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HE COMMON garlic (Allium sativum L.) is vegetatively reproduced. Therefore, somatic

mutations are the only source of variation and are often expressed as chromosomal
changes. There is evidence for this hypothesis regarding satellite position on nucleolar
chromosomes and asymmetry of karyotypes. The present work throws more light on the
chromosome complement of a flowering clone (Egaseed 2). Using individual plants, some
cytological metrics such as chromosome length, arm ratio, centromere position, relative
length and karyotype formula were determined in cloves of a single plant and their derivative
filial plants. One of the most important cytological parameters is the number and position of
secondary constrictions and satellites on SAT-chromosomes. The results showed significant
differences in karyotype parameters between cells of parental cloves and their F1 filial progeny.
Moreover, asymmetrical chromosome measurements were displayed between sister cells of
the same root. In addition, a dignified variation in number and position of SAT- chromosomes
in the somatic complement of examined cells has been documented.

Keywords: Allium sativum, Chromosome measurements, Garlic, Karyotype, Satellite

chromosomes.

Introduction

In many respects the species of the genus Allium
have fascinating karyotype, they have medium
to large sized chromosomes and polyploidy is
common. For decades, chromosomes of most
Allium species have been examined (Levan,
1932, 1935; Koul & Gohil, 1970; Badr &
Ekington, 1977; Hamoud et al., 1990; Fritsch
et al.,, 2001, 2010; Ata, 2005; Osman et al.,
2007; Mukherjee & Ray, 2012; Ramesh, 2015;
Mahmoud et al., 2017) for their diversity in size,
structure and number. Most species are diploid
but the genus comprises many polyploid species
and the diversity in the ploidy level ranged from
2x to 10x. (Badr & Elkington, 1977). The above
examples and several other studies revealed
patterns of karyotype evolution by chromosomal
variations in the genus A//ium (Badr & Elkington,
1977; Peruzzi et al., 2009).

Chromosomes of garlic (Allium sativum L.)
were described primerly by Khoshoo et al. (1960)
and Battaglia (1963). A diploid number has been
reported as 2n= 16 with karyotypic formula of 6
metacentric, 4 submetacentric and 6 acrocentric
chromosomes including four chromosomes with
secondary constrictions and satellites (Bozzini &
De Luca, 1991). Karyological variations of garlic
clones were reported for centromere location,
chromosome length, and the number of satellite
chromosomes. Some garlic plants showed
tetraploidy with 4n= 32, wherease diploid garlic
(2n= 16) had two pairs of satellite chromosomes
(Etoh, 1984, 1985; Hong et al., 2000; Osman et
al., 2007; Mahmoud et al., 2017).

In garlic the satellite chromosomes were
affected by structural abnormalities strikingly
more than other chromosomes (Ata & Osman,
2009; Anwar & Ata, 2017). In terms of the
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number of SAT-chromosomes three different
karyotypes were distinguished (Sato et al., 1980).
Most of the clones examined had three or four
secondary constricted chromosomes and only one
had two of these in the metaphase complement.
The longer pair of the SAT-chromosomes had
smaller satellites than the shorter pair (Mahmoud
et al., 2017). It has been noticed that, size of the
achromatic secondary constricted regions varied
between the different individual chromosomes
of the same cells. Etoh (1984) demonstrated
two pairs of SAT-chromosomes in garlic with
big satellites. Therefore, the present work deals
with the chromosomal variations recorded within
garlic clone using individual roots. The study
was extended to compare between karyotypes
of cells from three bulbs of the same clone, two
parent cloves derived from each bulb in addition
to comparison between cells of parents and
their filial plants. Furthermore, the cytogenetic
characteristic differences between individual cells
of the same root were scored.

Materials and Methods

Materials

Bulbs of Egyptian garlic clone (Egaseed
2) were kindly provided by the Horticulture
Department, Faculty of Agriculture, Minia
University

Mitotic preparations and karyotype analysis
Preparations of mitotic chromosomes and
karyotype analysis were carried out in cells of
roots of six cloves (cloves have been considered
as clones by which they produced from a
vegetative reproduction). Cloves are derived
from three bulbs (two cloves from each bulb)

and their vegetative reproducible offspring
were studied . Root tips of 1-2cm were grown
from cloves, collected and pre-treated in 0.05%
colchicine at room temperature for three hours
and immediately fixed with Farmer’s fixative
solution (absolute Ethyl alcohol and Glacial acetic
acid 3:1 v/v) for 24hrs and stored in 70% ethanol
at 4°C until use. For cytological examinations,
roots were hydrolyzed in IN HCI at 60°C for
six minutes then transferred to 70% ethanol.
Acetocarmine-squashed preparations were made
from the root tips and stained metaphase plates
with well- chromosome spreads were selected for
chromosome measurements. In addition, number
and position of the secondary constrictions and the
length of satellites were recorded. Good metaphase
spreads were photographed microscopically using
CCD camera (Olympus C-4040).

Chromosome measurements were recorded
using the software KaryoType (Altinordu et al.,
2016). The primary function of the software is to
allow efficient measurements of chromosomes
and micro-photographic karyotype analysis.
KaryoType is also capable of measuring
karyotype asymmetry indices such as CVCI and
AsK and can recognize chromosome homologous
based on chromosome length and arm ratio
automatically or manually as described by
Altinordu et al. (2016). The Karyotype measured
metrics include chromosome length (CL), arm
ratio (AR), centromeric index (CI), relative length
(RL) and karyotype formula where chromosomes
were arranged according to their total length.
Karyotype parameters in addition to coefficient of
variation of centromeric index (CVCI), karyotype
asymmetry index (AsK) were estimated as
prsented in Table 1.

TABLE 1. Karyological parameters used to explore the karyotype of garlic cells.

Karyological parameters Abbreviation Formula

Short arm length S

Long arm length L

Basic chromosome number X

Chromosome length CL L+S

Arm ratio AR L/S

Relative length of chromosome RL% (CL/2CL) x 100
Centromeric index Cl% S/ (L+S)

Cooicot f it emmomie ks ey s don 1Y e o
the karyotype) centromeric index (x CI) x 100
Index of Karyotype asymmetry ASK% Length of long arms in chromosome set/

Total chromosome length in set x 100
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EXPLORATION OF KARYOTYPE DIFFERENTIATION IN CELLS OF A GARLIC CLONE ... 839

Statistical analysis

To determine the significance of the differences
between means of total chromosome length (CL)
as well as between means of arm ratio (AR) in the
individual cells, data were statistically analyzed
using SPSS 16.0 program. Values of these
parameters in three cells of each root and three
roots of each clove were applied. Means were
compared using LSD test at the P< 0.05 levels.

Results

Karyotype variation between sister cells of the
same root

Almost all examined cells were approximately
in the same stage of condensation and have a
somatic complement of 2n= 16 (Figs. 1, 2).
Chromosome measurements of representative
samples of three sister single cells (from the same
root) are given in Table 2 and their karyotypes are

illustrated in Fig. 1. Noticed difference has been
observed in their karyotype formula as (14m +
2sm) for cell No.1 and (13m + 3sm) for cells No.2
and No.3. Also positions of nucleolar constriction,
number and size of satellites as well as the
Coefficient of variation of the centromeric index
(CVCI) and Index of karyotype asymmetry (AsK)
parameters were obviously different between
the examined sister cells from the same tissue
(root tip). Hence, the corresponding karyograms
constructed via these parameters were clearly
different as shown in Fig. 1. For instance, cell
1 showed 2 SAT chromosomes (number 12 and
13) while satellite chromosomes of cell 2 were
number 8, 12 and 14. Whereas, cell 3 showed a
pair of SAT chromosomes (number 13 and 14). In
sat chromosomes, variable achromatic regions in
the space of constrictions were also clearly seen
as shown in the photographs (cell 2) in Fig. 1.
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Fig. 1. Metaphase chromosomes of three sister cells of the same root and their representative karyotypes [Arrows

for SAT- chromosomes].
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Fig. 2. Chromosomes of parent and its F1 offspring, (a) parent, (b) and (c) cells of offspring and their representative

karyotypes [Arrows for SAT- chromosomes].

Karyotype variation between roots of the same
clove

The findings of variable karyotype formula in
single cells showed significant difference between
the mean values of total chromosome length (CL)
and arm ratio (AR) of all 16 chromosomes at cells
of three separated roots and consequently, among
two separate cloves within the same bulb. This
analysis was also performed between values of
chromosome length and arm ratio of three bulbs of
the studied clone) as shown in Tables 3 and 4.

Chromosome length and arm ratio

Means of chromosome lengths (CL) of the 16
chromosomes in (3 cells of each) of three roots in
each of the six cloves derived from three bulbs of
Egaseed 2 clone (two cloves in each bulb) are shown

Egypt. J. Bot. 60 , No.3 (2020)

in Table 3. The variation in length of chromosomes
is illustrated and represented graphically in Fig.
3. The mean values of chromosome length were
significantly different between all examined
roots of bulb 1 and also among the roots of one
clove of both bulb 2 and bulb 3, while those of
the other cloves of both bulb 2 and bulb 3 were
insignificant. It means that about two thirds of
cells of total examined roots and cloves exhibited
significant differences in CL between them when
compared separately. For instance, in the bulb 1,
the CL of chromosomes numbered. 11, 12, 15 and
16, showed significant differences between roots of
clove 1, while those of chromosomes numbered 1,
2,3, 13, 14 and 15 showed significant differences
between roots of clove 2.
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Fig. 3. Means of total chromosome length of all sixteen chromosomes in three roots generated from two cloves in

each of three bulbs of Egaseed 2 clone.

Means of arm ratio (AR) of the 16
chromosomes in cells of three roots (3 cells of
each) of the six cloves derived from three bulbs
are given in Table 4. Insignificant differences of
the arm ratio (AR) value were observed for the
chromosomes in the examined roots of the clove
1, while arm ratios of chromosomes numbered.
7, 9 and 11 showed significant differences
between the roots of the clove 2 derived from
the bulb 1. In bulb 2, roots of clove 1 exhibited
a significant difference in the arm ratios of
chromosomes numbers 4 and 11, while those
of chromosome numbered 3, 11 and 16 showed
significant differences between roots of clove
2. In bulb 3, a significant differences of the arm
ratios were recorded in chromosome numbered
5 and 11 between the roots of cloves 1 and 2,
respectively as shown in Fig. 4 and detailed in
Table 4. Consequently, observed differences has
been observed in karyotype formula between

cloves even they were derived from the same
bulb as shown in Table 4.

Relative length of chromosome and centromere
index

Data in Table 5 show the following
chromosome criteria: RL, CI, CVCI and AsK
(as percentages) and indicate difference between
chromosome complements in roots. For example,
chromosome numbered. 1 in bulb I-clove 1 has
a relative length value of 8.4% in root 1 while it
was 7.7 and 7.9% in roots 2 and 3 respectively.
Centromeric index vacillated from 43.6 to 44.6
and 42.5% in root 1, 2 and 3 respectivly. In
addition, Coefficient of Variation of Centromeric
Index (CVCI) was 13.8, 12.6 and 11.8% in roots
1, 2 and 3 respectively. Karyotype asymmetry
index (AsK) was recorded as 57.43, 57.11 and
55.4 inroot 1, 2 and 3, respectively.

Chromosome No.

*] W2 ®3 ®m4 W5 m6 @7 m8 HO

Arm ratio (w)

*10 =11 ®=12 =13 ®m14 m15 =16

il

clove 1 clove 2
Bulb 1

Fig. 4. Means of arm ratio of all sixteen chromosomes in three roots generated from two cloves in each of three

bulbs of Egaseed 2 clone.
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Karyotypic variation between parent cloves and
their offspring

Data in Table 6 and Figs. 5, 6 displayed the
means of chromosomal measurements which
estimated from parental plant (clove) and its
derivative filial plants (three cells in each root)
and showing the transmitted vertical variation.

For parent cells, the karyotype formula was
(IM+ 13m+ 2sm), while those of filial progeny
plants were markedly different (13m+ 3sm) for
roots no. 1, 3 and (12m+ 4sm) for root no.2.
Significant differences were also recorded in CL
values of chromosomenos. 1,7, 14 and 15 between
the parent plant and its derivative offspring plants.
The Arm ratios (AR) of chromosomes no. 4, 9, 14
and 15 were significantly different between the

parent and their offspring. A noticed variation was
observed in values of RL and CI between cells of
the parent and its progeny. Microphotographs and
their constructed Karyograms of a parent cell and
its offspring cells are represented in Fig. 2.

Satellite instability

As represented in Table 7, the secondary
constrictions and satellites clearly showed
unstable positions along with the different
chromosomes in cells of the tested clone (Egaseed
2). Change in satellite position was estimated
in the term of percentage of satellite presence
in each chromosome of the complement at the
examined cells and calculated as (number of
satellites in each chromosome/ total no. of SAT
chromosomes) X 100.

Total length (n)

1 2 3 4 5 6 7 8

9

Chromosome No.

H parent
MR1
M R2
M R3

10 11 12 13 14 15 16

Fig. 5. Means of total chromosome length of all sixteen chromosomes in parent and its offspring (R1, R2 and R3).

Arm ratio (p)

1 2 3 4 5 6 7 8

9

M parent

MR1

10 11 12 13 14 15 16
Chromosome No.

Fig. 6. Means of arm ratio values of all sixteen chromosomes in parent and its offspring (R1, R2 and R3).
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Cells of three bulbs, two cloves in each bulb
and roots from the progeny of each clove (20 good
metaphase spread in each) were examined. As
shown in Table 7 and Fig. 7, chromosome pairs
numbered 6 and 7 were recognized as satellite
bearing chromosomes with the highest percentage
but there was a percentage of satellite presence
in chromosome pairs no.4 and 5 couldn’t be
neglected. For example, in bulbl, the percentage of
satellite presence in chromosome pair numbered
5 was 17% and it was 36.3% in chromosome
pairs numbered 6 and 7 in cells of parent 1 while
it was 22.6%, 28.3% and 37.8% in chromosome
pair numbered 5, 6 and 7 respectively in cells of
F1 offspring. Also, data in table 7 showed variation
in the appearance of the satellite on chromosomes
of pairs numbered 4, 5, 6 and 7 in parent 2 and its
offspring. In addition, satellite is visible on only
one member of the pair as represented in karyotype
ideograms (Figs. 1, 2). These results supported
the previous one in this work which presented a
notable difference in chromosome measurements
between cells of even the same root in the studied
clone of garlic which reflects the instability of its
genome.

Discussion

Karyotype analysis has been widely conceded
in plant phylogenetic and diversity studies for more
than hundred years (Hong et al., 2000). Even with
modern molecular techniques, karyotype is still
a valuable source for taxonomy, phylogeny and
diversity studies. The information like chromosome
number, size and morphology has been of
considerable value in understanding interrelations
and delimitation of taxa (Stace, 2000; Karger
& Basel, 2008). The karyotype features have

been frequently used for karyotype construction
in Allium (Badr & Ekington, 1977; Hamoud et
al., 1990; Puizina & Papes, 1996; Fritsch et al.,
2001; Altinordu et al., 2016). The measurements
and evaluation of these features in the examined
karyotypes showed variation particularly in total
length of chromosomes, arm ratio, relative length
and centromere index between the individual
plants of the same garlic clone. Consequently,
asymmetrical karyotypes have been recorded even
in cells of the same root.

Chromosome complement of Egaseed 2 clone
(bulk cells) was previously studied by Anwar & Ata
(2017) who reported 40 associations in 160 pm of
total genome length as measured by El-Mamlouk
et al. (2002); Ata (2005); Ata & Osman (2009)
and Anwar (2011). It means that one association
occurred per 3 pm length. High frequency of
associations may due to occurrence of different
types of translocation. They also recorded the
appearance of bridges and fragments at anaphase
I indicated by paracentric inversions and/or reverse
duplications as well as lagging chromosomes
which may result from chromatin alterations
and point gene mutations (Anwar & Ata, 2017).
These events resulted in more instable genome
of garlic and interpreted the great variability of
karyotypic configurations. For instance, in Italian
garlic, Bozzini & De Luca (1991) observed six
acrocentric chromosomes, while Yiizbasioglu &
Unal (2004) reported that in Turkish garlic except
sub-metacentric pair No.5, all chromosomes
were metacentric. Different karyotypes were
also suggested in several countries such as: India
(Mukherjee & Roy, 2012; Ramesh, 2015) and
Egypt (El-Mamlouk et al., 2002; Ata, 2005; Osman
et al., 2007; Mahmoud et al., 2017).

M pairl Mpair2 ®pair3

Chromosome pairs
M paird Mpair5 Mpair6 Mpair7 pair8

Clove 1 F1 Clove 2 F1 Clove 1

F1 Clove 2 F1 Clove 1 F1 Clove 2 F1

Bulb 1 | |

Bulb 2 | | Bulb 3

Fig. 7. Percentage of satellite presence in chromosome pairs of parents and their F, offspring cells.
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The architecture of chromosomes and their
behavior are designed to adopt a proper strategy
for the genetic improvement of plant species
(Stace, 2000). Several researchers performed
cytogenetic studies especially chromosome
number and morphology at mitotic division as
well as chromosomal association and behavior
during meiotic division in the members of
Liliaceae (Peruzzi et al., 2009; Mukherjee & Ray,
2012), three species of Allium included some
varieties (Ramesh, 2015) and A. sativum (Ata et
al., 2010; Mahmoud et al., 2017). In agreement
with these observations, the present data revealed
a remarked difference in values of the coefficient
of the variation for the centromeric index and
consequently in karyotypic formula between
sister cells of the same root and between the roots
generated from the same clove as well as between
cloves and their derivative filial roots.

Symmetrical karyotype is characterized by
the predominance of m and sm chromosomes
of approximately the same size. Increasing
asymmetry may arise either through the shift of
centromere position from median/submedian
to terminal /sub-terminal or through the
accumulation of alterations in the relative size
between chromosomes of the complement (Zuo
& Yuan, 2011). However, the coefficient of
the variation for the centromere index (CVCI)
is a good measure of the relative variation in
centromere index. The CVCI index has been cited
in various cytological examinations to assess the
karyotype differences (Chiarini & Barboza, 2008;
Martin et al., 2009; Peruzzi et al., 2009; Garci'a-
Barriuso et al., 2010).

Several studies had reported difficulties in
karyotype analysis of A. sativum. For instance,
Osman et al. (2007) found frequent chromosomal
breaks that may be responsible for the inability
to mark karyotypes in A. Sativum. Other factors
such as: 1) high percentage of large fragments
that misleads the karyotype making. ii) the great
variation in satellite number and size among
the studied genotypes in 4. sativum (Awe &
Akpan, 2017). Differences in karyotype formula
recorded between clones of 4. sativum could be
interpreted as results of frequent accumulation of
somatic mutations under the apomictic nature of
garlic (Ata et al., 2010; Mahmoud et al., 2017).
Data in the present study showed that, variation
in number and position of satellite chromosomes
in the somatic complement of the examined cells

Egypt. J. Bot. 60 , No.3 (2020)

is evident even within the same root. This result
agree with Verma & Mittal (1978) who reported
that there was evidence of heterozygosity in both
the nucleolar pairs numbered 6 and 7 suggesting
structural alterations or rearrangements in these
chromosomes of 4. sativum.

Ramesh (2015) established the association of
satellites with nucleolar organizers exclusively in
the form of secondary constrictions represented
by satellites in A. sativum like many other Allium
species. Secondary constriction was present near
the centromere of the short arm in the A. sativum.
Verma & Raina (1981) suggested that shifting of
nucleolar organizer in the chromosome arm could
be brought by deletion, unequal translocation or
inversion . In the same point of study, Anwar &
Ata (2017) reported that, number of nucleolar
chromosomes with constrictions in 4. sativum
(known as Sativum type) is still quiz. It has been
reported that, number of satellite chromosomes
are different among clones or varieties. They
examined two flowering clones of garlic and
found that the pollen mother cells (PMCs)
exhibit different nucleoli attached to different
chromosome pairs.

According to Maragheh et al. (2019), 35S
rDNA sequences are located in the nucleolar
organizer regions (NORs) of cultivated Allium
species. The interspecies and intraspecific
variation in the number and localization of rDNA
sites has been attributed to various mechanisms
such as transposon-mediated transposition
events, a homologous and/or non-homologous
unequal crossing over and gene conversion and
chromosomal rearrangements, such as locus
duplication/deletion (Raskina et al., 2008; Datson
& Murray, 2006). In the current study, nuclear
organizers and associated chromosomes appear
to change position on different chromosomes in
different roots of the same clove and in different
cloves in the same plant.

Chromosomal changes like translocations and
fusions could be responsible for IDNA movement
in different chromosomes, triggering part of the
variability documented. Moreover, the variability
of the number and position of major rDNA loci
could be caused by transposition mediated by
transposons (TEs) and ectopic recombination (Cai
et al., 2006; Datson & Murray, 2006; Schmid et
al., 2017; Ferretti et al., 2019). In this tendency,
study of Helmey & Anwar (2018) concerning the
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relationship between chromosomal changes and
transposons activity which have been detected
in Egaseed 2 clone of garlic by which it could
be referenced as a reason for the diversions in
chromosome measurements of the same garlic
clone cells. Different molecular markers could be
used to assess genetic diversity and confirm the
molecular differences between the cloves derived
from the same bulb which deduce the differing
nature of garlic (Anwar et al., 2020).

Conclusion

Available data obtained herein revealed that,
notable variations occur in the chromosome
metrics of 4 sativum, including chromosome
length, arm ratios, centromeric index and
consequently the karyotype formula indicating the
existence of instable chromosome morphology
even between individual sister cells in the same
tissue. The results of this study, point out the
need to undertake more extensive chromosome
exploration to detect satellite and nucleolar
regions movement and its impact on the karyotype
and genome.
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