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Abstract

Random Amplified Polymorphic DNA (RAPDs) markers were utilized to detect polymorphism between
pure lines and commercially available Basmati rice varieties to assess variation which may be helpful in quality
control and varietal identification (Basmati-370 and derived radiation induced mutants), differentiation of mutants
and parents, and identification of RAPD markers co-segregating with important agronomic traits including plant
height, days to flower and grain quality. Basmati varieties were distinguished from non-Basmati varieties with
the help of five diagnostic markers which will be useful for detecting mixing of non-Basmati and Basmati rices,
currently a serious marketing problem. Different Basmati cultivars were identified with the help of diagnostic
RAPD markers which can be used in quality control as well as for "fingerprinting" of cultivars. Different
radiation induced mutants were also successfully distinguished from the parents on the basis of variety specific
and mutant specific markers which will be useful for varietal identification. In addition to this, other markers
were also identified which can differentiate mutants from each other and are being used for the fingerprinting
of different mutants, particularly the dwarf mutants having similar appearance but different parentage. For
identification of RAPD markers co-segregating with plant height and days to flower, 50 F, plants and four F,
families were studied from a reciprocal cross made between Kashmir Basmati (tall and early) and Basmati-198
(dwarf and late). Segregating bands were observed within these populations, and indicating the possible use of
RAPD markers for tagging gene(s) of agronomic importance in rice.

1. INTRODUCTION

The Nuclear Institute for Agriculture and Biology (NIAB) is undertaking research on
the creation of genetic variability in rice, wheat, chickpea, cotton and mungbean through
induced mutations, tissue culture and wide hybridization. The mutants of rice are being used
as germplasm in crossbreeding programs aimed at improvement of plant type, early maturity
and aroma [1]. Since most of these characters are polygenic and quantitatively inherited [2],
selection of desirable plants through conventional breeding is difficult. Besides, most of these
characters are highly influenced by the environment and often defy phenotypic identification
due to the complex genotype x environment interactions that may affect the trait of interest.
Under such circumstances, the true genetic potential of the plants might not be detected and
it would be difficult to decide which plants should be selected and/or crossed to get
recombinants of interest.

Utilization of molecular markers such as Random Amplified Polymorphic DNA
(RAPD) [3] in breeding and selection programmes may circumvent some of these problems;
RAPD markers have frequently been used in rice breeding programmes. For example,
Fukuoka et cd. [4] used RAPD markers to characterize different rice accessions. Munthali et
cd. [5] used RAPDs to fingerprint rice cultivars. Ronald et cd.[6] used 895 random primers and
123 DNA markers to reference the gene that confers resistance to the pathogen Xanthomonas
oryzae. Ashikawa et cd. [7] determined a range of polymorphism in the rice genome by RAPD
method. Yamazaki et cd. [8] determined region-specific molecular marker using bulked
segregant RAPD analysis. Antonio et cd. [9] reported 1100 DNA markers consisting of
genomic clones, complementary DNA (cDNA) clones and RAPD markers on the Restriction
Fragment Length Polymorphism (RFLP) linkage map of rice. RAPD markers have also been
used to characterize the rice blast fungus Pyrcularia grisea [10]. Yu and Nguyen [11]
compared 9 upland and 4 lowland rice cultivars with the help of 42 random primers. They

85



obtained 260 PCR products, of which 80% were polymorphic. They concluded that RAPD
analysis is a useful tool in determining genetic relationships among rice cultivars. Mohan et
cd. [12] used RFLP and RAPD markers to map the rice GM2 gene that confers resistance to
biotype 1 of gall midge. Farooq et al. [13] used RAPD markers to characterize different wild
and cultivated, salt tolerant and resistant rice species/varieties and identified genome specific,
species specific and cultivar specific RAPD markers. Identification of species specific and
cultivar specific RAPD markers in intergeneric F, hybrids of rice has also been made [14];
it was observed that the appearance of RAPD markers in interspecific F, hybrids is primer
dependent. All these reports support the usefulness of RAPD markers in detecting genetic
variability in rice. The goals of the current project were therefore, to utilize RAPD markers
to detect polymorphism in pure lines, commercially available Basmati rice varieties (as a
means to determine within variety variations which may be helpful in quality control and
varietal identification), and their radiation induced mutants. A further goal was to identify
RAPD markers co-segregating with plant height, days to flower and grain quality. Success
in this programme would help to accelerate the identification, selection, characterization and
utilization of mutants and identification of RAPD markers that can be used to accelerate
breeding programmes.

2. MATERIALS AND METHODS

Traditional Basmati cultivars, their different radiation induced mutants and different
non-Basmati rice varieties as described in Table I were collected from the rice breeding group
of NIAB. Seedlings were raised in a rice nursery in the field and leaves were collected for
DNA extraction. One month old nursery plants were transplanted to the field plots with an
inter- and intra-row spacing of 20 cm. Agronomic practices were the same as reported by
Cheema and Awan [15]. Leaf samples were again collected at the active tillering stage.
Collected samples were dipped immediately in liquid nitrogen and stored at -85°C for further
use.

Reciprocal crosses were made between Kashmir Basmati (tall and early) and Basmati-
198 (dwarf and late) in the summer of 1993. Fj seeds were selfed in 1994 and the segregating
F2 plants were planted in 1995, spaced as above. Selections were made from 500 individual
plants on the basis of the plant type of Kashmir Basmati (10-15% reduction in plant height)
and the plant type of Basmati-198 (flowers 3-4 weeks earlier). One F2 individual, which
showed 11-12% reduction in plant height, was selected from the cross between Kashmir
Basmati and Basmati 198 and planted to create an F3 population, 40 of which were selected
at random on the basis of characters mentioned in Table II. Similarly, one individual, which
showed a 6% increase in plant height and 5 week earlier flowering was selected from the
reciprocal cross between Basmati 198 and Kashmir Basmati and planted to create an F3

population, 40 of which were selected at random on the basis of characters mentioned in
Table HI.

Based on the same criteria, five individual plants from each cross direction were also
selected for comparison in the F3 (Tables II and HI). Days to flowers were taken as the time,
in days, from sowing to the appearance of the first panicle. Data with respect to plant height
and heading date were recorded and leaf samples were collected for individual plants both in
F2 and F3 generations.

Genomic DNAs from the leaves of all the test materials were extracted by using a
CTAB method [16]. The concentration and quality of the DNAs, composition of reaction
mixture, kind and source of primers and amplification conditions were similar to those used
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earlier [17]. For the plants analyzed in groups, DNA extracted from individual plants were
pooled and amplified using the same method. All reactions were repeated twice using fresh
DNAs and data were scored from two good quality photographs.

TABLE I. DESCRIPTION OF RICE VARIETIES AND MUTANTS SELECTED FOR
RAPD ANALYSES

Variety/mutant Pit. height Days to flower
range (cm) range (days)

Significance

Kashmir Basmati 140-167
2. Basmati-370
3. Basmati-Pak
4. Basmati-198
5. DM-15-13-l(Bas.-Pak)
6. DM-179-1 (Bas. 370)
7. DM-107-4 (Bas. 370)
8. DM-25 (Bas. 370)
9. DM-2 (Bas. 370)
10. IR-6

11. IR-8
12. Jhona-349
13. Pokkali
14. CP-1
15. EF-6(Bas. Pak)
16. EF-76-1 (Bas. 198)

115-130

88-107
99-108

80-88

110-130
140-180
110-135
110-120

94-104 Fine grain, tall, highly aromatic

114-120 Fine grain, tall and aromatic

94-100 Fine grain, dwarf and aromatic
100-120 Fine grain, dwarf and aromatic

94-100 Coarse grain, dwarf and
non-aromatic

110-120 } Coarse grain, tall and non aromatic
130-150 }
100-110 }
90-100 } Fine grain, early and aromatic

17. EF-15-1 (Bas. 198)

( ) Names in parentheses indicate the source variety of the mutant line.

TABLE II. DESCRIPTION OF F3 GROUPED AND INDIVIDUAL PLANTS SELECTED
FROM A POPULATION OF THE CROSS KASHMIR BASMATI x BASMATI-198

Pit. No.

1
2
3
4
5
F3 population*
Group 1
Group 2

Pit. height (cm)

107
97
140
99
106

100-140**
107***
103***

Days to flower

95 (14)
96 (14)
96 (14)
94 (14)
93 (13)

90-100** (12-14)
85- 89*** (12)

97*** (13)

Height reduction

23.57
30.71

normal
29.28
24.28

* All plants in one cross, ** Ranges of all values, *** Mean values of 20 plants.
Numbers in parentheses indicate No. of weeks.
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TABLE HI. DESCRIPTION OF F3 AND INDIVIDUAL PLANTS SELECTED
POPULATION OF THE CROSS BASMATI-198 x KASHMIR BASMATI

Pit. No.

1
2
3
4
5
F3 population*
Group 1
Group 2

Pit. height (cm)

103
94

100
110
105

90-110**
95***
100***

Days to flower

98 (14)
97 (14)
87 (12)
99 (14)
91 (13)

86-100 (12-14)
90*** (13, 4 weeks early)
97*** (14) 3 w e e k s e a r l y )

Induced earliness

1 week
1 week
3 weeks
1 week
2 weeks

* All plants in one cross, ** Ranges of all values, *** Mean values of 20 plants.
Numbers in parentheses indicate No. of weeks.

3. RESULTS

Three primers (S-13, S-19 and S-18) successfully identified Basmati from non-Basmati
rice varieties by 5 RAPD fragments of which 2 each were specific for Jhona-349 and IR-6
and 1 fragment was specific for Basmati-Pak (Figs 1 and 2). Primer S-13 was used to amplify
the mixture of Jhona-349 and Basmati-Pak which showed different relative intensities of
fragments (Fig. 3). No fragments could be identified for the non-Basmati rice variety Pokkali,
possibly indicating a lack of DNA. Four primers (S-13, R-15, R-17 and R-18) differentiated
Basmati-Pak, Basmati 198, Kashmir Basmati and Basmati-370 from each other.

Fig. 1. Amplification profile produced by primer S-19 distinguishing non-Basmati
varieties (lanes 3 and 12) and Basmati varieties (Ianes3, 5, 6, 7 and 11).
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Fig. 2. Amplification profile produced by primer S-18 distinguishing non-Basmati
varieties (lanes 2,11) from Basmati varieties (Ianes3, 4, 5, 6).

1. Marker

2. Bas-198

3. Bas-Pak

4. Bas-198 + IR-6

6. Jhona 349 + Bas-Pak

Fig. 3. A mplification profile produced by primer S-13 indicating reproducibility of major
DNA fragments in Bas-Pak (lanes 3 and 8) and a different profile for a mixture
of Bas-Pak (lane 6).
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Comparisons of radiation-induced variants and Basmati parent varieties are shown in Figs
4 and 5. Three primers (R-15, R-17 and S-13) produced fragments which could be used to
differentiate the mutants from their parents. DM-2, DM-25, DM-107-4 and Kashmir Basmati
are mutants of Basmati-370 and showed band pattern differences. DM-15-13-1 and EF-6 are
mutants of Basmati-Pak and showed band pattern differences. EF-76-1 is a mutant of
Basmati-198 and showed band pattern differences.

Comparison of progeny and parents with primer R-08 showed segregating fragments
(Fig. 6). Two plants showed 11-12% reduction in plant height (Fig. 6, lanes 4 and 5). Two
plants showed 6-7% increase in plant height (Fig. 6, lanes 10 and 11). One plant showed 6%
increase in plant height and 5 week earliness (Fig. 6, lane 8). The variation in phenotypic
traits did not seem to correlate with band pattern differences.

Fig. 4. Amplification profile produced by primer R-18 distinguishing Basmati varieties
from each other (lanes 1,2,6 and 9).
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Fig. 5. Amplification profile produced by primer S-13 distinguishing Basmati varieties
(lanes 2,3,7 and 10) and radiation induced mutations (lanes 4,5,6,8,9 and 11) (see
Table I).

Fig. 6.

1.K. Bas

2.K. BasxBas-198

3. K. BasxBas-198

4. K. BasxBas-198

5. K. BasxBas-198

6. K. BasxBas-198

7. Bas-198

8. Bas-198xK. Bas

9. Bas-198 xK. Bas

10. Bas-198 xK. Bas

11.Bas-198xK.Bas

12. Bas-198 xK. Bas

13. Marker

Amplification profile produced by primer R-08 comparing parents (lane 1 and 7)
and selected progeny from reciprocal crosses of Kashmir Basmati and Basmati-
198 (lanes 2-6 and 8-12).
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4. DISCUSSION

Molecular markers such as RFLP [18] and RAPDs [3] are capable of producing unique
band patterns that can be used in rice breeding programs for different purposes [19]. Since
RAPD markers are technically simple, quick to perform with small amount of DNA and do
not require radioactive labelling [20] they are preferred over RFLP and are widely used, e.g.
in lettuce [20], broccoli and cauliflower [21], Arabidopsis thaliana [22], maize [23], wheat
[17] and apples [24]. In addition to this, RAPDs are also being used for detection of genetic
polymorphism in cereals [25], gene introgression [26], identification of different fish species
[27], estimation of the number of full sibling families of mosquitoes [28] identification of
mutants [29, 30] and characterization of pathogens [31].

In the present project, we used RAPD markers for three main purposes: 1)
identification of different Basmati cultivars, 2) comparison of mutants with their parents and
3) comparison of DNA fragments and trait segregation in Basmati rices.

Basmati rice cultivars, especially Basmati-370 which is considered the finest quality
rice in the world, grows predominantly in Pakistan and about 40-45% of its production is
being exported. Mixing low quality rice with Basmati rice affects the international consumer
market which results in a loss of foreign exchange earnings. The problem could be avoided
if strict quality control measures would be taken. Markers specific for Basmati cultivars can
help identify any kind of mixing in the pure Basmati varieties and it has been shown in the
present study that RAPD markers can be used for this purpose. Additional RAPD markers
have also been identified which can discriminate between all the Basmati cultivars. These
markers are reproducible and appear only in the specific Basmati variety and can serve as
diagnostic markers for that particular variety and for its fingerprinting which is essentially
required for varietal registration.

Mutation breeding is a supplementary approach for crop improvement and has played
a productive role in sustainable agriculture. About 1790 different mutants have been listed in
the database; many of them have been used for general cultivation and quite a large number
have served as germplasm sources in breeding programmes[32]. Mutations represent changes
at the DNA level and can be detected through the use of molecular markers. In the present
study we have detected a number of band pattern differences which may be useful for
distinguishing different mutants of Basmati varieties from their parents. Ultimately, markers
specific for dwarf mutants would useful as probes for selection and/or induction of dwarfism
in the rice breeding programmes, in addition to identification of dwarf mutants of similar
appearance but different parentage.

RAPD markers have also been used for tagging disease resistance gene(s) in crops
including stem rust [33] and crown rust resistant genes in oats [34], rust resistance genes in
common bean [35] and vf gene for scab resistance in apple [36]. In the present study efforts
have been made to identify RAPD markers co-segregating with plant height and days to
maturity. Unfortunately, it was not possible to establish any correlations with the limited
number of primers utilized here.

Plant height, days to maturity, aroma and other quality parameters are all quantitatively
inherited traits [37, 38] and are governed by more than two sets of genes. The co-segregation
of DNA fragments with a specific reduction in plant height, or early or delayed flowering
may also co-segregate with other QTLs. The most important consideration in analysis and
interpretation of QTL data is the threshold employed for inferring that a QTL is statistically
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significant. Although, the present study was made on 50 F2 plants and four F3 families, the
RAPD analyses presented are not based on the full set data but rather on plants selected on
phenotypic extremes or which represent the best available estimates of the portion of the total
phenotype and thus could be biased. The variance calculated on such data would be
considered as overestimated compared to the calculations made on the full data set. The
present study however, can serve as an index to compare the importance of different DNA
fragments (markers) and their co-segregation with particular character(s). It could be inferred
from the present study that tagging gene(s) with RAPD markers can produce more meaningful
results if the analysis is made on the full data set, work which is currently in progress.
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