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Abstract

Allium sativum L. is an herb of the Alliaceae family with a specific taste and aroma and medicinal and nutraceutical
properties that are widely marketed in several countries. Brazil is one of the largest importers of garlic in the world,
despite of its production is restricted and limited to internal consumption. Thus, explore the genetic diversity of
commercial garlic conserved at germplasm banks is essential to generate additional genetic information about its
economically important crop. A suitable tool for this purpose is the cytogenetic characterisation of these accessions.
This study aimed to characterise the cytogenetic diversity among seven accessions of garlic from a Germplasm
Bank in Brazil. The karyotypes were obtained by conventional staining and with chromomycin A, (CMA) and
4,6-diamidino-2-phenylindole (DAPI) fluorochromes. All accessions analysed showed chromosome number 2n
= 16, karyotype formula 6M+2SM, symmetrical karyotypes, reticulate interphase nuclei, and chromosomes with
uniform chromatin condensation from prophase to metaphase. The fluorochromes staining showed differences in
the amount and distribution of heterochromatin along the chromosomes and between accessions studied. Based
on the distribution pattern of these small polymorphisms, it was possible to separate the seven accessions into
three groups. It was also possible to differentiate some of the accessions individually. One of the results obtained
showed a heteromorphic distension of the nucleolar organiser region observed on the chromosome pairs 6 or
7 with peculiar characteristics. It was suggested for example, that the heteromorphic block of heterochromatin
(CMA**/DAPI") on chromosome 6 of the “Branco Mineiro Piaui” accession can be used as a marker to identify this
genotype or may be associated with some character of economic interest.

Keywords: garlic accessions, germplasm bank, cytogenetics, polymorphisms.

Resumo

Allium sativum L. € uma erva da familia Alliaceae com sabor e aroma especificos e propriedades medicinais e
nutracéuticas amplamente comercializada em diversos paises. O Brasil é um dos maiores importadores de alho do
mundo, apesar da sua produgdo ser restrita e limitada ao consumo interno. Assim, explorar a diversidade genética do
alho comercial conservado em bancos de germoplasma é essencial para fornecer informacdes genéticas adicionais
acerca dessa cultura economicamente importante. Uma ferramenta adequada para esse fim é a caracterizagiao
citogenética desses acessos. Este estudo teve como objetivo caracterizar a diversidade citogenética entre sete
acessos de alho de um Banco de Germoplasma no Brasil. Os caridtipos foram obtidos por colora¢do convencional
e com os fluorocromos de cromomicina A, (CMA) e 4,6-diamidino-2-fenilindol (DAPI). Todos os acessos analisados
apresentaram ndmero cromossomico 2n = 16, férmula cariotipica 6M + 2SM, cariétipos simétricos, nicleos
reticulados em intérfase e cromossomos com condensagao uniforme da cromatina da préfase para a metafase. A
coloragdo com fluorocromos mostrou diferencas na quantidade e distribuicdo de heterocromatina ao longo dos
cromossomos e entre 0s acessos estudados. Com base no padrao de distribui¢ao desses pequenos polimorfismos, foi
possivel separar os sete acessos em trés grupos. Também foi possivel diferenciar individualmente alguns dos acessos.
Um dos resultados obtidos mostrou distensdo heteromérfica da regido organizadora nucleolar observada nos pares
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dos cromossomos 6 ou 7 com caracteristicas peculiares. Foi sugerido, por exemplo, que o bloco heteromérfico de
heterocromatina (CMA ** | DAPI") no cromossomo 6 do acesso “Branco Mineiro Piaui” pode ser usado como um
marcador para identificar esse genétipo ou pode estar associado a algum carater de interesse econémico.

Palavras-chave: acessos de alho, banco de germoplasma, citogenética, polimorfismo.

1. Introduction

The genus Allium L. contains over 700 species, including
Allium sativum L. (garlic), which is a temperate climate
species widely used for seasoning in food preparation
(Jayaswall et al., 2019). Garlic is an aromatic plant and one
of the most widely cultivated vegetable crops in the world
for use as a condiment or for the extraction of secondary
compounds for medicinal and pharmaceutical purposes
(Yoshimoto and Saito, 2019). A. sativum is a diploid species
that is difficult to flower and is vegetatively propagated,
as the absence of viable reproductive organs precludes
the production of true seeds or the use of conventional
breeding methods (Rup, 2019). Thus, the lack of meiotic
recombination and the accumulation of somatic mutations
greatly limit the genetic variability of garlic, a fact that
potentiates the spread of diseases across generations,
causing damage to commercial clones and consequently
low production (Malik et al., 2020). Therefore, the number
of features available for the identification of cultivars is
limited, and in general, characteristics such as width and
number of leaves, colour, and the weight of the cloves are
the characteristics most commonly used but not always
easy to determine.

Garlic breeding programs primarily seek to obtain new
genotypes by improving existing cultivars (Honorato et al.,
2013; Ebert, 2020). In Brazil, garlic also has socioeconomic
importance and, in some states, has been produced as
a source of income in family farming systems for small
and medium-size farmers, where local or land races
garlic cultivars are predominantly used (Santos and
Gomes, 2012; Landau et al., 2020). These cultivars exhibit
genetic diversity that can be exploited for the selection
of improved genotypes for production and commerce,
because production has decreased considerably in recent
decades due to competition with garlic imported mainly
from China and Argentina (Paladini, 2019). Thus, the
successful selection of new cultivars depends on the ability
to identify the existing genetic diversity among accessions
from a germplasm bank and the ability to measure this
diversity using tools such as biochemical, molecular, and
cytogenetic markers, among others.

Chromosomal analysis has been extensively used
for the karyotypic characterisation of different groups
of plants, allowing the understanding of phylogenetic
relationships and the detection of genetic diversity among
taxa. Information such as chromosome number and size,
morphology, and heterochromatin distribution, among
other characteristics, is important for this type of study
(Martins et al., 2018; Cordeiro et al., 2020; Querino et al.,
2020). It is known that the genus Allium exhibits variation
inregards to the chromosome number of its members and
wide plasticity in base chromosome number, with reports
of x=7,8,10and 11 (Xie-Kui et al., 2008; Khar et al., 2020).
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However, typically, members of the A. sativum species have
large chromosomes with a predominance of metacentric
chromosomes and a symmetrical karyotype, with the base
number x = 8 being the one most commonly found. The
diploid set is usually 2n = 2x = 16 but may show variations,
namely, 2n = 2x = 12 and 2n = 2x = 18 (Yiizbasioglu and
Unal, 2004). Cytogenetic studies in Allium are quite scarce
and some cases restricted to classical techniques such as
conventional staining and C-banding (Mukherjee and
Roy, 2012).

Thus, the study aimed to detect karyotypic variations
and to locate and determine the heterochromatin content
in seven Brazilian cultivars of A. sativum L. For that purpose,
conventional staining techniques and the base-specific
fluorochromes chromomycin A, (CMA) and 4,6-diamidino-
2-phenylindole (DAPI) were used. The results obtained
can help the selection and identification of accessions for
future application in garlic breeding programs.

2. Material and Methods

Seven accessions from the collection of the Active
Garlic Germplasm Bank of the Luiz de Queiroz College of
Agriculture - University of Sdo Paulo (Escola Superior de
Agricultura ‘Luiz de Queiroz’ - Universidade de Sdo Paulo;
ESALQ-USP) were used. The analyses were conducted at
the Laboratory of Plant Cytogenetics of the Federal Rural
University of Pernambuco, Brazil. Common names and the
origins of the accessions are shown in Table 1.

Root tips were pretreated in 0.2% colchicine for 18 h,
fixed in Carnoy solution of ethanol:acetic acid (3:1, v/v),
and stored at -20°C. Conventional staining followed the
protocol of Guerra and Souza (2002). The root tips were
hydrolysed with 5N HCl for 20 min, crushed in a drop of
45% acetic acid, and frozen in liquid nitrogen for removing
the coverslip. The slides were stained with 2% Giemsa.
The double staining with CMA, and DAPI was performed
according to Schweizer and Ambros (1994). Slides aged for
three days were stained with CMA, (0.5 mg/ml) for 60 min
and stained with DAPI (2 mg/ml) for 30 min. Later, the
slides were mounted in glycerol:Mcllvaine buffer pH 7.0
(1:1, v/v) mounting medium containing 2.5 mM MgCl,.
The slides were aged for more than three days before
analysis to stabilise the fluorescent labelling. Slides were
photographed using a Leica DFC 345 FX digital camera
coupled to a Leica DM 2500 epifluorescence microscope.
Only the brightness and contrast of the images were
adjusted in Adobe Photoshop CS3 with the support of
Paint Shop Pro 5.

Images of five metaphases from each accession
were used for morphometry. The size of chromosomes
was determined using the Micromeasure 3.3 software
supplemented with Microsoft Excel 2010. Once the
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karyotypes were measured, it was possible to determine
the values of total chromosome length (TCL) and its mean
(MCL); the total length of the haploid set of chromatin
(TLHS), which was obtained by summing the haploid
karyotype; the length of the long arm (q); the length of
the short arm (p); and the ratio between the length of
the long and short arms (r) of each chromosome pair.
These values were used to calculate the chromosomal
asymmetry indices of Huziwara (1962), TF%, and Zarco
(1986), A, and A,.

For statistical analysis, mean values per metaphase were
considered to be variables for the total length and for the
length of the long and short arms, adopting a completely
randomised experimental design with five replicates. The
model adopted was as follows (Equation 1):

Polymorphisms for genetic improvement of garlic (Allium sativum L.)

Yij:m+ti+e(ij) (1)

where: Y, = observation of accession i in replicate j = 1,
2, .., 5; m = overall mean; t, = effect of accession i, with
i=1,2,..n; e, = experimental error.

We performed the Shapiro-Wilk test, which suggested
a parametric distribution of our data. Next, an analysis of
variance was performed, followed by Tukey’s test at a 5%
significance level using the Genes software (Cruz, 2013).

3. Results and Discussion

All accessions analysed had a chromosome number
2n = 2x = 16 (Figures 1 and 2), confirming previous

Table 1. Identification and origin of the accessions used for the cytogenetic characterisation of A. sativum.

Accession n° Accession Origin

1 Sussuapara - PI Collections in crop areas, fairs, and street markets in Picos, Piaui, Brazil

2 Santo Antonio de Lisboa - PI

3 Catetinho do Parand 1254 Agronomic Institute of Campinas (Instituto Agrondmico de Campinas -1AC), Sio Paulo,
Brazil

4 Branco Mineiro - PI National Research Center for Vegetable Crops (Centro Nacional de Pesquisas de
Hortaligas - CNPH) and corresponds to an accession derived from a collection in
Piaui, in 1976

5 Cateto Roxo 99 Agronomic Institute of Campinas (IAC), Sdo Paulo, Brazil

6 Roxo de Minas Luis de Queiroz College of Agriculture (ESALQ), Sdo Paulo, Brazil

7 Sergipe

Luis de Queiroz College of Agriculture (ESALQ), Sao Paulo, Brazil
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Figure 1. Allium sativum L. cytological data obtained by conventional Giemsa staining. Prophase and interphase nucleus (A), prometaphase
(B), and metaphase (C) obtained with the use of antimitotic. Mitotic cycle is shown in d-f: anaphase (D), end of anaphase (E), and
telophase (F). Dots and red arrow indicate the distended nucleolar organiser region (NOR). Bar = 10 pm.
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Figure 2. Idiograms of the accessions “Sussuapara - PI” (A), “Santo Ant6nio de Lisboa - PI” (B), “Catetinho do Parana 1254" (C), “Branco
Mineiro - PI” (D), “Cateto Roxo 99” (E), “Roxo de Minas” (F), and “Sergipe” (G). Yellow dash and circle represent the CMA*/DAPI" band.
Chromosomal order (CO), chromosome morphology (CM), metacentric (M), submetacentric (SM), short arm (p), and long arm (q).

Vertical bar in karyogram and ideogram = 10 pm.
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accounts (Konvicka and Levan, 1972; Sukias and Murray,
1990; Mukherjee and Roy, 2012). The chromosomes of
species from the genus Allium have been described since
the pioneering studies of Levan (1935) and Nichols (1941),
who found the same diploid number for other species of
the genus Allium, such as A. albopilosum, A. ammophilum,
A. nutans, and A. cepa. However, Ordéfiez et al. (2002) also
reported the presence of haploid plants of A. sativum with
n = 8 in addition to aneuploid and polyploid plants with
2n =2x =28, 30, and 32.

For all accessions, the interphase nucleus exhibited a
reticulate structure, with dense and evenly distributed
chromatin and evident small knobs possibly corresponding
to small amount and densely compacted heterochromatin
that were more clearly visualised by fluorochromes
(Figure 3D). The chromosomes in prophase, prometaphase,
and metaphase showed uniform condensation and
homogeneous appearance throughout the chromosome
length, except in primary and secondary constrictions
(Figures 1A, 1B, 1C and 2).

The nucleolar organiser regions (NORs) of the members
of the genus Allium with the denomination of sativum are
characterised by having a size equivalent to their respective
short arms (Yiizbasioglu and Unal, 2004; Pe3ka et al.,
2019). In fact, in prometaphase, it was possible to identify
two clearly distended proximal NORs, sometimes also
visualised in metaphase as large gaps (Figures 1B and 1C).
In the “Roxo de Minas, Branco Mineiro - PI”, and “Cateto
Roxo 99” accessions (Figure 3F), one of these secondary
constrictions observed in prometaphase appeared to
be more distended than in its homologue, evidencing a
chromosomal polymorphism.

Polymorphisms for genetic improvement of garlic (Allium sativum L.)

The mean length of the chromosomes ranged from
8.46 pm (“Sergipe” accession) to 14.22 pm (“Roxo de
Minas” accession), with chromosomal size ranging from
6.42 pm to 17.79 pm (Table 2). These values are similar
to the range observed by Yiizbasioglu and Unal (2004),
differing in the smallest size (7.32 pm) and for the largest
size (12.20 pm). However, the slight change identified in
the comparison with previous results for the smallest
and largest size might be due to small differences in
chromosome condensation in the metaphases measured
or by the use of overlay images with CMA/DAPI staining
during morphometry analysis.

The karyotype formulas found were 6M + 2SM and 7M
+ 1SM. However, in view of the ratio values between the
long and short arm (r) and the parameters of Levan et al.
(1964), 8M (metacentric) was found for all accessions. This
morphological classification considers that chromosomes
with rbetween 1.0 and 1.7 are metacentric and those with
r between 1.7 and 3.0 are submetacentric (SM). In the
present study, the parameters of Guerra (1983) were used
to establish an r value between 1.0 and 1.49 as metacentric
and an r value between 1.5 and 2.99 as submetacentric.
Thus, chromosome pairs 5, 6, or 7 of most accessions were
at the threshold between metacentric and submetacentric,
especially pair 5, causing a difference in the chromosome
classification of the accessions (Table 2). Konvicka and
Levan (1972) found similar results, as they also obtained
chromosome measurements at the threshold between

the classification categories.

For karyotype asymmetry, the indices of Huziwara
(1962), TF%, and Zarco (1986), A, and A,, were evaluated.
These indices are mainly used to infer the taxonomic
and evolutionary aspects among taxa (Paszko, 2006;

Figure 3. Double staining with CMA/DAPI in accessions “Sussuapara - PI” (A), “Santo Antonio de Lisboa” (B), “Catetinho do Parand 1254”
(C), “Branco Mineiro - PI” (D). Inserts highlight small CMA*/DAPI- bands. Yellow arrows indicate the CMA*/DAPI- bands more evident
in chromosomes and interphase nuclei. Red arrows indicate CMA* bands in the overlaid chromosome (B). White arrows indicate gaps
formed by condensation (D). Dots indicate distended nucleolar organiser regions (NORs) (f). Bar = 10 pm. Figure 2. Double staining
with CMA/DAPI in accessions “Cateto Roxo 99” (E), “Roxo de Minas” (F) and “Sergipe” (G). Inserts highlight small CMA*/DAPI- bands.
Yellow arrows indicate the CMA*/DAPI bands more evident in chromosomes and interphase nuclei. Dots indicate distended nucleolar

organiser regions (NORs) (F). Bar = 10 pm.

Brazilian Journal of Biology, 2023, vol. 83, 243514

5/10



Bacelar, PA.A. et al.

Peska et al., 2019). In this study, these indices were used to
identify differences in asymmetry between the evaluated
accessions. The TF% index is expressed as the ratio between
the sum of the lengths of the short arms and the total
length of the haploid complement, ranging from 0 to 0.5
according to increased symmetry. The intrachromosomal
asymmetry index (A,) is based on the ratio between arms,
and the interchromosomal asymmetry index (A,) is based
on the ratio between the mean and standard deviation
obtained from the length of the haploid set, ranging from
0 to 1 according to increased asymmetry.

In addition, a symmetrical karyotype is characterised
by the predominance of metacentric and submetacentric
chromosomes of approximately the same size (Paszko,
2006). Considering the karyotype formula and asymmetry
indices, all accessions herein are symmetrical and showed
a slight variation from 43.75 to 44.24 for TF%, 0.21 to 0.23

for A,, and 0.15 to 0.17 for A, (Table 2). These values are
similar to those found in garlic clones by Ordéfiez et al.
(2002), with A, ranging from 0.24 to 0.25 and with more
divergent values for A,, which ranged from 0.18 to 0.20.

An analysis of variance (ANOVA) performed with the
mean values of the TLHS, the long arm (q), and the short
arm (p) values found were 6.38 and 3.80, respectively,
being significant by F-test at 1% probability level (Table 3).
However, as with the asymmetry index results, the mean
values of total length and the lengths of the long and short
arms subjected to Tukey’s test at 5% probability level
showed no significant differences between accessions,
except for the “Roxo de Minas” accession, which differed
from the others due to having the most decondensed
chromatin in prometaphase (Table 4). This divergence
identified by Tukey’s test at 5% probability level resulted
in significant ANOVA data.

Table 2. Accessions, diploid chromosome number, chromosome size range (CSR), mean ratio between chromosome arms (r), karyotype
formula (KF), total chromosome length (TCL), mean chromosome length (MCL), total length of the haploid set (TLHS), and the asymmetry
indices of Huziwara (1962) (TF%) and Zarco (1986) (A, and A,).

KF
Accession 2n CSR1m r Guerra TCL pm “}/lll(: T:;:S TF% A A,
(1983)

Sussuapara - PI 16 6.77-11.14 141 6M+2SM 145.24 9.08 72.62 - - -
Santo Ant6nio de Lisboa - PI 16 7.64-12.22 1.35 6M+2SM 16039  10.02 80.20 4394 0.22 0.15
Catetinho do Parana 1254 16 7.28-12.50 1.32 6M+2SM  159.48 9.97 79.74 4419 0.21 0.17
Branco Mineiro - PI 16 7.03-11.51 1.32 7M+1SM  149.29 9.33 7465 4424 021 0.16
Cateto Roxo 99 16 7.28-12.40 1.34 6M+2SM  158.64 9.91 7932 4375 023 0.17
Roxo de Minas 16 10.27-17.79 1.36 6M+2SM 22747 1422 1373 4382 023 0.17
Sergipe 16 6.42-10.41 1.33 7M+1SM  135.29 846 6764 4388 023 0.16

Table 3. Mean values for the length of the long arm and short arm and total length expressed in micrometer (um). Accessions followed

by the same superscript letter were grouped by Tukey’s test at the 5% significance level.

Accessions Long Arm Short Arm Total Length
Santo Antonio de Lisboa - PI 5.62° 4.41° 10.02°
Catetinho do Parana 1254 5.56° 4.41° 9.97°
Branco Mineiro - PI 5.20° 413" 9.33°
Cateto Roxo 99 5.59° 4.34° 9.91°
Roxo de Minas 7.99 6.23¢ 14.22¢
Sergipe 4.75° 3.71° 8.46°

Table 4. Summary of the analysis of variance for the total length of the haploid set (TLHS) and the lengths of the long arm (q) and short
arm (p) referring to mean morphometric parameters obtained for five replicates of metaphases from the “Santo Antonio de Lisboa - PI”,
“Catetinho do Parana 1254", “Branco Mineiro - PI”, “Cateto Roxo 99", “Roxo de Minas”, and “Sergipe” accessions. Variation source (VS),

degree of freedom (DF), coefficient of variation (CV).

Mean Squares

'S DF
TLHS q ]
Accessions 5 20.00%* 6.38"* 3.80""
Residue 24 1.35 0.44 0.86
CV (%) - 11.28 11.48 11.21

**Significant at 1% probability level by F-test.
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Double staining with the fluorochromes CMA and DAPI
revealed a small amount of heterochromatin GC-rich
content and very small CMA*/DAPI- bands. The CMA bands
had different staining intensities, receiving the symbol (*)
according to the brightness of the signal emitted by the
CMA fluorochrome. The smaller bands were even more
discrete in chromosomes with a high compaction level;
this observation could only be confirmed by observing
the chromocenters formed in interphase nuclei or in more
distended chromosomes (Figure 3).

The characterised accessions of A. sativum showed
some similar chromosomes and other chromosomes with
varying intensity, distribution, and number of CMA*/DAPI
bands. The haploid set is represented by the ideogram
for better visualisation of the differences between pairs
of homologous chromosomes and between accessions
(Figure 2). In the accessions studied herein, no CMA*/DAPI
bands were observed in chromosome pairs 1, 2, and 3, which
are similar both in size and morphology and represent the
largest chromosomes of the complement (Figures 2 and 3).
In other chromosomes from different accessions, it was
possible to observe discrete CMA*/DAPI- heterochromatin
blocks mostly located near the centromere.

In all accessions, proximal CMA*/DAPI- bands occurred
in chromosome pairs 6 and 7, which may be associated
with NORs (Besendorfer et al., 2002), although a distinct
satellite between the accessions was observed in only one
of the pairs, 6 or 7. These chromosomes are described by
a satellite region in the short arm, with pair 6 being more
asymmetric than pair 7 (Konvicka and Levan, 1972). The
intensity of these CMA*/DAPI- bands varied among pairs
and among accessions, particularly in “Branco Mineiro - PI”.
For this accession, the band in one of the chromosomes of
pair 6 was the most intense of all the evaluated accessions,
indicating a greater number of GC sequences, which can
be easily identified as a large chromocenter in interphase
nuclei (see Figure 3D). Thus, the chromosome can be used
as a potential marker for the identification of this accession.

Also in pair 6, small bands occurred in the distal region
of the short arm in the accessions “Sussuapara - PI” and
“Santo Antonio de Lisboa - PI” (Figures 2A, 3A, 2B and 3B).
Very weak CMA*/DAPI- bands were found near the telomere
on the long arm in one chromosome of the pair 4 in the
accessions “Catetinho do Parana 1254” and “Sergipe”
(Figures 2C, 3C, 2G and 3G). Similar bands were identified
in pair 5 of the “Cateto Roxo 99” accession and were evident
in only one of the chromosomes in the “Roxo de Minas”
ESALQ accession (Figures 2F and 3F). The “Catetinho do
Parana 1254” accession contained CMA*/DAPI- blocks in the
centre region of the long arm in one of the chromosomes
of pair 8, as well as a distinct difference in the length of the
long arm in one of the homologues of pair 7, suggesting loss
of genetic material (Figures 2C and 3C). Polymorphisms in
the sizes of chromosome pairs 6 and 7 were also identified
in the accessions “Santo Antonio de Lisboa - PI”, “Cateto
Roxo 99”, and “Roxo de Minas” (Figures 2B, 2E and 2F);
additionally, polymorphisms were observed for the size
in the chromosomes pair 7 of the “Sergipe” accession
and in pair 8 of the “Branco Mineiro - PI” accession
(Figures 2G and 2D, respectively). The “Cateto Roxo 99”

Brazilian Journal of Biology, 2023, vol. 83, 243514
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accession exhibited heteromorphism in CMA*/DAPI- bands
in pairs 6 and 7 (Figures 2E and 3E).

Variations in the distribution of the small heterochromatic
bands found allowed the organisation of garlic accessions
into three groups: group I - the “Sussuapara - PI”, “Santo
Antdnio de Lisboa - PI”, and “Branco Mineiro - PI” accessions,
which showed CMA*/DAPI-bands only in chromosome pairs
6 and 7; group II - the “Catetinho do Parand 1254” and
“Sergipe” accessions, which showed CMA*/DAPI- bands in
chromosome pairs 4, 6, and 7; and group III - the “Cateto
Roxo 99” and “Roxo de Minas” accessions, which showed
CMA*/DAPI- bands in chromosome pairs 5, 6,and 7 (Table 5).

In the genus Allium, some other variations of
heterochromatic bands have been found. According to
Jamilena et al.(1990) and Pe3ka et al. (2019), polymorphisms
have been observed in a wild population of A. subvillosum
(Liliaceae). The absence of the nucleolar organiser
region (NOR) in one member of the third chromosome
pair is related to a variation in the NOR-associated
heterochromatin (the chromosomes without NOR do not
have the distal C-band from the satellite, but the proximal
C-band may be present). In A. sativum, Yiizbasioglu and
Unal (2004) identified C-bands in the pericentromeric
region of pairs 1 and 4 and in the region near the satellite
of pair 5, which differs from the results presented by
Cortes et al. (1983), who visualised C-bands in the
telomeric region of pair 4 and in the proximal region of
the short arms of pairs 6 and 7 and distal bands on the
long arms of pairs 7 and 8. In A. cepa, a closely related
species, CMA* heterochromatin bands are observed
clearly only at the end of chromosomes, suggesting that
the species of subgenus Cepa (A. cepa and A. fistulosum)
show a heterochromatic pattern distinct from subgenus
Allium (A. sativum and A. porrum) (Kim et al., 2002). Its
heterochromatic polymorphism found can be associated
with potential morphological and/or agronomical features
that can be used in future garlic genetics breeding. Further
cytomolecular studies using specific genes of interest as
FISH (Fluorescent in situ Hybridization) probes are needed
to confirm this association.

It is believed that variations in the amount and
distribution of heterochromatin of the A. sativum accessions
analysed in this study are due to the accumulation of
small structural changes that mainly involve repetitive
DNA sequences and fixation thereof due to the different
environments in which the plants have been grown for
dozens of years, unlike the genotypes previously reported
for other regions (Puiatti and Ferreira, 2005). These
polymorphisms are also related to the tendency for the
accumulation or elimination of heterochromatin derived
from the evolutionary process (Guerra, 2000). Hence,
cytogenetics as a tool allows inferences about cytogenetic
events associated with chromosomal evolution, even
when these changes are very subtle at the karyotype level
in different genotypes. The polymorphisms identified in
our study confirm the genetic diversity within A. sativum
species. These results supply additional aids about the
landraces varieties conserved at germplasm banks and
contribute for future studies of garlic genetic breeding
programs.
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