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Abstract The proper selection of genetically rich diverse parents is a very useful strategy for
the success of sugarcane breeding program. One of the crucial factors in sugarcane breeding
and sugar production is the selection of the suitable variety because different varieties have
different yield potentials, pest and disease resistance property and is bred for different
ecological and economic conditions. The level and patterns of molecular genetic diversity and
establishing relationships among 19 varieties of sugarcane using fluorescent Inter Simple
Sequence Repeat (F-ISSR) markers and capillary electrophoresis was evaluated. Out of nine
primers, 3 primers were found to give clear and polymorphic patterns. F-ISSR primers were
labeled with 6-carboxyfluorescein and consists of di-nucleotide motifs. Total countable bands
were 1142 among which 1099 comprised of polymorphic markers, with an average of
366 polymorphic bands per primers. Dendrogram showed that there are 5 clear clusters.
The size range of the amplification products varied from 50.14 to 500bp. A total number of 246
alleles were detected per primer and the average number of allele per locus was 12.95.0nly two
monomorphic bands were detected with two primers at a particular locus. 41 unique bands
were identified. The study showed that the F-ISSR markers detected high level of
polymorphism (96.42 %) or genetic diversity among nineteen varieties of sugarcane. The
present information recoded in this study would definitely give a useful guideline in planning
hybridization for the maintenance and improvement of genetic diversity in sugarcane varieties.
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Introduction

DNA markers have proved valuable in crop breeding, especially in
studies on genetic diversity and relatedness among the varieties/species on
which the majority of success of crop improvement depends. The commonly
used DNA marker systems are random amplified polymorphic DNA (RAPD),
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amplified fragment length polymorphism (AFLP) and more recently simple
sequence repeats (SSRs) or microsatellites (Staub et al., 1996; Gupta and and
Varshney, 2000). Low reproducibility of RAPD, high cost of AFLP and the
need to know the flanking sequences to develop species specific primers for
SSR polymorphism are the major disadvantages. However, Inter Simple
Sequence Repeat (ISSR) marker is a technique that overcomes most of these
limitations (Zietkiewicz et al., 1994; Gupta et al., 1994; Wu et al., 1994; Meyer
et al., 1993). So it is now widely being used in various fields of crop
improvement (Godwin et al., 1997). ISSR is a PCR based technique by which
DNA segments present at an amplifiable distance in between two identical
microsatellite repeat or SSR regions oriented in opposite direction are amplified
precisely (Figure 1). In this method SSRs are used as primers to amplify mainly
the Inter Simple Sequence Repeat regions. Fluorescent ISSR marker is a new
efficient and better sensitivity PCR based techniques and has been proven to be
superior to traditional or non- fluorescent ISSR for its good data reproducibility
and high resolution power (Obrucova et al., 2016). In these techniques, PCR
products are tagged with fluorescent dye. Number of bands obtained in
traditional ISSR gel is very few (Kawar et al., 2009), whereas in fluorescent
ISSR, total number of bands is 20-30 times more which are resolved clearly
only by peaks with different heights depending on DNA fragment length but
bands are not accurately appeared visually in the gel by naked eye or
photographically due to appearance of huge number of bands in gel.
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3’ CTGACTGACTCTCTCTCTTGCATGACTGACTGACTGACTCTCTCTCTTGCATGACTGA 5/
5’ GACTGACTGAGAGAGAA CGTAC TGAC TGACT GACT GAGAGAGAGAAC GTACTGACT 3’
‘ | 3
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Amplified fragment between
two SSR is ISSR(Inter simple
sequence repeat)
Figure 1. Two identical microsatellite repeat or SSR regions oriented in
opposite direction.
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Sugarcane (Saccharum spp., Poaceae), is a large perennial crop plant
mostly grown in the tropical and subtropical environments globally for its
sugar-rich culms and accounts for 80% of the world’s raw sugar. Sugarcane is
a biofuel crop used for ethanol production as an alternative source of energy
(Lam et al., 2009). The main objective of this study was to determine the level
of genetic diversity and relatedness among 19 Indian sugarcane varieties using
fluorescent Inter Simple Sequence Repeat (F-ISSR) markers. The application of
ISSR marker is found to be quick and cost-effective based on polymerase chain
reaction (PCR) amplification of inter-microsatellite sequences to target multiple
loci in the genome (Kassahun et al., 2014) and in this technique; no DNA
sequence information for primer designing is required (Zietkiewicz et al., 1994).
The molecular assessment of genetic variability and relatedness within and
between the sugarcane varieties being used as presumed parents in crossing
programmes is valuable to increase the efficiency of genetic improvement of
sugarcane. Moreover, the varietal differentiation plays an important role in
DUS testing strategies (DUS stands for distinctness, uniformity and stability of
new varieties of plants for the purpose of granting the Breeders’ Right) in the
light of International Union for the Protection of New Varieties of Plants
(UPOV) initiatives and Plant variety protection (PVP) act (Srivastava and Rai,
2012). Therefore, this study was initiated with the aim of evaluating the level
and patterns of molecular genetic diversity and establishing relationships
among 19 varieties of sugarcane using fluorescent Inter Simple Sequence
Repeat (ISSR) markers and capillary electrophoresis.

Materials and methods

Nineteen commercial varieties of Saccharum were collected from the
National Hybridization Garden (NHG) Sugarcane Breeding Institute,
Coimbatore (11°1'6"N 76°58"21"E, elevation = 411.2 m (1,349.1 ft above mean
sea level), Tamil Nadu, India. Name of the commercial varieties are: Co B
94164 (Madhuri), Co 775, Bo 91, Co Se 92423 (Rajbhog),Co Se 01424, Co 453,
Co Se 96436 (Jalpari), Co 62198, Co 658, Co 62175, Co 740, Co 7527, Co 449,
Co A 88081, Co C 671, Co 8371 (Bhima), Co 6304, Co 6806 and Co 7219
(Sanjeevani).

DNA was extracted from the young leaves using a hexadecyl trimethyl
ammonium bromide (CTAB) protocol adapted from Doyle and Doyle (1990).
Briefly, 250mg of tissue was ground with mortar and pestle and subsequently
incubated at 65°C for 60 minutes with 600l of lIsolation Buffer. The
composition of Isolation buffer is CTAB (2w/v), NaCl (1.4M), Tris-HCI buffer
(pH 8.0) (100mM), Polyvinylpyrrolidone (PVP 40) (1%w/v) 2-mercaptoethanol
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(1%wl/v).The mixture was allowed to cool to room temperature and a 1:1
chloroform-isoamyl alcohol (24:1) extraction was performed. The preparation
was mixed by inversion to form an emulsion and then centrifuged at room
temperature for 10 minutes (15000g9) to separate the phases. A RNase digestion
was performed (10pg/ml RNase A at 37°C during 60 minutes) followed by a
second chloroform-isoamyl alcohol extraction. Subsequently, DNA was
precipitated from the aqueous phase by adding 2/3 volume of cold Isopropanol.
The pellet was washed with 0.2M sodium acetate and 76% (v/v) ethanol. The
DNA was redissolved in 50 of Buffer containing 10mM Tris-HCI and 1mM
of EDTA (TE) pH 8.0. The DNA preparation was diluted in TE pH 8.0 at
50ng/d for ISSR analysis. The concentration and purity of DNA was assessed
spectrophotometrically (UV vis spectrophotometer 1700DC. Simarju, Japan).
The DNA sample had ODygg / ODyg ~1.7 and ODZGO/ ODjy3~ 1.8 -2.8.

Setting up fluorescence ISSR was done in the following steps

DNA isolation —PCR amplification —PCR Product Purification
—Capillary Electrophoresis —Data Analysis

Primer Details of F-ISSR

ISSR primers were labeled with 6-carboxyfluorescein (6-FAM) from
Applied Biosystems, USA, which gives blue color in Genescan analysis. Nine
fluorescent labeled ISSR primers consisting of dinucleotide motifs were used
for amplification for initial screening with 19 verities. Out of these, 6 primers
gave no amplification at all, while only 3 primers were found to give clear and
polymorphic patterns and were subsequently used to analyze the entire set of 19
verities for repetition. Such 3 primers are marked by bold letters. The choice of
primers (motif, repeat length etc.) used in ISSR amplification is critical to
obtain high levels of polymorphism.

Primer 1: 5° - (AG) 10 T-3' Primer 2: 5'- (CT) 10 T-3' Primer 3: 5'- (GA) ¢
CC-3' Primer 4: 5°- (CA) 7 AG - 3’ Primer 5: 5’- (GA)s CG - 3’ Primer 6:
5°- (AC)s T — 3" Primer 7:5- (GT)e CC-3' Primer 8:5'- (CA)s AC -3' Primer
9:5'-(CA) ;G -3

All primers are 3’-anchored (primer consists of a repeated motif with
one or several non-motif nucleotides at the 3’-end. For the study aimed to
evaluate genetic variability, either the 3’ or 5’-anchored ISSR primers are
generally used for better reproducibility of results. Otherwise, unanchored ISSR
primers may slip along the length of the complementary microsatellite region,
producing inconsistent amplification in every cycle, and thus affecting the
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reproducibility of results. PCR amplification with ISSR primers (ISSR-PCR) is
slightly different from the usual PCR reaction that involves a pair of different
primers, ISSR-PCR involves only one primer in each reaction, e.g. single-
primer PCR amplification because this single primer actually acts as both the
‘forward’ and ‘reverse’ primers which are essential for an amplification to take
place. DNA amplifications were done in 25 of reaction mixture containing
50ng template DNA, 2.5 il of 10X PCR buffer, 2.5mM MgCl,, 2mM of dNTPs,
15ng of degenerate primer and 1 unit of AmpliTag-Gold polymerase (Life
technologies, Grand Island, NY). DNA amplification was done in BIO-RAD
thermo cycler programmed for 35 cycles as follows: 5min at 94<C, followed by
30sec at 94<C, 90sec at 56<C and 90sec at 72<C followed by final extension
cycle of 5min at 72<C. PCR products were purified using MinElute PCR
Purification Kit (Qiagen, Valencia, CA).

Fragment analysis of PCR products by capillary electrophoresis

PCR products were processed for fragment separation by capillary
electrophoresis on ABI 3500 Genetic Analyzer using POP-7 polymer. The
ROX 500 size standard (Life technologies, Grand Island, NY) was run as an
internal size marker by adding 10 (M of 1 : 25 mix of ROX 500 and HiDi-
formamide to 1.5 (M of PCR product. Samples were denatured at 95<C for 5
minutes and run on the Genetic Analyzer. Data were analyzed for allele sizes
and peak heights using the software of Gene Mapper version 4.1 packages (Life
technologies, Grand Island, NY).

ISSR amplifications were performed at least three times and only the
reproducible PCR products were scored. The number of polymorphic band was
the number of ISSR bands that showed variation, i.e. the bands are presented
for some samples and absent for the others; and “percentage of polymorphic
bands” is represented by the formula:

No. of polymorphic bands
% of polymorphic bands = X 100
Total no. of bands

Results

Genomic DNA samples were checked by running on 1% agarose gel
and then amplified. Nine primers were scored initially but only 3 primers
resulted in good banding patterns. Bands were counted and the presence and
absence of bands were scored as 1 and 0 (binary data), respectively. Genetic
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profiling studies of nineteen sugarcane varieties were carried out by using three
effective and informative sets of ISSR primers having di-nucleotide repeat
motifs of (CA), (GA) and (AC). A grand total of 1142 bands were scored
with 1099 polymorphic, 2 monomorphic and 41 unique bands among the
19 sugarcane varieties. The average percentage of polymorphism was 96.42 %.
The size of the 1142 amplification products produced ranged from 50.14 to 500
bp. Three main primers revealed intra-varietal variations. The three primers
generated high percentage of polymorphic loci, which means that genetic
polymorphism in the population, is generally high. A total number of 246
alleles were detected per primer among 19 sugarcane varieties. The average
number of allele per locus was 12.95.

Pair wise comparison between varieties based on the proportion of
shared bands produced by the primers used, were calculated using Jaccard’s
similarity (Ansorge et al., 1987). The similarity matrix showed the extent of
similarity among 19 sugarcane varieties. Distance matrix was calculated by Nei
and Li/Dice and Tree Construction using Neighbor joining method and
presented in Table 1. This shows the similarity index/distance matrix among 19
varieties of Sugarcane. The range of genetic distance among sugarcane
varieties were 0.42308 — 0.87597. Maximum genetic distance was seen
between Co Se 92423 (Rajbhog) and Co C 671 (0. 87597). The least distance
was 0. 42308 found in between Co 658 and Co 62175.

Table 1. Similarity index/Distance Matrix table of the 19 varieties of Sugarcane.
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The Phylogenetic Tree (Dendrogram) was constructed to measure the
resulting phenotypic groups of the 19 sugarcane varieties based on the genetic
distance generated by three fluorescent labeled ISSR primers (Figure 2). It
shows that there are 5 clear clusters. Cluster-I includes five varieties such as
C06806, Co6304, Co7219 (Sanjeevani), C062175 and Co658 and Cluster Il
consists of Co453 and Co8371 (Bhima). Varieties Co C 671, Bo 91, Co Se
92423 (Rajbhog) and Co A 88081 are grouped in cluster 1ll. Co7527, Co Se
01424, Co B 94164 (Madhuri), Co 740 and Co Se 96436 (Jalpari) are includ3ed
in cluster IV. Cluster V comprises of 3 varieties such as Co 62198, Co 775 and

Co 449,
6206
Co 6304
e ) Co 118 Cluster |
L] Co6217
B
— (0 658
- C0453
— [ | Cluster Il
—I=
g Cluster Il
_“—‘_ SR Cluster IV
740
——E Cor Se 56436
- 15 Cluster V
2 coms st

Figure 2. Phylogenetic Tree (Dendrogram) of 19 varieties of Sugarcane based
on genetic distance generated by three fluorescent (FAM) labeled ISSR primers.

Further, the Reference Tree (Figure 3), which was checked on the basis
of the distance matrices obtained, reflects a 65 % similarity between Co 62175
and Co658 which also reflects the results obtained with the Jaccard’s
Coefficient. There is a similarity of 35% between Co7219 (Sanjeevani) and (Co
62175 and Co 658) and the similarity between the Co 6304 and [Co 62175, Co
658 and Co 7219 (Sanjeevani)] is 20% in cluster 1. However, the similarity
between Co 6806 and [C062175, Co658, Co 7219 (Sanjeevani) and C06304] is
only 14%. The similarity between Co 453 and Co 8371 (Bhima) in cluster Il is
36%. In cluster I11, there are two sub-clusters. In first sub-cluster, the similarity
between Co C 671 and Bo 91 is 100%, whereas, Co Se 92423(Rajbhog) and Co
A 88081 of second sub-cluster show similarity by 90%. First and second sub-
clusters of the cluster 11l are related with each other by 47%. In cluster 1V,
again there are two sub-clusters. In first sub-cluster, the similarity value of Co
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740 and Co Se 96436 is 55%, whereas, Co B 94164(Madhuri) and Co Se 01424
show 65% similarity value. First and second sub-clusters of the cluster 1V are
related with each other by 14%. The similarity value of Co 7527 with First and
second sub-clusters of the cluster IV are only 16%. In the cluster V, the
similarity value between Co 775 and Co 449 is 39%. Co 62198 shows
similarity with Co 775 and Co 449 by 33%.

100%
4z

Co 62175
Co 658

Co 7219
Co 6304

Cluster I

Cluster IT

Cluster ITI

CoSe 01424
CoB 94164

Cluster IV

Co 740
Co Se 96436
Co 7527

Co 775
Co 449 Cluster V
Co 62198

Figure 3. Reference Tree of 19 varieties of Sugarcane based on genetic
distance generated by three fluorescent (FAM) labeled ISSR primers.

Among the 3 primers amplified in 19 sugarcane varieties, 14+2 unique
bands at different loci were obtained by amplification with two different
primers Ps and Pg respectively that differentiate the Co C 671 variety from the
rest of varieties. However, in case of Co A 88081, Co 6304, Co 6304, Co Se
01424, Co Se 92423(Rajbhog), Bo 91, Co 740 and Co Se 96436 (Jalpari)
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varieties different number of unique bands at different loci were obtained with
all three primers. Only one specific unique band observed in case of Co 6806
and Co 62198 with Ps primer by which they are separated from all varieties. Co
4536 and Co 8371(Bhima) showed 6(1+5) and 7(3+4) unique bands with P4
and Pg primers respectively. 5(1+4) unique bands observed in case of Co 62175
with P, and Ps primers. However, only 2 unique bands noted in Co B
94164(Madhuri) with Pg primer.
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Figure 4. Capillary gel electropherogram showing the separation of the PCR

products of DNA fragments of different sizes in the form of different heights

of peaks against the relative fluorescent intensity.
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The presence of bands on each and all the loci of all varieties indicates
monomorphism while the presence of bands in some and not all the loci
indicates polymorphism or genetic diversity among the attributes under
investigation. Nineteen varieties of sugarcane showed one monomorphic band
each with P4 and Ps primers at a particular locus. No monomophic band was
found with Pg primer. Besides, unique and monomorphic bands, remaining
bands at different loci are obviously polymorphic. The variation of peak
profiles obtained from capillary electrophoresis also demonstrated the genetic
variability (Figure 4).

Discussion

ISSR markers have high resolution power in fingerprinting and diversity
analysis of sugarcane. ISSRs have been successfully used to estimate the extent
of genetic diversity in a wide range of crop species which include sugarcane
(Srivastava and Gupta, 2008; Da Costa et al., 2011). In addition to the
advantages (inexpensive, easy to generate), F- ISSR markers are more powerful
and efficient in detecting polymorphisms within and among populations and/or
species. The present study also utilized the F-ISSR markers to investigate
genetic diversity and relationships within and among the nineteen groups of
sugarcane varieties of India. Molecular marker-based analysis of genetic
diversity in plant species have become an important tool in crop improvement
and conservation purpose (Weising et al., 2005).

In general, the present study showed that the ISSR markers detected
high level of polymorphism (96.42%) or genetic diversity among nineteen
varieties of sugarcane. These variations can happen due to various reasons such
as modifications in DNA methylation, gene amplification, chromosomal
abnormality and point mutation (Saker et al., 2000). We anticipated that the
results of ISSR-based studies would play a major role in the management,
conservation and improvement of sugarcane because the ISSRs indicate high
polymorphism. Avise (1994) and Dunham (2002) concluded that the high value
of polymorphism is important for a population to maintain its long-term
survival and also to ensure fitness to enable the population to adapt to
environmental changes. Presence of only one ISSR monomorphic band each
with onlyP4 and Ps primers at a particular locus confirms their apparent lack of
genetic variability. The unique banding pattern resulted from varieties can be
used as DNA fingerprint for variety identification and it maintains a variety-
specific gene pool. Unique allele may be originated from point mutation
(Reddy et al., 2002). For an example, in case of Co 6806 and Co 62198 with Ps
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primer showed only one specific unique band at a particular locus by which
they are separated from all other varieties.

The small value of the genetic distance between Co 658 and Co 62175
showed that the populations can maintain their allele which is indicated by the
number of the common bands, they have. On the other hand, the high value of
genetic distance between Co Se 92423(Rajbhog) and Co C 671population exists
presumably because the two populations are not able to maintain their alleles as
indicated by the number of specific bands they possessed.

The high level of polymorphism detected in nineteen varieties of
sugarcane by ISSR markers was expected due to use of external varieties during
breeding programme and also considering the segmental allopolyploid nature of
sugarcane (Da Costa et al., 2011). The justification of the higher level of
polymorphism could be correlated with the nature of ISSR, targeting region
especially rich in microsatellites because those regions are known to
accumulate a large number of mutations due to DNA polymerase slippage
during replication and unequal crossing over (Scl@terer and Tautz, 1992).

Conclusion

Thus, it can be concluded that the success of any crop improvement
programme depends on the variability present in a population. Recent studies
on genetic diversity of 19 varieties of sugarcane through molecular analysis by
using fluorescent ISSR and capillary electrophoresis technique reveal that
variation exists to a great extent. This variation has to be exploited for its
effective utilization in plant breeding programmes. Thus, varietal evaluation
and screening are major areas where molecular markers can be utilized through
diversity studies, fingerprinting etc.
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