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 Microsporogenesis 
and Microgametogenesis

Pollen is source and transport unit for the male 
gametes (or their progenitor cell). The unicellular 
pollen grain represents the microspore of seed 

plants, the multicellular pollen grain the male gameto-
phytic generation. The development of a pollen grain 
includes microsporogenesis and microgametogene-
sis (Figs. 1 and 2, Gomez et al. 2015; Keijzer and 
Willemse 1988). Microsporogenesis starts with the dif-
ferentiation of microspore mother cells (MMC) respec-
tively pollen mother cells (PMC). These diploid cells 
become enclosed by a thick callose wall and undergo 
meiosis, forming a tetrad of four haploid microspores, 
each encased in another callose wall insulating them 
from each other and from the surrounding diploid 
tapetal cells (Figs. 1 C-E, and 2). Cytokinesis following 
meiotic nuclear divisions is accompanied by the for-
mation of cleavage planes determined by the con-
figuration and orientation of the meiotic spindle axes. 
In the case of successive cytokinesis, planes are 
formed after the first and second meiotic divisions 
leading to the formation of various microspore tetrad 
types (see “Pollen Morphology and Ultrastructure”). 
During simultaneous cytokinesis the cleavage planes 
are formed simultaneously after the second meiotic 
division and microspores become arranged in a tetra-
hedral tetrad (Furness and Rudall 1999, 2001).

Pollen wall formation starts while the microspores 
are arranged in tetrads, encased by callose. The 
first step starts with the deposition of primexine, a 
fibrillar polysaccharidic material, on the surface of 
the microspores. The primexine forms a template 
where sporopollenin precursors and subsequently 
sporopollenin are deposited, building the final pol-
len wall (Fig. 1 E). Apertures are formed where the 
endoplasmic reticulum has prevented the deposi-
tion of primexine.

During pollen formation and maturation the tape-
tum plays an important role, usually forming a single 
layer of cells circumscribing the loculus. Tapetal cells 
are specialized and have a short lifespan. They finally 
lose their cellular organization and are reabsorbed. 
Two types of tapetum are known: the secretory (or 
glandular or parietal) and the amoeboid (or periplas-
modial). In the secretory type (e.g., in Apiaceae) the 
tapetal cells remain stationary until they finish their 
physiological functions. In the amoeboid type (e.g., 
in Araceae) cells lose their individuality at an early 
developmental stage by degeneration of the cell 
walls (Furness and Rudall 1999, 2001). The protoplasts 
then fuse and intrude into the locule where they 
enclose the pollen grains (Fig. 3). The tapetum plays 
an important role during several stages of pollen 
development (Pacini 1997). Its main function is the 

nourishment of the microspores, but it also synthesizes 
enzymes (e.g., callase), exine precursors, pollen 
coatings, forms Ubisch bodies (orbicules) and viscin 
threads (both equivalents to the ektexine). The most 
striking material produced by the tapetum is pollen-
kitt (and tryphine in Brassicaceae), a sticky, hetero-
geneous  material composed of neutral lipids, 
flavonoids, carotenoids, proteins and polysaccha-
rides. Pollenkitt serves numerous functions: keeping 
pollen grains together during transport, protecting 
pollen (from water loss, ultraviolet radiation, hydroly-
sis and exocellular enzymes), and maintaining sporo-
phytic proteins inside exine cavities.

Microgametogenesis (Fig. 1 G-K) in angiosperms 
includes first and second pollen mitosis, leading to 
the formation of the male gametes, the sperm cells 
(Mccormick 1993; Cresti et al. 1992). 
Microgametogenesis starts with formation of a cen-
tral vacuole within the uninucleate microspore, 
pushing the nucleus towards the pollen wall. As 
long as the nucleus is in a central position within the 
cytoplasm, the cell is called a microspore (Fig. 1 F). 
With the dislocation of the microspore nucleus the 
cell becomes the young pollen grain (Fig. 1 G).

The first pollen mitosis is followed by an asym-
metric cell division, leading to the formation of a 
smaller generative cell and a larger vegetative cell 
with a vegetative nucleus (Figs. 4 and 5). 
Subsequently, the generative cell detaches from 
the pollen wall and is finally located within the cyto-
plasm of the vegetative cell (Fig. 1 I). The generative 
cell, sparse in organelles, becomes spindle-shaped 
and the shape of the generative nucleus changes 
correspondingly (Figs. 6 and 7).

The second pollen mitosis includes a symmetric 
cell division, and divides the generative cell into 
two sperm cells (Figs. 8 and 9), the final stage of 
gametophytic development (Fig. 1 J-K). Angiosperm 
pollen is either two-celled (75%) or three-celled 
(25% of investigated taxa) at the time of anthesis 
(Brewbaker 1967; Edlund et al. 2004; Williams et al. 
2014). In the latter case the second pollen mitosis 
takes place in the pollen tube (Fig. 1 K), after germi-
nation of the pollen grain on a stigma or on a cor-
responding structure (Figs. 10 and 11, Edlund et al. 
2004, Mascarenhas 1993). In some families, genera 
with three- as well as two-celled/nuclear pollen 
grains occur (e.g., Araceae, Brewbaker 1967).

Microgametogenesis in gymnosperms includes 
several mitotic divisions. Normally, pollen grains of 
conifers, cycads and allies are multicelled at anthe-
sis, and comprise prothallial cell(s), a large tube cell 
and a small antheridial cell. The tube cell becomes 
a pollen tube; the antheridial cell undergoes divi-
sion into the stalk cell and the spermatogenous cell, 
the latter finally dividing into the male gametes 
(sperm cells or spermatozoids).
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Fig. 1 Pollen development in angiosperms. A. Schematic illustration of an angiosperm flower. B. Cross section of 
anther. C. Pollen mother cell (PMC) encased in callose (diploid nucleus dark red). D. Tetrad of four haploid microspores 
encased in callose (haploid nucleus orange). E. Pollen wall formation and separation of microspores. F. A single free 
microspore with central haploid nucleus. G. Beginning of gametogenesis, formation of a central vacuole (white). H. First 
pollen mitosis, lens-shaped generative cell with generative nucleus attached to pollen wall. I. Two-celled pollen grain, 
generative cell detached from pollen wall. J. Three-celled pollen grain after second pollen mitosis, note two sperm cells 
with sperm nuclei. K. Germination can occur from either a two-celled pollen grain, followed by the formation of sperm 
cells, or from a three-celled pollen grain (pathways indicated by green arrows)

POLLEN DEVELOPMENT



26 GENERAL CHAPTERS

A

C

B

Fig. 2 Microsporogenesis. A. Scrophularia nodosa, 
Scrophulariaceae, tetrad tetrahedral, iodine. B. Spirea 
sp., Rosaceae, tetrad tetrahedral, Thiéry test. C. 
Orobanche hederae, Orobanchaceae, tetrad planar, 
potassium iodine
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Fig. 3 Tapetum types. A. Hacquetia epipactis, Apiaceae, 
secretory tapetum in young anther, Thiéry test. B. 
Zantedeschia aethiopica, Araceae, amoeboid tapetum, 
U+Pb
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Fig. 4 Variability of the vegetative nucleus in LM and TEM (cross sections). A-B. Dracontium asperum, Araceae, pollen 
hydrated in water, vegetative cell with vegetative nucleus (asterisk) and nucleolus (arrowhead). C. Galium odoratum, 
Rubiaceae, vegetative cytoplasm and nucleus (asterisk) with nucleolus (arrowhead), U+Pb. D. Salvia nemorosa, 
Lamiaceae, vegetative nucleus (asterisk) with nucleolus (arrowhead) surrounded by cytoplasm, U+Pb. E. Thymus 
glabrescens, Lamiaceae, vegetative cytoplasm and nucleus (asterisk), modified Thiéry test. F. Thymus glabrescens, 
Lamiaceae, vegetative nucleus (asterisk) surrounded by cytoplasm, modified Thiéry test
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Fig. 5 Variability of the vegetative nucleus in TEM (cross sections). A. Brassica napus, Brassicaceae, vegetative 
cytoplasm and nucleus (asterisk), modified Thiéry test. B. Salvia verticillata, Lamiaceae, vegetative cytoplasm and 
nucleus (asterisk), modified Thiéry test. C. Iris pumila, Iridaceae, vegetative cytoplasm and nucleus (asterisk), modified 
Thiéry test. D. Consolida regalis, Ranunculaceae, vegetative nucleus (black asterisk) and generative cell (white asterisk), 
modified Thiéry test. E. Acinos alpinus, Lamiaceae, vegetative nucleus (asterisk) with nucleolus (arrowhead) surrounded 
by cytoplasm, modified Thiéry test. F. Stachys palustris, Lamiaceae, vegetative nucleus (asterisk) with nucleolus 
(arrowhead) surrounded by cytoplasm, U+Pb
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Fig. 6 Generative cell and nucleus stained with acetocarmine in LM. A. Melampyrum nemorosum, Orobanchaceae, 
spindle- shaped generative cell/nucleus (asterisk) and vegetative nucleus. B. Betonica officinalis, Lamiaceae, spindle-
shaped generative cell/nucleus (asterisk). C. Anchomanes welwitschii, Araceae generative cell/nucleus (asterisk). D. 
Quercus robur, Fagaceae, generative cell/nucleus (asterisk). E. Carpinus betulus, Betulaceae, spindle- shaped 
generative cell/nucleus (asterisk). F. Asterostigma lividum, Araceae, generative cell/nucleus (asterisk) and vegetative 
nucleus
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Fig. 7 Variability of the generative cell and nucleus in TEM (cross sections). A. Melampyrum nemorosum, 
Orobanchaceae, pollen in overview, vegetative nucleus (black asterisk), generative cell/nucleus (white asterisk), 
modified Thiéry test. B. Melampyrum nemorosum, Orobanchaceae, vegetative nucleus (black asterisk), generative 
cell/nucleus (white asterisk), modified Thiéry test. C. Betonica officinalis, Lamiaceae, vegetative nucleus (black asterisk) 
and generative cell/nucleus (white asterisk) surrounded by cytoplasm, modified Thiéry test. D. Ajuga reptans, 
Lamiaceae, vegetative nucleus (black asterisk) and generative cell/nucleus (white asterisk) surrounded by cytoplasm, 
modified Thiéry test. E. Acinos alpinus, Lamiaceae, generative cell/nucleus (white asterisk) surrounded by cytoplasm, 
modified Thiéry test. F. Stachys palustris, Lamiaceae, generative cell/nucleus (white asterisk) with nucleolus (arrowhead) 
surrounded by cytoplasm, modified Thiéry test
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Fig. 8 Sperm cells of different species in LM. A. Filarum manserichense, Araceae, stained pollen showing two sperm 
cells (white asterisks) and vegetative nucleus (black asterisk), acetocarmine. B. Triticum aestivum, Poaceae, stained 
pollen showing two sperm cells (white asterisks) and vegetative nucleus (black asterisk), acetocarmine. C. Ulmus minor, 
Ulmaceae, stained pollen showing two sperm cells (white asterisks) and vegetative nucleus (black asterisk), 
acetocarmine. D. Zea mays, Poaceae, stained pollen showing two sperm cells, acetocarmine. E. Thymus odoratissimus, 
Lamiaceae, stained pollen showing two sperm cells, acetocarmine. F. Amorphophallus taurostigma, Araceae, pollen 
showing two sperm cells with nuclei, glycerine
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Fig. 9 Sperm cells in TEM (cross sections). A. Hyssopus officinalis, Lamiaceae, vegetative cytoplasm, vegetative nucleus 
(black asterisk), two sperm cells/nuclei (white asterisk), modified Thiéry test. B. Galium odoratum, Rubiaceae, vegetative 
nucleus (black asterisk) and two sperm cells/nuclei (white asterisk) surrounded by cytoplasm, modified Thiéry test. C. 
Smyrnium perfoliatum, Apiaceae, vegetative nucleus (black asterisk) and two sperm cells/nuclei (white asterisk) 
surrounded by cytoplasm, Thiéry test. D. Jasminum nudiflorum, Oleaceae, vegetative nucleus (black asterisk) and two 
sperm cells/nuclei (white asterisk) surrounded by cytoplasm, Lipid-test. E. Zantedeschia aetiopica, Araceae, vegetative 
nucleus (black asterisk) and two sperm cells/nuclei (white asterisk) surrounded by cytoplasm; sperm cells still in contact 
with each other and enclosed by the vegetative nucleus, modified Thiéry test. F. Melampyrum pratense, Orobanchaceae, 
vegetative nucleus (black asterisk) and two sperm cells/nuclei (white asterisk) surrounded by cytoplasm, modified Thiéry 
test
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Fig. 10 Pollen germination and pollen tubes in SEM. A. Cryptanthus bromelioides, Bromeliaceae, sulcate pollen 
germinating on stigma. B. Prunus sp., Rosaceae, tricolporate pollen, note germinating pollen on stigma (left side). C. 
Oxytropis jacquinii, Fabaceae, tricolporate pollen. D. Tuberaria guttata, Cistaceae, tricolporate pollen. E. Anthurium 
gracile, Araceae, inaperturate pollen. F. Vanilla pompona, Orchidaceae, porate pollen
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Fig. 11 Pollen germination and pollen tubes in LM and TEM. A-C. Arum cylindraceum, Araceae, three-celled, 
inaperturate pollen, germination can occur anywhere on the pollen surface, staining with acetocarmine, note the two 
sperm nuclei (arrowhead) staining dark red with acetocarmine, pictures. B-C showing optical section and upper focus. 
D. Colocasia antiquorum, Araceae, pollen grains germinating in water. E-F. Smyrnium perfoliatum, Apiaceae, TEM 
sections of germinating pollen (arrowheads), Thiéry test; detail of pollen tube with sperm nucleus (E, asterisk)
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