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RAPD-based assessment of diversity in Indica rice genotypes 
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Twel ve rice genotypes including three basmati indica, eight non-basmati indi ca, and one japoni ca posscss ing o ne or the 
other desired character, were subjected to RAPD analysis by using random sequence decamcr primers. Thirt ecn primcrs 
generated a total o f 146 DNA fragments of which , 9 1 were polymorphic in at least one pair-wi se compari son between 12 
rice genotypes. The size of amplified DNA fragments ranged from 0.24 to 3.7 kb. Indi vidual primers showed po lymorphi c 
value ranging from 0.034 to 0.421 . The average polymorphic value between basmati and non-bas mali genotypcs was 0.232 , 
whereas among bas mati genotypes was 0.144 and among non-bas mati was 0.212. The polymorphic va lue betwcen Azuccna 
(japonica) and indica genotypes was 0.254. The mean polymorphic values were in accordance with their known 
phylogenetic relationships. 

Eco-geographic differentiation of aS iatic rice has 
produced a number of types (sub-species) referred to 
as indica, j aponica and javanica t

• 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 Paki stan . 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-basmat i 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-bas mati rice, yet not 
much information is available on molecular tagging 
of grain quality and other agronomic traits in bas mati 
rice. Such markers tagged to the desirable genes will 
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be a useful aid in conventional breeding in vo lving 
crosses between basmati and non-basmat i genotypes. 

Randomly amplified polymorphic DNA (RAPD) 
technique2 has been extensive ly used for stud ying 
DNA polymorphism and marker-ass isted breed ing 
programs' . The major advantage of RAPD method 
relies on the fact that it allows the explorati on of a 
much larger genomic portion . In a stud y, 22 indi ca 
rice cultivars could be readi ly di stingui shed by using 
only 10 RAPD primers4. For su~h an applicati on, one 
need to standardize react ion conditions, as we ll as to 
ensure reproducibility and adequacy of RAPDs for 
studying molecular polymorphi sm in a particular 
plant species. Basmati rice has not been much 
subjected to molecular marker analys is . In thi s paper, 
we report the molecular polymorphi sm as assessed by 
RAPD analysis between the basmati and non-bas mati 
rice genotypes differing in yie ld , gram quality and 
other agronomic traits . 

Materials and Methods 
The' seeds of different rice varieties were obta ined 

either from the CCS HAU , Rice Research Station , 
Kaul or CSSRI, Kamal (Table I ). The rice seeds were 
sown in pots and crop was raised in the net-house by 
following the standard agricultural practices. Leaves 
of four-week-old plants were used for D A 
extraction. Genomic DNA was isolated by the method 
of Murray and Thomson5

, using cety l-trimethyl 
ammonium bromide-based extraction medium, and its 
concentration was monitored by e lec trophores is on 
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0.7% agarose ge ls in TBE buffer6
. A total of 20 

decanucleotides of random sequence composed of 6 
or more G/C bases obta ined from Operon 
Technologies Inc . were used . PCR was carri ed out in 

20 III contai ning 50 ng genomic DNA, 100 J.lM each 
of dNTPs, 50 mM KC I, 0. 1 % triton X I 00, 2 mM 

MgCI2, 0 .2 J.lM primer and 0 .5 unit of Taq DNA 
polymerase. The ampli ficat ion reaction was carried 
out in PTC-IOO MJ Researc h thermocycler. The 

amplification conditions were: 94°C I min , 40°C I 

mjn, n oc 2 min, 40 cyc les, n oc 15 min one cycle, 

4°C (for storage). Amplified products were separated 
on 1% agarose gel e lectrophores is. T he gels were 
stai ned with ethidium bromide and viewed and 
photographed using 200 ASA co lored film and ye ll ow 
fi lter under UV light. Ampli fied DNA bands were 
analyzed for polymorphi sm which was calculated as 
diss imilarity value (I -F) using the formul a given by 
Nei and Li7. In the formul a, F=2A(B+Crl, '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 inc lude 

basmat i, and non-bas mati . indica and j aponica 
genotypes. The non-bas mat i genotypes inc lude 
var;!' _.cs, which possess important agronomic 
characters li ke higher yield potent ial, sa lt tolerance, 
dwarf plant type and disease res istance. For the 
introgress ion of these traits from non-basmati into 
basmati genotypes, application of molecular markers 
may enhance the efficiency of conventional breeding 
methods. As a pre-requis ite of deve loping molecular 
markers, polymorphism between the rice genotypes 
must be worked out. Of the 20 random primers used 
fo r detecting RAPDs in ri ce genotypes, 4 primers did 

' not amplify DNA of any of the rice genotypes, whi le 
3 primers resulted in amplification in 8 or less 
number of rice genotypes. The primers, which did not 
ampl ify 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 rices and sorghum9

. The 
characterist ic fragments generated by random 
decamer o ligonuc leotides employed as sing le, 
arbitrary primer is illustrated in F ig. I. 13 primers in 
12 rice genotypes amplified a total of 146 fragments 
(Table I) . The size of amplified DNA fragments 
ranged fro m 0.24 to 3.7 kb and number of amplified 

DNA fragments ranged from 80 in HKR 120 to 104 in 
Taraori Basmati and MI48 genotypes . Pri mer OPG- 17 
generated max imum ( 17 band s) whi le OPG- 12 
generated minimum (4 band s) nu mber of amplifi ed 
DNA bands (Table 2) . In pair-w ise compari son of the 
twelve rice genotypes, among the 146 bands scored, 
55 were monomorphic and 9 1 were po lymorphi c. thus 
the proporti on of po lymorphi c bands was nearl y 60%. 
The RAPD polymorphi sm reported by othe rs in ri ce 
is as varied as 30%8, 50% 10 and even 80 0/c ll. Such 
variation in amplificati on and po lymorphi sm is 
observed due to a competiti on betwean primer fo r 
priming sites rather than the tota l number of pote nti a l 
priming sites ava ilabl e l2. For thi s reason the mean 
polymorphic va lue fo r di ffe rent primeL ra nged in the 
present study fro m a minimum of 0.034 fo r pri mer 
OPG-16 to a max imu m of 0.42 1 for prime r OPG-09. 
There was no sequence re latedness among the 
different primers, whi c h generated nearly s imil ar 
po lymorphic va lues. 

Po lymorphic or the d iss imil arity va lu es ( I-F) 
calculated fro m the pa irw ise compari son of RAPD 
bands among the 12 genotypes , are shown in Tab le 3. 
The mean ( I-F) va lue of a ll of these pairs was 0.22. 
T he highest ( I-F) va lue, 0 .3 16, was obse rved between 
Taraori basmati and HKR 120. T he lowest ( I-F) 
val ue, 0 .064, was obta ined between CSR 10 and 
CSRII. These results can be fu rther used for the 
se lecti on of parents in a breeding program ." u itabl e for 
generati ng high level of geneti c po lymorph ism. For 

1 2 3 4 5 6 7 

Fi g. I-Electrophoretic pallcrn or PCR.;\InplilicJ D. A rragmclll~ 
of nce genolypes generaled by primCJ" OPG-O-l . I A DNA doubl e 
digest marker. 2 un-amplified ri ce DNA . :I MI-IX. 4 Gohind. :1 
CSR I 0, 6 Azucena, 7 Taraori Basm:tll. 
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example as primer OPG-09 generated maximum 
polymorphic va lue, 0 .800, between the pair Taraori 
basmati (sa lt-sens iti ve) and pokkali (non-basmati , 
highly salt tolerant), the::,c be selec ted 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 

rational calculation of the number of pr imers required 
to generate. a sati sfactory RAPD polymorphi sm e ither 
for genetic mapping or screening F2 and backcross 
families, near isogenic lines or bu lked segregants for 
tagging a gene of interest9

. T he genotypes used in the 
present invest igati on can be grouped into different 
clusters. Cluster analys is of the I-F va lues showed a 
high degree of po lymorphic va lue , 0.232, between the 
basmati genotypes and non-bas mat i ind ica genotypes. 

Table I-Agronomi c characteristi cs and RAPD data of rice genotypes 

Genotype Sou rce Characteri ti cs 

Basmafi indica 
Basmati 370 a Tall , low yield , salt-sensi ti ve, susceptib le to di seases 

Pusa Bas mati I a Improved, semi-dwarf, salt sensit ive, susceptible to di seases 

Taraori Basmati a Superi or grain qu ality, tall , salt-sens iti ve, susceptible to di seases 
NOI1-basmafi indica 
HKRI 20 a Semi-dwarf, hi gh yield 
HKRI 26 Semi-dwarf, high yield 
IR36 Semi-dwarf, high yield 
Gobind a Dwarf, BLB resistant 
Pokkali b Highl y salt-tolerant 
CSRIO b Salt-tolerant 
CSRII b Salt-toleran t 
MI48 b Salt-sensiti ve 

Non-bas. iaponica 
Azucena b S ~ress- to lerant, deep root system 

BLB , Bacteri al leaf blight. 
"Regional Ri ce Research Centre, CCS Haryana Agricult ural University, Kaul, India. 
hCentral Soil Sali nit y Research Institute (CSSR I). Kamal, Indi a. 

RAPD data 

Total Mean di ssimil ari ty 
bands va lue 

97 0.2 1-1 

102 0.209 

10-1 0.22X 

80 0.236 
96 0.236 
9 1 0.215 
95 02D5 
100 0.208 
95 0.200 
97 0. 197 
104 0.227 

97 0.25-1 

Table 2-Number of amplified DNA bands and mean polymorphic value ( I-F) generated by different primers in twelve rice genotypes. 

Primers Bands scored lleall 

Code Sequence Polymorphic Monomorp hic Total ( I-F) 

G-03 GAGCCCTCCA 8 6 1-1 0.1 11 

G-04 AGCGTGTCTG 10 I II 0 .\ 12 

G-05 CTG,\GACGGA II 4 15 0 . .1 -15 

G-09 CTGACGTCAC II 12 0.-12 1 

G-I I TGCCCGTCGT 9 10 0.317 

G-12 CAGCTCACGA 2 2 -I O.::!lJ 

G-13 ,CTCTCCGCCA 6 I 7 0.361 

G-14 GGATGAGACC 9 5 1-1 0220 

G-16 AGCGTCCTCC 2 10 12 (UJ:\ -I 

G-17 ACGACCGACA 7 10 17 0.126 

G-18 GGCTCATGTG 5 6 II 0.12:1 

G-19 GTCAGGGCAA 5 5 10 0.171 

G-20 TCTCCCTCAG 6 3 9 0.1 XX 

Total bands 91 55 146 
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Table 3-Mean polymorphic (I-F) values among pairs of rice genotypes based on RAPDs generated by thirteen 
random sequence decamer primers. 

Genotype B370 PBI TB Pokkali CSRIO CSRII 

B370 

PBI 0.142 

TB 0.151 0 .144 

Pokkali 0.248 0 .210 0 . 182 

CS RIO 0.213 0.201 0.253 0.155 

CSRII 0.212 0.195 0.24 1 0.157 0.064 

HKRI26 0.213 0.241 0.233 0.226 0.267 0. 197 

HKRI20 0.216 0.274 0.316 0.245 0.244 0.255 

[R36 0.221 0 .224 0 .299 0.202 0 .1 88 0.202 

Gobind 0 .227 0.242 0 .254 0.176 0 .177 0 .1 53 

Ml48 0.285 0.182 0 .202 0.223 0.209 0.219 

Azucena 0 .234 0.250 0.243 0.258 0.236 0.279 

Within the basmati group the polymorphic value was 
0.144, while within non-basmati indica \-F value was 
0.212. J aponica rice variety Azucena showed a (I -F) 
value of 0.258 with rest of the eleven genotypes . Yu 
and Nguyen II also detected high degree of 
polymorphism between japonica and indica 
subspecies by RAPD analysis. Zhenshan et ai.8 

concluded by RAPD analysis, that Chinese commom 
wild rice, indica rice and japonica rice could be 
clustered into three distinct groups. The RAPD data 
generated in the present investigation are genuine, as 
these also reflect the known phylogenetic re lationship 
of rice genotypes u . Thus, the primers which have 
generated higher polymorphism between pairs of 
genotypes, could be useful directly or after their 
conversion into STS primers l4 for the analysis of F2 
progeny of the cross between desired parents and for 
tagging of gene(s) of interest. 
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HKRI26 HKRI 20 IR 36 Gobinu M I4X Azucen<1 

0.174 

0.280 0 .08 1 

0 .200 0 .1 97 0. 162 

0.289 0.278 0.224 0 .234 

0.291 0 .33 1 0 .285 0.2 33 0 . 154 
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