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ABSTRACT 

Plants usually respond to the environmental changes that can be caused by abiotic factors such as low 
oxygen concentration by changing their physiology and morphology adaptation. Plants inhabiting in a 
flood prone area or poor drained soil condition are subjected to severe growth condition. Thus, 
understanding how alcohol dehydrogenase (Adh) genes confer waterlogged tolerant species such as 
sago palm to endure the harsh conditions during an anaerobic stress is crucial in order to manipulate 
them in the nearest future. Therefore, the study was carried out to identify and clone the Adh genes of 
sago palm before sequencing can be done. DNA from sago palm was successfully extracted using the 
CT AB method whereby fine bands were observed after agarose gel electrophoresis had been done. The 
DNA was subjected for Polymerase Chain Reaction (peR) using three different primer sets, by which 
bright bands were produced for MorAdh primer set while haAdh-FI haAdh-R2 primer set, faint 
multiple bands were obtained. The fragments were gel excised and cloned into E.coli JM 109. Plasmids 
of white colonies were isolated prior to PCR amplification. However, the inserted of DNA fragments 
were failed to be detected. One PCR fragment was sent for direct sequencing and satisfactory result 
was obtained. 

Keywords: Alcohol dehydrogenase (Adh) genes, CT AB, PCR 

ABSTRAK 

Tumbuhan biasanya berlindakbalas dengan perubahan persekilaran yang disebabkan oleh faklor 
abiolik seperli kekurangan kandungan oksigen, melalui perubahan jisiologi dan penyesuaian 
morfologi. Tumbuhan yang hidup di kawasan banjir alau keadaan saliran tanah yang lemah akan 
mengalami masalah perlumbuhan. Maka, pemahaman bagaimana gefl alkohol dehydrogenase (Adh) 
berfungi da/am spesis tumbuhan air berlakung seperti pokok sagu untuk beradaptasi dengan keadaan 
genting semasa lekanan anerobik adalah penling untuk dimanipulasikan pada masa akan dalang. Oleh 
ilu, kajian ini lelah dijalankan unluk mengenalpasli dan mengklonkan gen Adh pokok sagu sebelum 
jujukan /angsung dilakukan. DNA dari pokok sagu telah berjaya diekslrak menggunakan leknik eTAB 
di mana lerdapal jalur DNA yang jelas kelihalan selelah eleklroforesis agarose gel dijalankan. 
Apabi/a DNA lersebul menjalani lindakbalas ranlai polimer (peR) dengan menggunakan liga jenis sel 
primer,ja/ur lerang diperoleh bagi sel primer MorAdh manakala bagi primer set haAdh-FI haAdh-R2, 
beberapajalur yang samar lelah dikenalpasli. Fragmen- fragmen lersebultelah diekslrak dari gel dan 
diklonkan ke da/am E.coli JM/09. Plasmid lelah diekslrak dari koloni pUlih sebelum peR dilakukan. 
Namun. fragmen- fragmen DNA lersebut gagal dikesan. Walau bagaimanapun, hanya salu peR 
fragmen lelah dihanlar unluk jujukan langsung dan kepulusan yang memuaskan lelah diperoleh. 

Kala Kunci: Gen alkohol dehydrogenase (Adh), eTAB, peR 
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CHAPTER 1 

INTRODUCTION 

Plants adapt to the environmental stress by changing their metabolic 

adaptation, altering biochemical process and modifying their morphology, which are 

genetically controlled. Flooding, waterlogged and poorly- drainage soil conditions 

that cause hypoxia, where the oxygen level is low and anoxia, where there is no 

presence of oxygen in the soil (Biemelt et al., 1998). Under hypoxic and anoxic 

condition, plants experience anaerobic stress due to the deprivation of oxygen 

concentration in the soil as the water fills the inter spaces of soil, thus preventing the 

oxygen exchange between soil and atmosphere (Ponnamperuma, 1984). Plant tissue 

at the rooting zone is the most susceptible tissue to suffer under anaerobic condition 

in the soil because the plant root is submerged either partially or completely in the 

water. Anaerobic stress may as well occur within the metabolically active tissues of 

non- flooded plants. 

Although most plants possess the same metabolic reaction, the degree 

tolerance to anaerobic stress varies widely between different plant species because the 

metabolic pathways of different species are specified by the additional enzymatic 

reactions (Dolferus et aI., 1997). The metabolic pathways in the plants are controlled 

by specific genes that will alter their biochemical processes (Horton et aI., 2002). 

Therefore, the changes of metabolic response to anaerobic stress are associated with 

the changes of certain set of genes during the gene expression. However, the gene that 

is induced by anaerobic condition that is understood best among the genes is the 
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alcohol dehydrogenase (Adh) genes (Sach et al., 1996). Preiszner et aI., 2001 stated 

that hypoxia and anoxia induced Adh genes in plants for survival in the shortage of 

oxygen. During anaerobic stress, the energy generated from respiration is greatly 

limited and the growth rate is decreased (Lea et aI., 1993). 

Therefore, Adh genes help plants to adapt to anaerobic condition through the 

activation of those genes, which switching the metabolic pathway from aerobic 

respiration to alcoholic fermentation. Drew (1997) noted that, the cells of root apical 

meristem generate ATP anaerobically and minimise the cytoplasmic acidosis 

associated with cell death for survival during hypoxia or anoxia. 

The metabolic response of the root cells are gradually becomes oxygen 

deficient because the oxygen concentration in the soil decline over hours or days 

(Saglio et aI., 1988). When the plant cells suffer under prolonged oxygen deficiency, 

the cells will damage and die because the fermentation products, which are ethanol, 

accumulated in their cytoplasm (Ellis et aI., 2005). 

This study is carried out to look at the presence of Adh genes in sago palm, 

which is one of the few waterlogged tolerant species because it grows well at the 

swampy areas and able to withstand occasional flooding by seawater. This gene can 

be manipulated using genetic engineering techniques to improve the flooding 

tolerance in plants, especially in commercial crops. The objective of this study is to 

identify and amplify Adh genes of sago palm using peR for cloning and 

characterisation of the putative Adh clones. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Sago palm 

Sago palm (Metroxylon sagu) belongs to the family of Palmae lussieu is a 

pinnate- leaved species (Flach, 1997). The palm is naturally found in tropical lowland 

rainforest and swampy freshwater, where there is sufficient amount of moisture in 

soil (Lee, 2003). It can tolerate the salinity and occasional flooding by seawater as 

long as the flow of fresh water is more prevalent (McClatchey et aI., 2004). The 

watery soil will not inhibit the growth of sago palm but prolonged flooding and 

waterlogging will impede its growth and productivity (McClatchey et aI., 2004). 

According to McClatchey et aI., (2004), Metroxylon sagu has modified roots 

called pn umatophores for gaseous exchange. It grows well in neutral soil (pH7) for 

better nutrients absorption as well as in very acidic soils (McClatchey et aI., 2004). 

However, it is also able to grow on clay soils if the soils are heavily amended with 

sand and organic material to increase aeration and drainage (Bon, 2005). 

According to Flach (1997), sago palm naturally dominates in Papua New 

Guinea, Philippines and some regions in Indonesia especially Irian laya, Moluccas 

and Bintuni. This plant is now commercially cultivated on peat soils in Sarawak, in 

East Malaysia as a plantation crop. 

Sago palm is one of the oldest tropical plants that are important natural 

resources for humankind that can be used for many purposes such as food sources for 

human and animal, commercial starch production and industrial purposes (Lee, 

3 

I 



2003). According to Flach (1997), the trunk of sago palm contains starch, which has 

been a staple food for South- East Asians and the ground pith sometimes is used as 

animal feed for horses, chickens and pigs. Sago starch is commercially used in food 

and beverage industry in manufacturing of monosodium glutamate, noodles, white 

bread, alcohol citric acid, custard powder and high- fructose syrup. Besides, the 

starch is used as an extender plywood adhesive, medicinal applications, paper and 

textile industry. The other parts of sago palm can be served as subsistence for house 

building material, such as the leaflets of sago palm are used for thatching, rachis for 

wall and bark for floor mats material (McClatchey et aI., 2004). At some time in the 

future, starch can be potentially to be used as biodegradable filler in plastics. 

In the view of the importance and the potential benefits of this crop, 

Sarawak s Land Custody and Development Authority (LCDA) initiates the 

cultivation of sago palm extensively on the peat soils particularly in Mukah and Oya 

(Lee, 2003). 
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2.2 Alcohol dehydrogenase (Adh) genes 

Alcohol dehydrogenase (Adh) genes are induced by anaerobic stress for the 

survival of plant cells in low oxygen concentration. According to Tadege and 

Kuhlemeier (1 997), the genes are actively expressed under oxygen stress. Adh gene 

encodes glycolytic enzyme (alcohol dehydrogenase, ADH) which is an essential 

enzyme in anaerobic metabolism (Morton et al., 1996). 

Adh genes have been subjected to numerous genetic studies in various plant 

tissues and species including rhizomes of S. lacustris and Tlatifolia (Monk et ai., 

1984), embryo and coleoptiles of rice (Bertani et at. , 1980), root tips of maize 

(Roberts et aI., 1989), roots of young wheat seedling (Biemelt et ai. , 1998), hairy 

roots of soybean (Preiszner et ai., 200 I), pollen of tobacco (Tadege and Kuhlemeier, 

1997) and tomato (Speirs et al., 1998). Adh genes also have been studied in other 

organisms particularly yeast and Drosophila (Williamson et at., 1980). 

During oxygen deprivation, plant tissues can still generate limited energy 

through alcoholic fermentation for their growth and survival (Roberts et ai. , 1989). 

According to Horton et at., (2002), alcohol dehydrogenase (AOH) enzyme is able to 

catalyse the interconversion of acetaldehyde and ethanol in the fermentation pathway. 

In the presence of oxygen, pyruvate produced by glycolysis will enter the Krebs cycle 

(Krebs, 1972). However, during oxygen deficiency, pyruvate is decarboxylated by 

pyruvate decarboxylase (POC) to yield CO2 and acetaldehyde. Subsequently, 

acetaldehyde is converted into ethanol and oxidized NADH to NAO+ by the 

activation ofalcohol dehydrogenase (ADH) (Kursteiner et al. , 2003). 
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Even though both enzymes of ADH and PDC are induced during oxygen 

deprivation, they play different role in the adaptive response of plant in the 

fennentation pathway ( Dolferus et aI., 1997). 

Adh gene family comprises one to four members by which each of the gene 

member is species and tissue specific expressed (Preiszner et aI., 2001). The 

expression of Adh genes are induced differently in various plant tissues and species 

depending on their ability to tolerate the anaerobic stress (Saglio et aI., 1988). For 

example, the activities of Adh genes in plants leaves differ from the roots. Tadege and 

Kuhlemeier (1997) noted that ADH enzymes are abundantly found in vegetative 

organs of plants especially in root tips, where the cell layers in the root meristems are 

tightly packed. In effect, that inhibits the diffusion of oxygen from the atmosphere. 

Under anaerobic condition, Adh genes are activated in mature leaves of rice but not in 

the mature leaves of maize (Xie and Wu, 1989). 

The expression of Adh genes are not only induced by anaerobic stress. 

Preiszner et a/., (2001) stated that the activation of Adh genes in plants is also due to 

the proper response of other environmental factors such as heat, dehydration, cold and 

abscisic acid (ABA) treatment. The structures and expressions of Adh promoter have 

been well characterised in maize and Arabidopsis thaliana. Adh genes in A. thaliana 

are transcriptionally enhanced by hypoxia, cold and dehydration stress (Tadege and 

Kuhlemeier, 1997). Whereas, cold and oxygen stress will induce the activity of Adh 

promoter in maize (Fukuda et al., 2005). According to Xie and Wu (1989), Adh genes 

can also be expressed by an auxin analog, 2, 4- dichlorophenoxyacetic acid under 

aerobic condition. 
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The evolution and phylogenetic relationship of Adh genes family also have 

been investigated at the molecular level in grass and palm families to understand the 

evolutionary histories of Adh genes family (Morton et al., 1996). In previous 

research. the phylogenetic analyses of Adh genes in two species of legume family, 

Pisum sativum and Glycine max had revealed that both species contained only a 

single Adh gene locus (Fukuda et al., 2005). 

When the oxygen supply decreases, transcription of Adh promoter enhances 

the ADH activity that is essential role in the energy metabolism and survival of plants 

(Roberts et al., 1989). Larger amounts of energy and ethanol production in plant 

tissue during anaerobic condition were associated with the increased activity of ADH 

(Saglio et al., 1988). Any increase of ADH activity will improve the energy 

metabolism and tolerance of plant tissues to survive when little oxygen is available. 

However, the over- expression of Adh genes in plant tissues can lead the 

accumulation ofethanol, which is assumed to be toxic (Ellis et al., 2005). 

According to Rahman et aI., 2005, ADH also plays an important role in seed 

gennination during oxygen deprivation. In addition, the expression of Adh genes is 

essential to the flavour development in fruit during ripening. A study has been carried 

out to examine the ADH activity in tomato fruit during late ripening, by which the 

production of alcohols and aldehydes was associated with the flavour development in 

the tomato. The results indicated that higher activity of ADH in the fruit during 

ripening might increase the flavour volatiles in tomato (Speirs et aI., 1998). 
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CHAPTER 3 


MATERIALS AND METHODS 


3.1 Materials 

The fresh young leaves of sago palm were obtained from sago seedlings grown in 

Unimas plant house. The leaves were washed thoroughly under the water flows and 

were cleaned with 76 % ethanol before cutting them into small pieces (exclude the 

veins). The leaves were frozen at -80°C for a long-tenn storage. 

3.2 Methods 

3.2.1 Total genomic DNA extraction 

The extraction of total genomic DNA of sago palm from its young leaves 

were carried out using CTAB (hexadecyltrimethylammoniumbromide) method, 

described by Doyle and Doyle (1990) with slight modification by Gillies and Bush 

for miniprep extraction for PCR. Approximately 0.1 g of the small pieces of frozen 

sago leaves were ground with mortar and pestle in the presence of liquid nitrogen into 

a powder fonn and followed by adding 1000 fl.l of preheated CT AB buffer until slurry 

was fonned. The mixture was transferred into a new Eppendoft tube and incubated 

for one hour at 65°C for 1 hour. Four hundred microliter of CIA 

(chlorofonn:isoamylalcohol) was added and mixed gently before centrifuging at 

13000 rpm for 5 minutes at 4°C. The upper aqueous layer was transferred into a new 

Eppendoft tube and 600 fl.l of cold isopropanol was added. The mixture was mixed 

gently and stored at -20°C for overnight. 
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The next day, the cold isopropanol was discarded after a centrifugation at 

13000 rpm for 5 minutes at 4 0c. One mililiter of wash buffer was added to wash the 

pellet and mixed gently. The mixture was centrifuged at 13000 rpm for 5 minutes at 4 

°C. The supernatant was discarded and the pellet was air- dried for 15 minutes prior to 

the addition of 50 III of sterile distilled water. The template DNA was stored at -20 

°c for further use. 

3.2.2 DNA visualisation 

The dissolved DNA was visualised using agarose gel electrophoresis method 

described by Sambrook et a!., (1989) to determine the presence of the extracted 

genomic DNA. Three microliter of DNA sample was diluted in 2 I.d of distilled 

deionised water with 1 I.d of 6X loading dye. The diluted DNA was loaded in 1 % of 

agarose gel, which was stained with 0.5 J.11 of 10 ng/J.11 ethidium bromide. The gel was 

run on electrophoresis system at 110 V for 45 minutes and the DNA band was 

visualised under UV light. The photograph of the DNA band was taken using 

Polaroid camera. 

3.2.3 DNA quantification 

The DNA sample was quantified using spectrophotometer (Ultrospec ® 1100 

pro) to obtain the concentration of extracted genomic DNA. Five microliter of DNA 

sample was diluted in 495 J.11 of distilled deionised water in Eppendoft tube before 

transferring into a quartz cuvette. The absorbances of diluted DNA sample were 

measured at the wavelengths 230 nm, 260 nm, 280 nm and 320 nm (A23D, A 26D, A2so 
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and A320)' The ratio of A260:A280, A260:A320 and the concentration of DNA samples 

were obtained based on the reading showed by the spectrophotometer. 

3.2.4 Polymerase Chain Reaction (peR) 

Three sets of ADH primer combination (Bon, 2005) were optimised for the 

annealing temperature and the concentration of MgCh to fish out the Adh genes from 

sago palm. The first set primer was forward primer haAdh-F and reverse primer 

haAdh-RI, (haAdh-FI haAdh-RI). Meanwhile, the second set was forward primer 

haAdh-F and reverse primer haAdh-R2, (haAdh-FI haAdh-R2). Lastly, the third set 

was forward primer MorAdh-F and reverse primer MorAdh-R, (MorAdh-FI MorAdh

R) (Morton et aI., 1996). The sequences of the primers that were used for Adh genes 

amplification from sago palm are listed in Table 1. 

Table 1. The lists of sequence of each primer. 

, 


Name of primers Sequence 

haAdh-F 5'-TACTICTGGGAAGCCAAGGGACAA-3' 

haAdh-Rl 5'-CCTGAGGAGGTCACACATGTT-3' 

haAdh-R2 5'-CTCAGCAATCACCTCTTCAA-3' 

MorAdh-F 5'-GGGTGCTGTAGGCCTIGC-3' 

MorAdh-R 5'-GATATCTGCATTIGAATGCG-3' 
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The amplifications were performed using Biometra Thermal Cycler with the 

extracted DNA of sago palm as the template. The PCR reaction mixture for primer 

sets of haAdh-FI haAdh-Rl, haAdh-FI haAdh-R2 and MorAdh-FI MorAdh-R were 

prepared as shown in Table 2. The optimisation of MgCh was done at four different 

concentrations, which were 1.5 mM, 2.0 mM, 2.5 mM and 3.0 mM. 

Table 2. The composition of peR reaction mixture for primer sets of haAdh-FI 
haAdh-RI, haAdh-FI haAdh-R2 and MorAdh-FI MorAdh-R. 

~Primers 
Reagents 

Volume (111) 
haAdh-FI haAdh-Rl haAdh-FI haAdh-R2 MorAdh-FI 

MorAdh-R 

lOX PCR Buffer 
without 

magnesium 
2.5 2.5 2.5 

2mMdNTPs 2.5 2.5 1.0 

25 mMMgCh 1.5 12.0 12.5 13 . 0 1.5 12.0 12.5 13 . 0 1.5 12.0 12.5 13.0 

10 pmolllli of 
each primer 

2.5 2.5 2.5 

1 ullll Taq DNA 
Polymerase 

1.0 1.0 1.0 

DNA template 2.0 2.0 2.0 

Sterilized ultra 
pure water 

10.5110.0 III 9.5 19 . 0 10.5110.019.519.0 15 114.5 1114.0 113.5 

TOTAL 25 111 25,.d 25 JlI 
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The parameter used for PCR amplification step is indicated by Table 3. The 

annealing temperature was optimised for several different temperatures for possible 

combination of primers. The optimisation of the annealing temperature for primer sets 

of MorAdh-FI MorAdh-R was within the range of 45°C to 53 °C. Meanwhile, the 

annealing temperature for primer set ofhaAdh-FI haAdh-RI and haAdh-FI haAdh-R2 

were optimised, beginning at 51°C to 55 °C. Five microliter of each PCR product 

with 1 J.l.1 of 6X loading dye was analysed on 1 % agarose gel, containing 1 ~I of 10 

nglJ.l.I ethidium bromide. The photograph of the gel was taken using Polaroid camera. 

Table 3. The parameters for peR reaction. 

Steps Temperature (OC) Time (minutes) 

Step 1 Initial Denaturation 94 3 

Step 2 Denaturation 94 1 

Step 3 Annealing x 1 

Step 4 Elongation 72 1 

Step 5 Steps return to Step 2 for 30 cycles 

Step 6 Final Extension 72 7 

3.2.S Gel excision ofPCR fragments 

A SpinClean ™ kit was used to excise the DNA fragments of PCR products 

from agarose gel. The protocol that recommended by manufacturer was followed. 
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3.2.6 KCM (Anonymous, n.d.) competent cells preparation 

E.coli JM109 was cultured in 10 ml Luria Broth (LB) for overnight at 37 °C 

with shaking. The next day, the overnight culture was diluted 1: 1 00 in pre-warmed 

LB. The culture was grown with shaking at 37°C approximately 2 hours until the 

0 0600 reaches to 0.5-0.6. The culture was cooled in the ice bath for two minutes. It 

was transferred into sterile pre-chilled 50 ml Falcon tube and centrifuged at 5000 rpm 

for 5 minutes at 4°C. The supernatant was discarded and the cell pellet was 

resuspended in 1/10 volume of ice cold TSS. Two hundred and fifty microliter of 

aliquots was transferred into sterile pre-chilled Eppendorf tubes and was snapped 

frozen in liquid nitrogen before storing them at -80°C. 

3.2.7 Plasmid isolation 

Mini-preparation of plasmid DNA was obtained by alkaline lysis method 

described by Sambrook et al., (1989) with slight modification by Birnboim and Doly 

(1979) and Ish- Horowicz and Burke (1981). A single colony of E.coli JM109 

containing pUC19 was cultured overnight in 10 ml of LB with 10 ~l of 50 mg/ml 

ampicillin at 37°C with shaking. The next day, 1 ml of the bacterial culture was 

transferred into 1.5 ml Eppendorf tube. The cells pellet was obtained by 

centrifugation at 8 000 rpm for 30 seconds at 4°C and the supernatant was discarded. 

The pellet was resuspended accordingly and completely in 1 00 ~l of ice- cold 

lution I, 200 ~l of freshly prepared Solution II and 150 ~l of Solution III and stored 

for 5 minutes in ice for each reaction. After centrifugation, the supernatant 
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(containing plasmid) was transferred into a new Eppendorf tube. Equal volume of 

phenol:chloroform was added and followed by centrifugation. The upper phase was 

transferred into a new Eppendorf tube and 2 volumes of cold absolute ethanol were 

added. The sample was allowed to stand for 2 minutes at room temperature. The 

pellet was collected through centrifugation and washed with I ml of 70 % ethanol. 

After centrifugation, the supernatant was removed completely. Subsequently, the 

pellet was allowed to air- dry prior to the addition of 50 III of sterile distilled water. 

The plasmid DNA was stored at -20°C for further use. 

3.2.8 	 Cloning of PCR fragments 

3.2.8.1 	 Restriction enzyme digestion of pUC19 

pUC 19 was digested with SmaI for blunt end ligation and Bamm for adaptor 

ligation. Both digestions were performed based on the manufacturer's 

recommendation. 

3.2.8.2 Depbospborylation of digested pUC19 

The digested pUC 19 was dephosphorylated usmg calf intestinal alkaline 

phosphatase (ClAP) based on the method provided by the manufacturer. 

3.2.8.3 Ligation 

Blunt end ligation 

Prior to the ligation of blunt ended pUC19 and PCR fragment, Klenow 

enzyme was used to treat the peR fragment. The suggested treatment and 

ligation procedure by the manufacturer was followed. 

Adaptor ligation 
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BamHI adaptor was used in this ligation. The ligation was catalysed by T4 

DNA ligase and the method that recommended by the manufacturer was 

applied with some modifications. The 1:5 ratio of the vector to the insert was 

used in the ligation mixture . 

.2.8.4 Transformation 

The ligated product was transfonned into E.coli JM109 competent cells using 

KCM method. The frozen competent cells were thawed slowly on ice. Ten 

microliter of ligated product was suspended into 20 !!l of 5X KCM and sterile 

distilled water was added into the suspension to a total volume of 100 !!l. 

Subsequently, 100 !!l of competent cells were added. The mixture was kept on 

ice for 20 minutes before heat shock for 5 minutes at 37°C can be done. Then, 

1000 !!l of pre-warmed LB was added and incubated at 37°C for 2 hours. The 

transformed pellet was collected by centrifugation at 8 000 rpm for 30 

seconds. The pellet was resuspended into 100 !!l of pre-wanned LB prior to be 

plated onto 20 ml LB agar plate containing ampicillin, IPTG and X-Gal to a 

final concentration of 500 mM. The plate was incubated at 37°C for overnight 

before bluel white screening test was perfonned on the following day . 

.2.9 peR amplification of isolated plasmid 

PCR was perfonned at 45°C for 35 cycles using primer set of MI3-FI MI3-R. 

The isolated plasmid from white colony was used as the template to detennine the 

presence of inserted fragment. Table 4 and Table 5 summarised the reagents and 

parameter used for PCR respectively. 
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