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Somaclonal variation has emerged as an important parasexual tool for crop
improvement. But the application of this tool in sugarcane improvement is very
rare. Therefore, this investigation was conducted for molecular characterization
and detection of somaclonal variation of two sugarcane varieties (Isd 18 and Isd
20) and their somaclones [TC1-10(20) (Salt), TC7-10(20)2L (Salt), TC30-
10(20)1L (Salt), TC11-10(18)2L (Salt), TC5-10(18)2L (Salt) and TC2-10(18)2L
(Salt)] using four RAPD primers (OPA-01, OPA-02, OPA-04 & OPB-05). DNA
isolation is a prerequisite for DNA fingerprinting as well as variety identification.
The amount of isolated DNA was enough for polymerase chain reaction (PCR)
amplification and marker studies, such as RAPD. RAPD analysis resolved 150
scorable bands from four primers. Among the 150 RAPD bands, 69 bands were
monomorphic and 81 bands were polymorphic. The sizes of the amplified bands
in two sugarcane varieties and their somaclones showed RAPD markers ranged
from 100 to 1500bp. The primer OPA-02 amplified the highest number of bands
(56) and primer OPA-01 and OPB-05 amplified the lowest number of bands (23).
Genetic variation and relatedness assessed by using RAPD markers could be
potential sources of germplasm for use in variety improvement.

Copyright © 2016 Ghose et al. This is an open access article distributed under
the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

INTRODUCTION

Globally, sugarcane (Saccharum spp) is an important source of
commercial sugar accounting for almost two-thirds of world
sugar production (Menossi et al. 2008). It is also capable of
providing renewable energy sources such as ethanol, biogas
byproducts and fertilizers. It is cultivated as a commercial crop
in nearly 60 countries spread over five continents where only six
of them account for 65% of the world’s entire sugarcane
production, Brazil being the largest one (Viera 2002).

DNA genetic markers form the basis of current strategies for
genome analysis, gene mapping and germplasm identification. It
is also argued that DNA markers with significant linkage to the
phenotypic characters could be wuseful in the breeding
programmes since they would facilitate accurate, rapid and early
screening of progeny independent of environmental or ontogenic
factors. A number of markers linked to dominant genes in
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important crops have been characterized (Martin et al. 1991;
Adam-Blondin et al. 1994). Little is known about the structure
of the sugarcane genome (Harvey et al. 1994). To assess
somaclonal variation in crop plants, randomly amplified
polymorphic DNA (RAPD) analysis is being commonly used
(Devarumath et al. 2007). Molecular Markers are the molecules
that could be used to trace desired genes in examined genotypes.
In fact, a piece of DNA or a protein can be used as a marker.
Earlier approaches that made selection of specific traits easier
were based on the evaluation of morphological traits (Staub et
al. 1996) isozymes (Stauber and Khanna, 1991) storage proteins
like glutenins, gliadins, hordeins (Vapa and Radovic 1998) etc.
However, DNA markers seem to be best candidates for efficient
evaluation and selection of plant material.

Somaclonal variation has emerged as an important parasexual
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tool for crop improvement. This technique has been developed
as a breeding tool for improving the quality and production of
vegetatively propagated crops such as sugarcane (Siddiqui et al.,
1994). Somaclones show variation for different parameters such
as yield, sugar recovery, disease resistance, drought tolerance,
and maturity. Assessment of genetic variability in tissue culture-
derived plants would be helpful for plant breeders to select
appropriate material for their breeding program.

The aim of this work is to evaluate genetic variation of two
sugarcane varieties and assess somaclonal variation for salt
tolerance by Random Amplified Polymorphic DNA (RAPD)
markers.

MATERIALS AND METHODS

The present investigation was carried out at the DNA Laboratory
of Biotechnology Division, Bangladesh Sugarcane Research
Institute (BSRI), Ishurdi, Pabna, Bangladesh during the cropping
season of 2014-2015.

Isolation of DNA

In the present investigation, Modified Method of Aljanabi et al.
(1999) reported by Hossain et al. (2006), mini-prep method
adopted from Shahnawaz (2006) has been combined and used to
isolate the total genomic DNA from sugarcane.

Plant materials

Two salt tolerant sugarcane varieties Isd 20, Isd 18 and their
somaclones from BSRI research field such as TC1-10(20)1L
(Salt), TC7-10(20)2L (Salt), TC30-10(20)IL (Salt), TCI1-
10(18)2L (Salt), TC5-10(18)2L (Salt) and TC2-10(18)2L (Salt),
were used as plant materials for DNA isolation.

Table 1. List of somaclones along with their donor parents used

S1. No. Somaclone Donor
1 TC1-10(20)1L (Salt) Isd 20
2 TC7-10(20)2L (Salt) Isd 20
3 TC30-10(20)1L (Salt) Isd 20
4 TCi11-10(18)2L (Salt) Isd 18
5 TCs-10(18)2L (Salt) Isd 18
6 TC2-10(18)2L (Salt) Isd 18

Collection of sample

Top of the field grown 8 month old chewing sugarcane was cut
and placed vertically in a bucket with water for remaining alive
and fresh. Then it was taken in the laboratory. The outer leaf
sheaths were removed, leaving inner spindle. Then the spindle
base was cut down into small pieces (about 1.0cm) with sterile
scissors and weight required amount (0.2g) using a fine balance.

Genomic DNA isolation

DNA was isolated using the method modified and combined
from the methods of Aljanabi et al. (1999) and mini-prep method
adopted from Hossain et al. (2006) and Shahnawaz (2006) has
been combined and used to isolate the total genomic DNA from
sugarcane.

Primer used

Ten primers of random sequence (Operon Technologies, Inc.,
Alameda, California, USA) were screened on a sub sample of
two randomly chosen individuals from two different varieties to
evaluate their suitability for amplification of the DNA
sequences, which could be scored accurately. Among the
Primers, four were evaluated based on intensity of bands,
consistency within individual, presence of smearing, and
potential for population discrimination. The details of the
primers are given in the Table 2.

Table 2. Parameters of the Operon random primers used in the
present study for screening

Primer Code Sequence (5-3')  G+C Content (%)

OPA-01 CAGGCCCTTC 70%
OPA-02 TGCCGAGCTG 70%
OPA-04 AATCGGGCTG 60%
OPB-05 TGCGCCCTTC 70%

PCR amplification and electrophoresis

PCR amplification was done in an oil-free thermal cycler
(Genius, Techne, Cambridge  Limited) following the PCR
profile of 94°C for 5 minutes (initial denaturation) followed by
35 cycles of 1 minutes denaturation at 94°C, 1 minutes annealing
at 55°C and extension at 72°C for 2 minutes. After the last cycle,
a final step of 7 minutes at 72°C was added to allow the complete
extension of all amplified fragments. After completion of
cycling programme, the reactions were held at 4°C. PCR
reactions were performed on each DNA sample in a 10ul
reaction mixture containing 1.0pul of 10X (Ampli Taq
polymerase PCR buffer), 1ul of 2.5mM dNTPs, 2ul of each
primer from 1.0pM working solution, 0.2ul of S5U/ul Ampli Taq
DNA polymerase (Bangalore Genei Pvt. Ltd., India), 2.0ul of
50ng/ul genomic DNA and a suitable amount (3.2ul) of sterile
de-ionized distilled water.

PCR products from each sample were confirmed by running
1.4% agarose gel containing 12 pl ethidium bromide (10mg/ml)
in 120 ml 1X TBE buffer at 120V for 1.2 hrs. Loading dye (2 pul)
was added to the PCR products and loaded in the wells. A
molecular weight marker DNA (100bp DNA ladder) was also
loaded on either side of the gel. RAPD bands were observed
under Ultra Violet light on a transilluminator and documented by
taking photograph using a digital camera.

RAPD data analysis and Dendrogram construction
Following electrophoresis, the size of amplification products
were estimated by comparing the migration of each amplified
fragment with that of a known size fragments of molecular
weight marker: 100bp DNA ladder. All distinct bands or
fragments (RAPD marker) were thereby given identification
numbers according to their position on the gel and scored
visually on the basis of their presence (1) or absence (0),
separately for each individual and each primer.

The scores obtained using all primers in the RAPD analysis were
then combined to create a single data matrix. This was used for
estimating linkage distance (D) and constructing a UPGMA
(Unweighted Pair Group Method of Arithmetic Means)
Dendrogram among the populations using computer program
Statistica.

Genetic- similarity values defined as the fraction of shared bands
between the RAPD profiles of any two individuals on the same
gel were calculated manually from RAPD markers of the same
molecular weight on the data matrix according to Chapco et al.
(1992), Wilde et al. (1992) and Lynch (1990).

Linkage distances were computed from frequencies of
polymorphic markers to estimate genetic relationship between
the studied four aromatic sugarcane cultivars using the
unweighted pair- group method of arithmetic means (UPGMA)
(Sneath and Sokal 1973). The Dendrogram was constructed
using the Statistica computer package.

RESULTS AND DISCUSSION

DNA fingerprinting of two sugarcane varieties with their
somaclones were performed using four RAPD (OPA-01, OPA-
02, OPA-04 and OPB-05). In this investigation, all of the four
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RAPD primers produced comparatively maximum number of
high intensity bands with no smearing.

Band size

The sizes of the amplified bands in the two sugarcane varieties
& their somaclones ranged from 100 to 1500bp (Table 3).
Among the four RAPD primers, OPA-01 revealed band sizes that
ranged from 250bp to 1450bp, primer OPA-02 ranged from
100bp-1500bp, primer OPA-04 ranged from 150bp-1400bp and
OPB-05 ranged from 100bp to 1250bp.

Number of bands and Polymorphism revealed by RAPD
markers

All the four RAPD primer used amplified a total of 150 bands
from the two varieties of sugarcane and their six somaclone
varieties using the Thermal Cycler (Genius, Techne) and 1.4%
Agarose gel. Electrophoregrams according to primer OPA-01,
OPA-02, OPA-04 and OPB-05 were shown in Figures 1, 2, 3 and
4 respectively. The primer OPA-02 amplified the highest number
of bands (56), primer OPA-01 amplified a total of 23 bands,
primer OPA-04 amplified a total band of 48 and primer OPB-05
amplified a total band of 23. Here the lowest numbers of bands
were observed in cases of primer OPA-01 & OPB-05 (23 bands).
Out of the 150 bands, 69 were monomorphic bands and 81 were
polymorphic bands. The primer OPA-04 produced the 18
polymorphic bands and it showed higher level of polymorphism
(72.92%).The primer OPA-01 and OPB-05 produced 14 & 13
polymorphic bands with 60.87% & 56.52% polymorphism
respectively (Table 3). The lowest number of polymorphism
(33.93%) was observed in case of primer OPA-02. The highest
number of fragments (7) per variety was amplified from the
primer OPA-02. The primer OPA-04 amplified the number of
fragments per variety 6. The lowest number of bands (2.88) per
variety was amplified from both the primer OPA-01 and OPB-
05.

Table 3. RAPD primers with corresponding bands scored and

their size ranges in Sugarcane plant DNA

Primer Size Total Numb Number Number
rang number er of of of quym(())rph
es ofbands  bands monom polymorp ism %
(bp) generate per orphic hic bands
d variety bands
OPA- 250- 23 2.88 09 14 60.87
01 1450
OPA- 100- 56 7 20 19 33.93
02 1500
OPA- 150- 48 6 13 18 72.92
04 1400
OPB- 100- 23 2.88 10 13 56.52
05 1250
Total 150 69 81
Avera 20.50 4.69 17.25 20.25
ge

Inter—variety similarity indices

The inter variety similarity indices between Isd 18 and
somaclone TC30-10(20)1L (Salt) was found to be the highest
(24.66%). There were no inter variety similarity indices value
(0%) observed between Isd 20 & all of its somaclones. (Table 4).
The average similarity indices among two standard sugarcane
variety with their somaclones was 7.313%.

Genetic distances

The values of pair-wise comparisons of genetic distances
analyzed by using computer software “Statistica” between
varieties were computed from combined data for the four
primers, ranged from 2 to 67.0 (Table 5). The highest linkage
distance (67.0) was recorded in case of variety pairs Isd 18 &
TC7-10(20)2L (Salt). The lowest linkage distance (2) was
recorded in case of variety pairs Isd 20 & TC2-10(18)2L (Salt).

Figure 1. DNA Fingerprinting of two sugarcane varieties and their
somaclones based on RAPD ‘OPA-01’ primer through
1.4% agarose gel electrophoresis [M = 1000-100bp
ladder, Lane 1 = Isd 20, Lane 2 = TC1-10(20)1L (Salt),
Lane 3 = TC7-10(20)2L (Salt), Lane 4 = TC30-
10(20)1L (Salt), Lane 5= Isd 18, Lane 6 = TClI-
10(18)2L (Salt), Lane 7 =TC5-10(18)2L (Salt), Lane 8 =
TC2-10(18)2L (Salt)].

M 1 2 3 4 5 6 7 8

Figure 2. DNA Fingerprinting of two sugarcane varieties and their
somaclones based on RAPD ‘OPA-02’ primer through
1.4% agarose gel electrophoresis. [M = 1000-100bp
ladder, Lane 1 = Isd 20, Lane 2 = TC1-10(20)1L (Salt),
Lane 3 = TC7-10(20)2L (Salt), Lane 4 = TC30-
10(20)1L (Salt), Lane 5= Isd 18, Lane 6 = TC11-
10(18)2L (Salt), Lane 7 = TC5-10(18)2L (Salt), Lane 8 =
TC2-10(18)2L (Salt)].

Figure 3. DNA Fingerprinting of two sugarcane varieties and their
somaclones based on RAPD ‘OPA-04’ primer through
1.4% agarose gel electrophoresis. [M = 1000-100bp
ladder, Lane 1 = Isd 20, Lane 2 = TC1-10(20)1L (Salt),
Lane 3 = TC7-10(20)2L (Salt), Lane 4 = TC30-
10(20)1L (Salt), Lane 5= Isd 18, Lane 6 = TC11-
10(18)2L (Salt), Lane 7 =TC5-10(18)2L (Salt), Lane 8 =
TC2-10(18)2L (Salt)].
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Figure 4. DNA Fingerprinting of two sugarcane varieties and their
somaclones based on RAPD ‘OPB-05’ primer through
1.4% agarose gel electrophoresis [M = 1000-100bp
ladder, Lane 1 = Isd 20, Lane 2 = TC1-10(20)1L (Salt),
Lane 3 = TC7-10(20)2L (Salt), Lane 4 = TC30-
10(20)1L (Salt), Lane 5= Isd 18, Lane 6 = TCl11-
10(18)2L (Salt), Lane 7 =TC5-10(18)2L (Salt), Lane 8 =
TC2-10(18)2L (Salt)].

Table 4. Pair wise inter-variety similarity indices (S1J) among
two standard parent varieties (Isd 20 & Isd 18) and
their somaclones

Serial Variety combination Percentage of

No similarity

1 Isd 20 Vs TC:-10(20)1L (Salt) 0%

2 Isd 20 Vs TC7-10(20)2L (Salt) 0%

3 Isd 20 Vs TC30-10(20)1L (Salt) 0%

4 Isd 20 Vs TC11-10(18)2L (Salt) 0%

5 Isd 20 Vs TCs-10(18)2L (Salt) 0%

6 Isd 20 Vs TC2-10(18)2L (Salt) 0%

7 Isd 18 Vs TCi-10(20)1L (Salt) 11.11%

8 Isd 18 Vs TC7-10(20)2L (Salt) 10.67%

9 Isd 18 Vs TC30-10(20)1L (Salt) 24.66%

10 Isd 18 Vs TC11-10(18)2L (Salt) 13.70%

11 Isd 18 Vs TCs-10(18)2L (Salt) 14.29 %

12 Isd 18 Vs TC2-10(18)2L (Salt) 13.33%
Average 7.313%

Table 5. Summary of linkage distances for two sugarcane
varieties with their somaclones for RAPD markers
IS ISD ISD ISD IS ISD ISD ISD
D 20S | 20S 20S | D 18S 18S 18S
20 | C1 C2 C3 18 | C1 C2 C3
I1SD20 0
ISD20 34 |0

SC1

ISD20 | 20 | 41 0

SC2

ISD20 | 20 | 55 54 0

SC3

ISD18 | 40 | 64 67 51 0

ISD18 | 7 18 40 38 41 | 0

SC1

ISD18 | 4 34 39 18 38 |7 0
SC2

ISD18 | 2 32 20 18 38 |5 2 0
SC3

The results of the present investigation revealed that the four
RAPD primers were able to identify the variation of two
sugarcane varieties and their somaclones based on their genetic
relationship. Therefore, DNA fingerprinting and molecular
relationship of these two varieties with their somaclones should
be done using RAPD as well as SSR markers in order to
determine their genetic relationships for genetic enhancement of
sugarcane varieties.

CONCLUSION

From this experiment it was concluded that the sizes of the
amplified bands in the two sugarcane varieties & their
somaclones ranged from 100 to 1500bp. The highest number of
fragments (7) per variety was amplified from the primer OPA-
02. The primer OPA-04 amplified the number of fragments per
variety 6. The lowest number of bands (2.88) per variety was
amplified from both the primer OPA-01 & OPB-05. The inter
variety similarity indices between Isd 18 & somaclone TCso-
10(20)1L (Salt) was found to be the highest (24.66%). There
were no inter variety similarity indices value (0%) observed
between Isd 20 & all of its somaclones. The average similarity
indices among two standard sugarcane variety with their
somaclones was 7.313%. The highest linkage distance (67.0)
was recorded in case of variety pairs Isd 18 & TC7-10(20)2L
(Salt) was lowest linkage distance (2) was recorded in case of
variety pairs Isd 20 & TC2-10(18)2L (Salt).
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