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i 

 

Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of the requirement for the degree of Master of Science 

 

 

GENETIC DIVERSITY OF MALAYSIAN AROMATIC RICE GERMPLASM 

REVELED BY  QUANTITATIVE TRAITS, MICROSATELLITE (SSR) AND 

INTER SIMPLE SEQUENCE REPEAT (ISSR) MARKERS 

 

 

By 

 

SABA  JASIM  MOHAMAD  AL-JUMAILY 

October 2015 

 

Chairman: Profssor Mohd Rafii Yusop, PhD 

Faculty: Agriculture   

 

The study of genetic diversity among 50 aromatic rice accessions from Peninsular 

Malaysia, Sabah and Sarawak with 3 released varieties as a control was carried out 

through quantitative traits and molecular markers. The objectives of this research were 

(i) to evaluate the performance of different accessions of Malaysian aromatic rice, (ii) 

to determine the genetic diversity among the aromatic rice accessions, (iii) to quantify 

the genetic divergence of the aromatic rice accessions using microsatellite (SSR) and  

inter simple sequence repeat (ISSR) markers, and (iv) to identify superior accessions 

among the germplasm for future aromatic rice breeding program. Results from genetic 

diversity analysis based on 14 quantitative traits, showed that all the traits had 

significant variation among the accessions. The eight traits, namely plant height, 

1000-grain weight, yield per hill, number of panicles, spikelet fertility, number of 

grains per hill, flag leaf length to width ratio and panicle length indicated high level 

of broad sense heritability and genetic advance.  

 

 

These traits are regarded as important yield components for selection of superior rice 

genotypes. The broad sense heritability values for these traits were more than 91%, 

while genetic advance values of those traits ranged from 31.02 to 56.95%. Cluster 

analyses based on morphological traits grouped the 53 accessions into six clusters.  

The first four principal components based on the quantitative traits resulted into 71.3% 

of the total variation.  Based on the quantitative analysis, Accessions Acc6288, 

Acc9993, Acc11816, Acc9936, Acc9971 and Acc10538 indicated among the highest 
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average values for some traits namely, number of tillers per hill, 1000-grain weight, 

grain yield per hill, spikelet fertility and number of grains per hill. Genetic diversity 

analysis of the 53 rice accessions using 32 SSR and 25 ISSR polymorphic markers 

clustered the accessions into 10 groups and 8 groups respectively.  Based on Analysis 

of molecular variance (AMOVA), SSR markers detected a high polymorphism within 

population (89%) and low polymorphism among populations (11%). ISSR markers 

also revealed similar trend with a high polymorphism within population (87%) and 

low polymorphism among populations (13%). Gene diversity (h) among the 53 

accessions ranged from 0.045 to 0.976 using SSR markers, and while from ISSR 

markers, it ranged from 0.129 to 0.849. Several superior accessions have been 

identified for the future aromatic rice breeding program. These include Accession    

Acc6288 (Peninsular Malaysia), Acc9936 and Acc9971 (Sabah), and Acc11816 and 

Acc10538 (Sarawak).  The selected accessions can be subjected to further evaluation 

and subsequent crossing program for aromatic rice varietal development. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

KEPELBAGAIAN GENETIK JANAPLASMA PADI BERAROMA 

BERDASARKAN CIRI KUANTITATIF, PENANDA MIKROSATELIT  DAN 

ANTARA JUJUKAN BERULANG MUDAH 

 

 

Oleh  

 

SABA  JASIM  MOHAMAD AL-JUMAILY 

Oktober 2015 

 

Pengerusi: Profesor Mohd Rafii  Yusop, PhD 

Fakulti : Pertanian 

 

Kajian kepelbagaian genetik antara 50 aksesi padi beraroma dari Semenanjung 

Malaysia, Sabah dan Sarawak, dengan 3 varieti yang telah diistiharkan sebagai 

kawalan telah dijalankan melalui ciri kuantitatif dan penanda molekul. Objektif kajian 

ini adalah (i) untuk menilai prestasi aksesi berbeza padi beraroma Malaysia (ii) untuk 

menentukan kepelbagaian genetik aksesi padi beraroma tesebut (iii) untuk mengukur 

perbezaan genetik aksesi padi beraroma dengan penanda mikrosatelit (SSR) dan 

antara jujukan berulang mudah(ISSR), dan (iv) untuk mengenal pasti  aksesi padi 

beraroma yang unggul untuk program pembiakbakaan dimasa hadapan. Keputusan 

analisa kepelbagaian genetik berdasarkan 14 ciri kuantitatif, menunjukkan bahawa 

semua ciri yang dinilai mempunyai perbezaan yang ketara diantara semua aksesi.  

 

 

Lapan ciri iaitu ketinggian pokok, berat 1000-bijian, hasil setiap perdu, bilangan 

tangkai, bilangan tangkai bernas, bilangan bijian setiap perdu, nisbah panjang ke lebar 

daun pengasuh dan panjang tangkai menunjukkan paras tinggi bagi kedua-dua nilai 

iaitu keterwarisan luas dan kemajuan genetik. Ciri ini adalah merupakan komponen 

hasil yang penting untuk pemilihan genotip padi unggul. Nilai keterwarisan luas untuk 

ciri tersebut adalah lebih daripada 91%, sementara itu nilai kemajuan genetik pula 

adalah diantara 31.02 hingga 56.95%.  Analisa kluster berdasarkan ciri morfologi 

membahagikan 53 aksesi tersebut kepada enam kluster. Empat pertama komponen 

principal berdasarkan ciri kuantitatif yang dikaji adalah 71.3% dari jumlah 

keseluruhan variasi.  Berdasarkan analisa kuantitatif, Aksesi Acc6288, Acc9993, 
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Acc11816, Acc9936, Acc9971 dan Acc10538 memberikan nilai purata yang tinggi 

bagi sebahagian ciri, iaitu bilangan anak pokok, berat 1000-bijian, hasil bijian setiap 

perdu, kesuburan tangkai dan bilangan bijian setiap perdu. Analisa kepelbagaian 

genetik daripada 53 aksesi padi menggunakan 32 penanda SSR dan 25 penanda ISSR 

polimorfik telah membahagikan aksesi kepada 10 kluster dan 8 kluster masing-

masing.  

 

 

Berdasarkan analisa varians molekular (AMOVA), penanda SSR mendapati tahap 

polimorfisme yang tinggi dihkalangan aksesi dalam populasi (89%) dan polimofisma 

yang rendah dihantara populasi (11%). Penanda ISSR juga mendapati corak yang 

sama iaitu tahap polimorfisme yang tinggi dikalangan aksesi dalam populasi (87%) 

dan polimorfisme rendah diantara populasi (13%). Kepelbagaian gen (h) dikalangan 

53 aksesi adalah diantara 0.045 hingga 0.976 mengunakan penanda SSR, manakala 

nilainya diantara 0.129 hingga 0.849 melalui penanda ISSR. Beberapa aksesi telah 

dikenalpasti untuk program pembiakbakaan padi aromatik selanjutnya. Aksesi 

tersebut adalah Acc6288 (Semenanjung Malaysia), Acc9936 dan Acc9971 (Sabah), 

dan Acc11816 dan Acc10538 (Sarawak).  Aksesi terpilih ini perlu penilaian lanjutan 

dan seterusnya untuk program kacukan bagi pembangunan varieti padi beraromatik. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

v 

 

ACKNOWLEDGEMENTS 

 

The author is would like to express her deep gratitude and thanks to the almighty God 

(Allah Subhanahu Wa Ta'ala), who has made this study possible for me to carried out. 

I shall forever remain grateful to my supervisory Prof. Dr. Mohd Rafii Yusop for 

giving me the opportunity to work in his laboratory and for his advice and 

encouragement throughout this entire project. I pray may Allah continue to guide him 

and strengthen him in faith. 

 

 

I wish to give my special thanks to my committee members Dr. Siti Zaharah Sakimin 

and Dr. Md. Abdul Latif for their numerous suggestions and help during the past few 

years. Also, I am very grateful to my colleagues in plant breeding and genetic 

laboratory and Faculty of Agriculture entirely. 

 

 

I would like to express my deepest gratitude to my parents and my husband for their 

endless love and faith. Their unwavering support lifted my spirit and confidence.  

 

  



© C
OPYRIG

HT U
PM

vi 
 

I certify that a Thesis Examination Committee has met on 7 October 2015 to conduct 

the final examination of Saba Jasim Mohamad on her thesis entitled “Genetic 

Diversity of Malaysia Aromatic Rice Germplasm Revealed by Quantitative Traits, 

Microsatellite and Intersimple Sequence Repeat Markers” in accordance with the 

Universities and University colleges Act 1971 and the Constitution of the Universiti 

Putra Malaysia [P. U. (A) 106] 15 March 1998. The committee recommends that the 

student be awarded the Master of Science. 

 

Members of the Thesis Examination Committee were as follows: 

 

Mohd Razi bin Ismail, PhD 

Professor 

Institute of Tropical Agriculture 

University Putra Malaysia 

(Chairman) 

 

Halimi B. Mohd Saud, PhD 

Associate Professor  

Faculty of Agriculture 

Universiti Putra Malaysia 

(Internal Examiner) 

 

 

Choong Chee Yen, PhD  

Associate Professor  

Faculty of Science and Technology  

Universiti Kebangsaan Malaysia  

(External Examiner) 

 

 

 

 

 

                                                                                   ZULKARNAIN ZAINAL, PhD 

                                                                                   Professor and Deputy Dean 

                                                                                   School of Graduate Studies 

                                                                                   Universiti Putra Malaysia 

 

                                                                                   Date: 15 December 2015 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfillment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

Mohd Rafii Bin Yusop, PhD 

Professor 

Faculty of Agriculture 

University Putra Malaysia 

(Chairman) 

 

Siti Zaharah Sakimin 

Senior Lecturer  

Faculty of Agriculture 

University Putra Malaysia 

(Member) 

 

 

Md. Abdul Latif 

Research follow 

Faculty of Agriculture  

Universiti Putra Malaysia 

(Member)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BUJANG KIM HUAT, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 

 

Date: 



© C
OPYRIG

HT U
PM

viii 
 

Declaration by graduate student  

  

I hereby confirm that:  

• this thesis is my original work;  

• quotations, illustrations and citations have been duly referenced;  

• this thesis has not been submitted previously or concurrently for any other degree 

at any other institutions;  

• intellectual  property  from  the  thesis  and  copyright  of  thesis  are  fully-owned 

by  Universiti  Putra  Malaysia,  as  according  to  the  Universiti  Putra  Malaysia  

(Research) Rules 2012;  

• written permission must be obtained from supervisor and the office of Deputy  

Vice-Chancellor  (Research  and  Innovation)  before  thesis  is  published  (in  

the  form  of  written,  printed  or  in  electronic  form)  including  books,  journals, 

modules,   proceedings,   popular   writings,   seminar   papers,   manuscripts, 

posters,  reports,  lecture  notes,  learning  modules  or  any  other  materials  as 

stated in the Universiti Putra Malaysia (Research) Rules 2012;  

• there  is  no  plagiarism  or  data  falsification/fabrication  in  the    thesis,  and 

scholarly integrity  is  upheld  as  according  to  the  Universiti  Putra  Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia   (Research)   Rules   2012.   The   thesis   has   undergone   plagiarism 

detection software.  

 

 

 

Signature: ____________________    Date: __________________  

  

Name and Matric No.: Saba Jasim Mohamad Al-Jumaili (GS 32732) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

ix 

 

Declaration by Members of Supervisory Committee   

  

This is to confirm that:  

• the research conducted and the writing of this thesis  was  under  our supervision;  

• supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) are adhered to.  

  

 

 

 

Signature:    ____________________ Signature:    _____________________ 

Name of Name of 

Chairman of Member of 

Supervisory Supervisory 

Committee:   ___________________ Committee:   ____________________ 

 

 

 

 

Signature:    ____________________ Signature:    _____________________ 

Name of Name of 

Member of Member of 

Supervisory Supervisory 

Committee:   ___________________ Committee:   ____________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

x 
 

TABLE OF CONTENTS 

 Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiii 

LIST OF FIGURES xv 

LIST OF ABBREVIATION xvii 

            CHAPTER  

1 GENERAL INTRODUCTION 1 

 1.1 Introduction  1 

 1.2 Problem statement 2 

 1.3 Research  objectives 

 

3 

2 LITERATURE REVIEW 4 

 2.1 Economic importance of aromatic Rice 4 

 2.2 Grain quality in aromatic rice 4 

       2.2.1 Aroma 5 

 2.3 Composition of aroma in aromatic rice 6 

 2.4 Genetic and molecular basis of aroma in aromatic rice 8 

 2.5 Detection of aroma in aromatic rice 9 

       2.5.1 Molecular markers related to rice aroma 9 

 2.6 Heritability of aroma in aromatic rice 10 

 2.7 Importance of high yielding aromatic rice variety  11 

 2.8 Genetic diversity and heritability of rice 12 

       2.8.1 Morphological diversity 13 

       2.8.2  Molecular   13 

       2.8.2.1  Simple sequence repeats  14 

       2.8.2.2  Inter simple sequence repeats 

 

15 

3 GENETIC DIVERSITY OF AROMATIC RICE 

GERMPLASM BY QUANTITATIVE TRAITS 

17 

 3.1 Introduction     17 

 3.2 Materials and Methods   18 

     3.2.1  Experimental location and soil   18 

     3.2.2  Plant materials 18 

       3.2.3  Experimental design and management practices    18 



© C
OPYRIG

HT U
PM

 

xi 

 

 3.2.4  Raising of sprouted seeds  22 

 3.2.5  Data collection    22 

 3.2.6  Statistical analysis  24 

                3.2.6.1 Analysis of Variance (ANOVA) and   

                           genetics parameters                          

24 

 3.2.6.2 Variance component 24 

 3.2.6.3 Correlation coefficient and cluster     

             analysis 

26 

 3.3 Results  26 

       3.3.1  Variation for vegetative traits 26 

         3.3.1.1  Plant height 27 

         3.3.1.2  Number of days to flowering 29 

         3.3.1.3  Number of days to flowering 29 

         3.3.1.4  Flag leaf length to width ratio 32 

         3.3.1.5  Number of tillers per hill 32 

       3.3.2  Variation among yield and yield component  

                 traits                  

35 

                 3.3.2.1  Number of grains per panicle   37 

                 3.3.2.2  One thousand grain weight 39 

                 3.3.2.3  Grain yield 39 

                 3.3.2.4  Number of panicles per hill 42 

                 3.3.2.5  Panicle length 42 

                 3.3.2.6  Seed length 45 

                 3.3.2.7  Seed length to width ratio 45 

                 3.3.2.8  Spikelets fertility 48 

                 3.3.2.9  Spikelets per panicle 48 

         3.3.3 Association among traits  51 

         3.3.4 Determination of different genetic parameters 53 

         3.3.5 Multivariate statistical analysis 55 

                  3.3.5.1  Cluster analysis of morphological   55 

                  3.3.5.2  Principal component analysis using   

                              morphological traits                      

60 

 3.4   Discussion  64 

 3.5   Conclusion  

 

66 

4 GENETIC DIVERSITY OF AROMATIC RICE ACCESSIONS 

REVEALED BY MICROSATELLITE POLYMORPHISM  

68 

 4.1  Introduction 68 

 4.2  Materials and methods  68 

        4.2.1 Plant materials  68 

      4.2.2 SSR makers  69 

      4.2.3 DNA extraction  69 

      4.2.4 DNA identification  69 

        4.2.5 Performing of PCR reaction 70 



© C
OPYRIG

HT U
PM

xii 
 

        4.2.6 Genetic diversity analysis 71 

        4.2.7 Multivariate analysis 71 

 4.3  Result     72 

        4.3.1  SSR markers polymorphism 72 

        4.3.2 Genetic diversity among SSR markers 75 

        4.3.3 Cluster analysis using SSR makers 76 

        4.3.4 Principal component analysis using SSR   

                markers 

83 

        4.3.5 Analysis of molecular variance  87 

 4.4  Discussion   87 

 4.5  Conclusion  

 

89 

5 GENETIC DIVERSITY OF AROMATIC RICE 

ACCESSIONS REVEALED BY INTER SIMPLE 

SEQUENCES REPEAT POLYMORPHISM  

90 

 5.1  Introduction  90 

 5.2  Materials and methods 90 

       5.2.1 Plant materials 90 

       5.2.2 Molecular markers (ISSR markers) 90 

       5.2.3 DNA extraction 91 

       5.2.4 DNA Identification 91 

       5.2.5  Electrophoresis 91 

       5.2.6  Band scoring and data analysis 91 

       5.2.7  Analysis of genetic diversity 91 

       5.2.8  Multivariate analysis 92 

 5.3  Result and Discussion  92 

       5.3.1 Polymorphism among ISSR markers 92 

       5.3.2 Genetic diversity among  asseccions 95 

       5.3.3 Cluster analysis  97 

       5.3.4 Principal component analysis  104 

       5.3.5 Analysis of molecular variance  108 

 5.4 Discussion   108 

 5.5 Conclusion 

 

109 

6 GENERAL DISCUSSION, CONCLUSION AND 

RECOMMENDATIONS FOR FUTURE RESEARCH 

111 

 6.1 General Conclusion 111 

 6.2 Recommendations for future research 112 

 

 

REFERENCES 113 

APPENDICES 130 

BIODATA OF STUDENT 143 

LIST OF PUBLICATIONS 144 



© C
OPYRIG

HT U
PM

 

xiii 

 

LIST OF TABLES 

Table  Page 

2.1 Factors affecting aroma formation/ retention in aromatic rice as 

perceived by farmers 

11 

3.1 Aromatic rice accessions 19 

3.2 List of quantitative traits 23 

3.3 ANOVA table 24 

3.4 Mean squares of analysis of variance for five growth traits 

among 53 accessions of aromatic rice 

27 

3.5 Mean squares of analysis of variance for nine yield and yield 

component traits among 53 accessions of aromatic rice 

36 

3.6 Pearson’s correlation coefficient among 14 quantitative traits of 

aromatic rice 

52 

3.7 Genetic variance of 14 morphological characteristics  54 

3.8 Aromatic rice accessions clusters according to Euclidean 

cluster  analysis. 

57 

3.9 Rice accessions clusters according to group of origin   58 

3.10 Mean value of 14 quantitative traits for six groups by cluster 

analysis on 53 accessions of rice 

59 

3.11 Mean value of 14 quantitative traits for state by cluster analysis 

on 53 accessions of rice. 

60 

3.12 Eigenvectors and eigenvalues of the first four principal 

components 

63 

4.1 SSR  markers polymorphism which applied. 73 

4.2 Genetic diversity parameters among 32 primers for all 

accessions based on 32 SSR 

75 

4.3  Genetic diversity estimation among the rice genotypes 

population 

76 

4.4 Cluster group based on 32 SSR markers 77 

4.5 Accessions for each cluster based on 32 SSR markers by group 

of origin 

78 

4.6 Similarity coefficient among 53 accessions of rice based on 32 

SSR markers 

80 

4.7 First four principal component for 53 accessions of rice by 32 

SSR markers 

   85 



© C
OPYRIG

HT U
PM

xiv 
 

4.8 Analysis of Molecular Variance for 53 rice accessions 87 

5.1 List of polymorphic ISSR markers  93 

5.2 Genetic diversity parameters among 25 ISSR markers 95 

5.3 Genetic diversity estimation among the rice accessions 97 

5.4 Similarity coefficients among 53 rice accessions based on 25 

ISSR markers 

98 

5.5 Accessions according to cluster analysis based on 25 ISSR 

markers. 

101 

5.6 Accessions groups according to cluster analysis based on 25 

ISSR in states. 

102 

5.7 Component loading of the first four principal component for 53 

rice accessions 

106 

5.8 Analysis of Molecular Variance for 53 rice accessions 108 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

xv 

 

LIST OF FIGURES 

 

Figure  Page 

2.1 Pathway of 2-acetyl-1-pyrroline (2AP) biosynthesis in rice 8 

3.1 The experiment at site in Universiti Putra Malaysia 18 

3.2 The layout of three replications for randomized complete 

block design 

22 

3.3 Plant height distribution 53 accessions of rice. Error bars with 

standard error 

28 

3.4 Days to flowering distribution among 53 accessions of rice. 

Error bars with standard error 

30 

3.5 Days to maturity distribution among 53 accessions of rice. 

Error bars with standard error 

31 

3.6 Flag leaf length to width distribution among 53 accessions of 

rice. Error bars with standard error 

33 

3.7 Number of tillers per hill distribution among 53 accessions of 

rice. Error bars with standard error 

34 

3.8 Number of grains per panicle distribution among 53 accessions 

of rice. Error bars with standard error 

38 

3.9 One thousand grains weight distribution among 53 accessions 

of rice. Error bars with standard error 

40 

3.10 Yield of plant distribution among 53 accessions of rice. Error 

bars with standard error 

41 

3.11 Number of panicle in plant distribution among 53 accessions 

of  rice. Error bars with standard error 

43 

3.12 Panicle length distribution among 53 accessions of rice. Error 

bars with standard error 

44 

3.13 Seed length distribution among 53 accessions of rice. Error 

bars with standard error 

46 

3.14 Seed length-to-width ratio distribution among 53 accessions of 

rice. Error bars with standard error 

47 

3.15 Spikelet fertility distribution among 53 accessions of rice. 

Error bars with standard error 

49 

3.16 Number of spikelet per panicle distribution among 53 

accessions of rice. Error bars with standard error 

50 

3.17 Euclidean cluster analysis of 53 rice accessions based on 14 

quantitative traits 

56 



© C
OPYRIG

HT U
PM

xvi 
 

3.18 PCA three-dimensional of 53 rice accessions based on 14 

quantitative traits 

62 

4.1 The graph of PCR protocol 70 

4.2 Polymorphism among accessions using RM291 SSR marker 72 

4.3 Polymorphism among accessions using RM169 SSR marker 72 

4.4 Cluster analysis of 53 rice accessions based on 32 SSR 

markers 

79 

4.5 PCA three-dimensional of 53 rice accessions based on 32 

microsatellite polymorphism 

84 

5.1 Polymorphism among accessions using ISSR2 94 

5.2 Polymorphism among accessions using ISSR13 94 

5.3 Cluster analysis of 53 rice accessions based on ISSR 

polymorphism 

103 

5.4 PCA three-dimensional of 53 rice accessions based on 25 

ISSR polymorphism 

105 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

xvii 

 

LIST OF ABBREVIATIONS 

AFLP Amplified fragment length polymorphism 

ANOVA Analysis of variance 

AMOVA Analysis of molecular variance 

bp Base pairs 

h2
B Broad sense heritability 

CTAB Cetyltrimethylammonium bromide 

CV Coefficient Of Variation 

DNA Deoxyribonucleic acid  

dNTP 2- Deoxynucleoside 5-triphosphate 

Ne Effective number of alleles 

EDTA Ethylenediamine tetra-acetic acid 

FAO Food and Agriculture Organization of the United 

Nations 

GST Gene differentiation 

Nm Gene flow 

GA Genetic advance 

GCV Genotypic coefficient of variation 

GV Genotypic variance 

MSE Mean square of error 

MSG Mean square of genotype 

h Nei’s (1973) gene diversity 

na Number of alleles 

PPL Percent of polymorphic Loci 

PCV Phenotypic coefficient of variation  

PCR Polymerase chain reaction 

PC Principal component  

PCA  Principal component analysis 

NTSYS Numerical taxonomy multivariate analysis system  

RAPD Random amplified polymorphic DNA 



© C
OPYRIG

HT U
PM

xviii 
 

RFLP Restriction fragment length polymorphism 

SSR Simple sequence repeat  

Std Standard deviation  

SE Standard error 

Taq Thermos aquatics 

TBE Tris-borate/EDTA 

TE Tris EDTA buffer 

TM Melting temperature 

UV Ultraviolet 

UPGMA Unweight pair group method using arithmetic 

averages  

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

1 

 

CHAPTER 1 

GENERAL INTRODUCTION 

 

1.1 Introduction 

Rice (Oryza sativaL.) belonging to the family Gramineae is a staple food for over half 

of the world’s population (FAO, 2004 ).Rice is the world’s most important food crop 

for people compared to other cereals. Approximately three billion people of the world 

consumed rice as a basic food that provides between 50 to 80% of their daily calories. 

It not only supplies carbohydrate but also provides some essential food elements like 

protein, iron, calcium, thiamine, riboflavin, niacin and vitamin E to the human body 

(Akinbile et al., 2011). In Malaysia, approximately 72% rice is being granary areas 

(Teh, 2010). The aromatic rice is preferred over non-aromatic rice during special 

occasions and for export, and thus they command a higher market price. Major feature 

of these aromatic rice varieties is aroma which is being appreciated by many people 

and represents a high value added trait (Joseph et al., 2004). Three different things 

seem to have led to the growth in popularity of aromatic rice: globalization, health-

consciousness and culinary changes (Hore, 2005). So, rice needs attention toward 

improvement in its cooking qualities as well as several biochemical and 

morphological characteristics (Golam et al., 2011).  

 

 

The demand for aromatic rice is increasing day by day. Unfortunately, the aromatic 

rice production is been affected by some abiotic and biotic, susceptibility to pests and 

diseases, and strong shedding (Ahn et al., 1992). The agronomic value of a variety 

depends on many characteristics (Regmi et al., 2002).  The most important 

characteristics are high yielding ability, resistance to diseases and pests, resistance to 

undesirable environmental factors and high quality of the products. Plant breeding 

launches with genetic diversity that is utilized as a source for improving new features 

or transforming undesirable varieties. Breeders can reveal genome structure and find 

new techniques for modification and developing crops by genetic diversity 

(Ahmadikhah, 2009). The first stage for effective technique in breeding programs is 

knowing the genetic diversity.  

 

 

Using genetic diversity information can aid reasonable utilization of genetic resources 

among closely related crop varieties. Furthermore, the exploration of genetic diversity 

can assist breeders to observe germplasm and to predict potential genetic diversity is 

quite remarkable for evolving crops. Genetic variation analysis facilitates breeders in 

observation germplasm as well as in predict of potential genetic achievements 

(Chakravarthi and Naravaneni, 2006). The improvement of rice breeding plummeted 

progressively during the last ten years due to poor basis of the parent materials (Zhao 

et al., 2009). The research of rice genetic variety is essential for cultivars rating, 



© C
OPYRIG

HT U
PM

2 
 

identification, conservation and purity as well as breeding(Saini et al., 2004). Genetic 

diversity is mainly measured based on the morphological differences of quantitative 

important traits. However, this method has some disadvantages, such as time and labor 

costs. In addition, this method cannot define the exact level of genetic diversity among 

germplasms, because the trait appears through interaction between genes and the 

environment (Zeng et al., 2004; Schulman, 2007). Gene expression is affected by 

environment, so selection-based on morphological traits are seductive (Astarini et al., 

2004; Asif et al., 2005).  

 

 

Among the PCR-based markers, for example the SSR markers, are proved  very 

efficacious tools in the study of genetic diversity and organism relationships among 

all types of molecular markers, since they show higher level of polymorphism (Ishii 

et al., 2001; He et al., 2003). For marker-assisted selection as well as gene tagging, 

rice microsatellites (RM) had shown their utility (Chen et al., 1997;McCouch et al., 

1997). The SSR markers can be effectively applied for developing unique DNA 

profiles of rice genotypes because of having high level of polymorphism and greater 

information. Moreover, these profiles might be valuable to clearly differentiate rice 

cultivars in order to get plant variety protection (Rahman et al., 2009).  

 

 

Similarly, the ISSR markers also play important role in the determination of genetic 

diversity and organism relationships. The ISSR markers are useful not only in 

understanding the evolutionary relationships of Oryza but also in the fingerprinting of 

cultivated and wild species of germplasm. Moreover, these markers have high 

resolution power in fingerprinting and diversity analysis of rice observed by Joshi et 

al.(2000). Furthermore, using the ISSR markers it was found that higher diversity 

among rice species and variation exist between wild and cultivated rice as noticed by 

Girma(2007), in Ethiopiaamong the different types of molecular markers, PCR-based 

molecular markers such as microsatellites and inter-simple sequence repeat are 

valuable tools for studying genetic diversity and organism relationships, because they 

can show high levels of polymorphism (Ishii et al., 2001; He et al., 2003). 

 

 

Problem statement 

Low yield is a common phenomenon of aromatic rice and consequently rice breeders 

are trying to improve the agronomic characters to gain a better grain yield (Faruq et 

al., 2011). In addition, Malaysia is a tropical country, so it is highly potential area for 

cultivating aromatic rice. Unfortunately, there is no enough information published 

with regards to breeding, genetics, and morphological characteristics of aromatic rice. 

Obtaining comprehensive information on genetics and morphological characteristics 

as well as genetic diversity of aromatic rice in Malaysia is important for crop breeding 

programs. 

 

 



© C
OPYRIG

HT U
PM

 

3 

 

Research objectives 

The objectives of this research were: 

i. To evaluate the performance of different accessions of Malaysian aromatic 

rice. 

ii. To determine the genetic diversity of aromatic rice accessions with SSR and 

ISSR markers. 

iii. To identify several superior accessions of aromatic rice for future breeding 

programs. 
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Carrapiso, A. I., Bonilla, F. and Garcıá, C. (2003). Effect of crossbreeding and rearing 

system on sensory characteristics of Iberian ham. Meat Science 65(1): 623-

629. 

Chakravarthi, B. K. and Naravaneni, R. (2006). SSR marker based DNA 

fingerprinting and diversity study in rice (Oryza sativa. L), African Journal 

of Biotechnology 5(9): 684-688.  

Chambers, G. K. and Macavoy, E. S. (2000). Microsatellites: consensus and 

controversy. Comparative Biochemistry and Physiology Part B. Biochemistry 

and Molecular Biology 126(4): 455-476.  

Chandra, R., Pradhan, S., Singh, S., Bose, S. and Singh, O. (2007). Multivariate 

analysis in upland rice genotypes. World Journal of Agricultural Sciences 

3(3): 295-300.  

Chen, S., Yang, Y., Shi, W., J., Q., He, F., Zhang, Z., Cheng, Z.,  Liu, X.  and Xu, 

M. (2008). Badh2, encoding betaine aldehyde dehydrogenase, inhibits the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=18599581
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18599581


© C
OPYRIG

HT U
PM

116 
 

biosynthesis of 2-acetyl-1-pyrroline, a major component in rice fragrance. 

The Plant Cell  20(7): 1850-1861.  

Chen, X., Temnykh, S., Xu, Y., Cho, Y. and Mccouch, S. (1997). Development of a 

microsatellite framework map providing genome-wide coverage in rice 

(Oryza sativa L.). Theoretical and Applied Genetics 95(4): 553-567.  

Cheng, Z.-q., Ying, F.-y., Li, D.-q., Yu, T.-q., Jian, F., Yan, H.-j. and Huang, X.-q. 

(2012). Genetic diversity of wild rice species in Yunnan province of China. 

Rice Science 19(1): 21-28.  

Cordeiro, G. M., Christopher, M. J., Henry, R. J. and Reinke, R. F. (2002). 

Identification of microsatellite markers for fragrance in rice by analysis of the 

rice genome sequence. Molecular Breeding 9(4): 245-250.  

Cortese, L. M., Honig, J., Miller, C. and Bonos, S. A. (2010). Genetic diversity of 

twelve switchgrass populations using molecular and morphological markers. 

Bioenergy Research 3(3): 262-271.  

Cruz, N. D. and Khush, G. (2000). Rice grain quality evaluation procedures. Aromatic 

Rices. New Delhi: Oxford and IBH publishing.15-28.  

Das, A., Biswas, M. and Dastidar, K.G. (2010). Genetic divergence in green gram 

(Vigna radiata L. Wilczek). Journal of Agronomy 9(3): 126-130.  

Davierwala, A. P., Chowdari, K. V., Shiv, K., Reddy, A. P. K., Ranjekar, P. K. and 

Gupta, V. S.  (2000). Use of three different marker systems to estimate genetic 

diversity of Indian Indian rice varieties. Genetica 108(3): 269-284.  

De Campos Vaz, A. R., de Oliveira Borba, T. C., Brondani, C., Rangel, P. H. N., de 

Oliveira Camargo, G. S., de Campos-Telles, M. P. and Brondani, R. P. V. 

(2009). Genetic analysis of a local population of Oryza glumaepatula using 

SSR markers: implications for management and conservation programs. 

Genetica 137(2): 221-231.  

Din, R., Khan, M. Y., Akmal, M. and Ali, N. (2010). Linkage of morphological 

markers in Brassica. Pakistan Journal of Botany 42(5): 2995-3000.  

Doyle, J. J. (1990). Isolation of plant DNA from fresh tissue. Focus 12: 13-15.  

Excoffier, L., Smouse, P. E. and Quattro, J. M. (1992). Analysis of molecular variance 

inferred from metric distances among DNA haplotypes: application to human 

mitochondrial DNA restriction data. Genetics 131(2): 479-491.  

FAO. (2004). Rice and human nutrition.Available at http: 

//www.fao.org/rice2004/en/fsheet/ 



© C
OPYRIG

HT U
PM

 

117 

           factsheet3.pdf http://www.fao.org/DOCREP/005/Y4347E/y4347e14.htm. 

(Accessedon16 November 2012).   

 

Farooq, M., Basra, S., Hafeez, K. and Warriach, E. (2011). Influence of high-and low-

temperature treatments on seed germination and seedling vigor of coarse and 

fine rice. International Rice Research Notes 29(2): (75-77).  

Farooq, S. and Azam, F. (2002). Molecular markers in Plant Breeding-I: Concepts and 

characterization. Pakistan Journal of Biological Sciences 5(10): 1135-1140.  

Fitzgerald, M. A., Sackville Hamilton, N. R., Calingacion, M. N., Verhoeven, H. A. 

and  Butardo, V. M. (2008a). Is there a second fragrance gene in rice? Plant 

Biotechnology Journal 6(4): 416-423.  

Fitzgerald, T. L., Waters, D. L. E. and Henry, R. J. (2008b). The effect of salt on 

betaine aldehyde dehydrogenase transcript levels and 2-acetyl-1-pyrroline 

concentration in fragrant and non-fragrant rice (Oryza sativa). Plant Science 

175(4): 539-546.  

Franco, J., Crossa, J., Ribaut, J., Bertran, J., Warburton, M. and Khairallah, M. (2001). 

A method for combining molecular markers and phenotypic attributes for 

classifying plant genotypes. Theoretical and Applied Genetics 103(6): 944-

952.  

Frankham, R. (1995). Inbreeding and extinction: a threshold effect. Conservation 

Biology  9(4): 792-799.  

Fry, K. and Salser, W. (1977). Nucleotide sequences of HS-α satellite DNA from 

kangaroo rat Dipodomys ordii and characterization of similar sequences in 

other rodents. Cell 12(4): 1069-1084.  

Gajera, H. and Vakharia, D. (2010). Molecular and biochemical characterization of 

Trichoderma isolates inhibiting a phytopathogenic fungi Aspergillus niger 

Van Tieghem. Physiological and Molecular Plant Pathology 74(3): 274-282.  

Garris, A. J., Tai, T. H., Coburn, J., Kresovich, S. and McCouch, S. (2005). Genetic 

structure and diversity in Oryza sativa L. Genetics 169(3): 1631-1638.  

Ghneim-Herrera, T., Posso Duque, D., Pérez Almeida, I., Torrealba Núñez, G., 

Pieters, A. J., Martinez, C. P. and Tohme, J. M. (2008). Assessment of genetic 

diversity in Venezuelan rice cultivars using simple sequence repeats markers. 

Electronic Journal of Biotechnology 11(5): 3-4.  

Ghose, R. and Butany, W. (1952). Studies on the inheritance of some characters in 

rice (Oryza sativa L.). Indian Journal Genet Plant Breed 12: 26-30.  

http://www.fao.org/DOCREP/005/Y4347E/y4347e14.htm.%20(Accessed
http://www.fao.org/DOCREP/005/Y4347E/y4347e14.htm.%20(Accessed


© C
OPYRIG

HT U
PM

118 
 

Girma, G. (2007). Relationship between wild rice species of ethiopia with cultivated 

rice based on ISSR Marker. MSc Thesis presented to the school of graduate 

studies of the Addis Ababa University.    

Gohil, R. and  Pandya, J. (2008). Genetic diversity assessment in physic nut (Jatropha 

curcas L.). International Journal of Plant Production 2(4): 321-326.  

Golam, F., Yin, Y. H., Masitah, A., Afnierna, N., Majid, N. A., Khalid, N. and Osman, 

M. (2011). Analysis of aroma and yield components of aromatic rice in 

Malaysian tropical environment. Australian Journal of Crop Science 5(11): 

1318.  

Gomez, O. J., Blair, M. W., Frankow-Lindberg, B. E. and Gullberg, U. (2004). 

Molecular and phenotypic diversity of common bean landraces from 

Nicaragua. Crop Science 44(4): 1412-1418.  

Gonzalez, A., Coulson, M. and Brettell, R. (2000). Development of DNA markers 

(ISSRs) inmango.International Symposium on Tropical and Subtropical 

Fruits575: 139-143. 

Gowda, S., Randhawa, G., Bisht, I., Firke, P., Singh, A., Abraham, Z. and Dhillon, B. 

(2012). Morpho-agronomic and simple sequence repeat-based diversity in 

colored rice (Oryza sativa L.) germplasm from peninsular India. Genetic 

Resources and Crop Evolution 59(2): 179-189.  

Grady, D. L., Ratliff, R. L., Robinson, D. L., McCanlies, E. C., Meyne, J. and Moyzis, 

R. K. (1992). Highly conserved repetitive DNA sequences are present at 

human centromeres. Proceedings of the National Academy of Sciences 89(5): 

1695-1699.  

Grimm, C. C., Champagne, E. T., Lloyd, S. W., Easson, M., Condon, B. and McClung, 

A. (2011). Analysis of 2-Acetyl-1-pyrroline in rice by HSSE/GC/MS. Cereal 

Chemistry 88(3): 271-277.  

Grosch, W. and Schieberle, P. (1997). Flavor of cereal products-A review. Cereal 

Chemistry 74(2): 91-97.  

Gupta, P., Varshney, R. K., Sharma, P. and Ramesh, B. (1999). Molecular markers 

and their applications in wheat breeding. Plant Breeding 118(5): 369-390.  

Harrison, I., Laverty, M. and  Sterling, E. (2004). Species Diversity. ConneXions07-

29  

He, F., Zeng, R., Xi, Z., Talukdar, A. and Zhang, G. (2003). Genetic diversity of 

different waxy genotypes in rice. Molecular Plant Breed 1: 179-186.  



© C
OPYRIG

HT U
PM

 

119 

Hien, N. L., Sarhadi, W. A., Hirata, Y. and Oikawa, Y. (2007). Genetic diversity of 

morphological responses and the relationships among Asia aromatic rice 

(Oryza sativa L.) cultivars. Tropics 16(4): 343-355.  

Holland, J. B., Nyquist, W. E. and Cervantes-Martínez, C. T. (2003). Estimating and 

interpreting heritability for plant breeding: An update. Plant breeding reviews. 

Wiley Online Library. 22: 9-112.  

Hore, D. (2005). Rice diversity collection, conservation and management in 

northeastern India. Genetic Resources and Crop Evolution 52(8): 1129-1140.  

Hou, Y-C., Yan, Ze-H., Wei, Yu-M. and  Zheng, Y-L. (2005). Genetic diversity in 

barley from west China based on RAPD and ISSR analysis. Barley Genetics 

Newsletter 35(1): 9-22.  

Huang, J., Liu, Y., Hou, H. and You, T. (2008). Simultaneous electrochemical 

determination of dopamine, uric acid and ascorbic acid using palladium 

nanoparticle-loaded carbon nanofibers modified electrode. Biosensors and 

Bioelectronics 24(4): 632-637.  

Iftekharuddaula, K., Badshah, M., Hassan, M., Bashar, M. and Akter, K. (2001). 

Genetic variability, character association and path analysis of yield 

components in irrigated rice (Oryza sativa L.). Bangladesh Journal of  Plant 

Breeding Genetics 14(2): 43-49.  

Ishii, T., Xu, Y. and  McCouch, S. (2001). Nuclear and chloroplast microsatellite 

variation in A genome species of rice. Genome 44(4): 658-666.  

Islam, M. A. 2007. Effect of spacing and nitrogen on yield of transplanted aman rice 

Cv. BRRI dhan 41. M.S. Thesis (abstract), Department of Agronomy, 

Bangladesh Agricultural University, Mymensingh 

Islam, M. and Morison, J. (1992). Influence of solar radiation and temperature on 

irrigated rice grain yield in Bangladesh. Field Crops Research 30(1): 13-28.  

Jayamani, P., Negrao, S., Martins, M., Macas, B. and Oliveira, M. (2007). Genetic 

relatedness of Portuguese rice accessions from diverse origins as assessed by 

microsatellite markers. Crop Science 47(2): 879-884.  

Jeung, J., Hwang, H., Moon, H. and Jena, K. (2005). Fingerprinting temperate 

japonica and tropical indica rice genotypes by comparative analysis of DNA 

markers. Euphytica 146(3): 239-251.  

Jimenez, A. (2010). Microsatellites: A Powerful Genetic Marker for Fern Research 

Working with Ferns. Springer: 207-220. 



© C
OPYRIG

HT U
PM

120 
 

Jin, L., Lu, Y., Xiao, P., Sun, M., Corke, H. and Bao, J. (2010). Genetic diversity and 

population structure of a diverse set of rice germplasm for association 

mapping. Theoretical and Applied Genetics 121(3): 475-487.  

Jin, Q., Waters, D., Cordeiro, G. M., Henry, R. J. and  Reinke, R. F. (2003). A single 

nucleotide polymorphism (SNP) marker linked to the fragrance gene in rice  

(Oryza sativa L.). Plant Science 165(2): 359-364.  

Jodon, N. E. and Sonnier, E. A. (1973). Registration of Della Rice1. Crop Science 

13(6): 773-773.  

Jones, E., Dupal, M., Dumsday, J., Hughes, L. and Forster, J. (2002). An SSR-based 

genetic linkage map for perennial ryegrass (Lolium perenne L.). Theoretical 

and Applied Genetics 105(4): 577-584.  

Johnson, H. W., Robinson, H. and Comstock, R. (1955). Estimates of genetic and 

environment variability in soybeans. Agronomy Journal 47: 314-318. 

Joseph, M., Gopalakrishnan, S., Sharma, R., Singh, V., Singh, A., Singh, N. and 

Mohapatra, T. (2004). Combining bacterial blight resistance and Basmati 

quality characteristics by phenotypic and molecular marker-assisted selection 

in rice. Molecular Breeding 13(4): 377-387.  

Joshi, R. K. and Behera, L. (2007). Identification and differentiation of indigenous 

non-Basmati aromatic rice genotypes of India using microsatellite markers. 

African Journal of Biotechnology 6(4) 348-354.  

Joshi, S., Gupta, V., Aggarwal, R., Ranjekar, P. and Brar, D. (2000). Genetic diversity 

and phylogenetic relationship as revealed by inter simple sequence repeat 

(ISSR) polymorphism in the genus Oryza. Theoretical and Applied Genetics 

100(8): 1311-1320.  

Juliano, B. (1979). The chemical basis of rice grain quality. Chemical Aspects of Rice 

Grain Quality. Los Baños, Laguna. IRRI,Philippines. 69-84 

Juwattanasomran, R., Somta, P., Chankaew, S., Shimizu, T., Wongpornchai, S., Kaga, 

A. and Srinives, P. (2011). A SNP in GmBADH2 gene associates with 

fragrance in vegetable soybean variety ‘‘Kaori’’ and SNAP marker 

development for the fragrance. Theoretical and Applied Genetics 122 (3): 

533-541. 

Kadam, B. and  Patankar, V. (1938). Inheritance of aroma in rice. Chronica Botanica 

4: 32.  



© C
OPYRIG

HT U
PM

 

121 

Kavitha, S. and Reddy, S. (2002). Variability, heritability and genetic advance of some 

important traits in rice (Oryza sativa L.). The Andhra Agriculture Journal 

49(3): 222-224.  

Khush, G., Mackill, D. and Sidhu, G. (1989). Breeding rice for resistance to bacterial 

blight. Bacterial Blight of Rice 207-217.  

Kibria, K., Islam, M. and Begum, S. (2008). Screening of aromatic rice lines by 

phenotypic and molecular markers. Bangladesh Journal of Botany 37(2): 141-

147.  

Kim-Oanh, N., Albina, D., Ping, L. and Wang, X. (2005). Emission of particulate 

matter and polycyclic aromatic hydrocarbons from select cookstove–fuel 

systems in Asia. Biomass and Bioenergy 28(6): 579-590.  

Kimani, J., Tongoona, P. and Derera, J. (2013). Breeding dynamics of rice (Oryza 

sativa) for enhanced adaptation and grain quality. Scientific Research and 

Essays 8(27): 1258-1272.  

Korbie, D. J. and Mattick, J. S. (2008). Touchdown PCR for increased specificity and 

sensitivity in PCR amplification. Nature Protocols 3(9): 1452-1456.  

Korzun, V. (2003). Molecular markers and their application in cereals breeding. Paper 

presented at the Proceedings of the workshop “Marker assisted selection: A 

fast track to increase genetic gain in plant and animal breeding. 17-18 October 

2003; University of Turin, Italy. 

Kumar, M. D. (2011). Pulse Crop Production Principles and Technologies PHI 

Learning Private Limited, New Delhi.  

Kumazawa, K. and Masuda, H. (2002). Identification of potent odorants in different 

green tea varieties using flavor dilution technique. Journal of Agricultural 

and Food Chemistry 50(20): 5660-5663.  

Kurata, N., Nagamura, Y., Yamamoto, K., Harushima, Y., Sue, N., Wu, J. and  Lin, 

S. (1994). A 300 kilobase interval genetic map of rice including 883 expressed 

sequences. Nature Genetics 8(4): 365-372.  

Laksanalamai, V. and Ilangantileke, S. (1993). Comparison of aroma compound 2-

acetyl-1-pyrroline in leaves from pandan. Cereal Chemistry 70(4): 381-384.  

Lam, H. and  Proctor, A. (2003). Milled rice oxidation volatiles and odor development. 

Journal of Food Science 68(9): 2676-2681.  

Lasalita-Zapico, F. C., Namocatcat, J. A. and Carini-Turner, J. L. (2010). Genetic 

diversity analysis of traditional upland rice cultivars in Kihan, Malapatan, 



© C
OPYRIG

HT U
PM

122 
 

Sarangani Province, Philippines using morphometric markers. Philippine 

Journal of Science 139(2): 177-180.  

Li, C., Zhou, A. and Sang, T. (2006). Genetic analysis of rice domestication syndrome 

with the wild annual species, Oryza nivara. New Phytologist 170(1): 185-194.  

Lorieux, M., Petrov, M., Huang, N., Guiderdoni, E. and Ghesquière, A. (1996). Aroma 

in rice: genetic analysis of a quantitative trait. Theoretical and Applied 

Genetics 93(7): 1145-1151.  

Lovette, I. J. and  Engstrom, R. T. (2004). Molecular Markers, Natural History, and 

Evolution. The Auk 121(4): 1298-1299.  

Luo, L. (2010). Breeding for water-saving and drought-resistance rice (WDR) in 

China. Journal of Experimental Botany erq185.  

Mackill, D. and Mcnally, K. (2005). A model crop species: Molecular markers in rice 

Molecular marker systems in plant breeding and crop improvement. Springer: 

39-54. 

Mackill, D., Zhang, Z., Redona, E. and  Colowit, P. (1996). Level of polymorphism 

and genetic mapping of AFLP markers in rice. Genome 39(5): 969-977.  

Maga, J. A. (1984). Rice product volatiles: A review. Journal of Agricultural and 

Food Chemistry 32(5): 964-970.  

Mahatheeranont, S., Keawsa-ard, S. and Dumri, K. (2001). Quantification of the rice 

aroma compound, 2-acetyl-1-pyrroline, in uncooked Khao Dawk Mali 105 

brown rice. Journal of Agricultural and Food Chemistry 49(2): 773-779.  

Mann, R. (1987). Basmati rice: a wonder of Pakistan's agriculture. International Rice  

Commission Newsletter. http://agris.fao.org/agris-search/search.do? 

recordID=XF 

             19890001452. Accessed on 20 may 2015. 

Marchetti, M., Bollich, C., Webb, B., Jackson, B., McClung, A., Scott, J.  and Hung, 

H. (1998). Registration of ‘Jasmine 85’rice. Crop Science 38(3): 896-896.  

Mathure, S., Shaikh, A., Renuka, N., Wakte, K., Jawali, N., Thengane, R. and Nadaf, 

A. (2011). Characterisation of aromatic rice (Oryza sativa L.) germplasm and 

correlation between their agronomic and quality traits. Euphytica 179(2): 237-

246.  

Matus, I. and  Hayes, P. (2002). Genetic diversity in three groups of barley germplasm 

assessed by simple sequence repeats. Genome 45(6): 1095-1106.  

Mazid, M. S., Rafii, M. Y., Hanafi, M. M., Rahim, H. A. and Latif, M. A. (2013). 

Genetic variation, heritability, divergence and biomass accumulation of rice 



© C
OPYRIG

HT U
PM

 

123 

genotypes resistant to bacterial blight revealed by quantitative traits and ISSR 

markers. Physiologia Plantarum 149(3): 432-447.  

McCouch, S., Kochert, G., Yu, Z., Wang, Z., Khush, G., Coffman, W. and Tanksley, 

S. (1988). Molecular mapping of rice chromosomes. Theoretical and Applied 

Genetics 76(6): 815-829.  

McCouch, S. R., Chen, X., Panaud, O., Temnykh, S., Xu, Y., Cho, Y. G. and Blair, 

M. (1997). Microsatellite marker development, mapping and applications in 

rice genetics and breeding. Plant Molecular Biology 35(1): 89-99.  

McCouch, S. R., Teytelman, L., Xu, Y., Lobos, K. B., Clare, K., Walton, M. and Xing, 

Y. (2002). Development and mapping of 2240 new SSR markers for rice 

(Oryza sativa L.). DNA Research 9(6): 199-207.  

Melchinger, A., Messmer, M., Lee, M., Woodman, W. and Lamkey, K. (1991). 

Diversity and relationships among US maize inbreds revealed by restriction 

fragment length polymorphisms. Crop Science 31(3): 669-678.  

Mengistu, A., Bond, J., Mian, R., Nelson, R., Shannon, G. and Wrather, A. (2011). 

Identification of Soybean Accessions Resistant to by Field Screening, 

Molecular Markers, and Phenotyping. Crop Science 51(3): 1101-1109.  

Mohammadi, S. A. and Prasanna B. M. (2003). Analysis of genetic diversity in crop 

plants—salient statistical tools and considerations. Crop Science 43(4): 1235-

1248. 

Nagaoka, T. and Ogihara, Y. (1997). Applicability of inter-simple sequence repeat 

polymorphisms in wheat for use as DNA markers in comparison to RFLP and 

RAPD markers. Theoretical and Applied Genetics 94(5): 597-602.  

Najim, M., Lee, T., Haque, M. A. and Esham, M. (2007). Sustainability of rice 

production: A Malaysian perspective. Journal of Agricultural Sciences, 

Sabaragamuwa University of Sri Lanka 3(1): 1-12.  

Napasintuwong, Orachos. "Survey of recent innovations in aromatic rice."131st 

Seminar, September 18-19, 2012, Prague, Czech Republic. No. 135770. 

European Association of Agricultural Economists, 2012. 

Ni, J., Colowit, P. M. and Mackill, D. J. (2002). Evaluation of genetic diversity in rice 

subspecies using microsatellite markers. Crop Science 42(2): 601-607.  

Nybom, H. (2004). Comparison of different nuclear DNA markers for estimating 

intraspecific genetic diversity in plants. Molecular Ecology 13(5): 1143-1155.  

Oladosu, Y., Rafii, M., Abdullah, N., Abdul Malek, M., Rahim, H., Hussin, G. and 

Kareem, I. (2014). Genetic Variability and Selection Criteria in Rice Mutant 



© C
OPYRIG

HT U
PM

124 
 

Lines as Revealed by Quantitative Traits. The Scientific World Journal. 

http://www.hindawi.com/journals /tswj/2014/190531/abs/. Accessed on 16 

may 2015. 

 

Olufowote, J. O., Xu, Y., Chen, X., Goto, M., McCouch, S. R., Park, W. D. and 

Dilday, R. H. (1997). Comparative evaluation of within-cultivar variation of 

rice (Oryza sativa L.) using microsatellite and RFLP markers. Genome 40(3): 

370-378.  

Pandey, P., Anurag, P. J., Tiwari, D., Yadav, S. and Kumar, B. (2009). Genetic 

variability, diversity and association of quantitative traits with grain yield in 

rice (Oryza sativa L.). Journal of Bio-Science 17: 77-82.  

Peakall, R. and Smouse, P. E. (2006). GENALEX 6: genetic analysis in Excel. 

Population genetic software for teaching and research. Molecular Ecology 

Notes 6(1): 288-295.  

Pinson, S. (1994). Inheritance of aroma in six rice cultivars. Crop Science 34(5): 1151-

1157.  

Pomper, K. W., Crabtree, S. B., Brown, S. P., Jones, S. C., Bonney, T. M. and Layne, 

D. R. (2003). Assessment of genetic diversity of pawpaw (Asimina triloba) 

cultivars with intersimple sequence repeat markers. Journal of the American 

Society for Horticultural Science 128(4): 521-525.  

Prathepha, P. (2011). Microsatellite analysis of weedy rice (Oryza sativa f. spontanea) 

from Thailand and Lao PDR. Australian Journal of Crop science 5(1): 49-54. 

Rahman, M. S., Molla, M. R., Alam, M. S. and  Rahman, L. (2009). DNA 

fingerprinting of rice (Oryza sativa L.) cultivars using microsatellite markers. 

Australian Journal of Crop Science 3(3): 122-128.  

Reddy, P. R. and Sathyanarayanaiah, K. (1980). Inheritance of aroma in rice. Indian 

Journal of Genetics and  Plant Breeding 40(2): 327-329.  

Regmi, A., Ladha, J., Pasuquin, E., Pathak, H., Hobbs, P., Shrestha, L. and Duveiller, 

E. (2002). The role of potassium in sustaining yields in a long-term rice-wheat 

experiment in the Indo-Gangetic Plains of Nepal. Biology and Fertil of Soils 

36(3): 240-247.  

Reinke, R., Welsh, L., Reece, J., Lewin, L. and  Blakeney, A. (1991). Procedures for 

quality selection of aromatic rice varieties. International Rice Research. 

Newslett 16: 10-11.  

Ristic, R., Downey, M. O., Iland, P. G., Bindon, K., Francis, I. L., Herderich, M. and 

Robinson, S. P. (2007). Exclusion of sunlight from Shiraz grapes alters wine 



© C
OPYRIG

HT U
PM

 

125 

colour, tannin and sensory properties. Australian Journal of Grape and Wine 

Research 13(2): 53-65.  

Sabesan, T., Suresh, R. and  Saravanan, K. (2009). Genetic variability and correlation 

for yield and grain quality characters of rice grown in coastal saline low land 

of Tamilnadu. Electronic Journal of Plant Breeding 1(1): 56-59.  

Saini, N., Jain, N., Jain, S. and Jain, R. K. (2004). Assessment of genetic diversity 

within and among Basmati and non-Basmati rice varieties using AFLP, ISSR 

and SSR markers. Euphytica 140(3): 133-146.  

Saini, S., Kumar, I. and Gagneja, M. (1974). A study on heterosis in rice (Oryza sativa 

L.). Euphytica 23(2): 219-224.  

Sakthivel, K., Sundaram, R., Shobha Rani, N., Balachandran, S. and Neeraja, C. 

(2009). Genetic and molecular basis of fragrance in rice. Biotechnology 

Advances 27(4): 468-473.  

Sarhadi, W. A., Ookawa, T., Yoshihashi, T., Madadi, A. K., Yosofzai, W., Oikawa, 

Y. and Hirata, Y. (2009). Characterization of aroma and agronomic traits in 

Afghan native rice cultivars. Plant Production Science 12(1): 63-69.  

Schieberle, P. (1995). Quantitation of important roast-smelling odorants in popcorn 

by stable isotope dilution assays and model studies on flavor formation during 

popping. Journal of Agricultural and Food Chemistry 43(9): 2442-2448.  

Schulman, A. h. (2007). Molecular markers to assess genetic diversity. Euphytica 

158(3): 313-321. 

Seetharam, K., Thirumeni, S. and Paramasivam, K. (2009). Estimation of genetic 

diversity in rice (Oryza sativa L.) genotypes using SSR markers and 

morphological characters. African Journal of Biotechnology 8(10): 2050-

2059. 

Seyoum, M., Alamerew, S. and Bantte, K. (2012). Genetic variability, heritability, 

correlation coefficient and path analysis for yield and yield related traits in 

upland rice (Oryza sativa L.). Journal of Plant Sciences 7(1): 13-22.  

Shahid, M. Q., Liu, G., Li, J., Naeem, M. and Liu, X.-D. (2011). Heterosis and gene 

action study of agronomic traits in diploid and autotetraploid rice. Acta 

Agriculturae Scandinavica Section B–Soil and Plant Science 61(1): 23-32.  

Sharma, A. and Koutu, G. (2011). Genetic divergence in exotic rice genotypes. 

Journal of Crop and Weed 7(2): 124-133.  

Shu, A.-P., Zhang, Y.-Y., Cao, G.-L., Lu, Q., Zhang, S.-Y. and  Han, L.-Z. (2010). 

Analysis of Genetic Similarity for Improved Japonica Rice Varieties from 



© C
OPYRIG

HT U
PM

126 
 

Different Provinces and Cities in China. Agricultural Sciences in China 9(8): 

1093-1100.  

Singh, R., Singh, U. and Khush, G. (1997). Indigenous Aromatic Rices, of India: 

Present Scenario and Needs. Agricultural Situation in India 54: 491-496. 

Singh, R., Singh, U., Khush, G. and  Rohilla, R. (2000a). Genetics and biotechnology 

of quality traits in aromatic rices. Aromatic RicesNew Delhi:Oxford and IBH 

publishing. 47-70. 

Singh, R., Singh, U., Khush, G., Rohilla, R., Singh, J., Singh, G. and Shekhar, K. 

(2000b). Small and medium grained aromatic rices of India. Aromatic rices. 

New Delhi:Oxford and IBH publishing. 155-177. 

Singh, V. K., Upadhyay, P., Sinha, P., Mall, A. K., Jaiswal, S. K., Singh, A. and Singh, 

S. (2011). Determination of genetic relationships among elite thermosensitive 

genic male sterile lines (TGMS) of rice (Oryza sativa L.) employing 

morphological and simple sequence repeat (SSR) markers. Journal of 

Genetics 90(1): 11-19.  

Singh, Y., Chaudhary, D., Singh, S., Bhardwaj, A. and Singh, D. (1996). 

Sustainability of rice (Oryza sativa)-wheat (Triticum aestivum) sequential 

cropping through introduction of legume crops and green-manure crop in the 

system. Indian Journal of Agronomy 41(4): 510-514.  

Sivasubramaniam, S. and Madhave, M. P. (1973). Genotypic and phenotypic 

variability in rice. Madras Agriculture Journal 60(9-13): 1093-1096.  

Son, J.-S., Do, V. B., Kim, K.-O., Cho, M. S., Suwonsichon, T. and Valentin, D. 

(2014). Understanding the effect of culture on food representations using 

word associations: The case of “rice” and “good rice”. Food Quality and 

Preference 31: 38-48.  

Sood, B. and Siddiq, E. (1978). A rapid technique for scent determination in rice. 

Indian Journal of Genetics and Plant Breeding  38(2): 268-275.  

Sun, S. X., Gao, F. Y., Lu, X. J., Wu, X. J., Wang, X. D., Ren, G. J. and  Luo, H. 

(2008). Genetic analysis and gene fine mapping of aroma in rice (Oryza sativa 

L. Cyperales, Poaceae). Genetics and Molecular Biology 31(2): 532-538.  

Suzuki, Y., Ise, K., Li, C., Honda, I., Iwai, Y. and  Matsukura, U. (1999). Volatile 

components in stored rice [Oryza sativa (L.)] of varieties with and without 

lipoxygenase-3 in seeds. Journal of Agricultural and Food Chemistry 47(3): 

1119-1124.  

Tar'an, B., Zhang, C., Warkentin, T., Tullu, A. and Vandenberg, A. (2005). Genetic 

diversity among varieties and wild species accessions of pea (Pisum sativum 



© C
OPYRIG

HT U
PM

 

127 

L.) based on molecular markers, and morphological and physiological 

characters. Genome 48(2): 257-272.  

Teh, C. 2010. Will Malaysia achieve 100% self sufficiency in rice by 2015?    

http://christopherteh.com/blog/2010/07/will-malaysia-achieve-100-self-

sufficiency-in-rice-by 2015/. (Accessed on 24 August 2014) 

 

Temnykh, S., Park, W. D., Ayres, N., Cartinhour, S., Hauck, N., Lipovich, L. and 

McCouch, S. R. (2000). Mapping and genome organization of microsatellite 

sequences in rice (Oryza sativa L.). Theoretical and Applied Genetics 100(5): 

697-712.  

Thomson, M. J., Septiningsih, E. M., Suwardjo, F., Santoso, T. J., Silitonga, T. S. and 

McCouch, S. R. (2007). Genetic diversity analysis of traditional and improved 

Indonesian rice (Oryza sativa L.) germplasm using microsatellite markers. 

Theoretical and Applied Genetics 114(3): 559-568.  

Toh, Ying Ying, Sze Fook Lim, and Roland Von Glasow (2013). The influence of 

meteorological factors and biomass burning on surface ozone concentrations 

at Tanah Rata, Malaysia.  Atmospheric Environment 70: 435-446. 

Traore, K. (2005). Characterization of novel rice germplasm from West Africa and 

genetic marker associations with rice cooking quality. PhD thesis, Texas 

A&M University, United States.   

Tripathi, R. and Rao, M. (1979). Inheritance and linkage relationship of scent in rice. 

Euphytica 28(2): 319-323.  

Tsugita, T. (1985). Aroma of cooked rice. Food Reviews International 1(3): 497-520.  

Ullah, M. Z., Bashar, M. K., Bhuiyan, M.S.R., Khalequzzaman, M. and Hasan, M. J. 

(2011). Interrelationship and Cause-effect analysis among Morpho-

physiological Traits in Biroin Rice of Bangladesh. International Journal of 

Plant Breeding and Genetics 5(3): 246-254.  

Upadhyay, P., Singh, V. K. and Neeraja, C. N. (2011). Identification of genotype 

specific alleles and molecular diversity assessment of popular rice (Oryza 

sativa L.) varieties of india. International Journal of Plant Breeding and 

Genetics 5(2): 130-140. 

Varshney, R., Thiel, T., Sretenovic-Rajicic, T., Baum, M., Valkoun, J., Guo, P. and 

Graner, A. (2008). Identification and validation of a core set of informative 

genic SSR and SNP markers for assaying functional diversity in barley. 

Molecular Breeding 22(1): 1-13.  



© C
OPYRIG

HT U
PM

128 
 

Varshney, R.K., Mahendar, T., Aggarwal, R. K. and Borner, A. (2007). Genic 

molecular markers in plants: development and applications. Genomics-

Assisted Crop Improvement Springer: 13-29. 

Veasey, E. A., Silva, E. F. d., Schammass, E. A., Oliveira, G. C. X. and Ando, A. 

(2008). Morphoagronomic genetic diversity in American wild rice species. 

Brazilian Archives of Biology and Technology 51(1): 94-104.  

Veluthambi, K., Gupta, A. K. and Sharma, A. (2003). The current status of plant 

transformation technologies. Current Science 84(3): 368-380.  

Wang, Z., Second, G. and Tanksley, S. (1992). Polymorphism and phylogenetic 

relationships among species in the genus Oryza as determined by analysis of 

nuclear RFLPs. Theoretical and Applied Genetics 83(5): 565-581.  

Weber, D., Rohilla, R. and Singh, U. (2000). Chemistry and biochemistry of aroma in 

scented rice. Aromatic Rices. New Delhi: Oxford and IBH publishing. 29-46.  

Weising, K., Nybom, H., Pfenninger, M., Wolff, K. and Kahl, G. (2005). 

DNAfingerprinting in plants: principles, methods, and applications. taylor 

and francis group, 2nd ed. USA:444. 

Widjaja, R., Craske, J. D. and Wootton, M. (1996). Comparative Studies on Volatile 

Components of Non‐Fragrant and Fragrant Rices. Journal of the Science of 

Food and Agriculture 70(2): 151-161.  

Wongpornchai, S., Dumri, K., Jongkaewwattana, S. and Siri, B. (2004). Effects of 

drying methods and storage time on the aroma and milling quality of rice 

(Oryza sativa L.) cv. Khao Dawk Mali 105. Food Chemistry  87(3): 407-414.  

Wu, T.-F., Lin, C.-J. and Weng, R. C. (2004). Probability estimates for multi-class 

classification by pairwise coupling. The Journal of Machine Learning 

Research 5: 975-1005.  

Xu, Y., Beachell, H. and McCouch, S. R. (2004). A marker-based approach to 

broadening the genetic base of rice in the USA. Crop Science 44(6): 1947-

1959.    

Yi, M., Nwe, K. T., Vanavichit, A., Chai-arree, W. and Toojinda, T. (2009). Marker 

assisted backcross breeding to improve cooking quality traits in Myanmar rice 

cultivar Manawthukha. Field Crops Research 113(2): 178-186.  

Yoshihashi, T. (2002). Quantitative Analysis on 2‐Acetyl‐1‐pyrroline of an Aromatic 

Rice by Stable Isotope Dilution Method and Model Studies on its Formation 

during Cooking. Journal of Food Science 67(2): 619-622.  



© C
OPYRIG

HT U
PM

 

129 

Yoshihashi, T., Huong, N. T. T. and Inatomi, H. (2002). Precursors of 2-acetyl-1-

pyrroline, a potent flavor compound of an aromatic rice variety. Journal of 

Agricultural and Food Chemistry 50(7): 2001-2004.  

Yu, Z., Mackill, D., Bonman, J., McCouch, S., Guiderdoni, E., Notteghem, J. and 

Tanksley, S. (1996). Molecular mapping of genes for resistance to rice blast 

(Pyricularia grisea Sacc.). Theoretical and Applied Genetics 93(5-6): 859-

863.  

Zehentbauer, G. and Grosch, W. (1998). Crust aroma of baguettes I. Key odorants of 

baguettes prepared in two different ways. Journal of Cereal Science 28(1): 

81-92.  

Zehentbauer, G. and Reineccius, G. (2002). Determination of key aroma components 

of Cheddar cheese using dynamic headspace dilution assay. Flavour and 

Fragrance Journal 17(4): 300-305.  

Zeng, Z., Zhang, H., Zhang, T., Tamogami, S. and Chen, J. Y. (2009). Analysis of 

flavor volatiles of glutinous rice during cooking by combined gas 

chromatography–mass spectrometry with modified headspace solid-phase 

microextraction method. Journal of Food Composition and Analysis 22(4): 

347-353.  

Zeng, L., Kwon, T. R., Liu, X., Wilson, C., Grieve, C. M. and Gregorio, G. B. (2004). 

Genetic diversity analyzed by microsatellite markers among rice (Oryza 

sativa L.) genotypes with different adaptations to saline soils. Plant Science 

166(5): 1275-1285. 

Zhang, L.-J. and Dai, S.-L. (2010). Genetic variation within and among populations 

of Orychophragmus violaceus (Cruciferae) in China as detected by ISSR 

analysis. Genetic Resources and Crop Evolution 57(1): 55-64.  

Zhao, F., Wang, X., Liu, J. and Duan, D. (2007). Population genetic structure of 

Sargassum thunbergii (Fucales, Phaeophyta) detected by RAPD and ISSR 

markers. Journal of Applied Phycology 19(5): 409-416.  

Zhao, W., Chung, J.W., Homa, K., Sankim, T., kim, S.M., Shin, D., Hokim, C., 

Mokoo, H. and Park, Y.J. (2009). Analysis of genetic diversity and population 

structure of rice cultivars from Korea, China and Japan using SSR markers. 

Genes and Genomics 31(4): 283-292.  

Zia-Ul-Qamar, Cheema, A., Ashraf, M., Rashid, M. and Tahir, G. (2005). Association 

analysis of some yield influencing traits in aromatic and non aromatic rice. 

Pakistan Journal of Botany 37(3): 613-627.  

Zietkiewicz, E., Rafalski, A. and Labuda, D. (1994). Genome fingerprinting by simple 

sequence repeat (SSR)-Anchored polymerase chain reaction amplification. 

Genomics 20(2): 176-183.  

 


	GENETIC DIVERSITY OF MALAYSIAN AROMATIC RICE GERMPLASM REVEALED BY QUANTITATIVE TRAITS, MICROSATELLITE AND INTERSIMPLE SEQUENCE REPEAT MARKERS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



