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ABSTRACT 

Sago palm or Metroxylon sagu is a monocotyledonous plant that belongs to the family 
Palmae and subfamily Calamoideae. In Sarawak, sago palm is one of the economically 
important agricultural crops. Cysteine protease plays a pivotal function in the growth and 
development of plant. It is also vital in programmed cell death (PCD). Cysteine protease 
gene has been known to be involved in regulated expression cysteine protease in sago 
palm. However, there are not much research have been carried out. Therefore, this study 
was performed to detect the regulatory elements such as promoter region for cysteine 
protease gene expression in sago palm. In this study, DNA was extracted by using a 
modified Doyle and Doyle method. Isolated DNA was cut into smaller fragments using 
restriction enzymes and the 3' overhangs were ligated to overhanging primers. The 
adaptor-ligated DNA was used to conduct genome walking. Bands were observed in the 
PCR amplification. However, the bands were too faint to be extracted from the gel and sent 
for sequencing though several PCR optimizations were done. Hence, the promoter region 
of cysteine protease gene was not obtained. 

Key words: Sago palm, genome walking, cysteine protease, promoter 

ABSTRAK 

Pokok sagu atau Metroxylon sagu adalah sejenis tumbuhan monqkotiledon yang tergolong 
dalam keluarga Palma dan subkeluarga Calamoideae. Di Sarawak, pokok sagu adalah 
salah satu tanaman pertanian yang penting dari segi ekonomi. Cysteine protease 
memainkan perananfungsi yang penting dalam pertumbuhan dan perkembangan pokok. fa 
juga penting dalam kematian sel terprogram. Gen cysteine protease diketahui terlibat 
dalam ekspresi terkawal cysteine protease dalam pokok sagu. Walau bagaimanapun, tidak 
ban yak penyelidikan yang telah dijalankan. Oleh itu, kajian ini dijalankan untuk 
menentukan unsur-unsur kawal selia seperti rantau promoter untuk ekspresi gen cysteine 
protease dalam pokok sagu. Dalam kajian ini, DNA diekstrak dengan menggunakan 
kaedah Doyle and Doyle yang telah diubahsuai. DNA terekstrak dipotong kepada serpihan 
kecil dengan menggunakan enzim pemotongan dan hujung 3 ' tersebut dilekatkan kepada 
primer gantungan. DNA yang terhasil itu digunakan untuk menjalankan genome walking. 
Fragmen DNA diperhatikan dalam proses PCR. Namun, fragmen DNA tersebut adalah 
terlalu malap untuk diekstrak daripada gel dan dihantar untuk penjujukan walaupun 
beberapa pengoptimaan PCR dijalankan. Oleh itu, rantau promoter gen cysteine protease 
tidak dapat diperolehi. 

Kata kunci: Pokok sagu, genome walking, cysteine protease, promoter. 
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1.0 INTRODUCTION 


Sago palm or Metroxylon sagu is a monocotyledonous plant that belongs to the family 

Palmae and subfamily Calamoideae (Karim et al., 2008). Sago palm can grow on many 

types of soils such as well drained, poor quality sand or clay (McClatchey et at., 2006). It 

can tolerate to salinity, prolonged flooding, acidic and wet soils. In Sarawak of Malaysia, 

sago palm is one of the economically important agricultural crops (Karim et al., 2008). 

According to Flach (1997), sago is important especially for the production of edible starch 

that is a staple food for humans. Sago palm can also be used for thatching, material for 

floor or as a fuel (Flach, 1997). 

Cysteine protease plays a pivotal function in the growth and development of plant. 

According to Callis (1995), cysteine protease is engaged in maturation, degradation and 

rebuilt of protein in response to different external stimuli. When plants experienced 

stresses such as high or low temperature, drought and salinity, cysteine protease is 

synthesized to eliminate the misfolded and damaged protein and replaces them with the 

newly formed proteins (Grudkowska & Zagdanska, 2004). . . ' 

Besides that, cysteine protease is crucial in senescence and programmed cell death 

(PCD) (van der Hoorn, 2008). In pathological process, PCD is important as it is part of the 

plant defense mechanism to remove infected, mutated or damaged cells from healthy 

tissues (Grudkowska & Zagdanska, 2004). The connection between PCD and 

developmental changes and differentiation of plant is correlated with the induction of 

cysteine protease. For example, cysteine protease was induced during xylogenesis of 

Zinnia elegans (Grudkowska & Zagdanska, 2004). 

2 




Therefore, cysteine protease is really crucial for the growth and survival in plants. 

Without cysteine protease, the defense and developmental mechanisms are affected. To 

regulate the expression of cysteine protease gene, promoter plays an important role. 

Promoter is the segment of DNA that is involved in the regulation oftiming and location of 

gene expression (Chawla & DeMason, 2003). Nevertheless, there are not much research 

have been carried out. 

In this project, genome walking was carried out to verify the upstream sequences of 

the cysteine protease gene and at the same time to access the promoter region of cysteine 

protease gene in sago palm. Infonnation about the isolation and sequencing of the 

promoter sequence of cysteine protease gene is very limited. Hence, this project was aimed 

to help in the facilitation of regulating the cysteine protease gene in sago palm. 

3 




2.0 LITERATURE REVIEW 

2. 1 Background of Sago Palm 

Sago palm or Metroxylon sagu is a monocotyledonous plant that belongs to the family 

Palmae and subfamily Calamoideae (Karim et al., 2008). In Sarawak, sago palm is one of 

the economically important agricultural crops that can bring huge revenue (Karim et aI., 

2008). According to Flach (1997), sago is important especially for the production of edible 

starch that is a staple food for humans. Recently, the interest towards this crop increases 

due to several reasons. Sago palm is economically acceptable, relatively sustainable, 

environmentally friendly, uniquely versatile, vigorous, and promotes socially stable 

agroforestry systems (Stanton, as cited in Flach, 1997). 

Figure 2.1: Metroxylon sagu (adapted from McClatchey et al., 2006). 
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2.1.1 Vernacular Names and Taxonomy 

The name Metroxylon sagu is derived from Greek with metra refers to pith of tree or 

parenchyma while xylon refers to the xylem (Flach, 1997). Sago is a word that originates 

from Java and means 'starch containing palm pith'. However, there are various types of 

vernacular names that are given to this type of plant depending on the locality. Metroxylon 

sagu is known as sagoutier in French, thagu-bin in Burmese, lumbia in Filipino, 

Sagopalme in German, sa khu in Thai, sa kuu in Cambodian and 'true sago palm' in 

English. Apart from that, there are several names that are given for Metroxylon sagu in 

Malaysia. For example, Melanau which is a group of native in Sarawak gives the local 

name of balau to Metroxylon sagu. Metroxylon sagu is also addressed by Malaysians as 

rumbia. Metroxylon sagu is in the family Palmae Jussieu or Arecaceae and subfamily 

Calamoideae. There are two synonyms for Metroxylon sagu, namely Metroxylon rumphii 

and Metroxylon squarrosum (Flach, 1997). 

2.1.2 Ecology and Geographical Distribution 

Metroxylon sagu grows at latitude between 10~ and lOoS !~athur et al., as cited in Tie, 

2004). Besides that, it grows well at 25°C and above together with humidity of 70% (Flach, 

1997). In cold climates, Metroxylon sagu grows slower as it is unable to withstand the frost 

(McClatchey et al., 2006). Metroxylon sagu can be found in areas that have annual average 

rainfall of 2000 mm to 500Omm. The rainfall should be high throughout the year because it 

does not tolerate well to water shortage condition. However, Metroxylon sagu can tolerate 

windy condition such as bad storms. As a result, Metroxylon sagu survives in tropical 

lowland forest, freshwater swamps, riverbanks and ponds. On the other hand, Metroxylon 

sagu can grow on many types of soils such as well drained, poor quality sand or clay. It is 
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the only starch crop that can grow in acidic peat soil with high concentrations of metals 

like aluminium, iron, and manganese because it can tolerate the pH range of 4.0 to 7.4 

(McClatchey et al., 2006). 

Due to the importance of Metroxylon sagu in economy, aboriginal people have 

moved the Metroxylon sagu from place to place. The centre of origin ofMetroxylon sagu is 

Maluku (Beccari, as cited in Ellen, 2006). According to Ellen (2006), Metroxylon sagu is 

present all over the north and central Maluku. Other than Maluku, Metroxylon sagu is also 

widely distributed in countries of South East Asia such as Thailand, Burma, Peninsular 

Malaysia, Indonesia and Philippines. Apart from that, Metroxylon sagu can also be found 

in the coastal areas of Papua New Guinea and Solomon islands (Ellen, 2006). 

6 
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Figure 2.2: The geographical distribution of Metroxylon sagu. The extent of the genus Metroxylon is indicated by the outer line whereas the extent of 
the species saRu is indicated by the inner line (adapted from Ellen, 2006). 
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2.1.3 Functional Uses 

According to Flach (1997), the pith of Metroxylon sagu contains starch that is used by the 

plant as a reserve food for flowering and fruiting. A trunk of Metroxylon sagu can give a 

yield of dry starch from 150kg to 400kg. Starch can be converted to glucose, when is then 

converted to a product of alcohol named ethanol. The ethanol produced can be used as a 

renewable fuel (Flach, 1997). 

It was reported that the production of starch in Metroxylon sagu is four times larger 

than paddy (Oryza sativa) (Karim et al., 2008). Hence, Metroxylon sagu is important for 

the production of edible starch that is a staple food for humans (Flach, 1997). People 

consume Metroxylon starch directly as raw chunks of pith or indirectly as baked pieces of 

pith (McClatchey et al., 2006). For example, starch is used to make sago pearls that can be 

used in the preparation of three-palm pUdding. Starch is also mixed with groundnuts to 

make "lempeng" that is a kind of desserts (McClatchey etal., 2006). 

Other than as a food, Metroxylon sagu is also vital for its medicinal properties . 
.. 

Metroxylon starch can be utilized to treat diseases such diarrhea and stomach pains 

(philippine Medicinal Plants, n.d.). The starch is mixed with water before drunk by the 

patients. Starch is also applied on the forehead of patient to cure headache. Besides that, 

starch can also be utilized to treat minor bums or wounds. By applying starch paste onto 

the bums, the affected areas can be protected from the infection of bacteria and virus. 

Starch also speeds up the rate of healing (Ramnath et al., 2012). The sago leaves can be 

used as a protection cover by putting them on the fresh or infected sores until they heal. 

When new borns face the enlargement of spleen, liquid starch can be used to treat them 

(Philippine Medicinal Plants, n.d.). 
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After removing the starch, the pith is ground and used as a feed for pigs, horses and 

chicken (McClatchey et ai., 2006). On the other hand, Metroxylon sagu is also important as 

a construction material. For example, the oldest leaves ofMetroxylon sagu can be removed 

and used for thatching (Flach, 1997). The rachis of the leaves is taken off, folded and sewn 

together with the wooden lathe. Then, the thatch is used to cover the top of a house and this 

can last for 6 to 8 years. People like to live in houses with such roofs because it is cooler. 

Furthermore, less noise is made during rainy day. The rachis of fronds is used to make the 

walls while the bark is used to make the floor. In addition, mats, baskets or bags can be 

made by using the leaf sheaths ofMetroxylon sagu (Flach, 1997). 

2.2 Cysteine Protease 


About 2% of total amount of proteins present in all types of organisms is proteases (Polgar, 


2005). There are 4 major classes of endopeptidase that are described in plant cells. They 


are cysteine protease, serine protease, aspartic protease and metalloprotease (Chen et al., 


20 10). The most widely investigated class of proteases is the cysteine protease from 


plant's seed and vegetative tissues. 


Cysteine protease is also known as thiol protease (Grudkowska & Zagdanska, 

2004). It is a protease whose nucleophile is the sulfhydryl group of Cys residue (Oliver

Salvador et al., 2011). As stated by Oliver-Salvador et al. (2011), the activity of cysteine 

protease depends upon a catalytic dyad: Cys, His in where the residue of His will act as a 

proton donor. Cysteine protease is synthesized at the membrane bound polysomes in the 

cytoplasm and typically localized to the vacuole (Callis, 1995). Besides that, it shows 

acidic or neutral pH optima (Callis, 1995). Cysteine protease can be further grouped into 

families such as papain (Cl), legumain (Cl3), caspases (C14), calcium-dependent 
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proteinases (C2), ubiquitin C-tenninal hydrolases (family C12) and ubiquitin-specific 

proteinases (CI9) (Grudkowska & Zagdanska, 2004). 

The expression of cysteine protease is regulated by cysteine protease gene in the 

genome. Cysteine protease plays a pivotal function in the growth and development of 

plant. According to Callis (1995), cysteine protease is engaged in maturation, degradation 

and rebuilding of protein in response to different external stimuli. When plants experienced 

stresses such as high or low temperature, drought and salinity, cysteine protease is 

synthesized and total proteolytic activity increases. As a result, cysteine protease 

eliminates the misfolded and damaged protein such as cold and heat shock protein, 

dehydration-induced proteins and pathogenesis-related proteins and replaces them with the 

newly fonned proteins (Grudkowska & Zagdanska, 2004). 

2.2.1 Cysteine Protease in Programmed Cell Death 

Solomon et al. (1999) conducted a research based on the role of cysteine proteases and 

protease inhibitor genes in the regulation of programmed cell death in plants. Programmed 
~ . 

cell death (PCD) is defined as the process where cells in many organisms die. In the 

research, Solomon et al. found that PCD-activating oxidative stress stimulated a set of 

cysteine proteases in soybean ceUs. Besides that, Solomon et al. (1999) also discovered 

that ectopic expression of cystatin, an endogenous cysteine protease inhibitor gene can 

inhibit cysteine proteases. It was showed that inhibition of induced cysteine protease 

activity and blockage of PCD occurred by a virulent strain of Pseudomonas syringae pv 

glycinea or directly by oxidative stress. Based on the result, Solomon et al. (1999) 

suggested that plants' PCD can be controlled by correlation of cysteine proteases and 

10 




cysteine protease inhibitors. In addition, they also proposed a new role for protease 

inhibitor genes as regulators of PCD in plants. 

2.3 Genome Walking 

Genome walking is a method that is used to isolate and identify the unknown regions 

flanking a known DNA sequence (Rishi et aI., 2004). It is critical to isolate and 

characterize the unknown DNA sequences especially for the analysis of upstream and 

downstream non-coding regions. In the past, this isolation involves successive probing of 

libraries with clones obtained from prior screenings (Chawla & DeMason, 2003). 

However, this method is time consuming and it involves the use of radioactive probes 

which might be dangerous to human. As time passes, the technology developed, and 

genome walking used today is fast and more reliable in approaching the DNA sequence 

adjacent to a known region (Chawla & DeMason, 2003). 

Genome walking involves the use of polymerase chain reaction (PCR). 

Advancements in PCR makes genome walking to be more efficient, fast and do not require 

the construction and screening of library (Chawla & DeMasorl: 2003). As a result, genome 

walking has become popular in isolating unknown flanking regions of known DNA 

sequence. According to Tonooka and Fujishima (2009), there are three different methods 

of peR that can be used such as inverse PCR, vectorette PCR, and adaptor-specific PCR. 

These 3 methods involve the digestion of genomic DNA with restriction enzyme, the 

ligation of genomic DNA and followed by identification and isolation of promoter 

elements from different plant species (Rishi et aI., 2004). To amplify flanking regions, 

gene- and adaptor-specific nested primers are used because it is more accurate due to the 

two-round PCRs. The use of nested gene-specific primer in the second round of peR 

11 




causes the probability of amplication of the desired flanking DNA sequence to be higher 

(Rishi et aI., 2004). 

I. J I PrimIry J'CR , 
10 

Figure 2.3: Flow chart of the genome walker protocol. AP I and AP2 represent tadaptor primers and GSP I 
and GSP2 represent gene specific primers (adapted from Chawla & DeMason, 2003). 

2.3.1 Genome Walking (Chawla & DeMason, 2003) 

Several reports had revealed the usefulness of the technique -Of genome walking. Chawla 

and DeMason (2003) reported that they had successfully cloned the promoter sequences of 

5 pea genes by conducting a PCR-based genome walking. In the study, they digested the 

high quality DNA by using four blunt end restriction enzymes: DraI, PvuII, EcoRV and 

Stul. Digested DNA was then ligated to adaptors and Genome Walker "libraries" were 

formed. After ligation, they designed 2 gene specific primers that were 26-30 nucleotides 

in length with G/C content of 40-60% and this was done to assure that annealing of primers 

to DNA template was effective. GSPI designed was from coding region of the gene and 

used with adaptor primer in first round of PCR while GSP2 was further upstream and used 

12 




with nested primers in second round of PCR. At the end of the experiment, Chawla and 

DeMason (2003) identified upstream regions of 5 pea genes which are PsPINI (A Y222857), 

PsPK.2 (M69031), Unifoliata (AF035163), PsArgonautel and PsArgonaute2. 

2.3.2 Genome Walking (Ashoub & Abdalla, 2006) 

Ashoub and Abdalla (2006) reported a new approach of genome walking that can be used 

to target any upstream and downstream regions flanking known sequences within the plant 

genome. The new approach involved the annealing and ligation of single-stranded DNA 

primers to 3' overhangs of DNA formed by restriction enzyme digestion. In the study, 

pPLRV-FLIC was digested by using four restriction enzymes: ApaI, PstI, Sad, and SphI to 

form 3' overhangs. 3' overhangs formed were ligated to the primers that had 4 nucleotides 

at the 3' end. The 5' overhangs were formed on the DNA following ligation and used in 

peR amplification. They acted as sites for the adaptor primers and nested primers for PCR 

amplification in combination with the gene-specific primers. Since two rounds of PCR 

were carried out and nested primer was used in second round of PCR, the possibility of 

obtaining desired flanking DNA sequenced was increased. Th~refore, this new approach5s . 
found to be more accurate. 

2.3.3 Ligation-Mediated peR (Tsuchiya et aL,2009) 

Tsuchiya et al. (2009) created a modified and more effective method of genome walking 

that is particularly effective for plants with large genomes. The method conducted was 

ligation-mediated PCR method. Due to the optimization of sequences of adaptors and 

adaptor primers, ligation-mediated PCR has improved the sensitivity and specificity. In the 

study Tsuchiya et al. (2009), success was achieved by using lily which has one of the 

13 
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largest genomes in plants as a model. Hence, it is shown that this method is applicable for 

most plant species. 

2.4 Limitations with Genome Walking 


Although the strategy of genome walking is fast and efficient, there are still limitations. 


When the restriction site is near to upstream location of the gene specific primer in the 


genome, it is difficult to amplify the desired size of flanking DNA (Rishi et aI., 2004). This 


problem can be overcome by applying different restriction enzymes to the DNA template. 


When such apply is done, the probability of obtaining templates in which the locatipn of 


the restriction site is distant from the gene-specific primer can be higher (Rishi et aI., 


2004). 


On the other hand, problem may also occur in choosing the right restriction enzyme 

since the sequence information is usually not available for the flanking region. Therefore, 

in order to identify the upstream region of interest when larger fragments are not identified, 

new primer(s) can be created based on the fragment that has. been identified and genome 
~ . 

walking can be run for more times. Besides that, there is another method to solve the 

problem stated above. Partial digestion of genomic DNA can be performed and DNA 

fragments of specific size can be selected. By doing this, the probability of obtaining larger 

upstream fragments where the restriction site is distant from the gene-specific primer can 

be increased (Rishi et at., 2004). 
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