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Chapter one 
Introduction 

1.1 Oil palm  

1.1.1 Taxonomy 

The African oil palm, Elaeis guineensisJacq., is placed in the Arecaceae family along with 

coconut,the American oil palm and date palms. There are three naturally occurring forms 

of the oil palm fruit, termed Dura, Tenera, and Pisifera. Most cultivars are the Tenera 

form which produces fruit with higher oil content (Duke, 1983). 

1.1.2 Botanical description 

Oil palm can reach 60-80 ft in height in nature, but is rarely more than 20 or 30 ft in 

cultivation. Leaf bases are persistent for years, and prominent leaf scars are arranged 

spirally on the trunk of mature palms where bases have fallen. Leaves are  up to 25 ft in 

length, with leaflets numbering 200-300 per leaf, about 3-4 ft long and 1.5-2.0" wide, with 

entire margins.  The leaflets are 60-120 cm long, 3.5-5 cm broad; with a very strong central 

nerve, especially at the base.  The flower-stalks from lower leaf-axils, 10-30 cm long and 

broad male flowers on short furry branches 10-15 cm long.  The flower set close to the 

trunk on short pedicels; female flowers and consequently fruits in large clusters of 200-300.  

These clusters close to trunk on short heavy pedicels, each fruit plum-like, ovoid-oblong to 

3.5 cm long and about 2 cm wide.The fruit black when ripe, red at base, with thick ivory-

white flesh and small cavity in center; kernel encased in a mesocarp which contains the oil. 

About 5 female inflorescences are produced per year; each inflorescence weighing about 8 

kg, the fruits weighing about 3.5 g each (Duke, 1983). 
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1.1.3 Flowers 

The oil palm is a vertical monocot plant that produces separate male and female 

inflorescences in leaf axils. The inflorescence of both sexes is a compound spadix with 

100-200 branches, initially enclosed in a spathe or bract that splits 2 weeks prior to 

anthesis (Duke, 1983). 

1.1.4 Pollination  

Oil palm is cross-pollinated and the key pollinating agent is the weevil, Elaeidobius 

kamerunicus Faust. Earlier, oil palm was thought to be wind pollinated. Owing to the low 

level of natural pollination, assisted pollination is a standard management practice in 

plantations.Earlier, oil palm tree was thought to be wind pollinated owing to the low level 

of natural pollination.This practice was discontinued following the discovery that oil palm 

was insect pollinated and the introduction of E. kamerunicus from the Cameroons, West 

Africa in 1982 (Syed et al., 1982; Jaligotet al., 2001; Mayes et al., 2008). 

1.1.5 Fruit  

As in many palms, oil palm fruits are drupes. The mesocarp and endocarp vary in thickness, 

with Dura types having thick endocarps and less mesocarp, and Tenera types the 

opposite.  The exocarp color is green changing to orange at maturity in the virescens types, 

and orange with brown or black cheek colors in the nigrescens types. The fruit ranges in 

size from <1 cm to 2 cm, and are obovoid in shape. The mesocarp, from which palm oil is 

derived, is fibrous and oily, and the seed is opaque white, encased in a brown endocarp; 

palm kernel oil is derived from seeds. The female infructescence contains 200-300 fruit, 

and fruit set is 50-70%. The fruit usually ripens at about 5-6 months after pollination 

(Duke, 1983). Figure 1.1 (A & B) shows the oil palm tree and fruit. 
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Figure1.1: Oil palm tree (A) and fruits (B). 
 

1.1.6 History  

The oil palm, Elaeis guineensis Jacq.originated from West Africa where the main palm 

belt ran through Sierra Leone, Liberia, the Ivory Coast, Ghana and Cameroon in the 

equatorial regions of the Republics of Congo and the Democratic Republic of the Congo 

(Hartley, 1988). 

The development of oil palm as a plantation crop started in Southeast Asia when four 

seedlings of the African oil palm from Amsterdam were planted in the Botanic Gardens in 

Bogor-Indonesia in 1848. The business of oil palm plantation was first established in 

Sumatra-Indonesia by M. A. Hallet, an agronomist from Belgium. The development of the 

industry in Malaysia was attributed to a Frenchman, Henri Fauconnier, who was an 

associate of Hallet. About 1870, the seedlings were transferred to the Singapore botanical 

gardens and then to Malaysia in 1875. The African oil palm has also been taken to central 
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and South America where it was first cultivated in Brazil, and later to Colombia and other 

neighboring countries (Hartley, 1988). 

In 1911, Fauconnier visited Hallet’s oil palm development in Sumatra and had purchased 

some oil palm seeds and these were planted at his Rantau Panjang Estate in the state of 

Selangor. He returned to Sumatra the following year to obtain seeds that he had selected 

together with Hallet from Tanjong Morawa Kiri Estate for further planting. With seedlings 

obtained from the year 1911 and 1912 importation, Fauconnier established the first 

commercial oil palm planting at the Tennamaram Estate, to replace an unsuccessful 

planting of coffee bushes (Tate, 1996). 

Elaeis guineensis Jacq.is consideras the most important species in the genus Elaeis which 

belongs to the family Palmae. The second species is Elaeis oleifera (H.B.K) Cortes which 

is found in South and Central America and is called the American Oil Palm. Although 

clearly lower in oil-to-bunch content than its African equivalent, E. oleifera has a higher 

level of unsaturated fatty acids and has been used for production of inter-specific hybrids 

with E. guineensis.The African oil palm (Elaeis guineensis) has become one of the most 

important oil production crops, as it is used in a wide variety of ways throughout the 

world. It is a source of materials for foodstuffs and medicines. Oil palm blossom liquid is 

used to make palm wine, and its fibers are also used for various purposes. Their most 

important purpose until now has been the extraction of palm oil (from the flesh of the oil 

palm fruit) and palm kernel oil (from its kernel or seed) for the manufacturing of edible 

and industrial oils.  The increasing demand for palm oil in 2010 saw world exports 

increase to 38.8 million tones out of which Malaysia exported about 17 million tones. Oil 

palm plantations feed a growing global demand for cheap vegetable oil used in the 
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production of food, cosmetics and fuel or biodiesel from crude palm oil (Laurance, 2003). 

Compared to the year 2000, demand for palm oil is predicted to more than double by 2030 

and to triple by 2050(Brown and Michael, 2005).  

Each oil palm tree produces compact bunches weighing between 10 and 25 kilograms with 

1000 to 3000 fruitlets per bunch. Each fruitlet is almost spherical or elongated in shape; the 

oil palm tree will start bearing fruits after 30 months of field planting and will continue to 

be productive for the next 20 to 30 years; thus ensuring a consistent supply of oils. Each 

fruit bunch which weighs between 15 and 25 kg, are made up of between 1000 and 4000 

oval-shaped fruits, each measuring about some 3 to 5 cm long. At the time of harvesting, 

the fleshy part of the fruit is converted into oil through a series of processes, while the 

palm kernel oil is extracted from the nut itself. Processing of the crude oil ends with three 

different products: 1) Food products (cooking oil, margarine, sweets); 2) manufactured 

goods (cosmetics, soaps, detergents, candles, lubricants) and 3) fuel (biodiesel) (Ricardo, 

2006). 

1.1.7 Plantations around the world 

The commercial oil palm, Elaeis guineensis, is believed to be indigenous to West Africa 

(the specific name, guineensis shows that the first specimen described was collected in 

Guinea, West Africa). There is a general idea that commercially planted palms in 

Indonesia, Malaysia and other Southeast Asian locations were derived from four West 

African palm varieties. The history of oil palm as a commercial crop is rather short, dating 

back to 1807 on the West African coast where its cultivation commenced (Tan et al., 

2009).  
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Oil palm plantations were established first and foremost in tropical regions, where they 

covered a total of about 6.5 million hectares in 1997 and produced 17.5 million tons of 

palm oil and 2.1 million tons of palm kernel oil. By the year 2005, the area filled by oil 

palm plantations had grown to 12 million hectares and palm oil production had reached 

about 30 million tons. In other words, both the area occupied by plantations and oil 

production had almost doubled in less than 10 years. Presently, Indonesia and Malaysia are 

the biggest producers of palm oil, together accounting for about 83% of the world’s total 

production and 89% of the world's export (Dimelu and Anyaiwe, 2011). 

The most important development in the recent history of the crop was the discovery of the 

inheritance of shell thickness. The recognition that the Tenera fruit form was a hybrid 

between the thick-shelled Dura andtheshell-lessPisiferaforms allowed Tenera planting 

material to be produced by controlled pollination. As the Tenera yields some 30% more oil 

than Dura at no extra cost, profitability of the crop was transformed and rapid expansion of 

plantings occurred from the nineteen sixties onwards. Extensive breeding and agronomic 

research has been done by institutes such as CIRAD-CP in France, the Nigerian Institute 

for Oil Palm Research (NIFOR) and the Malaysian Palm Oil Board (MPOB), and also by 

private plantation companies. As a result, yields have more than quadrupled since the early 

days. The best fields in Indonesia give peak yields of 30-35 tons FFB per year, with an oil 

extraction rate of 25%, to giveover 7.5 tons oil/ha per year, together with 1.5 tons of 

kernels (Abubakar, 2004). 

Research on vegetative propagation by tissue culture has been in progress for many years, 

but as yet only a few hectares of clonal palms have been planted because of somatic 

variation issues (Jaligot et al., 2011).  
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1.1.8 Ecology and geographical distribution. 

The natural habitat of the oil palm lies between latitude 10° north and south of the equator. 

It is within this region that the biggest areas of semi-wild Elaeis guineensis groves in the 

low land regions of Southeast Asia and Western Africa lie. This region has a marked dry 

season lasting up to four to five months (Western Africa only). While the oil palm is 

ecologically suited to such conditions, physiologically it gives lower yields. Under 

plantation conditions, the cultivation of oil palm has been extended from the natural habitat 

of 10ºN and 10ºS of the equator to 23ºN and 23ºS, i.e. between the tropics of Cancer and 

Capricorn. 

Annual rainfall in these regions ranges from a low of 1500 mm in the derived Savannah to 

a high of 3000 mm in the tropical rain forest (Abubakar, 2004). Oil palm yields more oil 

per hectare than any other oil crops (Corley and Tinker, 2003). It is grown in several 

tropical countries under a wide range of rainfall conditions. The optimum annual rainfall 

for oil palm to achieve its maximum production capacity is 1,800 mm, well distributed 

throughout the year (Nodichao et al., 2011). 

1.1.9 Climate and soil requirements 

It has been found that adequate soil moisture is more important than nutrient supply for oil 

palm growth, which can be supplied artificially. A mean minimum temperature of 20.0-

23.0°C and a mean maximum temperature of 28°C-32°C, which is peculiar to tropical 

countries, are best suited. If the temperature falls below the range, particularly at night, 

bunch development is affected and yield reduced. Growth in young seedlings stops at 

temperature of below 15°C. 
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It is generally accepted that at least 5 hrs of sunshine per day in all months is desirable, 

rising to 7 hrs per day in some months.Tropical climates with ample sunshine, about 5-7 

hrs day in all months with high CO2 concentration is good for oil palm tree to grow.Oil 

palm can be grown on a wide range of soils, the best being the coastal alluvial clay, 

riverine and coastal alluvial and soils of volcanic origin (Abubakar, 2004). 

1.1.10 Crop varieties 

The Oil Palm (Elaeis guineesis) is an unbranched monoeciousplant. It can grow to a length 

of 20 meters – 30 meters and lives up to 200 years. The oil palm has a typical adventitious 

root system. All mature plants have a solitary columnar stem with persistent frond bases, 

where the stem supports a crown of fronds (Mahmud, 2009).  

The frond consists of leaflets, each with a lamina and midrib, a central rachis to which the 

leaflets are attached, a petiole and a frond sheath. The oil palm produces either a male or 

female or at certain stages hermaphrodite inflorescence in each of the frond axil during the 

mature stage. The proportion of female inflorescences to total inflorescences (sex ratio) 

determines the yield. High yield tend to be obtained with a high sex ratio. The female 

inflorescence, when its flowers are pollinated and fertilized, becomes the fresh fruit bunch 

(FFB) of commerce. The fertilized flower produces a fruit, which grows and ripens over 

about 6 months. The oil palm fruit is a sessile drupe and consists essentially of an exocarp 

(skin), a fleshly mesocarp which contains palm oil, a hard stony endocarp (shell) and 

kernel (seed) the source of the kernel oil and meal.  
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As stated previously, there are three main varieties of oil palm distinguished by their fruit 

characteristics. These are: Dura, which has a thick shell separating the pulp from the 

kernel,thekernel tends to be large comprising 7% - 20% fruit weight;Tenera, which has a 

thin shell between pulp and kernel, together with a fibrous layer round the nut. The kernel 

is usually smaller, comprising 3% - 15% of fruit. The oil content is higher at 24% - 

32%;Pisifera, which has no shell and is very frequently female, is sterile. As a result of 

their very marked tendency to female sterility, Pisifera palm are not used for commercial 

planting. The pericarp is composed of a large number of oil cells, which are full of oil 

when the fruit is freshly ripe. Cement binds the cells to one another and to a skeleton of 

hard fibers running lengthwise through the pericarp and keeping it together (Maizura, 

1999).  

The most cultivated high yielding oil palm variety, the thin shell Tenera (oil:bunch 

(O/B) >20%)is produced when the thick shell Dura (O/B ~ 17%) crosses with the shell-

less Pisifera.The Pisifera,which is female sterile is used as the pollen source. Previously, 

seed production solely relied on the Deli Dura as the maternal parent with the exclusive 

use of the AVROS Pisifera as the pollen source. Collection of oil palm genetic materials 

were carried out by Malaysian researchers to widen the genetic base for breeding and to 

ensure conservation of palm genetic resources 

The collection for Elaeis guineensis started in Nigeria early in the 1970’s followed by 

other countries in Western and Central Africa and the island of Madagacar (Rajanaidu and 

Jalani, 1994 a, b),whileElaeis oleifera genetic resources from six Central and South 

American countries were also collected (Rajanaidu and Jalani, 1994b).The development of 

oil palm growing went hand in hand with the establishment of research organisations, 
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which carried out surveys in neighboring planting regions in the 1900–1920s to build up 

germplasm collections. The genetic base constituted in that way and the selected materials 

resulting from it bear the name of those organisations (Corley and Tinker, 2003). This set 

forms the genetic base for oil palm breeding. One of the factors that causes a significant 

increase in oil palm yields was the discovery of the better production potential displayed 

by crosses between the African “origins” and the Deli introduced and improved in 

Southeast Asia (Cochard et al., 2009).  

For a better understanding for the complementarily existing between the Africa and “Asia” 

origins, and to diversify the genetic base taking this constraint into account, it is necessary 

to describe the structure of the genetic resources involved in the history of oil palm 

breeding in relation to the subspontaneous African origins. This would also enable the 

determination of integration into breeding programmes and the selection strategies should 

be adapted. 

Previously, the results from genetic marker and genome methylation studies showed that 

the tissue culture abnormalities in oil palm arise from interaction of genetics and epigenetic 

mechanism. Different efforts are geared towards developing diagnostic tools for predicting 

genetic predisposition to abnormality(Tregear et al., 2002).These include large-scale gene 

expression analysis via DNA microarray, genetic mapping and the candidate gene 

approach. It is anticipated that an effective screening process, will provide greater 

confidence to the industry in producing and utilizing clones (Cheah, 2003). Considerable 

advances have also been made in oil palm genetic engineering over the last 10 years. 

Virtually most of the genes and promoters required to modify the fatty acid biosynthetic 

pathway have been obtained. Currently, technology is available to produce three novel 
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products, which are high in oleate, high in strearate and high in palmitoleic. Nevertheless, 

there are many pressing issues that need to be addressed in the immediate future such as 

developing a better transformation method with low copies of trans-genes, and assurance 

of  bio-safety, and public acceptance (Mohd et al., 2004). 

MPOB has the biggest oil palm germplasm collection in the world (Mohd et al., 2004). 

Molecular fingerprinting (using RFLP) studies in oil palmshowed genetic variation in the 

oil palm population, which can be used to explore the germplasm collections, particularly 

those that gave higher level of diversity for further characterization and exploitation.  The 

final aim is to seeknovel and valuable genes to diversify the oil palm crop and palm oil 

products (Maizura et al., 2006).   

1.1.11 Oil production and importance  

Global interest in sustainable agriculture requires a review of how the oil palm plantations 

have evolved in ensuring that palm oil is produced according to the set standards of 

responsible production practices. Many inherent advantages are already within the oil palm 

system of Plant Physiologyogy of high productivity and efficient carbon assimilation 

(FAOSTAT, 2007). 

With the growing global demand for agricultural products, landscapes throughout the 

tropics are increasingly dominated by agriculture (Jaligot et al., 2011). The increase in oil 

palm (Elaeis guineensis) cultivation is cited as a major driver of deforestation and 

biodiversity loss in tropical countries (Donald, 2004; Koh and Wilcove, 2007, 2008) and it 

also has major impacts on global carbon balance (Danielsen et al., 2008). Oil palm 

plantations expanded almost exponentially in recent decades (Donald, 2004), covering over 
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13 million ha, primarily in Southeast Asia (Danielsen et al., 2008). Palm oil is now the 

world’s most traded oilseed crop with uses from cooking oil to biofuel (Carter et al., 2007) 

and with over 37 million metric tons produced in 2005 (Turner et al., 2008). In 2006, 85% 

of the global oil palm crop was produced by Indonesia (43%) and Malaysia (42%) 

(FAOSTAT, 2007). 

The oil palm is the highest yielding oil seed crop. It yields on the average 3-4 metric 

tonnes of palm oil per hectare/year while other competing oil seeds yield less than 1 metric 

tonnes/hectare/year (Mohd et al., 2004).  In terms of production, it has exceeded all other 

oil seeds since 1980. By 2005, annual oil palm production stood at 15.4 million tones 

contributing a disproportionate 95% of total oil seed production.  The expansion of oil 

palm plantings in Malaysia during the past 41 years has been phenomenal.  From a 0.26 

million ha in 1970, the oil palm planted area had expanded to 4.5 million hectares by 2008, 

occupying 60% of the agricultural land in the country (Figure 1.2 and Figure 1.3).  About 

60% of the planted area is in Peninsular Malaysia; 30% in Sabah and 10% in Sarawak. 
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Figure 1.2: Expansion of oil palm plantations in Malaysia from 1970-2008 (MPOB and 
APOC, 2010) 

 

Figure 1.3: Map showing the extent of oil palm cultivation in 43 oil palm-producing 
countries in 2006 (FAO 2007). 
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Malaysia overtook Nigeria as the world’s leading exporter and producer of palm oil in 

1966 and 1971, respectively (Gopal, 2001; Harcharan, 1976).  By 1986, when the 

Industrial Master Plan (IMP) was launched, oil palm had become Malaysia’s leading 

agricultural commodity and third-largest export earner.   

Malaysia now accounts for about half of the world production of palm oil; its plantations, 

processors, and manufacturers are generally regarded as operating at the industry’s 

technological frontier.  Malaysia evolved from simple cultivation and crude oil processing 

to become the industry’s leading innovator (Rasiah, 2006; Dimelu and Anyaiwe., 2011).  

The relatively low priced oil is used for a variety of purposes.  The world demand for palm 

oil has soared in the last two decades, first for its use in food, consumer products and more 

recently as the raw material for bio-fuel. The growing affluence of India and China, the 

world’s top two importing nations, will increase demand of edible vegetable oils.  In the 

US, a recent wave of dietary focus on the trans-fat issues has led to increased consumption. 

In addition to being less expensive, palm oil is semi-solid at room temperature, making it 

ideal for baking and food production (Steenblik, 2007).   

The oil palm fruit is unique in producing two types of oils from the same fruit – palm oil 

from the flesh or mesocarp and palm kernel oil from the seed or kernel inside the hard-

shell mesocarp (Henson, 1999). The oil palm kernel also yields a residual product known 

as palm kernel meal, which is mostly used for animal feed. The two oils are extracted by 

careful separation at certain stages of the milling process. Palm kernel production is about 

10% of the quantity of palm oil produced. The two oils have very different applications 

and market outlets. Palm oil is used mainly for food, while palm kernel oil goes mainly 
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into the oleochemical industry for making soaps, detergents and toiletry products (Yusof, 

2006)and is used to make specialty fats for various food products (Khoo, 2001). 

Palm oil, is a well balanced healthy edible oil, is widely acknowledged as a versatile and 

nutritious vegetable oil;trans fat free, with a rich content of vitamins and antioxidants (Xu 

et al., 2011). Palm oil is a major ingredient in many foods. In many margarines, for 

example, palm oil provides the body or texture such that no further modification of the oil 

is necessary, a superb bonus in the current health conscious world. Margarines containing 

mostly partially hydrogenated fats are being phased out for natural formulations and palm 

oil has become a favored ingredient.  

Often, palm oil is incorporated as the preferred solid fat to achieve dated “zero-trans” 

formulation. By suitable modifying palm oil through fractionation and interesterification of 

blending, it is possible to produce a wide variety of margarine incorporating various palm 

fractions and thus achieving zero-trans content. Reduced fat spreads are formulated to 

contain 40-80% fat content and are sold as soft tubs, stick, liquid and whipped forms. 

Besides its use as an edible vegetable oil, the current interest in biodiesel has placed it in 

high demand and palm oil high prices all time (Billotte et al., 2005). In addition, palm oil is 

the largest natural source of tocotrienol, a member of the vitamin E family, and is also high 

in vitamin K and dietary magnesium (Agrawalet al., 2009).  

Palm oil comprises show two component oils obtained from the kernel and the mesocarp, 

respectively, and with different acid compositions (Figure 1.4). Palm oil contains saturated 

palmitic acid (44.3%), oleic acid (38.7%), and linoleic acid (10.5%), giving it higher 

unsaturated acid and long-chain fatty acid triglyceride content (Cater et al., 1997).  
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In contrast, similar to the oils obtained from coconut (Cocos nucifera) and Wright’s 

waxweed (Cuphea wrighti), palm kernel oil has a high content of saturated acids and 

medium-chain fatty acid triglycerides, mainly lauric acid (48.2%) (Larson et al., 

2003).These two types of palm oil provide a good model for the exploration of the 

mechanism of biosynthesis of fatty acids. 

 

Figure 1.4: Dissected mature nut of oil palm (E. guineensis Jacq.) (Xu et al., 2011). 
 

Many food manufacturers are trying to find alternatives to trans-fat, partially hydrogenated 

oils, which contribute to heart disease and other medical problems. The focus on the trans-

fat issue has resulted in palm oil being considered more healthful than some other 

fats.  The other major factor of palm production is its role in sustainable energy campaigns 

around the globe.  European countries have promoted the use of palm oil by injecting 

hundreds of millions of dollars into national subsidies towards bio-diesel.  Europe is now a 

leading importer of palm oil.  Through the subsidizing of bio-fuels, European governments 

have accelerated the demand for palm oil in Europe, and as a consequence have 
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accelerated the conversion of large areas of rainforest in Southeast Asia (USDA, Foreign 

Agriculture Service 2009). 

Many economists predict it will be the leading internationally traded edible oil by the year 

2012. Today, Malaysia and Indonesia account for about 87% of world production (Figure 

2.5). 

 

 

Figure 1.5: World palm oil Production 2010 (Metric ton), USDA, Foreign Agriculture 
Service 2009. 
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1.2 Plant-fungal interactions 

Successful infection needs complicated signal exchanges at the plant surface and the 

intercellular space interface in plant–fungus interactions (Müller et al., 2011). In the first 

stages of infection, receiving of external signals plays an important role in stimulating 

developmental and morphogenetic processes following incursion of the host epidermis. 

Signal transferring, differentiation and growth of the structure and manipulation of the host 

plant cell are facilitated throughout a variety of extracellular effector molecules and 

proteins. These kinds of molecules are usually secreted into the intercellular space between 

fungal cell and the host plant or delivered inside the plant cell (Lucas, 2004). The analysis 

of genome sequences of plant-infecting fungi supports the particular importance of these 

secreted proteins, and there remains a lot of work targeting the identification of genes 

coding extracellular proteins despitemany years of research (Dean et al., 2005). 

So far, researche on plant–fungal interactions mainly focused on the molecular changes 

related to fungal attack and to plant response. Severaldefense factors and signal molecules 

have been identified in plants. Nevertheless, the molecular bases of multiple-player 

systems that may produce beneficial effects on plant health are largely not fully understood 

and represent an area of research and discovery (Marra et al., 2006). 

Plant-fungal interactions are very complex because of the high diversity of interactions that 

can occur between the pathogen and the host. Biotrophic fungal pathogens, which often 

reprogram host metabolism as they obtain all of their nutrients from living plant cells 

through productionof cell wall-degrading enzymes which rapidalydestroy the plant tissue.  
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Considerable advances have been achieved in the last few years in the identification of the 

determinants of plant-fungus interactions. Currently, more than 25 fungal genomes have 

been elucidated, including human and plant pathogens, such as Aspergillus fumigatus and 

Magnaporthe grisea, respectively (Mehta et al., 2008).  

A key challenge in modern fungal biology is to analyse the expression, function and 

regulation of the entire set of proteins encoded by the revealed fungal genomes. When 

pathogenic fungi start the infection process, secreted and intracellular proteins are up- or 

down-regulated, improving the predation ability of the fungi (Murad et al., 2006; Murad et 

al., 2007). In this field, several proteomic studies have been carried out in order to 

understand fungal pathogenicity. These include pioneering studies, aimed at understanding 

the dimorphic transition from budding to filamentous growth (Bohmer et al., 2007), as well 

as appressorium construction (Grenville-Briggs et al., 2005). Appressorium formation is a 

very important event in the establishment of a successful interaction between the pathogen 

Phytophtora infestans and its host plant potato (Grenville-Briggs et al., 2005).Proteomic 

analyses have also been used to study wheat leaf rust, caused by the fungus Puccinia 

triticina (Rampitsch et al., 2006). Rust diseases cause a significant annual decrease in the 

yield of cereal crops worldwide (Webb and Fellers, 2006). 

Fungal diseases are, in nature, more the exception than the rule. Thus, only a limited 

number of fungal species are able to go through inside the host cell and invade host tissues, 

avoiding recognition and plant defense responses, in order to obtain nutrients from them, 

causing disease and sometimes host death. In agriculture, annual crop losses due to pre- 

and post-harvest fungal diseases exceed 200 billion Euros, and, in the United Stated alone, 

over $600 million are annually spent on fungicides (Arora et al., 2004). 
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1.3 Basal stem rot and Ganoderma boninense infection 

Basal stem rot (BSR) is the major threat for oil palm (Elaeis guineensis) in Southeast Asia 

especially Malaysia and Indonesia and is caused by the fungus G. boninense and it is the 

most damaging disease for oil palm,and it can cause up to 50% lose of the palms in 

plantation (Santoso et al., 2011).  

The BSR disease, which usually affects matured palms, is lethal and incurable though it 

has been identified more than fifty years ago (Figure 2.6). It has been found to infect oil 

palms as early as 12 to 24 months after planting, with increased incidence on 4 to 5 years 

old palms, particularly in replanted areas (Henson and Mohd, 2003), or areas under planted 

with coconut palm trees (Ambak and Melling,1999).  

BSR has been referred to as a ‘‘significant constraint’’ for oil palm production in Southeast 

Asia (Miller et al., 1999). It has been stated that BSR has been a serious disease of oil palm 

for over 80 years with severe economic loss in Malaysia and North Sumatra (Flood et al., 

2000). Basal stem rot levels of 10–20% have little effect on the total yield in term of fruit 

bunches due to compensatory growth, again reducing the economic significance of the rot. 

In spite of these factors, BSR caused by G. boninense is still claimed to be the single major 

disease constraint to oil palm in the Southeast Asia region (Flood et al., 2000). 

The fungus was reported to infect 1–2 years after planting with increases in 4–5 year old 

palms (Ariffin et al., 2000). Occurrence appeared high in oil palm grown inland. The 

symptoms of the infection comprise a mottling or yellowing of fronds followed by necrosis. 

Spear leaves eventually remain unopened. It is assumed that, when foliar symptoms were 

observed, at least one-half of the basal stem has been killed by the fungus. Young palms 
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can take six months to two years to die after the first symptoms, but mature palms take 

about two to three years. The oil palm tree eventually collapses leaving diseased bole 

tissues in the ground. Basidiomata may develop at the stem base, leaf base, or infected root; 

the location provides a guide to the diseased area inside the palm. 

G. boninense is spread by spores and grows in the non-living tissues, which weakens the 

tree making it susceptible to wind damage (Paterson et al., 2000). G. boninense has been 

found even on young plants and the disease has been observed at the seedling stage. The 

fungus has shown to be soil borne, although it can be spread by spores (Paterson et al., 

2007). 
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Figure1.6: Palms afflicted by BSR (Toh, 2008). 
 

 

Figure 1.7: Ganoderma boninense mushrooms at the base of infected oil palm (Markom et 
al., 2009). 
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Brackets appear once the infection has spread notably through the plant, resulting in its 

death. The bracket is hard and woody, semicircular in shape and quite large (up to 15 cm in 

diameter and 5 cm thick). Brackets range in colour from dark to chocolate brown and even 

orange, often with creamy white edges. The top of the bracket might look glossy and the 

underside look white. Brackets are generally found at the base of the trunk either singularly 

or in a cluster, but this is not always present. In the end, the disease is particularly common 

in aged and clearly stressed plants, which are in natural decline (golden canes) or have 

reached the end of their life expectancy (black wattles) (Steyaert, 1975). Previous studies 

showed enzyme activities from G. boninense covering some of the structural polymers of 

oil palm cell walls (Rees, 2006).For successful penetration and degradation of intact roots, 

production of an array of cell wall degrading enzymes (CWDE) is probably required to go 

through to the outermost tissues, comprising cellulose, lignin and suberin.  

When the pathogen has adhered to the palm roots, transmission electron microscopy (TEM) 

assay of infected roots one month after inoculation suggested that degrading enzymes are 

important in the extensive degradation of oil palm cell walls during pathogenesis by G. 

boninense and are among the proposed pathogenicity factors for the G. boninense 

interaction. Degradation of the cell wall occured at separated locations and will invade of 

all wall layers, including the middle lamella region, which in secondary walls is high in 

lignin content (Rees et al., 2009).  

The lignin components in plants are the rate-limiting step to biolysis. It is a secondary 

metabolic process from which more energy is expended in degradation than can be 

obtained from utilization. Lignin keeps the more weak cellulose and hemi-celluloses away 
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from enzymatic attack by forming straight chemical bonds. The chemical structure of the 

polymeric lignin is complex (Figure 2.8). 

 

 

Figure 1.8: Chemical structure of lignin (Boerjan et al., 2003). 
 
Areas of cell wall attack are sometimes not adjacent to fungal hyphae. Attack of plant cell 

walls, resulting in development of holes through all cell wall layers is indicative of 

simultaneous wood decay with the pathogen producing enzymes that can attack all cell 

wall layers. Similar strategies of cell wall attack have been observed from simultaneous 

degradation of Laurelia philipiana wood by a Ganoderma sp. (Agosin, 1990) and of date 
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palm wood by both Ganoderma colossum and Phanerochaete. Chrysosporium (Blanchette, 

1984; Adaskaveg et al., 1991). 

Unfortunately, little information is known about the biology and genetics of G. boninense 

until recently. Epidemiological studies of the pathogen are also lacking. It has been stated 

that the major constraints to BSR disease control is the lack of sufficient information on 

variation in Ganoderma species associated with disease and their mode of reproduction 

(Rolph et al., 2000).Limited studies have been done to investigate the spatial patterns of 

BSR and how BSR is spread throughout the area of plantation. Such information is needed 

to fully understand the dynamics of the disease. For these reasons, there is a need for an 

effective and comprehensive BSR management plan for the area of oil palm plantation 

(Azhar et al., 2011). 

The available control methods for BSR disease such as cultural practices and mechanical 

and chemical treatment have been proven unsatisfactory due to the fact that G. boninense 

has various resting stages such as melanised mycelium, basidiospores and pseudosclerotia. 

The failure in controlling the disease is due to the characteristics of G. boninense. The 

fungus is soil borne and so many fungicides may not be effective because of the 

degradation in the soil before they can reach their target (Susanto et al., 2005). 

1.4 Plant “omics’’ 

The complete set of the genomic information from key species of the model plants such as 

Arabidopsis thaliana and Oryza sativa is now available and will further improve the 

application of a range of new technologies to functional plant gene analysis, since the 

functional genome studies of plants has entered the high-throughput stage (French et al., 

2009). In order to identify functions of unknown genes, different fast and multi-parallel 
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approaches are currently being developed and used. These new technologies and 

approaches are based on known methods but are adapted and improved to accommodate 

inclusive, large-scale gene analysis. Such techniques are novel in the sense that their 

design allows researchers to analyze many genes at the same time and at an extraordinary 

pace. 

Such methods allow analysis of the different constituents of the cell that help to figure out 

gene functions, namely the transcripts, proteins and metabolites. Similarly the phenotypic 

variations of the entire mutant collections can now be analyzed in a much faster and more 

efficient way than before. These different methodologies have been developed to form 

their own fields within the functional genomics technological platform and are termed 

transcriptomics, proteomics, metabolomics and phenomics. Gene functions, however, 

cannot be easily inferred by only one approach.  It requires the integration of all 

information collected by the different functional genomics tools that one will be able to 

clearly assign functions to the unknown plant genes(Koltai and Volpin, 2003). 

Transcriptomics, which aims to profile gene transcription in a cell or a tissue globally, is 

mainly applied either by in situ synthesis of oligonucleotides (‘oligonucleotide 

microarrays’) or by deposition of pre-synthesized DNA fragments (‘cDNA microarrays’) 

on solid surfaces and their hybridization with labeled gene transcription products. The 

direct proteomics approach may combine 2-dimensional gel electrophoresis (2DE) of 

proteins with mass spectrometry (MS) or with liquid chromatography-tandem mass 

spectrometry (LC-MS/MS), to generate a list of expressed proteins (Kersten et al., 2002), 

whereas reverse proteomics may globally map protein interactions by means of yeast two-

hybrid (Y2H) system (Fang et al., 2002). 
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High-throughput studies of various gene expression investigations is a powerful tool for 

discovering novel genes or for gaining additional information about certain biological 

processes in a genomic scale. Transcriptional profiling using microarrays have developed 

into the most prominent tool for functional genomics and have realistically demonstrated 

how information from raw sequence data can be converted into a broad understanding of 

gene function. The  synthesis is the first step towards protein synthesis and, for many genes 

changes in  abundance are related to changes in protein levels (figure 2.9). Changing the 

transcriptional rate of genes is mostly related to changes in  steady state levels. Such 

fluctuations in relative  amounts are indicative of changes in the environment and 

developmental stages or reflect responses to all kinds of stimuli. Monitoring the 

transcriptome, i.e. the complement of all transcribed mRNAs of an organism, by 

measuring  concentrations of selected genes in a multi-parallel and quantitative way allows 

assigning of functions to a multitude of unknown genes.For a correct understanding of 

gene function it is essential to discover other genes which are co-regulated with the gene of 

interest. It is also important to know when, where, and to what level a gene is expressed. 

Constant improvement of the technology will offer even more perspectives for the fast and 

comprehensive analysis of plant gene functions. (Holtorf et al., 2002). 
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Figure 1.9: Scheme showing how the integration of results from different technological 
levels of functional genomics leads to construction of a virtual plant (Holtorf et al., 2002) 
 

1.5 Defense genes of plants  

Plants respond to pathogen infection by enhancing the antifungal gene expression. Many 

genes are induced both at the site of infection and in distal parts of the plant, leading to 

development of the hypersensitive actions (HA) and gene expression, respectively. The 

expression levels of several genes are often used as indices of plant resistance to pathogen 

infection (Hyun et al., 2011). 

Active resistance of plants to pathogens depends on recognition of the pathogens and 

initiation of defense mechanisms. Despite the identification of the defense related genes of 

many plants, little information is known about the signal transduction pathway that gives 
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resistance, or about the subsequent events that occur during the interaction between 

pathogenic organism and a compatible plant, and that establishes and maintains infection 

(Dodds and Rathjen, 2010). Traditionally, studies of the interactions of pathogens with 

plants were focused on one or only a few components of the interaction, and thus, yielded 

only limited information on the genetic networks involved. However, from relatively few 

extensive functional genomics studies, an impressively large amount of information has 

been gained on plant-pathogen interactions. 

Root tissues represent an important structure for plant growth and development, and are 

continuously invaded by microorganisms, which cause deleterious effects that culminate in 

the development of disease and/or death of the plant. Roots are intrinsically complex 

tissues to explore, most of the studies done previously focused on the developmental 

aspects of roots and with the increase in the availability of expressed sequence tag (EST) 

sequences, genes involved in cell cycle, cell growth, a biotic stresses and hormone 

signalling, while slow progress has been made in discovering plant-genes and proteins in 

the tissues governing the interaction of plant pathogens and their hosts (Scheres, 2002; 

Kohler et al., 2003; Jiang and Deyholos, 2006; Kwasniewski and Szarejko, 2006; Mouchel 

et al., 2006).Nutrient acquisition is an essential process for the survival of all heterotrophic 

organisms.As primary nutrient source, plants represent an important carbon source for a 

wide number of organisms. Several species of microorganisms live in close association 

with plants colonizing the surface (epiphytic colonization) or tissues (endophytic 

colonization), and sometimes causing diseases (pathogenic colonization).  

The events that trigger the establishment of these interactions are activated by the 

recognition of specific signal molecules associated to plants and microorganisms, which 
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are detected by sensorial proteins. Upon detection of these stimuli, there is a continuous 

process of response between plants and microorganisms that characterizes the plant-

microorganism interaction.  

Several plant factors such as pathogen recognition receptors and phenolic compounds as 

well as pathogen proteins and molecules including virulence factors and 

exopolysaccharides play important roles in plantmicroorganism relation and are 

determinants in the nature of the interaction (Brencic and Winans , 2005) 

Extensive genomic studies have revealed several resistance and defense-related genes 

expressed during pathogen infection. After the recognition of the pathogen by the plant, 

signal transduction pathways are triggered, which result in the production of reactive 

oxygen species, accumulation of pathogenesis-related proteins and phytoalexins, as well as 

localized cell death (McDowell and Dangl, 2000;da Cunha et al., 2006). Among the 

defence-related genes reported are chitinases, β-1,3-glucanases, chalcone synthases and 

peroxidases. Managing root diseases of agriculturally important crops is a considerable 

challenge. Root diseases are caused primarily by pathogens from four higher-order 

lineages: fungi, straminipila, metazoa, and eubacteria (Agrios, 1997). These pathogens are 

difficult to control due to the protective environment of the soil and because reduced-risk 

pesticide chemistries are often only effective against organisms from a single phylum at 

best. Soil fumigants with broad spectrum biocidal activity face increased regulation and, in 

the case of methyl-bromide, are scheduled for imminent phase out (Cox et al., 2003). 

Fungal pathogens cause some of the most serious and devastating diseases of crop plants 

(Strange and Scott, 2005). The costs of control are high, and approximately 22% of global 

agrochemicals used in plant production are fungicides, and these have a net annual worth 
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of about US$7 billion (Dinham, 2005). In oil palm, the basal and upper stem rot diseases 

caused by G. boninense, and vascular wilt disease caused by Fusarium oxysporum f.sp. 

elaeidis, can cause substantial losses of palms (Durand-Gasselin et al., 2005).Higher plants 

have developed a wide range of systems to protect themselves from damage related to 

biotic and abiotic stress. Certain developmental stages are particularly susceptible and 

must be afforded extra protection in order to allow successful completion of the 

reproductive cycle. A good example is the flower, which often contains tissues rich in 

macromolecules, which may be a target for invading herbivores or germs (Lotan et al., 

1989).  In order to protect floral organs from attack by microorganism, pests and 

herbivores, a range of protective molecules could be synthesized to provide a chemical 

defence, including chitinases (Leung, 1992), ß-glucanases (Lotan et al., 1989), 

hydroxyproline-rich proteins (Chen et al., 1992), and proteinase inhibitors (Atkinson et al., 

1993). Accumulation of defense-related proteins can be subjected to both tissue-specific 

and environmental control, i.e. they may be activated as part of a predestined 

developmental program or be inducible. Considerable studies have been made earlier in the 

understanding of the pathways controlling the activation of higher plant genes by biotic 

and abiotic stress (Maleck and Dietrich, 1999; Rojo et al., 1999; Kovtun et al., 2000; 

Meskiene et al., 1998; Liu et al., 1998).  

The isolation and characterization of disease resistance or stress responsive genes through 

molecular biology are the initial steps in the commencement of a systemsbiology approach 

for studying of oil palm towards an understanding of the defense and stress response 

mechanisms. It is essential todefine as many possible differences in gene expression 

between two types of cells or between two conditions. In this study, three genes that are 
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responsible for defense against the fungal infection have been selected based on their 

known function in other plants to be investigated in the oil palm. Comparing the patterns 

of gene expression for these genes and protein profiling of G. boninense infected (in 

different time of infection), and normal palms as a control were carried out in this study to 

better define the early response of the Oil Palm to this fungus. 

The gene expression and protein profiles will correlate with the defense mechanism of the 

palms before identifying candidate gene(s) and proteins with potential characteristic 

fordeveloping strategies to control G. boninenseinfection. Understanding gene roles and 

gene expression profiling can be approached via several different techniques.  Quantitative 

methods for global and synchronized analysis of expression profiles, such as Real-Time 

PCR would be powerful in giving overall understanding of the molecular and biochemical 

basis of the response to infection by G. boninense (Ravigadevi et al., 2005).A possible 

strategy to control plant pathogens is the development of natural plant defense mechanisms 

against the tools that pathogens commonly use to penetrate and colonize the host plant 

tissue. 

Protein separation using two-dimensional gel electrophoresis and protein identification are 

the most useful approach for a poorly characterized plant like oil palm. The strategy 

enables to study the changes in gene expression patterns of G. boninenseinfected oil palm 

in Malaysia. As previously stated,plants respond to fungal attack by eliciting different 

mechanisms, the main one among them is the plant defence response. This information 

may may assist in the development of diagnostic tools and the identification of resistant or 

less susceptible oil palm varieties.  
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One of these mechanisms is represented by the host plants ability to inhibit the 

pathogenesis capacity to degrade plant cell wall polysaccharides (King et al., 2011). 

1.5.1 Polygalacturonase-inhibiting proteins (PGIP)  

Polygalacturonase-inhibiting proteins (PGIPs) are plant defense cell wall glycoproteins 

that inhibit the activity of fungal endopolygalacturonase (endo-PGs) and modulate their 

activity (Janni et al., 2008). PGIPs are considered typical defense proteins that are able to 

limit the growth of those fungal producing PG during tissue colonization. The involvement 

of PGIP in limiting Plant diseaseease has been demonstrated in transgenic tomato, 

arabidopsis, tobacco, and grape plants, where over expression of PGIP was associated with 

the reduction of symptoms caused by the fungal pathogen Botrytis cinerea (Powell et al., 

2000; Ferrari et al., 2003; Manfredini et al., 2005; Aguero et al., 2005). PGIPs are 

glycoproteins present in the plant cell wall of vegetative as well as fruit tissues. Genes 

encoding PGIPs have been cloned from various plants (Cervone et al.,1987; Deo 

&Shastri,2003; Favaron et al.,1994; Gotoh et al.,2002; Mahalingam et al., 1999;Yao et 

al.,1999).  

PGIPs belong to a family of leucine-rich repeat (LRR) protein and have an important role 

in plant–pathogen interactions. Several Plant diseaseease-related genes, such as Cf-2 and 

Xa21, which encode the member of the LRR protein family, have high homology to PGIPs 

(De Lorenzo et al., 2001). 

The cell wall is the first barrier that plant cells use to oppose the attack of pathogens (De 

Lorenzo et al., 2001). Polygalacturonase (PG) is the first cell-wall-degrading enzyme 

synthesized by phytopathogenic fungi cultured on isolated cell walls (Cooper and Wood, 

1975).Polygalacturonases (PGs) are produced by many plant fungal pathogens and are the 
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first pathogenicity factors to be secreted. They can degrade plantpoly-galacturonic acid, 

cause cell wall collapse and provide nourishment for fungi (Hu et al., 2011).  PGs that 

break down the polygalacturonate chain in a random manner into small chains of 

oligogalacturonate are called Exo-PG and other PGs that cleave the polygalacturonate 

chain in terminal manner and release monomeric products, i.e. galacturonic acids are called 

exopolygalacturonase (Bateman and Basham, 1976). They are noticeable in the initial 

stages of plant infection and produced in abundant amounts during host colonization 

(Cooper and Wood, 1975). PGs have been related with diseases characterized by tissue 

maceration and soft reek (Bateman and Bashman ,1976 ).  Furthermore, leucine-rich repeat 

receptor-like protein kinase (LRPKm1) that is likely to participate in defense-related 

signalling has been isolated by PGIP probe in apple (Komjanc et al., 1999). The role of 

PGIP in monocots has been feebly investigated andtheir activity has been characterised 

only in pectin-rich species such as Allium cepa (Favaron et al., 1993) and A. porrum 

(Favaron et al., 1997; Favaron, 2001). PGIPs have been characterized in wheat, although 

their N-terminal sequences (Lin and Li, 2002; Kemp et al., 2003) do not show any 

similarity with the typical PGIP sequences determined from purified proteins or deduced 

from gene sequences (De Lorenzo et al., 2001). Moreover, rice PGIP gene has been 

reported to be involved in flower development (Jang et al., 2003).  

The demonstration that PG is a pathogenicity factor in Claviceps purpurea during the 

infection of rye (Oeser et al., 2002) has reinforced the interest for a defence role of PGIP 

also in monocots. Pectin is a main component of the primary walls of dicotyledonous and 

non-graminaceous monocotyledonous cells. During pathogenesis, cell walls of the plant 

cells act as the first line of defense that pathogens encounter when attempt to colonize the 
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plant tissue and obtain nutritional requirements. A pathogen has to break the pectin layer 

for its ramification.  

A wide range of enzymes, including exo- and endo-polygalacturonase, pectatelyase, pectin 

methyl esterase and betagalactosidase are involved in pectin modifications (De Vries and 

Visser, 2001). Pectin-degrading enzymes, including endo-polygalacturonase (EPG), are 

among the first glycanases to be secreted during fungal infection.Plants secrete proteins 

that specifically bind to PGs and modify their enzyme action. Cervone et al. (1987) 

hypothesized that PGIP benefits the plant by retarding the hydrolytic activity of PG-

catalysed hydrolysis of polypectate and lead to the formation of oligomers with a degree of 

polymerization greater than four. Such oligomers elicit active defence mechanism in plants. 

Therefore, the action of PGIP in vivo is to counteract fungal invasion by causing PGs to 

increase their elicitation of plant defence responses. The PGIP family of proteins, present 

in the walls of dicots and non-graminaceous monocots, are in some cases capable of 

inhibiting greater than 92% of the activity of fungal PGs (Berger et al., 2000) and 

sometimes even to 100%(Gao and Shain, 1995). The main goal in plant pathology is to 

understand the molecular basis of pathogen recognition by plants. Though PGIP is one 

among the few well-elucidated, pathogenesis-related (PR) proteins of known ligand–

protein binding model, research on this group of PR proteins has not been 

reviewed.Analyses of PG genes in Botrytis cinerea (Bcpg1 gene) and in Aspergillus flavus 

(P2c gene) showed that PG contributes significantly to virulence of these fungi (Have et al., 

1998).PGs play a significant role in tissue maceration, colonization, and virulence. 

However, it is not known if different PGs are produced in different hosts during 

postharvest decay. P. expansum produces at least five PG enzymes in culture (Jurick et al., 
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2010). PGs are also produced by plants, and in pear, it has been shown to be involved in 

fruit ripening and softening via degradation of cortical cell walls (Sekine et al., 2006; 

Jurick et al., 2010). 

EPG (poly-a-1,4-galacturonide glycanohydrolase, EC 3.2.1.15) degrades unesterified 

regions of homogalacturonan (HGA), the 1,4 linked a-D-galactosyluronic acid polymer 

found in pectin of plant cell wall. There are also strong correlative evidences supporting 

the involvement of EPG in causing symptoms in diseases characterized by soft-rotting or 

tissue maceration (Bateman and Basham, 1976; Isshiki et al., 2001; Huang and Allen, 

2000). EPG fragmentation of HGA results in the transient formation of elicitor-active 

oligogalacturonoides (OGAs) with degrees of polymerization between 9 and 15. These 

OGAs are rapidly (within 15 min) converted into smaller, biologically inactive fragments 

by EPG. Therefore, factors that limit fungal EPG action are likely to increase the lifetimes 

and concentrations of biologically active OGAs and may result in enhanced or prolonged 

plant defence responses (Gomathi and Gnanamanickam, 2004).  

Generally, the inactivation of pectinolytic enzymes was thought to be due to the action of 

non-proteinaceous and non-specific inhibitors like phenolics(Gao and Shain, 1995).  

Contrary to this, some researchers found that phenolics do not inhibit EPG. For example, 

concentration as high as 200 µg ml–1 p coumaric acid and ferulic acid of tomato did not 

inhibit the PG of Botrytiscinerea (Glazener, 1992).It has been reported that proteins 

extracted from the cell walls of red kidney bean hypocotyls, tomato stems, and suspension-

cultured sycamore cells can totally inhibit the activity of PGs secreted by the fungal plant 

pathogens Colletotrichum lindimuthianum, Fusarium oxysporum and Sclerotium rolsfii 

(Niture, 2008). They also found that the inhibitors showed varying degrees of inhibition on 
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PGs of different pathogens and their physical properties were similar to those of 

phytohemmaglutinins and plant glycoproteins capable of agglutinating transformed animal 

cells. During the 1970s, not much research had focused on PGIP, except for the 

contributions of Albersheim and his colleagues at the Department of Chemistry, University 

of Colorado (Fisher et al., 1973; Glazener, 1992). Figure 2.10 depicts the model proposed 

by Albersheim and co-workers on the role of oligosaccharide and PGIPs in the induction 

of plant defense response.  

 

 

Figure1.10:Model depicting the role of oligosaccharide and PGIPs in the induction of 
plant defense response (adapted from Gomathi and Gnanamanickam, 2004).  
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Small or no activity of PG was detected in crude extracts of peach tissue infected with 

Monilinia spp., though its presence was confirmed by isoelectric focusing after 

fractionation. Further experiments confirmed the presence of proteinaceous inhibitors 

present in apple and peach tissues infected with Monilinia spp (Fielding, 1981). While 

assessing susceptibility of pear fruit to three potential pathogenic fungi in relation to its 

maturity, a non-phenolic inhibitor was identified and was found to be cell-wall-bound 

proteins (Abugoukh et al., 1983).  

In the 1980s, PGIPs from different plants have been characterized biochemically, but little 

progress was made on the elucidation of structure and regulation of their expression, which 

is crucial for the understanding of the in vivo function of this class of proteins. A major 

study on the inhibition of pectinolytic enzymes has been correlated with phenolic 

compounds and phenol oxidases. Previous studies on the inhibition of  enzymes 

responsible of pectin lyses , polymethyl galacturonase, and pectate lyase of Colletotrichum 

capsici and C. Gloeosporioides (pathogenic fungi of chilli) by fungitoxicants have shown 

better inhibition in vivo than in vitro; PG was not inhibited in vitro, but was inhibited by 

the same fungitoxicant in vivo (Gomathi, 2001). Capsicum annuum (chilli) plants treated 

with fungitoxic chemicals showed less phenolic content and less activity of peroxidases 

than the untreated and infected plants (Gomathi, 2001). PG activity, however, showed a 

reverse pattern. These results suggested that phenols are not involved in the inhibition of 

PG and this led us to search for proteinaceous inhibitors in chilli plants. . In general, the 

proteinaceous inhibitors for PG were isolated only from dicotyledonous plant species.  

Previously, and for the first time, PGIP from a monocotyledonous species was purified 

from a non-graminaceous plant, Alliumporrum (Favaron et al., 1997), and from a 
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graminaceous member, wheat (Gomathi and Gnanamanickam, 2004). Its presence was 

confirmed by biochemical and immunological evidences (Kemp et al., 2003). But the 

levels of PGIP were low in wheat seedlings, and this can be explained by the presence of 

one-tenth the amount of pectin in wheat cell wall compared to dicot plants.PGIPs are 

specific inhibitors. They do not inhibit other cell-wall degrading enzymes, and the 

inhibition percentage of different fungal PG differs. PGIP of pear inhibited only PGs 

secreted by pathogenic fungi of pear and did not inhibit PGs of Aspergillus nigerand 

Fusarium. oxysporum(Abugoukh et al.,1983). This suggests that PGIPs can discriminate 

between PGs. The degree of susceptibility of PGs to PGIPs depends on the mode of action 

of the fungal PG. PGs exhibiting strictly endo mode of cleavage are selectively inhibited 

only by certain PGIPs, but those cleaving pectin in between the exo and the endo modes 

and the exo-polygalacturonases are easily inhibited by many PGIPs. PGs of C. 

lindemuthianum, Cochliobolussativus, Cryphonectria parasitica and A. nigerexhibited an 

intermediate substrate degradation and these exo/endo PGs were inhibited greater than 90% 

by all the four PGIPs. However, PG of A. nigerand Fusarium moniliforme were inhibited 

by PGIPs extracted from Pinto and Blue Lake cultivars of bean, but not of tomato and pear. 

PG of Postia placenta was not inhibited by any of these PGIPs (Cook et al., 1999). 

Although PGIP is considered as a constitutive protein; the amount of PGIP gene 

transcripts varies at different stages of maturity and at different distances from the diseased 

region. In apple for example, high expression level of PGIP gene was expressed in the 

decayed area and in adjacent areas of the fruit inoculated with Penicillium expansum and B. 

cinerea.  
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However, there was no apparent increase in PGIP in tissues away from the decayed region, 

suggesting that the PGIP gene is readily activated by fungal infection (Conway, 1998).In 

general, it appears that PGIPs from various plants show inhibition of PGs from fungi to 

which the plant was not exposed. This observation is strengthened by a report that bean 

PGIP-2 interacts strongly with a PG of maize pathogen, Stenocarpella maydis that causes 

epidemics in USA (Berger, 2000).  

PGIP isolated from Glycine max was found to effectively inhibit PGs of soybean cyst 

nematode (Mahalingam et al., 1999). PGIPs do not inhibit EPGs of plant origin.  For 

example, PGIP of Phaseolus vulgaris did not inhibit EPG of tomato and exo-PG of pollens 

of water oak. However, it inhibited the exo-PG of corn pollen and sorghum (Cervone et al., 

1990). Likewise, pear PGIP inhibited Pencillium expansum, Botrytis cinerea and 

Dothiorellagregaria, while it did not inhibit PG of pear fruit (Abugoukh et al., 1983). 

Many plants possess more than one PGIP with differential abilities to inhibit different PGs 

of pathogens (Cook et al., 1999).  

Specificity of PG basically based on the existence of the difference in molecular forms of 

PGIP in a single plant. In A. porrum, more than 20 isoforms (Favaron, F. 2001) and in 

bean five isoforms have been detected (Desiderio et al., 1997). Expression of PGIPs in 

tissues of plants is differential: PGIPs in tomato, apple, and raspberry were predominately 

expressed in fruit tissues (Johnston et al., 1993; Stotz et al., 1994; Yao et al., 1999), 

whereas in others such as bean, it was expressed in the vegetative parts (Devoto et al., 

1998; Salvi et al., 1990).  
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1.5.2 Lipid transfer protein (LTP)  

Plant lipid transfer proteins (LTPs) are low molecular mass, abundant, ubiquitous, and 

mostly basic proteins extensively studied in higher plants. LTPs are defined by their ability 

to facilitate the transfer of phospholipids between membranes in vitro. The proteins contain 

eight cysteine residues with four conserved disulfide bridges that exert different functions 

in defending itself against biotic stresses such as fungal and bacterial pathogens as well as 

abiotic stresses, including high salinity,drought, and wounding and low 

temperatures(Zavallo et al.,2010; Qin  et al., 2011).LTPs are synthesized as precursors 

with a putative signal peptide and are located extra-cellularly or are connected with the cell 

wall. These proteins are alpha-helical proteins: their four alpha helices, linked by flexible 

loops, form a hydrophobic cavity that ensures the binding of lipids and hydrophobic 

molecules. They are defined by their capability to transfer phospholipids between the 

plasma membranes in vitro. They have been characterized in a large variety of organisms 

including mammalian tissues, plants, yeast, fungi and some bacteria. There was a 

suggestion - but not yet well confirmed - that these proteins participate in extracellular flux 

of lipids, essential for the biogenesis and renewal of endomembranes (Wirtz, 1991). 

The situation is more complicated for plant LTPs for which is still being in search of an in 

vivo role. It is now clear that these proteins are present in numerous plants and share in 

common structural and functional properties: small size (about 9 kDa), high isoelectric 

point (Douady et al.,1986; Sossountzov et al.,1991 ), presence of eight cysteine residues, 

between 90–93 amino acids, located in conserved positions and forming four disulfide 

bridges (Kader,1996,1997;George and Parida ,2010).  Structural studies by NMR and X-
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ray crystallography have been carried out on plant LTPs.  These proteins comprise a single 

compact domain with four alpha-helices and a long C-terminal region.  

They have a tunnel-like hydrophobic cavity able to accommodate fatty acids (Shin et al., 

1995; Gomar et al., 1996).  A complex between maize LTP and palmitic acid has been 

indeed recently crystallized (George and Parida, 2010). This recent structural model of 

LTPs gives a basis for understanding the function of LTPs in relation to the transfer and 

binding of molecules containing acyl chains (phospholipids, fatty acids, acyl CoA or other 

acyl group containing molecules). 

In higher plants, both specific and nonspecific lipid transfer proteins have been 

characterized. The basic lipid transfer proteins from maize seedlings, spinach leaves, and 

castor bean seedlings are nonspecific. All nonspecific plant lipid transfer proteins are 

soluble proteins which may account for as much as 4% of the total soluble protein. The 

intracellular location of the lipid transfer proteins has not been established but they are 

located outside the chloroplast and have been thought to be cytosolic. The most thoroughly 

characterized proteins have a pI of about 9 and a molecular mass of about 9 kDa.  

The amino acid sequences have been determined for the spinach leaf and castor seedling 

protein. In addition, on the basis of amino acid sequence identity to known LTPs, several 

polypeptides from barley and finger millet, which were originally described as probable 

amylase inhibitors, were identified as LTPs. ThecDNA of the maize LTPhas been 

characterized. Comparison of the deduced amino acid sequences of cDNA clones encoding 

the maize and barley LTPswith the directly determined amino terminal sequences of the 

mature proteins showed that these proteins are synthesized as precursors containing 25 or 

27 additional N-terminal amino acids, respectively (Werner et al., 1991). 
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LTPs now have been revealed as being involved in many other biological functions. LTP is 

involved in long-distance signaling during systematically acquired resistance in 

Arabidopsis thaliana (Maldonado et al., 2002).Subsequently, it was shown that they all 

possess an N-terminal signal peptide that directs the LTP to the endoplasmic reticulum for 

extracellular export via the secretory pathway. Therefore, other functions have been 

suggested, including involvement in biosynthesis or deposition of hydrophobic monomers 

which form the waxy and polymeric cutin layers of most aerial organs, or participation in 

embryogenesis and transportation of fatty acids and acyl coenzyme A as carrier 

proteins(Kader, 1996). LTP also have been implicated in plant responses to salinity in 

tomato and wheat, drought in tomato and wheat and low temperatures in barley. Cabbage 

cryoprotectin, an LTP unable to bind any lipids, has been implicated in the stabilization of 

plant membranes during cold stress (Sun et al., 2008).LTPs are also similar in their 

structure with elicitin. Elicitin is a small, cysteine-rich, lipid-binding protein which is 

secreted by the plant-infecting oomycetes, Phytophthora and Pythium, and which triggers 

the hypersensitive response (HR) and systemic acquired resistance (SAR) in tobacco. 

Elicitin binds the plant sterols that are necessary for successful reproduction by the 

oomycete. Recent results have revealed that a lipid based molecule may act as the 

complete transportable signal for SAR (Sarowar et al., 2009). 
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1.5.3 Pathogen related protein 10 (PR10 proteins)  

Plants are induced to express a group of genes at increased levels in response to infection 

by a variety of pathogens. The defense strategy of plants against infection factors involves 

a large number of tools, including various types of stress proteins with putative protective 

functions.A group of plant-coded proteins induced by different stress stimuli, named 

“pathogenesis related proteins” (PRs) is assigned an important role in plant defence against 

pathogenic constraints and in general adaptation to stressful environment. PR proteins are 

well-known proteins established to be induced by pathogens and other related abiotic 

stresses (Figure 2.11) (Van Loon et al., 1994, 1999). Based on their structural and 

functional properties, up to 17 different families of PR proteins have been identified thus 

far in mono- and dicotyledonous plants. These PR families have a wide range of function 

from cell wall rigidification to signal transduction and antimicrobial activity (Christensen 

et al., 2002; Van Loon, 2006). 

 

Figure 1.11: The Mechanism of Pathogen Related Protein PRs during Plant Defense 
responses (Bowles, 1990). 
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The parsley ‘‘PR-1’’ protein (Somssich et al., 1986; 1988) is a typical member of the PR-

10 family. PR10 proteins have been identified in a wide range of flowering plants. At the 

transcriptional level, many biotic and abiotic stresses have been shown to activate PR10 

protein, signifying their important roles during plant-pathogen response (Liu et al., 2003). 

The complexity of the multi-gene family of PR10 proteins and their possible roles under 

usual and unusual physiological conditions encouraged researchers to investigate the gene 

regulation for the spatial and temporal expression pattern of PR10 genes in a conifer 

species (Liu et al., 2003).The PR-10 proteins are regulated according to development and 

environment and they are widely distributed in seed plants. Based on similarities in their 

amino acid sequences, sub-cellular location, and putative function, the PR-10 family is 

divided into two distinct groups: intracellular pathogenesis related proteins (IPR) with 

homology to ribonucleases (Van Loon et al., 1994), and (S)-norcoclaurine synthases (NCS, 

EC 4.2.1.78) (Samanani et al., 2004). The role of PRs has been a highly dynamic study 

areasince their discovery. Putative plasma membrane localized receptors of PR10 inducers 

are suggested, and secondary signals of PR10 induction, such as salicylic acid (SA), 

jasmonic acid and ethylene, have been established.Many of these derivative signals are 

known as inducers of PR10 expression. PRs are well-known by species specificity, thus 

allowing their application as markers in taxonomical, phylogenetical and evolutionary 

studies. Pathogenesis related proteins comprise 17 groups, most are associated with plant 

defense response. Although most of them are induced by stress, biotic or abiotic, they 

show diverse functions (Hoffmann, 2002). 

PR10 are distinguished by specific biochemical properties. They are low-molecular 

proteins (6-43 kDa), extractable and stable at low pH (<3), thermostable, and highly 
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resistant to proteases (Van Loon, 1999). The protein contains four α-helices and four β-

strands arranged antiparallel between helices. The tight packing of the α-helices on both 

sides of the central β-sheet (α−β−α sandwich structure) results in a compact, bipartite 

molecular core, which is stabilized by hydrophobic interactions and multiple hydrogen 

bonds (Fernandez et al., 1997). This compact structure probably determines the high 

stability of PRs and their insensitivity to proteases.Since PR10 genes were originally 

identified in peas expressing resistance to fungi (Riggleman et al., 1985).PR10 has also 

been reported as responding to stress and abscisic acid, as a pollen allergen and has been 

shown to be constitutively expressed in roots. The specific role of PR10 in these processes 

has remained elusive although PR10 proteins from ginseng, white lupin and hot pepper 

have been demonstrated to possess RNase activities (Park et al., 2004). However, 

molecular experiments have also suggested that a PR10 protein from white lupin may have 

the abilty to bind cytokinins (Biesiadka et al., 2002) although this remains to be confirmed 

experimentally. While expression of pea PR10 in potato conferred resistance to early dying 

disease (Chang et al., 1993), constitutive expression of this gene in transgenic canola did 

not result in enhanced resistance to blackleg (Wang et al., 1999).The PR10 subfamily of 

this group includes a number of low molecular weight proteins ranging from 15 to 20 kDa, 

with different biochemical characteristics.  

In general, PR10 proteins exhibit allergenic, anti-fungal and ribonuclease activities 

(Chadha and Das, 2006; Liu et al., 2006; Srivastava et al., 2006b).Just like other PR 

proteins, PR10 is induced by both biotic (Koistinen et al., 2002) and abiotic stress 

(Hashimoto et al., 2004) such as drought (Dubos and Plomion, 2001), wounding and cold-

hardening (Liu et al., 2003). In addition, the PR10 homolog in mulberry, WAP18, is 
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suspected of having a role in freezing tolerance (Ukaji et al., 2004). On the other hand, the 

constitutive expression of pea PR10 in Brassica napus resulted in enhanced seed 

germination and improved growth under saline condition (Srivastava et al., 2006a).  

1.6 Plant proteomics  

A Proteomics study (protein match expressed by a genome) hasencouraged as a 

consequences of genomic sequencing projects to deal with issues relating to the function 

and regulation of the sequenced genes. There are several high through put RNA 

measurement tools such as differential display, transcript imaging, and microarrays that 

have been developed for the analysis of the transcriptome, but these techniques do not 

really provide insight into the quantitative and qualitative understanding of the final gene 

products, or ‘’proteins’’. The amount of protein as an end product is not always related to 

its  amount. In addition, a lot of proteins go through post-translational modifications, like 

single peptide removal, phosphorylation and glycosylation, which play a significant role in 

their movement and sub-cellular localization. As a result, the study of proteins themselves 

is the only way to provide information at a certain time and under certain conditions, about 

the protein amount and their activities (Zivy and de Vienne, 2000). 

Basically the conception of proteome is based on a relatively traditional technique of 

protein separation. Two-dimensional electrophoresis (2-DE) (O’Farrell, 1975), which 

separates the protein according to their isoelectrical point in the first dimension and in the 

second dimension to their molecular weight (SDS-PAGE). Proteomics has been for many 

years the most powerful technique for the separation of protein complex.  2-DE allowed 

large-scale studies of gene expression and genetic variation long before the appearance of 

transcriptome tools by allowing the visualization of several hundreds of proteins on a 
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single gel. The technique was limited, however, by the difficulty of identifying the proteins 

(Zivy and de Vienne, 2000).In recent years, the application of proteomic approaches as a 

tool for global expression analysis and protein identification has been highly efficient in 

the field of protein research. Improvements in the main techniques and equipments for 2-

DE and mass spectrometry have allowed a high throughput analysis of protein expression 

in different fields. While the proteomics research is greatly advanced in animals, plant 

proteomics has not yet reached a sufficient level of complexity to identify and study plant 

proteins involved during the pathogen-host plant interactions. Many proteins involved in 

the mechanisms of response to biotic/abiotic stress signals are present in low abundance 

and thus are not easily detectable in crude extracts. Major studies in plant proteomics 

involve subcellular proteomes, including chloroplasts, mitochondria, nuclei and plasma 

membranes (Peltier et al., 2000;Ferro et al., 2003; Werhahn  and Braun, 2002; Bae  et al., 

2003; Kawamura and Uemura, 2003; Gonzalez-Camacho, 2007) and most of them still 

rely on 2-DE separations of crude cellular extracts. The study of proteins has also become 

progressively more important since it is now well established that there is little 

correspondence between the transcript and protein levels (Gygi et al., 1999; Chen et al., 

2002). Post-translational modifications such as the removal of signal peptides, 

phosphorylation, glycosylation, ubiquitination, among others are important processes for 

protein function and subcellular localization which are not accounted for using genomic 

strategies (Jensen, 2006).  

Therefore, proteomics is playing an increasingly important role in addressing these issues 

and has become a necessary and complementary approach in the post-genomic era. 

Furthermore, by analyzing the proteins being expressed during a specific condition, 
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information regarding the genes/proteins that are co-regulated and act together in response 

to a given stress can be identified. Nevertheless, the root proteomics (rooteomics) analysis 

is still less well developed when compared to other plant tissues and even more when 

compared to other organisms such as prokaryotes, yeasts and mammalians (Agrawal and 

Rakwal, 2006). 

The proteomics science is basically linked to genomics since the information about 

proteins can be derived from the information contained in the genome of an organism. 

However, while the genome is static for a particular cell, the proteome which is derived 

from the genome varies greatly depending upon the cell type as well as its functional 

condition (Archana, 2006). 2-DE is the most common technique used in proteomics. For 

over 25 years, it has been the technique of choice for analyzing the protein composition of 

cells.Several plant proteomics reviews have been published; including sub-cellular 

proteomics (Wang et al., 2008).  

One of the major factors responsible for the limited data regarding root proteomics is 

related to low protein and tissue amounts. Interestingly, Mooney et al.(2006) showed that 

proteins involved in disease resistance represented 13% of root proteins compared to 7% 

identified in leaves.These results indicate that root tissue is an excellent target to study 

plant pathogen-interactions and the use of differential proteomic studies can aid in the 

discovery of resistance- and defence-related proteins. 

It is true thatthe results obtained from plant-proteomics research are below the expectations 

generated at first  and that the results have shown that the vitality, variability, and behavior 

of proteins are more complex than had ever been imagined, especially as refers to a 

number of protein species per gene as a result of alternative splicing, reading frame, and 
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posttranslational modifications, trafficking, and interactions, and considering that protein 

complexes, rather than individual proteins, are the actual functional units of the biological 

systems (Gonzalez-Fernandez and Jorrin-Novo,2012). On the other hand, and differently 

from other biological systems, like yeast (Picotti et al., 2009) and humans (Anderson et al., 

2009), the full potential of proteomics is far from being fully exploited in plant-fungal 

pathogen research, and that is because of the low number of fungal pathogen species under 

investigation at the proteomic level, the low proteome coverage in those species 

investigated, and the almost unique use of classical, first generation techniques, those 

based on 2-DE coupled to MS (Fernandez et al., 1997).The proteome has been defined as 

the entire complement of proteins present in a cell, organism, or tissue under certain 

conditions. Accordingly, proteomics is the study of this complement expressed at a given 

time or under certain environmental conditions (Wilkins et al., 1996). There are three main 

areas for the proteomics study.First is the large-scale identification of proteins by linking 

structural information, such as internal peptide sequences, amino acid composition, 

isoelectric point, molecular mass, sequence tags of selected peptides to genomic or protein 

databases. The second area is the research about comparison of variations in protein 

patterns due to stimulation by hormones, environmental changes and/or genetic mutations, 

followed by identification of proteins which show changes in concentration or 

posttranslational modifications, and third by studies of protein–protein interactions using 

techniques such as mass spectrometry (Pandey and Mann, 2000). 

Although some authors have suggested that bi-dimensional gel electrophoresis (2-DE) is 

an ancient and surpassed technique, this procedure has been frequently utilized in plant 
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proteomic studies. In fact, promising alternative technologies such as multidimensional 

protein separation, protein arrays and others have emerged recently. 

However, 2-DE is currently the only technique that can be routinely applied for 

quantitative expression profiling of large sets of complex protein mixtures such a root cell 

lysates (Gorg, 2004). Although 2-DE technology is not cheap, the equipment is more 

accessible than mass spectrometers. This makes proteomic studies possible for research 

groups located in developing countries, spreading the proteomic science around the world. 

It is true that protein identification is an important step in proteomic analysis and mass 

spectrometry-based strategies has contributed enormously in this aspect. Thus, the 

enthusiasm in proteomic studies is a result of the union of techniques based on 2-DE and 

those focused on mass spectrometry, and this union has been responsible for the increase in 

the functional assignment of proteins and genes in various organisms, including plants 

(Cullis, 2004).Immobilized pH gradients and gels, as well as power supplies and gel 

supports are now commercially available and have clearly improved reproducibility and 

decreased wasted time. By using these benefits, good quality 2-DE gels have been obtained, 

generating valuable information for the understanding of root metabolism and physiology. 

Initially, model plants such as Arabidopsis thaliana and M. truncatula were used to 

develop extraction and gel protocols. Therefore, 2-DE associated to peptide mass 

fingerprinting was used to investigate the natural variation in the root proteome among 

eight A. thaliana ecotypes (Chevalier, 2004). Comparison of 2-DE maps demonstrated that 

only one-quarter of spots were shared by all accessions, suggesting that ‘’rooteomics’’ 

could be a valuable tool to understand natural variations of plants and also to compare 

susceptible and resistant varieties to isolate resistance proteins. The proteome knowledge 
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achieved in root models was applied to crop plants, aiming to solve agricultural problems 

and find biotechnological targets and/or tools. However, some other studies have using 2-

DE gels focused on developmental aspectsof primary maize roots, aiming to identify 

proteins that are differentially accumulated during root growth (Sheffield et al., 2006). 

Differential spots were identified by MS showing that two proteins that were shown to 

accumulate differentially between wild-type and mutant roots can be linked to lignin 

metabolism, giving clues on genes that might be involved in the developmental switch that 

results in the initiation of lateral roots (Liu et al., 2006). The cassava (Manihot esculenta 

Crantz) root proteome was also evaluated using high-resolution 2-DE, (Sheffield et al., 

2006). Gel image analyses revealed an average of 1467 electrophoretically resolved spots 

on fibres and 1595 spots on tuber in the pH 3-10 range. As cassava is a major source of 

energy in the diet of more than 700 million people, particularly in the developing countries 

of South America, Africa and Asia, the proteomic approach could be useful for a better 

understanding of protein and carbohydrate accumulation in tuber. Therefore, results 

reported by Sheffield et al. (2006) not only facilitate insights into the molecular processes 

underlying root physiology and differentiation, but can also give valuable information for 

cassava genetic improvement programs in order to solve some problems as disease 

susceptibility, low production and reduced nutritional quality. 

New improvements in electrophoresis tools such as the development of algorithms for gel 

image analysis (Blueggel, 2004) and difference gel electrophoresis (DIGE) that facilitates 

complex protein comparison analysis by labeling different samples with fluorescents dyes 

(Ornstein and Petricoin, 2004) and dilute Immobilinegels for the resolution of large 

proteins (Bruschi, 2005) are already being used in biomedical research.  
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The utilization of these techniques in plant research could contribute towards the 

development of plant proteomics, specifically for proteomic processes involving root 

pathogen interaction.Although by no means perfect, 2-DE coupled with mass spectrometry 

remains the core technology for separating and identifying complex protein mixtures in 

proteomic projects at least for the foreseeable future (Gorg et al., 2004). Rooteomic studies 

aiming at the identification of agronomically important proteins is a field that can be 

largely explored using both these techniques. It is certain that an array of novel interesting 

proteins will be discovered using these approaches.Proteomics has become a main field of 

practical genomics after the successful completion of many genome sequencing projects 

and the advance of many analytical methods for protein characterization. The applications 

are currently expand to analyze different functional aspects of proteins like, protein-protein 

interactions activities and structures, posttranslational modifications.  

With the aim of profiling proteins in biological samples, proteomics has long been 

associated with the techniques of two-dimensional gel electrophoresis (2-DE) and mass 

spectrometry (MS) (Shevchenko et al., 1996; Wilkins et al., 1996). Introduction of thedry 

strip immobilized pH gradient (IPG), helped mostly to overcome the Classical 2-DE 

limitations in resolution and reproducibility of gels (Gorg, 1991). The improved techniques 

in 2-DE allowed inclusive protein visualization on 2D gels.Proteomics was further 

advanced by the development of biological MS and the availability of searchable sequence 

databases.  

The MS techniques that were developed for the ionization of proteins and peptides include 

matrix-associated laser desorption ionization (MALDI) and electro spray ionization (ESI) 

(Karas and Hillenkamp, 1988; Fenn et al., 1989). Combined with time of flight (TOF), ion 
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trap and triple-quadrupole tandem MS (MS/MS) spectrometers, these techniques offer high 

sensitivity and mass accuracy (Aebersold and Mann, 2003).  

Large numbers of groups have published protein reference maps for specific tissues that 

include roots, stems, flowers, seed pods and cell suspension cultures. Additional analysis 

of proteomics from crops have been reported for specific stages of seed filling and seed 

development (Gallardo et al., 2003) and for somatic embryogenic tissue culture cells (Imin 

et al., 2004).The proteomic analysis of the plasma membrane is a difficult one for 

reproducible and complete mapping due to its hydrophobic nature. Specific strategies have 

been developed to recover the hydrophobic membrane proteins on 2-D gels (Santoni et al., 

2000). Efforts have been employed to construct 2-DE reference maps of the plasma 

membrane under optimized solubilising conditions (Rouquie et al., 1997; Santoni et al., 

1998). In order to identify Arabidopsis plasma membrane proteins that are associated with 

the early stage of cold acclimation, highly-purified plasma membrane fractions from non-

acclimated and cold-acclimated Arabidopsis leaves were analyzed using MALDI-TOF MS 

(Kawamura and Uemura, 2003).  

The interaction between root and infectious fungi is considered the most studied area in the 

proteomics analysis of root-pathogen association. Several reports have shown the use of 

proteomics for the isolation of proteins of agronomic application including pathogenesis-

related proteins, chitinases, among others. However, still little proteomic information is 

available regarding the biochemical and physiological interactions in the host-parasite 

system. Moreover, the molecular bases of the interaction between roots and pathogenic 

fungi are not well understood yet (Mehta et al., 2008).The proteomic tools offer an 

excellent way to evaluate the host proteome during the host-parasite interaction process. 
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Compared to the number of publications on the proteomics of symbiotic interactions 

(nitrogen-fixing and arbuscular mycorrhizal), the use of this strategy appears rather limited 

in the area of plant responses to pathogens. The available amount of root tissue for analysis 

is commonly a main problem for more detailed studies. Similar difficulties have been 

reported in the symbiotic root-fungi interactions in M. truncatula (Dumas-Galdot et al., 

2004). These authors reported that few studies have been performed in the appresoria stage, 

in which limited amounts of root are available; making proteomic researches a complex 

task. The extraction of proteins using an efficient methods producing high protein yield 

from the same sample is one of the alternatives to overcome this problem. Techniques that 

allow this analysis have been developed for root-fungi interaction and have been used 

successfully (Dumas-Galdot et al., 2004). 

This strategy could be applied for other plant-microbial interactions in order to optimize 

the results obtained. In addition, plants are able to synthesize and secrete enzymes that are 

able to degrade the cell wall of the invading pathogen and these enzymes are often 

classified as pathogenesis-related proteins because they are highly expressed upon 

infection. For example, the root protein profiles of M. truncatula have been analyzed using 

2-DE after being infected by the Aphanomyces euteiches pathogen (Colditz et al., 2004). 

Several differentially expressed proteins in response to the infection were identified by 

MALDI-TOF-MS and the majority of the induced proteins belonged to the family of the 

class 10 of PR proteins. Other protein spots were also identified as putative cell wall 

proteins and enzymes of the phenylpropanoidisoflavonoid pathway, including an 

isoliquiritigenin (chalcone) 2-O-methyltransferase (COMT) and a chalcone reductase 

(CHR), which are required for the production of medicarpin, the major phytoalexin 
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accumulated in response to fungal pathogens. Previously, a comparison of M. Trunculata 

lines with different susceptibility to the A. euteiches was performed. 

Another strategy that can be applied for Plant diseaseease control is the analysis of the 

pathogen proteins, which can be identified and used as targets. Pathogenic fungi have 

several effector proteins that play a key role in parasitic colonization of plants (Kamoun, 

2005). Apoplastic effectors are secreted into the plant extracellular space, where they 

interact with extracellular targets and surface receptors. By using a proteomic approach, 

Apoga and Tunlid (2001) investigated the role of the extracellular matrix secreted by the 

cereal pathogenic fungus Bipolaris sorokiniana. However, the proteins isolated from 2-DE 

gels and analyzed by MS revealed no significant matches to sequences available in public 

databases. Protein identification by using the MS technology is highly dependent on the 

public databases, and the amount of information constantly deposited is impressively large. 

However, attention must be drawn to the fact that a large number of proteins with 

unknown functions or not yet isolated can be completely ignored when protein homology 

is searched. This is also true for root proteins. 

Fizames and his group (2004) obtained interesting results when they analyzed root 

transcriptomics of Arabidopsis plants using the SAGE (Serial Analysis of Gene Expression) 

technique, these authors reported 6000 different transcript tags, which showed no match to 

the Arabidopsis genes and suggest that a significant amount of transcripts present in roots 

originated from unknown or wrongly annotated genes. This is an intriguing result and may 

reflect the difficulty in root protein identification.Several proteomic studies on symbiotic 

fungus-root interactions have also been conducted and these organisms, although 

beneficial to the plant, seem to induce an array of defense-related proteins during 
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colonization. Proteome analysis has identified proteins involved in the development and 

functioning of mycorrhiza, including proteins involved in defense response and root 

physiology (Bestel-Corre et al., 2002). An interesting case is that of Trichoderma, which is 

a fungus that can increase root growth, control deleterious non-pathogenic root microflora, 

destroy toxic metabolites produced by deleterious microflora and control root pathogens 

(Harman et al., 2004).  

Several studies have shown that root colonization by Trichoderma strains results in 

increased levels of defense-related plant enzymes, including various peroxidases, 

chitinases, β-1,3-glucanases, and the lipoxygenase-pathway.Trichoderma species have 

been reported as potentially useful for biological control, since they are able to attack or 

inhibit the growth of plant pathogens directly. Proteomic studies of the interaction of 

Trichoderma and maize seedlings grown from treated- and non-treated seeds were 

investigated by 2-DE. About 40% of the proteins observed in the presence of Trichoderma 

were not detected in untreated plants (Harman et al., 2004).Similarly, Marra (2006) 

identified 29 proteins related to the triple interaction among bean roots (Phaseolus vulgaris) 

with the fungi Botrytis cinerea and Rhizoctonia solani and its antagonist Trichoderma. 

Proteins with differential expression patterns were evaluated by MS and in root proteome.  

PR proteins and other factors related to resistance were associated to the interaction 

between the plant and the two pathogenic fungi as well as with the antagonist. These 

results are in agreement with the findings of Harman et al.(2004), which showed that 

Trichoderma has the property of inducing resistance to many pathogenic 

microorganisms.Another important approach is the analysis of the Trichoderma proteome 

in response to the interaction with the plant. The proteins identified interaction process 
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may shed some light over the processes that trigger plant defense, and may be used for the 

induction of resistance in plants. Some efforts have been made in this direction. Suarez et 

al. (2005) analyzed the extracellular proteome secreted by Trichodermaharzianum in the 

presence of different fungal cell walls. A combination of liquid chromatography and mass 

spectrometry allowed the identification of a novel aspartic protease, which showed 44% 

identity with the aspartic proteinase polyporopepsin (EC 3.4.23.29) from the 

basidiomycete Irpex lacteus. In summary, the results discussed exemplify the range of 

proteomic applications that can successfully be applied to the study of fungi-root 

molecular interactions. 

1.7 Plant-pathogen interactions in the light of proteomic studies 

In the case of pathogens, several of the proteins involved in pathogenicity are secretory 

proteins, which were observed in bacteria, fungi and nematodes, and were mainly 

identified by secretomic studies. These proteins include proteases, cellulases and pectate 

lyases, which are important,cell wall degrading enzymes, crucial for host plant 

colonization (Figure 1.12). These results clearly show the importance of secretomic studies 

when searching for pathogenic proteins. In addition to these well-known enzymes, other 

proteins, such as SODs and oxidases have also been reported in the different pathogens, 

and are associated with protection against the oxidative stress response by the plant on 

infection. A similar situation was observed with regard to defence-related proteins in plants. 

The most reported defense-related proteins are PR proteins, including thaumatins, 

glucanases, peroxidases and chitinases, observed in several pathosystems described in 

(Figure 1.12) (Mehta et al.,2008). 
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The association of the PR proteins in plant defence has been established; however, their 

direct role in resistance enhancement still needs to be verified. The general biotic stress 

response represents another class of regulated proteins, which include glutathione 

superoxide dismutase, S-transferase, and heat shock proteins (Karim et al., 2011).  

 

 

Figure1.12: Plant–pathogen interactions and perceptions into proteomic studies of the 
proteins involved in these processes (adapted from Mehta et al., 2008). 
 

For plant-pathogen interaction studies, comparative proteomics proves to be the best 

approach as it has emerged as a promising tool for global analyses of protein expression 

levels in the recent past (Ca´novas et al., 2004). Different aspects of biological processes 

including protein identification, post-translational modifications (PTMs), protein 

expression profiles under stress/infection  conditions during plant development and 
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protein–protein interaction could be successfully analyzed using proteomics-based 

approaches (Hashiguchi et al., 2010). Drought and other different stress condition have 

been investigated in various plants using proteomics-based dissection of differentially 

expressed proteins under different environmental factors including (Salekdeh et al., 2002; 

Yan et al., 2005;Yamaguchi et al., 2010; Sengupta et al., 2011). A recent review on plant 

proteomics emphasized the importance of undertaking root proteomics-based analyses 

under various stress conditions (Mehta et al., 2008).Proteomics is a latent tool for 

dissecting molecular mechanisms underlying fungal interactions. Proteomic changes in the 

host plant as it becomes infected or resists the pathogen can be traced back to the 

interaction between a particular host and pathogen gene pair if the genetics of the host-

pathogen interaction follows the gene-for-gene model. The following biochemical changes 

are of big importance because they possibly will give close into crucial ‘switch points’ in 

the defence-related pathways that could be manipulated to engineer host plants with 

improved resistance or defence to the pathogen. This approach may also help to show the 

more complex mechanisms underlying activation of plant defence responses against 

biotrophic, necrotrophic and hemibiotrophic fungal and oomycete phytopathogens. 

Proteomics can also be employed to decipher molecular processes that occur during the 

recognition of pathogens by plants (basal defense) irrespective of the eventual outcome of 

the interaction (Kav et al., 2007). 
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1.8 Objectives 

The specific objectives of this study are as follow: 

1-To understand the cellular signals of the host during infection through the study of 

selected genes. 

2-To identify the global changes in gene expression during oil palm-Ganoderma 

interaction. 

3-To identify the proteins that are specifically or predominantly expressed in infected 

and/or healthy palms (differentially expressed proteins) with the potential for use as 

biomarkers. 
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Chapter two 
Materials and Methods 

2.1 Materials (General) 

All chemicals and solvents used were of the highest analytical grade available.  The names 

of all chemicals and disposable items in this study and their respective sources are as listed 

in Appendix A. 

The names of the instruments and their respective sources that were used in this study are 

as listed in Appendix B1. 

The list of stock solutions/reagents used in this study is as listed in Appendix B2.  The 

sterilization of materials is given in details in Appendix C.  

 

2.2 Methods  

2.2.1 Research methodologies  

The research methodology used in this study was divided into two phases.  The first phase 

of the research encompassed methodologies related to genomic analyses, which included 

the identification, isolation, and sequencing of selected genes that are potentially involved 

in plant defense against fungal infection.  The second phase included methodologies for 

research involving exploration of differential gene expression at the protein level in 

Ganoderma infected samples in contrast to healthy control samples.  The schematic flow 

of the research that was conducted is as illustrated in Figure 2.1. 
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Figure 2.1: The flowchart of the research 
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2.2.2 Plant materials 

All the seedlings used in this study were from normal uninfected seedlings D x P (Dura x 

Pisifera seedlings)  of UR 706/532 x UR 1679/147 crosses supplied by Sime Darby Seeds 

and Agricultural Services (SDSAS)-Planting Materials Unit (PMU) Layang-Layang, Johor, 

following the normal nursery practices and certified as Ganoderma free.  The root tissue 

from the plant were briefly washed soil-free under running tap water, dried and then frozen 

dipped in liquid nitrogen ready for direct DNA and RNA extraction. 

2.2.3 Ganoderma culture  

Cultures of G. boninense PER71 were obtained from Ganoderma& Diseases Research 

Unit of the Oil Palm Unit Laboratory, MPOB.  The culture was maintained at Plant 

Protection Unit, Sime Darby Research Centre, Banting, and Selangor.  To fulfill Koch’s 

Postulates, re-isolation of fungi were carried out from the inoculated tissues by cutting the 

discolored roots and stems into 1cm sections and plated onto Ganoderma Selective 

Medium (GSM) (Ariffin and Idris, 1992).  The plates were incubated at 25°C for 2-3 days  

and observed for formation of brown halos and growth of mycelia from the root and stem 

sections.  Colonies of Ganoderma were white in colour on the surface and the reverse was 

darkened (pigmented).  The culture of Ganoderma isolate had an undulating surface in the 

darkened regions that buckled the agar (Idris et al., 2000). 

2.2.4 Preparation of wood blocks for artificial inoculation  

The rubber wood block (RWB) method for pathogenicity test used in this study was 

modified from the method used by Idris et al., (2006).  RWBs measuring 6x6x6cm 

(216cm3) were used as substrates to cultivate the inocula.  All RWBs are washed and dried 

in an oven at 80°C for overnight before autoclave at 121°C for 1 hour.  Each RWB was 
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placed in a plastic bag with 120ml of Malt Extract (ME) Broth was added into each bag.  

Bags are sealed and autoclaved at 121°C for 15 min and then left to solidify overnight.  

The 7 day old dikaryon inocula on the PDA plate were cut into 4 parts and a half of blocks 

agar was inoculated onto the RWB.  The inoculated RWBs were incubated at 25-28°C at 

60-70% relative humidity (RH) for about 150 days during which time the G. boninense 

mycelia completely covered the wood blocks. 

2.2.5 Plant challenge experiments  

The seedlings used in this study were germinated for 1 month then artificially inoculated 

according  to the standardized protocol for Ganoderma aritificail infection (Nur Ain Izati 

and Abdullah, 2008) used by the Plant Protection Unit ( Sime Darby Research Sdn. Bhd).  

The poly-bags were cut and the seedlings removed.  A colonised block was placed in direct 

contact with each of the seedling in a garden pot to avoid root contact with any external 

sources and then covered with soil and the inoculated mulch.   

2.2.6 Experimental layout  

The oil palm seedlings were divided into two groups controls (non-inoculated plants) and 

inoculated plants.  From each group destructive sampling was carried out at every two-

week intervals to obtain samples at 0, 2, 4, 6 and 8 after inoculation respectively to access 

the G. boninenseinfection.  All oil palm seedlings were placed and arranged in a 

randomized block design under plant house conditions for 8 weeks.  Using tap water, the 

seedlings were watered twice daily.  Similar experimental layout was used for the 

protemoics study to obtain the samples at 2, 4, 6, and 8 weeks after inoculation. 

 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


  
 

 

 

66 
 

2.2.7 DNA extraction  

Genomic DNA extraction was performed using modified CTAB extraction method as 

described by  Doyle and Doyle (1990) with modifications using CTAB extraction buffer (2% 

CTAB,100mM tris-HCl, pH 8, 2 mM NaCl, 20 mM EDTA,2% PVP 40,2%ß-

mercaptoethanol).  About 200-250 mg of grounded tissue was added to 1.5 ml eppendorf 

tube containing 1ml of extraction buffer preheated to 65°C.  The mixture was then washed 

twice with (24:1 chloroform: isoamylalcohol (C: I)), centrifuged at 1000 g for 5 min, and 

the upper layer was collected and washed with C: I again.  The pellet was collected by 

centrifuging 8000 g for 20 min at room temperature, the pellet washed with 70% ethanol 

and dissolved after drying and resuspended in 50 µl pH 8.0 TE, or ultra pure d H2O.  The 

RNA was removed using RNase A (20 µg/µl) followed by 30 min incubation at 37ºC.  The 

DNA was then stored at -20°C until use.  

2.2.8 PCR of targeted genes 

2.2.8.1 Primer design  

Primers used in this work were designed based on the known sequences of PGIP, LTP and 

PR10 genomic DNA from other plants available at the GenBank (http:// 

www.ncbi.nlm.nih.gov/).  The published sequences for the desired genes were retrieved 

from the GenBank database.  DNA and amino acid sequence alignment was performed 

using ClustalW (http://abs.cit.nih.gov/clustalw/).  Their amino acid sequences were aligned 

to allow the identification of possible conserved regions within the gene.  The degenerate 

primers were then designed based on the sequence of the conserved regions.  The 

specificity of each primer was verified by sequences manipulation suite 

(http://www.bioinformatics.org/sms2/) using the DNA sequences. Degenerate primers 
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were designed and synthesized only using the sequences that were very unlikely to bind to 

genes other than the genes of interest.  

The sequences from four plants obtained from the Genbank were used to design the 

degenerate primers which were for PGIP, Oryza sativa (Accession # AM180653), 

Triticum monococcum (Accession # AM180658), Stephanandra chinensis (Accession # 

AF196951) and Hordeum vulgare (Accession # DQ995511)(full sequence and DNA 

alignment  see Apendix D)pgip-f (5′ GTTGAACGG GCC TCT TCTC 3′) and pgip-r (5′- 

ACT TTATGC TTCCGG CTCGT -3′).For LTPOryza sativa (Accession # U77295), Zea 

mays (Accession # NM-001112535), Hordeum vulgare (Accession # X96979), Triticum 

aestivum (Accession # EF432573)(full sequence and DNA alignment see Apendix E) used 

to design the primer LTPf(5′ GCCCGTGACAGTTGGTGTTG 3′) and LTPr (5′ 

TGCGAGCGACTGCCATAGTAG3′).For PR10Oryza sativa (Accession # 

AB127580),Triticum aestivum (Accession # EU908212), Rheum austral (Accession # 

EU931221) and Lycopersicon chilense (Accession # AY899198) (full sequence and DNA 

aligenment DNA alignment see Apendix F) were used to designPR10f (5′ 

ACCTCAGCCATGCCCTTCAGCCa3′)andPR10r(5′TGGCCGTGACAGACTCCTTGGC 

3′).  

2.2.8.2 PCR reaction  

A PCR reaction was used to confirm the presence of the three genes in the oil palm 

genome using that degenerate primers.  PCR reactions were done using MJ Bio-Rade, 

THERMAL CYCLER) PCR conditions were: 1 cycle at 95°C for 2 min, 30 cycles at 95°C 

for 30 seconds, (60°C for 1 min for PGIP gene, 62°C for PR10 and 48 °C for LTP gene as 

annealing temperatures) 72°C for 1 min, and a final step at 72°C for 5 min.  
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Gel extraction of the genomic DNA using Qiagen kit was done according to the 

manufacturer  and cloning was carried out using pGEMT® easy Promega cloning vector 

system I (cat # A1360) as described in the protocol.  Plasmid was purified from the 

recombinant bacterial clones (E. coli JM109) using the protocol (Sambrook et al., 1989). 

Sequencing reactions were performed using the “ABI PRISM dye terminator cycle 

sequencing ready reaction” kit and DNA sequences were determined with the 3130 xI 

genetic analyzer (Applied Biosystems).  Sequence analyses were performed using  

Chromas software (http://www.flu.org.cn/en/download-49.html) and ClustalW algorithm 

for multiple alignments.Basic local alignment search tools (BLAST) at the International 

Nucleotide Sequence Databases (http://www.ncbi.nlm.nih.gov/) databases were performed 

with programs BLASTx and BLASTn with some changes in the default parameters. 

2.2.9 PCR Purification 

The purification was done using QIAquick® PCR Purification protocol and QIAquick® Gel 

Extraction Protocol (Qiagen, Germany).  The purpose of these methods was to purify the 

PCR product in order to obtain only the desired amplicon.  Five volumes of Buffer PBI 

(Phosphorus Buffer Index) were added to 1 volume of the PCR sample and mixed.  The 

mixture was transferred to the QIAquick spin column in a 2ml collection tube and was 

centrifuged for 1 min to bind the DNA.  The flow through was discarded and the tube was 

placed back to the column and was centrifuged for another 1 min.  After that, 750µl of 35% 

guanidine hydrochloride was added and was centrifuged for 1 min to removed primer 

dimmer.  Then, 750µl of Buffer PE (1 PE: 4 of absolute ethanol) was added to wash the 

DNA and centrifuged for another 1 min. Then, the column was placed in a clean 1.5ml 

tube, 30μl Buffer EB was added to the center of the QIAquick column to elute the DNA 
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and centrifuged for 1 minute after incubation for 1 minute at room temperature.  Gel 

electrophoresis was carried out to verify the results. Purification of PCR sample was also 

carried out.  For each PCR sample, the sample was loaded premixed with loading dye in a 

ration 5:1 in a big large well and electrophoresed.  The gel was then viewed under UV light 

and the desired fragment was excised using a clean scalpel. The fragment was put in a 

clean 1.5ml tube and the weight was recorded.  Then, 3 volumes of Buffer QG were added 

to 1 volume of the gel.  

The sample was incubated at 50°C for 10 minutes (the sample was inverted for every 2 

minutes to ensure the excised gel dissolved completely) before adding 1 volume of 

isopropanol and vortexing.  The sample was applied to QIAquick column (with 2ml 

collection tube) and centrifuged for 1 mintue to bind the DNA. The flow through was 

discarded.  Then, 500µl of Buffer QG was added and centrifuged for 1 mintue using the 

same collection tubes to remove all traces of agarose gel.  After that, 750µl of Buffer PE (1 

PE: 4 of absolute ethanol) was added in order to wash the DNA and was centrifuged for 1 

minute.  Before centrifugation, the sample was incubated at room temperature for 5 

minutes.  The flow through was discarded and the collection tube was returned to the 

column, then it was centrifuged again for another 1 minute to remove the ethanol residue 

completely.  The column was then placed in a clean 1.5ml tube and 30µl of Buffer EB was 

added DNA elution.  The column was incubated at room temperature for 1 minute before 

centrifugation for 1 minute.  Gel electrophoresis was carried out to verify the results. 
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2.2.10   Gene Cloning 

2.2.10.1 Preparation of LB/ampicilin/IPTG/X-Gal agar plates 

Agar plates containing LB/Ampicilin/IPTG/X-Gal were prepared in order to culture the 

transformed host cell.  For preparation of 500ml agar medium, 19.5g of LB agar powder 

was added in a Scott bottle.  Then, 300ml of distilled water was added and the mixture was 

stirred using magnetic stirrer to dissolve the agar powder.  Before the mixture was 

autoclaved at 121°C, 100kPa for 15 minutes, distilled water was topped up to final volume 

of 500ml.  After that, the autoclaved agar was cooled down (around 60°C), 500µl of 

100mg/ml ampicillin, 2500µl of 0.1 M isoprophyl β-D-thiogalactopyranoside (IPTG) and 

800µl of 50mg/ml X-gal were added and mixed.  Next, the mixture was poured into culture 

plates.  Lastly, the agar plates were left to cool down and solidified before kept in 4°C for 

further use. 

2.2.10.2 Preparation of competent cells 

About 2 µl of Escherichia coli, JM109 was cultured in sterile 10ml LB Broth overnight at 

37°C, 220 rpm in a shaking water bath.  Next, 1ml of the overnight culture was then added 

into another 10ml LB broth.  The subculture was incubated at 37°C, at 220 rpm in a 

shaking water bath until the Optical Density (OD600) reading was 0.5 where the OD600 

reading was determined using spectrophotometer (Biophotometer, Eppendorf).  Before the 

sample was read, 500µl of sterile LB Broth was used as blank and for the sample, a 

dilution of 5µl of E.coli subculture with 495µl sterile LB Broth was made.  After that, the 

subculture was then transferred into a sterile 15ml Falcon tube and incubated in ice for 30 

minutes before it was centrifuged at 4°C, 3000 rpm for 5 minutes.  The supernatant was 

discarded and the pellet was resuspended with 5ml RF1 solution (Table 2.1), pH 5.8 by 
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gently flicking and inverting the tube.  The resuspended solution was placed in ice for 20 

minutes before being centrifuged again at 4°C, 3000 rpm for 15 minutes.  The supernatant 

was discarded and 400µl of RF2 solution (Table 2.2), pH 5.8 was added to resuspend the 

pellet again.  The resuspend solution (competent cells) was aliquoted into cold and sterile 

1.5 microcentrifuge tubes (500  µl for each tube) and immersed in liquid nitrogen and kept 

at -80°C for future use (Sambrook and Russell, 2001). 

 
Table 2.1: Recipe for 100ml of RF1 solution 

Ingredient Amount/Volume 

RbCl2 1.2g 

MnCl2.4H2O 0.99g 

KoAc 0.3 g 

CaCl2.4H2O 0.15g 

Glycerol 15ml 

Distilled water Top up until final volume is 100ml 

 

Table 2.2: Recipe for 100 ml of RF2 Solution 
Ingredient Amount/Volume 

MOPS 0.21g 

RbCl2 0.12g 

CaCl2.4H2O 1.10g 

Glycerol 15ml 

Distilled water Top up until final volume is 100ml 

 

 

 

 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


  
 

 

 

72 
 

2.2.10.3 Ligation 

Gene cloning for this project was carried out using the pGEM®-T Easy vector systems 

(Promega, USA). The purified PCR products regions were ligated into the pGEM®-T Easy 

Ligation Vector using the recipe shown in Table 2.3. 

 

Table 2.3: Recipe for Ligation 
Reagent Volume ( µl) 

2× Rapid Ligation Buffer, T4 DNA Ligase 5 

pGEM®-T Easy Vector 1 

ITS regions PCR product 3 

T4 DNA Ligase (3 Weiss units/µl) 1 

 

All the reagents were thawed in ice and only 2× Rapid Ligation Buffer can be vortex 

(vigorously before each use).  After brief centrifugation, the reagents were transferred into 

0.5ml microcentrifuge tube proportionally to its volume showed in Table 2.3. The ligation 

reaction was mixed by pipetting the solution and then incubated at 4°C overnight. 

2.2.10.4 Transformation 

Competent cells were first taken out from -80°C and thawed on ice while the overnight 

incubated ligation products were centrifuged to collect the content at bottom of tube.  Then, 

3 µl of ligation product with 100 µl of competent cell was transferred into a clean 1.5ml 

microcentrifuge tube.  The competent cells were pipetted up and down before transferring 

to the tube.  The tube was then gently flicked and inverted before incubating in ice for 20 

minutes.  The cells were heat shocked for 45 seconds at 42°C in preheated water bath and 

were immediately and gently transferred into ice for 2 minutes.  Later, 900µl of sterile LB 
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Broth was added before incubation at 37°C for 3 hours.  After that, the sample was 

centrifuged at 1000rpm for 10 minutes.  Then, 700µl of the supernatant was discarded and 

the pellet was resuspended with the remaining 300µl (by pipetting up and down) of LB 

broth.  After that, 100µl was used to plate onto the LB/Ampicilin/IPTG/X-Gal agar plate 

while the remaining in the tube was kept at -20°C.  The agar plate was incubated overnight 

at 37°C in incubator oven. 

2.2.10.5 Colony PCR 

After overnight incubation, the growth of the E.coli colonies could be observed with the 

presence of white and blue colonies.  Competent cell that had been successfully 

transformed with a vector contained the right insertion will form white colonies while the 

one with no insertion formed the blue colonies.  White colonies were picked, touch 

inoculated on duplicate plate and mixed into 50µl of distilled water (in 0.5ml 

microcentrifuge tube) using inoculating loop.  Each time a colony was picked, the loop 

was sterilized with flamed. The samples in the tube were then boiled at 95°C for 5 minutes.  

The samples were used as the DNA sample for colony PCR amplification. PCR was 

carried out using the M13 forward and M13 reverse primers (Table 2.4).  Recipe for 

colony PCR and the PCR condition are as listed in Tables 2.5 and 2.6.  The PCR results 

were determined by agarose gel electrophoresis and viewed under the UV.  The colonies 

with the correct insertion were selected. 
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Table 2.4: Sequence of primer for colony PCR 
Primer Sequence ( 5’-3’) 

M13 F GTAAAACGACGGCCAGT 

M13 R GGAAACAGCTATGACCATG 

 

Table 2.5: Recipe for colony PCR 
Reagents Final Concentration 

10× AmpliBuffer A (EURx, Poland) 1× 

MgCl2 (EURx, Poland) 1.5mM 

dNTPs 200µM 

M13 Forward Primer 10pM 

M13 Reverse Primer 10pM 

DNA sample 100ng 

Taq DNA Polymerase (EURx, Poland) 1 unit 

 

Table 2.6: Amplification program for temperature gradient PCR 
Steps Temperature (°C) Time 

(minutes) 

Cycles 

Initial Denaturation 95.0 5:00 1 

Denaturation 95.0 1:00  

35 

 

Annealing 60.0 2:00 

Elongation 72.0 2:30 

Final Elongation 72.0 5:00 1 
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2.2.10.6 Plasmid extraction 

The colonies that had the correct insertion were picked and cultured in 10ml of sterile 1× 

LB broth medium using the inoculating loop overnight (12 – 16 hours) at 37°C, 220 rpm in 

water bath.  The 850 µl of the overnight culture was decanted into 1.5ml microcentrifuge 

tube containing 150 µl of 100% glycerol for storage.  This tube was then stored in -80°C 

for future use.  The remaining was transferred into a 15ml Falcon tube and centrifuged at 

room temperature, 6000 rpm for 15 minutes.  The supernatant was discarded and the pellet 

was resuspended using 200 µl of ice cold Solution I (Table 2.7) by vortexing.  The 

suspension was then transferred into a new 1.5ml microcentrifuge tube and 200 µl of 

freshly prepared Solution II (Table 2.8) was added, gently mixed and incubated at room 

temperature for 4 minutes.  Next, 200 µl of ice cold Solution III (Table 2.9) was added, 

gently mixed and was incubated in ice for 15 minutes before centrifuged at 13 000 rpm for 

15 minutes. The supernatant was transferred into the clean 1.5ml microcentrifuge tube and 

3 µl of 50mg/ml RNAse A (Sigma-Aldrich, USA) was added.  After that, the sample was 

incubated in water bath at 37°C for 3 hours.  Then, 600 µl of phenol (Pierce, USA) was 

added, vortexed and centrifuged for 3 minutes. The mixture separated into two layers and 

the upper layer was transferred into the new clean 1.5ml microcentrifuge tube before the 

same procedure was repeated again using chloroform (Merck, Germany).  Next, 0.1 

volume of 5M NaCl and 2.5 volumes of ice cold isopropanol was added, gently mixed and 

incubated in ice for 20 minutes before centrifuging for 15 minutes at 13 000rpm.  The 

supernatant was discarded and 1ml of ice cold 70% ethanol was added to the pellet and the 

sample was centrifuged again at 13 000rpm for 5 minutes.  After the supernatant was 

discarded, the pellet was dried by speed vacuum and resuspended by 50µl of distilled water 
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and resolved overnight at -4°C.  The spectrophotometer was used to check the quantity and 

purity of the extracted plasmid before it was digested using EcoRI (Sambrook and Rusell 

2001). 

 

Table 2.7: Recipe for Solution I (stored at 4°C) 
Reagent Final Concentration (mM) 

Tris. HCl pH 8.0 25 

EDTA pH 8.0 10 

Glucose 50 

 

Table 2.8: Recipe for Solution II (freshly prepared) 
Reagent Final Concentration 

Sodium Hydroxide 0.2 N 

SDS 1% 

 

Table 2.9: Recipe for Solution III (stored at 4°C) 
Reagent Final Concentration 

Potassium Acetate 3 M 

Glacial Acetate acid 11.5% 

 

2.2.10.7 Digestion of plasmids with EcoRI 

Digestion of extracted plasmids with EcoRI (Promega, USA) restriction endonuclease was 

carried out in order to determine and verify the exactness of the size of its regions insertion 

into the vector.  The reagents were mixed in a new clean 1.5ml microcentrifuge tube and 

were incubated at 37°C in water bath for 3 hours before incubated at 65°C for 10 minutes 

using the heat block to deactivate the enzyme.  The samples were then electrophoreses in 1% 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


  
 

 

 

77 
 

agarose gel to confirm the size of insertion.  Recipe for EcoRI plasmids digestion shown in 

Table 2.10. 

 

Table 2.10: Recipe for EcoRI plasmids digestion 
Reagent Final Concentration 

Buffer H (Promega, USA) 1× 

BSA (Promega, USA) 0.1mg/ml 

EcoRI (Promega, USA) 5 unit 

DNA 5µg 

 

2.2.11 Sequencing  

The product of plasmid extraction with high concentration and good quality of purity were 

selected and diluted (300ng in 50μl) for sequencing.  The sequencer machine used was the 

ABI PRISM 3130xl, Genetic Analyzer (Toshiba, Japan) using the BigDye® Terminator 

v3.1 Cycle Sequencing Kit.  CHROMAS Version 2.31 software was used to edit the ITS 

regions sequence chromatogram for the forward and reverse sequences. 

2.2.12 RNA extraction 

The extraction of RNA from infected and non-infected oil palm root samples was carried 

out using CTAB method for RNA extraction described by (Ying and Tao, 2002) with 

modifications.  15 mL extraction buffer was pre-warmed to 65°C in a water bath by adding 

20 µl β-mercaptoethanol. 0.4-0.7g of tissues was ground in a mortar using liquid nitrogen.  

The frozen powder was quickly transferred to the pre-warmed extraction buffer and mixed 

completely by inverting the tube.  Then, incubated at 65°C for 10 minutes with vigorous 

shaking several times.  An equal volume of chloroform-isoamylalcohol was added and 

shaken vigorously.  Then, centrifuged at 10, 000 g for 10 minutes at 4°C. The very viscous 
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supernatant was transferred to a new tube and re-extracted with an equal volume of 

chloroform-isoamylalcohol.  Then, centrifuged again as above. The supernatant was 

collected very slowly and carefully to avoid taking the cell lysates in chloroform.   

Then, the supernatant was centrifuged at 30,000 g for 20 minutes at 4°C to precipitate the 

pellet and discard the insoluble material.  After that, 0.25 vol of 10 M LiCl was added to 

the supernatant, mixed well, and stored at 4°C for 4 days instead of incubating overnight.  

The RNA was recovered by means of centrifugation at 30,000 g for 30 minutes at 4°C.  

The viscous supernatant was completely discarded and washed the pellet with 75% ethanol 

3 times to remove the remaining and air dried it for 10 minutes.  The RNA was dissolved 

in DEPC-treated water and stored the RNA at -80°C until use.  

2.2.12.1 RNA analysis 

The RNA was analyzed using the standard methods for agarose gel electrophoresis 

(Sambrook et al., 1989).  The RNA quantity and quality was further estimated 

spectrophotometrically by Nanovuy (GE Healthcare, Sweden) at the absorbance ratios of 

A260/280. 

2.2.12.2 DNase treatment 

DNase treatment was used to remove DNA from total RNA preparation. To the total RNA 

sample (~ 1 μg diluted in RNAse-free water) 1 μl 10x DNase reaction buffer, 1 μl 1 

RNAse-free DNase (DNase 1, Amp Grade: Invitrogen) was added to a final volume of 10 

μl. The mix was incubated for 15 minutes at 28°C.  After that, enzymatic reaction was 

deactivated by adding 1 μl of 25mM EDTA (Invtorgen).  The sample was heated after that 

for 10 minutes at 65°C.After that, the RNA sample was subjected to reverse transcription 

or kept in -80°C for future work. 
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2.2.13 Agarose gel electrophoresis 

Agarose gel (1%) was prepared in 1X TBE.  About 350mg of agarose powder was 

dissolved in 35ml of 1X TBE and boiled using microwave oven about 1 mintue.  The 

agarose mixture flask was cooled down under running tap water. 1 µl ethidium bromide 

was added and then poured it into the gel rack and the comb which was inserted into the 

other side of the gel rack.  The comb was removed when the gel was solidified and put into 

the chamber with 1X TBE.  The tank and column were rinsed with 70% ethanol and then 

washed with TBE which was already diluted into 1X TBE buffer from the 10X TBE buffer 

stock.During electrophoresis, the gel was submerged in a chamber containing a buffer 

solution and a positive and negative electrode and the current was applied at 120V for 25 

minutes.  The DNA/RNA to be analyzed was forced through the pores of the gel by the 

electrical current.  Under an electrical field, DNA/RNA will move to the positive electrode 

(red) and away from the negative electrode (black).  Then, the gel was analyzed by using 

Geldoc AlphaImagerTM 2200, (Alpha Innotech, and U.S.A). 

2.2.14 cDNA synthesis  

The High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, ABI) was used 

for cDNA synthesis. The kit uses the random primer scheme for initiating cDNA synthesis.  

Random primers ensure that the first strand synthesis occurs efficiently with all species of 

RNA molecules present.  Reverse transcription of RNA was carried out in a 20 μL final 

volume using 0.2ml this-walled PCR tubes. Next, 10μl of 2 X RT master mixes was pipette 

into each individual tube (Table 2.11).  About 10 μl of RNA sample was pipetted into each 

tube.  The tubes were briefly centrifuged to spin down the contents and to eliminate the 

any air bubbles.  The tubes were placed on ice until loading to into thermal cycler.  The 
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cDNA synthesis was carried out in the thermo cycler at 25°C for 10 minutes, 37°C for 120 

minutes, 85°C for 5 minutes and at 4°C on hold as recommended by manufacturer.  The 

cDNA were stored at -20°C, if not immediately used for real time PCR. 

Table 2.11 RT-PCR mixture contents. 
Component  Volume (µl)/Reaction Kit 

With Rnase Inhibitor Kit Without Rnase Inhibitor 

10X RT Buffer 2.0 2.0 

25X dNTP Mix (100mM) 0.8 0.8 

10X RT Random Primer 2.0 2.0 

MultiScribeTM Reverse 
Transcriptase 

1.0 1.0 

RNase Inhibitor 1.0 - 

Nuclease-free H2O 3.2 4.2 

Total per Reaction 10.0 10.0 

 

2.2.15 Real -Time PCR 

In general PCR is amplification of a specific DNA sequence by using primers which bind 

to complementary sequences in the target DNA. By real-time PCR it is possible to monitor 

the progress of the PCR, since data is collected throughout the process. TaqMan® or 

SYBR® Green chemistry can be used to detect PCR Product (amplicon). 

2.2.15.1 Primer design 

Two sets of primers for RT-PCR were designed using Primer Express Software for Real 

Time-PCR for each of the three genes (Table 2.12).  The gene-specific primer set (forward, 

5’- ctc cac ccg aac gga agt att c -3’ and reverse, 5’- ccc ggc aac cct aca tga ctt g -3’) for the 
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actin gene was designed from the nucleotide sequence information for oil palm actin 

cDNA (GenBank accession no. AY550991.1). RT-PCR analysis was performed for RNA 

samples from infected roots from samples 0, 2, 4, 6 and 8 weeks and non-infected as 

control for each treatment. 

Table 2.12: Primers used for RT-PCR analyses of PGIP, LTP and PR10 putative genes in 
oil palm 

Primer Sequence Length 

(bp) 

Pgiprtf 5´ AACGCGTTGGATGCATAGC 3´ 20 

Pgiprtr 5´CTCGTATGTTGTGTGGAATTGTGA 3´ 20 

Pgip2rtf 5´GCTGCAGGCAAGCTCAAAA 3´ 19 

Pgip2rtr 5´GCGATTGGCATCTGAAGAAC 3´ 20 

LTPrtf 5´ ACGCCGCCGTGGCCATCACC3´ 22 

LTPrtr 5´ AAGGCTCCTCACGCCGCTGCAG3´ 22 

LTP2rtf 5´ AGGTCAACTCCGCCGTCGGGC3´ 23 

LTP2rtr 5´ GGACCTGGATGACGTGTTG3´ 21 

PR10rtf 5´ GCACCGCCATCGAGACGACCAC 3´ 24 

PR10rtr 5´CTCATCGTTTACCTCCACGCCC 3´ 28 

PR102rtf 5´GTTGTCCATATCTGACCCTTTTGTATAG3´ 28 

PR102rtr 5´GGCATACTCCCTTCAGTGGAAA3´ 23 

 

2.2.15.2 Real-Time PCR condition  

Real-time RT-PCR was performed by using the Applied Biosystem 7500 Fast real time 

system and the Power SYBR® Green PCR Master Mix(Applied Biosystems, Burlington, 

ON, Canada) (Cat #  4368577) as recommended by the manufacture.   

Each reaction consisted of 100 ng cDNA sample, 12.5 μl of  Power SYBR® Green PCR 

Master Mix, 2.5 μl of primer mixture (forward and reverse), for a final volume of 25 μl.  
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The solution was mixed and distributed between the MicroAmp™ Optical 8-Tube Strip 

(Applied Biosystems, Cat # 4358293). The tube strip was sealed with MicroAmp™ 

Optical 8-Cap Strip (Applied Biosystems, Cat # 4323032).  The tubes were briefly 

centrifuged to spin down the contents and to eliminate the any air bubbles.Amplification 

cycles were conducted  

After initial denaturation for 10 minutes at 95°C, thermal cycling was performed for 40 

cycles with steps of 92°C for 15 seconds, and 60°C for 120 seconds, with the fluorescence 

being read at the end of each cycle. 

Dissociation curve was performed immediately after a completed PCR, to evaluate the 

presence or absence of nonspecific PCR products, including primer-dimer formation.  PCR 

reactions were heated at 95°C for dissociation of all DNA present in the reaction.  Then 

temperature was decreased rapidly to 60°C.  Fluorescence data were continuously 

collected.   

2.2.16 Protein extraction  

Sample preparation is the initial experimental procedure for proteomic analyses.  In order 

to select a suitable protein extraction method to be used for the proteomics investigations, 

three different protein extraction methods were compared to determine one that was most 

suitable for analysis by 2-DE.   

2.2.16.1 TCA method 

About 200mg ofuninoculated 1 month old  oil palm root was homogenized with a pre-

chilled mortar in 5 ml of cold acetone (–20° C) containing 10% (W/V) trichloroacetic acid 

(TCA) and 0.07% (V/V) 2-mercaptoethanol (2-ME) and 0.1 g of water-insoluble 

polyvinylpyrrolidine (PVPP).  The mixture was kept at –20°C for 1 hour, and then 
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centrifuged at 13,000 g for 20 minutes at 4°C.  The supernatant was discarded and the 

pellet was washed with 10 ml of cold acetone containing 0.07% (V/V) 2-ME.  After 1 hour 

at –20°C, the mixture was centrifuged at 13,000 g for 20 minutes at 4°C.  The pellet was 

washed twice with 80% cold acetone.  Then the pellet was precipitated by adding 4 

volumes of cold acetone.  Finally, the white pellet was dried and stored at –70°C (Hu et al., 

2002). 

2.2.16.2 Sucrose method  

About 200mg of uninoculated 1 month old oil palm root with the addition of 0.1 g of 

PVPP was extracted with 5 ml of extraction buffer (5% sucrose, 4% SDS and 5% 2-ME) 

for 10 minutes at room temperature with gentle stirring, followed by centrifugation at 

10,000 g.  The clear supernatant was heated at 100°C for 3 minutes and then cooled at 

room temperature. Proteins were precipitated by 8 volumes of cold acetone.  After at least 

1 h at –20°C, the mixture was centrifuged at 10,000 g.  The pellet was re-suspended in 5 

ml of extraction buffer and centrifuged at 10,000 g.  After washed once or twice with 80% 

cold acetone, the pellet was precipitated by adding 4 volumes of cold acetone, and then 

was lyophilized and stored at –70°C (Ekramoddoullah, 1993). 

2.2.16.3 Phenol/Ammonium acetate in methanol extraction method  

Approximately 200 mg of uninoculated 1 month old oil palm root was ground into fine 

powder using mortar and pestle. The fine powder was dissolved in 5 ml Tris-buffered 

phenol (pH 8.8) and 5 ml extraction buffer consists of 1 M Tris-HCl pH 8.8, 10 mM 

EDTA, 0.4% 2β-mercaptoethanol and 0.9% Sucrose.  The mixture was vortexed and spun 

at 5000g for 10 minutes.  Phenol phase was removed and aqueous phase was back-

extracted with 4 ml phenol/ 4 ml extraction buffer.  Total proteins in the phenol phase were 
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precipitated with 5 volumes of ice-cold 0.1 M ammonium acetate in 100% methanol.  The 

mixture was kept at –20°C for 16 hours and spun at 5000g for 10 minutes at 4°C. Pellet 

was washed twice in 20 ml mixture of 0.1 M ammonium acetate in 100% methanol, rinsed 

twice with ice-cold 80% acetone and 70% ethanol.  The protein pellet was dried for 5 

minutes and dissolved in 1 ml solubilization buffer (7M Urea, 2M Thiourea, 4% CHAPS, 

0.002% of 1% bromophenol blue stock) (Carpentier et al., 2005). 

2.2.17 Screening and selection of suitable method of protein isolation   

Protein samples isolated from different isolation methods were first screened by SDS-

PAGE electrophoresis to determine the quality of the samples.  Good quality protein 

produce a ladder-banding patter instead of protein smears when subjected to SDS-PAGE 

electrophoresis.  The screening was performed with 12% SDS-PAGE gel using GEL 

PROTEIN System (Bio-Rad laboratories).   

2.2.17.1 Preparation of 12% SDS-PAGE gel (PROTEAN System) 

Gel plates were assembled as recommended by the manufacturer before the gel mixes were 

prepared.  Reagents for preparation of 12 SDS-PAGE Gel (mini-PROTEAN Tetra 

handcast System: Bio-Rad) is given in table Appendix D. In these experement two types of 

gels were prepared, the stacking gel and resolving gels (separating gel).  The preparation of 

both is described below: 

Resolving gel (separating gel)-preparation for 2 gels  

30:8% Acry: Bis (monomer)     3.33 ml 

1.5 MTris –HCl, pH 8.8    2.00 ml 

10% SDS      80 µl 

sdH2O       2.5196 ml 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


  
 

 

 

85 
 

10% APS       64 µl 

TEMED       6.4 µl 

     Total volume 8.00 ml 

Monomer solution was mixed gently with 1.5 M Tris-HCl buffer, SDS and sdH2O, to 

prevent formation of bubbles.  Finally, APS and TEMED were added to the mixture and 

mixed carefully.  The mixture was immediately poured into the casting mould. The gel was 

overlaid with isopropanol and left to solidify for 15 minutes. 

Stacking gel-preparation for 2 gels  

30:8% Acry: Bis (monomer)     0.75 ml 

0.5 M Tris –HCl, pH 8.8    1.25 ml 

10% SDS      50 µl 

sdH2O       2.8936 ml 

10% APS       50 µl 

TEMED       6.4 µl 

     Total volume 5.00 ml 

 

After the resolving gel had solidified, the top portion of the gel was washed with dH2O. 

Monomer solution for stacking gel was mixed gently with 0.5 M Tris-HCl buffer, SDS and 

sH2O, to prevent formation of bubbles.  After APS and TEMED were added to the mixture 

and mixed carefully, the mixture was immediately poured into the casting mould and a 

well forming comb was put into place.  The gel was left to solidify at room temperature for 

30-45 minutes or kept overnight in 4 °C if the electrophoresis is not performed 

immediately. 
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i.Preparation of samples and protein markers  

In a 0.2 ml tube, 2.0 µl of sample was mixed with 1.0 µl 3 X sample loading buffer and 

centrifuged briefly.  For reference, 7.0 µl protein molecular weight markers (7-205 KDa 

broad range, Bio-Rad, cat # 161-0318) were used for each loading.  The sample mixtures 

were boiled for 3 minutes in 100 ºC, centrifuge briefly and then loaded into gel. 

ii.Gel electrophoresis, staining and documentation  

To perform the electrophoresis, the wells of the gel were washed with dH2O to remove 

unpolymerised acrylamide.  The gel cassette was immersed in 1X running buffer before the 

samples and marker were loaded into the wells.  The electrophoresis was performed at 180 

volts for 60 minutes.  The electrophoresis gel was stained with Coomassie blue for 4 hours 

or overnight at room temperature with slow agitation (75 rpm). After staining the gel was 

destined with destaining solution for 3-6 hours.  This solution was then replaced with 

destaining solution II and step was repeated for three to four times.  The stained gel was 

kept in dH2O containing 20% glycerol for at least 20 minutes.  The stain gel was viewed 

under white light and photographed.  In this system, proteins denatured in the presence of 

SDS and 2-mercaptoethanol as thiol reducing agent acquired a rod-like shape and a 

uniform charge-to-mass ratio proportional to their molecular weights.  The gels were 

stained with colloidal Coomassie stain and the protein sizes were determined by comparing 

the migration of the protein band to a molecular mass standard (PageRuler prestained 

Marker, Fermentas).  
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2.2.17.2 Determination of protein concentration (Bradford Assay)    

The Bradford assay was carried out to determine the concentration of solubilisation protein.  

For this assay, (SEGMA Bradford reagent) were used which was simple and accurate its 

involve.  The standard 3.1 ml Bradford assay consists of mixing 1 part of the protein 

sample with 30 parts of the Bradford Reagent.  The sample may be a blank, a protein 

standard, or an unknown sample.  The blank consists of buffer with no protein. The protein 

standard consists of a known concentration of protein, and the unknown sample is the 

solution to be assayed.  Bradford assays are routinely performed at room temperature. 

Color development begins immediately.  The absorbance at 595 nm was recorded and the 

protein concentration was determined by comparison to a standard curve.  The standard 

assay was performed as follows.  A protein standard (BSA) was prepared in seven 

dilutions, representative of the protein solution to be tasted.  The liner range of the assay 

was between 0 -1.4 mg/ml.  

Protein solutions normally assayed in duplicate standard 250 µl of the Bradford reagent 

was added to each well (96 well plate) and contains 5 µl of the standard dilution and 

unknown samples, the mixture was incubated at room temperature for at least 5 minutes 

but not more than 1 hour as it may cause increase of absorbance.  The absorbance was 

measured at 595 nm using Tecan GENios Microplate Reader.  

2.2.18 2-Dimensional electrophoresis (2-DE) 

2-DE was performed as previously reported by Lyngved and co-workers (2008).  First 

dimension separation was carried out using the Multiphor II Electrophoresis System 

system and immobile dry strip (IPG) 24 cm, pH 3-10 and pH 4-7.  For the second dimesion 
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step, strips were transferred to ETTAN DALT six system for separation on 12.5% SDS-

PAGE gel.  Both systems were obtained from GE healthcare. 

2.2.18.1 First dimension electrophoresis  

IPG immobiline dry strip 24 cm (pH 3-10 and 4-7), IPG buffer (pH 3-10 and 4-7) and 

drystrip cover fluid were obtained from GE healthcare, preparation of reagent/solution for 

first dimension electrophoresis was described in (Appendix G).  Sample was first thawed 

and gently vortex for 30 seconds and short spin before use.  Optimised volumes of samples 

and buffers were used as previously suggested.  Protein was loaded using loading by 

hydration.  About 250 µg and 40 µg of protein for silver staining and commassie stain 

respectively. The total volume of 450 µl of sample plus the rehydration buffer was pipetted 

slowly to the rehydration tray avoiding the formation of bubbles. 

a) Rehydration of immobiline dry strip. In the rehydration step, the immobiline drystrip 

reswelling tray from GE Health Care was used. The apparatus was rinsed with hot water 

and air-dried before used, once ready, the 450 µl sample with the rehydraton buffer was 

transferred to the slot of the reswelling tray. 

The dry strip was allowed to slide down slowly to avoid trapping of unwanted bubbles and 

to ensure even contact with simple with sample mixture solution (gel facing down). Cover 

fluid (1-2 ml) was pipette on to the gel strip to minimize evaporation and to prevent urea 

crystallization.  The strip was left to rehydrate overnight or up to 18 hours at rooms 

temperature to complete the rehydration process. 
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b) Isoelectrical focusing. The rehydration strip was transferred to the multiphore II flatbed 

electrophoresis system for isoelectrical focusing.  The equipments were set earlier before 

the run was performed and was carried out according to the supplied by the manufacturer. 

To set up the equipment, the temperature of IEF apparatus was set to 20°C using a 

thermostatic circulator.  About 10 ml of cover fluid was pipetted onto the ceramic 

(cooling) plate and the plate was covered with 5 ml cover fluid before placing the drystrip 

aligner (plastic) try.  The dry strip tray was then covered with 15 ml fluid before placing 

the dry strip aligner carefully avoids bubbles.Once the temperature reaches 20°C, the 

rehydrated or reswelled IPG strip was positioned inside the aligner with the basic ends (pH 

10 or 7) at the bottom of the tray (gel facing up).Electrode strips were placed across the 

cathodic and anodic ends of the aligned IPG strips.  Electrodes were positioned on the 

electrode strips and before starting the electrophoresis, each strip and before starting the 

electrophoresis, each strip was checked again to ensure that it was fully covered by the 

cover fluid for good thermal contact.  The parameter for the electrophoresis are stated 

below and carried out according to recommendation by the manufacturer. 

IPG strip pH 3-10/4-7    

Steps  Voltage  Time  Time-voltage 

Kvh 

S1 

S2 

S3 

 

 

 

500 v 

500v 

3500v 

3500v 

 

 

 

 

0.01 h 

5.0 h 

6.0 h 

1.30 h 

11:20h 

 

 

 

 

 

0.001kVh 

2.5 kVh 

3.0kVh 

39.5kVh 

 

 

Total  998  17:50 h  45 
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Once the electrophoresis was completed, the focused strips were transferred to screw cap 

tubes and then used for the second dimension electrophoresis.  Alternatively, the tubes 

were kept in – 80 C until needed. 

2.2.18.2 Second dimension electrophoresis 

The list of reagent and preparation for second dimension electrophoresis are given and 

described in (Appendix I).  The preparation of 12.5% SDS-PAGE is described below. The 

gel plates for the system were assembled as recommended by the manufacturer (Appendix 

J) before the gel mixes were prepared. 

a) Preparation of 12.5% SDS –PAGE Gel. The recipes protocols for gels preparation are 

described below: 

*this amount is to prepare 6 gels for the ETTAN DALT SIX System 

30:8% Acry: Bis (monomer)     125 ml 

1.5 M Tris –HCl, pH 8.8    100 ml 

10% SDS 4 ml      

sdH2O       169 ml 

10% APS       2 ml 

TEMED       132 µl 

     Total volume 400 ml 

 

Monomer solution was mixed with 1.5 Tris –HCl buffer, SDS and sdH2O gently, to 

prevent the formation of bubbles.  APS and TEMED were added to the mixture and mixed 

carefully, and the mixture was immediately poured into the casting mould and overlaid 
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with isopropanol or dH2O.  The gel was then left to solidify for at least one hour.  After 

polymerization, the gel was removed from the caster and stored in humid airtight container 

in 4°C if the electrophoresis is not carried out immediately.  Gels can be kept up to 14 days 

in this manner. 

b) Equilibration of IPG strip. The IPG strip needed to be equilibrated before proceeding 

for the IEF. Firstly, the IPG strips were incubated in 10 ml equilibration buffer with DTT, 

for 15 minutes with slow rotation (60 rpm) at room temperature.  Once completed the 

solution was replaced with 10 ml of equilibration buffer with iodoacetaide plus 

bromophenol blue for another 15 minutes at room temperature.  The strips were rinsed 

with cathode buffer before being loaded into the second dimension gel. 

c) Gel electrophoresis. The second dimension gel electrophoresis was performed according 

to the procedure recommended by the manufacturer.  The thermostatic circulator was set at 

16°C.  Once the SDS-PAGE gel had solidified, the overlay was described and replaced 

with the cathode buffer.  The strips were slid slowly in between the plate forceps to avoid 

bubbles, pressed lightly with thin spatula.  The cathode buffer that overlaid the gel was 

replaced with 0.5% warm agarose to seal the strip.  The bottom was filled with 3 litres of 

anode buffer while the upper reservoir was filled with 1 L off the 1X running buffer. 

The parameters for electrophoresis are stated below and are carries out as recommended by 

the manufacture. 

 

 

Steps  W/GEL  Time    
S1 
S2 
 

2 
17(MAX 100) 
 

 
 
 

0.30h 
5.00h 
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The electrophoresis was stopped at S2 after 5 hours or when the dye front was 

approximately 1 cm for the bottom of the gel.  The gel was removed from the cassette and 

was stained with Coomassie blue or silver. 

2.2.18.3 Staining  

1) Coomassie Blue staining.Coomassie brilliant blue is an aminotriaylmethan dye that 

form strong but not covalent complexes with the protein.  The uptake of the dye us 

approximately proportion to the amount of the protein, following the Beer-Lambert law. 

Basically the electrophoresis SDS-PAGE gel was immersed for several hours in 

concentrated methanol: acetic acid solution of the dye and excess dye was then allowed to 

diffuse from the gel during the destaining process (Sambrook et al., 2001).   

The reagent for Coomassie Blue staining is given in (Appendix K1).  Once the gel was 

removed from the cassette, the gel was immediately immersed in at least 5 volumes of 

staining solution and placed on a slow agitation for a minimum of 4 hours at room 

temperature.  The staining solution was discarded and replaced with staining Solution and 

the procedure repeated until satisfactory results are obtained.  The stained gel was kept in 

dH2O containing 20% glycerol.  The stained gel was viewed under white-light and 

photographs were taken for documentation.    

2) Silver staining .Silver staining is more difficult to perform in comparison toCoomassie 

staining but its 100 X more sensitive.  The identification of protein by silver staining based 

on the differential reduction of silver ions that rebound to the side chain of amino acid this 

staining method is capable of detecting as little as 0.1-1.0 ng of polypeptide in a single 

band, the reagent for silver staining given in (Appendix K2). 
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The silver staining method used in this study was modified from that described by 

Heukeshoven and Dernick in 1988.  In each step, gel was placed on slow agitation at room 

temperature.  The PAGE gels were first fixed in fixer solution for 4-12 hr with changing 

the solution once in between.  After fixing, the gel was washed once with 20% ethanol and 

once with distilled water for 10 minutes each.  The gel was then sensitized with 0.02% 

sodium thiosulphate for 1 minutes.  Following sensitisation the gel was washed three times 

with distilled water for 20 seconds and then stained with staining solution for 30 minutes.  

Before developing, the gel was washed two times with distilled water for 20seconds. The 

spots were developed with developing solution.  The development was stopped with stop 

solution once the spots were clearly visible. 

2.2.18.4 Gel scanning 

The stained gel, either by Coomassie staining or silver staining was scanned using Image 

scanner ImageScanner™ III from GE Healthcare.  The scanning was done according to the 

procedure proposed by manufacturer.  The scanned photos were saved in JEPG and MEL 

format files and open in ImageMaster 2D Plantinum software for further analysis.  

2.2.18.5 Spot analysis  

Spot analysis was performed with ImageMaster 2D Plantinum software (GE Healthcare 

Life Science).  Spot detection was conducted without spot editing and the spot were 

quantified using the % volume criterion.  Scattered plots were used to analyze 

experimental variation and gel similarities. 
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2.2.18.6 MALDI-TOF MS and database query  

Protein spots with fold changes of >1.5 for at least two timeframes were collected from 2D 

gels.  The protein spots were handpicked from all three gel replicates to increase the 

protein amount for digestion.  Proteins were destained by gently shaking in 20 mM 

NH4HCO3, 50% acetonitrile (ACN) for 30 minutes at 37°C.  This step was repeated until 

the spots become clear.  The gel was first dehydrated in absolute ACN   for 5 mintue 

followed by drying in speed vacuum.  The dried gel was treated with (12 µg/ml) trypsin.  

The remaining trypsin solution was carried out at 37°C overnight by adding in 20 mM 

NH4HCO3 in 10% ACN.  The supernatant containing peptides was collected and the gel 

pieces were re-extracted using 0.2% TFA.  All peptides containing solutions of each spot 

were combined, dried and stored at 4°C until further MS analysis (Shevchenko et al., 1996; 

Bringans et al., 2008).  

A 5800 Proteomics Analyzer (AB Sciex, USA) mass spectrometer in positive ion reflector 

was used to analyze the trypsin-digested peptides.  Spectra were calibrated using trypsin 

autolysis products as internal standard.  Data analysis was performed using Mascot 

sequence matching software (Matrix Science, UK).  Search was performed using the 

following parammetrs:Peptide tolerance (Peptide tol) was ± 0.4, MS/MS tol was ± 0.4, 

with peptide charge +1.  Trypsin was set as protyolytic enzyme with 1 allowed missed 

cleavge (Dahal et al., 2010). The non-redundant protein set from NCBI (NCBInr), 

Medicago sequencing database and UniPort considering Mascot score with higher than 55 

(MASCOT probability p<0.05) (Bai et al., 2010). 
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Chapter three 
Results 

3.1 DNA isolation and PCR amplification of targeted gene sequences  

The first experiments were focused on the amplification and verification of three oil palm 

genes that are thought to be involved in disease response particularly in response to fungal 

infection.  The genes were polygalacturonase inhibiting protein (PGIP), lipid transfer 

protein (LTP) and pathogen related protein 10 (PR10) (see sections 1.5.1, 2 and 3).  

Genomic DNA was initially isolated from about 400 mg of the roots of uninfected oil palm 

using the CTAB extraction method (Figure 3.1).  The oil palm from normal uninfected 

seedlings D x P (Dura x Pisifera seedlings) of UR 706/532 x UR 1679/147 crosses.  Four 

replicates samples were obtained from Sime Darby Seeds and Agricultural Services 

(SDSAS)-Planting Materials Unit (PMU) Layang-Layang, Johor. The DNA obtained had a 

concentration of 1.97 mg/ml and a purity of 1.83 A260/280.  The DNA was then subjected to 

PCR reactions using degenerate primers which were designed based on the sequence of the 

conserved regions from published sequence of other monocots (see appendices D, E and F) 

to obtain the putative bands for the targeted PGIP, LTP and PR10 genes from oil palm 

(Figures 3.2a, b and c, respectively).  The three sequences, which were identified based on 

their expected amplification sizes, were gel purified and cloned into the pGEMT® easy 

vector in E. coli (JM109).  The samples fragments were then sequenced (partial sequence 

in appendix P1, P2 and P3) and the sequence and the sequence data compared with that of 

published sequences.  The oil palm sequences were labeled as EgPGIP,EgLTP and 

EgPR10 for PGIP, LTP and PR10 respectively.  
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Figure 3.1: Agarose gel analysis of DNA from roots of oil palm (Elaeis guineensis, Dura 
x Pisifera seedlings).  Oil palm DNA was extracted using CTAB method.  Lane M: 1 kb 
Promega DNA ladder, Lanes 1, 2, 3 and 4 represent biological replicates of DNA from 
non-inoculated roots of oil palm samples.  The gel was run at 120 volts until the dye front 
reached the bottom of the gel (approximately 30 minutes). 
 

 

 

Continued on next page 

650bp 

A 
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Figure 3.2: Agarose gel of PCR colony product fragments, A: wells labeled 1-6 represent 
PCR colony for EgPGIP fragment ,650bp (400bp EgPGIP fragment plus ~250bp DNA 
between the M13 forward and reverse priming sites) , B: wells labeled ltp1-ltp6 represent 
PCR colony for EgLTP fragment, 500bp (250bp of EgLTP fragment plus ~250bp DNA 
between the M13 forward and reverse priming sites) , C: wells labeled pr1-p4 represent 
PCR colony for EgPR10,500bp (250bp of EgPR10 fragment plus ~250bp DNA between 
the M13 forward and reverse priming sites), lane labeled M: 1 kb DNA ladder (Promega). 
The gel was run at 120 volts until the dye front reached the bottom of the gel 
(approximately 30 minutes). 
 
 
 
 
 

B 

C 

500bp 

500bp 
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3.2 Comparison of the candidate genes sequence with other monocot genes 

When the putative oil palm EgPGIP, EgLTP and EgPR10 gene fragments were aligned to 

those available in the plant database at NCBI (http://www.ncbi.nlm.nih. gov/blast/Blast.cgi) 

using BLASTx, high similarities to gene sequence form other monocots were obtained.  

Tables 3.1, 3.2 and 3.3 show the results of the comparative analyses performed on the 

EgPGIP, EgLTP and EgPR10 genes fragments, respectively. 

 

Table 3.1: Comparison of the oil palm EgPGIP gene fragments with other monocots, (Actual 
deduced amino acid alignment showed in Figure 3.3)  

 

 

 

 

 

Table 3.2:Comparison of the oil palm EgLTP gene fragments with other monocots, (Actual 
deduced amino acid alignment showed in Figure 3.4 

 

 

 

 

 

 

Monocots Positives%* Bit§ Gaps Similarity% 

Oryza sativa 100 231 0 100 

Zea mays 70 102 0 70 

Hordeum vulgare 79 90 0 79 

Brachypodium 

sylvaticum 

85 75 0 85 

Monocots Positives%* Bits§ Gaps Similarity% 

Oryza sativa 100 132 0 100 

Sorghum bicolor 82 92 1 68 

Zea diploperennis 77 84 1 64 

Zea mays 82 84 1 66 
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Table 3.3:Comparison of the oil palm EgPR10 gene fragments with other monocots, (Actual 
deduced amino acid alignment showed in Figure 3.5 

 

 

 

 
 
 
 
 

*Positives represent fractions of residues that are either identical or similar 
§Bits represent measurement of the similarity between the two sequences: the higher the 
better (matches below 50 bits are very unreliable) (Claverie and Notredame, 2007). 
 
 

All three putative partial gene sequences of EgPGIP, EgLTP and EgPR10 from oil palm 

showed up to 100% Identity with the other monocots.  The bits were high and few gaps 

were apparently observed.  Comparison with other monocots showed similarities ranging 

from 70-100% for PGIP, 64-100% for LTP and 82-100% for PR10 sequences. 

Sequence alignment of the deduced amino acid of the putative oil palm EgPGIP, EgLTP 

and EgPR10 gene sequences also indicated similarities to PGIP, LTP and PR10 amino acid 

sequences of other monocotyledons.  The sequences amplified were highly conserved in 

the three clones and showed very high similarities (Figures 3.3, 3.4 and 3.5) that probably 

further confirm the presence of these genes in the oil palm genome.  

Monocots Positives%* Bits§ Gaps Similarity% 

Oryza sativa 83 493 0 93 

Triticum aestivum 100 563 0 100 

Brachypodium 

distachyon 

94 489 0 90 

Zea mays 94 454 0 82 
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Figure 3.3: Sequence organization and variability of the query represent EgPGIP. (A), (B), 
(C) and (D) show similarities with Oryza sativa, Zea mays, Hordeum vulgare, and 
Brachypodium sylvaticum, respectively. 
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Figure 3.4:  Sequence organization and variability of the query represent EgLTP.  Regions 
(A), (B), (C) and (D) show similarities with Oryza sativa, Sorghum bicolor, Zea 
diploperennis,andZea mays, respectively. 
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Figure 3.5:.Sequence organization and variability of the query represented EgPR10.  
Regions (A), (B), (C) and (D) show similarities with Oryza sativa, Triticum aestivum, 
Brachypodium distachyon, and Zea mays, respectively. 
 

3.3 Relative quantitative analyses of PGIP, LTP and PR10 genes in oil palm 

Real-time quantitative PCR offers a powerful tool for the quantitation of target nucleic 

acids. In order to compare the level of expression of the candidate pathogen defense related 

genes, PGIP, LTP and PR10, in G. boninense inoculated oil palm roots were investigated 

using the quantitative RT-PCR at five selected time pointes of post-inoculation. 
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cDNAwere used as the template for this reaction.  Isolation of high quality, intact RNA is 

the first and often the most critical step in performing many fundamental molecular 

biology experiments including RT-PCR. High-quality total RNA was obtained using the 

modified RNA isolation CTAB method(Al-Obaidi et al., 2010)(Comparison between the 

RNA concentration extarcetd in different incubation timesee Appendix L3). The yields of 

total RNA (µg/µl) for both control and infected oil palm tissues are listed in Table 3.4.  

The concentrations of biological replicates of RNA concentration for the infected and 

control samples are available in the Appendix section (Appendix L1).  The total RNA from 

all oil palm root tissues for the stages tested was found to be of high quality and of 

sufficient quantity.  The oil palm seedlings root tissues for the 0, 2, 4, 6, and 8 weeks for 

both control and G. boninenseinfected tissues produced  RNA with a purity of >1.8 A260/280, 

which met the minimal requirement needed for the construction of the cDNA.  

Table 3.4: Purity and concentration of RNA from oil palm roots 

 

In order to determine the optimal amounts of oil palm root tissues that are required for the 

construction of the cDNA, different amounts of the tissues were used to extract RNA.  Our 

results demonstrate that 400-700 mg of root tissues were generally required to construct 

Time of 
infection 

Purity 
A260/A280 

Concentration 
µg/µl 

Control/non
-inoculated 

Purity 
A260/A280 

Concentration 
µg/µl 

0 week 1.96 1.26 0 week 1.87 1.827 

2 weeks 1.87 0.847 2 weeks 1.82 0.744 

4 weeks 1.84 1.48 4 weeks 1.80 0.853 

6 weeks 1.80 0.667 6 weeks 1.81 0.392 

8 weeks 1.85 0.43 8 weeks 1.88 0.139 
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the cDNA.  The use of more than 700 mg of root tissues apparently did not generate 

significantly higher quantities of RNA with the protocol used. 

The quantity of the RNA extracted was expressed as µg/µl of each sample preparation this 

was determined using Nanovuy (GE Healthcare, Sweden).  The absorbance at 260 and 280 

nm wavelengths in the ratio of OD A260/280 were measured against a ‘blank’ containing 

water only for each sample.  Results were automatically analyzed which ranged from 1.7-

2.15, indicating that the RNA was highly pure, lack of protein contamination and without 

polyphenol and polysaccharide contamination. 

3.4 Assessment of the integrity of RNA  

The integrity of RNA was assessed by confirming the presence of two ribosomal RNA 

(rRNA) bands, 28S and 18S when RNA was electrophoresed on 1% agarose gel with a 

loading buffer.  The RNA profiles (Figure 3.6A) and (Figure 3.6B) were obtained with no 

apparent degradation in the RNA preparation and they can be easily visualized on an 

agarose gel.  The integrity of RNA was assessed by the sharpness of the RNA bands 

visualized on the gel. 
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A 

 

B 

 

Figure 3.6: Visualization ofRNA extracted from control and infected roots of oil palm. 
Agarose gel (1.0% w/v) was used to separate the extracted RNA and staining was 
performed using ethidium bromide. (A) Refers to the non-infected (control) sample and 
(B) refers to the G. boninense-infected sample, before DNase I Treatment.  Wells 1-5 show 
the RNA samples with 28s and 18s bands.  Lane M is the low Range RNA marker 
(Fermentas). 
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3.5 DNase treatment 

The extracted RNA was further purified before it was used for cDNA construction and RT-

PCR.  To obtain pure RNA from the initial total nucleic acid extracts, DNA was selectively 

removed by the use of Deoxyribonuclease 1, Amplification Grade (DNase 1 Amp Grade) 

which proved to be efficient.  Figure 4.7A and B demonstrate the results of the DNase 

digestion.  Both the control and infected oil palm roots RNA extracts were apparently free 

of DNA upon visual inspection after gel electrophoresis.  RNA that was shown to be free 

of DNA was subsequently used for RT-PCR from both infected and non-infected oil palm. 
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A 

 

B 

 

 

Figure 3.7:Ethidium bromide-stained 1.0% (w/v) agarose gel after DNase treatment (A) 
for infected samples and (B) for the non-infected root sample. Lane M: Low range RNA 
marker (Fermentas). 
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3.6 cDNA construction  

The use of DNA-free RNA samples to construct a cDNA using the High Capacity cDNA 

Reverse Transcription Kits from Applied Biosystems (Table 3.5) generated high 

concentration of constructs, which also of high purity.  The quantity of cDNA generated 

from each reaction ranged from1562-1899 ng and the purity (A260/280 ratios) ranged from 

1.70-1.92.  Results of the RT-PCR experiments also provide evidence on the good quality 

of the RNA that was earlier obtained.  Concentrations of the biological replicates of the 

constructed cDNA for the infected and control samples are available in the Appendix 

section (Appendix L2).  

The constructed cDNA was subsequently used as template to proceed to real-time 

quantitative PCR for further analysis of gene expression.  

Table 3.5: Purity and concentrations of cDNA from oil palm roots 

 

 

 

Time of 

infection 

Purity 

A260/A280 

Concentration 

ng/µl 

Control Purity 

A260/A280 

Concentration 

ng/µl 

0 week 1.74 1689 0 week 1.92 1899 

2 weeks 1.70 1562 2 weeks 1.79 1782 

4 weeks 1.73 1730 4 weeks 1.71 1699 

6 weeks 1.72 1627 6 weeks 1.77 1563 

8 weeks 1.74 1540 8 weeks 1.75 1834 
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3.7  Expression of PGIP, LTP and PR10 genes in G. boninense infected and 

uninfected oil palm  

The expression of candidate pathogen defence related genes, PGIP, LTP and PR10, in G. 

boninense infected oil palm roots were investigated using quantitative RT-PCR at five 

selected time points of post-inoculation. Similar sampling time points were used with the 

un-inoculated control palms. 

3.7.1 Time point sampling of G. boninense G. boninense infected and uninfected oil 

palm  

According to the experimental layout,the oil palm seedlings were divided into two groups 

controls (non-inoculated plants) and inoculated plants.  From each group destructive 

sampling was carried out at every two-week intervals to obtain samples at 0, 2, 4, 6 and 8 

after inoculation respectively to access the G. boninenseinfection. 

3.7.2 Quantitative PCR analysis  

Quantitative real-time PCR analysis revealed an abundance of the three gene transcripts in 

all samples of both infected and control oil palm root.  To amplify a 120bp cDNA 

fragment of each gene, RT-PCR was carried out done with three sets of primers, i.e., 

PGIPrtf and PGIPrtr for the PGIP gene, LTPrtfand LTPrtr for the LTP gene and PR10rtr 

and PR10rtr for the PR10 gene.  In general, for all three genes studied, higher levels of 

expression were found in the controls (from 0 week), while after infection with G. 

boninense, the expression levels were lower at all treatment time-points (2, 4, 6 and 8 

weeks after infection).  The real time full set of runs (4 replicates for each gene) are shown 

in Appendix M. 
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Amplification of the EgPGIP by RT-PCR with primers, PGIPrtf and PGIPrtr, resulted in 

the expected 120bp amplicon (Figure 3.8).  The results confirmed that the primers used 

were effective and the target gene was expressed in plants under the conditions studied as 

shown by the dissociation curves for amplifications using both primers for endogenousβ-

actin as well as for the target gene EgPGIP (Figure 3.9).  The amplification plot for the 

real time analysis of expression of EgPGIP post-inoculation is shown in Figure 3.10.  

 

 

Figure 3.8: Ethidium bromide-stained 1.0% (w/v) agarose gel of PCR (real time 
condition) products, using oil palm cDNA as a template and real time specific primers 
(PGIPrtf and PGIPrtr).  With the exception of the negative control (well –C), positive 
amplification showing presence of PGIP cDNA fragments (~120bp) was obtained for all 
wells.  Lane M: 100bp DNA ladder (Promega). 
 

 

 

 

120bp 
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A 

 

B 

 

Figure 3.9: Dissociation curve for target gene EgPGIP and endogenous control β-actin. (A) 
Dissociation curve for target gene EgPGIP, showing the primer efficacy for a specific 
product and amplicon size of 120bp, and (B) Dissociation curve for endogenous control β-
actin, showing the primer efficacy for a specific product and amplicon size of 80bp.  
Single peaks at 80°C for the target gene and 78°C for β-actin gene verify that the primers 
used were efficient and effective for both infected and non-infected sample.  
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Figure 3.10: Amplification plot for the Real Time-PCR reaction.  The figure shows the 
fluorescence signal versus cycle number for both target EgPGIP and endogenous control 
β-actin genes using oil palm cDNA as a template at 0, 2, 4, 6 and 8 weeks for both infected 
and non-infected sample. 
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Analysis of the Q-PCR results (Figure 3.11) shows that the highest expression level of 

PGIP was found in the uninfected oil palm at all timepoints studied (0, 2, 4, 6 and 8 weeks).  

The expression level then appeared to be significantly down-regulated when measured at 2 

weeks after infection with G. boninense and reached its lowest level at 4 weeks post-

inoculation, in comparison with the control.  The levels remained suppressed when 

measured up to 8 weeks post-inoculation.  The control plants (uninfected) showed no 

significant changes of the EgPGIP during the same time-points (p value > 0.5).  

Amplification of the EgLTP with the primers LTPrtf and LTPrtr, and EgPR10 by RT-PCR 

with primers PR10rtf and PR10rtr resulted in the expected 120bp amplicon for each of the 

genes (Figure 3.12 and Figure 3.13).  The results confirmed that the primers used were 

effective and the target gene was expressed in plants under the conditions studied, as 

shown by the dissociation curves for amplifications using both primers for β-actin as well 

as for the target genes EgLTP and PR10 (Figure 3.14 A and B) and (Figure 3.15 A and B, 

respectively).  Figures 3.16 and 3.17 show the amplification plot for the real time analysis 

of expression for EgLTP for EgPR10 genes, respectively, after inoculation with fungus. 
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Figure 3.11: RT-PCR analysis of PGIP gene expression in oil palm inoculated with G. 
boninense.  Size of the amplicon of EgPGIP gene transcripts and β-actin gene transcript 
were 120bp and 80bp, respectively.  The latter was used as the constitutive control.  Bars 
in the graph shows RQ values for expression of the gene at 0, 2, 4, 6 and 8 weeks of post-
inoculation and the error bar shows the standard deviation of the mean of four biological 
replicates.  All p values for the five post-inoculation time points stages were less than 0.05 
(statistically significant). 
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Figure 3.12: Ethidium bromide-stained 1.0% (w/v) agarose gel of PCR (real time 
condition) products, using oil palm cDNA as template and real time specific primers 
(LTPrtf and LTPrtr).  With exception of the negative control (well –C), positive 
amplification showing presence of LTP cDNA fragments (~120bp) was obtained for all 
wells.  Lane M: 100bp DNA ladder (Promega). 
 

 

Figure 3.13: Ethidium bromide-stained 1.0% (w/v) agarose gel of PCR (real time 
condition) products, using oil palm cDNA as template and real time specific primers 
(PR10rtf and PR10rtr).  With exception of the negative control (well –C), positive 
amplification showing presence of PGIP cDNA fragments (~120bp) was obtained for all 
wells.  Lane M: 100bp DNA ladder (Promega). 
 
 
 
 
 
 

120bp 

120bp 
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Figure 3.14: Dissociation curve for target gene EgLTP and endogenous control β-actin.  
(A) The dissociation curve for target gene EgLTP, showing the primer efficacy for specific 
product, amplicon size 120bp.  (B) The dissociation curve for endogenous control β-actin, 
showing the primer efficacy for specific product, amplicon size 80bp. The single peak at 
77.5°C for target gene and 77°C for β-actin gene verify that the primers used were efficient 
and effective for both infected and non-infected sample. 
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Figure 3.15: Dissociation curve for target gene EgPR10 and endogenous control β-actin.  
(A) The dissociation curve for target gene EgPR10, showing the primer efficacy for 
specific product, amplicon size 120bp.  (B) The dissociation curve for endogenous control 
β-actin, showing the primer efficacy for specific product, amplicon size 80bp. The single 
peak at 77.5°C for target gene and 77°C for β-actin gene verify that the primers used were 
efficient and effective for both infected and non-infected sample. 
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Figure 3.16: Amplification plot for the Real Time-PCR reaction.  The figure shows the 
fluorescence signal versus cycle number for both target EgLTP and endogenous control β-
actin genes using oil palm cDNA as a template at 0, 2, 4, 6 and 8 weeks for both infected 
and non-infected sample. 
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Figure 3.17: Amplification plot for the Real Time-PCR reaction.  The figure shows the 
fluorescence signal versus cycle number for both target EgPR10 and endogenous control β-
actin genes using oil palm cDNA as a template at 0, 2, 4, 6 and 8 weeks for both infected 
and non-infected sample. 
 

The Quantitative-PCR proved to be highly sensitive.  The expression levels of the LTP and 

PR10 genes (Figure 3.18 and Figure 3.19) were highest in the uninfected oil palm in all the 

selected time points (0, 2, 4, 6 and 8 weeks).  The expression level appeared to be 

drastically down-regulated when measured 2 weeks after inoculation with G. boninense, 

and reached its lowest level at 8 weeks post-inoculation in comparison with the uninfected 

control for both the genes tested.  Control plants (uninfected) showed no significant 

changes of the EgLTP and EgPR10 genes during the same period.  The RT-PCR reaction 

of biological replicates for the infected and control samples for the three candidate genes 

are available in the Appendix section (Appendix M). 
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Figure 3.18: RT-PCR analysis of LTP gene expression in oil palm inoculated with G. 
boninense.  Size of the amplicon of EgLTP gene transcripts and β-actin gene transcript 
were 120bp and 80bp, respectively.  The latter was used as the constitutive control.  Bars 
in the graph shows RQ values for expression of the gene at 0, 2, 4, 6 and 8 weeks of post-
inoculation and the error bar shows the standard deviation of the mean of four biological 
replicates.  All p values for the five post-inoculation time points stages were less than 0.05 
(statistically significant). 
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Figure 3.19: RT-PCR analysis of PR10 gene expression in oil palm inoculated with G. 
boninense.  Size of the amplicon of PR10 gene transcripts and β-actin gene transcript were 
120bp and 80bp, respectively.  The latter was used as the constitutive control.  Bars in the 
graph shows RQ values for expression of the gene at 0, 2, 4, 6 and 8 weeks of post-
inoculation and the error bar shows the standard deviation of the mean of four biological 
replicates.  All p values for the five post-inoculation time points stages were less than 0.05 
(statistically significant). 
 

3.8  Proteomics investigation  

This study was performed to investigate differences in the expression profiles of proteins 

from the roots of oil palm infected with G. boninense,compared to their healthy 

counterparts.The oil palm seedlings were divided into two groups controls (non-inoculated 

plants) and inoculated plants.  From each group destructive sampling was carried out at 

every two-week intervals to obtain samples at 2, 4, 6 and 8 after inoculation respectively to 

access the G. boninenseinfection.Protein was isolated in triplicates fromabout 200mg of 

root material from both groups using Phenol/Ammonium acetate in methanol extraction 
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method.  Proteins that are differentially expressed have the potential to be used as 

biomarkers for early diagnosis of BSR infection. 

3.8.1  Determination of protein concentration (Bradford Assay)  

Estimation of protein concentrations was carried out using the Bradford method of protein 

assay as described in section 2.2.17.2 (see Materials and Methods).  Bovine serum albumin 

(BSA) at a concentration ranging between 0 to 1.4 µg/ml was used as the standard protein 

(Figure 3.20).  Estimation of proteins was conducted on samples that were prepared by 

different extractions protocols using sucrose, TCA, and phenol/ammonium acetate (Table 

3.6). 
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Figure 3.20: A typical standard curve, which was constructed based on a standard solution 
of BSA.  The BSA was diluted with lyses buffer to obtain protein concentrations ranging 
from 0 to 1.4 mg/ml.  The estimation of root oil palm proteins was performed by referring 
to a typical standard curve such as this.  Absorbance of the protein-dye complex was read 
at 595 nm.  
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Table 3.6: Protein concentration using different methods of protein extraction protocols. 

 

The mean protein concentrations were 0.02, 0.13 and 2.29 mg/ml for the methods using 
sucrose, TCA and phenol/ammonium acetate, respectively.  The highest concentration 
obtained was by extracting proteins from the oil palm root using phenol/ammonium 
acetate.  This experiment was repeated three times for each of the three methods used.  
Similar results were obtained for each of the extraction method used.   

 

 

 

 

 

 

Method of protein 
extraction 

Oil palm root sample 

(200mg unifected 1 month old tissue) 

Final 
concentration  

(mg/ml)  

 
 

Sucrose 

sample 1 0.012 

sample 2 0.047 

sample 3 0.014 

 
 

TCA 

sample 1 0.12 

sample 2 0.147 

sample 3 0.14 

 
Phenol/Ammonium 
acetate in methanol 

sample 1 1.98 

sample 2 2.54 

sample 3 2.35 
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3.8.2  Comparison of protein extraction methods using SDS PAGE 

To analyse the proteins that were extracted using different methods involving use of 

different solvents, the oil palm root tissue extracts were subjected to profiling using SDS-

PAGE.  Figure 3.21 demonstrates the results of the experiments.  All three methods 

appeared to generate high resolution protein profiles, although their protein concentrations 

were not exactly the same. 

 

 

Figure 3.21: SDS-PAGE profile of proteins extracted from the root of Elaeis guineensis.  
Lane 1: Proteins extracted using TCA.  Lane 2: Protein extracted using sucrose.  Lane 3: 
Protein extracted using phenol/ammonium acetate in methanol.  Lane M: pre-stained 
protein marker (Bio-Rad, cat # 161-0318). 

The phenol/ammonium acetate in methanol method was used in all subsequent studies 

because it generated the highest quantity of proteins that were also well resolved by SDS-

PAGE. 
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