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ABSTRACT 

Sago palm consists of trunking and non trunking types which make the researchers curious to 

know the differences between them. There were few studies conducted to differentiate the 

morphology of leaf starch granules, transcripts of RNA and the present study was carried out 

to isolate the sequences of DNA and cDNA from trunking and non trunking sago palm 

primarily to distinguish the differences of genes and RNA transcripts of both species. The 

sequence isolation was done using DNA and cDNA templates. Samples were collected from 

Pelita Dalat Plantation, Mukah in Sarawak. The result showed that DNA sequences were 

successfully amplified from trunking sago palm and preceded with cloning whereby the 

Colony PCR was successfully performed. The analysis of sequences denoted that some 

portion of the sequences encoded some types of proteins namely AAA-type ATPase family 

protein and Protein MSP1.  

Keyword: Trunking, non trunking, DNA template, cDNA template, colony PCR. 

 

ABSTRAK 

Pokok sagu terdiri daripada jenis-jenis berbatang dan tidak berbatang yang membuatkan 

para penyelidik ingin tahu perbezaan antara mereka. Banyak kajian telah dilakukan untuk 

membezakan morfologi daun padi, transkrip RNA dan kajian terkini dijalankan untuk 

mengasingkan urutan DNA dan cDNA daripada pokok sagu yg mempunyai dan tidak 

mempunyai dahan terutamanya untuk membezakan kelainan gen dan transkrip RNA untuk 

kedua-dua spesis. Pengasingan urutan dibuat menggunakan templat DNA dan cDNA dan 

sampel diambil daripada ladang Pelita Dalat, Mukah di Sarawak. Keputusan diperoleh 

menunjukkan urutan DNA daripada pokok sagu yang berbatang berjaya diperbanyakkan dan 

diteruskan dengan pengklonan di mana PCR koloni berjaya di lakukan. Analisis urutan 

tersebut menunjukkan setengah tempat daripada urutan tersebut mengekod sebahagian  

protin iaitu keluarga protin AAA-type ATPase dan protin MSP1. 

Kata kunci: pokok sagu berbatang, pokok sagu tidak berbatang, templat DNA, templat cDNA, 

PCR koloni. 
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1.0 Introduction 

Sago palm is any various tropical palm trees that will produce sago such as genera 

Metroxylon, Arenga and Caryota sp. It is a monocotyledonous plants in the order Arecales 

family Palmae and subfamily Calamoideae. The word sago is originally from Javanese which 

means starch containing palm pith. The true sagu palm is a pinnate-leaved palm occurring in 

the hot humid tropics of South-East Asia and Oceania (Flach, 1977). This sago palm can only 

grow in both the mineral soil and under the harsh swampy environment. The swamp or peat 

area occupies 75% of Sarawak’s coastal plains and lowland river basins (Roslan et al., 2008).  

The main product of sago palm is starch and it is stored in the trunk of the plant. Sago 

palm can be termed as trunking and non trunking based on the production of starch. Those 

who produce starch are called trunking sago palm while those who do not produce starch are 

termed as non trunking sago palm reported by Hussain and Kaur (2009). Trunking sago palm 

normally grow on the shallow peat that contain minerals like nitrogen, phoshorus and 

potassium to sustain the natural development and trunking of palm (Siong et al., 2005) while 

non trunking sago palm grow in deep peat and minimum maintenance is required in plantation 

(Wan Sulaiman et al., 2005).  

In the last 25 years, research on sago palm has increased considerably and the reason 

to extend this sago palm research according to Stanton (1993) are the advantages of it in many 

aspects for instance economically acceptable, relatively sustainable, environmentally friendly, 

uniquely versatile, vigorous and promotes socially stable agro forestry systems. The trunking 

develops on sago palm with normal appearance after eight years while non trunking sago 

palm is still with rosette like appearance after more than eight years.  
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This problem is being studied and research is under going in better development of 

sago palm and to attain deeper understanding of the palm species as an agricultural crop 

which then overcoming the various production constraints. Crop analyses of trunking and 

non-trunking sago palms in the plantations and neighboring smallholdings on shallow peat 

provided information on biomass allocation with age and early insight into the dynamics of 

mother palm and sucker relationships (Wan Sulaiman et al., 2005).  

Difference between trunking and non trunking sago palm has made people curious and 

starting to search deeply to find the answer. Research on normal trunking and stunted non 

trunking sago palm has been been started to compare the difference in transcript patterns and 

identify them (Personal communication; Anastasia Shera, UNIMAS) and this project is 

continued using the cDNA and DNA templates of both types to provide the information of the 

trunking and non trunking sago palms. Also, differences between them by isolating the DNA 

and RNA transcripts as well as identifying the sequences using the primer designed from the 

previous study which then further investigation can be performed through the comparison of 

the sequences in both transcripts.  

Isolation of sequences from selected transcript of sago palm is accomplished by 

designing primers of the sequences and followed by Colony PCR and Reverse Transcription 

PCR to amplify a targeted DNA molecule. Amplification using Colony PCR and Reverse 

Transcription PCR had been used as they enabled both detection and quantification of one or 

more specific sequences in a DNA sample. Northern blotting is often used to estimate the 

expression level of a gene by visualizing the abundance of its mRNA transcript in a sample.  

 

 

 

http://en.wikipedia.org/wiki/Northern_Blot
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In these methods, purified DNA and RNA are separated by agarose gel 

electrophoresis, followed by amplification using PCR. If using DNA template, the purified 

DNA is continued with cloning to determine the inserts while the purified RNA is transferred 

to a solid matrix such as a nylon membrane and probed with a specific DNA or RNA 

probe that is complementary to the gene of interest.  

Hence, the objectives of this study are to isolate sequences from the DNA and RNA 

transcript using gene-specific primers, investigate and compare the RNA transcript designs of 

trunking and non trunking as well as to differentiate the sequences from both species.  
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 2.0 Literature Review 

2.1 Sago palm 

 

Figure 1: Leave sample of trunking sago palm 

 

The sago palm Metroxylon has been described as humankind’s oldest food plant (Avé, 1977) 

and the earliest account of the plant that reached western countries dates back to the 18th 

century (Rumphius, 1750).  The trunk contains starch is used by the plant as a reserve food for 

flowering and fruiting. This starch has long been a staple food for humans in South-East Asia 

and as with most other palms, nearly all the other parts of the plant are used for subsistence. It 

is mainly grown in areas of the developing world and generally found at low elevations in 

swamps.  

The genus is important in traditional societies in few countries such as Malaysia, 

Indonesia, Philippines and Papua New Guinea. Due to their value, Metroxylon species have 

been moved from place to place by aboriginal peoples with much of the present distribution 

probably due to multiple ancient introductions (McClatchey et al., 2006).  
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2.2 Sago Palm Research 

Research on sago palm which grown on the peat soil with low nutrient composition showed 

that they reach maturity one to three years later than those grown on mineral soil and their 

annual trunk production is lower by 25% (Wan Sulaiman, 2005). However, the first sago 

plantation in Sarawak on deep peat showed the high seedling mortality rate and able to 

develop trunks. This improvement is because of the water table control that provides optimal 

rooting environment and through pruning and desuckering that can facilitate trunking and 

trunk mass increase (Noraini et al., 2005).  

 In addition, there was a research done to isolate and characterise cDNA clones 

encoding ADP-glucose phyrophophorylase (AGP) to study the molecular biology of sago 

palm starch metabolism and catabolism (Au, 2001). The latest study of different patterns 

between trunking and non trunking sago palm by Master student in University Malaysia 

Sarawak to differentiate both sequences by isolating their cDNAs and this study will be 

continued until the full length cDNA is generated. Then, comparison can be made and DNA 

marker would be developed for further diagnosis of trunking and non trunking sago palm. 

Some of the trunks are normal and some are stunted. Due to this variation, researchers have 

started to explore and study more about their differences.  

 In this project, variation methods are applied to obtain sequences from DNA and 

cDNA templates. The use of Colony PCR and RT PCR together with analysis of the 

sequences would be performed to compare the sequences of both trunking and non trunking 

transcripts since RT PCR is able to qualify and quantify a targeted DNA to quantify 

messenger RNA and non coding RNA in cells or tissues while Colony PCR is able to screen 

the colonies of the desired plasmid. Thus, any colonies which give rise to amplification 

products of the expected sizes are likely to contain correct DNA sequences.   
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2.3 Polymerase Chain Reaction (PCR) 

PCR has been widely used especially in the medical and biological sciences since it was being 

introduced at the Cold Spring Habour 51
st
 Symponium on Quantitative Biology as stated by 

Mullis et al. (1986). It is an enzymatic synthesis of specific DNA (Fox et al., 1991) using two 

specific oligonucleotide primers that hybridize to opposite strands and flank the region of 

interest in the target DNA during cellular DNA replication with DNA Polymerase (Henry, 

1992).  

 According to Kolmodon and Birch (2002), oligonucleotide primer is single stranded 

DNA sequences of 20-30 nucleotides that serve as point of attachment for the DNA 

polymerase. The DNA polymerase and Taq polymerase catalyze the buffered reaction in 

which and excess of an oligonucleotide primer pair and four deoxynucleotidetriphosphates 

(dNTPs) are used to make millions of copies of the target sequences (White, 1997).  

This PCR process involves three fundamental steps as define by one PCR cycle. In 

each cycle, denaturation takes place by heating to separate double-stranded DNA, two 

oligonucleotide primer are annealed to complement the segments on the DNA and the DNA 

Polymerase synthesize the complementary DNA sequences between two primers to produce 

many copies that can be used as template in subsequent cycles. Every cycle of PCR doubles 

the amount of target copies. Therefore, PCR has an enormous impact in both basic and 

diagnostic aspects in molecular biology. 
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2.4 Cloning 

Cloning technology enables the multiplication of a single cell into thousands of cells. The 

DNA fragments are separated by agarose gel electrophoresis and purified. To be able to ligate 

the fragments into the cloning vector pGEM-T (promega), non base-paired adenines are added 

at the 3’ end. The plasmid pGEM-T is a linearised vector containing terminal thymidines at its 

end which complements the adenine overhang. The Taq Polymerase is used to adenylate the 

3’ termini of the purified DNA fragments because the gel extracted PCR fragments lost their 

adenine tail (Ottow, 2005).  

 The amplified PCR products can be cloned if the restriction sites for specific enzymes 

are introduced at the 5’ end of each primer. Incorporation of a T7 promoter at the 5’ end of 

one primer will allow the use of DNA polymerase enzyme to get DNA copies of PCR 

products. The purified products are purified and ligated to pGEM-T Easy vector (Promega) 

and the chimeric vector is multiplied in E.coli cells and the insert is sequenced using universal 

M13 primers (Gupta, 2009).  

 Since the PCR products consist of a pool of different DNA fragments, cloning is done 

to separate and amplify these fragments. Separation is carried out by ligation into the vector. 

The resulting chimera of PCR-DNA and vector-DNA is transform into the host cell and this 

host cell amplifies the plasmid and multiplies itself in creating a colony (Biosynthesis of the 

unique Necic, n.d.).  
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2.5 Colony Polymerase Chain Reaction (Colony PCR) 

Colony PCR is the screening of bacterial such as E. Coli or yeast clones for correct ligation or 

plasmid products (Plourde-Owibi et al., 2005). It is conducted to determine if the colony 

contains the DNA fragments or plasmid of interest (Bisen et al., 2010). It allows the rapid and 

efficient detection of cloned inserts from plasmids. By using the SP6 and T7 as forward and 

reverse primers, it is possible to discern both insert presence and orientation from the resulting 

PCR products (Dieffenbach & Dveksler, 2003). 

 For sequence verification, the Colony PCR product that results in single band may be 

diluted and used in cycle-sequencing reaction. The amplification uses oligo-dT primer that 

has low annealing temperature. It is recommended to determine the sequences of at least four 

inserts per candidate since both primary and processes 5’ ends may very by a few nucleotides 

(Hartmann et al., 2009).  This colony PCR therefore is able to determine the inserts that 

required to be further analysed to obtain the sequences isolated.  

 

2.6 First Strand Synthesis  

First strand synthesis is the process of converting the RNA into cDNA. A short double-

stranded sequence is needed at the 3' end of the mRNA that acts as a start point for the 

polymerase. This is provided by the poly(A) tail found at the 3' end of most eukaryotic 

mRNAs to which a short complementary synthetic oligonucleotide (oligo-dT primer) is 

hybridized together with all four deoxynucleotide triphosphates, magnesium ions and the 

reverse transcriptase synthesizes a complementary DNA on the mRNA template at neutral pH 

(Walker & Rapley, 2008). 
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Each mRNA molecule in the mixture with a poly (A) tail can be a template and 

produce a cDNA in the form of a single stranded molecule bound to the mRNA. The cDNA 

needs to be converted into a double stranded DNA before it can be manipulated and cloned by 

using another DNA polymerase. The mRNA then removed from the single stranded cDNA 

mRNA hybrid to produce the template for the polymerase by boiling or alkaline treatment. 

Then, single stranded cDNA is used as a template to produce second DNA strand (Croy, 

1998). This cDNA synthesis is important to generate many cDNA sequences of trunking and 

non trunking sago palm as greater amount of sequences are needed to undergo Real-Time 

PCR.  

 

2.7 Reverse Transcription Polymerase Chain reaction (RT-PCR)  

RT-PCR is a procedure for amplification of nucleic acid sequences from a cDNA template 

using oligonucleotide probes to detect and quantitate the PCR products (Bisen, Debnath & 

Prasad, 2010) resulting in second strand synthesis. It is sensitively and reproducibly quantifies 

the initial amount of starting templates and possible to analyze several transcripts 

simultaneously. The use of RT-PCR to measure levels of expression of specific mRNA 

requires isolation of RNA, conversion of RNA into cDNA by the enzyme reverse 

transcriptase (RT) and finally amplification and detection of accumulating products in real-

time (Walker & Rapley, 2008).  

The gene specific and oligo-dT primers are used with success to amplify the cDNA. 

Instead of accurate, this method is fast and simple to be performed. RT-PCR has many 

applications such as the assessment of transcript levels in different calls and tissues and 

allows the amplification of cDNA from single chromosome. It is widely used as diagnostic 

tools in microbiology and virology.  
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2.8 DNA Sequencing and Analysis 

The first DNA sequences were obtained by academic researchers, using laborious methods 

based on 2-dimensional chromatography in the early 1970s. According to Hoelzel and Dover 

(1991), the term of DNA sequencing refers to the optimal method of population comparison 

in both of high resolution and facilitations interpretation which determining the order of the 

nucleotide bases, adenine, cytosine, guanine and thymine, in a molecule of DNA. 

 The DNA sequencing provides the greatest resolution for detecting genetic variation 

and phylogenetic relationship between species and populations. It is a powerful for 

measurement of genetic characterization among population and species (Henry, 1992). The 

DNA sequencing has significantly increases the biological research and discovery. The rapid 

speed of sequencing attained with modern DNA sequencing technology has been instrumental 

in the sequencing of the human genome namely Human Genome Project. Analysis of the data 

obtained after sequencing can be done using software provided such as Clustal X, Chromas, 

Molecular Evolutionary Genetic Analysis (MEGA) and more.  
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3.0 Materials and Methods 

 

3.1 Sampling 

Samples of trunking and non trunking sago palm were taken from Pelita Dalat Plantation, 

Mukah in the year of 2008 and 2010 (Personal communication; master student) and the 

samples are kept in -80
0
C until needed for analysis.   

             Pelita Dalat Plantation, Mukah 

    

Figure 2:  Sampling location of trunking and non trunking sago palm Pelita Dalat Plantation, Mukah. 

 

3.2 DNA Template 

3.2.1 DNA Extraction 

Total DNA was extracted from tissue of trunking and non trunking sago palm using a CTAB 

procedure by Doyle & Doyle (1984) with minor modification. The CTAB isolation buffer was 

preheated in 1.5 microcentrifuge tube at 60
0
C in a water bath for 15 minutes. While waiting, 

about 0.3g fresh tissue of both trunking and non trunking sago palm was ground using pre-

chilled mortar and pestle and transferred to the preheated solution. The solution was briefly 

mixed and incubated at 60
0
C for 30 minutes with gentle swirling.  
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 After that, the mixture was cooled at room temperature about 10 minutes and followed 

by adding 500µl of chloroform:isoamyl alcohol (24:1) with thoroughly mixing before 

centrifuged at 13,000 rpm for 30 minutes. Then, the supernatant was collected into new clean 

eppendorf tubes and centrifuged again. The clear supernatant was added with 1/10 volume of 

Sodium Acetate and 2 volume of 100% ethanol and left overnight at -20
0
C. The next day, the 

solution was centrifuged at 13,000 rpm for 30 minutes and the solution was discarded slowly 

right after centrifugation. Finally, the DNA pellet was resuspended in 30 µl TE buffer and air 

dried.  

 

3.2.2 Gel Electrophoresis 

1% of agarose powder was used for visualisation after DNA extraction. The preparation of 

agarose gel as described below:  

0.25g of agarose powder was weighted and added into a flask with 25ml TBE buffer 

solution followed by heating in microwave for 2 minutes and the casting tray was arranged 

with comb. About 0.5 µl of ethidium bromide (EtBr) was added into the agarose solution and 

poured off into the casting tray.  

 After cooling for 20 minutes, the gel was put into the tank containing TBE buffer. At 

least 3 µl ladders were used and 5µl DNA was mixed with 1 µl loading dye. They were 

loaded into the wells of the gel and running at 100 Volt. This process stopped until the bands 

reached the second bottom line and viewed under UV light to detect the DNA. The image was 

captured using documentation system.  
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3.2.3 Primer Design 

The sequences of the primers were designed based on previous study (Personal 

communication; Anastasia Shera) to compare the differences in transcript patterns between 

trunking and non trunking sago palm and identify them using cDNA templates. These primers 

were designed using online software tools based on GC contents and melting temperature.    

1. Sequences from previous study   

Id: 2.3.5:  TTTTTGCCATGGAAGATTTTTAGCCGTACCACACGTGAATAACAACAGA 

Primer sequences: 5’-TTAGCCGTACCACACGTGAATAACAACAGA-3’ 

GC contents: 43.33% 

Melting temperature: 60
0
C 

 

2. Sequences from previous study   

Id: 2.7.1:  CAAGGGTGGATCAAATAAAATTGTTCAATTATTTGTGAATTA 

Primer sequences: 5’-AGGGTGGATCAAATAAAATTGTTCAATTATTTGTGAATTA-3’ 

GC contents: 26.19% 

Melting temperature: 60
0
C 

 

3. OPD18 was also been used which obtained from Assoc. Prof. Dr. Hairul Azman 

Roslan. 

Primer sequences: 5’-GAGAGCCAAC-3’ 
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3.2.4 Polymerase Chain Reaction (PCR) 

The DNA observed during screening was amplified using PCR. The amplification performed 

using Gene Specific Primer from trunking sago palm and OPD18 Primer in a gradient cycler 

(Biorad) for 35 cycle with 25µl reaction volume containing 5X PCR Buffer, 10mM OPD 

Primer, 10mM Gene Specific Primer, 10mM Deoxyribonucleotide triphosphate (DNTP), 5 

U/µL Taq Polymerase, 25mM Magnesium Chloride (MgCl2), double-distilled water (ddH2O) 

and total DNA.  

Cycle parameter of optimization was used as follows: initial denaturation at 95
0
C for 2 

minutes, denaturation at 94
0
C for 45 seconds, annealing at 30

0
C to 50

0
C for 1 minute, 

extension at 72
0
C for 2 minutes and final extension at 72

0
C for 5 minutes. The optimization of 

the annealing temperature was conducted via gradient PCR amplification and the PCR 

products were electrophoresed on 1% agarose gel.  

 

3.2.5 Purification 

After visualisation, a few bands appeared and purification has been done using Nucleic Acid 

Extraction kit (GF-1) following the instruction given by the manufacturer. The PCR products 

were run on agarose electrophoresis to confirm DNA band. Then, the bands appeared were 

cut under the UV light and put into 1.5ml microcentrifuge tubes.  

Each tube was added with 1 volume of Buffer PCR and incubated at 50
0
C until the gel 

has completely melted. The melted sample was added into the column and centrifuged at 13, 

000rpm for 1 minute. The supernatant obtained was discarded and reinserted the column into 

the collection tube.  


