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Summary. Although the pollen grains produced in monocots are pre-
dominantly monosulcate (or monoporate), other aperture types are also
found within this taxonomic group, such as the trichotomosulcate, in-
aperturate, zonaperturate, di-, or triaperturate types. The aperture pattern
is determined during the young-tetrad stage of pollen development and
it is known that some features of microsporogenesis can constrain the
aperture type. For example, trichotomosulcate pollen is always associ-
ated with simultaneous cytokinesis, a condition considered as derived in
the monocots. Our observations of the microsporogenesis pathway in a
range of monocot species show that this pathway is surprisingly variable.
Our results, however preliminary, reveal that variation in microsporogen-
esis concerns not only cytokinesis but also callose deposition among the
microspores and shape of the tetrads. The role played by these features
in aperture pattern determination is discussed.

Keywords: Microsporogenesis; Pollen; Cytokinesis; Aperture pattern;
Callose deposition; Monocot.

Introduction

The early steps of pollen development consist of the forma-
tion of microspores, a process called microsporogenesis that
involves the meiotic division of diploid microsporocytes
into four haploid microspores enclosed within the callosic
wall of the microsporocyte. After the release of the mi-
crospores starts the gametogenesis. It consists of the subse-
quent development of microspores into mature bicellular or
tricellular pollen grains, which contain the male gametes
of spermatophytes. The pollen grains of angiosperms are
surrounded by a complex wall made of sporopollenin: the
exine. In most species, pollen grains present apertures, i.e.,
areas where the exine layer is thin or lacking (Erdtman
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1952). The apertures are often fully visible in the late-tetrad
stage, indicating that the aperture pattern (aperture structure,
number and distribution) is determined during the process
of microsporogenesis. It is in fact the first aspect of pollen
ornamentation to be established during pollen ontogeny
(Blackmore and Barnes 1990). There is now increasing
evidence that aperture pattern ontogeny is linked to meiosis
(Blackmore and Crane 1998, Ressayre et al. 2002, Harley
2004). Detailed observations of microsporogenesis in
species with different aperture patterns, either from the
monocots or from the eudicots (Ressayre 2001; Ressayre
et al. 2003, 2005), show that the apertures are defined ac-
cording to the regions where cytokinesis is completed, as
already suggested by Wodehouse (1935). Since cytokinesis
involves the formation of callosic walls among the mi-
crospores (Longly and Waterkeyn 1979a), callose deposi-
tion during microsporogenesis is likely to play a key role in
aperture pattern determination. Other factors that have been
shown to play a crucial role in aperture pattern determina-
tion are the presence of endoplasmic-reticulum shields un-
der the plasma membrane in the regions where the apertures
are formed (Heslop-Harrison 1963) and the organisation of
microtubules (Sheldon and Dickinson 1983, 1986). There is
a variety of aperture types in monocots. The monosulcate
type (a single distal polar aperture, sometimes reduced to a
pore) occurs in most families of the monocots but some
families, such as the Araceae (Grayum 1992), Iridaceae
(Goldblatt etal. 1998), or Arecaceae (Harley and Baker
2001), display variation in the aperture pattern. Variation
concerns different aspects of the aperture pattern: shape
(sulci or pores), number (one to several), or position (polar
or equatorial). Variation occurs generally among genera,
sometimes among species of the same genus (Goldblatt and
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Le Thomas 1993), but there are many records of intraindi-
vidual variation (Harley and Baker 2001, Harley 2004), a
phenomenon called heteromorphism (Till-Bottraud et al.
1995). Some species produce inaperturate pollen in which
the exine layer is either continuous or entirely lacking (Fur-
ness and Rudall 1999a, 2000). Data concerning the cellular
process of microsporogenesis in monocots are focused es-
sentially on the type of cytokinesis and indicate that some
aperture types, such as the trichotomosulcate or triaperturate
types, occur only when cytokinesis is simultaneous (Fur-
ness and Rudall 1999b, Harley 2004). The widespread
monosulcate pollen is commonly associated with successive
cytokinesis but also occurs with simultaneous cytokinesis,
in which case it is sometimes found together with trichoto-
mosulcate pollen (Rudall et al. 1997, Harley 1999a).

We have undertaken a comprehensive study of mi-
crosporogenesis in monocots, with a special focus on cell
wall formation during cytokinesis, in order to identify the
main features of microsporogenesis in this taxonomic
group. In the long run, this study will help us to improve
our understanding of aperture pattern determination in
monocots and identify the key steps involved in the evolu-
tion of this character. In this paper we present observa-
tions from selected species belonging to different clades
of the monocots. Although the number of species exam-

Table 1. Species examined in this study
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ined was limited, our results reveal that variation concerns
different features of microsporogenesis, such as the type
of cytokinesis, intersporal callosic wall formation, and
shape of the tetrads. We discuss the role played by these
features in aperture pattern determination.

This work was presented as an oral communication at
the 11th International Palynological Congress, Granada,
Spain, 4-9 July 2004.

Material and methods

Microsporogenesis was examined in plant material belonging to fourteen
species, representing six orders of the monocots, namely, Alismatales,
Arecales, Asparagales, Commelinales, Dioscoreales, and Zingiberales.
Fresh floral buds, potentially at different stages of microsporogenesis,
were collected from plants grown in botanical gardens or found in the
wild (Table 1). Floral buds were immediately dissected to extract the an-
thers. One anther per bud was squashed to extract the sporogenous cells
and mounted in aceto-carmine to identify the meiotic stage of the bud.
When meiosis was in progress, the remaining anthers were squashed in
aniline blue (modified from Arens [1949] by the addition of 15% glyc-
erol), which allowed us to observe callosic wall formation by epifluores-
cence. When the mature-tetrad stage was observed, half of the remaining
anthers were squashed in congo red (Stainier et al. 1967) to visualise the
position of apertures within the tetrad. The remaining half was mounted
in aniline blue to observe intersporal walls just before the release of
pollen grains. In some species it was possible to visualise the apertures with
aniline blue staining under epiflorescence. Mature pollen was mounted in
congo red. In the case of the species Dioscorea communis, the floral

Order and family* Species Voucher Origin®
Alismatales
Alismataceae Alisma canaliculatum A. Braun & Bouché 1983-101 Kew
Araceae Anthurium hookeri Kunth 4025 MNHN
Dioscoreales
Dioscoreaceae Dioscorea communis (L.) Caddick & Wilkin no voucher Orsay
Asparagales
Agavaceae Beschorneria yuccoides MNHN
Hemerocallidaceae Dianella tasmanica Hook. f. 1996-610 Kew
Iridaceae Dietes grandiflora N.E.Br Kirstenbosch
Sisyrinchium striatum Sm. no voucher Orsay
Commelinales
Commelinaceae Tradescantia X andersoniana W. Ludw. & Rohw. no voucher Orsay
Commelina erecta L. no voucher Orsay
Haemodoraceae Wachendorfia paniculata L. no voucher Cape Region
Zingiberales
Strelitziaceae Strelitzia juncea Link no voucher Cape Region
S. reginae Aiton no voucher Cape Region
Arecales
Arecaceae Chamaedorea microspadix Burret 913448 JBVP
Gaussia attenuata (O. F. Cook) Becc. 569-6656902 Kew

 Orders and families are according to Angiosperm Phylogeny Group (2003)
b Kirstenbosch, Kirstenbosch National Botanical Garden (Cape Town, South Africa); MNHN, Musée National
d’Histoire Naturelle (Paris, France); JBVP, Jardin Botanique de la Ville de Paris (Paris, France); Orsay, Parc
Botanique de Launay (Orsay, France); Stellenbosch, Stellenbosch Botanical Garden (South Africa); Kew, Royal
Botanic Gardens Kew (U.K.)
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buds were squashed directly in the different stains without being dis-
sected, because of their small size. Aceto-carmine and congo red prepa-
rations were observed in transmission light with a Zeiss Axiophot
microscope. The epifluorescence Zeiss Axiophot microscope was used
with filter set 01 (excitation wavelength, 345 nm; emission wavelength,
425 nm long pass) for aniline blue staining.

Results

Alisma, Anthurium, Beschorneria, Commelina, Strelitzia,
Tradescantia, and Wachendorfia species

Eight of the fourteen species examined here presented a de-
velopmental sequence of microsporogenesis involving suc-
cessive cytokinesis (Fig. 1a) and intersporal wall formation
achieved by centrifugal cell plates (Fig. 1b, ¢). In Anthurium
hookeri, the second meiosis divisions were not exactly syn-
chronous: Fig. 1a shows a dyad in which one cell is at the
anaphase II stage while the other cell is at the metaphase Il
stage. Tetragonal and decussate tetrads (Fig. 1d—f) were
observed in all eight species. A few T-shaped tetrads were
recorded in Beschorneria yuccoides (Fig. 1g). A large vari-
ety of shapes were recorded in both Strelitzia species
such as T-shaped, linear, or Z-shaped (Fig. 1h) in addition
to tetragonal and decussate shapes. Commelina erecta,
Tradescantia X andersoniana, and Wachendorfia panicu-
lata produced monosulcate pollen grains (Fig. 11, j); Alisma
canaliculatum and Anthurium hookeri produced polyporate
pollen (Fig. 1k); whereas the pollen of Strelitzia juncea and
S. reginae was inaperturate (Fig. 11).

Dianella tasmanica

In Dianella tasmanica, cytokinesis was achieved in two
different ways. One way involved the formation of three
cell plates (Fig. 2a) and resulted in tetragonal or decussate
tetrads (Fig. 2b, c). The other way involved the simultane-
ous formation of six cell plates (Fig.2d) and resulted in
the formation of tetrahedral tetrads (Fig. 2e, f). The pollen
grains produced by this species were trichotomosulcate
(Fig. 2g), occasionally monosulcate (Fig. 2h) or asymmet-
ric trichotomosulcate (Fig. 21).

Gaussia attenuata

Cytokinesis in Gaussia attenuata was achieved by the si-
multaneous formation of four to six centrifugal cell plates
(Fig. 3a, b) which are covered by extra callose after com-
pletion of cytokinesis. The tetrads were tetragonal
(Fig. 3¢), rhomboidal (not shown), symmetric tetrahedral
(Fig. 3d), or asymmetric tetrahedral (Fig. 3e). The pollen
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grains were predominantly monosulcate (Fig. 3e), mixed
with trichotomosulcate pollen grains (Fig. 3f).

Chamaedorea, Dioscorea, and Sisyrinchium species

In all three species, cytokinesis was simultaneous and
achieved by cell plates growing centripetally from the
edges of each of the cleavage planes (Fig. 4a—c). The re-
sulting tetrads ranged from tetragonal to symmetric or
asymmetric tetrahedral (Fig. 4d—f), with occasional rhom-
boidal tetrads in Chamaedorea microspadix (Fig. 4g). Pollen
grains in Chamaedorea microspadix and Sisyrinchium stria-
tum were monosulcate, occasionally trichotomosulcate
(Fig. 4h, i). The pollen of Dioscorea communis was disulcu-
late (Fig. 4j), i.e., with two apertures in equatorial position.

Dietes grandiflora

In Dietes grandiflora, intersporal wall formation was
achieved by the simultaneous formation of four to six
callosic walls starting from the edges of the tetrad and
progressing centripetally toward the centre of the tetrad
(Fig. 4k, 1). The tetrads were tetragonal, thomboidal, or
tetrahedral (not shown) and the pollen grains were zona-
sulcate, with a ringlike sulcus running through both poles
(Fig. 4m).

Discussion

Microsporogenesis with successive cytokinesis

A widespread developmental sequence observed in mono-
cots involves successive cytokinesis and intersporal wall
formation achieved by centrifugal cell plates. Such features
are found in species belonging to different orders of mono-
cots as shown by the data presented here (Table 2) or by
previous works (Longly and Waterkeyn 1979b, Penet et al.
2005). The pollen associated with these features of mi-
crosporogenesis is generally boat-shaped and monosulcate,
with the sulcus oriented along the longest axis of the
pollen grain. In the tetrad, the sulcus of each microspore
is oriented in such a way that both ends of the sulcus
are located precisely where callose wall formation is com-
pleted (Fig. 1i), as predicted by a model of aperture pattern
ontogeny (Ressayre etal. 2002). There are exceptions to
this association, since species displaying successive cytoki-
nesis and centrifugal cell wall formation were found to
produce other pollen types, such as polyporate or inaper-
turate (Table 2). A low but variable number of pores were
recorded in Anthurium hookeri, as already noted (Buchner
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Fig. 1a-1. Successive cytokinesis. AC, aceto-carmine; AB, aniline blue; CR, congo red. Bars: 10 wm. a and b Anthurium hookeri. a Dyad stage with
second meiosis division in progress (AC). b Formation of the cell plate after meiosis I (AB). ¢ Formation of the cell plates after meiosis II in Strelitzia
reginae (AB). d Tetragonal tetrad in Wachendorfia paniculata with bare callosic cell plates (AB). e Tetragonal tetrad in Anthurium hookeri with cell
plates covered by additional callose (AB). f Decussate tetrad in Commelina erecta, callose deposits are particularly important on the cell plate formed
after meiosis I, shown by the arrow (AB). g T-shaped tetrad in Beschorneria yuccoides (CR). h Z-shaped tetrad in Strelitzia reginae (CR). i Decussate
tetrad in Commelina erecta with apertures indicated by arrows and last points of callose deposition indicated by stars (AB). j Monosulcate pollen
grains in Wachendorfia paniculata (CR). k Porate pollen grains in Anthurium hookeri (AB). 1 Inaperturate pollen in Strelitzia reginae (CR)



S. Nadot et al.: Pollen development and aperture pattern in monocots

10 um

59

10 um

10 um

Fig. 2 a-i. Microsporogenesis in Dianella tasmanica. AB, aniline blue; CR, congo red. Bars: 10 wm. a Three unequal cell plates developing centrifugally
(AB). b Tetrads with a shape intermediate between tetragonal and decussate (AB). ¢ Mature tetrad with apertures visible on the microspores, indicated by
arrow (CR). d Six cell plates developing centrifugally, joining in the centre of the tetrad (AB). e Tetrahedral tetrad with three intersporal walls visible
(AB). f Tetrahedral tetrad (CR). g Symmetric trichotomosulcate pollen (CR). h Monosulcate pollen (AB). i Asymmetric trichotomosulcate pollen (AB)

and Weber 2000). In nearly all species with successive cy-
tokinesis the tetrads were predominantly tetragonal or de-
cussate, occasionally T-shaped, and additional callose was
laid on the cell plates in most cases (Fig. 1f) except in
Wachendorfia paniculata, in which the cell plates were left
bare in mature tetrads. In both Strelitzia species, a large va-
riety of tetrad shapes was observed. Many tetrads were of
irregular shapes, called here Z-shaped suggesting that there
are no constraints on the shape of the tetrad in these species
which produce pollen grains with no apertures. Further in-
vestigation of species producing inaperturate pollen will be
needed to test whether there is indeed a correlation between
the production of inaperturate pollen grains and the release
of constraint on tetrad shape. As for Anthurium hookeri (of

which the type of cytokinesis is described here for the first
time) and Alisma canaliculatum, which produce polyporate
pollen, our observations support the hypothesis of Wode-
house (1935), who suggested that for high aperture num-
bers the aperture pattern is disconnected from meiosis.

Microsporogenesis with intermediate cytokinesis

Cytokinesis in Dianella tasmanica involved the formation of
centrifugal cell plates. This situation is found in all species
of the Hemerocallidaceae and the Asphodelaceae for which
intersporal wall formation has been described (Ressayre
etal. 2005, Penet etal. 2005). These two closely related
families are sister group to the higher Asparagales clade
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Fig. 3a—f. Microsporogenesis in Gaussia attenuata. AB, aniline blue; CR, congo red. Bars: 10 um. a Microsporocyte with four cell plates develop-
ing centrifugally (AB). b Microsporocyte with six cell plates developing centrifugally and joining in the centre of the microsporocyte (AB). ¢ Tetra-
gonal tetrad with extra callose laid on the cell plates (AB). d Tetrahedral tetrad with the six cell plates visible (AB). e Asymmetric tetrahedral tetrad
of four monosulcate microspores (AB, fluorescein isothiocyanate filter). f Trichotomosulcate pollen grain (AB, fluorescein isothiocyanate filter)

(Chase et al. 2000) characterised by successive cytokinesis
involving centrifugal cell plates. The literature is conflicting
about the type of cytokinesis in Dianella tasmanica, de-
scribed as simultaneous (Schnarf and Wunderlich 1939) or
successive (Huynh 1971). Our observations reveal that cy-
tokinesis in this species can be achieved by the formation of
either 3 or 6 cell plates. When six cleavage planes were in-
volved, all cell plates were formed simultaneously. When
three cleavage planes were involved (like in successive cy-
tokinesis), the cell plates formed were unequal, with one
larger than the two others. Our interpretation is that the large
cell plate separates the nuclei resulting from meiosis I and
the two smaller cell plates separate the nuclei resulting from
meiosis II. Unlike in successive cytokinesis, a true dyad
stage was never observed, the cell plates formed after meio-
sis II being initiated before the first cell plate was completed.
Cytokinesis in Dianella tasmanica should then be consid-
ered as intermediate between simultaneous and successive,
which could explain the conflicts found in the literature.

Microsporogenesis with simultaneous cytokinesis

Different ways of separating the four microspores were
found in species with simultaneous cytokinesis (Table 2).

Intersporal wall formation was a two-step process, with
first callosic cell plates developing either centrifugally or
centripetally, and then additional callose laid onto the cell
plates once the four nuclei were completely separated.
One exception was found, however, in the case of Dietes
grandiflora. In this species there was no stage with bare
cell plates; the cell plates were covered with extra callose
while they were developing. This situation, which is a rule
in the eudicots (Brown and Lemmon 1991), had never
been described in the monocots so far. The diversity dis-
played by monocots concerning intersporal wall forma-
tion when cytokinesis is simultaneous contrasts greatly
with the conserved pattern observed in the eudicots. It
also contrasts with the situation observed in the case of
successive cytokinesis, in which intersporal wall forma-
tion always involved cell plates forming centrifugally.

Tetrad shape and aperture pattern

In the literature, simultaneous cytokinesis is generally con-
sidered to be associated with the formation of tetrahedral
tetrads, especially in the eudicots (Blackmore and Crane
1998, Harley 1999b). However, almost all simultaneous-cy-
tokinesis species examined here displayed a large variety in
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Fig. 4a-m. Simultaneous cytokinesis with centripetal intersporal wall formation. AB, aniline blue; CR, congo red. Bars: a-1, 10 pwm; m, 20 pm. a-c
Developing cell plates. a Chamaedorea microspadix. b Sisyrinchium striatum. ¢ Dioscorea communis. d and e Chamaedorea microspadix. d Tetrago-
nal tetrad of four monosulcate microspores, with apertures indicated by arrow (AB, fluorescein isothiocyanate filter). e Symmetric tetrahedral tetrad,
apertures not visible (CR). f Asymmetric tetrahedral tetrad in Sisyrinchium striatum with callose ingrowths indicated by arrow (AB). g and h
Chamaedorea microspadix. g Rhomboidal tetrad of four monosulcate microspores in (AB, fluorescein isothiocyanate filter). h Monosulcate and tri-
chotomosulcate pollen grains (CR). i Monosulcate and trichotomosulcate pollen grains in Sisyrinchium striatum (CR). j Mature tetrad in Dioscorea
communis with equatorial apertures indicated by arrows. k-m Dietes grandiflora. k Four cell walls developing centripetally toward the centre of the
tetrad (AB). 1 Six cell walls developing centripetally toward the centre of the tetrad (AB). m Two tetrads with zonasulci visible on microspores (CR)
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Table 2. Main features of microsporogenesis in the examined species

Cytokinesis and intersporal wall ~ Aperture type Apertures
formation and order and species® within tetrad
Successive and centrifugal
Alismatales
Alisma canaliculatum polyporate no data
Anthurium hookeri diporate or triporate ~ no data
Asparagales
Beschorneria yuccoides monosulcate
Commelinales
Tradescantia X andersoniana ~ monosulcate polar
Commelina erecta monosulcate polar
Wachendorfia paniculata monosulcate
Zingiberales
Strelitzia reginae inaperturate
Simultaneous and centrifugal
Asparagales
Dianella tasmanica monosulcate and polar
trichotomosulcate
Arecales
Gaussia attenuata monosulcate and polar
trichotomosulcate
Simultaneous and centripetal
Dioscoreales
Dioscorea communis disulculate equatorial
Asparagales
Dietes grandiflora zonasulcate polar
Sisyrinchium striatum monosulcate and polar
trichotomosulcate
Arecales
Chamaedorea microspoadix monosulcate and polar

trichotomosulcate

* Orders are according to Angiosperm Phylogeny Group (2003)

the shape of postmeiotic tetrads. The tetrad shape ranged
from tetragonal to tetrahedral (symmetric or asymmetric),
including rhomboidal. Theoretically, the shape of a tetrad is
defined by the number of cleavage planes which divide the
internal space of a spherical or elliptical volume: three or
four planes result in tetragonal or decussate tetrads (depend-
ing on the relative orientation of the cleavage planes), five
planes result in rhomboidal tetrads, six equal planes result in
symmetric tetrahedral tetrads, six unequal planes result in
asymmetric tetrahedral tetrads. The variation in tetrad shape
in our sampling of species should therefore result from the
occurrence of variation in the number and size of the cleav-
age planes that divide the four haploid nuclei after meiosis.
Such a variation was recorded in several species of our sam-
pling, for example, in Gaussia attenuata or Dietes grandi-
flora. Interestingly, the variation in tetrad shape was
associated with variation in pollen aperture pattern in four
species examined here, namely, Chamaedorea microspadix
and Gaussia attenuata (Arecaceae), Dianella tasmanica
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(Hemerocallidaceae), and Sisyrinchium striatum (Iridaceae).
These species produced a mixture of monosulcate and tri-
chotomosulcate pollen grains, a situation that is not uncom-
mon in the palm family (Harley 1999a) or in the “lower”
asparagoids with simultaneous cytokinesis (Rudall et al.
1997). Dianella tasmanica was known to produce trichoto-
mosulcate pollen (Huynh 1971, Roth et al. 1987) arranged
in tetrahedral tetrads at the postmeiotic stage, a general fea-
ture of Hemerocallidaceae with the exception of Hemerocal-
lis sp. (Roth etal. 1987). The specimen of Dianella
tasmanica studied here produced a small proportion of
monosulcate pollen mixed with symmetric trichotomosul-
cate pollen grains and occasional asymmetric trichotomosul-
cate pollen grains. The position of the apertures within the
tetrad shows that monosulcate pollen results from tetragonal
or decussate tetrads, as would be expected if cytokinesis
were successive, whereas trichotomosulcate pollen is associ-
ated to tetrahedral tetrads. The record of both symmetric and
asymmetric tetrahedral tetrads (not shown) in Dianella tas-
manica could account for the record of symmetric and
asymmetric trichotomosulcate pollen grains. In Gaussia at-
tenuata and Chamaedorea microspadix, all mature tetrads
observed consisted of monosulcate pollen grains assembled
in tetragonal, rhomboidal, decussate, or asymmetric tetrahe-
dral tetrads. If tetrad shape has an impact on aperture shape,
as suggested by our observations, then we would expect to
find the trichotomosulcate pollen grains of Gaussia attenu-
ata and Chamaedorea microspadix associated in symmetric
tetrahedral tetrads. Unfortunately, we have not been able to
observe this pollen type in tetrads, probably due to the rare
occurrence of trichotomosulcate pollen in these two species.
In Sisyrinchium striatum, the observation of a continuum of
pollen shapes ranging from symmetric monosulcate to sym-
metric trichotomosulcate (Fig. 41), together with tetrad
shapes ranging from tetragonal to tetrahedral, including
rhomboidal, also supports the hypothesis of a link between
aperture pattern and tetrad shape. In this species, like in Di-
anella tasmanica, trichotomosulcate pollen grains were as-
sembled in tetrahedral tetrads, whereas monosulcate pollen
grains was found in tetragonal or decussate tetrads.

Convergences in microsporogenesis

As already mentioned, cytokinesis involved centrifugal
cell plates in Dianella tasmanica and Gaussia attenuata,
whereas in Chamaedorea microspadix and Sisyrinchium
striatum, cell plate formation was centripetal, a feature
generally associated with the eudicots (Brown and
Lemmon 1988, 1991). It is noteworthy that four species
belonging to different orders converged in producing both
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monosulcate and trichotomosulcate pollen grains in spite
of differences in the formation of intersporal walls. In
contrast, cell plate formation was achieved similarly in
three species that belonged to different clades of the
monocots and produced pollen grains differing in aperture
pattern: Chamaedorea microspadix, Sisyrinchium stria-
tum (monosulcate and trichotomosulcate pollen), and
Dioscorea communis (disulculate pollen). In these three
species, as well as in Gaussia attenuata and Dianella tas-
manica, the observation of mature tetrads showed that
extra callose was deposited onto the cell plates after their
completion. This aspect was not studied here, but it would
be interesting to conduct further observations in order to
identify precisely the exact points where callose is last de-
posited among the microspores, since this parameter has
been shown to be involved in aperture pattern determina-
tion (Ressayre etal. 2002). For example, in Pontederia
cordata, which has a successive cytokinesis, all cell plates
are covered by callose deposited centrifugally from the
centre of the tetrad toward the junctions between the inter-
sporal walls and the outer wall of the tetrad, precisely
where the apertures are located in the mature tetrad
(Ressayre 2001). Another example is Phormium tenax, a
species producing trichotomosulcate pollen through si-
multaneous cytokinesis: in the tetrad, the three branches
of the trichomosulcus are directed toward the last points
where callose is deposited among the microspores
(Ressayre et al. 2005). This phenomenon was actually ob-
served in the case of the Sisyrinchium species studied
here: ingrowths of callose developed toward the junction
of the cell plates and the outer wall of the tetrad once cy-
tokinesis was achieved (Fig. 4f). If such a phenomenon is
a rule in aperture pattern determination in angiosperms,
then we expect to find no differences in the way callose
is laid onto the cell plates among Dianella tasmanica,
Gaussia attenuata, Chamaedorea microspadix, and Sisy-
rinchium striatum (all produce similar pollen morpho-
logies in spite of differences in cell plate formation). On
the other hand, differences are expected between Chamae-
dorea or Sisyrinchium and Dioscorea species (similar cell
plate formation but different pollen morphologies).

Conclusion

Despite the small size of the sampling of species exam-
ined in this study, our results point out the existence of
convergences in the different features of microsporogene-
sis in monocots. This was already known concerning cy-
tokinesis: there are numerous transitions from successive
to simultaneous cytokinesis in the different clades of the
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monocots. We show here that this phenomenon also con-
cerns the formation of cell plates during simultaneous cy-
tokinesis: centripetal cell plates occur in the Arecaceae,
Iridaceae and Dioscoreaceae (three unrelated families),
and centrifugal cell plates are found in the Arecaceae as
well as in “higher”” Asparagales and the related Hemero-
callidaceae. Detailed observations are now needed to
know whether convergences occur concerning extra cal-
lose deposition within the monocots. It will also be neces-
sary to examine the link between callose deposition on the
plasma membrane of the microspores and intracellular
features such as the orientation of the meiotic spindles and
the position of endoplasmic-reticulum shields. Further
investigations of microsporogenesis will then improve our
understanding of the evolution of aperture pattern ontogeny
in monocots.
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