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Abstract
Myosotis scorpioides L. produces one of the smallest pollen grains. To date, the
morphology and structure of the sporoderm of these grains have been studied,
but the ultrastructure of their protoplasts has not been sufficiently investigated.
e aim of the study was to analyze the structure of the anther wall, determine
the tapetum type, and examine the size and subcellular aspects of M. scorpioides
pollen grains. e study was carried out with the use of light, scanning, and
transmission electron microscopy techniques. In the pollen maturity phase, the
epidermis, the endothecium with reinforced walls, and the remains of the middle
layer and cell walls of the plasmodial tapetum were distinguished in the anther
wall. e characteristic traits of M. scorpioides anthers include the plasmodial
tapetum and the presence of polygonal orbicules. Plasmodial tapetum protoplasts
were observed in close proximity to the pollen grains. e orbicules, fused with
the sporoderm, were present in both the tapetum cell remains and on the surface
of the pollen grains. e length of the polar and equatorial axes of the grains was
7.5 μm and 3.2 μm, respectively.e subcellular characteristics of the pollen grains
included a vegetative cell with a lobulated nucleus, numerous plastids surrounded
by a rough endoplasmic reticulum, numerous mitochondria, rough endoplasmic
reticulum profiles, various-sized vesicles, highly numerous ribosomes, and two
sperm cells with a small amount of cytoplasm.e plastids andmitochondria were
spherical and substantially smaller than those present in somatic cells.

Keywords
forget-me-not; anthers; loculus; periplasmodium; sporomorphs; protoplasts

1. Introduction

e genus Myosotis L. (Boraginaceae) comprises approxi-
mately 100 species growing in two main different centers:
Eurasia and New Zealand (Chacón et al., 2016; Luebert et al.,
2016).Myosotis scorpioides L. grows in the wild across Europe
and in some areas of Asia (Siberia, Mongolia, the Caucasus)
(Germplasm Resources Information Network [GRIN]) In
Poland, the species is found across the country (https://
www.atlas-roslin.pl/pelna/gatunki/Myosotis_palustris.htm).
M. scorpioides plants mostly occur on water banks, wet
meadows, thickets, bog springs, and peat bogs (Kłosowski
& Kłosowski, 2006; Podbielkowski & Sudnik-Wójcikowska,
2003), where they form large knee-high colonies (Fletcher
& Tomblin, 2005). e species prefers moderately sunny
locations and wet humus- and nutrient-rich soils (https://
www.atlas-roslin.pl/pelna/gatunki/Myosotis_palustris.htm).
It is also grown as an ornamental plant (Podbielkowski &
Sudnik-Wójcikowska, 2003).

e genusMyosotis belongs to the subfamily Cynoglossoideae
and tribeMyosotideae Rchb. (Weigend et al., 2016).M. scorpi-
oidesproduces light blue flowerswith flat-spread corolla lobes.
Its buds and young flowers are pink (Podhajská & Rivola,
1992). e plant blooms fromMay to September. e flowers
are entomophilous or self-pollinating (Rutkowski, 2006).

Myosotis pollen is very small and represents the smallest
pollen grains known (Stanley & Linskens, 1974). Most Cyno-
glossoideae, including Myosotis plants, produce heterocol-
pate pollen characterized by the presence of two alternately
arranged types of apertures: true apertures (colpori) and
pseudoapertures (pseudocolpi) (Hargrove & Simpson, 2003;
Weigend et al., 2016). It has been shown that heterocolpate
pollen grains are not found in the other Boraginaceae sub-
families (Díez & Valdés, 1991).

e morphology of pollen grains in the genus Myosotis is
highly diverse (Beug, 2004; Meudt, 2016). Large differences
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have been found in their size and shape and in the number of
apertures (Díez & Valdés, 1991; Noroozi et al., 2022).

e morphology and ultrastructure of the sporoderm of
Myosotis palustris pollen grains have been thoroughly inves-
tigated by Volkova et al. (2013). e development and struc-
ture of pollen grains in M. azorica and M. laxa growing in
Argentina were presented by Strittmatter and Galati (2001).
Meudt (2016) carried out comparative studies of the mor-
phology of pollen grains in 30 different taxa of Myosotis
growing in New Zealand.e development of the sporoderm
in M. scorpioides was studied in Russia by Volkova et al.
(2017). ere is no sufficient data in the literature regarding
the ultrastructure of the cytoplasm inMyosotis pollen grains.

e aim of the study was to analyze the structure of the anther
wall, identify the tapetum type, and examine the size and
subcellular aspects ofM. scorpioides pollen grains, as there are
no data on this issue in the available literature.

2. Materials andmethods

2.1. Plant material

esamples were collected fromMyosotis scorpioides L. plants
growing in their natural localities in Krężnica Jara (51°09 04
N, 22°28 52 E) in 2022–2023. e botanical identification
of the specimens was carried out by taxonomy specialist Pro-
fessor Bożena Denisow. e plant specimens were also com-
pared with samples (voucher specimen no. 152) deposited in
the herbarium of the Department of Botany and Plant Physi-
ology, University of Life Sciences in Lublin (Poland).

2.2. Pollen grain size – Light microscopy (LM) studies

Glycerine jelly preparations of pollen grains were made, and
the length of their polar (P) and equatorial (E) axes was mea-
sured (n = 50) with the use of a Nikon Eclipse 400 lightmicro-
scope (Nikon, Tokyo, Japan).

2.3. Morphology of pollen grains – Scanning electron
microscopy (SEM) studies

To examine the pollen morphology using a scanning elec-
tronmicroscope (SEM), pollen grains were collected from the
flowers on flowering days 1–2. e methodology was based
on a simplifiedmicroscopic preparatory approach.e pollen
grains were placed on the surface of stubs covered with car-
bon tape and sputtered with gold using an Emitech SC 7640
sputter coater (Polaron, Newhaven, East Sussex, the UK).e
observations of the shape and surface of the pollen grains
and the documentation were made using a TESCAN/VEGA
LMU (Tescan, Brno, the Czech Republic) scanning electron
microscope (an accelerating voltage of 30 kV) equipped with
a TESCAN attachment for digital processing of microscopic
images.

2.4. Ultrastructure of pollen grains - Transmission
electron microscope (TEM) studies

e pollen grains were fixed in 4% glutaraldehyde in phos-
phate buffer (pH 7.2; 0.1 M) at 4 °C for 12 h, washed three
times in phosphate buffer, and dehydrated in an ethanol

series. e samples were post-fixed in a 1% osmium tetroxide
solution at 0 °C for 1.5 h and washed three times in distilled
water. In the next step, they were dehydrated in a graded
ethanol series and embedded in LR white resin (LR white
acrylic resin, medium grade, Sigma-Aldrich). Following
polymerization at 60 °C, ultrathin sections (60–70 nm) of
the embedded material were obtained for TEM examinations
(copper grids with a 300 square mesh were used) using a
Reichert Ultracut S ultramicrotome and a glass knife. Finally,
the pollen grains were stained with 0.5% uranyl acetate and
post-stained with 0.5% lead citrate (Reynolds, 1963). e
ultrastructure of the pollen grains was analyzed with the
use of a JEM 1400 (JEOL Cp., Japan) transmission electron
microscope at an accelerating voltage of 120 kV. Photographic
documentation was made using an 11 Magapixel TEM Cam-
era MORADA G2 (EMSIS GmbH, Münster, Germany).

e diameter of plastids and mitochondria (n = 20 each) and
the height of orbicules (n = 20) were measured (5 samples).

3. Results

3.1. Anther structure

M. scorpioides produces actinomorphic gamopetalous flow-
ers. eir equally sized stamens (5) are fused with the upper
part of the corolla tube (Figure 1A). e length of the anther
is 0.7–0.9 mm (0.8 μm ± 0.08; mean ± SD), and its diameter at
the widest point is 0.3–0.4 mm (0.37 μm ± 0.04; mean ± SD).
e apical part of the anther ends with a slightly centrifugally
bent appendix (Figure 1A–B). e anthers are latrorse and
dehisce bymeans of a longitudinal slit (Figure 1A).e pollen
grains are much smaller than the anther epidermis cells (Fig-
ure 1C–D). e surface of the epidermis cells is covered by a
cuticle with characteristic ornamentation (Figure 1D).

e cross-section of the anther wall shows three layers: a one-
layered epidermis covered by cuticle, the endothecium with
large cells with bar thickenings, and the remains of the mid-
dle layer and tapetum tangential walls (Figure 2A). e size
of the epidermis cells in the stomium region is substantially
smaller than the other cells of this tissue (Figure 2B). In the
outerwall of the epidermis cells, there are electron-translucent
and electron-dense zones with numerous small droplets (Fig-
ure 2C), whose presencemay indicate the secretory properties
of this tissue.

e inner surface of the anther wall is covered by orbicules
(Figure 2A–B). ey are also present on the walls of the
endothecium radial walls (Figure 2B) and on the surface
of cells forming a septum between the loculi. It seems that
the orbicules are associated with the tapetum cell remains
present on the inner locule surface (as seen in Figure 3A–B)
(Figure 2D). e orbicules are polygon-like in cross-section
with an electron-opaque cavity and an electron-translucent
orbicule wall (Figure 3A–B). eir size is in the range of
0.42–0.67 μm (0.55 μm ± 0.07 on average). In some areas,
the orbicules and the pollen grain sporoderm are fused
(Figure 3B). Plasmodial tapetum protoplasts are visible from
the microspore stage to the 3-celled microgametophyte stage;
they surround the pollen grains, forming a periplasmodium
layer (Figure 3C–E).
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Figure 1 Fragments ofMyosotis scorpioides L. flowers and stamens (SEM). Upper part of the flower with visible fornices and
stamens fused with the corolla tube (A); anther in a lateral position; centrifugally bent connective process in the apical part (yellow
asterisk) (B); fragment of a mature anther aer the release of pollen grains (red arrows) with a visible loculus (C); anther surface
with visible cuticle ornamentation on the outer wall of epidermis cells and mature pollen grains (D). c – corolla tube; f – fornices;
lo – loculus; s – stamens. Scale bars: (A) = 200 μm, (B) = 100 μm, (C) = 20 μm, (D) = 5 μm.

3.2. Pollen grain morphology

M. scorpioides pollen grains are very small and dumbbell-
shaped with a constriction in the equatorial plane (Figure 3F).
e average length of the polar axis (P) is 7.5 μm (±0.16), the
length of the equatorial diameter (E) is 3.2 μm (±0.20), and the
diameter of the pollen grain at the widest point of the pole is
4.5 μm (±0.15). e grains are heterocolpate with three pseu-
docolpi and three alternately arranged colpori (Figure 3F).
e pores are fused with colpi and located in the equatorial
plane. Given the number and type of apertures,M. scorpioides
pollen grains are classified as tricolporate. e structure of
their poles allows the classification of the grains as isopolar
and subhexagonal in the polar view. At each pole, there is
a pseudoaperture with granular ornamentation (Figure 3G).
e exine ornamentation in the intercolpi is psilate, while the
margins of the colpi are granular (Figure 3H).

3.3. Ultrastructure of pollen grains

e ectexine and endexine in the intercolpi are very thin,
whereas the endexine near the endoaperture is thick (Fig-
ure 4A). e intine is thick only on the endoaperture. Pol-
lenkit is visible on the exine surface and among the bacula
(Figure 4B). Mature pollen grains are 3-celled (Figure 4A–C).
Two sperm cells are enclosed in the vegetative cell. e sperm
cell has a very small amount of cytoplasm. e nuclei of the
sperm cells are slightly lobulated and unilaterally flattened
(Figure 4C–D). Many organelles are situated in the cytoplasm
of the vegetative cell, which has a highly lobulated nucleus
(Figure 4C–E). In the polar regions, there are plastids sur-
rounded by rough endoplasmic reticulum (RER) profiles (Fig-
ure 5A–C). e size of the plastids is in the range of 0.38–
0.50 μm (0.43 μm ± 0.05 on average). e plastids contain
tubule-like thylakoids (Figure 5A–C). Very numerous ribo-
somes andRER profiles are present in the entire vegetative cell
(Figure 4C–D, Figure 5C). Mitochondria, circular in cross-
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Figure 2 Ultrastructure ofM. scorpioides L. anther wall (TEM). Cross-section of an anther wall with a visible epidermis layer,
endothecium with fibrous bands, remains of middle layer (red asterisks), and orbicules (blue arrows) on the surface of tapetum
tangential walls (A); anther wall cells located adjacent to the stomium: epidermis, small stomium epidermis cell, endothecium,
orbicules (blue arrows), and crushed cells during stomium rupture (B); fragment of an epidermal cell with cell wall details: cuticle,
cell wall with zones of electron-dense, electron-transparent, and small droplets (white arrows) (C); deformed cells forming the
septum between the loculi aer anther rupture; blue arrows indicate orbicules (D). cc – crushed cells; cu – cuticle; cw – cell wall;
en – endothecium; ep – epidermis; sc – stomium cells. Scale bars: (A–B) = 5 μm, (D) = 2 μm, (C) = 1 μm.

section, are concentrated in the equatorial region of the pollen
grains (Figure 4A, Figure 4D–E). eir diameter is in the
range of 0.19–0.20 μm (0.19 μm± 0.01 on average). Numerous
different-sized vesicles are visible in the cytoplasm (Figure 4D,
Figure 5A).e pollen grains germinate through colpori (Fig-
ure 5D).

4. Discussion

e current study presents details of the structure of the
mature anther wall in M. scorpioides, including details of the
stomium and identification of the tapetum type. At this stage
of development, the anther loculus was surrounded only by
the epidermis and the endothecium, as well as the remains of
the middle layer and tapetum cell walls, with orbicules visible
on their surface.e parietal layers between the endothecium
and the tapetum were crushed and collapsed. Similar changes
inmature anthers were highlighted by Esau (1973). Secondary
thickening of endothecium cell walls was visible as ledges
both on the internal tangential walls and on the radial walls.
Garcia (2002) distinguished four main types of endothecial
secondary thickening: (1) annual rib type, (2) helical rib
type, (3) reticulate ribs, and (4) palmate ribs. e present
observations suggest that the thickening in theM. scorpioides
endothecium can be classified as the annual rib type.

Weobserved that the stomium region of the dehiscentM. scor-
pioides anthers aer pollen release exhibited the presence of

well-preserved small epidermis cells, which are typical of this
part of the anther. Close to these cells, there were crushed
and deformed septum cells that previously separated the two
loculi. As reported by Wilson et al. (2011), the septum in
the mature anther is enzymatically lysed and undergoes a
programmed cell death-like breakdown. In turn, the stomium
rupture is a consequence of stresses associated with pollen
swelling and anther dehydration. Ligno-cellulosic secondary
thickening in endothecium walls, which is well formed in
M. scorpioides anthers, also plays an important role in the
opening of anthers.

e present study shows thatM. scorpioides has a plasmodial
tapetum, characterized by the release of tapetum cell proto-
plasts from cell walls and their penetration into the loculus,
where they surround and nourish the forming pollen grains.
e protoplasts fuse to form a multinucleate periplasmodium
(Furness, 2008; Pacini, 1996). During the development of
pollen grains, plasmodia gradually disappear (Esau, 1973).
Other authors have reported the presence of a secretory
tapetum in most Boraginaceae representatives (Izmaiłow
& Biskup, 2003; Johri et al., 1992; Rao & Rao, 1992). e
secretory tapetum is predominant in angiosperms (Furness
& Rudall, 2001; Pacini et al., 1985). In this tapetum type, a
layer of tapetal cells surrounds the anther loculus. In previous
studies, the tapetum inMyosotis azorica,M. laxa (Strittmatter
& Galati, 2001), andM. scorpioides (Volkova et al., 2017) was
classified as the secretory type. A secretory tapetum was also
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Figure 3 Inner part of theM. scorpioides L. anther wall surrounding the loculus, pollen grains, and plasmodial tapetum in the
3-celled pollen grain phase (TEM) (A–D). Heterocolpate pollen grains ofM. scorpioides L. viewed in the scanning electron
microscope (SEM) (F–H). Remains of tapetum cell walls and deformed cells of the intermediate layer and orbicules (blue arrows)
(A); orbicules fused with the pollen grain wall (black arrows) (B); plasmodial tapetum protoplasts located in close proximity to
pollen grains (C); pollen grains surrounded by the periplasmodium (D–E); Pollen grains with equatorial constrictions and furrows
with various lengths (F); pseudoporus (yellow arrow) with granular exine ornamentation at the poles of the pollen grains (G);
pollen grain with a longer pseudocolpus and a short colpus containing a porus (purple arrow); granular exine ornamentation on
the edges of the furrows (H). pg – pollen grains; pt – plasmodial tapetum; pp – periplasmodium; ps – pseudocolpus; sc – short
colpus. Scale bars: (D, G) = 2 μm, (C, E, H) = 1 μm, (A, B) = 0.5 μm.

identified in Symphytum orientale (Boraginaceae) (Vardar
& Yavuz, 2018), whereas two types of tapetum, i.e. secre-
tory and plasmodial, were present in Symphytum officinale
(Gabarayeva et al., 2011). It seems thatM. scorpioidesmay be
characterized by the occurrence of different types of tapetum,
i.e., secretory and plasmodial.

In the present study, the tapetum penetrated the anther
loculus at the microspore stage and remained there until
the later stage of pollen development. Similar observations
of the functioning of the plasmodial tapetum in Butomus
(Butomaceae) were reported by Fernando and Cass (1994).
Plasmodial tapetum has also been described in many other
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Figure 4 Ultrastructure ofM. scorpioides L. pollen grains (TEM). Longitudinal section of a pollen grain (A); fragment of a pollen
grain with visible sporoderm and pollenkitt (green arrow) (B); submedial parts of protoplasts with sperm cells, plastids, numerous
mitochondria, vesicles, RER profiles, and very numerous ribosomes (arrowheads) (C–D); lobulated vegetative nucleus with a
nucleolus, sperm cells, numerous mitochondria, and plastids (E). mc –sperm cells; m – mitochondria; nu – nucleolus; pl – plastids;
rer – rough endoplasmic reticulum; ve – vesicles; vn – vegetative nucleus. Scale bars: (A) = 1 μm, (B–E) = 0.5 μm.

Eudicots. In Asteraceae (e.g. Helianthus annus) (Çetinbaş &
Ünal, 2015) and Caprifoliaceae, plasmodial tapeta predomi-
nate (Furness, 2008; Pacini, 1996). is tapetum type has also
been found in, e.g., Apiaceae, Berberidaceae, Gentianaceae,
Oleaceae, Verbenaceae (Furness, 2008), and Alismataceae
(Hydrocleys nymphoides,Alisma plantago-aquatica, and Sagit-
taria montevidensis) (Nicolau et al., 2024).

In the M. scorpioides anthers, polygonal-shaped orbicules
were observed on the surface of the tapetum cell remains
and on the surface of the pollen grains. is morphological

type of orbicules occurs in a few plant species, e.g., in some
Piperales (Oak et al., 2022). Most oen, orbicules have a
spherical or nearly spherical shape (Ruggiero & Bedini, 2020;
Vinckier & Smets, 2002a, 2002b). To date, great diversity
in the shape, size, density, and ornamentation of orbicules
has been observed in different families (Galati, 2003; Oak
et al., 2022; Ruggiero & Bedini, 2018, 2020; Verstraete et al.,
2014). Orbicules are sporopollenin particles involved in the
formation of the sporoderm of pollen grains (Huysmans et al.,
1998). e fusion of the orbicules with the cell wall of pollen
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Figure 5 Fragments of the longitudinal section (a, b) and cross-section (c) ofM. scorpioides L. pollen grains and a pollen grain
with a germinating pollen tube (d) (TEM). Numerous circular plastids with thylakoids surrounded by RER profiles, vesicles, RER
profiles, very numerous ribosomes (arrowheads) (A–C); pollen tube germinating from the equatorial part of the pollen grain (D).
pl – plastids; pt – pollen tube; rer – rough endoplasmic reticulum; ve – vesicles. Scale bars: (D) = 1 μm, (A–C) = 0.5 μm.

grains in the anthers of M. scorpioides, which was shown in
the present study by transmission electron microscopy, may
confirm this information.

As shown by literature data, orbicules occurmainly in anthers
that contain a secretory tapetum (Huysmans et al., 1998; Ver-
straete et al., 2014; Vinckier & Smets, 2003).erefore, it may
be assumed that the occurrence of orbicules inM. scorpioides
anther loculi where the plasmodial tapetum was present is an
exception. e unique species in this respect reported pre-
viously included Gentiana acaulis L. (Lombardo & Carraro,
1976; Vinckier & Smets, 2002a; 2002b) and Tradescantia vir-
giniana (Tiwari & Gunning, 1986), in which orbicules were
accompanied by a plasmodial tapetum as well. Galati et al.
(2007) reported the presence of orbicules in the anthers of
Modiolastrum malvifolium (Malvaceae), which had an inva-
sive non-syncytial tapetum classified as intermediate between
secretory and plasmodial tapetum.e authors found that the
presence of orbicules is not associated with the tapetum type,
as they occur in both the secretory and plasmodial tapetum.

e shape of the polygonal orbicules present in the M. scor-
pioides studied differed from the shape of orbicules found
in other Myosotis species. Strittmatter and Galati (2001)

reported the presence of spherical and subspherical orbicules
inM. azorica andM. laxa. ese data indicate diversity in the
morphology of orbicules in different species of the genus.

e size of the orbicules inM. scorpioides was in the range of
0.42–0.67 μm, i.e. they can be classified as small in comparison
with other literature data. Vinckier and Smets (2003) reported
the size of orbicules in representatives of the family Gen-
tianaceae in the range of 0.14–2.98 μm. As shown by Ruggiero
and Bedini (2020), the size of orbicules in 34 species from
different families ranged from 0.06 to 2.56 μm. In turn, Oak
et al. (2022) reported a range of 0.24–2.79 μm in 12 Piperales
species. As reported by Ruggiero and Bedini (2020), there
is an evolutionary trend towards a reduction in the size of
orbicules in angiosperms. Tiwari and Gunning (1986) found
that orbicules in anthers with ameboid tapeta are smaller than
in secretory tapeta.

e present study indicated the presence of three cells in
mature pollen grains in M. scorpioides: a vegetative cell and
two sperm cells located therein. Similarly, 3-celled pollen
grains were described inM. azorica andM. laxa by Strittmat-
ter and Galati (2001). In their study on the development of
pollen grains in M. scorpioides, Volkova et al. (2017) carried
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out a detailed analysis of the development of the sporoderm in
this species, but without information on the internal structure
of pollen grains.

e analyses of the ultrastructure of M. scorpioides pollen
grains revealed the presence of slightly lobulated nuclei and
small amounts of cytoplasm in the sperm cells. In turn, the
nucleus of the vegetative cell was intensively lobulated. e
cytoplasm of the vegetative cell contained numerous plastids
surrounded by the RER.e plastids had a system of internal
membranes. ere were also mitochondria, RER profiles,
very numerous ribosomes, and different-sized vesicles. Some
of these structures, i.e., proplastids, RER profiles, and mito-
chondria, were observed in the vegetative cells of M. azorica
and M. laxa (Strittmatter & Galati, 2001). Noteworthy are
the exceptionally small sizes of plastids (0.38–0.50 μm) in the
M. scorpioides pollen grains. Fujiwara et al. (2010) described
plastids in pollen grains and growing tubes from trans-
genic Arabidopsis thaliana reaching a length of 0.3–3.1 μm
(1.4 ± 0.4 μm on average). In turn, plastids with a diameter
of 4–6 μm were found in somatic cells of angiosperms
(Evert, 2006). Boussardon et al. (2023) described plastids
in mesophyll cells reaching a diameter of ca. 5–8 μm, while
plastids in phloem cells were smaller (ca. 3–6 μm). e mito-
chondria in the M. scorpioides pollen grains analyzed in the
present studywere small (0.19–0.20 μm). Similarly, Liu (2012)
reported that the diameter of mitochondria in spindle-shaped
generative cells of Citrullus lanatus cv. Jinzhongguanlong was
ca. 0.16 μm, while in the newly born generative cells reached
ca. 0.5 μm. In turn, mitochondria in plant cells were shown
to have a length of 1–3 μm and an approximately 0.5 μm
diameter (Møller et al., 2021).

e high number of ribosomes present in the M. scorpioides
pollen grains indicates the possibility of intensive protein
biosynthesis. It has been shown that the formation of polyri-
bosomes and the synthesis of newproteins occurring in pollen
grains determine pollen tube growth (Mascarenhas, 1993).

e sperm cells and the vegetative nucleus in M. scorpioides
were located in the pollen grains semi-medially on both
sides of the equatorial constriction. A similar arrangement of
these structures in pollen grains was observed in M. azorica
and M. laxa (Strittmatter & Galati, 2001). Similarly, the
same arrangement of sperm cells and the vegetative nucleus
in pollen grains were found in Cryptantha intermedia, a
representative of Boraginaceae, which has pollen grains of
a similar type (Hargrove & Simpson, 2003).

e cross-sections of the pollen sporoderm examined in this
study revealed the presence of pollenkitt, which was visible on
the surface of the exine and between the bacula. Strittmatter
and Galati (2001) also described the presence of pollenkitt
on the surface of pollen grains of two otherMyosotis species.
Pollenkitt is produced by the anther tapetum. One of its many
functions is its involvement in nutrition and pollen develop-
ment (Pacini & Hesse, 2005).

e images of the analyzed pollen grains with the pollen tube
prove that the germinative pores were located in the colpori in
the equatorial part of the pollen grains.erefore, the present
observations confirm the findings reported by Strittmatter
andGalati (2001), showing that colpori serve a functional role
in pollen grain germination.e authors also found that, aer
release from anthers, M. azorica and M. laxa pollen grains

are ready for rapid germination. e present observations
indicate a similar phenomenon inM. scorpioides.

Another function is played by pseudocolpi, which were
arranged alternately with colpori. According to the current
knowledge, pseudocolpi in heterocolpate pollen grains per-
form the function in harmomegathy, which allows control-
ling the processes of hydration and dehydration. In some
Boraginaceae, including Myosotis, the presence of pseudo-
colpi determines the particular flexibility of the pollen wall
(Volkova et al., 2013). Harmomegathy enables pollen grains
to adapt to dispersal when they are partially dehydrated and
to take up water before they emit pollen tubes.is is possible
due to the elasticity of pollen walls provided by the special
structure of furrows, which are flexible and facilitate changes
in volume (Božič & Šiber, 2020; Katifori et al., 2010; Pacini &
Franchi, 1999; Taia, 2022).

5. Conclusions

e plasmodial tapetum in M. scorpioides anthers is active
in pollen loculi from the microspore phase to the late phase
of pollen grain development, as the periplasmodium formed
from the protoplasts of tapetum cells surrounds these grains
in the 3-celled phase.

e orbicules covering the inner surface of the anther wall
have a polygonal shape, which has not oen been evidenced
in plants so far.

e numerous organelles contained in pollen grains (plastids,
mitochondria) are substantially smaller than those contained
in plant somatic cells.e abundant distribution of ribosomes
in both the central and distal parts of pollen grains indicates
the possibility of intensive protein synthesis, which usually
accompanies germination and pollen tube growth.

References

Beug, H. J. (2004). Leitfaden der Pollen bestimmung für
Mitteleuropa and Angrenzende Gebiete. Verlag Dr.
Fredrich Pfeil.

Boussardon, C., Carrie, C., & Keechet, O. (2023). Comparison of
plastid proteomes points towards a higher plastidial
redox turnover in vascular tissues than in mesophyll cells.
Journal of Experimental Botany, 74(14), 4110–4124.
https://doi.org/10.1093/jxb/erad133

Božič, A., & Šiber, A. (2020). Mechanical design of apertures
and the infolding of pollen grain. PNAS, 117(43),
26600–26607. https://doi.org/10.1073/pnas.2011084

Çetinbaş, A., & Ünal, M. (2015). Anther ontogeny and
microsporogenesis in Helianthus annuus L.
(Compositae). Notulae Scientia Biologicae, 7(1), 52–56.
https://doi.org/10.15835/nsb.7.1.9474

Chacón, J., Luebert, F., Hilger, H. H., Ovchinnikova, S., Selvi, F.,
Cecchi, L., Guilliams, C. M., Hasenstab-Lehman, K.,
Sutorý, K., Simpson, M. G., & Weigend, M. (2016). e
borage family (Boraginaceae s. str.): A revised
infrafamilial classification based on new phylogenetic
evidence, with emphasis on the placement of some
enigmatic genera. Taxon, 65(3), 523–546.
https://doi.org/10.12705/653.6

Acta Societatis Botanicorum Poloniae / 2025 / Volume 94 / Article 196668
Publisher: Polish Botanical Society

8

https://doi.org/10.1093/jxb/erad133
https://doi.org/10.1073/pnas.2011084
https://doi.org/10.15835/nsb.7.1.9474
https://doi.org/10.12705/653.6


Weryszko-Chmielewska & Sulborska-Różycka / Ultrastructure ofMyosotis scorpioides pollen grains

Díez, M. J., & Valdés, B. (1991). Pollen morphology of the tribes
Eritrichieae and Cynoglosseae (Boraginaceae) in the
Iberian Peninsula and its taxonomic significance.
Botanical Journal of the Linnean Society, 107(1), 49–66.
https://doi.org/10.1111/j.1095-8339.1991.tb00214.x

Esau, K. (1973). Anatomia roślin [Plant anatomy]. Państwowe
Wydawnictwo Rolnicze i Leśne.

Evert, R. F. (2006). Esau’s plant anatomy. Meristems, cells, and
tissues of the plant body: eir structure, function, and
development. John Wiley & Sons, Inc.

Fernando, D. D., & Cass, D. D. (1994). Plasmodial tapetum and
pollen wall development in Butomus umbellatus
(Butomaceae). American Journal of Botany, 81(12),
1592–1600. https://doi.org/10.2307/2445337

Fletcher, N., & Tomblin, G. (2005).e easy wildflower guide.
Duncan Petersen Publishing.

Fujiwara, M. T., Hashimoto, H., Kazama, Y., Hirano, T.,
Yoshioka, Y., Aoki, S., Sato, N., Itoh, R. D., & Abe, T.
(2010). Dynamic morphologies of pollen plastids
visualised by vegetative-specific FtsZ1–GFP in
Arabidopsis thaliana. Protoplasma, 242, 19–33.
https://doi.org/10.1007/s00709-010-0119-7

Furness, C. A. (2008). A review of the distribution of plasmodial
and invasive tapeta in eudicots. International Journal of
Plant Sciences, 169(2), 207–223.
https://doi.org/10.1086/524111

Furness, C. A., & Rudall, P. J. (2001). e tapetum in basal
angiosperms: Early diversity. International Journal of
Plant Sciences, 162(2), 375–392.
https://doi.org/10.1086/319580

Gabarayeva, N., Grigorjeva, V., & Polevova, S. (2011). Exine and
tapetum development in Symphytum officinale
(Boraginaceae). Exine substructure and its interpretation.
Plant Systematics and Evolution, 296, 101–120.
https://doi.org/10.1007/s00606-011-0479-2

Galati, B. G. (2003). Ubisch bodies in angiosperms. In M.
R. Chauhann & A. K. Pandey (Eds.), Advances in plant
reproductive biology (pp. 1–21). Narendra Publishing
House.

Galati, B. G., Monacci, F., Gotelli, M. M., & Rosenfeldt, S.
(2007). Pollen, tapetum and orbicule development in
Modiolastrum malvifolium (Malvaceae). Annals of Botany,
99(4), 755–763. https://doi.org/10.1093/aob/mcm011

Garcia, C. C. (2002). An approach to the diversity of endothecial
thickenings in Solanaceae. Flora, 197(3), 214–223.
https://doi.org/10.1078/0367-2530-00032

Germoplasm Resources Informe Network (GRIN). Retrieved
April 26, 2024.

Hargrove, L., & Simpson, M. G. (2003). Ultrastructure of
heterocolpate pollen in Cryptantha (Boraginaceae).
International Journal of Plant Sciences, 164(1), 137–151.
https://doi.org/10.1086/344548

Huysmans, S., El-Ghazaly, G., & Smets, E. (1998). Orbicules in
angiosperms: Morphology, function, distribution, and
relation with tapetum types.e Botanical Review, 64,
240–272. https://doi.org/10.1007/BF02856566

Izmaiłow, R., & Biskup, A. (2003). Reproduction of Echium
vulgare L. (Boraginaceae) at contaminated sites. Acta
Biologica Cracoviensia, series Botanica, 45(1), 69–75.

Johri, B. M., Ambegaokar, K. B., & Srivastava, P. S. (1992).
Comparative embryology of angiosperms (Vol. 2). Springer.

Katifori, E., Alben, S., Cerdae, E., Nelson, D. R., & Dumais, J.
(2010). Foldable structures and the natural design of
pollen grains. PNAS, 107(17), 7635–7639.
https://doi.org/10.1073/pnas.0911223

Kłosowski, S., & Kłosowski, G. (2006). Flora Polski. Rośliny
wodne i bagienne [Flora of Poland. Aquatic and marsh
plants]. Multico Oficyna Wydawnicza sp. z o.o.

Liu, L. (2012). Ultrastructural study on dynamics of plastids and
mitochondria during microgametogenesis in
watermelon.Micron, 43(2–3), 412–417.
https://doi.org/10.1016/j.micron.2011.10.012

Lombardo, G., & Carraro, L. (1976). Tapetal ultrastructural
changes during pollen development. III. Studies on
Gentiana acaulis. Caryologia, 29(3), 345–349.
https://doi.org/10.1080/00087114.1976.10796674

Luebert, F., Cecchi, L., Frohlich, M. W., Gottschling, M.,
Guilliams, C. M., Hasenstab-Lehman, K. E., Hilger, H. H.,
Miller, J. S., Mittelbach, M., Nazaire, M., Nepi, M.,
Nocentini, D., Ober, D., Olmstead, R. G., Selvi, F.,
Simpson, M. G., Sutorý, K., Valdés, B., Walden, G. K., &
Weigend, M. (2016). Familial classification of the
Boraginales. Taxon, 65(3), 502–522.
https://doi.org/10.12705/653.5

Mascarenhas, J. P. (1993). Molecular mechanisms of pollen tube
growth and differentiation.e Plant Cell, 5(10),
1303–1314. https://doi.org/10.1105/tpc.5.10.1303

Meudt, H. M. (2016). Pollen morphology and its taxonomic
utility in the Southern Hemisphere bracteate-prostrate
forget-me-nots (Myosotis, Boraginaceae). New Zealand
Journal of Botany, 54(4), 475–497.
https://doi.org/10.1080/0028825X.2016.1229343

Møller, I. M., Rasmusson, A. G., & Akenet, O. V. (2021). Plant
mitochondria – Past, present and future. Plant Journal,
108(4), 912–959. https://doi.org/10.1111/tpj.15495

Nicolau, M. R., Reposi, S. D., Bonasora, M. G., Zarlavsky, G. E.,
Galati, B. G., & Gotelli, M. M. (2024). Ultrastructural
study of pollen and tapetum development in Hydrocleys
nymphoides, Alisma plantago-aquatica, and Sagittaria
montevidensis (Alismataceae). Protoplasma,
https://doi.org/10.1007/s00709-024-01989-0

Noroozi, M., Ghahremaninejad, F., Bogler, D., Witherspoon, J.
M., Ryand, G. L., Miller, J. S., Riahi, M., & Cohen, J. I.
(2022). Parsing a plethora of pollen:e role of pollen size
and shape in the evolution of Boraginaceae. Cladistics,
38(2), 204–226. https://doi.org/10.1111/cla.12488

Oak, M. K., Yang, S., Choi, G., & Song, J. H. (2022). Systematic
palynology in Korean Piperales with special focus on its
exine surface ornamentation and orbicule morphology.
Scientific Reports, 12(1), Article 4142.
https://doi.org/10.1038/s41598-022-08105-3

Pacini, E. (1996). Tapetum types in the Compositae. In D. J.
N. Hind & H. J. Beentje (Eds.), Compositae: Systematics.
Proceedings of the International Compositae Conference,
Kew, 1994 (pp. 21–28).

Pacini, E., & Franchi, G. G. (1999). Pollen grain sporoderm and
types of dispersal units. Acta Societatis Botanicorum
Poloniae, 68(4), 362–366.
https://doi.org/10.5586/asbp.1999.042

Pacini, E., Franchi, G. G., & Hesse, M. (1985). e tapetum: Its
form, function, and possible phylogeny in Embryophyta.

Acta Societatis Botanicorum Poloniae / 2025 / Volume 94 / Article 196668
Publisher: Polish Botanical Society

9

https://doi.org/10.1111/j.1095-8339.1991.tb00214.x
https://doi.org/10.2307/2445337
https://doi.org/10.1007/s00709-010-0119-7
https://doi.org/10.1086/524111
https://doi.org/10.1086/319580
https://doi.org/10.1007/s00606-011-0479-2
https://doi.org/10.1093/aob/mcm011
https://doi.org/10.1078/0367-2530-00032
https://doi.org/10.1086/344548
https://doi.org/10.1007/BF02856566
https://doi.org/10.1073/pnas.0911223
https://doi.org/10.1016/j.micron.2011.10.012
https://doi.org/10.1080/00087114.1976.10796674
https://doi.org/10.12705/653.5
https://doi.org/10.1105/tpc.5.10.1303
https://doi.org/10.1080/0028825X.2016.1229343
https://doi.org/10.1111/tpj.15495
https://doi.org/10.1007/s00709-024-01989-0
https://doi.org/10.1111/cla.12488
https://doi.org/10.1038/s41598-022-08105-3
https://doi.org/10.5586/asbp.1999.042


Weryszko-Chmielewska & Sulborska-Różycka / Ultrastructure ofMyosotis scorpioides pollen grains

Plant Systematics and Evolution, 149, 155–185.
https://doi.org/1007/BF00983304

Pacini, E., & Hesse, M. (2005). Pollenkitt – Its composition,
forms and functions. Flora, 200(5), 399–415.
https://doi.org/10.1016/j.flora.2005.02.006

Podbielkowski, Z., & Sudnik-Wójcikowska, B. (2003). Słownik
Roślin Użytkowych [Dictionary of useful plants]. Multico
Oficyna Wydawnicza.

Podhajská, Z., & Rivola, M. (1992).Wielka Encyklopedia Roślin
[e great encyclopedia of plants]. Wydawnictwo
Aventinum.

Rao, B. H., & Rao, P. S. P. (1992). Sporogenesis and
gametogenesis of some Boraginaceae. Feddes
Repertorium, 103(1–2), 35–40.
https://doi.org/10.1002/fedr.19921030106

Reynolds, E. S. (1963). e use of lead citrate at high pH as an
electronopaque stain in electron microscopy. Journal of
Cell Biology, 17(1), 208–212.

Ruggiero, F., & Bedini, G. (2018). Systematic and morphologic
survey of orbicules in allergenic angiosperms.
Aerobiologia, 34(3), 405–422.
https://doi.org/10.1007/s10453-018-9522-x

Ruggiero, F., & Bedini, G. (2020). Phylogenetic and morphologic
survey of orbicules in angiosperms. Taxon, 69(3),
543–566. https://doi.org/10.1002/tax.12281

Rutkowski, L. (2006). Klucz do oznaczania roślin naczyniowych
Polski niżowej. 2nd ed. [e key to the determination of
vascular plants of lowland Polish. 2nd ed.]. Wydawnictwo
Naukowe PWN.

Stanley, R. G., & Linskens, H. F. (1974). Pollen: Biology,
biochemistry, management. Springer-Verlag.

Strittmatter, L. I., & Galati, B. G. (2001). Pollen development in
Myosotis azorica andM. laxa (Boraginaceae).
Phytomorphology, 51(1), 1–9.

Taia, W. K. (2022). Pollen grain diversity and application in
taxonomy and evolution. Taeckholmia, 42(1), 27–42.
https://doi.org/10.21608/taec.2022.258213

Tiwari, S. C., & Gunning, E. S. (1986). An ultrastructural,
cytochemical and immunofluorescence study of
postmeiotic development of plasmodial tapetum in
Tradescantia virginiana L. and its relevance to the

pathway of sporopollenin secretion. Protoplasma, 133,
100–114. https://doi.org/10.1007/BF01304626

Vardar, F., & Yavuz, E. A. (2018). Development of male and
female gametophyte in Symphytum orientale L.
(Boraginaceae). Notulae Scientia Biologicae, 10(1),
124–129. https://doi.org/10.15835/nsb10110191

Verstraete, B., Moon, H. K., Smets, E., & Huysmans, S. (2014).
Orbicules in flowering plants: A phylogenetic perspective
on their form and function.e Botanical Review, 80,
107–134. https://doi.org/10.1007/s12229-014-9135-1

Vinckier, S., & Smets, E. (2002a). Morphological and
ultrastructural diversity of orbicules in relation to
evolutionary tendencies in Apocynaceae s.l. Annals of
Botany, 90(5), 647–662.
https://doi.org/10.1093/aob/mcf243

Vinckier, S., & Smets, E. (2002b). Morphology, ultrastructure
and typology of orbicules in family Loganiaceae s.l. and
related genera, in relation to systematics. Review of
Palaeobotany and Palynology, 119(3-4), 161–189.
https://doi.org/10.1016/S0034-6667(01)00137-3

Vinckier, S., & Smets, E. (2003). Morphological and
ultrastructural diversity of orbicules in Gentianaceae.
Annals of Botany, 92(5), 657–672.
https://doi.org/10.1093/aob/mcg187

Volkova, O. A., Severova, E. E., & Polevova, S. V. (2013).
Structural basis of harmomegathy: Evidence from
Boraginaceae pollen. Plant Systematics and Evolution, 299,
1769–1779. https://doi.org/10.1007/s00606-013-0832-8

Volkova, O., Severova, E., & Polevova, S. (2017). Development of
heterocolpate pollen inMyosotis scorpioides L.
(Cynoglosseae, Boraginaceae). Grana, 56(5), 368–376.
https://doi.org/10.1080/00173134.2016.1276211

Weigend, M., Selvi, F., omas, D. C., & Hilger, H. H. (2016).
Boraginaceae. In J. W. Kadereit & V. Bittrich (Eds.),
Flowering plants. Eudicots. e families and genera of
vascular plants (Vol. 14, pp. 41–102). Springer
International Publishing.

Wilson, Z. A., Song, J., Taylor, B., & Yang, C. (2011). e final
split: e regulation of anther dehiscence. Journal of
Experimental Botany, 62(5), 1633–1649.
https://doi.org/10.1093/jxb/err014

Acta Societatis Botanicorum Poloniae / 2025 / Volume 94 / Article 196668
Publisher: Polish Botanical Society

10

https://doi.org/1007/BF00983304
https://doi.org/10.1016/j.flora.2005.02.006
https://doi.org/10.1002/fedr.19921030106
https://doi.org/10.1007/s10453-018-9522-x
https://doi.org/10.1002/tax.12281
https://doi.org/10.21608/taec.2022.258213
https://doi.org/10.1007/BF01304626
https://doi.org/10.15835/nsb10110191
https://doi.org/10.1007/s12229-014-9135-1
https://doi.org/10.1093/aob/mcf243
https://doi.org/10.1016/S0034-6667(01)00137-3
https://doi.org/10.1093/aob/mcg187
https://doi.org/10.1007/s00606-013-0832-8
https://doi.org/10.1080/00173134.2016.1276211
https://doi.org/10.1093/jxb/err014

	Plasmodial tapetum, orbicules, and ultrastructure of Myosotis scorpioides L. (Boraginaceae) pollen grains
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.2 Pollen grain size – Light microscopy (LM) studies
	2.3 Morphology of pollen grains – Scanning electron microscopy (SEM) studies
	2.4 Ultrastructure of pollen grains - Transmission electron microscope (TEM) studies

	3 Results
	3.1 Anther structure
	Figure 1

	3.2 Pollen grain morphology
	3.3 Ultrastructure of pollen grains
	Figure 2


	4 Discussion
	<No Title>
	Figure 3
	Figure 4
	Figure 5


	5 Conclusions
	References


