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RAPD-based assessment of diversity in Indica rice genotypes
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Twelve rice genotypes including three basmati indica, eight non-hasmati indica, and one japonica possessing one or the
other desired character, were subjected to RAPD analysis by using random sequence decamer primers. Thirteen primers
generated a total of 146 DNA fragments of which, 91 were polymorphic in at least one pair-wise comparison hetween 12
rice genotypes. The size of amplified DNA fragments ranged from 0.24 to 3.7 kb. Individual primers showed polvmorphic
vitlue ranging from 0.034 10 0,421. The average polymorphic value between basmati and non-hasmati genotypes was 0,232,
whercas among basmati genotypes was (1144 and among non-basmati was 0.212. The polymorphic value between Azucend
(japonica) and indica genotypes was 0.254. The mean polymorphic values were in accordance with their known

phylogenctie relationships.

Eco-geographic differentiation of asiatic rice has
produced a number of types (sub-species) referred to
as indica, japonica and javanica'. Of these, indica
subspecies alone occupies >80% of cultivation area.
Basmati rice is famous for its aroma and grain quality
and grown in Northern states of India and Pakistan. It
has been grouped with indicas. Basmati rice varieties
are sensitive to all major biotic and abiotic stresses,
have a tall plant phenotype and are poor yielders as
compared to non-basmati indica rice cultivars.
Basmati rice breeding has been quite cumbersome
due to complicated nature of quality traits, its poor
combining ability and lower frequency of desirable
genotypes in segregating populations from non-
basmati x basmati crosses. Hence it has been difficult
to select segregants that possess the desired gene(s)
from the non-basmati parent while retaining all the
important quality traits of basmati rice. The use of
molecular markers can greatly accelerate the basmati
rice breeding programs. Molecular markers are now
available for several important agronomic traits such
as disease resistance in non-basmati rice, yet not
much information is available on molecular tagging
of grain quality and other agronomic traits in basmati
rice. Such markers tagged to the desirable genes will
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be a useful aid in conventional breeding mvolving
crosses between basmati and non-basmati genotypes.

Randomly amplified polymorphic DNA (RAPD)
lechniql.le1 has been extensively used for studving
DNA polymorphism and marker-assisted breeding
programs’. The major advantage of RAPD method
relies on the fact that it allows the exploration of &
much larger genomic portion. In a study. 22 indica
rice cultivars could be readily distinguished by using
only 10 RAPD primers', For such an application, one
need to standardize reaction conditions, as well as to
ensure reproducibility and adequacy of RAPDs for
studying molecular polymorphism 1 ua particular
plant species. Basmati rice huas not been much
subjected to molecular marker analysis. In this paper.
we report the molecular polymorphism as assessed by
RAPD analysis between the basmati and non-basmati
rice genotypes differing in yield, grain quality and
other agronomic traits.

Materials and Methods

The seeds of different rice varieties were obtatned
either from the CCS HAU, Rice Research Station,
Kaul or CSSRI, Karnal (Table 1). The rice seeds were
sown in pots and crop was raised m the net-house by
following the standard agricultural practices. Leaves
of four-week-old plants were unsed for DNA
extraction. Genomic DNA was isolated by the method
of Murray and Thomson’, using cetyl-trimethyl
ammonium bromide-based extraction medium, and its
concenlration was monitored by clectrophoresis on
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0.7% agarose gels in TBE buffer’. A total of 20
decanucleotides of random sequence composed of 6
or more G/C bases obtained from Operon
Technologies Inc. were used. PCR was carried out in
20 pl containing 50 ng genomic DNA, 100 uM each
of dNTPs, 50 mM KCI, 0.1% triton X100, 2 mM
MgCl, 0.2 uM primer and 0.5 unit of Tag DNA
polymerase. The amplification reaction was carried
out in PTC-100 MJ Research thermocycler. The
amplification conditions were: 94°C 1 min, 40°C |
min, 72°C 2 min, 40 cycles, 72°C 15 min one cycle,
4°C (for storage). Amplified products were separated
on 1% agarose gel electrophoresis. The gels were
stained with ethidium bromide and viewed and
photographed using 200 ASA colored film and yellow
filter under UV light. Amplified DNA bands were
analyzed for polymorphism which was calculated as
dissimilarity value (1-F) using the formula given by
Nei and Li’. In the formula, F=2A(B+C)", ‘A’ refers
to the number of bands shared by the two genotypes
and B and C are the number of bands in each
genotype.

Results and Discussion
Rice genotypes used in the present study include

basmati. and non-basmati indica and japonica
genotypes. The non-basmati  genotypes include
varie .cs, which possess important agronomic

characters like higher yield potential, salt tolerance,
dwarf plant type and disease resistance. For the
introgression of these traits from non-basmati into
basmati genotypes, application of molecular markers
may enhance the efficiency of conventional breeding
methods, As a pre-requisite of developing molecular
markers, polymorphism between the rice genotypes
must be worked out, Of the 20 random primers used
for detecting RAPDs in rice genotypes, 4 primers did
-not amplify DNA of any of the rice genotypes, while
3 primers resulted in amplification in 8 or less
number of rice genotypes. The primers, which did not
amplify DNA of some or all of the genotypes may not
have found the complementary sequences on the
genomic DNA. Non-amplifying primers have also
been reported for rice® and sorghum’. The
characteristic  fragments  generated by random
decamer oligonucleotides employed as  single,
arbitrary primer is illustrated in Fig, 1. 13 primers in
[2 rice genotypes amplified a total of 146 fragments
(Table 1). The size of amplified DNA fragments
ranged from 0.24 to 3.7 kb and number of amplified
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DNA fragments ranged from 80 in HKR 120 to 104 in
Taraori Basmati and MI48 genotypes. Primer OPG-17
generated maximum (17 bands) while OPG-12
generated minimum (4 bands) number of amplified
DNA bands (Table 2). In pair-wise comparison of the
twelve rice genotypes, among the 146 bunds scored,
55 were monomorphic and 91 were polymorphic, thus
the proportion of polymorphic bands was nearly 60%.
The RAPD polymorphism reported by others in rice
is as varied as 30%", 50%'"" and even 80%''. Such
variation in amplification and polymorphism is
observed due to a competition between primer for
priming sites rather than the total number of potential
priming sites available'”. For this reason the mean
polymorphic value for different primers ranged in the
present study from a minimum of 0.034 for primer
OPG-16 to a maximum of 0.421 for primer OPG-09.
There was no sequence
different primers, which generated nearly simular
polymorphic values.

Polymorphic or the dissimilarity values (1-F)
calculated from the pairwise comparison of RAPD
bands among the 12 genotypes, are shown in Table 3.
The mean (1-F) value of all of these pairs was 0.22.
The highest (1-F) value, 0.316, was observed between
Taraori basmati and HKRI120. The lowest (1-F)
value, 0.064, was obtained between CSRI0 and
CSRI11. These results can be further used for the
selection of parents in a breeding program suitable for
generating high level of genetic polymorphism. For

relatedness  among  the
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Fig. I—Electrophoretic pattern of PCR-amphhicd DNA Tragments
of nee genotypes generated by primer OPG-04. | A DNA douhle
digest marker, 2 un-amplified rice DNA, 3 M8, 4 Gobind. 5

CSR10, 6 Azucena, 7 Tarmort Basmat
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example as primer OPG-09 generated maximum
polymorphic value. 0.800, between the pair Taraori
basmati (salt-sensitive) and pokkali (non-basmati,
highly salt tolerant), the: ¢ be selected as parents in a
cross for tagging salt-tolerant genes using the bulked
segregation method.

As RAPD bands which are polymorphic in the
parent are inherited as dominant genetic markers, the
results of Table 3 can be used as a basis for the
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rational calculation of the number of primers required
to generate.a satisfactory RAPD polymorphism either
for genetic mapping or screening F2 and backeross
families, near isogenic lines or bulked segregants for
tagging a gene of interest’. The genotypes used in the
present investigation can be grouped into different
clusters. Cluster analysis of the 1-F vilues showed u
high degree of polymorphic value, 0.232, between the
basmati genotypes and non-basmati indica genotypes.

Table |—Agronomic characteristics and RAPD data of rice genotypes
Genotype Source  Characteristics RAPD datn
Total Mean dissimilanty
hands vilue
Basmart indica
Basmali 370 a Tall, low yield. sall-sensitive, susceptible to diseases w7 0214
Pusa Basmati | a Improved, semi-dwarf, salt sensitive, susceptible 1o diseases 102 204
Taraon Basmati i Supenor grain quality, tall, salt-sensitive, susceptible to diseases 114 (0,228
Non-basmati indica
HKR120 i Semi-dwarf, high yield 80 (L2360
HKR126 Semi-dwarf, high yield 96 (1.236
IR36 Semi-dwarf, high yield 9l 0215
Gobind i Dwart, BLB resistant 03 (1205
Pokkali h Highly salt-tolerant 100 0208
CSRI0 h Salt-tolerant 9s 0.200
CSR11 b Salt-tolerant 97 0,197
MI48 h Sall-sensitive 104 0227
Nim-bas. faponica
Azucena b Stress- tnlerant, deep root system N7 (1254

BLB, Bacterial feal blight.

‘Regronal Rice Rescarch Centre, CCS Haryani Agricultural University, Kaul, India,

"Central Soil Salinity Research Institute (CSSRI). Karmnal, India.

Table 2—Number of amplificd DNA bands and mean polymorphic value (1-F) generated by different primers in twelve ree cenotypes

Primers Bands scored Mean
Code Sequence Polymorphic Monomorphice Totul 1=k
G-03 GAGCCCTCCA O i (TRNN
G-N4 AGCGTGTETO 1) I I (.1
G-03 CTOANGACGGA I 4 15 3=
-0 CTOACGTCAC Il | 12 42|
G- TGOCOGTCGT \ | 1) 1317
G-12 CAGCTCOACGA . . 4 JIRER]
G-13 CTCTCCOCCA fy 1 14
G-14 GOATGAGACC U 3 1d 12240
G-16 ACGCGTCCTCC = I} 12 inOAd
G-17 ACGACCGACA T 1) 17 (120
(.18 GOCTCATOTG 5 i I LN PR
G- 19 GTCAGGGOAA 5 5 1 vl
0-20 rCTCCCTCAG 0O 0] 1| 8K

Total hands 0l <g 146
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Table 3—Mean polymorphic (1-F) values among pairs of rice genotypes based on RAPDs generated by thirtecn
random sequence decamer primers,

Genotype  B370  PBI TB  Pokkali CSRI0 CSR11 HKRI26 HKRI20  IR36 Gobind MI4S Azucem
B370 —

PBI ().142 —

B 0.151 0144 —

Pokkal 0.248 0.210 0.182 —

CSRI10 0.213 0201 0253 0,155 —

CSRII 0.212 0,195 0241 0,157 0.064 =

HKR126 0.213  0.241 0233 0226 0267 0.197 —

HKR120 0216 0274 0316 0.245 0,244 0.255 0.174 —

IR36 0.221 0:224 0.299 0202 0.158 (1.202 0.280 0.081 ==

Gobind 0.227 0242 0254 0.176 0177  0.153 0.200 0.197 0162 —

MI48 0.285 0182 0202 0.223 0,200 0.21Y 0.289 (1L.278 0.224 (0.234 —

Azucena 0234 0250 0243 0258 0236 0279 0,291 0331 0285 0233 (.134 —
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