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Abstract
Sugarcane (Saccharum sp.) is one of the world’s most commercial crops as it is the main source of sucrose. Sugarcane
breeding programs are concentrated to improve the sucrose content and cane yield. Sucrose content is important for sugar
industries and cane yield is profitable concern for farmers. Selection of genetically rich and diverse genotypes is necessary
to achieve both the improvements. In the present study, initially physicochemical analysis performed for 24 promising
sugarcane cultivars, mainly for sucrose accumulation and cane yield. Among the 24 cultivars, 10 cultivars were selected for
further RAPD molecular screening of potential genotypes. PCR analysis was done using 20 RAPD primers. The genetic
similarity and UPGMA clustering were performed for all 10 sugarcane cultivars and compared the analysed data of both
physicochemical and RAPD analysis. The study showed S1, S8, S11, S18 and S23 as closest ones and S2, S24, S15 as distant
ones. This evaluation of genetic relatedness among 10 cultivars revealed primary information for the selection of high
sucrose accumulative and cane yielding parental genotypes for further sugarcane breeding.
Key words: Cane yield, genetic similarity coefficients, RAPD markers, sucrose accumulation, Sugarcane.

Introduction
Sugarcane (Saccharum sp.) is the main source for

sucrose production followed by sugar beet in the world
(Zucchi et al., 2002). The basic objective of the
sugarcane breeding programs is to enlarge its genetic
base by transferring traits of economic value from wild
species (Burner and Legendre, 1993). Morphological
distinction in Saccharum species is very lower due to
high levels of genetic polymorphism and gene-
environment interactions. Seasonally changing
environmental factors affect variations in the phenotypic
traits. Hence, morphological characters will not stand as
reliable markers for genetic diversity and phylogenetic
studies (Harvey and Botha, 1996; Burner et al., 1997).
Commercially important Sugarcane varieties are poly-
aneuploid hybrid results of unequal composition from S.
officinarum (80–90%) and S. spontaneum (10–20%)
as parental genomes with minimum recombination (Jisen

et al., 2013). The large genomic size and more complexity
have made sugarcane breeding attempts difficult (Cunff
et al., 2008). Use of molecular techniques from last two
decades has made understanding of complexity in genome
easier (Rossi et al., 2003). Genes from S. officinarum
are responsible for the high cane yield (cane weight) and
sucrose production in the new varieties (Sreenivasan et
al., 1987). Genetic diversity information obtained by the
molecular marker studies has considerable impact on
selection of parent materials for crop improvement
(Mohammadi and Prasanna, 2003). Molecular markers
reveal complete information about genetic diversity, as
they are independent of the effects of environmental
factors. Use of PCR based DNA markers such as
RAPD, SSR, ISSR and AFLP is advantageous than other
methods in studying polymorphism and genotypic
variability in plants (Rani et al., 1995; Munthali et al.,
1996; Devarumath et al., 2002). Development of RAPD
markers was an important turning point regarding DNA
marker technology based on the use of PCR to amplify
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random sequence (Williams et al., 1990). Low technical
complexity in employing large number of RAPD markers
reduces labour and cost of experiments for the
determination of genetic relationships among various
cultivars (Leon et al., 2001; Pan et al., 2004). Application
of the microsatellites and RAPD fingerprints helps
marker-assisted selection of high yielding and potential
parents for breeding (Stuber et al., 1999). RAPD
markers have been widely used in sugarcane germplasm
characterization, inter-specific relationship studies and in
phylogenetic analysis for breeding programmes (Sharma
et al., 2014; Ahmed and Gardezi, 2017). Taking the above
points into consideration, phylogenetic and genetic
variability analysis was performed using RAPD markers
among the ten special varieties categorized in five distinct
groups for identification of high sucrose accumulative
and cane yielding cultivars for optimizing hybridization
and selection procedures.

Materials and Methods
Plant materials, field experiments and data analysis

accumulation and cane yield parameters, five groups of
ten sugarcane varieties were categorized for further
RAPD analysis.
Isolation of DNA, RAPD analysis and scoring of
DNA bands

The ten varieties selected were used for further
RAPD molecular phylogenetic and genetic analysis
experiments. The Plant genomic DNA was isolated using
kit method. The genomic DNA isolation kit used is
GeneJET genomic DNA purification mini kit, Thermo-
Scientific (Lot No. 00503105). The DNA quality was
confirmed by agarose gel electrophoresis (0.8%) and
quantified with the aid of Nano-Drop Spectrophotometer
(ND-1000, version 3.1.1, USA). The DNA samples were
diluted to 20ng l-1 for polymerase chain reaction (PCR)
amplification. The isolated DNA samples were analyzed
using gel electrophoresis and further used for PCR.

Twenty decamer RAPD markers were selected
based on the previous studies of Singh et al., (2010, 2017)
(Table 4). PCR reactions were carried out in a 10µl

Table 1: Physicochemical analysis of 24 sugarcane varieties used in the present
study.

Sample Variety Single cane Single cane Cane yield Recovery
Code weight (Kg) volume of  (metric ton/ (%)

 juice (l) Acre)
S1 Co 2012-109 1.65±0.04 1.43±0.05 69.48±0.72 9.82±0.25
S2 Co 06027 1.72±0.03 1.60±0.05 69.93±0.88 9.85±0.31
S3 Co 11024 1.52±0.03 2.08±0.06 61.80±0.90 9.38±0.24
S4 Co 10023 1.40±0.02 1.54±0.03 52.85±0.66 9.20±0.23
S5 Co 10024 1.78±0.04 1.47±0.03 69.78±0.65 9.31±0.21
S6 Co 2001-15 1.43±0.04 1.37±0.05 60.21±0.45 9.80±0.13
S7 CoC 671 1.51±0.04 1.73±0.05 54.81±0.98 10.07±0.71
S8 Co SNK 0632 1.53±0.03 2.18±0.02 48.87±0.42 9.85±0.32
S9 Com 0265 1.92±0.04 1.46±0.04 80.85±0.39 9.30±0.61
S10 Co SNK 09268 1.55±0.04 2.29±0.03 63.68±0.87 9.01±0.12
S11 Co 13006 1.58±0.05 1.64±0.04 71.12±0.35 9.91±0.43
S12 Co 10027 1.57±0.03 1.73±0.07 59.27±0.36 8.99±0.23
S13 Co 2012-23 1.60±0.03 1.15±0.03 62.73±0.41 9.27±0.11
S14 Co 2012-24 1.59±0.04 0.99±0.04 64.64±0.78 9.79±0.19
S15 Co 11023 1.39±0.04 0.89±0.04 58.53±0.92 9.81±0.43
S16 Co SNK 7658 1.48±0.04 1.10±0.05 55.87±0.56 9.75±0.32
S17 Co SNK 07337 1.57±0.06 1.01±0.06 54.71±0.62 9.63±0.19
S18 Co SNK 07680 1.62±0.03 1.01±0.06 65.86±0.84 9.94±0.12
S19 Co SNK 09227 1.43±0.04 0.90±0.06 64.37±0.69 9.39±0.36
S20 Co SNK 09293 1.73±0.06 0.85±0.05 77.87±0.66 9.91±0.44
S21 Co SNK 09232 1.40±0.03 0.81±0.03 63.31±0.55 9.52±0.29
S22 CO SNK 0811324 1.33±0.03 0.80±0.02 65.54±0.53 9.47±0.61
S23 Co SNK 83495 1.20±0.05 0.79±0.04 47.52±0.89 9.83±0.81
S24 Co 86032 1.88±0.06 1.44±0.04 79.16±0.67 9.97±0.74

All the 24 sugarcane varieties
table 1 were taken from Sugarcane
Germplasm Collection of S.
Nijalingappa Sugar Institute (22°50' N;
108°14' E), Zadshapur, Belagavi,
Karnataka, India. These varieties were
planted in a randomized block design
with three replications in single rows
of 2.5m length, with 1.2m row-
spacing. Physicochemical analysis was
performed and observations were
recorded. Weight of individual plant
was measured for single cane weight
(kg). Juice volume per individual plant
for single cane volume of juice (l),
Average weight of cane yield per
hectare for cane yield (metric ton/
acre) and sugar concentration for
recovery (%) respectively were
measured after sugarcane maturity,
i.e., after 12 months (365 days) post-
germination.

Data obtained from the
physicochemical analysis was
tabulated and were compared for the
relativeness of sucrose accumulation
and cane yield parameters for all 24
cultivars. Based on the
physicochemical data with respect to
the relatedness between sucrose
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reaction volume comprising template DNA (2µl),
primers (1.5µl), Taq buffer 2X (5µl), Taq DNA
polymerase (MgCl2 Ampliqon, Batch No. 16K1601)
and finally making the volume to 10µl using HPLC
water (1.5µl). The PCR amplification was performed
using Mastercycler gradient (Eppendorf) with
following conditions; the cycles of PCR had initial
denaturation at 94! for 5 min followed by 44 cycles of
60 s at 94!; annealing condition was set as per
standardized annealing temperature table 2 of each
RAPD primer 30 s at 370, and 60 s at 720 and finally
an extension of 7 min at 720. The amplified products
were separated by the horizontal electrophoresis on a
1.5% (w/v) agarose gel using 1X TBE buffer (pH
8.0) and 0.5 µg/ml ethidium bromide. Samples were
electrophoresed at 100 V current for 4 h and
photographed under UV (Singh et al., 2017). MAGB
and 1 kb (0.25-10 kb, APS labs) DNA Ladder was
used. The PCR reactions were repeated thrice for
each primer for better reproducibility. Only highly
reproducible and polymorphic primers were chosen
for the data analysis.

Fragments that were clearly readable were
considered for data analysis. Each amplified products
were considered to be a unit character and populations
were scored for their presence (1) or absence (0) of
band on gel (Botstein et al., 1980; Anderson et al.,
1993) and cluster analysis was performed.
Dendrogram was plotted with the aid of Dendro
UPGMA online server and similarity matrix was
calculated using Jaccard’s coefficient.

Results and Discussion
The study was aimed to evaluate genetic

relatedness within 10 selected cultivars of Saccharum
sp. from five distinct groups. Initially, the
physicochemical analysis was carried out for all the
24 selected sugarcane varieties. During the
physicochemical analysis, it was noted that ten
sugarcane varieties showed fluctuations in sucrose
accumulation and cane yielding parameters. Some
sugarcane varieties were high in sucrose production
but same were medium or low in cane yield and these
results were systematically compared with standard
values. Depending on the relatedness in the values of
two prime important parameters (1) sucrose
accumulation and (2) cane yield, ten sugarcane
cultivars were identified in five distinct combinations
(Table 3). Further, these ten cultivars were subjected
to RAPD marker-assisted genetic diversity analysis
to construct the phylogenetic tree.

Table 2: List 20 RAPD primers used in the present study with
annealing temperatures.

Name Sequence 5’-3’ Annealing
ofPrimers temperature in °C

A1 AGT CAG CCA C 52
A6 GGT CCC TGA C 52
A10 GTG ATC GCA G 53
B 1 GTT TCG CTC C 52
B 8 GTC CAC ACG G 53
J 4 GAA TGC GAC C 53
J 14 ACC GAT GCT G 55
J17 ACC CCC TAT G 53
J18 ACA GTG GCC T 53
J 19 ACA GTG GCC T 55
J20 ACA CGT GGT C 52
K8 CTG TCA TGC C 54

OPA-04 AATCGGGCTG 55
OPA-17 GACCGCTTGT 53

OPAB-17 AGGGAACGAG 51
OPC-08 TGGACCGCTG 54
OPC-16 CACACTCCAG 53
OPG-05 CTGAGACGGA 55
OPG-17 ACGACCGACA 53
OPK11 AATGCCCCAG 53

Table 3: List of 10 selected sugarcane cultivars used for further
RAPD analysis.

Group Cultivar Name
code
S1 Co 2012-09
S2 Co 06027

Sucrose medium and Yield medium S4 Co 10023
S12 Co 10027
S15 Co 11023

Sucrose high, Yield medium S11 Co 13006
S18 Co SNK 07680

Sucrose high, Yield low S23 Co SNK 83495
Sucrose and Yield low S8 Co SNK 0632
Sucrose and Yield high S24 Co 86032

Sugarcane is a heterozygous and complex aneu-polyploid
species. Hence, sugarcane readily undergoes inbreeding
depression upon selfing (Stevenson, 1965). It is very essential
to understand genetic variability among Saccharum sp.
varieties before going for breeding experiments for
commercial purpose. Thus, in this study, an effort has made
to analyze the genetic diversity of selected varieties using
RAPD markers. A total of 20 RAPD primers were used
which are specific for Saccharum sp. All twenty primer
sets showed reproducible bands (Fig. 2). The detailed
information about the primers used in this study is tabulated



in table 4. Primer J20 amplified highest polymorphic bands
as compared with other selected primers.

Based on the RAPD data generated, cluster analysis
was performed using Jaccard Similarity Index and
Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) to plot a dendrogram representing genetic
diversity among 10 varieties (Fig. 1). The genetic similarity
indices among cultivars ranged from 0.000 to 1 (Table
4). The cultivar S15 showed least genetic similarity;
cultivars S1, S8, S11, S18 and S23 with similarity index
1.000 were 100% similar to each other. Further, cluster
analysis categorized the cultivars into four clusters (Fig.
1).
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Fig. 1: Phylogenetic tree analyses based on Jaccard Coefficient
of RAPD analysis of 10 selected sugarcane cultivars
(scale: 0.125-0.364).
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Fig. 2: Twenty RAPD marker analyses of sugarcane cultivars
(M: Marker, A: S2 – Co 06027, B: S4 – Co 10023, C: S8 –
Co SNK 0632, D: S12 – Co 10027, E: S11 – Co 13006, F:
S24 – Co 86032).

Table 4: Similarity Index based on Jaccard coefficient of RAPD analysis of 10
selected sugarcane cultivars.

S1 S2 S4 S8 S11 S12 S15 S18 S23 S24
S1 1 0.500 0.750 1.000 1.000 0.750 0.250 1.000 1.000 0.300
S2 1 0.400 0.500 0.500 0.400 0.000 0.500 0.500 0.300
S4 1 0.750 0.750 1.000 0.500 0.750 0.750 0.400
S8 1 1.000 0.750 0.250 1.000 1.000 0.300
S11 1 0.750 0.250 1.000 1.000 0.300
S12 1 0.500 0.750 0.750 0.400
S15 1 0.250 0.250 0.200
S18 1 1.000 0.300
S23 1 0.300
S24 1

Cluster 1 consists of two groups with a
gap of 0.125 where first group consists of
S4 and S12 cultivars and second group
consist of S1, S8, S11, S18 and S23 cultivars.
Cluster 2 consists of S2 cultivar with a
distance of 0.139 from S23 cultivar. Cluster
3 consists of S24 cultivar with a distance of
0.073 from S2 cultivar and 0.338 from S23
cultivar. Cluster 4 consists of cultivar S15
with a distance of 0.026 from S24 and 0.364
from S23. All clusters showed a mixture of
varieties from all five distinct groups. This
suggests the application of large number of
RAPD markers for precise differentiation
of cultivars.

Conclusion
In sugarcane cultivation, sucrose accumulation is a

very important factor for sugar industries. Sugar
production is mainly based on the net sucrose
accumulation in the raw material. Sugarcane cane yield
is the total cane weight yield per hectare. Farmers are
paid as per the cane yield/hectare. Hence, cane yield
stands as a profitable parameter for farmers. As all
sugarcane cultivars are not equally good in both sugar
accumulation and cane yield, breeding programs target
the improvement of both parameters. This study is
remarkable in selecting good parental genotypes for such
breeding plans. Only the results of physicochemical



analysis will not stand as prompt basis for parent selection,
as they are under the influence of frequent interactions
between gene and environment. Hence, molecular
marker-assisted genetic diversity and phylogenetic study
can provide confident evidence for the selection of
potential parents. This study revealed S24 as highest
sucrose accumulative and cane yielding variety and S8
as lowest sucrose and cane yielding variety. Results
indicate that S2, S24 and S15 located in different clusters
with a minimum distance of 0.073 and 0.026 respectively,
can be employed as potential parents for sugarcane
breeding programs concentrating sucrose accumulation
and cane yield that can benefit both farmers and sugar
industries.
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