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Abstract 

Metroxylon sagu which is known as "balau" is a type of plant where its trunk has highly 

content of starch. The discovery of Metroxylon sagu chitinase gene (MsChi) is important in 

plant defense response against fungal pathogen. It is a type of protein that catalyzes the 

hydrolysis of the β-1, 4- linkages of N-acetyl-D-glucosamine polymer of chitin which is a 

major component of the exoskeleton of insects. In order for some gene to be expressed, 

regulatory element is required in regulating their expression. This project was aimed to 

determine the regulatory elements for chitinase gene expression via genomic walking. 

CTAB method which has been modified is applied for the extraction of total genomic 

DNA of the sago palm. Via primer-based genomic walking method, the upstream region of 

chitinase gene in sago palm will be isolated and send for sequencing. However, since no 

band can be obtained after PCR re-amplification, DNA sequencing step cannot be proceed. 

Key words: Metroxylon sagu, genomic walking, chitinase gene 

 

Abstrak 

Metroxylon sagu yang dikenali sebagai "Balau" adalah sejenis tumbuhan di mana 

batangnya mempunyai kandungan kanji yang tinggi. Penemuan gen chitinase (MsChi), 

adalah penting sebagai tindak balas pertahanan tumbuhan terhadap patogen kulat. Ia 

adalah sejenis protein yang menjadi pemangkin dalam hidrolisis β-1, 4 - hubungan N-

acetyl-D-glukosamin polimer kitin yang merupakan komponen utama kulit luar yang keras 

bagi serangga. Untuk membolehkan beberapa gen diekspreskan, elemen pengawalaturan 

diperlukan dalam mengawalatur pengekspresan mereka. Projek ini melibatkan 

pengesanan elemen-elemen pengawalaturan bagi ekspresi gen chitinase melalui genome 

walking. Kaedah CTAB yang telah diubahsuai digunakan untuk pengekstrakan sejumlah 

DNA genomik pokok sagu. Melalui kaedah genomic walking yang berasaskan primer, 

bahagian awalan gen chitinase dalam pokok sagu akan diasingkan dan dihantar untuk 

penjujukan DNA. Walau bagaimanapun, memandangkan tiada jalur didapati selepas 

“PCR re-amplification”, langkah bagi penjujukan DNA tidak dapat diteruskan.  

Kata kunci: Metroxylon sagu, genome walking, gen chitinase 
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1.0 INTRODUCTION 

Metroxylon sagu was the first plants among the other type of plants used by people in 

Oceania and South-east Asia (Avé, 1977). Malaysia, Indonesia, Philippines, Pacific 

Islands, Thailand and New Guinea are the areas where sago palm has become starch crop 

for the local society (McClatchey et al., 2006). Sago palm or Metroxylon sagu is a type of 

crop which can tolerate wet growing conditions such as peat swamps area (Jong, 1995) if 

compared among other tropical crops. In Sarawak areas, the rural communities have 

planted sago palms as starch crop (Flach, 1984) at their area especially along the coastal 

areas of certain districts. For flowering and fruiting, starch play role as reserve food where 

it can be found in the ovule and also important for fertility of the flower itself. 

Metroxylon sagu has been grown commercially and has many advantages including 

relatively sustainable, environmental friendly, economically acceptable, uniquely versatile, 

vigorous and crucial in promoting socially stable agro forestry systems (Flach, 1997). 

Some of the benefits of sago palm cultivation are it requires no fertilization, has few 

natural pests or diseases and can be grown in areas where it is impossible for other crops to 

thrive (Abd-Aziz, 2002). The starch produced by sago palm can be used in many different 

ways.  

However, with intensive cultivation of Metroxylon sagu, the problems related to 

diseases and pests cannot be prevented and increasing from time to time. Chitinase gene is 

a type of gene that is involved in plant defense response against fungal pathogen where it 

catalyses the hydrolysis of the β-1, 4- linkages of N-acetyl-D-glucosamine polymer of 

chitin (Rogayah, 2003) which is a major component of the exoskeletons of insects and 

crustaceans (Tsujibo, 1993). 
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In order for some genes to be expressed, there are regulatory elements that are 

important in regulating their expression. It can be found upstream of the coding sequence 

of a gene or operon where it directs the RNA polymerase by binding with it to the specific 

transcription start site in order to control and regulate gene expression (Anwar et al., 2008). 

Therefore, it will be less difficult for us in order to regulate the gene expression of 

chitinase gene if we successfully recognize the regulatory element for the gene to be 

expressed.  

In this research, a primer-based genome walking method (Ashoub and Abdalla, 

2006) was used to detect the regulatory element of chitinase gene in sago palm. Since 

information regarding to chitinase gene expression in sago palm is very limited and 

therefore the aim of this research is to help in facilitate the detection of chitinase gene 

regulatory element in sago palm so that the way the sago palm chitinase gene is expressed 

can be fully understood.  

 

1.1 Research Objectives 

(i). To detect the regulatory element for chitinase gene expression in sago palm. 

(ii). To determine the 5’ end sequence of chitinase gene. 
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2.0 LITERATURE REVIEW 

2.1 Sago palm 

Metroxylon sagu which is known as "balau" in Sarawak as it local name is a type of plant 

where its trunk has high content of starch (McClatchey et al., 2006). It belongs to 

Arecaceae (Palmae) which is one of the Genus Metroxylon. In Pusa and Saratok areas of 

Sarawak, there is a large estate of sago palm. In the year 2010, 44,192 tons of Sarawak 

sago starch had been exported (Jamel et al., 2011). 

There are some advantages of sago palm that makes it a notable crop. Aside from 

the main source of starch (Flach, 1984) which can be found from the boles, by-products 

from sago production as an alternative use of sago palm which are either being studied or 

are presently in use are also the advantages. Sago starch is one of the important sources of 

substrate such as processed dextrose sugar in the production of ethanol. Fuel source also 

can be obtained from processed dried bark of sago palm which is used domestically and 

heat source can be obtained from the cortex of its trunk which is an alternative way of 

producing fire in paper factory.  

There was a study that had been carried by Bernard et al. (2011) where activated 

carbon produced from sago hampas (Metroxylon sagu) can help in reducing the loss of 

ammonia from urea which is the major problem that faced by the farmers where extra urea 

needed to be applied to compensate for the loss which increases the cost of fertilization. 

The activated carbon produced was able to absorb N in the form of NH4
+
 and minimizing 

the loss of ammonia (Bernard et al., 2011). Besides, in pharmaceutical industry, excipient 

can be produced by either simply sago starch or the modified sago starch (Rishabha et al., 

2010) where they provide proper consistency or form of drug which mixed with inert 

substance.   
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Besides, the production of fertilizer from sago palm’s fibers and waste pith has 

become one of the commercialized by-products of sago and sometimes the ground pith is 

converted as food source for animals especially for pigs and food source for horses and 

chickens when it is in dry form (Orwa et al., 2009). Efficient low cost of agricultural 

improvements could be provided to the peoples especially farmers who live and farm near 

to the commercial sago growing areas since fertilizers can be produced and developed 

directly from the local inputs, which is the pith residue of the sago palm.  

In Sarawak, the widely used by-products of sago starch are the production sago 

pearls, "tabaloi", a local biscuit delicacy and also noodle. Other than that, some parts of 

sago palm has become sources of vegetables which can be obtained from the growing point 

and the young leaves around it. The leaves were used widely in the production of mats. 

The waste obtained from the extraction of sago can be recycling as medium for the 

cultivation of rice-straw mushroom (Volvaria volvacea) (Orwa et al., 2009). 

 

2.2 Chitinase gene 

Chitinase gene is involved in plant defense response against fungal pathogen. Chitinases 

are categorized under pathogenesis-related proteins because of their constitutively low 

levels of expressions and also dramatically induced in response to fungal, bacteria or viral 

infections (Graham & Sticklen, 1994; Neuhaus, 1999; Van Loon, 1983). According to Jun-

Jun et al. (2011), a protein component called PR3 chitinase which involve in western white 

pine (Pinus monticola) genetic resistance against the white pine blister rust (WPBR) 

pathogen (Cronartium ribicola) was the first association study for quantitative resistance in 

western white pine pathosystem along with the selection by marker-assisted in the breeding 

of white pine.  
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Besides, there was also a study related to chitinase gene where pigeon pea which is 

transgenic had its own resistance against fungal disease through the transferring of 

chitinase gene from rice to the pigeon pea [Cajanus cajan (L.) Millsp.] (Kumar et al., 

2004). The principle of fungitoxicity in most cases as exochitinases has been studied 

through cloning and isolation of chitinase gene from Bacillus thuringiensis (Usharani et 

al., 2011).  Chitinase had been found to be expressed in higher levels in inflorescence 

tissue when compared to meristem and leaf tissues (Roslan et al., 2011). 

There are two types of chitinase genes family; family 18 and 19 which classified 

based on the sequence of amino acid and also had been classified into class I until class V. 

Chitinase of class I highly found in roots and floral tissues (Kasprzewska, 2003) whereas 

for classes III and V are exist in higher plants. The plant stress-related hormones such as 

jasmonic acid (JA) and abscisic acid (ABA) and also the production of stress from the 

elicitor flagellin, sodium chloride, and osmosis had increasing the expression of a class V 

chitinase gene (At4g19810, AtChiC) in Arabidopsis thaliana (Ohnuma et al., 2011).  For 

chitinase genes of class III, similarities between them with the chitinase gene of bacterial 

and fungal are higher compared to chitinase genes of other plant. Chitinase genes from 

classes I, II and IV have catalytic domains which are homologous are belong to glycoside 

hydrolase family 19, whereas classes III and V are comprised of glycoside hydrolase 

family 18 chitinases (Passarinho & de Vries, 2002). 

According to Salami et al. (2008), VvChiF III which belongs to acidic chitinase 

class III had plays an important role in the defense of grapevines against fungal pathogens 

by destroy the chitin based fungal cell walls, thereby inhibiting fungal growth. In several 

plants such as pineapples (Taira et al. 2005) and grapes (Vasanthaiah et al. 2008; Salami 

S.A. et al., 2008), there were also expression of chitinase gene occur which due to 
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infection by pathogen. According to Brogue et al. (1991), the expression of chitinase gene 

in tobacco plants make them able to survive in soil which infected with Rhizoctonia solani 

and the development of disease symptoms in tobacco seedlings can also be delayed. 

 

2.3 Genome walking 

Genome walking technique normally used to clone unknown genomic regions near to 

known sequences region (Leoni et al., 2008). The desired segment such as upstream 

regions from a known cDNA segment (Rishi et al., 2004) is also amplified along with the 

primer which is specific to the outer part of the suppression adapter and a gene-specific 

primer. Through PCR, only the desired fragments are produced which are directed by the 

specificity of the gene-specific primer strand. According to Yan et al. (2011), a new 

method called nonspecific primer anchored PCR (NPA-PCR) had improved the genome 

walking method where the designing of specific primers of nested gene was based on the 

known region and long random primer and regulation of priming at different annealing 

temperatures. Through PCR with random primer and gene-specific primer, target 

sequences can be obtained (Yan et al., 2011).  

Besides, a novel method in performing genomic walking which involve the 

combination of circularization of single strand DNA and amplification of rolling circle had 

been studied by Gadkar et al. (2011) where a novel DNA ligase, CircLigase was involved. 

By this method, single-stranded (ss) DNA was produced which then circularized using 

CircLigase enzyme and then linearized back by rolling circle amplification to produce 

concatameric DNA which is in double stranded form (Gadkar et al., 2011).  

According to Ashoub and Abdalla (2006), they had successfully amplify up to 4 kb 

of a potato leafroll virus full-length infections clone using nested PCR genome walking. 
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Other than that, there is another genome walking method which able to find transgene 

integration loci in transgenic genome which called locus-finding (LF) PCR (polymerase 

chain reaction). It had been used in determining the transgene flanking sequences in rice 

plants transformed by Agrobacterium tumefaciens and became an essential technique for 

transgenic analysis (Thirulogachandar et al., 2011). 

However, this technique has its own disadvantage where the efficiency of 

amplification is low and also not specific where unneeded genes are also amplified.  So, it 

is hard to differentiate the amplified desired gene (Sohn & Bae, 2011). According to Guo 

& Xiong (2006), the effectiveness of ligation mediated and inverse PCR-based genome-

walking method are depend on whether the ligation of DNA with designed adaptors and it 

circulation are successful or not. Vectorette, ligation mediated and inverse PCR methods 

always produce small DNA fragments (Ashoub and Abdalla, 2006; Guo & Xiong, 2006) 

even though ligation-mediated and inverse PCR required high amount starting material.  
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3.0 MATERIALS & METHODS 

3.1 Preparation of sago leaves 

The sago leaves were sterilized with 70% ethanol to prevent from contamination. Then, 

undergo washing step using distilled water and air-dried.  Before they are cut into small 

pieces approximately 1 cm
2
 in size, the stems and veins were removed from the leaves 

sample since only the tissues of the leaves are used.  

 

3.2 Genomic DNA extraction 

For DNA extraction, the chemical used were identical with Doyle and Doyle (1987) 

method with modification. 1 ml of Cetyltriethylammonium bromide (CTAB) was 

preheated at 65°C for about 30 minutes. The leaves were cut in small pieces and grinded 

using mortar and pestle in the presence of liquid nitrogen. The grinded leaves were 

transferred into a 1.5 ml eppendorf tube, mixed with the CTAB buffer and incubated for 1 

hour at 65°C followed by the addition of 400µl of Chloroform:Isoamyl alcohol (24:1) 

which gently mixed to produce a single phase. The mixture was centrifuged at 13,000 rpm 

for 5 minutes and the upper aqueous layer was transferred to a new sterile 1.5 ml eppendorf 

tube. Another 400µl of Chloroform:Isoamyl alcohol (24:1) was added into the mixture, 

centrifugated at 13,000 rpm for 5 minutes and transferred into another new 1.5 ml 

eppendorf tube. Then, 2/3 volume of cold isopropanol (-20°C) was added and the tube was 

incubated overnight at -20°C.  

On the next day, the mixture was centrifuged at 13,000 rpm for 5 minutes to obtain 

DNA pellet and the supernatant was gently discarded. DNA pellet was washed with 1 ml 

wash buffer and centrifuged at 13,000 rpm for 2 minutes. The supernatant was discarded 

and the pallet was air-dried before dissolved in 50 µl TE buffer or sterile distilled water 
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and stored at -20°C. For agarose gel electrophoresis, 5 µl of the extracted DNA was 

analyzed on 1 % agarose gel that treated with ethidium bromide and illuminated using UV 

transilluminator to detect desire band.   

 

3.3 DNA quantification   

A total of 10 µl of DNA was diluted in 990 µl of sterile distilled water before poured into 

cuvette. The absorbance of diluted DNA sample was measured at wavelengths 230nm, 

260nm, and 280nm (A230, A260, and A280). The ratio of A260 : A230  and A260 : A280 were 

calculated by the spectrophotometer. Total of DNA concentration and DNA extraction also 

calculated by the spectrophotometer.  

 

3.4 Genomic DNA purification 

The genomic DNA was firstly purified from RNA contamination. Approximately 50 µl of 

DNA was mixed with 0.1 µl of RNAse in a 1.5 ml tube and incubated for 1 hour at 37°C. 

Then, 50 µl of Phenol:Chloroform:Isoamyl Alcohol was added into the tube and 

centrifuged at 13,000 rpm for 15 minutes. The upper aqueous layer was transferred to a 

new sterile 1.5 ml eppendorf tube and mixed with 2/3 volume of isopropanol and 0.1 

volume of 3M sodium acetate (pH 5.2). The mixture was incubated overnight at -20°C. On 

the next day, the mixture was centrifuged at 13,000 rpm for 15 minutes to obtain DNA 

pellet and the supernatant was gently discarded. DNA pellet was washed with 1 ml wash 

buffer and centrifuged at 13,000 rpm for 2 minutes. The supernatant was discarded and the 

pallet was air-dried before dissolved in 50 µl sterile distilled water and stored at -20°C. 
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3.5 Genome walking 

For genomic walking, the chemicals and reagents used were based on Ashoub and Abdalla 

(2006) method with modification, which include restriction endonucleases KpnI; SacI and 

AatII for DNA restriction digestion. For DNA and primers, genomic DNA was used as 

template and primers that will be used were manufactured at the First Base Laboratories 

(Malaysia), and are presented in Table 3.1. 

 

Table 3.1: Nucleotide sequence of the overhanging primers (OHP); adaptor primer 

(AP); nested primer (NP) and gene specific primers (GSP) 

Primer Name Sequence 

OHP KpnI 5'-GAA TTC GAG CTC GCC CGG GAT CCT CTA GAG TAC-3' 

OHP SacI 5'-GAA TTC GAG CTC GCC CGG GAT CCT CTA GAA GCT-3' 

OHP AatII 5'-GAA TTC GAG CTC GCC CGG GAT CCT CTA GAA CGT-3' 

AP 5'-GAA TTC GAG CTC GCC CGG GAT-3' 

NP 5'-GCT CGC CCG GGA TCC TCT AGA-3' 

MsChi 5'-TGG AGT GGA ACC GCA GTA GCC-3' 

 

 

3.5.1 DNA restriction digestion  

After DNA has been purified, 11 µl of the treated DNA was digested individually with 2 µl 

of KpnI, SacI and AatII restriction enzyme along with 2 µl of restriction enzyme buffer 

inside a 0.6 µl microcentrifuge tube in a final volume of 15 µl and incubated overnight at 

37°C. On the next day, the restriction enzymes were inactivated at 80°C for KpnI and at 

65°C for SacI and AatII for 20 minutes before stored under -20°C.  
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3.5.2  DNA adapter ligation  

A 10 µl of the digested DNA from each reaction were then ligated with 5 µl of the 

appropriate OHP in the presence of 2 µl 1× T4 DNA ligase buffer and 3 µl of T4 DNA 

ligase in a final volume of 20 µl. The reactions were incubated overnight at 4°C for primer 

annealing and ligation. 

 

3.5.3  PCR amplification  

For PCR reactions, the AP PCR was carried out by using 5 µl of the genomic DNA in the 

presence of 2.5 µl of 10X PCR buffer, 1 μl each of the AP and MsChi primer, 1 µl of 25 

mM MgCl2, 1 µl of 10 mM dNTPs, 1 µl of Taq DNA polymerase (5U/ μL) and also sterile 

distilled water which top up to 25 µl total volume of reaction. Samples were subjected to 

35 cycles of PCR with 45 seconds of denaturation at 94°C, 45 seconds of annealing at 

61°C, 62°C, 63°C and 64°C, and 1 minute of extension at 72°C. The series of cycle was 

preceded by 3 minutes of initial denaturation at 94°C and followed by 5 minutes of final 

extension at 72°C. 

For NP PCR, it was carried out by following the conditions described above using 1 

μl of PCR product from the first round of amplification as template in the presence of 1 µl, 

each, of NP and MsChi primer. For analysis of the amplification product, 5 μL sample of 

the PCR product was analyzed on a 1% agarose gel in TAE buffer. 
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3.6 DNA fragments extraction from agarose gel and purification 

DNA fragments extraction from agarose gel and purification was performed by using 

Fermentas Life Sciences DNA Extraction Kit. The protocol for this extraction was 

undertaken according to manufacturer's recommendations. 
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4.0 RESULTS AND DISCUSSIONS 

 

The extracted DNA from young and old leaves of sago palm was analyzed on 1% agarose 

gel (Figure 4.1). By referring to the figure, young leaves yield high quality of DNA 

compared to old leaves which yield very low quality of DNA besides having different 

DNA brightness intensity and also concentration. Both of the bands are approximated to be 

more than 10000 bp in size when measured with 1 kb DNA ladder. There are smearing 

below the DNA bands for extracted DNA of young and old leaves because both of the 

extracted DNA were not treated with RNase A. Even though the smearing is obvious, it 

was then reduced after incubation with RNase A in order to get rid the smearing which is 

the RNA because only genomic DNA was needed for the next step (Figure 4.2). 

 

Figure 4.1: Agarose gel (1%) picture of extracted genomic DNA. M1 above is the 1kb 

ladder (Vivantis). Lane 1 refers to DNA band of extracted genomic DNA from young sago 

palm leaves whereas lane 2 refers to DNA band of extracted genomic DNA from old sago 

palm leaves. 

 

Sample in Lane 1 was selected to be used since young leaves produce more intense 

or bright band compared to old leaves which is less intense and not so bright. From Figure 

4.2, the smearing shown in Lane 1 is reduced as shown in Lane 2. Therefore, the genomic 

    M1          1             2  

10.0kb 

  2.5kb 

  2.0kb 
  1.5kb 
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DNA that has been treated with RNase A was then restricted with restriction enzymes and 

undergo incubation before ligated with appropriate OHPs. 

 

 

Figure 4.2: Agarose gel (1%) picture of extracted genomic DNA and RNAse A treated 

genomic DNA. M1 is the 1kb DNA ladder (Vivantis). Lane 1 refers to extracted genomic 

DNA from young sago palm leaves whereas lane 2 refers to RNAse A treated genomic 

DNA. 

 

 

 Table 4.1: Results of DNA quantification 

A260/280 1.795 

A260/230 1.447 

ng/µl 148.5 

 

 Next, first round of PCR which is primary PCR was carried out using AP and 

MsChi primer. Samples were subjected to 35 cycles of PCR with 45 seconds of 

denaturation at 94°C, 45 seconds of annealing at 61°C, 62°C, 63°C and 64°C, and 1 minute 

of extension at 72°C. The series of cycle was preceded by 3 minutes of initial denaturation 

at 94°C and followed by 5 minutes of final extension at 72°C. PCR that carried out using 

M1        1        M1         2 

10.0kb 

  2.5kb 

  2.0kb 

  1.0kb 
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Sac1 digested DNA as template did produce any band. However, PCR that carried out 

using Kpn1 and AatII digested DNA as templates produce bands as shown in Figure 4.3. 

 

Figure 4.3: Agarose gel (1%) picture of products from first round of PCR using AP and 

MsChi primer.  M1 is the 1kb ladder (Vivantis). Lane 1 to 4 refer to product from first 

round of PCR with Kpn1 digested DNA as templates at annealing temperature 61°C to 

64°C. Lane 5 to 8 refer to product from first round of PCR with Sac1 digested DNA as 

templates at annealing temperature 61°C to 64°C. Lane 9 to 12 refer to product from first 

round of PCR with AatII digested DNA as templates at annealing temperature 61°C to 

64°C. 

 

 

 By referring to Figure 4.3, smearing can be seen at each lane. This could be either 

due to not specific-enough primers or annealing temperature is too low. Besides, too many 

numbers of cycles can also lead to the appearance of smearing (Roux, 1995). He also stated 

that instead of 30-35 rounds of cycles, the PCR amplification process can be stop or 

terminated after 20 cycles in other to obtain greater results. High PCR product quality can 

be obtained and smears also can be reduced if such modification is carried out. 

Furthermore, star activity and incomplete digestion during genomic DNA restriction 

digestion step also can lead to the production of smearing. 

M1       1          2          3         4           5          6          7         8           9         10       11       12     

  10.0kb 

    1.0kb 

    1.5kb 


