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Abstract: Genetic diversity among 49 Indian accessions of rice (Oryza sativa subsp. indica), including 29 landraces
from Jeypore, 12 modern cultivars, and 8 traditional cultivars from Tamil Nadu, was investigated using AFLP markers.
In total, nine primer combinations revealed 664 AFLPs, 408 of which were found to be polymorphic. The percentage
of polymorphic AFLPs was approximately the same within the cultivars and landraces. Similar results were obtained
when genetic diversity values were estimated using the Shannon–Weiner index of diversity. Genetic diversity was
slightly higher in the modern cultivars than in the traditional cultivars from Tamil Nadu. Among the landraces from
Jeypore, the lowland landraces showed the highest diversity. The present study showed that the process of breeding
modern cultivars did not appear to cause significant genetic erosion in rice. Cluster analysis and the first component of
principle component analysis (PCA) both showed a clear demarcation between the cultivars and landraces as separate
groups, although the genetic distance between them was narrow. The modern cultivars were positioned between the
landraces from Jeypore and the traditional cultivars from Tamil Nadu. The second component of PCA further separated
medium and upland landraces from lowland landraces, with the lowland landraces found closest to the traditional and
modern cultivars.
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Résumé : La diversité génétique parmi 49 accessions de riz (Oryza sativa ssp. indica), dont 29 variétés de pays du
Jeypore et 8 variétés traditionnelles du Tamil Nadu, a été examinée à l’aide de marqueurs AFLP. Au total, neuf combi-
naisons d’amorces ont permis de révéler 664 AFLP dont 408 étaient polymorphes. La proportion d’AFLP polymorphes
était semblable au sein des cultivars et des variétés de pays. Des résultats semblables ont été obtenus lorsque les va-
leurs de diversité génétique ont été estimées en utilisant l’indice Shannon–Weiner de diversité. La diversité génétique
était légèrement supérieure au sein des cultivars modernes que parmi les variétés de pays du Tamil Nadu. Parmi les va-
riétés de pays du Jeypore, les variétés cultivées en faible altitude ont montré le plus de diversité. La présente étude
montre que les méthodes modernes d’amélioration génétique n’auraient pas causé d’érosion génétique significative chez
le riz. Une analyse de groupement et la première composante au sein d’une analyse en composantes principales (PCA)
ont toutes deux montré que les cultivars et les variétés de pays formaient deux groupes distincts, bien que la distance
génétique entre eux était faible. Les cultivars modernes logeaient entre les variétés de pays du Jeypore et les cultivars
traditionnels du Tamil Nadu. La seconde composante de l’analyse en composantes principales a permis de séparer da-
vantage les variétés cultivées en altitudes moyenne ou élevée des variétés cultivées en faible altitude, ces dernières
étant les plus proches des cultivars traditionnels et modernes.

Mots clés : riz, Oryza sativa, AFLP, variétés de pays, diversité génétique.

[Traduit par la Rédaction] Prashanth et al. 459

Introduction

Rice (Oryza sativa L.) is one of the most important food
crops grown worldwide and is the staple food for half of the
world population (Sasaki and Burr 2000). The varieties of
O. sativa have been traditionally classified as O. sativa
subsp. indica, subsp. japonica, and subsp. javanica.

O. sativa subsp. indica is grown in tropical countries, such
as India, where traditionally only native landraces or their
derivatives have been cultivated. These varieties have shown
excellent adaptation to local conditions but their productivity
is very low. Increasing the productivity through high-input
agriculture has not been possible because native landraces
are not responsive to fertilizers. In 1964, direct introduction
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of a semi-dwarf, fertilizer-responsive, high-yielding exotic
variety, TN-1, derived from ‘Deo-Geo-Woo-Gen’ × ‘Tsai-
Yuan-Chung’ from Taiwan failed because of its susceptibil-
ity to bacterial blight. Two years later, in 1966, the introduc-
tion of IR-8, derived from ‘Deo-Geo-Woo-Gen’ × ‘Peta’
(International Rice Research Institute (IRRI)), became a
great success, but it was not well adapted to all of the rice
ecosystems in India. Therefore, efforts were made to incor-
porate the desirable traits of ‘Deo-Geo-Woo-Gen’ into local
varieties and landraces. As a result, two high-yielding variet-
ies, derived from the cross between TN-1 and a locally
adapted line, T-141, were released in 1968. Since then, more
than 500 high-yielding modern and locally adapted varieties
containing the dwarfing gene from ‘Deo-Geo-Woo-Gen’ have
been developed from landraces and traditional cultivars (Anon-
ymous 1992).

Diversity and polymorphism using molecular markers
have been studied in more detail in O. sativa subsp. japonica
than in subsp. indica or subsp. javanica (Mackill 1995;
Redona and Mackill 1996; Ashikawa et al. 1999). However,
information on O. sativa subsp. indica can be obtained from
the comparative studies on O. sativa subsp. japonica and
O. sativa subsp. indica (Zhang et al. 1992; Yang et al. 1994;
Liu et al. 1996; Mackill et al. 1996; Zhu et al. 1998). There
are only two studies that have specifically investigated ge-
netic diversity in accessions of O. sativa subsp. indica using
molecular markers (Singh et al. 1998; Singh et al. 1999).
Given the large amount of unexplored genetic diversity in cul-
tivated O. sativa subsp. indica varieties, particlarly among ac-
cessions of its sexually compatible wild relatives, it becomes
important to better characterize the extent of such diversity.

Different types of molecular markers have been used to
investigate the biodiversity of rice (Glaszmann 1987; Wang
and Tanksley 1989; Wu and Tanksley 1993; Zeitkiewicz et
al. 1994; Virk et al. 1995; Zhou and Gustafson 1995;
Ashikawa et al. 1999; Dong et al. 2000). Among the differ-
ent types of molecular markers, AFLP (amplified fragment
length polymorphism; Vos et al. 1995) combines the ease of
random amplified polymorphic DNA markers (RAPDs; Wil-
liams et al. 1990) with the robustness of restriction fragment
length polymorphism markers (RFLPs; Botstein et al. 1980).
AFLP analysis is sensitive, does not require prior sequence
information, and has already been used for investigating ge-
netic distances among accessions of crop species (Maughan
et al. 1996; Ellis et al. 1997; Cho et al. 1999; Lotti et al.
2000). AFLPs generate complex banding patterns with up to
100 DNA fragments in a single reaction (Mackill et al. 1996;
Zhu et al. 1998) and offer wider genome coverage and infor-
mativeness than other molecular marker systems (Zhu et al.
1998; Singh et al. 1999).

The objective of our study was to use AFLPs to analyse
the genetic diversity present in 49 accessions of O. sativa
subsp. indica from India cultivated in the three major rice-
growing environments (lowland, midland (medium land),
and upland) that represent both traditional and modern
breeding pools.

Materials and methods

Plant material
The 49 accessions used in this study included 8 traditional

and 12 modern cultivars obtained from Ambasamudram
Rice Research Station (ARRS) and Madurai Agricultural
College (MAC), Tamil Nadu, India, and 29 landraces col-
lected from the Jeypore tract of Orissa, India (Table 1).

Extraction of genomic DNA
DNA was isolated using a modified cetyltrimethyl-

ammonium bromide (CTAB) method (Saghai-Maroof et al.
1984). For each accession, about 5 g of bulked leaf tissue
collected from 20 plants was ground to a fine powder using
liquid nitrogen and then suspended in 20 mL of extraction
buffer (20 mM EDTA (pH 8.0), 100 mM Tris-HCl (pH 8.0),
1.5 M NaCl, 2% CTAB, and 1% β-mercaptoethanol). The
suspension was mixed well, incubated at 60°C for 45 min,
followed by chloroform – isoamyl alcohol (24:1) extraction
and precipitation with 2/3 of the volume of isopropanol at –20°C
for 1 h. The DNA was pelleted down by centrifugation at
12 000 rpm for 10 min and suspended in TE buffer (10 mM
Tris-HCl – 1 mM EDTA (pH 8.0)). The DNA was purified
from RNA and proteins by standard procedures (Sambrook et
al. 1989) and DNA concentration was estimated by agarose-
gel electrophoresis and staining with ethidium bromide.

AFLP analysis

Preselective amplification
Genomic DNA (250 ng) was digested to completion with

5 U each MseI and EcoRI restriction enzymes (Boehringer-
Manheim, Germany). The double-digested DNA fragments
were ligated to 5 pmol EcoRI and 25 pmol MseI adaptors
(Vos et al. 1995). The adaptor-ligated DNA was diluted 10
times with TE buffer and subjected to pre-selective amplifi-
cation with MseI adaptor+A and EcoRI adaptor+C primers.
A 25-µL reaction mixture containing 2.5 µL diluted DNA,
75 ng of each primer, 1× reaction buffer (10 mM Tris-HCl
(pH 8.3), 50 mM KCl, and 1.5 mM MgCl2), 1 U Taq DNA
polymerase (Bangalore Genei, India), and 250 µM of dNTPs
was prepared and subjected to 20 cycles of 94°C for 30 s,
56°C for 60 s, and 72°C for 60 s in a thermal cycler (Perkin-
Elmer 9700; Perkin-Elmer, Foster City, Calif.). The concen-
tration of the amplified DNA was checked in 1.5% agarose
gel and diluted 25 times in TE buffer.

Selective amplification
The EcoRI+3 and EcoRI+2 primers (30 ng) were end-

labeled with [γ-32P]ATP using T4 polynucleotide kinase
(Life Technologies) in a 50-µL reaction as recommended by
the manufacturer. Selective amplification mixture (20 µL)
was prepared with 0.25 µL labelled EcoRI primer, 0.3 µM
MseI+3 primer, 5 µL diluted preselective reaction mixture,
1× buffer (20 mM Tris-HCl (pH 8.4), 1.5 mM MgCl2, and
50 mM KCl), 125 µM dNTPs, and 1.0 U Taq DNA polymer-
ase. Selective amplification was carried out for one cycle at
94°C for 30 s, 65°C for 30 s, and 72°C for 60 s, and the an-
nealing temperature was then repeatedly lowered by 1°C for
each of the next nine cycles, followed by 23 cycles at 94°C
for 15 s, 56°C for 30 s and 72°C for 30 s. Amplified prod-
ucts were mixed with equal volume of formamide loading
buffer (98% formamide, 10mM EDTA, 0.1% bromophenol
blue, 0.1% Xylene cyanol), denatured at 90°C for 3 min, and
resolved on 6% denaturing polyacrylamide gels (acrylamide–
bis-acrylamide (20:1), 7.5 M urea – 1× TBE buffer) at 60 W
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Accession Description* Source

Traditional Cultivars:
ASD-1 Pureline selection from Kar Samba Red (115) ARRS
ASD-2 Pureline selection from Kar Samba White (110) ARRS
ASD-3 Pureline selection from Veethi Vidangan (135) ARRS
ASD-4 Pureline selection from Kuruva Kalayan (135) ARRS
ASD-7 Pureline selection from Kar-Samba Red-Early (105) ARRS
ASD-8 Pureline selection from Thuyamalli (85) ARRS
ASD-9 Pureline selection from Avasara Samba (90) ARRS
GEB-24 Konamani mutant, photo-insensitive (150) ARRS

Modern Cultivars:
ASD-11 Natural cross of GEB-24/PJB-15 (150) ARRS
ASD-12 Natural cross of GEB-24/PJB-15 (165) ARRS
ASD-14 Derived from TN1/ ASD1 (115) ARRS
ASD-15 Derived from IR26/IR22 (120) ARRS
ASD-16 Derived from ADT-31/CO-39 (110) ARRS
ASD-17 Derived from ADT-31/Ratna/ ASD-8/IR-8 (100) ARRS
ASD-19 Derived from Lainakanda/IR30 (130) ARRS
ASD-18 Derived from ADT-31/IR-50 (105) ARRS
ASD-20 Derived from IR-18348/IR-25863 /IR-58 (110) ARRS
TN-1 Dwarf gene, dee-geo-woo-gen donor (110) ARRS
MDU-3 Derived form IR8/W 1263 (120–125) MACRI
MDU-4 Derived form AC 2836/Jagannath (120–125) MACRI

Landraces†:
Dhobkhuji Lowland (150) Chendenga, Malkangiri
Rajamuan Lowland (180) Kundri, Koraput
Machackanta Lowland (150) Badakumuli, Nabrangapur
Kalamali Lowland (150) Malkangiri, Malkangiri
Patadhan Lowland (135) Chedenga, Malkangiri
Biaganmanjidhan Lowland (170) Malkangiri, Malkangiri
Gadakhuta Lowland (135) Masigaon, Koraput
Kalajira Lowland (160) Masigaon, Koraput
Sindhikohli Lowland (140) Lima, Koraput
Baunasaganthi Lowland (140–150) Mahulli, Koraput
Basubhoga Lowland (150) Kotpad, Koraput
Tikichudi Lowland (140–150) Masigaon, Koraput
Paiken Upland (90) Kaniguma, Kalahandi
Dular Upland (95) Chendenga, Malkangiri
Mora Upland (100) Jeypore, Koraput
Kakmaranga Upland (90) Dadaki, Kandhamal
Dangardhan Upland (85–95) Masigaon, Khurda
Bhataguda Upland (90) Jeypore, Koraput
Matidhan Upland (70) Haladikund, Koraput
Pandakagura Upland (90) Jeypore, Koraput
Osagathiali Medium land (120–130) Jeypore, Koraput
Khutuli Upland (90) Kaniguma, Kalahandi
Bhatakubudi Medium land (130) Mentri, Koraput
Mer Medium land (110–120) Kotpad, Koraput
Baringa Medium land (120) Badakumuli, Nabrangpur
Bhatachudi Medium land (130) Jeypore, Jeypore
Sapuri Medium land (130) Masigaon, Khurda
Limbachudi Medium land (110) Kotpad, Koraput
Bodikaburi Medium land (110) Mohuli, Koraput

Note: ARRS, Ambasamudram Rice Research Station; MACRI, Madurai Agricultural College and Research Institute.
*Figure given in parentheses indicates duration of the cultivar or landrace.
†Source for the landraces is given as the village and the district of the site of collection.

Table 1. List of cultivars and landraces of Oryza sativa subsp. indica used in the present study.
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constant power. The gels were dried and autoradiographed
overnight. Nine primer combinations used for selective am-
plifications are reported in Table 2.

Data analysis
Each informative AFLP band was scored independently as

1 for presence and 0 for absence. Percentage of polymor-
phism was calculated as the proportion of polymorphic
bands over the total number of bands. Total diversity was
calculated using the Shannon–Weiner (SW) index (Shannon
and Weaver 1949) as

HW = – ∑ fi × ln(fi)

where fi is the frequency of an AFLP band across all the
samples. SW index within a subset of data was calculated as

HS = – ∑ fi × ln(fi)

where fi is the frequency of an AFLP band within a subset.
The average diversity between different groups was calcu-
lated as

HA = 1/nHS

where HA is the average group diversity over n groups. The intra-
and inter-diversity components (HA/HW and (HW – HA)/HW) were
also compared (Maughan et al. 1996). Genetic similarities
among rice accessions were calculated with the simple
matching coefficient (Sokal and Michener 1958) using
NTSYS-pc version 2.0 software (Rohlf 1992). The resulting
similarity matrix was first subjected to cluster analysis by
the unweighted pair-group method with the arithmetic aver-
ages (UPGMA) and then to principal component analysis
(PCA).

Results and discussion

India is the second-largest rice-producing country in the
world, where about 60 000 landraces were being grown in
the 1950s (Anonymous 1992). Until 1968, the varieties de-
veloped by agricultural research stations in India were
largely by direct pureline selection from landraces and occa-
sionally derived by selection after hybridization between
purelines. Such varieties are referred to as traditional
cultivars in this paper. Later on, modern cultivars were de-
veloped by hybridization of the local landraces and tradi-
tional cultivars with exotic germplasm. The present study
included 29 landraces collected from Jeypore that includes
eight districts of Orissa in southeastern India. These land-
races represent lowland (12 accessions), midland (8 acces-
sions), and upland (9 accessions) rice ecosystems. The 8
traditional cultivars (including GEB-24) were from southern
India, and the 12 modern cultivars were developed for the
same region by hybridization of locally adapted landraces
and traditional cultivars with exotic varieties like TN-1 and
IR-8 to incorporate agronomically desirable traits. The num-
ber of AFLP bands per primer combination observed across
all 49 accessions varied between 41 and 112 over the nine
primer combinations used. The number of polymorphic
AFLP per primer combination varied from 29 to 68 with an
average of 45. In total, 408 fragments out of 664 (62%) were
found polymorphic (Table 2). Each primer combination
could differentiate all of the accessions used. The AFLP pro-
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file of the 49 accessions obtained with the primer combina-
tion E-AGC–M-CAT is shown in Fig. 1.

The percentage of polymorphic AFLPs was almost the
same within the cultivars (traditional and modern together)
and the landraces (48 and 50%, respectively) (Table 2). The
level of genetic diversity within rice cultivars and landraces
was found to be similar, as reported earlier based on varia-
tion in rDNA intergenic spacer regions (Liu et al. 1996) and
microsatellite markers (Yang et al. 1994). Furthermore, it
has been reported that the most frequent alleles at the major-
ity of the loci in landraces were also maintained as the most
common alleles at their respective loci in cultivars (Yang et

al. 1994). In the present study a higher level of polymor-
phism was found in modern cultivars in comparison with
traditional cultivars (44 and 33%, respectively) when the
modern and traditional cultivars were considered as separate
groups. Within the landraces, lowland landraces were more
polymorphic than midland and upland landraces (39, 22, and
29%, respectively). However, across the cultivars and the
landraces 62% of the AFLPs were polymorphic. Therefore, a
certain portion of variation is unique to each group. This in-
dicated a moderate level of genetic divergence between the
cultivars (traditional and modern together) and the landraces
studied. Furthermore, the midland and upland landraces

© 2002 NRC Canada
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Fig. 1. AFLP profile of 49 accessions of rice cultivars and landraces generated by selective amplification with EcoRI adaptor+AGC
and MseI adaptor+CAT primer combination resolved in 6% denaturing polyacrylamide gel. AFLP profiles from ASD-1, ASD-2, ASD-
3, ASD-17, and ASD-19 are replicated once.
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were more divergent than the lowland landraces from the
cultivars.

In the present study, the frequency of individual polymor-
phic AFLP fragments ranged from 0.02 (present in only one
accession) to 0.98 (present in all but one accession), which
is in accordance with previous results reported in rice (Zhu
et al. 1998). When measuring the level of polymorphism in
terms of percentage of polymorphic AFLPs, a fragment with
a frequency of 0.02 as well as 0.98 are given the same
weight. Consequently, this approach does not indicate to
what extent rare alleles or common alleles contribute to the
observed level of polymorphism. Therefore, to measure the
genetic content of the accessions, we used the SW index,
which is essentially a sum of frequency of occurrence of
events (the AFLP bands in this case). The average SW index
and its standard deviation was 6.94 ± 1.88, 6.26 ± 2.20, 7.1 ±
2.16, and 9.45 ± 4.84 for landraces, traditional cultivars,
modern cultivars, and the pooled data from all the acces-
sions, respectively, (Table 3). These results indicate that the
choice of the primer combination influences the measure of
genetic diversity, particularly when the sample size is large
and diverse in origin, such as in the case of the pooled data
from all accessions.

The results obtained with the SW index can be analyzed
with the four following comparisons:
(i) Traditional cultivars compared with modern cultivars

from Tamil Nadu. Diversity value for modern cultivars
was slightly higher than that for traditional cultivars
(63.9 and 56.4, respectively). These modern cultivars
were developed for the same region where the tradi-
tional cultivars were grown. In fact, some of these tradi-
tional cultivars were used as parents to develop the
modern cultivars (see Table 1). Therefore, hybridization
of exotic germplasm with local germplasm during the
course of breeding programs might have contributed to
the increased diversity among the modern cultivars com-
pared with the traditional cultivars.

(ii) Landraces from Jeypore compared with those from
Tamil Nadu. The eight traditional cultivars analyzed in
the present study are essentially the landraces from
Tamil Nadu (Ambasamudram; Table 1) that were ob-
tained by direct pureline selection. Therefore, a compar-
ison between these cultivars and the landraces from
Jeypore could provide a comparative estimate of diver-

sity present in the landraces from these two regions. The
diversity value for landraces from Jeypore was higher
than that for landraces from Tamil Nadu (62.4 and 56.4,
respectively). This could be explained by the fact that
Jeypore is considered a secondary centre of origin for
rice (Ramaiah 1953; Ramaiah and Ghose 1951) and a
hot spot for genetic diversity in this species.

(iii) Comparison of lowland, midland, and upland landraces.
Lowland landraces showed remarkably higher genetic
diversity than the midland and upland landraces (58.2,
31.5, and 46.1, respectively). Analysis of the data after
excluding the accession Basubhoga, which was found to
be an outlier (Fig. 2), did not alter the SW index for di-
versity very much and it remained the highest for low-
land landraces (56.9) in comparison with upland and
midland landraces. This result was interpreted after tak-
ing into consideration that the lowland environment, as
compared with the midland and upland environments, is
more complex, unpredictable, and subjected to several
biotic and abiotic stresses. This, in turn, may have re-
quired greater genetic variability to reach and sustain
adequate yield levels.

(iv) Comparison across all accessions. We compared the
intra- and inter-group diversity components of AFLP
variation (Ha/Hw and (Hw – Ha)/Hw, respectively) con-
sidering the lowland, midland, and upland landraces and
the modern and traditional cultivars as five separate
groups. It was found that the observed variation in
AFLP profiles was almost equally divided between the
intra- and interdiversity components.

The dendrogram based on the analysis with the simple
matching coefficient (Fig. 2) showed two major clusters with
about 70% similarity. One of the two major clusters included
a sub-cluster all of the landraces, except Basubhoga, in a
group with approximately 75% similarity, and a second sub-
cluster with six accessions (GEB-24, TN-1, MDU-3, MDU-4,
ASD-18, and ASD-20). The other major cluster included all
of the other cultivars. Among the landraces, lowland land-
races were closer to the modern cultivars even though the
latter were not especially derived from lowland landraces or
developed for the lowland ecosystem. Basubhoga, a lowland
landrace with white and aromatic kernel was found to be an
outlying accession among all other accessions studied.

© 2002 NRC Canada
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Primer
combination

Lowland
landraces

Medium land
landraces

Upland
landraces

All
landraces

Modern
cultivars

Traditional
cultivars

All
cultivars

All
accessions

E-AAC–M-CTA 4.26 1.95 3.34 3.91 5.30 5.41 5.65 4.98
E-AGC–M-CAT 4.60 3.21 4.56 6.43 4.90 3.68 4.74 5.61
E-AGG–M-CAC 8.86 1.72 5.74 7.41 10.20 8.85 10.43 9.26
E-AGC–M-CAC 4.79 4.58 4.96 5.17 6.27 5.83 6.71 6.78
E-AGG–M-CAA 10.40 4.01 7.68 10.85 11.23 9.04 11.81 12.87
E-ACC–M-CTT 5.79 4.60 5.66 6.76 7.54 3.50 8.04 20.48
E-AAC–M-CTT 7.76 3.94 5.61 6.89 6.27 9.30 8.26 10.59
E-AG–M-CTT 4.98 3.90 4.26 6.14 5.48 5.09 6.37 6.41
E-AG–M-CTA 6.71 3.58 4.34 8.9 6.66 5.46 6.85 8.08

Total 58.15 31.50 46.1 62.4 63.97 56.42 68.8 85.06
Mean 6.46±2.14 3.5±1.03 5.1±1.24 6.94±1.88 7.1±2.16 6.26±2.20 7.65±2.26 9.45±4.84

Table 3. Shannon–Weiner diversity index values for different groups of Oryza sativa subsp. indica landraces and cultivars.
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To better understand the relationships among rice acces-
sions, PCA was also carried out using the same genetic simi-
larities data set (Fig. 3). On the basis of the first principal
component, which accounted for 16.7% of the total varia-
tion, the landraces adapted to midland and upland cultivation
were clearly separated from lowland landraces and cultivars.
The latter were more widely spread than the landraces
across the second principal component, which explained
9.0% of the total variation. The lowland landraces were po-
sitioned between the upland and midland landraces and the
cultivars, although they were closer to the latter. The tight
cluster including the midland and upland landraces was

better resolved by the third principal component, which
accounted for 5.5% of the total variation and, with the ex-
ception of Paiken, allowed for the separation between mid-
land and upland landraces. The modern cultivars were
positioned between the traditional cutivars from Tamil Nadu
and the landraces from Jeypore. Modern cultivars are pri-
marily nonsegregating lines selected at advanced generations
raised after hybridization between locally adapted purelines
from Tamil Nadu and exotic varieties. Modern cultivar
breeding selection was more towards the phenotype of the
respective pureline, except for a few selected traits like
semi-dwarfism or erect leaves that were acquired from the
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Fig. 2. Dendrogram showing relationships among the 49 accessions of rice cultivars and landraces based on NTSYS simple matching
coefficient and UPGMA.
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exotic cultivars. Indeed, the modern cultivars show more af-
finity towards the traditional cultivars from Tamil Nadu
rather than forming a separate cluster distant from landraces
and traditional cultivars.

Modern cultivars showed more diversity than the land-
races from the same region, and yet clustered closer to the
traditional cultivars. Therefore, these results indicate that the
development of modern cultivars does not appear to have
caused genetic erosion. In fact, after hybridization of the
landraces and their derivatives with the exotic germplasm,
genetic diversity has increased in terms of available
polymorphisms at single loci. However, in terms of culti-
vated genotypes, total genetic diversity erosion is probable,
because only a small number of the 500 modern cultivars
(Anonymous 1992) are currently being cultivated in India,
and they occupy more than 95% of the area under rice culti-
vation. Therefore, it remains essential to conserve the
biodiversity present in the rice landraces and use it to
broaden the genetic base of cultivated rice varieties. Molecu-
lar markers, such as AFLPs, will play an essential role in
characterizing biodiversity for its exploitation in modern
breeding programmes.
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