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ABSTRACT 

 
Molecular fingerprinting of Dabai or Canarium odontophyllum was carried out using the Directed 

Amplification of Minisatellite Region DNA (DAMD) marker.  Three primers, namely 33.6, M13 and the 

YNZ22 were selected to determine the genetic relatedness between the dabai progenies (half-sib family) and 

its maternal genotype as these primers are capable of producing informative and repeatable outcome.    A 

total of 51 loci were generated to evaluate the genetic relatedness of the dabai progenies collected from 

Sarikei.  The binary data matrix based on Jaccard’s coefficient matrix was calculated and dendrogram was 

constructed using unweighted pair group mean average (UPGMA).  Two major clusters were constructed and 

all the dabai progenies were grouped as cluster I and the mother tree in cluster II and both the clusters were 

closely related.  In addition, the neighbor-joining tree constructed based on DSA share allele showed similar 

result as UPGMA dendrogram showing close relationship among dabai progenies and maternal tree.  Besides, 

the calculation based on Jaccard’s coefficient matrix shown the average similarity of 0.77 using combination 

of all the 3 primers.  This figure supported the fact that the breeding mechanism for dabai is via cross 

pollination, thus eliminate the possibility of self-pollination as none of the the progeny is identical to its 

siblings. 

 
 Keywords: Canarium odontophyllum, Directed Amplification of Minisatellite Region DNA (DAMD) marker 
 

 

ABSTRAK 

 

Molekul fingerprinting bagi Dabai atau Canarium odontophyllum dilaksanakan dengan mengaplikasikan  

Directed Amplification of Minisatellite Region DNA (DAMD) marker.  Sebanyak tiga primer DAMD telah 

dipilih, antaranya ialah 33.6, M13 dan YNZ22 telah digunakan untuk menentukan hubungan genetik di 

antara anak-anak dabai dengan pokok induknya memandangkan primer-primer ini berkeupayaan untuk 

menghasilkan keputusan yang berinformasi di samping mengizinkan keulangan keputusan secara tak 

terhadnya.  Sebanyak 51 loci telah digenerasikan untuk menganalisis hubungan genetik bagi tumbuhan-

tumbuhan yang dikumpul di Sarikei ini.  Seterusnya, satu binari data matrik berasaskan Jaccard’s coefficient 

matrix  dikirakan dan dendrogram dikonstrukkan menggunakan  using unweighted pair group mean average 

(UPGMA).  Daripada dua kluster yang dibina, kluster I mengkategorikan semua anak-anak dabai kepada 

satu kumpulan dan pohon induk sebagai kumpulan yang berasingan dan dua kumpulan ini adalah saling 

berkaitan di antara satu sama lain.  Tambahan pula, neighbor-joining tree yang dihasilkan berdasarkan DSA 

share allele memberi keputusan yang hampir seiras dengan UPGMA dendrogram menunjukkan hubungan 

erat antara anak-anak dabai dengan pohon induknya.  Manakala, penghitungan melalui Jaccard’s 

coefficient matrix menunjukkan bahawa purata keirasan sebanyak 0.77 dikirakan menggabungkan ketiga-

tiga primer.  Data ini membuktikan bahawa mekanisme pembiakan dabai adalah melalui pendebungaan 

kacuk dan kemungkinan pendebungaan secara sendiri boleh disingkirkan di mana tiada anak-anak dabai 

yang seiras di antara satu sama lain. 

 
Kata kunci: Canarium odontophyllum,  penanda Directed Amplification of Minisatellite Region DNA (DAMD) 
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CHAPTER 1 

 

1.0 INTRODUCTION 

 

Malaysia is situated in the equatorial zone with the tropical climate makes it a relatively 

suitable growing ground for the valuable flora and fauna.   Sarawak “The land of Hornbill” 

as the largest state in Malaysia is especially blessed with astonishingly flora and fauna due 

to this amiable climate.  This amazing land is endowed with numerous species of 

indigenous fruits with valuable nutrition such as dabai.  

 

 

Dabai is known botanically as Canarium odontophyllum and is commonly known 

as kedondong, dabang, dawai, kurihang and danau majang.  This indigenous plant species 

is belongs to family Buseraceae and genus Canarium.  According to Voon (1998), this type 

of fruit is distributed along the upper Rajang River which passes Sarikei, Sibu, Kapit and 

Limbang division.  In Sarawak, this type of fruit with a bit sour taste is famous among the 

local native and is served as the nutritious and unique local cuisine.  Besides, the kernel of 

the dabai is edible and the whole fruit give high nutritional contents in term of 

macronutrients and micronutrients such as fat, protein, magnesium and phosphorus (Voon 

& Kueh, 1999). 

 

The seasonal characteristics of dabai account for the high prices and the high 

demand on dabai makes it a potential crop for commercialization.  According to Morico 

(1998), Artocarpus communis, Solacca edulis, Mangifera koetijape, Dimocarpus longanan, 

Artocarpus adoratissimus, Dimocarpus molesianus, Artocarpus adoratissimus, 

Dimocarpus molesianus and Canarium odontophyllum are the examples of fruit species 

with high exploitation value.   
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Molecular marker has revolutionalized the world of biotechnology by providing 

fast and accurate analysis.  The use of molecular marker especially the DNA marker is 

more and more common especially in the forest tree studies.  DNA marker can be used in 

tree breeding program for the estimation of genetic diversity, identification of germplasm, 

verifying controlled crosses (Neale et al., 1992).  There are several desirable properties 

outlined an ideal molecular marker such as highly polymorphic, co-dominant inheritance 

occurs throughout the genome, fast and easy assay, highly reproducibility and ease of data 

exchange between laboratories (Joshi et al, 1999).  Although it is hard to find a molecular 

marker with all the desire characteristics but based on these properties, a suitable molecular 

marker can be selected.  Thus, DAMD marker which can show high polymorphism among 

the species is believed to be the best tool to estimate the genetic relatedness between dabai 

tree and its progenies. 

 

 The directed amplification of minisatellite region DNA was first introduced by 

Heath et al. (1993).  They reported a technique called directed amplification of 

minisatellite region DNA amplified using the polymerase chain reaction (DAMD-PCR) to 

direct the amplification of tandemly repeated region of a genome.  This DAMD-PCR 

technique is one of the polymerase chain reaction based techniques.  It has some 

advantages over the conventional methods.  DAMD marker is able to produce a stable 

amplification without a high quality DNA.  Besides, the experiment with DAMD marker is 

repeatable and ensure quality outcome.  Moreover, this type of marker does not require 

extensive knowledge on molecular field and can be run easily. 

 

PCR is an in vitro technique to amplify DNA quickly by incubation with special 

primers, DNA polymerase molecules and other PCR ingredients (Campbell and Reece, 
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2002).  PCR is carried out at three phase, ie: denaturation, annealing and finally extension 

and each phase is held at specific temperature.  Saiki et al. (1988) reveal that PCR brings 

revolution especially in the study of molecular levels as it accelerate the progress of studies 

on genomic structure of various organisms and enable the amplification of the known 

nucleotides sequences of the complex genomes.  Thus, PCR based approach involving the 

DAMD marker is a valuable tool in the study of genetic relatedness in plant species. 

 

Molecular fingerprinting is considered as a best approach to study the genetic 

relatedness of the dabai progenies.  This is because anatomical and morphological studies 

are unable to give accurate data on the genetic relatedness of particular plant species as the 

morphological characteristics are highly dependent on environmental conditions.  DAMD-

PCR clones give individual-specific DNA fingerprinting patterns and are suitable for 

testing the genetic variation and cultivar identification (Joshi et al., 1999).  Therefore, the 

use of molecular fingerprinting with the DAMD-PCR will be a precise measurement to 

study the genetic relatedness between the progenies and its mother. 

 

Although dabai can be considered as a popular indigenous fruit, the genetic 

information for this species is still scanty.   It is important to document the baseline genetic 

information for dabai.  Dabai is nutritious fruit with high energy content.  It can be utilized 

as multipurpose tree and as germplasm source to improve existing cultivated fruit crop.  

Moreover, the fast growing rate of dabai and high demand towards the fruits make it 

potential for exploitation through large scale cultivation.  Hence, more research regarding 

dabai needs to be done to document the baseline genetic information of dabai.  The 

objectives of this study are as follows: 
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1. To extract good quality DNA from the Canarium odontophyllum maternal genotype 

and its progenies; 

2. To carry out the molecular fingerprinting of the Canarium odontophyllum via 

DAMD-PCR, and  

3. To determine the genetic relatedness among the maternal genotype and dabai 

progenies (half-sib family).  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Dabai (Canarium Odontophyllum Miq.) 

 

Sarawak is the land rich with the indigenous fruits and to date there are several studies 

have been carried out regarding these indigenous fruits species as the potential source of 

nutrition.  One of the examples is dabai or known botanically as Canarium odontophylum. 

 

Kingdom                          :  Plantae 

Subkingdom                     : Tracheobionta 

Superdivision                   : Spermatophyta 

Division                            : Magnoliophyta 

Class                                 : Magnoliopsida 

Order                                : Sapindales 

Family                               : Burseraceae 

Genus                                : Canarium 

Species                              : odontophyllum 

Scientific name                 : Canarium odontophylum (Mique) 

 

Dabai or C. odontphylum is also known as “Sibu Olive”.  The vernacular names for 

dabai are kedondong, dabang, dawai, kurihang and danau majang.  Besides, dabai can be 

easily found not only in Sarikei, Sibu, Kapit and Limbang division but also in Brunei 

Darussalam and the Brunei Bay region. 
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Dabai belongs to the genus Canarium and the family of Burseracea. The common 

characteristics of family Burseracea are the tree trunk are in light brown or pinkish colour 

with height between 24 to 30 metres and the tree trunk diameter of 0.6 to 0.9 metres 

(Martin, 1984).  However, there are exceptions for certain species as some can have 

superior characteristics.  For genus Canarium, it is normally grow in tropical zones and 

was abundantly distributed in lowland forests such as swamps, hillsides or ridges.  

Acording to Azlan et al. (2009), genus Canarium consists of about 100 species and was 

common at Asia, Africa and Pasific Islands. 

 

For Canarium odontophyllum alone, the tree can grow up to 21 metres.  The leaves 

of dabai are alternate, compound, penni-veined, and margin toothed with white-yellow 

colours flowers (Slik, 2006).    

                   

 

 

 

 

 

 

 

 

 

 

               

Figure 2.1:  A hermaphrodite dabai tree that grow up to 20 metres in height. 
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Dabai is oval in shape and the mature fruit give an attractive black-purple external 

appearance with yellowish flesh.  Dabai is also a type of fruit with thick mesocarp, about 6-

8mm thick (Whitmore, 1972).  In order to obtain the flesh, the mesocarp must be broken by 

soaking the fruit in hot water for few minutes.  The taste of the fruit is a little bit sour and is 

delicious eaten with salt and sugar.  In addition, the dabai seed with compress cotyledon is 

edible. 

 

Besides, dabai is an indigenous fruit with high nutritional contents and high amount 

of macronutrients and micronutrients.  According to Azlan et al. (2009), dabai consists of 

high fat (26.2%), magnesium (106 mg), calcium (200 mg) and phosphorus (65 mg) per 100 

gram. The high nutritional contents of dabai make it a suitable source of energy. 

 

The high nutritional contents and unique taste of the dabai account for its popularity.  

Thus, the demand for dabai is high and with the seasonal characteristic of dabai, it could 

easily encounter a high price in the market.  It costs about RM 8-12 in its original 

production area, Sibu and Kapit, however the price may double in Kuching.   

 

             

Figure 2.2: Price of the dabai at Batu Kawa market on 26 February 2010. 
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Dabai trees can be easily cultivated from seed and there are 50 percent chances of 

getting the male and female tree, respectively (Anon, 2008).  However, the pollens from 

the wild types are used for pollination instead of the male tree due to the undesirable traits 

of the male tree.  This is because the wild types are believed to best suit the growing 

environment and ensured more quality yields. 

 

Thus, dabai is an indigenous species with huge economic important.  First, the 

fruits contain of high nutritional value with high fat, magnesium, calcium and phosphorus 

contents and the high demand of dabai allows large cultivation on it.  Secondly, this 

indigenous fruit can be a source of germplasm for improving existing fruit crops as it is 

easily adapted to the local ecology, fast grown, exposed to less pest and disease and more 

importantly free from pesticide.  Thirdly, the tree trunk of dabai can be used for the 

production of timber products such as furniture.  

 

Revealing the potential of dabai, a series of research that will contribute to the 

discovery and understanding of economical and ecologically important traits of dabai are 

carried out at the Forest Genomic and Informatics lab in UNIMAS. 

 

2.2 Directed Amplification of Minisatellite Region DNA (DAMD) 

 

Molecular markers are sequence of protein or DNA that can be screened to show the 

variation of the organism at molecular level.  The use of molecular marker has 

revolutionized the genetic study and is capable of giving direct, fast and accurate 

diagnostic.  According to Weising et al. (2005), the use of molecular markers has 

complemented the study on genetic variability, such as comparative anatomy, morphology, 

embryology and physiology. 
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Molecular marker provides an ultimate advantage over the conventional phenotypic 

markers which are highly influenced by environmental factors.   DNA marker enables the 

elimination of environment effects and looking directly towards the variation controlled by 

the genes.  Besides, there are some desirable properties upon selection for an ideal 

molecular marker such as highly polymorphic, co-dominant inheritance occurs throughout 

the genome, fast and easy assay, highly reproducibility and ease of data exchange between 

laboratories (Joshi et al, 1999).  However, no single marker could meet the desirable 

properties.  Hence, the choice for the molecular marker is highly depends on the objective 

of the research carried out. 

 

Directed amplification of minisatellite region DNA (DAMD) marker is an example 

of molecular marker and is derived from the invention of minisatellite with tandem repeats 

between 11 to 60 base pairs.  DAMD marker is multi locus probes enable the detection of 

polymorphism between and among species.  According to Michael (1998), minisatellites 

are the tandemly repeated DNA regions of eukaryotic genomes which have been widely 

applicable in individual identification, parentage testing and genome mapping via the use 

of DNA fingerprinting.  Besides DAMD, random amplified polymorphic DNA (RAPD), 

amplified fragment length polymorphism (ALFPs), single nucleotide polymorphisms 

(SNPs) and simple sequence repeats (SSRs) are examples of useful molecular marker.  

 

DAMD marker that based on the polymerase chain reaction (DAMD-PCR) has 

several advantages over the RAPD marker.  DAMD-PCR can be carried out at relatively 

high stringencies, thus yielding highly reproducible results (Heath, 1993).   DAMD-PCR is 

also able to produce RAPD like-results. Since DAMD-PCR polymerase chain reaction 
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based techniques, it does not require high amount and quality DNA (Karaca and Ince, 

2008). 

 

Other advantages of DAMD are it is low cost for marker development and assay, 

high stability and robustness.  It is also easily operated and does not require highly trained 

personnel.  Since the selection of the appropriate molecular marker mainly depends on its 

application, the specific characteristics on DAMD marker make it an ideal predictive tool 

to study the genetic relatedness among the dabai progenies (half-sib family) and its 

maternal genotype.  

 

2.3 Polymerase Chain reaction (PCR) 

 

Polymerase chain reaction (PCR) is a molecular technique for unlimited amplification of 

targeted DNA.  This popular technique has lead to advancement in the development of 

molecular biology.  According to Karp (2002), PCR is a molecular biology technique being 

widely applied in diagnosis of infectious diseases, heredity disease detection, genetic 

fingerprinting and DNA cloning. 

 

The history of polymerase chain reaction can be traced back to 1980s and it was 

invented by Kary Banks Mullis.  With this valuable invention, he was awarded a Noble 

Prize in Chemistry at 1993. According to Saiki (1992), PCR comprises of DNA sample 

with oligonucleotides primers, deoxynucleotide triphsphates and the Taq DNA polymerase 

inside a suitable buffer, undergoing repetitive heating and cooling for several hours until 

desired amount of amplification is accomplished. 
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There are three essential steps in running a polymerase chain reaction, denaturation, 

annealing and extension. First, the reaction is initiated by an initial denaturation at 96ºC for 

1 minute to activate the DNA polymerase.  The real denaturation step occurs at 

temperature of 94ºC for 30 seconds where the double stranded DNA is denatured and 

separate into two single strands.  At this stage, the enzymatic reaction is stop as enzyme 

denatured at high temperature.  Second, the annealing step is carried out at the temperature 

of 55ºC.  At this stage, the primers are annealed with the single stranded DNA.  The 

polymerase is then attached to this region and copying the template.  The final step is 

extension at 72ºC.  According to Saiki (1988), Taq DNA polymerase is purified from 

Thermus aquatics, a microbe found in hot springs.  Thus, a relatively high temperature is 

required as Taq DNA polymerase work best at high temperature.  The nucleotides (dTTP, 

dATP, dCTP, and dGTP) complementary to the DNA template are coupled to the primer 

and making the double stranded DNA.  Lastly, the final extension temperature is held for 5 

minutes at 72ºC. 

 

2.4 Molecular fingerprinting 

 

Molecular fingerprinting refers to the techniques that reveal the levels of genetic variation 

of the organism in a rapid manner by showing the similarities and differences between 

organisms by screening the specific DNA sequences.  This is based on the concept that no 

two individuals have the same DNA sequences.  

 

Molecular fingerprinting or DNA fingerprinting is developed by geneticist Sir Alec 

Jeffreys (1984) and this technique is not restricted to human only and has revolutionized to 

wide range of disciplines.  It becomes increasing popular especially in plant molecular 
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biology such as cultivars identification, plant evolutionary study and plant genetic 

relatedness estimation.  Thus, a more precise definition based on the recent development of 

molecular fingerprinting in plant was introduced by Joshi et al. (1999).  He reveals that 

molecular fingerprinting is an investigating tool that employs the combination of several 

single locus detection systems for various aspects of plant genomes investigation.  

 

The technique of molecular fingerprinting is arisen from the discovery of 

minisatellite.  Variation between individuals in the lengths of their DNA satellite is the 

basic for one of the most revolutionary techniques in molecular biology: DNA 

fingerprinting (Goyal, 2006).  DAMD marker is based on the concept of minisatellite and 

is suitable for genetic relatedness study and is considered as a useful tool for molecular 

fingerprinting. Besides DAMD, random amplified polymorphic DNA (RAPD) and simple 

sequence repeats (SSRs) are examples of useful DNA marker for molecular fingerprinting.  

DNA markers have become powerful tools that are utilized for cultivar identification, 

parentage analysis, evaluation of genetic diversity, and construction of genetic linkage 

maps (Yamamoto et al., 2006).  

 

The use of DNA markers become more and more popular when PCR-based method 

becomes dominant in the application of molecular fingerprinting.  According to Goyal 

(2006), PCR-based molecular fingerprinting enables the use of tiny DNA for molecular 

fingerprinting.  Thus, the ease of PCR based method has speed up the development of 

DNA marker especially in molecular fingerprinting with simple protocol and capability of 

giving satisfactory result. 
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2.5 Previous studies using DAMD markers 

 

DAMD markers have been widely applied in different field especially in molecular 

fingerprinting between and within different plant species.  Thus, DAMD markers can be 

used to successfully determine genetic relatedness among dabai progenies and its maternal 

genotypes.  The potential of these markers are further supported by current research on 

other plant species that has been successfully determined using DAMD marker. 

 

Study carried out by Metais et al. (2000) that utilized the DAMD-PCR, RFLP, 

ISSR and RAPD markers in assessing polymorphism and relationships between 24 

commercial lines of Phaseolus vulgaris L.  Metais et al. (2000) revealed the effectiveness 

of DAMD-PCR as a sensitive and reproducible marker in detecting genetic variation 

between bean species and between accessions of P. vulgaris.    

 

 The experiment on the molecular distinction amongst varieties of Mulberry using 

RAPD and DAMD profiles was carried out by Bhattacharya et al. (2001).  The result 

showed that DAMD bands gave 91% of polymorphism compared to 85% by RAPD on the 

nine Mulberry varieties. 

 

 Besides, the study on direct amplification of minisatellite-region DNA with VNTR 

core sequences in the genus Oryza has been carried out by Zhou et al. (1997).  This 

experiment reveals that DAMD-PCR was potential for DNA fingerprinting in rice cultivars. 

Hence, DAMD marker is believe to be potential in determining the genetic relatedness of 

dabai. 
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CHAPTER III 

 

MATERIALS AND METHODS 

 

3.1 Sampling of plant material 

 

Samples of dabai young leaves consisting of twelve dabai progenies and one mother tree 

were collected from Sarikei.  Young leaves were chosen as it contains lower percentage of 

phenolic compounds and polypeptides.  The leaves were washed with distilled water and 

wipe till dry using the tissue paper.  Then, ethanol was wiped on the leaves surface and the 

leaves samples were kept in plastic bag and stored in -20ºC freezer. 

 

3.2 DNA isolation and purification 

 

3.2.1 Modified CTAB method 

The genomic DNA of the leaves samples of dabai was isolated using the Cetyl Trimethyl 

Ammonium Bromide (CTAB) method described by Doyle and Doyle (1990).  The leaf 

samples were ground to powder using liquid nitrogen, mortar and pestle.  The samples 

were incubated at the preheated CTAB extraction buffer (added with β-mercaptoethanol) 

for 30 minutes and then treated with Chloroform: Isoamylalcohol 24:1(CIA).  The mixture 

was centrifuged at 13000rpm for 10 minutes.  Then, 600 µl of the upper aqueous layer was 

removed and transferred to a clean tube.  600 µl of CIA was added and the mixture was 

subjected to another centrifugation at 13000 rpm for 5 minutes. Later, the DNA was 

precipitated with 2/3 of cold isopropanol.  The DNA pellet obtain was washed, dried and 

dissolved in ultrapure water.  Lastly, the DNA was quantified using the agarose gel 
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electrophoresis method.  For DNA purification, the DNA of C. odontophyllum was purified 

using the Wizard
®
 Genomic Purification Kit (Promega, USA).  First, the resuspended DNA 

was topped up with distilled water and treated with 3 µl of RNAse. Then, 200 µl Protein 

Precipitation solution was added.  The supernatant obtained after centrifugation was 

transferred to isopropanol.  Another supernatant was removed after incubation and 

centrifugation process. At this moment, 70% ethanol was added to the DNA pellet and 

centrifugation was carried out on the mixture at 13000 rpm for 10 minutes.  Lastly, ethanol 

was removed and the pellet was air-dried and stored in TE buffer. 

 

3.2.2 Fast Incubated PCR-Extraction (fasTip-X) 

Besides using the CTAB method, Fast Incubated PCR-Extraction (fasTip-X) method 

developed by Lai (2009) from the Forest Genomics and Informatics Laboratory (fGiL) was 

used for extracting DNA from dabai progenies labeled as sample 10, 11 and 12.  First, 6 

dabai leaf dics were punched from the leaf using the special equipment.  Then, the leaf 

discs were placed in a microcentrifuge tube followed by addition of 50 µl of extraction 

buffer.  Incubation at 95°C for 10 minutes was carried out.  After incubation, the tube was 

intermittently mixed by inverting and tapping.  Lastly, 120 µl of dilution buffer was added 

and the extracted DNA was stored in -20°C freezer. 

 

 

 

 

 

 

 


