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PHP, which rarely has these mech Pollen morphololry is related to water content. PDG have furrows,
whilst PHG are devind of these harmomegathic device

FRANCHL G. G, NEPL, M., DAFNI, A. & PACINL, E 2002 Partially hydrated pollen: tax c
ccological and evolutionary significance. Plant Systematics and Evolution 234: 211-227.

NEPIL, M., FRANCHL, G. G. & PACINL E. 2001. Pollen hydration at dispersal: cytophysiological features and
sumtegies. Proploplasma 216: 171-180.

The extracellular lipids and lipid-binding proteins of pollen grains -
their biosynthesis and roles in pollination

Murphy, D. J.
Biotechnology Unit, School of Applied Sciences, University of Glamorgan, CF37 1DL, Wales, United Kingdom.

The extracellular matrix of the pollen grains of many entomophilous plants is covered with a sticky
substznu known as the U)p)nm: or pollen coat. We have characterised the pollen coat components in plants of the
i including r I (Brassica napus) and Arabidopsis thaliana. The pollen coat in these species is
mostly made up of a umquc mixture of lipids that includes acylated compounds such as sterol esters and
phospholipids. These lipids are characterised by their unusually high degree of saturation ~ they typically contain
70-90% saturated acyl residues such as myristate, palmitate and stearate. The major sterol components of the
pollen coat are acyl esters of stig ol, camp 1 and campestdienol respectively. The second major pollen
coat component is a group of proteins that we term polienins. The pollenins are derived from larger proteins,
called oleo-pallenins, that are synthesised in the anther tapetum. Oleo-pollenins contain an N-terminal domain that
is similar to the central hydrophobic domain of seed oleosins. This oleosin-like domain is removed by a specific
peptidase after the oleos-pollenins are released into the anther locule following tapetal apoptosis. The mature
pollenins are made up of a diverse series of repetitious motifs that are characteristic of structural proteins, rather
than enzymes. In this talk, | will describe the mechanism and localisation of the biosynthesis of the pollen coat
protein and lipid components and their relocation to the pollen wall. I will then discuss the function of the oleosin-
like domain as a novel targeting signal. Finally, 1 will also discuss the possible roles of pollenins and the pollen
coat lipids in adhesion to insect vectors and in pollen-stigma interactions both during and following fertilisation.

Pollen ontogeny in the Nymphaeales

Osborn, J. M.; Schwartz, J. A.; Gutman, B. L.; Melroe, N.A.; Ingraham, A. M.; Taylor, M. L.;
Strandquist, J.N.; Hudson, P. J.; Miesner, J.M.; Schoenekase, A. N.; Thiemann, T. & Doores, A. S.

Division of Science, Truman State University, 100 East Normal Street, Kirksville, Missouri 63501-4221, USA.

The Nymphaeales, or water lilies, have a cosmopolitan distribution in fresh water habitats and comprise
two families and eight gcncm Nymphawccnc (Victoria, Euryale, Nymphaea, Ondinea, Barclaya, Nuphar) and
Cabomb (Cabomb, ). Water lilies are widely regarded to be among the most primitive flowering
plants, as recent phylogenetic studies have conslslemly indicated that either Amborella, or Amborella plus
Nymphacales is the sister group to the remaining angiosperms. Allhough studies of pollen developmem provide
important data for assessing phylogeny, little is know about these characters in the Ny

In this presentation, data on pollen and another ontogeny will be described and reviewed for all genera
of Nymphaeales, with emphasis on the taxa that have been studied with combined ing clectron,
electron, and light microscopy. Anthers at the sporogenous tissue, microspore mother cell, tetrad, free microspore,
and mature pollen grain stages will be dc d. Events including the deposition of a microspore mother cell
coat, a callose ‘special” wall, a primexine, and the sporoderm layers will be discussed.The tetrad stage proceeds
rapidly, and the tetrads of most genera are of the tetragonal type. In addition to this tetrad configuration, several
genera also co-produce tetrahedral tetrads. The mature pollen grains of most genera oceur as monads; however, in
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Victoria grains are beld tog: inp hedral tetrads. In Enryale, mepruh:m-dpuhudss
xupwnmxmefmmdpamlmwd)mmmmm ficant cxine dop
nmlwmgfamtmolmcuﬂumlhcudummmmamngmmndmgc Nlmdallmhsa
with llac size and ulir De of a series
nf prominent tectalVcolumellar microchannels accurs in Cabomba. Exinous microchannels are also produced m the
polien of Nuphar and Victoria. The endexine lamellac and a foot h)u'(utmdunag m ﬁwmmmpatndwly
pollen grain stages. Polien grains of only two genera p major ! rods in
Cabomba and spines in Nuphar. The spines of 'mphar are ummmlh different and have an cartier
ontogenetic origin than the scultural rods of Cabomba, or the minor tectal omamentation of other water lilies. The
principal characters of anther ontogeny discussed will include the numha and size of anther wall layers, changes
in tapetum morphology, and timing of tap dissoc An tap has been observed for the first
time in several nymphaelean genera.
Water lilies are also characterized by diverse pollination mechanisms, including beetic, bee, fly, and
wmd syndromes, as well as cleistogamy. Bex: poliination syndh have been well documented within the
iphacales, the group provides as excellent system 10 investigate functional corrclations between pollen
dcvelopmcmal characters and pollination ecology. In addition, given the basal position of Nymphacales, the group
provides the opportunity to investigate the early evolution of pollination ecology and associated reproductive
characters within angiosperms. For example, Cabomba caroliniana is fly-pollinated and mature polien grains are
coated with copious amounts of tapetally derived pollenkitt, that is stored within the exinous microchannels. The
ontogenetic timing and ultrastructure of these microchannels appear 1o be adaptation for pollination. The
adaptative significance of such developmental characters, along with their importance in examining systematic and
phylogenetic relationships of the Nymphaceales will be discussed.

Session a2

SIGNALLING IN POLLEN DEVELOPMENT, STRESS-INDUCED
MICROSPORE EMBRYOGENESIS AND POLLEN GERMINATION

Signal transduction by MAP Kinases in pollen germination
Heberle-Bors, E.' & Wilson, C.*

'Max-Perutz-Laboratories, Vienna Biocenter, University of Vienna,
*Istituto Nazionale di Ricerca per gli Alimenti ¢ la Nutrizione; Unita Nutrizione Sperimentale.

Mitogen-activated protein (MAP) kinases are highly conserved in cucaryotes and have been implicated
in the transduction of a variety of extracellular signals involved in development and stress response. Downstream
targets include transcription factors but also other cellular structures such as the cytoskeleton. MAPKS are part of a
three-partite signalling module consisting of @ MAPKKK (or MEK2), a MAPKK (or MEK) and a MAPK.
Eucaryotic genomes contain gene families for all three bers of the module, including plants.

We have isolated a number of MAP kinase genes from tobacco and alfalfa. The tobacco MAP kinase
NTF4 accumulates in mature, dry pollen as an inactive kinase. Upon rehydration the NTF4 kinase is rapidly and
transiently activated, and is again inactivated well before pollen tube emergence (Wilson et al. 1997). Water alone
is sufficient to activate this kinase. NTF4 or a very similar MAPK is also involved in hypoosmotic stress signaling
in somatic cells (Cazale et al. 1999).

We have now found that the highly related MAP kinase SIMK is also expressed and activated in pollen
by hydration and that both MAPKs are regulated by the MAPKK MEK2. Transient transformation of pollen with a
kinase-negative mutant version of MEK2 indeed inhibited pollen germination (Voronin et al. 2004).
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WILSON, C.. VORONIN, V., TOURAEV, A., VICENTE. O & HEBERLE-BORS, E. 1997. A developmentally
regulated MAP kinase activated by hydration in tobacco polien. The Plant Cell 9: 2093-2100.

CAZALE, A, DROLLARD, M., WILSON, C., HEBERLE-BORS, E., BARBIER-BRYGOO, H. & LAURIERE,
C. 1999. MAP kinase activation by hypoosmotic stress on tobacco cell suspensions: towards the oxidative
burst response. Plant J. 19: 297- 308.

VORONIN, V., AIONESI, T, LIMMONGKON, A, BARINOVA, L. L, TOURAEV, A., LAURIERE, C.,
CORONADO, M.-1., TESTILLANO, P.S., RISUENO, M.-C, HEBERLE-BORS, E., WILSON, E. 2004.
The MAP kinase kinase NOMEK2 is involved in tobacco pollen germination. FEBS Letters 560: 86-90.

MAPKS are induced and entry into the nuclens during stress-induced pollen
embryogenesis and pollen development

Coronado, M. J.; Gonzalez-Melendi, P.; Segui, J. M.; Ramirez, C.;
Barany, |.; Testillano, P. S. & Risuefo, M. C.

Plant Development and Nuclear Organization,. Centro de Investigaciones Biol6gicas, CSIC,
Ramiro de Macztu 9, 28040 Madrid, Spain. E-mail: risuecno@cib.csic.es.

Plant developmental processes involve both proliferation and differentiation events, cellular and
nuclear dynamics varying during developmental processes and in response to factors like stress conditions.
Mitogen-activated protein kinases (MAPKs) are involved in the signalling of extracellular stimuli in eukaryotes,
including plants. The reversible phosphorilation of MAPKSs plays a pivotal role of activating specific cytoplasmic
and nuclear targets which are the final effectors of the cellular responses. Different MAPKs have been shown to be
expressed during plant cell proliferation and develop I processes such as pollen development and pollen
embryogenesis.

signal-regulated kinases (ERKs) proteins belonging to the MAPK family are involved in
both cell proliferation and diff iation in Is, through phosphorilation pathways. ERKs homologues have
been recently identified in tob: cell i being activated in response to plant defence. In this work the
cxpn:ssmn and subccllula: on,ahmuon of ERK1/2 homologues, and MAPK-active forms were studied in two
pollen devel t induced pollen embryogenesis (which involved an initial proliferation),
and pollen mzuumuon (whlch involved a diffi iation) by i blotting,, i yfluorescence and
immunogold labelling, in various plant species. Quantitative sludxcs of the labelling ob!aincd were also performed.
The results were similar for all the species studied showed lhal during pollen dcvelopmcnl and
cmbr)ogcnesxs ERK and phospho-MAPK labelling signals i 1, specially in the nucl di g that the
progression of differentiation and proliferation was d by an i in the expression of ERKSs and
MAPK activation together with a translocation to the nuclcus The combination of ultrastructural cytochemistry
and immunogold for RNA and phcsphorylaled proteins indicated that the nuclear sites housmg these MAPKs were
areas of the interchromatin region enriched in RNA and phosphoproteins, including of i hromatin
gmnulcs This could suggcsl a role of these MAPKSs in the early events of activation of the transcription and
hinery, via phosphorylation, which subsequently would be recruited to the transcription sites. The
assoclauon of the nuclear localization of MAPKs with the stréss-induced progression through the cell cycle and
the commitment towards differentiation in the two pollen developmental pracesses can be correlated.
Work supported by projects granted by Spanish MCyT, BOS2002-03572 and Comunidad de Madrid,
07G/0026/2003.

CORONADO, M. J., GONZALEZ-MELENDI, P., SEGU, J. M., RAMIREZ, C., BARANY, L, TESTILLANO,
P. S. & RISUENO, M. C. 2002. MAPKs entry into the nucleus at specific interchromatin domains in plant
differentiation and proliferation processes. J. Struct. Biol. 140: 200-213.
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Promoter expression of a putative pollen monosaccharide transporter in Petunia hybrida
and characterisation of a transposon insertion mutant
Garrido, D.'; Busscher, J.* & van Tunen, A_J.°
'l)tpaﬂnt?l of Plant Physiology, Fac. Sciences. Univ. Granada. F va s/n, 18071 Granada, Spain

“Plant Research International P.O. Box 16, 6700 AA Wagenimgen, The Netherlands
’*Swammerdam Institute for life scicnces P.O Box 94062. 1090GB Amsterdam

The interaction between style and a developing pollen grain is a remarkably process which is only
poorly understood and mainly studied from a non metabolic point of view. mm:hmgspmddpdhmbc
growth and the extreme length of this single cell apendi Q! large of bolites for energy
consumption and de novo cell wall biosynth A vital compound for the develop and growth is sucrose. In
pollen grains of Petunia hybrida wowards maturity, carbohydrates are accumulating in the form of starch. These
polysaccharides will be used as an energy source for pollen tube growth. After germination of the pollen grain at
the stigma, the pollen tube has 10 transverse distances in the pistil often th ds times the di of the pollen
grains 1o deliver the male gametes to the embryo sac for fertilisation (Cheung, 1996). Therefore, a great amount of
energy will be needed for the formation of the long pollcn tube, w!uch requires a high level of sugar import
(Schiitpmann et al., 1994). The sugar final destination, however, translocation from the anther, stigma and
stylar apoplast over the pollen tube membrane. It is known that usually the apoplastic unloading of sugars into the
sink tissues involves an hydrolysis of sucrose into glucose and fructose by means of an acidic invertase,

subsequently followed by an active uptake of these monosaccharides via charide-proton-symp
(Roitsch & Tanner, 1996). In terms of sink-source relati pollen and gr g pollen tubes should be regarded
as a strong sink.

From Petunia hybrida a pollen-specific putative harid desi d PMT1 has been

identified in an earlier paper. (Ylstra et al, 1998) This work comprises an “in dquh analvsxs and characterisation of
PMT1 in the context of polien development using the GUS reporter gene and an insertion mutant.

The promoter of the pollen specific putative monosaccharide transporter gene from Petunia hybrida (pmtl)
has been isolated by inverse-PCR and sequenced. Analysis of plants transformed with the promoter-GUS fusion
confirmed the specificity of this gene, belonging to the late pollen-specific expressed genes. GUS activity was detected
even after 24 h of in vitro pollen germination, at the pollen tube tip.

To elucidate the importance of pmt! for gametophyle development and fertilisation a mutant plant
containing a trasposon insertion in the pmll gene was isolated using dlph! transposon tagging-PCR based assay. The
pmrl muxam contained a dTphl insertion in position 1474 bp of the lmnscnhmg part of the gene, before the last two

g domains. Analysis of the progenie of the t gous mutant after selfing revealed no
alterations in pollcn vmbxhty and fertility. Mature pol!cn grains of a plant homozygous for the transposon insertion were
able to germinate in vitro in a medium containing either sucrose, glucose and fructose, which indicates that pme] is not
essential for pollen survival. Several explanations for these results will be discussed in this presentation.

CHEUNG, A. Y. 1996. The pollen tube growth pathway: its molecular and biochemical contributions and responses to
pollination. Sex Plant Reprod. 9: 330-336.

SCHLUPMANN, H., BACIC, A. & READ, S. M. 1994. Uridine diphosphate glucose metabolism and callose synthesis
in cultured pollen tubes of Nicotiana alata link et otto. Plant Physiol 105: 659-670.

WILLIAMS, L. E,, LEMOINE, R. & SAUER, N. 2000. Sugar porters in higher plants-a diversity of roles and
complex regulation. Trends Plant Sci. 5(7): 283-290.

YLSTRA, B., GARRIDO, D., BUSSCHER, J. & VAN TUNEN, A. J. 1998, Hexose transport in growing pollen tubes
and characterization of a pollen specific putative monosaccharide transporter. Plant Physiol. 118: 297-304.
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Characterization of proteins secreted during maize microspore culture:
arabinogalactan-proteins (AGPs) stimulate embryo development

Borderies, G.'; le Béchec, M."; Rossignol, M.'; Claude, L."; Le Deunff, E%;
Beckert, M.>; Dumas, C.” & Matthys-Rochon, E.

'Centre de Biologie et de Physiologie végétales, UMR CNRS UPS 5546, Pole de Biotechnologies Végétales,
Université P. Sabatier, 24, Chemin de Borde Rouge BP 17, Auzeville 31326 Castanet-Tolosan France.
? Laboratoire de Biologie et de physiologie végétale, Université de Caen, 14032 Caen Cédex France.
? Centre INRA., Site de Crouél 234, Avenue Du Brézet 63039 Clermont-ferrand cédex 02 France.
*Department of biology, DSVT, Ecole Normale Supéricure, 6 Allée d'ltalic 69364 LYON Cédex O7 France.
* Laboratoire de Reproduction et dével des Plantes, UMR 5667 CNRS/INRA/ENS/UNIV/LYONI Ecole

PP

Normale Supéricure, 6, Allée d'ltalic 69364 LYON Cédex O7 France.

To study molecules secreted from cultured plant cells that promote development maize nﬁcrospon?s
were transfered into culture and the conditioned media were collected over time and analysed. Electrophoresis
indicated that both non-glycosylated and glycosylated proteins including arabinogalactan-proteins (AGPs)
appeared into the medium and their concentration increased during the time of culture. The development of
embryos was correlated with the presence of specific extracellular proteins, using an experimental system based on
a tunicamycin inhibition test. In addition, a precise protein analysis was conducted using MALDI-TOF and ESI-
MS-MS technig These approaches have allowed the identification of 5 other types of proteins: a cell wall
invertase, two thaumatin isoforms, one 1-3 beta-glucanase and two chitinase isoforms. Altogether these
experiments and results open ways for h aimed at und ling which molecules stimulate embryo
formation. Moreover, AGPs may be used to stimulate the development of microspores (pollen embryogenesis)
prepared from non-responsive genotypes. The possible role of the secreted molecules will be discussed and a
parallel will be made between the development of an embryo in liquid medium and in planta.

Signal transduction in pollen: Ca®', phosphoinositides and calmodulin
crosstalk in the pollen tube apex

Rato, C.; Monteiro, D.; Liu, Q. & Malhg, R.

Departamento de Biologia Vegetal, Faculdade de Ciéncias de Lisboa, R. Ernesto de Vasconcelos,
Bloco €2, 1749-016 Lisboa, Portugal. r.malho@fc.ul.pt.

Pollen tube growth relies on an extremely fast delivery of new membrane and wall material to the
apical region where growth takes place. Despite the obvious meaning of this fact, the mechanisms that control this
process remain very much unknown. A tip-focused [Ca2+]c gradient is known to play a central role in the
regulation of pollen tube growth and modulation of the [Ca2+]c concentration results in changes in the rate and
direction of growth. One of the targets of this Ca2+ signalling pathway was therefore claimed to be the secretory

pathway and similar claims were made for phosphoinositides. We investigated the role of phosphoinositides and [

C112+]c in membrane traffic in pollen twbes and to which extent, if any, the two signalling pathways are
connected. It was found that both modulation of phosphoinositides and increase in [Ca2+]c stimulate secretion but
interestingly, PIP2 and IP3 had different effects, thus suggesting the existence of different target molecules.

Endo-exocytosis seems to be modulated also by a crosstalk between calmodulin (CaM) and cAMP.
(CaM activity exhibits a tip-focused gradient, similar to the distribution of cytosolic free calcium [Ca®]. which
oscillate with a period similar to [Caz'k (40-80 sec). Changes in CaM activity within the dome of the pollen tube
apex induced reorientation of the growth axis suggesting that CaM is involved in the guidance mechanism. CaM
activity was found to be modulated by changes in cAMP levels, indicating that the action of this protein is not
solely dependent on [Ca™]. but on a crosstalk with other signalling pathways.
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3D confocal and electron microscopy imaging define the dynamics and mechanisms of
diploidisation at early stages of barley microspore-derived embryogenesis

Gonzilez-Melendi, P.'; Ramirez, C.'; Testillano, P. S."; Kumihen, J.” & Risuefio, M. C.'

'Cmmo‘dc Investigaciones Bialdgicas (CSIC). Ramiro de Maeztu 9. 28040-Madrid. Spain
“Institute of Plant Genetics and Crop Plant Research. Gatersicben, Germany

At specific immature stages. the pollen developmental programme can be switched towands cell
proliferation, haploid embryogenesis and plant regencration under appropriate culture 3 —a process
known 2s androgenesis or microspore-derived embryogenesis. As a < q € 10 a sp diploidisati
throughout this process, homozygous doubled-haploid plants are formed. In modem plant breeding, this
technology is employed to populations which consist of true-breeding individuals and have the poteatial
to encompass the entire genetic vaniability of an initial cross combination within a minimal scope of plants.
Furthermore, this technology can be coupled with Agrobacterii diated fi to produce Te-plants
homozygous for the gene transferred.

We have developed a technical advance to determine the ploidy level of individual nuclei within
androgenetically developing pollen by using specific fluorescent probes. This study was performed in barley
throughout early androgenic development in order to determine the timing of diploidisation. We found that
confocal 3D-imaging of these preparati was a reliabh thod. By using the number of nucleoli and
morphometric data such as the measure of the nuclear area (to estimate the nuclear size) as markers of the ploidy
level we observed that diploidisation starts at very early stages in the cultures. Reconstruction of 3D-images of
entire pro-embryos and the observation of cross and longitudinal sections across stacks of optical sections together
with correlative light and electron mi py provided big pshots of nuclear fusion as the
mechanism of genome d g in the process of microspore-derived embryogenesis.

This work was supported by the following grants: CICYT BOS2002-03572, Comunidad de Madnd
07G/0026/2003 1 and Spanish-German “Accién Integrada”™ HAOI-86.

Exclusive formation of true-breeding transgenic T,-plants after Agrobacterium-
mediated transformation of barley pollen cultures

Kumlehn, J.; Broeders, S. & Valkov, V.

Institute of Plant Genetics and Crop Plant Research Gatersleben, Plant Reproductive Biology,
Corrensstr. 3, D-06466 Gatersleben, Germany.

Methods used to identify and clone genes and promoters which are of scientific interest or have
putative relevant function for plant breeding are becoming increasingly powerful. Therefore, reliable and efficient
systems for genetic transformation of important crops are nec y for comprehensive functional gene analyses as
well as for crop improvement approaches. Based upon the huge regeneration potential of pollen cultures, a novel
method has been developed for Agrobacterium-mediated transformation of barley. Although a few To-plants
which are homozygous (true-breeding) for the gene transferred can be directly generated by this method, these
individuals cannot be phenotypically distinguished from their hemizygous sister plants. As a consequence, tedious
and time-consuming segregation analyses are necessary to identify these rare homozygous transformants.
Furthermore, many of the primary transgenic plants generated via transformation of barley pollen cultures are
haploids. These haploid regenerants appear to be useless in the first instance, because they do not set seed.

Following a novel concept, the haploid primary transgenic regenerants were routinely identified by
flow cytometry at an early stage of development and subsequently subjected to induced genome doubling. As a
result, more than 90 percent of these plants showed partial or full seed set. Although the inflorescences from many
colchicine-treated plants appear to be ploidy-chimaeric, all caryopses obtained must be homozygous for the
transgene, since fertile flowers can only be formed from diploid (doubled haploid) cellular origines. Thanks to
stable transgene expression over generations, exclusive formation of Ty-plants which are true-breeding with regard
to the gene introduced will substantially contribute to increased efficiency, reproducibility and reliability of
overexpression, knock-out and mutant complementation experiments
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Monitoring of in vitro cultured microspores switched to
embryogenesis in Olea europaea L.

Bueno, M. A'; Pintos, B'; Gémez, A’ & Martin, A*

'lab Caltivo de Tejidos, INIA-CIFOR Ctra de la Corufia km 7,5. 28040 Madrid (Spain).

) de Agricul S¢ ible CSIC Cérdoba (Spain) e-mail: bueno@inia es.
Genetic i hrough conventional hods of breeding in woody plants involves many
generations, and may ukc several years before any ingful results are obtained and has still not given fruitful

results. This has led to more emphasis on the use of in vitro techniques especially anther and microspore culture
for genetic improvement of woody species like olive (Olea europaea L.). Olive tree is a woody and cultivated
species, main product in Spain. The olive oil has a social importance and a good future due to consumer's
necessities.

Searching for convenient morphological criteria to correlate anatomy of the flower bud with
microspaore developmental stage: For high frequency of haploid production, the appropriate stage of microspores
is critical and it varies with species, and thus it is necessary to identify the appropriate stage of microspores for
haploid plant production. (Bueno er al. 2002). To study the stage of the microspore in olive, directly from the trees
growing in the field , its has taken branches with floral bud from the World-wide Collection Cultivars from Olive
tree of Cordoba (Spain) in different zone of the tree. Numerous preparations with Aceto-Carmine and DAPI have
been made, to be able to find parallelism between the morphology of floral buds and the stage of the microspore.
Gireat asincrony has been observed, like in most of the woody species. Inside anthers extracted from flower buds
with a similar size and color, microspores at uninucleate stage were obtained, whereas other floral bud with these
same characteristics contained different stages, from tetrad until polen. During the gametophytic development, the
initial stages of the material isolated from the anthers show very young microspores released from tetrads- after
meiosis of the pollen mother cells- which are characterized by small size, weak autofloresecence of the wall under
UV and a large and centrally located nucleus. In late-stage microspores, the nucleus is slightly condensed and
located mostly near the polen wall. Microspore mitosis is asymmetric and produces nuclei that can be easily
distinguished after staining with DAPL Then, the generative nucleus is small, condensed and appears intensely
stained; whereas, the vegetative nucleus is large, diffuse and appears weakly stained.

Monitoring in vitro formation of microspore-derived multinuclear structures: The sporophytic pathway
in vitro will be determinated by the genotipe. When late vacuolate microspores or young bicellular pollen grains
are cultured under stress conditions, they are switched from their naturally programmed pathway for gametophytic
to sporophytic development. Then, these microspores start dividing in a different way than they do in vive. There
is a symmetric divisions with several nuclei 2,4,8.. leading to embryoid or proembryo formation. The initiation of
embryogenesis it is possible to observed in the multicellular structures that are in progress. The obtained pure
lines, will be used for future genetic analysis and breeding programs. These results will have advantageous
implications at scientific, social and economical levels.

Work supported by projects CAO -0018-C.7.6.; OT-0036; CAM-07G/0009/2003

BUENO, M. A. & MANZANERA J. A. 2003. Doubled haploid production in crops plants. A Manual. In:
Maluszynski M., Kasha K. J., Foster B. P. and Szarejko (eds). Oak Anther Culture. Pp. 297-301. Ed.
Kluwer Academic Publishers., Dordrecht. Boston /London.

PINTOS, B., MANZANERA, J. A., PRADO, M. I, GOMEZ, A. & BUENO, M. A. 2004. Improvement of
haploid production in woody plants: Olea europaea L and Quercus suber L. COST ACTION 843. Book
of abstracts pp. 21-22. Oviedo. Spain.

Use of gametic embryogenesis for Citrus improvement
Germana, M. A. & Chiancone, B.

Dipartimento di Colture Arboree, Facolta di Agraria, Viale delle Scienze, 11
90128 Palermo, (Italy). agermana@unipa.it
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Citrus with 104,505,157 Mt in 2002 (FAOSTAT database) is the main workd freit crop. Breeding
programs in Citrus aim t0 obtain pew vaneties with a shorier juvenile period. mncreased yickd, a longer nipening
season, regular beaning, improved fruit appearance and quality and. above all, without seeds

Haploidy advantages and pollen biotechnology can represent @ powerful tool in Cirrxs breeding
{Germana, 1997), with potential uses in mutation rescarch, sclection, genetic analysis and genetic transformation.
Breeders and plant geneticists are also interested in obtaining homozygousity in woody plants, generally
ch ized by 2 long reproductive cycle, a high degree of heterozygosity. large size, and. sometimes, self-
incompatibility. This interest justifies the need to conduct further ch thereby i 2 our knowledge of
gametic embryogenesis with the goal of establishing efficient anther calture protocols in this :mpmam agncultural
crop (Germana, 2003).

Anther culture is one of the most i ing sy of plant reg through #n vitro culture, and
gametic cmbryogcncsns is one of the most stnclung wples of celtular totip cy (Reynolds. 1997)

has been successfully induced in genus Citrus, but only in few genotypes. Actually, the
:mpmvcmml of the induction rate and the increase of number of genotypes responding 1o androgenesis are
important with respect to enhancing haploidy application in Citries biotechnology and breeding. Although
androgenesis research made great progress in recent years, several aspects of this phenomenon still remain
unclear, pamcularly the induction proccss of mdmgcncsu and the factors that control it. The identification of the
inhibitory and latory factors are fund I especially for recalcitrant species like Citrus.

From anther culture of Citrus and its relatives, haploid, but also diploid and above all triploid calli,
plantlets and plants have been obtained. Ploidy analyses of androgenic regs bied us to d that
the largest percentage of them are triploids and not haploids or ploids as expected, opening the way o a
fast new, innovative and promising tool to obtain seedlees triploids in Cizrus. The importance of triploids in Cirrus
improvement stems from the seedlessness of their fruits; and the recovery of seedless varieties is one of the main
goals in Citrus varieties breeding, because they are strongly required by the fresh fruit market.

Genetic analysis using isozyme analyses and microsatellite markers showed that the regenerants are
homozygous and produced by gametic embryogenesis.

This report summarizes the current status of research on androgenesis in Citrus.

Boashind 3
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Session a3

POLLEN FOR IN-VITRO PRODUCTION OF HAPLOIDS

The relationship between induction of embryogenesis and chromosome
doubling in microspore cultures

Kasha, K. J.; Shim, Y. S.; Simion, E. & Letarte, J.
Dept. Plant Agriculture, University of Guelph, Guelph, ON Canada N1G 2W1.
Chromosome doubling of haploid plants has been a major concern relative to their use in plant
breeding, genetics, mutation and transformation. The ideal time to double the chromosome number would be the
haploid uninucleate cell or microspore stage following meiosis. The microspore stage is most often used to induct

embryogenesis for haploid plant production as it can provide a large number of partially synchronized cells. The
uninucleate stage can be induced by stress or anti-microtubule agents to provide embryo induction. The slightly
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