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Abstract With the objective of identifying SSR
markers that can distinguish parental lines of rice
hybrids, we characterized 10 each of cytoplasmic male
sterile (CMS) and restorer (R) lines along with 10 pop-
ular Indian rice varieties using a set of 48 hyperpoly-
morphic SSRs distributed uniformly across the rice
genome. All the SSR markers were polymorphic,
amplifying a total of 163 alleles, with an average of
3.36 § 1.3 allelic variants per locus. Twenty-seven
SSR markers showed ampliWcation of an allele, which
was very speciWc and unique to a particular parental
line and not ampliWed in any other rice genotype tested.
Through multiplex PCR, SSR marker combinations that
were unique to a particular parental line or hybrid were
also identiWed. With a set of 10 SSR markers, all the
public bred Indian rice hybrids along with their parental
lines could be clearly distinguished. To utilize these
SSR markers eVectively for detection of impurities in
parental lines, a two dimensional bulked DNA sam-
pling strategy involving a 20 £ 20 grow-out matrix has
been designed and used for detection of contaminants in
a seed-lot of the popular CMS line IR58025A. We have
also designed a multiplex PCR strategy involving single

tube analysis using 2–3 markers for hybrid seed purity
assessments and demonstrate its superiority over single
marker analysis in accurate detection of impurities in
hybrids. Implications of parental and hybrid speciWc
SSR markers and strategies to utilize the informative
SSR markers for detection of contaminants in a cost
eVective manner are discussed.
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Introduction

Tropical rice growing countries including India need to
step up their rice production because of increasing pop-
ulation and decreasing land and water resources.
Hybrid rice cultivation oVers an opportunity to
increase rice yields and thereby ensure a steady supply
of rice (Virmani and Kumar 2004). Since the develop-
ment of the Wrst CMS line in China (Yuan 1977), many
hybrids have been released in China, India, Vietnam,
Philippines, Indonesia, and Bangladesh. These hybrids
have recorded a yield advantage of 15–20% over semi
dwarf high-yielding varieties (HVYs) in farmers’ Welds
(Rangaswamy and Jayamani 1996; Mishra et al. 2003).
The success of hybrid rice technology beside other fac-
tors, depends on the production and timely supply of
genetically homogenous seeds to farmers. This ensures
that the gains of heterosis can be harnessed through
enhanced yields by growing a genetically pure hybrid
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crop. It has been estimated that 1% impurity in the
hybrid seed brings down the potential yield of hybrid
by about 100 kg ha¡1 (Mao et al. 1996). In a country
like India, where contract farming is practiced at many
places for hybrid seed production, with the active par-
ticipation of private sector (Mishra et al. 2003), moni-
toring genetic purity at each stage of seed production
becomes necessary.

Assessment of seed purity is one of the most impor-
tant quality control components in hybrid seed produc-
tion. Traditionally, it has been the practice to carry out
a grow-out test (GOT), based on morphological traits,
for assessment of purity of seeds. GOT is time consum-
ing (takes one full growing season for completion),
space demanding and often does not allow the unequiv-
ocal identiWcation of genotypes. Earlier, we reported
the use of Simple Sequence Repeat (SSR) and
Sequence Tagged Site (STS) markers for rapid assess-
ment of hybrid and parental line seed purity, as an
alternative to GOT (Yashitola et al. 2002; Yashitola
et al. 2004). Subsequently, Nandkumar et al. (2004)
also showed the utility of SSR markers for Wngerprint-
ing rice hybrids. But these studies involved a limited
set of markers (<12) and the assessment of genetic
purity was based on a single marker and single seed/
seedling based analysis. For accurate detection of
impurities in seed lots, it is essential to identify a set of
informative SSR markers which can clearly distinguish
the parental lines and amplify speciWc or unique allele
combinations in the hybrids, not present in any other
rice line. Moreover, the assay should preferably be
based on analysis of bulked samples rather than single
seed assays so as to bring down the cost of the assay.
With this objective, in the present study, we have (i)
characterized 10 lines each of popular public bred CMS
lines and restorer (R) lines used for hybrid rice produc-
tion along with 10 inbred rice varieties using a set of 48
uniformly distributed hyperpolymorphic rice SSR
markers, (ii) identiWed parental line and hybrid speciWc
markers/marker combinations and (iii) utilized them in
parental line and hybrid seed purity assessments.

Materials and methods

Rice genotypes

Thirty genotypes which include 10 CMS lines and 10
R lines used for production of rice hybrids in India

and 10 elite rice varieties adapted to diVerent rice
growing regions of India were analyzed (Table 1). In
addition, three commercially released rice hybrids
developed using popular CMS line IR58025A, viz.;
DRRH1, KRH2 and Sahyadri (Table 1) were also
analyzed.

DNA isolation and polymerase chain reaction (PCR) 
analysis to identify informative SSR markers

For parental line characterization, total DNA was
extracted from freshly germinated young seedlings fol-
lowing the protocol of Dellaporta et al. (1983). A total
of 48 rice SSR primer pairs were used for PCR ampliW-
cation. The SSR markers were selected from the rice
SSR linkage map (Temynkh et al. 2000, 2001; avail-
able online at http://www.gramene.org) based on the
following criteria: (i) uniformity in distribution across
the genome and (ii) High polymorphic information
content (PIC). The details of selected microsatellite
markers and their positions on respective chromosomes
are given in Table 2. DNA samples (40 ng) were
ampliWed in 10-�l reaction volumes containing 1X
PCR buVer [10 mM Tris–HCl (pH 8.3), 50 mM KCl,
1.5 mM MgCl2, 0.01% (v/v) gelatin] (Bangalore
Genei, India), 0.2 mM of each dNTPs (Bangalore
Genei, India), 10 pmol of each primer and 1 U of Taq
polymerase (Bangalore Genei, India). PCR was carried
out in a Thermal cycler (Perkin–Elmer-Gene Amp
PCR System 9700, USA). The basic PCR proWle was
5 min at 94°C, 35 cycles of 1 min at 94°C, 1 min at
55°C, 2 min at 72°C and 7 min at 72°C for Wnal exten-
sion. In the preliminary parental line characterization
studies, the ampliWcation products were size fractioned
in a 15% native polyacrylamide gel (Sigma, USA) in a
Protean II gel casting and electrophoresis apparatus
(BioRad, USA), stained in 0.5 �g/ml ethidium bro-
mide, visualized under ultraviolet light as per the pro-
cedure described in Sambrook and Russell (2001) and
documented in a gel documentation system (Alpha
Innotech, USA). The sizes of the ampliWed fragments
were estimated with the help of Alphaease software
utility of the gel documentation system using 50 and
100 bp DNA ladders (MBI Fermentas, Lithuania) as
the size standards. If a certain allele with respect to a
particular SSR marker was observed uniquely in just
one of the rice genotypes under study and absent in
all the other rice genotypes, it was considered to be
speciWc for that genotype and such SSR markers were
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categorized as informative SSR markers. SSR marker
combinations (i.e., 2–3 markers), which did not show
signiWcant primer sequence matches and with ampli-
con sizes that were well apart from each other were
tested for multiplex PCR in a single tube reaction. The
markers combinations exhibiting clear ampliWcation of
speciWc allele combinations in hybrids and parental

lines were also considered as ‘informative SSR mark-
ers’. In seed purity assays of parental lines and hybrids,
the amplicons were resolved on 3% agarose gels,
stained with ethidium bromide and visualized under
UV in a gel documentation system (Alpha Innotech,
USA) and impurities were identiWed based on devia-
tions in expected ampliWcation pattern.

Table 1 Parental lines, 
hybrids and varieties used

S.No. Rice lines Parentage

Group I—CMS lines

1 IR58025A IR48483A £ Pusa167-120-3-2

2 IR62829A IR46828A £ IR29744-94-3-2-2-3

3 IR68886A IR62829A £ IR62832-58-7-8-1-8-12-4

4 IR68888A IR62829A £ IR62844-15-6-1-10-3-4

5 IR68897A IR62829A £ IR62856-15-3-1-1-7-5-10-3

6 IR69628A IR62829A £ IR62852-82-2-4-8-4-4-3

7 DRR2A V20A £ RNR18953

8 PMS10A V20A £ RP2B-849

9 CRMS31A WA £ Manipur

10 CRMS32A Kalinga £ Mirai

Group II—Restorers

11 KMR3R –

12 BR827-35R –

13 IR40750R IR 19660-274-3-3-1-3 £ IR 22082-41-2

14 NDR3026R –

15 Ajaya R IET 4141 £ CR 98-7216

16 C20R –

17 IR10198R –

18 UPRI19233R –

19 IR66R IR 13240-108-2-2-3 £ IR 9129-209-2-2-2-1

20 IR9761R –

Group III—Inbred varieties

21 BPT5204 GEB 24 £ TN-1 £ Mahsuri

22 Swarna Vasistha £ Mahsuri

23 Jaya TN-1 £ T 141

24 Vijetha MTU 5249 £ MTV 7014

25 Krishnahamsa Rasi £ Fine gora

26 Pusa Basmati-1 Pusa 150 £ Karnal local

27 PR106 IR8 £ Peta5 £ Bellapatna

28 Vibhava CR 44-35 £ W 1270R

29 Mandya Vijaya Sona £ Mahsuri

30 IR64 IR5657-33-2-1 £ IR 2-61-465-1-5-5

Group IV—Hybrids

1 DRRH1 IR58025A £ IR40750R

2 KRH-2 IR58025A £ KMR3R

3 Sahyadri IR58025A £ BR827-35
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Purity assessment of CMS line IR58025A

A two dimensional DNA sampling strategy suggested
by Nas et al. (2002) was adopted for this purpose. Four
hundred seeds of the CMS line IR58025A collected
from a commercial seed-lot were planted in a 20-
row £ 20-column grow-out matrix (Fig. 2B) during
Wet season 2004 in the experimental farm of Director-
ate of Rice Research, Hyderabad, India. When the
seedlings were 20-d-old, »2 cm leaf bits were col-
lected from each of the seedling on the rows of the
matrix, bulked and used for isolation of total genomic
DNA by following the protocol of Zheng et al. (1995).
Similarly, DNA was isolated from bulked leaf bits
from each column of the matrix. Thus a total of 40
DNA bulks representing 20 rows and 20 columns were
prepared and these were ampliWed through multiplex
PCR using two informative SSR markers RM202 and
RM276, which ampliWed alleles unique to IR58025A.
The rows and columns, which showed ampliWcation
pattern diVerent from that of IR58025A, were consid-
ered as impure rows or columns. Plants located on hills
where the impure row(s) and column(s) intersected
were considered as suspected admixture(s). The seed-
lings in the 20 £ 20 grow out matrix was grown till
maturity and the genotype as deduced from marker
proWles was veriWed with the phenotype as deduced
from GOT. The experiment was repeated once again in
Dry season 2005 to reconWrm the results.

Purity assessment of the rice hybrid-KRH-2

Four hundred seedlings of the rice hybrid KRH-2
were planted in a grow-out plot in the experimental
farm of Directorate of Rice Research during wet sea-
son 2004 and dry season 2005. DNA was isolated
from 20 days old seedlings of the 400 coded plants,

Table 2 List of rice microsatellite markers used

Marker Chromosome Position 
(cM)

# of alleles 
ampliWed (NA)

RM 499 1 0.0 3

RM 259 1 54.2 2

RM 9 1 92.4 2

RM 226 1 154.8 3

RM 53 2 32.7 2

RM 341 2 82.7 4

RM 475 2 92.5 3

RM 263 2 127.5 4

RM 231 3 15.7 2

RM 251 3 79.1 3

RM 426 3 157.3 3

RM 570 3 221.1 3

RM 307 4 0.0 4

RM 551 4 8.5 4

RM 335 4 21.5 3

RM 303 4 116.9 3

RM 592 5 31.4 3

RM 289 5 56.7 4

RM 164 5 78.7 2

RM 334 5 141.8 3

RM 204 6 25.1 4

RM 276 6 40.3 4

RM 162 6 108.3 2

RM 400 6 134.5 3

RM 346 7 47.0 4

RM 336 7 61.0 7

RM 70 7 64.6 7

RM 234 7 88.2 2

RM 55 8 47.0 2

RM 547 8 61.0 4

RM 223 8 64.6 4

RM 149 8 88.2 4

RM 444 9 3.3 4

RM 219 9 11.7 2

RM 160 9 82.4 2

RM 215 9 99.4 5

RM 474 10 0.0 3

RM 184 10 58.3 2

RM 228 10 96.3 5

RM 333 10 110.4 2

RM 202 11 54 5

RM 209 11 73.9 6

RM 229 11 77.8 2

Table 2 continued

Marker Chromosome Position 
(cM)

# of alleles 
ampliWed (NA)

RM 206 11 102.4 5

RM 415 12 0.0 2

RM 247 12 32.3 5

RM 341 12 49.5 4

RM 235 12 102 2
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individually as per the procedure of Zheng et al.
(1995). Genotyping of the 400 seedlings was done
through multiplex PCR involving two informative
SSR markers RM164 and RM206, which exhibited
ampliWcation of unique alleles in the hybrid. Geno-
typing of the seedlings was also done using these
markers individually to compare the eYciency of sin-
gle marker assays with that of multiplex assay. The
genotype inferred from the marker proWle was com-
pared with the phenotype at maturity to verify the
results derived from marker analysis with GOT.

Results and discussions

DNA Wngerprinting approaches based on polymerase
chain reaction have become methods of choice for
germplasm characterization, diversity studies and
seed purity assays. A variety of DNA markers are
now available for Wngerprinting cultivars and for
marker assisted selection. Of these, SSRs are the pre-
ferred ones for rice due to their abundance, co-domi-
nant nature and their distribution throughout the
genome and user-friendly nature (Mc Couch et al.
2002). Through the present study, we have assessed
the potential of SSR markers in distinguishing rice
hybrids and their parental lines and utilized ‘informa-
tive’ SSR markers for testing purity of seeds of a
parental line and rice hybrid. The results obtained are
discussed below.

Microsatellite polymorphism in the parental lines

All the 48 microsatellite markers used in the present
study detected polymorphism among the 30 rice lines
studied and ampliWed a total of 163 alleles. These

include 2 alleles in 15 markers, 3 in 12 markers, 4 in
13 markers, 5 in 5 markers, 6 in 1 marker and 7 alleles
in 2 markers giving an average 3.39 § 1.3 allelic vari-
ants per marker. The number of alleles ampliWed by
each SSR marker is shown in Table 2. Figure 1 shows
the ampliWcation pattern generated by the marker
RM70 among the 30 rice lines studied.

Among the ten CMS lines studied, 98 diVerent
alleles with molecular weights ranging from 85 to
400 bp were ampliWed. Twelve primer pairs gener-
ated alleles, which were ‘speciWc’ for six CMS lines
with molecular weights ranging from 90 to 240 bp
(Table 3). One hundred and Wfteen diVerent alleles
with molecular weights ranging from 85 to 280 bp
were ampliWed in the R-lines analyzed. Ten microsat-
ellite primer pairs generated ‘speciWc alleles’ for nine
R-lines (Table 3). The preliminary analysis using 48
evenly distributed hyperpolymorphic SSR markers
allowed us to identify several markers, which exhib-
ited ampliWcation of alleles ‘speciWc’ or ‘unique’ to a
particular parental line. Using a few SSR markers,
which were highly ‘informative’, all the CMS and R
lines used in the present study could be easily distin-
guished. These ‘informative SSR markers’ were vali-
dated in a set of 10 rice varieties to check for cross
ampliWcation of the ‘speciWc’ alleles seen in a paren-
tal line (Table 3). No cross ampliWcation of the paren-
tal line speciWc alleles was noticed in these rice inbred
lines which included varieties like Swarna, BPT5204,
IR64, Jaya etc, which are normally grown in locations
where hybrid and parental seed production is taken up
in India. By this way it was insured that the speciWc
alleles ampliWed in a particular parental line are
indeed ‘unique’ and not ampliWed in potential con-
taminants grown in its vicinity. We have also
identiWed SSR marker combinations amenable for

Fig. 1 Molecular proWles of 30 rice lines obtained with micro-
satellite marker RM70. (a) lanes 1—IR58025A, 2—IR62829A,
3—IR68886A, 4—IR68888A, 5—IR68897A, 6—IR62928A,
7—DRR2A, 8—PMS10A, 9—CRMS31A, 10—CRMS32A,
11—KMR3R, 12—BR827-35R, 13—IR40750R, 14—
NDR3026R, 15—Ajaya, 16—C20R, 17—IR10198R, 18—

UPRI192-33R, 19—IR66R, 20—IR9761R, 21—BPT5204,
22—Swarna, 23—Jaya, M—100 bp DNA ladder. (b) Lanes
24—Vijetha, 25—Krishnahamsa, 26—Pusa Basmati-1, 27—
PR106, 28—Vibhava, 29—Mandya Vijaya, 30-IR64, M—
100 bp DNA ladder
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multiplex PCR and capable of producing ampliWca-
tion pattern which is very unique to particular paren-
tal line. For eg., when the markers RM202 and
RM276 were multiplexed, they gave ampliWcation of
alleles of size 165 and 90 bp respectively in the CMS
line IR58025A, which was not seen in any other rice
line tested.

Use of informative SSR markers in assessment
of impurities in a commercial seed lot of the CMS 
line IR58025A

Genetic purity within a crop variety or hybrid is
imperative for ensuring its agronomic performance
and protection of intellectual property rights through
Plant Variety Protection (PVP) or Plant Breeder’s
Rights (PBRs). To meet the standard speciWcations of
purity, the parental lines used in hybrid seed produc-
tion should have a very high (>99%) level of purity
(Yashitola et al. 2002). Among the parental lines (i.e.,
CMS and R lines), purity of CMS seeds is critical, as
CMS lines can only be perpetuated by open pollina-
tion with its cognate isonuclear maintainer line.
Therefore, pollen contamination in seed multiplica-
tion plots of CMS lines is not uncommon. We had
earlier reported (Yashitola et al. 2004) the utility of a
CMS mitochondria speciWc PCR marker for distin-
guishing the CMS lines of wild abortive (WA) cyto-
plasm background from their cognate maintainer
lines. This marker, though highly useful in detecting
the contamination of maintainer line seeds in CMS
seed stocks, cannot distinguish the contaminants
wherein the CMS line is pollinated by pollen shedders
other than the cognate maintainer line. To address this
problem, we utilized the two-dimensional DNA sam-
pling strategy involving a 20 £ 20 grow-out matrix
(suggested by Nas et al. 2002). Two SSR markers,
RM202 and RM276 ampliWed allelic fragments of

Table 3 SSR marker alleles identiWed to be speciWc for the rice
genotypes under study

SSR marker Genotype Size of the 
allele (bp)

CMS lines

RM202 IR58025A 165

RM276 IR58025A 90

RM70 IR62829A 235

RM334 IR62829A 190

RM263 IR62829A 135

RM570 IR62829A 240

RM247 IR62829A 130

RM70 IR68888A 210

RM346 IR68888A 165

RM228 DRR2A 150

RM341 CRMS31A 160

RM474 CRMS32A 220

Restorers

RM346 KMR-3R 195

RM336 BR827-35R 130

RM336 C20R 140

RM289 C20R 150

RM551 Ajaya 200

RM263 Ajaya 185

RM335 Ajaya 120

RM223 UPRI19233R 140

RM335 UPRI19233R 135

RM276 UPRI19233R 85

RM223 IR10198R 150

RM215 IR10198R 150

RM70 IR9761R 220

RM70 IR66R 280

RM551 NDR3026R 190

Varieties (inbreds)

RM70 PR106 120

RM341 PR106 165

RM70 Jaya 300

RM341 Jaya 140

RM202 Jaya 135

RM474 Jaya 250

RM551 Pusa Basmati-1 150

RM570 Pusa Basmati-1 265

RM474 BPT5204 220

RM276 BPT5204 105

RM341 Mandya Vijaya 150

RM215 Mandya Vijaya 155

RM209 Mandya Vijaya 150

Table 3 continued

SSR marker Genotype Size of the 
allele (bp)

RM247 Mandya Vijaya 150

RM336 Vijetha 120

RM202 Vijetha 175

RM215 Vijetha 135

RM547 Vibhava 205

RM547 IR64 210
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size 165 and 90 bp respectively in IR58025A, which
are very ‘speciWc’ and ‘unique’ to this genotype.
Bulked DNA samples prepared from leaf bits col-
lected from seedlings grown in the 20 £ 20 matrix
during wet season 2005, from each row and column
of the matrix were analyzed through multiplex PCR
involving the two markers. It was observed that at two
matrix intersections (R6C18 and R8C3; Fig. 2a & b),
heterozygous ampliWcations were observed with
respect to both the SSR markers and the seedlings
located on these two hills R6C18 (6th row, 18th
column) and R8C3 (8th row, 3rd column) could be
considered as contaminants. To further investigate the
nature of these contaminants, the DNA isolated from
these two plants was ampliWed with the CMS mito-
chondria speciWc PCR marker (Yashitola et al. 2004).
The analysis revealed that both these plants ampliWed
the CMS mitochondria speciWc »330 bp fragment
indicating that the two contaminants were products of
out crossing of IR58025A by a pollen shedder.

Subsequently, the two plants were conWrmed to be
contaminants based on morphological features
assayed through GOT at maturity. Similar results
were obtained when the assay was repeated in dry
season 2005 and the contaminants were detected
accurately by the marker based assay.

In general, two major sources of contaminants are
observed in commercial CMS seed multiplication
plots: (i) the maintainer line getting admixed with the
seeds of CMS line and, (ii) out-pollination of CMS
line by pollen shedders other than the maintainer line.
The former can be easily detected using the CMS
mitochondria speciWc PCR marker. Through multi-
plex PCR, we have demonstrated that even the con-
tamination due to cross-pollination by non-maintainer
pollen shedders, (that cannot be detected by the CMS
speciWc PCR based marker) could also be detected
easily and reliably. In GOT, usually a sample of »400
seeds is collected from a seed-lot and assayed. The
same sample size can be considered for the DNA
marker based assay. If the assay is done at seedling
stage by adopting a 20 £ 20 matrix strategy involving
DNA bulks, analysis of all the 400 seedlings is not
required and the total number of PCRs can be
restricted to just 20 reactions as demonstrated in the
present study. Nas et al. (2002) have also demon-
strated utility of a similar two-dimensional DNA
sampling strategy for assessing hybridity.

IdentiWcation of microsatellite markers and marker 
combinations suitable for hybrid purity testing

A list of markers which gave ampliWcation of ‘spe-
ciWc’ and ‘unique’ alleles among the parental line
constituting nine public bred Indian rice hybrids was
prepared (Table 4). With a set of 10 SSR markers
(RM70, RM334, RM475, RM219, RM206, RM336,
RM547, RM164, RM335, and RM276), all the nine
hybrids could be clearly distinguished easily. There-
fore, these markers could be considered ‘highly infor-
mative’. In addition to single markers, we also tried
marker combinations, which were amenable for mul-
tiplex PCR and capable of distinguishing the hybrids.
A list of such markers is given in Table 4. For all the
three hybrids tested, the multiplex combination of the
SSR markers RM164, RM206 and RM276 generated
very speciWc and unique ampliWcation patterns for
each hybrid, which is not shared by others (Fig. 3).
We propose that these three SSR can be used for

Fig. 2 A Two-dimension assay involving a 20 £ 20 grow-out
matrix for assessment of purity of IR58025A with the help of
SSR markers RM202 and RM276. (a) Row-wise lanes 6 & 8
and Column-wise lanes 3 & 18 (indicated by arrows) represent
contaminants. (b) Schematic representation of the 20 £ 20 ma-
trix based method for rapid identiWcation of contaminants in
IR58025A. Plants at intersections of 6th row 18th column and
8th row and 3rd column (indicated by arrow) were identiWed as
contaminants
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purity analysis of most of all the public bred Indian
rice hybrids through multiplex PCR involving two or
three SSR markers.

Purity testing of a commercial hybrid, KRH2 through 
multiplex PCR

Two informative microsatellite markers, RM164 and
RM206 were used for assessment of purity of a sam-
ple of KRH2 consisting of 400 seeds planted in a

grow-out plot during wet season of 2005. Based on
single marker and multiplex PCR analysis, RM164
identiWed eight contaminants (sample numbers 1, 23,
28, 222, 225, 282, 311 and 392) and RM206 identi-
Wed seven (sample numbers 1, 23, 28, 225, 231, 282
and 311) as contaminants. Though both the markers
individually detected six contaminants, they diVered
in respect of the seedling numbers detected as con-
taminant, showing that screening using a single SSR
marker may not be always accurate. When all the 400

Table 4 SSR markers polymorphic between parental lines of hybrids and suitable for multiplexing

S. No Hybrid Parentage Parental polymorphic SSR markers Parental polymorphic SSR 
marker combinations 
suitable for multiplexingCMS line R line

1 DRRH1 IR58025A IR40750R RM70, RM334, RM475, RM219, 
RM206, RM336, RM547, RM164, 
RM335, RM276

RM164 + RM206 + RM276, 
RM206 + RM164, 
RM206 + RM276, 
RM164 + RM276

2 KRH2 IR58025A KMR3R RM70, RM263, RM219, RM228, 
RM547, RM202, RM223, RM335, 
RM209, RM276, RM206, RM164

RM164 + RM206 + RM276, 
RM70 + RM263, 
RM164 + RM276, 
RM164 + RM206

3 Sahyadri IR58025A BR827-35R RM70, RM334, RM475, RM263, 
RM228, RM164, RM336, RM547, 
RM219, RM276, RM475, RM206

RM164 + RM206 + RM276, 
RM70 + RM475, 
RM164 + RM276, 
RM164 + RM206

4 CoRH2 IR58025A C20R RM336, RM570, RM276, RM289 –

5 CNRH3 IR62829A Ajaya RM70, RM334, RM247, RM263, 
RM570, RM551, RM263, RM335

–

6 ADTRH1 IR58025A IR66R RM202, RM276, RM70 –

7 Narendra 
Sankar Dhan2

IR58025A NDR3026R RM202, RM276, RM551 –

8 Pant Sankar 
Dhan1

IR58025A UPRI192-33R RM202, RM276, RM223, RM335 –

9 MGR1 IR62829A IR10198R RM70, RM334, RM263, RM223, 
RM215

–

Fig. 3 Multiplex PCR assay for distinguishing rice hybrids
using the SSR markers RM164, RM206 and RM276. Lane
C1-IR58025A, lane R1-IR40750R, lane H1-DRRH1, lane

C2-IR58025A, lane  R2-KMR3R,  lane  H2-KRH2,  lane
C3-IR58025A, lane R3-C20R, lane H3-CoRH2, lane C4-
IR58025A, lane R4-BR827-35R, lane H4-Sahyadri
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seedlings were analyzed through multiplex PCR
using the two markers, nine seedlings were found to
be contaminant (Fig. 4; sample numbers 1, 23, 28,
222, 225, 231, 282, 311 and 392). Similar results were
obtained when the experiment was repeated during
dry season of 2005, with the multiplex assay detecting
contaminants more accurately as compared to single
marker assays.

Earlier, it was proposed that a single polymorphic
microsatellite marker might be suYcient for routine
analysis of purity of commercial hybrid seed samples
(Yashitola et al. 2002). However, the additional infor-
mation generated through the present study warrants
us to propose that, in certain cases, the use of single
microsatellite marker for hybrid purity testing may
not be suYcient for accurate detection of impurities.
Multiplex PCR is a cost saving strategy, wherein
analysis can be carried out simultaneously using 2–3
markers through a single tube PCR, with negligible
addition to the total cost of assay and with enhanced
accuracy. Therefore, we propose that analysis using
single markers (as proposed by Yashitola et al. 2002
and Nandkumar et al. 2004) may not help in accurate
estimation of seed impurities in certain cases, and
wherever possible, it is better to deploy more than one
marker through multiplex PCR.

A set of morphological descriptors are currently
used for varietal identiWcation, description and seed
purity assessment. Though widely adopted and prac-
ticed, purity assessments based on morphology is
often aVected by environment, beside the on time and
resources. Furthermore, many of the modern high
yielding varieties and hybrids are phenotypically less
distinct making morphological evaluation more diY-
cult. Microsatellite markers have been used for
genetic characterization of cultivars in wheat, maize,
sunXower and tomato (Karkousis et al. 2003; Wang
et al. 2002; Zhang et al. 2005; Smith and Register
1998). The Biochemical and Molecular Techniques

Group of the International Union for the Protection of
New Varieties of Plants (UPOV) is evaluating diVer-
ent DNA marker parameters prior to its routine use in
establishing distinctness, uniformity and stability
(DUS) of plant varieties (Bredemeijer et al. 2002;
UPOV-BMT 2002). Through the present study we
have demonstrated that the hyperpolymorphic micro-
satellite markers, if carefully chosen, are highly use-
ful in distinguishing all the major A and R-lines used
in hybrid rice breeding in India. Thus a set of 10
hyperpolymorphic SSR markers (RM70, RM334,
RM475, RM219, RM206, RM336, RM547, RM164,
RM335, and RM276) are informative enough to dis-
tinguish all the parental lines and hybrids considered
in the present study. In addition, we have also identi-
Wed ‘cultivar speciWc microsatellite proWle’ for eight
varieties (which includes popular varieties like Pusa
Basmati-1, BPT5204 and Jaya) involving the above-
mentioned markers, which could be used for their
seed purity estimation at diVerent stages of seed mul-
tiplication (Table 3).

With increasing number of public as well as pri-
vate bred rice hybrids under commercial cultivation,
quality control in terms of monitoring seed genetic
purity at both parental and hybrid seed production
stages is vital for the success of hybrid rice technol-
ogy. Considering the innate disadvantages of GOT for
seed purity analysis, marker based seed purity assay
which could be an alternative, is receiving the atten-
tion. Replacement of GOT with a marker-based assay
demands characterization of the parental lines with a
large set of hyperpolymorphic markers to identify
‘informative’ markers. The present study is unique
due to the fact that a comprehensive set of microsatel-
lite markers (48 Nos.) were utilized for distinguishing
the popular CMS and R lines to develop a microsatel-
lite database consisting of ‘informative’ SSR markers.
The utility of these markers in detection of impurities
is also clearly demonstrated through cost saving

Fig. 4 Detection of impurities in the Indian rice hybrid-KRH2
through multiplex PCR using the microsatellite markers RM164
and RM206. M—50 bp ladder, A—CMS line (IR58025A), H—

Hybrid (KRH2), R—Restorer line (KMR3), 221 to 240—
Samples of hybrid KRH2 collected from a commercial seed-lot.
Arrow indicates contaminants
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strategies of 20 £ 20 grow out matrix based bulked
sample analysis and multiplex PCR. Further, our
study has brought out that analysis using single
marker might not be suYcient for detection of impuri-
ties in hybrids and multiplex PCR assays involving
more than one marker can aid in accurate detection of
contaminants. The SSR marker information devel-
oped through this study will be of immense help for
hybrid rice seed industry to select appropriate marker
combinations and assess purity at each stage of seed
multiplication.
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