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Developmental variability of the aleurone layer in some members of the tribe Triticeae.

R. Kosina, P. Tomaszewska, and D. Zając.

An important role of noncellulosic polysaccharide aleurone cell walls in grain imbibition was evidenced in Avena fatua  
(Raju and Walther 1988). Polysaccharides are abundant in these walls, and they can hold a lot of water. Imbibition in 
the caryopsis also can be facilitated by the thick endosperm cell walls adjacent to an aleurone layer in Brachypodium 
distachyon. (Kosina and Jaroszewicz 2007). In wheat, endosperm cell walls are mainly composed of arabinoxylans and 
β-glucans (Philippe et al. 2006). Arabinoxylans dominate (70%) in the wall, whereas β-glucans amount to 20% (Shewry 
et al. 2012). Among cereals (wheat, rye, barley, and oat), differences have been detected in the amount of both groups of 
polysaccharides in cell walls of the aleurone layer and those in subaleurone endosperm (Dornez et al. 2011). Arabinoxy-
lans are stored more in cell walls in wheat, but barley and oat are rich in β-glucans (Hands and Drea 2012).

Aleurone autofluorescence of starchy endosperm cell walls was examined under an epifluorescence microscope 
Olympus BX60 for some species of the tribe Triticeae and in cross sections of amphiploid caryopses. Seeds of ‘wheat/
goatgrass’ amphiploids were obtained from the Kyoto Germ-plasm Institute, and the Triticeae species were from Dr D. 
Dewey, Utah State University. Seeds were sown and maintained for many years by R. Kosina in his living grass collec-
tion.

 In the caryopsis of a Triticum timopheevii 
subsp. timopheevii/Aegilops longissima amphiploid, 
a multilayered aleurone has developed locally (Fig. 
1A). External and internal tangential aleurone walls 
show a blue fluorescence, evidence of no chemical 
difference between them. No change in fluorescence 
color or intensity is detected across the wall. The lo-
cal development of groups of aleurone cells, similar 
to callus, confirms the mosaic pattern of the aleurone 
layer (endosperm) arrangement (Kosina 2007). The 
same walls were observed in the unilayered aleurone 
in Leymus racemosus (Fig. 1B). However, here the 
polysaccharides are synthesized in a great amount and 
the tangential walls are distinctly thicker. Mosaics of 
the aleurone layer can be expressed in the form of a 
group of very narrow cells, sometimes disappearing 
almost completely (see Fig. 1C in a ‚T. turgidum subsp. 
dicoccoides/Ae. tauschii’ amphiploid. In the callus-like 
aleurone layer, the development of polyploid cells also 
is observed (Fig. 1D for a lateral part of the caryopsis 
of L. racemosus). In these examples, wall fluorescence 
is uniform.

 Sometimes, the mosaics of aleurone/en-
dosperm tissue are composed of proteinaceous and 
starchy cells (Kosina 2007; Kosina and Tomaszewska 
2010; Kosina and Zając 2010). Such a development is more often noted in plants of hybrid origin and less so in pure 
species. In Elymus canadensis (Fig. 2A, p. 47), a single starch cell is formed between the light aleurone cells. The wall 
of this cell shows the same pattern of fluorescence as is seen in a proteinaceous aleurone. The phenotype of the walls is 
the same, but the phenotype of the stored assimilates, protein versus starch, is completely different. The second example 
presents a different phenomenon (Fig. 2B, p. 47); the very thin walls of two starchy cells penetrating the aleurone layer 
do not express any fluorescence.

Fig. 1. Developmental events in the aleurone layer. A – 
amplification of aleurone cells with thick hemicellulosic 
walls, as in an irregular callus, in a Triticum timopheevii/
Aegilops longissima amphiploid; B – unilayered aleurone 
cells with thick tangential walls in Leymus racemosus; 
C – disappearance of the aleurone layer into small narrow 
cells (arrow) in an T. turgidum subsp. dicoccum/Ae. tauschii 
amphiploid; and D – polyploidization of aleurone cells in the 
lateral parts of the caryopsis in L. racemosus (arrows). A blue 
fluorescence of cell walls was documented on cross sections 
of ripe caryopses.



47

A n n u a l  W h e a t  N e w s l e t t e r            V o l.  6 1.
Two main conclusions can be drawn:

1. The aleurone layer can disappear locally 
and look like a lighter dot of starchy cells. 
Such a development differs from the 
‘autonomous development’ of cells with 
stored starch grains between aleurone cells.

2. The two main components of the starchy 
cell located within an aleurone layer, a cell 
wall and a protoplast with stored starch 
grains, are controlled by various genetic 
backgrounds.
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Polymorphism of starch granules in the endosperm of some species and amphiploids of the 
Triticeae L. tribe.

R. Kosina, P. Tomaszewska, and D. Zając.

Kosina (2009) attributed variations in the microstructure of grass caryopses to the clonal development of endosperm tis-
sue. He described the nature of the tissue in a free nuclear stage as a complex body composed of subsyncytial units, i.e., 
groups of nuclei of different origin. As a result, for instance in Avena strigosa, adjacent cells of the endosperm synthe-
sized starch granules of different sizes. However, starch synthesis can differ in two adjacent regions of a single cellular 
space, the central part versus external, and cells expressing such a nature created a single clone, e.g., in A. brevis. The 
morphology and size of starch granules also depends on the distance between tissues conducting assimilates, i.e., a vas-
cular bundle and a transfer nucellar projection and pigment strand and a region of endosperm where the starch is stored. 
Smaller starch granules are synthesized in parts of a caryopsis more distant from the conducting tissues, as proved in 
Bromus secalinus. The amylopectin-poor starch was detected by a Lugol’s reaction or imaging in a polarized light. The 
amylopectin-poor mutations of single starch granules were found in a ‘T. turgidum subsp. dicoccum/Ae. tauschii’ amphi-
ploid and in B. secalinus. An amylopectin/amylose-poor mutant with tiny starch granules was detected in B. racemosus.

The size of starch granules is species-specific in the genus Avena (Kosina 2007). The same situation was discov-
ered in the genus Hordeum (Baum and Bailey 1987). A bimodal size for starch granules was noted for barley, rye, and 
wheat, but is unimodal in millet, rice, and triticale (Tester et al. 2004).

Fig. 2. Starchy phenotypes of aleurone cells expressing 
various cell wall phenotypes. A – a cell with an aleurone cell 
wall phenotype in Elymus canadensis (white arrow); B – two 
cells with starchy endosperm cell wall phenotypes (black 
arrowheads). The black arrow(s) shows the blue phenotype 
of an aleurone cell wall and the white arrow the thin, dark 
cell wall of a starch endosperm phenotype in a ‘Triticum 
timopheevii subsp. timopheevii/Aegilops umbellulata’ 
amphiploid. Caryopsis cross-section, autofluorescence.
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Changes in the size of starch granules were de-

scribed by Klemsdal et al. (1986) in the Risø high-lysine, 
barley mutants. Granules were small and caryopses poorly 
filled by endosperm tissue. Other starch mutations, Risø17 
and Notch-2, were studied by Burton et al. (2002). These 
mutants synthesize phytoglycogen and several starch 
ganules develop in their plastids. In ripe caryopses, starch 
granules are composite. In addition, Patron et al. (2002) 
described some cultivars in waxy barley with low expressed 
levels of amylose in the starch granules or with starch free 
of amylose. The low-amylose cultivars have more amylose 
in the granules of the outer cells of the endosperm than in 
the central part of this tissue. The level of amylose depends 
on the activity of granule-bound starch synthase I (GBSSI). 
The low- or free-amylose types probably are of Chinese 
origin. Satoh et al. (2003) induced six low-amylose mutants 
in japonica rice using N-methyl-N-nitrosourea. All mutants 
were of the waxy type. The lowered synthesis of amylose 
did not change the development of normal chains of amy-
lopectin. Waxy mutants expressing lower GBSSI activity 
also were obtained in A. strigosa (Verhoeven et al. 2004). 
In potato, starch granules with low GBSSI activity are not 
stained by Lugol’s iodine (Edwards et al. 2002).

We stained starch granules with Lugol’s solu-
tion. Nonstained starch granules also were observed under 
a polarizing Amplival microscope. Granules with high 
amounts of amylopectin stained with Lugol’s iodine were 
dark brown, and had distinct red and blue color in a polar-
izing microscope. Such colors are noted for ‘T. timopheevii 
subsp. timopheevii’ (Fig. 3A) and L. racemosus (Fig. 3B). 
Their granule pools are bimodal. In L. racemosus, several 

large granules express a low amylopectin content seen in 
the form of poor coloring of outer parts of the granule. We 
also detected an amylopectin-free type without polarizing 
colors in Ae. umbellulata (Fig. 3D), whereas the normal 
type has darkly stained granules with Lugol’s solution. 
The amylopectin-free trait in goatgrass is plant specific. A 
similar pool of amylopectin-free granules is found in an ‘L. 
multicaulis/L. karataviensis’ (Fig. 3F) amphiploid, whereas 
an amylose-low pool is noted in L. racemosus (Fig. 3E).

Other examples of starch granule polymorphism 
are provided (Fig. 4). In a ‘Triticum timopheevii subsp. 
timopheevii/Aegilops longissima’ amphiploid, the colors of 
polarization (amylopectin amount) are distinct and uniform 
(Fig. 4A); however, starch granules sometimes express 
stronger colors (Fig. 4B, more amylopectin). A different 

Fig. 4. The ‘polarizing reaction’ of starch. A – a positive 
reaction for amylopectin-rich granules and B – a more 
variable reaction, strong versus weak, in a ‘Triticum 
timopheevii subsp. timopheevii/Aegilops longissima’ 
amphiploid; C – the same as in B for a ‘T. turgidum 
subsp. carthlicum/Ae. tauschii’ amphiploid; and D – 
normal and giant granules presenting very poor reaction 
in an ‘Elymus canadensis/Pseudoroegneria libanotica’ 
amphiploid.

Fig. 3. Variation in starch granule reaction in polarized 
light and Lugol’s solution. A – bimodally sized, 
amylopectin-rich starch granules in Triticum timopheevii 
subsp. timopheevii presenting a distinct ‘polarizing 
reaction’; B – the same as in A for Leymus racemosus, 
but three granules present a very poor polarizing reaction 
(arrows); C – a strong Lugol’s reaction for amylopectin-
rich starch in Aegilops umbellulata; D – a negative 
Lugol’s reaction for amylopectin-poor granules in an 
Ae. umbellulata starch mutant; E – two types of Lugol’s 
reaction for an amylopectin-rich (dark) pool of granules 
and an amylopectin-poor pool (lighter, separated 
by dotted lines) in L. racemosus; and F – a pool of 
amylopectin-poor granules with a weak polarizing 
reaction (between the dotted white lines) and a second 
with a contrasting reaction (outside the dotted lines) in a 
‘L. multicaulis/L. karataviensis’ amphiploid.
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level of amylopectin synthesis is detected among starch granules in a ‘T. turgidum subsp. carthlicum/Aegilops tauschii 
amphiploid (Fig. 4C, p. 48). A giant starch granule in an ‘Elymus canadensis/Pseudoroegneria libanotica’ amphiploid 
expresses only weak a polarization reaction in outer parts (Fig. 4D, p. 48).

In conclusion, amylopectin- or amylose-low amounts in Triticeae are cell-, plant- or species-specific. Detecting 
natural starch mutations among accessions in the Triticeae collection is possible. 
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Changes in the pericarp in Triticum sinskajae and T. timopheevii subsp. timopheevii under 
environmental stress.

R. Kosina.

The developing caryopsis of wheat is covered by a thick, parenchymatous pericarp. Many starch grains are in the cells 
of the outer layers (Simmonds and O’Brien 1981; Kosina 2014). The inner epidermis and hypodermis of the pericarp 
change into tube cells and cross cells, respectively (Morrison 1976). The fleshy pericarp is green and actively assimilates 
CO2. Xiong et al. (2013) proved that the development and physiological role of different parts of the common wheat 
pericarp is cultivar-specific. The wheat pericarp is changed by apoptosis, which starts near the brush on the fourth day 
after fertilization (Young and Gallie 1999). At this time, the endosperm is enlarging. In unthreshable wheats, the paren-
chymatous pericarp is reduced in a ripe caryopsis to the outer epidermis and inner cross and tube cells (Kosina 1991, 
1995). Similar changes are noted for an unthreshable oat, Avena fatua (Morrison and Dushnicky 1982).

Two wheats, T. sinskajae (AA), a diploid, free-threshing mutant from T. monococcum subsp. monococcum, and 
T. timopheevii subsp. timopheevii (AAGG), an unthreshable tetraploid species, were used in a starvation experiment. 
Plants of both wheats were cultivated in a greenhouse in pots filled with sand and on small plots in the field. In the green-
house, plants were watered poorly. During the development of caryopsis, temperatures reached more than 60°C in the 
insolated room. In the field, plants were sown in soil of moderate fertility and were regularly watered. The development 
of the outer part of the caryopsis pericarp and inner layer of cross cells was examined under a microscope on a cross sec-
tion of the middle part of the caryopsis.

In more favorable field conditions (Figs. 5A and 6A), the outer epidermis of the pericarp is thicker, with better 
preserved cell lumina in free-threshing T. sinskajae than it is in unthreshable T. timopheevii subsp. timopheevii. The same 
difference has been noted between T. timopheevii subsp. timopheevii and its threshable mutant, T. militinae Zhuk. & 
Migush. (Kosina 1995). The inner cross cells are well preserved in both wheats, but in T. timopheevii subsp. timopheevii 
they are thicker. One should remember that here species of different ploidy levels, 2n versus 4n, are compared. In starva-
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tion conditions, high temperatures, poor sandy soil and 
deficiency of water (Fig. 5B and 6B), pericarp tissues in 
T. sinskajae are thin and cell lumina disappear. A very 
strange change is seen in pericarp of T. timopheevii subsp. 
timopheevii. This unthreshable wheat has a thick outer 
pericarp epidermis with well preserved cell lumina, and the 
epidermis is not collapsed. The cross cells are collapsed. 
This difference between both wheats in terms of their reac-
tion to stress conditions seems difficult to explain. In Fig. 
6B, the pericarp and nucellar tissue cover a dark layer of 
aleurone with cells not fully filled by protein bodies. Such 
a picture suggests poor endosperm development. Between 
both wheats, the possibility of ovary development within 
‘a floral cavity’ is limited by the level of sclerification of 
glumellae, lemma and palea, and their pressure against 
ovary tissues. Under starvation conditions, endosperm 
develops badly and leaves free space for pericarp. Surpris-
ingly, pericarp epidermis is less stressed in T. timopheevii 
subsp. timopheevii.

References.
Kosina R. 1991. Embryo structure of some grasses – its 
application to fossil materials. Acta Interdisciplinaria Ar-
chaeologica 7:177-185.

Kosina R. 1995. Tetraploids of the genus Triticum in the 
light of caryopsis structure. Acta Universitatis Wrati-
slaviensis 1785, Prace Botaniczne 66. Wydawnictwo 
Uniwersytetu Wrocławskiego, Wrocław, pp. 146. 

Kosina R. 2014. On caryopsis xylem and its interactions. 
In: Advances in Medicine and Biology 75 (Berhardt LV, 
Ed), Nova Science Publishers, New York. Pp. 43-63.

Morrison IN. 1976. The structure of the chlorophyll-con-
taining cross cells and tube cells of the inner pericarp of 
wheat during grain development. Bot Gaz 137:85-93.

Morrison IN and Dushnicky L. 1982. Structure of the 
covering layers of the wild oat (Avena fatua) caryopsis. 
Weed Sci 30:352-359.

Simmonds DH and O’Brien TP. 1981. Morphological and 
biochemical development of the wheat endosperm. Adv 
Cereal Sci Tech 4:5-70.

Xiong F, Yu XR, Zhou L, Wang F,, and Xiong AS. 2013. 
Structural and physiological characterization during 
wheat pericarp development. Plant Cell Rep 32:1309-
1320.

Young TE and Gallie DR. 1999. Analysis of programmed 
cell death in wheat endosperm reveals differences in 
endosperm development between cereals. Plant Mol 
Biol 39:915-926.

Fig. 5. The covering layers of a Triticum sinskajae 
caryopsis. A – field cultivation and B– stress cultivation 
in a greenhouse (op = outer pericarp and cc = cross cells; 
layers are indicated by arrowheads).

Fig. 6. The covering layers of a Triticum timopheevii 
subsp. timopheevii caryopsis. A – field cultivation and 
B – stress cultivation in a greenhouse. Outer epidermis 
of pericarp and underlying cross cells are indicated by 
arrowheads.
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On the glumeless form of Agropyron pectiniforme Roem. et Schult.

R. Kosina.

The inheritance of many traits is complex, however, morphological variations in plants are often under the control of 
only a few genes (Gottlieb 1984). Expression of these genes does not induce abnormal development, but their activity 
is shown in pleiotropic effects. The study of morphological deviation in the development of the grass inflorescence has 
mainly been on artificial mutants. Different mutagens have been applied. Cummings et al. (1978) used ethyl methane-
sulfonate (EMS) to induce morphological mutations in oats. They obtained mutations related to inflorescence bracts, 
inter alia, a semiglumeless form. A palealess mutant was described in rice (Luo et al. 2005). The palea was considered a 
homologous leaf to sepals in eudicot plants, but the lemma is recognized as a different organ. Expression of the Os-
MADS22 gene in transgenic Oryza sativa results in the anomalous development of the palea and glume (Sentoku et al. 
2005). Any change in the number of mutated organs is called a meristic mutation, which was described by Bossinger et 
al. (1992) within a barley spike composed of phytomers. The meristic addition of spikelets in Brachypodium distachyon 
is under the control of the MORE SPIKELETS1 gene (Derbyshire and Byrne 2013). An increase in the number of spike-
lets also was noted in mutants of Lolium multiflorum (Jauhar 1993). The change of flowers into spikelets was discovered 
by Ceynowa-Giełdon (1997) in Festuca polesica. She interpreted new spikelet bracts as lemmas, however, a microscopic 
examination proved their nature as glumes (Kosina 1998). This natural mutation shows a complex nature, homeotic and 
meristic. New glumes are homologous to lemmas. The mutation in F. polesica increases the potential for assimilation by 
adding new green organs in the inflorescence. The fertility of the plant is not reduced, therefore, this form can be active 
in the speciation process (Kosina 1999).

A meristic glumeless mutant of Agropyron pectini-
forme (Fig. 7A) was found on the edge of a cultivated field 
in the Sudety Mountains, in southwest Poland. The plant 
was gathered before blooming. The flowers have three, 
well developed, long anthers, approximately 6 mm. Such 
long anthers are typical for an allogamous breeding system. 
The lack of glumes in all spikelets is a meristic defect of 
the spike. About 10 spikelets in the lower part of spike are 
underdeveloped. Additional flowers developed in the upper 
part of spike on the overgrown rachillae of spikelets. In 
Triticum jakubzineri (T. turgidum), four glumes develop at 
the base of each spikelet (Dorofeev 1987). This wheat also 
expresses a meristic mutation, but it is a reverse mutation 
compared to that in A. pectiniforme (Kosina 1998). The 
examined plant of A. pectiniforme has a smaller surface of 
assimilation and lower pollen grain production because of 
underdeveloped lower spikelets and a lack of glumes. The 
selective advantage of the population also would be lower 
(Kosina 2015).
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Fig. 7. Morphology of a glumeless spike in Agropyron 
pectiniforme. A – a general view and B – details of 
underdeveloped spikelets in the lower part of the spike 
(white arrow) and overgrown spikelets in the upper part 
(green arrows).
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On the spirodistichous form of Lophopyrum elongatum (Host) Á. Löve.

R. Kosina.

At least one nullisomic 3D plant with a spike expressing a compact arrangement of spikelets in the upper part and a 
few loose spikelets in the lower part can be recognized within the Sears’ nullisomic series of Chinese Spring wheat 
(Schulz-Schaeffer 1980). Similar types, called ‘squarehead’, were exemplified by Mac Key (1966) in a hybrid progeny 
of ‘Triticum aestivum subsp. aestivum/T. aestivum subsp. macha’ and ‘T. aestivum subsp. aestivum/T. aestivum subsp. 
vavilovii’. The Q factor (gene) is responsible for a free-threshing feature and square spikes (Mac Key 1964; Simons et al. 
2006). This genetic control is closely related to other simple morpho-
logical inheritance patterns, which were exemplified by Gottlieb (1984). 
The Q gene exhibits dosage effects on spike compactness, but modifiers 
regulate its pleiotropic influence on the development of square spikes. 
In transgenic wheats, a high expression of the Q gene, due to its dosage, 
was detected (Faris et al. 2005). The gene was localized on chromosome 
5A in T. aestivum (Jantasuriyarat et al. 2004). The QQ genotype was 
detected in T. turgidum subsps. carthlicum, polonicum, dicoccum, and 
durum. In these subspecies, dense compact spikes were described (Far-
ris et al. 2005). Species with compact spikes also are known in diploid 
wheat diploids (T. sinskajae), in AAGG tetraploids (T. militinae), and 
in hexaploids (T. aestivum, subsps. compactum and sphaerococcum) 
(Dorofeev 1987; Goncharov 2002). Wheats with compact spikes, such 
as T. vulgare antiquorum, also were identified in fossil materials (Schie-
mann 1932).

 A spontaneous, spirodistichous mutant of Lophopyrum elon-
gatum found in the grass collection of R. Kosina shows a gross spike 
morphology similar to that mentioned above. The lower part of its spike 
is distichous (Fig. 8A). In some spikes, three spikelets are developed at 
each rachis segment, above the distichous part. In the short upper part, 
a spiral phyllotaxis is expressed (Fig. 8B). Flowers of L. elongatum 
have well-developed anthers, ~4–5 mm long, including in the spiral part 
of the spike. Spikelets are very densely packed in this section, and the 
morphology of glumes and glumellae are changed (Kosina 1998). Pol-
len grains often are reduced and no seeds are formed in the upper part 
(Kosina 1999, 2015). Lodicules are anomalous and flowers behave as 
cleistogamic (Kosina et al. 2012). Triticum aestivum subsp. compactum 
with square heads and QQ gene formulae also can lose the possibility 
of flower chasmogamy due to lodiculae mutation (Kosina and Tomasze-
wska 2012). In the hybrid progeny ‘Triticum/L. elongatum, no compact 
heads or similar parts were described by Tsitsin (Tsitsin 1978).

Fig. 8. Morphology of a spirodistichous 
spike in Lophopyrum elongatum. A – a 
general view (arrows indicate a distichous 
part of a spike and an upper part with a spiral 
phyllotaxis) and B – details of the spiral 
arrangement of spikelets.
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Variability of germination in Brachypodium distachyon and B. sylvaticum evaluated with a 
variance-covariance matrix.

R. Kosina.

Various coefficients of similarity or dissimilarity are useful to describe numerical relationships among plant operational 
taxonomic units (OTUs) (Sneath and Sokal 1973). The coefficients are measures of taxonomic distances. Correlation co-
efficients are some examples. Most often, arithmetic means of the characters are used to calculate the difference between 
any pair of OTUs. An average taxonomic distance (ATD) based on character data is applied in biology (Rohlf 1994). 
The ATD is a generalized Euclidean distance (Sneath and Sokal 1973). The ATD was used to set OTUs belonging to 
two species of the genus Brachypodium, an annual autogamic B. distachyon (Bd) and perennial allogamic B. sylvaticum 
(Bs), in an ordination space by means of non-metric multidimensional scaling (Kosina and Jaroszewicz 2007). OTUs 
were described by germination data and arranged in two- or three-dimensional diagrams. Accessions of B. distachyon are 
scattered widely, whereas those of B. sylvaticum create a compact cluster. In the x and y ordinants, the points of OTUs 
are highly correlated. One conclusion is such that interaccessional variation in the autogamic species is larger than that 
between allogamic populations.

 Sneath and Sokal (1973) pointed out that the weighting of data is important during the clustering process, 
because clusters are either less or more distinct and can be of different shape. Rohlf (1970) proposed some weighting by 
means of a generalized distance function, where the variance-covariance matrix (var-cov) of n variables is used. Rohlf’s 
measure takes into account size and shape trends existing in each cluster. These trends change when adding successive 
OTUs into the cluster. A difference between clusters can be easily illustrated by a difference between, e.g., hyperellipsoid 
and hyperspheroid. Within two such geometric clouds of OTUs, correlations and covariances between OTUs will be dif-
ferent. The var-cov method was applied to germination data according to Rohlf’s approach (Rohlf 1994). The eigenval-
ues and eigenvectors are calculated from the var-cov matrix (Rohlf 1970). Nonmetric multidimensional scaling was used 
to arrange OTUs into an ordination space (Figs. 9 and 10, p. 54). They are visually different from the results obtained 
with the application of ATD (Kosina and Jaroszewicz 2007). The OTUs belonging to B. distachyon create a compact 
cloud in the center, three Bd accessions are more distant from the center. Accessions of B. sylvaticum are located out-
wards (Fig. 9, p. 54). The distribution of OTUs on the x–y axes do not have any significant correlation (Fig. 10, p. 54). 
In fact, the relationships between Bd and Bs accessions are similar to the situation pertaining when ATD was applied. 
The main difference is shown by the reverse compactedness of Bs versus Bd OTUs. Looking at the variance–covariance 
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matrix, it is remarkable that Bd OTUs plotted in the center 
of diagrams are characterized by greater variances and 
covariances of the examined germination traits and in outer 
Bs accessions these values are smaller. The above statement 

means that each examined caryopsis of B. distachyon is different from another. A normal occurrance when the progeny 
of an autogamic species is a set of many homozygous lines. Both kinds of results not only are visually different but bio-
logically, they are consistent with each other.
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Annuality-perenniality and dormancy in the genus Brachypodium.

R. Kosina and P. Tomaszewska.

We know a lot about the germination of grass diaspores. Within the grass family, one can distinguish two extreme pheno-
types related to breeding system, autogamic versus allogamic, with many intermediate types. Related to life habit, annual 
versus perennial, with some intermediates. Cereals from the Triticeae tribe are mostly annuals, but their mating system 
can be different, for instance, in autogamic wheat and allogamic rye. Wild grasses seem to be more differentiated. We 
will consider the relationships within a wild genus Brachypodium, which comprises annuals and perennials, auto- and 
allogamic and self-compatible and self-incompatible types. Dormancy, a life history component, is not well elucidated in 
the grass life habit.

In Brachypodium, the annual B. distachyon essentially expresses autogamy, however, in suitable weather condi-
tions, can be chasmogamic and capable of cross-pollination (Kosina and Kłyk 2011; Kosina and Tomaszewska 2012; Ko-
sina and Tomaszewska 2014b). Other species are perennials and self-incompatible, but B. sylvaticum is self-compatible 
facultatively (Khan and Stace 1999; Kłyk 2005). Differences in the germination potential between cereals and annual-
perennial species of Brachypodium are created by the level of dormancy, caryopsis microstructure, and assimilate stor-
age pattern. In general, annuals are nondormant or less dormant versus dormant perennials. However, examples of the 
annual Avena fatua with fewer or more dormant diaspores and wild goatgrasses and diploid wheats expressing dormancy 

Fig. 9. Minimum spanning tree of accessions 
(operational taxonomic units (OTUs)) of Brachypodium 
distachyon (Bd, in the center of diagram) and B. 
sylvaticum (Bs)located around it. The tree was 
constructed after calculation of the variance-covariance 
matrix and the use of non-metric multidimensional 
scaling. The OTUs are scattered along three ordination 
axes (x, y, z).

Fig. 10. The top view of Brachypodium operational 
taxonomic unit scattered on the plane of the x, y axes (the 
same diagram and description as in Fig. 9). 
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polymorphism in diaspores, contradict the above general 
assumption. Annual and perennial species of Brachypodi-
um store assimilates in the form of endosperm starch and 
protein and, in addition, a large amount in the form of cell 
wall hemicellulosic compounds (Jaroszewicz et al. 2012; 
Kosina and Jaroszewicz 2007; Kosina and Kamińska 
2013a and 2013b). In cereals, starch and protein are the 
main storage substances. Germination is more facilitated 
in Brachypodium due to the capillary potential of its 
coleorhizal hairs, than is the case in cereals (Kosina and 
Tomaszewska 2014a). Dormancy-germination behavior 
exhibits a large variation in Brachypodium (Kosina and 
Tomaszewska 2014c).

 A question arises: What are the relationships 
between the dormancy pattern and life habit in the genus 
Brachypodium? Germination tests were performed for 
annual, spring, and winter accessions of B. distachyon of 
different geographic origin (Australia, Italy, Iran, Iraq, 
and Turkey) and perennials B. pinnatum, B. phoenicoides, 
B. rupestre, and B. sylvaticum. Accessions, evaluated by 
several germination traits and numerical methods (Rohlf 
1994), were set into an ordination space using a non-
metric, multidimensional scaling. An interpretation of a 
two-dimensional (x and y axes of the ordination space) 
diagram (Fig. 11) was conducted, and regression param-
eters were calculated for a set of operational taxonomic 
units (OTUs) (Fig. 12). The arrangement of OTUs along 
the x and y axes is not random and seems to be highly 
correlated (Fig. 11). The variation in regression is highly 
significant, and the regression line has a slope close to 
zero (Fig. 12). The correlation coefficient is highly signifi-
cant (r = 0.89). The results prove that dormancy is highly 
correlated with perennial habit, whereas nondormant types 
mostly are annual.
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Fig. 11. The top view of the minimum spanning tree of 
annual and non-dormant accessions (operational taxonomic 
units, OTUs) of Brachypodium distachyon and perennial 
dormant species. The tree was constructed after calculating 
the matrix of average taxonomic distances and the use 
of non-metric multidimensional scaling. The OTUs 
are scattered along two ordination axes (x, y) (AUS = 
Australia, ITA = Italy, IRN = Iran, IRQ = Iraq, and TUR = 
Turkey).

Fig. 12. A linear regression diagram presenting the 
relationship between dormancy and annual versus a 
perennial habit in the genus Brachypodium. The zero 
point is indicated by red lines. The x and y regression axes 
present values of x and y ordination axes.
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Mosaics in the aleurone layer in some 
members of Triticeae L.

R. Kosina.

Plant development through cell lineages is commonly 
accepted. The lineages are well recognized in roots or a 
leaf epidermis (Lyndon 1990). Some kinds of cell line-
ages can be observed in the grass endosperm. The en-
dosperm is a very variable tissue. Multipolar anaphases 
and telophases are its cytogenetic phenomenon. Such 
a cytogenetic behavior also was noted in root mitoses, 
for instance, in Bromus secalinus (Skowrońska 2005), 
but is especially frequent in the triticale (×Triticosecale) 
endosperm (Kaltsikes et al. 1975). Multiple telophases 
or nuclei connected by chromatin threads are present 
in triticale. In the Avena amphiploids, such cytogenet-
ics gives nuclei of various ploidy levels. Surprisingly, 
numerous nuclei are diploid, not triploid (Tomaszewska 
and Kosina 2015). Programmed cell death is another 
phenomenon that occurs during endosperm develop-
ment (Young and Gallie 2000), however, this can relate 
not only to starchy cells but also to many defective 
nuclei at the free-nucleolar stage (Kosina and Tomasze-
wska 2013). This elimination of many nuclei results 
in isolation of the remaining, which differ from each 
other. In the later stages of endosperm development, 
large units (endospermal domains) of isolated cells are 
distinguished by thick cell wall ingrowths. Ivanovskaja 
(1983) presented such isolated groups of nuclei for 
‘Triticum aestivum subsp. aestivum/Leymus arenarius 
F1 hybrids. Subsyncytial nuclear units of antipodal or 
a central embryo sac origin (Kosina 1992, 1996) are 
created by the same endospermal events. The clonal 
architecture of the grass endosperm was described by 
Kosina (1992, 2012) and, due to many earlier cytoge-
netic disorders, the clones can be different and observed 
in the form of mosaics (Kosina 2007; Kosina et al. 
2013a and 2013b). Some clones can be highly poly-
ploid (Kosina et al. 2013b).

 The following examples show various mo-
saics/domains in the aleurone layer in some species 
and amphiploids of the Triticeae tribe. The aleurone 

Fig. 13. Details of aleurone layer mosaics. A, large domains 
in the aleurone layer in Triticum turgidum subsp. turanicum 
bordered by thick light lines of nucellar and aleurone cell 
wall ingrowths; B, the same domains as in A in a ‘T. turgidum 
subsp. dicoccoides/Aegilops tauschii’ amphiploid (two types 
of polarizing color domains are marked by white dots); C, a 
small clone-domain of aleurone cells bordered by their thick 
non-cellulosic walls in a ‘T. turgidum subsp. turanicum/
Ae. tauschii’ amphiploid; D, details of nucellar (arrow) and 
aleurone cell wall ingrowths in Elymus canadensis, the 
border between both types of walls is marked by a dotted 
line; E, partly bordered domains in a ‘Triticum turgidum 
subsp. turancium/Ae. tauschii’ amphiploid that are composed 
of dark aleurone cells and lighter starchy cells; and F, 
domains with directionally ordered borders in a ‘T. turgidum 
subsp. dicoccoides/Ae. tauschii’ amphiploid.
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domains are separated by thick light lines, which are cell walls seen in a polarizing microscope (Fig. 13A, p. 56). These 
lines are created in regions of the aleurone layer having different colors (Fig. 13B, p. 56). These colors are a polariz-
ing effect of the cell walls, indicating that aleurone cells are arranged differently in the layer. The thick aleurone wall 
can separate a group of cells of common origin, a clone (Fig. 13C, p. 56). The light borders of domains are created not 
only by an intrusive growth into starchy endosperm of thick-walled aleurone cell (Kosina et al. 2013b), but also by 
ingrowths of the thick walls of the nucellar epidermis (Fig. 13D, p. 56). Light borders can limit groups of aleurone cells 
with protein, but a mosaic of aleurone-protein and aleurone-starch cells also can be separated (Fig. 13E, p. 56). For cell 
characteristics, aleurone-protein versus aleurone-starch, see a report on variability of the aleurone layer (Kosina et al). 
The original development of an aleurone layer in which domainal borders are directional is noted for a dorsal surface 
of caryopsis (Fig. 13F, p. 56). Such an arrangement of borders is related to the I- or T-type of cell division by anticlinal 
walls. This developmental problem was discussed by Barlow (1991).
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External pressure on a dorsal surface of caryopsis changes the development of wheat endosperm.

R. Kosina. 

The active cells inside the apical meristems of plants are isodiametric and their divisions are not regular (Lyndon 1990). 
The tree cambium is composed of two types of cells, parenchyma-like initials in the rays and axially elongated initials 
between the young differentiating elements of the xylem and phloem. The elongated initials are arranged orderly in 
the form of tangential strips. This order was examined by Steeves and Sussex (1989) and Lyndon (1990) and proved 
that pressure caused by expanding xylem and external phloem and other secondary tissues is important for an orderly 
cytokineses. In the cambium isolated from a tree, elongated initials start to divide like in a callus, but when external 
pressure is applied, cells divide tangentially to a pressed surface. The youngest endosperm tissue is located at the embryo 
sac wall, and the last tangential or anticlinal cytokineses occur there, giving an aleurone layer. Such divisions create 
regular endosperm cell clones (Kosina 1992, 2012). Thus, we justify the aleurone layer as an ‘endosperm cambium’. The 
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cambial architecture of the aleurone layer is found in many different grasses (Mares et al. 1977; Simmonds and O’Brien 
1981; Fineran et al. 1982).

Kosina (1989) reported an experiment with 
artificial pressure used against the endosperm cam-
bium in several grasses. A spheroidal seed of clover 
was placed between a young, green pericarp and 
the lemma before cellularization of the endosperm. 
Pressure caused by the seed was maintained until 
maturity of the grass diaspore. Results for one of the 
examined grasses, Triticum turgidum subsp. turani-
cum are presented (Fig. 14). The distinct amplifica-
tion of aleurone cells is visible beneath and around 
the pressure point (Fig. 14A). New tangential 
divisions occurr in smaller larger groups of aleurone 
cells (Fig. 14B). Locally, single cells with thick 
walls can be isolated and induced into an original 
development; the spherical cell shape and its larger 
size suggests that polyploidization occurred here 
(Fig. 14C). Pressure also caused starch cells of en-
dosperm not to develop, and aleurone cells from the 
dorsal part were connected with those from a crease 
region (Fig. 14D).

In conclusion, external pressure induced 
the following changes:

1. multiplication of the aleurone cells is 
due to increased tangential cytokineses,

2. multiplication of the aleurone cells by 
divisions is typical for callus, and

3. anomalous, poor development of starchy 
endosperm beneath the pressure point and, in consequence, connecting both aleurone layers, dorsal and ven-
tral.

These results confirm experiments with tree cambium (Steeves and Sussex 1989; Lyndon 1990) and justify use of the 
term ‘endosperm cambium’.
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Variation of winterhardiness in Brachypodium distachyon (2).

R. Kosina.

Brachypodium distachyon expresses wide variation in terms of flowering and vernalization time. Schwartz et al. (2010) 
mainly identified spring and winter forms within a set of diploid and polyploid accessions of various geographical origin. 
Polyploid accessions from Spain appear to be intermediate between spring and winter types. The vernalization period of 

Fig. 14. Microstructure of Triticum turgidum subsp. turanicum 
changed by artificial pressure. A, a red arrow shows the point 
of the clover seed setting and black arrows indicate abundant 
amplification of aleurone cells; B, black and white arrows show 
amplification of periclinal (tangential) aleurone cell divisions; C, 
a white arrow indicates a polyploidized, callus-like, aleurone cell 
with a thick wall; and D, upper, dorsal aleurone cells and ventral 
ones in the bottom (black arrows) are connected (white arrow) in 
the area of pressure influence.
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4oC for 3-week-old seedlings ranged from 2 to 6 weeks. 
In addition, Manzaneda et al. (2011) proved that, under 
drought stress, B. distachyon polyploids are more ef-
ficient than diploids in the use of water. Winter and heat 
survival in Avena sativa and A. byzantina varieties seem 
to be positively correlated (Levitt 1972). Tolerance for 
freezing and drought stresses are correlated, both via 
water stress. Supposedly, the same is true for B. dis-
tachyon, and the polyploid types will be more tolerant. 
However, Li et al. (2012) discovered that B. distachyon 
lacks genes for fructan synthesis and accumulation 
during cold stress. In this reaction, B. distachyon differs 
from that of other Pooideae grasses and both are com-
ponents of freezing tolerance variation in the Poaceae 
family. Colton-Gagnon et al. (2014) presented contradic-
tory data on fructan synthesis in B. distachyon treated by 
freezing stress. The authors also described some inter-
mediate forms between spring and winter diploids of B. 
distachyon. The species requirements for vernalization in 
low temperatures showed a great variation (Woods et al. 
2014).

To know precisely the winter hardiness in B. 
distachyon, new data are presented. After the summer of 
2014, six accessions grew vegetatively into the win-
ter of 2014–15; ITA3 (Italy), ITA3s (a selection from 
ITA3), TUR2 (Turkey), TUR2s (a selection from TUR2), 
BGR2 (Bulgaria), and BGR2s (a selection from BGR2). 
The plants were protected from severe frost by fleece, 
however, the winter of 2014-15 was especially mild. 
Minimum temperatures were a little lower than –8oC and 
were interrupted by periods of higher temperatures. The 
highest temperatures occurred on 20 December (14oC), 
10 January (16oC), and 15 February (11oC) (see Fig. 15).

An increased vegetative growth and loose 
tuft habit were noted accession ITA3. The ITA3 plants 
develop prostrately rooted shoots and additional axil-
lary tillers, such as in ITA1 (Fig. 16A and Kosina and 
Tomaszewska 2014a). Other accessions growing in as 
short, dense tufts, such as TUR2s, BGR2, and BGR2s, 
died during the winter (Fig. 16A, B). Only the acces-
sion TUR2 overwintered in lateral parts of the tuft (Fig. 
16C). Several accessions resowed from falling diaspores. 
Seedlings of the IRQ accession not protected by fleece 
overwintered very well (see Fig. 16D). All overwintered 
forms headed on 15 May, but some differences were 
observed in the rate of this process (Fig. 17). The experi-
ment concerning the wintering of all accessions of B. 
distachyon will be continued during winter 2015–16. 
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The influence of a translocation with the combination Lr19+Lr25 on grain productivity and 
bread-making quality in the spring bread wheat cultivar Dobrynya.

S.N. Sibikeev and A.E. Druzhin.

At the Agricultural Research Institute for the 
South-East Regions (ARISER), NILs based 
on the Saratov-bred, spring bread wheat 
cultivar Dobrynya and carrying transloca-
tions with the combination Lr19+Lr25 were 
produced and studied. The data from 2012–14 
indicate that the interaction of these trans-

Table 2. Bread-making qualities of near-isogenic lines (NILs) and spring bread wheat cultivar Dobrynya (average for 
2012–14).

NIL

Physical trait of dough (alveograph) Bread-making quality
Dough 

extensibility 
(P) P/L

Flour strength
(W)

Loaf volume
(cm3) Porosity Crumb color

Dobrynya (Lr19) 142.3 2.33 368.7 847 4.9 yellow
Dobrynya (Lr19+Lr25) 126.3 1.83 351.0 920 4.9 yellow
LSD NS NS NS 50 NS

Table 1. Grain productivity and gluten values of near-isogenic lines 
(NILs) of the spring bread wheat cultivar Dobrynya, average for 
2012–14. Gluten strength was evaluated by using the gluten deforma-
tion index.

NIL
Grain yield

(kg/ha)
Gluten value

Content (%) Strength
Dobrynya (Lr19) 3,164 38.03 71
Dobrynya (Lr19+Lr25) 3,323 38.87 76
LSD NS NS NS


