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Summary

C. DUMAS, R. B. BOWMAN, T. GAUDE, C. M. GUILLY, Ph. HEIZMANN, P. ROECKEL &

M. ROUGIER 1988. Stigma and stigmatic secretion reexamined. - Phyton (Austria) 28
(2): 193-200. - English with German summary.

An integral aspect of Angiosperm reproductive biology involves the spatial and
temporal separation between pollen reception on the stigma surface and fertilization
within the ovary. Various interactions between the male and female components
serve to regulate the impending gametic fusion.

Thus the stigma, a unique glandular tissue, and its secretion play an active role
during the programic phase of the fertilization. And, it is interesting to reexamine our
knowledges on this special glandular tissue at the light of new data and concepts
carried out by both evolutionary botany or molecular biology.

Zusammenfassung

C. DUMAS, R. B. BOWMAN, T. GAUDE, C. M. GUILLY, Ph. HEIZMANN, P. ROECKEL &

M. ROUGIER 1988. Neuuntersuchung der Stigmen und der Stigma-Sekretion .-Phyton
(Austria) 28 (2): 193-200. - Englisch mit deutscher Zusammenfassung.

Einen wesentlichen Aspekt der Reproduktionsbiologie der Angiospermen stellt
die räumliche und zeitliche Trennung von Pollenrezeption an der Stigmenoberfläche
und Befruchtung innerhalb des Eiapparates dar. Verschiedene Wechselbeziehungen
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zwischen den männlichen und weiblichen Komponenten dienen der Regulation der
bevorstehenden Verschmelzung der Gameten.

So ist das Stigma ein einzigartiges Drüsengewebe und seine Sekretion spielt eine
aktive Rolle während der progamischen Phase der Befruchtung. Es ist von Interesse,
unsere Kenntnisse über dieses spezielle Gewebe im Lichte neuer, von der entwick-
lungsgeschichtlichen Botanik wie der Molekularbiologie beigebrachter Daten und
Konzepte zu überprüfen.

Indroduction

The term of stigma has been quite clearly defined by PAYER in 1857, in
his "Traite d'organogenie comparee de la fleur". This author claimed: "For
me, I consider as stigma only the stylar region covered with papillate hairs".
In this definition, there is obviously no indication related to the pollen
reception and recognition by the pistil tissues. But, this primitive definition
is very simple and thus clear. Later, CAPUS 1878, underlined the complex
organization of the stigma and distinguished two different parts with the
so-called "true stigma" more or less connected with the vascular trand of
the style and the "collecting apparatus" constitued by the adjacent tissues.
This distinction based on the role of the collecting apparatus in the pollina-
tion mechanisms and those of the "true stigma" in the pollen germination
phenomena was quite approximative. But, the idea concerning a complex
role played by the stigma tissue following its localization was suggested.
And, today at the light of previous concepts provided as well by evolutio-
nary botanists (BAILEY & SWAMY 1951, CORNER 1958) as by molecular
biologists (CORNISH & al. 1987) it is interesting to reexamine the living
stigma and the stigmatic secretion in Angiosperms. In addition, some ideas
about artificial stigmas will be included in this paper.

1. Stigma types

1.1 Living stigmas

The first mention about the glandular activity of the stigma has been
reported by GAERTNER 1844, in several genera as Nicotiana, Datura, Phy-
salis, Ribes, Malva and Lobelia in which this author indicated the viscous or
sticky nature of the exudate. Later BURCK 1901 classified the stigma types
according to the presence or absence of liquid exudate at their surfaces. This
distinction between wet and dry stigmas has been successively reused by
several authors like KONAR & LINSKENS 1966, DUMAS 1973, VASIL 1974 and
extensively reviewed by HESLOP-HARRISON 1981.

Stigma is a gland and its secretion is geared to the temporal processes
of flowering and pollination. These processes have been well documented
for the pistil of Forsythia by DUMAS 1973 with:

—A pre-secretory period following the pistil elongation (young flower
buds)
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—A synthetic period with an accumulation of endoplasmic reticulum
profiles and vacuole enlargement in the stigmatic papillae

—An extrusion period more or less connected with the stigma recep-
tivity.

The nature of liquid exudates in wet stigma types appears to vary
widely between the different species with two main secretory mechanisms:

—A holocrine secretion observed in stigmas with a lipophilic exudate
(DUMAS 1974, for example)

—A granulocrine seretion noticed in hydrophilic exudates (see KRISTEN

& al. 1979, for example). But it seems that lipophilic secretion remains still
obsure while granulocrine secretion types are much better understood (see
criticism analysis in KNOX 1984).

In dry stigma types, i.e. Brassica, the pellicle is defined as the outermost
extracellular coating of the stigma cells, and is a hydrophilic layer (MATT-

SON & al. 1974) resembling (but not analogous to) a biological membrane
(GAUDE & DUMAS 1986).

Finally, the stigma provides the "read-out" system for incoming pollen
"information", and thus possesses the receptor sites for pollen recognition
(see DUMAS & al. 1984). And, several cytochemical activities have been
identified in relationships with the pollen-stigma interactions, especially
pollen adhesion and pollen hydration steps. Among these activities we may
noticed several enzyme activities (esterase, ATPase), lectin-binding sites
(ConA, Yariv antigen), non specific markers (lanthanum salts, cationized
ferritin) (see review KNOX 1984). It is interesting to mention two new data:
the presence of an adenylate cyclase activity only in compatible situation
(ROUGIER in preparation) and the existence of nucleases (ROECKEL in prepa-
ration).

Silk of maize forming the stigma releases nucleases within the first
minutes of contact with a liquid medium, and thus induces a complete
degradation of exogenous DNA in less than 5 minutes. By another way, the
diffusion of nucleases from maize pollen has been demonstrated by
MATOUSEK & TUPY 1984. Thus, in maize pollen transformation both nuc-
lease types diffuse from pollen and stigma and these enzyme activities have
to be inhibated in order to get tranforming plants.

For these last experiments the stigma surface has to be receptive.
Stigma receptivity is an important property during which it can be effec-
tively pollinated. There are four classical methods currently available for
assessing stigma receptivity:

— determination of seed set after pollination at different times relative
to flower opening

—the presence of exudate
—cytochemical positivity for several tests: ATPase, lectin binding, . . .
-morphometric analysis of fruit development (for review see KNOX &

al. 1986).
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1.2 Artificial stigma

A working knowledge of those factors responsible for normal pollen
function on a receptive stigma provides opportunity to model abiotic sys-
tems similarly capable of regulating male gametophyte function. And, the
first artificial stigma was performed by KONAR & LINSKENS 1966, it is
possible to surgically remove the stigma and style from a flower (BOWMAN

1984) and still achieve fertilization, provided that pollen placed on the
stump can be induced to germinate and otherwise perform in a normal
manner.

Successful synthetic stigma pollinations require the duplication of
pollen influencing factors normally provided by the female reproductive
tract. Despite the existence of various tests to measure pollen quality
(HESLOP-HARRISON & al. 1984, KNOX & al. 1986), the only significant
measurement of pollen function is its ability to achieve gametic union. Once
a minimal composition for the synthetic stigma can be determined, addi-
tional components can be added and their direct impact on pollen function,
as assessed by seed setting ability, can be measured. In most instances, the
stigma-style tract is short lived and withers after fertilization. Similarly,
synthetic stigmas principally influence only pollen behavior; any resulting
seeds are left in situ to follow normal developmental pathways. The capac-
ity to artifically manipulate pollen within the context of a normal pollina-
tion-fertilization scheme will become increasing by important with the
isolation of S-allele products (ANDERSON & al. 1986). Synthetic stigmas will
provide a mean for direct qualitative and quantitative measurement of
influence from stigmatic fluid components, carbon sources and mineral
requirements affecting pollen performance. Similarly, the ability to isolate
stigma and style factors from those acting deeper in the ovary may confirm
views that pollen tubes must pass through localized regions, each of which
can influence pollen performance.

There is an ever growing body of literature suggesting that pollen of
xenogamous species is subject to intense competition (MULCAHY & MULCAHY

1983). Only the best performers within the pollen population encounter
unfertilized ovules; further, female imposed barriers (S-allele products), or
genetic maladjustment (HOGENBOOM 1984) may prevent sucessful function
of some or all of the pollen population arriving at the stigma. Inclusion of
exogenous agents such as herbicides or toxins (BOWMAN 1985) within syn-
thetic stigmas may also reduce the effectiveness of some pollen genomes. In
this manner, artifical selection merely parallels natural selective processes.
The tolerant pollen genomes capable of functioning in the presence of the
stressing agents will be incorporated directly into seeds. Artificial selection
for herbicide resistance for diverse haploid cell lines including fern
gametophytes and tobacco cells (BRIGHT & al. 1986; CHALEFF & RAY 1984)
have indicated the feasibility of pollen selections. Application of synthetic
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stigma methods and other pollen selection systems (KNOX & al. 1986) will
likely play a role in future pollen biotechnology.

2. Na tu re and origin of the st igma

2.1 Concepts and data from evolutionary botany

In his theoretical discussion of the nature of the stigma TOMAS 1934
arranged selected carpels of Rosaceae and of primitive genus as Drimys,
Schisandra, Trochodendron and Magnolia in series illustrating two possible
modes of origin of an apical stigma. BAILEY & SWAMY 1951 noticed that
glandular hairs are widely distributed over the inner or ventral surfaces, as
well as the margins of primitive forms of conduplicate carpels. During the
phylogenetic closure of conduplicate carpels, the development of a style,
and the restriction of paired external stigmatic crests to apical parts, the
extensive internal glandular surfaces are retained and become variously
modified as transmitting tissue.

On the other hand, according to CORNER'S concepts (1958) many
evolutionary changes in plants including the division of labour and neoteny,
result from restricting the site of development of a hereditary property or by
moving it to another part of the plant body.

In this view, the cell-cell recognition mechanisms under the S-gene
control occuring during pollen-pistil interactions are expressed in terms of
rejection events at two different levels:

—the stigma surface in the sporophytic system, i.e. Brassica (see HES-
LOP-HARRISON & al. 1975, for example).

—the upper part of the style in the gametophytic system i.e. Nicotiana
(see CLARKE al. 1985). s

2.2 Concepts and data from molecular biology

In Brassica oleracea, a species with a sporophytic incompatibility
system, the rejection of the pollen grain is controlled by the alleles of the
diploid parent (sporophyte). The self pollen is recognized and rejected on
the stigmatic surface. The S-molecules appear to be localized on the surface,
could be in the pellicle. NASRALLAH & al. 1985 identified several stigma
glycoproteins which segregate with the corresponding S alleles. These S
glycoproteins are found only at the stigmatic surface, but not in the style or
in vegetative tissues. Their synthesis is subjected to S-allele dosage. A
second gene, termed M gene could be responsible for the rejection reaction
(HINATA & OKAZAKI 1986).

DNA-sequence coding for these S-glycoproteins have been cloned in B.
oleracea (NASRALLAH & al. 1985; NASRALLAH & al. 1987) from cDNA
librairies made from stigma mRNAs. In addition the associated sequences
have been deduced and compared from three S-glycoproteins from S-
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alleles. They show the alternation of two constant (80 and 81% of homology)
and two variable (41% and 46% of homology) regions, suggesting that the
genes coding for the S-proteins could evolve by recombination between sets
of related sequences (NASRALLAH & al. 1987, TAKAYAMA & al. 1987).

In gametophytic plants, the rejection of an incompatible pollen is
controlled by its own haploid genome (gametophyte) and the rejection site is
localized in the style. The corresponding S-glycoproteins can be detected all
along the style, but their concentration is the highest at the level of the
stigma and in the upper part of the style {in situ hybridization) (ANDERSON
& al. 1986: CORNISH & al. 1987). The real function of the S-products seems to
be dual since they participate in both recognition and rejection of the self
pollen as seen in Nicotiana alata. In the gametophytic system, the events of
rejection appear to be uncoupled from those of recognition. By contrast,
these events occur simultaneous in the sporophytic plant species.

Conclusion

The stigma is a gland covered by specialized receptive cells able to
recognize and to discriminate among pollen grains according to their
genotype. And, the stigma in Angiosperms acts during interspecific matings
to distinguish "not self", i.e., pollen belonging to a species other than that of
the pistil is generally rejected, assuring maintenance of stability of the
species. By contrast, in intraspecific matings, "not-self", which corresponds
to allopollen, is accepted, while self-pollen is rejected. This latter process
enforces outbreeding and characterizes "the self-incompatibility phenome-
non" (GAUDE & DUMAS 1987).

On the other hand, in situ hybridization demonstrates an identical
response in stigma cells, transmitting tissue and the inner epidermis of the
ovary supporting previous ideas about stigma ontogenesis from evolutio-
nary botanists.

Nevertheless, some key points remain to be solved: the precise localiza-
tion of the S molecules on the stigma cells, their biosynthetic pathway and
their molecular interactions with identical or complementary S molecules
carried by the pollen grains.
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