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Genetic stability of white Kelampayan (Neolamarckia cadamba) plantlets derived from 

callus as explant using ISSR markers 

Ngo Yi Lei 

Resource Bioteclmology 

Department of Molecular Biology 


Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 


ABSTRACT 

Neolamarckia cadamba or generally known as white Kelampayan has been perceived as one 
of the potential fast growing tree species suitable for forest plantation establishment in 
Sarawak, Malaysia due to its multipurpose and high commercial values. Hence, 
micropropagation is a prevalent method to obtain sufficient amount of unifrom plants. In the 
present study, in vitro propagation of Kelampayan was attempted through multiple shoot 
regeneration from both callus and nodal segments cultured on Gamborg's B5 medium 
supplemented with various combinations of BAP, NAA and CWo 1.0 mg/L BAP was found to 
be the most effective for shoot regeneration from callus explants (9.09%) and produced 
multiple shoots (1.6) per explant. Repeated subculturing of newly fonned nodal parts after 
each harvest up to third passage, yielded higher number of shoots (1.97) per explant was 
obtained. Inter Simple Sequence Repeats (ISSR) marker was used to detennine the genetic 
stability of micropropagated and stock plants of Kelampayan. ISSR primers, (GTG)6 had 
generated an average of 6.5 clear bands, of which 36.11 % of the loci were polymorphic 
among 77 Kelampayan samples. All ISSR profiles from micropropagated plants were closely 
monomorphic and similar to the mother plants, while low variation was induced in the second 
subculture cycle. The genetic diversity, estimated by Shannon's index, was 0.1862, revealing 
a low level of genetic variation among them. The results indicated that genetic instability was 
obtained among the micropropagated Kelampayan plantlets when subcultured to second cycle. 

Keywords: genetic stability, Neolamarckia cadamba, Inter simple sequence repeats (ISSR), 
micropropagated plantlets, callus. 
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Genetic stability of white Kelampayan (Neolamarckia cadamba) plantlets derived from 

callus as explant using ISSR markers 

Ngo Yi Lei 

Resource Biotechnology 

Department of Molecular Biology 


Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 


ABSTRAK 

Neolamarckia cadamba atau dikenali sebagai Kelampayan telah diiktiraf sebagai salah salu 
daripada spesies pokok yang membesar dengan cepat dan sesuai unluk penubuhan ladang 
hulan di Sarawak, Malaysia disebabkan oleh ia mempunyai pelbagaifungsi dan nilai komersial 
yang linggi. Oleh itu, mikropropagasi adalah salu kaedah yang lazim untuk mendapatkan 
pengeluaran komersil yang berskala besar. Dalam kajian ini, in vitro mikropropagasi untuk 
Kelampayan telah dihasilkan daripada kedua-dua kalus dan segmen nod dengan menggunakan 
medium Gamborg B5 dicampur dengan pelbagai hormon kombinasi iaitu BAP, NAA dan CW 
1.0 mg / L BAP lelah didapali paling berkesan unluk perlumbuhan semula daripada pucuk 
(9.09%) dan memperbanyakkan pucuk (1.6) bagi seliap eksplan. Kullur pucuk yang berulang 
sehingga kali ketiga lelah meningkalkan nombor pucuk (1.97) bagi seliap eksplan. Inler Simple 
Sequence Repeals (ISSR) penanda lelah digunakan untuk menganalisis kestabilan genelik anak 
pokokdan tumbuhan kawalan Kelampayan. ISSR primers, (GTG)6 telah menghasilkan purata 
6.5 band DNA yang jelas, di mana 36.11% daripada lokus adalah polimorfik antara 77 
Kelampayan sampel. Semua ISSR profil telah menunjukkan corak yang dekat monomorjik dan 
serupa, manakala variasi genetik yang rendah telah muncul pada tahap multiplikasi yang kedua. 
Kepelbagaian genetik yang dianggarkan oleh Shannon indeks, adalah 0.1862, ini telah 
mendedahkan variasi genetik adalah pada tahap yang agak rendah dalam kalangan anak pokok 
dan tumbuhan kawalan Kelampayan. Keputusan kajian ini telah menunjukkan bahawa 
kepelbagaian genetik adalah rendah antara anak pokok Kelampayan yang dilahirkan dengan 
teknik mikropropagasi. 

Kata kunci: kestabilan genetik, Neolamarckia cadamba, Inter Simple Sequence Repeals (ISSR) 

penanda, kultur tisu, kalus. 
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CHAPTER I 


INTRODUCTION 


Neolamarkcia cadamba which is commonly known as white Kelampayan, belongs to 

Rubiaceae family. It is an endemic wood species in Sulawesi, Celebes and the Moluccas 

islands (Cahyono et al., 2015). It grows naturally in a large range of area such as Philippines, 

Indonesia, India, Vietnam and Australia (Krisnawati et ai., 2011). Kelampayan has been used 

for multiple purpose ranging from wood carvings to light construction materials and furniture. 

Recently, Kelampayan has been widely promoted as one of the potential fast growing tree 

species suitable for forest plantation establishment in Sarawak (Tiong et al., 2014). They are 

seen as ideal investment choices for timber plantations or community forestry. 

However, vegetative propagation of Kelampayan by traditional methods is not successful 

due to high sensitivity of nodal segments against mechanical injury, poor rooting, easily 

susceptible to pests in the early growth stage especially nematodes and disease known as 

'sudden death of cadamba' (Gupta & Dalal, 1973; Gibson & Nylund, 1976). Besides, seed 

propagation of Kelampayan is limited due to lack of viable seed production thus leading to 

low germination rate (Bose & Chaudhary, 1991). Therefore, advanced biotechnology 

approaches including micropropagation are required for large scale production of this species 

since the distribution of this valuable tree has becomes very limited. 

Micropropagation of woody plants constitutes a noteworthy achievement in the 

commercial use of in vitro cultures (Leva et al., 2012). The ability to maintain the genetic 

stability of regenerated plants in relation to mother plant has become a prominent aspect to be 

considered during plant tissue culture. Plant tissue culture involves cultivating plants outside 

3 




the natural growth environment and requirements by optimizing various kind of physical, 

chemical and environment factors for growth (Bairu et al., 2011). However, the application of 

this alternative technique still restrained by some developmental and physiological problems 

although improved and meticulous efforts have been made in the plant tissue culture (Bairul et 

al., 2011). 

As mentioned by Singh (2005), the chance of genetic instability and polymorphism may 

be emerged within a species due to several factors such as somaclonal variation, mutation and 

recombinant of chromosome during plant tissue culture. The species may not reflect the true 

genetic composition among individuals although there are no significant visual differences in 

morphological appearance. Due to similar morphology with the interested trait of plants, 

cuJ tivation of undesired trait may be happened (Singh, 2005). These genetic variations among 

the micropropagated plants should be identified and monitored periodically in order to 

produce true-to-type plants with the desired genotype (Rani & Raina, 2000). 

One of the early methodologies that can be done is by screening the genetic variability by 

using molecular DNA markers since the morphological markers are unable to reveal the 

genetic diversity and relationships among the regenerated plants (Karp et al., 1997). Therefore, 

molecular markers that have a few protrude characteristic over the conventional phenotypic 

markers are widely used to determine and characterize the generic variation at molecular DNA 

level. They are often used to point out the genetic variability of plant genome since they are 

detectable and unaffected in each development stages (Karp et al., 1997). 

According to Verstrepen et al. (2005), ISSR is generally known as a genome region 

between the microsatellite loci. This simple and rapid PeR-based technique permits 
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characterization of polymorph isms in inter-microsatellite loci by targeting the simple sequence 

repeats that are abundant in the eukaryotic genome (Nagaoka & Ogihara, 1997; Zhou et al., 

2008). This technique involved a designated primer from either dinucleotide or trinucleotide 

simple repeats sequence to produce a large number of DNA fragments per primer. The stable, 

reliable and reproducibility features of ISSR markers allowed them to be widely used for 

phylogenetic studies, population genetics, gene tagging, DNA fingerprinting. Besides, they are 

also known as an effective tool to study the genetic diversity and detect the genetic similarities 

within species levels (Zhou et al., 2008). 

Understanding the genetic stability of regenerated woody speCIes is prominent for 

conservation management and genetic advancement for forest plantation establishment. This 

can be achieved at the seedling stage thus resulting in a better economic return due to lower 

time and cost are needed for the production of good quality planting materials. Hence, the 

present study was aimed to decipher the genetic stability of micropropagated plantlets derived 

from callus as explant by using an efficient molecular marker, ISSR marker. 

The objectives of the research are as following: 

i) To regenerate the Kelampayan plantlets via organogenesis using callus as explant. 

ii) To determine the genetic stability of micropropagated Kelampayan plantlet using 

ISSR marker. 
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CHAPTER II 


LITERATURE REVIEW 


2.1 Neolamarckia cadamba 

Neolamarckia cadamba is a timber species which endemic in Sulawesi, Celebes and Moluccas 

islands where it belongs to Rubiaceae family (Cahyono et at., 2015). This fast growing tree 

species has been developed aggressively in China, Thailand, India, Indonesia, Vietnam, 

Myanmar, Australia, Filipina, Sri Lanka, Papua New Guinea and Malaysia especially Sarawak 

(Krisnawati et al., 2011). Neolamarckia cadamba is also known as Anthocephalus chinensis, 

Nauclea cadamba and Anthocephalus macrophyllus (Krisnawati et al., 2011). 

2.1.1 Taxonomy 

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Order: Rubiales 

Family: Rubiaceae 

Genus: Neolamarckia 

Species: Neotamarckia cadamba (Roxb.) Bosser 

Source: GBIF Backbone Taxonomy (2013) 
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2.1.2 Morphological characteristics 

Kelampayan is a huge tree with a wide umbrella-shaped crown and long straight bole 

(Krisnawati et al., 2011). According to Soerianegara and Lemmens (1993), this wood species 

has straight trunk with clear round, tube shaped boles and small diameter of sdf-pruning 

branches. This timber possesses smooth, grey colour bark which distinct from the red 

Kelampayan. The leaves are glossy green and oval to elliptical shape. The fruit occur in small 

and plump capsules which packed firmly together to form a fleshy yellow-orange 

infrustescence containing more or less 8000 seeds when mature (Na'iem et al., 2014). The 

trees may achieve a height of 45 m with a stem diameter of 100-160 cm with a small buttress 

of up to 2 m. (Soerianegara & Lemmens, 1993). The height and diameter increments by 3 m 

and 7 cm individually per year (Krisnawati et al., 2011). It can be harvested in 5 years when 

the widths reach 30-40 cm (Mansur & Tuheteru, 2010). Unlike other fast growing tree species 

which have been suggested for forest plantation and community forestry, these species are 

easier to adapt to unfavorable conditions and resistant to pests (lrawan & Purwanto, 2014). 
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Figure 2.1 Morphological characteristics of Kelampayan. (A) Grey and smooth stem bark, (B) glossy green 
leaves which usually elliptical in the length of 15-50 cm and width of 8-25 cm and (C) mature fruit of 
Kelampayan (Adapted source from Krisnawati et al., 2011). 
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2.1.3 Usage 

Kelampayan has several advantages over other types of tree. High adaptability and economic 

profitability of these fast-growing species are greatly favorable by most of the local 

communities (Irawan & Purwanto, 2014). It has been selected as one of the important 

plantation tree species suitable for forest rehabilitation program in Malaysia, especially 

Sarawak (Ho et al., 2014). 

Kelampayan is classified as light hardwood that produces timber for pulp and light 

construction (Soerianegara & Lemmens, 1993). With fine and smooth texture, it is often used 

as the raw material for plywood, furniture and some accessories. Moreover, the tree can be 

grown as an ornamental and shade along the roadsides (Krisnawati et al., 2011). As stated by 

Jeker (2000), the leaves, roots, barks and fruits are widely used in medical applications since 

various parts of the plant have many bioactivities such as being hypoglycemic, hypolipidemic, 

antioxidant, antibacterial and antimicrobial. Additionally, it also possibly be used as one of the 

renewable resource of raw materials for bioenergy production such as cellulosic biofuels in the 

near future (Jeker, 2000). Therefore, this tropical timber tree is considered as a good choice 

for research activities. Due to its outstanding characteristic, they are seen as ideal investment 

choices for timber plantations or community forestry. 

However, limited propagation and cultivation information has constrained the success of 

farmers' Kelampayan seedling production efforts. To further improve the quality of this 

timber species, it is necessary to examine this wood quality periodically to improve its 

utilization (Irawan & Purwanto, 2014). 
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2.2 Inter-simple sequence repeat markers 

To date, advanced molecular biology have introduced a series of DNA markers which have 

been proved valuable in the studies of crop breeding, especially genetic diversity and gene 

mapping (Reddy et a/., 2002; Vijayan, 2005). Several molecular markers have been used to 

study the genetic variation in micropropagated plants such as amplified fragment length 

polymorphism (AFLP), randomly amplified polymorphic DNA (RAPD), simple sequence 

repeat (SSR) and inter-simple sequence repeat (ISSR) markers (Leva et a/., 2012). 

However, Gupta and Varshney (2000) as well as Staub et a/. (1996) stated that the most 

commonly used DNA marker such as AFLP, RAPD and SSR marker are still restrained by 

several factors. For example, high expense of AFLP, low reproducibility of RAPD and the 

need of previous knowledge about the flanking sequences for SSR. Hence, the polymerase 

chain reaction based DNA marker, ISSR has been developed to overcome most of these 

limitations (Meyer et a/., 1993; Wu et a/., 1994; Zietkiewicz et aI., 1994; Gupta & Varshney, 

2000). 

ISSR technique relies on the amplification of DNA fragments closely between two 

identical and inversely oriented microsatellite repeat regions (Reddy et a/., 2002). This method 

uses a single primer which constituted of a short peR reaction microsatellites sequence, 

usually in the length of 16 to 25 base pair to amplify primarily different sizes of inter-SSR 

sequences by targeting multiple genomic loci . The primers can be either dinucleotide, 

trinucleotide tetranucleotide or pentanucleotide (Reddy et a/., 2002). According to Meyer et 

a/. (1993), Wu et at. (1994), Zietkiewicz et al. (1994), Gupta and Varshney (2000), the 

primers used can be designed as either unanchored or anchored at 3' or 5' end with 1 to 4 

degenerate bases that extended into the flanking sequences. ISSR becomes highly reproducible 
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due to utilization of long primers (16-25 bp). The longer primers allowed high annealing 

temperature usually between 45-60 °C for better fixation of primers. 
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Figure 2.2 A schematic representation ofgenome amplification region targeted by ISSR. 
(Adapted source from Reddy et aI., 2002). 

2.2.1 Applications of ISSR markers 

ISSR markers have many applications In plant genome analysis attributed to the above 

mentioned advantages. For example, studies have shown that ISSR markers are widely used to 

characterize the elite gennplasm and identify the closely identical of cultivars (Korbin el al., 

2002; Reddy et al., 2002; Arolu et al., 2012), to estimate the degree of genetic diversity at 

inter and intra-specific level in variety crop species such as wheat (Nagaoka & Ogihara, 1997), 

sweet potato (Huang & Sun, 2000) and rice (Joshi et aI., 2000). In addition, ISSR is a useful 

marker system which has high potential to detect somaclonal variations in micropropagated 

plants, to screen the distribution of microsatellites in the plant genome (Bolibok et al., 2006) 

and to detennine genetic identity and genetic stability in many propagated plants such as Musa 

spp. (Lu el aI., 2011), Garcinia spp. (Mohan el al., 2012) and Stevia rebaudiana Bertoni 

(Soliman el al., 2014). 
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2.3 Polymerase Chain Reaction 

peR is an advance technique developed by Kary Mullis in 1983 (Mullis, 1993). It is a 

powerful in vitro method used for amplification of a particular segment of a nucleic acid 

(Stephenson, 2012). A DNA fragment can be replicated by over a million-fold in a relatively 

short time. DNA polymerase is used in peR method to synthesize a new DNA strand by 

adding a complementary nucleotide onto a preexisting 3'-OH end of the targeted template 

strand (Stephenson, 2012). A short, single-stranded DNA will act as primer anneals to the 

complementary sequences on the opposite strands of the template DNA by flanking the target 

region. They serve as initiation point for the addition of incoming nucleotide bases by DNA 

Polymerase (Saiki, 1990). 

Each peR cycle involved three main steps: denaturation, annealing and elongation (Saiki, 

1990). Two oligonucleotide primers will flank the interested DNA fragment to amplify it. 

DNA amplification begins with repeated cycles of heat denaturation of the DNA strand, 

annealing of the primers to the complementary sequences and elongation of the annealed 

primers with the help of DNA polymerase. At the end of the peR reaction, the specific 

sequence will be multiplied in billions of copies since each successive amplification cycles 

double the amount of the target DNA synthesized in the previous cycle (Saiki, 1990). 

According to Stephenson (2012), peR has found popularity in molecular biology and 

served for a wide range of applications including gene cloning, DNA-based phylogeny, DNA 

fmgerprinting, and DNA sequencing due to its great sensitivity. In this study, a simple and 

rapid ISSR-PCR technique was used to determine the genetic stability of micropropagated 

Kelampayan plantlets. Amplifications of ISSR marker are multi locus and polymorphic since 

the microsatellites are randomly spread along the genome (Zietkiewicz et at., 1994). The long 
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primers (16-25 bp) are resulting in higher stringency (Reddy et al., 2002). The amplified 

products are usually 200-2000 bp long and amenable to detection by both agarose or 

polyacrylamide gel electrophoresis systems. 

2.4 Plant tissue culture 

2.4.1 Conventional vegetative propagation 

According to Neumann et al. (2009), conventional propagation is the usual method of plant 

multiplication using plant tissues such as seeds and stems under outdoor conditions. Although 

traditional propagation done by cutting, pulling and division of seeds have several benefits as 

a means of propagation (Neumann et al., 2009), but George et al. (2008) stated that the plants 

produced from seeds may not provide a practical way of making new field plantings. Besides, 

it is often affected by some factors, such as seasonal constraints and lack of viable seeds 

production (Smith, 2013). 

Therefore, the alternative plant tissue culture technique has overcome the conventional 

method and enonnously used in many applications such as molecular breeding, gennplasm 

preservation and mass production of genuine planting materials through micropropagation 

method (Smith, 2013). 

2.4.2 Micropropagation 

Plant tissue culture or technically known as micropropagation is the science of maintaining 

and growing plant cells, tissues or organs extracted from the donor plant on artificial media in 

aseptic or in vitro culture (Raven et al., 1999). Gottlieb Haberlandt is the one who proposed 

this theoretical basis for plant tissue culture in 1902 which is later known as the father of plant 

tissue culture (Smith, 2013). 
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Through micropropagation, plant can be regenerated by manipulating only a small amount 

of sterile plant material ranging from single cells to stem segments under conditions favorable 

to the plant. It has been proven to be the most reliable and cost-effective approach for large 

scale propagation of identical offspring in both herbaceous and woody perennial species (Leva 

et 01.,2012; Smith, 2013). Study has been proved that micropropagation has the potential to 

increase the multiplication rate of elite genotypes and to produce improved cultivars (Leva el 

01.,2012). 

On the other hand, Bouiamrine el 01. (2012) found that one major drawback of tissue 

cultured-derived plantlets is somaclonal variation and polymorphism may arise among the 

micropropagated plantlets which might affect the quality of regenerated plantlets considerably. 

Therefore, it is necessary to check the genetic stability of micropropagated plantlets 

thoroughly before grown under field conditions. 

2.4.3 Direct and indirect organogenesis 

Regeneration of plants by micropropagation can be achieved from organ primordia that 

existing in shoot tips and axillary bud (Mathur & Koncz, 1998). Organogenesis involved in 

vitro fonnation and development of organs such as shoots and roots either directly from an 

explants or indirectly via callus differentiation through wounded parenchyma. According to 

Christianson and Warnick (1985), in vitro propagation through organogenesis usually involves 

three major stages which are dedifferentiation, induction and differentiation. 
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