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Abstract 

A study was conducted to examine the nature and extent of genetic differentiation and divergence in 

relation to fragrance among eighteen landraces and improved varieties of aromatic rice using a specific 

set of eighteen microsatellite markers. Altogether 123 allelic variants including 76 shared and 47 unique 

alleles were detected with an average of 6.8 alleles per primer, revealing genetic polymorphism due to 

differences in overall size of amplified products. Appearance of more than one band in some of the 

entries was observed in combinations with the primers RM 223, RM 252, RM 444, RM 505, RM 252, 

RM 7049 and RM 7356. Considering the magnitude of polymorphic information content, number of 

alleles, polymorphism per cent and greater efficiency to unambiguously discriminate the entries, seven 

primers, namely, RM 256, RM 284, Aro7, RM 223, RM 252, RM 444 and RM 7356, appeared to be 

highly informative. Occurrence of null allele with primer pair RM 505 was noticed in one of the entries. 

Microsatellites with CT, GA and AT di-nucleotide motifs detected comparatively greater number of 

allelic variants. Ample genetic variation amongst the entries was inferred on the basis of similarity 

coefficients. Basically, the entries were divided into three groups, which were further divided into 

clusters and sub-clusters. Highly aromatic landraces and improved varieties were accommodated 

separately into two different groups and third group contained a combination of both types. Principal 

coordinate analysis completely supported the agglomerative hierarchical classification and neighbor 

joining tree based grouping of entries. Molecular analysis revealed unique or entry specific alleles which 

could be useful as molecular fingerprints. Conclusively, molecular profiling exhibited higher level of 

genetic polymorphism, allowing unique genotyping and unambiguous discrimination of traditional and 

improved varieties of aromatic rice. 
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Introduction 

Aromatic or scented rice constitutes a small but special sub-group of highly priced rice with 

characteristic fragrance. Because of the strong human preference for fragrance, consumers all 

over the world prefer aromatic rice due to its flavor, texture, taste and palatability. The 

aromatic rice is preferred over non-aromatic rice during special occasions also, commanding a 

premium price. But, most of the aromatic rice varieties are low yielding and an improvement 

in their production potential is essentially required taking into consideration the association 

between the component characters that contribute to yield. Conventional approaches of plant 

selection for aroma are not easy because of the large effects of the environment and the low 

narrow sense heritability of aroma. More recently, genomic markers that are genetically linked 

to fragrance along with the advantage of being simple, inexpensive, reproducible and 

unaffected across different stages, seasons, locations and agronomic practices have been 

developed for the selection and characterization of aromatic rice. Genomic sequences based 

markers are serving as a powerful tool in the assessment of genetic variation and elucidation of 

the genetic relationships. Among genomic sequences based molecular markers, the 

microsatellites reveal simple sequence length polymorphism among rice genotypes (Vhora et 

al. 2013; Samal et al. 2014; Saheewala et al. 2014; Palanga et al. 2016; Krupa et al. 2017) [24, 

21, 19, 16, 12] by using a pair of primers for selective amplification of targeted genomic regions to 

elucidate the genetic variation owing to differences in the number of repeats at homologous 

sites in different accessions (Yang et al. 1994) [27]. 
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Chemical analysis of more than two hundred volatile 

compounds present in the rice grain (Pachauri et al. 2010) [14] 

has indicated that 2-acetyl-1-pyrroline is the key aroma 

compound present in almost all the aromatic rice varieties 

(Buttery et al. 1988; Widjaja et al. 1996) [6, 25]. However, 

existence of noticeable variation in the type and intensity of 

aroma in the different groups of aromatic rice varieties 

suggest the involvement of additional chemical compounds in 

varying proportions. Studies undertaken to investigate the 

genetics of rice aroma and to locate the genes controlling the 

expression of aroma (Garland et al. 2000; Singh et al. 2007; 

Fitzgerald et al. 2008; Amarawathi et al. 2008) [10, 23, 9, 2] have 

identified three quantitative trait loci (qaro3.1, qaro4.1 and 

qaro 8.1) located on three rice chromosomes (3, 4 & 8). Non-

functional allele of the gene within the aroma related locus 

(qaro8.1) coding for enzyme betaine aldehyde dehydrogenase 

contributes to aroma development (Bradbury et al. 2005; 

Bourgis et al. 2008) [5, 4], whereas its functional allele makes 

rice non-aromatic. Similarly, specific alleles of the gene 

within another aroma related locus (qaro 4.1) show 

association with the aromatic rice varieties (Amarawathi et al. 

2008) [2].  

Rice aroma is widely considered as a complex quantitative 

trait and there is need to understand the variation in its type, 

intensity and stability using advanced genomic approaches to 

assist in the formulation and implementation of appropriate 

and precise strategies for effective transfer of aroma genes in 

the genetic background of high yielding rice varieties using 

molecular breeding methods. Keeping into consideration that 

accumulated genetic information on aromatic rice and the 

aroma of rice offer great opportunities for the development 

and deployment of molecular markers for breeding 

applications, the present investigation was conducted to 

characterize and differentiate aromatic rice genotypes on the 

basis of fragrance related microsatellite markers and to 

determine the nature and extent of genetic differentiation and 

divergence among the aromatic landraces and improved 

varieties.  

 

Materials and Methods 

Experimental materials comprised eighteen landraces and 

improved varieties, namely, Shyam Jeera, Champaran 

Basmati, Tarrori Basmati, Narendra Lalmati, Malida, Baharni, 

Jeerabati, Marcha, Birsamati, Rajendra Kasturi, Pusa 

Sugandh-1, Pusa Sugandh-2, Pusa Sugandh-3, Pusa Sugandh-

5, RAU 3036, Pusa 1121, Pusa1509 and RAU 3055, of 

aromatic rice. Seeds of each of these entries were planted in 

aluminium containers filled with soil. The immature leaves 

from two to three weeks old seedlings were collected from 

each genotype and used for DNA extraction in the Molecular 

Biology Laboratory of the Department of Agricultural 

Biotechnology and Molecular Biology, Dr. Rajendra Prasad 

Central Agricultural University, Pusa, Bihar. The extraction 

buffer was prepared by using 100 mM Tris-HCl (pH 8.0), 20 

mM Na-EDTA salt (pH 8.0), 2 M NaCl, 3% (w/v) CTAB, 2% 

(w/v) PVP and 1% β-Mercaptoethanol. Total genomic DNA 

was isolated by using CTAB method (Doyle and Doyle, 1990) 

with slight modifications. The isolated DNA samples were 

subjected to agarose gel electrophoresis to assess their quality. 

Appearance of a single, sharp band of high molecular weight 

without smearing indicated the extraction of a good quality 

DNA sample with less damage during extraction process. All 

such samples were selected for their utilization during 

amplification. 

Using standard protocol of polymerase chain reaction 

adjusted to laboratory conditions, a panel of eighteen aroma 

related microsatellite primers (Table 1) based amplification of 

targeted genomic regions was carried out in 15 μl reaction 

mixture with the help of a thermal cycler (Biometra), The 

primer vials were centrifuged before and after the addition of 

1X TE buffer to the vials and sub-stocks were prepared from 

the stock. The reaction mixture was prepared by a 

combination of 2.6 μl water (Protease and Nuclease Free), 3.0 

μl 5X buffer, 1.5 μl MgCl2 (10 mM), 3.0 μl dNTPs (200 μM), 

1.2 μl Primer F (5 μM), 1.2 μl Primer R (5 μM), 0.5 μl Taq 

DNA polymerase (1 unit) and 2.0 μl DNA sample.  

Annealing temperature for different primer pairs was kept 

approximately 50C less than their melting temperature (Tm) 

and amplification was carried out with an initial denaturation 

for 2 min at 94 0C followed by 35 cycles of denaturation for 1 

min at 94 0C, primer annealing for 1 min at 480-60 0C and 

primer extension for 2 min at 72 0C and subsequently final 

extension for 10 min at 72 0C. The products generated by 

amplification reaction were subjected to agarose (2%) gel 

electrophoresis at 100 V for one and half hours and then 

visualized and documented under gel documentation system. 

Size of amplified product was determined in relation to the 

size of markers in 50 bp DNA ladder (Fermentas) with the 

help of alpha view gel reader. The position of the amplified 

products corresponded to the location of the bands along y-

axis (ranging from 0 to 1030). The Rf value for each band 

was determined assuming the location of well as initial 

position (Rf=0) and the position of migrated dye as final 

position (Rf=1) in a frame of reference.  

Efficiency of primer pairs in generation of unique and 

genotype specific allele(s) was assessed by computing the 

polymorphism percentage as under: 

 

𝑃𝑃 =
Numeber of unique alleles generated

Total number of alleles detected 
 x 100 

 

The data on polymorphism information content was obtained 

by calculating the value according to the formula (Anderson 

et al., 1993) [1] as under: 

 

𝑃𝐼𝐶𝑖 = 1 − ∑ P2𝑖𝑗

𝑘

𝑗=1

 

 

Where, k is the total number of alleles detected for a marker 

and Pij is the frequency of the jth allele for ith marker and 

summation extends over k alleles 

Efficacy of individual primers in differentiation of the 

genotypes (Yadav et al. 2013) [26] was tested by computing 

the discrimination coefficient (DC) and non-discrimination 

coefficient (NDC) as follows: 

 

𝐷𝐶 =
Number of piars of genotypes discriminated

Total number of pairs of genotypes
 

 

𝑁𝐷𝐶 =
Number of piars of genotypes not discriminated

Total number of pairs of genotypes
 

 

Binary data matrix was generated by scoring for the presence 

and absence of bands in all the entries. The data matrix was 

subjected to cluster analysis. Similarity coefficients (Dice, 

1945) [7] were computed for pair-wise comparisons based on 

the proportions of shared bands produced by the primers as 

follows: 
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𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
2a

(2a + b + c)
 

 

Where, a= Number of bands shared between Jth and Kth 

genotypes; b= Number of bands present in Jth genotype but 

absent in Kth genotype; and c= Number of bands absent in Jth 

genotype but present in Kth genotype. 

Hierarchical cluster analysis was performed using the data on 

similarity coefficients. Tree building in the cluster analysis 

involved sequential agglomerative hierarchical non-

overlapping (SAHN) clustering. The dendrogram based on 

similarity indices was obtained by un-weighted pair-group 

method using arithmetic mean (UPGMA). Analysis was 

performed with the help of NTSYS-pc software (Rohlf, 1997) 
[18]. The nature of differentiation and divergence at molecular 

level was examined by identifying the clusters. Principal 

coordinate analysis of the microsatellite primers dependent 

genetic profiles was conducted and compared with the results 

obtained from cluster analysis and neighbor joining tree. 

 

Results and Discussion 

Computational analysis of the molecular size of different 

bands reflected different levels of molecular genetic 

polymorphism amongst the eighteen aromatic rice entries 

(Fig. 1). Several allelic variants were generated by some of 

the primer pairs as a result of variation in the length of 

microsatellites among the entries (Palanga et al. 2016) [16], 

while others generated only a few alleles. Further, the number 

and proportion of unique alleles varied to a considerably 

greater extent with the primer pairs. The differences in the 

size of amplified products, as recognized in the present study, 

reflect the variability in the length of the simple sequence 

repeats at a microsatellite site, which arises as a result of 

differences in the number of repeats existing in different 

entries and revealed by different primer pairs at the 

microsatellite locus in question. Therefore, the results of the 

molecular analysis clearly indicated the existence of ample 

genetic variability in terms of differences in the number of 

repeats at the primer specific microsatellite locus in the 

different aromatic rice entries under evaluation.  

A survey of the molecular profiles generated by the 

evaluation of amplified products clearly indicated that 

altogether 123 alleles were detected with an average of 6.8 

alleles per primer (Table 1). The number of alleles per primer 

pair ranged from three in case of E 03-92.0 to ten in the cases 

of RM 252, RM 256, RM 284 and RM 7356. Seven primer 

pairs, namely, RM 223, RM 252, RM 444, RM 505, RM 

7049, RM 7356 and BAD 2a, generated more than one 

amplified product in some of the entries most probably due to 

residual heterozygosity. While classifying the allelic variants 

into shared alleles and unique alleles, it was observed that a 

total of 76 shared and 47 unique allelic variants were 

generated in the form of amplified products. The 

amplification by the eight primer pairs, namely, RM 7049, 

RM 8264, RM 23097, ARSSR 3, BAD 2a, BAD 2b, E 03-

92.0 and SCUSSR 1 yielded only one unique allele out of six, 

seven, four, six, four, five, three and five allelic variants 

generated, respectively. The primer pairs RM 7356, RM 252, 

RM 284, RM 223, RM 444, Aro7, E11.44.5, RM256 and RM 

505 generated considerably greater percentage of unique 

alleles and consequently recorded considerably higher 

polymorphism per cent. 

Occurrence of null allele was inferred due to failure of 

amplification of a particular repeat locus specific to the 

unique flanking sequences of the microsatellite. Accordingly, 

the genotype was assigned a null allele for a microsatellite 

locus whenever an amplification product (s) was not detected 

in combination with a particular primer used during 

amplification. The null allele was shown only by the 

microsatellite locus associated with RM 505 in combination 

with one of the entries. Absence of amplified product due to 

failure of amplification can be attributed to the failure of 

primer annealing due to variation in primer binding site 

specific unique flanking sequences of the concerned 

microsatellite. Using different panels of primer pairs and 

different genotypes of rice, similar results have been reported 

earlier (Vhora et al. 2013) [24]. 

Polymorphic information content of the primers revealing 

their allelic diversity and frequency among the entries varied 

from 0.512 in the case of BAD 2a to 0.882 in the case of RM 

256 with an average of 0.741 across the primers. 

Considerably greater value (Table 2) was obtained in the 

cases of the primer pairs RM 256, RM 284, Aro7, RM 8264, 

RM 223, RM 252, RM 444, RM 7356, ARSSR-3 and RM 

515, indicating higher level of polymorphism among the 

entries for the marker locus in question. Among these ten 

primers, RM 256, RM 284, Aro7, RM 223, RM 252, RM 444 

and RM 7356 generated considerably greater number of 

allelic variants with higher polymorphism per cent due to 

variation in the length of microsatellite repeats based 

amplified products as a consequence of amplification of the 

microsatellite repeats flanked by them and appeared to be 

highly informative primers for the purpose of molecular 

characterization of aromatic rice entries. Relative efficiency 

of these seven primer pairs in respect of their ability to 

unambiguously discriminate the aromatic rice entries under 

evaluation, as inferred on the basis of magnitude of 

discrimination and non-discrimination coefficients, was 

greater. The values obtained in respect of the number of pairs 

of entries not distinguished by these primer pairs were 

relatively smaller in magnitude. Average polymorphic 

information content value obtained in this study confirms that 

the primers utilized for molecular characterization were, in 

general, highly informative. Interestingly, RM 223 was also 

found to be the best primer to identify genetic diversity 

among aromatic rice varieties in earlier studies (Kibria et al. 

2009) [11].  

Simple sequence repeat loci with tetra-nucleotide repeat 

motifs detected greater number of alleles than the repeat loci 

with di-nucleotide and tri-nucleotide repeat motifs and 

complex repeat motifs (Table 2). Generally the primers 

amplifying di-nucleotide repeat motifs are found to be more 

polymorphic than those with tri-nucleotide, tetra-nucleotide 

and complex repeat motifs (Lapitan et al. 2007) [13]. Since, a 

change in the number of repeats results in the generation of 

allelic variants because of variation in the size of alleles 

exhibiting sequence length polymorphism, the total repeat 

count of di-nucleotide repeat loci is mostly found to be 

associated with large number of alleles (Lapitan et al. 2007; 

Saheewala et al. 2014) [19, 13]. However, the results obtained in 

the present study are not in complete accordance with the 

results of earlier reports that microsatellite loci with di-

nucleotide repeat motifs, in general, tend to detect greater 

number of alleles than the repeat loci with tri-nucleotide and 

tetra-nucleotide repeat motifs. The discrepancy may be 

probably due to relatively less number of primers used in the 

present study, in addition to different panel of primers and 

different set of entries. 

Generally, the total repeat count of the di-nucleotide simple 

sequence repeat loci are seemed to be associated with the 
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number of alleles detected per locus (Sajib et al. 2012; 

Saheewala et al. 2014) [20, 19]. Therefore, the repeat number 

involved in the simple sequence repeats directly relates to the 

number of identified alleles and the relationship, in general, 

reflects that larger the repeat number involved in the simple 

sequence repeat locus, the larger will be the number of 

detected alleles. However, the total repeat count of the di-

nucleotide simple sequence repeat loci, in general, was not 

found to be associated with the number of alleles in the 

present study. Therefore, the results did not indicate a direct 

relationship between the repeat number involved in the simple 

sequence repeat locus with di-nucleotide repeat motif and the 

number of identified alleles. Further, the relationship, in 

general, did not reflect that larger the repeat number involved 

in the simple sequence repeat loci, larger was the number of 

identified alleles. These findings are not in complete 

agreement with the earlier reports (Rabbani et al. 2010; Sajib 

et al. 2012; Saheewala et al. 2014; Palanga et al. 2016) [17, 20, 

19, 16] and the non-correspondence may be due to the use of 

different panels of primers and a different set of entries in the 

present study. 

Taking into account the nucleotide composition of the di-

nucleotide repeat motifs, a comparison was made to reveal the 

relation between repeat motifs having a particular type of 

nucleotide composition and the number of alleles generated 

by primer pairs (Table 3). It was interesting to note that the 

simple sequence repeat loci with CT, GA and AT di-

nucleotide repeat motifs detected greater number of alleles. 

Contrarily, the loci with TA and TC di-nucleotide repeat 

motifs appeared to detect relatively lesser number of alleles 

among the primers having di-nucleotide repeat motifs. The 

perfect di-nucleotide repeat motif GA has been reported to 

display high level of variation among the rice genotypes 

(Sajib et al. 2012) [20]. 

Microsatellites based genetic similarity between Pusa 1121 

and Pusa 1509(0.612) was found to be the maximum amongst 

pair-wise combinations of the entries. This was followed by 

remarkably higher magnitude of similarity coefficient 

between Jeerabati and Marcha (0.540), Pusa Sugandh-1 and 

Pusa Sugandh-2 (0.513), Birsamati and Pusa Sugandh-

2(0.462), Pusa Sugandh-5 and RAU-3036 (0.458), RAU-3036 

and Pusa 1509(0.458), Jeerabati and Birsamati (0.445), 

Rajendra Kasturi and Pusa Sugandh-1(0.445), Marcha and 

Birsamati (0.433). The magnitude of similarity coefficient 

between Shyam Jeera and Pusa Sugandh-1, Shyam Jeera and 

Pusa 1121 and Jeerabati and Pusa 1509 was equal to zero. 

Apparently therefore, the microsatellite markers based 

molecular profiles did not exhibit any similarity between the 

entries involved in these three pair-wise combinations. 

Overall, the results revealed enormous diversity at the 

molecular level (Rabbani et al. 2010; Behera et al. 2012; 

Pachauri et al. 2013; Saheewala et al. 2014; Samal et al. 

2014; Shamim et al. 2015; Palanga et al. 2016; Singh et al. 

2016; Krupa et al. 2017) [10, 3, 15, 19, 21, 22, 16, 28, 12] amongst the 

entries evaluated in the present analysis. 

Principal coordinate analysis (Fig. 2) based two dimensional 

plots of eighteen microsatellite primers dependent genetic 

profiles revealed the spatial distribution pattern of entries 

along the two principal axes. Although some of the entries 

were placed far away from the centroid of the clusters and 

remaining entries were placed more or less around the 

centroid, it is evident that entries were distinctly divided into 

three major genotypic groups (Table 4). The first multi-

genotypic group consisted of six genetically improved 

aromatic entries, namely, Pusa Sugandh-3, Pusa Sugandh-5, 

RAU-3036, Pusa-1121, Pusa-1509 and RAU-3055. While, the 

second multi-genotypic group constituted of seven entries 

including traditional and genetically improved aromatic 

varieties, namely, Baharni, Jeerabati, Marcha, Birsamati, 

Rajendra Kasturi, Pusa Sugandh-1 and Pusa Sugandh-2. 

Lastly, the third multi-genotypic group, which consisted of 

five aromatic entries, namely, Shyam Jeera, Narendra 

Lalmati, Champaran Basmati, Tarrori Basmati and Malida, 

was dominated by traditional cultivars. Inferences derived 

from the results of similarity coefficients based hierarchical 

classification were completely corroborated by the principal 

coordinate analysis based two dimensional plots of eighteen 

microsatellite primer pairs dependent genetic profiles from 

eighteen aromatic rice genotypes (Fig. 2). A perusal of the 

neighbor joining tree (Fig. 3) and the binary data based 

dendrogram (Fig. 4) clearly reflects the inter-relationships 

amongst the entries that were basically divided into three 

groups. Therefore, the inferences derived from the similarity 

coefficients based hierarchical classification are completely 

supported by the principal coordinate analysis.  

Molecular profiling made it possible to discern sufficient 

variation at the molecular level amongst the aromatic rice 

entries, which exhibit close similarity in respect of several 

agro-morphological and physico-chemical attributes. The 

elucidation of variability at the molecular level among these 

aromatic rice entries yielding ample molecular polymorphism 

and genetic differentiation allowed their unique genotyping. 

Remarkably greater discrimination potential of microsatellite 

markers characterized by their polymorphic nature and allelic 

diversity, as noticed in the present study and also reported 

earlier by several research workers (Rabbani et al. 2010; 

Behera et al. 2012; Pachauri et al. 2013; Saheewala et al. 

2014; Singh et al. 2016; Palanga et al. 2016; Krupa et al. 

2017), [10, 3, 15, 19, 28, 16, 12] indicates their usefulness and 

powerfulness in discrimination and unambiguous 

classification of aromatic rice genotypes. 

Thus, a high level of genetic polymorphism at the molecular 

level was discerned by employing a purposefully chosen set 

of microsatellite markers in the present study that provided a 

molecular database of the eighteen aromatic rice entries 

evaluated. The microsatellite markers based identification and 

differentiation of aromatic rice could be helpful to preserve 

the integrity of these high quality aromatic rice genotypes to 

benefit farmers, breeders and consumers. Additionally, the 

entries from different groups and these markers can be 

effectively and efficiently utilized in marker assisted breeding 

for discrimination and unambiguous identification of 

promising recombinants during genetic enhancement of 

aromatic rice. 
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Fig 1: Microsatellite primers based amplification patterns of targeted genomic regions in eighteen entries of aromatic rice 

Table 1: Analysis of primer pairs used for the amplification of targeted genomic regions in the eighteen aromatic entries of rice 
 

Primer 
Allele size difference 

(bp) 
Allele size range (bp) No. of alleles No. of unique alleles 

No. of shared 

alleles 
PP PIC DC NDC 

RM 223 158 136 - 294 9 4 5 44.44 0.836 0.895 0.105 

RM 252 054 216 - 270 10 5 5 50.00 0.808 0.882 0.118 

RM 256 071 102 - 173 10 4 6 40.00 0.882 0.934 0.065 

RM 284 044 139 - 183 10 5 5 50.00 0.870 0.934 0.065 

RM 444 087 178 - 265 9 4 5 44.44 0.790 0.849 0.150 

RM 505 034 181 - 215 5 2 3 40.00 0.657 0.745 0.255 

RM 515 037 213 - 250 6 2 4 33.33 0.759 0.804 0.196 

RM 7049 031 130 - 161 6 1 5 16.66 0.728 0.830 0.170 

RM 7356 083 153 - 236 10 7 3 70.00 0.787 0.843 0.157 

RM 8264 021 200 - 221 7 1 6 14.28 0.845 0.895 0.105 

RM 23097 041 371 - 412 4 1 3 25.00 0.641 0.680 0.320 

Aro7 045 288 - 333 9 4 5 44.44 0.858 0.908 0.092 

ARSSR 3 016 171 - 187 6 1 5 16.66 0.783 0.830 0.170 

BAD2a 014 245 - 259 4 1 3 25.00 0.512 0.660 0.340 

BAD2b 022 344 - 366 5 1 4 20.00 0.728 0.765 0.236 

E03-92.0 008 176 - 184 3 1 2 33.33 0.549 0.582 0.418 

E11-44.5 016 188 - 204 5 2 3 40.00 0.580 0.614 0.386 

SCUSSR1 011 133 - 144 5 1 4 20.00 0.728 0.771 0.229 

PP: Polymorphism per cent; PIC: Polymorphism information content; DC: Discrimination coefficient; NDC: Non-discrimination coefficient 
 

Table 2: Allelic diversity of primers in relation to repeat motifs involved in amplification 
 

Repeat motif of primers No. of primers No. of alleles No. of alleles/primer 

Dinucleotide 10 74 7.4 

Trinucleotide 2 12 6.0 

Tetra nucleotide 2 16 8.0 

Complex 1 7 7.0 
 

Table 3: Allelic diversity of primers with di-nucleotide motifs involved in amplification 
 

Di-nucleotide repeat motifs of primer Number of primer Number of allele Number of allele/primer 

GA 2 16 8.0 

TA 1 06 6.0 

AT 2 13 6.5 

CT 4 34 8.5 

TC 1 05 5.0 
 

Table 4: Composition of different groups based on microsatellite specific polymorphism 
 

Group Entries included in each group 

I Pusa-1121, Pusa-1509, RAU-3036, Pusa Sugandh-3, Pusa Sugandh-5, RAU-3055 

II Jeerabati, Marcha, Birsamati, Pusa Sugandh-1, Pusa Sugandh-2, Rajendra Kasturi, Baharni 

III Tarrori Basmati, Malida, Champaran Basmati, Shyam Jeera, Narendra Lalmati 
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Fig 2: Principal coordinate analysis based two-dimensional ordinations of the genetic profiles of the eighteen entries of aromatic rice

 

 
 

Fig 3: Similarity indices based neighbor joining tree showing inter-relationships of the eighteen entries of aromatic rice 
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Fig 4: Dendrogram of the eighteen entries of aromatic rice using un-weighted paired group method based on mathematical averages
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