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Abstract

Information of genetic variability and relatedness among rice genotypes is essential for future
breeding programmes and derivation of superior cultivars. The objective of the present study was to
evaluate the genetic relationship among traditional and improved cultivars of Pakistani rice and to
determine differences in the patterns of variation between two indica rice groups: basmati and non-
basmati. Forty-one cultivars were evaluated by means of 30 microsatellite markers distributed over
the whole rice genome. A total of 104 alleles were detected by 30 markers, all of them (100%) were
polymorphic. The number of alleles generated by each marker ranged from 2 to 6 with an average
of 3.5 alleles marker™'. Polymorphism information content (PIC) varied from 0.259 to 0.782 with an
average of 0.571. A significant positive correlation (r = 0.71**) was found between the number of
alleles at SSR locus and the PIC values. Pair-wise Nei and Li’s similarity coefficients ranged from
0.10 to 0.99. A dendrogram based on cluster analysis by microsatellite polymorphism grouped 41
rice cultivars into 2 major groups effectively differentiating the late maturing, tall and slender-grain
basmati and other aromatic rice cultivars from the early, short statured, short bold and long bold
grain non-aromatic cultivars. Higher level of genetic diversity between basmati and non-basmati
support the concept that former had a long history of independent evolution and diverged from non-
basmati rice a long time ago through human selection and patronage. Present investigation further
indicated that genetically basmati rice is different from that of coarse indica and japonica type. The
results suggested that microsatellite markers could efficiently be utilized for diversity analysis, and
differentiation of basmati and non-basmati rice cultivars. In addition, marker-based identification of
traditional basmati rice may help in maintaining the integrity of this high quality product to the
benefit of both farmers and consumers.

Introduction

Rice (Oryza sativa L.) is one of the oldest domesticated crop species in the world
and has fed more people throughout human history than any other food plant. It is also
widely recognized an ideal model plant for the study of grass genetics and genome
organization due to its diploid origin (2n = 24), relatively small genome size (430 Mb),
availability of whole genome sequences, relative ease of transformation, development of
several key genomic mapping resources, considerable level of genetic polymorphism,
large amount of well conserved genetically diverse material and the availability of widely
collected, compatible wild species. Rice occupies almost one-fifth of the total land area
covered under cereals. It is cultivated over an area of 1.5 billion hectares of land having
overall worldwide production of 645 million tons per annum. Rice is grown under diverse
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cultural conditions and over wide geographical range. Most of the world’s rice is
cultivated and consumed in Asia, which constitutes more than half of the global
population. Approximately 11% of the world’s arable land is planted annually to rice, and
it ranks next to wheat (Chakravarthi & Naravaneni, 2006).

In Pakistan, rice occupies about 10% of the total cultivated area, accounts for 6.1%
of value added in agriculture and 1.3% in gross domestic product. Production of rice
during 2005-06 was recorded as 5,547 thousand tons, 10.4% higher than previous year
with 6.1% increase in yield per hectare (Anon., 2006). Basmati rice is economically more
valuable and highly priced in the domestic as well as international markets due to
superior quality of the grain and constitutes an important source of revenue for the
country. Pakistan has become one of the leading exporters of aromatic rice in the global
markets. Country’s annual rice export stands at about 0.84 million tons of basmati and
2.85 million tons of non-basmati rice, contributing a total of 69325 million rupees to the
Pakistan economy (Anon., 2006).

The study of genetic diversity in basmati gene pool and other rice types is necessary
for varietal identification, proper purity maintenance, and basmati rice breeding. In view
of the implementation of plant variety protection rights and export under WTO
regulations, increasing attention is being paid towards comprehensive characterization of
elite basmati quality rice germplasm, supplementing the existing morphological
descriptors with reliable and repeatable DNA based marker profiles. Genetic analysis is
important to ensure the export quality of basmati rice, for maintaining the distinctiveness’
of basmati varieties and to differentiate between the various grades of basmati rice (Bligh,
2000; Nagaraju et al., 2002). In most of previous studies, basmati types clustered into a
separate group distinct from that of indica and japonica rice varieties (Nagaraju et al.,
2002; Jain et al., 2004). The results indicated that basmati germplasm may have a long,
independent and complex pattern of evolution that distinguishes it from other groups
within Oryza sativa (Jain et al., 2004). More than 40 rice cultivars have been developed
and released for cultivation in Pakistan since early nineteen century. Most of the
information we have so far is about common varieties, and our knowledge on traditional
cultivars is still lacking. Management of the indigenous aromatic rice genetic resources
by way of characterization and documentation helps in protection of these unique bio-
resources in accordance with the provision laid out in the (1992) meet on Conservation of
Biological Diversity (CBD).

Molecular markers have proven to be powerful tools in the assessment of genetic
variation and in the elucidation of genetic relationships within and among species
(Shinwari, 1995). Among PCR based markers, microsatellites are highly polymorphic,
more reproducible, co-dominant and distributed throughout the genome. More than 2200
microsatellite markers have been mapped to specific locations in rice genome (McCouch
et al., 2002). These markers have been utilized for many purposes including genome
mapping, gene tagging, estimation of genetic diversity, varietal differentiation and purity
testing (McCouch et al., 1997; Coburn et al., 2002; Nagaraju et al., 2002). It has been
reported that the number of parental lines used in the breeding of many of the currently
released Pakistani long-grain aromatic cultivars of rice is very limited and for this reason,
it is important that any method used can readily detect variation between closely related
cultivars (Rabbani et al., 2008). Our objectives were to use microsatellite markers for the
assessment of genetic variability and relationships among traditional and improved
cultivars of rice from Pakistan and to determine differences in the patterns of diversity
within two indica rice groups: basmati (aromatic) and non-basmati (coarse).
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Table 2. Details of SSR markers used, their location on rice chromosomes, number of
polymorphic alleles and polymorphism information content (P1C) values.
Polymorphic  PIC

Marker Chromosome SSR motifs

alleles value
RM1 1 (GA)26 3 0.561
RM10 2 (GA)15 3 0.437
RM13 5 (GA)16 3 0.582
RM16 3 (GA)15 3 0.513
RM17 12 (GA)21 3 0.658
RM19 4 (ATC)10 3 0.535
RM44 8 (GA)16 3 0.580
RMS55 5 (GA)17 3 0.652
RM60 3 (AATT)5AATCT(AATT) 2 0.408
RM72 8 (TAT)5C(ATT)15 6 0.782
RM&4 1 (TCDH10 2 0.444
RM122 5 (GA)11 5 0.704
RM161 5 (AG)20 6 0.567
RM163 5 (GGAGA)4(GA)11C(GA)20 5 0.732
RM171 10 (GATG)5 2 0.500
RM182 7 (AT)16 3 0.259
RM201 9 (CM17 3 0.557
RM202 11 (GA)30 3 0.592
RM222 10 (GA)18 2 0.497
RM223 8 (GA)25 3 0.543
RM224 11 (GA)13 4 0.658
RM234 7 (GA)25 3 0.515
RM241 4 (GA)31 3 0.461
RM242 9 (GA)26 3 0.501
RM252 4 (GA)19 4 0.598
RM253 6 (GA)25 3 0.632
RM257 9 (GA)24 6 0.743
RM302 1 (GT)30(AT)8 5 0.676
RM310 8 (GT)19 5 0.757
RM348 4 (CAG)7 2 0.482
Total - - 104 -
Average - - 3.5 0.571

Materials and Methods

Plant materials: A total of 41 cultivars of Pakistani rice were used in present
investigation (Table 1). Among them 15 belong to basmati/aromatic, 24 belong to non-
basmati coarse, while two japonica cultivars, Kinmaze and Nipponbare served as control
for comparison.

Microsatellite marker analysis: Total DNA was extracted from dried seeds of 10
individual plants of each cultivar according to the method described by Kang et al.,
(1998) with slight modification. Purity and concentration of DNA of each individual was
monitored spectrophotometrically at a wavelength of 260 and 280nm using NanoDrop
ND-1000 Spectrophotometer. All individual DNA samples were diluted to a working
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concentration of 20ng/ul with TE before use. An equal amount of genomic DNA from 10
individuals of each cultivar was mixed to make a bulk sample for PCR analysis.

Forty SSR primer pairs were selected as a subset of markers on the basis of
published rice microsatellite framework (Temnykh et al., 2000; McCouch et al., 2002),
well distributed on all the 12 chromosomes and previously used for genetic diversity
analysis of rice. Preference was given to those SSRs that have been used greatly for the
analysis of basmati rice. Individual PCR amplification was performed in a total volume
of 20ul reaction mixture that consisted of 2ul of 10xbuffer (10mM Tris HCI pH 8.3,
50mM KCl, 1.5mM MgCl,), 200uM each of ANTPs, 20pmol of each forward and reverse
primer, 1 unit Tag DNA polymerase (ExTaq, Takara Japan) and 20ng template DNA.
Amplifications were carried out in a GeneAmp PCR System 9700 (PE Applied
Biosystems USA). Thermal cycler was programmed to 1 cycle of 5 min., at 940C as an
initial hot start and strand separation step. This was followed by 35 cycles of 1 min., at
940C for denaturation, 1 min., at 550C for annealing and 2 min., at 720C for primer
elongation. Finally, 1 cycle of 7 min., at 720C was used for final extension.

After amplification, a 12ul aliquot of the amplified microsatellite samples was
combined with 3pl of a loading buffer (0.4% bromo-phenol blue, 0.4% xylene cyanole and
5 ml of glycerol) and was analyzed directly on 3% GTG NuSieve agarose gels in 1X TBE
buffer (10mM Tris-Borate, ImM EDTA) buffer containing 0.5ug ml™ of Ethidium bromide.
A 20bp DNA ladder (Takara Bio Inc., Japan) was used as a size marker to compare the
molecular weights of amplified products. After electrophoresis, the gels were documented
using a FluorChem FC2 Imaging System (Alpha Innotech Corporation, USA).

Data analysis: Amplified products from microsatellite analyses were scored qualitatively
for presence and absence for each marker allele-genotype combination. Data were
entered into a binary matrix as discrete variables, 1 for presence and 0 for absence of the
character. Polymorphism information content (PIC) value of a marker was calculated
according to the following formula:

n

PIC = 1 - =P
j=1

where Pjj is the frequency of jth allele for the ith marker, and summed over n alleles. Pair-
wise comparisons of the cultivars based on the proportion of unique and shared alleles
were used to measure the genetic similarity. Estimates of genetic similarity were
calculated between all pairs of the cultivars according to Nei & Li (1979) based on the
formula: Similarity (F) = 2Nab/(Na + Nb) where Nab = number of fragments shared by
individuals ‘a’ and ‘b’, Na = total number of fragments detected in individual ‘a’ and Nb
= total number of fragments shown by individual ‘b’. The resultant similarity matrix data
was employed to construct a dendrogram based on unweighted pair-group method with
an arithmetic average (UPGMA) to infer genetic relationships among cultivars. All
computations were carried out using the NTSYS-pc, Version 2.2 package (Rohlf, 2005).

Results

DNA amplification and cultivar identification: A total of 40 microsatellite (SSR)
markers covering all 12 chromosomes were utilized to characterize and assess genetic
diversity among 41 basmati and non-basmati cultivars of rice. Among them, 30 markers
which showed clear and consistent banding patterns and amplification of each cultivar
were ultimately chosen for examining the genetic diversity and relationship among the
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cultivars used (Table 2). Amplification profile revealed by one of the polymorphic
markers (RM-202) across rice cultivars is depicted in Fig. 1. A considerable level of
variability was observed among different cultivars. In most of the cases, basmati and
other aromatic cultivars exhibited similar banding patterns. The microsatellites exhibited
several bands that were shared among the basmati and other fine cultivars, whereas a few
bands were shared among ‘basmati’ and ‘non-basmati’ cultivars of rice. The cultivar
‘Jhona-349’ displayed unique bands in comparison with all other non-aromatic cultivars.
Interestingly, many primers revealed characteristic fragments in this cultivar which were
not produced in any of the other non-aromatic cultivars used. Two japonica cultivars
‘Kinmaze’ and ‘Nipponbare’ had unique as well as shared fragments with the other
aromatic rice cultivars from Pakistan. The study showed that most of the basmati
cultivars genetically resembled each other and were found to be closer to japonica types
as compared to non-basmati coarse cultivars.

Number of alleles: The level of polymorphism among 41 rice cultivars was evaluated by
calculating allele number and PIC values for each of the 30 SSR loci evaluated. Each of
the 30 loci differed significantly in their ability to determine variability among the
cultivars. A total of 104 polymorphic alleles were detected across 41 cultivars using 30
SSR markers (Table 2). The number of alleles per locus generated by each marker varied
from two (at loci including RM60, RM84, RM171, etc.) to six (RM72, RM161 and
RM257) with an average of 3.5 alleles per locus. As could be seen from Table 2, no
correlation was observed between the number of alleles detected and the number of SSR
repeats in the SSR loci. For example, the microsatellite loci containing the (GA) repeat
motifs varying from (GA)11 to (GA)31 did not show any correlation with the number of
alleles they revealed. Maximum number of polymorphic alleles i.e., 6 was obtained with
the marker RM72, RM161 and RM257, while the minimum number of 2 alleles per
marker was amplified with RM60, RM84 etc. The average number of polymorphic alleles
per locus was 3.5. An advanced breeding line ‘Pak23717’ gave the highest numbers of
alleles (44). It was followed by genotypes ‘DR83’ and ‘Pak23725’ producing 43 alleles
each, while cultivars ‘Basmati-Pak’, ‘DR92’ and ‘Pakhal’ gave the least number of
alleles (i.e., 31 alleles each).

Rare alleles: An allele that was observed in only one or two of the 41 cultivars was
considered rare. A total of 14 (13%) rare alleles were observed at 10 of the 30 SSR loci,
with an average of 1.4 rare alleles per locus. Maximum number of rare alleles (3 alleles)
was observed at RM161, followed by RM257 and RM302 loci (2 alleles each). In general,
markers detecting a greater number of alleles per locus detected more rare alleles.
Thirteen (32%) of the rice cultivars had unique SSR alleles. Maximum of 3 rare alleles
were found in ‘Kinmaze’, six cultivars (Jhona-349, Sathra, DR82, DR92, Kanwal-95 and
Nipponbare) had 2 rare alleles each, while other six of the cultivars (Pak23710, DRS3,
Pak23725, Swat-1, Pakhal and IR36) had single rare allele at individual locus.

PIC values: Polymorphism information content (PIC) value is the reflection of allele
diversity and frequency among the varieties, and varied greatly for all the SSR loci tested.
The PIC values varied widely among loci and ranged from 0.259 (RMI182 on
chromosome 7) to 0.782 (RM72 on chromosome 8) with an average of 0.571 per locus
(Table 2). PIC values showed a significant positive correlation with number of alleles at
SSR locus (r = 071**; p<0.01, analysis of variance).
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Fig. 1. SSR banding pattern of 40 basmati and non-basmati cultivars of Pakistani rice generated by
primer pair RM202. The lanes represent M-20bp molecular size marker; 1) Basmati-370, 2) Jhona-
349, 3) Sathra, 4) Palman-Sufaid, 5) Basmati-C622, 6) Basmati-Pak, 7) Pak23710, 8) KS-282, 9)
Basmati-385, 10) Super-Basmati, 11) Basmati-2000, 12) Kashmir-Basmati, 13) NIAB-IR9, 14)
Pak23717, 15) Rachna-Basmati, 16) IR6, 17) Sugdasi-Ratria, 18) Jajai-77, 19) Kangni-27, 20) DR-82,
21) DR-83, 22) Pak23725, 23) Sada-Hayat, 24) DR-92, 25) Kanwal-95, 26) Shua-92, 27) Khushboo-
95, 28) Shadab, 29) Sarshar, 30) Swat-1, 31) Swat-2, 32) Pakhal, 33) Dilrosh-97, 34) Fakhre-
Malakand, 35) IR36, 36) Kinmaze, 37) Nipponbare, 38) Sugdasi-Bengalo, 39) Sugdasi-Sadagulab,
40) Sonahri-Sugdasi.

Similarity matrix: A similarity matrix based on the proportion of shared SSR alleles was
used to establish the level of relatedness between the cultivars surveyed. Pair-wise
genetic similarity coefficients varied from 0.10 to 0.99, and the average similarity of 0.50.
Two traditional aromatic cultivars ‘Sugdasi-Sadagulab’ and ‘Sonahri-Sugdasi’ were the
closest genotypes having the highest similarity index of 99%. This was closely followed
by 96% similarity between a pair of coarse cultivars ‘NIAB-IR9’ and ‘Shadab’. The
lowest level of genetic similarity (10%) was obtained between ‘Super-Basmati’ and
‘Pakhal’. When basmati and other aromatic cultivars were compared with non-basmati
coarse types, basmati types were found to be more similar to each other than to non-
basmati group. Among the basmati and other aromatic cultivars, similarity coefficients
ranged from 0.44 to 0.99, whereas non-basmati cultivars showed similarity coefficients of
0.19 to 0.96 among themselves. It indicated that the non-aromatic coarse cultivars were
more diverse than the basmati group. The similarity coefficients of Japanese cultivars,
‘Kinmaze’ and ‘Nipponbare’ with aromatic cultivars ranged from 0.46 to 0.68, with non-
aromatic coarse cultivars varied from 0.15 to 0.72, while both showed 0.88 similarity
index with one another. Based on study the large range of similarity values for related
cultivars using SSRs provides greater confidence for the assessment of genetic diversity
and relationships.

Cluster analysis: The genetic relationship among the rice cultivars was assessed by a
cluster analysis of the similarity matrix. A UPGMA cluster diagram grouped the 41 rice
genotypes into two major clusters, I and Il effectively differentiating the basmati and
other aromatic and quality rice cultivars from the short and long bold non-aromatic
coarse cultivars with additional sub-clusters (Fig. 2). Group-I consisted 15 long slender
basmati and other aromatic and quality rice cultivars used in this study, 5 short bold non-
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aromatic rice cultivars and 2 japonica cultivars, while group-II comprised of 19 short to
long bold non-aromatic cultivars. Group I was more diverse and could be further divided
into four subgroups; one comprising all the traditional and improved cultivars of basmati
rice, 2" containing Sugdasi (aromatic) rice and two coarse cultivars from Sindh, 3™
containing japonica rice varieties (Kinmaze, Nipponbare) and Swat-1, while 4™ sub-
group consisted of two traditional coarse cultivars from Punjab. Two japonica cultivars,
‘Kinmaze’ and ‘Nipponbare’ clustered into a separate sub-group, which were closer to
the basmati cultivars than to the non-basmati indica group. Two traditional cultivar
‘Jhona-349’ and ‘Sathra’ formed an independent sub-cluster which showed significant
difference from all other non-aromatic coarse cultivars. It might be due to very specific
characteristics present in them but absent in remaining non-aromatic cultivars.
Dendogram revealed that the cultivars that are derivatives of genetically similar type
clustered more together. The cluster analysis also revealed that the traditional basmati
varieties were closer to the japonica group than to the indica varieties. Cultivars in the
same subgroup usually shared a high proportion of ancestry and/or agronomic
characteristics such as height, maturity, quality traits etc.

Basmati-370 7
1 Basman- 108
_:EESIIEHBEEE

Bastati- Cﬂ!
Sup er-Basrrati
Kashmir-Basrmati
Basrrati- 2000
-Pak

EE iiﬂﬂﬂa la | Group-I

1-31—2 Group-II

]
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Coefficient of Sirndlanity
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Fig. 2. UPGMA cluster analysis showing the diversity and relatedness among 41 basmati and non-
basmati varieties of Pakistani rice using 104 alleles generated by 30 microsatellite markers.
Discussion

Agro-morphological and seed traits have long been the means of studying taxonomy
and variability among populations and species. The study of genetic variation and structure
has been greatly facilitated by the advent of DNA marker technology in the 1980s, which
offered a large number of environmentally-insensitive genetic markers that could be
generated to follow the inheritance of important agronomic traits. Microsatellites or simple
sequence repeats (SSRs) are among the most commonly used DNA marker types for a wide
range of purposes e.g., diversity, genome mapping, varietal identification. The first report of
microsatellites in plants was made by Condit & Hubbel (1991) who suggested that they are
abundant in plant systems. Later, Akkaya et al., (1992) reported length polymorphisms of
SSRs in soybean, which opened up a new source of PCR-based molecular markers for other
plant genomes. At present, SSRs are the most preferred marker types because they are
highly polymorphic even between closely related lines, require low amounts of DNA, can
be easily automated and allow high-throughput screening, can be exchanged between
laboratories and are highly transferable between populations.

Although the use of molecular markers to study the genetic diversity and
relationships among the different cultivars has been previously reported (Nagaraju et al.,
2002; Singh et al., 2004), the relationship between Pakistani cultivars is very limited. In
the present investigation, 30 SSR markers were used to assess the genetic diversity of 41
traditional varieties and improved cultivars of rice. This study was the first step for the
characterization of the molecular diversity of Pakistani rice developed since early
nineteen. The results indicated a considerable level of genetic variation in the cultivars
used. Microsatellites produced a number of alleles that were shared among the basmati
and other fine cultivars, whereas comparatively lower number of bands was common
among basmati and non-basmati coarse cultivars of rice. Cultivar ‘Jhona-349’ shared
limited number of fragments with all the other coarse cultivars, presenting its distant
association with non-aromatic group. The microsatellite assay generated variety-specific
alleles in some of the genotypes screened; these may be used as DNA fingerprints for
variety identification. This would be of enormous assistance for the establishment of
proprietary rights and the determination of cultivar purity.

The results from the genetic similarity-based analysis of 41 rice varieties with 30
microsatellite markers revealed a clear divide of Pakistani cultivars into aromatic and
non-aromatic groups. The microsatellite data from the present study demonstrated the
lack of genetic difference between ‘Sugdasi-Sadagulab’ and ‘Sonehri-Sugdasi’, and
‘NIAB-IR9’ and ‘Shadab’ which could be due to either extremely low difference between
the two varieties at the DNA level and/or admixture of seed during multiplication. These
two pairs of varieties were also very similar in morphological and agronomic traits that
strengthen the former supposition rather than the latter. There was, however, sufficient
amount of molecular variation among all other aromatic as well as non-aromatic varieties.

The number of alleles detected by microsatellite markers varied from 2 to 6 with an
average of 3.5 alleles per locus. The number of alleles observed in the present study
corresponded well with the earlier report of Siwach et al., (2004) among basmati and non-
basmati rice varieties from India. The number of alleles detected in the present study was
comparatively higher than the average number of alleles reported by Nagaraju et al., (2002)
and Singh et al., (2004) in aromatic rice of India. This may be due to inclusion of both
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indica and japonica varieties and inclusion of basmati as well as non-basmati cultivars in
the present study. The proportion of alleles noticed in present study was relatively lower
than that reported earlier by Jain et al., (2004), Brondani et al., (2006), Jayamani et al.,
(2007), and Thomson et al., (2007) who observed an average of 7.8, 14.6, 7.7 and 13 alleles
locus™ using Indian rice varieties, traditional varieties of Brazilian rice, a diverse collection
of rice in Portugal and Indonesian rice germplasm, respectively. This discrepancy might be
related to the genotypes used and selection of SSR primers with scorable alleles. The other
reason could be the use of more diverse genotypes by these authors. SSR markers involving
di-nucleotide repeats motifs particularly those with GA repeats amplified relatively more
number of bands as reported earlier in rice (Saini et al., 2004).

The level of polymorphism, as assessed by PIC values, was quite high and varied
considerably among SSR loci (0.259 to 0.782, average value 0.571). The PIC values
observed in our study were comparable to previous estimates of microsatellite marker
analysis in rice (Jain et al., 2004; Saini et al., 2004; Siwach et al., 2004; Lu et al., 2005;
Jayamani et al., 2007; Thomson et al., 2007). It was higher than the earlier observations
of Singh et al., (2004), but lower than that previously reported by Brondani et al., (2006)
who observed an average PIC value of 0.74 for traditional varieties of Brazilian rice.
They included more diverse set of rice germplasm.

Similarity coefficients among various cultivars ranged from 0.10 to 0.99 in present
investigations with an average of 0.50. Similar values of similarity coefficients were
obtained among 18 basmati and non-basmati varieties using molecular markers (Saini et
al., 2004). Likewise, similarity coefficients ranging from 0.24 to 0.92 were observed in
eight basmati accessions originating from Pakistan and one solitary indica accession for
the SSR analysis (Jayamani et al., 2007). Ravi et al., (2003) obtained an average genetic
similarity of 0.79 between 40 cultivated varieties and five wild relatives of rice with SSR
markers. Siwach et al., (2004) observed 0.67 to 0.91 genetic similarity among basmati
and non-basmati long-grain indica rice varieties using microsatellite markers. Jain et al.,
(2004) obtained relatively higher level of similarity ranging from 79 to 99.6% with an
average of 0.89 between Indian basmati/aromatic germplasm using panels of
fluorescently-labeled microsatellite markers. One of the reasons for this high level of
similarity recorded by these studies could be that the intra-specific variation in the
germplasm used is narrow due to use of same ancestors and selection of similar traits as
compared with our rice genotypes used.

Cluster analysis based on similarity coefficients classified 41 rice genotypes into 2
major groups. Basmati and other aromatic/scented cultivars fell into close sub-groups
generally corresponding to pedigree, grain type, breeding institute etc., For example, all
15 aromatic cultivars grouped in the upper portion of the dendrogram which is consistent
with grain quality (aromatic type) as a trait that differentiated cultivars into broad
categories. Cluster analysis grouped most of the basmati cultivars from Punjab like
‘Basmati-370°, ‘Basmati-Pak’, ‘Basmati-385°, ‘Basmati-2000° and ‘Super-Basmati’
together indicating that they are genetically similar with each other and have common
ancestors. These rice cultivars share ‘Basmati-370’ as one of the parents in their pedigree.
Similarly aromatic rice from Sindh such as ‘Sonahri-Sugdasi’, ‘Sugdasi-Sadagulab’,
‘Sugdasi-Ratria’, ‘Sugdasi-Bengalo’ and ‘Jajai-77° grouped together which is rational
since all are local selections from Sugdasi rice, belong to Rice Research Institute, Dokri,
Sindh and possibly have similar ancestors. In the similar type of study conducted by
Nagaraju et al., (2002) and Saini et al., (2004) using SSR markers, long-grain basmati
cultivars were grouped together, whereas the other short-grained non-aromatic rices fell
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into different groups. These authors also reported that traditional and evolved basmati
varieties shared a high degree of similarity using SSR markers.

Distinct distribution of long slender aromatic from short bold rice corresponded well
with their grain characteristics as well as geographic distribution. The long slender and
medium slender aromatic rice is largely grown in Kallar Tract and central parts of Punjab
like Sialkot, Gujranwala, Gujrat, Hafizabad, Sheikhupura and Lahore and possess most
desirable grain characteristics and cooking qualities which depend upon the combined
effect of several physicochemical properties. However, the short bold rice cultivars are
grown mostly in Sindh, southern parts of NWFP and northern cooler areas of Pakistan.
These cultivars, although possess different kinds of aroma with varying strength, lack the
more desirable basmati traits. This suggests a probability that the widely accepted long
slender basmati types may have developed by natural mutation of some indigenous non-
basmati types. Though the number of basmati and japonica rice genotypes analyzed in
our study were low, our results show a clear distinction between indica and traditional
basmati rice varieties with the later being closer to japonica than to indica. The study
shows that basmati rice varieties are genetically distinct from other groups within O.
sativa, viz., indica and japonica. Higher levels of genetic diversity between basmati and
non-basmati support the concept that former had a long history of independent evolution
and diverged from non-basmati rice a long time ago through conscious selection and
patronage (Nagaraju et al., 2002; Jain et al., 2004; Saini et al., 2004). Placement of
basmati and aromatic varieties closer to japonica than indica, is in conformity with
earlier studies using SSR markers (Jain et al., 2004; Saini et al., 2004; Siwach et al., 2004;
Garris et al., 2005; Thomson et al., 2007). Based on isozyme analysis, Glaszmann (1987)
also reported that basmati genotypes are genetically distinct from the other groups.
Although all of the Pakistani cultivars could be assigned as belonging to the either
basmati or non-basmati indica groups, a few atypical cultivars were detected. Two
traditional non-basmati coarse varieties viz., Jhona-349° and ‘Sathra grouped separately
from the main groups and fell between the aromatic and coarse groups. The unusual
nature of these traditional cultivars may be due to admixture of seeds during post-harvest
handling.

Conclusions

From these investigations it is concluded that the basmati rice cultivars in Pakistan
had relatively narrow genetic base as compared to non-basmati coarse types. Lower level
of polymorphism in basmati cultivars indicated that there is a basic similarity among the
basmati genotypes used in this study, which is to be expected due to their same ancestors
and selection for similar characteristics. Higher levels of genetic diversity between
basmati and non-basmati support the concept that former had a long history of
independent evolution and diverged from non-basmati rice a long time ago through
conscious selection and patronage. Present investigation further indicated that genetically
basmati rice is different from that of coarse indica and japonica type. It is suggested that
microsatellite analysis can be efficiently utilized for diversity analysis and differentiation
of basmati and non-basmati coarse rice cultivars. These markers can be effectively
exploited for testing purity of the commercial seed lots and maintenance of seed purity at
different levels of seed production of aromatic rice. In addition, marker-based
identification and differentiation of traditional Basmati rice may help to maintain the
integrity of this high quality product to the benefit of both farmers and consumers. These
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studies may be followed by the recent advances in genetic engineering (Nakashima et al.,
2000 & Narusaka et al., 2003).
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