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ABSTRACT

Saccharum is a complex genome characterized by pdity levels and composed of six distinct spe@es
officinarum, S. barberi, S. sinensi, S. spontanesimobustum and S. edule. The commercial sugarisame longer
pure Saccharum officinarunbut a species hybrid, complex polyploidy with agéanumber of chromosomes.
Sugarcane cultivars are characterized by a highyplaidy level with more than eight homologous cemé each
basic chromosome of Saccharum officinarum and s¢eepies of homologous chromosomes from S. speatan
This work is on screening and characterization @frosatellite or simple sequence repeat (SSR) mankbich can
be used as both a mapping tool, and a method foetah identification and pedigree control in sugane. A
molecular marker is an identifiable DNA region whosnheritance can be followed along generations.
Microsatellites, also known as simple sequenceat(SSR) or short tandem repeats (STR), are refesgquence
motifs, whose unit of repetition is between 1 anlp6 SSRs marker have broad range of applicatisnsh as
genome mapping and characterization, phenotype mgpmarker assisted selection of crop plants andrege of
molecular biology and diversity studies. The optimaize for the primers is 18 bases, with a maxiraftig® bases.
The optimum melting temperature is 5 with a minimum of 56C and a maximum of 7. The optimum GC
content is set to 50%, with a minimum of 30% andaximum of 70%. Screening of these SSR primerarater
process for tagging of sugar trait gene among Cda6Migh sugar) and UP9530 (low sugar) parents.
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INTRODUCTION

Sugarcane is a member of tedropogoneadribe of the Gramineaeand belongs to the gen&accharum.
Saccharumis associated with four other generBrianthus (sect. Ripidiun), Miscanthus (sect. Diantra),
SclerostachyandNarenga to constitute théSaccharumcomplex”, a closely related interbreeding groupgasged
to be involved in the origin of sugarcane (1). g&sing importance will be given to the productiad atilization of
renewable forms of energy, especially biomass. d¥eseaim to select superior sugarcane clones esiretl traits
such as high sugar content, high tonnage, and jhigb purity. However, actual yields of sugarcanéticars are
much lower than their yield potential. Sugarcanierdcsts attribute this to the narrowness of theegie base of
sugarcane cultivars during domestication in whioksl of some wonderful characteristics has occu(2eH).
Sugarcane breeders attempt to expand the gensgcofgugarcane cultivars by introducing agricalfyrdesirable
traits from related wild species through introgir@sr basic breeding (6-8).
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However, the efficiency of introgression in sugamahas been low due to the low efficiency and teehn
difficulties in crossing and selection processasgafcane is an open-pollinated crop that, withdrictspollen
control, is able to self-pollinate, resulting iteoss progeny being a mixture of self's and hybriisice visual
selection for promising hybrids among these progeoyulations is unreliable (8-10), there has beemereasing
usage of both species- and trait-specific DNA mexke sugarcane breeding (11-15). MicrosatelliteADiNarkers,
also known as simple sequence repeats (SSRs),nar@fothe most powerful genetic marker classesy Tdre
ubiquitous and highly polymorphic, owing to the mtidn affecting the number of repeat units. The enyp
variability of SSRs among related organisms makemtan informative and excellent choice of markersa wide
range of applications in sugarcane, which incluigdensity genetic mapping (16), molecular taggifiggenes
(17), genotype identification (18), genetic anaysi diversity (19,20), paternity determination X2dnd phenotype
mapping and marker assisted selection (22,23).

Distribution

For optimum growth sugarcane require temperatutevdsn 28 C to 30 C and moisture requirement ranges
between 77%-88% of field moisture capacity and gilachinization i.e., bright sunshine and water iéadaility. In
this contest sugarcane can be grown in areas éselen 8 equator to 23 33 North and south latitude i.e., the
countries lies between tropics. In India North ardsugarcane belt consisting of Punjab, Haryan®.\M. P., etc.,
gives 64% of total cane production and occupies B8%he total acre under the crop. The south Indian belt
consisting of Andhra Pradesh, Tamil Nadu and Keetia

SSR (Simple Sequence Repeat) or STR (Short Tandenepeat)

Simple sequence repeats (SSR), also called mietbtest, are becoming the most important molecoiarkers in

both animals and plants. SSR are stretches of6l riacleotide units repeated in tandem and randamigad in
Eukaryotic genomes. SSR are very polymorphic duddchigh mutation rate affecting the number ofeapunits.

Such length-polymorphisms can be easily detecteligim resolution gels (e. g. sequencing gels),umning PCR
amplified fragments obtained using a unique paiprifhers flanking the repeat (24). SSR have sestahntages
over other molecular markers. For example, (i) osatellites allow the identification of many allelat a single
locus, (i) they are evenly distributed all ovee thenome, (iii) they are co-dominant, (iv) littlNB is required and
(v) the analysis can be semi-automated and perfbmwithout the need of radioactivity. SSR are chdzed in

limited number of crop species so for, Sequenaanétion of SSR primer is available in public domfar several
commercially important crop plants (25, 26).

Microsatellites consist of randomly repeated urée;h between one and 10 base-pairs in length,asI€hG) n or
(AAT) n (27). They are widely dispersed through auwltic genomes and are often highly polymorphicede
markers are one of the molecular tools of choigebfodiversity studies because of their high infatibn content
(28). PCR amplification protocols used for micredldies employ either unlabelled primer pairs danpar pairs with
one of the primers being radio labeled or fluotoelad. Electrophoresis of unlabelled PCR produatshe carried
out on smaller vertical poly acrylamide gels orrmmizontal agarose gels.

Microsatellites, like mini satellites, represemdam repeats, but their repeat motifs are shotted pase pairs). If
nucleotide sequences in the flanking regions ofntieosatellite are known, specific primers (gefigr2a0-25 bp)
can be designed to amplify the microsatellite byRP®licrosatellites and their flanking sequences leamdentified
by constructing a small-insert genomic library,esering the library with a synthetically labeledgolinucleotide
repeat and sequencing the positive. Alternativeligrosatellites may be identified by screening senpe databases
for microsatellite sequence motifs from which adjatcprimers may then be designed. In addition, @rinmay be
used that have already been designed for closklietespecies. Polymerase slippage during DNA cefitin, or
slipped strand miss-pairing, is considered to ke rfain cause of variation in the number of repedtsuwf a
microsatellite, resulting in length polymorphisrhgtt can be detected by gel electrophoresis. Othesas have also
been reported (29).

Microsatellites are co-dominant markers and the dgnerated are similar to those of allozymes, ixtteat the
number of alleles and hetero zygosity revealedri®st always higher. Population genetic, parentaigtedness
analysis can then be carried out. SLATKIN (1995) &@OLDSTEINet al (1995) took advantage of our knowledge
of the predominant mode of microsatellite evolut{oe. stepwise mutation) to derive the measuregogiulation
subdivision and average genetic distance (30, Big. strengths of microsatellites include the co-uhamce of
alleles, their high genomic abundance in eukaryats$ their random distribution throughout the geapmith
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preferential association in low-copy regions (3Bgcause the technique is PCR-based, only low diemniof
template DNA (10-100 ng per reaction) are requii2de to the use of long PCR primers, the reprodiitgitof

microsatellites is high and analyses do not reqbigh quality DNA. Although microsatellite analysis, in

principle, a single-locus technique, multiple mgatellites may be multiplexed during PCR or getetphoresis if
the size ranges of the alleles of different loci mut overlap. This decreases significantly the wiwl costs.
Furthermore, the screening of microsatellite vaaican be automated, if the use of automatic sempre is an
option (33)

One of the main drawbacks of microsatellites ist thigh development costs are involved if adequatmer
sequences for the species of interest are unalailadaking them difficult to apply to unstudied gps. Although
microsatellites are in principle codominant markersitations in the primer annealing sites may tesulthe
occurrence of null alleles (no amplification of ttikended PCR product), which may lead to errorgénotype
scoring. The potential presence of null allelegeases with the use of microsatellite primers gateerfrom germ-
plasm unrelated to the species used to generataithesatellite primers (poor “cross-species anygaifon”). Null
alleles may result in a biased estimate of thdialend genotypic frequencies and an underestimatiohetero-
zygosity. Furthermore, the underlying mutation mMaxfemicrosatellites (infinite allele model or stejge mutation
model) is still under debate. Homoplasy may ocdumgrosatellite loci due to different forward abackward
mutations, which may cause underestimation of gemitergence. A very common observation in mictelite
analysis is the appearance of stutter bands teairéifacts in the technique that occur by DNAdige during PCR
amplification. These can complicate the interpretatof the band profiles because size determinatibrihe
fragments is more difficult and hetero-zygotes rbayconfused with homo-zygotes. However, the intdgtion
may be clarified by including appropriate refereigemotypes of known band sizes in the experimengehneral,
microsatellites show a high level of polymorphighs.a consequence, they are very informative maitketscan be
used for many population genetics studies, ranfiimg the individual level (e.g. clone and straiertification) to
that of closely related species. Conversely, thagh mutation rate makes them unsuitable for stidieolving
higher taxonomic levels. Microsatellites are alsmnsidered ideal markers in gene mapping studiesetie
segregation irsaccharum officinarurandS. spontaneury microsatellite markers has been studied (34).

Materials and Methods: Plant Materials:
Different varieties ofSaccharum officinaruravailable in UPCSR research farm were used insthidy. The germ-
plasm accessions are listed below:

A: Saccharum species Genotype
Saccharum officinarurh. Azul de Caza, Paunda
Saccharum barberileswiet PdmsRathri
Saccharum sinensBoxb Shee Nargoni
Saccharum spontaneum Pusaw$-18

B: Commercial Cultivars:
1. Early Maturing groups: Co0S95255, C0S96268, Co0S8436, CoJ64, C0S97261, 82%E9 C0S96268,
C0S8436, C0s99259

2: Mid Maturing groups: UP9530, Co997, Co453, CoS97264, CoS8432, Co8604B3C, Co7717, CoS96275,
Co0Se92423, CoC671, Co975, Co312, CoS96259, CoS97264

Isolation of Plant DNA from fresh tissue:Grind 0.5 gm of leaf material in liquid nitrogen fioe powder using
pre-chilled mortar & pestle. Transfer the powdeatb5 Ml polypropylene centrifuge tube containing Bl of pre
warmed extraction buffer use spatula to dispersarhterial completely. Incubate samples at 60°C fhour with
occasional mixing by gentle swirling. Add 3 ml Ctdéorm, isoamyl alcohol and Mix by inversion to dsify.
Spin at 15,000 rpm for 10 min. at room temp. Remitveeaqueous phase with a wide bore pipette, eansfa
clean tube and add 2/3 volume of iso-propanol andly quick gentle inversion. Spool DNA using a b@asteur
pipette and transfer to another tube. Alternativilyhe DNA appears flocculent, centrifuge at 500én for 2 min
and gently pour off the supernatant. Wash the DNAepin 70% ethanol (5-10 ml) for 20 min. dry thellet and
dissolute in 100- 500 pl tris buffer (35).
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Purification of DNA: Add 5 pl of RNase (stock 10 mg/ ml.) DNA samphknd incubate 37°C in water bath for
1 hour. Add equal volume of phenol: Chloroform:dstyl alcohol (25:24:1) and mix. Spin at 15000 rpon 5
min. at room temp. Take out the aqueous phaseransfér to a fresh micro tube. Extract twice witjual volume
of Phenol: Chloroform: isoamylalcohol (25:24:1),nduge and take out the aqueous phase. Add Olanv of
3M sodium acetate (pH 4.8) and mix properly. Ad8 imes absolute alcohol mix by quick gentle dii@rsto
precipitate the DNA. Pellet the DNA by Centrifugatiat 15,000 rpm for 15min. in a microfuge (36).cBat
Supernatant carefully, wash the pellet with 70%aeth & air dry and dissolve DNA in 50-100 pl trisifer. (0.1N
HCI).

Quantification of DNA (Gel Analysis): Cast agarose gel 0.8% in 0.5 X TBE (Tris Borate BDPBuffer. Load 2-
5ul of DNA sample. Load a known amount of uncutggh®NA as control in the adjacent well. Run theae$0 V
for 1 hour. Stain the gel with ethidium bromide @min (0.5pg/ml) for 10 minutes wash with distilledater and
visualize under UV light. Judge the DNA qualityeBence of a single compact band at correspondisigiggoto
phage. Estimate the quantity of DNA in the sampligés comparison with the control either by eyegindnt or by
densitometry measurements (37).

Procedure The protocol available and developed in the latmry at UPCSR was employed for PCR amplification
(38). PCR amplification is carried in 10 pl volumsing 0.2 ml thin walled PCR tubes. The reactiors a@tup as
follows.

» Reaction mixture was prepared for 45 samples ekmudNA template.

» The reaction was distributed in 45 tubes.

» 2 pl of each DNA sample was added to respectivestub

» The PCR tubes containing reaction were placedamthl cycler.

Tablel: Details about PCR reaction

Reagents Stock Concentration Final Concentration Mome/reaction (10ul)

Genomic DNA 200 ng 25 ng 1.0 ul

Taq Buffer 10 X 1X 1ul

dNTP: 10 Mmr 2.5 Mir 0.2

Forward prime - 5 Pico mol 1.0p

Reverse primer - 5 Pico mole 1.0 ul

Taq DNA Polymerasg 3U/ pl 0.21U 0.073 pl
DDW - To make up final volume 5.73 pul

RESULTS AND DISCUSSION

Plant material consists of young leaves of high aholw sugar verities eg. Co086011 (high sugar)HG®(low
sugar) & their progenies eg. Co86011x CoHDNA was extracted from immature leaves ahen
purified by RNAse enzyme after that we checkbd yield of DNA on 0.8 % agarose gel throaglarose gel
electrophoresis. The yield of DNA was observedhia toncentration of 200, 150, 100, 50 ng. the lyighding
DNA was diluted by dilution formula (N1V1= N2V2J10 mM tris HCI solution and again checked thealfin
concentration on 0.8 % agarose gel. Thus, 25ng D& ready for PCR amplification with SSR primer.
Polymerization of PCR product was detected pofyacrylamide gel electrophoresis (PAGE) amslialized in
alpha innotech gel documentation system. Fevwpletographs are given here with the size of angalifragment
(bp).

Figure 1. Diluted DNA of saccharum parent and theiprogenies
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Microsatellite markers are important for sugarceesearch because they are PCR markers and aréogasyorm;
also they are the product of specific primers aredraore stable than those generated by random wisueh as
random amplified Polymorphic DNA (RAPD) markers. dkher advantage is that, unlike Amplified Length
Polymorphism (AFLP) markers, they are locus-spedind are transferable across genotypes withirspleeies,
which is an important factor for mapping purpos&sother aspect of the complex sugarcane genomec#imbe
addressed using the information obtained from répetDNA is polyploid genome evolution. This oceuin
allopolyploid cotton, where repetitive DNA accoulfits about half of the genome size differences betwthe 2

206
Pelagia Research Library



Ved Kumar Mishra et al Adv. Appl. Sci. Res., 2015, 6(4):202-209

diploid progenitors. Continued application of malkr markers, such as EST-SSRs, to sugarcane gemoahesis
holds great promise for producing lasting insigtibiprocesses by which novel genotypes are geiderate

Computational Study of SSR:A molecular marker is an identifiable DNA region ege inheritance can be
followed along generations. Molecular markers hdexome a powerful tool in many areas of biology.
Microsatellites, also known as simple sequenceasp&SSR) or short tandem repeats (STR), are rgbsauence
motifs, whose unit of repetition is between 1 anop6 SSR markers are the marker of choice for gesetic and
breeding applications due to their widespread idistion, high levels of polymorphism, high reprothility and co
dominant mode of inheritance i8. Officinarum.They are highly abundant in the genomes of eukasyot
polymorphic and usually co-dominant and transferabétween different mapping populations. Microdigel
markers can also be used in automated genotypihgitpies. SSRs or microsatellites have been showa tne of
the most powerful genetic markers in biology. Deflras runs of tandem repeated DNA, they exhibigh tegree
of polymorphism due to the mutation affecting thember of repeat units. This hyper variability amaetated
organisms makes them excellent markers for genoigpetification, analysis of genetic diversity, plogype
mapping and marker assisted selection of crop ple&®SRs marker have broad range of applicatiors) ag
genome mapping and characterization, phenotype imgpmarker assisted selection of crop plants anahge of
molecular biology and diversity studies. The optimsize for the primers is 18 bases, with a maxinofi24 bases.
The optimum melting temperature is 85, with a minimum of 50C and a maximum of 78C. The optimum GC
content is set to 50%, with a minimum of 30% amdaximum of 70%. Screening of these SSR primersiader
process for tagging of sugar trait gene among Cb8§bigh sugar) and UP9530 (low sugar) parents.

Computational Study of Length and GC content for al available SSR primers:It is generally accepted that the
optimal length of PCR primers is 18-22 bp. Thisgiénis long enough for adequate specificity, anartsénough for
primers to bind easily to the template at the alimgaemperature. All the sequences of forward eswkrse SSR
primers were putted properly in the readable foon MACHINE. Computational study of their length a@&C
content distribution has been performed by my waittem programs in MATLAB. GC-content (or guanine-
cytosine content), in molecular biology, is theqastage of nitrogenous bases on a DNA moleculewdie either
guanine or cytosine. The GC content (the numbés'sfand C's in the primer as a percentage of tiaéltases) of
primer should be 40-60%. Result of analysis ofritigtion of length and GC content for all 614 prisi@re as
following

» The optimum size for the primers is 18 bases, withaximum of 24 bases, with an average length 4f. 20
» The optimum melting temperature is 55°C, with aimumm of 50°C and a maximum of 65°C.
» The optimum GC content is set to 50%, with a minimaf 30% and a maximum of 70%.

Langsl -

Figure5 : Plot of the histogram of length of SSR fimers
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Figure6: Plot of Length for f-sequence SSR primers
CONCLUSION

This project work relateSaccharumspp. microsatellites and their flanking sequentssie polymorphic survey.
These polymorphic primers can be used for fingatpg purpose and that may be used for applicatiuth as:
identification of Saccharumcomplex accessions, management of germplasm tofie¢ selection of progenitors,
distinction between varieties, identification ofbhigls, introgression of desirable genomic sequenpaternity
determination, mapping of genes and quantitatie& toci (QTLs) and development of MAS (marker-agsil
selection) procedures. Clear polymorphic band vebserved for sugar and sugar related traits irBtilke DNA of
high sugar and low sugar varieties. SSRs markersetdkefrom grape ESTs showed that the 3 untrargsleggions
was the most polymorphic. The potential utility ®6Rs as a molecular profiling technology to aicgiigarcane
research and product development remains to beuateal, although the design of PCR primer pairstifier
generation of sugarcane microsatellite markers rtedoin this work can be used to assess the ussfsliof
sugarcane EST-SSR markers. High sugar and low stagyamercial hybrids were chosen for primer scregnin
because they are the parents of a population dlyreeing used for linkage mapping and quantitatingt loci
(QTL) tagging, it is planned that the EST-SSR prisnghowing polymorphism will be mapped in this pagion.
Most of the primers studied amplified larger fragmsethan expected, reflecting the possible presefigatrons
within the genomic DNA sequence, and suggests thatpresence of long introns between the sequences
homologous to the primers in the genomic DNA mapla&x the lack of amplification in some of the péam that
did not amplify.
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