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Abstract 

Cucumis melo (melon) is a species from the Iberian Peninsula and is included in the family Cucurbitaceae. 
Despite the knowledge about the physical structure of melon chromosomes, little is known about the intraspecific 
karyotype diversity of the species. To study karyotype diversity in eight melon accessions, the following methods 
were used: Giemsa 3% staining; application of CMA3/DAPI fluorochromes; and location of 45S and 5S rDNA 
sequences by fluorescence in situ hybridization. Conventional staining analysis revealed stability in the chromo-
some number, with accessions presenting 2n = 24. There were significant variations in the mean chromosome 
size between accessions, ranging from 0.98 μm to 1.46 μm for accessions A26 and A18, respectively. Scott-Knott 
clustering distributed the accessions into two groups. GC-rich heterochromatic blocks (CMA3

+/DAPI-) were 
observed in pericentromeric regions of all chromosomes in the complement. CMA3

+/DAPI- blocks were also lo-
cated in terminal regions, being specific to satellite regions. Hybridization sites of 45S rDNA probes revealed the 
presence of a chromosome pair with this locus. In addition, 5S rDNA sites revealed a labeled chromosome pair. 
No quantitative variation was observed in rDNA sites between the accessions analyzed, indicating these markers 
as ideal for the verification of karyotypic stability in C. melo. 
 
Additional keywords: Cucumis melo, Fluorochromes, FISH. 
 
Resumo 

O Cucumis melo (meloeiro) é uma espécie originária da Península Ibérica e está inclusa na família Cucurbita-
ceae. Apesar do conhecimento a respeito da estrutura física dos cromossomos do meloeiro, pouco se conhece 
sobre a diversidade cariotípica intraespecífica da espécie. Para estudar a diversidade cariotípica em oito acessos 
de meloeiro, foram utilizados a coloração de Giemsa a 3%, aplicação de fluorocromos CMA3/DAPI e a localiza-
ção de sequências de DNAr 45S e 5S, pela hibridação in situ fluorescente. A análise de coloração convencional 
revelou estabilidade no número cromossômico, com os acessos apresentando 2n = 24. Foram observadas varia-
ções no tamanho cromossômico médio entre os acessos com efeito significativo, com tamanho cromossômico 
médio variando de 0,98 µma 1,46 µm para os acessos A26 e A18, respectivamente. O agrupamento de       
Scott-Knott distribuiu os acessos em dois grupos. Blocos heterocromáticos ricos em GC, CMA3

+/DAPI-foram 
observados em regiões pericentroméricas de todos os cromossomos do complemento. Blocos CMA3

+/DAPI- 
foram localizados também em regiões terminais, sendo específicos de regiões-satélites. Sítios de hibridação de 
sondas de DNAr 45S revelaram a presença de um par cromossômico com esse lócus. Adicionalmente, sítios 
para DNAr 5S revelaram um par cromossômico marcado. Não foi observada variação quantitativa nos sítios de 
DNAr entre os acessos analisados, indicando esses marcadores como ideais para a verificação da estabilidade 
cariotípica em C. melo. 
 
Palavras-chave adicionais: Cucumis melo, Fluorocromos, FISH. 
 
Introduction 

 

Family Cucurbitaceae Juss. belongs to the 
order Cucurbitales, tribe Benincaseae (Schaefer et al., 
2009), which occur mainly in tropical and subtropical 
regions, with few occurrences in temperate regions. 

Most species are extremely sensitive to low tempera-
tures, being a limiting factor for their geographical dis-
tribution and cultivation area. This family has 118 
described genera and approximately 950 species, 
making it one of the most numerous and heterogeneous 
families (Judd et al., 2009; Schaefer & Renner, 2011). 
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Fifty-three (53) native genera and approxi-
mately three hundred and twenty-five (325) species 
have been described in the tropical region of America 
(Nee, 2007; Schaefer & Renner, 2011). In Brazil, there 
are approximately 29 genera, comprising 155 species 
(Gomes-Klein, 2015), where the northeast region alone 
accounts for 22 genera and 52 species (Gomes-Klein, 
2006). Genus Cucumis comprises 32 species (Hoshi et 
al., 2013), being one of the most important genera in 
economic terms. It includes many cultivated vegetables 
such as cucumber, gherkin, and ornamental plants 
such as gourd and pumpkin. Moreover, melon stands 
out among the most cultivated vegetables in the world 
(Muller et al., 2013). 

Cytogenetic information has allowed compari-
son between taxa and the identification of inter- and 
intraspecific chromosomal variations (Souza et al., 
2010; Melo et al., 2011; Guerra, 2013; Melo et al., 
2014; Melo et al., 2015; Coelho et al., 2016; Melo et 
al., 2016; Melo et al., 2017). More detailed information 
on chromosome structure has been developed in 
recent studies demonstrating the potential of cytoge-
netic analysis between taxa for comparisons of genetic 
and cytogenetic maps among different species and 
genera (Snowdon et al., 1997). Cytological analyses 
also contribute to breeding programs, allowing the 
identification of aneuploids and polyploids, and aiding 
in the identification of possible chromosomal rear-
rangements (Sattler et al., 2016). 

The main studies on melon genetics report 
inheritance of growth habit, male sterility, fruit peel 
color, pulp texture and color, and disease resistance 
(Lopes et al., 2003). Some studies on Cucumis melo 
and Cucumis sativus (cucumber) analyze the following 
topics: chromosomal identification, comparative cyto-
genetic analysis between taxa of the genus, hetero-
chromatin distribution, satellite DNA mapping, 
centromeric mapping, 45S and 5S rDNA, genomic 
analysis, BACs (bacterial artificial chromosomes), and 
fosmids (Tsuchiya & Gupta, 1991; Koo et al., 2010; Liu 
et al., 2010). The location of chromosomal markers in 
C. melo compared to C. sativus has allowed to identify 
the repositioning of the centromere as the main route 
in karyotype differentiation and organization between 
the two species (Liu et al., 2010). 

Chromosomes commonly serve as one of the 
most important molecular aspects in the study of the 
evolution of species. Thus, most of the crucial muta-
tions that led to species differentiation during evolution 
occurred at the chromosome level. In addition, chro-
mosome analysis appears to be an invaluable tool for 
the study of evolution due to its effectiveness in chro-
mosome identification and accurate physical mapping 
of genes, which can be used in breeding programs 
(Koo et al., 2010). 

The present work performed classical and 
molecular cytogenetic characterization to locate GC-
rich heterochromatin and ribosomal DNA sequences in 
C. melo. In this way, we intend to assess karyotype 
diversity in commercial varieties of melon for analysis 
of intraspecific diversity. 

Material and methods 

 

Plant material 

The seeds used were from accessions kept in 

the Melon Germplasm Bank (C. melo var. momordica) 

of UFERSA - Federal Rural University of the Semiarid 

Region. Eight accessions from different Brazilian states 

were selected (A01, A09, A12, A15, A17, A18, A22, 

A26), showing cream exocarp and white endocarp. 

Except for accession A15 (without information), all 

accessions belonged to variety momordica.  

 

Chromosome preparation  

Seeds were placed to germinate in Petri dish with 

filter paper moistened at room temperature (RT). Radicles 

were pretreated with 0.002 M 8-hydroxyquinoline 

antimitotic solution (Merck®) for 2 hours at RT, washed 

with distilled water for 5 min and then fixed in Carnoy’s 

solution (ethanol:glacial acetic acid, 3:1 (v/v), 

(Merck®), Johansen, 1940) for 3 hours at RT, and 

stored at -20 °C until chromosome preparation. The 

roots were washed twice in distilled water for 5 min and 

incubated in 50 μL of enzymatic solution containing 2% 

cellulase (Sigma®) and 20% pectinase (Sigma®) for 1 

hour and 20 min at 37 °C. Then, roots were washed 

twice with distilled water for 5 min and macerated in   

15 μL of 45% glacial acetic acid (Merck®). 

Subsequently, the cytological material was spread with 

the aid of a needle and pressed lightly on filter paper 

for chromosome spreading. The coverslips were 

removed after freezing in liquid nitrogen and the slides 

were air-dried, being subsequently stored in a freezer 

at -20 °C until application of the techniques. 

 

Karyomorphological Analysis 

a) Chromosome morphometry  

For karyomorphological analysis, the slides 

were stained with Giemsa 3% (Merck®) for 20 min, 

dried at RT, and mounted with Neomount (Merck®). 

Five metaphases were used to measure haploid chro-

mosome length (HCL) (Levan et al., 1964) and mean 

chromosome length (x) (Huziwara, 1962). 

Photodocumentation was performed by the DP25 5 

megapixel system (DP2-BSW software; Olympus, 

Tokyo, Japan). 

 

b) Statistical analysis 

Total chromosome length was based on the 

five best metaphases of each accession studied, 

according to the best spreading and condensation. The 

metaphases were measured using Image Tool soft-

ware, version 3.0. The data were subjected to analysis 

of variance using SISVAR software, version 5.0 

(Ferreira, 2003), and the means of total chromosome 

length between accessions were compared by the 

Scott-Knott test (p<0.05). 
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CMA3/DAPI Banding 

Slides aged for at least three days were sub-
jected to double CMA3/DAPI staining, according to the 
protocol described by Guerra & Souza (2002), with 
modification in CMA3 concentration. Then, 10 μL of 
CMA3 (0.25 mg/mL) was applied to the slide for one 
hour. The slide was washed in distilled water and air-
dried. Subsequently, 10 μL of DA (0.1 mg/mL) was 
applied for 30 minutes. The slide was washed in dis-
tilled water and air-dried. Moreover, 10 μL of DAPI   
(0.5 mg/mL) was applied for 30 minutes. The slides 
were washed, dried, and mounted with 15 μL glyc-
erol/Mcllvaine (1:1 v/v) + 2.5 mM MgCl2, using 20 x      
x 20 mm coverslips. The slides were aged again for 
three days prior to microscopic analysis. The images 
were captured on an Olympus BX41 epifluorescence 
microscope equipped with a 5 MP Olympus DP25 
digital camera and DP2-BSW software. U-UTH filter 
(330-385 nm excitation / 400 nm dichroic mirror / >      
> 420 nm) was used to visualize DAPI; and U-MWV 
filter (450-480 nm excitation / 500 nm dichroic mirror / > 
> 515 nm) was used to visualize CMA3. Adobe 
Photoshop® CS5 software was used for overlaying 
images, mounting kariograms, and making photo-
graphic plates. 

 
Probe preparation for Fluorescence in situ Hybridi-
zation (FISH) 

Primers for partial amplification of the gene 
26S from Passiflora, Pe26S-rDNA-F                             
5'-GGCTGAATCTCAGTGGATCG-3' and Pe26S-rDNA-R 
5'-GCTGTCGGTGGACTGCTC-3' (Silva, 2017), were 
used for the preparation of probes for 45S rDNA sites, 
which were labeled with biotin-16-dUTP. 

Probes for 5S rDNA sites were obtained from 
the product of the polymerase chain reaction (PCR) 
with the Passiflora-specific primer pair                         
5'-GTGCGATCATACCAGC(AG)(CT)TAATGCACCGG-3' 
and 5'-GAGGTGCAACACGAGGACTTCCCAGGAGG-3' 
(Gottlob-McHugh et al., 1990), labeled with 
digoxigenin-11-dUTP (Roche Diagnostics®). Probes 
were labeled via nick translation (Roche Diagnostics®). 

 
Slide preparation for FISH 

Slide preparation followed the protocol pro-
posed by Schwarzacher & Heslop-Harrison (2000), 
modified by Souza et al. (2010). Slides containing the 
cytological preparations were oven-dried at 37 °C for a 
minimum time of 1 h. After application of 50 μL RNase 
(1 μg/mL) (Sigma ®) in 2× SSC buffer (0.3 M sodium 
chloride, Sigma®, 0.03 M sodium citrate, Sigma®), 
slides were incubated in a humid chamber for 1 h at 
37 °C. Then, slides were immersed twice in 2× SSC at 
RT for 5 min each, and 50 μL of 10 mM HCl (Vetec) 
was applied to the metaphases for 5 min. After removal 
of the HCl, 50 μL of pepsin (Sigma®) [10 mg/mL 
pepsin; 10 mM HCl (1:100 v/v)] was added, and slides 
were incubated in a humid chamber for 20 min at 
37 °C. The wash steps mentioned below were 

performed on a shaker platform at 120 rpm (Biomixer, 
Mos-1). Slides were washed twice in 2× SSC at RT for 
5 min each, immersed in 4% paraformaldehyde 
(Sigma®) at RT for 10 min, and again washed twice in 
2× SSC for 5 min each. Cytological preparations were 
dehydrated in 70% ethanol and 100% ethanol for 5 min 
each, for immediate application of FISH techniques. 

 
FISH application 

After drying the slides at RT for 30 min, the 

hybridization mixture was added to the final volume of 

15 μL, being 50% formamide (Sigma®), 10% dextram 

sulfate (Sigma®), 2× SSC (Sigma), 0.13% SDS 

(sodium dodecyl sulfate; Bioagency), and the probes. 

Fifty (50) ng of the 26S rDNA probe and fifty (50) ng of 

the 5S probe were used. The hybridization mixture was 

heated at 75 °C for 10 min in a thermal cycler 

(Eppendorf Mastercycler), and immediately transferred 

to ice for 5 min. Cytological preparations containing the 

hybridization mixture were denatured in a thermocycler 

containing a slide adapter (Techne, TC-412), at 75 °C 

for 10 min, being then incubated overnight at 37 °C in a 

humid chamber. After hybridization, slides were 

immersed in 2× SSC at RT for 5 min for removal of the 

coverslips. Then, post-hybridization baths were per-

formed in a Dubnoff bath (Quimis, 9226ML) at 42 °C, 

consisting of two immersions in 2× SSC, for 5 min 

each; two immersions in 0.1× SSC, for 5 min each; and 

two additional immersions in 2× SSC, for 5 min each. 

Slides were immersed in 4× SSC/0.2% Tween 20 

(Sigma®) at RT for 5 min and treated with 50 μL of 5% 

BSA (Sigma). Biotin-labeled probes were detected with 

0.7 μL avidin-FITC (Vector®) plus 19.3 μL 5% BSA per 

slide. Digoxigenin-labeled probes were detected with 

0.7 μL anti-digoxigenin-rhodamine (Roche™) plus  

19.3 μL of 5% BSA per slide. Slides containing 

detection antibodies were incubated in a humid 

chamber for 1 h at 37 °C. For removal of excess 

antibody, three baths were performed, for 5 min each, 

with 4× SSC/0.2% Tween 20 at RT. Slides were briefly 

immersed in 2× SSC and cytological preparations were 

simultaneously mounted and counterstained with 

DAPI/Vectashield® (H-1200). Then, slides were stored 

at 8-10 °C until analysis. 

 

Photodocumentation 

Metaphases were photodocumented using 
Olympus BX41 epifluorescence microscope equipped 
with a 5 MP Olympus DP25 digital camera and DP2-
BSW software. Hybridizations detected with avidin-
FITC were visualized with U-MWB filter (450-480 nm 
excitation / 500 nm dichroic mirror / > 515 nm). 
Hybridizations detected with anti-digoxigenin-rhodamine 
were visualized with U-MWG filter (510-550 nm 
excitation / 570 nm dichroic mirror / > 590 nm). 
Photographic plates, kariograms, and 
FITC/Rhodamine/DAPI overlays were performed using 
Photoshop SC5 software. 
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Results  

 
The eight accessions of C. melo analyzed in 

this study are diploids (2n = 24), showing no variation 
in the chromosome number. Satellite location and 
identification by conventional staining allowed the 
observation of two satellite chromosome pairs in all 
accessions analyzed, except for accession A15, with 
only one satellite chromosome pair (Figure 1). 

Chromosome measurements showed a varia-
tion in mean chromosome size from the first to the 
second chromosome pair, ranging from 1.85 μm for the 
first chromosome pair (accession A18) to 0.78 μm for 

the last chromosome pair (accession A26) (Table 1). 
Calculations of the standard deviation of mean total 
length were of low magnitude, indicating that meta-
phase replicates showed a similar condensation pat-
tern among each other, increasing the reliability of the 
metric data obtained. 

There was a significant difference for mean 
chromosome size between accessions (Table 2). The 
Scott-Knott clustering procedure distributed the acces-
sions in two groups of means (Table 3). Accessions 
A18 and A26 showed the highest and the lowest mean 
chromosome length, respectively. 

 
Table 1 - Means of the total lengths (TL, in micrometers, μm) of the chromosomes and standard deviation (SD) in 

eight accessions of Cucumis melo. 

Chrom 

Accessions 

A01_RN# A9_CE A12_PE A15_AL A17_BA A18_PI A22_MA A26_SE 

TL/SD TL/SD TL/SD TL/SD TL/SD TL/ SD TL/ SD TL/ SD 

1 1.59±0.13 1.74±0.12 1.41±0.09 1.36±0.06 1.68±0.13 1.85±0.12 1.72±0.10 1.22±0.15 

2 1.51±0.16 1.56±0.15 1.33±0.06 1.27±0.05 1.56±0.16 1.76±0.09 1.59±0.08 1.11±0.11 

3 1.43±0.15 1.52±0.13 1.27±0.04 1.21±0.03 1.53±0.18 1.65±0.03 1.47±0.02 1.06±0.07 

4 1.38±0.09 1.42±0.13 1.22±0.04 1.18±0.04 1.43±0.14 1.59±0.06 1.41±0.03 1.03±0.07 

5 1.33±0.09 1.38±0.09 1.19±0.04 1.14±0.05 1.36±0.16 1.53±0.09 1.35±0.04 1.01±0.06 

6 1.30±0.09 1.30±0.10 1.15±0.04 1.11±0.05 1.30±0.16 1.47±0.07 1.31±0.03 0.98±0.06 

7 1.27±0.09 1.31±0.13 1.11±0.03 1.09±0.05 1.29±0.15 1.44±0.08 1.26±0.04 0.96±0.06 

8 1.23±0.11 1.23±0.11 1.08±0.04 1.06±0.04 1.23±0.14 1.37±0.07 1.22±0.05 0.95±0.06 

9 1.19±0.13 1.20±0.12 1.06±0.04 1.02±0.02 1.16±0.09 1.32±0.07 1.18±0.05 0.92±0.05 

10 1.16±0.14 1.14±0.13 1.05±0.05 0.99±0.01 1.12±0.08 1.25±0.04 1.13±0.04 0.89±0.04 

11 1.11±0.14 1.07±0.11 1.03±0.04 0.94±0.01 1.06±0.06 1.19±0.02 1.06±0.05 0.84±0.05 

12 1.02±0.12 1.01±0.12 0.95±0.03 0.87±0.05 0.94±0.08 1.11±0.05 0.98±0.06 0.78±0.04 
# Origin (States): RN - Rio Grande do Norte; CE - Ceará; PE - Pernambuco; AL - Alagoas; BA – Bahia; PI – Piauí;                 

MA – Maranhão; SE – Sergipe. 

 

Table 2 – Summary of the variance analysis for total 
chromosome length of the Cucumis melo accessions. 

Causes of variantion FD Average square 

Accessions 7 0.277320* 
Error 88 0.034107 
CV (%) 14.81 - 
Average 1.24 - 

* Significant by F test (p < 0.05). 

Table 3 – Total chromosome length (µm) of Cucumis 
melo accessions. 

Accessions Means 

A01 1.29 a 
A09 1.32 a 
A12 1.15 b 
A15 1.10 b 
A17 1.31 a 
A18 1.46 a 
A22 1.31 a 
A26 0.98 b 

Means followed by the same letters in the column do not 
differ by Scott-Knott test (p > 0.05). 

Double staining with fluorochromes revealed 

heterochromatic CMA3
+/DAPI- blocks in the 

pericentromeric region of all chromosomes, in all 

accessions analyzed (Figures 2 and 3). Smaller chro-

mosomes were difficult to visualize (Figure 4). GC-rich 

heterochromatin restricted to pericentromeric and 

centromeric regions revealed variations in 

CMA3
+/DAPI- block size and staining intensity (Figure 

4). GC-rich regions were shown in two chromosome 

pairs in secondary constrictions, revealing the number 

and location of satellite chromosomes (Figures 3 and 4). 

Hybridization of 45S rDNA probes revealed 

four hybridization sites, located on the first and second 

chromosome pair (Figures 5 and 6). Only one chromo-

some pair showed hybridization site for 5S rDNA 

probes (Figures 5 and 6). All accessions had one 5S 

rDNA locus in the sixth chromosome pair, except 

accession A09, which revealed this locus in the third 

chromosome pair (Figure 6). 
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Figure 1 - Mitotic metaphases of commercial varieties of Cucumis melo (2n = 24). A) A12; B) A15; C) A17; D) 
A18; E) A26; F) A22; G) A01; H) A09. Bar = 10µm. The arrows indicate the satellites. 
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Figure 2 - CMA3/DAPI banding and overlaps in mitotic metaphases of Cucumis melo (2n = 24). A-C) A09; D-F) 
A12; G-I) A15; J-L) A17; M-O) A18. Bar = 10μm. The arrows indicate CMA3+/DAPI- blocks. 
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Figure 3 – CMA3/DAPI bandage and overlaps in mitotic metaphases of Cucumis melo (2n = 24). A-C) A22, D-F) 
A26; G-I) A01. Bar = 10μm. The arrows indicate CMA3

+/DAPI- blocks. 
 
Discussion 

 

Genus Cucumis has been extensively studied 

as to karyotype characteristics using conventional 

staining, providing relevant information about interspe-

cific diversity (Trivedi & Roy, 1970; Singh & Roy, 1974; 

Dane & Tsuchiya, 1976; Ramachandran & Seshadri, 

1986). The chromosome number varies among spe-

cies, in which diploid (2n = 14 or 24 chromosomes), 

tetraploid (2n = 48 chromosomes), and hexaploid (2n = 

72 chromosomes) species stand out (Wang et al., 

2017). The basic chromosome number of the genus 

has been considered as x = 7 or x = 12, the latter being 

the basic chromosome number of the family 

Cucurbitaceae for most of the diploid species and C. 

melo cultivars already analyzed (Singh & Roy, 1974; 

Dane & Tsuchiya, 1976). The diploid number (2n = 24) 

was confirmed in C. melo var. momordica, corroborat-

ing the data reported in the literature for the species. 

The haploid karyotype formula n = 12: 3m + 

9sm was observed for variety momordica, highlighting 

differences regarding chromosome pairs; however, not 

characterizing secondary constrictions (Singh & Roy, 

1974). 

For momordica, the variation observed in total 

chromosome length ranged from 0.98 μm to 1.46 μm. 

However, greater variation was reported (1.44 μm to 

2.40 μm) in other varieties of C. melo L. (Singh & Roy, 

1974). There are different reports for the variation in 

total chromosome length, from 1.20 to 2.50 μm (Trivedi 

& Roy, 1970), and from 1.1 μm to 1.9 μm 

(Ramachandran & Seshadri, 1986). The variation 

found in total chromosome length in C. melo varieties 

can be explained by the fact that this species is derived 

from another Cucumis species, and translocations may 

have occurred (Singh & Roy, 1974). In the momordica 

accessions analyzed, the small length of the chromo-

somes made it difficult to establish the karyotype for-

mula, being difficult to differentiate the short arm from 

the long arm. Still, one and two pairs of secondary 

constrictions were visualized with results different from 

those previously reported (Singh & Roy, 1974). 
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Figure 4 - Cariograms with CMA3/DAPI overlays in mitotic metaphases of Cucumis melo (2n = 24). A) A01; B) 
A09; C) A12; D) A15; E) A17; F) A18; G) A22; H) A26. Bar = 10 μm. 

 
The comparative evaluation between the 

accessions studied allowed to verify the occurrence of 
a karyotype pattern within the species. Intraspecific 
variations were observed, showing significant differ-
ences (P<0.05) regarding total chromosome length. 
The few variations in the comparative analysis 
between accessions of C. melo var. momordica 
demonstrated changes in chromatin. However, this 
analysis was hampered by low karyotype variation, 
with effects on chromosome identification. Thus, the 
use of specific chromosome markers appears as a 
useful tool in C. melo (Liu et al., 2010). 

The amount of GC can vary greatly and 

reflects significant characteristics in the position of 
plant genomes. The presence of CMA3

+ blocks in the 
terminal region of some chromosomes is generally 
related to the nucleolar organizing regions (NORs) 
observed in angiosperms (Guerra, 2000). In species of 
the genus Passiflora, GC-rich regions detected by 
fluorochrome CMA3 are observed only in 45S 
rDNA/satellite DNA sites (Melo et al., 2001; Viana & 
Souza, 2012; Melo et al., 2014; Belo et al., 2015). The 
distribution of satellite DNA/45S rDNA regarding CMA3 
was analyzed in some species of the genus Citrus, and 
both probes hybridized only with CMA3 and the cen-
tromeres (Silva et al., 2010). 
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Figure 5 - Fluorescent in situ hybridization with 45S probes (white arrows) and 5S (red arrows) in Cucumis melo 
accessions (2 n = 24). A) A01; B) A 09; C) A12; D) A15; E) A17; F) A18; G) A22; H) A26. Bar = 10 μm. 
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Figure 6 - Cariograms with overlapping 45S (green) and 5S (red) rDNA in mitotic metaphases of Cucumis melo 
(2 n = 24). A) A01; B) A09; C) A12; D) A15; E) A17; F) A18; G) A22; H) A26. Bar = 10 μm 

 
C. melo var. mormordica showed the pattern 

of CMA3
+/DAPI- bands distributed by centromeric and 

satellite regions, indicating a high amount of GC-rich 
heterochromatin. According to Hoshi et al. (2013), only 
the centromeric and satellite regions are GC-rich. 
However, in C. melo, CentM DNA is located in 
pericentromeric regions (Liu et al., 2010). Thus, 
through CMA3

+ banding, it was possible to safely iden-
tify satellites, which makes them good cytological 
markers. In this study, it was not possible to identify the 
location and number of satellites (secondary con-
striction) through conventional staining, since meta-
phases were observed, although in an imprecise way. 

Hybridization sites of 45S rDNA probes were 
observed in two chromosome pairs, and 5S rDNA sites 
in one chromosome pair, corroborating previous stud-
ies (Chen et al., 1999; Liu et al., 2010; Hoshi et al., 
2013; Li et al., 2016). In C. sativus (same genus as    
C. melo), research with FISH application using 45S 
and 5S rDNA probes corroborates our study, obtaining 
one more result from the identification of which 

chromosomes were marked, since C. sativus 
chromosomes are larger when compared to C. melo 
(Koo et al., 2002). In other genera, such as Oryza L. 
(Xiong et al., 2006) and Lilium L. (Marasek et al., 
2004), FISH application using 45S and 5S rDNA 
probes obtained the same results of this study. 

It is noteworthy that 5S and 45S rDNA sites 
are sequences conserved on chromosomes and can 
provide valuable information on karyotype evolution 
and interspecies relationships. Cytological markers of 
C. sativus have been used in C. melo and, through 
FISH, showed distinct and obvious signals on C. melo 
chromosomes, derived from genes of the C. sativus 
genome, from repetitive DNA (Liu et al., 2010). These 
species have relatively small genomes and are similar 
in size. Among them, there is evidence of conservation 
of these sequences. 

There was no variation with respect to the 
number and size of hybridization sites of 5S and 45S 
rDNA probes, a feature also observed in other studies 
with C. melo. For example, in a study on the chromo-
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some mapping of C. melo compared to C. sativus 
using repetitive sequences, the same number and size 
of sites was found (Koo et al., 2010). The same result 
was also found in the characterization of C. melo 
through FISH application, with the same number and 
size of sites (Chen et al., 1999; Liu et al., 2010). In 
addition, 5S rDNA has been shown to be more variable 
than 45S rDNA. Generally, each species has a single 
5S rDNA sequence repeated in tandem, often in a 
single chromosome pair or, less frequent, in two or 
more pairs (Guerra, 2004). 

The diploid accessions of this work presented 
the same pattern of rDNA distribution when compared 
to individuals of the same species but from different 
regions, not differing between each other. Other diploid 
species analyzed showed three types of rDNA distribu-
tion patterns, which provided clear cytogenetic evi-
dence on the divergence between C. melo and African 
diploid wild species of Cucumis. The results not only 
showed interrelations between species of the genus 
Cucumis, but also that rDNA patterns can be used as 
cytological markers for the discrimination of closely 
related species (Li et al., 2016). The number of rDNA 
sites is not always associated with the ploidy level. In 
genus Solanum, for example, tetraploids have the 
same number of sites as diploids (Melo et al., 2011). 
Notwithstanding, the relationship between ploidy and 
the number of 45S and 5S rDNA sites is associated 
with the diploidization process, seen in polyploids and 
neopolyploids (Wolfe, 2001). 

 
Conclusions 

 
Classical and molecular cytogenetic charac-

terization of C. melo var. momordica from UFERSA 
have made it clear that all accessions analyzed have 
the same constant chromosome number. However, 
there are variations regarding total chromosome 
length. The distribution of GC-rich heterochromatin 
(CMA3

+/DAPI-) allowed us to verify that these regions 
are not restricted only to satellites, but to centromeric 
and pericentromeric regions, showing GC abundance 
in CentM DNA. With the use of FISH, it was possible to 
verify chromosomal stability in these markers, indicat-
ing that they are ideal for the verification of karyotypic 
stability in this species. 
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