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Abstract

Forty five Genbank derived STMS primers were tested on
36 sugarcane (Saccharum spp.} varietles and genetic
stocks to ldentify the mest sultable primers for clonal
identification In sugarcane. Initially, molecular profiles of
25 elite hybrids of diverse origin were generated with
these primers to identify those with high polymorphism
information content. Each hybrid could be distinguished
individually by twenty primers, while the remaining primers
were effective In combination of twe or three. The axtent
of genetic differences brought about by somaclonal
variatlon and Induced mutation in sugarcans was
significantly less compared with that brought abeut by
conventional breeding. Based on PIC values, 25 most
polymorphlec STMS primers were |dentifled for testing on
genetically mors similar genotypes Including six
somaclones and flve induced mutants derived from a
sugar-rich varlety viz, CoC 671, Highly simllar molecular
profllss of these clones reflected thelr simillar genetic
architectura. Seventsen primers detected genstic
diffarences ameng the mutants, in confrast to only three,
among the somaciones Indicating that Induced mutations
created more genetic changes than somaclonal variations.
Thirteen most suitable primers that could differentlats
gemmerclal hybrids as well as the mutants and somaclones
were Identifled for routine fingerprinting of sugarcane
hybrids.
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Introduction

The present day commercial sugarcane varigties are
the products of intercrossing and selection of hybrids
of interspecific origin. Identification of varieties for
maintaining varietal purity is done by a set of
morphological descriptors based on gross morphology
of cane [1, 2]. Though characterization based on
morphological characters is easy and economical,
availability of a large number of varleties suited to
specific agro-ecological conditions of india invite constant
attention in assuring varietal purity. Continuous variation
of these traits and the influence of environment that
modities their expression ars problems to the

unambiguous identification of varieties. A more
satisfactory understanding of the genotype can be
realized by anatomical, cytological, biochemical and
molecular characterization. During the past two decades,
several molecular marker systems have been developed
with a range of appiications to aid breeding, selection
and identification of plant breeder's materials.

Among the molecular markers, misrosatellites or
simple sequence repeats consisting of short tandemi
repeats of di- to penta-nuclectide seguence motifs {3]
are widely used as genetic markers for their abundance,
codominant, multi-allefic and highly polymorphic naturs,
ease of scoring with PCR and high reproducibility. The
sequences flanking specific microsatellite ioci are used
for designing primers to amplify individual microsatellite
loci and the technique is described as segquence tagged
microsatellite loci (STMS) [4]. Results of microsatellite
analysis in sugarcang have indicated the power of this
marker system in quantifying genetic diversity in
sugarcane [8] and identifying cane varietles in several
countries [6, 7] STMS is found to be a very useful
molecular marker system for plant variety
characterization [8, 9.

In this study, STMS ptimers deveioped from
sugarcane sequences in the Genbank database were
used on a representative sample of 36 sugarcane
germplasm comprising of varieties with varied
geographical adaptation in tropical and subtropical India
and mutants and somacicnes derived from a high
sucrose commetrcial clone CoC 671. The aim was to
assess the utility and efficiency of these markers in
generating clear and unambiguous fingerprints for their
continued use in molecular fingerprinting of sugarcane
varieties and genetic stocks. This will help the process
of DUS (distinctiveness, uniformity and stability) testing
for varietal identification and protection.

Materials and methods

Plant material and STMS primers: Twenty five elite
hybrids of commercial status and genetic stocks iz,
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Co 7314, Co 87270, Colk 8102, BO 91, Co 94005,
Co 94008, Co 6304, Co 86032, Co 740, Co 8347, Co
89003, Co 1148, CoC 671, Co 85004, Co 6806, Co
7201, Co 91002, Co 7704, Co 775, Co 62188, Co
86002, Co 86002, ISH 35, ISH 41 and ISH 68, six

somaciones of a sugar rich indian commercial hybrid -

viz., CoC 671 (Co 88008, Co 88025, Co 89005, Co
89034, Co 94003 and Co 94012) and five induced
mutants developed through gamma irradiation of the
caili of the same parent wiz., CoC 671 {Co 91017, Co
94007, Co 99012, Co 200002 and Co 200003) were
taken for the study. A total of 45 polymorphic STMS
primers developed from the Genbank seguences
containing microsatellite repeats were used for detecting
the genetic polymorphism among the commercial
hybrids. These primers are NKSCS8SR 1, 2, 3, 4, &,
6, 7,8 9, 11, 12, 14, 15, 16, 17, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 34, 38, 40, 42, 43, 45,
46, 48, 50, 51, 52, 53, 56, 57, 61, 83, 65, 69. Details
regarding the primers are available at
www.nrepb.org/STMS.html. Among  these 25 primers
were tested on the somaclones and mutants (Table

i}

PCR Ampiification and elecirophoresis: DNA from
young leaves of the above parental clones was isolated
using CTAB method [10} and quantified by ethidium
bremide staining after agarcse gei elecirophoresis using
known concentration of A DNA, The samples were
diluted to get a final concentration of 20ng/ul for PCR
amplification. The PCR was performed in a thermal
cycler (Gene Amp PCR System 9700, ABI} using a
10, pl reaction mix consisting of final concentration of
20ng template DNA, 1pmot each of forward and reverse
primers, 0.5 units Tag polymerase, 1 x Taq DNA
polymerase buffer, 2mM dNTPs and 1.76mM MgCl,.
The basic cycling profile was 5 min at 94°C followed
by 30 cycles of 30 seconds at 94°C, 30 seconds at
the annealing temperature standardized for each primer
{ranging from 51°C to 59°C) and 50 seconds extension
at 72°C and a final extension of 5 minutes at 72°C,
PCR products were resolved through polyacrylamide
gel eiectrophoresis {PAGE) on 7.5% non-denaturing
polyacrylamide gels with 0.8% cross linker using 0.5
x TBE buffer in a vertical slectrophoresis apparatus
{Hoefer S.E 600 Ruby} and stained with ethidium
bromide. The gels ware visualized under UV light in
a gel documentation system (Flurochem'™ 5500, Alpha
Innotech) to detect polymorphism.

Band scoring and analysis: Bands visualized on
PAGE gels were sized using 50bp ladder, and scored
for their presence as 1 and absence as 0. Binary
matrices consisting of Os and 1s were analyzed to
obtain Jaccard’s similarity coefficients among the
parental clones using NTSYS-pc software (Version 2.0},
Exeter Biological Software, Setauket {NY). Genefic

[Vol. 66, No. 2

similarity matrix generated using Jaccard coefficients
was used for clustering using the unweighted pair group
method with arithmetic average (UPGMA) algorithm in
NTSYS-pc {11]). Polymerphism information content {PIC)

2
was caloulated using the formula PIC = 1 - z Py

where Py is the frequency of the jth allele for the ith
locus summed across all alleles for the locus [12].

Results and discussion

As the traits in sugarcane are fixed by vegetative
propagation through stem cuttings, there is uniormity
and stability of the DNA fingerprints once generated.
This has made DNA fingerprinting a reliable method
to varietal identification in this crop.

Twenty five elite hybrids of diverse origin were
analyzed with 45 polymorphic sugarcane STMS markers.
There was wide range of variabilty among them (Fig.
1}, The number of bands detected with each primer
ranged from 3 {with NKSCSSR 1) to 23 {with NKSCSS&R
27} with a total of 552 bands on ethidium bromide
stained PAGE gels. Average number of bands observed
on PAGE gels was 12.27 bands per primer compared
toc 2-12 bands on agarose gels as reported by Cordeiro
et al. [5] on a similar set of sugarcane clones. Twenly
STMS primers among 45 tested could differentiate all
the 25 commercial hybrids. These primers were
NKSCSSR 14, 15, 18, 17, 21, 23, 24, 25, 27, 28, 30,
34, 42, 45, 46, 52, 53, 83, 65 and 69. While the
STMS primer NKSCSSR 52 was found to be useful
in combination with three STMS primers, combinations
of two of the remaining 24 primers were able fo
distinguish all the commercial clones studied {in separate
reactions}. Thus use of PAGE gels improved the
efficiency of STMS analysis by providing more
information from each primer and for developing ciear
fingerprints. PIC values of these primears ranged from
0.44 for NKSCSSR 69 to 0.73 for NKSCSSR 1, 17,
21 and 63 (Table 1). Microsatellites were found to be
valuable not only for their rapidity to generate markers,
but also for their ability to discriminate 96 cultivars of
Mauritius with just two primer pairs [7].

Bassed on the results on elite hybrids, 25 primers
with more PIC values were identified for generating the
molecular profiles of genetically more similar clones
comprising of somaclones and mutants. PIiC vaiues
and nucleotide sequences of these primers are provided
in Table 1. A total of 297different bands were detected
from 25 STMS primers from six somaciones and five
induced mutants of CoC 671, of which 47 bands
(17.94%) were polymorphic. The high level of molecular
uniformity of these lines reflected extremely similar
genetic nature of these ciones. An example of their
relative uniformity is shown in Fig. 2 whers only a
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Table 1. STME pnmars selected based on lhesr discrminatony power on commaecial Mynds and penedc siocks and leshed
on Col 671 denved somacionss and mutarls

Sl Na. STMS: Primass Primar squance P valuss
Faneard (F} Farvarsa (R)
1 HESCEER 1 ggaigtgicatagocant coccaacigagackTiac Tl
2 NHSCS5A 2 goigiccogficcangiiac gegaccopasiaipal patt LT
3 HKSCS5A 3 I pCECACARCASC] Ieitcgoiatatalgginea .55
4 NKSCSSR 5 ABGCIECACACCAR]E HpCARARTGHEOEERA oaT
5 MKSCS5A 12 EageCaCghgabgcttict cogAtecAlagCagGt 085
[ HKSCSSA 18 gacaganinigccabggatnacas oghiciciggiccinggags 0.7
7 NKSCSSRA 17 gricgecalgantagaangg acTgaggnggagazagtat 0.73
4 NKSCS5R 20 cagooanggoigaganaaag finctaigoaccasgatacacy 0uEd
a NEGCS5R 21 tangocafigggaagaggig cigaigociggoaatctic 03
10 MRSCSSA 22 grinaghgeogatgagan I gEEIgaRtRatgG .67
11 MESCS5R 23 AR CCCRRLARJANET eggaggtagaceamy .88
12 MKSCSSR 25 rcalgeasgoegigiage BiGEaEACGTICTIgE 071
13 MNKSCSSA M e Te e Th e e T EAgEhEmEgieEI O
14 HESCESA 27 tggattippglaaggalgga tnatgocicigggcicanad 067
15 MKSCESA 30 clechcicciiogeatos caccEiciggagcacgia 065
18 MNHECEER 40 galggaggsmgeaalga FrhiGEocactgansigaa 0.67
17 MEBCSSH 45 GYppicoggRIGHRER] cacginiaanggCooigpg 0.50
18 NKSCSSR 51 (EpgagagCARGEagCan CCACCOANIpCAl)RANGEA 0,80
19 MKSCSSA 52 GRRELE G ABCARGTICS AT SAASE 057
20 NKSC35HR 58 ClAARCOpAARCpEARDE] EBegiepaiprascals a.r
21 NEECESH &7 ogagocioociocatagati
i NRECSER 61 Hggacaiggeaaghctag
i NHECSER &3 gatigganacalgggatigg
e | HRELCSSA 65 LIS e e Lteeet 1
25 NKSCSSA 69 BrgggagiGagactyasgeg

Fig. 1a. NKSCSSR 17 Fig. 1b. NKSCESR 20
Fig. 1. Fingerprints of alite hybrids and ganetic stocks genorated by two STME primers
Lame 1. Co 7314, 2 Co §7270, 3, Colk 8102, 4, BO 91, §, Co 94005, 6. Co 94008, 7, Co 6304, 8, Co BE03Z, 9. Co 740, 10. Co 8347,

11. Co 88003, 12. Cel 671, 13. Co B5004, 14, Co 6806, 15, Co 7201, 16, Co §1002, 17. Co 7704, 18, Co 775, 19. Co E21688, 30. Co
BE0O0E, 31, Co DEODT, 22, 15H 35, 23, ISH 41, 24, ISH 649, M-50 pb Indder
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Tuble 3. Polymompham delstied in (e somacionss and

migants of a sogar mch indian hybeid Col &71
using 28 STMS primars

g1, Primar Ma. Mumbar Porcantage of  Genobypes
Mo ol polymorphic  distinguishad
- B -, .- b

1 MNeBCERR 1 ] 25.00 Cio 200002

- NEBCEERA 2 10 40,00 Co 200003

3 HRSCESA 3 ] a7.50 o 2000032

4 WNKSCE5R 5 8 37,50 Co 000032

5 MNKSCS55R 12 10 20.00 oo 20002

-] NKSCSER 18 12 alnn} -

¥ HWKSCESA 17 16 12.50 Co 84003,
Co BEJ25

a NEKSCSSEA 20 18 2006 Co 200002,
Co 200003

] MESCSSH 21 15 EBT G 200002

10 MKSCSSA 23 18 2500 Co 200002,
Cofediz

11 HKSCESA 28 14 14.30 Co 200002

12 MEKSCESSA 28 10 wln1} i

13 NKSCSSR &7 15 LoD =

14 HNHESCESR 30 10 20,00 G 88005,
Co 84012,
ComiT

168 MNKECSER 40 11 18.20 Co 200002

18 MKSCSS5R 45 -] 0.00 -

1T MNKSCSSR 48 18 0,00

18 NEKBCESR 51 10 0.00

15 WEBCESR 82 18 0.6 .

20 MNESCSSA 58 g 50,00 Cao 200002

21 M¥SCSSR 5T iz 8.30 G 200003

22 NEECEER 81 12 i1, 70 Cao 008,
Co BBO2S,
Cao #3012,
Ca 10T,
Ca a0y

23 NEECESH 83 1" 45,580 o 200002

24 NeECESRH a8 i by i ] Ca 21017,
Ca 200002

25 WHSCSER 86 T .00 .

mutant clone (Co 200002) showed polymorphism. This
was in accordance with their mosphological similarity
among ona another and with their onginal parent. The
study cloarly showed that the extent of genatic
difierences brought about by somaclonal varation and
induced mutabion i sugarcans is significantly less
compared with ihat brought abowi by commentional
breading

Molecular profiles of six somaciones and fve
mulanis generated with 25 STMS primars were used
fo identity the clones thal could be distinguished with
individual primars. The clones Co 83034 and Co 84007
oxhibited exacily similar molecular profiles with all the
primars thersby making their distinction dificull. This
ocbservation was in accordance with thair high leval of
mormphaological uniformity. The STMS primers as given
in Table 2 could distinguish other clones. Seventsen

“.:'_ b Bt -5 PR e B )

Fig. 2 Fingerprinta of olevan Cot 671 derived somaciores and
mutants by the STMS primer NKSCSSR 2
Lana M: 50 bp Iadder, Lana 1. Co 89008, 2. Co 8B00E, 3,
Co 85034, 4. Co B4012, 5. Co B400d, 6. Co BBODS, T. Co
ml Co 84007, 8. Co 28012, 10, Co 20002, 11, Ca

STMS pomers viz, NKSCSSR 1, 2, 3, 5, 12, 14, 17,
20, 21, 23, 28, 30, 58, 57, 81, £3 and 65 with very
high discriminafory power could differeniiale clossly
relaied clones of CoC &71. The mutani clone, Co
200002, was the most diverse and could be distinguishad
by sleven STMS primers wiz, NKSCSSA 1, 2, 3, 12,
14, 20, 21, 25, 58, 5Tand 63, Sevenleen primors could
detect genefic diffarences among the mutant clones, in
contras] (o three primers that showed polymomhism
among the somaciones indicating that induced mutation
created highar frequency of genstic dileronces over
NKSCS5R 1, 2, 5 17, 20, 21, 23, 25 30, 56, 61, 63
and 65 were best sulted for fingemrinting sugarcans
varigties dun 1o Iheir high discriminatory power io

Tha siudy highlighiad the efficiency of STMS
markars for fingerprinting sugarcanse hybrids by providing
sufficiant number of new STMS markers for fingenpeinling
sugarcans warieties. The study alse showsd that
somacional variation brought about less number of
genatic aflerations companed o Induced mutations, while
oulcrossing bed 1o lamger penatic rearanpaments in e
heterozygous and polyploid genome of sugarcane.
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