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ABSTRACT

Studies were carried out on anatomic aspects ofstiggna and style of yellow passionfruit. The stitimstyle
consisted of papillae, many layers of sub-epidercetls and a central transmitting tissue. The stgwas of dry,
unbranched, multicellular multiseriate papillatepty and the cells were highly vacuolated with wéiat were
relatively thin consisting of compactly arrangebriis. The style was solid with a central core rafinismitting tissue
that had intercellular spaces containing a matrhat included polysaccharidic and lipidic substancBsiring

development, cells of the transmitting tissue waranged compactly while the mature pistil showetlscwith a
little more loosely arranged intercellular spaceBoth the mature stigma and style contained a perigh
cytoplasmic layer showing a cytoplasmic profilehwdtprominent nucleus containing a nucleolus, evditributed
mitochondria, extensive RER, ribosomes and amydogplasts.
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INTRODUCTION tons (FNP, 2002) and still is selected for genetic
improvement (Meletti et al., 2000; Viana, 2001).
The genusPassiflora L. originated in tropical In yellow passion fruit, there are three or four
South America with its major center ofstyles that are united towards their base and in the
geographical distribution in central-north of Brazitop there are free stigmas (Vanderplank, 1991) that
(Bruckner, 1994). Yellow passionfruiPéssiflora belong to the group of genus with a dry papillate
edulis Sims f flavicarpa Degener) is an stigma (Heslop-Harrison and Shivanna, 1977). In
allogamous plant mainly due to its floralgeneral, in the style the pollen tubes grow through
morphology  and  self-incompatibility ~ of an extracellular matrix that either lines a hollow
sporophytic type (Bruckner et al., 1995) beinghannel or is secreted between style cells that make
cultivated for its edible fruits. It occurs naturally inup a solid transmitting tract. The composition of
Brazil being a important domestically consumethis complex matrix may include lipids, proteins,
crop marketed in 2000 amounted 30.992 thousagédrbohydrates, and small molecules, which are
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believed to provide the signals that are critical fovere examined with a Zeiss 900 electron
directing and supporting pollen tube growthmicroscope at 60 kV.
(Wilhelmi and Preuss, 1997). These interactions
can be as complex as protein-protein interactions,
like ligand-protein kinase signaling, or can involveRESULTS
molecules as simple as water, calcium, lipids and
sugar (Gaude and McCormick, 1999). The style
Although the floral biology of yellow passion fruit The style was anatomically characterized as solid
has been studied (Ruggiero, 1973), detailed studigpe. It comprised a single epidermis layer with
have not been carried out on the structure @fick and ornamented cuticule and some trichomes,
stigma. This work was part of initial studies ora parenchymatic tissue (cortical cells layers) and a
anatomic characteristics of flowers in passionfruigentral transmitting tissue (Fig. 1, A). Adjacent to
describing its  ultrastructural and  somehe epidermis, there were 12-15 layers of cortical
hystochemical and cytochemical characteristics. cells separated from each other by a little of
intercellular space (Fig. 1, B). The volume of the
cortical cells was occupied by a larggcuole and
MATERIALS AND METHODS the cytoplasm contained amylochloropla@®sg. 1, C)
with a high quantity of starch grains. The cells of
Plants of yellow passion fruiP@ssiflora edulisf. the transmitting tissue with thin walls appeared
flavicarpa Deg.) grown in the Universidaderoundish in transverse sections (Fig. 1, D) and
Estadual do Norte Fluminense greenhouse - Braellongated in longitudinal sections (Fig. 1, E) and
- were used. For optical microscopic studiests walls reacted positively to test for
unpollinated pistils were fixed in 2.5 %polysaccharides. Positive staining for pectin was
glutaraldehyde and 4% formaldehyde in 0.1 Nhotably absent. Cortical cells layers closer to the
cacodylate buffer pH 7.2 for an hour at roonstyle core and intercellular spaces stained more
temperature, dehydrated through an ethanol seriatensely for lipids than the transmitting tissue
and embedded in Spurr's resin (Spurr, 1969Fig. 1, D).
Semi-thin sections (M) were cut with diamond The cytoplasm of transmitting tissue cells
knife and used to localize lipoidal material withcontained only a very reduced set of RER
Sudan black (Jensen, 1962), pectic substances wittmposed of one type of cistern seen in longer
Ruthenium red (Chamberlain, 1932 modified byrofiles with a narrow lumen, preferentially
Kraus and Arduin, 1997), and total insolubldocated in the peripheral cytoplasmic region of cell
polysaccharides with periodic acid-Schiff reagerwith  amylochloroplasts;  dictyosomes  and
(PAS) (O’Brien and McCully, 1981). PAS ismitochondria were present, but few in number, and
selective for carbohydrate residues with vicinalibosomes were observed (not demonstrated). The
hydroxyl groups, which in the first step is oxidizedracuole showed electron-opaque lipid droplet
to aldehyde groups by periodic acid, and thefandomly distributed (Fig. 1, E-F). The defined
reacts with Schiff's reagent to give a pink-coloredvell nucleus had one nucleolus with a chromatin
complex (Hotchkiss, 1948; McManus, 1948). strongly electron-dense. The young cells of the
For transmission electron microscopy, théransmitting tissue were arranged compactly
glutaraldehyde and formaldehyde fixed pistils werwithout any intercellular spaces and there was
post-fixed in 1 % osmium tetroxide, dehydrate@¢mall vacuoles distributed randomly while the
through an ethanol series and embedded in Spurmature pistil showed a little more loosely arranged
resin. Sections were cut using a diamond knife aeells, with intercellular spaces, with medium
stained with uranyl acetate and lead citrate for l&ectron-dense secretion products; vacuoles fused
min and 3 min, respectively. Other sections wer® form only one that full the centre of cell. At
collected on gold grids and treated with periodivltrastructural level the intercellular substance
acid-thiocarbohydrazide-silver proteinate (Thiéryreacted positively to test for polysaccharides.
1967) to detect polysaccharides. All sections wefdlasmodesmata were not found.
cut on the Reichert Ultracut S ultramicrotome.
Semi-thin sections were examined with Olympus
B202 optical microscope and ultrathin sections
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Figure 1 - Stigma and style characteristics Rassiflora edulisf. flavicarpa A) Semi-thin transverse-
section of the solid style comprising an epiderlaj®r containing a trichome, 12-15 layers of
cortical cells separated from each other by aelitf intercellular space and a central
transmitting tissue (x 80)B) Detail of epidermis with thick and ornamentedidet and
trichomes, and adjacent cells to the epidermis sigittle intercellular spaces (x 1303)
Cytoplasm cortical cells layers and intercellulabstance (arrowhead) stained with Sudan
black: detail minor showing plastids no stainedda) and major showing the vacuole more
stained than cytoplasm (x 279)) Semi-thin transversal-section of the style stdimdgth
Sudan black: cortical cells layers closer to tlygestore stained more intensely for lipids than
the transmitting tissue. Note positive reaction tire cuticle (arrowhead) (x 120E)
Longitudinal-section of the transmitting tissue wim@ more elongated cell and the vacuole
containing electron-opaque lipid droplet (x 17008).Detailed view of the lipid droplet (x
51000). G-H) Semi-thin longitudinal G, x 90) and transverse-sectiohl, (x 128) of the
multicellular multiseriate papillae stained with 8Aeagent for total insoluble polysaccharides.
I) Transversal-section of papillae cells: interdafuspace, starch grains into plastids are
positive for polysaccharides; note the RER (arrawd)e elliptical mitochondria and
peroxysome in close proximity to amylochloroplaétsl2000).TT, transmitting tissue; CC,
cortical cells layers; E, epidermis; v, vacuole; Njcleus; 1S, intercellular space; S, starch
grains; M, mitochondria; P, peroxysome.
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The stigma growth, stigma and style, were identified (Régo et
The stigma was dry and papillate. The papillaal., 2000)
were unbranched, originated from the epidermi®ry stigma has an important biological role in the
and densely arranged over all heart-shaped stigmsporophytic self-incompatibility system because it
They were relatively short and uniform in permits an cell-by-cell interaction between pollen
diameter, multicellular multiseriate (Figs. 1, G-H).and stigma-cell, as occurring in yellow passion
The cell walls were relatively thin consisting of fruit (Régo et al., 2000while the papillae has an
compactly arranged fibrils (Fig. 1, I). adaptive significance by increasing the capturing
The cytoplasm was confined to the lateral part oarea even though it reduces the opportunity for
the papillae. The major part of the cell cytoplasmnteraction by ensuring that pollen surface
was made up of large vacuole that frequentlynaterials cannot be distributed too freely on the
showed some lightly stained contents (Fig. 1, l)stigma surface from pollen grains (Heslop-
Papillae peripheral cytoplasmic layer showed dlarrison and Shivanna, 1977).
cytoplasmic profile with a nucleus containing aln plants, sugar functions as a metabolic resource
nucleolus, evenly distributed elliptical (Jang and Sheen, 1997), hence information
mitochondria, extensive rough endoplasmiconcerning the sugar status of plant cells is of
reticulum (RER), ribosomes, amylochloroplastgyreat importance during all stages of the plant life
with a well developed, thylakoid system cycle (Graham, 1996), but sugar is also important
containing up to six large starch grains andegulators of many processes involving repression
peroxysomes in close proximity to and activation of many genes (Jang and Sheen,
amylochloroplasts. Dictyosomes were observed in997). InP. edulisf. flavicarpa, the intercellular
an inactive state, since their cistern-endings wersubstances of stigma and style were rich in
not swollen and associated vesicles were nqolysaccharides. Intercellular substances of the
present. The stigma reacted negatively to test father dry stigma species are generally rich in
pectin. The cell walls and starch grains intgpolysaccharides, pectins (Ciampolini et al., 1990)
plastids reacted positively for polysaccharides, sand protein (Sedgley and Buttrose, 1978). Lipid
that the reaction was visualized by electron-densstorage in the wall is a common event in plants.
for Thiéry and grey to black intensity for PAS However, inP. edulisf. flavicarpa it was seen
(Fig. 1, E-F). mainly in cytoplasm of the parenchymatic and
transmitting tissues and intercellular spaces. Lipids
are the essential factor needed for pollen tubes to
DISCUSSION penetrate the stigma directing pollen-tube growth
by controlling the flow of water to pollen in
Ultrastructural details of the stigma have not yespecies with wet stigmas, while the pollen coat is
been described foPassiflora Contrary to the functionally equivalent to the exudate in species
classification by Heslop-Harrison and Shivannawith dry stigmas (Wolters-Arts et al., 1998). The
(1977), yellow passionfruit had papillae stigma,jresence of lipids ifPassiflora edulid. flavicarpa
which was multicellular multiseriate unlike is most possibly linked to reserve substance
described for the genuPassiflora (unicellular function than in pollen-pistil interaction.
papillae). There was an enormous inter- and intraFhe scanty cytoplasm was observed in the cells of
specific genetic variability in the gen@assiflora papillae and transmitting tissue where the
(Ferreira, 1994) and in the family Passifloraceagytoplasm was occupied by a large vacuole as in
hence variability reflected in the stigmaCorylus avellanda.. (Ciampolini and Cresti, 1998)
morphology like the genuAdeniathat has non- unlike the cells of the transmitting tissue of other
papillate stigma surface (Heslop-Harrison andpecies such @&rimula vulgaris(Heslop-Harrison
Shivanna, 1977). The relationship among stigm&t al., 1981), both solid-styled. Although some
characteristics and the type of mechanismgictyosomes were seen in an inactive state, since
involved in the self-incompatibility system wastheir cistern-endings were not swollen and
studied by Heslop-Harrisogt al. (1975). In solid- associated vesicles were completely absent, the
styled sporophytic self-incompatible species, théhin  cytoplasm was active with many
pollen tubes were arrested on the stigma. In yello@mylochloroplasts  containing starch  grains,
passion fruit, two inhibition sites of pollen-tube ribosomes and extensive RER assenting the fact
that they were associated with the polysaccharides
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synthesis and secretion. Polysaccharides af@ampolini, F. and Cresti, M1998),The structure and
necessary for pollen tube growth (Ciampolini and cytochemistry of the stigma-style complexQdrylus
Cresti, 1998). During this process the pistil plays @vellana L. "Tonda gentile delle langhe"
an essential role in the production of compounds (Corylaceae)ann. Bot, 81, 513-518.
necessary for recognition, guidance, protection; |{a_rr1npo||n|, F Shlv:anna, K'hR' and Crcfasnr,] (\195_)0_)|, .
and nourishment of the pollen tubes (Kao and e structure anc cytochemistry of the pistil o

. Sternbergia lutea(Amaryllidaceae).Ann. Bot, 66,
McCubbin, 1996). 703_712_9 A Y )

Ferreira, F. R(1994), Germoplasma deassiflorano
Brasil. In: S&o Josd. R. (Ed.).Maracuja: Producao
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RESUMO Heslop-Harrison, J.; Heslop-Harrison, Y. and Baylder
(1975), The stigma surface in incompatibility
Foram realizadas observagdes sobre aspecto%??pcz’g?esproc- R.. Soc. LondB. Biol. Sci, 188
anatdbmicos do estigma e estilo de maracujazeir eyl .
amarelo, uma vez que estudos detalhados nao téffi>/oP-Harrison, Y. and Shivanna, K. §977), The

. . ) receptive surface of the angiosperm stignAan.
sido encontrados em literatura recente. O estigmag ; “41 1233-1258.

é seco, néo—ramificadp com papilas multiseriadas Keslop-Harrison, Y.: Heslop-Harrison, J. and Shazn
multicelulares, com células altamente vacuoladas ek, R. (1981), Heterostyly inPrimulal. Fine-
parede celular relativamente fina. O estilo € solido structural and cytochemical features of the stigma
apresentando no centro o tecido de transmissdand style inPrimula vulgaris Huds. Protoplasma
com espacos intercelulares contendo uma matriz107, 171-187.

que inclui polissacarideos e substancias lipidicaklotchkiss, R. D. (1948), A microchemical reaction
Durante o desenvolvimento, células jovens do "ésulting in the staining of polysaccharide
tecido de transmissdo ndo apresentam espaco tructures in fixed tissue preparatidnch. Biochem.

. L. - 6, 131-141.
intercelulares, ao contrario do pistilo maduro. OJang, 3. C. and Sheen, J.(8997), Sugar sensing in

estigma e estilo cor)tér_n citoplgs_ma periférico higher plantsTrends Plant Sci2, 208-214.
apresentando um perfil citoplasmatico com nuclegensen, W, A. (1962), Botanical histochemistry
e um nucléolo, mitocdndrias distribuidas [ ondon: WH Freeman and Co.

espacadamente, extenso reticulo endoplasmatig@o, T. H. and McCubbin, A. G(1996), How

rugoso, ribossomos e amiloplastos. flowering plants discriminate between self and non-

self pollen to prevent inbreedingroc. Natl. Acad.
Sci, 93, 12059-65.
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