lipids, PAS: PAS reaction for poly-
saccharides, CB: Coomassie Blue. for proteins,
EA: esterase activity (review in Knox, 1984).

Petunia hybrida does not provide a clear
print; just generally remains on the slide a
diffuse lipophilic exudate. The shape of the
stigma cells canpot be identified.

Discussjon

Hydrophilic and adhesive compounds of the
stigma surface have been demonstrated by the
print technique. However, if the time of con-
tact of the stigma with the slide is more
than 30 min., protoplasmic components may be
released from the stigma cells inducing false
reactions.

Stigma prints are better after glutaralde-
hyde vapour fixation than after osmic vapour.

The results differ with the species tested:
dry stigma types or those with a small amount
of exudate give the best results.

In conolusion, the stigma print method pro-
vides a simple method for the characterization
cell surface components which may be invol-
ved 3n pollen~pistil recognition.
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STIGMA STRUCTURE AND THE PGLLEN-STIGMA INTERACTION IN CAESALPINIOIDEAE -~ LEGUMINCSAEZ

5.Jd. Qwens
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Summary

Stigmatic surfaces of 6 genera in the
Caesalpinioideae are briefly described. They
can be divided into 2 groups, WP and WN,
which show morphological affinities to the
more advanced sub-families Papilionoideae
(WP) and Mimosoideae (WK). The germination
response of self pollen appears further to
endorse these differences.

Cassia floribunda (WN) is examined in
detail and data of =elf, interspecific and
intergeneric pollinations presented.
Stigmatic exudates in WN type stigmas are
conzidered to be efficient germination media
and the stigma to lack specific recogniticn
molecules.

Intreduction

The family Leguminosae is generally
considered to comprise 3 sub~families; the
more primitive genera and species are
clasgified in the Caesalpinioideae. 152
genera are recognised (see the taxonomic
analysis in Polhill & Raven 1%981) and these
can be assigned to S5 tribes,

Data on stigmatic surfaces are available
from the survey of Heslop-Harrisen & Shivanna
(1977). Two genera of the Caesalpinioideae,
Brownea and Czssiz, were examined and were
classified intec the WP category, the same v’
category as all papilionold genera examined.

The breeding aystems and pollination
blology have recently been reviewed by
Arroyo (1981)., Ten species out of sixteen
examined in the Caesalpinicideae were found
to be self-incompatible; dioecy and
andromonoecy were more widespread than in the
other sub-families and apomixis was well
documented in the fustralian Cassia series
Subverrucosae of section Psilorhegma. A wide
apectrum of pollinating agenta was also
recorded ineluding bees, wasps, butterflies,
birds and bats.

Materials and Methods

Representatives of all tribes in the
Caesalpiniocideae are grown at Kew although
at present only species of 3 tribes flower
regularly. 6 genera (Cassia, Caesalpinia,
Cercis, Bauhinia, Brownea, Glieditsia) and
16 species have been used in some part or
all of this study. 4 further 45 genera and
approximately 92 species were available for
atudy of stigmatic morphology in the spirit
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collection of the Kew herbarium. These form
the basis of another publication (Owens &
McGrath in preparation).

SEM

Stigmas were removed directly from flowers,
stuck to a stub using conducting 'Dotite’
paint, examined and photographed fresh at
16 KV in a deol 335.

Light Microscopy
Morphology

Cbservations on fresh and spirit material
were also made using dissecting microscopes
ardl microscopes fitted with epi-objectives.
Firther examination of stigma structure was
made from semi-thin (‘l'um} Bections, Fixed,
dehydrated and embedded using conventional
TEM techniques.

Non-gpecific Esterase

Esterase was localised on stigmas using
the method of Pearse {1972).

Cutin

The presence of cuticle on the stigmatic
surface was tested on fresh stigmas using
Auramine O (Heslop-Harrison 1977). Examination
was made with a Vickers Photoplan using
transmitted UV iiluminaticn.

Pollen viability

Pocllen viability was estimated for all
species in this study using the technique of
Shivanna & Heslop-Harrisen (1981). With the
exception of Cassia obtusa (13%) and Cercis
species (25-80%), all pollens were >80%
viable.

Pollen tube growth

Pollen tubes were examined in transmitted
UV illumination (as above for Auramine 0)
after mounting freshly diassected stigmas into
aniline blue (0'Brien & McCully 1981) on a
glide.

Pollinations

All pellinations were carried out in the
laboratory on virgin stigmas. Laboratery
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temperatures ranged from 21-27° ¢ and
relative humidity between 36-56%.

Whole individual flowers were used in
pollinations of Bauhinla, Brownea {these
were alsc emasculated before removal from
the inflorescence) and Caesalpinia and
either Individual flowers or whole inflor-
escences in Casaia and Cercis. Pollen was
removed directly from freshly dehisced
anthers using either a single paintbrush
hair or a custom-made glass micro-needle.
Grains were placed on the stigmatic surface
and in solid, papillate stigmas were pushed
down te make good contact using a custom-
made micro-scalpel. For Cassia stigmas
pollen was pushed into the stigma pore using
the glass micro-needle and large numbers of
Cagsia pollen grains could be introduced
intoc the pore in 2 aingle pollination

_attempt. Two or three grains (Bauhinia and
Caesalpinia) were used at each attempt in
intergeneric crosses because of greater
pollen sgize.

Results
1. Stigma structure

Species can be separated into 2 groups
bazed on stigma structure. The classification
of Heslop-Harrison (1981) is used.

WP The stigma is solid, papillate and
appears wet at maturity. Secretion, which 1s
generated by the papillae and cellg beneath
the papiliae (ODwens & McGrath in prep.), is
nore copious in Cercis stigmas prior to
pollination than in Bauhinia, Gleditsia or
Brownes .

WN The stigma is either funnel-shaped and
the inner receptive surface rugose
(Caesalpinia) or flask-shaped with a narrow
entrance pore and not papillate (Casaia).
Both types of stigma are wet, the secretion
being preduced by the cell layers lining the
receptive surface. Among many morphological
differences which exist between stigmas of
Caesalpinia and Cassia a major distinction
is the lack of a cuticle over the stigmatic
surface of Czesalpinia. The stigma of
Caesalpinia appears to lack an epidermal
Surface layer, leaving the stylar transmit-
ting tissue cells as the layer onto which
pollen lands.

A large secretion droplet which covers the
whole stigmatic surface at receptivity and
into which the pellen lands is regularly
Produced by the atigmas of Cassia marylandica,
C. mimoseides, C. nemophila and Caesalpinia
pulcherrima. It is present irregularly on the
stigma in Cassia obtusa and apparently very
rare in Cassia floribunda. Tt is not produced
at all by Caesalpinia gilliesiil which does
have a copious secretion on the surface of
the stigma but it is not enough to generate
2 droplet. The stigma of C. gilliesii is
larger than C. pulcherrima. The secretion is
a clear, colourless, watery liquid which

appears to increase in viscosity on exposure
to the atmosphere.

2. The pollen-stigma interaction; pollen
germination

A General

The two stigma types differed in their
requirements for succeszful experimental
pollination. All stigmas of the WP type
needed pollen to make good contazct with the
surface before there was any response. In
Bauhinia and Brownea species the pollen
grains had to be pushed down onto the surface
between the stigma papillae and in both
species one pollen grain was not enough to
proveke a response. In Brownea 5 grains were
the minimum used and of these a maximum of 4
hydrated. The esterase test did not appear
to indicate that there were any specific
receptive sites on the papilla surface, how-
ever since the Brownea stigma is celoured
red-brown localisation of the reaction
produced is difficult.

For WN type stigmas contact with the
secretion was enough to ensure germination
even when only a single grain was used.

Table 1. The minimum time %to observed
germination after self-pollination.

Speciesn Minimum time

to observable
pollen germination
(Mins.)

WP

Bauhinia tomentosa 60{16)

Cercis giliguastrum 55(25)

WN

Caesalpinia gilliesii 30(T)

C. pulcherrima 43(3)

Cassia floribunda 20(40)

() number of stigmas tested

B Cassia

Because of its abundant flower production
a more detailed examination could be made of
the pollen-stigma interaction in Caasia
fleribunda. Table 2 shows that the receptive
stigma is wet even though stigmas rarely
produce a secretion droplet. Examination of
hand cut sections of the stigma clearly
showed that the pollen is received into a
large chamber (1t can hold at least 100
grains). The chamber ls lined with a cuticle
which may rupture before pollination or may
be ruptured following pollination. Rupture
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releases the secretion and this is often
accompanied by the release into the
secretion of hundreds of the cells lining
the chamber. The response to the esterase
test (Pearse 1972) ia variable, a positive
reaction generally occurring at a site just
below the porate entrance to the chamber in
intact stigmas. Pollen germination takes
place between 20-30 minutes after pollination
for most self- and cross-(intraspecific)
pollinations.

Table 2. The response of pollen grains on
stigmas of different states (wet or dry)
after either self- or e¢ross-{intraspecific)
pollination in Casslia floribunda.

Fcllen (individual
response flowers)
Germination Wo germination

Stigma state

Wet 31 19
Dry 1 21

The results of interspecific and inter-
generic crosses are shown in Table 3. A4l1 !
pollens germinated although the responses
were slower or the same as for self-
pollination. The one notable exception was
in the cross invelving Bauhinia pollen where
a much more rapid responae was observed,

Table 3. The response of foreign (inter- .
specific & intergeneric) pollen on the
stigmas of Cassia floribupnda, C. obtusa and
Caesalpinia gilliesii.

x Caesalpinia gilliesii

Cross Min. time to
germination
Mins.
C,. obtusa
x C. floribunda 35(9)
C. obtusa
x Caesalpinia pulcherrima 45(9)

C. floribunda

x Caesalpinia pulcherrima 45010)

C. floribunda
45(19)

Caesalpinia gilliesii

x C. floribunda 30(4)

C. floribunda

X Bauhinia tomentosa 30(8)

{) number of flowers tested
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3. Self-incompatibility

Preliminary data on self-incompatibility
suggests that the two Brownea hybrids (both
highly pollen fertile) are self-incompatible
while Cassia fleribunda, Caesalpinia gilliesi
and . pulcherrima are self-compatibie.

Discussion

The stigmas of Caesalpinioid legumes can
be easily classified into two types which
possess similar characteristics to either
atigmas of the Papilicnoideze or the
Mimosoideae. A good example appears tc be
the similar morphology of stigmas of
Caesalpinia (WN} and those in Acacla and
Mimoseae (Kenrick & Knox 1981, 19823].
Similarities between the Fapilionoid legumes
are less easy when comparisons are made with
Trifolium (Heslop~Harrison & Heslop-Harrison
1683) and Phaseolus (Heslop-Harrison &
Heslop-Harrison 1984} but recent unpublished
work in our laberatory on the primitive
Papilicnoid genera Sophora and Swartzia
duggest a closer relationship With those
Taesalpinioideae in the WP group. Cuticle
rupturing, a characteristic feature of many
Papilionoideae (Heslop-Harrison & Heslop-
Harrison 1983, Owens unpub.), appears to be
required for the sucecessful pellination of
Bauhiniz and Brownea (WP). However, in the
Caesalpiniodeae, as with the primitive
Papilioncideae this is not associated with a
sophisticated tripping mechanism.

It would be inappropriate at this stage to
overgeneralize about the evolution of stigma
typea within the Ffamily for it is certain
that a substantial number of morphological
types exist hitherto undiscovered. However
tiwere are clear indications {Owens & McCrath
unpud.) that beth in morphology and structure
stigmas in the Caesalpinioideae can be
divided inte groups which appear to link
closely with either one or other of the two,
more advanced, sub-families.

The stigmas of all species are wet (see
however the discussion of Heslop-Harrison &
Heslop~Harrison 1983) and contact with
secretion is a necessary pre-reguisite to
germination. The presence of secretion in
Cassla floribunda is not stimulated by
pellination. Manual pollination may rupture
the intact cuticle of some stigmas and thus
bring the pollen into contact with the
secretion but pollination itself does not
appear to influence the generation of
secretion.

The high rate of germination of a wide
selection of pollen in the stigmatic
secretion of the two Cassia species used and
of Cassia pollen on the Caesalpinia stigma
may be related to the evolution of controllil
systems in the style rather than at the
atigmatic surface i.e. self-incompatibility
in Leguminosae is apparently a stylar
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reaction (De Nettancourt 1977). It appears
that the exudates of Cassia and Caesalpinia

stigmas are Just efficient germination
media. This is also interesting in relation
to the non-specific exudation response of
Acacia stigmas to various pollens, a
situation which was considered to be a
general pollination signal initiated at the
commencement of pollen-stigma interactions
{Kenrick & Knox 1981).
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ACACIA BREEDING SYSTEMS

J. Kenrick, P, Bernhardt, R, Marginson, G. Beresford and R.B. Knox

Plant Cell Bioleogy Research Centre, School of Botany, University of Melbourne, Parkville,

Victoria 3052, Australia.

Summary

Breeding experiments have shown that
several Australian species are self
incompatible: A. pycnantha, A. retincdes,
A. terminalis; partially self compatible:
A. myrtifolia; and self compatible:

A. ulicifolia, Many insects, especilally
5 families of bees, forage for Acacia
polyads and serve as pollen vectors,

Two genera are wide-spectrum pollinators,
while the others show narrower
specificities. Acacia terminalis iz also
visited by small birds that forage for
the hexose-rich nectar in extra-floral
nectaries that appear to be an adaptation
for bird pollination.

Introduction

Acacia is a nitrogen-fixing tree genus
of considerable economic importance and
there is evidence for self-incompatibility
(SI). Experiments at the Wattle Research

Institute in South Africa showed that
selfing results in reduced seed set in

A, decurrens and A. mearnsii. We present
results of our breeding experiments in
natural populations in south-eastern
Australia of a summer-flowering species,
A. retinodes; an autumn-flowering species,
A. terminalis; a winter-flowering specles,
A. ulicifolia; and two spring-flowering
species, A. myrtifolia and A. pycnantha.
We have alszo investigated the pollen [
vectors of these specles, with a view to
establishing the modes of- pollen transfer
between trees.

Results and Discussion

These species of Acaclia are protogynous.
The stigma cup 1s just large encugh to
accept a sinlge polyad and 80% of
pollinations are of this kind in
A. retinodes. The unique 16 grain polyads
provide a system for pollen transfer in
which all the meiotie products of an anther
loculus are retained a3 a single unit.

This means that in most pollinations all the
seeds in a pod may have the same father.

SI has been analysed in terms of fruit
set, using the Index of Self
Incompatibility (ISI) ie, yield of fruit
following self/eross pollination (see
Bernhardt et al., 1984). The results with
5 species of Acaclia show a range of 51
levels (Fig. 1),
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Fig. 1. SI relaticnships in five species
of Acacia. Open eircle: mean 13I3
horizontal line: range of ISI values;
Arrows: individual parent values; numhers
fbeneath arrows show the number of parents
with indicated I3I value.

In most of these species, pollen transfer
from one tree to another is essential for
seed set.

Insects were attracted to the nectarless
fiowers by a combination of the massive
yellow display and strong fragrances that
varied between four of these species
(A. ulicifolia not yet studied). Beetles
and flies ate the polyads. Solitary bees, tt
most commonly collected insects, gathered
pdlyads to feed to their larvae. We have
added two bee families (Colletidae and
Megachilidae) to the three families previousl
known to pollinate Australian Acacia. The
most constant pollinators, regardless of
season or habitat, were Leioproctus spp.
(Colletidae) and Lasioglossum spp.
(Halictidae), which are widely distributed
and pollinated all four Acacia spp.
Conversely, some bees showed narrow specif-
icities to one or two Acacia spp. For
example, species of Euhesma, Hylaeus
(Colletidae), Megachile (Megachilae) and
five out of s3ix Homalictus spp. (Halictidae)
were restricted to A. retinodes.

In &. terminalis bees shared pollination
duties with small birds like thornbills
(Acanthiza), silvereyes (Zostercps) and
spinebills (lAeanthorhynchus). A, terminalis
bears large, scarlet extrafloral nectaries
on its leaf petioles. At flowering time
these glands secrete drops of nectar rich
in three sugars and 18 amino acids
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{collaboration with Drs I. and H.G. Baker,
U. of California, Berkeley). The floweting
pranches are strategically located arising
in pairs from the nodes. As birds search
for the glands, and drink the nectar, their
bodies contact the flowering branches
transferring polyads to their plumage.
gbservations of the birds, and analyses of
the pollen loads of birds and bees,
confirmed that both may act as

pollen vectors in this specles of Acacia.
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INCCMPATIBILITY BETWEEN PINUS NIGRA ARN, AND PIRUS SYLVESTRIS L. AND OVERCOMING IT WITH

CHEMOMUTAGENIC SUBSTANCES
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Summary

Uging the pollen grains of Scots pine
/P.sylvestris L./ mutagenically treated
with the two derivatives of nitromourea
and sodium azlde it was possible to obtain
the hybrid seeds of interspecific combina-
tion P.nigre x P.sylvestris which under
norpal conditionsg ig incompatible.

Introduction

Hybridological status of European black
pine /P.nigra Arn./ and Scots pine /P.syl-
vestris L./ has in the past been the sub-
ject of certain controversy which to some
extent persists until now. The spontaneous
origin of P.onigra x P.gylvestris hybrids
firgt postulated in ths year 1867 in Aus-
tria /Vidakovid, 1974/ and later assumed
by Wettstein /1951/ &nd Vidakovi& /1958/
was primarily based on the finding of seve-
ral individuals of intermediate morphology.
However, according to the same author /Vi- -
dakovid, 1977/, the hybrid nature of these
putative hybrids has never been convineib-
ly demonstrated. Also, the attempts to hyb-
ridize European black pine with Scots pine
artificially,though previously reporied as
successful /Johnson, 1939; Wright and Gab-
riel, 1958/, have not been confirmed by the
extensive experiments carried out by Vidas
kovié and Borzan /1973/ over a span of 1%
years. .

Cytological examination revealed that in-
hibition of the pollen tube growth in the
nucellar tissue of the ovules is the prima-
ry cause of their aboriive development /Vi-
dakovié, Jurkovid-Bevilacqua, 1970/. In or-
der to overcome thig hybridization barrier,
the application of irradiated pollen of
Scots pine ag well as the mentor pollen
technique are recommended /Vidakovid et al.,
1975/, In their attempts with disturbing
the mechanism of incompatibility of this
crogsing, the authors treatsd the pollen of
Scots pine ag well as the conelets of Buro-
pean black pine with seven types of chemi-
cal compounds involving hormones, growth
substances and sugars. Agqueous solution of
yeast was used as well. None of these tre-
atments has however been proved to disturb
this mechanism, Our approach based on ap-
plicatien of nitrosomethyl-, nitrosoethyl-
urea and sodium azide con the developing

pollen buds of Sccts plne seems to be more
efficient in this respect ag indicate the

reaults of our investigation preganted in

this paper.

Material and methods

Two attempis with overcoming incompatible
barrier between the BEuropean black pine /P.
nigra Arn,/ and the Scots pine /P.sylvest-
ris L./ have been made in the years 1978
and 1981. In the first cass one individual
of the Eurcpean black pine was used ag fe-
male parent, while in the experiment perfor-
med in 1981 three individuals of the same
species were involved, The Scots pine tes-
ted as a male epecles was represented by
the two individuals separately used in both
the above experiments.

4 4s = preparatory astep to the artificial
hybridization, the application of N-nitro-
so-N-methylurea /NMU/, W-nitroso-¥-ethyl-
ursa /NEU/ and sodium azide /Ne.M/ on pol-
len buds of Scots pine was porfdrmed in the
year preceding pollinstion. The mixtures of
these mutagens prepared with a vaseline pag-
te have besn applied szeparately at the ba-
geg of buds during their initiation in the
firsgt half of July. In the year 1977 only
25 and 50 mM concentraticns of NEU were tes-
ted, whereas the ireaiments in 1980 were
extended of the variants with 10, 20 and 50
mM concentrations of Na.N as well as with
1 and 50 mM concentratgons of both NMU and
NEU /Table 1/. On average 30C buds of each
variant were treated in this way. As a con-
trol served the non-treated buds of the sa-
me treec,

Viability of the pollen grains collected
in the spring of the next yesar was tested
by their germination in vitro. The pollen
originating from the ahove treatments has
been separately used in griificial polline-
tion of the cvulate strcbili of Europesn
black pine. The conventionsl technique of
artificial pellination was applied in which
the isolating bags and pollinator of own
construction were uwmed, Totally 100 ovulate
strobili were pollinated in 1978, while the
amount of strobili pollinated in 1981 reach-
ed the number 183, The exact propertions of
the ovulate strobili pollinated by the pol-
len grains treated by the individual types
of mutagens are given in tadble 1. The qua-
lity of mature sseds obtained was ocxamined

1. Present address: 951 %2 Slepdany, okr. Nitra, Czechoslovakia
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py the X-ray radiography /Simak, 1980/.

Resulis and discussion

The results of viability test indicate
that applied chemomutagens had differenti-
ally affected the ability of mature pollen
to germinate but in general adversely in-
fluenced the growth of pollen tubes. As it
indicates Fig. 1, the lowest proporfion of
germinating pollen grains was reglstered in
the samples treated by NMU, The ex-
tent of germinating pollen graing ascertai-
ned in its variants with 10 and 50 mM con-
centrations has as a rule been maintained
at the level of 44 and 47 % what represents
the figure only a little worse than a con-
trol with the 49 % fraction of germinating
pollen revealed., The two other variants of
treatment, i.e, with NEU and Na N have on
the other bhand yielded the pollén samples

" which consistently differed from a control
in containing the larger pepulations of ger-—
minating pollen grains. The corresponding
parame ters ranged between 54 and 59 % in
the former cese and between 57 and 65 % in
the latter one,

With the cutlined variation pattern has
only partially correlated the pollen tube
growth. In comparison with a control, achie-
ving under experimental conditions the mean
length of 103 microng, was the growth of
pollen tubes in 51l the variants of mutage-
nic treatment retarded. The degree of inhi-
biticn varied considerably, depending on
the concentration of the applied mutagens
which had generally reduced the pollen tu-
be length to the level of 76,1-93,% microns
vhat in relation to control represents sta-
tistically highly significant devistion.
Howsver, in spite of such a wide variation
in length of pollen tubes, the results ob-
tained from the individual types of treat-
ments were comparable, irrespective of the
chemical nature of the mutagenic compounds
utilized. Remarkables was the tendency dis-
played by the derivatives of nitrosourea,
i.e. NMU and NEU which being tested in two
concentrations exerted their strongest re-
tardant effects in the variants with 10 mM
concentrations differing thus from the tre-
stments with the corresponding mutegens in
50 mi concentrations., No such tendency has
on the other hand been ohserved in the case
of Na_ N,

The“pollen grains of Scots pine origine-
ting from the above described treatments
héve subsequently been utilized in artifi-
tlal pollination of the European black pine
verformed in the year 1981, The resulis of
this attempt are summarized in the lower
bart of table 1, while those referring to
the hybridization experiment in 1978 are
tabularized in the upper part of the tatle.
The gelf- and crogs-pollinaticns of the ma-
ternal trees stand for the control at the
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Fig. 1. Germination percentage and pollen
tube length in pollen grains of Secots pine
affected by 10 mM /2/ and 50 mM /3/ HMU, 10
mM /4/ and 50 mM /5/ BEU, 10 mi 78/, 30 mM
/T7/ and 50 oM /8/ NaBN; 1-control

intraspecific level, wheresas the species

combinatien P.nlgre x P.sylvestris-control
serves as & control variant at the inter-
specific level. It is apparsnt from the tab-
ls that both these controls differ strikin-
gly in quality of the seed progenies produ-
ced. The intraspecific crossginga of P.nigra
involving self-pollinations of the maternal
trees and cross-pollinatiocn of different
individuals of the specles have as a rule
vielded the viable geed progenies, The ef-
ficlency of selfing differed annually but
the pregence of sound zeeds was a constant
feature of ite progenles in both years tes-
ted. Particularly remarkables was the redu-
ced amount of sound seeds in this category
of progery harvested in the ysar 1981 with
only 24 % of fully developed seeds as com-
pared with the 84 % proportion of geeds of
the same category resulting from a cross-
pollination as well as with the 91,5 % of
filled seeds obtained from selfing in 1978,
With the above deta contrasted the results
of interspecific hybridization of P.nigra x
P.sylvestris in which the non-treated pollen
of Scots pine was used fcentrol/. As it fol-
lows from table 1, in the 1978 experiment
this combination yielded ©,39 % of filled
seceds what represents only four fully deve-
loped seeds of the total population of 1023
seeds obtained, while in the year 1981 no
filled seeds were revealed at all, Taken
together, these data sSupport incompatible
nature of P.nigrs x P.sylvestris comblna-
tion.

In an attempt to overcome incompatibili-
ty of this crossing, the pollination of fe-
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Table 1. The results of attempts with overcoming the incompatible barrier betwsen Pinug

nigra Arn. and Pinus sylvestris L. species

Combinations tested Number ofLNumber of [Number ofiTotal Number offPercentage
mals parents pollinatsdcollected [cones witl aumber gound of
a female mature full of seeds geeds gound
o atrobili! cones soeds obiained seods
P.ulgra-selfing 24 16 16 983 899 91,50
P.sylvestris-control 34 22 4 1023 4 0,39
s | P.sylvestris-25 oM NEU 42 20 il 793 24 3,00
¢« | Pesylveatris-50 mM NEU 80 42 19 1507 43 2,90
8 | P, nigra~gelfing 8 6 6 129 31 24,00
'+ | P.nigra-cross-pollination 42 26 26 1096 320 84,00
= | P.gylvestris-control 17 13 - 269 - -
@ f P.sylvestris-10 mM Na, 18 4 1 149 1 0,60
2 | Pusylvestris-30 mM Na3N 8 4 2 173 2 1,10
g | P.osylvestris-50 mM Nall 5 4 2 121 3 2,40
) Posylvestris-10 mM NMﬁ 14 4 1 177 1 0,50
o | P.sylvestris-50 mM NMU 12 3 - 69 - -
P.sylvestris-10 mM NEU 41 26 4 739 11 1,40
F.sylvestris-50 mM NEU 18 12 3 146 3 2,00

male strobili of the maternal species was
carried cut using mutagenically treated
pollen of Scots pine. Particularly efficient
wag in thisg respect the pollination in 1978
during which the pollen gralns originating
from treatments with 25 and 50 mM NEU were
used, In such a way it wes possible to rai-
ge the percentage of fully developed hybrid
seeds to 3 and 2,9 %, respectively, On the
octher hand, the attempt repeated in 1981
nad based on the involvement of two addi-
tional mutagens /Na.N and NMU/ was less
successful. Thehighgst proportion of filled
hybrid seeds resulted from the pollination
with the pollen influenced by 50 mM Na N
and reached the value of 2,4 %. Compargble
results had also been achieved by the pol-
len grains treated with 50mM.-NEU where 24,%
of filled seeds wsre obtained.The variant
with application of polien grains derived
from the treatment witl NMU hes on the
other hand been less efficient in distur-
bing the mechanism of incompatibility bet-
ween both the pine species., Among 177 seeds
of this class only 1 seed was revealed to
be fully developed /0,5 %/.

Summarizing we can state that among 2.300
gseeds collected from the interspecific cros-
sing P.anigra x P.sylvesiris in 1978, 67
seeds were detected %o be filled, whereas
the experiment repeated in 19381 resulted in
21 hybrid seceds. Expressed in the relative
values, these data represent 2,91 and 1,33
% of filled seeds, respectively, obtained
with a help of mutagenically treated pollen
grains of Scots pine.
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NBINEDIATE DISTINCTION BETWEEN SELF-POLLINATION AND CROSS~POLLINATION AND BETWEEN
SELF-COMPATIBILITY AND SELF-INCOMPATIBILITY IN PAPILIONACEAE - PRELIMINARY REPORT

W, Wojciechowska

Institute of Plant Genetics, Polish Academy of Science, Poznah, Poland

Susaary

Suitability of "new" morphological tra-
its as indices of pollination mode was
tosted on several species of Fapllionaceae
Keywords: Papilionaceae, selfwpollination,
cross-pollination, self-compatibility,
golf~incompatibility,

Introduction

The mode of pollination has the funde
wental influence on the next gemerations,
Progenies of full self-pollinated planta
are genetically uniform while the proge-
nies of full cross~pellinated plants are
genetically very different, Full self-po-
11ination appears in case of clelistogamy
aid = contrary to it = the absolutely
cross—pollination appears in momeglinung,
bisexual plants population in case of full
self-incompatibility., But we exactly know
there are many modes of pollination bet-
weon full self-pollination and full croas-
pollisation, It must be also noted that
the mode of pollination way vary depending
on external conditions and — like other
traits - undergees evolutional changes,
Therefore certaln adaptations to cross-po-
1lination may he noted in actually seli-
pellinated plants -~ e, g., brush mechanism
in Pisum ~ and vice versa, Thus at least
saveral easily recognized traits have to
be considered in plants populaticns for
the accurate determination of the pellina-
tion mode, In many botanical and agricultu-
ral aanuals there are the pieces of advi
ce how to recognize a mode of pollination
¢, Z., Buch wellaknown books as written by
Allard or Elliot. To recognize more pre~
cimely a mode of pollination all authors
advise to do the special experiments, Now
1 want to show that "new" merphological
traits which have not been used till now
tor this purpose help us that in many ca-
ses these experiments could be omitted,

Results and diacusslon

For easier pressntation of the results,
investigated plants have bean divided into
the groups according to thelr modes of
florescence, pollination and fructifica«
tion, "Typically self-pollinated plants®
have been included inte the first group,
It consists of such self-pollinated plants
which oftem bloom rather poorly and there-

fore they are pollimated rather rarely or
in case of clefstogamy are not pollinated
by insects at all, Nearly every flower is
pollinated in these plants, because own
pollen always fits to own stigma and it
always matures in the most suitable time,
Poorly blooming causes there are rather
enough available resources te mature every
pollinated flower inte fruit /Tabls 1/,

Fable 1, Fructification in "typically
self-pollinated plants",

Mode of Percentacge
Specles polli~ [ 4

nation pods set seseds sget
Vicia angu- .
stifolia L. open 91.9 87.7
Vicia hir-~ open 95,7 90,0
suta /L./
S. P. Gray isola-

ted 80; ) 95 +0
Ornithopus iaola-
sattvus L, ted 88.7 82.5

So such plante, as we can seo on the

Table 1, in sufficient environmeantal con-
ditions can produce in infructescence
nearly such many peds as there were the
flowers and nearly such many seeds in poda
as there was the number of ovalea., I have
alsp asssumed that in these typlcally self-
pollinated plants the strong tondonc! sho-
uld appear to form short styles of pistil,
But why do I hope to ses such a tendency?
The style of pistil -~ in gametophyte sys-
tem of self-incompatibility in Fapiliona-
ceas ~ is like a "strainer® which inhibits
the inadeqate pollen tukes from the pro-
cass of growing, 0f course, such a strai-
ner in the plants whick have mostly "deci-
ded" for self-pollination is unnecessary,
There is one. more tendemcy in typically
self-pollinated plants, I have noticed
that the petals of these plants come out
slowly from the calyces and therefore, in
adalt flowers the calyces are rather big.
/W, Wojiciechowska 1983/, The petals of the
typlcally self-pollinated flowers do not
bave to grow very Iast because they do not
nead to attract the lasects, Slow growiang
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of petais which are together with genera-
tive organs deeply hidden is the calyx,

is useful in this case because it protects

these organs from damaging, diseases and

86 on, When we see the plants with the afo-~

resaid traits we might assume that there
is typically self.pollinated populatioen,

In most “typically self-pollinated plants"

examined by me the short styles and long
calyces have been found but more research
works should be made /Figs, 1-7/,

2

4.
3.

‘>

Pigs, 1-7, Pistils from "typically” seli-

pellinated plants with short styles ~

1¢ Vicia angustifolia, 2, V, téetrasperma,

3. ¥, hirsuta, 4%, V, sativa, 5. Teilragena-
labus purpureus, 6, Glicyte hipsida,

7+ Oranithopus satiwvus x 5,3,

The second group consists of such self-
pollinated plants which bloom rather plen-
tifully and therefore there are also often
pollinated by insects, They produce, in'
contrary to the Iirst group, distinetly
less pods there were flowers, But the num-
ber of seeds in pods is nearly the same as
the number of ovules similarly to the
first group, It is called "aelf-pollinated
and partly entomophilous plants" /Table 2/

Table 2, Fructification in selfwpollinated
and partly entomophilous plants.

Mode of Percentacge

Specles polli- o f

nation pods set seeds set
Lupinus
luteus L. open 27.8 83.6
Lupinua
albus L, open 52,3 96,2

“"Entomophileus but self-compatible
plants™ belong to the third group. It is
similar to the second greup but it blooms
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usually more plentiful and contrary to the
secend group it must be pollinated by in-
sacts, The percentage of the pods set is
distinctly lower similarly to the second
group than the number of flowers and the
percentage of seeds in pods is also high
as in the previous group /Table 3/,

Table 3, Fructification in entomophllous
but self-compatible piants,

Mode of Percentsage

Species polli- o f
nation pods set seods set
apen 42,9 82.6
Astragalus isola-
glycyphyl-  ted 1.5 -
los L,
artifi-
cial 47.5 173
Lupinus open 25.0 80.5
a:’ggil- artifi- inflorescences met

clal pods with seeds

According to me such & good seeds set in
pods in entomophilous plants indicates
their self-compatibility. Self-compatibi-
1ity like as a self-pollination increases
the chance of pollimation and fertiliza~
tion. As we can see on the table 3, the
legitymacy of this assumption has been
proved at two species, but of course it is
not sufficient., I foresee that very good
seads set in entomophilous speclies can he
a® a rule connected with thelr self=compa-
tibility, On the other hand poor setl need
not always indicate self-incompatibility.
As we know, besides self-incompatibility
there are other mechanisms as - e, g.,
dichogany which prevent from self- polli-
nation,

1t is just fwpossible, having enly the
table data, to distinguish self-pellina=-
tad but partly entomophilous plants from
entomophilous but self-compatible ones,
Ac¢cording to my hypothesis boih aforesald
groups could be easily diastinguished by
accurate abservation of at least several
infructescences. The main facter which li-
mits the pods et in the second group is
availability of resources, Besides it the-
roe is also another important factor in the
third group which can form the infructes-
cence, This is the "disposition" of in-
seata, Their "indisposition" caused by the
bad weather conditions during blooming
brings about the gaps hetween the pods, 0f
course as the "imdisposition" of inseccta
is a random event, at least several infruc
tescencas must be looked through becamse



. sl

it need mot be any gap in each, Photo 1
ghows the appearance of entomophilous and
autogamous lupins infructescence /Photo 1/

Photo 1, Appearance of lupins infructes- .
cencs = I ~ entomophilous speciea with the
gaps bétween the pedsy a - Lupinus polyp~
hyllus, b = L, mutabilis, II = autogamouns
species without the gapst ¢ - L, luteus,
4 - L, albua,

Table 4 presents fructification in ente-
mophilous full self-incompatible plants,

Table 4, Fructification in self-incompa~
tible plants.

Mode of Percentage
Species polli~ ot
nation peds set seods set
open 3.5 32.5
Coronilla
varia L, frzola-
ted 0.0 ¢.0
open 62.5 3.5
Lathyrus isola~
praten- ted 0,0 0,90
sis L,
artifi- 3.3 5.0
cial aphides

The attention can be put to the low per-
centage of seeds set in these plants. This
percentage should be always lower than in
the previcus groups but it may differ de-
psnding on the external and internal con-
ditions from year to year and from popula~
tion to populatioi, Besides enthomophilous
full self-incompatible plants there are
aenly partly self-incompatible ones, In
such plants the meochanisms of self-incom=
patibility are mot quite efficient, In

these cascs some viable seeds could be met
after self-pollination, Such events are
wory well documented especially in Polish
iiterature /Barcikewska 1966, Niyniec 1962,
Spiss 1972, ¥ojclechowska 1963 and many
others/. O0f course in such cases & percen—
tage of geeds set should be higher than in
full pelf-iacompatible plants but lower
than in self-compatible cnes,

At the end I present shertly the "new"
traits or tendencies which should be exa-
mined using more species:

1. Thke length ef the style of pistil =
in typically self-pollinated plaits we ex-
pect the tandency to form the short styles,

2., The size of the calyx in the ratis te
the petals - in typically self-pollinated
plants we expeot the tendency to form the
long calyces, but these traits are anly
used in cases when the fundamental unit
which atiracts the insectz is a single
flower.

3. The position of pods in infructes-
cence — the gaps between the pods indicate
c¢rosg«pallination,

4, The very good seeds set in entomephi-
lous plants indicates their self-compati-
bility, :
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CYTOLOGICAL APPROACH OF STERILITY AND INCOMPATIBILITY IN TEA (CAMELTA SINEKSIS)
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Summarz

Micrescope observations of self-incompati-
bility and sterility in the tea plant show
that the time necessary to reach the ovules
is twice as long after self-pollination than
after crossing. A low proportion of the
embryo-gsacs fail during the differentiation
of the gametophyte or show some irregulari-
ties. The seed sterility of the tea occurs
at or after fertilization of the ovules and
could be attributed teo genic or physiclegi-
cal factors.

Introduction

Tea 1s propagated by cutting in order to
secure the wniformity of the cultures., The
shortcoming of that form of propagation is a
lack of genetic diversity in the population
that could have sericus consequences in the
case of epidemic disease or drought. Seed
multiplication could be favourable to now,
sexual reproduction of the tea plant has
litrle been investigated. The sterility and
gelf-incompatibility may make difficult the
crossing and breeding of some cultivars,

The present work is a cytological study of
the causes of sterility and incompatibility

in the tea plant after artifical pollinmation.

Results : ¥
1. Observations on incompatibility
1.1. In vitro germination of pollen

Pollen grain is binucleate and shows three
peres. In vitro germination has been achie-
ved on a culture medium containing only 8 %
sucrose and 1 Z agar, at pH = 5. A few minu-
tes after sowing the pollen germinates and

nearly %0 Z of normally differentiated pollen

grains have produced a tube after about 3
hours; 85 Z of the pollen is apparently fer-
tile.

1.2, In vive pollen germination and pollen
tube growth

One houtr after pollination, the germina-
tion of the self-pollen on the stigma is as
good as after cross-pollination, but the
elongation of the pollen tubes is slower.
The level of the ovules is reached after
about 40 hours for crossing and 72 hours for
selfing. In chat later case, the number of
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pollen tubes reaching the ovules is distine-
tly lower.

2. Observations on sterility

The ovary is trilocular with 4 ovules per
loculus and axile placentaticn. The ovule is
anatrope, the embryo-sac is bisporic (Allium
type} and embrys is of the Sclanum type.

Ovules showing abnormal development are not
frequent, About 11% fail before the matura-
tion of embryo-sac. Some embryo-sac (9 %)
contain one or several supernumerary nuclel,
differentiated or not. The most frequent case
is a duplication of the whole content of the
eMbryo-sac. One ovule showed 24 nuclei. Some-
times, only the sexual apparatus is duplica-
ted. We have observed pollen tubes reaching
the micropyle of ovules with duplicated em-—
bryo—sacs, but the ultimate fate of these
abnormal embryo-sacs is not yet known.

The abortion rate before the maturity of
embryo-sacs is net sufficient to explain the
actual level of seed sterility. That level
is high and could be due to genic or physio-
logical phencmencn oeccuring at the fertili-
zation time or socon after

)

\ A
\\

AN
Squash of style showing pollen tubes and thei
callose plugs (fluorescence).
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INCOMPATIBILITY IN CAMELIA SINENSIS; A GENERAL APPROACH
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Sunmary

In spite of its economic importance, the
tea plant has little been investigated on
its reproductive biology; the crop produc—
tion is vegetative and clonal selection is
the most important of breeding strategies.
However, a good knowledge of its incompati-
bility system is not without interest; since
stump from seed garden (biclomal) is neces-—
sary in some dry areas, furthermore, atten-—
tion is focused on the hybridization of ma-
terials of widely different geographical
provenance for hybrid vigour and a novel
objective is appeared : olil extraction from
seeds. The sterility is high; one, twe or
three seeds for 12 ovules per fruit and frui-
ting rate is 20-30 %. After several investi-
gations such as diallel crosses, pollen ger—
mination, cytological examinations, it seems
to be a new incompatibility system. A like
in the two major systems, autosterility is
the rule, but the pollen tubes inhibition
does not ccecur in the style ner in the ovary.
A like 'in Theobroma cacao which 1s partly
autofertile, Incompatibility reaction is
localized in the embryo-sac after gametophy-
tic fusion; the system is thus primitive;
other species which discriminate against
incompatible pollen tubes in the style have
the advantage of congerving their female
gametes until such time as compatible pollen
arises. Such a system where autopollen is
always the first on the stigma could explain
high sterility encountered in a polyclonal
seed garden.

Keywords : tea, incompatibility, sterility.

Introduction

There are several kinds of self-incompati-
bility systems in plant kingdom, some cha-
racterized by morphological differentiation
of the mating types (heteromorphic such as
in Cinchona}, some not {homomorphic}. In che
Majority of the reported cases of incompati-
bility, a reaction of the pollen or pollen
tube with the stigma or the style is invol-
ved, In incompatible pollinations, the ger-
minatien of the pollen, when applied to the
stigma, may be totally inhibited; or if ger-—
Mination does take place, the pollen tubes

carrying male gametes which are incompatible
with the female plant are arrested in their
growth in the style and so, fail tc reach

the embrye-sac. The reaction of the pollen
towards the diploid tissues may in some ca-
ses be determined by the haploid genotype

of individual pollen grains, in such case,
the incompatibility reactien is sald ta be
gametophytic. In other instances, the pol-
len's reaction is determined by the diploid
genotype, they all behave phenotypically si-
milarly towards the style, such cases are
said to be sporophytic.

Theobroma cacac is an anomaly in the incom-—
patibilicy world; the incompatibility system
ig not established in all the trees {Cepe,
1967-1958; Bouharmont, 1960). The incompati-
bility reaction is delayed until male and
female gametes have met in the embryo-sac or
in some cases, during the early development
of the embryogenesis (Bouharmont, 1960},

Once penetrated, the ovules are not recepti-
ve towards any other pollen tubes, so that

an enormus waste of female material is rea-
lized when some trees are selfed, 50 % non-
fusion or abortion appear in the ovary, due
to encounter of gametes carrying the same
allele. The contrel is doubly gametophytic
{Bouharmont, 1960). Only the heterozygous
combination of S-genes is viable.

Knight and Rogers {1953- 1955) suggested that
a single locus was concerned which showed
multiple allelomorphism, with dominance or
equality relationships between alleles. For
Cope (Cope, 1957-1958), two other loci are
required besides the S-locus; these have
been called A and B and are thought to be
concerned with the preduction of a non-~spe-
cific incompatibility precursor upon wich the
S-alleles act to give specific incompatibili-
ty reactions. This system is primitive and
gseems to be alike that found in some Oenothe-
ra where the maintenance of heterozygosity

is assured by a balanced lethal system &t
zygotic level which invelves a 50 % reduction
in seed set, For Cleland {1972}, in these
Oenothera, the non-fusion or the abortion of
fertilized ovules is not due to a gene, but
to the absence cf necessary genes to gametes
fusion or coordinated development of embryo

1. Cytogenetical Laboratory, Carnoy Institut, Catholic University of Louvain, 4 place de la

Croix du Sud, 1348 Louvain-la-Neuve, Belgium
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and endosperm. A complementation between the
male and female gametes secures the fertili-
zation process or the development of the
seed and maintains the heterozygosity.

Results and discussion

Dne compatible fecondation assures the
fruit development.

The embryo-sac is bisporic (Allium type)
and not as Polygonum type (Simura and Ovso-
na, 1956). The bisperic nature of the embryo-
sac may complicate the understanding of the
incompatibility system. In such a case, the
reaction at the zygotic and endospermic le-
vel will be different and may explain the
abortion of ovules after some days of deve-
lopment .

Abnormal gametophytogenesis may explain
a partial sterility; 11 % of the embryo-sac
are degenerated at anthesis and some 9 Z
contain surnumerical nuclei. This ovular
sterility is probably variable from clone
to clone; in annual crops produced by seed,
there 1s intensive selectiom for reproduc-
tive normality but in clonal crops, a degree
of reproductive derangement is present and
sometimes so highly developed as to forbid
normal sexual reproduction (Tilquin and al,
1983) .

The autopollen grows more slowly than al-
lopoilen when applied separately on the
stipma but we know nothing about the growth
of the mixed pollen. The two types reach the
embryo—sac. The rate of seed is significan-
tly different between the basal - and upper
ovules while the abortion during the deve-
lopment is at random, suggesting that auto-
pollen is the first te visit the basal ovu-
les.

From the diallel crosses, some features _ .
must be pointed out : b
- a total autosterility: the incompatibility
mechanism 1s thus different from the cacao
system, It must be sporophytic. The marked
difference between reciprocal crosses argues
in this meaning. A strong effect of the fe-
male cytoplasm {Tri 31/8 x Tri 31/11 - 75 Z
of fruiting and the reciprocal, Tri 31/11 x
Tri 31/8,16 Z - a sibcross). A great dele-
tion 1s more decisive in the embryo-sac than
in the male gamete,

Some observations show deminance relation-—
ships, for example, in the biclonal seed
garden of Kayanza, only one clone (IR 92)
sat fruit, the other (Tri 31/11) is totally
sterile. This latter is fertile in the poly-
clonal seed garden of Nyakagezl (see abave).
The dominance relationships could be explai-
ned by the importance of the delection car-—
ried by female or male gametes; the absence
of one gene is recessive to the absence of
two genes and so on.

The incompatibility system in Camelia si-
nensis i1s unknown in plant kingdom; Lo get
the fundamental knowledge on the breeding
system and seed production of the tea plant,

5
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several points must be investigated; the
growth of mixed auto-allopollen tubes in the
style, the nature of the abortion in the de-
veloping cvules.
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POLLEN TUBE BEHAVIOR BY CARBON DIOXIDE IN RELATION TO OVERCOMING SELF-INCOMPATIBILITY IN
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Summar

Studies of selfed-pecllen behavior following
application with high concentratien of GO
gas, which has been noted to overcome the
self-incompatibility reaction in Cruciferous
specles revealed that signifiecant changes in
the pecllen tube growth of germinating grain
on stigma occurred prior te its penetration
into the papilla cell. Remarkable increase in
pollen tube breadth was found to depend on
the concentrations of CO, which enables the
pollen to germinate and Protrude the tube
into the stigmatic papillae against the self-
incompatible response. Observation of these
pellen tubes using SEM also revealed that
most of the pollen tubes enlarged at thelr
tips of connecting region to the papilla cell.
Significance of the response of pocllen tubes
to high CO, concentration is discussed in
relation to their effect upon subsequent
penetration and overcoming self-incompati-
bility.

Introduction

Carbon dioxide application to self-incom-
patible Brassica species has a great advan-
tage in preducing selfed seeds which are
necessary to cbtain inbred lines for Fl seed
production (Nakanishl & Hinata 1974).
Previcus work (Nakanishi et al. 1969) showed
that high CO, ranging from 3 to 5 % in air
enables the self-incompatible pollen to
penetrate into the stigmatic papilla cell.
Further studies revealed the effective time
of CO, application for self-pollination
(Nakafiishi & Hinata 1973). The cobjective of
this study was to demonstrate the pollen
behavior on stigma following CO2 treatment.

Materials & methods

Self-incompatible strains of B.oleracea,
D.ercoides and B.campestris were used.
Flowers were pollinated and then treated with
1-20 % of CO, using air-tight flask, for 6 hr
at 23°C. Stigmas were collected and stained
with water blue for fluoresceant observation.
Each pollen tube growth on stigma was evalu-
ated by measuring the width of 1ts narrow,
median and wide portion.

Stigmas were also submitted to the scamming
electron microscopy to examine the effect of
CO, application on the profile of poellen
tu%es adhering to the papilla cells.

Results and discussion

Most of the self-incompatible pollen grains
produced snaked or radially coiled pollen
tubes onto the stigmatic papilla cells.

These tubes were not uniform in width.

Pollen tubes treated by 5 % of o, grew

fat, whether the tubes spread cvetr the
papllla cell or penetrated into them. The
thickest region of the pollen tube grown in
high conc. of CO2 gas was approximately 10 pm
as compared to 5 pm in the control.

Callose deposition which looked like lense
always appeared on the tip of papilla cells
where self-incompatible reaction occurred.
The symptom of these callosic reaction still
appeared on the papilla, when self-incompati-
bility had been broken do%in by CO, gas.

Pollen tube behavior was also studied in
response to 1,3.10 and 20 % of CO, in air.
The distribution of the pollien tu%e width
showed that the pollen tube growth was affect-
ed by the concentrations of €O, gas. About
30 ¥ of the tubes treated with™ 3 % CC, was
over 3 times thicker than the control.

Pollen tubes penetrated into the papilla cells
when the gas concentrations were 3 te 10 %.

Pollen tube behavior om stigma were alsc
observed by the use of SEM. The pollen tube
which was enlarged by CO, showed simillar
behavior to that of self=incompatible ones.
The tubes often severely ridged both at the
contact region and the imner wall of the
papilla cell.

The present study indicated that increased
atmospheric CO, gas to overcome self-incompa-
tibility could have affected pollen by chang-
ing the metabeolic pathway of the tube growth.
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CARBON DIOXIDE BLOCKS THE STIGMA CALLOSE RESPONSE FOLLOWING INCOMPATIBLE POLLINATIONS

IN BRASSICA
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Summary

Carbon dioxide enrichment is known to
overcome sporcophytic self-incompatibllity in
Brassica. Elevated €O, (30 mmol €0, mol™!
alr), supplied via a flow-through gas
system, was shown to block the formation of
rejection callose in the surface stigmatic
papillae of Brasslca campestris following
delf-pollination, Possible mechanisms by
which CC_, may affect callose formation are
discussed.

Keywords: Brassica campestris, callose,
self-incompatibility, carbon dioxide.

Introduction

The induction of self seed set with carbon
dioxide in self-incompatible plants has been
investigated extensively in Brassica. The
CC, respeonse was observed cytologically as
the extent of pollen tube growth (Nakanishi
et al,, 1969} or by seed-set following CO
treatment of self-pollinated Brassica
pistils {Nakanishi and Hinata 1975}.
Callose, a 1-3-3 ~ linked glucan, has been
shown to accumulate 1in the papillae of
Brassica stigmas in response to self-
incompatible pollinations (Heslop-Harrison,
et al., 1974). Our study was undertaken fo
observe the effect of CD2 on this callose
rejection response.

Materials and Methods

Mature flower buds of Brassica campestris
var. T15 were emasculated and branches
bearing these buds were placed in distilled
water overnight. The following merning,
open flowers were excised and supported in
agar. Follen contaminated stigmas were
discarded. Clean stigmas were
self-pollinated, and several replicates
ineluding unpollinated controls were placed
in each of two identical perspex containers
A and B { 1.5dm” volume) at 7%% K.H.

Two different gas mixtures were prepared
by drawing ambient air from the laboratory
roof. This air was cleaned through a filter
of activated charcoal and humidified. Half
of this air was pumped directly into
container A. The rest was bubbled through
KOH and passed through two soda lime towers
before this now C0,-free air was mixed with

100

pure CO, to a concentration of 3% {(v/v) and
fed into contalner B. Both containers A
(ambient air} and B (3% CC,) were placed in
the lignt at 25°C. After” 22 hours the
pistils were fixed in acetic acid: ethanol
{1:3), washed in 70% (v/v} ethanol and
stained with decolorised aniline blue.
Fixed pistils were then lightly squashed and
observed by inecident flucrescence
microscopy.

Results and Discussion

Unpollinated pistils from both ambient air
and 3% CO, treatments showed no fluorescence
in stigmgiic papillae, although a strong
cgllose rejectlion response was obgerved in
gelf-pollinated stigmas exposed to ambient
air. On self-pollinated stigmas, aniline
blue fluorescent material could be seen in
stigmatic papillae and a few pollen grains
had germinated but no penetration of the
stigma had cccurred (Fig. 1).

However, in the 3% CO, treatment most
pollen grains had germinated and many had
penetrated the stigma. This bundle of
pollen tubes could be traced down the style
to the ovules. There was no accumulation of
rejection callose in stigmatic papillae
other than that in the walls of penetrating
pollen tubes. The appearance of these CO
treated stigmas was similar to that observeéd
in compatible cross pollinations.

The primary action of CO, in breaking
incompatibility may be to directly inhibit
the formation of callose and thus remove the
physical barrier to self pollen entry.
Alternatively, C02 may disturb molecular
recoghition between pollen and stigmatic
papillae such that the callose reaction is
not induced against self pollen. The
Brassica pollen-stigma interaction offers an
attractive system for further exploration of
the role of CO in breaking
self-incompatibility.

Self Cross  Self+COoy
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Summary

In plant breeding, several methods have
been developed to temporary overcome self-
incompatibility in flowering plants in order
to obtain parental pure lines, Such methods
are based on the use of treatments which are
applicated either on pollen or stigma alone,
either on pollinated flowers. In this paper,
we reviewed these different techniques and
give some new data obtained in Brassica olera-~
cea. Treatments with controlled concentrations
of carbon dioxide and controlled relative
humidity {rH) have effects on pollen quality,
pollen adhesion and germination, stigma cal-
lose response and pollen tube eantrance in the
style. At the light of these results, a mole-
cular interpretation of overcoming self-incom-
patibility in Brassica is proposed.
Keywords: Self-incompatibility, carbon diox-
ide, Brassica oleracea.

Introduction

In sporophytic self-incompatibility systems,
the recognition reaction between male and fe-
male partners occurs at the gtigma level (sce
Heslop-Harrison et al., 1975). A characteris-
tic of this incompatibility system is the oc-
curence of callose lenticules in stigmatic ba-
pillae cells in response to self-pollen or
pollen tubes. The specificity of this cal-
lose rejection response has been recently exa-
mined in Brassica (Kerhoas et al., 1983). The
callose reaction is thought to be due to spe-
cific molecules asscciated with expression of
S-alleles. The existence of self=-incompatibi-
lity constitutes an obstacle in producing in-
bred lines used to make F1 hybrid cultivars in
breeding programs. However, several methods
have been developed to overcome these barriers
to selfed seed production. In this paper, we
briefly reviewed these methods and discuss
some new data obtained in cauliflower by the
use of CD, treatments associated with high re-—
lative hufiidity (Palloix et al., 1584).

Classical methods used to overcome self-incom—
patibility

The flower age has early been reported to
affect the partial breakdown of self-incompa-
tibility in Brassica. Selfed seed can be ob~
tained afier self-pollination of aged flowers
{Xakizaki, 1930} or after bud seif=-pollination
{Xakizaxi & Xasai, 1933). In bud pollination,
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the pseudo-compatibility appears related to
the immature stage of stigma where recogni-
tion factors contained in the pellicle
would be absent {Shivanna et al., 1978). This
method is certainly the more often used by
plant breeders to multiply highly self-incom-
patible lines, However, bud-selfing is time-
consuming and very expensive because of the
hand labour inwvclved, Then, more practical
methods have heen investigated, based on the
use of treatments applicated either on pollen
or stigma alone, either on pollinated flowers,

Self-incompatible pollen grains can turn in-
to compatibie when mixed with killed compati-
ble pollen or their extract (mentor effect).
Thé washing of self-pollen with organic sol-
vénts has also been shown to overcome incom-
patibility in Brassica (Roggen, 1974). The
efficiency of these treatments seems to come
From diffusion of substances from compatible
pollen. These compounds would act eitker di-
rectly on the stigma surface either on the
pollen or pollen tube in altering their reco-
gnition potentialities, Though the precise
nature of these substances is still unknown,
Howlett et al, (1975) found that some puri-
fied proteins of the pollen wall in Cosmas
bipinnatus were able to overcome self-incom=—
patibility,

On mature stigma, physical and chemical
treatments have been tried with success in
Crucifers: mechanical damage, high tenmpera-
ture, local heating, electric shocks, organic
seolvents, high relative humidity and high con-
centrations of carbon dioxide,.,. {see Ocken-
don, 1978, for example). Such treatments in-
duce a partial breakdown of the self-incompa-
tibility which is more or less pronounced ac-
cording te the species or the lime tested,
The effects of these various treatments on the
incompatibility reaction remain difficult to
determine since the cellular or molecular al-
terations brought to the stigma are not preci-
sely known. Nevertheless, these data demons-
trate that the efficiency of the stigmatic
barrier depends on the physical and chemical
integrity of the stigma surface,.

The effect of high concentrations of CO
in overcoming self~incompatibility in Brassica
has been extensively investigated since the
first work of Wakamishi et al, (1969). Their
methed consisted in incubating self-pollinated
flowers with 3 to 9% CO. levels for % hours.
Recently, O'Neill et al5 (1984) found that the
stigma callose response in Brassica campestris
was blocked by exposure to a 3% level of 002-




In order to clarify the effects of carbon
dioxide on pollen-pistil interaction in
Brassica, a study was attempted in our labo-
ratory based on an in vitro system of pollina-
tion {Palloix et al., 1984). Some of these
results are now discussed,

Effects of increasing concentrations of GO
on a self-incompatible mating in Brassica
oleracea var. Botrytis

The various (0, treatments were applicated
to excised flowePs which were placed on agar
medium in a hermetic glass container., At the
end of treatment, 4 events of fertilization
process were examineds the adhesiocn, the ger-
mination, the penetration of pollen tubes in
the style and the callose rejection response
of stigma, The following conclusions have been
reached for the 3 different high self-incompa-
tible lines tested:

1= As firstly demonstrated in cabbage by
Nakanishi et al, (1969), low concentrations
of CO, applied during the progamic phase will
overcome the self-incompatibility mechanism,
The most efficient concentrations (4 to &%)
are similar to those reported for B. napus by
Dhaliwal et al, (1979} and for B, campestris
by Dhaliwal et ai. (1981} and O'Neill et al,
(1984). However, a longer period of applica=-
tion {8, 16 or 24h) proved to produce the most
effective result in cauliflower.

2— Higher concentrations of CO, [above 8%)
have apparently a toxic effect.

3- As found in B. campestris {0*Weill et al.
1984), €O, levels efficient in overcoming in-
compatibi%ity block the stigma callose respon-
se following self-incompatible pollinrations,

4- rH treatment alone did not overcome the
incompatibility reaction in cauliflower, -

5= CO, acts at the pollen-stigma interface
rather Than on the pollen or stigma separately
since no effect on the self-incompatibility
response was observed when cog was applied
prior to pollination.

6~ CO, acts early in the interaction since
the first event in fertilization, the adhesion
step, is modified.

If the effects of CO, applications have been
described, how can act the gas at a molecular
level to modify the incompatibility reaction?

Interpretation of the CO, effects in overco-
ring self-incompatibility: molecular model of
pollen-stigma interaction

Recently, we observed by transmission elecw
tron microscopy that the first contact of -
pollen grain on stigma papillae was followed
by a reorganization of stigma surface compo-
nents {Gaude & Dwnas, in preparation). This
event may play a preponderant role in pollen
adhesion and recognition processes in assuring
control of the water flow from stigma to pole.
len, As shown by the work of Roberts et al,
{1980) in Brassica, the pollen hydratiom level

after pollination seems directly correlated to
the acceptance or rejection of the grain. The
fact that high relative humidity may overcome
self-incompatibility confirms the importance
of the hydration step in the recognition me-
chanism.

These observations led us to recently pro-
pose a molecular model to explain pollen-
stigma recognition in sporophytic self-incompa-
tibility systems {see Dumas et al., 1984).
This model is based on the control of water
Flow from stigma to pollen by the reorganiza-
tion of cell surface components of both interw
acting partners . In a compatible mating the
specific interaction between the recognition
factors (S~-products) would permit the arrange-
ment of lipids and proteins in a macromolecu-~
lar edifice which present facilitated ways for
water flow and thus, would ensure a full pol-
len hydration (Fig. a}. In an incompatible
mating, the S-product interaction would induce

the formation of a hydrophobic macromolecular
structure which would constitute a barrier to
efficient hydration of pollen grain {Fig. b}.

Oo:
zd,g ‘P

Fig.a & b: Model of molecular interaction bet-
ween poller and stigma surface components in
Brassica (from Dumas et al., 1984). L=lipids,
P=proteins, arrows indicate water flows from
stigma to pollen.

This model Ffor pollenwstigma interaction is
in agreement with the various techniques used
to overcome self-incompatibility. Treatments,
in modifying either the pollen surface or the
stigma pellicle would prevent the formation of
the hydrophobic edifice or altere its hydro-
phobic character,

The action of 002 may be to disturb the
dialogue between male and female surfaces at
the moment of pollination. The gas may act on
the various components of the pollen~stigma
interface or specifically on the interaction
between putative stigma and pollen S—-gene
products, The precise mechanism of this action
of CO. is not vet clear.

Car%on dioxide has been shown to be a meta-
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bolic regulator in animal and plant cells
(review of Mitz,1979). CO, more particularly
affects processes such as membrane permeabi-
lity and molecular interactions. At the
membrane level, carbon dioxide interferes as
well as on proteins that on the lipid bilayer.
CO, interacts with wncharged amino-groups of
proteins to form carbamates which could lead
to conformational changes in the molecule., On
the lipid bilayer,the gas appears to change
the physical state of lipids in increasing
solubility,

During pollemn-stigma interaction, it seems
possible that conformational changes in pro-
teins and modification of the interface lipid
fluildity could affect the S—product interace-
tion. This would result in 2 more permeable
interface which would allow fll hydration of
self-pollen grains and growth of self-pollen
tubes in the styleyin the presence of elevated
002 levels,
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EARLY EVENTS CN THE BRASSICA STIGMA FOLLOWING COMPATIBLE AND INCOMPATIBLE INTRASPECIFIC

MATINGS
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Summary

A combination of new electron microsceopic
(EM} techniques and simple physiological ex-
periments have identified a superficial layer
lying on the poilen grain coating. The beha-
viour of this layer after compatible and in-
compatible matings strongly suggests that it
plays an important part in the control of
polien development. These findings are dis-
cussed in the light of models currently pro-
posed for the cperation of the self-incempat-
ibility (SI) system in Brassica.

Introduction

From the first microscopical investigations
it became evident that the sporcphytically-
controlled SI system of Brassica operated at
the surface of the stigma for, if it germina-
ted at all, incompatikle pellen formed con-
torted tubes apparently incapable of penetra-
ting the papillae. Althcugh the use of the EM
{Kanno and Hinata, 1969) confirmed that tubes
from self~pollen failed to enter the stigma
cuticle, and Mattsson et 31.(1973) reported
the presence of a 'pellicle' on the surface
of the papillae, recent investigatiocns into
the SI mechanism in Brassica have indicated
it to be a highly complex process and not
analagous, for example, with the antigen-—
antibody system of animals. Further, the dev-
elopment of self-pollen may range from lack
of germination to production of a long tube
which, on attempting to enter the female
rapillae, often appears to stimulate the pro-
duction of callose. This range of development
is thus not easily reconciled with a simple
interaction between S{incompatibility) gene
products on initial contact between the spor-
ophytically-synthesised poilen grain coating
and stigma surface.

Investigation into the SI mechanism operat-
ing in Brassica has also been hindered by its
extreme genetic and physiclogical lability.

A number of Brassica $-genotypes are available
ranging from very ‘weak' to very 'strong',

and it has long been known to plant breeders
that the SI system can be overridden either

by raising humidity (Carter and McNeilly 1975)
or by increasing atmospheric CO_ . While re-
cent work has succeeded in idengifying some

of the female molecules involved (Roberts, et
al. 1979, Ferrari et al. 1981) and has under-
lined the dynamic nature of the pellicle
{Roberts, et al. 1984b), no details are avail—
able of the pollen-held components of this

system,

The surface of the stigmatic papillae

The only evidence that self-incompatibility
factors are contained in the pellicle is pro-
vided by the adhesion assays of Stead et al.
1980 which demonstrated not only that adhe-
sion of pellen to the stigma was related to
ST, but also that enzymic treatment of the
pellicle reduced ‘compatible' adhesion to an
'incompatible' level. Interestingly, the
source of the molecules implicated in SI was
shown to be the stigmatic cytoplasm, and full
adhesive capability was restored to the stig-
matic surface within 2h, indicating either a
wvery rapid repair system, or that mclecules
are 'turned over'. A clue to the nature of
these factors was provided by the observation
that acquisition of the 8I system by buds was
accompanied by the synthesis of a glycoprotein
{(pT 5.6) present in the stigmatic papillae.
Subseguent olegant experiments have demonstra-
ted this glycoprotein to be S-gene specific
(Nishio and Hinata 1979) and inveclved in con-
trolling pollen development on the stigma
(Ferrari et al. 1981). while it is possible
to use the stigma surface as a probe to bind
molecules extracted from the pollen-grain
coating, and vice versa, this binding has
proved variable and not $-gene specific in
the agueous environments used. Most recently
an autoradiographic technique has confirmed
that cycling of proteins does indeed occcur in
the stigmatic wall, and maybe even in the
pellicle (Roberts, et al. 1984a) and tests
with inhibitors indicate that maintenance of
protein synthesis is required for the contin-
ued operation of the SI system (Roberts et
al. 1984b}. Thus a picture emerges of the
pellicle as a dynamic fluid mesaic containing
at least cne cyecling protein invelved in the
S1 system. -

The pollen grain and its ceating

There is considerable circumstantial evi-
dence that the pollen grain coating, or try-
phine, is actively involved in the self in-
compatibility response. Extracts from pollen
coatings have been shown to stimulate the
preduction of callose in 'incompatible!'
stigmatic papillae (Dickinson and Lewis 1975)
while exchange of cocatings between pollien
grains can alter their behaviour on self-
stigmas (Dickinson, H.G.,unpublished).
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Nevertheless the presence of S-specific mol-
ecules within the pollen coating remains to
be proven.

The main barrier to progress in this field
is that experiments are normally carried out
in an aguecus environment, while the surface
of the stigma is comparatively dry. The pol-
len 1tself is so sensitive to meisture that
it can be shown to adscrb moisture immediate-
ly follewing anthesis. Similarly, attempts
toc examine the structure of germinating pol-
len are fraught by the fact that the grains
will hydrate during the fixation process, We
have now developed a range of fixation tech-
nigques which do not invelwve agueous solutions
{Elleman, et al.l984}. Further, since fixa-
tion is neg?ly instantanecus, it has proved
possible to chart the dehydration of the pol-
len in the anther and its rehydration on the
stigma surface on a minute-by-minute basis.

In the anther the pcllen coating assumes
its final form just prior to the dehydration
of the grain itself. Instead of the electron-
opaque image cffered by normal fixitives,
the coating now appears mottled and electron-
lucent bounded by a 'membrane'. This 'mem-
brane', which iz some 10nm in depth invests
beth ccating and the exine (Fig. 1).

Fig.l. Superficial layer (L) bounding the
pollen coating (C} and exine (E).

Scale bar = 0.1lpm
Since the crating is held to be lipidic in®
nature, this 'membrane' clearly cannot be
regarded as a true biological membrane and
we shall therefore refer to it as the coat-
ing superficial layer (CSL). It is already
known that the CSL has some membrane-like
properties, for it will not only exclude
lanthanum, but can also bind it.

In the final stages of pollen dehydration
in the anther the periphery of the cell ass-
umes an electron~opaque aspect, containing
only small fibrillar spheres some 200 nm in
diameter. It would also seem that even in
this most dehydrated form a plasma membrane
does invest the pollen protoplast.

Post peollination development and its modifi-
cation by the SI system

The first contact between compatible pollen
and the stigmatic surface involves fusion of
the CSL with the pellicle. This occurs in a
matter of seconds and is followed by a con-
spicuous reaction of the pollen coating adja-
cent to the region of contact. Here, the mot-
tled appearance of the coat is replaced by an
electron-cpague aspect and the emergence of
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some structure. The structure visible may
vary from simple electron~lucent lines of
membrane-like dimension, to profiles reminis-
cent of vesicles and organelles (Fig. 2).

. ES ¥ i
Fig.2 Exine (E) held polien coating,’'conver-
ted' folleowing a cross pollination.

Scale bar= lum

While this change is first detectable after
30s, it takes a matter of 2-3min for all the
coating between the grain and the area of con-
tact to become converted. The physico-chemical
kasis of this coat conversion ig not known,
but it may well reflect a change from a pri-
marily covalent to an ionic environment in-
duced by the flow of water into the coat.
Once complete, coating conversion is fol-
lowed by a change in the organisaticn of the
pol¥en protoplast from that characteristic of
deMydration to a stratified condition(Fig.3}).

i W

Fig.3 'Stratified' pollen cytoplasm. Note the
coating (C}, exine (E), vesicular layer (V)
and mitecchondrion (M) . Scale bar = lpm

These changes in the pollen cytoplasm are con~
sideged in detail elsewhere {(Elleman, et al.
1984} . Between 5 min and lh after pollination
the stratified aspect is lost and the pollen
cytoplasm reorganises in an assymetrical
manney, concentrating large accumulations of
vesicles at the germinal pore from which the
tube will eventually emerge. Further develop-
ment of the tube is described in Dickinson &
Lewis 1973,

Development is wvery different following
selfing for fusion does not immediately occur
between the CSL and the pellicle, Indeed,
material sampled up to 5 min after pollination
shows that the CSL remains intact. Events
over the next 45 min suggest that contact is
established between pcllen and stigma, for
scme coating cenversion does occur,albeit at
a much reduced pace and only on the 'stigmatic'
side of the layer. Development continues with
a change to the stratified type of cytoplas-
mic organisation in some, but net all grains.
In the presence of a 'strong' S-gene, pollen
development ceases at this juncture.

Although the difference in the behaviour
of the CSL goes some way to explain the ad-
hesion results of Stead et al (1980), it does



not indicate a mechanism by which develop-
ment of incompatible pollen may be arrested.
There 1s, however, a large bedy of evidence
pointing to the involvement of inhibitors
in at least some part of the SI response
le.g. Hodgkin & Lyon 1984).

21l the data currently available indicate
that the 3T system operates during the ear-
liest stages of pollen development and it is
thus not clear why some incompatible grains
develop tubes, and why these tubes apparent-
ly are arrested by the deposition of callose.
The first question is probably the easier to
answer in that atmospheric water either by-
passes any barrier to flow between pollen
and stigma or, depending upon the hypothesis
in favour, dilutes the level of inhibitor to
below a threshold necessary for grain devel-
opment. The formation of stigmatic callose
is not so simply explained, it is possible
that sperophytic cocating material accompan-—
ies the tube tip and engenders a reaction
once the cuticle has been eroded(Dickinson &
Lewis 1975), but, equally, it may ke that the
callosic response is stimulated by a second,
gametophytically-controlled gene, now known
to be active in these plants. Nevertheless,
since the formation of callese may also be
stimulated by mechanical damage and fungal
infection, it remains possible that a dis-
ruption in pollen tube organisation by the
activities of the S-genes during the germin-
ation stages so disorganises the pollen tubes,
that the stigma 'recognises' them as for-
eign oxganisms. Such an hypothesis is not
easily tested, but the turgor of growing com-
patible tubes can be raised by supplying
high levels of atmospheric water, and it is
very striking that this treatment is accom-
panied by the development of long, tortuous
tubes and the formation of stigmatic callose.

In conclusien, what can we now say of the
SI system operating in Brassica? With the
pellicle, the C8L clearly emerges as playing
a2 central! rdle in the control of adhesion
and the subseguent development of pollen.
Further, the lack of full fusicn in incompat-
ible pollination seems to result in slow
coat-conversion, and the pollen cytoplasm
taking leonger toc assume a stratified organis-
ation. While the suppression of pollen dev-
elopment can be explained sc far in terms of
the availability of water, there is some ev-
idence that, in the stratified condition, the
pollen protoplast secretes protein into the
intine and, perhaps, the coating. It remains
possible that this interaction forms the hasis
of a second phase of the SI system - a phase
involving the production of iphibitors. Wheth-
¥ §-gene action is directly or indirectly
responsible for callose synthesis following
incompatible tube growth seems unclear but, in
view of our increasing knowledge of factors
stimulating callose formation in plants, the
latter alternative appears the more attractive,
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POLLEN GERMINATION INHIBITORS ASSOCIATED WITH TEE SELF-INCOMPATIBLE RESPONSE OF BRASSICA

OLERACEA L.

T Hodgkin and G D Lyon

Scottish Crop Research Institute, Invergowrie, Dundee DD2 5DA, Scotland

Summary

Pollen germination inhibitors in Brassica
oleracea L. tissue extracts wére detected
uzing a thin-layer chromatographic bioassay.
Extracts of leaf, seeds, pollen and styles
all contained inhibitory compounds, and
stigma extracts had the greatest amcunts and
largeat number of inhibitors., Some inhibitors
were common te extracts of unpollinated,
self-pollinated and cross-pollinated stigmas
whilst others were only detected in stigma
extracts obtained after incompatible self-
pollinations. The inhibitors detected
uniquely From self-pollinaticons were at
their highest concentration approx. 2 h
after pollination. The significance of these
findings with respect to possible parallels
between pollen-stigma interactions and
plant-pathegen recognition is discussed.
Keywords: Brassica cleracea, pollen germin-
ation, thin layer chromatography, germin-
ation inhibitors, self-incompatibility,
bioassay, phytoalexin.

Introduction

The sporophytiec self-incompatibillty system
of Brassica oleracea (Thompson 1957) provides

a useful model for studies on the nature of

pollen-stigma recognition and for more gen
eral investigations of recognition reactions
in flowering plants {Roberts et al., 1984).

Recently Hodgkin and Lyon (79797, Bushnell
(1979}, Lewis {1980} and Keen ({1981) have
drawn attention to the similarities between
the interactiens of plant and pathogen and
stigma and pollen. We have developed a bio-
assay that can be used to investigate some
agpects of the stigma's response following
an incompatible pollination in B. oleracea
(Hodgkin and Lyon, 1983; 198L). We here
summarise the results obtained using this
bicassay and discuss their significance in
relation to possible parallels between the
reaction of plant and pathogen and stigma
and pollen.

Materials and Methods

Inhibitors of pollen germination were
detected in B. oleracea tissue extracts
using the techniques described by Hodgkin
and Lyon (1983). Ethyl acetate soluble
extracts were prepared from the reguired
plant tissues and loaded on to cleaned thin
layer chromatography {(TLC) plates which were
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then developed, dried, sprayed with Petunia
hybrida or Lilium lankongense pollen in
appropriate germination media and incubated
overnight to permit pollen germination. Teo
cbtain germination of B. oleracea pollen the
procedure was modified by soaking TLC plates
for 0.75 h in pH8 TAPS (Sigma Ltd} prior te
loading the extracts and using the germin-
ation medium of Hodgkin (1983). Zones of
inhibition were revealed by spraying the
incubated plate with aniline blue to stain
germinated pollen and examining under UV
light or by incident light fluorescence
microscopy. The effect of incompatible
pollination on the inhibitors in the stigma
was examined using extracts prepared Crom
stfgmas collected 2, 4 or 24 h after self-

o ¢ross-pollination or after being left un-
pollinated for 2L h (Hodgkin and Lyon, 1984)

Results

Fig. 1 summarises the results obtained for
various tissue extracts using P. hybrida or

Fig. 1. Diagram of the major zones of P,
hybrida pollen germination inhibition on TLC
Plates following chromatography of extracts
o' different B. oleracea tissues: A, seed;
B, Leaf; C, pollen; D, style. Zones with a
variable degree of inhibition are stippled.
.
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L. lankongense pollen to detect inhibitory
zones. One zone of inhibition (Rf 0.5) was
common to all tissues tested although leaf
and pollen extracts often gave less inhib-
ition in this zone than other tissue
extracts. Pollen extracts gave a zone of
inhibition (Rf 0.25) not found in other
extracts and extracts of unpolllnated stigma
tissue gave the largest number (up to 5) of
inhibitory =zones and these had larger
dimensions than thoase from cther extracts.
When extracts of stigma tissue collected 2
4 or 20 h after self- or cross-pollination
were bicassayed with P. hybrida pollen,
zones of inhibition were detected [rom the 2
h self-pollinated extract which were not
detected from the cross-pollinated or un-~
pellinated stigma extracts (Fig. 2)}. The
size of these additicnal zones was reduced
in 4 h extracts and they were virtually
absent from 24 h extracts. The inhibitory
zones from extracts of self-pollinated
stigmas tended to be larger than those from
cross—-pollinated or unpollinated extracts.

Fig. 2. Diagram of the major zones of P,
hybrida pollen germination inhibition on TLC
plates following chromatography of extracts
of’ B. oleracea stigmas: &, unpocllinated: B,
cross—-pollinated for 2 h; C, self-pollinated
for 2 h; D, self-pollinated for U h; E, self-
pollinated for 24 h.
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At least two of the =mones (Rf 0.12, 0.67)
detected from the bioassay of 2 h self-
pollinated stigmas were noted in 24 n self-
and cross-pollinated stigmas of different
inbred lines indicating that quantitative
differences may exist between plants in the
amounts of the inhibitors present. The
clarification of such differences must await

the development of improved quantitative
techniques.

B. oleracea pecllen germinated less well
than P. hybrida or L. lankongense pollen on
TLC plates. Percentage germination of 50%-
65% were obtained and tube growth was poor
(20-50 um}. In contrast, B. oleracea pollen
in hanging drops gave 80-90% germination and
tube lengths of up to 1 mm. In the biocassay
B. oleracea pollen germination was inhibited
in clearly defined zones although they had
different Rf values from thosze obtained
using P. hybrida pellen. Zones of inhib-
ition were detected for unpollinated stigma
extracts at Rf 0 (zone diameter 3 wmm) Rf
0.11 (diameter 10 mm) and Rf 0.25 (diameter
10 mm)., No other zones of complete inhib-
ition were detected although several areas
of partial inhibition were seen. Extracts
from stigmas self- or cross-poliinated for
2, % or 24 h posseased the same 3 zones but
additional zones of partial inhibition,
which have yet to be fully characterised,
were also detected. Differences in number
and Rf values of the inhibitory zones may
result from the TLC plate pretreatment and
high pH needed for B, cleracea peollen
germination. When TndivIidual extracts were
separated by HPLC, to aveid the need to use
pretreated plates for chromatography, the
numbers, R values and sizes of the inhib-
itory zones were similar to P. hybrida and
B. oleracea pollen (Hodgkin and Lyon,

unpublished}.

Discussion

Several workers have drawn attention to
similarities between the pollen-stigma
interactions in interspecific and intra-
specific incompatibility and host-pathogen
interactions in plant disease. In parti-
cular, they have noted genetic parallels
(Bushnell, 1979; Hogenboom, 1983), drawn
attention to the significance of callose
deposition {Bushnell, 1979; Lewis, 1980)
and suggested a common role for cell wall
components, particularly glycoproteins, in
both recoghition systems (Keen, 1981;
Roberts, 1984). However, much of the dis-
cusgsion on the similarities has been
speculative, reflecting Key gaps in our
knowledge, This is particularly true of the
events that follow the primary pcllen-stigma
recognition reaction and result in the
failure of incompatible pollen to penetrate
the stigma surface.

We have described results from a bicassay
techhigue analogous to those used to invest-
igate host-pathogen interactions (Smith,
1982) and have shown that stigma extracts
are particularly rich in pollen germination
inhibitors that are effective in vitro
against pollen from different species. The
compounds involved would appear to be potent
germination inhibitors because an amount of
the extract corresponding to 10-15 stigmas
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gave inhibitory zones up to 20 mm in dia-
meter. Furthermore, following incompatible
self-pollinations, the amount of pre-existing
inhibitors increased and additicnal inhib-
itors were produced in the stigma that were
not found in cross-pollinated stigmas. The
chemical identity of the inhibitors is
unknown but their solubility in organic
solvents and mobility on TLC plates indicate
that they have a low molecular weight. Their
presence only 2 h after self-pollination
shows that they are produced rapidly follow-
ing the appropriate induction and their
decline after % h indicates a rapid break-
down .

Phytoalexins are low molecular weight
compounds capable of inhibiting fungal growth
and are produced by plants In response to
challenge by incompatible fungi (Keen, 1981).
We have suggested (Hodgkin and Lyon, 1979)
that compounds analogous to phytoalexins
might play a part in pollen-tube inhibition
in incompatible pollinations. The compounds
detected by our bioassay have some of the
properties of such inhibitors and some of
them may therefore be involved in pollen-
stigma interactions in vivo.

However, several factors mist be borne in
mind when examining this hypothesis. Pcllen-
stigma recognition and response are parts of
a complex series of events which involve
extreme morpholegical specialisation and
ensure successful fusion of male and female
gametes. The intraspecific Incompatibility
response invelves inhibition of M"self", in
contrast to host pathogen interactions (or
animal systems) where "non-self™ is rejected.
Incompatible pollinations may be recognised
rapidiy (10-15 minutes after pollination)and
it is not clear whether inhibitors of the .
kingd detected could be mobilised so quickl:
Current theories of the induction and
operation of phytoalexins inveolve the trans-
mission of a ’'stimulus' by a secondary
meassenger Lo the cell's nucleus and to neigh-
bouring cells followed by de novo synthesis
of protein. TIn fact, the ability of neigh-
bouring cells to respend is central those
theories whereas each pollen grain-stigma
papilla cell interaction is usually considered
to be an indepandent event (but see Hodgkin,

1977, for evidence to the contrary).

A1l recognition reactions involve detect-
ion, discrimination and response. At least
gne of the participalting organisms or cells
must detect the other and there must then be
a process of discrimination followed by a
discernible response dependent on the resuls
of the discrimination processes. Host-
pathogen and pollen-stigma interacticns may
share other features in that cell surface
glycopreoteins appear to be involved in the
initial recognition events (detection and
discrimination) and low molecular weight
growth inhibitors can be detected in response
to incompatible recognition in both systems.
The extent and significance ol these cowmmon
features has yet to be defined but our work
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has shown how techniques developed for
investigating one class of recognition
systems can assist in investigating others.
It has also opened up new avenues to be
explored in peollen-stigma interactions and
enabled us to detect a possible new class of
bieclogically active compounds.
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SELF-INCOMPATIBILITY IN THE NITROGEN-FIXING TREE LEGUME, AGCACIA RETINODES:

PRE— OR POST-ZYGOTIC MECHANISM?

J. Kenrick, V. Kaul and R.B. Knox

Plant Cell Biclogy Research Centre, School of Botany, University of Melbourne, Parkville,

Victoria 3052, Australia
Summar,

The c¢ytology of pollen tube growth has been
followed in the self incompatible species
fecacia retinodes. In both self and cross
pollinations, the pollen tubes grow through
the style to the ovules at approximately the
same rate reaching the ovules within 11
hours. Though pollen tubes acdhered to the
nucellus, there was only 1.5% of ovulea
fertilized after agelf pollination compared
with 14.1% after cresa pollination. A pre-
zygotic mechanism of self incompatibility is
suggested.

Introduction

In our studies on natural populations of
Acacia retinodes the plants were found to be
highly self-incompatible (SI) {Bernhardt et
al., 1984). Here, we present a brief
account of the cytology of S5I in A,
retincdes. ’

Results and Discussion

Using the aniline blue fluorescence (ABF)
method, we find that there is no inhibition
of sell pollen tube growth on the stigma
surface or in the style. Pollen tubes enter
ovules within 11 to 24 h after pollination.
There 18 no significant difference in the
rate of pollen tube growth in the style
between self and cross pollinations
(Table 1}. During the first 6 h, tube
growth rates were higher than during the
final 5 h,

Table 1. Rate of growth of pollen tubes
through the style of the same female parent
of Acacia retinodes.

synergids, with ivs filiform apparatus,
nucleus and cytoplasm breaks down during
pollen tube entry;

-= ¢ell and nuclear size of the zygote are
larger than that of the unfertilized egg;
-~ in the central cell, one large fusiocn
nucleus is present after fertilization of
the embryo sac which may have cne or three
nucleoli present compared with two smaller
polar nuclei in unfertilized sacs. Pollen
tubes penetrating the nucellus are difficult
to detect, as they did not show ABF.

Based on these criteria, the number of
fertilized ovules were compared in cross and
self peollinations, 72  hours after
pollination (Table 2).

Table 2. Incidence of fertilization in
ovules of two parents of A. retincdes fixed
72 hours after self or reciprocal cross
pollination. Data obtained from 75 to 160
avules per treatment.

Female Parent % fertilized

ovules
SELF POLLINATIOK
1 1.6
2 1.3
CROSS POLLINATION
1 14,7
2 12.8

Pollination Leading Pollen Tube
Growth Rate um/min

(a) 0-6 h (b) 6-11 h
Self 3.3 1.2
Cross 4.5 2.0

Differences < 10% were detected in the
pollen tube growth rate between different
pollen parents,

Unpcllinated and wmost self pollinated
flowers underwent abscision & to 8 days
‘after pollination, We examined the
eytelogical events In the ovules during this
eritiecal period. Fertilized and
unfertilized embryo sacs differed in the
appearance of key structures.
~= in fertilized embryo saecs one of the two

In the self pollinated group, there were
1.5¢4 of fertilizedovules and 14,1% after
cross pollination between the same two
parents. The difference is highly
significant (P < 0.001). The Index of
Self-Incompatibility {ISI), computed on the
basis of yield of zygotes following self/
croas poliination, 0.10, is in good
agreement with the IS1 computed from fruit
set data (0.08),

We can conclude that the site of pollen
tube arrest is in the ovary, probably in the
nucellus and is likely to be a pre~ zygotic
mechanism, The question of whether 85I is a
result of pollen tube/ovule or gamete/gamete
interactions is yet to be determined.
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CELL SURFACE RECOGNITION GLYCOPROTEINS AND THEIR POSSIBLE ROLE IN ANGIOSPERM

SELF-INCOMPATIBILITY

Knud Larsen

Department of Genetics, Royal Veterinary and Agricultural University, Copenhagen, Denmark

Summar

Ability to distinguish "self" or "kin" from
"not self" or "not kin" is a prerequisite for
proper contact, co-operation or even fusion
between cells, Examples of cell surface recog-
nition glycoproteins span from mere adhesion
systems to the utmost ingenious major histe-
compatibility complex {MHC) of higher verte-
brates. I propose that angiosperm self-incom-
patibility is caused by a mechanism similar to
the MHC-restricted antigen recognition by cy-
totoxic T-Iymphocytes: Pistil/pollen is recog-
nized through identical S-glycoproteins in
association with complementary sex-specific
glycoproteins to trigger an aciive inhibition
of self pollen tube growth. I further propose
that the extreme S-gene polymorphism is caused
and maintained by gene converston, utilizing
silent S-genes as reservoirs of diversity.
This also explains the generation of new S«
alleles occasionally seen after inbreeding,

Keywords: Self-incompatibility, recognition,
glycoprotein, cell surface, fertilization,
pollen, pistil, histocompatibility, gene poly-
merphism, gene conversion, mating type.

Introduction

q.

Early in evoluticn, cel]l discrimination must
have become an essential condition for cell-
cell interactions. Certain cell surface mole-
cules evolved into monitors, triggering co-
operative or defensive responses, dependent on
the signal received. Speciation must be fol-
lowed ?or preceded) by differentiation of such
recognition moTecules to estabiish stabie bar~
riers to sexual and/or somatic intermixing of
species. Cell ewrface glycoproteins seem to
be involved in most of these mechanisms.

Sexual recognition systems

It has been suggested that cell recognition
systems originated with the appearance of sex-
uality (Monroy & Rosati, 1979}, thus giving
rise to other cellular communication systems
in the evolving multicellular organisms.

In bacteria, "sexual" conjugation is best
known Trom Escherichia colil. Here, the F {or
F-1ike) plasmid of F" cells codes for pilin,

a glycoprotein with a molecular weight (M\T of
11,000-12,000 daltons, polymerizing into the
sex-pili {extracellular filaments) which at-
tach to receptors on F~ cells (Willetts &
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Skurray, 1980). This specific recognition
triggers adhesion and subsequent DNA transfer
from donor to recipient cell.

In haploid yeast cells of opposite mating
types, fusion is mediated by complementary
sex-specific glycoproteins in the cell walls,
through recognition/agglutination. The two
glycoproteins are of different size: A smaile
one with MW between 23,000 and 60,000, and a
larger one between 130,000 and 500,000, depen:
dent on the species (Tohoyama et al., 1979;
Pierce & Ballou, 1983; Burke et al., 1980;
Mendonca-Previato et al., 1982). The larger o
these glyproteins is composed of monovalent
sybunits attached to a core molecule through
disulfide links.

Among the ascomycetes, the hermaphroditic
Neurospora crassa has one locus for its two
mating types, A and a. These determine the ho
mogenic sexual incompatibility, i.e. only ga-
metes of opposite mating types will fuse (Car
Tile & Gooday, 1978). This is called hetero-
thallism,

In the unicellutar green alga Chlamydemonas
gametes from opposite mating types {+ and -}
recognize each other by their flagella tips.
The flagellar membranes adhere to each other,
triggering wall lysis and subsequent fusion
(Matsuda et al., 1982). Sex-specific glycopro

"teins of high MW have been detected in ¢. su-

gametos (Musgrave et al., 1981} and ¢ Rein-
handi (Cooper et al, 1983). - Homan et al.
(1982) found indications that at least the (-
agglutination factor is externally anchored t
an intrinsic membrane glycoprotein {a recep-
tor), which on agglutination forwards an in-
tracellular signal.

Ascidians (sea-squirts) are hermaphrodites
and usually self-sterile. In the simple asci-
dian Cdona intestinalis, the glycoprotein egq
envelope "chorion" prevents self-fertilizati-
on, polyspermy and heterospecific fertiliza-
tion (Dale et al., 1978).

Oka & Watanabe (1957) observed that fertili
zation in the compound (colonial) ascidian Bo
tryllus primigenus is only possible between
different colonies. Scofield et al. (1982) in
Botrylius schlosseri found this quality to be
governed by one gene Tocus with multiple alle
Tes. The hapToid sperm is incompatible with
the diploid, maternally derived egg envelopes
if its allele in this Tocus is matched by the
latter. This self-incompatibility is closely
similar to the "gametophytic" type of angio-
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sperm self-incompatibility.

Kinsey & Lenharz (1981} found an egg surfa-
ce glycoprotein fraction from the sea urchin
Avbacia punctulata that interfered with both
sperm binding and fertilization, but in a
non-specific manner, This led them to think
that binding and species-specificity need not
reside neither in the same site nor in the
same molecule, contrary to prevailing ideas
regarding fertilization specificity. - Lopo
& Vacquier (1980) purified an antiserum a-
gainst sperm surface of the sea urchin Stron-
gylocentrotus purpuratus, and found it to
cross-react with sperm from i 28 tested spe-
cies from 7 phyla, including amphibia, hirds
and mammals.

The mammalian egg is sorrounded by the gly-
coprotein layer "zoha pellucida" (produced by
the oocyte itself) which is responsible for
species-specific fertilization and subsequent
block to polyspermy, One of the glycoproteins,
"ZP3" (MW 83,000} is identified as the speci-
fic sperm receptor {Bleil & Wassarman, 1983).
Likewise, a sperm glycoprotein seems to be in-
volved in the sparm-egg recognition {Moore &
Bedford, 1983).

Angiosgerm self-incompatibility {SI, or S,

when used as a prefix) must result from recog-
nition events, but though thoroughly investi-
gated for decades, definitive conclusions as
to the biochemical basis has not been achie-
ved. Recently, it has even been suggested

that SI, at least the gametophytic type (pol-
len behaviour governed by the pollen S-geno-
type) might not be due to any qualitative me-
chanism, rather being the quantitative result
of deleterious recessives ?Mu]cahy & Mulcahy,
1983). The authors enumerate several examples,
some of which may well be plausibly explained
by this alternative hypothesis. However, the
evidence of qualitetive SI mechanisms, though
some with additional quantitative traits (e.g.
Beta vulgaris, Larsen 1983) seem so overwhelm-
ng, and concordant with other recognition sy-
stems, that purely quantitative models may at
the highest apply to exceptions from the rule.

There is now growing evidence of glyecpro-
teing as being the specific products of angio-
sperm S-genes: In the stigma of Brassiea ole-
racea (sporophytic SI, i.e. pollen behaviour
goverhed maternally), several authors have
found S-genotype-specific glycoproteins with
MM between 54,000 and 66,000 {Nishio & Hinata,
1982; Nasrallah & Nasrallah, 1984; Ferrari et
al., 1981). - From styles of Pmmus aviuwm (ga-
metophytic SI), Mau et al, (1982) isolated
two glycoproteins, MW 37,000 and 39,000, asso-
Clated with the genotype 5354.

A
Glycoproteins are common angiosperm polien
Constituents (e.g. Vithanage et al., 1982),
but up to the present a clear association with
S1 has not been demonstrated. - However, al~
ready in 1954, Linskens was able to detect
9lycoproteins as products of mutual

reaction hetween Petunia pollen and style.
Further, in 1960 he provided evidence of Iike
S-specific antigens in pollen and style from
the same S-genotype of Petunie hybrida.

Somatic recognition systems

Somatically, intercellular recognition is as
essential for proper cell interactions as in
the sexual mechanisms above. - A few examples
should be mentioned:

In FReurcspora crassa, somatic fusion is con-
trolied by genes in about ten loci, all media-
ting heterogenic incompatibility. One of these
is the mating locus mentioned above. I.e., A
fuses somatically only with A, sc the reaction
is completely reversed compared to the gametes
(Carlile & Gooday,1978)

Also in Botryliue echloeseri, the above men-
tioned ascidian, the Tocus for sexual self-in-
compatibility is involved in somatic incompati-
bility. Scofield et al. concluded this multi-
allelic locus to be solely responsible for
both phenomenons, again determining homogenic
incompatiblity between gametes, contrary to
heterogenic discrimination between somatic
cells (Scofield et al., 7982).

In plants, host-pathogen and symbiotic inter-
actions with microorganisms attract atten-
tion. Though theroughly investigated, the de-
tailed mechanism of compatibility remains elu-
sive. It has been discussed whether the basic
reactions are similar to these of self- (or
interspecific) incompatibility or not (e.q.
Hogenboom, 1982). It might suffice here to
mention that there are now reports of a aly-
coprotein receptor (MW 40,000? on legume raots
for Rhizobiwm cells (Apte & Modi, 1983), and
that Phytophthora glycoproteins elicit soybean
production of phytoalexin (Keen & Legrand,
1980). - Phytoalexins are plant-produced, non-
specific antibiotics, which are also reported
to be autophytotoxic (Boydston et al., 1983).

The major histocompatibility complex

In higher vertebrates, histocompatibility is
governad by a complex of closely linked loci
(MHC), which codes for transmembraneous glyco-
proteins (MW 44,000) (for a brief review, see
e.g. Klein et al., 198i). It does not appear
immediately logical for such organisms to
maintain a complicated mechanism for rejection
of foreign tissue. There are speculations that
its primary aim is surveillance of modificati~
ons of cell surface molecules within the indi-
vidual, and, as quoted earlier, the ancient o-
rigin may have been the rise of sexuality. In
1974, Zinkernagel & Doherty revealed the phe-
nomenon now known as "MHC restriction" of cel-
lular immunity: Cytotoxic T-cells only kill in-
fected cells if they exhibit a specificity co-
ded by the individual's own MHC-genotype. In
other words, to be effective, the T-cell must
associatively recognize "identity + differen-
ce" {MHC-molecule + foreign antigen).
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Another peculiarity of the MHC is its extre-
me gene polymorphism, possibly only surpassed
by that of the angiosperm S-genes. This vari-
ability, which as a rule involves blocks of
nucleotides, rather than single base substi-
tutions {as expected if generated though point
mutations) now seems prooved to be caused by
gene conversion, i.e, non-reciprocal transfer
of information from a donor (presumably a
pseudogene) to a recipient DNR duplex {Weiss
et al., 1983).

Conclusion

The examples above were deliberately select-
ed to illustrate what to the author appear o-
verwhetmingly indicative of almost universal
principles in intercellular recognition, due
to common origin, Particularly, it is infer-
red that SI in angiosperms {as well as in Bo-
tryliue, Neurospora and others) may be caused
by a mechanism parallel to the MHC restriction
phenomenon: Associative recognition of identity
(S-glycoprotein) and difference (¢ versus &
glycoproteins), triggering an active rejection
response, possibly through release of phyto-
alexin (or phytoalexin-like substance), strict-
1y localized on the individual pollen tube
surface, or within it. Considering the relati-
ons in Mewrospora and Botryllue, this appar-
ently does not exclude the possibility that
{some of) the S-genes alsc have functions in
interspecific, heterogenic incompatibility.

Finally, it is proposed that the extreme S-
gene polymarphism in angiosperms is caused and
maintained by gene conversion. This also ex-
plains several reports of high-frequency gene-
ration of new (or known) S-alleles followin
inbreeding {reviewed by de Nettancourt, 1977?.
Silent S-genes (pseudogenes) may serve as Je-
servoirs of diversity (and/or sometimes be
called into action <n extenso),

Looked upon in this way, angiosperm SI is no
more than a special case of a general cell-
cell recognition mechanism, Accordingly, it
may rise and fall from time to time, without
affecting its basic elements: Ubiquitous cel-
lular recognition glycoproteins.
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UNILATERAL HYBRIDIZATION IN RHODODENDRON
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Summatry

Hybridization between Vireya Rhododendrons
and species in the Azalea compex 1is
upilateral, occurring only with Vireya
species as female parents. Hybridity has
been confirmed by the intermediate
worphology of leaf hairs on hybrid
seedlings. By monitoring pollen tube growth
me have also determined the arrest points
associated with incompatibility of Vireya
pollen on Azalea pistils.

Introduction

To cur khowliedge nho previous confirmed
successful crosses have been recorded
between Vireya Rhododendrons which have flat
scales on their first true leaves, and
species in the Azalea complex which have
simple or glandular hairs. A8 part of an
extensive survey of interspecifie
compatibility in the genus Rhododendreon we
have made a number of contreolled hand
pollinations between these groups and here
report on the occurrence of a general
unilateral compatibility, and the
recognition of Thybrid seedlings by
norphology of the juvenile indumentum.

Materials and methods

Pellinations involved the following
materials:
Subgenus ERhododendron, section Vireya,
subsection Euvireya, a number of species and
feryile hybrids including R. sessilifolium,
(R.laetum x R. aurigeranumy, (R.
intranervatum x R. 'Souvenir de J.H.
Mangles'), (R, 'Dr Hermann Sleumer' x R,
herzogii) & [{R. macgregoriae x R, lochae) x
R. macgregoriae); subsection Pseudovireya,
2. retusum, R, quadrasianum (tropical) and
R. kawakamii (temperate). Azalea complex,

Subgenus Pentanthera (deciduous Azaleas), R.

berielymencides, , R. Jjaponicum, R. bakeri,
Subgenus Tsutsusi, section Tsutsusi
(evergreen Azaleas), &, indicum, R. simsii,
Section Tsusiopsis, R. tashirei; subgenus
Azaleastrum, section Cheniastrum, R.
gllipticum,

Pollen tube arrest points in incompatible
trosses were determined by fluorescence
Microscopy of pistil squashes stained with
?ggolorised aniline blue (Williams et al.

2).

Results and discussion

In pollinations with Vireya pollen on
Azalea pistilz no capsules developed and no

seed was obtained., In all but two crosses
pollen tubes were arrested within the style
or at the style base. In the two
axceptional crosses pollen tubes entered the
ovary but did not enter the ovules,

In pollinations with Azalea pollen on
Viraya pistils ovules were entered by pollen
tubes for all except those involving pistils
of R, kawakamii in which arrest occurred
within the ovary or at the style base.
Viable intersubgeneric seed was produced on
Vireya seed parents in a total of eight
crosses involving pollen parents in sections
Tsutsusi, Tsutsusiopsis, Pentanthera and
Choniastrum: (R. laectum x R. aurigeranum) x

R, indicum, R. retusum x R. simsii, (R.

intranervatum x R. 'Souvenir de J.H.
Mangles') x R. periclymenoides, (R.
intranervatum x R. 'Souvenir de J.H,
Mangles') x R, japonicum, (K. 'Dr Hermann
Sleumer' x R. herzogii) x R. bakeri, R.
retusum x R. periclymencides, K. retusum x
R. ellipticum, and [(R. macgregoriae x R.
lochae) x R. macgregoriae] x R. tashirei.

Hairs on the first true leaves of
surviving hybrid seedlings were intermediate
in morphology between the Vireya flat
multicellular scales on a short stalk and
the longer simpler hairs of the Azalea
parents, Typically they were stalked with a
bulbous glandular tip. The morphologiecal
differences in the juvenile indumentum of
parent species and hybrids are suficiently
marked to be used as an indicator of
hybridity. Many of the intersubgeneric
seedlings were weak, a humber have died, and
of the survivors none have yet flowered.

All Vireya Rhododendrons behaved similarly
in crosses on Azalea pistils, showing arrest
of pollen tubes before entry to ovules.
However, among Vireya Rhododendrons used as
seed parents, only R, kawakamii showed
rejection of Azalea pollen before entry to
ovules. We therefore cenclude that the
barrier to interbreeding of Vireya and
Azalea Rhododendreons is, in general terms,
unilaterzl, being more easily overcome when
Vireya Rhododendrons are used as female
parents,
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EARLY POST-FERTILIZATION DEVELOPMENT IN RHCDODENDRON

V. Kaul, J.L. Rouse, R.B. Knox and E.G. Williams

Plant Cell Biology Research Centre, School of Botany, University of Melbourne, Parkville,

Victoria 3052, Australia

Summary

Early post-fertilization development has
been studied in several species of
Rhododendron (Ericaceae). Fertilization is
marked by rapid development of a callose
wall around the zygote. The first
proembryonal division is delayed for 10 days
or more after fertilization, but the primary
endosperm nucleus begins devaelopment
immediately after triple fusicn. The
endosperm 1s cellular from the first
division. Apparent self-incompatibility in
three species has been shown to be a post-
zygotie mechanism. Intersgpecific
incompatibility may also, in certain
crosses, be expressed after entry of pollen
tubes into the ovules.

Introduction

In an extensive study of pollen-pistil

interacticons and interspecifie pollinations '

in Rhododendron we have observed a number of
inatances where foreign or occasionally self
pollen tubes penetrate the ovules but
produce little or no viable seed.
Aceordingly, we have sei out to describe the
course of early post-fertilization events
leading to nrormal seed development, and %o
observe the deviations from this pattery-
which result in interspecific incompat-
ibility or apparent self-incompatibility.
Cbaservations have been made either by bright
field microscopy of semi-thin plastic
sections of ovaries stained with PAS
(periodic acid/Schiff) - toluidine blue, or
fivorescence microscopy of whole pistil
squashes or ovary sections stained with
decolorised aniline blue (Williams et al.
1982a,b, 1984a,b).

Compatible Development

Ovule development has been studied in
compatible hand-pollinations of seven
Rhododendron species (Williams et al.
1684a). Pollen tubes reach the ovules in
about U4-7 days after pollination and
discharge their contents into one synergid
cell, The endosperm begins development
immediately after fertilization, and is
cellular from the first division. The
zygote shrinks slightly relative to the
unfertilized egg, and lays down a special
callose wall in the first two days after
fertilization. The PAS-postive, aniline
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blue fluorescence-positive callosic wall is
initiated adjacent to the degenerating
synergid, extends to cover the entire zygote
surface, and remains visible as the zygote
elongates prior to the first proembryonal
division. This division is delayed 10-15
days or more after fertilization. (We have
observed undivided zygotes at 60 days after
pollination in R. konori developing at
winter temperatures in Melbourne). Prior to
the first proembryonal division the zygote
elongates at the end distant from the
micropyle, and the first division separates
a small cap cell from a larger basal cell,
The distal portion of the embryc sac, which
is lined with a single endothellal layer,

larges and becomes filled with cellular
gndosperm before the first division of the
zygete.

In ovulo expression of incompatibility

Interspecific incomptibiiity in
Rhododendron may be expressed at any one of
at least 7 different levels in the pistil,
from the &tigma surface to the ovules
(Williams et al. 1982a,b). 1In species
combinations where ovules are entered but no
viable seeds produced we have observed two
basic outcomes: 1In a few instances (e.g. R.
kawakamii x Kalmia latifolia (Ericaceae}
normal fertilization is not achieved, and
tBere is an abnormal coiled overgrowth of
the wundisgcharged pollen tube within the
embryo sac, More commonly, achievement of
fertilization is marked by formation of a
normal zygote callose wall and the
initiation of endosperm development, with
incompatibility being expressed as failure
of zygote or early proembryonal divisions
together with endosperm degeneration
(eg. R. kawakamii x R. retusum and R.
retusum x R, kawakamii). Some crosses
(eg. R, retusum x R, santapaui, R. retusum x
K. ovatum and R. retusum x R. tashiroi) show
lgter abortion, producing matured seeds with
partially developed, inviable embryos, or
small seeds giving rise to weak, abortive
seedlings,

Self-incompatibility in R. ellipticum, K.
championae and R, amamiense is controlled by
a post-zygotic barrier to development of
selfed embryos (Williams et al., 1984b).
Fertilization i3 apparently normal. The
zygote contracts slightly and lays down a
callose wall as seen after compatible
pollination, Some pre-divisional zygote
elongation occura but no divisionsz have been
observed. The endosperm begins development
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normally, but within two weeks after
fertilization degeneration becomes apparent
{eg. at the 12-16 celled stage in R.
amamiense}. Collapse of the embryo sac and
ovule wall follow rapidly. Although
endosperm degeneration is the first viaible
sign of abnormality, this is not necessarily
ecgusal to embryo abortion, and may-be a
parallel expression of the same underlying
factors. Self-incompatibility is presumably
controlled by a system of multiple lethal
genes functioning to produce severe
ninbreeding depression™ in early embryocgeny.
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Summary

The central part of the style is filled
with a material of changing ceonsistency. In
the first part bevond the stigma the material
is §0lid, in the direction of the ovule it is
liquid.

The course of the pollen tube through the
style seems to go through material mainly
consisting of mono- and oligosaccharides.

Introduction

As in other Liliaceae, Gasteria verrucosa
has 2z hollow style (Sears, 1937) with a wet
stigma (Heslop-Harrison & Shivanna, 1977).
However a submorphological study reveals a
special type of a stylar camal in Gasteria,
especially at the tip of the style.

Methods

Parts of mature styles of Gasteria verru-
cosa were fixed in 3% glutaraldehyde in phos-—
pgate buffer 0.1 M at 7.2 pH for 18 hrs at
4°C. After washing the specimens were stained
in 1% 0s04 in buffer during 2 hrs at 20YC.
After dehydration and embedding in Epon, sec-—
tions were poststained with leadcitrate and
uranylacetate, and examined in a Philips EM
301,

Results

The stigma of Gasteria has papillar cells
of medium length., The cells are elongated
and surrounded by a wall consisting of a
small layer around the cell and a thick layer
which is bordered by an undulating cuticle.
Beyond the stigma the thick part of the papil-
lar cell wall is continuous with the central
part of the style (ew). In this part remnants
of the cuticle (c) of the three carpels, which
border three very small flat canals, are
present. The central part beyond the stigma
contains elongated cells. At the cortical part

of the style the cells lay more close together.

See fig. 1.

The material of the thick wall layer of the
papillar cells and its continuation in the
central part of the style is electron trans-
parent. Histochemical tests on this material
for pectine, cellulose and callose are nega—
tive. Staining of the liquid with naphtol~
Hy50; is positive and suggests the presence

of carbohydrates as mono- (glucose test strips
are positive) and oligosaccharides.
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After pollination of a receptive stigma the
growing pellen tubes {pt) penetrate the thick
part of the papillar cell wall and grow into
the solid central part of the style. A part
of the pollen tubes are flatened (fig. 2).
THe pollen tube wall {(w) consists of a thin
fine fibrillar layer, which shows a weak

fluorescence

‘- [ . - ;;33“

after staining with aniline-blue
- PR W

Conclusion

Among the different stylar types, Gasteria
shows a central stylar part with changing
consistency and a star—-shaped canal tapered
cff to three points near the stigma. The pol-
len tubes penetrate the papillar cell wall,
and follow a way rich in carbohydrates. Be-
cause of the high osmotic rate and the im—
bition capacity of the surrounding material
in the style beyond the stigma probably the
pollen tubes become flattenad.
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Summary

The effects of various factors on pellen
tube growth in vivo can be quantified by
pounting numbers of pollen tubes passing
through optical transects of styles at fixed
intervals after pollination. Pollen tube
growth 1in vitro can be quantified by
measurement of pollen tube lengthas in
hanging drop cultures or cultures on the
surface of a Semi-solid medium. These two
in vitreo techniques have been developed as
bioassays for the effects on pollen tube
growth of microgram amounts of test
substances.

Introducticn

To study the control of pollen-pistil
interactions, pollen tubes are grown either
in asscciation with the living pistil in
vivo, or separately in vitro, The in vivo
system is typically used to examine effects
on the interaction, of factors such as
temperature, flower age, plant genotype etc,
However, to identify signal molecules which
pass between the pistil and pollen tube, a
system is required with a less complex
metabolism than that of the whole pollinated
pistil., The obvious simplification is to
remove the pistil and grow pecllen tubes in
vitro on a simple defined medium. i1

Pistil
fractions or other known molecules can then
be introduced into the cultures to determine
their effects. Here we report a method for
quantification of pollen tube growbth in
vivo, and two techniques for in vitro
bioassay of microgram amounts of substances
affecting pollen tube growth,

Quantifieation of growth in vivo

Pollinated pistils are fixed after a known
interval and squashed in decclorised aniline
blue for visualisation of pollen tubes by
fluorescence microscopy (Williams et al.
1982a, Willams & Knox 1982), Counts are
made of numbers of pollen tubes passing
through a series of optical transects across
the style and pollen tube numbers are then
plotted againat distance down the style.
This technigue has been used for
Lycopersicon peruvianum, to determine rates
of compatible pollen tube growth, and to
examine the effects on self-ipcompatible
tube arrest of flower age, nutrient status,

temperature and plant genotype (Williams &
Knox 1982, Williams et al., 1982b).

Qualitative in vitro bioassay

Pollen is applied with the edge of a
coverslip as a thin 1line across a mieroscope
slide coated with an agarose-solidified
germination medium. Two 2mm wide filter
paper strips containing a test substance in
solution are then placed 2 mm out on each
side of the line of pollen {Williams et al.
1982¢), or a single test strip directly
above the pollen (Williams et al. 1982b).
The slide is placed on moist filter paper in
a closed petri dish, incubated 18 hours at
20-23°C, and then fixed with formaldehyde
vapour by adding 0.5 ml formaldehyde
solution to the filter paper anhd reclosing
the dish for 10 min., Mean pollen tube
length for each slide is determined using a
Carl Zeiss Videoplan Computerized Image
Analysis asystem attached to a compound
microscope. This method has been used to
survey stylar proteins for fractions
af'fecting pollen tube growth (Williams et
al. 1982e¢). The method cannot be used for
precise quantification of the effects of
these molecules since the diffusion gap
between filter paper test strips and pollen
tubes variably reduces the time of treatment
and the concentration of test molecule
reaching the tubes.

Quantification of growth in vitre

Quantification of the effects of
substances on pollen tube growth in vitro
cah be achieved using multiple 200 ul
hanging drop cultures in the wells of a
96-well PVC disposable microtitre tray
{Hough et al. 1984). Cultures are set up
using a constant amount of pollen suspended
in germination medium, and a varying
concentration of the test substance, The
tray is carefully inverted so that the
cultures form hanging drops suspended in the
wells by surface tension. The inverted tray
is then laid acrcas two shallow supports in
a closed container lined with molst filter
papers, and incubated at 20-23°C, For
gampling the tray is reverted and a 15-25 ul
aliquot withdrawn from each well, Each
sample is placed on a microscope slide,
fixed by addition of a small drop of
formaldehyde solution, and seated under a
coverslip for microscopic measurement of
pollen tube lengths as in the previous
method above, After sampling the tray can
be reinverted and ircubation continued.
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This method has been used to quantify the

effects of inhibitor and promoter molecules
on pollen tube growth (Hough et al. 1984,

Hewitt et al. 1984).

Conclugion

Quantification of pollen tube growth in
the pistil can provide data on pollen-pistil
interactiona, particularly the gametophytic
self-incompatibility response. In vitro
pollen tube cultures ¢an be used to identify
stylar molecules which may be active in
pollen-pistil interactions, and to
investigate the effects on pollen tubes of
defined melecules. In the future, these
methods may alsc be useful for selection of
superior pollen socurces and screening polien
for physiological mutants.
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STYLE-CONTROLLED COROLLA WILTING IN PETUNIA HYBRIDA T.

Luud J.W. Gilissen and Folkert A. Hoekstra

Research Institute TTAL, P.O. Box 48, 6700 AA Wageningen, the Netherlands (L.J.W.G.};
and Department of Plant Physiology, Agricultural University, Arboretumlaan 4, 6703 BD

wageningen, the Netherlands {F.A.B.)

Summary

In this poster a review is given of the
results of research on style-controllied
corolla wilting in Petunia hybrida L.
Pollination followed by pollen tube
penetration Into the stigma, or injury of
the stigma or style led te the generation of
a wilting-inducing factor and its transfer
. to the corolla within 4 h. The wilting
inducing factor is different from |-zmino-
cyclopropane~1-carboxylic acid (ACC).
Keywords: pollination, stigma wounding,
corolla wilting, ethylene, l-aminocyclo-
propane—T-carboxylic acid (ACC).

Introduyction

In some plant species corolla wilting or
abscission is initiated by pollination
{orchids, Dianthus, Petunia, Cyclamen,
Digitalis etc,). In Digitalis the stimulus
for accelerated abscission reaches the
corolla basis well before pollen tubes have
traversed the style (Stead and Moore, 1979}.
Ethylene biosynthesis is generally involved
in these post-pollination phenomena.

This poster veports on the effects of
pollination and wounding of the stigma in
Petunia flowers and on a possible role of
I-aminocyclopropane—t-carboxylic acid (AGC)
or ethylene in the transfer of the wilting-—
-inducing factor from the stigma to the
corolla.

Results and cenclusions

The time required for 507 of the flowers
of P. hybrida to wilt (W50) was considerably
reduced after pollen tube penetration into
the stigma. Pollination without tube
Penetration did not affect corolla
Iengevity., The W30, due to pollen tube
Penetration, was higher after self-polli-
natien than after cross-pollination. Wilting
was accelerated in proportion to the number
of penetrating tubes. Injury of the stigma
Or style also strongly accelerated wilting.
Style~induced accelerated wilting was
Prevented by excision of the entire style
(Gilissen, 1976; 1977). Although this
treatment caused some decrease of W50 as
compared with untreated flowers, it allowed
for kipetic analyses of the transfer of the
wilting-inducing factor. This transfer

through the style to the cerolla occurred
within 4 h after pollination or wounding of
the stigma. Ethylene evolution also
increased immediately upon these treatments.
Because of the similarity in effects of
pollen tube penetration and stigma wounding
on corolla wilting, a similar mede of action
of the wilting-inducing factor is proposed.
Eluates collected from the ovarian ends of
styles contained a wilting-inducing factor,
particularly in the case of previous
pollination or wounding. The content of the
ethylene precursor ACC in the eluates was
below detection (Gilissen & Hoekstra, 1984}.
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PART IIz

MEGASPORGENESIS, OVARY, EMBRYO SAC DEVELOPMENT EMBRYO AND ENDOSPERM DEVELOPMENT
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Part TIII: ovary,

Megasporogenesis,
endosperm development.

Introduction

Megasporogenssis, sperm cells, embryo
sac structure, fertilization, apomixis
and embryogenesis are the main topics

in this part, but to begin with some data

on ferns. Most studies are done using

the electron microscope, scme combined

with quantitative data and biochemistry.
The use of image analysis systems and
ultracryotomy is new. For application
in breeding the study of apomixis, the

in wvitrc embryoid formaticon and the data

on sperm cell composition are of interest.

Ultrastructural studies on plant reproduc-
detailed because

well

tion today bhecome more

the general phenomena are known.

n spite of the studies on the developing

embryo sac and fertilization untill now’

too 1little attention has been payed to

ultrastructural studies on embrycgenesis

and seed coat formatien. The resclving

of preblems in  keeping seed gualities

can use some submorphological infermation.

More comparisons could be made with somdtic

embryogenesis.

In experiments with ovules, but also in

general on sexual reproduction, the repro-

ductive calendar of the plant under study

is very impertant, such as in relation

£o possible abkerrations as apomixis.

In this part different aspects of the

reproductive processes from. megasporogene-

sis to embryogenesis are considered. Com-
pared with studies on pcllen more attention

should be payed to the very complicated

process of cvular development. Many con-

tacts were made during the congress. The

excursions focussed on the problem how

to keep Holland dry. This stimulated Dr.

Williams again to compile a poem linking
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embryo sac development,

fertilization and embryo gy

this problem with an idea for researeh
on sexnal reproducticn:
Well, Prof. Willemse, I declare,
Is that the Delta Project there?

They tell wus that the Dutchmen try
To keep their little country dry,
But surely that is hard to do,

And costs a lot of guilders too,
Why fight teo keep the water out -
If it came in, you could farm trout.
And we could study something new,
Like algal sex and gametes too.
And scuba diving we could go

To take our zamples from below.
To analyse the submarine

Would open up our research
S0 we invite you, if you like,

scene,

To pull your finger from the dyke,
! ¥ R
’ e
&y
[-14
>
[xd
o

b

As is illustrated by Noud Scheli and can

be find on the end of this volume, Prof.

Willemse has followed this advise and

pulled his finger from the dyke. He iz

liberated with all his fingers free in

the sea. From this position he is stimulat-
ed to think how sexual reproduction starteé

in the sea. Plants using the power of

sexual reproduction have ultimately coloniz-

ed land. In this way, pulling a finger

from a dyke , it would stimulate the study
of sexual reproduction in the sea, and
it would again ultimately lead up to the

study of seed plants on land, especially

the flower.
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CRYO SCANNING ELECTRON MICROSCOPY OF REPRODUCTTION IN CRYPTOGAMS

E, Sheffield, E.G. Cutter

pepartment of Botany, University of Manchester, Manchester, ML3 9PL, U.K.

The scanning electron microscope (SEM)

study of reproduction in pteridophytes and
bryophytes has previously relied upon
preparative techniques employing fixation,
then critical-point-drying or freeze-drying.
These techniques, howeveyr, yield variable
results and frequently cause distortion,
shrinkage and/or collapse of the fragile
agtructures which effect reproduction in
cryptogams. The new technique of cryo SEM
aveidas artefacts and damage attributable

to fixation and dehydration since the tissue
is simply frozen and observed directly.

The method is therefore much quicker to
perform than conventional procedures and
cen yield specimens of vastly superior
appearance (hence informatiomal content},

as illustrated by these micrographs.

5

Antheridia of Pteridium aquilinum, each
has two ring-like jacket cells and a single
cpercular cell. Bar = 50um

Antheridia of Equisetum arvense, most
have four opercular cells, Bar = 100um

Preparative procedure

1. Generate plants in aseptic culture
where possible.

2., Remove material, attach to SEM stub
with silver paint.

3. Plunge stub into slushed liquid
nitrogen.

4. Evacuate chamber, transfer stub
(under vacuum) to SEM.

5. Observe specimen in SEM on cryo stage
(Hexland} at -190°C,

6. Sublime any superficial ice by raising
to -80°C,

7. Withdraw specimen to pre-chamber
(~190°C), sputter coat,

8. Return to microscope (Cambridge S 150)
for observation at -190°C.

@- g%;:'.i-F*‘-qug!'gﬁ«‘u
3@;—&?’ ANy

Marchantia alpestris.Part of an archegon-

iophore, bisected prior to freezing, showing
mature pendulous archegonia. These sit on a
cup~shaped pedestal. Bar = 100um
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GAMETANGIA IN CEYLONESE SPECIES QF THE FERN FAMILY THELYPTERIDACEAE

E. Tigerschisld

Department of Botany, University of Stockholm, S$-106 91 Stockholm, Sweden

Summary

Variation in gametophyte anatomy in
Thelypteridaceae is under investigation and
includes studies of the structure of sex
organs. In general archegonia consist extern-—
ally of four rows of cells and one row has
enlarged cells forming a curved "chord".
Variation is found in number and size of top
cells. Antheridia usually consist of three
cells surrounding the spermatczoids. Differ-
ent mechanisms of opening cecur,

Introduction

The previcus studies of pametophyte
anatomy in Thelypteridaceae have been made
with light microscope. Antheridiz and arche-
gonia are located on the central cushion iIn
fully developed prothallia. Dehiscens of
antheridia is reported to generally occur
by a pore (Atkinson & Stokey 1973, Atkinson
1975) but in one species the cap cell is
lifted off (Atkinson & Stokey 1973). The
archegonial neck is elongated, 4-6 cells
long and curved away from the netch regien
(Nayar & Kaur 1971, Atkinsom 1975).

As the knowledge about gametophyte morpho-
logy in Thelypteridaceae is scarce it seemed
important to undertake a detailed study
making use of the resolution power of theg,
SEM. The results about sex organs reported
here ig part of a more extensive investiga-
tion of the gametophyte generation in
Thelypteridaceae.

Material and methods

Fertile sporophytes of 27 species of the
family Thelypteridaceae were collected in
Ceylon. Plants eoriginating from this material
are kept in cultivation, Gametophytes for
structural investigation were gruwn from
spores in sterile culture on agar. The re-
search material was critical point dryed and
studied in a Cambridge stereoscan 600.

Results

Archegonia (Fig 1) were found to consist
of four rows of cells that are 5-6 cells
high., In all species studied the mature
archegonla are bent away from the notch and
leaning somewhat to one side. One of the
four rows of cells that build up the arche-—
gonium are enlarged forming a curved 'chord™.
In one species, Amauropelta hakgalensis,
there are more than four cells in the basal
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layer so that it looks 1like the archegonium
is standing on a widened foundation. In most
species the four cell rows terminate in a
triangular cell on top of the archegonium,
where there consequently are four triangular
cells meeting. Sometimes only three cells
meet on the top of the archegonium, the
feurth row ending below, In Macrothelypteris
torresiana the top cells are not triangular
but differ from each other in shape and size,

Viewed from the outside the antheridium
(Fig 2) generally consists of three cells,
one basal cell, one ring cell that is wider
than the basal c¢ell and an undivided cap cell
In Metathelypteris flaccida the basal cell 1i:
wider than the ring cell. In some species the
cap cell is occasionally divided into two, of
yhich eone is lupeate and partly surrounds the
other circular cell. Very often the opening
of the antheridium is by detachment and lift-
ing of the cap cell. Sometimes there is also
a pore in the ocuter cell wall of the cap cell
when it is lifted off. In most cases the cap
cell is totally lost. The condition with a
pore in the cap cell which remained attached
to the antheridium was also found.
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WATER FERN (MARSILEA QUAIRIFOLIA)
REPRODUCTION AS A BIOASSAY FOR AFLATOXIN By
AND T-2 TRICOTHECENE TOXIN

G,C, Liewellyn, J.D. Reyholds and W.V.
Dashek +,*

Depts, Biology, Virginia Commorwealth Univ.,
Richmond, VA 23284, Atlanta Univ:, Atlanta,
GA 30314, and West Virginia Univy,
Morgantown, WV, 26506, USA

Summary

Both aflatoxin B%n{ }» @ Becretion of
Aspergillus spp., 3nd T2 trichothecene
. toxin, a by-product of Fusarium spp., are
subjects of intense research interests,

This stems from the carcinogenic, mutagenic
and teratogenic properties of AFB, and the
hemorrhagic attributes of T-2 toxin. The
latter has been used {allegedly) as a
warfare agent thereby mandating the
developgment of quantitative, rapid, reliable
and simple assays for these mycotoxins.
Here, we report the possible use of water
fern reproduction as a myocotoxin biocassay.

Introduction

Whereas aflatoxins (AFTS) are secretions
of Agpergillug flavug and A. parasiticus
{Goldblatt, 1969), trichothecenes are
products of 17 Fusariuym species (Joffe,
1965), Under proper envirommental
conditions, these fungi can grow upon crops
(Mirocha ef al., 1976; Dashek & Llewellyn,
1982) thereby posing a health risk to both
man and his domesticated animals since AFTs
are carcinogenic, teratogenic and mutagenic
(Wogan, 1965) and trichothecenes are
hemorrahgic (Schoental et al., 1979).
Recently, evidence has accumulated for the
alleged use of certain trichothecenes as
chemical /biological warfare agents (Rosen &
Rosen, 1982; Mirocha et al., 1983).
Furthermore, AFTs could serve as such
agents, Thus, it is important to develop
rapid, accurate, reliable and simple
quantitative assays for the two toxins. The
currently-available, highly-sensitive
amalytical methodologies are:
non—-transportahle te the field, expensive
and require highly-trained personnel., Thus,
we are generating bicassays for both N:'Bl
and T2 toxin.

Here, we report whether water fern
reproduction can be a bioassay for both
toxing.

Materials and Methods
T2 Toxin bicassay

Sporocarps - For germination, the tips of
Marsilea quadrifolia L. sporocarpe (Carolina
Biological Supply Inc., Burlington, NC) were
excised and then placed into a Petri dish
containing 10 ml of sterile distilled H,0.
One sporocarp was used per treatment which
occurred within an envirommental chamber at
14 hr daylight {6:00 am to B:00 pm), 21 C,
550 lumens fluorescent light. At 8:30 am
one sporocarp was prepared as above and by
1:00 pm megaspores isolated and by 2:00 pn
treated,

Megaspores - At megaspore release from the
sorus, each megaspore displayed a small
papilla projecting from one end. This
indicated the megaspore nucleus which
underwent division resulting in archegonium
formation. The latter congists of both neck
cells and a single egg cell, external
evidences for archegonial formation
(Bierhorst, 1971). Approximately 100
megaspores were produced by one sporocarp
germination. Following their collection via
a 50 yl capillary pipet, 3-5 megaspores per
well were added to a tissue culture
multi-well plate (Linbro Division Flow
Laboratories, Inc., Hamden, CT). Each
megaspore was develceped to the papillary
stage within covered well plates and the
environmental chamber., EFach well contained
2 ml sterile, distilled H,0. Archegonial
formation, fertilization &nd resultant
sporophyte development were observed at
least twice daily for 5-7 days at 7-30X
magnification.

T-2 toxin treatment of megaspores — Using
a 50 p1 capillary pipet, the H,0 within each
well was removed via an automatic vacuum
pipettor connected to a series of traps.

The T-2 toxin within 0.5 ml H,0 (Calbiochem,
San Diego, CA) was added to e8ch well, For
toxin stock construction, 1 ml acetone wae
added to 5000 pg T2 toxin with the
dissolved toxin being added to 198 wl of
sterile, distilled H,0. A second ml of
acetone washed out residual vial

toxin, The stock, 25 pg toxin/ml, was
heated with stirring for 3 hr to both mix
and drive off the acetone. Following
cooling, 0.5 ml aliquots were added to wells
following a 30 sec aeration involving
vigorous shaking of 200 ml within a flask.
The acetone~water control (AC) received 2 ml
of acetone in 198 ml of water concurrently
with the T-2 toxin stock. Another control
{C) without either toxin or acetone was used
also. Toxin (T-2), AC and C solutions were
maintained at 22 C prior to addition to the
wells containing the megaspores.

Megaspores were treated with 0.5 m) of T-2
toxin, AC or C solutions having 3-5
megagpores per well, The plate’s first eight
wells contained T-2 toxin, the next eight AC
and the last eight C. Megaspores were
treated for one hr when solutions were
withdrawn using the autamatic pipettes and
traps. A new, sterile 50 ul pipet was used
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for each evacuated treatment group.
Immediately after removal of the solutions
from the wells, two ml of sterile B0 was
added as the first wash. There wer& three
washes which required about 10 min.
Generally, the total megaspore "n" number
for each treatment was >90 with an attempt
to have 100. The T-2 toxin concentrations
were ag in Table 1.

Microspore addition to treated megaspores
in the wells -~ Following washes, treated
megaspores were maintained in 2 ml sterile
HZO‘ To each well were added numerous
gelatinous clumps of microspores to ensure
an excess of sperm for fertilization. From
this time microscopic examinations were
performed routinely at least twice daily.

AEBl bicassay

Marsilea sporocarps were scarified prior
to their placement into various
concentrations. A 20 ung/ml A.E'Bl st wag
prepared by combining 10 mg {Lot no,
387032, Calbiochem, LaJolla, (AT with 440 ml
of sterile H,0 and 60 mL of acetone, From
this stock, dilutions of 16.0, 12.0,
8.0, 4.0, 2.0, 1.0 and 0.5 ng/ml were
prepared,

Seven replicates containing 20 ml of each
dilution were prepared and placed into
sterile Petri dishes. Seven controls
(sterile H,0 and acetone) were made also. A
single spofocarp was placed into each dish
which were sealed with petroleum jelly to
retard evaporation. Dishes were stacked 14
hich within an enviromental chamber with a
photoperiod of 12 hr light and 12 hr dark at
23 + 2 C. (Qultures were examined daily for
sorophore appearance, microgpore releases.
sperm release, fertilization, sporophyte
production and sporophyte occurrence.

Besults

Tables 1 & 2 summarize T-2 toxin (1) and
(2) data related to sporocarp
germination percentage, fertilization
percentage for those germinating, sporophyte
production for those fertilized and
sporophyte occurrence for those replica
showing fertilization.

Sorophore appearance, microgpore and sperm
releases

- Sorophore appearance and both
micropore and sperm releases were not
inhibited by any level. Megaspore
release was reduced 66,67 at 1 ppm and
85.71% at 2 ppm, a response not cbeerved at
either higher or lower concentrations.

Sporocarp production

M‘B1 - Germination was increased from
85.717(C) to 100% at 2.0, 4.0, 8.0, 12.0 and
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16.0 ppm but was reduced to 57.14% at 0.5
pan.  Wheresg the 1.0 pom-treated sporocarps
exhibited a germination of 85,71%, the 20,0
ppr:;:reabed group showed a percentage of
71.43.

Fertilization

- A 50% fertilization level for the
sporocarps that had germinated was observed
for control cultures., In contrast,
fertilization ranged from 8.0% for the 0.5
pon replicas to 71.43% in the 2 pom
cultures, The highest concentration
(20.0 ppm) rossessed a geriination
percentage of 17¢ > the controls.

Sporophyte production

T2 toxin - Table 1 summarizes sporophyte
development for T-2 toxin-treated megaspores
five days after treatment. Percent
megaspores developing normal sporophytes was
linear hetween 0.314 and 0.039 ug/ml,
Further refinement of this potential
Jbiocassay might be accomplished by increasinc
rthe concentrations between the extremes.

-~ Both the control and 20.0 ppm
trea showed sporophyte occurrences of
100%. For sporophyte production originating
from a single sporocarp, means of 8l
sporophytes for controls and 87 for 20.0 pm
were observed, Sporophyte production in
seven of eight remaining toxin levels was <
that of both control and 20.0 ppm groups.

Discuseion

Comparisons of Margiles T2 and AFB, toxin
responses with those for other svstemﬁ
(Tables 3, 4 and 5. the latter two

n Llewellyn gt al. (1982))

T2 toxin — When the data within Tables 1
and 3 are compared, it is apparent that
except for tobacco callus, water fern
reproduction appears to be the most T-2
toxin sensitive plant system thus far
examined yielding a linear dose-response
cauve {Fig. 1).

- The data of Tahle 2 do not lend
th 1ves to construction of dose-response
curves and thus prohibit the utilization of
water fern reproduction as an bicassay.
Perhaps 'fine—tuning" of the concdnhtrations
between 0.000 and 0.625 pg/nl may yield a
curve.

Comparison of the responses of Marsilea
sporocarp germination and sporophyte
production (Table 2) with the germination of
various seeds and pollen {Table 4 ) and the
elongation of plant parts (Table 5 ) reveals
Margilea reproduction to be the most AFB,
sensitive (0.5 ug/ml) system employed to
date as most are affected by 100 and even
1000 ng/ml. Of interest is Onoclea
sensibilie where a 43.8% inhibition of spore
germination was obtained at 3,90 ug/ml.




I conclusion, ferna appear to be quite
gensitive to mycotoxing and thus warrant
further investigation as possible biocassay

twl E.
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Table 1. Sporophyte Development For T-2 Toxin-Treated Marsilea Five
Days After Treatment*

T-2 Toxin Percent of Megaspores Percent of Megaspores

Concentration Total Megaspores Showing Potential Actually Attaining Normal

Hy /o d Tested For Development Sporophyte Status
1.25%0 69 10.3 £ 17.9 0.0 0.0
0.625 63 17.3 £ 30.0 0.0 & 0.0
0.314 51 11.0 * 15.5 0.0 £ 0.0
0.156 59 66.0 + 33.7 31.7 % 38.1
0.078 55 72.3 £ 32.4 72.3 + 34.2
0.6319 51 85.3 * 25.4 83.3 * 28.9
0.020 66 95.3 + 4.5 82.7 ¢ 22.7
0.062 63 87.6 £ 6.9 81.0 t 2.6
0.005 64 68.3 * 8.3 63.0 * 14.1
0.002 60 78.3 * 6.7 71.3 = B.5
0.001 66 83.0 = 9.8 69.3 ¢ 4.4
0.000 70 84.7 + 3.8 71.7 ¢ 13.8

*Data are means and standard deviations for three replicate experiments.
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Table 2. Response of Marsilea Germination, Fertilization and Sporophyte Production to
Aflatoxin B1 Treatments

AFB1 Germination Fertilization Sporophyte Production Sporophyte Occurence
Percentage Percentage For For Those Fertilized For Those Replica
Those Germinating (Mean MNo./Sporocarp) Showing Fertilization

{ % of cultures)

0.0 85.71 50.00 81 100.0
(3/3) 1.2 TOXIN DOSE-RESPONSE €
0.5 57.14 0.00 - —_ .
—
1.0 85,71 33.33 56 100.0 = l: FIG
272y & 109
2.0 100.00 71.43 39 100.0 :
' (5/5) = & g
4.0 100.00 28.57 50 100.0 2 ¥ =
(2/2) 98 oo
8.0 100,00 42.86 58 66.7 % §
(2/3) £ & 40
12.0 100.00 57.14 68 100.0 g
(4/4) & 20
16.0 100. 00 57.14 69 100.0
(4/4)
20.0 71.43 66.67 87 100.0 o :
’/ (4/4) Mg/l T-2 TOXIN

Lata are means Tor seven replicates.

Taple 3. Summary of Some Plant Systems Used as Possible Bioassays of Trichothecenes

System Concentration Effect Investigator
Lesion development 20 to 100 mg Inhikits infection Bawden and
upon tobacco necrosis trichothecin/1 when sprayed over Freeman (1952)
virus on beans leaves or dey after

they have been in-
cubated with viruses,
but ineffective when

applied 2 days before

Pea seed germination 0.5ug T-2 Germination reduced Burmeister

Toxine/ml by more than 50% and Hesseltine
(1970)

Rhodotorula rubia 4,0 ug T=2/ Growth retardation Burmeister and

NRRL ¥-7222 and toxin assay Hesseltine

Penicillium digitatum disk {1970)

NRRL 1202

. -3
Tobacco callus upon 6.0 X 10 "uM 50% growth Helgescn
agaxr T-2 toxin inhikitor et all. (1974);

Stahl et al. (1873)

*ruil referacnece citations can be found in Protection against trichothecene

mycotoxins, 1983. National Academy of Sciences, Washington, DC, USA.
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FERTILIZATION IN TAXUS BACCATA L.

R.L Pennell & P.R. Bell

Department of Botany & Microbiology, University College London, UK

Summary

The development and nature of the gam-
etes of the English Yew, Taxus baccata
L., have been studied in depth. Mitosis
of the body (spermatogencus) cell within
the pollen tube is rapidly followed by the
dissolution of the boundary cell, degenera-
tion of the cytoplasm, and liberation of
the sperm nuclei in to the tube lumen.
The sperms- lack any identifiable motile

" apparatus.

The mature egg measures 20-30 x 5¢
um, the micropylar surface of the nucleus
lying 10-15 um below the neck cells. Insemi-
nation is brought about shortly after the
pollen tube penetrates the archegonium
and the wall is lysed at its tip. The cause
of the movement of a single sperm nucleus
towards the egg nucleus is not evident.
The egg nucleus becomes cup-shaped as
the sperm draws near, and the male gamete
becomes partially enclosed by the depression
so¢ formed. Karyogamy then takes place
as a number of local adhesions are formed
between the parallel surfaces of the two
gametic nuclei. Pore formation at these
sites is followed by the enlargement of
the areas of fusion and the complete co-
mingling of the getiomes.

Keywords: fertilization, Taxus.

[ntroduction

Fertilization in the so-called siphon-
ogamous higher vascular plants is brought
about by non-motile sperms. After the
formation by lysis of a small pore near
the tip of the pollen the two sperms are
liberated either imto a single or adjacent
archegonium  (Singh, 1978), or into an
embryosac (Jensen & Fisher, 1968; Russell,
1982). In genera in which the male gametes
are cells, discharge of the sperms is follo-
wed by the apposition of the plasmalemma
6f the sperm to that of either the synergid
{Jensen & Fisher, 1968) or the egg {Russell,
1983). Many local adhesions then develop
b_etween the two membranes and, at the
Site of each of these, a pore develops.
The  subsequent enlargement and fusion
of the pores ultimately removes the barrier
between the two gametes, The means by
which the male nucleus subseguently moves
through the egg cytoplasm are not clear
however, The final events in the sexual
brocess have been cbserved in a number

of instances, in Pinus (Haupt, 1941; Came-
fort, 1969) karyogamy takes place after
the sperm nucleus has entered a cup-shaped
depression in the surface of the egg nucleus
and the envelopes of the pair become closely
parallel. The formation of local gdhesions
and pores at the sites of contact then ocurs
in a manner essentially similar to that which
takes place between sperm cell and synergid
in Gossypium (Jensen & Fisher, 1967). The
inner membranes of. each envelope fuse
in turn, Similar events alsc take place during
karyogamy in Plumbago (Russell, £983), but
in Gossypium nuclear contact comes about
not by direct adhesion, but via the fusion
of cisternae of endoplasmic reticulum mid-
way bhetween the two surfaces (Jensen, 1964;
Jensen & Fisher, 1967, Schultz & [ensen,
1977). When several such <contacts have
been established the length of each cisterna
decreases and the interposing membranes
of the envelopes fuse over their entire sur-
faces.

Materials and Methods

Thin median slices of well-pollinated ovules
were fixed for 2-3 hours at room tempera-
ture in 2.5% glutaraldehyde (Taab, Reading)
in 0.05 M Sorensen's phosphate buffer, After
washing in buffer the slices were post-fixed
for 2 hours in 2% aqueous osmium tetroxide
and dehydrated in acetone., Embedding was
in Epon 812 (Taab, Reading). 4 um sections
were searched for evidence of gametogenesis
and fertilization. Sections containing appro-
priate structures were remounted according
to the technique of Woodcock & Beil (1967)
and resectioned in the thickness range B50-
80 nm. Post-staining in uranyl acetate and
lead citrate was followed by critical exami-
nation in a Siemens Elmiskop 102 Trans-
mission  Electron  microscope, runming at

60 kV.

Results and discussion

Although it has been widely reported that
two sperms of Taxus are entire cells (Stras-
burger, 1879 Rohr, 1973; Gianordoli, 1974),

" this study demonstrates that the cytoplasm

is lost as they mature (Fig. 1). Sister sperms
appear to differ from one another only in
respect of the extent to which the chromatin
is condensed. The mis-identification of the
body cell end stalk nucleus (Glanordoli,
1974) is in part respensible for the belief
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that the sperms are cells of different sizes.

Fig. I The sperms shertly after Iiberation
into the tube appear to differ from one
ancther only in the degree of condensation
of chromatin.

Scale: 1 um.

In Taxus the eccentric position of the body
cell nucleus, and the consequent lateral
displacement of the cell plate following
division of this nucleus, have also given
rise to the notion that the sperms differ
in size., However, following degeneration
of the boundary of the body cell, and of
the cytoplasm, the nuclei alone are liberated
intp  the tube, The situation is probably
similar in Athrotaxis (Bremnan & Doyle,
1956), although in this instance the later
stages of spermatogenesis were not observed.

The sperms lack any visible motile appara-
tus, but bodies which may be relict blepharo-
plasts {Penneil, 1984) are conspicuous within
the cytoplasm of the body cell, and #e
often associated with microtubules.

The egg cell occuples the whole archegon-
ial chamber (Fig. 2}, The nucleus of the
egg lies deep within the protoplast, its micro-
pylar surface approximately 15 um from
the neck celis. Groups of microtubules are
occasionally seen radiating from egg nuclei

Fig. 2 The mature egg cell. The micro-
pylar pole of the egg is te the right.
Scale: 10 um.
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The microtubules within each group appear
to originate from the nuclear envelope,
Microtubules are also conspicuous features
of the cytoplasm of the young zygote of
Pinus {Camefort, 1969).

[nsemination of the archegonium takes
place following the penetration of the tip
of the pollen tube between the archegonial
neck cells and the lysis of its wall. In the
electron microscope lysis is seen to be coire-
lated with the passage of vesicles from
the surface of the plasmalemma into the
wall. This may indicate the secretion of
hydrolases into the wall, leading to weaken-
ing and ultimately dissolution.

One or both sperms, sometimes accompa-
nied by the stalk nucleus and some pollen
tube cytoplasm, then move from the pollen
tube into the egg. It is not clear how the
sperm penetrates the egg cell cytoplasm,
but in view of the known behaviour of the
pollen tubes of some angiosperms (e.g. Cass
& Jensen, 1970), it is possible  that
the plasmalemma of the female gamete
is interrupted by the tube itself,

The cause of the movement of the sperm
ucleus within the egg is not evident. Micro-
tubules within each of the groups that arise
from the surface of the egg nucleus extend
for distances of up to 20 um into the cyto-
plasm. Were they to attach to the envelope
of the sperm they could, by means of sliding
against one another, as is known in ciliary
motion {Gibbons, 1981), draw the male
gamete towards the nucleus of the egg.
Indeed, microtubules are sometimes evident
in the narrow region of cytoplasm which
subsequently separates the two apposed gam-
etic nuclei. Other proteins, possibly contrac-
tile, may be invelved in the movement,
and these are currently being searched for

- b immunocytochemical means. Conversely,

the formation of the cytoplasm of the micro-
pylar region of the egg into radially elonga-
ted channels may suggest that cytoplasmic
streaming of the 'reverse-fountain' type
is responsible. This has been suggested for
flowering plants {Jensen, 1974).

The egg nucleus becomes cup-shaped as
the sperm approaches. The sperm itself
enters the depression so formed and becomes
partially enclosed by the egg nucleus (Fig.
3a). The envelopes of the two gametic nuclei
come to lie parallel to each other separated
by a region of cytoplasm no more than
2 un wide. At this stage, the adjacent
membranes develop undulations, those of
the egg nucleus being in register with those
of the sperm nucleus (Fig. 3b). The outer
membranes of the undulations ultimately
make contact (Fig, 3c) and fuse. This fusion
of the inner membranes then gives rise
to pores which provide contact between
the two genomes. As each pore widens it
merges with others so that the parallel
envelopes become wholly fused. Fusion events



of this kind are well described features
of fertilization in both gymnosperms {e.g.
Camefort, 1969) and angiosperms  (e.g.
Russell, 1982).

Fig. 3. S, sperm; EN; egg nucleus.

a. Nuciear apposition at the time of kary-
ogamy. Scale: 10 um. .

b. Local adhesions {arrow) of the parallel
nuclei are visible in the electron micro-
scope. Scale: | um.

c. Membrane adhesion is folicwed by the
dissolution of the interposing inner mem-
branes of the nuclear envelopes (arrow).
Scale: 0.5 ym.
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PISTILIATE FIOWER DIFFERENTIATION IN JUGLANS REGIA: A DEVELOPMENTAL BASIS FOR HETERODICHOGAMY

Vito S, Politoc & Nai Yan Id

Department of Pomology, University of California, Davis CA 95616, U.S.A.

Walnuts (Juglans spp.) have a hetero-
dichogamcus mating system with some individ-
uals being protandrous and others proto-
gynous (Forde & Griggs, 1975; Gleeson,
1982). We investigated the phenology ot
pistillate flower differentiation in several
protogynous and protandrcus clones of J.
regia in order to determine the relationship
%ween the timing of floral organogenesis
and the mode of dichogamy.

Because previous work on walnut pistil-
late flower development (Lin et al, 1977)
provided data on protamdrous cultivars,
which are more common, we chose to emphasize
protogynous individveals and examined each of
the six protogynous clones avallable to us.
These included early ('Chico', 'Sharkey'),
midseason ('Amigo', 63-378) and late ('Mey-
lan', 'XXX Mayette') individuals. Three
protandrous cultivars ('ashley', 'Chandler’,
Howard') not previcusly examined were in-
cluded for comparison.

Buds were dissected to reveal floral pri-
mordia and prepared for optical or scanning
electron microscopy using standard methods,

Results indicated that initiation of
pistillate flowers in J. regia begins within
six to eight weeks following pistillate
anthesis in spring. By eight to eleven
weeks organogenesis stops and does not re-
sume until shortly before bloom the
following spring. Cessation of organogene-
sis corresponds to the time that the growing
fruits attain their full size and undergo
marked changes in development and in their
requirements for photosynthate (Pinney &
Polito, 1983). Prior tc this time there is
rapid growth in fruit size characterized by

increases mainly in endosperm and involucral .

tissues. As the fruits reach full size thdy
begin a series of developmental events that
include shell lignification, rapid embryo
agrowth and, ultimately, accumulation of
sugars and lipids in the embryo, This se-
quence suggests that nutrient partitioning

enomena may be an important factor

eading to the cessation of organ initiation
in the primordial flowers with the develop-
ing pistillate flowers becaring less favored

o

¥

Pistillate flower differentiaticon in (A) J.

sinks as nutritional requirements of devel-
oping fruits increase,

This abrupt termination of pistillate
flower organogenesis as the growing fruits
attained full size was noted in each of the
cleones examined, regardless of the mode of
dichogamy characteristic for that clene.
However, differences were evident in the
extent of orgen initiation that had occurred
at the time organogenesis stopped. In each
of the six protogynous clones perianth pri-
mordia were initiated before the cessation
of organ initiation in the spring, In pro-
tandrous clones tepals did not form until
growth resumed following the winter dormancy
period. Thus, protogynous individuals enter
the next growing season with pistillate
flowers having attained a developmental
stage that allows gynoecial differentiation
to proceed immediately. By contrast, the
protandrous cultivars require more organo-
genetic activity during the weeks prior to
anthesis as perianth parts must be initiated
infaddition to the gynoecium. As the time
rdquired for this additional developmental
activity is sufficient to account for the
relative differences in pistillate blcom
times between protandrous and protogynous
walnuts, it appears that a fundamental basis
for heterodichogamy in walnut is in the
extent of pistillate flower differentiation
that occcurs during the post-anthesis period.
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regia cv. aAshley (protandrous), 13 March,

approximately one month prior to pistillate_anﬂ’gesm, and (8} J. regia cv. XXX Mayette

(protogynous), 26 October.
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OVULE DEVELCPMENT IN RELATION TO OVULE POSITION AND FLOWER DEVELOPMENT IN LILIUM

3.I,. van Went*, N.M. van Beek*, J.M. van Tuyl®*¥*

+ pepartment of Plant Cytology and Morphology, Wageningen, The Netherlands
#»* Tnstitute for Horticultural Plant Breeding, Wageningen, The Netherlands

Summar

Lilium ovules dees not develop synchronously.
ovuie development is gquickest in segment 2 and
3 (central half of ovule), slower in segment 1
(apical gquarter), and slowest in segment 4 (basal
quarter). The used cultivars show considerable
variation in dJdevelopment, which wmay partly result
from differences in growth conditions. At cone
day before anthesis no ovule has reached maturity.
at anthesis approximately 50% of ovules of oulti-
vars 'White Furope' and 'White American' has reached

maturity. In cultivar ‘Gelria' at anthesis only
20% of ovules has reached maturity.

Keywords: lily, Lilium longiflorum, ovule develop-
ment. .
Introduction

For breeding purposes information on ovule

development is essential to establish the optimuam
pollination time, the possible seedsetting, and
the effect of manipulaticn as e.g. bud pcllination.

Therefore a guick and reliable method for the
study of sporogenesis and gametogenesis was devel-
oped, based on staining with haemalum and clearing
with methyl salicylate.

Results and discussicn

For the study of megasporogenesis and gametoge-
nesis a method developed by D. Stelly, Dept. of
Genetics, Wisconsin University, U.S.A., and E.
Jongendijk, Dept. of Plant Breeding, Agricultural
University, Wageningen, The Netherlands, was modi-
fied.

The mwethod eventually emplcyed comprises fixa-
tion in a mixture of formaldehyde, propionic acid,
and alcohol 50% (5,5,90 v/v); staining in haemalum
(Sass! modification of Mayer's haemalum); and
clearing in methyl salicylate.

Three cultivars of Lilium longiflorum has been

studied: 'White Europe', 'White American', and
'Gelria'. oOvule development appears to be not
synchronous. .
style : ovany “._/
=
r— -

o

segmant ¢

The ovules of the apical and basal guarters
of the ovary are considerably slower in development
(segment 1 and 4). At one day before anthesis
o gvale has reached maturity. At anthesis approxi-
mately 50% of the ovules of 'White Europe' anad
'"White American', and 20% of the ovules of 'Gelria'
have reached maturity. In all cultivars ultimately
80-90% of the ovules reaches maturity.

The observed differences in develepment of
the wvarious cultivars may partly be due to differ-
ences in growth conditions.
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Conclusions

The results indicate that
in Dilium breeding experiments
the seedsetting c¢an be influ-
enced by the time and method
of pollination and the stage
of development of the ovary.
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GENETIC BASIS OF CALLOSE PATTERN, MEGASPORE DGEGENERATION AND POLARITY IN THE

OVULES OF OENOTHERA

Renata Sniezko and Cornelia Harte

Instytut biologii UMC8, Lublin, Poland;

K61n, FROG.

Summary

The independence of the polarity in
the ovule and the callose pattern of
the meiotic cells in our material
contradicts the assumption of a gen-
eral causal relation between the two
phenomena.

The segregation for different types
of the course of megasporogenesis in
the F_ -generation gives proof for a
genetgc basis of more than one but
not many genes for each of the charac-
ters inciud€d in this investigation.

Introduetion

In Oenothera a causal relationship
between the deviations from mendelian

segregation ratios and development of
the megaspore tetrad 13 Supposeq. Ad

polarity phenomena in the ovule are
important, the relation between the
development and degeneration of the
megagpores and the formation of callo-
ge deposits in the ovule has to be
investigated.

In spite of recent investigations
concerning the relation between the
megaspores competing in the ovule and

polarity of the tetrad it is still open,

if on a guantitative basis an .
agreement between development of the
megaspore tetrad in Cencthera hybrlds
and genetic data from thelr progenies
can belestablished,

Two speclies of Oenothera were used
as parents. They differ in the tetrad
polarity and competition between the
megaspores. The pattern of the callose
deposits in the walls of the meiotic
cells is different in the two species,
If there is a genetlc basis for these
phenomena, than in the F,-generation
of hybrids a segregation”for the type
of the embryo sac develcopment can be
expected.

Results and discussion

Species of Oenothera

Oe. hookeri shows a stable pattern
of polarity in the ovules. In the
megaspore tetrad the degeneratlon
starts in-the chalazal part cof the
tetrad. The embryo sac develops always
from the micropylar megaspeore.
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Oe.suaveolens forms hetero- and
equipclar tetrads of megaspores. Degen-
eration can start from various posi-
tions in the tetrad. The embryo sac
develops mainly from the micropylar
megaspere, but can develop from the
chalazal spore as well.

Fi-hybrids
Similar types of megaspore tetrad
polarity and embryo sac development as

in Qe. suaveclens are observed. The
quantitative analysis indicates, that
the plasmon and the genom effect the
polarity in the hybrid ovules.

Fzﬂhybrids
L4
A considerable variability of pheno-

types and embryological processes are
observed, including the hookeri-type.

. The pattern of callcse deposits in the

walls of meiotic cells is variable and
independent from the type of megaspore
degeneration in the later stages. A
correlation between the pattern of
embryo sac development and other
phenotypic characters of F >-plants is
established.

The pattern of callose formation in
the walls of meiotic c¢ells and the
ordgr of degeneration of the megaspores
are variable between the ovules of any
ovary in the F.- and F,-hybrids.

The dlfferenges petwéen the F_-plants
are quantitative rather than quglitat-
ive. Differences are seen in the types
of callose pattern and the polarity
of the megaspore tetrad.

In the ovules of F,~plants with
equipolar tetrads twl embryo sacs can
develeop. They differ in the genom of
Their nuclei and compete for becoming
the functdoning embryo sac. This is
the morphologieal basis for the gene-
tic RENNER-effect.
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ULTRASTRUCTURE AND ULTRACYTOCHEMICAL LOCALIZATION OF ACTD PHOSPHATASE IN THE
pYAD, TETRAD AND DEVELOPING MEGASPORE OF CAPSELLA BURSA-PASTORTS

P. Schulz

pepartment of Biology, University of San Francisce, San Francisco, CA g4117

Summnar

Ovules of Capsella bursa-pastoris
(moncsporic Polygonum type of devel-
opment) at the dyad and tetrad stages
of develcpment and at the megaspore
and 2-nucleate stages of the gameto-
phyte were fixed routinely or incu-
bated in a modified Gomori medium for
. aclid phoesphatase localization using
kreta-glycerophosphate as a substrate.
Organelle distribution and develop-
ment were studied as well as the fate
of autophagic vacuoles that localize
acld phosphatase inherited from the
megaspore mother cell,

Some plastids and mitochondria are
destroyed and absorbed into the large
vacucles of the megaspore and young
gametophyte, Other plastids and mito-
chondria survive meiosis and give rise
to plastids and mitochondria of the
gametophyte generaticn. There is no
evidence for the de novo origin of
thege organelles. The rapidly grow-—
ing functional megaspore synthesizes
large numbers of ribosomes and pro-
duces microvillus-like extensiocns into
the cell wall. The megaspore and 2-
nucleate gametophyte meintain plasmo-
desmata at the chalazal end of %the
cell,

Keywords: ultrastructure, acid phos-
phatase, ovule, megasporogenesis,

Capsella.

Introduction

The ultrastructure and ultracytochem-
ical localization of acid phosphatase
in the megasporocyte of Capsella have
been described (8chulz and Jensen,
1981), Dramatic changes occur in the
melocyte at the beginning of meiosis
that include the formaticn of acid
Phosphatase-rich autophagic vacuoles
that encapsulate porticns of cyto-
Plasm containing ribosomes and organ~
©lles, the blebbing of double-membrane
bound vesicles from the nuclear envel-
Cpe, distinctive changes in plastids
and mitochondria, and the appearance
Of aniline blue fluorescent substances
in the cell wall, This is a contin-
Uation of the study of ultrastructural

and ultracytochemical changes that
cceur during female meiosis in Cap-
sella and describes the dyad, the
tetrad, the developing megaspore and
the 2-nucleate gametophyte,

Materials and methods

Field grown plants of Capsella bur-
sa-pastoris {L.) Hedic. were harves-
ted at the University of California
Botanical Garden., The procedures for
the preparation of tissues Tor elect-
ron microscopy and fluorescence mic=
roscopy and for acid phosphatase lo-
calization have been previously des-—
c¢ribed {Schulz and Jefisen, 1981).
Tissue prepared for histochemilical lo-
calizations was fixed in glutaralde-
hyde, embedded in Epon and sectioned
at 1% pum. The procedure for the per-
icdic acid-Schiff (PAS) reaction for
inscluble carbohydrates was taken
from Jensen(1962) and for the aniline
blue black stain for general protein
from Fisher (1968).

Regults

The dyad. A transverse wall divides
the meiocyte into two unequal cells,
The chalazal cell receives the great-
er share of cytoplasm but the micro-
pylar cell gets a proporltionate share
of all types of organelles.present in
the meiocyte, The transverse wall
containg membravous vesiclas and shows
strong aniline blue fluorescence. Both
cells have autophagic vacuoles (AVs)
that contain ribosomes and organelles.
lMany plastids in the micropylar cell
are enclosged in AVs,while thosze in the
chalazal cell usually are not, Mito-
chondria in both cells look like those
in the meiocyte. Both cells contaln
microbodies, small vacuoles and long,
single RER cisternae that are closely.
associated with the transverse wall.

The tetrad. Meicsis II produces a
linear tetrad of haploid megaspores
with the chalazal most cell being some-
what larger. The wall separating the
micrepylar two cells of the tetrad 1s
often incomplete or irregular. The
transverse walls show strong aniline
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blue fluorescence., The chalazal end
wall and the lateral walls of the
functional megaspore contain plasmoe-
desmata but there are no plasmodesma-
ta in the non-functional megaspores,
Both the functional megaspore and the
non-functional megaspores inherit AVs
containing ribosomes and organelles
that are rich in acid phosphatase,

In the functional megaspore some AVs
appear to be moving into the large
micropylar vacuole of the cell.

Many plastids and mitochondria in
the degenerating megaspores, but not
in the functional megaspore, localize
acid phosphatase. The plastids of the
functicnal megaspore lose their in-
ternal membranes and some show & dis-
solved plastid envelope, Plastids
in the functional megaspore do nct
accumulate starch but nucellar cells
do, Mitochondria begin to enlarge
and lose electron density in the func-
tional megaspore. The nucleolus is
small and granular and ribosomes are
dense in the cell,

The develcping megaspore. The ex-
panding functlonal megaspore crushes
the nucellus surrounding it while the
degenerating megaspores are crushed
Ly encroaching nucellar cells, The
nuclecius of the functional megaspores
beccmes very large and the cytoplasm
of the cell beccmes extremely elect:
ron dense with ribosomes. Two promi-
nent vacuoles fill with debris. AVs,
plastids and lipid globules are seen
in the vacuoles, Other plastids in
the cytoplasm appear to be healthy
and developing and possess a few thy-
lakoids and in some cases starch,

Some mitochondria appear to be destroyed’

at this stage while others appear to
be quite healthy. Some plastids and
mitochondria look like they are div-
iding and dic¢tyosomes are actlve,

The cell wall is thickened and
shows strong aniline blue fluorescence
but deoes not stain with PAS or with
aniline blue blaclk. Plasmodesmatsa
occur in this wall and nmicrovillus-
like projections at the megaspore
surface extend into this wall to in-
crease the absorptive surface area
of the rapidly expanding cell.

The 2-nucleate gametophyte. This
cell is very brecad at the micropylar
end. The fTwo haploid nuclei are sep-
arated by a large central vacuole
which contains cellular debris includ-
ing degenerating plastids and mito-
chondria and AVs that localize acid
phosphatase. The thickened cell wall
and the microvillus-like projections
of the megaspore have disappeared bubt
plasmodesmata are stlll present at the
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chalazal end of the cell. Plastids
and mitochondria in the cytoplasm ap-
pealr to be healthy and dividing. Long
single RER cisternaec begin to develop
and ribosome density remains high,

Discussion

This study shows that AVs that lo-
callize acid phosphatase play a major
role in the destruction of ribosomes,
crganelles and other cytoplasmic con-
stituents during megasporogenesis in
Capsella, Many of the AVs that seg-
regate inte the functional megaspore
are abscorbed into the enlarging vac-
uvocles of the maturing megaspore and
Z-nucleate gametophyte., Concentric
membrane~bound organelles similar to
the AVs in Capsells have been obser-
ved and assighed various Tunctions
during female meiosis in several spe-
cies of Lillum (Rodkiewicz and Hilkui-
ska, 1965; Dickinscn and Andrews,
1877; De-Boer-De-Jeu, 1978). The pre-
gent study which shows the specirfic
lpcalization of acid phosphatase in
these structures and follows their
fate during meiosls and early gameto-
phyte development confirms that in
Capsella they function as AVs that
mediate the turncver of macromolecules
and organelles of the sporophyte gen-
eration during the transition to the
gametophyte phase of the life cycle.

A decrease in the cowncentration of
cytoplasmic ribosomes has been obser-
ved during female melcosis in Pisunm
sativum (Medina et al.,1981), during
fenalie and male meicsis in Lilium lon-
giflorum {(Dickinson and Andrews, 1977,
Dickinsen and Heslop-Harrison, 19%7),
and in other species., In Capsella
this reducticn in riboscomes is ceorrel-
ated with their destruction inside of
AVs. Vhile the synthesis of new ri-
bosomes is probably initiated in the
functional megaspore of the tetrad
there is a dramatic increase in the
size of the nucleolus and a massgive
outpouring of new ribosomes in the
enlarging megaspore, Ribosome res-
toration in the tetrad and maturing
megaspore has also been reported in
Pisum sativum (Medina et al,, 1981),
Zea nays (Russell, 1979) and lilium
longiflorum {Dickinson and Fotter,
19%3; Dickinson and Heslop-Harrisen,
1977).

The fate of plastids and mitochon-
dria during female meiosis 1Is Qiffi=
cult to Follow, Some plastids inher-
ited by the functional megaspore are
encased in AVs and are eventually ab-
sorbed Into the vacuocles of the grov-
ing megaspore and 2-nucleate gameto-
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phyte. Other plastids in the cytosol
appear to dedifferentiate by losing
internal membranes and in some cases
the plastid envelope., Plastids never
disappear altcgether and some appar-

" antly survive to proliferate in the
enlarging megaspore, There is no evi-
dence from this study that plastids
are regenerated de novo from another
membrane system In the cell, Plastid
dedifferentiation and redifferentia-
tion during male and female melosis
has been reporited in Lilium longiflor-

um (Dickinson and Potter, 1978; Dick-
inson and Heslop-Harrison, 1$77) and
during female meiosis in Pisum sativ-
un (Medina et al., 1981), A sizable
portion of the plastid population is
thought to be eliminated in Lilium
(Dickinson and Potter, 1978).

The mitochendrial ¢ycle during fe-
male melcsis iv Capsella is also com-
plex. The functional megaspore inher-
its dense, contracted mitochondria
characteristic of the megasporocyte
{schulz and Jensen, 1981). Some of
these organelles localize acid phog-~
phatase. It is not known if these
are destined to degenerate or are only
undergoing molecular reorganization.
Hi1l (1977) observed the localization
of significant levels of acid phos-
phatase in mitochondria of post-anthe-
sis synergids of cotton ovules just
prior to thelr degeneration. Some of
the mitochondria of the functional
megaspore of Capsella enlarge and be-—
gin to proliferate, Then a large num-
ter of mitochoundria appear %o be des-
troyed and absorbed by the large vac-
uoclies of the maturing megaspore and
the 2-nucleate gametophyte, Surviv-
ing mitochondria proliferate in the
2~ and 4-nucleate gametophyte stages.
As with plastids there is no evidence
from this study that at any time all
o the mitochondria of the dyad, func-
tional megaspore or 2-nucleate gam-
etophyte are destroyed or formed de
hovo. FHitochondria are reported to
g through stages of dedifferentiation
and redifferentiation during female
Meiosis in Myosurus minimum (VWoodcock
&nd Rell, 1968), Lilium loneiflorum
(Dickinson and Heslop-darrison, 1977)

and Pisum sativun (Medina et al., 1981).

A portion of the mitochondrial pop-
Vlation in Lilium is thought to be e~

lininated (Dickinson and Potter, 1978),

Rugssell (1972) observed a postmeiotic
redifferentiation and subseguent des-
Iruction of mitochondria in Zea mays.
In Zea mitochondria apparantly dedif-
Terenfiate during meiosis, increase

in complexity in the Functional mega-
Spere and 2-nucleate gametophyte and

then degenerate In the 4-nucleate gam-
etophyte,
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Summary

Megagametogenesis in Hordeum wvulgare
(barley)} has been studied using 1.5 um
sections photographed with Nomarski-
interference optics and then re—embedded
for transmission electron microscopy.

Stages in megagametogenesis to be considered
will be from the l-nucleate megaspore stage
to the early 8-nucleate, 7-celled embryo sac.
By using a gynoecial staging technique
modified after Waddington et al. (1983) we
were able to obtain a fairly complete
developmental sequence, particularly with
respect to stages in the process of embryo
sac cellularizatiocn.

Introduction

The study of megagametogenesis in flowering
plants is difficult, particularly in the
cellularization phase, because of the absence
of a reliable external morphological marker
for staging and the apparent rapidity of
changes occurring once mitosis is complete.
In this paper we will present some observa-
tions con megagametogenesis and on cell wall -
formation particularly with respect to the
egg apparatus of barley uslng a staging
technique modified after Waddington et al.
(1983).

Results and discussion

Staging technique

Waddington et al. {1983) assigned numbers
of 4 to 10 to gynoecial development stages
from appearance of the pistil primordium
(4) to pollination (10). We found a very
rough correlation between their numbered
stages and megasporogenesis or megagameto-—
genesis stages in which we were interested,
Their stage 7.5, for example, produced
megasporocytes for us. Stage 8.5 gave us
Z- or 4-nucleare embryo sacs. Stage 8.75
gave us cellularization with low numbers of
embryo sac cells., Stage 9 gave us high
numbers of embrye sac cells {barley has up to
100 antipodal cells). Although this staging
technique was not precise, it allowed us to
mzke a number of observations on this
process.
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Mepagametogenesls

Parley is monosporic with degeneration
occurring in the 3 micropylar megaspores.
The functional megaspore is a large cell
with its long axls coriented toward the
ovular micropyle. Its cytoplasm has a
distinctly polar distribution of plastids;
the micropylar portion of the functional
megaspore has more plastids than the
chalazal portion, This plastid distribution
difference is maintained through the
4—pucleate stage during which major wvacuoles
bggin to appear. An additional mitosis
ocecurs 1n both the micropylar and chalazal
pair of nuclei at the 4-nucleate stage prior
to cell wall formation.

Wall formation among both micropylar and
chalazal quartets of nuclei is accompanied
by changes in cytoplasmic components,
specifically dictyosomes, endoplasmic
reticulum and microtubules. Dictyosome
activity during the wall formation process
results in the production of both dense and
rather clear vesicles. The endoplasmic
reticulum during wall formation has dilaced
cisternae and is distributed both in a

‘brfnched fashion and in circular arrays.

In many cases growing walls and the branched
endoplasmic reticulum are nearly congruous
(Figs., 1 & 2). Microtubules are common near
the free ends of growing walls and in areas
of discontinuities (Figs, 1 & 2). Many such
microtubules are parallel to each other and
perpendicular to the growing cell wall (Figs.
1 &2},

After wall formation in the egg apparatus
is nearly complete, the 3 cells exhibit
rather flat profiles with beaded cell walls
(Fig. 1). Somewhat later cells of the egg
apparatus develop more rounded profiles but
retain the fairly uniform wall beading
visgible earlier. Cell wall beading becomes
less proncunced during chalazal expansion of
the egg apparatus. This is apparent in Fig.
3 as well as a marked thinning of the chala-
zal cell wall. The cell in Fig, 3 is a
synergid, ddentifiable by the appearance of
wall ingrowths of the filiform apparatus at
its base. The ultrastructural appearance of
the filiform apparatus is similar to that of
transfer cell wall ingrowths, The adjacent



Fig, 1. Two egg apparatus cells and portion
of central cell (CC) from early cellular
barley embryo sac. The egg apparatus cells
have low profiles and are partially separated
by a 'T-shaped', beaded, discontinuous wall.
Microtubule clusters (Mt) mark 2 discontinu-
ities, Swall, unlabelled arrows denote
vertical and horizontal members of 'T'; a
large, unlabelled arrow indicates inter-
section of 'T'. Dilated endoplasmic reticu-
Tum (ER} shown adjacent to vertical wall
wember. Part of the nucleus (Nu) of 1 egg
apparatus cell at lower right (X17,000).
Micropyle is downward in all 3 figures.

Fig. 2. Growing end (large, unlabelled
arrow) of another section of vertical wall
frem Fig, 1. A microtubule cluster 1is
indicated (Mt) as well as endoplasmic
reticulum (ER) adjacent to growing wall

(X34,000), Tig. 3. A portion of cenrral
cell (CC), portion of egg (E), and 1 of 2
synergids from older embryo sac. Synergid
differentiatlion 1s indicated by appearance
of wall ingrowths of filiform apparatus

(FA) and by thinning of its wall (small,
unlabelled arrows) as it expands chalazally.
(%5,500). TInsert (%) shows portion of
filiform apparatus (X14,500).
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egpg apparatus cell is the egg based on
identification of the second synergid cell
in later sectiops. This is the earliest
stage at which we have observed morphological
differentiation of egg apparatus cells; this
embrvo sac had about 10 cells (3 egg appara-
tus cells, central cell, about 6 antipodal
cells) and would fit within stage 8.75 of
Waddington et al. (1983). Transfer cell
wall ingrowths also appeared in antipodal
cells immediately bordering the embryo sac
wall at this stage.

Discussion

Initial wall development in barley embryo
sacs is 1o 2 stages. Filrst is a beaded wall
(Figs, 1 & 2) seen in all incomplete wzlls
and in young complete walls. Second is a
complete wall (Fig. 3) with a more regular
appearance but which may vary in thickness.
The beaded nature of incomplets walls
suggests that their initial growth is by
vesicle acerecion, Vesicles similar in
appearance to the beads but of variable sgizes
have been seen near growing walls. Active
dictyoscmes occurring near growing walls have
veslcles with similar morphology te that of
the wall beads. Microtubule clusters (Fig.

1 & 2) occur ar wall ends and discontinuities
but these microtubules do not appear to be
consistently associated with any organelle.
The ER may contribute to the transformation
of young beaded walls to more uniform walls.
Dilated ER (Figs. 1 & 2) 1s closely appressed
to beaded walls whereas regular walls are
associated with slender ER segments with only
approximate alignment typical of mature walls,

Qur observations of microtubule clusters
in close association with free ends of grow-
ing walls segments and with intercalary wall
discontinuities suggests the inveolvement of
phragmoplasts in the process of wall formatioen
in the barley embryo sac. The question of
whether these phragmoplasts arise from
mitotic spindles as would be suggested by
the recent work of Fineran et al. (1982) on
wheat endosperm or de nove, an alternative
origin proposed by Bajler & Mole-Bajer (1972),
must await further work.

The occurrence of transfer cell wall
ingrowths in antipodal cells of barley at
the same stage that similar ingrowths are
forming in synergids suggests that both poles
of the embryo sac may be fnvelved with
nutrient Influx. Such an influx of nutrients
would be compatible with the probable high
metabolic demands of the embryo sac at this
time..

We acknowledge the Natural Sciences and

Engineering Research Courcil of Canada for
its support to D. Cass {grant AA103).
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BEHAVIOUR OF SPINACH SPERM CELLS IN POLLEN TUBES PRIOR TO FERTILIZATION

H.J. Wilms
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gummar cf this nucleus starts (fig. &}, The
sperm cells with the long slender runners

Cytological sperm cell changes are fellow the vegetative nucleus through
investigated during pollen tube growth the pllen tube. In the stylar tissue
in vive, starting at the pollen germina- these runners are still in close wvicinity

tien and ending at the tube penetration
in the degenerating synergid. The number
of organelles and the amount of male
cytoplasm in the sperm cells gradually

decrease, while +the contact between
the +two sperm cells remains intact.
Keywords: spinach, Spinacia oleracea,

pollen tube growth, sperm cell{s}.
Introduction

In order teo investigate the fusion
of male and female gametes and the in-
fluence of the male cytoplasm in the
inheritance, the sperm cytology 1is impor-
tant to know. Not only at the moment
of fusion but already f£from the moment
of formation of the sperm cells in the

: pollen grain. Privicusly the situwation
| in the mature pollen grain has been
| described (Wilms & Van BAelst, 1983).
i A ceonsistent association of the sperm
cells and the wvegetative nucleus suggests
a structurally connection. How this
connection behaves during pollen tube
growth is ©presented 1in this report.

Results and discussien

In the mature pollen grain stage
the sperm cells are linked with each
other (fig. 1). Their long, slender
projections are found around the irregular
shaped wvegetative nucleus. The sperm

LA

Fig. 1. Sperm cells-vegetative nucleus Figs. Z,3. Irrgul shaped Vegetati.ve

association in the poellen grain. Schematic nucleus (VN} and sperm cell (81} in
reconstruction from serial sections. pollen tube in stylar tissue.

S1, 82 = sgperm cell; SN = sperm nucleus; of the wvegetative nucleus. In the sperm
VN = vegetative nucleus. cell cytoplasm mitochondria, dictyosomes,
cells -~ wvegetative nucleus association rough endoplasmic reticulum next to
becomes less evident in the style (figs. free ribosomes can be observed (fig.
2,3). Later on the shape of the vegetative 3}. Later degeneration of mitcchondria
nucleus becomes more elongated and less is clearly present (fig. 5). The number
irregular (fig. 6); also degeneration of organeslles and the amount of l‘l"lale
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cytoplasm in the sperm cells gradually
decrease. The sperm cell runners also
decrease in length, while +the contact
between the two sperm cells remains
intact (figs. 4,5,7}. The process of
deminishing of the total amount of sperm
cell cytoplasm is not clear, but it
finally 1leads to almost naked sperm
nuclei which were observed earlier in
close vicinity of the female gametes
{Wilms, 19871}.
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Figs. 4,5. Sperm c¢ells in pollen tube
in escarpellar tissue near the ovule.
Sperm cells (581, 52) are still connected
with each other (dotted lines}. Mitochon-
drium degenerates larrow),

Figs. &,7. Degenerating vegetative nucleus,
sperm cells in pollen tube between carpel
and ovule near micropyle. D = dictyosome;
M = mitochendrium; RER = rough endoplasma-
tic reticulum.
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SPERM SPECIFICITY IN PLUMBAGO ZEYLANICA
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Summary

In the anglosperm Plumbago zeylanica the
role of individual sperm cells during gametic
fusion can be determined using paternal
organelles observed within maternal cytoplasm
to trace patterus of fusion after fertili-
zation. The two sperm cells are distinguished
by significant differences in content of
nitochondria and plastids. In >%4% of the
cases observed, the plastid-rich sperm cell
unassociated with the vegetative nucleus
fuses with the egg to form the zygote. In
only cone instance did the opposite pattern
occur. Since the possiblility of this result
occurring as the consequence of chance alone
is less than 1 in 7,000, this represents
sttong evidence for the presence of a final
putative recognition event occurring at the
gametic level.

Introduction

Gametic fusion is the cellular process by
which the sperm nucleus enters the female
gamete, permitting nuclear fusion and the
formation of the embryoc. Presumably the means
by which gametic fusion occurs entails
ceilular fusion, and consequently at least
some surrounding male cytoplasm may be
transmitted in the pracess (Russell, 1983).
Since male cytoplasmic organelles are
inherited in a number of angiosperms (Kirk
and Tilney-Bassett, 1978), the recent report
of dimorphism in sperm cell organization and
otganelle content (Russell, 1984) raises
questions about whether the sperm cells, so
produced, are equally capable of fertilizing
the egg, or whether preferential patterns of
fusion will cccur.

In the angiosperm Plumbago zeylanica L.,
the two sperm cells differ significamtly in

both mitechondrion and plastid content
(Russell, 1984). Furthermore, it has been
demonstrated that the paternal and maternal
organelles may be observed and distinguished
by ultrastructural differences in hoth the
Z¥ygote and endosperm of this plant following
gBametic fusion (Russell, 1980, 1982, 1983).
The present study uses these characteristics
48 the basis for examining the fate of
individual sperm cells during gametic fusion.

Materials and Methods

Plants of Plumbago zeylanica L. were grown

at 18 to 23°C with 16 hour days in growth
chambers at the University of Oklahoma.
Ovaries were collected 8-1/4 to 9 hours after
poliination, dissected and fixed at room
temperature in 3% glutaraldehyde in G.15M
phosphate buffer (pH 6.8) for 6 to 8 .hours.
Tissue was rinsed briefly, fixed in 2%
buffered osmium tetroxide, dehydrated in
ethanol, and embedded in low viscosity resin.
For further details of preparation see
Russell (1983).

Results and discussion

The tricellular microgametophyte of P.
zeylanfca contains two dimorphic sperm cells
which have been designated Svan and Sua and
are distinguished by whether or not the sperm
cell is physically associated with the
vegetative nucleus (Russell, 1984). The sperm
cell that is not assoclated with the
vegetative nucleus 1is designated Sua; the
other sperm cell, which is physically
associated with the vegetative nucleus, is
designated Svn. The two sperm cells differ
significantly in organelle content. The Sua
has the majority of the plastids, an average
of 24.18 plastids and few mitochondria
{average: 39.81; Russell, 1984), In contrast,
the Svn contains an average of 0.45 plastids
and the majority of mitochondria, an average
of >256 (Russell, 1984). Thus, organelle
differences alone may also be used to
distinguish the two sperm cells.
Interestingly, the Svn usually does not
contain any plastids (Russell, 1984).

Paternal plastids can be used to trace
which of the two male gametes fuses with the
egg and central cell since their
ultrastructure differs from that of maternal
plastids. Assuming that sperm cytoplasm is
transmitted, an assumption that has been
verified in P. zeylanica (Russell, 1983), the
presence and location of paternsl plastids in
cells of the female gametophyte should
indicate which of the two male gametes fused
with the egg. Provided that numerous paternal
plastids are seen, the fate of the
plastid-rich Sua during fertilizatiom can be
clearly deduced.

The probability of error in fdentifying
whether a particular sperm cell type
fertilized the egg reduces with each paternal
plastid seen in a given female gametophyte.
Since the statistical probability of the Svn
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containing as many as three plastids is less
than 1%, the presence of three or more
paternal plastids 1in the maternal cytoplasm
of either the zygote or endosperm should
clearly establish the fate of the
plastid-rich sperm cell over 99% of the time.
The actual margin of error is probably
significantly less than 1%, if one considers
how likely it is that all paternal plastids
will be observed without serialily
reconstructing the female gametophyte.

In the ovules used in this study, median
sections were prepared through both the
zygote and primary eandosperm nucleus in order
to examine the perinuclear cytoplasm in which
plastids preferentially appear. This approach
permits the fate of each sperm cell to be
confirmed in both female reproductive cells.
In some cases, numerous mitochondria similar
in size to those normally observed in the
sperm cell (Russell and Cass, 1981; Russell,
1983} were observed in one of the two female
reproductive cells. In each circumstance,
numerous paternal plastids were observed in
the opposite female reproductive cell.

Although over 100 ovules were examined in
detail during the course of this study, only
17 provided unambiguous data concerning the
fate of the male cytoplasm. Of these, l6
demonstrated transmission of three or more
paternal plastids {nto the cytoplasm of the
egg or zygote. In one case of the 17
examined, the opposite pattern of
transmission was observed. In all cases,
fertilization appeared to be proceeding
normally, with a male nucleus observed either
approaching or in the process of fusing with
the nucleus of the female reproductive ce}l
which it entered. Given the normal abortien
rate of approximately 5%, it is impossible to
determine whether the ovule in which the
pattern of fusion was reversed would produce
viable seed or whether this might represent
one possible source of abortion.

The preferential transmission of paternal
piastids into the female gamete in 16 of 17
cases examined In detail implies that
discrimination between the two male gametes
occurs and represents & statistically
compelling case. The probability of this
result (16 of 17 cases) or better (17 of 17)
arising by chance alone is less than one in
7,000 if one assumes an equal size sample and
equal likelihood of selection (using the
pinomial distriburion). One may therefore
conclude that the two sperm cells differ very
significantly in their ability to fertilize
the egg under normal circumstances and that
in regard to gametic fusion, the sperm cells
display specificity. Presumably, this
specificity is conferred by some
distinguishing factor in or om the sperm
cells.
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The recognition of sperm cells by the
female reproductive cells is presumably
mediated by the same mechanisms influencing
recognition events in other systems (Clarke
and Knox, 1978); however, the identity and
mode of action of any specific receptor is
presently undetermined. The presence of
unfused sperm cytoplasmic bodies (Russell,
1983} suggests that a threshold effect
occurs, whereby only the main sperm cell bedy
can effect gametic fusion. Differences in
spern cell volume, which may appreach a ratio
of 2:1 (Russell, 1984), may also be amn
important factor in discriminating hetween
the delivered male gametes. Whether such
recognition involves a specific recepter, the
cooperation of multiple receptors, or whether
differences in membrane charge and surface
area alone might provide the mechanism for
discrimination are central to further
elucidation of the basis of sperm specificity
during double fertilization.
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Summary

In mature tricellular pollen of Brassica
campestris L., the pair of sperm cells are
held together within the common plasma mem-
brane of the vegetative cell. The sperm
cell most closely associated with the veg-
etative nucleus, besides containing most of
the mitochondria in the sperm cells, has been
shown to possess a long tail, > 10 um in
length, that penetrates through a passage
in the highly convoluted vegetative nucleus.
In all grains examined, this long tail
contained a forked array of nicrotubules
linked to arrays aligned within the ridges of
the sperm cell. Plastids were absent in both
sperm cells,

Introduction

Sperm cell associations have been pre-
viously reported in three tricellular
pollen systems. The first is Plumbago
zeylanica, where an association between
sperm cells and vegetative nucleus was re-
ported in the mature pollen and pollen tube
{Russeil and Cass, 1981). Subsequently,
similar associations were found in Brassica
oleracea (Dumas et al. 1984), and spinach,
Spinacia oleracea (Wilms and van Aelst,
1983). Here, we report the finding of a
sperm cell agssociation in Brasgica campestris

and have demonstrated its 3 dimensional
structure.

Resulis and Discussion

Serial thin seetions were cut of entire
sperm cell associations of 3 pcllen grains,
and 3-dimensional coordinate information ob-
tained by digitization using the Zeiss Video-
plan Image Analysis system, Precise lengths
and placement of the sperm cells and
Vegetative nucleus in three dimensions were
computed and steresscopic images generated.
These were confirmed by manually constructed
3-dimensional models.

The sperm cell association 1is suspended
ecentrally in the cytoplasm of the vegetative
cell. The sperm cells, like those of B.
Oleracea (Dumas et al., 7984} are surrounded
both by their own plasma membranes, and the
continuous inner plasma membrane of the
Vegetative cell., The two plasma membranes are
Separated by an electron lucent zone, which
Mmay contain various types of vesicles, or
even what appear to be cytoplasmic con-

nections.

Within the sperm cells, there is an uneven
distribution of mitochondria and no plastids.
The vegetative nucleus is remarkably con-
voluted., The cytoplasm in the embayments
contains prominent circular profiles of ER
which may or may not be coated with
ribosomes. These appear to originate from
the outer membrane of the nuclear envelope.
Also present are portilons of the tail of SC
i, the sperm cell most closely associated
with the vegetative nucleus. This sperm
contains more mitochondria than the other
sperm cell (3C 2), and possesses a long tail
that penetrates through a passage in the
highly convoluted vegetative nuecleus.

Several different arrays of microtubules
have been detected in the cytoplasm adjacent
to the plasma memebrane of the sperm cells.
In 3C1, an array is present in each of the
two ridges of the tail. Towards the polnt of
entry into the nueleus, the arrays fuse and
continue as a single array into the tip, but
end prior to the branches, Each array
appears a8 a group of linearly arranged rows
of microtubules. In SC2, several arrays
extend along the major ridges to the end
adjacent to 3C1 where they terminate., The
arrays of microtubules presumably provide a
cytoskeleton for the sperm cell, giving the
tail the strength to maintain the assoclation
with the vegetative nucleus,

Our quantitative data support the concept
of the male germ unit recently developed for
the sperm cell association in B. oleracea
{(Dumas et al., 1984). The importance of this
concept lies in its relationship to double
fertilization:

-- all the DNA of heredity, both cytoplasmic
and nueclear, is held together in a single
unit;

-- there is dimorphism in both the shape and
mitochondrial content of the pair of sperm
cells {see Russell and Casa, 1983) and some
evidence of their non-random

participation in the two fertilization
avents,

While it is accepted that these conclusions
apply in only some Gtricellular pollen
aystems, taken together, these resuls suggest
that fertilization may be targeted. The male
germ unit therefore appears to provide a
means by which the male gametes are
transported to the female reproductive cells,

147




References

Pumas, C., Knox, R.B., & Gaude, T. i98ib
Pollen-pistil interactiona: new concepts
from electron microscopy and cytochemistry.
Int, Rev. Cytol. (in press).

Russell, 5.D. and Cass, D.D. 1981
Ultrastructure of the sperms of Plumbago
zeylanica. I. Cytclogy and asscciation
with the vegetative nucleus.

Protoplasma 107: 85 - 107.

Russell, S.D. & Cass, D.D. 1983 Unequal
distribution of plastids and mitochondira
during asperm cell formation in Plumbago
zeylanica. Ini "Pollen: Biology and
Implications for Plant Breeding ". {ed.)
Mulchay, D. & Ottaviano, E. Elsevier
Science Publishing C., N.Y. pp. 135-140,

Wilms, H.J. & van #felst, A.C. 1983 Ultra-
structure of spinach sperm c¢ells in mature
pollen. In: "Fertilization and Embryo-
genesis in Ovulated Plants, 1983". Veda,
Bratislava. pp. 105-111,

148



‘ITF"
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Summar

In tomate, just before merging with
the egg~ and central cell, the sperm
cells show conspicuous reduction in size
and in amount of organelles.

Introduction

In few cases e.g. in barley {Cass,
1981) sperm nuclei and other organeiles
take part in the fertilization process.
In Spinacia (Wilms, 1987} the sperm nuclei
have no cytoplasm before they merge with
the c¢ytoplasm of the egg- and central
cell.

Results and discussion

Electronograms present secticns from
tomato ovules fixed at 34 h after pecllina-
tion with the method reported by Kade]
& Kadej (1983). These sections come from
the same egg apparatus from three levels
of cutting. They have been intrepreted
as follow: the sperm cells in the tomato
before 1leaving the pollen tube continue
their transformation. These are mainly
visible in the rejection of the outer
cytoplasmic layer with +the majority eof
mitochondria (M), dictyocsomes (D) and
endoplasmic reticulum (ER) in them {Fig,
3). Plastids were not observed. The male
gametes so formed cover themselves with
a new cell membrane containing pollen
tube material (Fig. 3, arrows). The pre-
served remnants of the sperm cell wall
{Fig, 2, arrows) and a cecnsiderable cavity
in the pollen tube as well as the nature
of the cytoplasmic structures in it point
to the fact that the whole reduced sperm
cell gets into the egg cell.

The mechanism of the fusion c¢f the
male gametes with the egg- and central
cell would be a simple fusion of two
cells. This fusicn is preceded by rescrb-
ing of the cell wall which would cause
the opening of two areas.

The reole of the cytoplasm and the organ-
elles of the sperm cells could be however
insignificant. 'The may socn undergo com-
plete degeneration.
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SECONDARY NUCLEUS IN ROSQIDEAE
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Summary

In 16 examined species from 10 genera of
the subfamily Rosoideae the three types
of polar nuclei behaviour were found, Pow
lar nuclei fused: 1. long or 2. shortly
before fertilization, and 3. simultanceus
triple fusion occurred{Table 1), In the
last case ne secondary nuclei were fornmed,
or they were rare, in unfertilized embryo
sacs and the degenerating polar nuclei
lay attached one to another. The resulis
confirmed the view that the behaviour of
pelar nuclei is one of the embryclogical
characters of the species and it may vary
within the genus.

Keywords: polar nuclei, secondary nucleus,
Rosoideae.

Schrarf (1931) and Davis (1966) empha-
sized the importance of the behaviour of
polar nuclei in mature embryc sac as an
enbryological character which may be of
taxcnomic value, Davis, however, stressed
that there was little exact information
connected with this process,

The data for families of Angicspermae
have been lately compiled by Poddubnaya—
Arncldi (1982), According to the cyto-
embryological characteristics given in
her monograph, in ca 80% of investigated
families polar nuclei fuse forming a se-
cendary nucleus which may be fertilized.
Among the remaining familis the most in-
teresting are these in which variation of
the behaviour of polar nuclei was noted.
Cne of them are Rosaceae, Poddubnaya-ir-

noldi(1982) writes that in this family
polar nuclei fuse either long before fer-
tilization or at fertilization, .

On the basis of this description of the
character one can presume that in some
taxa of Rosaceae, or under some specisl
conditions, secondary nucleus is not for-
med, Such reports were published for the
polyploid Rubus species investigated by
Christen { 1950), Berger (1953), Markarian
et al. (1959) and Dowrick (1966}, while
Themas (1940) and Virdi et al. (1965)
cbserved early formation of the secondary
nucleus in some diploids { ref. Czapik
1983 b) .

The observations on polar nuclei in
Rubus were comparatively more frequently
performed than in other taxa of Rosaceae,
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where the published data for pariicular
genera are fragmentary or completly
lacking. Accidental observations are
mostly insufficient and the studies on
this character must be carefully planned
to get the exact view when polar nuclei
fuse and what kind of variation of their
behavicur may be expected,

The problem was invesiigated by the
authoress in Rubus ( Czapik 1983 a, b} .
The four examined species of the sub=
genera Eubatus, Cyclactis and Chamae-
morus differed in respect of this charac-
ter and the following three %ypes of be-
hﬁyiour of the polar nuclei were found.

¢, 1 TRubus chamaemorus type: polar
nuclei fused long before fertlilization,
the secondary nucleus was alwxys formed,

2 Rubus saxatilis type: polar nuclei
fused shortly before fertilization,
simul taneous triple fusion was noted in
rare cases., In this type the secondary
nucleus was present in old embryoc sacs of
unpellinated flowers.

3 Rubus caesius type: simultanecus
triple fusion occurred. In old unfertil-
ized embryoc sacs nc secondary nuclei were
found, or they were very rare.

The influence of some external factors
did net seem to contribute te the above
tyfes of behaviour of polar nuclei. Nor
was it possible to correlate these
differences, for certain, with any of the
internal factors taken into consideration
taxonomic relationship of the species,
mode of reproducticn or ploidy level of
examined plants.

The aim of the present studies was to
check whether the types of behaviour of
polar nuclei described for Rubus occur in
other genera of the subfamily Rosoideae,

Material and methods

16 species from 10 genera of the sub-
family Rosoideae were examined., They were
members of the four tribes:Filipenduleae,
Rubeae, Potentilleae, Sanguisorbeae and
Dryadeae { Table 1)

In each species at least two plants
from two distant localities in Poland
were examined, except Duchesnea indica
and Waldsteinia geocides taken from the
collection of the Krakdw Botanic Garden.

The chromosome numbers of specimens
were established { Table 1), The examined
plants were potted and cultivated in the



experimental field in Modlnica where
emasculation, isclation and controlled
pollination were performed. The ovaries
of various age as well as of pollinated
and unpollinated flowers were fixed in
acetie alechol 1:3, 5 to 48 hrs or 4 to 6
days after anthesis., Mictotome sections

8 = 12 um thic were stained with Heiden-
hain’s haemathoxylin, alone or combined
with PAS or ruthenic red. The Feulgen
method was used fer some embryc sacs fixed
at the time of fertilization.

Besults
In normally developing flowers of the e

examined plants embryc sacs were fully
organized at the time of expansion of

-flower buds and just before anthesis. In

gyncecea with many pistills some younger
ovules migh%t have occurred at that stage
but the young embryo sacs were easy to
recognize.

The behavicur of polar nuclei in exa-
mined taxa followed one of the three
patterns established for Rubus { Table 1).
In fact, the spead of the fusion was the
point in which the main types of the
polar nuclei behavicur differed. The nu-
cleil approached each other and lay in
close proximity during relatively long
cr short periocd of time,

In species assigned to type (1) Rubus
chamaemorus, secondary nucleus was formed
mostly within a closed flower bud before
anthesis and pollination, In type {2}
Rubus saxatilis fusion of polar nuclei
took place at the time of pollination,
sometimes just before fertilizatdon. In
the third type simultaneous triple fusion
cccurred and no secondary nucleus was
formed,

The genera
speclies each
viously, and

were represented by one
exceplt Rubus studied pre-
Potentilla. The species of
the last two genera differed in respect
of the examined character. The differen-
ces in Rubus led to the recognition of
the ithree model groups of polar nuclei
behaviopur, In tetraploid Potentilla are-
varia secondary nucleus was formed shortly
before fertilizatign, while in hexaploid
P. pubterulz secondary nuclei were rare in
unfertilized embryo sacs. Such embryoc
sacs contained unfused polar nuclei lay-
ing closely attached to one ancther,

The fusion-of polar nuclei before
anthesis and pellination type{t) was
noted in five species: three diploids
from the tribe Dryadeae ( Sibbaldia pro-
cumbens, Waldsteinia gecides, Dryas ccto-
petala) and two polyploids from the tribes
Rubeae and rctentilleae [ Rubus chamaemorus
and Duchesnea indica).

The polar nuclei fused shortly before
fertilization In 7 species. In their
unfertilized embrye sacs secondary nuclei

were visible., However, in Rubus saxatilis,
representing this type of polar nuclei
behaviour, the simu] taneous triple fusion
was obgerved sporadically, It may be the
resuit either of some delay of the polar
nuclel fusion or of the quicker growth of
the pellen tubes. It is highly possible
that similar process may have gecurred
alse in other plants with Rubus saxatilis
type of polar nuclei behaviour.

Table 1. Behaviour eof polar nuclei in
examined species of Bosoideae,

8pecies 2n Tribe

{1) Rubus chamaemorus type = polar
nuclei fuse long before fertilization

Rubus chamaemorus L. 56 Rubeae
Duchesnea indica Focke 42 Potentilleae

Sibbaldia procumbens L., 14 [ryadeae
Wald. geoides Willd. 14 Dryadeae
Dryas octopetala L. 18 Dryadeae

(2) Rubus saxatilis type = polar nuclei
fuse shortly before fertiliszation

Rubus saxatilis i, 28 Rubeae
Pilip,hexasepala Gilib, 14 Filipenduleae
Pot. arenaria YHorkh. 28 Potentilleae
Comarum palustre L. 42 Potentilleae
Fragaria vesca L, 14 Potentilleae
Geun urbanum L., 42 Dryadeae
Sang, officinalis L, 28 Sanguisorbeae
(%) Rubus caesius type - simulianeous

triple fusion

4, in unfertilized embryo sacs polar
nuclei in pairs, secondary nuclei rare

28 Rubeae
42 Potentilleae

Rubus caesius L.
Pot, puberula Kra3an

B, in unfertilized embryo sacs all
stages of fusicn of polar nuclei

Rubus Bellardii Weihe 268 Rubeae

Ce in unfertilized embryc sacs pairs
of unfused pelar nuclei

Agrimonia eupastoria 1. 28 Banguisorbeae

Wald. = Waldsteinia, Filip, = Filipendula
Pot., = Potentilla, Sang., = Sanguisorba

This type was represented by one species
from each iribe, from Potentilleae - by
three species. The plants were diploid
(Filipendula hexasepala, Fragaria vesca)
or polypleid ( Rubus saxatilis, Potentilla
arenaria, Comarum palustre, Sanguiscrba
offieinalis, Geum urbanum/.

The third type of polar nuclei behaviour
i.e. simultanecus triple fusion, seemed
to be a rule in the three tetraploids:
Rubus caesius, R. Bellardij (Rubeae} and
bgrimonia eupatoria { Sanguisorbeae)as
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well as in one hexaploid - Potentilla pudb
berulz { Potentilleae), In Agrimonia eupa-
toria secondary nuclei were not formed in
unfertilized embyro sacs till the sixth
day after anthesis, when the degeneration
started., Such state was observed in Three
specimens from two distant populations,
in one of them during two following
seasons, In Rubus caesiusg, R, Bellardii
and Potentilla puberula secondary nuclei
either were not formed or they were very
rare in unfertilized embryo sacs.

There were some similarities between
species of type ( 3) Rubue caesius and
plants with multiple embryo sacs from the
group ( 2) Rubus saxatilis, Whether they
were essential or casual it was not
obvicus. Fragaria vesca, Waldsteinia geo-
ides and Filipendula hexasepala developed
1 = 4 mature embryo sacs per ovule. The
additional embryo sacs sometimes did not
form secondary nuclei in unfertilized
cenditions,In some ovules the discrepancy
could be explained by a somewhat younger
age of the embryo sac with unfused polar
nuclei, There were, however, embryc sacs
for which such an interpretation seemed
to be doubtful, In Waldsteinia geocides
the longest, probably strongest, embryo
sac contained always a secondary nucleus.
The embryo sacs with unfused polar nuclei
were shorter, often with converted polar-
ity and situated in chalaza, Many of them
seemed to have unreduced chromosome num
ver ( Czapik, in press), The hypothetical
correlation between the apomictic nature
of embryo sacs and the lack of secondary
nucleus or the delay of its formation in
unfertilized embryc sacs was considered
previvusly { Czapik 1983 b}, There is,
however, no certain evidence which coulds.
help to verify that assumption.

Discussion

The observations showed that the beha-
viour of polar nucleil varies within the
subfamily Roscideae, It may be ceonsidered
as one of the embryological characters of
a species, at least in genera Rubus and
Potentilla, where more than one species
was examined and in which differences of
the bekaviour of polar nuclei were stated.

There are, however, several questions
left unanswered. The first is-why in some:
species, such as Agrimonia eupatoria, or
in some embryo sacs of Rubus caesius and
R, Bellardii, the polar nuclei were un-
able to fuse without fertilization, or at
least why their fusion was delayed.

The second question refers to the range
of vardability of the character both at
the intra- and interspecific levels. The
subtypee of type { 3) Rubus caesius are an
example of the interspecific variatlon.
The intraspecific variation was noted in

Rubus saxatilis. In a few embryo sacs of the

the examined plants simultanecus triple
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fusion was observed, while the formation
of secondary nuclei was a rule.

The influence of extermal facticrs on
such a process as fusion of nuclei cannot
be excluded, Some unknown factors caused
that 1,7% cof central cells of unfertil-
ized emdbryo sacs contained unfused polar
nuclei in Hanunculus investigated by
Rutishauser {1954). Ormrod et al. { 1967}
found in Phaseolus vulgaris that the
number of embryo sacs with fused peolar
nuclei was modified by temperature., Bow-
ever, nothing is known about the pheno-
typic control and very little about the
degree of interspecific variation of the
examined character in Rosoideae,

A separate problem for the variation
studies is offered by plants with multi-
ple embryo sacs where the main embryo sac
contains & secondary nucleus and the
additional ones have unfused polar nuclei,
The hypothesis of the correlation between
apomixis and the behaviour of polar nuclei
requires examination of the developmental
processes in ovules of the plants with
multiple embryo sacs as well 2s of those
wiAh single sacs, in which secondary
néclei are net formed in unpollinated
flcwers,

The present report on the behaviour of
polar nuclei in Rosoideae may be consi-
dered ag the first step of further stud=-
ies on one of the embryological charac-
ters of Angiospermae which has seldem
been investigated in detail.,

Beferences

Czapik R., 1983 a. Embryological problems
in Rubus L., Proc. VII Tntern. Cytoembr.
Symp. Pratislava, p. 373 - 379.

Czgpik R.;" 1983 b. The secondary nucleus
in fouyr species of the genus Rubus,
Acta Biol. Cracov. ser., Baot., 251
179 - 188.

Davis G., 1966. Systematic Embryology of
the Angiosperms. J. Willey, HNew Yoxk.

Ormrod D.P., U. J. Woolea, . W, Baton,
E. H. Stobbe, 1967. Effect of tempera-
ture on embryo sac development in
Phaseolus vulgaris L. Canad. J. Bot.
45% 948 - 950.

Poddubnaya-Arnoldi V. A., 1982. Harakte-
ristika semejstv pokrytosemennyh ra-
stenij po citoembriclogicheskim pri-
znakam. Nauka Moskva,

Rutishauser A., 1954. Die Entwicklungs-
erregung des kndosperms bei pseudo-
gamen Ranunculus-Arten. Mitt. Naturf.
Ges. Schaffhausen. 25: 1 « 45.

Schnarf K., 15371, Vergleichende Embryo-
logie der Angiospermen. Gebr. Born=
traeger, Berlin,



EMBRYD SAC ULTRASTRUCTURE BEFORE AND AFTER FPERTILIZATION IN CUCUMIS SATIVUS
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Summary

The composition and development of
ovule and embryo sac of Cucumis sativus,
from anthesis up +to fertilization has
been studied. The mature ovule of Cucumis
is anatropous, bitegmie and crassinucellate,
and the embryo sac is of the Polygonum
type. Development, composition and ultra-
structure of the embryc sac generally
resemble the pattern as already described
for many other angiosperm species. The

.pollen +tube grows through the micropylar
nucellar tissue towards the embryo sac
and strongly preliferates. after discharge
of part of its contents into one of the
synergids, the pollen tube Is disconnected
from the degenerated synergid by the deposi-
tion of a plug.

Introduction

As  Dbasis for a Dbreeding preoject on
the partial transfer of male genetic materi-
al by pollinaticn with irradiated pollen,
an investigation on the normal fertilization
in Cucumis has been started. This part
describes and relates the ultrastructure
of the different cell types of the embryo
sac in some stages, from their formation
until some time after fertilization. Special
attention 1is pald to the cells which are
directly related to the process of fertili-
zation,

Material and method

Dnpollinated {just before anthesis)
and pollinated lrespectively 235, 45 and
70 hrs after pollination} flowers of Cucumis
sativus L. var. Hardwickii, were taken from
a greenhouse culture. The ovaries were
sectioned and Tixed in 3.5% glutardialdehyde
for 10 hrs and post fixed in 1% 0s0, in
0.1 m scdium cacodvlate buffer (pH "7.2)
for 12 hrs at rcom temperature. Then they
were dehydrated and embedded in  epon.

Results and discussion

The mature ovule of Cucumis sativus
is anatropous, bitegmic and crassinucellate,
and the embryo sac is of the Polygonum
type I[Fig. 1). The ovule strongly enlarges
during development and becomes flask shaped,
with a long and narrow micropylar part
of the nucellus (Fig. 3}. The egg apparatus
strongly enlarges within 30 hrs after
anthesis, while the antipods disappear
before maturity of the embryo sac. The
cytoplasm of the wvarious «cells of the

Fig,

2 Composition and
of mature embryc sac

. Development of embryo sac.
A: immature; B: mature;
C: just fertilized; D: just

ultrastructure
i53




egg apparatus increases. The ftotal volume
of the embryo sac does not increase very
much, nor does the volume of the central
cell (Fig. 1}. Simultanecusly the cell
types of the embryo sac each develop a
specific morphology and ultrastructure.
The mature egg cell is pear shaped and
appear active with large RER accumulations,
many mitochondria and dictycsomes (Fig.
2). Develcpment, compesition and ultrastruc-
ture of the embryoc sac generally resembles
the pattern as already described for many

other angiosperm species. The filiform
apparatus is well developed and highly
convoluted (Fig. 2). Shortly before the

pellen tube enters the embryo sac one
af the synergids starts +to degenerate.
The pollen tube grows through the micropylar
noucellar tissue towards the embryo sac
and strongly proliferates in this nucellar
tissue (Fig. 3). The pcllen tube enters
the embrye sac through the filiform apparatus
and discharges part of its contents into
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Fig. 3 Composition of nucellus after fertilization, showing
porliferation of pollen tube.

Fig. 4 UMtrastracture of @ zygote and blocked pollen tube

Fig. 5 Ultrastructure of persistent and degenerated synergid

the degenerated synergid (Fig. 5)}. After
this discharge, the remaining pollen tube
is disconnected from the embryo sac by
the deposition of a plug {callose}, Jjust
outzide the embryo sac {(Fig. 4). The remain-
ing cytoplasm in the pollen tube and pollen
tube proliferaticn shows wvery active mito-
chondria, many ER and dictyosomes, which
indicates a high metabolic activity. Even
after fertilization, the pollen tube contin-
wes 1To increase in  volume, on account
of the surrounding nucellar tissue (Fig-
3). This growth implies haustorial activity
{Tilguin, 1983). This pollen tube prolifera-
tion may also form a blockage for other
pollen tubes to penstrate the ovule.
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EMBRYO SAC ULTRASTRUCTURE IN PEPEROMIA BLANDA H.B.ET K.

FERTILIZATION.
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Sunmary.

In the paper the ultrastructure
of all types of cells of the Pepero-
mia blands embryo sac is described.

Introduction.

Species of the genus Peperomia
‘are characterized by the tetrasporic,
sixteen-nucleate, polypolar embryo
sac of the Peperomia type rather ra-
re for anglosperms. The number of
central cell nuclei and that of la-
teral cells, homologous to antipods,
is varied. Problems concerning the
number of synergids and functional
specialization of egg apparatus
cells are discussed in literature.
The data on ultrastructure of the
Peperomia type embryo sac are not
reported.

Regults,

411 cells of the P.blanda embryo
sac before and some time after fer-
tiligzation are surrounded only by
plasmalemma, whereas polysaccharide
walls are absent. The ultrastructure
of each type of cells is specific.

A considerable quantity of plastids
is typical of the egg apparatus
cells,the number of which constantly
gquals 3.7 here is a small amount (re-
lative to the cell volume) of plas-
tids in the cenftral cell. In the la-
teral cells plastids are rather ra-
rely observed. sitochondria are the
most abundant in lateral cells and

their quantity is also high in the

central cell and moderate in the egg
apparatus cells., Other characters of
the uwltrastructural organization of
cells are similar. On the early sta-
ge, nuclel with even profile of the
envelope and mainly diffuse chroma-
tin are typical. The density of ri-
bosome distribution is lew. ER cis-—
terns are not numercus. During the
embryo sac differentiation the quan~
tity of ribosomes rises to some ex-—
tent,and almost complete reduction

of ER in cells of all types occurs.
In the egg cell,as well as in cent-
ral and lateral cells, the nuclei
beceme lobar. In synergids, the nuc-
lei preserve the even envelope con-
tour. In the both synergids, before
the pollen tube enters the embryo
sac, between membranes of organelles
envelopes osmiophilic substances are
accumulated. The pollen tube enters
the embryc sac through a synergid.
The fusion of gamete nuclei proceeds
slowly, During this process the con-
tent of ribosomes and orgaenelles in
all types of cells increases. ER (ci-
sternal and tubular) is developed.
Cisterns of ER are most greatly de-
veloped in the central cell. The tu-
bular reticulum is the most abundant
in zygote. In all cells the nuclel
have lobar shape,diffuse chromatin.
The polysacharide cell walls are
formed in the final period of nuclei

fusion in =zygote.
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SEXUAL REPRODUCTION IN THE GENUS FUCHSIA. EMBRYOGENESIS IN F.FULGENS.

D. Choisez-Givron.

Cytogenetical Laboratory, Carncy Institut, Catholic University of Louvain, 4 Place de la

Croix du Sud, B-1348 Leuvain-la-Neuve, Belgium

Summary

Fertilization and embryc development in
F.fulgens are investigated preliminarly in
The pollen tubes grow between the cells of
the transmitting tissue and reach the locu-—
lus of the ovary three days after pollina-
tion. They enter the owvule through the micro-
pyle and penetrate one of the synergids be-
fore to reach the egg-cell. The diploid zy-
gote grows up in a coenccytic endosperm which
becomes cellular after the 10th day. The
mature seed is exalbuminate.

Introduction

The Fuchsia species belongs to the family
of the Cnagraceae. The research conducted on
the fertilization and embryogenesis comes
into the frame of the selection of new va-
risties in horticulture. Many Fuchsia lovers
keep searching for new hybrids, The develop-
ment of hybrids is in some cases hampered by
barriers of incompatibility, be it before or
after fertilizaticon; these barriers might be
removed through test-tube fertilization or
bryos. Tﬁé_ggﬁa§ of embryogenesis in F.ful-
gens (section Ellobium) is a preliminary to
this research. b

Results and discussion

1. From pellination te fertilization.

The germination of pollen on the stigma,
as well as the course of the pollen tubes
in the style until entering in the ovary are
followed thanks to smears made after 1, 2
3 days (stained with anilin-blue; fluore-
scence microscepe). Abcout 3 days are neces-
sary for the pollen tubes toc enter the cvary
and fertilize the first ovules. It takes 24
hours more for all covules of the ovary to
be fertilized, i.e. a maximum of 83%. The
entrance of the pollen tube into the owvule
occurs through the micropyle; it crosses
the nucellus and enters the embryo sac
through a synergid where its content is dis-
charged, The synergid becomes opaque. The
second synergid degenerates at once.
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2. Bmbryogenesis.

Research has been made on microtome slides
cuts stained with haematoxyline-fast-green.
The pollination day is represented by Do.
The fertilization occurs on Do +4. The embryo
is hidden by degenerated synergids, The pri-
mary endospermic nucleus undergees the first
divisgion immediately. The inpmer and outer
integuments have respectively 2 and 4 cell-
layers. They will, very early, go thrcugh
changes that will make the spermcderm out of
them. Some mitoses can still be ocbserved in
the outer integument, whilst the cells of
the inner integument are loaded with dark-
brown coloured substances. Mitoses occour in-
c¢ide the nucellus., At Do +7, the albumen has
afout :0 nuelei. The nucellus cells beccme
vacuclated which pushes the nucleus against
the cell wall. Mo mitose can ke found any-
more. 'The pollen tube persists long after
fertilization and probably assumes a hauasto-
rial function {Tilguin et al., 1983).

The pollen tube cytoplasm is highly concen-
trated. The outer integuments differentiate
the outer and inner layers get flat, whilst
the middle layer cells get empty of their
content, The cells are loaded with dark gra-
nules and the cell-walls get thicker,

At Do +10C, the embryc has got rid of the
micropylar dark stain and carries 1 to 6
celdls. The albumen is coenccytic with scores
of nucleil At Do + 17, the embryo is gleobu-
lar with 45 to 140 cells. The albumen is
cellularised arcund the embryo. Some nucellus
cells still contain a nucleus, which does not
divide anymore. At Do +20, the embryc is co-
tyledonary and counts cover a hundred cells,
inside of a celled albumen with several hun-
dred cells. At the chalazael end of the cwvule,
the albumen remains coenocytic. From Do + 30,
up to the maturity of the fruit (Do +50),

the embryo develops, preogressively fills in
all the cavity of the seed, rebsorbs the
albumen and scratches nucellus which disap-
pears completely. At maturity, the seed is
exalbuminate,

Reference

Tilguin, J3.P., de Brouwer, K., Mathieu, A.
and Calier, M., 1983. Haustorial pollen
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Sunmary

A study realized in hermaphroditic plants
by linking up the concomitant stages of fe-
male sporogenesis and gametogenesis, on the
one hand, and of male sporogemesis and ga-—
metogenesis, on the other hand, allowed to
reveal differences in gametophytogenesises
dynamics,

Each dynamics can be correlated with a
definite reproductive process on basis of
cytological observations. So, it was that
the coexistence of sexual and apomictie
reproductive processes could be brought to
the fore in Brussel's chicory (Cichorium
intybus L.}, the term ™ apomictic™ covering
here diplospory sensu lato. There is some
confirmation of the difference in dynamics
between sexuality and diplospory within a
same genus (Eragrostis).

In some cases, this method must allow to
bring to the fore facultative apomixis in
species thought to he entirely sexual or
obligate apomicts. Moreover, it makes pos-
sible to estimate the degree of apomixis in
plants where this reproductive process is
appearing naturally or by hybridization.

Introduction

Each gametophytogenesis process (meiotic,
apomeiotic, mitotic...) seems to have 1its
own dynamics, This dynamics depends on the
initiation and progress of the first divi-
sion of the archespore. Indeed, any distur-—
bancé' in the meiosis leading to unreduced
gametophytes (mitotisation of the meiosis ;
Stebbins, 1941) gives rise to changes in
gametophytogenesis progress. On another hand,
a purely mitotic division generally gives
rise to changes in gametophytogenesis ini-
tiation. Apparently, the more the mitotisa-—
tion is important, the more there is a delay
in the first division of the archesporial
cell (Bergman, 1941).

Conceiving of the reproductive calendar

To evaluate the degree of such a delay, it
is necessary to have a reference. With re-
gard to the dynamics of the gametophytoge-—
nesis in the ovules, it was more often made

reference in the litterature to the size and/
or the differenciation of the ovule (for ex-—
ample : Esau, 1946), more rarely of the

ovary or the flower (Pacini & Sarfatti, 1978).
However, we found in a Compositae, Cichorium
intybus L., little and underdevelopped ovu-
les in old ovaries, preventing any reference
to flower components. Sometimes too, it was
used a strict time reference but, following
Favre-Duchartre et al.(1979), estimates of
angiosperm oogenesises duratioms, in absolute
value, are extremely rare, It is indeed very
insecure to evaluate the speed of a physio-
logical process on a chronological basis
because of the influence on the development
of envirommental factors (temperature, light,
kygrometry...} and of gedetic factors res-—
pongible for imterplant variations.

So, we thought to use a more intrinsic
factor of the flower development, 1.e. the
male gametophytogenesis. We established then
a " reproductive calendar" where the stages
of female sporogenesis and gametogenesis
were correlated with the concomitant stages
of male sporogenesis and gametogenesis in
the same flower (Louant & Longly, 1981a;
Longly & Louant, 1982}.

In this view, the young stages of mega-
gametophytogenesis, corresponding to the di-
vision of the archesporial cell, are the most
important. In monosporic species, the " key
stage" will be the tetrad one. However, older
stages can be useful, for example when sexual
and diplosporic embryo sacs are morpholegi-
cally discernible.

Application of the reproductive calendar
method

a) Within a species

S0, in Cichorium intybus L., such a cyto-
chronclogical detailed study has been under—
taken, At the same time, 1t was seen there
were several types of structures inm the
ovules of this species (Louant & Longly,
1981a and b; Longly, 1984}. These structures
produce generally the same type of gameto-
phyte. Most of them can be correlated with
a known mode of reproducticn. Besides the
normal progress of meiocsis, we found several
forms of apomeicsis and meiotic irregula-—

1. Research subsidized by IRSTA ( Institut belge pour 1'encouragement de la Recherche

Scientifique dans 1'Industrie et 1'Agriculture ).
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rities.

The forms of apomeiosis show a more or less
important delay of the first division of the
archespore compared with the meicsis. The
more the deviation is starting soon, the more
the delay is important. This is in accord
with Bergman (l.c., cfr introduction}. All
these processes give rise to unreduced game-
tophytes.

The meiotic irregularities, on the other
hand, give rise to tetrads or polyads with
the same " timing" as in case of regular
meiosis. The resulting gametophytes are here
reduced and generally aneuploid.

Here, only the reproductive calendar allow-
ed to reveal cases of apomixis not structu-
rally different of sexuality but showing a
slight delay.

b) Within a genus

The method of reproductive calendar was
also appllied to.compare two species of the
genus Eragrostis Wolf (Craminae) : E. tef
(Zuce.) Trectter and E. curvula (Schrad ) Nees.

E. tef follows sexual mode of reproductiaon
(monosporlc bipolar embryo sac of the " Poly-

gonum” type : Mengesha, 1964).

Relating to E. curvula, cytomorphological
studies of the megagametophytogenesis sug-
gested (Brown & Emery, 1958) and then con—
firmed (Streetman, 1963) reproduction by
diplespory.

Since the microgametogenesises seem to be
identical in both of these species, we can
get them tc coincide in an only reference
scale. The elaborated reproductive calendar
enables to give prominence or to situate
cytochronological and cytomorpholegical dif-
ferences between apomixis and sexuality in
both species. In this way, megaspores tetrags
of E. tef are found at the same male stage as
archespores in E. curvula. These archespores
start to divide, at the earliest, at the same
time as the mitotic division of the functio-
nal megaspore in E. tef. The resulting game-
tophytes (sexual and apomictic) are here dif-
ferent. Initially, the first ones are octo-
nucleate while the second ones, tetranucle-—
ate.

At the time of reproductive calendar esta-
blishment, we discovered, in E. curvula,,
symptoms of sexuality besides apomictic
structures. So,,a tetrad of megaspores and
an embryo sac with sexual appearence were
observed at the same male stages as those
corrESponding to identical female development
in E. tef. This facts confirm the facultative
apomixis concept for the species {(Veigt &
Bashaw, 1973; Brix, 1974).

Limits of use
Nevertheless, there are limits to the use
of the reproductive calendar method.

-The flowers have to be hermaphrodite.
Moreover a too pronounced protandry or proto-

158

gyny should make ineffectual the calendar.

-Detection of apomictiec reproductive pro-
cess by this way applies only in case of
diplespory sensu lato. Somatic apospory is
another problem. It concerns other cells
than the archespcre, Our calendar, only,
allows to compare different dynamics of the
same cell,

-When calendars have to be compared, in a
seme specles or between different ones, the
microgametophytogenesis processes must be
identical or, in any case, superimposable. Ho-
wever , an abnormality doesn't change ine-
vitably the progress of a microgametcphyto-
genesis.

Fields of use

-The calendar i1s appropriase when it is
difficult or not possible to discern sexual
and apomictic ripe gametophytes.

-The microgametophytogenesis reference be-
comes indispensable when it is impossible to
utilize guantitative characters such as the
inversion of the ovule in case of anatropy,
the ovules and ovaries size, the filling of
they ovarian cavity,.. to estimate the pro-
gress of female gametophytogenesises., In the
opposite situation, it can serve as a comple-
ment .

-The calendar prevents from looking for
division figures in the archesporial cells.
These are indeed seldom due to their quick-
ness. It allows te take into account cyto-
morpholegical consequences of these divisions
to define a reproduction mode.

-In natural or hybrid facultative apomicts,
the use of a calendar allows to realise a
screening apomixis versus sexuality within
a samé inflorescence, a same plant or a popu-—
lation, to specify the relative rate of apo-
mixis. The stamples can be analyzed either
by means of paraffin sections or eclearing
squashes.

Conclusion and prespect

A progeny test combined with a cytological
study of megasporogenesis and embryo sac de-
velopment are generally required to confirm
apomixis presence and to identify his mecha-
nism (Bashaw, 1980). Nevertheless, according
to Stebbins (1950), irrefutable evidence of
either presence or absence of apomixis can
only be provided by cytomorphological obser-—
vations. The reproductive calendar replies
to this requirement.

With the calendar methoed, L1t Ls above all
possible to detect coexistence of sexuality
and apemixis in a same species or in a same
genus on basis of the non-equivalence of the
dynamics of the reproductive modes.

In species interesting from the evolutive
or agronomic point of view, the systematic
application of our method would permit to
bring up to date the unsuspected diversity of
reproduction medes within so much a same spe-



Brown, W.V, & W.H.P. Emery,

cles as a same genus, This diversity 1s in
connection with the thought of Asker (1979)
according wich ouly facultative apomixis
with various degrees occurs in species con-—
sidered as obligatory apomicts.
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Summar

The sexual embryc sac development of
Poa pratensis follows the Polygonum type,
while the apomictic embryo sac development
follows the apeosporous way as in Hieracium.
Initiation of the asposporous cell occurs
next to +the <chalazal part of the sexual
cell. This initiation takes place at some
stage of the development from megaspore
te mature embryo sac. While developing,
the aposporcus cell enlarges in the direc-
tien of the micropyle. In the more sexual
experimental variety of ©Poa pratensis
L. in a short pericd of embryo sac develop-—
ment a huge complex of antipodals develops.
It is possible that this complex restricts
initiation and development of aposporcus
cells, The results of this study indicate
that it is possikle to predict the reproduc-
tive character of Poa pratensis plants
by observing their very first flowers
when the embryo =ac development has reached
the four-nucleate stage.

Keywords: Kentucky bluegrass, Poa pratensis
L., apomixis, apospory, embryo sac develop-
ment.

Introduction

Kentucky bluegrass, DPeca pratensis L.,
is a grass species used for lawns and
sportfields., Tt can preduce seed in *
sexual way (amphimictic), and/or in an
asexval way (apomictic) (Winkler 1905).
Plant breeders utilize this phenomenon:
the sexual way is used when creating varia-
pility through intra-specific hybridi-
zation and then only those F, pilants which
deviate phenotypically from the female
parent are seiected for the assessment
cof turf performance and sesd production;
the asexnal way 1is used when maintaining
varieties in an uniform and stable way.
Up till now in Poa pratensis the degree
of apomixis is determined afterwards in
field experiments by counting the deviating
plants, which is a time consuming procedure.
Therefore plant breeders have asked for
a method to determine the reproductive
character as socn as possible, preferably
with the help of the wvery first flower.
This -reprcductive character 1s determined
by the way in which embryo sac development
proceeds. So what one should lock for
are the crucial moments in this development.

According to the literature in ovules
of apomictic Poa pratensis varieties one
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finds two develcping embryc. sac producing
celis: A so called aposporous cell situated
beside a haploid sexual cell (Ritishauser,
1267). Beth cells develop 1nto embrye
sacs. 'Sexual cell' indicates any stage
of development from megaspore mother cell
to mature embryo sac, while ‘’aposporous
cell' indicates any stage of development
from apcsporous initial cell to mature
aposporous embryc sac. The egg cell of
the embryc sac derived from the aposporous
cell " (@iploId} can eventually undergo
parthencgenesis, prebably after fertiliza-
tion of its central cell nucleus (Akerbery,
1%42). Therefore one can expect tc origina-
te from such Poa pratensis flowers sead
with two diploid embryos, cne of sexual
orjgin, the other of asexual origin (twins).
Epgelbert (1941) came across this phenome-
non in up to 5% of studied Poa pratensis
plants. In 0,5% cof the germinated seeds
he found twins, both of which showed matro-
clinic character. Hence these twins both
have been of aposporous origin. The sexual
embryc sac (cell) must have stopped develop-
ing at a certain time and it probably
disappeared. 1In Poa pratensis varieties
listed as obligate apomicts, none or very
few plants  deviate phenotypically freom
the female parent. In these varieties
the sexual embryo sac development apparent-
ly stops wery regularly. At what stage
exactly the sexual cell aborts and is
‘relaced; by the developing aposporous
sac is ‘unknown {(Bashaw, 1980}. The same
holds for the causes of this abortien
and replacement (Grazi et al., 1961; HNy-
gren, 1%67%; Van Dijk, 1971}, While studying
these problems it became apparent that
it is Qifficuelt to distinguish the sexual
cell from the aposporous one, especially
in the mere advanced stages of the gameto-
genesis [Bashaw, 1969, 1980).

Material and methods

Panicles were taken from plants of Poa
pratensis L. varieties Parade and Enwarto,
as representatives with a high degree
of apomixis, and of a more sexual experimen-
tal variety. The plants had not yet flow-
ered. The samples were preserved in formal-
dehyde acetic acid aethancl (raa), § to
10 spikelets were taken from a panicle:
the 4 or 5 uppermost spikelets of the
panicle spindle and 4 or 5 spikelets of
the lowest positioned side spindie (Fig.
1).



Fig. 1. Panicle of Poa pratensis-variety
Parade. Arrows point at used spikelets.

L certain number of dissected ovaries
was transferred to a clearing fluid (Herr,
1971). After clearing, the ovary tissue
surrounding the ovule was removed and
the owvules (5-15) were placed in clearing
fluid on a slide (Fig. 2}. They were exam-
ined with a ©Nomarski light microscope.

lessse
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Fig. 2. 8lide with one coverglass on each
side of objects. Thixd coverglass on teop
of phjects and other glasses.

Another number of ovaries was processed
for embedding in plastic: the varieties
Parade (cleared in Herr £luid) and Enwarto
(fixed in FAAR) were treated for 3x24 hrs
in 100% aethanol and 3 hrs in 1% 0s0
in agethanol. The variety Enwarto (FAAj
3.5 hrs in 1% 0s0, in phosphate buffer.
The fixed material was then washed in
ethanecl or buffer, dehydrated in graded
'ethancl' series and embedded in Epon.
Sections (4 um) were placed consecutively
on a slide and examined with a phase con-
trast micrescope.

Results
Sexual embryo sac develeopment

Megaspore mother cells (mmc) were found
in young hemitropous covules of approximate-
ly 0,16 mm width (Fig. 3a). The megaspcre
mother cell stretches towards the chalaza.
There is one layer of nucellus cells be-
tween the megaspore mother c¢ell and the
micropyle. The mme nucleus is notably
big, with a large nucleolus. The nucleus

undergoes a meiotic division sagittaly
(Fig. 3b). The division of the chalazal
dyad cell is completed sconer than that
of the micropylar one {Fig. 3¢). The four

developed megaspores are cylindrical to
round (Fig. 3d). The size of each of them
is roughly the same as that of the young
megaspecre mother cell, Their contours
are clearly wvisible, presumably because
of callose deposits. The chalazal megaspore

I callose-
deposits

II 'cap

ITI antipodal

IV polar nucleus

YV egg cell

VI synergid

Fig. 3. Development of sexual embrvo sac
and surrounding nucellus tissue of Poa
pratensis varieties Parade and Enwarto.

Vacucle has been shaded, nucellus layers
have been dotted. The ovaries surrounding
these ovules have toc be pictured with
their styles upwards while their points
of attachment are at the bottom.
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grows, whereas the others degenerate (Figs.
3e, f£). Conspicuous then becomes the ‘'cap'
between the megaspores and the one layered
nucellus near the micrepyle (Figs. 3e,
£, g, h). The functional megaspore can
become twice as big while growing in the
direction of the micropyle. The nucleus
contains one or two nucleoli and is situat-
ed in the middle of the cell. & first
cytoplasmic vacuole becomes visible. The
nucleus undergoes a mitotic division sagit-
taly. The two nucleated cell is pear shaped
and grows considerably (up to 6x its origi-
nal size) (Figs. 3g, h, 1i). The vacuole
enlarges as well. Its position is in be-
tween the two nuclel. A smaller vacuole
is visible at the chalazal end. Through
its enlargement, the «cell gets cleser
to the micropyle (Fig. 3i). The two nuclel
divide: the chalazal o¢ne sagitally, at
right angles to the micropylar nucleus
(Fig. 33j). The feour nuclieated cell is
now separated from the micrcpyle by only
cne nucellar c¢ell layer {Figs. 3k, 4).

Fig. 4. A four nucleated cell of Poa praten-
sis variety Parade {(Herr clearing).

spherical with one, two
or three nucleoli. The vacuoles have en-
larged as well. When dividing for the
third time wmitctically, the cell grows
broadwise. The direction of the division
of the two outer nuclei is at right angles
to the line micropyle chalaza. At the
same time the direction of the division
of one of the nuclel is at right angles
to the dJdirection of the division of the
other. The two inner nuclel divide sagital-

‘The nuclei are

ly (Fig. 31). The vacuoles in the eight
nucleated cell resemble the vacuoles in
preceding stages (Fig. 3m). BEventually
the ¢ell differentiates into an eight
nucleated, seven celled embryc sac (Fig.
3n). There are three antipodals at the
chalazal side. In a later stage their
cytoplasm is darker. They are V-shaped,

in the bend of the V.
vacuoles., In a later

with their mnuclei
They doc not have
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stage the antipcdals
extra large having nuclel with numerous
very dark nucleoli. This antipodal complex
was especially found in +the more sexual

disappear or hecome

experimental wvariety of Poa pratensis.
It was remarkable that in this variety,

in comparison with the other two varieties,
more  embryc sacs were found in a late
stage. The central cell with two polar
nuclei occupies two thirds of the embryc
sac. Fused polar nuclel have not been
found. The egg apparatus consists of an
egg cell and two synergids. The egg cell
is bell-shaped and contains a vacuole.
The nucleus is about as large as a polar
nucleus and at an early stage it is situat-
ed at the micrcpylar side, at maturity
in the centre of the c¢ell. The two syner-
gids are oblong pyramidal., Their nuclel
are in the centre. During the embryo sac
development the ovule changes from a hori-
zontal to a vertical position in the ovary
(Fig. 3).

Aposporous embryo sac development

e apesporous i1mitial cell is very
characteristic (Fig. 5). Initially its
shape is round, in a later stage cblong.

Some small vacucles are visible. The initia-
tien of this aposporous cell takes place
in the nucellus near the chalazal part
cf the developing sexual embryo sac cell.
In the studied material ovules have been
found with more than one aposporous initial
cell. Scmetimes the initial cell was found
growing into the sexual cell. The apospo-
rous embryc sac develcpment is similar
to the sexual embryo sac development des-
cribed above, Only the eight nucleated
aposporous c¢ell has not been found. From
the %wo nurleated stage on the cell grows

towards the micropyle through nucellus
tissue, passing the developing sexual
cell., In one occassion the cell wall of
the aposporous embryo sac was observed
to have grown into that of the sexual
embryc sac, in hetween the polar nuclel
and the egg-apparatus. In a later stage

the aposporous embryo sac reaches the
micropylar opening. Moving towards the
micropylar opening it sSometimes grows
through one or twoe lavers o¢f the inner

integument.
The aposporous and the sexual cell have
been found next to each other in the same

and/or different stages of development.
Data on these observations are given in
Fig. 6.

Discussion

According to Ritishauser (196%) the
sexual embryo sac development of Poa praten-
sis follows the Polygonum type, the apospo-
rous embryo sac development follows the
Hieracium type. If one has to decide wheth-—
er one deals with a sexual or an aposporous
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Fig. 5. Embryo sac of Pca pratensis-variety

Enwarto with synergids (s), egg cell Iie),
polar nuclei {p), antipedal complex f{(ac)
and aposporous initial cell (ai) (section-
ed).
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Fig. 6. Numbers of chserved sexual and
aposporous  embryo  sac ﬁevelopment stages
in Poa pratensis. The aposporous cells
are shaded.

development, three characteristic
one has to keep in mind:

In  the one- and two-nucleated stage:
the aposporous cell contains less cytoplasm
and more vacuclar volume than the sexual
cell; in the sexual development one can
expect te find degeneration rests of the
three micropylar megaspores.

In the two-, four- and eight-nucleated
stage: while stretching towards the micro-
py¥le the aposporous cell hends round the
sexual «cell towards the micropyle and

stages

pushes nucellus and integument tissue
aside.
In the mature embrye sac stage: in

the aposporcus embryo sac one can expect
to find an embrye (without fertilization
having taken place); in the sexual embryc
sac one can expect to find an antipodal
complex, which covers the largest part
of the embrye sac and has pushed out nucel-
lus tissue.

Observaticns of various authors confirm

the characteristic distinctions given
above: publicaticns by Tinney (19240},
Grazi et al. (1961) and MNygren (1367).

Nygren shows drawings of the aposporous
initial cell which correspond to the pres-
ent observations, and drawings by Nielsen
(1945) show degeneration rests of mega-
spores. From Fig. & it can be seen that
initiation of the aposporous cell was
found to occur next to a developing sexual
cne-nucleated or older cell, but it appears
that up to and including the four nucleated
stage most of the aposporous initial cells
have c¢ome inte existence, Next to an embryo
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sac with an antipodal complex there were
only few aposporous initial cells found.
It is possible that the antipodal complex
restricts initiation and develcopment . of
the aposporous cells, since in the experi-
mental wvariety relatively more sexuality
is found in the F, plants.

Frem TFig. 6 1t can also be seen that
above all aposporous cells develop into
embryoc sacs when had been initiated in
an early stage of development. When the
sexual c=ll has reached the eight nucleated
stage of development it fills up most
of the space in the owvule., This leaves
little room for aposporous embryc sac
development. The latter only has a chance
to develop next to the sexual cell when
this sexual one is not yet fully grown.
Occasionally the aposporous cell might
even take the place of the sexual one.

The results of this study indicate
that it i1s possible to predict the reproduc-
tive character of Poa pratensis plants
by observing their wvery first flowers
when the embryo sac development has reached
the fcocur nucleated stage or beforehand.
If there is an aposporous cell at these
stages, the plants will, in all probabili-
ty, be aposporous. If there is not an
aposporous cell, the plants will, in all
probability, reproduce sexual.
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POLLINATION AND FERTILIZATION TN PICKLIMG AND SLICING CUCUMBERS

A.P.M. den Nijsl, P. Milotay2

1Inst. Hort. Plant Breeding, Wageningen, the Netherlands

2Vegetable Crops Research Inst., Keckskemet, Hungary

Summary

Pollination of parthenocarpic Dutch slicing
cucumbers often yields low number of seeds,
because only the proximal segment of the fruit
contains plump seeds. Te clarify the reason
for this inadequate seed set, in vivo pollen
tube growth and ovgle and seed development
were studied in six cucumber cvs which differ
for fruit length and parthenocarpy. Pollen
parents had no significant effect on pollen
tube growth or seed set. Pellen tubes never
_reached the basal frult segments of long
fruited types, because the fruit elongation
proceeded more rapidly than pollen tube
growth. Therefore, rather than parthenocarpy,
the longovary and rapid elongation of fruits
is responsible Tor the low seed set in long
fruited cucumber types.

Introduction

Pollinaticn often induces a typical mal-
formation of the fruit in Outch slicing cu-
cumbers: the blossom end of the fruit en-
larges while the rest of the fruit remains
slender. This thick fruit segment contains
the seeds, It is called 'seed head’.

Pollinated fruits of American salad cucum-
bers and pickling cucumbers grow out evenly
and contain seeds throughout the fruit, Seed
vield per fruit of such types is much higher
than can be obtained with Butch slicers.

When the reason for the low seed yield of
Dutch slicing types is known, it may become
possible to improve the efficiency of seed
production.

Dutech slicing type cvs are characterized
by genetic parthenocarpy and large fruit
length. Parthenccarpy generally reduces seed
yields per pollination, but it is not well
known how. In vivo studies of the growth of
pollen tubes through the style and ovary and
of the fertilization process may help to
clarify the observed differences in seed set.

Eerriments

Six different cucumber cvs were used: G&
{slicing type, parthenocarpic); Vestervang
{slicing type, non parth.)}; Maram F1 (beth
alpha type, parth.); Beth Alpha (non parth.};
Nanet F1 {pickling type, parth.) and Unicurba
F1 (pickling type, non parth.). All were self
pellinated and eross pollinated with two tes-
ter cvs (Nanet and Vestervang). Glasshouse
temperature ranged from 20°C {night) to 32°C
(day). Four days after pollination six fruits
per cross were removed, fixed, macerated and
stained for UV-microscopic study of pollen
tube growth and fertilization. The length of

the 1-5 longest pollen tubes was measured as
well as that of the main front of
pollen tubes (at least 10-20 tubes).

Ovule and seed development of parthenocar-
pic and pollinated fruits of cvs G 6, Maram
and Nanet were examined at anthesis and after
4,8 and 12 days.

Fruits were divided in five segments at
maturity and ovules and seeds were counted
per segment.

Results and discussion

At pellination time there were no size differ-
rences between ovules throughout the length
of the ovary in all cvs. Enlargement of ovu-
les became evident after 4 days. For G 6 and
Vestervang this cccurred in the blossom end
of the fruit only.

In vivo pollen germination and tube growch
was not affected by pollen parent, there
were no differences between self and cross
pollinations. At &4 days after pollinaticn
small, but significant differences inpol-
len tube growth existed between maternal
parents, cv Maram ovaries had the longest
pollen tubes.

Fruit length at & days after pollinatien
differed greatly. The ovaries of G 6 were
already long at pollination time, and tri-
pled their length in 4 days. The short ova-
ries of the pickle and beth-alpha cvs elen-
gated more slowly.

Fruits of the long fruited cvs contained
very many avules in their fruits, but only
very few had grown out inte plump seeds.
Fruits of the short fruited cvs contained
less ovules, but high percentages of seeds.
In the long fruited cvs only the first two
fruit segments contained seeds - the 'seed
head*,

Seed set was not influenced by pollen parent:
there were no differences between self and
cross pollinations, Seed set was strongly in-
fluenced by maternal parent.

Conclusion

'Seed-heads' and low seed yield of Dutch
slicing cvs: are not. caused by genetic parthe-
nocarpy, but most likely by their large ovary
size and very fast initial fruit elongation.

Pollen tubes of long fruited types have si-
milar growth capacity as those of short frui-
ted types. They are unable to reach the ovu-
les past the proximal one third of the ovary.
The ovules in the rest of the ovary -although
they seemnot to be different- remain unused.
Selection for faster and longer peollen tube
growth could improve the Fertilization suc-
cess and increase seed yields,
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enzyme deficient gal pollen (Table 1).

GAMETE COMPETITION IN OIL SEED RAPE:
FERTILIZATIGN

M.B. Singh, R.B. Khox and E.G. Williams

EFFECT OF POLLEN # - GALACTOSIDASE DEFICIENCY ON

Plant Cell Biology Research Centre, Schocl of Botany, University of Melbourne, Parkville,

Vietoria 3052, Australia

Summary

We have recently repcrted the detection of
a new haplophase mutation in crop plants
that affects the expression of the enzyme
p-galactosidase in pollen of oilseed rape,
Brasgica campesiris. Plants heterozygous
Tor the enzyme deficiency, Gal/gal shed
pollen grains, 50% of which are enzyme
deficient. We have compared male gamete
transmission abilities of normal (Gal) and
B - galactosidase deficient (gal) pollen and
repart that mutant pollen shows reduced
competitive abllity in fertilization.

Keywords: oil seed rape,

campestris, / -galactosidase,
fertilization.

Brassica

Introduction

In higher plants, there are very few
molecular genetic markers which can be used
to study the physiclogical and biochemical
basis of male gametophyte competition.
Until now only three segregating loci were
known, including waxy (Wwx), alechol
dehydrogenase (Adh) in maize pollen, ané now

f-galactosidase (gal) in oil seed rape ».

pollen. Adh deficiency had no delaterious
effect (Schwartz 1969), while wx pollen
showed only a slight reduction in male
gamete Ltransmission (Sprague 1933). We
report here the results of experiments on
the effect of peollen /3 ~galactosidase
deficiency on fertilization,

Materials and Methods

Pollen quality was determined by the
fluorochromatic reaction (FCR) test. The
B —galactosidase activity in pollen was
detected cytochemically by using S-bromo-
J-chloro-3-indoxyl- /3 -galactoside as
substrate (Singh and Knox 1984).

Results and Discussion

When Gal/Gal is used as female and Gal/gal
as male, the progeny should be 1 Gal/Gal T
Gal/gal. The latter shows pollen
segregation for the enzyme deficiency and
thus can easily be detected by the pollen
staining test. Such a plant can only be
obtained if gal pollen fertilized the egg
cell. This criterion was used to determine
percentage of progeny originating from

Table 1. Segregation of progeny of Gal/gal
erossed reciprocally to wild type Gal/Gal,
(expected ratior 1 Gai/Gal : 1 Gal/gal)

CROSS OFFSPRING

Gal/Gal Gal/gal Chi Square

df=1

Gal/gal ox
Gal/Gal ¢
Observed 13 14 0.04 N.S.
Expected 13.5 13.5
Ga¥/Gal ¢x
Gal/gal o
Observed 57 35 5.3¢ p 0.01
Expected 46 46

The results show that there is normal
transmission of gal through the egg cell,
However, gal pollen grains show reduced
competitive ability in fertilizaticon. This
is the first example in angiosperms of male
gamete compebtition related to enzyme
deficiency. Experiments are in progress to
determine whether the selective advantage to

Gaw pollep is associated with the initial

events of pollen adhesion, hydration and
germination or later stages of pollen tube
penetration and growth through the pistil.
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CYTOCHEMICAL INVESTIGATION OF LILIUM REGALE EMBRYOGENESIS AFTER POLLINATION WITH Y~IREADIA&ED

POLLEN
I.D. Georgieva

Institute of Genebics, Sofia 1113, Bulgaria

Sumnary

Seven DH involved in different metabolic
pathvays were investigatbted cytochemically in
the embryosac of L.regale after pollination
with y-irradiated pollen. Abrnormalities in

the embryogenesis and metabolism were observed.

The activities of IDH,MDH,G6PDH,EPGDH and LDH
in the embryosac were not changed as compared
with controls, but ADH and GDE were completely
inactivated.

Keywords: y-irradiated pollen, dehydrogenases,
cytochemistry, abnormal embryogenesis.

Introduction

Marked changes in the 1ily embryogeny and
morphology of the seeds take place after pol-
lination with y- and X-irradiated pollen
(Vassileva-Dryanovska, i966;Price , 1957;
Poole et al.,1978). As the physiological
peculiarities and the behaviour of the cells
in the embryosac during early embryogenesis
can be distinguished only cytochemically,
we undertook the cytochemical investigation
of 7 DH, invelved in aifferent pathways to
reveal some metsbolic disturbances following
vollination with y-irradiated pollen.

Material and methods

Flowers from Lilium regale W were pollinated
with y-irradiated pollen (10,25 and 50 krad).
Fresh pistils 1-30d after pollination were
used. The cytochemical locslizatlion of DH
{IDH,MDH,G6FDH ,6PCDH, LDH,ADH and GDH) was
carried out by the method of tetrazcliumreduc-
tases (Lojda et al.,1979).

Results and discussion

It was established that the 3 doses under
study stimuleted fertilization and cell di-
vision in the embryocsac and affected the
appearance of similar cytoembryclogical ab-
normalities, which were better expressed at
higher doses. The predominate ones was the
formation of embryo as an irregular mass of
cells and atypical free nuclear endosperm
with small nuclei.

This kind of ewbryosac almost didn't grow

and dye about 20 d after pollination.

In our previous work {Georgieva, 1983) was
found thet during the fertilizetion and sarly
embryogenesis the enzyms of citrate cycle
(IDH,MDH), of PPP{G6PDH,6PGDH}, of alcoholic
fermentation (ADH), of glycolysis (LDH) asg
well as GDH became activated in the embryosac
of L.regale. In the present study it was shown
that although the embryogenesis had been des-
troyed after pollination with y-irradiated
pollen the degradation of carbohydrates via
the citrate cycle and PPP as well az the gly-
colysis were not affected. The rate of anaero-
bic bregkdown of carbohydrates by ADH however
drasticallydecreased with the increasing y-ray
dose. In the same time the connection between
the metabolism of carbohydrates and amino acids
mediated by the key enzyme GDH is disrupted
becsuse of the GDH inactivation. As the impor-
tant metabolic pathways i.e. citrate eycle, PPP
and glycolisis were net affected iIn the enbryc—
sac, the earliest stages of embryogenesis were
characterized by enchanced growth. It can be
admitted that the break-up of some metabolic
chains (e.g. those 1n which ADH and GDH are
involved) probably completely destroy the
metabolism of the embryosac and provoke the
seed failure
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SOME STRUCTURAL FEATURES OF THE EMBRYQO/ENDOSPERM INTERACTION IN ANGIOSPERMS

O.Erdelskd
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Summary

By the underlying examination of

_ the early embryogenesis of selected

species of angiosperms, three corre-
lation types were marked off in emb-
ryc and endosperm development. They
are bound to a definite type of endo-
sperm, to a duration of endospermal
function, to the dynamics of embryo
growth and to the onset of the diges-
tive or digestion stimulating func-
tion of the embryo.

Keywords: embryo, endosperm, correla-
tion types.

Introduction

Correlation in the development of
koth embryc and endosperm is cne of
the basic supposition of normal seed
development. The type of correlation
is characteristic of the individual
taxa of angiosperms. In various spe-
cies of angicsperms both embrvo and
endosperm are developing with diffe-
rent absolute and relative speed.
OQur werk aimed at ascertaining the di-
fferences in the relative speed of
their development that characterige
the type of correlation. The type of

correlation appears to peint at possip:

ble differences in the function of the
endosperm as well as at differences

in the growth and regulation activity
of the embryo in the first phases of
embryogenesis,

Material and methods

The early embryogenesis was studied
of selected species of angiosperms
/Papaver scomniferum, Nicotiana taba-
cum, Jasione montana, Linum usitatis-
simum, Capsella bursa pastoris, Rap-
hanus sativus, Pisum satiwvum, Phaseo-
lus vulgaris/. Young seeds of these
species were sampled from the field
in 1 - 2 days intervals, starting with
the day of pollination up to the 7th-
-12th day of seed development. They
were embedded in paraffin, sectioned
and stained with haematcoxiline accor-
ding to Heidenhain or by the PAS rea-
ction. A part of the seeds was fixed
according to Baker, embedded in para-
ffin and secticns were analysed by
histochemical methods to prove hydro-
lytic enzymes, To prove acid phospha-

i68

tase the reaction withel - naphtylpho-~
sphate and FAST RED TR was used and
to prove non-specific esterase the
reaction with # - naphtylacetate and
the FAST BLUE B was used,

On the individual sampling days the
number of cells /nuclei/ of both en-
dosperm and embryo was counted and
the structural changes traced that
reffered to the spatial and functio-
nal interaction of embryo and endos-
perm on the level of optical micros-

COpY.
Results

The course of the early embryogene-
gis in selected species of angiosperms
hag allowed to characterize 3 types
of correlation in embryo and endos-
perm development.

Type I is characterized by a marked
advance in endosperm develcopment in

‘the first phases of embryogenesis
/Fig., 1/.

Fig.l Globular embryo of Papaver som-
niferum in the advanced endosperm.

In this period there gradually fall
to one embryo cell from more than ten
cells /e.g. with Nilcotiana tabacum,
Jasione montana/ to several hundreds
of cells / e.g., with Papaver somnife-
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rum/ /Table 1/. The Ist type of corre~
laticn is usually bound to the cellu-
lar endosperm or to the nuclear en-
dosperm that cellularizes relatively
early, and to the albuminous type of
seed. At the time when the endosperm
reaches the final number of cells the
embryc is in the globular phase or
passes from the glebular to transitic-
nal or to heartshaped phase of its
development. At the same time it pa-
sses from the suspensoral to the sur-
face nutrition in which it obtains
supply material from the disintegra-
ting cells of the endosperm. The em-
bryo acquires, at a relatively early
phase of its development, a digestive
or digesticon stimulating function.

Table 1

Embryo and endosperm cells number
/in some selected davs/

embryo endosperm
Papaver /I/ 1é 4 034
7 days
Papaver 169 16 722%
12 days
Nicotiana /I/ 36 558
9 days
Nicotiana 304 2 522%
11 days
Linum /II1/ 5 059 15 045
7 days
Pisum /III/ 24 533 19 357
7 davys

x Data represent roughly the final or
neariy final cell number,

of the embryo and

IT is the parallel
bound tc a nuclear
type of endosperm /Linum usitatissi-
mum, Capsella bursa pastoris, Rapha-
nus sativus/. In this type of corre-
lation the number of endosperm cells
falling to 1 embryo cell stabilizes
soon after the start of embryogenesis
and the embryo proliferates and diffe-
rentiates parallel with the prolifera-
tion of the endosperm. /Fig.2/

Embrye and endosperm jointly £ill the
inner space of the embryo sac. Their
spatial interaction, manifested also
by the desintegration of endospermal
cells round the embryo, sets in only
at a more advanced stage of embryoge-
nesis, at a time when the embryo is
already in its late heartshaped or tor-
pPedo phase of development, In this ty-
pe of correlation most of the supply
material needed for germination is

The development
endosperm in type
one,It uses to be

stored intc the cotyledons. A small
portion of the endosperm, however,
may be preserved until seed maturity.

Fig.2 The embryo and.endosperm of Li-
nam usitatissimum in the parallel de-
velopment,

Correlation type III occurs with
species exhibiting markedly exalbumi-
nous seed. After an initial short-
-term rise in the number of endosper-
mal nuclei, it is the embryo that
acquires dominance in the development

/Fig.3/.

Fig.3 The advance of embrvo development
in the seed of Pisum sativum
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{endosperm / embryo |

The number of embryo cells socn exce-
eds the number of endosperm cells ma=-
ny times over. The endcsperm develop-
ment is very limited and all supply
substances needed for germination are
stored into the cotyledons. The wea-
kly developed endosperm layer desin-
tegrates as soon as it gets into spa-
tial contact with the developing em-
brve, thus in the micropylar area of
the embryc sac socnner and in the cha
lazal area later. This type cf corre-
lation is known, for example, in the
family Viciaceae, and bound to the
nuclear endosperm.

The portion of endosperm to embryc
cells number during early embryogene-
sis in the species typical for all
correlation types is indicated on the
Fig.4.
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In type II and III, embryos very oi-
ten contain chlerophyll during embryo-
genesis.

Discussion

The knowledge and completion of re-
sults cbtained by examining the early
embryogenesis of selected species of
angiospermous plants by literary data
on the embryvogenesis of other species
/Davis 1966, Poddubnaja-Arnoidi 1982
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and others/, has allowed toc characte-
rize three types of embryo and endos-
perm correlation. The facts referred
to in the paper show that embryos of
various species pass over from the
suspenscry to the endospermal nutri-
tion in various phases of their deve~
lopment. Some already in the globular
or early heartshaped phase /correla-
tion type I/,cther ones in the late
heartshaped phase or later /correla-
tion types II and ITI/, Not only the
character and duration of the nutriti
ve function of endosperm but also the
character of the growth and digestive
or digestion stimulating activity of
the embryo are connected with this.
The question of the character of em-
bryo activity /digestive or digestion
stimulating/ during embryogenesis re-
mains open /Jones 1974, Clson 1981
and others/.
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ULTRASTRUCTURAL ANALY3IS OF EMBRYO-ENDOSPERM

MAIZE SEEDS (ZEA MAYS L.)

J.H.N. Senel, AJAM. van Lammeren & H. Kieft

INTERACTIONS IN DEVELOPIN

Department of Plant Cytelogy and Morphology, Wageningen, The Netherlands

Summary

The fine structure of developing caryopses
from maize (Zea mays L. was investigated.

Samples were taken from 4% to 11 days
after pollination. It is concluded that a
strong interaction between embryo and

endosperm exists and that nutrient supply
of the embryo occurs by various pathways.
The cytological evidence leading to this
_view is presented.

Introduction

There is a lack of studies dealing with
embryo development in relation to the neigh-
bouring tissues, as was pointed out recently
by Smart & O'Brien (1983). Although embryo
formation in maize has been studied extens-
ively, an Integrated study examining func-
tional embryo-endosperm relationships at
an ultrastructural level was not yet carried
out. We therefore studied the early develop-
mental stages of malze caryopses by electron
microscopy, putting emphasis on cytological
details indicating important functions of
the endosperm surrounding the embryo in
relation to nutrient synthesis andfor trans-
port.

It was thought that - while in vitro culture
methods using Immature embryos of maize
are becoming increasingly important (see
Vasil et al, 1%8%) - more knowledge of

the in vive nutrient supply of these immature
embryos is strongly required.

Fig. L.

Results and conclusion

During the first week of seed development
the young embryo is surrounded by a region
of small, plasma-rich cells (Fig. I, arrows).
Electron microscopy of ihis "modified endo-
sperm" bordering the embryo suspensor
at the end of the first week showed a high
level of Gelgi and ER activity, while mito-
chondria were located near the plasma

-membrane adjacent to the embryo (Fig. 2L

After the first week the large, highly vacuo!-
ated endosperm cells near embryo axis
and scutellum degenerate (Fig. 3.

It iz concluded that in the first week
food supply of the immature embryo occurs
mainly by the modified endosperm bordering
the suspensor. Amino acids and proteins
might be main constituents. After that
period, alsc food uptake by the embryo
axis and the scutellum takes place. Lipids
and carbohydrates (cell wall remnants}
seem to be the main nutrients present in
that region,
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Light micrograph; about % days after pollination. The modified endosperm (arrows) borders
the embryo. Fig. 2. Electron micrograph of the modified endosperm at 7 d.a.p. Fig. 3. Degenerated
endosperm near the scutellum (11 d.a.p.). Note the presence of lipid droplets (arrows).
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REPRODICTIVE PIYSIOLOGY OF LIMNOPHYTON OBVUSIFOLICH (L) Mig.-A HISTOCHSICAL

ANATLYSIS
C.K.8hah

Aotany department, School of SHciences, Gujarat University, ashmedabad-9

The embryo sac fellows a bisporic
Scilla pattern. A1l the eight fema-
12 nucledi have different diameters
but identlcal sxtinction values for
INA., The endosperm is heloblal. Its
polypleid nucleld have multiples of
DNA € values. The INA content per
tapetl mucleus remains amplified
because of fusions but after melosis
in microspore mother cells it decre-
ages dramatically. -S8H proteins
showed peak values during periods of
melosis and mitosis indicating their
functional role. The fem&le gamete
showed a distinct staining for
Feulgen reaction confined only to
the nucleus and even during matura-
tion of the egg, INA did not reveal
gualitative or guantitative changes.
Acidic proteins (NHCP) detection by
toluidine blue O or by fast green
TGP at acidie pH of 0.5 left firm
unspecific binding with cell walls
and cytoplasm of ovular tissues.

The cell ¢b remains unicellular and
ever enlarging while only c& gives
rise to the organs of the embryo.

The course of divisions thus depicts
the Aponogetonad pattern. An intense
reducing condition prevails in the
hypertrophied ¢gh. In fact ascorbic
acld and -84 proteins ascend unifor-+
mly. The RNA and protein show vigo-
rous fluctuations. cb multiplies
ite genome 16 times resulting in a
large polyploid 320 nucleus. However,
the acidic nuclear proteins (NHCP)
content increases multifold followed
by & sharp decline. The synthetic
performance of the suspensor cell
was at full swing in the quadrant
and octant stages of embryo develop-
ment but reached its peak value at
the globular embryo where cells
determine their developmental pathway
The various tiers of proembryo do not
show differential distribution of
the metabolites indicating their even
physiological state. At the end it

is the globular embryo which starts
revealing & digpersed reaction of
metabolites followed by t e differen-
tiation of specific precursor cells.
Three criticsl histogenic events
appear in the interior of the globul-
ar embryo: (1) Two loci or initials
of presumptive sites for the eumbryo-~
nal regions viz. hypocotyl and
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cotyledon. (ii) On such & spherical
interior first axial and afterwards
appendlcular proeambial systems
embark at the same time. (1ii) Coty-
ledonary initial divides rapidiy in
a plane at right angles to the
hypocotyledongry initial. One forms
the cotyledonary wound while the
other designs the embryo axis. Thus
one half of the smbryo consists of
many large cells, less basiometric
as compared to the hypocotylar half
which has smaller ceils but richly
pyroninophilic. The first histoche-
miecal departure &ppears wlth the
formation of the first indentation
demarcating the germinal and abger-
minAl portions on the globuler embryo.
Thé intensity of ascorbic acid (AA),
RNA and -8H proteins becomes more
pronounced on hypocotylar face than
the cotylar one. It initiates the

- change of symmeiry. A SIM, ontogenic

as well as histochemical profiles
from the first dipression to mature
embryo fabric manirest three diffe-
rent extensions of the single lateral
cotyledon viz. sheath, middle piece
and the haustorium. At thke end the
embryc has one lateral cotyleuon and
an &xis bearing two growing poles~
radicle and plumule. Surprisingly in
thesmature seed, various tissues of
Limmophvion yield extremely variible
quantitative levels of metabolites.
snther tapetal cells, melocytes,
suspensor, (cb), endosperm, vegetative
cell and male gametes in the polen
graln, antipodals, seed coat cells
and perianth tissues show varying
(2n = 22, W4, 52, 6C} chrowosome

set up in numbers on metaphase pleates.
Surprisingly in spite of the huge
differences in the volume and chroma-
tin meke up in these nuclei, the
hydrolysis curves (60° 1 ¥ HCl) for
the above diverse cell nuclel showed
2 simllar pleteau value as with the
vegetative shoot aplcal meristems.
This is the virtusl optimal period
of hydrolysis., To arrest Feulgen
hydrolysis at its peak, the prepara-
tions are dipped in cold N HC1 for
1 minute and then rinsed with disti-
lled water for 2 minutes. This gtep
replaces 2-3 peaks and produces a
flat curve. Melocytes show two/three
peak periocds of Feulgen hydrolysis.
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GRASS EMBRYO - A SEM AND HISTOCHEMICAL ANALYSIS

C.K.SHAH

Botany department, School of Sciences, Gujarat University, Ahmedabad-g

Summary

Differentiation of the grass
embryo proceeds by two primary inde-
ntations on the face of the globular
embryo and several ones on the
surface of tha scutellum. All smbry-
onal cells maintain egual but high
metabolic potential till the embryo
asgumes a radially symmetrical

_ form. Basically the embryonal form

of the gresses 1s identical with
the rest of the monocotyledons. Qurs
ig an attempt to integrate the
hilstechemical turnovers which seem
to condition or control the unfold-
ing of the axis (hypocotyl) as well
as the appendage {cotyledon) in the
grass embryo by localising differe-
nt metabolites or substances during
different stages of embryo develop-
ment and correlate them with morpho-
logical changes.

Observations and conclusion

In an attempt to settle the wide
gulf of the grass embryo, it heral-
és the hasic plan that it has an
axis known as the hypocotyl. On its
one terminal lies the shoot apex
on the other end the radicle. It
bears a solitary senescing lateral
cotyledon. Basically the embryonal
topography of the grasses is iden-
tical with the rest of monocotyle-
dons but its single cotyledon is
functionally divergent like its
leaf., The compact scutellum shields
the embryonal axis leaving orly the
ends of the coleoptile and coleorhi-
za visible. The eubryonal axis
shows leaf primordia enclosed with-
in the coleoptile and & primary
root surrounded by the coleorhiza.
In SEM, it has & boat or shoe-shap-
ed scutellum wrapping the embryo
axls leaving 2 broad mouth towards
the radicle end only. Thils open
platean is guarded by an epiblast,
a palr of auricles and ventral
scales. Thesge appendages even ensh-
eath the inner coleoptile-coleor-
hiza cylinder. Thus embryo axis or
the hypocotyl 1s protected by two
concentric covers or veils-one of
the coleoptile-coleorhiza and the
other of the scutellum. NHeverthless

both are unit extensions anc form a
single lateral cotyledon. This
results further in organised develop-
ment of the embryc and the forwation
of tubelike coleoptiles-coleorhiza
which emerge from the central region
of the cup-shaped scutellum. The
cotyledonary mound enlarges and
ridges and furrows appear &n the
surface of the scutellum radiating
from the surface of the scutellar
node towarcds its periphery. In this
way the peripheral part of the
scutellum becomes lobed, deeply
divided and nodular and forms 3 or

4 outgrowths. Coleoptile is scutellar
in origin. The origin of leaf like
structures is not &t all associated
with a shoot meristew. Future presum-
ptive sites of these outgrowths are
traced to subeplidermal initials of
the scutellum. Thus the grass embryo
has two apertures one is guarded by
auricles and scales end the other by
the coleoptile. The ridges of tissues
are cotyledonary or scutellar. Auri-
cles and scales appear in ontogeny
and develop after the covering of
plumuie by the coleoptile and radicle
by the coleorhiza., The region of
adnation between the scutellar node
and the coleoptilar node is the
mesocotyl. It is the fusion product
of the hypocotyl and the scutellunm.
The attachment or the point of
divergence between the two is an
expanse funning from 0.12 mm to 1 cm.
Coleopiile develops from abgerminal
sector and makes its appearencs as &
circuwlar ring before the shoot apex;
it becomes a part of the cotyledon.
Barly appearance of coleoptiie before
shoot apex formation helps to protect
embryonal shoot apex. Histochemical
tum overs and statistical analyses
for RNA, total proteins and total
nucleic acids in maize reveal that
the develeping latency of all the
constituent cells of octant (m and

g) tiers is nearly the same and the
fascimile of all the cell derivatives
of ca remein exactly alike till the
globular eabryo. The origin oi the
organs cannot be assigned to specific
tiers in the young embryo. The extin-
ction values of {ive metabolites in
four different cells of 1 and 1t
tiers show the coefficient of
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variation of 7.00 for polyssacchari-
des, 10.08 for -SH proteins, 6.38
for BNA, 3.69 for higstones and 5.39
for DNA. Thus the ceils have not
been summoned for different behavi-
cours elither at quadrant or octant
stage. As the development proceeds
the stain intensity (e. vailuesg) for
INA and hlstones in the derivatives
of c& rises and reaches its peak
values. at the elongated and ixden-
ted embryo, the extinction values
decline. The guantitatlve evidence
from the extinction values, content
per cell and concéntration per unit
area of INA and histones, procfiie
of the procambial strands, origin
of the organelles oif the cotyledon
point to a positive correlation

(r = + 0.68). INA/Mistone ratio
remaing fairly constant. Its steep
rise runs parallel and an intense
reducing condition prevails in the
suspensor cells till the embryo is
globular. In fact ascorbic acid and
-SH protelns are mximum at this
stage. The globular stage does not
inherit elther any baslic cytoplasmic
variance or ultra-gtructural diver-
eity to merit uneven potential of
all the cells. In this light absence
of difrerential detection of genetic
as well as labile cellular molecules
imprint egual but high physiclogical
potency till the first depression
appears. 1t separates the axial
hypocotylar unit from the lateral
cotyledonary unit. Two locl of the
growing reglons viz. hypecotyl and
cotyledon lie in the intericr of
the radially symmetrical embryo and
not at its distal end. Lstimetions
of ascorbic acid, -SH proteins and
total nucleic acids reach its pedk
values at the globular embryo in
rice, ragi and oat and subseyuently
decline at first Indentation or
inlet. Glcbular embryc cccCupies &
transitory but conclusive place bet-
ween pro- and adult embryonic stages.
It shows two faces -1 germinal or
gxial and 2. apgerminal or cotylar.
The level of ascorbic &cid and non-
histone chromoscuwsl proteing (NHCP)
remain low on the abgerasinal face
than the germinal one. Differentiati-
on in tkhe glcobular embryc is express-
ed by two primary and several secon-
dary successlve indentations. (Cyto-
photometric analysis of ENA, histones
and DNA in 6 embryonal regions of
mature embryos is Sorghum bicolor
and Zes pays shows that scuisellum,
mesocotyl, coleoptile and colecrhiza
possess higher cell area and nuclear

volume as compared to that of plumule
and radicle. In both the plants
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plumule and radicle have higher
concentrations of RNA, DNA and
histones as compared to that of the
cotyledonary regions indicating a
high metabolic turnover in these
growing apiees. while scutellum,
coleoptile, coleorhiza and mesocotyl
posgaess higher content per gell/
nucleus of DNA, histone and RNA. The
mesocotyl occupies an intermediary
position between the cotyledon and
embryo axis. Extinctlon values for
DNA are higher in the scutellum of
Zea ag well as Sorghum as coumpared
to the rest of the regions probably
indicating higher ploidy level in
this storage sink of the cotyledon.
E. values for histones are also
higher in this region in both Zea
and Sorghum suggesting the senescing
fate of the scutellum. The concen-
trations of INA in the plumule and
radicle are 2-8 times higher than
the cotyledonary region in Zea and

1 to 3 times higher in Sorghum.
Howevér content per cell shows a
reverse trend the cotyledonary regi-
ons portraying 9-10 times higher
values in Ze2 and 3-% times wmore in
Sorghum. There is a gradual diminution
In the free and bound (ASG) ascorbic
acid (AA) from 2% to 72 hr in all

the regions ¢of the embryo. There is

a decrease in the AAU from 24 to 48
hr in the ccleorhiza, radicle and
plumule while it increases in the
scutellum and coleoptile. RNA,proteis,
ascorbic acid and -8H and -88 contai-

ning proteins exhibit wide fluctusti-
- ong in embryonal tissues embarking

on differentiation. Histone level
remains higher in the cotyledonary
reglons than in the radicle and
plumule. RENA, protein and total
nucleic aclds increase manifold in
the plumule and radicle than the
cotyledonary regions depicting high
metabolic turn over. The estimation
of coefficients of correlations
elucidate that proteins have signi-
ficant and positive correlations
with significant and positive corre-

" lations with eight metabolites out

of the nine studied such as INA

(r = + 0.34%) BNA (T = + 0.47), total
nugleic acids (r = + 0.54%), basic

(r =+ 0.29), acidie (r + 0.47},

=50 and -8S containing proteins

{ = + 0.73) and insoluble polysaccha-
rides (r = + 0.43), indicating its
intense »ole in growth and differen.
tiation of the germinating embryo.
Only ascorbic acid 4id not reveal
any significant correlation with
proteins (r = + 0.05}. Proteins
containing -8H and ~SS groups are



highly significant and show pogitive
correlations with DNA (r = + 0.59),
RNA (r = + 0.52), total nucleic
acids (r = + 0.63), acidic proteins
(r = + €.95) and total proteins

{r =+ 0.73). Ascorbic acid displa-
ys significant positive correléation
with DNA (r = + 0.47) and insoluble
polysaccharides (r = + 0.40) but a
negative correlation (r = - 0.26)
with acidic proteins. The colsest
correlations of HNA are with total
nucleic acids (r = + 0.92), total
proteing (r = + 0.4%7), acidic
proteins (r = + 0.72) and -8H ana
-5 groups (r = + 0.52)., Thus it

is the tot&l1 proteins rollowed by
total nucleic acids having méximum
correlations with wmost of the
macromelecules followed by -SH and
-38 groups, acidic proteins, RNA
and insoluble polysaccharides,
which occupy the next positions.
While DNA and ascorblc acid are
highly selective in thelr correlati-
ons wilth the rest of the metabolit-
es.

Changes in the levels of BRNA and
proteing Indicate that cells of the
apical meristems and leaf primordia
have a high concentration of neta-
bolites as compared to those of
scutellar extengions. Moreover the
mature embryo of mohocotyledons the
embryonal axis shows & prolfound
staining Intensity of RHA, DNA,
proteins but they lack starch grains
while scutellum &nd its annexures
evince & feeble staining reaction
but their cells are studded with
starch grains. The scutellum and
its organells however, contain the
major gusntum o these metabulites.
Large starch grain in plenty a few
fairly conspicuous fat droplets and
meny small peripherally positioned
protenaceous granules constitute
the major storage products. The
amount of DNA and histones points
to a positive correlation (r = +
0.8)Y in the expance of the cotyle-
don. Aclidic proteins in Sgrshum
coty ledanary regions showed signi-
ficant and posgitive correlations

"xtinction values of Substances in four fertile cells

DNA Histones
Tirst cell of the tier 1 0.066 0.266
Second cell of the tier 1! 0. 0643 0,28
Third cell of 1 0.0703 0.£8
Fourth cell of 1 0.073 0.29
Standard deviation 20.0037 +0.0103
Coefficient of variation .39 3.65

Hi

with total proteins (r 0.77)

total nucleic acids (r 0.9},

BMA (r = 0.72} and -8H and 55
proteins (r = 0.56) all significant
above 99 %. However, there is no
correlation found between INA and
acldic protelns indicating that the
synthesisg of acidic proteins is not
conscnant with that of INA uptc

the end of embryogeny, the plumule
radicle poles have a high level of
ascorbic acid. Bul &s scon as the
axils 1s organised there 1s & surge
of AA towards the scutelium. Proba-
bly this depletlon of AA from the
axis and 1ts transfer to scutellun
and pile of the bhasic proteins are
responsglble acts leading to dormancy
while the reverse 1s the behavior

of histones and &scorbic acid in
Rhizophora ~ a viviparous plant.
Dirferentiation of the hypocotyl 1s
marked by the rirst and second
indentations carring its distal and
proximgl terwinals regpectively
albng with a part of the cotyledon.
The presuaptive site of the cotyledon
brings avout & change in the syumueiry
of the embryc from radisl to bilate-
ral. As a resull two organogenic
centres are discerned. & longisecti-
on passing through these two sectors
imprint certain his tochiemical diffe-
rences too. (ne halfl of the globular
enbryo eonsists of many large cells,
less basicchromatic as compared to
the plumular halfl which are smaller
in area but richly pyroninophylic.
Turther initially cells of the
cotyladonar part are nore active
with respect to mitotic divisions,
witere as 1ts compleméntary half shows
little mitotic activity. The early
divisions in the plumular half are
anticlinal where as the cotyledonary
cells divide in irregular planes to
form a massive cotyledon. Thus the
above data does not support either
Hansteinian-foueges nor Swamy-
Hacclus Scticols on the organography
of the embryo In =onocotyledons,
Histochemical stainling reactions
manif egst the ontogenstic howmogeneity
agong diirferent extensions of the
scutelium.

of the grass octant embryc

RHNA ) Total proteins -SH and 88 proteins
0.097 0.0706 0,095
0.098 50810 0.092
0.097 a.07¢ 0.080
0,084 0.0 0.07%
+0.006 20.004%9 +0.008
6.38 6.30 10.07

all the four cells have an identicel developmental potential
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DNA MEASUREMENTS IN THE GHALAZAL PROLIFERATING CELLS OF CAPSELLA BURSA-PASTORIS (L..) MEDIC)

L. Viegi, G. Cela Renzoni

Department of Botanic 8ciences, University, Pisa, Italy

Summarz

DNA content in chalazal proliferating cells
of Capsella has been studied. Cytophotometric
measurements showed some degree of endopoly-
ploidy in all embryo developmental stages.

A hypothetical role for this tissue is con-
sidered in relation to embryo nutritien. Its
probable function as a substitute for the
antipodals is discussed.

Introduction

Previous studies of chalazdl proliferating
tissue in Capsella {Pollock & Jensen, 1967;
Schulz & Jensen, 1971) have clarified its
origin and development. In order to find
out more exaclty what role is played by this
tissue, we have measured cytophotometrically
the DNA content in the nuclei of the cells,
already hypothetically attributed polyploid.

Resuits and discussion

Chalazal cellular populations examined in

the globular (§), early heart-shaped (Ci) ang

heart—shaped (C) embryo stages are thus di-

stributed in the following zones, with diffe-

rent DNA values (fig., 1):

A, distal (with respect to the embryo-sac):
2-12cin G and €Ci; 2-8¢ in C

B, intermediate: 4-24c in G and Ci; 2-16¢c in C

C, proximal: variable DNA values

The degree of ploidy in the cells has been
calculated in relation to values 2c and 4c of
the embryo cells.

Endopolyploidy, particularly evident in B,
confirms the activity of the chalazal proli-
ferating tissue in the earliest stages of em-
bryo develepment and its rapid degeneration.

As discussed by Pollock & Jensen (1967),
Schulz & Jemsen {1971} this structure may
hypothetically be attributed a role in the
differentiation of the central cell and deve-
loping endosperm, with both of which It has
a close plasmatic relationship.

(*
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Pig. 1. DNA centents (arbitrary wnits) in
different zones of the chalazal prolifera-—
ting tissue, at various embryo stages.

G stage

A B C

10 I
5
B

24 B 12

Ci stags

+o ~ew3cz

e—nc=

12 16 20 24

(1]

stage

24 8 24 @ 12 186 20 z4 4 g 12 16 20 24
DNA content

The very limited synthetic activity of the
antipodals in this species and their brief
duration strongly support the teory that cha
lazal proliferating cells may be a substitute
structure,
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RESPIRATION RATE OF THE EMBRYO IN ITS NATURAL ENVIRONMENT IN VITRO

M. Ryczkowski

Ingtitute of Molecular Biology, Cracow, Poland

Summary

Respiration rate (Q0y of the embryo
(Haemanthus Katharinae, Aesculus hyb-
rida)inside the intact ovule, and in
the central vacucle sap respectively
ig strongly restricted in vitro and
in vive. It has been suggested that
mzin function in the QCp of the em-
bryo and endosverm in intact ovule in
vitre and in vivo 1s accomplished by
‘pentose cycle. After preparation the
coat, embryo and endosperm tissue
from the ovule the glicolitic sequence
pathway and tricarboxylic acid cycle
is mainly used by these tigaues in
vitro.

Keywords: A. hybrida, H. Katharinae,
embryo, ovule, respiration rate = Q0p
central vacuole sap = sap.

Introduction

There are only few papers(lutter et
al.,1952;Stanley, 1957 Forman, Jensen,
1965; Johri, Maheshwari, 1966; Rycz-
kowski, 1976; Ryczkowski, Szewczyk,
1978} containing the results on QO0s
of the developing embryo, endesperm,
ccat and ovule in higher plants in
vitro.

These results and conclusions con-
cerning the biochemiecal and energetic
aspect of the embryo, endosperm and
ovule in vitro Q0p are not concordant.

The main aim of the perfcrmed meas-
urments of the embryo QCp was to get
some complementary data concerning
its QOp inside the ovule in vitro and
indirectly in vivo. This paper pre~
sents the results concerning: 1.Q0z
of an ovule containing the embryo,and
an ovule without it of the same age
as the previous one, 2.Q07 of an o=~
vule containing the embryo,and the em-
bryo of the same age as the ovule with
the embryo, 3.Q02 of the eambryo placed
in the central vacuole sap i.e. in
its natural enviromment in vitro.

Material and methods

Ovules of Haemahthus Katharinase Bak.
{cf the age 132-150 days after the pe-
rianth wilted, stationary phase of
growth) ,and embryos of Aesculus hyb-
rida D.C.{A.octandra x A.pavia, expo-
nential phase of growth)were uged as
experimental material collected be-

tween 8 and 9 a.m.,The number of days
counted from the day the perianth wil-
ted to the day of sampling and the
dimensions of embryos (H.Katharinae)or
else the dimensions of embryos A.hyb-
rida) only were the adopted criteria

cf their development. It should be no-
ticed that plants of H.Katharinae pro=-
duced a small number of evules of nor-
mal dimensions btut without embryos.

The procedure cof measuring the di-
mensions of embryos was described in
paper (Ryczkowski, 1962b),and the te-
chnigue of the sap collection in paper
(Ryczkowski, 1962a}. Before use the
coilected sap was filtered through a
Schott 1163 filter.

Q0; of the ovules and embryocz was
determined by means of Warburg appar-
atus at 25° & 0,2° C in darkness. Q0p
measurements of H.Katharinee ovules
or embryos were performed in moist
atmoasphere{Ryczkowski, 1976).

Meagurements of QC,; of A.hybrida em-
bryos were carried out in two differ-
ent enviromments: a.moist atmosphere~
main compariment of the manometiric
vessel type - WA 0110 contained 10 ml
of distililed water, and its side arm
0,5 ml of 20% KOH, embryos were placed
on a plastic perforated plate above
the water, b.sap - main compartment
¢f the manometric vessel contained 10
mi of the sap and embryos, and its
side arm 0,5 m} of 20% KOH.

The vessels were equilibrated for

20 min,,and pressure changes recorded

every 5 or 10 min, dependent on embryo
dimensicns for one hour.

After Q0o measurements the ovules
and embrycs were weighted to deter-
mine their fresh weight. Before that
A hibrida embryos were washed in dis-
tilled water and dryed with a pice of
wood=-wool,

The results presented in Tables 1,2
and 3 are mean values of 2-3 meas-
urements of QO0o, and are expreased in
mg CO0s/h/cvule respect. embryo, and
in mg COs/h/g fresh wt.

Results

H.Katharinae. QOp(mg COp/hfovule)of
the ovule with and withou% embryo at
age 135 ~ 150 day-old lay within the
1imitsV0,0179 - 0,0329 mg CO, respect.
(Table 1) .The QOg%}fference etween
these ovules (of the same age) were.
V0,0206 - 0,0366 and
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Tatle 1. H.Katharinae. Q0s of the ovule with embryo, and the ovule without it

(the same age) in moist atmosphere; + higher QU, the ovule with embryo; « higher
QG2 the ovule without embryo.
Age Presh wt. g QCp in mg COCp/h
days 1 ovule per owvule ver g fresh wt.
with without with without differenee with without difference
embryc embryo embryo embryo embryo embryc
135 0,4372<C0,4583 0,0206>0,0179 0,0027+ 0,0462>>0,03%91 0,0071+
135  0,64407 0,6432 0,0366>0,0329 00,0037+ 0,0569=>0,0511 0, 0058+
150 ©,4875> 0,4007 0,0297>0,0270 0,0027+ 0,0610=<0,06T4 0, 0064~

Table 2. H,Katharinae. Q0 of the ovule with embryo, and embryo (the same age

as the cvule with embrye) in moist atmoaphere.

Age Dimensions Fresh wt. g Q0> in mg ¢€Oz/h

days of embryos ovule embryo per ovule per embryo per g fresh wt.
in mme ovule embryo

132 9,9x2,8 0,4962 0,0343 0,0215 0, 0054 00,0432 G, 1587

135 @9,8x2,6 0,5166 0,0321  C,0211 ¢, 0058 0,0408 0, 1832

142 9,6x2,6 c,4761 0,0308 00,0186 0,0046 0,0390 0, 1465

within the range 0,0027-0,0037 mg COj.
Q02 (mg Coz/hﬁg fresh wt.) of the o-
vule with embryo at the age 135-150
day-cld lay within the limits 0,0462-
0,060 mg C0p, and this value of the
ovule without embryoc was within the

‘Dimensions Fresh

/
Taple 3, A. hybrida. Q0 of the deve-
loping embryo in the central wvacuole
sap and in moist atmogphere.

QC» in mg COs/h

f embrycs wi.g 1 per  embryo
range 0,0391-0,0674 mg GOy (Table 1). o -
Differences in the Q0p befween both in mm embryo  sap  moist atm.
types of ovules lay within the limits
0,0058-0,0071 mg CO,/h/g frosh wi. 120122, 5929 g'gggg :ig:gi;g

The Q0 (mg COp/h/embryo) of 132142 ,n'5.8%g 47455 010492 <0, 0957
day-old embryos was within the limits 20,1%8,0 0,201 0,0687 <<0,1230
0,0046-0,C058 ng 0y, and constituiled 25:1x8:6 0:272 0:0454 <:O:1631
O O (oap1 05y OF The oVUles & 555x10,7 0,566  0,0744 <0,2477
e O Y e (a0 n/ N 30, %10,7 ' 0,509  0,0732 <<0,1161

Q0p of ‘the embryo(mg 00p/n/g fres 34.8%14,6 1,123 01310 <<0,4680
wt.) was within the range 0,1465- '

0, 1832 mg (0> and was 3,7-4,5 times
higher than this value egtablished
for the ovule with embryo (Table 2).

A.hybrida. Q0, (mg COz/h/embryc)jof
the developing embryo placed in the
sap or moist atmosphere increased
irreglariy from 0,0285 to 0,1310 and
from 0,0514 to 0,4680 mg CO0, respect-
ively tTable 3)

Q02 of the embryc{mg COp/h/g fresh
wi.)placed in the sap or in the moist
atmosphere decreased from 0,4814 %o
0,1160, and from 0,8684 to 0,4146 mg
CC,, respectively (results not placed
in“Table 3).

Discussion

Baging upon the obtained results,
concerning the Q0, of the embryo of
different age in its natural environ-
ment i.e. ingside the ovuie or in the
sap, and in moist atmosphere, the
following facts wer established :
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1,Difference between the Q0-s of the
ovule with embryc and Q0s of the ovule
without it(H.Katharinae, independent
on their age, and small difference in
their weight)lies within the range of
biological variability and methodical
errors. 2,The 405 of the embryo(H.
Katharinae} consfitutes about cohe
fourth of the QO0; of the ovule with
embryo in vitre, in the moist atmes-
there. 3.The 00, of the embryos(both
species, molist atmosphere) in vitre is
much higher than that of these embryos
in their natural envirorments in
vitre (Table 1,2,3)i.e. in the ovule

or in the sap. 4.The Q0, of the 4.
hybrida embryos are 1,8-3%,6 times low-
er in tEe sap than in moist atmos-
phere (*able 3). Hence, it results
that Q0, of the embryos (both species)
is strengly restricted in the ovule

in vitro and in vivo. This conclusion



is in agreement with the very low ¢x-
gen tension inside the ovule (Ryczkow-
ski, 1973), and unpublished data and
itas anatomy (Netolitzky, 1926).

On the btasis of literature data
(Ferman, Jensen, 1965; Johri, Mahesh-
wari, 1966; Kolioffel, 1970) and the
author’s previous results(Ryczkowski,
1976; Ryczkowski, Szewczyk, 1978),
and present investigations on the QO
of the ovule, coat, endesperm tissue
and embryo it should be taken into
account that these tissues are potent-
ially capadle of respiring by: a. gli-
coiitic sequence pathway and tricarbo-
xylic acid cycle, b. direct oxydation
of sugars - peniose c¢yecle, and c¢. gli-
colitic seguence and anaercbic respi-
ration.

It seems that the main function in
the respiration rate of the endosperm
tissue and embryo in intact ovule, in
vivo and in vitro is accomplished
by the pentose cycle (Barnet et al.,
195%; Gibbs, Beevers, 1955; Wager,
1983) , Moat probably it occurs in big
ovules (H.Katharinae, A.hibrida)in
which oxygen penetration inside the
ovule is strongly restricted(Ryczkow-
ski, 1973%; Rycszkowski, Szewezyk, 1978.

On the other hand after isolaiting
the coat, endoaperm tissue, and embryo
from the ovule, and in dependence on
its dimensions and anathomy, these
tissues, organs respire in an aerobic
way = glicolitic meguence pathway and
tricarboxylic acid cycle{Stanley,1957;
Forman, Jensen, 1965; Johri, Mahesh-
wari, 1966). This suggestion is also
confirmed by a distinct increse of
QOE of these tissues after their pre-
paration in compariscn with the QOC
of an intact ovule (Ryczkowski, 19%6;
Ryczkowski, Sgzewczyk, 1978).

In the case of the ovule with green
embryos capable of photosynthesis in
vitre (Ryczkowski, Szewcazyk, 1975)and
probably in vivo too, the oxygen from
this procces could be used in gitu in
the procces of embryo and endosperm
tigsue respiration. This fact makes
the problem of respiration of these
tissues in intact ovule still more
obscure,

Anaerobic respiration of the embryc
and endogperm tissue in intact ovule
in vivo and in vitro seems improbable
btut not exclude at a determined deve~
lopmental stage.
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ELEMENT CONCENTRATIONS IN THE SAP SURROUNDING THE DEVELOPING EMBRYO

1
M. Ryczkowski, A. Kowalska and W. Reczyrski

Institute of Molecular Biology, Cracow, Poland 1
Laberatory of Physicochemical Analysis and Structural Ressarch, Cracow, Poland

Introduction

In recent literature there is a lack
of quantitative investigations on ele-
ments in the ¢vule during embryogenes-
is{Maheshwari, 1963; wardlaw, 1965).

The present abstract contains the
results of element determina-tions in
the central vacuole sap(= sap)carried
out with the aim to esitablish: a. the
mumber of elements occurring in the
sap, b. their concentrations and
changes during embryogenesis.

Material and method

Ovules of Aesculus hybrida D.C.(A.
octandra x A. pavia)were used as ex-
perimental material., The dimensjcns
of embryos were the adopted criteria
of their age. The procedure of measur-
ing embryos was described in previous
paper (Ryczkowski, 1962b)and the tech-
nigue of the sap collection in paper
(Rycskowski, 1962a).

Spectrophotometer Perkin~Elmer Model
50% (AAS - methed) was used for determi-
nation of K,Csa,Mg,Mn,Fe, Zn in air-
acetylene flame (standard conditiom),
and HGAT4 Graphite Furnance for Cu.

Results and discussion

It was established: a.Concentrations
of K,Ca and Mg were distincly higher
in the sap than concentrations of Fe,
Mn,Zn and Cu (Table) . b.The lowest con-
centration was characteristic of Cu
(Table). c.Total concentration of E+Ca
and Mg+Fe+Mnt+Zn+(u respectively,
ehanged during the embryo development.
At the begining of embryo differentia-

Table, A.hybrida. Element concentrations

tiorn there was a small increase in
these concentration, and during furth-
er develcpment these concentrations
decreased. These changes are In agree-
ment with changes of osmotic value of
the sap (Ryczkowski, 1962a). d.The ele-
ments occurring in the sap were used
up by the developing embryo. This con~
clusion is concordant with two facts:
decreaze of these elements in the sap,
and ocecurrence of the same elements
in the embryo (preliminary investigat-
ions).

The occurrence of elements in the
sap ¥s in aggreement with literature
data’ (Tammes, 1959) .
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in the sap surrounding the embryo.

Enbryoc mm K Ca &K ¢Ca Mg Fe Mn Cu Zn 2 Mg Fe Mn
Dimensions  mg/em? P ng/om? Cu Zn

c,87x0,54 3,20 1,27 4,47 113,00 8,17 3,4C 0,080 3,35 128,00
1,23x0,53 3,20 1,35 4,55 125,00 7,40 3,15 0,150 3,36 139,06
3,80x2,00 3,50 1,43 4,93 125,00 6,00 2,40 0,050 2,90 136,35
4,70x2,1G 3,20 1,33 4,53 108,00 7,75 2,90 0,160 3,43 122,24
16,10x5,40 3,00 1,15 4,15 88,00 7,65 2,53 0,150 2,53 100,86
25,30x9,7C 3,20 1,10 4,3¢ 115,00 4,40 1,90 0,125 2,30 125,73
28,10x14,0 2,45 1,00 3,45 80,00 6,45 2,63 0,095 1,55 90,73
39,90x19,2 1,50 1,10 2,60 100,00 3,20 1,60 ¢,080 0,30 105,78
5.D. 0,30 0,28 11,48 0,15 0,75 0,008 0,55
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HYBRIDIZATION BETWEEN PINUS NIGRA AND PINUS SYLVESTRIS AND MORPHOLOGY OF CHROMOSOMES

i. Borzan

Faculty of Forestry, Department of Forest Genetics and Dendrology, Zagreb, Yugoslavia

Summary
The karyotypes of parent trees Pinusnigra Arn.

(tree nl 221} and P, sylvestrisL. (tree sy 77)
have been compared with the karyotype of gybrld
tree P.x nigrosylvisVid. (treenisy 410}, The
differences of chromosome total and arm lengths,
as well as the centromeric position between pa-
rent trees are lessexpressed than the differen-

ces of the same paterns between each of the
parent trees when compared to the hybrid.

Introduction

One of the sixverifled hybrid trees P. x nigro-
sylvis (the tree nlsy410), grown since 1968, was
used toget the karyotype for the comparisonwlth
the karyotypes of parent treesP. nigra (tree ni
221) andP. sylvestris (tree sy77}. Borzanpre-
sented karyotypesof these parent trees in1981,

Work method, results and discussion

18 suitable cells of the endosperm In deve=
lopment wereused for working out the karyotype
of the hybrid treenisy 410, A1l of the cells have
originated fromone ovuleonly, I,e. the same
slide made byFeulgen squashmethod {Darlington
& LaCour, 1962).in 1981, Borzan described ka-
ryotype analysis and data processing. The com~
parison of numerical karyotypevalues of trees
ni 221, sy 77 and nisy 410 was done using t-test
on a computer,

Table 1, Hybrid tree nisy 410 numerical karyotype values.

¢ ¢ Relative chromescme lengths Arm Centromeric
Total Shert arm Long arm ratic  index
S+ L s L 5/L 1008/8+L
1 125.286 58,87 55.39 .917 47.80
(7.97) (4.24) (4.73)  (.056) (1.58)
pp 116.32 55.30 61.02 L8911 47.59
{5,167 {2,262 {5,572 (.6707 {1.99;
IIT 111,94 52,51 59,43 .889 46.95
{(3.62) {2.60) (4.20) (.087) {2.57)
v 108,40 51,60 556,80 .911 B7.59
(3.05) (2.9 (z.703 (.078) (2.22)
v 105.47 50.93 Su, 54 .835 48,30
(2.8%) (1.56) (1.97) (.037) (1.0%1)
VT 102.25 49,138 53.07 .825 L8.1%2
(2.51) (1.87) (2.3%)  (.061) {1.70)
Vi1 99,03 45.67 52.36 L8997 §7.13
(Z.60) (3.21) {3.28} (.1Q%) (3,107
YITI 96,71 u5.27 51.u5 .B35 LE.81
{3,06) {2.90) {3.28) (.100) (2.83}
e 93.50 43.92 43,569 .888 46.97
(3,193 (2.18) (2,443 (.062) (1,80)
X 87.83 40,74 47.04 . 8587 4g.33
{4.98) (4,14) (1.75)  (.087) (z.67)
XTI 81.47 38,05 43,42 .BB2 48,74
(5.39) (2.93) (3.88) (.087) {2.55)
XII 71.89 28.,uu 43,36 .EB3 39.%1
{6.01) {4.6u) (u.368) (.134) (4.83)

From the standpointof incompatibillty, it Is
interesting that P.nigra xP sylvestrishybrids
have been produced, butnot viceversa. With2@
year experience in crossing these twospecies, it
seems that differentmethods inovercomming the
incompatibility canonly increase the number of
seeds, that can, In small numbers be produced wi-

thout Irradiation, mentor or other pollen treat-

ments, for theP. nigrax P, sylvestris combination.

Figure 1, The idicgram of the hybrid tree nisy 410,

H

nisy 41§

v v Vi Vi vl X X X XN

On thecontrary theP. sylvestrisx P. nigra cros-
sing seems to be completely Incompatible. Back
crosses of the P.x nigrosylvis hybrids,withboth
parent specles,are easy to do, and the number of
fertile seeds per cone is the same as after intra-
specific hybridization. From this paint of view,
the resultsof karyotypeanalysis of individual
trees hi 221, sy 77 and their progeny nisy 10 are
interesting. In conclusion, the differences of

Table 2. Results of tested differences between imwestigated trees.

Tested dif- Total Short Long Arm Certromeric
ferences be- cliromosome arm arm ratios I 8
tueen trees lengths lengths Jengths S/L 1005/8+L
ni 221 No signif, HNo sign. * No sign. Mo signif.
wT differences differ. . ¢ aiffer. differences
i LI N a4 * o _kdkk

——%n—gis 340 ﬁfglg’ﬁf‘s viat ™ ok vy XI

i & * kiR Wk RAK
S vor* Gt V™ e

Ik
*Significant differerces at 5% level; ' 1% level; © 0.1% level.

chromoscme morphelogy patterns between parent
trees are lessexpressed than the differences of
the same patterns betweeneach of the parent trees
when compared to the hybrid.lt Is interesting that
the chromaosome X1 of the progenynisy 410 §s not
submatacentric¢, accarding to Saylor~s (1961) de-
finltion.This is why the differences between that
chromosome compared to the chromosome X1 of the
parent trees aresignificant. To understand these
results it is worthstressing the heterozygosity
existing Inboth parental pine trees, large pos-
sible variabilityof the gamets forming the nisy
410 zygote, as wel) as the fact that the endosper-
mal nisy410 tissugused towork out the karyotyps,
has been daveloped after the meiosis took place.
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IN VITRO EMBRYOGENESIS OF FLAX

A. Pretovéd

{ LINUM USTTATISSIMUM )

Institute of Experimental Riology and Icology of Slovak Academy of Sciences,

Bratislava, Czechoslovakia

Summary

Embryos of flax can be cultivated
in vitro begining with their globu-
lar stage { the first critical sta-
ge ). After initial enlergement of
both length and widih, cotyledcns
started to differentiate. Width is
moere increasing than the length, The
globular embryoc reaches the second
critical stage on the 8+h - 1Cth day
of ecultivation. The widened globular
stage is reaching the second criti-
cal point on 6th - 8th day and the
heart stage embryo attains the second
critical stage slready on 2nd - 6th
day, or the embryoc immedistely passes
intc the expuonential growth. Kinetin
added into the cultivation medium
promoteg the transition of the emb-
ryos into the second critical stage.

Introduction

The method of embryo cultivation
in vitro became a very effective
me thod for plant breeding. This pa-
per studies completing of embryoge-
nesis in vitro, mainly under the ef-
fect of kinetin.

Material and Methods

For our experiments embryos of flax
{ Linum usitatissimum L. c¢v. Viera )
were used. The method waes described
in details in our previous paper
( Pretova, 1983 ). To the basic Mon-
nier “s medium ( Mopnier, 1978 ) we
addeg4kinetin in_goncentrations_gf
5.10 7 mel, 5.10 T mol and 5.10 Tmol.

Regults and Discusgion

In the process of flax embryogene-
gis in vitro, some differences were
observed in embryc development in
dependence on the atage in which the
gmbryos were excised ? Pretovd, 1983).
When kinetin was added to the culti-
vation medium in concentrations desc-
rited above, & promotion of the emb-
ryo development, of growth of emb-
ryos and of the finishing of their
embryogenesis was observed. Pogtemb-
ryonal development - the germination
of embryos and the growth of seed-
lings were stimulated, too., The grea-
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test stimulation effect was gpserved
at the concentration of 5.10 ~ mol of
kinetjn. Kinetin in concentration of
5.10 mcl caused unorganised growth
and cellus formation. Kinetin , paink
1y in the concentration of 5.10 “mol,
apeeded up reaching of the second
eritical stage ( in an average 2 - 3
daya earlier than the control embryos)
in vitro.

Kinetin was also increaging the
percentage of embryos completing
their embryonal development. At the
globular atage 1% was increased from
20 % to 35 - 40 %. At the excised
mere preceeded embryos this percenta-
ge increased from 60 % to 85 %.

The, stimulative effect of kinetin
on-the development of excised emb-
ryos is perhaps due to the ability
of kinetin to stimulate cytokinesis
( £61%er et al. 1962, Ioffe & Zhukova,
1965). This cen be slsoc in a connec-—
tion with the confirmed stimulation
of protecsynthesis ( Kldmbt, 1976).

It seems that kinetin, in & sul-
table concentration, can be used for
gpeeding up the in vitro embryogene-
sis of flax embryos.
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DIRECT SOMATIC EMBRYOGENESIS FOR RAPID GENOTYPE PROPAGATION
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Summary

By direect somatic embryocgenesis in vitro a
clone of aseptic plantlets can be raised
from a single ilmmature zygetic embryo of
Trifolium repens {white clover) within about
six weeks from pollination. Somatie
embryoids arise directly from superficial
cells of the hypocotyl with no viasible
cgllus phase. Similar systems for direct
primary somatic embryogenesis have also been
developed for T, pratense (red clover), T.
resupinatum (Persian or annual strawberry
c¢lover), Medicago sativa (alfalfa), Lotus
corniculatus (birdsfoot trefoil) and
Brassica catpestris (oilseed rape). In
addition, secondary cycles of direct somatic
embryogenesis on subcultured embryolds have
also been achieved for T. repens and B,
campestris,

Introduction

We are developing methods for propagation
by direct somatic embryogenesis or direct
multiple shoot formation on immature zygotic
embryos, with the aims:

1. to minimise culture-induced variation by
aveiding cellular destabilizatien;

2. to develop simple, rapid, space-
efficient propagaticn techniques which ean
be applied as early in the 1iife cycle as
possible;

3. te develop continucus embryogenic
cultures with potential for mechanized
propagation and harvesting.

In outbreeding self-incompatible species
such as Trifelium repens and Brassica
campestris, natural populations are normally
highly heterozygous and variable.
Consequently, individual seeds, even from
the same plant, tend to vary widely in
genctype. Although many perennial species
such as T. repens can be propagated by
cuttings, this procedure is slow and cannct
provide aseptic material equivalent to
3eedlings. For annuals such as a number of
B. campestris varieties, propagation by
cuttings may be extremely difficult,
Furthermore, when seif-incompatible annual
plants are artificially self-pollinated to
generate homozygous inbred stocks, these
lines must normally be maintained by
artificial manipulations such as bud
pollination,

Rapid propagation in tissue culture offers

a potentially convenient technique for
multiplying selected genotypes of
outbreeding species and bypassing sexual
reproduction with itz attendant genetie
recombinaticn. Since cellular
destabilization (Meins 1983) in callus and
suspension cultures is now well known to
resylt in genetic and cytological
alterations ("somaelonal® variation, Larkin
et al. 1984), pathways of morphogenesls such
as direct somatic embrycgenesis and multiple
shoot induetion which show no gross
de-differentiation, are more likely to give
true cleonal regenerants. Here we report on
systems for somatic embryogenesis from
zygotic embryos.

Results and Discussion 7

Immature zygotic embryos were dissected
from surface-sterilized pods at the
"gorpedo” stage (ecotyledons initiated,
embryo filling 1/2 - 2/3 embryo sac). This
stage showed a marked proliferative response
to appropriate hormone treatments, Embryos
were placed on nutrient medium in sealed
Petri dishes and incubated at 22% ip
continuous light.

Primary somatic embryogenesis was achieved
on the media:

T. repens ) EC6 (Maheswaran & Willlams
T. pratense ) 1984} with Lgl™!

T, resupinatum ) yeast extract plus 0.05
M. sativa y mgi~! BAP

L. corniculatus EC6 (without YE) plus

1-2 mgl™' BAP
( BS (Gamborg et al. 1968)
( plus 0.0% mgl“1 BAP; or
( modified SH
B. campestris ( {Bhattacharya & Sen 1980)
o { plus, 1gl”) YE, 0.022
( mgi™' 2,4-D ané 0.00216
(mgl'1 kinetin

Secondary direct embryogenesis ftom
subcultured primary embryoids was achieved
on the media:

T. repens EC6 with 0.25-1,0 gl-1 YE

plus 2 mgl- BAP
BS with 2% sucrose, noc
hormoheas.

Primary and secondary embryolds of all
species were readily separated and rooted on
the corresponding media without hormones,
before transfer to soil.

In T. repens the origin of primary
embryocids was examined by scamning electron
microscopy and light mieroscopy of secticned

B, campestris
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material, Embryoids arose:superfiecially by
proliferation of one or a few hypocotyl
epidermal cells, without attachment to the
vascular system of the parent embryo.

The uniformity of regenerants has not yet
been confirmed. However, if this proves to
be satiafactory, direct domatic
embryogenasis from zygotic embryos may
proevide not only a means for propagation,
but alsc "seedling" clones for multiple
screening in host/pathogen or host/Rhizobium
studies; or experiments where breeding is
combined with destructive sampling. Also,
since embrycids appear to arise from one or
a few cells, direect somatic embrogenesis
after mutagen treatment of immature embryos
in vitro may improve recovery rates of
whole-plant mutations and reduce chimerism
in mutation breeding.
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APPLIED ASPrCTS OF EMERYOLOGY
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Introduction

wo main trends can be digtinguish-
ed in mcdern embryoclogy.The firgh is
the establishing of regularities of
the evoluticnary process and sclubion
of guestions of phylogeny and systema-
tics.The basic method of these investi-
gations gtill remains the comparative-
descriptive method.The second line of
inveatigation is the clearing out the
laws of individual development concer—
ning plant repreduction (sexual, asex-
ual, agamic)which has wide application
in practice,The method of investigabi-
on 18 both comparative~descriptive
and experimental.Both these trends
are clogely connected with each other.
8t111 more significance has acquired
at pregsent the experimental line.(ne
of the tasks of experimental embryolo-
gy is to attain some possgibilities of
controlling separate stages of untoge-
nesis,Plant embryoclogy is a necessary
basis for practical lavestigations
concerning the gquestions of plant re-
production.At present we can ccncrete-—
1y determine some trends in works on
selecticn and plant genetics which ure
gently demand knowledge of embryology
and application of some cyboembryolc-—
glcal methods.Some directions and me-
thods will be considered in detail.

Distant hybrigization

The development of investigations
in the field of comparative and expe-
rimental embryology of wild and cultu-~
red plants made it possible teo consiw
der in a pnew light the possibilities
of control and regulatiocn of proccesacs
of distant hybridization and establish
some causes of non-crossability.There
is one example.Selectionisia abtbempt
tc obtaln hybrids with the participa-
tion of diplcid T.monoccceum L, beca-
use this species of wheat is distin-
guisghed by its high resistability to
many diseases,However, any attempts to
vbtain a creogs of one-grain wheat with
bther species of wheat have bheen!sesl-—
dom suecesful.Investization of normal
embryclegy of wheat in typical represen-—
tatives of the polyploid series(T.mo-
nococecum,T.dicaccun Scrank,T.aestivum
L,){Batygina 1959-1974) was carried cut.
This enabled us to study all embryolo-
gical processes in distant hybridiza~
tion in the genus Triticum,

The analydis of literature and the

i

authors data made possible to estab-
lish a series of common regularities
of development common for the proces-
ses taking place in distant hybridi-
zation.Incompatibility in distan't:
crosses can be expressed in three
stages:t)Interrelationship of the pol-
len and pollen tubke with the tissues
of the pistil.2)The process of ferti-
lization (syngamy and triple fusion),
3)The development of the embryo and
endosperm,

The manifestation of incompatibi-
lity at the following stage is not
always connected with the pieture of
the course of proceszes in the previ-
cus gtage.Por example, a good growth
of the pollen tube does not always
secure the success of fertilizaticn.

Compariscn of tne character cf dis-
turbances of smbryological processes
in distant hybridization with the :
normal ccprse of development enables
us to distinguish twe main types of
disturbances: converted and non-con-
verted.To converted disturbances be-
long such deviaticns which do not
digturb hcmeostasis in the sysfen
pcllen-pollen tube-egy cell-zygobe—
endosperm—-surrounding maternal tissues
of the ovule-the ovary.They are main-
ly connected with slowing down the
tempo of develupment and seldom -
with the acceleration of the whole
correlative intergrated system.

To the non-converted beleng the
disturbances which change correlati-
ons in the develcpment of some or
other structurses,These deviations
pass the limits of self-regulation.
Non-converted disturbances, in their
turny can be divided intov several
groups.1.Digturbances cennected with
the germination of the pollen and the
growth ¢f pollen ftubes.2,Disturbances
connected with an anomalous effusion
of the pollen tube contents into the
enbryo sac cavity and anomalies ccn=-
nected with the disturbances of the
mechanisnm of divergsnce of sperms:
for exgmple, one or several Sperms
are retarded in the synergid, where
they gradually undergo lysis and the
endosperm is not formed.All Gthe sperms
are in the central cell.The egg cell
is not fertilized -~ the embryc is not
formed.3.Disturbances of correlations
at syngamy and triple fusion, the de-
velopment of the embryo and endcsperm.
The character and the degree of expre-

Present address: Laboratory of Embryclogy, Komarov Botanical Institute, Le-

ningrad, USSR

185



sgion of anomalies are different at

different stages cf embryo and endo-
gperm,That is why while working cut
the methods of gelting viable seeds
in inccmpatibhle crosses 1t is impor-
tant to take in mind not oniy the cha-
racter of disturbances, bubt also the
time of thelr expression.In the reci-
procal crossing of cne-~grain(T.mono-
coccum) with hexaploid species (T,ae-
gtivem var,Diamant} the stage of bla-
stomerization in the embryc takes place
without any special disturbances,How-
ever, in direct crossing the embryo
stope its development at the moment
of turning from blastcmerization to
crganogenesis,In reversed{back) cros-
ging the formatlon of ail organs is
usually cbssrved in singularly formed
embryos, and their develcpment passes
without anomglies which are met with
at different stages of development,

In distant hybridization reciprocal
crossings are almost always "effectlve"
in one direction.In the c¢ombinabtions of
crosging discussed, most successful
seema to be the back crossing, that
igy when hexaploid wheat T.sestivum
is used as the maternal organism, as
relatively full grains werse cobtalned.

Thus, embryclogical investigaticn
has shown tuat incompatibility in re-
ciprocal crossing manifests itselfl in
all the three stages discusased abuve,
but the character of disturbances and
the time of their manifestation in
direct and back crossings are different
We have discussed only the morpholo-
gical manifestation of various Jis- .
turbances,.One of the most possible rel-
scng for the disturbances in these
procagses, as can ve seen from vast
literature (Linskens 1959-1983%) are
the pecullaritie~-s of the immunclogi-
cal relationships between the tissues
of the maternal plant, pellen and the
pollen bubes, the hybrid embryo and
the endusperm, which leads to %The dis-
turbances of regulation of develop-
ment both of a separate crgan and the
whole gsystem of structures as a whole,
This gives posgsibllity to genebiclgts
and selectionists to work out certain
approaches and ase different methods,

The culture cof embryos, Autoncnmy

Une of the methods for overcoming
non-crossability in vitrc is the cul-
turing of the embryoc in vitrov.In the
majority of works devoted to embryo
culture, are used mainly the embryos
isclated at relatively late stages of
then development which have passed
dn the maternal orgenism most part
of their development.,
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The culture of embryos at early

stages of embryogenesis is ong of the
most complicated, as well as most im-

portent problem of embryology.

Since 1970 the Laboratory of eambry-
clogy of the Botanical Institute of
the Academy of Sciences has carried
on work on studying the behaviour of
igolated embryos in different species
of flowering plants,Ve have worked
out a system approach, permitting al-
rsady toeday, to manage some morphoge-
netle processes.

The problem of independence of the
embryo was dlscussedrin literatuore.
However, the authorag' solution has
been one-sided,The dependence of the
embryo from the mabternal organism, in
particular, from the endosperm,was
consldered in connection with some gg-
pects of phylogeny and systematics,
and only the correlation of sizes of
the embryo and the endosperm was con=
gsidered (Tachtajan 1966).1t was also
discyssed from the viewpcint of phy-
giolpglcal independence (mebaboelic in-
dependence)and ability to germination
(Raghavan 1976).The progresa achieved
in the field of experimental science
enable us to solve this problem in
& NEeW Wway.

VWe have establishsd a new feature-
the e bryoe autonomy. Au-
tonomy 1s & gpecial structural-funchi-
onal state of the embryo, which reflect
its independence from surrounding tis-—
sueg and is manifested in 1ts ability
to complete normal embryogenasis cub-
side the maternal crganism, and devew
lcep inte a normal plant (Batygina,Vasi-
lievd 1977-1984),This is the most im-
portant phase of embryozenesis, because
Just with it begins a relatively inde-
pendent (authtrophic) development of
the embryo.The stage of aubenomy can
be established by the methed of cul-
ture in vitreo.I% sheould be specially
noted that the development of the plant
in embryoculture in the species stu-
died begins with the stage when the
embryc acquires independence from axo—
genic hormones.It means that by this
time it contains a certain amcunt of
endogenous stimulants, physioclogically
active substances which supply the
normal further differentiation of the
embryc and ite germination.The stage
of aubtonumy is species-gpecific for
each taxon,Prcbably we can speak of
progressive aubonomization of cnboge-
nesls and consider it in cerbain taxons
as a directed process of evelubivn of
living systems.

The wide~spread opinion about the
fact that the stage from which the sp-
bryo beccmes independent of the mater-



http://hormones.lt

nal organism is similar for all an~
gicsperms and is characterized by dif-
ferentiation of cotyledons and the
point of growth, has not been confir-
med by us.

The studies of all stages of embryo-

genesisy ands LTirst of all, bthe stage
of autonomy, is a necessary theoreti-
cal precondition for applled investi-
gationg such as overcoming of incom-
patibility in distant hybridization,
obtaining of haploeproduction, shcrten-
ing of the period of rest of seeds,
cholce of optimal time of c¢rops, and
gome others.

Cur data on the aubonomy of the em—

bryo are also used as a bagis for other

works, and find their confirmation in
then {Davoyan,Batygina 1982,Lukyaniuk
1982,1983 and cothersg) and can be con-
sidered as one of new approaches of

untraditicnal technology of selection

A perspective line of investigation
in selection i1s the use of dihsploid
lines obtained by meazns of a haplo-
producer ~ Hordeum bulbosum(Ho,Jcnes
1980, Simpson,Snape 19871,Lukjenuk,
Tgnatova 1980,1982). But Kasha (1975)
has shown cybtologically that in cros-
ging H,vulgars with H.bulbosum there
takes place elimination of chromogo-
mes in the embryc sac, which results
in haplcid embryos of H.vulgare,After
tnis they. are diplcidized.The difficu
1ty of this work is the perishing of
embrycs at early stages of develcpment
because their endcsperm degenerates
in the first days of development(Jen-
gen 1977,Lukyanuk 1982). Working out
¢f the time of their igolatiocn is ne-
cessary.S.F.Lukyanuk has carried out a
& detailed ressarch of studying auto-
neny in hapleid and dipleid embryos
of barley which were obtained with
the help of haploproducer (Hordeun
bulbosum) and has got a number of pre-
cioug forms.It was established that
the diploid embryo becomes autonomic
by The 135-14th day after pollinstion
when itg size is more than 2,0 mm.

AV this, a8 we have shown, the for-
maticn of its autonomy takes place
during two days (that is 11-12th days
after pellinaticn in culbure).It was
necegsary for the hapi.ids of such
size toe germinate, te chooge the me-
dia with addition of different phy-
siologically active substances,lt
means that they were only relatively
auwtonomic.

It is necessary to mention here
that the selection process includes
several stages, and cne of the most
important is the creation of new ini-
tial material.The callus

obtalned from embrycs

and its orgeans and other crgans of

plants, especially after varinos ex-
posures (for example, irradiatiocn),
can b used ag one of the possivle
metheds of obtaining new forms of
plante, in particular, rice {Davoyan
1979, Davoyan,Batygina 1982,1984,Da-
voyen 1983).

Complete autonomy
is a special gtructural-~-functional
state of the embryreflecting its in-
dependence from surrounding tissues
and shown by its ability to complete
normal embryogenesis outside the ma-
ternal organism and develogﬁnto 8 nor-
mal plant.Avtoncmy of the embryo is
determined mainly ncot by conditions
of growing in culbure in vitre. Spea-
king about the auvtonomy cf the embryc
and sone other structures it 1s neces-
sarys for convinience, %o introduce
the term "the degres of aubonomy".
Naturallys, in nature fthere are nc struc-
tures which would develop in complete
agtonomy from a complex of different
factors (physiclogical, gravitative ,
electric, stc.)By relative aubonomy
cf the embryo must be understocd the
ability of the embrycs to develop in-
to a whole plant in culture in vitrc
un different media,.

Naturally, the stage of isolation
wlll be asbsclutely different and will
be determined mainly by the conditions
of culturing specific fur each taxon.

Culturing of anther in vitro, Haplcids
Togef%ar Witk the culuure of iso-
lated embryos, still mcure Serious at-
tention for practical aims should be
given to the working cut of the theo—
retical foundations of culture in vitro
of beth vegetative and generative
structures such as the anther, the ova-
ry, the ovule, the embryc sacs the
endospern and the embryc,The antner
being a ccomplex intergrated system,
from tne methodical viewpoint,
doubltleggly is a simpler mo-
del for investigation in situ, in vi~-
vo and in vitro, because on it it is
easier tu observe and establish sepa-
rate morphogenetic processes and The-
ir correlaticns.For a more succesful
study. of the anther as a model aysten
it is necessary, first of all, to
work out a mebinodical basis of studies:
unification of terminology of stages
of developments working cut of the
main problems involved in the investi-
gaticn, unified studies of the ways of
norphogensesis of the anther in culture
in vitre in @ifferent species of angio-
sperms, elaboration of questiuns of
joint studies of all tihe structures
of the stamen, the anther and the fe-
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male reproductive sphere of plants.

Because of +the fact that for the
purpcses of selection it is necessa-
ry to obtain a mass quantity of hap-
loids, in literature is widely dis-
cussed, for example, the use for cul-~
turing in vitro of stages of develiop-
nent of sporogenic tissue, of micro-
sgores, of microspores, pollen, the
state of donor plants. There is given
evidence of the influence of varicus
physiclogical factors on morphogene—
gis.The different ways of forming
smbryoids are described.However,in
the majority of cases, it can not be
said for certain - what will be the
result of regenerants, in which way
of morphogenesis will go their deve-
lopment, why the ways of morphogene-
8is are different in different spe-
cies. These questions, first of all,
need a detai%ed knmowledge of the ob~
Jject investigatied which we should ad-
vise to study from the viewpoint of
system approach elaborated by us and
secondly the study of morphogenesis
ways on the aystem of reproduction in
natural conditions and in culture in
vitro,that is, the methed of differen-
tiatlon of waricus morphological
structured.

Nowadays, in spite of the effecti-
veneas of such appreoaches as hapleidy,
parasexual hybridlzation and inducti-
on of regenerants from scmatic cells,
ro physiologist or bicchemist dealing
with these processes knows just how
the regenerants are formed from the
pollen,It has been known theoretical-
ly that gererative and vegebative .-
cells may participate in this, either
cne of them, or the microspore ( Sun-~
derland and oth. }. However, nobody
hag atudied step by step with pfhe
help of a ceitrafer the succegfive sta-
ges of differentiation of regenerants
from the gollen.Daep and wide analy-
sils of literature cn merphogenesis
in cultore in vitro and our perscnal
data show that it is not clear: from
what pollen haploids are formed: nor-
mal or abtmormal, a certain per cent
of which is always present in the
anther,

Brilliant works of Indian scientista
and others who have discovered this
phenomencn have established that a
certain percent of haploids in Datu-
ra is cennected with a certain per-
cent of ancmalies. Stow { 1936 )have
discovered the changes of sexualiza-
tion snd forming of the embryc sacs
in the anther, though it is lknown
that with the help of diffarent fac-
tors (for example. temperature) the
microgpors may be changed, that is,
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to obbain only egual division (Norrell

197% and oth) and a 100 % regenerants,
Probabdly, the choice of the stage
of the anther and pollen development
for putting them inte culture in vit-~
ro ¢an be exactly determined only by

successive detailed studying of the
etamen of the investigated object on-
ly from the viewpoint of system app-
roach.This stage in different species
wlll be always determined by diffe-
rent complex of factors and in certa-
in sense is species-specific.For the
managing of the process of getting cf
haploids are necessary additional
theoretical findings.

Generstive sbructures and factors of
envircikent ( microelements ).

A rich experimental mabterial has
been collected on the reasction to the
factors of environment at different
periods of onbogenesis., Many data wit-
ness to the important role of micro-
elements in the grain cropsin parti-
culars boron.Its shortage during the
growth of wheat results in the dis-
turbance of the processes of ear for-
mation, thelr outlebt from the tubes,
and also leaf formation (Troitskaya.
Batygina 1970 ),The detailed embryo-

Jdogical investigation of their deve-

lopment in whest in the case of lack
off horon, are practlcally absent.

Cur experiments (Batygina,Troitskaya
Alimova 1965) have shown that the ste-
rility of the apike in the lack of
boron is the result of disturbances
occcuring in the anther, Anomalies
were found in every anther.They affec-
ted both sporogenic tissue and pollen
(nitpsis and melosis), as well as the
wall of the mlcrosporangia, Im all
ovaries there were developed normal
embryo sacs which, because of the
lack of pollen, degenerated., In arti-
ficial pollination of these cvaries
with the peollen from plants grown with
boron, a 100 % formation of grains
wae cohserved.ln connection with the
introduction of Triticale into crop
indusatry were carried oubt all-biolo-
gical investigation of the perspecti~
ve exampleAD 537, Manufacturing tests
have shown that it was a remarkable
silos culture. However, its drawback
is weak precduction of grains and al-
ternation of grains.It was fouand that
a large quantity of sterile pollen is
developed in the anthers - 51,1 %

248 = in rye, 7,7 - in wheat ).All
this leads to the lack of sufficient
enount of normal polien necessary for
fertiligation. In connection with the
above-mentioned, experiments of addi-
tion of boron to AD 537 were conduc—
ted for many yearss at the stage of



forming leaves, that is when the for-

mation and development of female and
male generative structures toovk place,
a8 a result we mansged to increase
the productivity of the spike. The
preliminsry results show that the amo-
unt of the feriile pollen has increa-
ged at the expense of decrsaseg of
agynchronity of the proceass of its
development. On the same lines were
carried oubt works on the study of apo-
mixis in different species of Foa
(Babygina 1977, Batygina, Freiberg
1977, Batygina,Mametieva 1979). In
Pos pratensis all types of spomixis
have been disgcovered for the first
timegpnd two methods of formation of
nucellar embryos ( embryoids from cne
nucellar cell, similar to the zygotic,
gexual and throug the embryonic cell
complex ( ECC ),The analysis of lite~
rature on the problem of morphogene—
gis in the reproducticn system of flo-
woring plants in natural conditions
and in culburs in vitro (Batygina
1976~1984) made 1t posaible to pub
forward some theoretical and practi-
cal ideas concernin§ reproduction and
closely connected with the most comp-
licated problem of differentiation

of waricus embryonic structures

( £fige 1 ).

Bosides the aspects discussed,
where knowledge of embryclogy is ab-
golutely necessary, we can note the
following:

1.The determination of wviability
of the ovuley stigmas, egg cells,
pollen for establishing the time of
artificlal pollination and possible
borders of works on artificial polli-
nation,

2.Blaboration of methods cf pre-
gervation of viability of pollen.

CB.Gytoplasmic male sterility

M

4 .Elaberation of biological methods
of struggle with parasitic plants.

5.0btaining of parthenccarpic
fruits and suppression of this pro-
cess,

6.Application of the method of
artificial pollinaticn and fertiliza-—
tion injection of suspension inbto
ovary, combined cultivation of pollien
and the ovules,

7.Determination of the type cf
apomixisg for possible conservation of
negessary valuable features.

8,Determination of the type of
sterility and elaboration of the me-
thods of its overcoming (becrosses,
obtaining of amphiploids, microclonal
rgproductiOn, conditions of growing
etc,

9.Use of nucellar polyembryony,

for exsmple, for obbtaining wildings
and stocks resisgtant to draught,
diseases ete.

10.Elaboration of mebthods of acce-
larated reproduction: microclonal
repreduction of separabe genera=-
tive and vegebative structures in
culture in vitro {anbhers, ovules,

obc. J.
11.Creation of new forms of plants

from e¢allus {including the influence
of different factors) obtained from
different reproductive structures
( inflorescence, flower ).
12,3hortening and elimination of
the resting pericd in seeds,
13.Creation of the bank of plant
tiessues of valuable species of plants
(from different generative and vege-
tative structures).
14.Finding out of the ways of nor-
phogenesis in the system of reproduc-
tion,I% igkspecially important for
the managing of morphogenetic proces-—
seg occuring im cultivation of gene-
rative and vegetakive structures and
organs.
15, Batablishing of the stages of
anther development in different spe-
cies of flowering plants, of pollen
Tor the effective obtaining of rege-
nerants,

All enumerated preblems, approa-
ches and methods in some degree are
connected with genetics—-selection
works. At present it is difficult to
imagine that the problem of reproduc-
tion could be solved without embryo-
logists., Howevery all these gquestions
are all-bioclogical. This is why for
the aime of conscious managing of
separate stages of ontogenesis wide
theoretical generalizations are
necessary which can be done only in
complex with cther sciences (selec-
tion, genetics, morphologyy cytologys
physiology, physics, chemistry,efic.).
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THE UNIVERSALITY OF THE PATHWAYS OF MORPHOCENESIS N
FLOWERING PLANTS IN NATURAL CONDITIONS AND IN CULTURE IN

L
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1. - from the zygote: in the most of the flowering plants
1. - from the flowers Allium odorum (Hegelmaier, 1897; Modilevski, 1925, 1930},
Erythronium americanum (Jeffrey, 1893), Eulophea epidendraea
(Swarny, 19%3) and orher.

- frem the stem; Linum usitatissimum (Poddurnaya-Arncldi, 1976).

- from the leaves: ?

- from the roots; ?

fll. - from the flower: Poligonum viviparum, Poa, Festuca, Eringiu#h viviparum (Braun,
1956} and other,

- from the stem and the roots: Bryocphyllum (Ossenbeck, 1927}, Pogonia optfiogios-
soides (Carlson, 1938, 1930), Lilium tigrinum, Malus domestica,
vitis vinipera, Prunus, Aristolochia (Sinnot, 1960} and other,

- from the leaves: Linaria (Van Tieghem, 1887), Cardamine pratensis (Goebel,
1908), Begonia rex (Prevot, 1938, 1939), Bryophylum calycinum
{Berge, 1277; Yarbrough, 1932), Kalanchoe rotundifolia (Sinnot,
19603 and other.

V.- irom the flower: ?

- from the stem: in different woody plants.

- from the leaves: ?

- from the roots: Salix (Sinnot, 1960).

l. - Irom the flower: Hordeumn (Norstog, 1961}, Paeonia (Batygina, Butenko, 1981),
Nelumbo nucifera, Dactylorhiza maculata (Batygina, Vasilyeva,
[981) and other.

1. - from the flower: Nicotiana tabacum (Tanaka, 1968), Ranunculus scelératum
{Morrell, 1973}, Paeonia (Batygina, Butenko, 1981} and other,

- from the stem: Ranunculus sceleratum, Foeniculum vulgare (Konar, Nataraja,
19635), Petunia bybrida {Rao et al., 1973) and other.

- from the leaves: Daucus carota, Coffea robusta (Norrell, 1973, Petunia hybrida
{Rao et al,, 1973) and other. )

- from the roois; Daucus carcta (Reinert et al., 1970, 1973}, Petroselinum (Vasil,.
Hildebrandt, 1968), Panax ginseng (Butenko et al., 1968) and
other.

[, - from the flower: Cuscuta reflexa (Maheswari, 1961), Paeonla, Dactylorhiza
: maculaia (Patygina, Yasilyeva, 1979, 1982) and other.

- from the stem: Asparagus (Steward, Maple, 1971), Petunia hybrida {Rao et
al., 1972) and other. .

- from the leaves: Macleaya cordata (Koblenbach, 1965).

- from the roots: Panax ginseng (Butenko et al,, 1963).

V. - from the flower: Daucus carota (Hildebrandr, (970), Paeonia (Batygina, Butenko,
1921} and other.

- from the stem: 7

- trom the leaves: 7

- {rom the
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TO THE MORPHO-FUNCTIONAL GAMETOGINESIS STATUS OF HIGHER PLANTS

A.4.Chebotaru

Botanical Garden (Institute) of the Academy of Sciences of the Moldavian

S5R, Kishinev, USSR

Summary

In this communication an sttempt
was made to summarize the accumula-
ted data about gametegenesis and to
indicate some pecularities of gamete
formation principles. Being in &
full agreement with the opinion
about the role of the whole in the
formation of a particular part
{gexnal celle) we want alsc to throw
gome light on the embryonal differen-
tiation problem.

Introduction

The gemetogenesis occupies the
central place in the sexual reproduc-
tion of higher plants. It's a prere-
quisite to the fertilization and to
some degree 1t canmlises the subse-
guent events of the embryonal deter-
mination. Gametogenesis hides in it~
gelf important ontogenesis initi-
ations, individual development, its
stability and adaptability. These
questions are concerned directly the
problem of adaptive reaction norme
(Shmalgausen, I940). Gamebogenesis
is the echo of darwinian selection.

The retrosvective analysis of
available information concerning the
gametogeneais biology of different
taxa is far from fullness. V.A.Pod-
dubnaja=-Arnoldi (I982) has shown that
of 438 families of angiosperms I40
onea are far from the complete
embryclogical investigation or aren't
investigated at all.

Results and discussion

In the previous studies with the
1ight and eleciron microscopes (Che-
botaru, I960, 1972) the structural
and functional pecularities of male
and female differentiation of gameto-
phyte sporogenous cells are analysed.
The attention was drawn to the inter-

relation within the aystem:
maternal organism -» the sporogenous
tissue ~» the sexusl cells —> the
zygote ~» the embryo —» the seed.
It was shown that the formation and
the differentiation of sporogenous
and particularly the haploid struc~
tures occurs to @& great extent due
to the specifie back links of the
gexual cells with the maternal orgs-
nism (see the arrows at the scheme),
T - .

[Eporophyf%—aslgametophyte}-)
rd

e

At the time of gemete formation
these relations are manifested in the
building of growthactivated substan-
¢es like auxine, hormones ¢te,, sti-
muleting the growth of pericarp, the
formation of parthenocarpic or ape-
mictie fruits (seeds), the sirengthe-
ning of trophical and physiological
reconstruction of maternal organism
in the whole,

The other widegpread events, c¢on-
comitant the sexual cells formation -
this ig the degeneration of the
gsurrounding sporophyte cells (that's
of the maternal organism). While
studuing gametogenesis one is surprised
by the conatancy of the meiotic di-
visior number with strictly repeating
chromosomal and biochemical rearran-
gements observed at all higher plants
rangs. And though gametogenesis is
for a long time considered asg a mairn
source of initial materiasl for the
darwinisn natural selection its under-
stending is rather contradictory.

At the sporo-gametogenesis {beginning
from the srchesporial cell an ending
with the building of sexual cells)
there ig geen g constantly repeated
separating of the common into uneven
or potentially uneven formetlons

that strengths the spectre of shed-
ding-elimination of & great nart of
apparently little adapted haploid
gtructures. The geterogenous structure

I. Present addreas: Botanical Garden of the Moldavian Academy of Sciences,

Kishinev, USSR
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formation at the micro-, macrosporo-
and gemetogenesis in different syste-
matic phyla is regularly accompanied
by the dropping out (elimination) of
the genetically defective haploid
structures called by us a) the prin-
¢iple of elimination of genetically
defective structures which exhibits
at the phylc-ontogenesis as a pecu-
liar evolutionary sieve of the natu-
ral selection on the cell level, In
this process a genetically fixed way
of elimination of the "exhsausted
slagg” {in Goldshmidt's understan-
ding) and the providing of the gete-
rogenous potential bf sexual cellwy
from one generation to another is
also geen. From this point of view
the tendency of gamete variability
within the ecotype, population, phy-
tocenosis having specific amplitudes
of the reaction normes is quite ¢lesr,
It arises as s result of the reali=
sation of darwinian selection pres~
aure on the past of the previous
parents) basls and thisg in its turn
cauges an additiocnal elimination of
the gametes themselves, the embryo
abortion or aprnearance of a sterile
progeny.

It is necessary to point out the
fact that gametogenesis that is the
hapleid strueture building occurs
only in the strictly polarised
coenocyte formations. Outside the
coenoccyte the sexual cells are not
differentiating. Consequently miecro-
and macrospores before taking the
road of sexual cell formation are

subjected to complex structural and .

physiological rearrangements of the
coenccyte pattern. Ultrastrucitural
anelysis of the male and female ga-
metes of the different species of
flowering plants (Chebotara, 1972,
19763 Willemse, I972) has revealed

a striking similarity of male gemetes.
Thus it suggesis the second important
conclusion that the sexual cells are
arising as elements of iniegrated
avolutionary-fixed phylogenetical
systema. The amall differences
between the male and female gametes

{Paolilo, I969; Chebotaru, I975 et al.)

within the evecies, population are
rather elements which supnlement
zach other. All this permitts to
formulate the following rule -

b} the principle of equipotentiality
of haploid formations (@ ando”).
This princinle ig menifested in the
building of full genotypical speci-
ficity in the cource of gametogenesis.
™e squivotential features of the
gametes are reaslised in the cource
of fertiligation.
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Thie way of sex formation appearing
to a great extent "unstable™ pro-
vides neverthelegs a siteady geno-
typical renewsl which is canalised
by panmizxis.

S.G.Favashin (I950) has revealed
the enantiomorphical nature of the
gigter gpermcells. This permitied
to understand their bpiological acti-
vity. Apparently the same is occu-
ring in the female gametophyte,
though there the differentiation of
egg and central cell is an individual
and very specific event, Amphimixis
of enantiomcrphical structures has
left s general biological imprint on
all the flowering plarts snd it is
formulated by us as c¢) the priciple
of synergism of enantiomorphical
formations., It 18 the gynergism of
enantiomorphical of male and female
formations that results in arising
of racemical lebile genome systems
{ontogenesis) which are based on the
morphogenetical homeostasgis. The
latter in addition canaliges the
adaptive variability of sporo-game~
tophytes at the onto-phylogenesis.

Gametogenesis ig an instance where
it is possible to follow the sources
of organic {bicecological) advizabi-
1ity, the beginning of adaptive reac-
tion norme (after Shmalgausen) and
other very important regularities.
In gametogenesis the action of dar-
winian selection iz followed and the
manifestation of the Vavilov's law
of the homological rows. In gameto-
genesis it occurs a hard selection
on the level of melosig, fertili-
zation and sygotogenesis, There the
compatibility of paternal {previocus)
genomes ig fitted (in the manner of
a zioper.

In the gametogenesis Baer's law
of inteprated determination findas
itz confirmation. Through gametoge-
nesig there is the way of building
of species diversity, without which
the evolution is unthinkable, There-
fore it is impoesible to agree with
the opinion that the sexusl reproduc-
tion as a such bears only the poten-
tial posgibilities of the speciles
renawal (Levina, T1982)., The higher
plants gametogenesis has to ba con-
aidered as an orizinal yet unknown
to the end alphabet by which the
evolutionary way of biogeochemical
past develooment {the plent worid)
is written. And if the mountain
formations are reminding ths past of
our planet by their hardened into
gtone silence, then the flowering
plants make this by their constant



ontogenetical renewal, The genomes
once arised in the geological past
ars repeated in the numerous gene-
rations through gametcgenesis.
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SEXUAL REPRODUCTION OF SEEDPLANTS, FERNS AND MOSSES. A BACKGROUND

M.T.M. Willemse

Department of Plant Cytology and Morpholegy, AU, Wageningen, The Netherlands

The flower

The flower, the organ of reproduction,
shows during its development many funciions,
ultimately intended to produce a renewed
individual with good changes of survival.
The flower is a continuously developing
organ which, during a long period of time
and at the cost of much energy, will produce
viable seeds. Each plant species has ifs
own characteristic in sexual reproduction,
being marked by variations within a series
of different steps. These steps comprise:
induction of meiosis, meiosis itself, celt
isolation by a callesic wall, attractien and
recognition, cell fusion and a resting period.
These are the standard events of sexual
reproducticn in green plants.

From water to land

The biotope for unicellular algae is water.
In water the gametes are attracted by very
specific substances produced by cne partner.
Such substances are also operative during
the recognition precesses. After attraction
and recognition gamete cell fusion will
follow.

In the course of
fungl show the reproductive
tics of induction o meiosis, meiosis itself,
cell isolation, attraction and recognition,
cell fusion, and a resting period. Alsc alter-
nation in ploidy of individuals within a genera-
tion exists. From unicellular algae to muiti-
cellular algae few new elements are added
to sexual reproduction. Only the organisation
of gamete producing organs became more
specialized.

The role of the sexual game in thallic
and complex algae becomes more specialized

life, algae as well as
characteris-

within the basic characteristics of sexual
reproduction. Multicellular or thallic algae
have extend their strategies by a higher

level of differentiation, partly due to their
diploid level and the possibility to use each
unicellular phase  within  their course of
life as a starting point for a new organism
With these characteristics the land biotope
can be conquered. The possibility to change
from a haploid to a diploid level enlarges
the chance of occupying more areas with
different ~environmental conditicns. The
first land plants inherited the possibility
to alternate from pleidy level, oogamy,
attraction and recognition mechanisms,
monoecy and dicecy and the spore as the
unit for their dispersal. The conquest begins
with the use of the ability of sexual reproduc-
tion and during the colonization the diversity

in land plants increases.

The sporophytic npature of the plant,
diploidy, prevails and alse gene exchange
by sexual reproduction. The opreference
for cross fertilization develops further.
VYegetative propagation decreases strongly.

Mosses, ferns and seedferns

The earliest small archegoniates on land,
ferns, but alsc the mosses need, besides
light, very humid conditions to survive,
Both for sexual reproduction and the excre-
tion of attractive substances, dispersed
in all directions to promote fusion of dissimi-
lar gametes, water is necessary. Plant disper-
sal proceeds with spores relying on abiotic
factors such as wind and high or low humid-
ity. The germination of the spore remains
dependent on water. That characteristic,
being adapted partly to a wet and partly
to ‘a dry hiotoop during the course of their
life, is demonstrated by mosses. Spore germi-
nation, protonema, mossplant and especially
sexual reproduction, are dependent on water.
Dispersal is a function of the sporophyte
and occurs in dry conditions. Ferns alse
show this ability to survive in wet and dry
biotoops, with spore germination and sexual
repreduction depending on water and spore
dispersal being adapted to land life.

Within the rmosses and ferns there is
a great variety in constitution and form.
Their sporangium starts to develop in two
different ways, preparing the heterospory.
{n sgme mosses and even mote ferns a differ-
ence in sexuality in the spores is expressed,

promoting the possibility of interbreeding.
The number of spores produced in ferns
change. The number of microspores, with

their dependence of dispersal by wind, re-
mains numerous. The shape of the megaspore
enlarges and their number is greatly reduced,
in special cases to cne. The dimension limits
their dispersal in the vicinity of the plant.
This means that the task of sexual crossing
is mainly restricted to the microspore,
the megaspore determines the rate of dispers-
al. The problem for the gametes to meet
each otler Is beautifully demonstrated by
the appearence of appendages on the spores
to promote a collective spore dispersal.
Horsetails and waterferns show haptera
and anchor wmechanisms., The interbreeding,
however, is not obvious from the point
of view of one individual. The heterospory
culminates in the seedferns were the mega-
spore is reduced to one, receives its nutrient
supply from the sporophyt and remains
there till after ‘pellination'. In this respect
alsc some of the waterferns show seedfern
characteristics. in seedferns diploid tissues




appears around the megaspore and the separa-
tion of the megaspere Is dependent upon
abscission of sporophytic tissues. Within this
tissue the megaspore and megagametophyte
develops in isolation of the surrounding tissues.
In the transition from diploid to haploid during
the melosis, this isclation is preceeded by
the formation of a callose wall. -

Within the mosses and ferns, self-fertiliza-
tion as a survival strategy remains clearly
possible, along with cross-fertilization. Incomp-
atibility mechanisms should not be excluded
although incompatibility is scarcely reported
in mosses and ferns.

From seedfern tc seedplant

The longer retention and feeding of the
megaspore on the sporophyte permits a further
development and employment of the gameto-
phyte and sporophyie for sexual reproduction.
This fonger stay on the sporophyte and the
presence of specialized surrounding tissue
permits the micro- and megaspore to develop
into a highly specialized gametophyte in which
cells get a high level of differentiation.

This differentiation means for the micre-
gametophyte the preparation for an abiotic
or, in the case of angiosperms also a biotic
transport, the possibility te rest, thereafter
to germinate and to produce sperm cells.
It becomes manifest that mature pollen grains
of different plants strongly differ in their
level of development when anthesis occurs
especially in relation to transport, recog-
nitien and germination.

From the megagametophyte in gymnosperms
a relative large prothallium develops with
one to several very specialized archegonia
surrounded by follicle cells, or there is a
simple egg cell. An egg cell receives one
or two sperm cells, depending on the level
of differentiation of this egg cell and on
the way of ftransport of the sperm <cells.

In angiosperms the size of the megagameto-
phyte 1is reduced, but ifs consituting cells
are highly specialized. In fact, to speak of
'the reduction of the gametophyte' draws
attention to only a mincr aspect in compara-
tive gametophytogenesis. An egg cell contains
but little storage substances and will receive
one sperm cell. The egg cell is surrounded
by two synergids and by the central cell,
commeonly soon diploid. A degenerating synergid
will receive the two sometimes connected
sperm cells, Then the other synergid and
usually the antipodals degenerate. After fertili-
zation all haploid cells dissappear. Only the
ploidy level of the embryo and that of develop-
ing endosperm differs. This difference in
ploidy level after {fertilization is common
in seed plants. Probably this difference between
embryo and the nutritive surroundings, haploid
in gymnosperms, tri- or polyploid in angio-
sperms, is partly a result of a difference
in the start of the development of the new
plant. The sporophyte provides a great deal

of the food supply in a relative short period
of time to form a seed within one growing
season as occurs in most angiosperms. This
initiation of embryogenesis is triggered by
pollination and by double fertilization, which
starts the embryo and also the® endosperm.
In gymnosperms this endosperm development
is started after pollination during the genesis
of the megagametophyte.

The reasen for the high differentiation
grade of the megagametophyte is its function
in the formation of the seed. In relation 1o
dispersal of the plant, seed development
shows a lot of differences partly related
to the biotic or abiotic factors, partly to
the expected different germinating conditions,
In that respect the seedferns develop a strate-
gy to colenize the land by the formation
of a presemen. In seed ferns also sporophytic
elements become involved in the seed dispersal.

The sporophytic development for the use

of sexual reproduction of seedplants

The abiotic and biotic way of transport
of the microgametophyte becomes an important
fact of wich the sporophyte plays a role and
will adapt.

The pollen of gymnosperms s prepared
for wind transport over, in general, a long
distance and during a long period. Ultimate-
ly sucked in by a pollination dreplet, the
pollen will reach the upper part of nucellar
tissue, Recognition reactions occurs between
sporophytic nucellar tissue with its exudate
and the rnicrogametophyte, surrounded in
general by an uncovered pollen wall. This
mechanism of recogniticen is unclear.

[n angiosperms the pollen lands on the
stigma. The pollen wall is covered with sporo-
phytic remnants containing recognition sub-
stances. The first pollen-stigma contact occurs
in fact between sporephyte and sporophyte.
The pathway of the pollen tube permits to
add recognition between the sporophytic stylar
tissue and substances originating from the
pollen tube, a recognition between sporophyte
and gametophyte. A recognition between
pellentube  and nucellar tissue &as in gymno-
sperms, occurs also in some angiosperms,
In seedplants the classic attraction between
sperm cell and egg cell seems mainly tc be
shifted to an attraction after recognition
between pollen tube and egg cell in gymno-
sperms and probably the synergids in angio-
sperms. In angiosperms not only the recogni-
tion but also aspects of the attraction are
mainly taken over by the sporophyte. This
coincides with the development of the pistil
in relation to promotion of cross pellination.
The mixture of different relationships between
sporophytic-gametophytic recognition to sporo-
phytic recognition systems and the effort
tc avoid self-pollination mainly by appealing
on bietic pollination, makes this system very
camplicated.

The primitive flower construction devel-

195




ops as a nutrition source for different kinds
of animals. Pollen, nectar, and the complex
flower shape are invoived in the life cycle
of different animals, mostly insects. Colour,
odour, shape and position of the flower may
attract animals in different ways. Sepals,
petals, stamens and pistil all can be involved
in this function. In this way the whole flower
is pre-emintly an organ of communication
functional in cross pollination. Within these
plant- animal relationships the diversity in
flowers increases strongly. The shape of the
flower, its expression in signalling, its nutritive
value, the way of recognition, all vary to
characterize their individuality.

The gametophytic development for the use

of sexual reproduction of seed plants

Also within the structures and mechanisms
of haploid tissues directly involved in sexual
reproduction of pgametophytic origin a range
of changements occur.

Pollen development, as & process from
mother cell to sperm cell, is a programmed
ptocess and prepares the - future functions
of the polien. However, the mature polien
grain shows several variable characteristics
when its ftransport starts, depending on the
species involved. This is not only expressed
in the number of cells present, but principally
in the possibility to germinate directly after
maturity or at a later point of time, its dry-
ness and the amouni of Pollenkitt present.
The sculpture and composition of the pollen
wall are highly specific and sustain the palyno-
logy. Although the relation is not yet known
between the shape oi the pollen and the sculp-
ture of the peollen wall on the one side and
the receiving stigma surface on the other.
The moere or less physically determined stickirg
forces may not be the only true factor. Also
in the nature and place of recognition many
possibilities are well known and yer the know-
ledge about the basal mechanism in recognition
is not wunambigucus , partly because of the
diversity in interaction patterns.

Embryo sac development too is a process
of several steps, which can be reduced to
the number of mitotic divisions versus the
formation of cell walls, the position of the
spindle and nuclei and the nuclear migration
or its degeneration. In fact a mixture of
various conditions maybe present in the
embryc sacs of ovules within the same ovary.
Thereby possibilities to escape from sexual
reproduction within the embrye sac or the
ovular tissue are well known as apornixis.
In the submotrphology of the embryo sac
many diversifications can be noted at the
moment of its maturation.

Of the original functions connected with
the egg cell, such as attraction, recogni-
tion and prevention of polyspermy, several
alternations can be observed. Recognition
occurs on, or by means, of sporophytic tissues:
attraction can be a function of the egp cell
in a number of gymnosperms; whereas in
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angiosperms probably some attraction features
are taken oven by the synergids and extend
to the central cell as well. The pathways
of the pollen tubes are partly fixed by the
sporophytic tissues in stigma and style. The
arrival of two sperm cells is actual in some
gymnosperms but is resolved by a selective
degeneration of one of the sperm cells in
the egg cell. Otherwise the ability to make
a barrier around the egg cell after penetration
of one sperm cell seems to be lost in seed-
planis.

A rare feature of the embryo sac is the
post-zygotic abortion which occurs as a
result of ovular incompatibility in ferns
and mosses a kind of zygotic abortion seems
to be unknown.

The origin of the ovule and anthers from
sporangia is basically comparable and similar,
especially in their functions. Heat shock
and breeding experiments, however, show
that the ovule can produce pollen and the
anther embryo sacs, the opposite type of
gametophyte,

Both mega- and microgametophytes deter-
mine the very specific individuality of the
s?‘cual reproduction of each distinct species.

The flower, organ of communication

In the foregoing paragraphs the sexual
reproduction is put forward as a developmen-
tal process during the course of time, strongly
evolved in relation tc the biotope; abiotic
and bictic, in order to develop diversity
and to renew the individual species. On land
the flower develops, above all to avoid self-
pollination. The gametophyies developing
within the flower progressively attain a
higher level of differentiation. In conguering
landlife, the flower, in its overall functioning,
sugh as pollination and seed dispersal, became
involved in both abiotic and biotic surround-
ings, which evolved too.

During this conquest the plant uses the
inherited steps in sexua! reproduction, ac-
quired in the biotope, water. These possibil-
ities are amongst otherones the use of each
unicelluar step during the life cycle to form
an organism, the alternation within a gener-
ation, from a dipleid to a haploid level and
the other way around, which enables the
plant to live In different circumstances
and which leads to a highly differentiated
sporophyte and gametophyte. The recognition
and attraction mechanism shifts for the
greater part from the gametes to the sporo-
phyte and to the gametophyte. The prologa-
tion of the retention of the female gameto-
phytes on the sporophyte ultimately resulis
in a more simply constructed egg cell and
the formation of a seed. New and mani-
fest is the construction of the flower, a
product of the sporophyte which reflects
the relation mainly with the bictic environ-
ment. In this respect the flower is the organ
of communication, representative of a high
tevel of specialization.



Comrmunication is an very important basic
characteristic of life. In this c<ontext the
gamete fusion is the first step, the function
of the flower a manifest accentuation.
The communication leads to a further diversi-
fication and to a higher level of differenti-
ation.

Repreduction research

Reproduction research studies the flower
in its development, complexity and diversity.
Some of the experimental results can already
he incorporated in our cognizance of reproduc-
tion, but owing to our insufficient in sight
intoc the normal complicated development
of sexual processes some cannot be fitted

in as yet. The realization of the existence
of a reproductive calendar, the characteristics
of development, the external circumstances,
the course of the normal process and the
multipte function of the flower, are some
of the points to keep in mind during experi-
mental research.

Budding, flowering and fruiting all are
closely related to sexual reproduction and
seed dispersal. Research on sexual reproduc-
tion, a fascinating complex study, is flowering,
and will be fruiting at both the fundamental
and applied levels.

The author thanks Prof.Dr. A.D.J. Meeuse
for the corrections and the critical reading
of the manuscript.
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