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MORPHO MOLECULAR DIVERSITY OF PIGMENTED 

TRANSPLANT AMAN RICE GERMPLASM 

BY 

MOMENA SULTANA 

Abstract 

 

Genetic divergence at morphological and molecular levels were studied in 24 pigmented 

Transplant Aman germplasms during the period June 2019 to December 2019 at the 

Genetic Resources and Seed Division (GRSD), Bangladesh Rice Research Institute, 

Gazipur-1701. All the pigmented germplasms studied genetic variation in respect of 

qualitative traits. Large dissimilarity and genetic diversity also detected in quantitative 

traits. The germplasm Black rice-2, Black Rice-3, Black Rice-4, Biroin (Habai), Kach 

Badal, Murali, Jhoria, Butu Balam (2), Latisail were identified as highly polymorphic and 

could be used for future breeding programs. A total of 70 alleles were detected from 16 

microsatellite markers across 24 rice germplasms. The number of alleles per locus ranged 

from one (RM510) to eight alleles (RM1), with an average of 4.38 alleles across the 16 loci 

obtained in the study. The highest band size for a given microsatellite locus varied between 

171bp to 350bp (RM1337). Gene diversity ranged from 0.15 to 0.82 with an average of 

0.4843. The polymorphism information content (PIC) values which ranged from 0.14 

(RM307) to 0.80 (RM1), with an average of 0.445 revealed much variation among the 

studied germplasm. Primer RM1 had the highest PIC value (0.80) and the highest number 

of alleles (8), therefore it detected the highest level of polymorphism. So, RM1 is 

considered to be the best marker for characterizing the 24 pigmented T. Aman rice 

germplasms. Besides, PIC value revealed that RM1, RM206, RM1337, RM5 and RM334 

can also be considered as additional markers for characterizing 24 pigmented rice 

germplasms. Eighteen (16) unique alleles were detected by 9 SSR markers. The genetic 

distance was calculated using the Nei distance. The highest genetic distance was 0.8750 

which was observed between Biruin (Tola) and Lal Balam. The genetic distance-based 

results seen in the unrooted neighbor-joining tree revealed three groups with six sub-

clusters in the 24 test germplasm. Evaluation of morpho-molecular characters demonstrated 

that the pigmented T. Aman rice germplasm under the present study possess a high genetic 

diversity and showed unique features of valuable genes for safe conservation in Gene banks 

and their sustainable utilization in future breeding programs. 
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CHAPTER I 

INTRODUCTION 

 

Rice (Oryza sativa L.) is a self-pollinated cereal crop belonging to the family Gramineae 

which have chromosome number 2n=24 (Hooker, 1979). Rice (Oryza sativa ) is one of the 

most important staple crops that offer food for more than 50% of the world’s population 

(Palanog et al., 2019). Because of its wide range of geographical, ecological, and climatic 

regions adaption, rice is one of the most diversified crop species as a major cereal crop.  

(Yadav et al., 2013).  

Bangladesh is the third largest rice producer country in the world. Rice is the staple food for 

her people and will keep on so in the future. More than 90% of the people depend on rice 

for their diet. Rice is covered about 75% of the total cropped area and more than 60% of the 

total agriculture labour force is employed in rice production, processing, marketing and 

distribution. This crop provides about 75% calorific and 55 % protein content of the 

average daily human diet (Bhuiyan et al., 2002). It also confirms political stability for the 

country and provides food security sense to the people. There are three different ecotypes of 

rice such as Aus, T. Aman and Boro in Bangladesh. Among them, T. Aman rice is the most 

suitable for growing rice in this country.  

Rice is a major component of the Bangladeshi diet. It increases the value of nutrition of rice 

varieties would greatly benefit the health of the population. However, high market demand 

for white rice has resulted in running down of pigmented varieties. Most pigmented rice 

varieties are low yielding, being grown for local markets (Mau et al., 2017; Islam et al., 

2018a). Rice can produce grain with brown, red, purple and even black pericarps. Pericarps 

are become black and purple due to the result of accumulation of anthocyanin, while red 

pericarps are due to proanthocyanidins (Samyor et al., 2017). Pigmented rice varieties be 

likely to have a higher protein content with a well-balanced amino acid composition, a 

better glycemic index and higher levels of fats, fiber and vitamin E (tocopherols and 

tocotrienols) (Kushwaha, 2016). Due to high levels of phenolic compounds that is 

anthocyanin, proanthocyanidin and phenolic acids, pigmented rice varities also exhibit 

strong antioxidant and free radical scavenging capacity. As people now a days are more 
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concerned about their healthy lifestyle, their demand for highly nutritious and healthier 

food is also increasing. Bangladeshi pigmented traditional rice varieties offer potential 

novel genes for rice genetic upgrading (Islam et al., 2018a). 

Genetic diversity is mainly measured on the basis of the morphological diferences of 

quantitative important traits. Morphological and biochemical markers were used for genetic 

diversity analysis and for establishing a relationship among cultivars. However, this method 

has some drawbacks in terms of time, space, and labour cost. In addition, additive gene act 

on the expression of the traits so this method cannot define the exact level of genetic 

diversity among the germplasm, thus making environmental factors mask their true 

phenotypic performance (Islam et al., 2016). Molecular characterization by using DNA 

marker provides more precise, convenient and reliable results for genetic variability 

assessment. 

With the initiation of PCR based molecular marker technology, genetic characterization of 

crop plants has moved into a new era. At present, there are different types of molecular 

markers existing for assessing genetic diversity in crop species. Among them, simple 

sequence repeats (SSRs) or microsatellites are very convenient for analyzing the structure 

of germplasm collections since they are abundant, codominant, multi-allelic, highly 

polymorphic, chromosome specific and easy genotype by PCR (Islam et al., 2018a). 

 The SSR markers are particularly appropriate for assessing genetic diversity and 

relationships among plant species, populations, or individuals, germplasm conservation or 

utilization; marker assisted selection; cultivar identification; hybrid purity analysis, gene 

mapping studies and parents selection in breeding programs. In rice, SSR markers have 

been widely used in evaluating genetic diversity (Thomson et al., 2007; Salgotra et al., 

2015; Islam et al., 2019). 

More than 1,27,000 rice accessions and wild relatives can be found in the world’s largest 

gene bank for rice at International Rice Research Institute (IRRI) located in the Philippines 

(http://irri.org/our-work/research/genetic-diversity). Until now, Bangladesh Rice Research 

Institute (BRRI) has collected and preserved a Gene bank of about 8700 varieties/landraces/ 

cultivars/wild types from indigenous and exotic sources. Out of these, more than 8500 

germplasms have been registered in BRRI Gene bank. Among these, 24 T. Aman rice 

germplasms have been taken for morpho-molecular characterization. It may be 

distinguished that few studies of genetic diversity within pigmented rice varieties have been 

http://irri.org/our-work/research/genetic-diversity
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testified in Bangladesh and involve small numbers of germplasms and markers (Islam et al., 

2018b). 

Therefore, the present research work has been planned and designed to assess the genetic 

diversity at morphological and molecular level in twenty four pigmented Transplanted 

Aman rice germplasms for proper characterization and utilization of rice diversity. 

 

 

OBJECTIVES:  

 

1. To characterize qualitative and quantitative traits of the pigmented rice germplasm    

through morpho-agronomic characters for assessment of variability.  

 

2. To differentiate selected germplasm of pigmented rice germplasm at the molecular 

level using microsatellite markers. 

 

3. To study the polymorphism, molecular diversity and DNA profiling of pigmented 

T. Aman rice germplasm. 
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CHAPTER II 

REVIEW OF LITERATURE 

 

Rice is the main food for more than half of the world’s population and is the staple food for 

the people of Bangladesh, constituting over 91% of the food grain production, and 

providing 62% of the caloric as well 46% of the protein intake in the average daily diet. 

The rice production area in Bangladesh is approximately 11.4 million hectares (ha) 

producing 51.64 million tons of rice annually. Pigmented rice like red and black rices are 

now becoming more popular and the demand for this rice is expected to rise in the future 

along with the increased level of community welfare and awareness on the importance of 

healthy food. Red and black rices have also long been known to be very useful for 

preventing and curing diseases caused by deficiencies in vitamin A and vitamin B 

(Kristamtini and Purwaningsih, 2009). Thus, the red and black rices are not only staple 

foods of carbohydrate sources but also health-promoting functional foods. The current 

improvement in the community welfare and prosperity has caused a shift in the community 

lifestyle, which nowadays is beginning to put more concern on health by adjusting their 

diet. This is done by consuming foods according to their nutritional values. Red and black 

rices are staple food that many consumers are looking for today due to its great health-

promoting benefits (Kushwaha, 2016). Various studies indicated that red and black rices 

possess better efficacy compared to the common white rice. In addition to carbohydrate, 

protein, vitamins, and minerals, red and black rices are also sources of anthocyanins that are 

beneficial to health of antioxidants (Satue-Gracia et al., 1997; Nam et al. 2006; Chutipaijit 

et al., 2011; Huang and Lai, 2016), anti inflammation (Tsuda et al., 2002) and anti-cancer 

(Shao et al., 2004; Hyun et al., 2004) properties. High anthocyanin content is found in both 

red rice and black rices. The anthocyanin content of dark-red rice and black rices had been 

proved to be higher because the reddish dark to the blackish brown color is partly caused by 

differences in the anthocyanin content (AbdelAal, 2006; Shao et al., 2011; Suliartini, 2011). 

So morphological diversity analysis is important for pigmented rice germplasm Molecular 

characterization and genetic diversity analysis of rice is essential for pigmented rice 

germplasm development and other improvement program. Molecular markers are the 

influential tools to identify genetic variation and genetic relationship within and among 

species. DNA markers are unmasking new genes for the improvement of crop varieties 
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(Causse et al., 1994). Studies on genetic variation and molecular characterization of 

different rice genotypes using Simple Sequence Repeats (SSR) markers have been carried 

out throughout the world. Therefore, the literature related to the present study on rice and 

their improved varieties of Bangladesh as well as in abroad are reviewed in this chapter 

below: 

 

Mau et al., (2017) studied 40 upland red and black rice accessions with qualitative and 

quantitative agro-morphological characters. A total of 26 qualitative and 16 quantitative 

characters were observed. Qualitative characters were descriptively analyzed and 

quantitative characters were analyzed with variance. Both data were also subjected to 

cluster analysis. Research results found a significant difference among rice accessions in 

both qualitative and quantitative characters. Cluster analysis employing qualitative 

variables classified the rice accessions into 4 clusters and 15 sub-clusters. The same 

analysis using quantitative characters placed the 40 rice accessions into 5 clusters and 8 

sub-clusters. After agromorphological characters evaluation it can be demonstrated that the 

rice germplasm under the present study possessed a high genetic diversity. 

 

Ahmed et al., (2015b) studied for 21 qualitative agromorphological characters of Kartiksail 

rice of Bangladesh at BRRI during T. Aman 2009-11 seasons. Only the presence and shape 

of ligule showed no variation. The genotypes showed strong surface pubescence on 

penultimate leaf blade (57%), erect type flag leaf (81%) and lateral tiller (71%), no 

anthocyanin color in nodes (86%) straw color of apiculus (76%) and awnless (81%) grain 

and late and slow type leaf senescence (71%), respectively. Again, four types of leaf blade 

(pale green, green, purple tip and purple margin), five types of lemma and palea (yellowish 

to straw, gold and or gold furrows on straw, brown spots/furrows on straw, brown and light 

purple on straw) and four types of apiculus (straw, gold, brown and purple) were observed 

among the germplasm. The studied germplasm also showed features for developing 

varieties with unique identification like KS14 had purple (medium) color in basal leaf 

sheath, KS5 had purple tip and KS14 had purple margin leaf blade, KS5 and KS6 had 

purple stigma and apiculus, KS5 had brown (tawny) lemma and palea.  
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Islam et al., (2018a) worked with diversity and population structure of 113 rice germplasm 

based on phenotypic and genotypic traits. Considerable variation existed across the 

germplasm in phenotypic traits. Based on Shannon–Weaver index, the most variable 

phenotypic trait was lemma-palea color. Detecting 140 alleles, 11 were unique and suitable 

as a germplasm diagnostic tool. Signifcant correlation coefficient was detected between 

phenotypic and genotypic traits.  

 

Ahmed et al., (2016) studied 21 qualitative agro-morphological characters of 40 Balam rice  

during T. Aman 2009 and T. Aman 2011 seasons at BRRI, Gazipur. The qualitative 

characters were recorded using procedure of DUS tests for inbreed and hybrid rice of 

Bangladesh. The presence and split or two-cleft shape type penultimate leaf ligule showed 

no variation. In total, 24 land races (60%) showed colorless leaf sheath and basal leaf 

sheath, 14 (35%) had green leaf blade, 16 (40%) had strong surface pubescence of 

penultimate leaf blade, 33 (82%) showed colorless auricles and collar, 30 (75%) had white 

color of stigma, 33 (82%) showed erect blade of flag leaf, 31 (77%) had erect curvature of 

lateral tiller, 30 (75%) showed colorless nodes, 17 (42%) had weak intensity of color in 

internodes, 14 (35%) showed yellowish to straw color lemma and palea and 18 (45%) had 

its medium intensity, 16 (40%) showed yellowish/straw color apiculus, 35 (87%) had 

awnless grain and 23 (58%) showed intermediate type of leaf senescence. Besides, Balam 

rice along with BR7, BR16, BRRI dhan50 and Nizersail were grouped into four major 

clusters by the UPGMA clustering method based on Dice coefficient. Cluster III was the 

largest group with thirty genotypes. The dendrogram revealed that the genotypes B7 (acc. 

no. 853) and B23 (acc. no. 878) was 100% duplicate or similar. The genetic distance 

ranging from 0.0 to 9.995 also indicated wide genetic variation among the germplasm. 

 

Aljumaili et al., (2018) worked with genetic diversity of 50 aromatic rice accessions from 

three regions (Peninsular Malaysia, Sabah, and Sarawak) with 3 released varieties as a 

control using the 32 simple sequence repeat (SSR) markers. Genetic diversity index among 

the three population ranged from 0.25 in control to 0.98 in Sabah population. The mean 

numbers of effective alleles and Shannon’s information index were 0.36 and 64.90%, 

respectively. Nei’s gene diversity index was 0.36. The dendrogram based on UPGMA and 

Nei’s genetic distance classified the 53 rice accessions into 10 clusters. Analysis of 
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molecular variance (ANOVA) revealed that 89% of the total variation observed in this 

germplasm came from within the populations, while 11% of the variation emanated among 

the populations. These results reflect the high genetic differentiation existing in this 

aromatic rice germplasm. 

Islam et al., (2018b) studied 50 red rice germplasm from the Bangladesh Rice Research 

Institute (BRRI) genebank. The genotypes were characterized both morphologically and 

genetically using 50 simple sequence repeat (SSR) markers. Overall, 162 alleles were 

detected of which 22 were unique alleles. The highest and lowest polymorphic information 

content (PIC) indices were 0.75 and 0.04 found in markers RM282 and RM304 

respectively. Genetic diversity was moderate, varying from 0.05 to 0.78 (average: 0.35). 

They suggested that the diverse germplasm and polymorphic trait-linked SSR markers of 

red rice are suitable for the detection of economically desirable trait loci/genes for use in 

future molecular breeding programs. 

 

Singh et al., (2016) evaluated  a set of 729 Indian rice varieties. To assess the genetic 

diversity and genetic relationship the varieties were genotyped using 36 HvSSR markers. A 

total of 112 alleles was amplified with an average of 3.11 alleles per locus with mean 

Polymorphic Information Content (PIC) value of 0.29.  

 

Roy et al., (2016) studied with a valuable set of hill rice germplasm using 35 SSR Markers. 

A total, 297 alleles were detected at the 35 SSR markers, ranging from 2 alleles (RM338) 

up to 21 alleles (RM259), with an average of 8.49 alleles across the loci. The gene diversity 

or expected heterozygosity (He) ranged from 0.41 (RM55) to 0.94 (RM259) and the 

average observed heterozygosity (Ho) was 0.051. The polymorphism information content 

(PIC) values perceived with a range from 0.37 (RM338 and RM507) up to 0.93 (RM259) 

with an average of 0.65.  

 

Ahmed et al., (2016) estimated a total of 350 alleles varied from 3 (RM277) to 14 (RM21) 

with an average of 7.8 per locus.45 microsatellite loci were noticed across the 31 rice 

accessions. The gene diversity extended from 0.48 to 0.90 with an average of 0.77.Again, 
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the polymorphism information content values from 0.44 (RM133) to 0.89 (RM206) with an 

average of 0.74.  

 

Siddique et al., (2016) assessed genetic diversity of 96 Aman (rainfed, partially irrigated) 

rice landraces of Bangladesh using eight SSR markers to characterize the landraces and also 

to establish the sovereignty of Bangladeshi rice gene pool. A total of 159 alleles were 

detected. The number of alleles per locus ranged from 13 (RM60, RM237) to 34 (RM163), 

with an average of 19.88. The polymorphism information content (PIC) which extended 

from 0.86 (RM237) to 0.95 (RM163) with an average of 0.90 shown much variation among 

the studied landraces. The allele frequency ranged from 8.33% (RM163) to 22.92% (RM60, 

RM125) with an average of 15.89. The UPGMA dendrogram based on Nei’s genetic 

distance shown seven distinct clusters with a resemblance coefficient of 0.09. 

  

Singh et al., (2016) evaluated genetic diversity in a set of 132 Indian wild rice accessions 

belonging to Oryza nivara and Oryza rufipogon and eight cultivated rice varieties. 25 

highly variable simple sequence repeat (HvSSR) markers and agarose gels were used in the 

study. A total of 106 SSR alleles were amplified with an average of 4.24 allele per locus, 

PIC values for HvSSR markers extended from 0.27 (HvSSR 11-24) to 0.71(HvSSR 05-39) 

with an average of 0.52. 

  

Surapaneni et al., (2016) studied genetic diversity among 23 rice genotypes including wild 

species and cultivars of indica, japonica, aus and aromatic type. Overall, 253 alleles were 

detected using 77 polymorphic SSRs. Polymorphism information content extended from 

0.31 to 0.97 with a mean of 0.79.  

 

Travis et al., (2015) studied genetic diversity among 511 cultivars from Bangladesh and 

North East India using a 384-SNP microarray assay. They recognized 191, 229 and 142 

SNPs clearly differentiate indica, japonica and aus accessions, respectively. The aus group 

has been further fixed into two subpopulations aus1 and aus2. 
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Venkatesan et al., (2015) evaluated the genetic diversity and relationship among 40 

aromatic rice  through microsatellite marker (SSR) analysis. The used 24 primer pairs, of 

which 22 (91.6%) were polymorphic. Overall, 51 alleles were identified for 22 polymorphic 

primer-pairs, with an average of 2.3 alleles per locus and PIC values ranged from 0.05 to 

0.57 with an average of 0.33.  

Chen et al., (2017) worked with 30 polymorphic SSR markers to assess the genetic 

diversity and molecular fingerprints of 53 rice genotypes of Oryza sativa, Oryza 

glaberrima, and NERICA. In total, 180 alleles were identified with average polymorphism 

information content and Shannon's information index were 0.638 and 1.390, respectively. 

Population structure and neighbor-joining phylogenetic tree shown that 53 genotypes 

grouped into three distinct subpopulations conforming to the original three groups, 

excluding three varieties (IR66417, WAB450-4, MZCD74). NERICA showed a smaller 

genetic distance from O. sativa genotypes (0.774) than from O. glaberrima genotypes 

(0.889). 

 

Nachimuthu et al., (2015) evaluated the population structure and genetic diversity among 

192 diverse rice germplasm lines using 61 SSR markers. The number of alleles per loci 

extended from 2 to 7 with an average of 3 alleles per locus and PIC values fluctuated 

between 0.146 to 0.756 for for RM17616 and RM316, respectively.  

  

Nadia et al., (2014) studied 26 landraces rice and four high yielding rice accessions to 

observe genetic diversity assessment and identification of superior genotypes for crop 

improvement program. Genetic diversity was also assessed using a set of 27 SSR markers 

which generated 321 polymorphic alleles and Polymorphism information content (PIC) 

values ranged between 0.6806 (RM 11) and 0.9416 (RM 474) with an average of 0.8414. 

Genetic similarity analysis using UPGMA, all 30 accessions were grouped into 6 clusters 

based on SSR markers’ data at a cut-off similarity coefficient 0.17%.  

 

Rahman et al., (2012) studied the genetic diversity of 21 rice cultivars using 34 

microsatellite primer pairs. The number of alleles per locus ranged from 2 to 11 with an 

average of 4.18 alleles across 34 loci. A total of 57 rare alleles were detected at 24 loci, 
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whereas 42 unique alleles were identified at 20 loci. Polymorphic information content (PIC) 

values ranged from 0.157 to 0.838 with an average of 0.488 which revealed that much 

variation was present among the studied varieties. The PIC values revealed that RM401 

might be the best marker for identification and diversity estimation of rice varieties. 

SSR markers are deliberated to be appropriate for assessment of genetic diversity and 

variety identification because of their ability to identify large numbers of discrete alleles 

repeatedly, accurately and efficiently. (Ijaz, 2011). 

  

310 rice varieties of both traditional and HYV have been analysed through DNA 

fingerprinting with SSR markers in Bangladesh. These have been studied in four volumes 

in Plant Varieties of Bangladesh; morphological and molecular characterization was 

published by the seed wing, MOA (Rahman et al., 2007, 2008 and 2010). 

  

Mia et al., (2010) worked with 22 aromatic rice genotypes using SSR markers Aroma was 

identified by 1.7% KOH as a sensory test. In this study, three SSR primers viz. RM223, 

RM515 and RM342 were used for identifying fgr gene locus in those genotypes. All the 

three markers recognized fifteen (15) rice genotypes having fgr gene locus. It was decided 

that the genotypes could be used in breeding program to progress new aromatic rice 

varieties. 

 

Kibria et al., (2009) described the genetic diversity among aromatic rice genotypes using 

simple sequence repeat (SSR) and randomly amplified polymorphic DNA (RAPD) markers 

through marker aided selection (MAS).Three SSR primers (RM223, RM342A and RM515) 

exhibited forty six bands among the genotypes and the average number of effective allele 

ranged from 1.78 to 2.49. The marker RM223 show the highest polymorphism (66.67%). 

  

A set of 48 simple sequence repeat (SSR) markers were used to assess the genetic diversity 

of 11 Venezuelan rice cultivars. The average genetic diversity (H) over all SSR loci for the 

18 genotypes was 0.524, ranging from 0.105 to 0.815. UPGMA cluster analysis based on 
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genetic distance coefficients showed that the Venezuelan rice varieties are closely related 

(Herrera et al., 2008). 

  

Islam et al., (2008) used one hundred polymorphic SSR markers to characterize 21 rice 

genotypes. The highest number of alleles (12) were found for RM418 followed by 

RM10793 (11), RM3412, RM400 and RM26809 (10). The highest PIC value (0.86) was 

found for RM10793 followed by RM418 and RM3412 (0.85), RM26809, RM490 and 

RM287 (0.84), RM16 (0.83), RM493, RM562 and RM253 (0.83). These proposed their 

greater usefulness for characterization of rice varieties. Two main distinct clusters/groups 

were identified from cluster analysis. One cluster consists of mostly improved and adapted 

genotypes while the second cluster had mostly salt tolerant donors with few exceptions. 

The result exposed to broaden the genetic base for wider adaptability.  

 

The genetic diversity among 35 rice accessions, which included 19 landraces, 9 cultivars 

and 7 wild relatives were assessed by using microsatellite (SSR) markers distributed across 

the rice genome. The mean number of alleles per locus was 4.86, showing 95.2% 

polymorphism. The average polymorphism information content was 0.707. Cluster analysis 

based on microsatellite allelic diversity clearly demarcated the landraces, cultivars and wild 

relatives into different groups. Genetic diversity was the highest among wild relatives 

(0.436), followed by landraces (0.356), and the lowest for cultivars. Allelic variability 

among the SSR markers was high enough to categorize cultivars, landraces and wild 

relatives of the rice germplasm, and to catalogue the genetic variability observed for future 

use (Ram et al., 2007). 

 

Thomson et al., (2007) investigated 330 rice accessions, including 246 Indonesian 

landraces and 63 Indonesian improved cultivars for better understanding the rich source of 

genetic diversity, using 30 fluorescently-labeled microsatellite markers. A total of 394 

alleles were detected at the 30 simple sequence repeat loci, with an average number of 13 

alleles per locus and an average polymorphism information content value of 0.66. The 

results shown that genetic diversity analysis characterized the Indonesian landraces as 68% 

indica and 32% tropical japonica, with an indica gene diversity of 0.53 and a tropical 
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japonica gene diversity of 0.56 and Fast of 0.38 between the two groups. All of the 

improved varieties sampled were indica and had an average gene divers. 

 

 Lapitan et al., (2007) studied twenty-four rice cultivars using 164 SSR markers. A total of 

890 alleles were detected by 151 polymorphic markers with an average of 5.89 per locus. 

Out of these markers, 89 generated a total of 147 rare alleles. Polymorphism information 

content (PIC) values of the markers ranged from 0.18 (RM420) to 0.91 (RM473B) with an 

average of 0.68 per marker. The UPGMA dendrogram divided the cultivars into 3 clusters.  

Sujatha et al., (2006) studied the genetic diversity of 30 aromatic rice for identifying 

distinct varieties and selecting suitable parents for breeding by using six SSR primers 

(RM42, RM 44, RM 155, RM 156, RM 223 and RM 586) amplified 17 alleles and reported 

molecular markers provide a more accurate estimation of genetic diversity as compared to 

morphological data.  

 

The genetic diversity of 38 traditional indigenous rice cultivars were evaluated using twelve 

microsatellite primer pairs. A total of 32 different reproducible bands were amplified of 

which 26 (81.25%) were polymorphic. The number of bands per primer ranged from one to 

six with an average of 2.6 bands per primer. Polymorphism information content ranged 

0.00 to 0.83. A dendogram based on cluster analysis by microsatellite polymorphism 

grouped all the 38 rice genotypes into three major clusters. (Joshi and Behera, 2006).  

 

The genetic diversity and DNA fingerprinting of 15 elite rice genotypes were investigated 

using 30 SSR primers on chromosome numbers 7-12. All the primers showed distinct 

polymorphism among the cultivars studied indicating the robust nature of microsatellites in 

revealing polymorphism. Cluster analysis grouped the rice genotypes into 10 groups. The 

information obtained from the DNA fingerprinting studies helped to distinctly identify and 

characterize nine varieties using 18 different RM primers (Chakravarthi and Naravaneni, 

2006). 
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Jain et al., (2004) evaluated genetic relationships among 69 Indian aromatic and quality rice 

(O. sativa) germplasm using 30 fluorescently labelled rice microsatellite markers and 

reported that a total of 235 alleles were detected at the 30 simple sequence repeat (SSR) 

loci, 62 (26.4%) of which were present only in Basmati and other scented/quality rice 

germplasm accessions. The number of alleles per locus ranged from three to 22, 

polymorphism information content (PIC) values ranged from 0.2 to 0.9, with an average of 

0.6 and the size range between the smallest and the largest allele for a given microsatellite 

locus varied between 3bp and 68bp.  

 

Bajracharya et al., (2004) made a diversity study on a collection of landrace accessions 

from three agro-ecozones using microsatellite (SSR) markers to understand and assess the 

value and extent of genetic diversity prevalent in landraces. Seventy rice accessions (21 

from Jumla- high hill, 24 from Kaski-mid-hill and 25 from Bara-plain) were assayed for 

genetic diversity at 39 SSR marker loci. The patterns of genetic diversity revealed by SSR 

polymorphisms varied between the study sites and among the varieties. Landraces from 

Kaski and Bara showed a high genetic variation with 0.34 average Nei’s gene diversity 

(PIC) and 0.45 genetic dissimilarity coefficient and 88% of the markers were polymorphic. 
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CHAPTER III 

MATERIALS AND METHODS 

 

The chapter organizes the materials and methods used in the experiment. Two experiment 

were conducted for the mentioned objectives. These were  

1. Experiment 01: 

Genetic diversity analysis of some qualitative and quantitative traits in pigmented T. 

Aman germplasm. 

 

2. Experiment 02: 

Molecular characterization of pigmented T. Aman germplasm through SSR marker. 

 

The details of the methodology have been followed is described below:  

 

3.1 Experiment 01: Genetic diversity analysis of some qualitative and 

quantitative traits in pigmented T. Aman germplasm 

 

3.1.1 Experimental site and time duration 

The present investigation was conducted during July 2019 to December 2019. The field 

experiments for morphological characters of pigmented rice germplasm were carried out at 

the research field and and the molecular laboratory of the Genetic Resources and Seed 

Division (GRSD), Bangladesh Rice Research Institute (BRRI), Joydebpur, Gazipur-1701.  

 

3.1.2 Plant materials  

A total of 24 pigmented T. Aman rice accessions of Bangladesh were used in the 

experiment (Table 1). 
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3.1.3 Crop cultivation 

Single seedling (25 days aged) per hill with a spacing of 20 × 20 cm between rows and 

plants, respectively was planted where single row of 5.4 m long per entry/accession were 

used. Fertilizers were applied @ 60:20:40 kg NPK/ha. All the fertilizers except urea were 

applied at time of final land preparation. Urea was applied in three equal splits at 10, 25 and 

35 days after transplanting. Appropriate control measures were taken for insect pests, 

diseases and weeds as and when necessary.  

 

3.1.4 Method of morphological data collection  

Data on the agronomical and morphological characters were collected from ten randomly 

selected hills excluding border rows from plots. Ten qualitative and fourteen quantitative 

traits were recorded using ―Germplasm Descriptors & Evaluation Form‖ by Bangladesh 

Rice Research Institute (BRRI). 

 

3.1.5 Morphological character observations 

Observed variables included both qualitative and quantitative morphological traits of leaf, 

culm and grain. A total of 24 pigmented T. Aman rice germplasm were observed for 

qualitative and quantitative characters. Morphological descriptors are presented in Table 

11.  

Observed qualitative characters are  

1. Blade colour with classes 

 (a) Green, (b) purple  

2. Basal leaf sheath colour with classes 

 (a) Green, (b) Light Purple, (c) Purple  

3. Ligule colour with classes  

(a) White, (b) Purple  

4. Ligule shape with classes  
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(a) 2- cleft 5. Awn: distribution with classes (a) None (awnless), (b) Tip only,(c) Upper 

quarter only, (d) Whole length  

6. Apiculus colour with classes 

 (a) Straw, (b) Brown (towny), (c) .Purple 

 7. Lemma and palea colour with classes 

 (a) Straw, (b) Gold and gold furrows on straw, (c) Brown, (d) Purple spots on straw, (e) 

.Black, (f) Purple furrows on straw  

8. Seed coat (bran) colour with classes 

 (a) Speckled brown, (b) brown, (c) Red, (d) variable purple, (e) purple  

9. Decorticated grain: Scent (aroma) with classes  

(a) Non scented 

 10. Leaf senescence with classes  

(a) Intermediate, (b) Late and slow.  

 

The observed quantitative characters included 14 traits and ten plants from each entry were 

randomly selected for recording data on (1) flag leaf area (cm
2
 ), (2) culm diameter (mm), 

(3) total tiller no., (4) effective  tiller no., (5) Panicle length (cm)) (6) plant height (cm)), (7) 

days to 50% flowering (DF), (8) days to maturity (DM), (9) filled grains per panicle, (10) 

1000 gwt(g)), (11) grain length (mm)), (12) grain breadth (mm), (13) Decorticated length 

breadth ratio, (14) yield per hill. 
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 Table 1. Names of 24 pigmented T. Aman rice germplasms with their 

accession numbers 
 

SL. NO. ACCESSION NO. NAME SEASON 

1.  NC-1 Black rice-1 T. Aman 

2.  NC-2 Black rice-2 T. Aman 

3.  NC-3 Black Rice-3 T. Aman 

4.  NC-4 Black Rice-4 T. Aman 

5.  826 Mural(Uba) T. Aman 

6.  827 Murali T. Aman 

7.  831 Birun T. Aman 

8.  832 Birui Sail T. Aman 

9.  833 Biruin T. Aman 

10.  834 Biroin Kalarmur T. Aman 

11.  835 Biroin(Makri) T. Aman 

12.  837 Biroin (Habai) T. Aman 

13.  838 Makri Biroin T. Aman 

14.  841 Balam Dhan T. Aman 

15.  842 Balam  T. Aman 

16.  847 Birpak T. Aman 

17.  853 Lal Balam T. Aman 

18.  854 Butu Balam T. Aman 

19.  859 Latisail T. Aman 

20.   860 Jhoria T. Aman 

21.  861 Biroi Dhan T. Aman 

22.  862 Makri Biroin T. Aman 

23.  863 Jhual Biroin T. Aman 

24.  867 Kach Badal T. Aman 

 

*NC: New collection 

3.1.6 Morphological Data analysis 

Mean quantitative data of the morphological characters were subjected to univariate 

analysis. Univariate analysis of the individual characters were carried out using Excel 2007 

software. 
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3.2 Experiment 02. Molecular characterization of pigmented T. Aman 

germplasm through SSR marker. 

 

3.2.1 Plant materials for molecular work 

A total of 24 T. Aman rice germplasm accessions were used in this experiment. All of them 

were collected from the Gene Bank of Bangladesh Rice Research Institute (BRRI), 

Joydebpur, Gazipur-1701. A list of germplasm accessions used in this experiment has given 

in Table 1.  

  

3.2.2 Collection of leaf samples   

Five grams of seed from each genotype was sown in the earthen pot and twenty one days 

old seedlings were collected for DNA extraction. After collecting 3 cm long leaf tips they 

were kept inside 1.5 ml microfuge tubes. The microfuge tubes containing leaf samples were 

immediately preserved in ice buckets which were carried to the transplanting field. The 

microfuge tubes containing the leaf samples were kept in poly bags and sited in the 

chamber of -80°C freezer. The leaf samples were crushed immediately for DNA extraction. 

Before collecting leaf samples, microfuge tubes were labeled properly.  

  

3.2.3 Reagent preparation for DNA Extraction 

DNA was extracted using the modified method of Ferdous et al., (2012). Nanodrop (Origin, 

Germany) is used for the quantification of DNA samples. 0.8% agarose gel electrophoresis 

was used for the evaluation of the quality of DNA. High concentration of DNA samples 

was further diluted in 10:1 (DDH2O-DNA) to a working concentration of 50 ng/μl and kept 

at 4°C for PCR based marker analysis. The laboratory procedures and chemical preparation 

of this method are described below in a detail. 

 

3.2.4Tris (1 M Tris solution, pH=8.0) 

The formula weight (FW) of Trisma base is 121.14 with chemical formula C4H11NO3 was 

used for Tris-buffer preparation. The compulsory concentration for this chemical is 1 M 
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with pH=8.0. The main functions of Tris are to maintain pH of the DNA solution and to 

afford buffering capacity. By keeping pH steady at 8.0 tris performs the central operation. 

However, for an example, 250 ml 1M Tris with pH 8.0 can be prepared as follows:  

Here, We Know,  

N= CV (N= mole number, C= Conc. in Molar, V= Volume in liter)  

i.e. N =1 M X 250 ml= 1 M X 0.25 liter = 0.25  

Again, Mass = N X FW = 0.25 X 121.14 = 30.29 g  

So, 30.29 g Tris was dissolved in around 180 ml of autoclaved and distilled water and pH 

was adjusted by adding conc. HCl (5N HCl) as Tris was basic in nature. The final volume 

was made to 250 ml in a graduated measuring cylinder by adding sterile H2O and the 

solution was autoclaved.   

 

3.2.5 Na2EDTA (0.5 M Na2EDTA solution, pH=8.0)   

When dissolved in water Na2EDTA makes the solution acidic. The formula weight (FW) of 

the chemical is 372.24 with the chemical formula C10H14N2Na2O8.2H2O. The required 

concentration is 0.5 M with pH=8.0. The Na2EDTA acts as chelating agent which chelates 

inorganic or metal ion. It deactivates endonuclease enzyme by chelating with its co-factor 

(e.g. Mg
++

). However, for an example, 100 ml 0.5 M Na2EDTA with pH 8.0 can be 

prepared as follows:  

Here, We Know,  

N= CV (N= mole number, C= Conc. in Molar, V= Volume in liter)  

i.e. N =0.5 M X 100 ml= 0.5 M X 0.1 l = 0.05  

Again, Mass = N X FW = 0.05 X 372.24 = 18.61 g  

So, 18.61 g Na2EDTA was dissolved in around 60 ml of autoclaved and distilled water and 

pH was adjusted by adding NaOH pellets (or 5M NaOH) as Na2EDTA is acidic in nature. 
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The final volume was made to 100 ml in a graduated measuring cylinder by adding sterile 

H2O and the solution was autoclaved.   

 

3.2.6 NaCl (5M NaCl solution)  

The formula weight (FW) of this chemical is 58.44 with the chemical formula NaCl. The 

required concentration is 5 M. NaCl digest cellular components and helps to burst out cell 

wall, cell membrane through generating osmotic pressure. However, for an example, 250 

ml 5 M NaCl can be prepared as follows:  

Here We Know,  

N= CV (N= Mole number, C= Conc. in Molar, V= Volume in liter)  

i.e. N =5 M X 250 ml= 5 M X 0.25 l = 1.25  

Again, Mass = N X FW = 1.25 X 58.44 = 73.05 g  

So, 73.05 g NaCl was dissolved in around 175 ml of autoclaved and distilled water and the 

final volume was made to 250 ml in a graduated measuring cylinder by adding sterile H2O. 

This chemical is generally not dissolved completely until final volume is made. The 

chemical was finally autoclaved.  

 

3.2.7 SDS (Sodium Dodecyl Sulphate) solution  

The another name of this chemical is Lauryl Sulphate with the formula weight (FW) 288.4 

and chemical formula C12H25O4SNa. The essential concentration is 10%. The performance 

of SDS is like a detergent agent and supports in the digestion of protein by breaking 

disulphide bond (– S–S–). It also helps in the lysis of cell wall. However, 10% 250 ml SDS 

was prepared by dissolving 25 g SDS in 200 ml water first. Then the final volume was 

made to 250 ml by adding sterile H2O. This chemical was not autoclaved and mask was 

worn during the preparation of this chemical.  
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3.2.8 Chloroform  

This chemical is used in the extraction method because it is available in the market. The 

role of this chemical is to form precipitation after disrupting two-dimensional structure of 

protein. This chemical was used under fume hood and was not inhaled.  

   

3.2.9 Ethanol  

Ethanol solutions are essential in 70% and 100% form. The chemical 100% ethanol 

precipitates or coagulates DNA and 70% ethanol acts as both in the precipitation of DNA 

and dissolving of salts. Ethanol (70%) also helps to decontaminate the surface in the 

laboratory.  

3.2.10 1X TE Buffer  

This is a secondary chemical. 100 ml 1X TE Buffer was prepared as follows:  

1 M Tris pH 8.0  10 ml  

0.5 M Na2EDTA pH 8.0  200 μl  

  

Finally water was added up to 100 ml. This chemical redissolved DNA into solution and 

acted as DNA preserving solution. 

  

3.2.11 Extraction buffer (200ml)   

40mL of 1M Tris-HCL (pH 8) was mixed with 10 mL of 0.5M EDTA for 200ml 

extraction buffer preparation, and added to 11.4mL 3.5M NaCl in a 200mL measuring 

cylinder. Finally, sterilized distilled water was added to make the volume up to the mark, 

then mixed well and autoclaved. 

 

 

 

 



22  

  

Table 2: Composition and preparation of the DNA extraction buffer 

Reagent  200 mL preparation  

Tris-HCL (pH= 8.0)  40mL  

EDTA (pH= 8.0)  10mL  

NaCl  11.4mL  

SDS  20mL  

DD H2O  118.6mL  

 

3.2.12 1M Tris HCL (pH= 8.0) (200mL)  

At first, using 24.23g Tris-HCl dissolved in 100ml deionized water and adjusted to pH 8.0 

using concentrated HCl. Then top up the total volume to 200mL with de-ionized water.  

3.2.13 0.5M EDTA (pH= 8.0) (1000mL)   

0.5M EDTA was prepared using 186.12 g of EDTA dissolved in 800 ml de-ionized water. 

Ten molar (10 M) NaOH solution was used to adjust the pH to 8.0. Then top up the total 

volume to 1 L with de-ionized water. EDTA alone will not dissolve unless NaOH is added.  

  

3.2.14 3.5M NaCl (250 mL)   

204.54 g NaCl was added into 800 ml of de-ionized water and de-ionized water was added 

to make the volume up to the 1 L. 

  

3.2.15 5% SDS (Sodium Dodecyl Sulphate) (100mL)   

5 g SDS was dissolved into 100 ml of de-ionized water in a 100mL conical flask.  

 

3.2.16 2X CTAB (Cetyl Trimethyl Ammonium Bromide) (200mL)  

4 g CTAB, 20mL Tris-HCL, 8 mL EDTA (pH 8), 2g PVP was dissolved into deionized 

water. All items should be added except NaCl. Because NaCl does not dissolve if mixed 

together. 80mL of NaCl was added later.  
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Table 3: Composition and preparation of the 2X CTAB solution 
 

Reagent  200 mL preparation  

Tris HCl (pH=8.0)  20mL  

EDTA (pH=8.0)  08mL  

NaCl  80mL  

CTAB  04gm  

PVP  02gm  

DDH2O  92mL  

 

 

3.2.17 Chloroform: Isoamyl Alcohol: Phenol= 24:1:5 (100mL)   

At first 5 mL phenol was taken in a 100mL volumetric flask. Then 91.2 mL Chloroform 

and 3.8mL Isoamyl alcohol was added and mixed well. The solution was stored at 4
0
C.  

 

Table 4: Composition and preparation of the Chloroform: Isoamyl 

Alcohol: Phenol= 24:1:5 (100mL 

Reagent  100 ml preparation  

Chloroform  91.2 ml  

Isoamyl alcohol  3.8 ml  

Phenol  5 ml  

 

3.2.18 10X TBE Buffer (1000mL)   

108g Tris-HCL was taken in a volumetric flask (1000mL).Then, 9.3g of EDTA and 55g 

Boric acid was added. Sterilized dH2O was added to make the volume 1000mL. 
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Table 5: Composition and preparation of the 10X TBE Buffer (1000mL)   

Reagent  1 L preparation  

Tris HCL (pH= 8)  108 g  

EDTA  9.3g  

Boric acid  55 g  

Water  Up to 1 L  

 

3.2.19 1X TBE buffer   

100mL of 10X TBE buffer was taken in 900mL de-ionized water and autoclaved. 

 

Table 6: Composition and preparation of the 1X TBE buffer   
  

Reagent  1 L preparation  

10 X TBE  100 ml  

De-ionized water  900 ml  

 

 

  

3.2.20 1% PVP  

1 g PVP was added into 100 ml 2X CTAB solution and stored.  

  

3.2.21 70% ethanol (1000mL)  

71.5 ml 95% ethanol was mixed with 28.5 ml de-ionized water and stored.  

 

3.2.22 Chronological steps for DNA extraction from leaf sample of 

pigmented T. Aman rice germplasm 

Total DNA was isolated using a quick modified CTAB DNA extraction method (Ferdous et 

al., 2012). The steps are given below:  

1. For genomic DNA extraction, young, vigorous, actively growing leaf tissues were 

collected from 24 different pigmented T. Aman rice germplasm.  



25  

  

2. Firstly, young, healthy leaves were washed thoroughly by running tap water followed 

by de-ionized water. Then the leaves were sterilized by ethanol to ensure the removal of 

wastes and any foreign DNA material source and then dried on tissue paper.  

 

3. Approximately, 250mg of leaf sample were cut into small pieces and then taken into 

morter. 600 µl of extraction buffer was added to it and grinded gently with the help of 

pestle. Then the ground samples were taken into the 2 ml eppendorf tube.  

4. 400µl of 2XCTAB solution was added to the eppendorf tube. Equal volume (400 µl ) of 

Choloroform: Isoamyl  Alcohol: Phenol ( 24:1:5 %) was added there and it was 

vortexed for 15 seconds in a vortex mixture.  

5. The solution was centrifuged at 8,400 rpm for 10 minutes.  

6. The supernatant was transferred into the new eppendorf tube and the lower layer was 

discarded. Approximately, 800-900 µl was taken.  

7. Two-third volume of the supernatant (465 µl) isopropanol was added to it and mixed 

gently by inverting.  

8. Then, the eppendorf tubes were allowed to incubate for 10-15 minutes at room 

temperature.  

9. Again, the solution was centrifuged at 8,400 rpm for 5 minutes .The liquid was 

discarded completely and DNA pellet was washed with 70% ethanol .The DNA pellet 

was then air dried for 1 hour.  

10. After air drying, DNA pellet was re-suspended with 50 µl of TE Buffer. It was spinned 

for 4-5 seconds. Then it was stored at 4
0
C refrigerator overnight.  

11. Finally, DNA samples were stored at -20
0 

C refrigerator.  
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3.2.23 Synthesis of SSR markers   

Rice genome specific 16 well known SSR primers viz. RM1, RM5, RM205, RM206, RM 

209, RM 213, RM214, RM277, RM304, RM307, RM510, RM338, RM342, RM334, 

RM1337 (Siddique et al., 2016, Islam et al., 2018b, Islam et al., 2018c) were selected and 

synthesized for molecular diversity analysis in 24 pigmented T. Aman rice germplasm. A 

list of the primer used is showed in (Table 7). 

 

3.2.24 Amplification of SSR markers by PCR  

Principle of the amplification of SSR marker  

Microsatellites or SSR are tandem repeats of 1-6 nucleotides. For example, (A)n, (AT)n,  

(ATG)n,(GATT)n , (CTACG)n , (TACGAC)n and so on. They are abandoned in genomes of 

all organisms. The sequence of unique flanking regions of SSR can be used to design 

primers and carry out PCR to amplify SSR containing sequences.  

3.2.25 Polymerase chain reaction (PCR) amplification  

PCR analysis was performed in 10 μl reaction sample containing 10-20 ng of DNA 

template, 4.5 μl of Go Taq G2 Green Master Mix (Promega), 1.5 μl of Nuclease-Free 

Water, 0.5μl each of 10 μM forward and reverse primers using a GeneAtlas G (Astec, 

Japan) 96-well thermal cycler. Twelve-channel pipette was used for transferring DNA from 

dilution plate to PCR plate. The mixture was overlaid with 10 μl of mineral oil to prevent 

evaporation. The PCR plate was wrapped with adhesive film. The ingredients of PCR 

reaction for SSR markers showed on Table 8. 
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Table 7: List of SSR markers used for diversity analysis of pigmented T. 

Aman rice germplasm.

Sl.  

No.  
Primer 

Name  

Chromosome 

No. 

 

Forward  primer (5′–3′)  Reverse primer (5′–3′)  

Annealing 

Temp.  

1  RM1  1  GCGAAAACACAATGCAAAAA  GCGTTGGTTGGACCTGAC  55  

2  RM5 1 TGCAACTTCTAGCTGCTCGA GCATCCGATCTTGATGGG 55 

3  RM125 6 ATCAGCAGCCATGGCAGCGACC   AGGGGATCATGTGCCGAAGGC

C 

55  

4  RM205 9 CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG   55 

5  RM206 11 CCCATGCGTTTAACTATTCT   CGTTCCATCGATCCGTATGG   55 

6  RM209 11 ATATGAGTTGCTGTCGTGCG   CAACTTGCATCCTCCCCTCC 55  

7  RM213 2 ATCTGTTTGCAGGGGACAAG AGGTCTAGACGATGTCGTGA   55  

8  RM214 7  CAACGTGATCGAGGATAGATC  GGATTTGCTTACCACAGCTC  54  

9  RM277 12 CGGTCAAATCATCACCTGAC   CAAGGCTTGCAAGGGAAG   55 

10  RM304  10 TCAAACCGGCACATATAAGAC GATAGGGAGCTGAAGGAGATG 55 

11  RM307 2 GTACTACCGACCTACCGTTCAC CTGCTATGCATGAACTGCTC 55  

12  RM510 7 AACCGGATTAGTTTCTCGCC TGAGGACGACGAGCAGATTC 55  

13 RM338 3 CACAGGAGCAGGAGAAGAGC GGCAAACCGATCACTCAGTC 55 

14 RM342 8 CCATCCTCCTACTTCAATGAAG ACTATGCAGTGGTGTCACCC 55 

15 RM334 5 GTTCAGTGTTCAGTGCCACC GACTTTGATCTTTGGTGGACG 55 

16 RM1337 12 GTGCAATGCTGAGGAGTATC CTGAGAATCTGGAGTGCTTG 55 

http://archive.gramene.org/db/markers/marker_view?marker_name=RM1&marker_type_id=4&action=marker_search
http://www.gramene.org/db/markers/marker_view?marker_name=RM447&marker_type_id=4&action=marker_search
http://www.gramene.org/db/markers/marker_view?marker_name=RM413&marker_type_id=4&action=marker_search
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Table 8: Composition and preparation of PCR Cocktail (master mix).  

Reagent  Amount (µl)  

DNA  3.0  

Primer (F)  0.5  

Primer (R)  0.5  

Master mix  4.5  

DDH2O  1.5  

Total  10  

  

Table 9: Temperature Profile of PCR (Easy shortcut new method)  

 

 

3.2.26 Polyacrylamide Gel Electrophoresis (PAGE)  

Three microlitres of PCR products were subjected to electrophoresis using 

Polyacrylamide gel at 100 volt for different time settings according to EPS (Expected 

Product Size) to check the DNA quantification and PCR amplification.  

      However, the detailed protocol of PAGE is given below: 

 

Step  Temperature  Time  No. of Cycle  

Initial denaturation  94
0
C  2.0 min    

Denaturation  95
0
C  30s    

32 cycle  
Annealing  55 

0
C  30s  

Extension  72
0
C  25s  

Final extension  72
0
C  5min    

         Hold at                             4
0
C                   99:99 (overnight)   
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3.2.27 Assembling of Glass Plates  

1. Two glass plates, two spacers and one comb were washed properly using laboratory 

detergent (bleaching powder based) and rinsed with water. Glass plates were also 

washed by 0.5 M NaOH solution.  Glass plates were air dried and chosen inner 

surfaces of the plate was sprayed with 100% ethanol and wiped with lint-free tissue.   

2. The short plate (round-bottom) was hold and the rubber gasket was attached starting 

from one side of the plate. The notches on the gasket were aligned on the corners. 

The circular portion of the gasket was exposed to the inner side of the plate.  

3. The short plate was lain on the table with the inner side up. Then, the spacers were 

put along the inside edges of the gasket.   

4. The other plate was put on top of the short plate.   

5. The clamps were set on both sides of the plates for tightening and the plate assembly 

was laid flat on the table.  

  

3.2.28 Preparation of Polyacrylamide Gel  

The following chemicals and their quantity were used to prepare eight percent of PAGE 

gel. The gel solution was prepared in a beaker with a magnetic stirring bar.   

 

  Table 10: Composition and preparation of polyacrylamide gel  

Reagents  Final conc.  8% gel  

Sterile Nano pure H2O  -  41.35 ml  

10X TBE buffer  5X  6.0 ml  

40% Acrylamide  8%  12 ml  

10% APS  0.1%  600 μl  

TEMED  1 µl/ml  50 µl  

Total    60.0 ml  
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The concentration of gels used for PAGE was 8%. After adding TEMED, the solution 

was stirred using magnetic stirrer for few seconds on a stirrer machine at a speed to mix 

the chemicals properly. Then, the gel solution was poured into glass plate assembly 

smoothly and continuously for avoiding air bubbles, starting from one corner until it 

reached top portion of the short plate. The comb was inserted in the gel gently. The gel 

was allowed to polymerize for 30 minutes.   

 

3.2.29 Polyacrylamide Gel Electrophoresis  

After the gel was polymerized, the gasket was removed starting from one corner of the 

plate assembly. Around 500 ml of 0.5X TBE buffer was added in the base of the tank and 

around 300 ml of 0.5X TBE buffer was added on top of the tank and the comb was 

removed gently.  

1. Two μl of 10X loading dye was added to the each well containing 10 μl PCR product 

and the plates were centrifuged at a speed of 3000 rpm for 30 sec in a high speed 

refrigerated centrifuge machine. Around 2 μl of the mixer was loaded in the wells of 

PAGE gel with the help of 2-2.5 μl pipette. DNA size marker like 50 bp DNA ladder 

was loaded for size determination. Thermo Scientific Gene Ruler 1Kb Plus DNA 

Ladder was used from Thermo Scientific company.  

2. The cover of the tank was put and the electrodes were connected to the power supply 

and the gel was run for about 2.0-2.5 hours at 100 volts. It was noted that running 

time depended on the size of PCR fragments.  

 

3.2.30 Staining and Visualization of the Gel   

1. The power supply unit was turned off and the plates were removed from the tank.  

The glass plates were detached using a knife. The acrylamide gel was removed 

carefully and transferred in the SYBR Safe staining solution (0.5 mg/ml) for around 

20 minutes.   
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2. The stained gels were put in the exposure cabinet of the gel documentation system 

(Molecular Imager Gel Doc XR System, BIO-RAD, Korea). The gel was viewed in 

the computer monitor by exposing it first to white light. The necessary adjustments 

were made by moving the gel inside the exposure box. The gel was exposed to UV 

light and photograph (gel image) was taken and saved as a JPEG file.  

 

 

3.2.31 SSR data analysis  

The size of the band for each marker was scored by AlphaEaseFC-4.0 software. The 

summary statistics, including the number of alleles, major allele size and frequency, gene 

diversity and polymorphism information content (PIC) value were determined using Power 

Marker version 3.25 (Liu and Muse 2005) and Software MEGA 5.1 was applied to construct 

the neighbor joining tree (Tamura et al., 2011; Hall, 2013) based on Nei's (1983) genetic 

distance. 
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Some pictorial view of experimental work 

                                   

Figure-1: Leaf sample kept in ice bucket          Figure-2: Leaf cutting for grinding 

               
Figure-3: Sample prepared for centrifuge   Figure-4: Chemical loaded in eppendorf 

tube    

                             

Figure-5: DNA loaded for electrophoresis        Figure-6: Acrylamide gel used for DNA              

                                                                                               visualization 

                         

Figure-7: Stained acrylamide gel                         Figure-8: Rice kernel arrangement 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

Morphological study of a germplasm may not be sufficient for varietal identification. It 

seems important to start DNA finger printing of the rice germplasms, so that the 

microsatellites can indicate the allelic constitution of a germplasm in addition to its 

morphological traits that are now being used as criteria for variety identification. Highly 

polymorphic and repeatable PCR based markers Simple Sequence Repeats (SSRs), were 

used here to assess the polymorphism, diversity and similarity identification within studied 

local germplasms. Results which were found from the experiment have been presented 

below under the following headings. 

 

4.1 Experiment 01: Genetic diversity analysis of some qualitative and 

quantitative traits in pigmented T. Aman germplasm 

 

4.1.1 Qualitative character description 

Qualitative characters are important for plant description (Kurlovich, 1998, Islam et al., 

2018b) and mainly influenced by the consumers preferences, socioeconomic scenario (Hien 

et al., 2007). Frequency distribution for 10 qualitative traits of 24 pigmented T. Aman rice 

germplasms are shown in Table 11 and its graphical representation of frequency distribution 

shown in Figure 9 and Figure 10. Results of the present study in Table 11 revealed that most 

of the tested rice accessions possessed blade colour: green (95.83%), purple (4.17%) ; basal 

leaf sheath colour: green (83.33%), light purple (12.5%), purple (4.17%); ligule colour: 

white (95.83%), purple (4.17%); ligule shape: 2-cleft (100%); awn distribution: awnless 

(79.17%), tip only (12.5%), upper quarter only (4.17%), whole length (4.17%); apiculus 

colour: straw (50%), brown (towny)(37.5%), purple (12.5%); lemma and palea colour: straw 

(20.83%), gold and gold furrows on straw (20.83%), brown (25%), purple spots on straw 

(12.5%), black (4.17), purple furrows on straw (16.66%); seed coat (bran colour): speckled  
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Table 11. Characterization of 24 pigmented T. Aman rice germplasm 

based on qualitative characters  
Sl. 

no. 
Characters State of characters 

No. of    

germplasm 
Germplasm (Serial number in Table 1) 

Frequency

% 

1 

 

 

 

 

 

 

 

Blade colour 02. Green 23 1,2,3,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24 95.83 

07.Purple 1 4 4.17 

2 Basal leaf 
sheath colour 

01. Green 20 1,2,3,5,7,8,10,11,13,14,15,16,17,18,19,20,21,22,23,24 83.33 

03. Light purple 3 6,9,12 12.5 

04. Purple 1 4 4.17 

3 Ligule 

colour 

01. White 23 1,2,3,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24 95.83 

03. Purple 1 4 4.17 

4 Ligule shape 02. 2- cleft 24 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24 100 

5 Awn: 
distribution  

0. None (awnless) 19 1,2,3,4,5,7,8,9,11,12,13,15,16,17,18,20,22,23,24 79.17 

01.Tip  only 3 10,19,21 12.5 

02.Upper quarter only 1 14 4.17 

05.Whole length 1 6 4.17 

6 Apiculus 

colour 

02.Straw 12 1,2,3,5,6,8,12,15,17,19,22,24 50.00 

03. Brown(towny) 9 10,11,13,14,16,18,20,21,23 37.5 

06.Purple 3 4,7,9 12.5 

7 Lemma and 
palea colour 

0. Straw 5 1,6,9,19,23 20.83 

01. Gold and gold 
furrows on straw 

5 8,18,20,21,24 20.83 

04.Brown 6 2,3,5,14,15,17 25.00 

06.  Purple spots on 
straw 

3 4,7,16 12.5 

09.Black 1 13 4.17 

07.Purple furrows on 
straw 

4 10,11,12,22 16.66 

8 Seed coat 
(bran) colour 

03. Speckled brown 5 5,15,17,20,21 20.83 

04. brown 5 10,11,12,13,22 20.83 

05.Red 10 6,7,8,9,14,16,18,19,23,24 41.68 

06. variable purple 2 2,3 8.33 

07.purple 2 1,4. 8.33 

9 Decorticated 

grain: Scent 

(aroma) 

0. Non scented 24 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24 100 

10 

 

Leaf 
senescence 

05. Intermediate 21 1,4,5,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24 87.5 

07. Late and slow 3 2,3,6 12.5 
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Figure 9: Frequency distribution of blade colour, ligule shape, ligule 

colour, awn distribution, apiculus colour, basal leaf sheath colour of 24 

pigmented T. Aman rice germplasm. 
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Figure 10:  Frequency distribution of seed coat (bran) colour, decorticated 

grain:scent (aroma), leaf senescence, lemma and palea colour of 24 

pigmented T. Aman rice germplasm. 

 

brown colour (20.83%), brown (20.83%), red (41.68%), variable purple (8.33%), purple 

(8.33%); decorticated grain: scent(aroma) : non scented (100%), leaf senescence : 

intermediate (87.5%), late and slow (12.5%). The present study exhibited high variability in 

most of the observed qualitative traits of T.  Aman rice landraces. Similar types of work was 

also reported by other authors (Ahmed et al., 2016; Akter et al., 2017; Islam et al., 2018b). 
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4.1.2 Identifying morphological marker of pigmented T. Aman 

germplasms  
The unique traits of some pigmented germplasms are presented in Table no. 12. The 

identifying traits were given below: 

 NC-1 showed purple blade colour; basal leaf sheath colour of NC-4 showed purple and 

accession number 827, 833, 837 observed light purple; ligule colour of NC-4 displayed 

purple; awn distribution of 834, 859, 861 showed tip only ; 841 upper quarter only and 827 

whole length whole length ; Apiculus colour of NC-4, 831, 833 showed purple; Lemma and 

palea colour of NC-4, 831, 847 showed purple spots on straw, 838 showed black; seed coat 

colour of NC-2, NC-3 is variable purple, NC-1, NC-4 showed purple; Leaf senescence of 

NC-2, NC -3, 827 was late and slow. 

 

Table 12: List of germplasms showed identify morphological traits. 
 

 

*NC= New collection 

 

 

 

 

Sl. No.  Morphological characters  Colour pattern/ type  Germplasms 

1  Blade colour  Purple  NC-4 

2  Basal leaf sheath colour 

 

Purple NC-4 

Light purple 827,833,837 

3 Ligule colour Purple  NC-4 

4 Awn distribution 

  

Tip only 834,859,861 

Upper quarter only 841 

Whole length 827 

5  Apiculus colour  Purple NC-4,831,833 

6 Lemma and palea: colour  

  

Purple spots on straw NC-4,831,847 

Black 838 

7 

 

 

Seed coat (bran) colour Variable purple NC-2,NC-3 

Purple  NC-1, NC-4 

8 Leaf senescence  Late and slow  NC-2,NC-3,827 
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Figure 11: Morphological diversity showed on rice kernel, grain and 

panicle with their accession number 

RICE KERNEL GRAIN PANICLE 

   
Accession No. New Collection 1 

  

 

                                                              Accession No. New Collection 2 

  

 

Accession No. New Collection 3 
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Accession No. 826 
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RICE Kernel GRAIN PANICLE 

  

 
 

 

Accession No. 827 

  

 

Accession No. 831 

  

 

Accession No. 832 

  

 

Accession No. 833 

  

 

Accession No. 834 
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RICE Kernel GRAIN PANICLE 

  

 

Accession No. 835 

  

 

Accession No. 837 

  
 

Accession No. 838 

  

 

Accession No. 841 

  

 

Accession No. 842 
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RICE Kernel GRAIN PANICLE 

  

 

Accession No. 847 

  

 

Accession No. 853 

  

 

Accession No. 854 

  
 

Accession No. 859 

  

 

Accession No. 860 
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RICE Kernel GRAIN PANICLE 

  

 

Accession No. 861 

 
 

 

Accession No. 862 

  

 

Accession No. 863 

  

 

Accession No. 867 
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4.1.2 Quantitative ANOVA Table Description 

Univariate analysis is the simplest form of quantitative (statistical) analysis. The analysis 

was carried out with the description of a single variable in terms of the applicable unit of 

analysis. Rice accessions were evaluated for agronomical traits viz., flag leaf area, culm 

diameter, effective tiller, panicle length, panicle height, days of 50% flowering, days of 50% 

maturity, filled grain per panicle, grain length, grain breadth, decorticated length breadth, 

yield per hill. 

The descriptive statistics were employed to assess the variability of different quantitative 

characters and Analyses Of Variance are presented in Table 13. The character flag leaf area 

varied between 73.66cm
2
 (Max.) to 17.65cm

2
 (Min.) with a mean of 41.31cm

2
 and having 

coefficient of variation is 31.83%. The highest mean performance was recorded for Kach 

Badal (73.66 cm) whereas the lowest mean performance was recorded for Jhual Biroin 

(17.65 cm). The character culm diameter (cm) varied between 5.76 (mm) to 3.16 (mm) with 

a mean of 4.63mm and having coefficient variation 13.93%. The highest mean performance 

was recorded for Black Rice-2 (5.76mm) whereas the lowest mean performance was 

recorded for Latisail(2) (3.16mm). The number of total tillers varied between 16 to 5 with a 

mean of 11 and having coefficient of variation 27.95%. Latisail showed the highest mean 

performance and Black Rice-4 and Birun(2) showed lowest mean performance for this trait. 

Effective tiller had mean of 9 and having minimum range of 5 and maximum range of 13 and 

having a coefficient of variation 25.63%. The highest mean performance was recorded for 

Butu Balam(2) and Latisail whereas the lowest mean performance was recorded for Black 

Rice-4 and Birun(2). The character Panicle length (cm) varied between 30.20 (cm) to 21.40 

(cm) with a mean of 26.35 cm and having coefficient of variation 8.62%. The highest mean 

performance was recorded for Biroi Dhan whereas the lowest mean performance was 

recorded for Biroin (Habai)). Panicle length contributes positively yet maximum panicle 

length is not the only factor responsible for higher grain yield. Abbasi et al., (1995) observed 

that the rice variety DR-39 had maximum panicle length but due to lower grain fertility 

exhibited lower grain yield. So panicle length alone does not determine the high grain yield 

as traits such as grain size, grain shape, higher numbers of tillers/plant, longer panicles and 

greater number of grains/panicle ultimately contribute to higher grain yield. The character 

plant height (cm) varied between 158.20 (cm) 87.20 (cm) with a mean of 131.01 cm and 

having coefficient variation 10.59%. The highest mean performance was recorded for 
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Birun(2) (158.20 cm) whereas the lowest mean performance was recorded for Biroin (Habai) 

(87.20 cm).  

Table 13: Variability of different quantitative characters in 24 pigmented 

Transplant Aman rice germplasm. 

Sl. 

No 

FLA 

(cm
2
) 

Culm 

dia 

(mm) 

Total 

Tiller 

Eff 

tiller 

PL 

(cm) 

PH 

(cm) DF DM FG/P 

1000 

gwt.(g) 

GL 

(mm) 

GB 

(mm) 

D 

L/B Y/hill(g) 

1 46.13 5.36 8 7 25.40 129.00 114 142 117 26.10 9.50 3.23 2.53 21.38 

2 37.36 5.76 10 9 28.60 120.00 90 117 85 26.43 10.09 2.82 3.00 19.09 

3 36.93 5.57 9 9 28.50 119.30 90 117 68 25.91 10.30 2.83 2.88 15.59 

4 47.76 4.65 5 5 25.40 143.20 117 146 92 26.47 9.04 3.17 2.50 11.18 

5 32.74 4.50 8 7 25.60 118.60 101 129 105 23.29 8.49 2.59 2.63 19.03 

6 38.95 3.80 11 10 24.80 121.80 80 107 85 25.27 8.73 2.86 2.45 21.00 

7 23.39 4.73 5 5 28.20 158.20 109 139 136 24.09 8.45 3.09 2.26 18.02 

8 47.05 5.20 7 7 27.40 130.80 111 138 147 17.00 8.08 2.36 2.86 16.49 

9 32.50 4.54 10 9 27.60 153.00 109 139 106 25.40 8.51 3.01 2.22 20.23 

10 31.59 4.59 12 10 25.60 137.80 110 138 57 27.20 8.93 3.21 2.25 14.98 

11 39.26 4.58 11 9 27.60 132.40 111 138 67 23.84 8.37 3.03 2.21 14.41 

12 72.78 3.77 7 6 21.40 87.20 114 142 74 23.74 8.61 3.35 2.09 12.23 

13 33.92 4.78 14 12 21.40 128.80 112 139 98 25.43 8.58 3.04 2.25 18.97 

14 43.03 5.44 12 11 29.40 142.80 108 137 140 29.00 9.08 2.57 2.98 22.57 

15 59.56 3.70 11 10 28.00 120.40 82 108 82 21.13 8.61 2.50 2.03 17.32 

16 31.15 4.06 12 10 22.80 137.80 107 135 39 29.67 8.98 3.30 2.25 11.82 

17 48.66 4.54 10 9 27.40 121.40 106 135 86 21.54 8.19 2.53 2.70 15.86 

18 36.65 5.59 15 13 26.60 129.20 109 139 72 22.87 8.35 2.60 2.64 21.01 

19 43.93 3.16 16 13 25.60 132.20 98 127 51 23.84 8.28 2.57 2.64 16.11 

20 45.85 4.58 9 8 27.20 138.20 109 139 153 21.34 8.21 2.58 2.63 21.70 

21 37.08 4.56 13 11 30.20 137.40 110 138 137 23.50 8.73 2.81 2.54 21.05 

22 33.85 4.62 15 12 27.40 140.40 108 137 71 23.89 8.55 3.07 2.30 20.75 

23 17.65 4.61 13 11 26.00 133.00 109 137 103 23.29 8.98 2.71 2.71 17.43 

24 73.66 4.32 13 10 24.40 131.40 99 127 89 34.25 9.66 3.31 2.48 17.02 

Min 17.65 3.16 5 5 21.40 87.20 80 107 39 17.00 8.08 2.36 2.03 11.18 

Max 73.66 5.76 16 13 30.20 158.20 117 146 153 34.25 10.30 3.35 3.00 22.57 

Mean 41.31 4.63 11 9 26.35 131.01 105 133 94 24.77 8.80 2.88 2.50 17.72 

Std 13.15 0.64 2.98 2 2.27 13.87 9.96 10.57 31.13 3.34 0.58 0.30 0.28 3.26 

CV 31.83 13.93 27.95 25.63 8.62 10.59 9.51 7.95 33.06 13.49 6.59 10.40 11.01 18.43 

SE 6.50 2.84 5.71 5.23 1.76 2.16 1.94 1.62 6.75 2.75 1.35 2.12 2.25 3.76 

LSD 12.73 5.57 11.18 10.26 3.45 4.24 3.81 3.18 13.23 5.40 2.64 4.16 4.41 7.37 

*FLA=Flag Leaf Area (cm
2
), CD=Culm Diameter (mm), TT= Total Tiller, ET= Effective 

Tiller, PL=Panicle Length (cm), PH=Plant Height (cm), DF=Days to 50% Flowering, 

DM=Days to  Maturity, FG/P=Filled Grains per Panicle, GL=Grain Length (mm), GB=Grain 

breadth (mm), D L/B=Decorticated Length Breadth Ratio, Y/H=Yield per Hill (g) 
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Plant height in rice is a complex character and is the product of several genetically controlled 

factors called internodes (Cheema et al., 1987). Plant height in rice is a multifaceted 

character and the end product of a number of genetically controlled factors called internodes 

(Cheema et al., 1987). Reduction in plant height may develop their resistance to lodging and 

reduce substantial yield losses associated with this trait (Abbasi et al., 1995). Hien et al., 

(2007) reported that improvement of pigmented Transplant Aman also should focus on both 

decreasing the plant height and increasing the culm strength. The character days of 50% 

flowering varied between 80 to 117 days with a mean of 105 days and having coefficient of 

variation 9.51%. The highest mean performance was recorded for Black Rice-4 (117 days) 

whereas the lowest mean performance was recorded for Murali (80 days). Days of 50% 

maturity varied between 146 days to 107 days with a mean of 133 days and having 

coefficient of variation 7.95%. The highest mean performance was recorded for Black Rice-4 

whereas the lowest mean performance was recorded for Murali.  The number of filled grains 

per panicle varied between 39 to 153 with a mean of 94 and having coefficient of variation 

33.06%. The highest mean performance was recorded for Jhoria whereas the lowest mean 

performance was recorded for Birpak. 1000 grain weight ranged from 17.00 - 32.25 with 

mean value 24.77. Standard Deviation (SD) for 1000 grain weight was 3.34 with coefficient 

of variation (CV) of 1000 grain weight was 13.49%.Grain length ranged from 8.08 – 10.30 

with mean value 8.30. Grain breadth having mean value 2.88 (mm) and varied in ranges of 

2.36 to 3.35 (mm). The deteriorate length and breadth had mean value 2.50 and varied in 

range of 2.03 to 3 and having coefficient of variation 11.01. Yield per hill ranged from 22.57 

(g) – 11.18 (g) with mean value 17.72 9 (g). The highest yield per hill (22.57 g) was 

observed in Balam dhan and the lowest (11.18 g) was found in Black Rice-4. Standard 

Deviation (SD) for yield per hill was 3.26 with coefficient of variation (CV) of yield per hill 

was 18.43%. Similar findings were also reported by other authors (Islam et al., 2016; Mau et 

al., 2017; Islam et al., 2018a) 

After evaluation of 24 pigmented T. Aman rice germplasms for 14 quantitative characters, 

on the basis of mean values, some germplasms which showed best performance were 

identified like Black Rice-4, Black Rice-3, Biroin(Habai), Kach Badal, Jhoria, Butu 

Balam(2), Latisail. Identifying germplasm for different agronomical characters in 

phenotypically divergent sources would help in prebreeding and breeding programs. The 

variety having higher yield would be utilized in a crossing programme, if other characters 

satisfy the breeder’s objectives. 
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4.1.3 Cluster analysis of 24 pigmented T. Aman rice germplasm for 14 

quantitative characters 

The dendrogram, constructed by using UPGMA clustering based on Eucledean method, 

distributed the 24 pigmented T. Aman rice germplasm into three major clusters along with 

minor sub-clusters, groups and sub-groups for 14 quantitative traits (Figure 12). Out of three 

clusters Cluster 1 was the major cluster with maximum germplasms (12) namely G10 (Biroin 

Kalamur), G11 (Biroin (Makri)),G18 (Butu Balam(2)), G22 (Makri Biroin), G17 (Lal 

Balam), G16 (Birpak), G19 ((Latisail), G24 (Kach Badal), G2 (Black Rice-2), G6 (Murali), 

G3 (Black Rice-3), G15 (Balam), while cluster 2 consisted of one germplasm namely 

G12(Biroin (Habai)) and cluster 3 consisted of 11 germplasms namely G4 (Black Rice-4, G9 

(Biroin (Tola)), G5 (Mural (Uba)), G13 (Makri Biroin), G23 (Jhual Biroin), G1 (Black Rice-

1), G7 (Birun(2)), G8 (Birui Sail), G20 (Jhoria), G14 (Balam Dhan), G21 (Biroi Dhan) . 

Besides, Cluster 1 were consisted of two sub-clusters. In cluster 1, G10 (Biroin Kalamur), 

G11 (Biroin (Makri)), G18 (Butu Balam(2)), G22 (Makri Biroin), G17 (Lal Balam), G16 

(Birpak), G19 ((Latisail) formed sub cluster 1 and G24 (Kach Badal), G2 (Black Rice-2), G6 

(Murali), G3 (Black Rice-3), G15 (Balam) formed sub cluster 2. The cluster3 consisted of 

two sub clusters. In cluster 3, G4 (Black Rice-4, G9 (Biroin (Tola)), G5 (Mural (Uba)), G13 

(Makri Biroin), G23 (Jhual Biroin), G1 (Black Rice-1) formed sub cluster 1 and G7 

(Birun(2)), G8 (Birui Sail), G20 (Jhoria), G14 (Balam Dhan), G21 (Biroi Dhan) formed sub 

cluster 2. The observed result are comparable to previous analysis using quantitative 

characters placed the 40 upland rice accessions into 5 clusters and 8 sub-clusters (Mau et al., 

2017). Similar types of work was also reported by other authors (Ahmad et al., 2015, Islam 

et al., 2014; Islam et al., 2017). 

 

Germplasms of more genetic similarity are placed in same sub cluster. The dendrogram 

revealed that the germplasms that derivatives of genetically similar type clustered together.  

The germplasms grouped in the same cluster due to lower genetic distance and the other 

germplasms having more genetic dissimilarity grouped in another cluster due to higher 

genetic distance. 
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*G1=Black Rice 1, G2=Black Rice 2, G3=Black Rice 3, G4=Black Rice 4, G5=Mural(uba), 

G6=Murali, G7=Birun(2), G8=Birui Sail, G9=Biruin (Tola), G10=Biroin kalamur, 

G11=Biroin(makri), G12=Biroin(Habai), G13=Makri Biroin, G14=Balam Dhan, 

G15=Balam, G16=Birpak, G17=Lal Balam, G18=Butu Balam(2), G19=Latisail, G20=jhoria, 

G21=Biroi Dhan, G22=Makri Biroin, G23=Jhual Biroin, G24=Kach Badal 

Figure 12. Unweighted pair group method of arithmetic mean (UPGMA) 

Cluster dendrogram of 24 pigmented T. Aman rice germplasm for 14 

quantitative characters using Eucledean method. 
 

4.2 Experiment 02. Molecular characterization of pigmented T. Aman 

germplasm through SSR markers. 

 

4.2.1 Molecular diversity 

Twenty four (24) pigmented T. Aman rice germplasms were successfully amplified with the 

16 microsatellite marker (Table 14) each referred to as loci and DNA bands as alleles. A 

total of 70 alleles were detected from 16 microsatellite markers across 24 rice genotypes. 
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The number of alleles per locus ranged from one (RM510) to eight alleles (RM1), with an 

average of 4.38 alleles across the 16 loci obtained in the study. The highest range of band 

sizes was found for RM1337 (171-350). Among the 16 SSR markers, the highest number of 

alleles (8) were found for RM1 followed by RM209 (7); RM206 (6); RM1337 (6), RM334 

(6) and so on. The polymorphism information content (PIC) values which ranged from 0.14 

(RM307) to 0.80 (RM1), with an average of 0.445, revealed much variation among the 

studied germplasm. The observed PIC values were similar to previous estimates of 

microsatellite analysis in rice of 0.34–0.88 (Thomson et al., 2007) and 0.65–0.91 (Siddique 

et al., 2014). The allele frequency ranged from 29.17% (RM206) to 91.67 % (RM307, 

RM510 and RM125) with an average of 64.84 alleles (Table 14).  PIC value revealed that 

RM1 was considered as the best marker for 24 pigmented T. Aman rice germplasm. 

 

4.2.2 DNA amplification by SSR markers and its polymorphism 

Sixteen SSR primers viz. RM1, RM5, RM125, RM205, RM206, RM209, RM213, RM214, 

RM277, RM304, RM307, RM510, RM338, RM342, RM334, RM1337 produced different 

banding pattern separately with 24 pigmented Transplant Aman rice germplasm. The 

amplification of each SSR primers are presented in Table 14 and some SSR profiles are 

presented on Plate 1 to 6.  

The SSR primer RM1 produced eight fragments of DNA amplification. The amplification of 

band ranged from 84 bp to 180 bp. The size range observed, are comparable to previous SSR 

amplification in rice viz. 80 bp to 175 bp (Vabna, 2018). The genotypes Black rice-1, Black 

rice-2 and Black Rice-3 were able to produce 123 bp. The germplasms Lal Balam, Butu 

Balam and balam were able to produce 117 bp. Balam Dhan, Jhoria, Biroi Dhan were able to 

produce 180 bp.  The germplasms Birui Sail and Biruin were able to produce 104 bp. The 

germplasm Jhoria and Biroi Dhan were able to produce 133 bp polymorphic band. The 

germplasms Mural (Uba), Murali and Balam Dhan were able to produce 95 bp. Jhual Biroin 

and Latisail were able to produce 90 bp (Plate 1). 

 

The SSR primer RM1337 has the ability to amplify six fragments of DNA among all the 

experimental materials. The band size ranged from 171 bp to 350 bp. It was noticed that 189 

bp fragment was common in all the germplasms and was monomorphic for all. Only Black 

Rice-3 and Murali were able to produce 208 bp and 196 bp unique polymorphic band 
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respectively.171 bp polymorphic bands were produced by Lal Balam and Makri Biroin 

germplasms and 183 bp polymorphic bands were produced by Birpak, Butu Balam and 

Latisail germplasms. The germplasms Black rice-1, Biroin Kalarmur, Biroin (Makri), Biroin 

(Habai), Makri Biroin and Jhual Biroin were able to produce 178 bp. The amplification 

product was presented in Plate2.  

 

Three fragments of DNA amplification were detected by the SSR primer RM213. The 

approximate fragment size ranged from 125 bp to 210 bp. All the bands produced 125 bp are 

monomorphic bands. Jhoria, Biruin, Balam Dhan, Birpak, Biroin (Makri) germplasms 

showed polymorphism band. The amplification product is presented in Plate 3.  

 

The SSR primer RM277 has the ability to amplify DNA among all the experimental 

materials with the band size ranged from 140 bp to 175 bp. It was noticed that 140 bp was 

common for all germplasms and they were produced monomorphic band. The DNA 

fragment 165 bp polymorphic band was produced by Latisail germplasm. Again, 175 bp 

polymorphic band was produced by Latisail germplasm. The amplification product is 

presented in Plate 4. 

 

The SSR primer RM206 has the ability to amplify DNA among all the experimental 

materials with the band size ranged from 140 bp to 275 bp. The size range observed, are 

comparable to previous SSR amplification in rice viz. 130 bp to 280 bp (Vabna, 2018). 

Black Rice-2, Black Rice-3 showed amplification at 172 bp. Birun(2), Balam Dhan, Balam, 

Birpak produced polymorphic band at 130 bp. Lal Balam, Butu Balam(2), Makri Biroin 

germplasms  produced polymorphic band at 156 bp. The amplification product is presented 

in Plate 5. 

 

The SSR primer RM510 was able to amplify only one monomorphic band among all the 

genotypes under studies. It was able to amplified in the position of 120 bp fragment. The 

amplification product is presented in Plate 6. Similar type of work also reported by other 

others (Joshi and Behera, 2006; Charkravarthi and Narvanti, 2006; Islam et al., 2008; Kibria 

et al., 2009; Nadia et al., 2014) 
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Plate 1. SSR profile of 24 pigmented T. Aman rice germplasm using primer RM1. M1 

and M2 = Molecular marker (Thermo Scientific GeneRuler 1 kb Plus DNA Ladder). 

Lane : 1) Black rice-1, 2) Black rice-2, 3) Black Rice-3, 4) Black Rice-4, 5) Mural(Uba), 6) 

Murali, 7) Birun, 8) Birui Sail, 9) Biruin, 10) Biroin Kalarmur, 11) Biroin(Makri), 12) Biroin 

(Habai), 13) Makri Biroin, 14) Balam Dhan, 15) Balam , 16) Birpak, 17) Lal Balam, 18) 

Butu Balam, 19) Latisail, 20)  Jhoria, 21) Biroi Dhan, 22) Makri Biroin, 23) Jhual Biroin, 

24) Kach Badal 

 
 

Plate 2. SSR profile of 24 pigmented T. Aman rice germplasm using primer RM1337. 

M1 and M2 = Molecular marker (Thermo Scientific GeneRuler 1 kb Plus DNA 

Ladder). Lane : 1) Black rice-1, 2) Black rice-2, 3) Black Rice-3, 4) Black Rice-4, 5) 

Mural(Uba), 6) Murali, 7) Birun, 8) Birui Sail, 9) Biruin, 10) Biroin Kalarmur, 11) 

Biroin(Makri), 12) Biroin (Habai), 13) Makri Biroin, 14) Balam Dhan, 15) Balam , 16) 

Birpak, 17) Lal Balam, 18) Butu Balam, 19) Latisail, 20)  Jhoria, 21) Biroi Dhan, 22) Makri 

Biroin, 23) Jhual Biroin, 24) Kach Badal 
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Plate 3. SSR profile of 24 pigmented T. Aman rice germplasm using primer RM213. 

M1 and M2 = Molecular marker (Thermo Scientific GeneRuler 1 kb Plus DNA 

Ladder). Lane : 1) Black rice-1, 2) Black rice-2, 3) Black Rice-3, 4) Black Rice-4, 5) 

Mural(Uba), 6) Murali, 7) Birun, 8) Birui Sail, 9) Biruin, 10) Biroin Kalarmur, 11) 

Biroin(Makri), 12) Biroin (Habai), 13) Makri Biroin, 14) Balam Dhan, 15) Balam , 16) 

Birpak, 17) Lal Balam, 18) Butu Balam, 19) Latisail, 20)  Jhoria, 21) Biroi Dhan, 22) Makri 

Biroin, 23) Jhual Biroin, 24) Kach Badal. 

 

 
 

Plate 4. SSR profile of 24 pigmented T. Aman rice germplasm using primer RM277. 

M1 and M2 = Molecular marker (Thermo Scientific GeneRuler 1 kb Plus DNA 

Ladder). Lane : 1) Black rice-1, 2) Black rice-2, 3) Black Rice-3, 4) Black Rice-4, 5) 

Mural(Uba), 6) Murali, 7) Birun, 8) Birui Sail, 9) Biruin, 10) Biroin Kalarmur, 11) 

Biroin(Makri), 12) Biroin (Habai), 13) Makri Biroin, 14) Balam Dhan, 15) Balam , 16) 

Birpak, 17) Lal Balam, 18) Butu Balam, 19) Latisail, 20)  Jhoria, 21) Biroi Dhan, 22) Makri 

Biroin, 23) Jhual Biroin, 24) Kach Badal. 
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Plate 5. SSR profile of 24 pigmented T. Aman rice germplasm using primer RM206. 

M1 and M2 = Molecular marker (Thermo Scientific GeneRuler 1 kb Plus DNA 

Ladder). Lane : 1) Black rice-1, 2) Black rice-2, 3) Black Rice-3, 4) Black Rice-4, 5) 

Mural(Uba), 6) Murali, 7) Birun, 8) Birui Sail, 9) Biruin, 10) Biroin Kalarmur, 11) 

Biroin(Makri), 12) Biroin (Habai), 13) Makri Biroin, 14) Balam Dhan, 15) Balam , 16) 

Birpak, 17) Lal Balam, 18) Butu Balam, 19) Latisail, 20)  Jhoria, 21) Biroi Dhan, 22) Makri 

Biroin, 23) Jhual Biroin, 24) Kach Badal. 

 

Plate 6. SSR profile of 24 pigmented T. Aman rice germplasm using primer RM510. 

M1 and M2 = Molecular marker (Thermo Scientific GeneRuler 1 kb Plus DNA 

Ladder). Lane : 1) Black rice-1, 2) Black rice-2, 3) Black Rice-3, 4) Black Rice-4, 5) 

Mural(Uba), 6) Murali, 7) Birun, 8) Birui Sail, 9) Biruin, 10) Biroin Kalarmur, 11) 

Biroin(Makri), 12) Biroin (Habai), 13) Makri Biroin, 14) Balam Dhan, 15) Balam , 16) 

Birpak, 17) Lal Balam, 18) Butu Balam, 19) Latisail, 20)  Jhoria, 21) Biroi Dhan, 22) Makri 

Biroin, 23) Jhual Biroin, 24) Kach Badal. 
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4.2.3 Genetic analysis of pigmented T. Aman rice germplasm by different 

markers  

A total of 70 polymorphic alleles were detected across 24 T. Aman rice germplasms using 16 

SSR markers (Table 14). The highest range of band sizes was found in RM1337 (171-350 

bp) followed by RM338 (114-172bp) and RM334 (154-170bp) respectively.  The number of 

alleles per locus ranged from 8 alleles (RM1) to 1 allele (RM510) with an average of 4.38 

alleles across the 16 loci, with 1 allele for 1 marker, 2 alleles for 1 marker, 3 alleles for 3 

markers, 4 alleles for 5 markers, 5 alleles for 1 marker, 6 alleles for 3 markers, 7 alleles for 1 

marker and 8 alleles for 1 marker. The frequency of the most common allele at each locus 

ranged from 29.17% (RM206) to 91.67% (RM510). On an average, 64.84% of the 24 test 

rice germplasms shared a common major allele at any given locus. Jain et al. (2004) 

observed that 53.6% of 69 rice genotypes shared common alleles at any locus. Thomson et 

al. (2009) indicated that on an average, 62% of the 190 rice accessions of Indonesia shared a 

common major allele at any given of SSR locus. Similar results were also observed by others 

(Saini et al., 2004; Lu et al., 2005; Jayamani et al., 2007; Islam et al, 2018b). Gene diversity 

ranged between 0.15 to 0.82 with an average of 0.484375. Primer RM1 showed highest gene 

diversity (0.82) and primer RM307 showed the lowest gene diversity (0.15). 

4.2.4 PIC values 

Polymorphism information content or PIC value of marker is the probability of the marker 

allele that can be deduced in the progeny and is a good measure of a marker’s usefulness for 

linkage analysis. So, PIC is the reflection of allele diversity and frequency among the 

varieties and varied greatly for all the SSR loci tested. The PIC values for 16 SSR loci varied 

from 0.14 to 0.80, with an average .445 (Table 14). The PIC values observed, are 

comparable to three previous estimates of microsatellite analysis in rice viz. o.67-0.88 

(Gohain et al., 2006), 0.34-0.88 (Thomson et al., 2007), 0.20-.90 with an average 0.56 (Jain 

et al., 2003). The highest PIC values were observed for the primer of RM1 (0.80) followed 

by RM206 (0.74), RM 1337 (0.66), RM5 (0.58) and RM334 (.54) (Table 11). All the loci 

except the five primer RM1 (0.80), RM206 (0.74), RM 1337 (0.66), RM5 (0.58) and RM334 

(.54) showed low PIC value (<0.50). The estimated average PIC values are similar with the 

average PIC values as reported by others (Joshi et al., 2010; Bahera et al., 2012; Pachauri et 

al., 2013).  
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Table 14: Number of alleles, allele size range, frequency, gene diversity 

and polymorphism information content (PIC) among 24 T. Aman rice 

germplasm  
 

SL. 

No. 

Marker Chro. 

No. 

Position 

(cM) 

Motif* Allele 

No. 

Unique 

allele 

Size 

range 

(bp) 

Freq 

(%) 

Gene 

diversity 

PIC 

1 
RM1 

1 

 

29.7 (GA)26 
8 

1 
84-180 33.33 0.82 0.80 

2 
RM5 

1 
94.9 (GA)14 5 - 

113-124 
50.00 0.64 0.58 

3 
RM125 7 24.8 (GCT)8 3 2 

120-146 
91.67 0.16 0.15 

4 
RM205 

9 
7.4 (CT)11 4 1 123-158 79.17 0.36 0.34 

5 
RM206 

11 
114.7 (CT)25 6 1 

140-275 
29.17 0.78 0.74 

6 
RM209 

11 
73.9 (CT)18 7 5 

125-155 
70.83 0.48 0.47 

7 
RM213 

2 
186.4 (CT)17 4 2 

125-210 
70.83 0.45 0.40 

8 
RM214 

2 
186.4 (CT)17 3 - 

116-138 
58.33 0.56 0.49 

9 
RM277 

12 
130.3 (CA)6(GA)36 3 - 140-175 75.00 0.41 0.37 

10 
RM304 10 

73 (GT)2(AT)10(

GT)33 
4 

1 152-167 
70.83 0.47 0.44 

11 
RM307 

4 
0 (AT)14(GT)21 2 - 

172-181 
91.67 0.15 0.14 

12 
RM510 6 20.8 (GA)15 1 - 120 91.67 0.16 0.15 

13 
RM338 

3 
108.4 (CTT)6 4 1 114-172 62.50 0.50 0.41 

14 
RM342 

8 
78.4 (CAT)12 4 - 130-149 66.67 0.50 0.44 

15 
RM334 

5 
141.8 (CTT)20 6 - 

154-170 
50.00 0.61 0.54 

16 
RM1337 

12 
57.2 (AG)21 6 2 

171-350 
45.83 0.70 0.66 

 Max.    
8.00 

 
171-350 

91.67 0.82 0.80 

 Min.    
1.00 

 
 

29.17 0.15 0.14 

 Total    
70 

16 
  

7.75 7.12 

 Mean    4.38   64.84 0.4843 0.445 

 

*Chro.= Chromosome, Freq.= Frequency, PIC= Polymorphism Information Content, 

bp= Base pair 

 

Moreover, the SSR markers used in the study were selected on the basis of their high PIC 

values reported earlier. Higher PIC values for some SSRs similar to our findings were also 

reported in the literature (Garland et al., 1999; Juneja et al., 2006; Giarrocco et al., 2007; 
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Jayamani et al., 2007; Ram et al., 2007). In general, higher PIC values were observed for 

SSRs having higher number of alleles. Lower PIC value indicates that the genotypes under 

study are closely related types, while the higher value of PIC indicates higher diversity of 

materials which is better for development of new varieties. Primer RM1 had the highest PIC 

value (0.80) and the highest number of alleles (8), therefore it detected the highest level of 

polymorphism. So, RM1 is supposed to be the best marker for characterizing the 24 

pigmented T. Aman rice germplasms and to a lesser extent RM206, RM 1337, RM5, RM334 

were also useful for molecular characterization of these genotypes. PIC value revealed that 

RM1, RM206, RM1337, RM5 and RM334 were considered as the best marker for 24 

pigmented T. Aman rice germplasms. 

 

4.2.5 Diversity revealed by different markers  

Molecular diversity data was presented in Table-14. The polymorphism information content 

(PIC) value is a reflection of allelic diversity and frequency among the varieties. The used 16 

markers have different level of diversity on the basis of PIC value. Among them, RM125, 

RM307, RM510 showed low diversity. Again, RM205, RM209, RM213, RM214, RM277, 

RM304, RM338, RM342showed moderate diversity and RM1, RM5, RM1337, RM206, 

RM334 showed high diversity. The results revealed that the varieties produced unique alleles 

that could be used for molecular characterization and DNA fingerprinting of these T. Aman 

rice landraces. Because, these unique alleles may have some special characteristics which 

may be helpful in breeding as well as other research program concerning rice development. 

The result revealed to broaden the genetic base for wider adaptability (Islam et al., 2018b). 

 

Table 15. Diversity level showed by different markers based on PIC value 

 

Sl. No.  PIC Value  Diversity level  Markers  

1.  ≤  0.25  Low  RM125, RM307, RM510 

2.
 
  0.25-

 
 0.50  Moderate  RM205, RM209, RM213, RM214, 

RM277, RM304, RM338, RM342 

3.
 
  

  

  

     0.50-1.0  

High  RM1, RM5, RM1337, RM206,  

RM334 
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4.2.6 Unique Alleles 

Eighteen (16) unique alleles were detected at 9 SSR markers (Table 16). Unique alleles are 

important because they may be diagnostic of a particular germplasm and useful for breeding 

purpose. The markers RM1, RM125, RM205, RM206, RM209, RM213, RM304, RM338 

and RM1337 showed unique allele in 16 T. Aman rice germplasms namely Birun, Biruin 

Birpak, Black Rice -4, Murali, Black Rice-4, Latisail, Mural(Uba), Black Rice-1, Murali, 

Balam, Balam Dhan, Latisail, Kach Badal, Black Rice-3, Murali .The occurrence of 

relatively higher number of unique alleles in the pigmented T. Aman rice germplasm 

indicates its potentiality as a reservoir of novel alleles for crop improvement. Similar finding 

was also reported by (Islam et al., 2018b). 

 

Table 16. Microsatellite loci that unique alleles in different rice germplasm 

Sl. No. Marker Chro. No. Unique allele (bp) Name of 

germplasms 

1 RM1 01 133 bp Birun 

2 RM125 07 120 bp, 146 bp Biruin, Birpak 

3 RM205 09 122 bp Black Rice -4 

4 RM206 11 147 bp Murali 

5 RM209 11 125 bp, 125bp, 

135bp, 155bp, 

145bp 

Black Rice-4, 

Latisail, 

Mural(Uba), Black 

Rice-1, Murali 

6 RM213 02 131 bp, 150 bp Balam, Balam Dhan 

7 RM304 10 167 bp Latisail 

8 RM338 03 166bp Kach Badal 

9 RM1337 12 208bp, 196bp Black Rice-3, 

Murali 

 Total  16  
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4.2.7 Genetic Distance based Analysis 

Genetic distance is a measure used to quantify the difference between two populations in 

relation to the frequency of particular trait as well as the relationship among the population. 

The value of pair-wise comparisons of Nei’s (1983) genetic distance among 24 relatives of 

rice genotypes were computed from combined data for the 16 primers, ranged from 0.0625 

to 0.8750 (Table 17). The highest inter-genotypic distance was 0.8750 which was observed 

between Biruin (Tola) and Lal Balam. The lowest inter-genotypic distance was 0.0625 which 

was observed between Biroin (Habai) and Biroin (Makri), Makri biroin and Biroin (Habai), 

Biroi Dhan and Jhoria. The pair-wise genetic dissimilarity coefficients indicated that Biruin 

(Tola)  showed 87% genetic distance with Lal Balam,75 % with Murali, Latisail, Biroin 

(Habai) and Biroin (Makri); 68 % with Balam and Makri Biroin, 62 % with Black Rice-3. 

Mural (Uba), Black Rice-3 and Black Rice-2 showed 81% genetic distance with Birpak. 

Black Rice-3 showed 75% genetic distance with Balam and Kach Badal, 62 % with Makri 

Biroin, Lal Balam and Black Rice-2. Murali showed 75 % with Jhual Biroin, 62% with 

Mural (Uba),Balam Dhan, Balam and Birpak,Kach Badal  showed 68% genetic distance  

with Black Rice -2 ,62% with Jhual Biroin, Black Rice-1, Birpak and Lal Balam. Jhual 

Biroin showed 68% genetic distance with Birpak, Latisail and Lal Balam (2), 62% with 

Makri Biroin ,Biroin (Habai) and Balam. Latisail showed 68% genetic distance with Birpak, 

Butu Balam(2) showed 68% genetic distance with Birpak Birpak showed 68% genetic 

distance with Balam Dhan, Balam showed 68% genetic distance with Biroin Kalamur. The 

highest genetic distance between them indicated that genetically they are dissimilar and also 

highly diverse. The difference between the highest and lowest genetic identity indicates the 

presence of variability among 24 germplasms of T. Aman rice. Those (germplasms) which 

have higher (0.8750) genetic distance are more dissimilar than those which have a lower 

value. Again, many pairs have showed the lowest genetic distance (0.0625) which indicates 

their genetically much more closeness among them.  

The results obtained from this study on molecular characterization provided some useful 

implications for the establishment of sovereignty of the Bangladeshi rice gene pool. 

Considering results from marker-assisted diversity analysis, accessions that are far apart 

based on their genetic coefficient (like Biruin (Tola) and Lal Balam, Mural (Uba) and 

Birpak, Black Rice-3 and Birpak, Black Rice-2 and Birpak) could be selected as parents for 
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further breeding programs. This will bring about greater diversity, which will lead to a high 

productive index in terms of an increase in yield and overall quality. 

 

Table 17: Genetic distance among 24 pigmented T. Aman rice germplasm 
 

 

 
 

OUT G1 G10 G11 G12 G13 G14 G1 5 G16 G17 G18 G19 G2 

G1 0.0000 

G10 0.3750 0.0000 

G11 0.3750 0.1250 0.0000 

G12 0.4375 0.1875 0.0625 0.0000 

G13 0.5000 0.1250 0.1250 0.0625 0.0000 

G14 0.5625 0.4375 0.5000 0.5625 0.5000 0.0000 

G15 0.6250 0.6875 0.6250 0.5625 0.6250 0.5000 0.0000 

G16 0.6250 0.6250 0.5000 0.5625 0.6250 0.6875 0.5625 0.0000 

G17 0.6250 0.4375 0.3750 0.3750 0.4375 0.5625 0.5000 0.6250 0.0000 

G18 0.5000 0.3750 0.3750 0.4375 0.5000 0.4375 0.6250 0.6875 0.3750 0.0000 

G19 0.5000 0.4375 0.3750 0.4375 0.5000 0.5000 0.6250 0.6875 0.5000 0.3750 0.0000 

G2 0.3750 0.4375 0.5625 0.5625 0.5000 0.4375 0.6875 0.8125 0.6250 0.5625 0.6250 0.0000 

G20 0.4375 0.4375 0.4375 0.5000 0.5625 0.5000 0.5000 0.5000 0.4375 0.5000 0.5625 0.5000 

G21 0.3750 0.3750 0.3750 0.4375 0.5000 0.4375 0.5000 0.5625 0.5000 0.4375 0.5000 0.4375 

G22 0.5000 0.3750 0.2500 0.3125 0.3750 0.5625 0.6250 0.5000 0.3750 0.4375 0.4375 0.6250 

G23 0.4375 0.4375 0.5625 0.6250 0.5625 0.5000 0.6250 0.6875 0.6875 0.5625 0.6875 0.5625 

G24 0.6250 0.4375 0.3750 0.4375 0.4375 0.5625 0.5625 0.6250 0.6250 0.5625 0.4375 0.6875 

G3 0.3750 0.4375 0.5625 0.5625 0.5000 0.5000 0.7500 0.8125 0.6250 0.5625 0.6250 0.0625 

G4 0.5625 0.3750 0.3750 0.4375 0.3750 0.4375 0.6250 0.5625 0.6250 0.6250 0.5625 0.4375 

G5 0.4375 0.5625 0.5625 0.5625 0.6250 0.4375 0.6250 0.8125 0.5625 0.4375 0.5000 0.3750 

G6 0.5625 0.5000 0.3750 0.4375 0.5000 0.6250 0.6250 0.6250 0.5625 0.5625 0.5625 0.6875 

G7 0.3125 0.3750 0.3750 0.4375 0.5000 0.3750 0.3750 0.4375 0.5000 0.4375 0.5000 0.4375 

G8 0.3750 0.4375 0.4375 0.5000 0.5625 0.5000 0.5000 0.4375 0.5625 0.5000 0.5625 0.5000 

G9 0.5625 0.6250 0.7500 0.8125 0.7500 0.5625 0.6875 0.6875 0.8750 0.6250 0.7500 0.5625 
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Table 17 Contd.: Genetic distance among 24 pigmented T. Aman rice 

germplasm 

 

 

*G1=Black Rice 1, G2=Black Rice 2, G3=Black Rice 3, G4=Black Rice 4, G5=Mural(uba), 

G6=Murali, G7=Birun(2), G8=Birui Sail, G9=Biruin (Tola), G10=Biroin kalamur, 

G11=Biroin(makri), G12=Biroin(Habai), G13=Makri Biroin, G14=Balam Dhan, 

G15=Balam, G16=Birpak, G17=Lal Balam, G18=Butu Balam(2), G19=Latisail, G20=jhoria, 

G21=Biroi Dhan, G22=Makri Biroin, G23=Jhual Biroin, G24=Kach Badal 

 

4.2.8 UPGMA dendrogram  

On the basis of the Nei’s genetic distance calculation of 24 pigmented T. Aman rice 

germplasms a dendrogram was calculated. Unweighted Pair Group Method of Arithmetic 

Mean (UPGMA)-based dendrogram generated through neighbor-joining (NJ) tree analysis, 

which grouped all germplasms into three major clusters I, II, and III comprised of 8, 8, and 8 

OUT G20 G21 G22 G23 G24 G3 G4 G5 G6 G7 G8 G9 

G1 

G10 

G11 

G12 

G13 

G14 

G15 

G16 

G17 

G18 

G19 

G2 

G20 0.0000 

G21 0.0625 0.0000 

G22 0.3750 0.3125 0.0000 

G23 0.4375 0.4375 0.6250 0.0000 

G24 0.5000 0.5000 0.3750 0.6250 0.0000 

G3 0.5625 0.5000 0.6250 0.5625 0.7500 0.0000 

G4 0.4375 0.3750 0.4375 0.5625 0.5000 0.5000 0.0000 

G5 0.4375 0.3750 0.6250 0.6250 0.6250 0.4375 0.5000 0.0000 

G6 0.5625 0.5000 0.4375 0.7500 0.5625 0.6875 0.5000 0.6250 0.0000 

G7 0.2500 0.1875 0.3750 0.4375 0.5000 0.5000 0.4375 0.4375 0.5000 0.0000 

G8 0.2500 0.1875 0.4375 0.4375 0.5625 0.5625 0.4375 0.4375 0.5625 0.1875 0.0000 

G9 0.5625 0.5000 0.7500 0.5000 0.6875 0.6250 0.5625 0.5000 0.8125 0.5000 0.4375 0.0000 



60 

 

germplasm, respectively. G1, G10, G11, G12,G13,G14,G15,G16 were grouped in cluster I 

(Table 14 and Figure12); G17,G18,G19,G2,G20,G21,G22,G23 were grouped in cluster II 

and G24, G3, G4, G5, G6, G7, G8, G9 were grouped in cluster III. Here, ―G‖ indicated the 

T. Aman rice germplasms.  

 

Table 18: List of germplasm with their cluster based on UPGMA method 

 

In cluster I, G1 (Black Rice 1), G10 (Biroin kalamur ), G11 (Biroin (Makri)), G12 

(Biroin(Habai)) formed sub cluster 1; again,G13 (Makri Biroin), G14 (Balam Dhan), G15 

(Balam), G16 (Birpak) grouped together in sub cluster 2. Here, G17 (Lal Balam), G18 Butu 

Balam(2)), G19 Latisail, G2 (Black Rice 2) formed sub cluster1 of cluster II.G20 (Jhoria), 

G21 (Biroi Dhan), G22 (Makri Biroin), G23 (Jhual Biroin) formed sub cluster 2 of cluster 

2.G24 (Kach Badal), G3 (Black Rice 3), G4 (Black Rice 4), G5 (Biroin Kalamur) formed 

subcluster1 of cluster 3and G6 (Murali), G7 (Birun(2)), G8 (Birui) G9 (Biruin (Tola)), 

formed subcluster 2 of cluster 3. Genotypes of more genetic similarity are placed in same 

sub cluster. The dendrogram revealed that the genotypes that derivatives of genetically 

similar type clustered together. The germplasms grouped in the same cluster due to lower 

genetic distance and the other germplasms having more genetic dissimilarity grouped in 

another cluster due to higher genetic distance. Yasmin et al., (2012) reported that genetic 

diversity of 24 rice (Oryza sativa) germplasms comprising five salt tolerant, one tidal 

 

Cluster  

  

  

  

Sub 

cluster  

  

Genotypes  

No. of 

germplam 

 

I  

1  
Black Rice 1, Biroin kalamur, 

Biroin(makri), Biroin(Habai) 

4 

2  
Makri Biroin, Balam Dhan, Balam, 

Birpak 

4 

 

  

  

II  

1  
 Lal Balam, Butu Balam(2), 

Latisail, Black Rice 2, 

4 

2  

  

jhoria, Biroi Dhan, Makri Biroin, 

Jhual Biroin 

4 

III  

1  

  

Kach Badal, Black Rice 3, Black 

Rice 4, Mural(uba), 

4 

2  
Murali, Birun(2), Birui Sail, Biruin 

(Tola), 

4 
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submergence tolerant, 9 high yielding inbred and 10 hybrid rice varieties with one hundred 

SSR markers. The highest number of alleles were produced for RM1024 followed by 

RM6959 (21), RM154 (20), RM540 (19) and RM2518 (19). The polymorphism information 

content (PIC) value ranged from 0.588 (RM38) to 0.927 (RM1024), with an average of 

0.852. UPGMA-cluster-analysis based on genetic distance coefficients clearly separated all 

the germplasms into five main distinct clusters.    

 

 

 

*G1=Black Rice 1, G2=Black Rice 2, G3=Black Rice 3, G4=Black Rice 4, G5=Mural(uba), 

G6=Murali, G7=Birun(2), G8=Birui Sail, G9=Biruin (Tola), G10=Biroin kalamur, 

G11=Biroin(makri), G12=Biroin(Habai), G13=Makri Biroin, G14=Balam Dhan, 

G15=Balam, G16=Birpak, G17=Lal Balam, G18=Butu Balam(2), G19=Latisail, G20=jhoria, 

G21=Biroi Dhan, G22=Makri Biroin, G23=Jhual Biroin, G24=Kach Badal 

Figure 13: An unrooted neighbor-joining tree showing the genetic 

relationships among 24 pigmented T. Aman rice germplasm of Bangladesh 

based on the alleles detected by 16 microsatellite marker. 
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CHAPTER V 

SUMMARY AND CONCLUSION 
 

Twenty four pigmented T. Aman rice germplasms were evaluated for ten (10) qualitative and 

14 quantitative characters to study genetic divergence through univariate analysis. The 

research was directed to study morpho-molecular diversity of 24 pigmented T. Aman rice 

germplasm. Based on frequency distribution, 10 qualitative traits of 24 pigmented T. Aman 

rice germplasms showed variation in different accessions. After the evaluation of 24 

pigmented T. Aman rice germplasm for 14 quantitative characters, based on mean values, 

some germplasm which showed best performance were identified like Black Rice-4, Black 

Rice-3, Biroin (Habai), Kach Badal, Jhoria, Butu Balam (2), Latisail.  

The number of total tiller varied from 5-16. Effective tiller ranged from 5 - 13 with mean 

value 9. The highest number of effective tillers (13) was observed in Butu Balam and 

Latisail. Panicle length varied from 21.40 (cm) to 30.20 (cm). Plant height (cm) ranged from 

87.20 (cm) to 158.20 (cm). The shortest plant height (87.20 cm) was observed in Biroin 

(Habai)) and the longest (158.20 cm) in Beruin. Days to 50% flowering ranged from 80 to 

117 days with mean value 105 days. The highest mean performance was recorded for Black 

Rice-4 (117 days). Filled grains per panicle varied from 39 to 153. The highest mean 

performance was recorded for Jhoria (153). 1000 grain weight ranged from 17 (g) - 32.25 (g) 

with mean value 24.17g. Kach Badal had the highest (32.25 g) 1000 grain weight. Yield per 

hill ranged from 11.18 – 22.57 with mean value 17.72. Balam Dhan showed highest mean 

17.72 (g). The highest yield per hill (22.57 g) was observed in Balam Dhan and the lowest 

(11.18 g) in Black Rice-4. After the evaluation of 24 pigmented T. Aman rice germplasm for 

14 quantitative characters, based on mean values, some germplasm which showed best 

performance were identified like Black rice-2, Black Rice-3, Black Rice-4, Biroin (Habai), 

Kach Badal, Murali, Jhoria, Butu Balam (2), Latisail. Identifying germplasm for different 

agronomical characters in phenotypically divergent sources would help in prebreeding and 

breeding programs. 

The dendrogram, constructed by using UPGMA clustering based on Eucledean method, 

distributed the 24 pigmented T. Aman rice germplasms into three major clusters along with 

four sub-clusters, for 14 quantitative traits. 
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Using 16 SSR primers across 24 pigmented rice germplasms, a total of 70 alleles were found 

in the present study of which RM 1 showed the highest number of alleles (8) and RM 510 

showed the lowest number of alleles (1), with an average of 4.38 alleles across the 16 loci. 

Gene diversity ranged from 0.15 to 0.82 with an average of 0.4843. Primer RM1 showed 

highest gene diversity (0.82) and primer RM307 showed the lowest gene diversity (0.15).The 

PIC values for 16 SSR loci varied from 0.14 to 0.80 with an average of 0.445. Primer RM1 

had the highest PIC value (0.80) and the highest number of alleles (8), therefore it detected 

the highest level of polymorphism. So, RM1 is supposed to be the best marker for 

characterizing the 24 pigmented T. Aman rice germplasms. 

Eighteen (16) unique alleles were detected at 9 SSR markers. The markers RM1, RM125, 

RM205, RM206, RM209, RM213, RM304, RM510, RM338 and RM1337 showed unique 

allele in T.Aman rice germplasm namely Birun, Biruin, Birpak, Black Rice -4, Murali, Black 

Rice-4, Latisail, Mural(Uba), Black Rice-1, Murali, Balam, Balam Dhan, Latisail, Kach 

Badal, Black Rice-3, Murali.  

The value of pair-wise comparisons of Nei’s (1983) genetic distance among 24 pigmented T. 

Aman rice germplasms were computed from combined data for the 16 primers, ranged from 

0.0625 to 0.8750. The highest inter genotypic distance was 0.8750 which was observed 

between Biruin (Tola) and Lal Balam. The lowest inter genotypic distance was 0.0625 which 

was observed between Biroin (Habai) and Biroin (Makri), Makri biroin and Biroin (Habai), 

Biroi Dhan and Jhoria. The genetic distance-based results seen in the unrooted neighbor-

joining tree revealed three groups with six sub-clusters in the 24 test germplasm. Cluster 

showed genetic similarity and dissimilarity among varieties.  

SSR markers were found to be a powerful tool to detect genetic variation and genetic 

relationship within and among different rice germplasm. Findings from this study suggest 

that the diverse germplasm and polymorphic SSR markers of pigmented rice are suitable for 

the detection of economically desirable trait genes for use in future molecular breeding 

programs. 
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RECOMMENDATIONS 
 

The present study exposed that there was a high level of genetic diversity among accessions 

of pigmented Transplant Aman rice germplasm. It was recommended that SSR markers were 

effective in the recognition of polymorphism. The existing study can be used as an 

instruction for the next researchers who have concern for pigmented rice. For studying the 

morphology and genetical qualities of Transplant Aman rice in Bangladesh following points 

might be considered.  

 A large number of pigmented germplasms could be included for getting more diverse 

result. 

  A large number of SSR markers along with other markers like RAPD, ISSR etc. could be 

used for procurement more precise and diverse result. 

  To obtain more specific result high throughout molecular markers such as Single 

Nucleotide Polymorphism (SNP) could be used for genome-wide coverage of pigmented rice 

germplasm. 
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                                                 APPENDICES 
 

Appendix I.: Chemical preparation for DNA extraction and PCR work 

 

 I (a): Composition and preparation of the DNA extraction buffer 

 

Reagent  200 mL preparation  

Tris-HCL (pH= 8.0)  40mL  

EDTA (pH= 8.0)  10mL  

NaCl  11.4mL  

SDS  20mL  

DD H2O  118.6mL  

 

 

I(b): Composition and preparation of the 2X CTAB solution 

 

  

Reagent  200 mL preparation  

Tris HCl (pH=8.0)  20mL  

EDTA (pH=8.0)  08mL  

NaCl  80mL  

CTAB  04gm  

PVP  02gm  

DDH2O  92mL  

 

I(c): Composition and preparation of the chloroform: isoamyl alcohol (24:1) with 5% 

phenol (CIP)  

 
 

Reagent  100 ml preparation  

Chloroform  91.2 ml  

Isoamyl alcohol  3.8 ml  

Phenol  5 ml  
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I(d): Composition and preparation of the 1X TE buffer  

 

Reagent  100ml preparation  

1 M Tris (pH =8.0)  10 ml  

0.5 M Na2EDTA (pH= 8.0)  200 μl  

 

 

I(e): Composition and preparation of the 10X TBE buffer  

 

Reagent  1 L preparation  

Tris HCL (pH= 8)  108 g  

EDTA  9.3g  

Boric acid  55 g  

Water  Up to 1 L  

 

I(f): Composition and preparation of the 1X TBE buffer 

 

Reagent  1 L preparation  

10 X TBE  100 ml  

De-ionized water  900 ml  

 

 

 

 I(g): PCR cocktail for 96 samples  

 

Reagent  Amount  

DNA  288  

Primer (F)  48  

Primer (R)  48  

Master mix  432  

DDH2 O  144  
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Appendix II: Variability of Quantitative Data  

Sl. 

No 

FLA 

(cm
2
) 

Culm 

dia 

(mm) 

Total 

Tiller 

Eff 

tiller 

PL 

(cm) 

PH 

(cm) DF DM FG/P 

1000 

gwt.(g) 

GL 

(mm) 

GB 

(mm) 

D 

L/B Y/hill(g) 

1 46.13 5.36 8 7 25.40 129.00 114 142 117 26.10 9.50 3.23 2.53 21.38 

2 37.36 5.76 10 9 28.60 120.00 90 117 85 26.43 10.09 2.82 3.00 19.09 

3 36.93 5.57 9 9 28.50 119.30 90 117 68 25.91 10.30 2.83 2.88 15.59 

4 47.76 4.65 5 5 25.40 143.20 117 146 92 26.47 9.04 3.17 2.50 11.18 

5 32.74 4.50 8 7 25.60 118.60 101 129 105 23.29 8.49 2.59 2.63 19.03 

6 38.95 3.80 11 10 24.80 121.80 80 107 85 25.27 8.73 2.86 2.45 21.00 

7 23.39 4.73 5 5 28.20 158.20 109 139 136 24.09 8.45 3.09 2.26 18.02 

8 47.05 5.20 7 7 27.40 130.80 111 138 147 17.00 8.08 2.36 2.86 16.49 

9 32.50 4.54 10 9 27.60 153.00 109 139 106 25.40 8.51 3.01 2.22 20.23 

10 31.59 4.59 12 10 25.60 137.80 110 138 57 27.20 8.93 3.21 2.25 14.98 

11 39.26 4.58 11 9 27.60 132.40 111 138 67 23.84 8.37 3.03 2.21 14.41 

12 72.78 3.77 7 6 21.40 87.20 114 142 74 23.74 8.61 3.35 2.09 12.23 

13 33.92 4.78 14 12 21.40 128.80 112 139 98 25.43 8.58 3.04 2.25 18.97 

14 43.03 5.44 12 11 29.40 142.80 108 137 140 29.00 9.08 2.57 2.98 22.57 

15 59.56 3.70 11 10 28.00 120.40 82 108 82 21.13 8.61 2.50 2.03 17.32 

16 31.15 4.06 12 10 22.80 137.80 107 135 39 29.67 8.98 3.30 2.25 11.82 

17 48.66 4.54 10 9 27.40 121.40 106 135 86 21.54 8.19 2.53 2.70 15.86 

18 36.65 5.59 15 13 26.60 129.20 109 139 72 22.87 8.35 2.60 2.64 21.01 

19 43.93 3.16 16 13 25.60 132.20 98 127 51 23.84 8.28 2.57 2.64 16.11 

20 45.85 4.58 9 8 27.20 138.20 109 139 153 21.34 8.21 2.58 2.63 21.70 

21 37.08 4.56 13 11 30.20 137.40 110 138 137 23.50 8.73 2.81 2.54 21.05 

22 33.85 4.62 15 12 27.40 140.40 108 137 71 23.89 8.55 3.07 2.30 20.75 

23 17.65 4.61 13 11 26.00 133.00 109 137 103 23.29 8.98 2.71 2.71 17.43 

24 73.66 4.32 13 10 24.40 131.40 99 127 89 34.25 9.66 3.31 2.48 17.02 

Min 17.65 3.16 5 5 21.40 87.20 80 107 39 17.00 8.08 2.36 2.03 11.18 

Max 73.66 5.76 16 13 30.20 158.20 117 146 153 34.25 10.30 3.35 3.00 22.57 

Mean 41.31 4.63 11 9 26.35 131.01 105 133 94 24.77 8.80 2.88 2.50 17.72 

Std 13.15 0.64 2.98 2 2.27 13.87 9.96 10.57 31.13 3.34 0.58 0.30 0.28 3.26 

CV 31.83 13.93 27.95 25.63 8.62 10.59 9.51 7.95 33.06 13.49 6.59 10.40 11.01 18.43 

SE 6.50 2.84 5.71 5.23 1.76 2.16 1.94 1.62 6.75 2.75 1.35 2.12 2.25 3.76 

LSD 12.73 5.57 11.18 10.26 3.45 4.24 3.81 3.18 13.23 5.40 2.64 4.16 4.41 7.37 
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Appendix III: Data of 24 Pigmented T. Aman Rice Germplasm DNA 

Against 16 SSR Markers 
 

SL. 

No. 

Marker Chro. 

No. 

Position 

(cM) 

Motif* Allele 

No. 

Unique 

allele 

Size 

range 

(bp) 

Freq 

(%) 

Gene 

diversity 

PIC 

1 
RM1 

1 

 

29.7 (GA)26 
8 

1 
84-180 33.33 0.82 0.80 

2 
RM5 

1 
94.9 (GA)14 5 - 

113-124 
50.00 0.64 0.58 

3 
RM125 7 24.8 (GCT)8 3 2 

120-146 
91.67 0.16 0.15 

4 
RM205 

9 
7.4 (CT)11 4 1 123-158 79.17 0.36 0.34 

5 
RM206 

11 
114.7 (CT)25 6 1 

140-275 
29.17 0.78 0.74 

6 
RM209 

11 
73.9 (CT)18 7 5 

125-155 
70.83 0.48 0.47 

7 
RM213 

2 
186.4 (CT)17 4 2 

125-210 
70.83 0.45 0.40 

8 
RM214 

2 
186.4 (CT)17 3 - 

116-138 
58.33 0.56 0.49 

9 
RM277 

12 
130.3 (CA)6(GA)36 3 - 140-175 75.00 0.41 0.37 

10 
RM304 10 

73 (GT)2(AT)10(G

T)33 
4 

1 152-167 
70.83 0.47 0.44 

11 
RM307 

4 
0 (AT)14(GT)21 2 - 

172-181 
91.67 0.15 0.14 

12 
RM510 6 20.8 (GA)15 1 - 120 91.67 0.16 0.15 

13 
RM338 

3 
108.4 (CTT)6 4 1 114-172 62.50 0.50 0.41 

14 
RM342 

8 
78.4 (CAT)12 4 - 130-149 66.67 0.50 0.44 

15 
RM334 

5 
141.8 (CTT)20 6 - 

154-170 
50.00 0.61 0.54 

16 
RM1337 

12 
57.2 (AG)21 6 2 

171-350 
45.83 0.70 0.66 

 Max.    
8.00 

 
171-350 

91.67 0.82 0.80 

 Min.    
1.00 

 
 

29.17 0.15 0.14 

 Total    
70 

16 
  

7.75 7.12 

 Mean    4.38   64.84 0.4843 0.445 
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Appendix IV: Genetic Distance among 24 pigmented T. Aman rice 

germplasm 

 

 

 

 
 

 

OUT G1 G10 G11 G12 G13 G14 G1 5 G16 G17 G18 G19 G2 

G1 0.0000 

G10 0.3750 0.0000 

G11 0.3750 0.1250 0.0000 

G12 0.4375 0.1875 0.0625 0.0000 

G13 0.5000 0.1250 0.1250 0.0625 0.0000 

G14 0.5625 0.4375 0.5000 0.5625 0.5000 0.0000 

G15 0.6250 0.6875 0.6250 0.5625 0.6250 0.5000 0.0000 

G16 0.6250 0.6250 0.5000 0.5625 0.6250 0.6875 0.5625 0.0000 

G17 0.6250 0.4375 0.3750 0.3750 0.4375 0.5625 0.5000 0.6250 0.0000 

G18 0.5000 0.3750 0.3750 0.4375 0.5000 0.4375 0.6250 0.6875 0.3750 0.0000 

G19 0.5000 0.4375 0.3750 0.4375 0.5000 0.5000 0.6250 0.6875 0.5000 0.3750 0.0000 

G2 0.3750 0.4375 0.5625 0.5625 0.5000 0.4375 0.6875 0.8125 0.6250 0.5625 0.6250 0.0000 

G20 0.4375 0.4375 0.4375 0.5000 0.5625 0.5000 0.5000 0.5000 0.4375 0.5000 0.5625 0.5000 

G21 0.3750 0.3750 0.3750 0.4375 0.5000 0.4375 0.5000 0.5625 0.5000 0.4375 0.5000 0.4375 

G22 0.5000 0.3750 0.2500 0.3125 0.3750 0.5625 0.6250 0.5000 0.3750 0.4375 0.4375 0.6250 

G23 0.4375 0.4375 0.5625 0.6250 0.5625 0.5000 0.6250 0.6875 0.6875 0.5625 0.6875 0.5625 

G24 0.6250 0.4375 0.3750 0.4375 0.4375 0.5625 0.5625 0.6250 0.6250 0.5625 0.4375 0.6875 

G3 0.3750 0.4375 0.5625 0.5625 0.5000 0.5000 0.7500 0.8125 0.6250 0.5625 0.6250 0.0625 

G4 0.5625 0.3750 0.3750 0.4375 0.3750 0.4375 0.6250 0.5625 0.6250 0.6250 0.5625 0.4375 

G5 0.4375 0.5625 0.5625 0.5625 0.6250 0.4375 0.6250 0.8125 0.5625 0.4375 0.5000 0.3750 

G6 0.5625 0.5000 0.3750 0.4375 0.5000 0.6250 0.6250 0.6250 0.5625 0.5625 0.5625 0.6875 

G7 0.3125 0.3750 0.3750 0.4375 0.5000 0.3750 0.3750 0.4375 0.5000 0.4375 0.5000 0.4375 

G8 0.3750 0.4375 0.4375 0.5000 0.5625 0.5000 0.5000 0.4375 0.5625 0.5000 0.5625 0.5000 

G9 0.5625 0.6250 0.7500 0.8125 0.7500 0.5625 0.6875 0.6875 0.8750 0.6250 0.7500 0.5625 
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Appendix IV Contd.: Genetic Distance among 24 pigmented T. Aman rice 

germplasm 
 

 

OUT G20 G21 G22 G23 G24 G3 G4 G5 G6 G7 G8 G9 

G1 

G10 

G11 

G12 

G13 

G14 

G15 

G16 

G17 

G18 

G19 

G2 

G20 0.0000 

G21 0.0625 0.0000 

G22 0.3750 0.3125 0.0000 

G23 0.4375 0.4375 0.6250 0.0000 

G24 0.5000 0.5000 0.3750 0.6250 0.0000 

G3 0.5625 0.5000 0.6250 0.5625 0.7500 0.0000 

G4 0.4375 0.3750 0.4375 0.5625 0.5000 0.5000 0.0000 

G5 0.4375 0.3750 0.6250 0.6250 0.6250 0.4375 0.5000 0.0000 

G6 0.5625 0.5000 0.4375 0.7500 0.5625 0.6875 0.5000 0.6250 0.0000 

G7 0.2500 0.1875 0.3750 0.4375 0.5000 0.5000 0.4375 0.4375 0.5000 0.0000 

G8 0.2500 0.1875 0.4375 0.4375 0.5625 0.5625 0.4375 0.4375 0.5625 0.1875 0.0000 

G9 0.5625 0.5000 0.7500 0.5000 0.6875 0.6250 0.5625 0.5000 0.8125 0.5000 0.4375 0.0000 


