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Abstract

The genetic diversity and phylogenetic relationships of eight different varieties of Rice (Oryza sativa) viz., MO 16, Ptb 43, Palakkaddan Matta, Ptb
40, MO 17, MO 6, Ptb 39 and KTR 2 from Kerala state, South India were analyzed by Random amplified polymorphic DNA (RAPD). Out of twenty
10-mer RAPD primers screened initially, eleven were chosen and used in a comparative analysis of different varieties of rice. Of the 101 total RAPD
fragments amplified, 28 (27.72%) were found to be shared by individuals of all eight varieties. The remaining,73 fragments were found to be
polymorphic (72.27%). The average gene diversity or heterozygosity for over all varieties was0:224. This Study offered a rapid and reliable method
for the estimation of variability between different accessions which could be utilized by the breeders for:further improvement of the local rice
varieties.
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1. Introduction

Rice (Oryza sativa) is a cereal foodstuff which forms an important part of the diet of more than three billion people around the world
[1]. Wild relatives of cultivated rice play a very important role in rice breeding practically and theoretically [2]. It has most diversified
crop species due to its adaptation to a wide range of geographical ecological and climatic regions [3]. South India has been the
heartland of rice cultivation since long. Therefore, the'indigenous rice germplasm of South India, including Kerala is enriched with
wide genetic diversity and valuable gene system for yield attributes and adaptability [4]. A detailed understanding about the extent
structure of genetic variation in different varieties of the same species is important for the development of appropriate and efficient
strategies for collection, conservation, and preservation of cultivar relatives. In addition, the efficient use of genetic resources in all
plant-breeding programs requires knowledge about genetic diversity. At present, several varieties have many synonyms in different
regions which make identification‘difficult. Nevertheless, differentiation of varieties through morphological features is inefficient
and inaccurate [5].

The random amplified polymorphic DNA (RAPD) fingerprinting method was first described by Welsh and McClelland [6] and Williams
et al. [7] in which the decamer (10 nucleotide length) DNA fragments from PCR amplification of random segments of genomic DNA
with single primer of arbitrary nucleotide sequence and which are able to differentiate between genetically distinct individuals,
although not.necessarily in-a reproducible way. They showed that variation of amplified fragments is often inherited in a Mendelian
fashion. Because the RAPD technique surveys numerous loci in the genome, it is particularly attractive for analysis of genetic
diversity and phylogeny [8]. RAPD has been used in the analysis of rice genotypes by several groups for (i) estimation of the genetic
diversity and relatedness among different accessions [9-13]; (ii) detection of duplicates [14,15]; (iii) identification and classification
of various cultivars [16-18] and (iv) determination of the genetic relationship between several species/varieties [19,21]. The present
work was undertaken to estimate genetic variation in the germplasm of eight rice varieties using RAPD technique for future use in
selection, hybridization, biodiversity assessment, evaluation and conservation of diverse gene pools, etc. However, there are no
reports on the comparison of the genetic variations using RAPD markers in these eight varieties which we report in the present
study. We found highly reproducible, polymorphic RAPD fingerprints for discrimination of genetic variation in these varieties.
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2. Methods
2.1 Sampling

The seeds of eight varieties of rice (O. sativa L) include MO 16 (Uma), Ptb 43 (Swarnaprabha), Palakkadan Matta, Ptb 40 (Sabari),
MO 17 (Revathi), MO 6 (Pavizham), Ptb 39 (Jyothi) and KTR 2 (Cheradi) from the different research institutions like Rice Research
Institute, Mankomb; Kerala Agricultural University, Vellayani; and other paddy cultivating locations such as Kuttanad, Alapuzha and
Palakad were selected for the genetic variability study. The seeds were germinated separately in plastic tray by labeling the names
of variety. Leaves were collected after two weeks of growth for DNA extraction. Total DNA was extracted from the leaf samples
following the standard CTAB method [22] after minor modification. After ethanol precipitation, DNA was resuspended in 100 Bl of
TE. For the removal of RNA, 10 mg of RNAse A was added to the DNA solution and incubated for 10 min at 37°C.

2.2 RAPD Reaction

RAPD amplification was performed in a reaction volume of 25 pl containing 1 X reaction buffer {100 mMTris, 500 mM KCl, 0.1%
gelatin, pH 9.0) with 1.5 mM MgCl, (Genei, Bangalore, India), 5 pM of primer, 0.2 mM dNTPs (dATP, dCTP, dGTP and dTTP), 2 U Taq
DNA polymerase (Genei, Bangalore, India) and 25 ng of template DNA. PCR amplification was performed in a PTC 200 thermal cycler
(MJ Research, Inc., Watertown, Massachusetts, USA). The reaction mixture was pre-heated at 95°C for 3 min followed by 40 cycles
(94°C for 3 min, 40°C for 1.30 min, and 72°C for 2 min). The reaction was then subjected to a final extension at 72°C for 10 min.

Twenty decamer primers from the operon kits OPA, OPC and OPJ (Operon-Technologies, AlImeda, USA) were used for this study.
Eleven primers (Table-1) out of 20 produced amplicons and they were selected by primary screening and were selected for genetic
diversity analysis by taking into consideration the repeatability, sharpness and intensity of bands. The resulting products were
electrophoretically analysed through 1.5 % agarose gels stained with ethidium-bromide (5 pug /ml) in TBE buffer (90 mM Tris—borate
and 2 mM EDTA, pH 8.0) and the gels were documented using Image Master 1D gel documentation system (Amersham Biosciences,
New Jersey, USA). The pictures were used for the analysis of the amplified products. The molecular weights of the bands were
calculated by using Image Master 1D Elite software, (Pharmacia Biotech, USA) in relation to the molecular marker ADNA with
EcoRI/Hindlll double digest applied along with the samples. The reproducibility of the RAPD method was checked by running the
different PCR samples of the same plant in agarose gel electrophoresis.

Table 1. Selected primers and genetic variations among eight varieties of rice in RAPD analysis.

sho T e b poor Apprme | Foymonhicbands MO G
bands Number % Number %
1 OPA 14 TCTGTIGCTGG 11 250-1800 9 81.82 2 18.18
2 OPC 01 CTCACCGTCC 8 250-1600 7 87.5 1 14.2
3 OPC 09 CTCACCGTCC 12 250-1600 11 91.67 1 9.09
4 OPJ 01 CCCGGCATAA 7 150-1800 2 2857 5 7143
5 OPJ 02 CCCGTTGGGA 9 200-1750 6 66.67 3 33.33
6 OPJ 03 TCTCCGCTTG 7 300-1600 5 7143 2 2857
7 OPJ 04 CCGAACACGG 8 350-1750 4 50.00 4 50.00
8 OPJ 05 CTCCATGGGG 9 350-950 8 88.89 1 1111
9 OPJ 07 CCTCTCGACA 9 200-1500 7 77.78 2 22.22
10 OPJ 08 CATACCGTGG 10 200-1800 7 70.00 3 30.00
11 OPJ 09 TGAGCCTCAC 11 350-1150 7 63.64 4 36.36
Total -—- -—- 101 150-1800 72.2 74.26 28 27.72
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2.3 Data Analysis

The stained gels were photographed and analyzed the banding patterns by counting the bands as seen in the photographs.
Reproducible RAPD products were scored as the presence (1) or absence (0) of a fragment. Bands of equal molecular mass and
mobility generated by the same primer were considered as of identical locus. Faint or poorly amplified fragments were excluded
from the analysis. All RAPD fragments scored were two-allele system, i.e., presence (dominant) and absence (recessive) of bands
[23]. The DNA marker applied along with RAPD samples helped to determine the molecular sizes of the DNA fractions of the rice
samples. The genetic distances were assessed with Nei's unbiased genetic distance measure and converted to a dendrogram by
unweighted pair group method using arithmetic averages (UPGMA). The robustness of the dendrogram was tested using 1,000
bootstrapping. All phylogenetic program described were routinely implemented in PHYLIP [24] using POPGENE ver. 1.31 [25].

3. Results and Discussion

Out of 101 bands generated, 28 (27.7%) were found to be shared by individuals of all eight varieties. The remaining 73 fragments
were found to be polymorphic (72.27%) (Table-1). For overall varieties, the observed (na) and effective (ne).number of alleles were
1.66 and 1.37 respectively. The average gene diversity or heterozygosity (H) [26] for over all:species (H) was 0.224. The genetic
variation pattern of different rice varieties with primer OPJ-05 is shown in fig. 1. Nei’s unbiased genetic identity and distance
estimated between pairs of eight varieties of rice are presented in Table-2. According to the results, the varieties KTR 2 (Cheradi) and
Palakkadan Matta are closely related having the genetic identity value 0.47 and less genetic distance (0.62). The less genetic identity
(0.05) or more genetic distance (0.95) was shown between the varieties Ptb 43 (Swarnaprabha) and MO 6 (Pavizham).

Table 2. Similarity matrix of rice varieties analysed using Nei’s original measures of genetic identity.

Rice Varieties MO 16 Pth 43 Pa'&';kti‘ga” Pth40 ~ MO17  MO6 Pth39  KTR2
MO 16 ok 0.346 0.394 0.279 0.267 0315 0253 0393

Pth 43 ok 0.284 0.346 0.254 0051 0178 0276
Palakkadan Matta s 0.452 0.441 0.245 0423 0471
Pth 40 s 0.284 0417 0212 0393

MO 17 ok 0321 0131 0122

MO 6 wokx 0247 0354

Pth 39 ok 0231

KTR 2 _—

3.1 Cluster Analysis

UPGMA dendrogram (Fig. 2) based on genetic distance grouped eight varieties of rice into two clusters 1, 2 following geographical
proximity. Cluster 1 includes 5 varieties namely MO16, Ptb 39, MO17, Ptb 40, Pth43. This cluster is further differentiated into 2
subclusters with subcluster 1 including 2 rice varieties namely MO16 and Ptb 39 and subcluster 2 with varieties MO17, Ptb 40 and
Ptb 43. The cluster-Il includes two local varieties ‘KTR 2’ and ‘palakkadan matta’ which were closely related and formed an
independent cluster with MO 6. The different varieties came from different hybrid (Table 3) which could be a reason for the high
genetic distance among the varieties of rice. In addition, the samples were collected from different locations (geographically
separated), which also be a factor for high genetic distance.
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Table 3. Pedigree and salient features of rice varieties selected for the study.

S. No. Name of the rice varieties Pedigree/Salient features

1. MO 16- Uma MO6 X Pokkali / Dwarf grains: MB, tolerant to GM.

2. Ptb 43- Swarnaprabha Bhavani x Triveni/ Grains —long bold & tolerant to blast & BPH.

3. Palakadan matta Indigenous local variety/ Robust: semi dwarf, red, high content of nutrients.

4. Ptb 40-Sabari IR8/2 x Annapoorna/ Grains: long bold, red, resistant to blast.

5. MO17-Revathy Cul. 1281 X MO6 / long bold Grains: MB, tolerant to BPH.

6. MO 6-Pavizham IR 8 x Karivenal/ Semi dwarf, grains: short bold, red.

7. Ptb 39-Jyothi Ptb-10 x IR-8 / Dwarf, grains: long bold, red, resistant to blast.

8. KTR 2 Local cheradi / Semi-dwarf (111 cm), grains: MB, red, no major diseases & pests.

3.2 Variety-specific Markers

Several RAPD fragments showed fixed frequencies in a particular variety. These could be used as variety specific markers to
distinguish the varieties. 21 RAPD fragments were detected as variety-specific markers in 10 primers in all the varieties. These 21
fragments were exclusively observed in particular varieties (Table 4). The primer OPJ 03 did not show any variety specific bands.
Such specific RAPD markers can be generated as genetic tags for rice varieties in the future that would be helpful in cultivation and
selection programs for the species/variety. The utility of individual marker systems and their combination was also discussed by
Sarika et al [27].

Genetic variation in plants has proven valuable in plant conservation and management, for identification of populations, species and
sub-species, and for estimating contributions to stock mixtures. In this study, the variety KTR 2 shows more similarity with
Palakkadan Matta because both the varieties were local varieties and all the rest were hybrids. However, the problem that we face
today is that these varieties are becoming.endangered. Kerala has a rich tradition in rice farming. Nevertheless, of late many of the
traditional varieties are not available. Genetic erasion might be the major reason to replace these traditional varieties by the high
yielding rice varieties that are provided by government agencies [28]. A proper knowledge of the genetic make-up and variability of
flora will help us in the management, improvement and conservation of endangered varieties. A lack of knowledge about the genetic
structure of these varieties/populations may result in the differential harvest of the varieties/populations that will ultimately have a
drastic and long-term effect [29]. To overcome this, there is always a need for investigations encompassing the genetic variations at
the intra and inter-population levelsas well as at the intra and inter-specific levels of the plant resources of any nation [30,31].

Random amplified polymorphic DNA is one of the common genetic marker, used for population genetic analysis, pedigree analysis
and taxonomic discrimination [32-34]. Several authors have demonstrated that the RAPD-PCR method is a powerful tool in the
assessment of discriminating differences at intra and inter-population level in a wide range of organisms including plants [19, 35-37].
In the present study, the genetic characteristics of different varieties of rice were analyzed for discriminating the different varieties
by applying modern techniques of Polymerase Chain Reaction-random amplified polymorphic DNA (PCR-RAPD). The size of DNA
fragments amplified in rice varieties ranged from 150-1800 bp and this conforms with the range of fragment sizes observed in
traditional lowland rice varieties of Assam [38], wild rice in northern region of Thailand [39], rice genotypes of Pakistan [40].
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Table 4. Variety specific RAPD markers with size in bp for each rice variety.

Primer Fragment No. Size (bp) Variety

OPA14 4 400 KTR 2

OPC 09 4 750 Ptb 39

3 830
OPJO1 2 1420
9 200
OPJ02 2 1050
5 700
7 530 | Ptb 40

MO16
Palakkadan matta
KTR 2

Ptb 40

Ptb 40
MO 16
Ptb 43
KTR 2
KTR 2
Ptb 43

MO 16

MO6

Palakkadan matta
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Fig 1: RAPD pattern of different rice varieties with primer OPJ-05. Lanes: 1-2 MO 16, 3-4 Ptb 43, 5-6 Palakkadan Matta, 7-8 Ptb 40,
9-10 MO 17, 11-12 MO 6, 13-14 Ptb 39, 15 KTR 2. M-Molecular Weight marker (ADNA with EcoRI & Hindlll double digest).

> 6 7 8 M 9 10 11 12 13 14 15

Fig 2: Dendrogram (UPGMA) pattern of RAPD analysis-in different varieties of rice plant (Oryza sativa).

MO 16
—

PTB 39

MO 17
_I

PTB 40

PTB 43

I KTR 2

Palakkadan Matta

When gene flow is lower, then gene diversity is higher [41, 42]. In this experiment, all the rice varieties showed higher genetic
distance (0.7417). Therefore, it can be commented that lower gene flow might have occurred in these genotypes. A recent study by
Sarika et al revealed a high level of genetic diversity among the non-basmati groups that holds a promise in quest of conserving crop
diversity and broadening gene pool for breeding [27]. The RAPD profiles in the present study displayed a high degree of
polymorphism. This confirms suitability of RAPD markers for discrimination of different varieties of rice plants. In brief, the study
yielded highly reproducible RAPD fingerprints, which were used as reliable and useful tool for discrimination of genetic variation in
eight varieties of rice (O. sativa). Finally, the present findings of genetic divergence levels in rice suggest that all varieties are not
drawn from the same randomly mating gene pool. This observation and the identification of unique specific markers (private alleles)

are significant steps towards realizing the goal of variety-based management and cultivation and conservation of rice resource in
Peninsular India.
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4. Conclusion

RAPD marker was found to be powerful tool to analyze the genetic structure of different varieties of rice. These markers
demonstrated striking genetic differentiation between pairs of rice varieties examined. Geographic isolation by land distance is likely
to be the factor that contributed to the restricted gene flow between the varieties. This study reveals the average genetic variation
among the rice varieties and emphasizes the need for stock/variety wise cultivation, conservation and propagation assisted-
rehabilitation and selection of the natural populations of rice (O. sativa).
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