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Abstract—Conventional cytological method is limited for
polyploidy plant genome study, especially sugar cane
chromosomes that show unstable numbers of each cultivar.
Molecular cytogenetic as fluorescent in situ hybridization
(FISH) techniques were used in this study. A basic
chromosome number of sugar cane was estimated with three
information; 1) number of 18S rDNA sites, 2) number of 5S
rDNA sites and 3) total number of chromosomes. 18S and
5S rDNA were located by FISH techniques, the number of
hom (e) ologous sites were illustrated in range of 7 to 9 and
13 to 15 sites. 110 chromosome numbers were shown in
tapetal cells of flower buds of sugar cane. The implications
of these results can predict about 14 basic chromosomes
numbers but 55 rDNA seem reliable indicate for basic
chromosome number and 18S rDNA were discussed about
nucleolar dominance phenomenon of the sugar cane “KPS
00-25” cultivar.

Index Terms—Dbasic chromosome number, 45S rDNA, 5S
rDNA, FISH

I.  INTRODUCTION

Sugar cane is a major crop grass having sugar content
in the stem that is the main sugar crop production of the
world. Sugar cane belongs to the Poaceae family,
Andropogonae tribe and the genus is Saccharum L. There
are many species such as S. officinarum is a kind of juicy
cane and sweet softness, Chinese cane as S. sinense,
Indian canes as S. barberi, S. robustum. and S.
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spontaneum are wild species that sugar free but they are
disease resistant and abiotic tolerant ability [1]. All of
them are polyploidy plant. The results of natural
hybridization and conventional breeding programs have
reached the modern sugar cane genome more complexity.

Modern sugar cane cultivars are inter-specific hybrid
crossed species. Molecular cytogenetic can help for
locate mapping the genome by fluorescent in situ
hybridization (FISH). FISH is a fluorescent-labeled
probes technique that has allowed researchers look into
the target cells and chromosomes content by specific
sequenced probed. FISH techniques have usually used to
locate single copy genes, repetitive sequences, selectively
identify genes [2], [3]. The techniques can be investigated
markers on chromosomes and guide plant-genome
research [4]-[6].

The ribosomal gene clusters are used as source of
FISH markers. The 18S-5.85-25S rRNA and 5S rRNA
genes are located in long tandem repeat unit. Generally,
the 18S-5.8S5-25S rRNA genes are usually known as
proportional activity of rRNA genes on secondary
constrictions and nucleolar organizer regions (NORS) [7].
Therefore, the ribosomal genes have used to study of the
genome of sugar cane. The modern sugar cane cultivars
were hybridized between S. officinarum, S. spontaneum
and partial hybrid forms. They were verified by genomic
in situ hybridization (GISH) and FISH [8]-[10]. The basic
chromosome set were also found x = 8 for S. spontaneum
[11], x = 10 for S. officinarum and S. robustum by FISH
technologies [10]. According to the recent researches, the
results showed that modern cultivars have a genome size
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around 10 Gb and 120 chromosomes, 70-80% of which
are entirely derived from S. officinarum, 10-20% from S.
spontaneum and few from interspecific recombinations
(8], [12]- [14].

Sugar cane genome information is important key for
conventional breeding program and sequencing. The 18S
rDNA, 5S rDNA sites, and total chromosome numbers
may be used to estimate basic chromosome of new
cultivated sugar cane in this study.

Il.  MATERIALS AND METHODS

A. Chromosome Preparation

Sugar cane cultivar namely “KPS 00-25” from
Thailand were used as materials. Young flower buds were
soaked with fresh solution of ethanol and acetic acid (3:1
v/v) 1-2 hr. Then samples were transfer and kept in 70%
ethanol. Anthers were then equilibrated with MiliQ-water
and citrate buffer for 3 min 2 times of each. They were
digested with enzyme solution, CellulaseRS Yakult
203027, Pectolylase Y23 Sigma P-3026 and Cytohelicase
Bio Sepra 249701, for 2 hr at 37°C. The cells were spread
on slide with a drop of 45% acetic acid for 2 min at 50°C.
The slides were rinsed again with fixed solution (3:1 v/v
of ethanol and acetic acid) and were dried again at 50°C.
Cell division stages were counterstained with 4°,6-
diamidino-2-phenylindole (DAPI) and slide were checked
with a fluorescent microscope.

B. Probes

The 18S rRNA genes (sub-unit of 45S rDNA) probes
were made by PCR amplification of sugar cane genomic.
The genes specific primer were set 5’-CGAACTGTGAA
ACTGCGAATGGC-3’ and 5’-TAGGAGCGACGGGCG
GTGT-3 [15]. The amplification reaction mixture
consisted of 10 ng sugar cane genomic DNA, 10 M of
each primer, 5 mM dNTP, 1XPCR buffer (10 mM Tris-
HCI (pH8.3), 50 mM KCI, 1.5 mM MgCl,), and 1U of
Taqg polymerase (Fermentus), in a final volume of 25 L.
The PCR was carried out as follows: one cycle of 15 min
at 95°C; and 35 cycles of 1 min at 95°C, 1 min at 68°C
and 1.5 min at 72°C. The probe was directly labeled by
Nick Translation Mix with DEAC-dUTP (Roche). The 5S
rDNA probes, we used PCR amplification of sugar cane
genomic DNA with primer set 5’-GATCCCATCAGAA
CTTC-3’ and 5’-GGTGCTTTAGTGCTGGTAT-3’ [16].
The amplification reaction mixture of 55 rDNA PCR
reaction was the same as above. The PCR was carried out
as follows: one cycle of 5 min at 94°C; and 35 cycles of |
min at 94°C, 1 min at 55°C and 1 min at 72°C. The probe
was indirect labeled by Biotin Nick Translation Mix with

biotin-16-dUTP (Roche) that revealed by Alexa 647 stain.

C. Fluorescence in Situ Hybridization

The selected slides were incubated in 100 pg/mL
RnaseA in 2X saline sodium citrate (SSC) (0.03 sodium
citrate and 0.3 M NaCl) for 1 hr at 37°C and washed in
2xSSC for 5 min 3 times, fixed in freshly 1%
formaldehyde buffer (10xPBS, 10xMgCl, and 37%
formaldehyde) for 10 min, washed in 2xSSC for 5 min 3
times, soaked in 70%, 90%, 100% freshly ethanol for 3
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min of each, and air-dried. Hybridization mixed probes
consisted of 10% dextran sulfate, HB50, and probes in a
final volume of 20pL/slide. Then the mixtures were
denatured in boiling water for 10 min and immediately
put on ice for 5 min before applied mixture on slide,
baked for 3 min at 80°C. The slides were incubated in
moist chamber at 37°C overnight. The post-hybridized
slides were washed in 2xSSC for 5 min 3 times,
stringency washed in 50% formamide for 5 min 3 times
at 42°C. The slides were detected of biotin-strepavidine-
Alexa 647 and biotin-anti-strepavidine was used to detect
biotin probes for 1 hr at 37°C of each. The slides were
washed in 4T (4xSSC and tween20), TNT (NaCl, Tris-
HCI pH 7.5 and Tween-20) and 2XSSC for 5 min of each,
respectively. The slides were then dehydrated in ethanol
series and air-dried. The chromosomes were
counterstained with DAPI. The slides were mounted in
Vectashield antifade solution and photographed on Zeiss
Axioplan microscope equipped with Plan Apochromatic
objectives and epifluorescence illumination.

D. Images Procession and Analysis

The images were colored and merged with Adobe
Photoshop software. Chromosome numbers, signals of
rDNA sites and members of chromosome chiasma were
assumed the basic chromosome number by dividing the
total number of chromosome by the number of
homologous rDNA sites.

1. RESULTS

A. Cytological Observation

110 chromosomes were counted in tapetal mitotic cells
of young flower buds of “KPS 00-25” cultivar (Fig. 1a),
using DAPI fluorescent stain.

B. 18S and 5S rDNA Mapping

18S rDNA and 5S rDNA were located on interphase
cells of meiosis for in situ hybridization mapping, using
PCR probes of 18S rDNA and 5S rDNA labelled with
Nick translation for DEAC (purple color) and biotin for
Alexa647 (red color), respectively. Both of gene families,
the 18S rDNA showed hom(e)ologous sites for 7 to 9
signals (Fig. 1b). Besides, the 5S rDNA showed
hom(e)ologous sites for 12 to 15 signals on chromosomes
(Fig. 1c).

Figure 1. a. 110 chromosome numbers of a tapetal cell, b. 8 signals of
18S rDNA of FISH mapping and c. 15 signals of 5S rDNA of FISH
mapping. Bar stands for 10 M.



Journal of Medical and Bioengineering Vol. 2, No. 4, December 2013

Data collection of related literatures showed locus
numbers of 45S rDNA and 5S rDNA using FISH
techniques. After calculation, the basic chromosome
numbers for 10 of S. officinarum and S. robustum, total
chromosome number were observed for 80 or 60. The
basic chromosome numbers of S. spontaneum were
reported of 8, total chromosome numbers were reported
in range of 103-115 [8], [10]. Hybrid sugar cane was
known as modern cultivars that showed the total
chromosome in range of 103-115 and the basic
chromosome numbers were varied from 8 to 11 [8], [17]
(Table I).

TABLE I. DATA COLLECTION OF RELATED LITERATURES SHOWED
Locus NUMBERS OF 45S RDNA AND 5S RDNA USING FISH
TECHNIQUES.

Cultivars 2n 45S rDNA  5SrDNA Authors
-S.
officinarum
Black D’Hont et
Cheribon 80 8 8 al.,1998
_ Cuadrado et al.,
Cristalina 80 8 8 2004
-S.
spontaneum
D’Hont et al.,
SES 106B 64 8 8 1998
D’Hont et al.,
NG 51-2 80 10 10 1998
D’Hont et al.,
Mandalay 96 12 12 1998
-S. robustum
D’Hont et al.,
NG 77230 80 8 8 1998
D’Hont et al.,
Mol 4503 60 6 6 1998
D’Hont et al.,
IM 76234 60 6 6 1998
-Hybrids Jankin et al.,
85N904 110 11 - 1995
MQ66-14 112 14 - Jankin et al.,
1995
Cuadrado et al.,
My 5514 ~103 10 10 2004
Cuadrado et al.,
B 42231 ~110 10 10 2004
Cuadrado et al.,
C 236-51 115 12 12 2004
KPS 00-25 110 7-9 13-15 This study

IV. DISCUSSION

The 18S rDNA sites are sub-units of 45S rDNA that
are arranged in long tandem arrays of repeat unit and are

associated with secondary constrictions and area of NORs.

The 5S rDNA sites are also smaller tandem repeat unit
[71, [18]. The presence of locus of the 18S and 5S rDNA
sites allowed the basic chromosome numbers to be
predicted by dividing the total chromosome numbers by
the number of sites of rDNAs for each gene locus. The
results revealed a basic chromosome number of X = ~14
or ~8, respectively. According to the consensus of basic
chromosome numbers of 8 or 10 for modern sugar cane
was determined [8], [17]. For ~8 basic chromosomes of
the 5S rDNA seem reliable indicate for genome numbers.
However, many researches have used 45S rDNA sites to
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determine the basic chromosome of sugar cane and
polyploidy plants [9], [10], [17]. In this case, the ~14
basic chromosome number of 7-9 sites of 18S rDNA
showed different number of the compared literatures.
This phenomenon can be found in hybrids and
allopolyploid. The rRNA genes can expressed only one of
two parents which the rRNA gene of one parental species
dominates over the rRNA genes of another species, called
“amphiplasty” or “nucleolar dominance” [19]-[21]. The
present locus was possibly deleted of 18S rDNA signals
as discussed above.

V. CONCLUSION

The implications of 45S rDNA and 5S rDNA sites
could be used to predict the basic chromosome number
by FISH techniques. The results showed the basic
chromosome numbers around 14 of the sugar cane
cultivar KPS 00-25. The suggestion, unclear 18S rDNA
sites were shown of the experiments. This is the
challenge to be confirmed the genome numbers by cross
species FISH technique with chromosome sequences
from other related species. However, the method as
described in this paper was the initial method as a rough
estimate the basic chromosome numbers of new hybrid
sugar cane cultivar of Thailand.
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