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AbstractAbstractAbstractAbstract    
    
The knowledge with reference to the grapevine tapetum has been centered on its anatomy/morphology 

and hardly anything at all is known about its mitotic activity throughout the microsporogenesis. The aim of 
this study was to ascertain the mitotic activity in tapetal cells of some grapevines (Vitis L.) broadening 
knowledge about this tissue and simultaneously corroborating the viability of its use as an alternative tissue for 
further cytogenetic studies. Young buds of 12 grapevine varieties at different meiotic stages were squashed and 
tapetal cells a prometaphase/metaphase scored in each meiotic stage. Mitotic activity was observed since the 
beginning of microsporogenesis, where it was more intense, decreasing toward tetrad. Polyploid tapetal cells 
arose through endomitosis while the microsporogenesis advanced. Two types of polyploid cells were evidenced, 
those with two or more individualized diploid chromosome groups and those with only one polyploid group. 
The percentage of diploid cells and of polyploid cells with two or more individualized diploid groups was higher 
during the first stage of microsporogenesis, though decreasing and giving way to cells with one large polyploid 
group as microsporogenesis moved toward tetrad. The nucleolus number was scored at interphase at different 
stages. Two and four nucleoli prevailed in tapetal cells at all stages except at tetrad where one large nucleolus 
was seen. The results showed that despite of the squashing technique applied, grapevine tapetum has a 
substantial amount of cells with mitotic activity with a satisfactory chromosome spreading therefore 
establishing an interesting alternative and promising tissue for later cytomolecular studies. 
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IntroductionIntroductionIntroductionIntroduction    
 
The male gametogenesis in flowering plants occurs in the anther, a stamen-specialized structure, which 

comprises different types of tissue as epidermis, middle layer and tapetum. Among these, tapetum is the 
innermost tissue in direct contact with the sporogenous tissue, i.e., the pollen mother cells (PMCs). Its main 
function is the nourishment of male reproductive cells, playing a key role in the process of microsporogenesis 
through the synthesis and transport of nutrients, proteins, polysaccharides, lipids and regulatory compounds.  
The development of the tapetum is highly regulated from its onset to the end through a programmed cell death 
(PCD) constituting a complex gene regulatory network (Li et al., 2017). The impairing of its adequate 
development or a delay in tapetum PCD or premature tapetum degeneration is enough to cause disturbance in 
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the microsporogenesis and pollen sterility (Zhai et al., 2015; Liu et al., 2018). Several transcription factors and 
genes have been reported to be associated with the proper tapetum development and degeneration. Studies 
developed in the model plant Arabidopsis thaliana demonstrated that the mutation in members of LLR 
receptor kinase EMS1signaling complex resulted in impairing tapetal cells proliferation (Feng and Dickinson, 
2010) while the mutant gene ms1 caused a delay of tapetum degeneration (Quilichini et al., 2014) and the 
mutant gene myb80 gave rise to a precocious tapetum degeneration (Zheng et al., 2016). In rice, it was observed 
that the transcription factor EAT1positively regulated the tapetum PCD and triggers the phasiRNA biogenesis 
that was exported to PMCs during early meiosis. The data obtained also suggested that the phasiRNAs might 
be involved in microsporocyte chromosome condensation and accurate chiasma formation during meiosis 
(Ono et al., 2018; Lei and Liu, 2020). While the microsporogenesis process continues, the tapetal cells undergo 
epigenetic changes as an increase in DNA methylation and high chromosome condensation along with the 
reorganization of the nucleus architecture, including the nucleolus (Solís et al., 2013).   

During the meiotic process up to tetrad phase, the tapetal cells also endure cellular polyploidization 
through endomitotic cycles increasing chromosome number and enlarging cell size before its degeneration.  
Witkus (1945) while carrying out the first description of the endomitosis phenomenon in tapetal cells of 
spinach realized the significance of this mechanism for cell growth and enlargement of this tissue.  Other 
researches using other plant materials as tomato (Brown, 1949), Eremurus himalaicus (Oksala and Therman, 
1977) and some Cymbidium species (Sharma et al., 2012), for instance, confirmed this phenomenon. Tapetal 
cells that suffer endomitosis have their replicated chromosomes condensed, however, without going through 
cytokinesis (Matsunaga et al., 2013). A cell structure, the phragmoplast, which serves as a scaffold to cell plate 
assembly, is not structured thus impairing cytokinesis. Therefore, two or more distinct diploid chromosome 
groups can remain separate in the same cell and depending on the cytological technique employed, it might 
possible to visualize the nuclear membrane around the chromosome groups. Sometimes two or more diploid 
chromosome groups of a cell tend to fuse at metaphase or at anaphase as a restitution nucleus giving rise to just 
one polyploid group (Oksala and Therman, 1977). 

In the genus Vitis the studies in tapetal cells began with Dorsey’s investigations about male sterility in 
some grapevines with a description of anther anatomy of ‘Brighton’ an interspecific hybrid variety (V. vinifera 
X V. labrusca) (Dorsey, 1914). This author provided the first description of grape tapetum observing it was 
organized in a single cell layer, which was later confirmed by Büyükkartal et al. (2005) and classified as parietal 
also known as secretory or glandular type (Pacini, 1997). Dorsey’s cytological findings preceded the 
establishment of the diploid chromosome number in Vitis genus that was done by Ghimpu (1929) who 
counted 2n=38 for V. labrusca, V. riparia and V. vinifera and by Nebel (1929) who confirmed 2n=38 for some 
Vitis vinifera varieties. Later, Branas (1932) counted 2n=40 for the American species V. rotundifolia.  The 
origin of these two different chromosome numbers in the genus, i.e., 2n=38 and 2n=40 has intrigued some 
researches about its origin. However, refined studies recently carried out by Cochetel et al. (2021) in 
Muscadinia rotundifolia (n=20) [Vitis rotundifolia Michx., syn. Muscadinia rotundifolia (Michx.) Small., 
according to The Plant List (2013); Hickey et al. (2019)] and V.  vinifera ‘Cabernet Sauvignon’ (n=19) using 
a Single-molecule real-time reads combined with optical maps technique demonstrated that, in the past, there 
could have been a reduction in chromosome number by a fusion process involving chromosomes 7 and 20 in 
the ancestor of V. rotundifolia which gave rise to the ancestor of Vitis species with n=19. From then on, the 
two chromosome groups evolved independently. 

The cytological works on some Vitis species and varieties have been predominantly centered on 
chromosome number (Olmo, 1937; Takusagawa, 1952; Shetty and Raman, 1960) and few attempts were done 
to describe chromosome morphology for the obtainment of karyotypes (Raj and Seethaiah, 1969, 1973; Patil 
and Patil, 1992). Also, studies on constitutive heterochromatin localization and characterization at the 
cytochemical level, using fluorescent dyes (Pinto-Maglio et al., 2010), mapping of rDNA 45S loci through in 
situ hybridization (Castro et al., 2018) as well as the active NOR sites localization (Pierozzi, 2011) have been 
done. Besides, there have been studies to ascertain the regularity of microsporogenesis process and the pollen 
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fertility percentage of some diploid grapevine varieties and hybrids of interest in breeding programs as well as 
of some spontaneous and induced tetraploid varieties (Patel and Olmo, 1955; Viljoen and Spies, 1995; Kuliyev, 
2020).  

However, hardly anything at all is known about mitotic activity of grapevine (Vitis) tapetal cells from 
the first meiotic phases to young pollen grain stage. Hence a study was carried out in the tapetum of some 
grapevine varieties to ascertain: (a) the degree of mitotic activity in tapetum during microsporogenesis, 
amplifying cytological knowledge about this tissue; (b) if chromosome at late prometaphase and metaphase 
have a satisfactory spreading, allowing further use of tapetal cells in advanced cytomolecular studies; (c) if 
during the microsporogenesis process the cells at interphase of this secretory and nutrition tissue show any 
alteration in nucleolus number and/or size.   

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Biological material 
Six seedless diploid (2n=38) varieties of Vitis vinifera ‘A Dona’ ‘Black Corinth’, ‘Einset’, ‘Golden 

Muscat’, ‘Maria’, ‘Venus’ and other five diploid varieties of ‘Niagara’ (V. vinifera 2n × V. labrusca) ‘Niagara 
‘Branca’ (‘White Niagara’), ‘Niagara Rosada’ (‘Rosy Niagara’), ‘Niagara Rosada sem Semente’ (‘Seedless Rosy 
Niagara’), ‘Niagara Steck’ (‘Steck Niagara’) and ‘Niagara Variegada’ (‘Variegated Niagara’) were considered in 
this study. Besides, one spontaneous somatic autotetraploid of ‘Niagara Rosada’, ‘Niagara Rosada Gigante’ 
(‘Giant Rosy Niagara’) (2n=76), was added totaling 12 varieties. All the varieties belong to Vitis IAC (Instituto 
Agronômico de Campinas) germplasm collection at the Fruit Center in the city of Jundiaí, state of São Paulo. 
They were introduced to IAC grapevine collection from some European countries and from the USA at 
different times over the last Century. The pedigree of each variety studied as well as the chromosome numbers 
are summarized in Table 1. 

 
Table 1Table 1Table 1Table 1. Pedigree of each grapevine variety studied and the diploid chromosome number (2n) 

Varieties studied 2n Pedigree* 
a. Vitis vinifera varieties1:   

‘A Dona’   38 
(‘Highland’ x ‘Golden Queen’) × (‘Pirovano 57’ × ‘Muscat of 

Alexandria’) 
‘Black Corinth’ 38 V. vinifera old European seedless variety 
‘Einset’  38 ‘Fredonia’ × ‘Canner’ (‘Hunisa’ × ‘Sultanina’) 
‘Golden Muscat’ 38 ‘Muscat Hamburg’ × ‘Diamond’ 
‘Maria’ 38 (‘Highland’ × ‘Golden Queen’) × ‘Jumbo seedless’ 
‘Venus’  38 ‘Alden’ × ‘NY 46000’ 
   
b. ‘Niagara’ varieties:   
‘Niagara Rosada’ (‘Rosy Niagara’)2 38 (V. labrusca × V. vinifera) × V. labrusca 
‘Niagara Branca’ (‘White Niagara’) 38 ‘Niagara Rosada’ spontaneous somatic mutation 
‘Niagara Rosada Gigante’ (‘Giant Rosy 
Niagara’)3 

76 ‘Niagara Rosada’ spontaneous somatic mutation 

‘Niagara Rosada sem Semente’  
(‘Seedless Rosy Niagara’)3 38 ‘Niagara Rosada’ spontaneous somatic mutation 

‘Niagara Steck’ (‘Steck Niagara’)4 38 ‘Niagara Rosada’ spontaneous somatic mutation 
‘Niagara Variegada’ (‘Variegated 
Niagara’)4 38 ‘Niagara Rosada’ spontaneous somatic mutation 

Chromosome counts: 1Chromosome Counts Data Base (CCDB) http://ccdb.tau.ac.il/Angiosperms/Vitaceae/Vitis/; 
2Nebel (1929); 3Pierozzi and Mura (2019); 4unpublished data. *Pedigree source: Maul et al. (2021).  
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Cytological procedures  
Young inflorescences with flower buds at different stages of development were collected over three years 

in August 35-40 days after grapevine pruning. The flower buds were fixed in freshly prepared 3:1 Carnoy 
solution (3 parts of ethanol 99%: 1 part of glacial acetic acid) and stored at -20 °C until cytological preparations. 
Anthers of fixed young buds were removed and squashed in 1.2% acetic carmine solution for cytological 
analyses. Since the tapetum development is closely related to the microsporogenesis progress, the analyses of 
the mitotic activity of the tapetal cells were carried out during the distinct meiotic phases from leptotene to 
tetrad as well as at young pollen grain phase. Knowing that the microsporogenesis is a dynamic and continuous 
process, it was decided to group the meiotic phases in five basic stages (Table 2) for comparison of tapetal cell 
mitotic activity. Fifteen slides of each twelve varieties were prepared and all the tapetal cells were counted on 
each slide and the percentage of tapetal cells mitotically active were calculated along with the standard deviation 
for each variety at each stage. 

 
Table 2.Table 2.Table 2.Table 2. Meiotic stages considered with the corresponding meiotic phases for the analyses of the mitotic 
activity of tapetal cells 

Stages  Meiotic phases  
Le-P From Leptotene to Pachytene 
M1 From Diplotene to Telophase I 
M2 From Prophase II to Telophase II 

IV Tetrad 
Pollen Young pollen grains 

 
The ploidy level of each cell was determined by counting the chromosome number at late prometaphase 

or at metaphase for each variety and the percentage mean values of diploid and polyploid tapetal cells was 
calculated for each variety at each meiotic stage. Those cells with one diploid chromosome group (2n=38) were 
considered diploid tapetal cells. Polyploid cells were those with two or more separated diploid chromosome 
groups and those with one or more groups with 76 chromosomes each or more.  In the spontaneous 
autotetraploid ‘Niagara Rosada Gigante’ (2n=4x=76), diploid tapetal cells were those with only one diploid 
chromosome group (2n=76) and polyploid those cells with two or more separate diploid chromosome groups 
as well as those with one or more groups with 152 chromosomes or more. An average of 1,134 tapetal cells were 
scored on each slide analyzed and the mean percentage values were calculated along with the standard deviation 
for each variety at each stage. 

Another set of fifteen slides of each variety were prepared by squashing the anthers in 45% acetic acid. 
The coverslips were removed after a brief bath in liquid nitrogen then slides were aged for a week and afterwards 
submitted to NOR-banding (Howell and Black, 1980) for nucleolus counting in the tapetal cells at interphase 
at different meiotic phases. Two thousand interphase cells were scored on each slide at each stage for each 
variety, and the number of nucleolus was scored in each cell for each variety and the mean percentage values 
were calculated along with the standard deviation.  

The F-test (Pimentel-Gomes and Garcia, 2002) was applied to compare the mean percentage values 
obtained for tapetal cell mitotic activity, for diploid and polyploid tapetal cells and for the nucleolus number 
at each meiotic stage considered. Photomicrographs were taken using black and white 125 Ilford film in 
‘Olympus Vanox’ photomicroscope.  
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ResultsResultsResultsResults    
 
Mitotic activity 
It was witnessed that tapetal cells were abundant in the cytological preparations of the grapevine varieties 

studied. The softness of the cells noticed during the cytological preparations allowed its rupture and a 
satisfactory cell and chromosome spreading which avoided enzymatic pre-treatments. The mitotic activity was 
higher during microsporogenesis process at the Le-P stage, decreasing as the microsporogenesis moved forward 
IV stage (Figure 1) where the activity was lower with a prevalence of interphase cells with one large nucleus 
(6G), and at young pollen stage where no mitotic activity was seen, except for degenerated and amorphous 
tapetal cells (Figures 1 and 6H).  

 

 
Figure 1Figure 1Figure 1Figure 1.  Mitotic activity in tapetal cells of V. vinifera seedless varieties ‘A Dona’(DON), ‘Black Corinth’ 
(BCOR), ‘Einset’ (EINS), ‘Golden Muscat’ (GMU), ‘Maria’ (MAR), ‘Venus’ (VEN), and of  ‘Niagara’ 
varieties ‘Niagara Branca’ (NIBRA), ‘Niagara Rosada’ (NIRO), ‘Niagara Rosada Gigante’ (NIGI), ‘Niagara 
Rosada sem Semente’ (NISSE),  ‘Niagara Steck’ (NIST) and ‘Niagara Variegada’ (NIVAR) at five meiotic 
stages considered 
(A) Graphic representation; (B) the mean percentage values with standard deviation. Mean values followed 
by different letters = significant differences at 5% after F-test. 
 
At the same time, during the ongoing microsporogenesis, an endomitotic process was notice in diploid 

tapetal cells at early meiotic stage (Le-P). Cells with one tetraploid chromosome group (Figure 2A, C, E and F, 
3C, and 4A), cells with two or more separated diploid chromosome groups (Figure 2B, 3A, D, 4B, C and E, 
6A) and cells with only one large polyploid chromosome group (Figure 3B and E) was observed at late 
prometaphase and at metaphase at different percentages (Table 3). In addition, cells showing only one diploid 
chromosome group were also seen (Table 3 and Figure 5). In the spontaneous autotetraploid ‘Niagara Rosada 
Gigante’ (2n=76, Figure 2D) whole unbroken cells with tetraploid chromosome groups (2n=152) were hardly 
perceived (Figure 3F) and polyploid cells with more than 152 chromosomes were very rarely noted (Figure 3E). 
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Cells with two or more separate diploid chromosome groups were spotted, yet in a fragmented state (Figure 
6A). It is likely that the very low amount of unbroken polyploid tapetal cells could be due to the intensity of 
the press onto the slides and the coverslip to improve chromosome spreading for counting. Nevertheless, 
polyploid cells with more than five nuclei were solely viewed at interphase in this spontaneous autotetraploid 
variety (Figure 6F). It has very likely been the first time that the mitotic activity in the tapetal cells associated 
with meiotic stages of a plant with a high number of chromosomes as ‘Niagara Rosada Gigante’ was scored. 

As the microsporogenesis advanced from Le-P to IV stage it was possible to observe a gradual decrease 
in the mean percentage values of diploid cells (from 28.20% to 13.38%) and of polyploid cells with two or more 
individualized diploid chromosome groups, as well (from 44.53% to 19.40%). On the other hand, an increase 
of the mean percentage values of polyploid cells with only one chromosome group (from 27.27% to 67.22%) 
was perceived (Table 3). 

 
Table 3.Table 3.Table 3.Table 3. Mean percentage values of diploid and polyploid tapetal cells at prometaphase/metaphase at four 
meiotic stages considered* 

Diploid cells with only one diploid (2n) chromosome group, polyploid cells with two or more separate non-fused 
diploid groups (two or more 2n separate chromosome groups), and cells with only one large polyploid (xn) 
chromosome group. Lower case letters = comparisons among the different meiotic stages. Capital letters = 
comparisons among the three different types of tapetal cells. Mean values followed by different letters = significant at 
5% after F-test. Mean values followed by the same letters = not significant at 5% after F-test.  *Young pollen stage was 
not included because tapetal cells at this stage were all degenerated. 

 
The mean percentage values of diploid cells differed significantly between Le-P and M1, M2 and IV, 

though not among these last three stages (Table 3, lower case letters). Regarding the two types of polyploid 
tapetal cells, significant differences in mean percentage values were discerned during the four stages (Table 3, 
lower case letters). Comparisons made in the same stage revealed significant differences between: (a) diploid 
cells and polyploid cells with two or more diploid separate chromosome groups from Le-P to M2 stages; (b) 
diploid cells and polyploid cells with one chromosome group from M1 to IV; and (c) polyploid cells with two 
or more diploid separate chromosome groups and those with only one polyploid group of chromosomes in all 
meiotic stages considered, i.e., from Le-P to IV stages (Table 3, capital letters). 

Nevertheless, no significant differences were viewed between: (a) diploid and polyploid tapetal cells with 
one chromosome group at Le-P; and (b) diploid and those polyploid cells with two or more diploid separate 
chromosome groups at IV stage (Table 3, capital letters). 

The high mean percentage value identified in polyploid tapetal cells with two or more individualized 
diploid chromosome groups in contrast to a lower mean value in cells with one polyploid chromosome group 
at Le-P, suggested that at this stage the process of chromosome group fusion was at the beginning. 

In M2 stage, it was possible to see some polyploid cells at metaphase and anaphase with stickiness among 
chromosome groups displaying different shapes during this process (Figures 4D and F, 6C, D and E). At this 
stage, it was not possible to count the chromosome number due to its large amount, strong condensation state 
along with the stickiness. 

 
 
 

 
Meiotic 
Stages 

Percentage of some ploidy level in tapetal cells at prometafase/metaphase 
Diploid Polyploid 

Only one 2n  
chromosome group 

Two or more 2n separate 
chromosome groups 

Only one polyploid (xn) 
chromosome group 

Le-P 28.20 ± 3.04a A 44.53 ± 3.16a B 27.27 ± 3.10a A 
M1 18.91 ± 2.86b A 36.79 ± 2.95b B 44.30 ± 3.27b C 
M2 15.81 ± 2.45b A 29.70 ± 2.73c B 54.49 ± 2.97c C 
IV 13.38 ± 3.71b A 19.40 ± 3.37d A 67.22 ± 4.09d B 
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Figure 2Figure 2Figure 2Figure 2. (A) ‘Venus’ tetraploid cell with 76 chromosomes; (B) ‘Niagara Variegada’ tetraploid cell with 
two separated diploid chromosome groups; (C) ‘Maria’ tetraploid cell with 76 chromosomes; (D) diploid 
cell (2n=76) of autotetraploid ‘Niagara Rosada Gigante’; (E) ‘Golden Muscat’ tetraploid cell with 76 
chromosomes; and (F) ‘Niagara Variegada’ tetraploid cell with 76 chromosomes 
Photos: A, C, F prometaphase cells after acetic carmine squashing technique; B, D, E metaphase cells after NOR-
banding. Bar = 5 µm; arrows = NOR sites.   
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Figure 3Figure 3Figure 3Figure 3. Tapetal cells of some grapevine varieties: (A) ‘Black Corinth’ with two diploid chromosome 
groups; (B) ‘Venus’ incomplete broken polyploid cell with 138 chromosomes; (C) ‘Niagara Rosada’ after 
NOR-banding with 76 chromosomes and three nucleoli; (D) ‘Niagara Branca’ with two diploid 
chromosome groups; spontaneous autotetraploid ‘Niagara Rosada Gigante’: (E) a very rare polyploid 
broken cell with a group of 152 chromosomes (on the right) and a group of 76 chromosomes (upper) ; and 
(F) with two overlapping tetraploid cells  with 152 chromosomes each 
Arrows= NOR sites. Bar = 5 µm 
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Figure 4. Figure 4. Figure 4. Figure 4. Tapetal cells of some grapevine varieties. (A) ‘A Dona’ tetraploid cell with 76 chromosomes after 
NOR-banding;  ‘Niagara sem Semente’ polyploid cells with: (B) four diploid chromosome groups and (C) 
two diploid chromosome groups; (D) fusion process between two polyploid chromosome groups of 
‘Einset’; ‘Niagara Steck’: (E) polyploid cell with two diploid chromosome groups; and (F) after NOR-
banding showing fusion between two chromosome groups 
Bars = 5µm; D= 10µm; Arrows=NOR sites 

 

 
Figure 5.Figure 5.Figure 5.Figure 5. Diploid tapetal cells (2n=38) as seen in (A) ‘A Dona’; (B) ‘Black Corinth; and (C) ‘Golden 
‘Muscat’, for instance  
A and B: after acetic carmine technique; C: after NOR-banding.  Bars= 5 µm 
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Figure 6.Figure 6.Figure 6.Figure 6. Tapetal cells of some grapevine varieties. (A) spontaneous tetraploid ‘Niagara Rosada Gigante’ at 
prometaphase showing a broken cell with four diploid (2n=76) groups of chromosomes; (B) ‘Niagara 
Rosada sem Semente’ with nine nucleoli after NOR-banding; (C) ‘A Dona’ with four chromosome groups 
with stickiness among them; (D) ‘Einset’ with two polyploid  chromosome groups with stickiness; (E) 
‘Black Corinth’  chromosome groups showing different shapes at the fusion process; (F) ‘Niagara Rosada 
Gigante’ at interphase  with  six nuclei some of them at the beginning of fusion process;  (G) ‘Golden 
Muscat’  interphase cell  at IV stage with an enlarged nucleus (arrow); (H) ‘Golden Muscat’ degenerated 
tapetal cells at young pollen stage 
Bars A to F = 10 µm; G= 100 µm and H = 200 µm. 

 
Nucleolus number 
The use of NOR-banding was suitable to highlight the nucleolus that was sometimes difficult to 

distinguish after carmine squashing technique. One large and visible nucleolus was witnessed at prometaphase 
(Figure 4A, 5B). Two as well as three nucleoli were also seen in the same mitotic cell however in different sizes, 
i.e., a large one along with one or two smaller nucleoli (Figure 2D and E, 3C). Besides, NOR-banding also 
highlighted the NOR sites of chromosomes at late prometaphase and metaphase of some grapevine varieties 
(Figures 2B, 3C and 4A).  
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Tapetal cells at interphase displayed a variable number of nucleolus visible after NOR-banding (Figures 
6B and F, Table 4). The average percentage values of interphase cells displaying two or four nucleoli were the 
most common event (Figure 7) and cells with seven nucleoli appeared at a very low percentage. Interphase 
tapetal cells with eight and nine nucleoli were a rare event, only viewed in 0.04% of the cells analyzed at IV stage 
(eight nucleoli) and 0.06% of the cells analyzed at Le-P stage (nine nucleoli). Interphase cells with two nucleoli 
at Le-P stage showed the highest mean percentage value (49.01%). However, at IV stage the mean percentage 
values of interphase cells showing one large nucleolus (41.70%) was higher than cells with two (27.04%) or four 
(19.21%) nucleoli (Table 4). 

Variations observed within the mean percentage of nucleolus number at interphase tapetal cells allowed 
two comparisons. One of them, considering the nucleolus number variation at the same meiotic stage (Table 
4, lower case letters) and the other regarding the variation in the mean percentage values of the same nucleolus 
number among the four meiotic stages (Table 4, capital letters). 

 
    Table 4. Table 4. Table 4. Table 4. Mean percentage values with standard deviation of nucleolus number at interphase cells at each 
meiotic stage* 

Lower case letters = comparison among the different nucleolus number at the same stage. Capital letters = comparison 
the same nucleolus number among the meiotic stages. Mean values followed by different letters = significant at 5% 
after F-test. Mean values followed by the same letters = not significant at 5% after F-test.  *Young pollen stage was not 
included because tapetal cells at this stage were degenerated 

 
Significant differences were discerned among the mean percentage values of interphase tapetal cells with: 

(a) one to three, five, six and eight nucleoli at Le-P and at M1 stages; (b) one to three, five, seven and eight 
nucleoli at M2 stage; an (c) one to six, eight and nine nucleoli at IV stage (Table 4, lower case letters). The 
differences between cells with one nucleolus and those with four nucleoli were not significant at Le-P, M1 and 
M2 stages (Table 4, lower case letters).  

An accentuated decrease of the nucleolus number in tapetal cells at interphase was distinguished from 
cells with four to cell with five nucleoli onward in the four meiotic stages considered (Table 4, lower case letters 
and Figure 7). Besides, expressive lower mean percentage values of interphase cells with three nucleoli than with 
one, two and four was perceived.   

When tapetal cells with the same number of nucleolus were compared among stages, significant 
differences were seen among Le-P and the following stages: (a) M1 to IV (two and nine nucleoli); (b) M1 and 
IV (one nucleolus); (c) M1 and M2 (four nucleoli); (d) M2 (seven nucleoli); and (e) IV (eight nucleoli).  
Significant differences were also observed among M1 stage and (a) M2 (seven nucleoli); and (b) IV (one 
nucleolus, two, four and eight nucleoli).  Expressive differences were noticed in the mean percentage values of 
tapetal cells at M2 stage when compared to IV stage (one nucleolus, two, four, seven and eight nucleoli) (Table 
4, capital letters). Overall, one stage differed remarkably from the others in at least four different nucleolus 
number. No meaningful differences were viewed among these stages considering cells with three, five and six 

    N° NUN° NUN° NUN° NU    
Meiotic StagesMeiotic StagesMeiotic StagesMeiotic Stages    

LeLeLeLe----PPPP    M1M1M1M1    M2M2M2M2    IVIVIVIV    
1 20.57 ± 2.42a A 26.04 ± 2.60a B 24.21 ± 3.15a AB 41.70 ± 2.94a C 
2 49.01 ± 2.47b A 39.71 ± 2.48b B 37.79 ± 2.06b B 27.04 ± 2.86b C 
3 10.19 ± 1.93c A 7.13 ± 1.55c A 7.88 ± 1.98c A 7.71 ± 1.80c A 
4 17.89 ± 1.79a A 23.79 ± 2.07a B 25.75 ± 2.50a B 19.21 ± 2.50d A 
5 1.61± 0.47d A 2.33 ± 0.76d A 3.04 ± 1.30d A 3.25 ± 1.20e A 
6 0.50 ± 0.46eg A 0.83 ± 0.68e A 1.25 ± 0.79d A 0.88 ± 0.93f A 
7 0.17 ± 0.05e A 0.17 ± 0.00e A 0.08 ± 0.00e B 0.17 ± 0.00f A 
8 0.00 ± 0.00f A 0.00 ± 0.00f A 0.00 ± 0.00f A 0.04 ± 0.00g B 
9 0.06 ± 0.00g A 0.00 ± 0.00f B 0.00 ± 0.00f B 0.00 ± 0.00h B 
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nucleoli. Besides, not any notable difference was remarked involving the four stages at one time with the same 
nucleolus number. 

 

 
Figure 7.Figure 7.Figure 7.Figure 7. Graphic representation of the mean percentage values (y-axis) of the nucleolus number (x-axis) 
scored at interphase tapetal cells of grapevine varieties from Le-P to IV stages. Young pollen stage was not 
included because tapetal cells at this stage were degenerated 
 
 
DiscussionDiscussionDiscussionDiscussion    
 
The softness of tapetal cells sighted in the grapevines studied may be related to its thinner and permeable 

cell wall and possibly to its single-layer nature, allowing for the rupture as well as rendering a satisfactory cell 
and chromosome spreading.  According to Pacini (1997), the ease of cell wall break is a common feature of 
almost all parietal/secretory tapetum type. However, it is not a rule. In Arabidopsis thaliana, for instance, Weiss 
and Maluszynska (2001) observed that the secretory tapetum did not display a satisfactory chromosome 
spreading but tended to show clumped mitotic chromosomes, despite the low number (2n=10) even after the 
employment of an enzymatic pre-treatment before the anther squashing.  

The significant mitotic activity viewed in the tapetal cells of grapevines studied during the first stages of 
microsporogenesis was followed by cell polyploidization through endomitotic cycles and according to 
Matsunaga et al. (2013) a common mechanism that promotes polyploidization in tapetum tissue. 

Tapetal cells of grapevines suffered at least two endomitotic cycles resulting in two diploid (first cycle) 
and four diploid (second cycle) chromosome groups. Nevertheless, the cells may suffer more than two cycles as 
inferred from cells at interphase showing more than six individualized nuclei. The number of endomitotic 
cycles a tapetal cell can go through, depends on the material studied and does not seem related to the diploid 
chromosome number, if high or low, or to chromosome size. In Cymbidium aloifolium, C. devonianum and 
C. tigrinum (2n=40), for instance, at most two diploid chromosome groups at prometaphase and anaphase 
have been reported (Sharma et al., 2012), two diploid or two tetraploid chromosome groups at metaphase were 
noted in A. thaliana (2n=10) (Weiss and Maluszynska, 2001) and two to four nuclei were counted at 
interphase in Campsis radicans (2n=40) tapetal cells (Konyar and Dane, 2013). Though, in Eremurus 
himalaicus (2n=14) (Oksala and Therman, 1977) and Picris babylonica (2n=10) (Malallah et al., 1996) four 
diploid and more than six diploid chromosome groups, respectively, at metaphase were viewed in the same cell. 
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In grapevines, besides the endomitosis in the tapetal cells, a fusion process involving two or more chromosome 
groups in the same cells may have also occurred. It seems that nuclear fusion is not a rare event in tapetum tissue 
and nuclear fusion involving two polyploid chromosome groups were also reported in tapetal cells of Solanum 
tuberosum (Avanzi, 1950), Senescio glaucus, Picris babylonica and Launaea mucronata as well (Malallah et al., 
1996), for instance. 

Endomitosis is a dynamic process that can be discerned through the different levels of ploidy, which a 
cell population can display at the same meiotic stage. However, the mechanism that triggers the 
endopolyploidization of tapetal cells through endomitosis, as in grapevines, is not fully understood. It is known 
that the impairing of cyclin B1 degradation leads to endomitosis in somatic cells of a transgenic line of 
Nicotiana tabacum as well as to the inhibition of phragmoplast/cell plate formation, a structure that builds a 
cell wall between the daughter cells at the end of mitosis (Weingartner et al., 2004; Smertenko, 2018). In 
addition, mutation in the GIG1/OSD1 gene was reported to be involved in endomitosis process in Arabidopsis 
thaliana through the suppression of the cyclin degradation (Iwata et al., 2001; Matsunaga et al., 2013).  

It is generally assumed that the process of endomitosis permits the continuous integrity of the tapetal 
monolayer (Feng and Dickinson, 2010) which otherwise would require additional energy and time (Leitch, 
2000). It can also preserve its protective barrier function for PMCs and pollen grains as suggested by Frawley 
and Orr-Weaver (2015). Simultaneously it allows for the fulfilment of the secretory and nourishing function, 
shortly through a significant increase in gene-copy numbers, as rDNA genes, essential for the synthesis of 
enzymes, nutrients and components of pollen wall, which are important for pollen maturity and viability before 
the programmed cell death starts.  

Nucleolus is a remarkable territory in the eukaryote nucleus with a dynamic structure in regards to 
activity, size, position and number (Kalinina et al., 2018). It is formed around the nuclear cluster of genes 
(rDNA) coding for rRNA which are localized at specific regions, the nucleolar organizer regions (NOR) in 
some chromosomes. It has been reported to be involved in abiotic and biotic plant stress response (Khan et al., 
2014) while a rising number of reports have shown an association between nucleolus responses to virus 
infection (Taliansky et al., 2010).  

The total nucleolus volume and size are mainly determined by the transcriptional activity of the rDNA 
genes (Kalinina et al., 2018). Considering the short lifespan of tapetum, its nourishment function, an intense 
nucleolar activity and raise in its number and enlargement of its size throughout the microsporogenesis phases 
is somehow expected. The nucleolus number at interphase tapetal cells may vary significantly according to the 
species regarded. Polyploid tapetal cells at interphase with two, four or five individualized nuclei inclusive of 
two nucleoli each were reported in two varieties of S. tuberosum (Avanzi, 1950) and in Hieracium amplexicaule 
(Gentcheff and Gustafsson, 1940) at metaphase I of meiosis, while cells counting up to eight individualized 
nuclei including two nucleoli each were seem in Crepis zacintha at tetrad stage (Battaglia, 1949). In addition, 
mononucleated interphase cells containing two nucleoli were identified in Scilla peruviana and Capsicum 
annuum at prophase I of meiosis (Testillano et al., 1993).  Tapetal cells with a large nucleus containing a large 
nucleolus and cytoplasm with many ribosomes, characterize the tapetal cells of Brassica oleraceae at microspore 
stage (Murgia et al., 1991). Besides, a large nucleus harboring either one large nucleolus or several smaller 
nucleoli were noted in interphase tapetal cells of maize (Chebotaru, 2002) as well as in those of apple (Malus 
domestica) (Forino et al., 2003) at the free microspore stage and at tetrad stage, respectively.  

In Nicotiana tabacum and Brassica napus, Solís et al. (2013) observed that as the microsporogenesis 
moves forward to tetrad, the number of tapetal cells showing smaller nucleoli increased as well as the amount 
of the methyl transferase 1 (MET1) enzyme. This enzyme is necessary for DNA methylation and this is 
associated to the onset of tapetal PCD. Therefore, a high number of small nucleoli in interphase tapetal cells, 
rather than a large one at tetrad stage, may be a sign that degeneration via PCD process has been triggered in 
the tapetum tissue. The prevalence of one or two large nucleolus in the great majority of interphase tapetal cells 
of grapevines studied at tetrad stage might be understood as an indicator that an eminent process of nucleolus 
fragmentation in smaller ones is about to start as part of the PCD process ending the cycle of secretory 
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hyperactivity of this tissue. However, this subject needs more studies with the aim of more refined techniques 
that could lead to a satisfactory conclusion. 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The observation concerning mitotic activity in the tapetal cells of grapevine varieties have broadened 

the knowledge of this tissue, up to now restricted to a description of its morphology. Cytological preparations 
through anther squashing technique followed up or not by the coverslip split-up from the slide, not only 
provided material for microsporogenesis analyses but also a substantial amount of well-spread tapetal cells with 
mitotic activity. Thus, demonstrating it is an interesting option for further advanced cytogenetic studies 
regarding the possibility of a direct physical localization for a desired DNA sequence specific to this tissue and 
concurrently a follow up the desirable sequence in meiotic chromosome pair during its segregation at meiosis. 
It is also an interesting alternative tissue for monitoring adult grapevines granting the unveiling of a possible 
undesirable aneuploidy and/or heterochromatin amplification, which might cause gene silencing mainly in 
those grapevines obtained from tissue culture. Even though the nucleolus number varied greatly among tapetal 
cells at interphase in the grapevine, there seems to be a limit to this variation, since cells with five or more 
occurred at a very low percentage. 
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