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Abstract

‘Niagara Steck’ and ‘Niagara Variegada’ are two grapevine varieties that arose spontancously as somatic
mutants of ‘Niagara Rosada’. Berries characterize ‘Niagara Steck’ at young stages exhibiting a remarkable brown
reticulated structure on the epidermis which develops into a brown-bronze russet-like structure as the berries
ripe. The mature berries have strongly acidic flesh. ‘Niagara Variegada’ shows notable variegation in leaves and
berries. Meiotic studies were carried out to ascertain if the mutant phenotypes could be related to any change
in chromosome number, structure or other irregularity. Floral buds of both varieties at different developmental
stages were collected and fixed for cytological analyses. Chromosome counts at diakinesis/metaphase I showed
n=19 bivalents for both varieties. Univalent, trivalent, tetravalent chromosomes or chain configuration were
not recorded ruling out the possibility of any alteration in the chromosome number or structure in both mutant
varieties. However, low percentages of meiotic irregularities were recorded such as chromosome stickiness,
laggards, non-oriented chromosomes, precocious chromosome segregation, tetrads with one microcyte,
microspore fusion, and tetrad degeneration. The total percentage of abnormalities was higher in ‘Niagara
Variegada’ (19.68%) than in ‘Niagara Steck’ (14.40%) which may have contributed to a lower percentage of
pollen fertility (79.80%) when compared to ‘Steck’ (90.74%). The aforementioned varieties can be propagated
by hardwood cuttings and constitute an interesting option for ornamentation of home backyards, patios, and
gardens with the advantage that ‘Niagara Variegada’ bearing sweet edible berries.
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Introduction

The improvement of perennial fruits and ornamental plants is very often done following conventional
breeding techniques. Grapevine (Vitis vinifera L.), an old woody perennial plant has been cultivated for
millennia regarding different purposes such as table grapes for fresh consumption, raisins, jams, juice, and
winemaking, New grapevine varieties have been developed through breeding programs. However, due to its
long juvenile period that precedes the reproductive cycles, the vegetative propagation of grapevines by
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hardwood cuttings has been predominantly employed. By this approach the desirable genotypes are preserved,
mostly intended for wine production, over decades. Nevertheless, somatic spontaneous mutations may
sometimes appear during the very initial development of a bud producing a shoot with leaves, inflorescences,
or berries with a different phenotype, the bud sports. In conformity with the new phenotype, breeders and
growers are therefore able to select a whole branch or part of it for propagation via vegetative techniques such
as hardwood cuttings thus preserving new morphological traits.

Among the spontancous somatic mutations, those affecting berries have also attracted the attention of
researchers and vine growers. ‘Malian’, for instance, occurred as a spontaneous somatic mutant of the grapevine
‘Cabernet Sauvignon’ with rosy berries (Walker ez a/., 2006; Vezzulli ez al., 2012). The table grapes ‘Redimeire’
(Pires et al., 2003) and ‘Victoria LB’ (Ferrara e al., 2017) emerged due to a spontaneous mutation in ‘Italia’
and ‘Victoria’ grapevines, respectively, that accounted for the unexpected attractive long berries which became
a new and profitable option. However, not very lucrative nor interesting, is the leaf variegation. It can appear
as a spontancous somatic mutation in a bud as in the ‘Allepo’ grapevine variety, early reported by Knight,
(1808) or in the variegated Bruce’s sport (Antcliff and Webster, 1962). Moreover, it may occur due to the
expression of a recessive gene in seedling phase among the offspring of some interspecific hybrids (Reisch and
Watson, 1984) or, either in regenerated plants from somatic embryogenesis (Kuksova ez al., 1997) or after some
chemical and physical treatments (Sharma and Mukherjee, 1972; Sharma and Mukherjee, 1973;
Marcotrigiano, 1997).

‘Niagara Steck’ and ‘Niagara Variegada’ are varieties that arose as spontaneous somatic mutations in a
vineyard of the table grape ‘Niagara Rosada’ at different times. ‘Niagara’ grapevine (2n=38) is an interspecific
hybrid which derived from an artificial crossing conducted in the USA at the end of 1868, in Niagara County,
NY. Plants of Vitis labrusca ‘Concord’ were pollinated by ‘Cassady’ another hybrid (V. labrusca xV. vinifera),
generating the first ‘Niagara’ grapevines (Hedrick, 1919; Maia, 2012). The first mutation observed in ‘Niagara
Rosada’ was confined to the berry skin color which originated to ‘Niagara Steck’. The mutation was observed
in a single cane during the bunch and berries development. All the berries of the bunches displayed a brown-
bronze reticulated russet-like epidermis with a notable brilliant light green cap on the vestigial pistil extremity
(navel) in contrast to the epidermal matte color which resulted into a remarkable ornamental phenotype
(Sousa, 1959). The berries, however, hold an uncommon acidity that persists even at the ripening stage. A
distinct branch showing an outstanding variegation pattern in the leaves and berries was later detected in
another grapevine producing ‘Niagara Variegada’. The immature berries bear white and green stripes running
along the length of the fruit. Considering these extremely different traits, the mutant shoots were propagated
by hardwood cuttings and have been kept in the grape collection as new varieties and have ever since been
studied with different approaches (Sousa, 1959; Sousa, 1996; Tofanelli ez al., 2011; Angelotti-Mendonga ez
4l,2018).

Despite these outstanding features, there is hardly any information available about the meiotic process
regarding these two mutant varieties that evaluate the regularity of this process and the percentage of pollen
fertility. Therefore, meiotic studies were carried out in ‘Niagara Steck’ and ‘Niagara Variegada’ mutant varieties
to ascertain if the mutant phenotypes could be related to any change in chromosome number, structure or to
meiotic irregularity, since cases of meiotic irregularities have been reported in some mutants of other plant
species. The presence of an abnormal unsatellited satellite chromosome, a tetravalent chromosome association
at diakinesis and more than 50% of pollen sterility were described in unstable races of variegated Petunia sp.
(Malinowski, 1935). The variegation observed in Nicotiana hybrids was related to the occurrence of dicentric
chromosomes at meiosis (Ar-Rushdi, 1957). Bud sport mutants bearing fruits of assorted sizes or morphology
are often related to the ploidy level that in many cases cause disturbances in the meiotic process producing
seedless or almost seedless fruits. Larger ripened and seedless fruits of guava (Psidium guajava) were observed
on a spontancous triploid plant (Raman ez a/., 1971) and in spontancous autotetraploid grapevine (Staudt and

Kassrawi, 1972), for instance. Conversely, smaller ripened fruits other than the diploid ones were noticed in
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some ancuploid plants as well (D’Cruz and Rao, 1977). Therefore, the gain of a single extra chromosome in the
diploid genome of a plant is enough to affect the fruit size and/or shape and other vegetative traits, as in trisomic
tomatoes reported by Rick and Barton (1954) which displayed abnormal fruit shape and size along with meiotic
abnormalities and pollen sterility percentage.

Materials and Methods

Plant materials

‘Niagara Steck’ (hereafter ‘Steck’, Figure 1) and ‘Niagara Variegada’ (hereafter “Variegada’, Figure 2)
varieties are spontaneous somatic mutants of ‘Niagara Rosada’ (hereafter ‘Rosada’) variety, a hybrid table grape
(Vitis labrusca x V. vinifera). ‘Niagara’ varieties belong to IAC (Instituto Agronémico de Campinas) Vitis
germplasm collection at the Fruit Center (IAC-Centro Avangado de Pesquisa e Desenvolvimento de Frutas)
in the city of Jundiai, state of Sao Paulo.

Figure 1. ‘Niagara Steck’ (‘Steck’). (A) Bunch with berries showing the brown-bronze reticulated

russeting-like epidermis; (B) Cross section of immature berries; (C) Detail of the flesh and skin; (D)
Reticulated russeting-like epidermis (skin) of a ripe berry
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). (A) and (B) Plants with ..\."a—ricgatcd leaves; (C) Immature
bunch with stripe variegated berries; (D) Bunch with mature berries showing some light stripes

igure 2. ‘Niagara Variegada’ (‘Varif-:gada’

Cytological procedures

Younginflorescences with flower buds at different stages of development of both ‘Steck’ and “Variegada’
mutant varieties were collected over two years, 45-50 days after the bud burst which occurred at the end of
August. The inflorescences were fixed in 3:1 Carnoy solution (ethanol 99%: acetic acid solution, respectively)
and stored at —20 °C. The slides for cytological studies were prepared using anthers detached from the buds
with the aim of a stereo microscope and squashed in a 1.2% acetic carmine solution. The analyses were carried
out from pachytene to telophase IT phases and 300 cells were scored in each phase to each variety and the values
were expressed as a percentage. The mean percentage value of normal tetrads was calculated regarding 3,000
tetrads for each variety. Similarly, the mean percentage values of pollen grain fertility were estimated by pollen
stainability using Alexander A2 dye and 500 grains were counted for each variety. Besides, the mean value of
pollen area (um?*) was also calculated considering 125 fertile grains for each variety. The chiasma average
number per cell and per chromosome were calculated considering 100 cells for each variety at metaphase L. The
mean percentage values of terminal and subterminal chiasmata per cell were also calculated. The F-test was
applied at a 5% level to compare the mean values obtained for each variety secing: (a) the percentage of normal
tetrads; (b) the percentage of pollen fertility and (c) pollen area; (d) chiasma number per chromosome (e) and
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chiasma number per cell; (f) the percentage of terminal and subterminal chiasmata per cell. Photomicrographs
of some meiotic phases and also tetrads and pollen grains were taken using a black and white Ilford film ASA
125 in Vanox ‘Olympus’ photomicroscope.

Results

Nineteen bivalents were viewed at diakinesis in both varieties (Figures 3A, 3B, 4A and 4B) ruling out
the possibility of any change in chromosome number in these spontancous somatic mutant varieties. There was
no chromosome pairing irregularity observed, no univalent, trivalent nor tetravalent chromosomes at diakinesis
or metaphase I either in ‘Steck’ or ‘Variegada® which could, for instance, be related to aneuploidy. Ring or chain
configurations between bivalents at diakinesis or metaphase I, characteristic of a chromosome translocation
was also not perceived. Besides, no chromosome bridges with fragments at anaphases I or II were observed.
However, other abnormalities, though at a low percentage, were noticed during the meiotic phases in both
‘Steck and in ‘Variegada’ and are summarized in Table 1, and detailed data is provided in Table 2. There were
slightly higher percentage values of abnormalities in the ‘Steck’ and “Variegada’ microsporocytes observed at
metaphase I and anaphase I and at in addition to metaphase II and anaphase II (Table 1). Chromosome
stickiness at diakinesis, three sets of chromosomes at anaphase I, and five sets of chromosomes at telophase II
were only seen only in ‘Steck’ (Table 2, Figures 3A, 3F, 3N, respectively).

Table 1. Mean percentage of abnormal cells (PMCs) at meiotic phase of ‘Steck” and ‘Variegada’

% PMCs with abnormalities at some meiotic phases
Variety DIA MI Al TI MII All TII v Total
‘Steck’ 0.70 4.36 3.96 0.42 1.36 2.29 0.28 1.03 14.40
‘Variegada’ 0.00 434 4.36 0.32 3.43 2.84 0.00 4.39 19.68

DIA (diakinesis), MET I and II (metaphase I and II), ANA I and II (anaphase I and II), TELO I and II (telophase I
and II), IV (tetrad).

The varieties also differed significantly with respect to the mean value for pollen area and pollen fertility
(Table 3). The results reported that ‘Steck’ showed the lowest mean value for pollen size area (299.66 um?)
(Figure 3S) when compared to ‘Variegada’ (391.13 um?®) (Figure 4R) which depicted the highest mean value.
Regarding pollen fertility, ‘Variegada® displayed the lowest mean value (79.80%) differing significantly from
‘Steck’ (90.74%) which exhibited the highest mean value.

Despite the small size of chromosomes, it was possible to count the chiasmata on the bivalent arms of
the mutant varieties which did not differ regarding the mean value for the percentage of chiasma number per
cell and per chromosome (Table 3). Only terminal and subterminal chiasmata were observed in ‘Steck’ and
‘Variegada’ with a prevalence of two terminal chiasmata, each one located at the end of opposite arms of the
bivalent in 64.63% of the cells scored. Additionally, followed by a lower percentage of two subterminal
chiasmata (nearly 18%), by one terminal and one subterminal chiasmata, each one at the end of opposite arms
of the bivalent (more than 16%). Two chiasmata on the same chromosome arm were not noticed.

The abnormalities common to both varieties and detailed in Table 2 were (a) chromosome stickiness at
metaphase I (Figures 3B and 4B), at anaphase I (Figures 3E and 4F), at anaphase II (Figures 3K and 4J); (b)
non-oriented chromosomes at metaphase I (Figures 3C with arrowhead and 4D) and at metaphase II (Figures
3I and 4K); (c) laggard chromosomes at anaphase I (Figures 3D and 4E), at telophase I (Figures 3G and 4G)
and at anaphase II (Figures 3] and 41); (d) precocious chromosome segregation at metaphase I (Figures 3C with
arrows and 4C) and at metaphase II (Figures 3Land 4H); (e) five sets of chromosomes at anaphase II (Figures
3M and 4L); (f) tetrads with one microcyte (Figures 3P and 4M); (g) tetrads with microspore fusions (Figures
3Q and 40); (h) degeneration of fused microspores followed by the rising of a large vacuole (Figures 3R and

4P). In ‘Variegada’ the process of degeneration began with a decrease in microspore size afterward by the fusion
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of the microspores and a subsequent shrinkage (3.64%) (Figures 40 to 4Q) (Table 2) that reflected in a lower
mean value of normal tetrads (95.61 + 2.18%) (Figure 4N) when compared to ‘Steck’ (98.97 + 0.47%) (Figure
3Q, Table 3). The total percentage of abnormalities observed was higher in ‘Variegada’ (19.68%) than ‘Steck’

(14.40%) (Table 1).

Table 2. Mean percentage values of different types of abnormalities observed at meiotic phases in Steck’

and in ‘Variegada’

Phase with abnormalities

Steck %:
% chrom. abnorm.

Variegada %:
% chrom. abnorm.

Diakinesis:

. Chromosome stickiness 0.70 0.00
Metaphase I:

. Chromosome stickiness 0.53 0.31
. Non oriented chromosomes 2.64 3.10
. Precocious chromosome segregation 1.19 0.93
Anaphase I:

. Chromosome stickiness 2.73 2.17
. Chromosome laggards 1.09 2.19
. 3 sets of chromosomes 0.14 0.00
Telophase I:

. Chromosome laggards 0.42 0.32
Metaphase II:

. Non oriented chromosomes 0.69 2.18
. Precocious chromosome segregation 0.67 1.25
Anaphase II:

. Chromosome stickiness 1.71 0.95
. Chromosome laggards 0.30 0.63
. 5 sets of chromosomes 0.28 1.26
Telophase II:

. 5 sets of chromosomes 0.28 0.00
Tetrads:

. With one microcyte 0.77 0.06
. Fusion of microspores 0.13 0.69
. Microspore degeneration 0.13 3.64

Table 3. Mean values for chiasma number per cell and chromosome, and mean percentage values of normal

tetrads, pollen grain fertility and pollen area for ‘Steck’ and “Variegada’

Chiasma number: ‘Steck’ cv. ‘Variegada’ cv.

. per cell 37.89+0.31° 38.00 + 0.00*

. per chromosome 1.99 £ 0.02° 2.00 + 0.00°
Percentage (%) of chiasmata:

.2 terminal 64.63 £ 3.69° 64.63 +1.12°

.2 subterminal 18.32 +2.15° 18.10 + 0.92*

. I terminal + 1 subterminal 1653 +2.21* 17.27 + 0.84*

% Normal Tetrads: 99.61 + 0.47° 95.61 +2.18"

% Pollen fertility 90.74 + 6.97° 79.80 + 0.84°
Pollen area 299.66 um® + 37.68" 391.13 pm? # 28.19
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Figure 3. Some meiotic phases of ‘Steck’. (A) Chromosome stickiness at diakinesis and (B) at metaphase I;
(C) Non-oriented chromosomes (arrowhead) and precocious chromosome segregation (arrows) at
metaphase I; (D) Laggard chromosomes at anaphase I; (E) Chromosome stickiness at anaphase I; (F) Three
sets of chromosomes at the late anaphase I; (G) Laggard chromosomes at telophase I; (H) Three sets of
chromosomes at telophase I; (I) Non-oriented chromosomes at metaphase II; (J) Laggard chromosomes at
anaphase II; (K) Chromosome stickiness at anaphase II; (L) Precocious chromosome segregation at
metaphase II; (M) Five sets of chromosomes at anaphase II; (N) Five sets of chromosomes at telophase II;
(O) Normal tetrad with four micropore; (P) Tetrad with one microcyte; (Q) Fused microspore; (R) Fused
microspore with a large vacuole; (S) Pollen grains. Bar: A to N=10 um; O to R=40 um; S= SOum.
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Figure 4. Some meiotic phases of ‘Variegada’. (A) Diakinesis; (B) Chromosome stickiness at a polar
metaphase I; (C) Precocious chromosome segregation at metaphase I; (D) Non-oriented chromosome at
metaphase I; (E) Laggard chromosomes at anaphase I; (F) Chromosome stickiness at anaphase I; (G)
Laggard chromosome at telophase I; (H) Precocious chromosome segregation a metaphase II; (I) Laggard
chromosome at anaphase II; (J) Chromosome stickiness at anaphase II; (K) Non-oriented chromosome at
metaphase II; (L) Five sets of chromosome at anaphase II; (M) Tetrad with one microcyte; (N) Normal
tetrad; (O) Fused microspore; (P) Degenerated fused microspore with a large vacuole; (Q) Shrunk fused

microspore; (R) Pollen grains. Bar: A to L=10 pm; M to Q=20 pm; R=50 pm



Pierozzi NI and Fernandes Moura M (2023). Not Bot Horti Agrobo 51(2):13030
Discussion

Studies carried out in spontaneous or induced variegated grapevine mutants are mainly characterized by
the description of the morphological and anatomical characteristics of the mutant plants (Antcliff and
Webster, 1962; Sharma and Mukherjee, 1973). However, few of these studies were carried out to understand
the genetic basis of the variegation (Reisch and Watson, 1984; Filler ez al., 1994, Olson et al., 2021). Even
though this information contributed to a better characterization of variegated grapevines, the regularity of the
meiotic process or the percentage of pollen fertility were not investigated to evaluate if the mutation producing
the variegated trait could have or not affected the meiosis or pollen fertility. The analyses achieved on the
meiosis of the spontaneous somatic mutant ‘Variegada’ revealed that the variegation trait is not associated to a
serious disturbance in the meiotic process, which could affect the pollen fertility. Though not a rule since
meiotic irregularities have been reported in some variegated plants. A high percentage of meiotic abnormalities
such as an expressive percentage of bridges and laggard chromosomes accompanied by a reduction in mean
value of chiasma number per cell, as well as by a significant decrease in pollen fertility were observed in the
variegated plants of T7illium grandiflorum (Chinnappa, 1982). In addition, chromosome instability,
chromosome bridges at anaphases I and II were observed in variegated hybrid plants derived from Nicotiana
tabacum and N. plumbaginifolia crossings (Gupta, 1968). Although the occurrence of laggards and non-
oriented chromosomes along with precocious chromosome segregation observed in “Variegada’ somatic mutant
grapevine had not affected the percentage of normal tetrads, these might have contributed to a decrease in
pollen fertility. This mismatch between a higher percentage of normal tetrads and a lower percentage value of
pollen fertility has been described in some other plants with meiotic irregularities. Thus, as laggard
chromosomes and precocious chromosome segregation in diploid accessions of Musa spp. (Adeleke ez al., 2004)
and in Mesosetum chasaea (Silva et al., 2012), or as laggard chromosomes and bridges in Vicia rigidula (Kaur
and Singhal, 2010) and in Trigonella pubescens (Kaur ez al., 2013). It is likely that the high percentage of laggard
chromosomes and of precocious chromosome segregation observed in Variegada’, could have resulted of a
precocious chiasma terminalization, while a high percentage of non-oriented chromosomes may have been due
to a failure in an accurate attachment of the chromosome kinetochore to the spindle fibers. Laggard and non-
oriented chromosomes could also have contributed to an uneven chromosomal distribution among some tetrad
microspores which in turn may have affected the percentage of pollen fertility. It is interesting that the highest
percentage of pollen mother cells with abnormalities and a high percentage of chromosome stickiness observed
in the parental ‘Rosada’ (21.05%) by Pierozzi and Moura (2014) were not strong enough to affect neither the
percentage of normal tetrads (99.65%) nor the pollen fertility (93.45%).

Leaf variegation in plants has been associated with the expression of nuclear recessive genes and plastid
genes (Zhao et al., 2020) which affect plastid function impairing the photosynthesis. In grapevine, Reisch and
Watson (1984) were the first to propose the expression of a nuclear recessive gene var to account for the leaf
variegation. Further studies in grapevines developed by Olson ez 4/. (2022) demonstrated that the variegated
phenotype was related to the expression of two nuclear recessive genes Lvarl and Lvar2. It is possible that the
variegation observed in ‘Variegada’ could be related to the expression of a recessive gene. If so, a mutation that
allowed the expression of recessive variegated gene might have taken place in the bud stage just before or during
the beginning of bud burst, therefore causing the variegated areas with photosynthesis impairment in leaf and
in berry white sectors. However, further studies at molecular level in “Variegada’ grapevine are needed to
elucidate what really triggered the somatic mutation which resulted in variegation.

Spontancous somatic mutations affecting fruit morphology or size are the most studied. Some
mutations have brought about a more attractive quality of the fruits while other mutations may have resulted
in a harsh, tough, or russeting fruit epidermis (skin) compromising appearance and acceptance in the fruit
market. Russeting is considered a fruit surface disorder affecting different varieties such as apples, pears, citrus,
and prunes among other (Winkle ez 4/, 2022). The russet trait on the fruit skin may also be triggered by
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environmental conditions (Athoo ez al., 2020) or could be a result of a gene expression as MAMYB93
responsible for russeting in apples (Legay ez al., 2016) or PpRus in Asian pear (Ma ez al., 2019). The russeting
on the berry skin of ‘Concord’ grapevine variety described by Goffinet and Pearson (1991) was induced by use
of a fungicide. The brown-bronze russeting-like structure observed on the epidermis of the mature berries of
‘Steck’ is not related to any chemical or physical agents since it spontancously appeared in all bunches on one
cane of ‘Rosada’ vineyard and was described as a somatic spontaneous mutation by Sousa (1959). Besides, not
related to any fungal disease that sometimes affect muscadine grapevine. The brown russeting-like reticulated
structure of ‘Steck’ is very intriguing because it is also not associated to any relevant disturbance in meiosis or
pollen sterility. A reticulated brown-bronze structure initially observed in noticeably young immature berries
evolved into a plain brown-bronze russeting-like layer covering all the berry skin. It seems that the russeting-
like structure that appeared on the berry epidermis may be an abnormal deposition of a ligo-suberified layer on
the berry epidermis due to an abnormal expression of gene(s) related to suberin and/or lignin synthesis which
is normally expressed on the stem of grapevine canes but not on the berry skin. Interestingly, the berry pulp
(flesh) of ‘Steck’ though not affected, displayed the characteristic light green color of ‘Niagara’ varieties.
However, the berries possess an unexpected very sour flavor, which might be associated to the expression of
grapevine VoPHS and VvHPI genes involved in vacuolar hyper-acidification as reported by Amato er al.
(2019). Refined studies at molecular level will be necessary to verify if these two mutant traits in ‘Steck’ berries
reflect an abnormal gene(s) expression(s).

‘Niagara Rosada’ seems to be a variety prone to somatic spontancous mutations. Besides ‘Variegada’ and
‘Steck” mutants, other mutations have been described (Sousa, 1959; Sousa, 1996; Pires et /., 1988).

Plants exhibiting variegated leaves, or an unexpectedly undesirable fruit shape or skin texture have
occasionally been observed in different crops. However, in opposition to these traits, growers have eliminated
these plants because they are frequently less vigorous and/or unprofitable. Nevertheless, due to the visual
attractiveness of ‘Variegada’ and ‘Steck’ as well as their robust growth, these may be used as ornamental
grapevines in the same way as the ‘Southern Home’ hybrid grapevine with its deep-cut sinuses leaf shape
resembling maple leaves (Mortensen ez al., 1994), the ‘Roger’s Red’ grapevine with scarlet-red fall foliage and
edible tasty berries (Dangl ez al., 2010) as well as Vitis coignetiae, the Crimson Glory grapevine (Lawo ez al.,
2013).

Conclusions

The spontaneous somatic mutations, which generated ‘Steck’ and ‘Variegada’ varieties were not related
to any changes in chromosome number or either to a structural modification or to a significant meiotic
disturbance strong enough to compromise the pollen fertility. However, a lower percentage of pollen fertility
observed in ‘Variegada’ when compared to ‘Steck’, may be attributed to a high percentage of laggard
chromosomes, precocious chromosome segregation and non-oriented chromosomes.
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