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ABSTRACT 
 
Neolamarckia cadamba (Kelampayan)  is a multipurpose and fast growing plantation tree species. Nowadays, 
the research done on the Kelampayan trees is very limited. In this study, DNA barcoding of Kelampayan was 
carried out using the inter simple sequence repeat (ISSR) markers. The DNA was extracted from the plant 
leaves using fasTip-X method. Three ISSR primers which are (ACC)6G, (AC)8G and (AC)8T were used to 
determine the genetic relatedness of the Kelampayan progenies (half-sib family). A total of 94 loci were 
generated in order to determine the genetic relatedness for the progenies. Data analysis was carried out using 
NTSYS-pc and dendrogram was constructed using UPGMA method. The unrooted neighbour-joining tree 
was constructed also in order to get a more accurate result. From the dendograms and unrooted neighbour-
joining trees constructed, the mother trees and progenies were been grouped into two clusters, cluster I and 
cluster II. The average similarity based on Jaccard’s similarity coefficient calculated was in the range of 
0.433 to 0.584. This indicate that there are no self pollination occur for the Kelampayan. The ISSR markers 
were successfully been used to determine the genetic relatedness of Kelampayan mother trees and progenies.     
 
Keywords: Neolamarkia cadamba, Inter simple sequence repeat (ISSR) marker, DNA  barcoding 
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ABSTRAK 
 
Neolamarckia cadamba (Kelampayan) merupakan sejenis pokok yang mempunyai pelbagai pengunaan dan 
merupakan pokok yang cepat membesar. Pada masa kini, pengajian yang dibuat tentang spesis ini masih 
sedikit. Dalam kajian ini, penanda ISSR digunakan untuk barkod DNA bagi Kelampayan. DNA telah 
diekstrak daripada daun Kelampayan dengan menggunakan kaedah fasTip-X. Tiga primer penanda ISSR 
iaitu(ACC)6G, (AC)8G dan (AC)8T telah diggunakan untuk menentukan hubungan genetik antara anak-anak 
Kelampayan dan juga dengan pokok induknya. Sebanyak 94 loci telah didapati untuk menganalisis hubungan 
genetik sample-sampel ini. Analisi data DNA telah dibuat dengan menggunakan NTSYS-pc dan 
dendrograms telah dijana dengan menggunakan UPMGA. Selain itu, unrooted neighbor-joining tree juga 
dihasilkan untuk memastikan keputusan yang lebih tepat. Melalui dendogram dan unrooted neighbour-joining 
tree yang dihasilkan, pokok induk dan anak-anak Kelampayan  dibahagikan kepada dua kelompok iaitu 
kelompok I dan kelompok II.Purata keirasan yang dikira berdasarkan Jaccard’s coefficient adalah di dalm 
julat 0.433 hingga 0.584. Hal ini menunjukkan bahawa tiada pendenbungaan secara sendiri bagi Kelampayan. 
Penanda ISSR telah berjaya menentukan hubungan genetic untuk pokok induk dan anak-anak Kelampayan. 
 
Kata kunci: Neolamarckia cadamba (Kelampayan), Penanda, Inter simple sequence repeat (ISSR), Barkod  
                       DNA 
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CHAPTER 1 
 

INTRODUCTION 

The forest plantations become important due to the deforestation activities. The 

declines of the area of natural forest also lead to the decline in the availability of the 

natural timber sources. Therefore, reforestation has become the main issue this few 

year in order to reserve our country natural forest and also to make sure the 

availability of the timber sources in future. This phenomenon has brought to the 

development of comercial forest plantations. 

Neolamarckia cadamba (Roxb.) Bosser (kelampayan) under family Rubiacea is a 

fast growing, medium to large and deciduous forest tree species. Commonly, N. 

cadamba can be found at logged-over lowland dipterocarp forest and freshwater 

swamps (Nair, 2007). N. cadamba is a multipurpose function and utility forest trees. 

It is suitable for the plywood manufacture, packing case, wooden sandals, toys and 

short-fibred pulp (Timber Technology Centre, 1999). Besides that, it barks and leaves 

have been reported to have medicinal values (Patel and Kumar, 2007). Therefore, the 

plantations of N. Cadamba have been started in India, Sri Lanka, Myanmar, Indonesia, 

Malaysia and the Philippines (Nair and Sumardi, 2000). 

 Nowadays, the genetic information for Kelampayan is still scanty. Therefore, 

more research regarding Kelampayan need to be done to set up a proper 

documentation on the genetic background of Kelampayan to better understand the 

genetic diversity and genetic structure of Kelampayan. 
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 This study was aim to carry out the DNA barcoding of N. cadamba using the 

ISSR markers. DNA barcode is a molecular tool that can provide species 

identification and also known as a method to accelerate the discovery of new species 

(De Nicolas et al., 2008). This DNA barcoding is based on using a standard short 

region of DNA (less than 800 bp) which can be used to uniquely assign an unknown 

specimen. DNA barcode sequence must be easily produced by PCR amplifications 

with different types of primers and also high levels of variability (De Nicolas et al., 

2008), to discriminate on species level and a molecular data-base for comparison 

(Jahn et al., 2007).  

 In this project, the ISSR marker was used to barcode the N. cadamba progenies. 

Inter simple sequence repeats (ISSRs) markers are arbitrary multiloci markers which 

are produced by PCR with a microsatellite primer (Bornet and Branchard, 2001). An 

ideal molecular marker should consist several desirable properties like highly 

polymorphic, co-dominant inheritance occurs throughout the genome, fast and easy 

assay, highly reproducibility and ease of data exchange (Joshi et al., 1999).  ISSR 

marker is used in this project because no prior genomic information is required and 

this technique is stable across universal conditions of PCR parameters.  

 Thus, the objectives of this study were: 

i.) to isolate good quality of DNA from the Kelampayan progenies (half-sib 

family). 

ii.) to determine the genetic relatedness of Kelampayan progenies by using ISSR 

markers. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Neolamarckia cadamba (Roxb.) Bosser 

Neolamarckia cadamba (Roxb) Bosser is an evergreen and tropical forest tree which 

grows well at south and Southeast Asia. 

 

Kingdom                          :  Plantae 

Subkingdom                     : Tracheobionta 

Division                            : Magnoliophyta 

Class                                 : Magnoliopsida 

Subclass        : Asteridae 

Order                                : Rubiales 

Family                               :  Rubiaceae 

Genus                                :  Neolamarckia 

Species                              :  Cadamba 

Scientific name                 :  Neolamarckia cadamba 

          This tree species is a fast growing, medium to large and deciduous. N. cadamba 

also known as Kadam in India, Jabon in Jawa, Bangkal at Brunei, Kalempajan in 

Indonesia, Laran in Sabah, Kelampayan in Malaysia and others.  
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          N. cadamba is a medium-sized to large trees to 40 meter tall and without branches 

for more than 25 meter tall (Lim et al., 2005). Its diameter is around 100 cm to 160 cm. 

The crowns are in umbrella shaped and its branches are arranged in tiers. It has 13 cm to 

32 cm long leaves with orange and small flowers. Its flowers appear like solid and hairy 

orange balls. Besides that, N. cadamba fruits are small capsules and packed closely to 

form a fleshly, yellow colored infructescence containing approximately 8000 seeds.  

        Normally, N. cadamba is widely distributed from Nepal and India through Southern 

Asia like Thailand and Indo-China and eastward in the Malaysia Archipelago to New 

Guinea. N. cadamba can be found at logged-over lowland dipterocarp forest to mountain 

forest at about 1000 m and it also thrives well in freshwater swamps, in open sites and 

deep moist alluvial soils as a pioneer species (Nair, 2007).  

      The N.cadamba poses a great economical and environmental value. It is normally 

used in plywood industry, light construction and also pulping industry. This forest tree 

species is a fast growing trees which can give early returns within 8 to 10 years time. Its 

wood is also suitable for packing case, wooden sandals, toys, disposable chopsticks and 

also a short-fibred pulp (Choo, 1999). Besides that, it leaves and bark can be used as a 

medicine like astringent anti-hepototoxic, antidiuretic, antiseptic and others (International 

Journal of Green Pharmacy, 2008). N. cadamba also is an excellent choice as a shade tree 

for dipterocarps line planting. Since N. cadamba has multipurpose function and utility, it 

is favoured in plantation programmes. This species has been planted in some country like 

India, Sri Lanka, Myanmar, Indonesia, Malaysia and the Philippines (Nair, 2007). 

Besides that, it also has been introduced in some others tropical and subtropical countries 

like South Africa, Puerto Rico, Surinam and Taiwan.        
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Figure 2.1.1: Seedlings of Kelampayan Tree  Figure 2.1.2: Kelampayan flowers 

 

2.2 DNA Barcoding 

DNA barcoding also known as DNA markers or DNA fingerprinting is a taxonomic 

method which will show the similarity or difference of the organisms by screening a 

specific DNA sequence. A short stretch of nucleotide sequences which will aid in the 

specific identification of the species strains or substrains. Normally, DNA barcoding are 

used to identify cultivars, study plant evolutionary and also determine the genetic 

relatedness of the plant (Yamamoto et al., 2006). 

          DNA barcoding is relies on the existence of the minisatelites families which 

dispersed throughout the genome in a huge number of the hyper variable loci. Each 

individual minisatelites normally consist of tandem arrays of the short repeat unit and the 

DNA sequence variation will exist among this repeated unit (Lynch, 1988). There are 
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number of markers can be used for DNA barcoding. Inter simple sequence repeats (ISSR) 

marker is based on the concept of minisatellite and is a useful tool to study the genetic 

relatedness of the organisms. Besides that, directed amplified of minisatellite region 

DNA (DAMD), random amplified polymorphic DNA (RAPD) and simple sequence 

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

          However, there are some problems arise when interpreting the genetic basis of 

DNA barcoding. Generally, which markers belong to which loci is unknown because 

there are dozens of alleles may exist at some loci. Besides that, the substantial numbers of 

markers with low molecular weights will run off the end of the gel and leaving 

incomplete description of minisatellite family. Furthermore, some marker loci will be 

linked together in which case that the individual markers should not be treated as the 

independent estimators of genetic relatedness (Lynch, 1988). 

 

2.3 ISSR marker 

Inter simple sequence repeat (ISSR) marker is widely used in the genetic diversity studies 

( Zi_etkiewicz et al., 1994). ISSR marker is a novel PCR technique which used the repeat 

anchored or non anchored primers to amplify the DNA sequences between two inverted 

SSR (Galvan et al., 2003). ISSR marker is similar to the random amplified length 

polymorphism (RALP) markers but ISSR marker is an arbitrary multiloci marker which 

is produced by PCR with a microsatellite primer (Bornet and Branchard, 2001). Different 

with SSR markers, the ISSR markers have a complementary to repeated sequences rather 

than to fragments flanking those sequences. 
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      ISSR marker is quick and easy to handle. This ISSR marker is useful to study the 

interspecific or intraspecific relationships and also in plant breeding. ISSR markers do 

not need any prior genomic information or knowledge of the SSR targets sequences. 

Besides that, ISSR markers are highly reproducible due to their primer length and also to 

the high stringency achieved by the annealing temperature. It is stable across a wide 

range of the PCR parameters which means that it can be used in wide range of conditions 

in PCR. Therefore, such marker is universal, quick, easy to apply, highly reproducible 

and also polymorphous (Bornet and Branchard, 2001). ISSR marker is useful for 

assessment of genetic diversity, phylogenetic relationship, gene tagging and high-density 

genome mapping (Godwin et al., 2007). However, the ISSR also consist some 

disadvantages. ISSR is a dominant marker. The dominant markers will allow many loci 

per experiment to be analyzed without requiring any additional information about their 

sequence (Qian et al., 2001). 

       ISSR markers have been successfully used for the assessment of genetic diversity in 

corn (Kantety et al., 1995), for cultivar identification in oilseed rape and potatoes 

(Charters et al., 1996), mapping of plant chromosomes (Kojima et al., 1998) and others. 

 

2.3 ISSR Studies in Forest Tree Species 

ISSR markers have been widely used in genetic diversity studies of the forest tree species. 

Such potential uses of ISSR markers can be further supported by the current research 

done on other forest tree species. 
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      A study carried out by Sica et al. (2005) which utilized ISSR markers to show the 

differentiation among the Italian populations of Asparagus acutifolius L which is 

dioecious plant species. From the result, a high level of genetic variation was observed 

using the ISSR markers. The highest number of polymorphic loci which was 51.75% was 

exhibited in the Sassari and the lowest which was 35.09% exhibited in the Recco samples. 

     Besides that, ISSR markers have been used by Aga et al. (2005) in study the variation 

of coffee tree (Coffea arabica L.) populations from Ethiopia. Aga et al. (2000) revealed 

the effectiveness of the ISSR as a reproducible marker in determining the genetic 

variation between the coffee tree populations. 

      Furthermore, a study conducted by Culley and Wolfe (2001) by using the allozyme 

and ISSR markers in studying the population genetic structure of the cleistogamous plant 

species Viola pubescens Aiton (Violaceae). A high genetic variation had been observed 

by using the ISSR markers compared to allozymes. 

       The ISSR markers also used by Sheng et al. (2004), to study the genetic variation 

within and among populations of a dominant desert tree Haloxylon ammodendron 

(Amaranthaceae) in China. There were 84% of loci found to be polymorphic in this 

species. 

      In addiction, a study also been carried out by Kesari et a. (2010), using three 

molecular markers (RAPD, ISSR and AFLP) to study the characterization in candidate 

plus trees of P. pinnata, a potential biodiesel legume. From the results, there were higher 

level of polymorphism (94.3%) was reported in seven populations of the P.pinnata using 

ISSR markers. 
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CHAPTER 3 

 

MATERIALS AND METHODS 

 

3.1 Sampling of plant material 

Samples of Kelampayan progenies and mother trees’ young leaves were collected from 

Mukah Hill. Table 3.1 show the samples collected with the name labeled on them. The 

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

Table 3.1: Samples collected from Mukah Hill 

Mother 

trees 

MHK1 MHK13 MHK15 MHK16 MHK17 MHK22 

Progenies MH1/1  
till 

MH1/14 

MHK13/1 
till 

MHK13/9 

MHK15/1 
till 

MHK15/30 

MHK16/1 
till 

MHK16/18 

MHK17/1 
till 

MHK17/9 

MHK22/1 
till 

MHK22/20 

 

 

3.2 DNA isolation 

fasTip-X method (Lai, 2009) from the Forest Genomics and Informatics Laboratory (fGil) 

was used to isolate the DNA from the Kelampayan leaves. 6 leaf discs were punched 

from the Kelampayan leaf using special equipment. After that, the leaf discs were placed 

in microcentrifuge tube and 50 µl of extraction buffer was added. The samples were then 

incubated at 95ºC for 10 minutes. Next, the tube was intermittently mixed by inverting 

and tapping. Then, 120 µl of dilution buffer was added. Lastly, the extracted DNA was 

stored in -20ºC freezer. 
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3.3 Polymerase Chain Reaction 

 

3.3.1  PCR condition 

PCR reaction was carried out using Mastercycler Gradient PCR (eppendorf, Germany). A 

total of 40 cycles was carried out. A PCR reaction mixture which consisted of : 1X PCR 

buffer, 0.2 mM of each dNTPs, 2 mM MgCl2, 1 unit Taq polymerase (Invitrogen, USA), 

15 ng template DNA and 10 pmol of primer was prepared. The PCR profile was shown in 

the Table 3.1 below. 

 

Table 3.2: Thermal cycling profile for ISSR-PCR amplification 

Parameter Temperature (°C) Timing (min) No. of Cycle 

Initial denaturation 94.0 2.0  

Denaturation 94.0 0.5  

Annealing 50°C±10°C 0.5 40 

Extension 72.0 1.0  

Final extension 72.0 10.0  

 

3.3.2 PCR optimization 

PCR optimization was carried out using the selected  primer (ACC)6G, (AC)8T and 

(AC)8G in order to determine the annealing temperature (50°C±10°C), MgCl₂ 

concentration (1.0 mM-3.0 mM) and optimal DNA template concentration. After that, the 

PCR products were checked using the agarose gel electrophoresis. 
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3.4 Agarose gel electrophoresis (AGE) and PCR products visualization 

The extracted Kelampayan DNA samples were subjected to optimized PCR conditions 

with the selected ISSR primers. After that, the ISSR-PCR products were checked using 

the 1.5% agarose gel. 1kb ladder were used at 70 volts for 2 to 3 hours in 1X TAE buffer. 

After that, the samples were stained with Ethidium Bromide to visualize the presence of 

bands under the UV light. 

 

3.5 Data analysis 

The ISSR-PCR results were used for data analysis. First, the PCR bands produced at 

different loci at each primer in the range of 200 bp to 1400 bp were determined and 

named.  Sizes of the locus were estimated using the graph log10 marker fragment size 

versus migrated distance of the band. 

           The bands were scored as present (1) or absent (0). A band map for each primer was 

constructed. After the bandmap constructed, the binary data matrix of ISSR based on 

Jaccard’s coefficient matrix was generated referring to the data scoring and the bandmap.  

Formula Jij  =   Cij / (ni + nj – Cij) 

Where Cij  =  number of scored amplification products shared by 2 samples ‘I” and “j” 

             ni  =  number of scored amplification products in sample ‘I” 

             nj  =   number of scored amplification products in sample ‘j’ 

          Finally, a dendrogram was constructed using the unweighted pair group mean 

average (UPGMA) (Sneath and Sokal, 1973) by using the NTSYS-pc (Numerical 

Taxonomy System for Windows, Version 2.20e) computer software. The relatedness 
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between the maternal genotype and the Kelampayan progenies was estimated. The 

PowerMarker version 3.25 (Chakraborty and Jin, 1993) was used to quantify the genetic 

relatedness. Finally, the MEGA 4 software was used to construct the unrooted neighbor-

joining tree (Saitou and Nei, 1987).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 13 

CHAPTER 4 
 
 

RESULTS AND DISCUSSION 
 

4.1 DNA Extraction 

The DNA samples for the 100 progenies and 6 mother trees were isolated using the 

fasTip-X method (Lai, 2009). This extraction kit was chosen to isolate the samples 

because it is capable of high throughput genotyping. This extraction kit can overcome the 

limitation of using conventional method which is CTAB method which is incapability of 

extracting DNA from small amount of plant leaves. 

 On the other hand, the fasTip-x method only needs 6 leaf discs for extracting the 

DNA and this already is enough for giving high quality DNA. These criteria are 

important in isolating the DNA from the plant leaves since the leaves samples will 

disrupted easily when transport form the collection points to the laboratory. Furthermore, 

fasTip-x kit is easily to use since it only requires a few steps. The whole process can be 

done within 20 minutes. This is less time consuming compared to conventional CTAB 

method which need around 2 hours for extracting the DNA from the plant leaves. Besides 

that, this method is less hazardous and dangerous to us since this method not required 

liquid nitrogen and chemicals like chloroform that is necessary for isolation of DNA from 

leaves samples using CTAB method which is hazard to our health.  

          However, the DNA samples extracted using fasTip-X kit can’t be checked using 

the agarose gel electrophoresis like the DNA extracted using CTAB method. The DNA 

extracted using this new generation kit will  directly subjected to PCR screening. 


