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ABSTRACT 
 
 
 
 

Mango (Mangifera indica L.) is an important species of the family 

Anacardiaceae and is one of the economical value crops in many parts of the world. 

Hence, the phylogeny study of this crop is crucial as a step for improvement of its 

breeding programs.  Phylogenetic relationships among 13 Mangifera indica species 

from Malaysia, Indonesia and Taiwan were inferred by comparing DNA sequence 

data sets derived from the Internal Transcribed Spacer (ITS) region of nuclear 

ribosomal DNA (nrDNA) and analyzed using maximum parsimony (MP) method.  

The results showed that the cultivars were clustered into two major groups.  The first 

group had low bootstrap value which consisted of Malaysian cultivars.  The second 

group divided into two subclades, the first subclade consisted mainly of Taiwan 

cultivars.  The second subclade further divided into two small subclades, which 

comprised of Indonesian cultivars in the first small subclade and Malaysian cultivar 

(1) and Indonesian cultivars (2) in another one.  The findings suggested that some 

cultivars had a close relationship with each other even it is originates from different 

countries which gives better insight with regards to the relationship among these 

cultivars, thus providing useful information for generating new cultivar.   

 

  

 
  



 

 

vi

 
 
 
 
 

ABSTRAK 
 
 
 
 

 Mangga (Mangifera indica L.) merupakan spesies penting di dalam keluarga 

Anacardiaceae dan merupakan salah satu dari tanaman yang mempunyai nilai 

ekonomi di banyak tempat di dunia.  Oleh itu, kajian filogeni tanaman ini adalah 

penting sebagai langkah untuk penambahbaikan bagi program pembiakannya.  

Hubungan filogenetik di antara 13 spesies Mangifera indica dari Malaysia, Indonesia 

dan Taiwan telah ditafsir dengan membandingkan data jujukan DNA yang berasal 

dari daerah Internal Transcribed Spacer (ITS) rantau DNA nuklear ribosom 

(nrDNA) dan dianalisis menggunakan kaedah parsimoni maksimum (MP).  Hasil 

kajian menunjukkan bahawa kultivar-kultivar ini dapat dikelompokkan ke dalam dua 

kumpulan utama.  Kumpulan pertama mempunyai nilai bootstrap yang rendah terdiri 

daripada kultivar Malaysia.  Kumpulan kedua terbahagi kepada dua klad kecil, klad 

kecil pertama hampir keseluruhannya adalah kultivar Taiwan.  Klad kecil kedua 

dibahagikan lagi kepada dua klad kecil, ia terdiri daripada kultivar Indonesia di klad 

kecil pertama dan kultivar Malaysia (1) dan kultivar Indonesia (2) di klad kecil yang 

satu lagi.  Penemuan ini mengusulkan bahawa terdapat beberapa kultivar yang 

mempunyai hubungan rapat antara satu sama lain walaupun ia berasal dari negara-

negara yang berbeza, maka memberikan gambaran yang lebih baik dari segi 

hubungan antara kultivar ini, sekali gus memberikan maklumat yang berguna untuk 

menjana kultivar baru.   
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CHAPTER 1 
 
 
 
 

INTRODUCTION 
 
 
 
 

1.1  Background of study   
 
 

Mango (Mangifera indica L.) is one of the most prominent members of the 

family Anacardiaceae that is grown commercially in many parts of the world, 

particularly tropical and subtropical countries (Rajwana et al., 2011).  This is due to 

several characteristics possessed by this climacteric fruit such as stupendous quality 

(attractive appearance, great taste and adorable flavour) and excellent nutritional 

composition (diverse amount of fibre, minerals, vitamins and various antioxidant 

compounds) (Kim, 2005).   

 
 

Its genotypes are classified into two categories, namely monoembryonic which is 

mostly from subtropical regions (Indian types) and polyembryonic which is from 

tropical regions (Southeast Asian types) (Luo et al., 2011).  Over 4000 years ago, mango 

is originated from India and Burma and has been spread to Eastern Asia, Eastern Africa 

and Malaysia (Mitra and Baldwin, 1997).  Malaysia is among countries that cultivates 

mango for commercial production in Southeast Asia.  There are several cultivars of 

mango grown in Malaysia, including Chokanan (MA 224), Harumanis (MA 128), Maha 

65 (MA 165) and Nam Doc Mai (223).   

 
 

In terms of production, it is ranked as the fifth major fruit grown throughout the 

world after apples, bananas, grapes and oranges and the second most vital tropical fruit 
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(Bally et al., 2009).  Generally, there are numbers of mango cultivars that arise from 

naturally occurred open-pollinated seedlings (Iyer and Degani, 1997).  As for 

commercially grown cultivars, seedling selections with respect to characteristics like 

colour, flavour, size and taste has been done and subsequently, these cultivars are 

propagated and cultivated in a huge area (Ravishankar et al., 2004).   

 
 

According to Ravishankar et al., (2000), information with regards to genetic 

diversity is one of the most crucial parts in designing breeding programmes in order to 

maintain mango production.  Furthermore, another factor that contributes to the effective 

production of hybrids is the well-defined phylogenetic relationship between the parents 

(Nishiyama et al., 2006).  However, the phylogenetic relationship among numbers of 

mango cultivars is poorly studied and remains unclear as there are numbers of mango 

cultivars and sometimes different or synonym names are used referring to a single 

cultivar.  Additionally, the morphological based approach has led to confusion on 

cultivars identification.  Thus, creating a conflict in classification of mango cultivars.   

 
 

Rapid advances of molecular techniques such as polymerase chain reaction 

(PCR) bring an impact for the use of DNA sequences in molecular phylogenetic studies 

(Topik and Adi, 2010).  According to Germano and Klein (1999), DNA sequencing-

based method is very reliable due to the reproducibility of the results and the scope of 

application.  Duneman, (1994) has mentioned that DNA-based markers are very 

advantageous in characterizing and studying genetics similarities among cultivars, land 

races and varieties.   

 
 

Nowadays, various DNA markers namely restriction fragment length 

polymorphism (RFLP) (Ravishankar et al., 2004), random amplified polymorphic DNA 

(RAPD) (Karihaloo et al., 2003, Ravishankar et al., 2004), amplified fragment length 

polymorphism (AFLP) (Yamanaka et al., 2006) and simple sequence repeats (SSRs) 

(Viruel et al., 2005, Schnell et al., 2006) have been utilized to determine taxonomic 
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identity (Schnell et al., 2006), estimate genetic diversity (Viruel et al., 2005) and infer 

evolutionary histories of mango (Yamanaka et al., 2006).   

 
 

In this study, phylogenetic relationship of selected mango cultivars was inferred 

by using DNA sequences of  Internal Transcribed Spacer (ITS) region of nuclear 

ribosomal DNA (nrDNA), a widely used DNA marker in order to resolve phylogenetic 

relationship at various taxa (Karehed et al., 2008).  This DNA marker is very useful due 

to several features such as high copy number (Hillis and Dixon 1991), small in size, 

possess highly conserved flanks (Baldwin, 1992), rapid concerted evolution and 

universality of primers (Baldwin et al., 1995).   
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1.2 Problem statement   
 
 

Mango is well known as one of the most prominent commercial tropical fruit in 

the world that has a great taste and beneficial for health.  However, the phylogenetic 

relationship among mango cultivars is poorly studied and remains unclear as there are 

thousands of mango cultivars and sometimes different or synonym names are used for a 

single cultivar.  Moreover, it is often identified due to its morphological traits which add 

difficulties and confusion in identifying the cultivars.  Thus, lead to conflicting in 

classification of mango cultivars which result difficulty in designing effective breeding 

programmes.  Therefore, in this study DNA marker, namely Internal Transcribed Spacer 

(ITS) region of nuclear ribosomal DNA (nrDNA) has been used to infer the 

phylogenetic relationship among selected mango cultivars.   

 
 
1.3  Objectives 
 
 

The objectives of this study are: 

 

I. To amplify and sequence the ITS region of Malaysian mango cultivars  

 

II. To construct pylogenetic tree of selected mango cultivars from Malaysia, 

Indonesia and Taiwan   

 

III. To determine the utility of ITS as promising  phylogenetic marker 
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1.4  Scope of study   
 
 

This study focused on phylogenetic relationship among 13 selected mango 

cultivars from Malaysia, Indonesia and Taiwan that has been constructed based on DNA 

sequences of Internal Transcribed Spacer (ITS) region of nuclear ribosomal DNA 

(nrDNA) by using maximum parsimony (MP) method.   

 
 
1.5  Significance of study   
 
 

It is crucial to study the phylogenetic relationship among mango cultivars in 

order to provide useful information for cultivar identification, cultivar development and 

data resource for future study, improvement in breeding strategies for future gains in 

productivity and genome mapping.   
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