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Word embeddings are numerical distributed word representations that have recently sparked significant interest 

in the research community. They are used by Google and Facebook corporations in various applications such as 

enhancing search and recommendation engines. Many word embedding techniques such as word2vec, doc2vec, 

glove, BERT, RoBERT and others have recently been published. Word embedding methods identify the target 

word by their accompanying words and convert their textual representation into numerical vector spaces where 

arithmetic calculations can be done. Extracting knowledge from written text into structured formats such as 

datasets usually takes a significant amount of time and resources. For example, collecting data about underutilised 

crops from the literature can be a tedious process. This research aims to partially automate the process of data 

collection that can be used to build domain-specific decision support systems. To demonstrate the usefulness of 

neural information retrieval, we propose an application of this method to extract soil requirements of underutilised 

crops. We trained a word2vec model on 178 different languages with 72GB of Wikipedia text with 8.1 billion 

words. The trained model was used to predict the soil classification requirements of 2201 crops and the verification 

was done using FAO Ecocrop data. We tested several arithmetic methods for calculating the crops’ scientific and 

common English names against soil classes in the word embedding vector space. We achieved an accuracy of 

76.11% for soil classification against crop scientific names while English common names against soil classes 

resulted in 49.97% accuracy. The results suggest that it is effective to use neural information retrieval in 

knowledge extraction. It also suggests the use of scientific names word embeddings for crops provides higher 

accuracy than common English names in this domain. Future work will involve other types of predictions relevant 

to agriculture including aspects pertaining to macro and micronutrients, crop types, and crop usage.  

  

Keywords: Word-Embedding, Machine-Learning, Soil-Classification, Underutilised-crops, Neural-Information-

Retrieval. 

  

INTRODUCTION 

This research focuses on the study of agriculture and food datasets. Most of agriculture and food research centres 

focus on the main 25 crops which feed more than 90% of calories consumed by the human population. Global 

knowledge system for underutilised crops is ongoing research conducted in the Crops For the Future Research 

Centre (Gregory, et. al, 2019). The system provides a relational database and NoSQL database to introduce crops 

by 4000+ variables and 44 metadata for each variable. The variables are defined in three dimensions, taxonomical, 

geographical and data sources (Marahaini, 2018). The system can store multiple values for the same variable 

based on crop variety and reference the value and geographical location where the data is collected from. Several 

methods are used to populate the database such as the integration of international databases pertaining to climate, 

soil and crops. Additional extensive manual information extraction is performed from the scientific literature. 

Finally, approaching governmental institutions for data localization is by far the most exhaustive process for data 

collection. Value chain data CONNECT and ASSESSCROP are comprehensive experiments conducted through 

crop value chains to build a relational database to trace information about crops from germplasm, seed inventory, 

plot and crop management, harvesting and postharvest process, product manufacturing, nutrient sampling and 

testing, market and consumers (CFF Research, 2019).  

Neural Information Retrieval (NIR) is extensively used in web search engines and social media data processing. 

Search engines and social media recommendation systems are examples of successful applications of NIR. Users 

mailto:ayman.mohamed@cffresearch.org
mailto:ebrahim.jahanshiri@cffresearch.org
mailto:marahaini.nizar@cffresearch.org
mailto:Tomas.Maul@nottingham.edu.my
mailto:hcxas1@nottingham.edu.my
mailto:neil.crout@nottingham.ac.uk
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obtain 60% to 86% accuracy from the recommendation systems and still achieve decent customer satisfaction 

(Ricci, 2011). In spite of NIR’s success, sensitive scientific studies like medical and agricultural sciences limit 

NIR applications possibly due to stricter accuracy demands (Onal et al., 2018) and, in some cases, lack of model 

interpretability.   

 

Word embeddings are distributed word representations in a relatively low dimensional vector space. Processing 

text by neural networks requires a form of numerical transformation of text which in this case corresponds to 

numerical vectors. Word embeddings as a fundamental concept were introduced earlier in the 1950s (Harris, 1957) 

and (Firth, 1957), under distinct terminology. With the evolution of neural networks, word embeddings have 

become a core concept in their own right, with a broad spectrum of applications. Tomas Mikolov and colleagues 

published several papers discussing and presenting promising solutions to enable machines to learn high quality 

distributed vector representations to capture syntactic and semantic relations among words in a corpus. There are 

several techniques and libraries that have been published like word2vec (Mikolov, 2013), doc2vec (Le., 2014), 

glove (Pennington, 2014),  BERT (Devlin, 2018) and others. 

 

One of the advantages of word embeddings is that users don’t have to manually annotate any datasets with explicit 

labels. Self-supervision is a relatively recent machine learning method to autonomously label the training dataset 

without human interaction. It is learning from existing words and phrases without the need for human 

interpretation (Hinton, 1999). How word embeddings are used defines their unique abilities. Here are some 

examples of how word embeddings can be used efficiently in different problems.  

Word embedding usage 

1. Automated text tagging. Nikfarjam et al. (2015) managed to extract features of drug reaction from social 

media corpora using word embeddings and claimed to achieve 82% accuracy which is an improvement 

relative to the baseline studied.  

2. Recommendation Engines. Ozsoy (2016) studied the design of a recommendation system with word2vec 

embeddings from social media Foursquare’s check-in dataset and provided promising results.  

3. Synonyms and search query expansion. There is a claim that Google is using word embeddings like 

word2vec to recommend to the user alternative search keywords (Gao, 2017).  

4. Crop suitability. Word embeddings were used in an agricultural tool - SELECTCROP - developed by 

the Crops For the Future Research Centre (Gregory et. al, 2019). The user of the tool searches for crop 

suitability in a specific location. The crop name can vary from one language to another and even from a 

location to another in the same language. The user might use a local name to search for a crop. The search 

engine will take the user query and use word2vec to get the synonym of that local name and identify the 

scientific and English common name and extract the crop features and calculate the crop suitability 

(Salama et al, 2017).  

5. Machine translation. Training word embeddings on two different translations for the same content. 

(Mikolov, 2013) demonstrated the idea of using monolingual data and mapping it with bilingual data. 

The distributed representation has the potential to extract the similarity between vector spaces and 

effectively do the translation. The result of Mikolov’s experiment achieved 90% precision for translating 

between English and Spanish. Chelba et al. (2013) published a new data set of one billion words to be 

used as a measurement tool for statistical language modelling. This corpus has the potential to be used 

for the evaluation of the translation along with word embeddings. 

6. Question answering. Although there are several types of research towards automating an AI agent to 

answer human questions, Weston et al. (2015) believed that there is no comprehensive system till date 

that can achieve it. They proposed that by using word embeddings powered with an enhanced memory 

network model, having an automated AI question answering system is possible.  

7. Classifying a movie by genre through studying the plots of movies (Schnabel, 2015).  

8. Classifying restaurants by themes (e.g. “Scantic, Jazzy”) by studying user reviews (Liu, 2015). 

9. Sentiment analysis. Classifying user reviews tends to be a very time-consuming task. There are several 

supervised learning methods for sentiment analysis, however using word2vec can be an easier way to 
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approach sentiment analysis (Mesnil, 2014). In this work, the Facebook AI research group studied an 

IMDB movie review dataset using several combined machine learning approaches, including NB-SVM, 

RNN-LM and sentence vectors. They have published their code to make it easy to reproduce their results 

for transparency.  

10. The usage of word embeddings to detect textual anomalies will enable the extraction of new features 

from text like social media Facebook status or tweets. 

Word2vec explained 

Word2vec is a neural network that acts as a word embedding algorithm. It turns a corpus of text into a 

mathematical vector space. Word2vec was developed by Google and its code was released online with the original 

model trained on 1.6 billion words. At the time of its release, its performance was described as reaching state-of-

the-art level for measuring syntactic and semantic word similarity (Mikolov, 2013).  

 

How does word2vec work? 

The neural architecture of word2vec is very simple and consists of a single hidden layer. The embeddings 

themselves are extracted from the network’s weights. The weights of the word2vec network are randomly 

initialized and then the network keeps trying to adjust its weights by going through sentence by sentence until the 

weights are optimised in a manner that minimizes the prediction error. In one variant, the network aims to predict 

the centre word within a contextual window of words. Conveniently, the resultant word embeddings can be 

mathematically calculated against each other to answer different linguistics questions involving similarity, 

relationship, and semantic meaning. The most common example that is used to describe this is “king, man, queen, 

woman” vectors. If the corpus is large enough, the vector of “king” and “man” should be close together. Likewise, 

the vector for “woman” and “queen” should be close together. The elegance of word2vec reveals itself in the 

ability to demonstrate this equation “Vector[king] - Vector[man] + Vector[woman] ≈ Vector[queen]”. The simple 

conclusion is that word2vec can successfully represent the semantics of words in any given corpus though 

distributed representations extracted from the weights of the network’s hidden layers. This vector space can be 

used mathematically to extract meaning and quantify the relationships between different entities in any given 

corpus.  

 

METHODS 

Word2vec experiment with agriculture data: 

Earlier we conducted two experiments to understand the geographical utilization patterns of underutilised crops. 

The first experiment used Google search engine data extracted from the Google AdWords tool for a period of two 

years for all worldwide users searching for a specific crop and using all known crop scientific and local names. 

Text mining and Google maps were used to interpret 300K search events and visualize them to understand the 

global cropping pattern with time series analysis. The second experiment expanded the targeted data from search 

engine events to corpus of data of English Wikipedia. The expansion of input data revealed a different approach 

to understand the vernacular knowledge of crops. The first experiment integrated international databases for 

vernacular knowledge to construct a comprehensive list of 30 names of a designated crop. Google Adwords data 

processing required significant manual work which imposes human error and possible distorted accuracy that 

required several corrections. NIR in the second experiment created a vector space of English Wikipedia corpus 

that transferred the focus of the experiment from not only the vernacular knowledge but also to all aspects of crop 

entities. Depending only on the English Wikipedia corpus created a gap for the vernacular knowledge extraction 

giving the fact the underutilised crops are possibly domesticated and utilised by native communities distanced 

from the agriculture industry which means the corresponding knowledge is mostly stored in a non-English 

language. The first objective in this research was to expand the base knowledge to accommodate non-English 

languages, whereby we studied available Wikipedia corpus in 178 languages and massive gigantic vector space 

for all the languages.  

Training word2vec on Wikipedia all languages 

The training was done in two steps. First, the text space of all XML files for all languages was extracted. Then we 

combined all generated processed text (from all languages) and further processed it into a vector space model to 

be used for later analysis. The idea is very simple and yet effective, encapsulated in the steps below. System 

specifications consisted of: Dell PowerEdge R730, 16 Core CPU, 128G RAM; Centos 6.5 Final. 
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1. Perform part one of the process which is to obtain the text of Wiki corpora for all languages.  

2. Concatenate all output text files together using Linux shell scripting; the new size is 72G. 

3. The next challenge is to setup the word2vec model for subsequent training on the 72G of data.  

4. Train the word2vec model; training was done successfully in 29 hours 13 mins.  

Creating a test set from text mining on Ecocrop 

The training of word2vec on all Wikipedia languages was done in a standard self-supervised manner, using a two-

layer neural network. Self-supervision in this context means that the output labels are automatically generated 

from the raw text (e.g. words at the centre of a contextual window), rather than requiring manual curation, which 

would be prohibitively expensive in this domain. The vector space that we have created from training word2vec 

on all Wikipedia languages can be used to quantify any relation between any entities. In this experiment, we aim 

to use this vector space for identifying the relationship between crops and other entities like countries, local names, 

soil types, and diseases. The pseudocode diagram below indicates the steps to process the data and create a test 

set, similarity index and ranking accuracy for evaluation purposes. 

 

The three soil properties are clay, loam, and sand. We used these keywords because they are the common words 

being used to describe the soil texture requirement of the crops. The testing dataset loop iterates through 2201 

crop scientific and common English names with the three soil properties. The trained word2vec model is then 

deployed to serve the prediction of similarity. The resultant collections of testing dataset are passed to the 

word2vec model that was trained on all 178 languages. The output is an array of prediction values from 0 to 1. 

We compared the values obtained with the data from FAO ECOCROP (http://ecocrop.fao.org) by using optimal 

soil texture requirement which uses heavy, medium and light levels as an indication. We deduced the heavy level 

to be those soils which comprise a high percentage of clay, medium level to those with loamy (silty) texture, and 

light level to those with a high percentage of sand (Food and Agriculture Organization, n.d.).  

 

[Abelmoschus moschatus, “Clay:” 0.10494453, “Loam” 0.13737687, “Sand:” 0.00425547] 

 

The prediction value above represents the relationship between the scientific or common English name and the 

soil classes. The relationship value is meaningful when used relatively rather than independently. The above 

example of (Abelmoschus moschatus) indicates that “Loam” soil achieved the highest cosine similarity to the 

crop relative to the cosine similarity values of “Sand” and “Clay”. Accordingly, we can conclude that the Loam 

soil class is a probable correct classification for Abelmoschus moschatus’ soil requirements. To reiterate, the 

classification is based on a relative comparison of similarity values; it is impractical to use an individual cosine 

similarity to directly extract meaning. Finally, we developed an algorithm to verify the prediction automatically 

against Ecocrop data.  

 

 

 

 

 

 

 

 

 

http://ecocrop.fao.org/
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Pseudocode for training and testing process. 

Data Preparations 

1. By using text mining and regular expressions, Scientific and English common names and Soil 

classes are extracted and stored in a relational database. The full code is available on Github 

aymansalama/text-mining-ecocrop (Salama, 2019) 

 

Figure 1. Example of a regular expression used in text mining. 

 

2. Creating two test sets: 

○ For each Soil Class name loop: 

■ Create a line like (English common name, Soil class) 

■ Create a line like (Scientific name, Soil class) 

Calculating the similarity measure: 

1. Load the vector space of word2vec for all Wikipedia languages to the memory. 

2. For each line in the two sets (Crop name: [English common name, Scientific names], Soil class) 

loop: 

○ Measure the similarity between the two entities (Crop name, Soil Class) 

○ Sort all similarities by the highest score 

3. Convert the distance into ranks, for example: 

[Abelmoschus moschatus, “Clay:” 2nd, “Loam” 1st, “Sand:” 3rd] 

4. Validate the predicted class against the recorded soil class from Ecocrop data. 

   

 

 

RESULTS AND DISCUSSION 

This research aims to verify the ability of NIR to capture quantitative data that can be used in different applications, 

including classification. This will reduce the human resources needed for data collection. We tested the trained 

model predictions against ECOCROP United Nation Food and Agriculture Organization “FAO”, and the results 

show an accuracy of 76.11%. The results suggest that NIR can be used effectively in the data collection process. 

It is important to note that it is not designed to replace human resources in data collection. Rather, it is designed 

to support human resources in speeding up data collection. The model can read millions of documents and present 

quantitative data analysis and present it visually to the data collection team to support the direction of the process 

and enhance it.  

 

The experiment measured two main concepts, i.e., crop name and soil class. A crop name can be presented in the 

form of a scientific or common name. The results suggest that the scientific name possesses stronger 

representations than the common English name. The results also confirm the general knowledge that scientific 

names are more accurately used in the literature. When we measured the accuracy of crop soil classification using 

common English names, we obtained 49.97% which is far worse than the accuracy gained from using scientific 

names, i.e., 76.11%. Fig. 2 indicates a sample of ten scientific names and the comparison to soil classifications 

based on the cosine similarity. The highest value of the cosine similarity represents the correct prediction for the 

soil classifications.  
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Figure 2.  Cosine similarity comparison for soil classification against a sample of ten crops. 

The entire data set of crop names consists of 2021 crops. Our word2vec model successfully obtained 1997 crop 

scientific names out of 2021 names. The crop names that didn’t appear in the model vocabulary list are most likely 

due to fewer occurrences in the corpus. The prediction was successful in obtaining the correct soil class for 1520 

crops and failed in 477 crops which corresponds to a 76.11% success rate. Table 1 shows soil requirement 

predictions on the left and data from FAO ECOCROP on the right. The table shows only nine sample crops and 

indicates the correct prediction of the model against ECOCROP data.  

Table 1. Predication values versus FAO ECOCROP data. The bold values indicate the highest 

value of the prediction which matches the actual data in FAO ECOCROP. 

 Prediction  FAO ECOCROP Soil Texture Optimal 

Scientific name Clay Loam Sand  Heavy Medium Light 

Abelmoschus manihot 0.075 0.149 0.049  0 1 0 

Abelmoschus moschatus 0.104 0.137 0.004  0 1 0 

Abutilon theophrasti 0.022 0.195 0.033  0 1 0 

Acacia brevispica 0.199 0.217 0.108  0 1 0 

Brachiaria dura 0.097 0.162 0.362  0 0 1 

Buchloe dactyloides 0.133 0.128 0.059  1 0 0 

Cassia senna 0.121 0.082 0.130  0 0 1 

Acanthosicyos horridus 0.102 0.093 0.113  0 0 1 

Acanthus mollis 0.158 0.223 0.111  0 1 0 
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CONCLUSIONS 

In this paper, we studied the effectiveness of the application of NIR in the data collection process. We trained a 

word2vec model on the entire Wikipedia corpus with 178 different languages. We used the trained model to 

perform crop soil requirement predictions. We tested the predictions against ECOCROP data for soil classification 

for 2021 crops. The prediction achieved 76.11% accuracy. However, the selection of the right terminology is 

crucial in identifying and obtaining the highest accuracy path for prediction. For instance, using common English 

names instead of scientific crop names leads to a significant decrease in prediction accuracy. The results suggest 

that we can effectively use NIR in semi-autonomous data collection processes to build structural scientific 

databases. In the future, we are planning to use the model to predict different use cases for crop classification 

criteria. Model expansion and enhancement are under investigation to find the best hyperparameter values for the 

training process. Enlarging the training dataset is an ongoing process in which we are planning to construct a data 

pipeline for retraining the model and testing its predictions.  
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In response to the stress of harvesting latex due to the stimulation and tapping, a change in the distribution of 

small RNAs has been observed in latex cells associated with physiological disorders that stop latex flow (Tapping 

Panel Dryness, TPD). Small RNAs are negative regulators of gene expression either at the transcription level 

(class size 23-25 nt) or at the post-transcriptional one (class size 20-22 nt). We observed a major peak of 24 nt of 

small RNA in the latex healthy trees and 21 nt in TPD-affected trees. Our first objective is to annotate small RNAs 

produced in the latex of TPD-affected trees. In that aim, the MIR genes and miRNAs were annotated for the 

genome sequence from clone PB 260, as well as transposable elements (TEs). Our results showed that the small 

21-nt RNAs accumulating in the latex of TPD-affected trees were not miRNA, derived from MIR genes, and could 

therefore be siRNAs. TEs have been annotated and represent 74% of the genome sequence of Hevea clone PB 

260. Our second objective was to evaluate the contribution of post-transcriptional gene silencing by a small RNA. 

We sequenced of all 3’ ends mRNA degradation products from 6 tissues, subjected or not to abiotic stress and 

TPD to build an atlas of the small RNA-mediated post-transcriptional regulation of gene expression. Latex cells 

showed the highest level of post-transcriptional regulation by mRNA cleavage. As a biological perspective, the 

annotation of MIR genes, transposable elements associated with curated structural and functional annotations, and 

the consideration of small RNA interference in the regulation of gene expression, will help us to understand the 

complexity of gene expression regulation networks genome-wide in response to stress. 

 

Keywords: crop epigenomics, small RNA, transposable element, miRNA, gene expression.  

 

INTRODUCTION  

 

In Hevea brasiliensis, severe environmental constraints combined with harvesting stresses (ethephon stimulation 

and bark tapping) induce a physiological syndrome called Tapping Panel Dryness (TPD). TPD is characterized 

by a halt in latex flow and in situ latex coagulation (for review (Zhang, Leclercq, & Montoro, 2017). Small RNAs 

(sRNAs) are negative ribo-regulators of gene expression at both transcriptional and post-transcriptional levels 

(Bazin & Bailey-Serres, 2015; Khraiwesh, Zhu, & Zhu, 2012; Wang et al., 2016). Among them, miRNAs are 20-

22 nt in size and processed from hairpin precursors transcribed from MIR genes. They regulate gene expression 

through either cleavage and degradation or translational repression of target mRNAs. On the other hand, small 

interfering RNAs (siRNAs) of 23-25 nt in size may trigger RNA-directed DNA methylation (RdDM) of the 

corresponding genes (Borges & Martienssen, 2015). When comparing healthy and Tapping Panel Dryness (TPD)-

affected trees, changes in the small RNA transcriptome were observed with a peak of the 24 nt size class, in 

healthy trees, and 21 nt size class in TPD-affected ones (Gébelin et al., 2012; Gébelin et al., 2013; Pramoolkit et 

al., 2014). This result revealed the need to annotate Hevea small RNAs in order to evaluate to which extent gene 

silencing might contribute to TPD. We first performed an in silico detection and annotation of MIR genes and 

Transposable elements (TEs). To decipher post-transcriptional regulatory mechanisms driven by 20-22 nt small 
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RNAs in the rubber tree under abiotic stress and TPD, we have generated and analysed tissue-specific degradome 

libraries from clone PB 260 (German, Luo, Schroth, Meyers, & Green, 2009).  

Our results showed that the small 21-nt RNAs accumulating in the latex of TPD-affected trees were not miRNA, 

derived from MIR genes, and could therefore be siRNAs. In addition, the level of post-transcriptional regulation 

by mRNA cleavage is not the same according to the tissue. 

 

METHODS 

 

MIR genes identification were identified on the PB 260 re-sequenced genome by using MITP 

(https://sourceforge.net/projects/mitp/). Transposable elements detection was performed by TEdenovo (REPET 

pipeline (Flûtre, Duprat, Feuillet, & Quesneville, 2011) and LTR_STRUC (McCarthy & McDonald, 2003). Their 

annotations were performed with TEannot (REPET pipeline). Degradome libraries were constructed with a pool 

of total RNA from stressed and non-stressed plants, representing 6 different Hevea tissues (Zhang et al., 2019), 

according to the protocol described in (German et al., 2009). CleaveLand pipeline is used in order to detect 

miRNA-mediated cleaved targets, with transcriptome and small RNA dataset as inputs (Addo-Quaye, Miller, & 

Axtell, 2009). Functional annotation of the identified targets was performed using InterProScan (v5.18-57.0) and 

GO classification was then extracted. 

 

 

RESULTS AND DISCUSSION 

 

Class size distribution of total small RNA is shown in Figure 1A. A majority of 24-nt small RNAs were observed 

in healthy trees and plantlets, while it is 21-nt for trees affected by TPD. After detection and annotation of MIR 

genes and their derived miRNAs, a majority of 21-nt miRNAs are observed in all cases. Therefore, we concluded 

that the 21-nt peak observed in trees affected by TPD does not correspond to miRNAs. We will check if they are 

produced by TEs. 

 

 

 

    A     B 

                                     
Figure 1. Class size distribution before (A) and after miRNA annotation (B) 

 

By exploring degradome libraries, we were able to identify transcripts regulated post-transcriptionally by 

miRNAs. Latex cells are the most affected by the regulation and functional annotation shows that the biological 

processes impacted are not the same depending on the tissues. (Figure 2). 
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Figure 2. Number of miRNA-mediated cleaved transcripts according to the tissue and their GO 

annotation. 

 

CONCLUSIONS 

 

The precise annotation of small RNAs is important to assess the contribution of post-transcriptional regulations 

to the physiological functioning of rubber trees. These regulations must be experimentally validated to determine 

the physiological context in which it occurs. This work shows the diversity of tissue-specific regulations, which 

are not studied in model plants, and justifies further research activities in rubber trees. 
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Since the early 1980’s, genetic transformation for producing transgenic plants was the way different plant species 

were being genetically engineered. Chracterisation of genes for trait improvements and genetic elements that serve 

as the enabling tools made major contributions to the development of the technology. There were many success 

stories, from plants with improved stress resilience to modification for more desirable morphological 

characteristics and harvestable products in crops. To overcome issues associated with foreign gene insertion, cis-

genesis which confined transfer of genes among cross compatible species was established, mimicking traditional 

breeding and overcoming many of the issues related to public acceptance of the genetic engineered products. 

However, the introduction of genes remains untargeted and positional effects unaddressed. The availability of 

programmable targeted gene editing tools within the last decade has revolutionized the genetic engineering 

platform. Among the different gene editing systems, clustered regularly interspaced short palindromic repeat 

(CRISPR)/Cas9 based on bacterial immune system to fight invading viruses offers great promise in terms of 

precision, speed and simplicity. CRISPR/dCas9 system possesses RNA guided genome targeting ability but uses 

modified form of Cas9 which does not have endonuclease activity. Important applications of CRISPR/dCas9 

including for transcriptional activation, epigenome modification and genome editing which are based on the 

recruitment of transcriptional activation domains and modifying enzymes to targeted sites in the plant genome 

will be discussed. 

Keywords: Genetic Engineering, CRISPR/dCas9, Transcriptional Activation, Epigenome Modification, Gene 

Editing 

 

INTRODUCTION 

Crops are important source of food, fiber and fuel. There is a need to increase food production to meet the 

expanding global population. The raw materials provided by plants are renewable and biodegradable with clear 

advantages over depleting mineral resources. But growing plants faces ever increasing challenges due to rapid 

reduction in arable land for cultivation, thus production of high yielding and input efficient varieties continue to 

be the main objectives in genetic improvement efforts worldwide (Amundson et al., 2015). Traceability is 

becoming essential for global market penetration of agricultural produce promoting minimal use of environmental 

damaging agrochemicals in management of field crops. Disease resilience crops would therefore have clear 

preference in modern farming practices (Serazetdinova et al., 2019). The roles of crop production have expanded 

to include provision for safe and healthy food for mankind. Plants are now tapped for their potential in producing 

natural nutraceuticals and pharmaceuticals for human well-being and new technologies are required in enhancing 

the bioactivity and extractability of the health promoting compounds (Perez-Gregorio and Simal-Gandara, 2017).  

Genome engineering is important for achieving the various crop improvement objectives. The latest development 

in targeted programmable genetic modification will enable scientists to achieve their desired outputs with greater 

precision at a shorter time. 

There were several scientific and public concerns associated with traditional genetic engineering approach. 

Among which the use of foreign genes and untargeted, random DNA insertion are prominent (Moradpour and 

Abdullah 2017). The precision provided by genome editing technology which does not involve DNA introduction 

into the genome is a major development in plant genetic improvement technology. CRISPR/Cas9 provides the 

platform for targeted crop improvement either through transgenic or non-transgenic strategies. The genome 

editing technology was based on the natural immune system in bacteria against invading viruses. CRISPR consists 

of CRISPR RNA (crRNA) and trans-activating crRNA (tracrRNA). The crRNA which consists of about 20 bp 

complementary to the targeted genomic region provides the flexibility in choosing the genomic sites, where else 

the sequence of the tracRNA which forms the scaffold (stem-loop structure) for the Cas9 enzyme to bind is 

conserved. The single guide RNA molecule where the crRNA and tracrRNA sequence are fused together is 

mailto:snaa@upm.edu.my
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referred to as sgRNA. In CRISPR/dCas9 system the RNA guided genome targeting ability is retained but a 

modified version of Cas9 which does not have endonuclease activity is used (Moradpour and Abdullah 2019). 

 

APPLICATIONS OF CRISPR/dCas9 

With the availability of a reliable plant tissue and regeneration system, the modification to the genome can be 

directly carried out on the desired genotypes. Together, CRISPR and plant tissue culture systems provide the 

platform for advanced genetic improvement for introducing natural DNA variants directly into commercial 

genotypes with improved precision and pace unchallenged by traditional breeding methods. dCas9 proved to be 

a powerful technique for precision in modifying genome function through recruitment of a variety of 

transcriptional activation domains for modifying transcriptional activity or enzymes for epigenomic modification. 

The recruitment of base editing enzymes improved the precision of genome editing without introduction of 

potentially unstable double-stranded break (DSB) in the DNA molecules.  

 

Transcriptional modification 

Transcriptional regulation exerts the greatest influence on the phenotype of genetically determined trait. DNA-

binding transcription factors have two main domains in their protein structures, the DNA binding domain (DBD) 

categorized by a few well-defined structural motifs such as zinc finger and the basic helix-loop-helix and a 

transcriptional activation domain (TAD). Transcription factors coordinate the various transcriptional responses 

through binding to the specific promoter motifs of responsive genes through their DBD. The transcriptional 

activation domains (TAD) of these transcription factors are involved in binding to coactivator or chromatin 

remodeling proteins. The best studied, TAD is characterized by an abundance of acidic and hydrophobic amino 

acids. Even though the amino acid sequence is quite variable, it appears that the overall negative charge to be the 

crucial determinant of the potency of the TADs (Cosmas et al., 2018). 

For modifying transcriptional activities of a gene of interest, the TAD can be fused to the dCas9 sequence and 

brought to the promoter region of the gene of interest through gRNA. Multiple targets activation (multiplexing) 

can be done simultaneously. A different combination of TAD may be recruited together to achieve different 

transcriptional activation levels. In our laboratory, we successfully overexpressed the dCas9 fused to a plant-

specific TAD in Escherichia coli (Figure 1A) and isolated protoplasts from red cabbage (Figure 1B) for 

introduction of the recombinant dCas9 into the targeted genomic site via gRNA to confer heat-tolerant 

characteristics. The heat-tolerant variety could potentially extend the growing area of this popular vegetable crops 

to tropical regions.  

 

 
Figure 1 A. Diagram of representative dCas9 fused to a plant-specific transcriptional activator domain (TAD) 

in Escherichia coli tested in this study. B. Protoplast isolation from the mesophyll of red cabbage cotyledons. 

 

Epigenome modification 

Plants are exposed to a plethora of stresses such as extreme temperature, drought and attacks by different types of 

pathogen. Environmental stresses induce chromatin modifications in the different responsive genes leading to 

alteration in their expression. Environmental induced chromatin modifications are transmittable through cell 

divisions after removal of the external stimuli, resulting in acquired 'memorization' of the environmental 

experiences in plants. These epigenetic environmental memories, enables future adaptation to environmental 

perturbations for the plants to respond better with recurring events. Epigenome therefore is important in providing 

another level of gene regulation independence of the DNA sequence. It involves heritable alterations in chromatin 

A B 
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architecture through DNA methylation or histone modifications that alter gene expression (Pikaard and Mittelsten 

2014). 

Recruitment of various epigenome modification enzymes through fusion with dCas9 have been carried out by a 

few laboratories. For example, Lee et al. (2019) used the floral regulator FLOWERING LOCUS T (FT) as a target 

for histone modifications involving H3K27 acetyltransferase p300 and the H3K9 methyltransferase. Arabidopsis 

thaliana transformed with the constructs demonstrated altered flowering time phenotypes that were associated 

with changes in epigenetic status.  

 

Gene editing 

Genome editing offers great potential for developing crops with improved traits and overcoming diseases by 

correcting genomic DNA mutation. There were rapid developments in genome editing tools in the last decade 

including zinc finger nuclease (ZFN), TALEN nuclease, and CRISPR/Cas nuclease which utilize 

programmable nucleases to edit the genome by inducing DNA double-strand break (DSB). DSB can be repaired 

by either non-homologous end joining (NHEJ) or homology directed repair (HDR). There is concern on DSB 

causing genome stability due to the poor efficiency of HDR. 

Base editors that catalyzes highly efficient base deamination-induced base transition without producing DSB 

have been recently reported. The cytidine base editor (CBE) catalyzes the transition from C-to-T and adenine 

base editor (ABE) catalyzes the transition from A-to-G. The dCas9 CBEs and ABEs were used to generate 

targeted base alterations in different plant species such as in rice and tomato (Shimatani et al., 2017). 

 

CONCLUSION 

Functional genomics have provided information on many genes as potential targets for genetic improvements 

Now the genome sequences of many economically important crops have been sequenced. Scientists can use the 

available information that have been obtained on specific genes for genetic improvement for different traits of 

interest leveraging on the advances in genome modification technology based on CRISPR/dCas9 system. The 

system requires simple designing and cloning methods, allowing repeated use of the same dCas9/effectors with 

different guide RNAs. 
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In order to comprehensively and accurately evaluate the chemical composition characteristics of agarwood 

produced by Aquilaria sinensis ‘Reke2’ (R-ETS-AS-003-2017), multiple batches of agarwood samples from 

Aquilaria sinensis ‘Reke2’ were analyzed by GC-MS and compared with the agarwood from common Aquilaria 

sinensis. At the same time, its anti-tumor cytotoxic activity was detected in vitro. Results indicated that the 

chemical composition of agarwood from Aquilaria sinensis ‘Reke2’ is significantly different from that of common 

agarwood, the former mainly contain 2-(2-phenylethyl) chromones, the latter mainly contain sesquiterpenoids.The 

GC-MS fingerprint of the chemical composition of the different batches of agarwood samples from Aquilaria 

sinensis ‘Reke2’ had similarity between 0.97-1.00, and their common ingredients were 2-(2-

phenylethyl)chromone, 2-[2-(4-methoxyphenyl)ethyl] chromone, 2-[2-(3-hydroxy-4-methoxyphenyl) ethyl] 

chromone and 2-[2-(3-methoxy-4-hydroxyphenyl) ethyl] chromone. The average total relative content of these 

four chromone compounds was 78.12 %, where the average sum of the relative contents of 2-(2-phenylethyl) 

chromone and 2- [2-(4-methoxyphenylethyl)] chromone was 51.54 %, which was significantly higher than the 

relative contents of the related components of the agarwood samples from common Aquilaria sinensis tree and 

similar to the chemical components of ‘Qi Nan’ agarwood.The bioactivity analysis showed that the chemical 

composition of agarwood from Aquilaria sinensis ‘Reke2’ had weak antitumor cytotoxic activity in vitro. ‘Qi nan’ 

was recognized as the most high-quality agarwood, therefore, Aquilaria sinensis "Reke 2" is an excellent variety. 

Keywords: Agarwood from Aquilaria sinensis ‘Reke2’, Chemical composition characteristics, GC-MS 

fingerprint, Evaluation 

 

 

INTRODUCTION  

 

Agarwood is a traditional and precious medicinal herbs in China, Japan, India and the other countries in Southeast 

Asian. It is used as compatibility of medicines in traditional chinese medicine and applied in the treatment of 

digestive, respiratory, cardiovasclular and cerebrovascular disease (Chinese Pharmacopoeia Committee, 2010). 

Agarwood has the function of neuroprotection, analgesia, antibacterial, anti-tumor, anti-oxidation, anti-

inflammatory, spasmolysis, hypogycemic, allergy treatment and improvement of chronic renal failure etc (Zhou 

Y B, 1988; Okugawa H, et al., 1993; Kim Y C, et al., 1997; Mei W L, et al., 2008; Wetwitayaklung P, et al., 2009; 

Suwannasing C, et al., 2012; Yang J L, et al., 2015). It has a high spice value, is respected as a common sacred 

relic by the world’s 5 major religions (Buddhism, Taoism, Islam, Muslim and Catholicism). Essential oil of 

Agarwood is very popular with consumers in Middle East countries. In recent years, it has also been used in 

cosmetics, tobacco flavor and other daily necessities. The aromatic handicraft of Agarwood has the value of 

cultural collection and its economic value is considerable. Therefore, the Agarwood industry has a good 

development prospect (Dai H F, et al., 2015). Due to the exhaustion of wild resources of Agarwood trees, since 

the 1980s, various countries in the world began to attach importance to the artificial cultivation of Agarwood trees. 

At present, a large number of agarwood trees have been planted in China (Guangdong, Hainan, Gugangxi, 

Yunnan, and other provinces), Malaysia, Vietnam and other Southeast Asian countries. The original plant of 

Chinese Agarwood is Aquilaria sinensis (Lour.) Spreng., but there are very few reports on systematic breeding of 

excellent varieties of it. At present, seeds and seedlings of Aquilaria sinensis (Lour.) Spreng. have not been 

screened systematically and their germplasms are uneven (Yan X X, et al., 2010). Therefore, it is necessary to 

strengthen the investigation of germplasm resources and carry out the breeding of excellent varieties, breeding 

fine lines with high yield and good quality by asexual propagation technology (Qiu Z F, et al., 2014). It has very 

important practical significance for the development of Agarwood industry, such as promoting the adjustment of 

the industrial structure of Agarwood trees planting and stimulating the increase of farmer’s income, and so on.  

In the early stage, the Institute of Tropical Biotechnology, Chinese Academy of Tropical Agriculture Science 

selected 2 new excellent varieties which called Aquilaria sinensis “Reke1” (QiongR-ETS-AS-010-2016) and 

Aquilaria sinensis “Reke2” (QiongR-ETS-AS-003-2017). Jinling Yang et al.(Yang J L, et al., 2017) have reported 

mailto:meiwenli@itbb.org.cn,
mailto:wangjun@itbb.org.cn,
mailto:liwei@itbb.org.cn
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the chemical constituents of the Agarwood produced by Aquilaria sinensis “Reke1”. However, there is no report 

on the chemical constituents of the Agarwood produced by Aquilaria sinensis “Reke2”. The main characteristic 

components of Agarwood are 2-(2-phenylethyl)chromone and sesquiterpene (Ma C T, et al., 2017; Mei W L, et 

al., 2013). However, the chemical constituents of Agarwood produced by different white wood fragrance strains 

are quite different. In order to obtain the further evaluation of  Aquilaria sinensis “Reke2”, GC-MS method was 

used to analyze the chemical constituents of the Agarwood produced by Aquilaria sinensis “Reke2” and the anti-

tumor activity in vitro was tested.  

 

METHODS 

 

1 . Sample preparation 

Accurate weighing 20 g of Agarwood samples respectively, and then using 100 mL ether ultrasound extraction of  

in ice-water bath for 30 minutes respectively. The ether extract will be obtained by filtration after 5 minutes 

standing. Repeated extraction 3 times and merge them together, then weighing after wielding.  

2. GC-MS analysis 

Mass spectrometry conditions: electron impact (EI) ionization; the energy of ionization was 70 eV;  the ionization 

temperature was 230 ℃; the quadrupole temperature was 150 ℃; the interface temperature was  280 ℃; the 

emission current was 34.6 UA; the multipliter voltage was 1434 V; the quality scanning range was from 20 m/z 

to 550 m/z. Systematic retrieval of mass spectrometric data of peaks for total ion chromatograms and checking 

the standard mass spectrograms of Nist2005 and Wiley275, and using the methods of predecessors and our 

reserach group for reference (Mei W L, et al., 2013), then comparing and identifying the compounds.  

Chromatographic conditions: The chromatographic column was elastic quartz capillary column HP-5MS 5% 

Phenyl Methyl Siloxane (30 m×0.25 mm×0.25 μm); heating program: the temperature was 50 ℃, maintained for 

2 minutes, and increased to 310 ℃ with 5 ℃/min, maintained for 10 minutes; Vaporization chamber temperature 

250 ℃; the carrier gas was high purity He (99.999%); carrier gas flow rate was 1.0 mL/min; splitless; solvent 

delay time was 3 minutes. 

3. Establishment and analysis of GC-MS fingerprint 

Referring the method of Yang J L (2016), the total ion chromatograms of 8 batches of samples (R1, R2, R4, R5, 

R9, R11, R16 and R17) were converted into text format, imported into the software of “Similarity evaluation 

system of chromatographic fingerprint of Traditional Chinese Medicine 2004A edition”, set R17 as the reference 

spectrum, selected “Time window width” to be 0.1 minutes, after multi-point correction and automatic matching, 

the GC-MS fingerprint was established, which was used to analysis the common components and fingerprint 

characteristics from different samples.  

4. Detection of cytotoxic activity of tumors in vitro 

 MTT assay (Mosmann T, 1983) was used to determine the inhibitory activity of ether extract from Agarwood on 

human chronic myelogenous leukemia cell K562, human gastric cancer cell SGC-7901, liver cancer cell BEL-

7402 and lung cancer cell 549 with Hydrochloric Adriamycin as positive control. Sample’s activity results are 

represented by IC50 half inhibitory concentration. The IC50 value of cytotoxic activity is the concentration of the 

sample when the inhibition rate is 50%.  

 

RESULTS AND DISCUSSION 

 

1. The chemical composition comparation of the Agarwood produced by Aquilaria sinensis “Reke2” and common 

Aquilaria sinensis. 

     According to the total ion flow spectra of GC-MS analysis, the spectra of the samples (R1, R2 and R3) 

produced by Aquilaria sinensis “Reke2” were significantly different from those of the samples (C1, C2 and C3) 

produced by common Aquilaria sinensis. The former has appeared 4 identical chromatographic peaks with larger 

area at the retention time of 39-44min. As for the latter, a larger  chromatographic peaks has appeared at the 

retention time of 15-30min. The specific components of these two kinds of Agarwood are detailed in Table 1. 

Relative percentage of total sesquiterpenes and total chromones identified in the 3 samples (R1, R2 and R3) of 

Agarwood produced by Aquilaria sinensis “Reke2” were 95.75%, 67.18% and 82.37% respectively, the average 

was 81.76%. Relative percentage of total sesquiterpenes and total chromones identified in the 3 samples (C1, C2 

and C3) of Agarwood produced by common Aquilaria sinensis were 45.47%，57.25% and 62.04%，the average 

was 54.92%. the former is significantly higher than the latter.  
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    There were significant differences in the chemical composition and relative percentage content between the 

samples from Aquilaria sinensis “Reke2” (R1, R2 and R3) and common Aquilaria sinensis (C1, C2 and C3). The 

total relative content of chromone components detected in the Agarwood produced by the former was high, with 

an average of 78.71%. The total relative content of chromone components from the latter is low, with an average 

of 2.20%. The former is 35.78 times more than the latter on average. Meanwhile, the average relative content of 

sesquiterpenes in Agarwood produced by Aquilaria sinensis “Reke2” was 3.41%. However, the content of 

common Aquilaria sinensis was 52.72%. The former is significantly lower than the latter. Among the chromone 

compounds, the sum of the relative contents of 2-(2-phenylethyl)chromone, 2-[2-(4-

methoxyphenyl)ethyl]chromone, 2-[2-(3-Hydroxy-4-methoxyphenyl)ethyl]chromone, 2-[2-(3-Methoxy-4-

hydroxyphenyl)ethyl]chromone in the samples produced by “Reke2” is 60-94%, the sum of the relative contents 

of 2-(2-phenylethyl)chromone and 2-[2-(4-methoxyphenyl)ethyl]chromone is 39.38-64.58%. The relative content 

of total chromone in the  Agarwood produced by common Aquilaria sinensis was less than 3.00%.  

    In addition, the chemical constituents detected by GC-MS analysis of 14 other batches of Agarwood produced 

by Aquilaria sinensis “Reke2” were analyzed and compared (see table 2), the results indicated that their 

composition is very similar to that of R1, R2 and R3. The common ingredients are also the 4 chromone compounds, 

which was significantly different from that of  the agarwood from common Aquilaria sinensis. 
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Figure 1. GC-MS total ion flow pattern of the agarwood samples from Aquilaria sinensis ‘Reke2’ and 

common  Aquilaria sinensis 
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Table 1. Comparison of the chemical composition of agarwood produced by Aquilaria sinensis 

‘Reke2’and common Aquilaria sinensis respectively 

No. Compound 

Molecula

r 

formular 

Formula

r 

weight 

Relative content (%) 

C1 C2 C3 R1 R2 R3 

1 (-) Jinkoh-eremol△ C15H22O2 234 0.96 1.17 3.32 / / / 

2 Kusunol (Valerianol)△ C15H26O 222 3.82 0.55 5.14 / 0.23 / 

3 
(S)-4a-Methyl-2-(1-methylethyl)-3,4,4a,5,6,7 

-hexahydronaphthalene△ 
C14H22 190 2.53 2.7 4.02 / / / 

4 Alloaromadendrene oxide-(1)△ C15H24O 220 0.52 / 1.13 / / / 

5 (-)-α-Costol△ C15H24O 220 / 0.45 0.43 0.19  0.31 

6 Sobaimuxinol △ C15H26O2 238 / 2.69 0.96  0.53  

7 eremophila-9,11(13)-dien-12-ol△ C15H24O 220 / / 2.79 / 0.45 / 

8 (-)-Guaia-1(10),11-dien-15-al△ C15H22O 218 1.22 0.5 2.17 / / / 

9 Neopetasane△ C15H22O 218 2.41 1.15  / / / 

10 (–)-7βH-eudesmane-4α,11-diol△ C15H28O2 240 0.69  1.82 / / / 

11 Dihydrokaranone△ C15H22O 218 2.69 1.93 1.78 / 0.34 / 

12 
7-H-9(10)-ene-11,12-epoxy-8-

oxoeremophilane△ 
C15H22O2 234 0.47 0.58 / / 0.34 / 

13 
2,t-3-Dimethyl-r-2-(3-methyl-2-butenyl) 

-1-cyclohexanone△ 
C13H22O 194 2.63 4.59 4.43 / 1.05 0.17 

14 Baimuxinal△ C15H24O2 236 7.49 
12.8

7 

10.2

1 
0.29 1.38 0.44 

15 (-)-Guaia-1(10),11-dien-15-al△ C15H22O 218 0.31 / / 0.28 0.25 0.39 

16 valenca-1(10),8-dien-11-ol△ C15H24O 220 0.85 2.8 0.55 / 0.36 / 

17 Valerenol△ C15H24O 220 4.25 / / / / / 

18 ent-4(15)-Eudesmen-11-ol-1-one△ C15H26O2 238 6.35 
10.7

7 
8.82 / / / 

19 Eudesma-5,11(13)-dien-8,12-olide C15H20O2 232 / / / 0.33 / / 

20 
7-H-9(10)-ene-11,12-Epoxy-8-

oxoeremophilane△ 
C15H22O2 234 0.99 / 4.74 0.25 0.34 0.20 

21 11-Hydroxy-valenc-1 (l0)-en-2-one△ C15H24O2 236 1.29 2.91 3.7 / 0.33 / 

22 (+)-9-Hydroxy-selina-4,11-dien-14-al△ C15H22O2 234 1.53 4.49 2.57 / / 0.16 

23 (+)-9-Hydroxy-selina-3,11-dien-14-al△ C15H22O2 234 1.91 3.07 3.46 0.26 / 0.29 

24 2-[2-(2-Hydroxyphenyl)ethyl]chromone* C17H14O3 266 / / / / 0.23 / 
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Note1: △indicate the sesquiterpene compounds; *indicate chromone compounds. 

Note2: ※indicate significant differences between the data respectively. 

Note3: C indicate the Agarwood produced by common Aquilaria sinensis; R indicate the Agarwood producted by 

Aquilaria sinensis “Reke2”. 

Table 2 The common components in different agarwood samples of Aquilaria sinensis “Reke2” 

Source plants No. 

Compound relative content (%) 

A B C D 

A,B,C,D average 

of relative 

content 

 

 

 

 

 

 

 

Aquilaria sinensis 

‘Reke2’ 

 

R1 11.90 52.68 7.98 21.59  

 

 

 

 

 

 

 

 

78.12※ 

 

 

 

 

 

 

 

R2 17.20 22.18 4.57 17.71 

R3 3.53 41.19 14.25 21.44 

R4 13.70 26.17 6.64 20.16 

R5 18.42 36.62 4.04 25.12 

R6 0.60 0.60 16.88 34.85 

R7 29.14 0.88 4.75 18.82 

R8 4.15 54.12 18.50 11.92 

R9 26.68 41.72 5.98 17.48 

R10 25.91 63.03 1.74 7.11 

R11 11.43 26.46 7.73 18.99 

R12 1.11 67.43 4.70 12.58 

R13 3.53 41.19 35.96 14.52 

R14 20.25 20.17 3.32 16.55 

R15 27.08 56.55 3.32 11.34 

R16 21.05 25.46 7.19 11.34 

R17 20.17 25.46 2.28 11.34 

Common Aquilaria 

sinensis 

C1 1.35 0.00 0.00 0.00 
0.45※ 

C2 0.00 0.00 0.00 0.00 

25 2-(2-Phenylethyl)chromone* C17H14O2 250 1.35 / / 11.9 17.2 3.53 

26 2-[2-(4-Methoxyphenyl)ethyl]chromone* C18H16O3 280 / / / 
52.6

8 
22.18 

41.1

9 

27 6-Methoxy-2-(2-phenylethyl)chromone* C18H16O3 280 1.21 / / / / / 

28 5,8-Dihydroxy-2-(2-phenylethyl)chromone* C17H14O4 282 / 4.03 / / / / 

29 
2-[2-(3-Methoxy-4-

hydroxyphenyl)ethyl]chromone* 
C18H16O4 296 / / / 7.98 4.57 

14.2

5 

30 
2-[2-(3-Hydroxy-4-

methoxyphenyl)ethyl]chromone* 
C18H16O4 296 / / / 

21.5

9 
17.71 

21.4

4 

Total relative content of sesquiterpenes 
42.9

1 

53.1

7 

62.0

4 
1.60 5.60 1.96 

Average 52.72※ 3.41※ 

Total relative content of chromone components 2.56       4.03 0.00 
94.1

5 
61.58 

80.4

1 

Average 2.20※ 78.71※ 

Chromone+sesquiterpene 
45.4

7      

57.2

5 

62.0

4 

95.7

5 

67.18 82.3

7 

Average 54.92※ 81.76※ 
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C3 0.00 0.00 0.00 0.00 

Note1: A: 2-(2-Phenylethyl)chromone; B: 2-[2-(4-Methoxyphenyl)ethyl]chromone; C: 2-[2-(3-Methoxy-4-

hydroxyphenyl)ethyl]chromone; D: 2-[2-(3-Hydroxy-4-methoxyphenyl)ethyl]chromone. 

Note2: ※ indicate significant differences between the data. 

Note3: C indicate the Agarwood produced by common Aquilaria sinensis; R indicate the Agarwood produced by 

Aquilaria sinensis “Reke2”. 

 

2. GC-MS fingerprint of chemical components of Agarwood produced by Aquilaria sinensis “Reke2” 

    The similarity of GC-MS fingerprints of 8 batches of Agarwood produced by Aquilaria sinensis “Reke2” was 

investigated (See figure 2). The results indicated that the similarity among them is very high,  ranging from 0.97 

to 1.00 (See Table 3). The GC-MS fingerprints of each sample have a common feature that 4 identical 

chromatographic peaks with larger area has appeared at the retention time of 39-44min. The 4 peaks correspond 

to the compounds of 2-(2-phenylethyl)chromone, 2-[2-(4-methoxyphenyl)ethyl]chromone, 2-[2-(3-Hydroxy-4-

methoxyphenyl)ethyl]chromone and 2-[2-(3-Methoxy-4-hydroxyphenyl)ethyl]chromone respectively. This 

shows that the chemical composition of the samples from different batches of Aquilaria sinensis “Reke2” has 

rather stability and this character can inherit in different individuals stably.  

 

mAU

t/min.

 

Note: The samples from the top to down are R1、R0、R2、R4、R5、R9、R11、R16和R17, respectively, 

where R0 is the control for the fingerprint generation by software. 

Figure 2 The GC-MS fingerprint of chemical components of agarwood from Aquilaria sinensis “Reke2” 

 

Table 3 The GC-MS fingerprint similarity of the agarwood samples from different batches of Aquilaria 

sinensis “Reke2” 

No. R1 R2 R4 R5 R9 R11 R16 R17 

similarity 0.99 0.99 0.98 0.97 0.98 0.97 0.97 1.00 
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3. Anti-tumor cytotoxicity activity of chemical constituents of Agarwood produced by Aquilaria sinensis “Reke2” 

in vitro 

     From Table 4, we can know that the ether extract from Agarwood produced by Aquilaria sinensis “Reke2” has 

certain inhibitory activity on human chronic myelogenous leukemia cell K562, human gastric cancer cell SGC-

7901, liver cancer cell BEL-7402 and lung cancer cell 549.  The inhibitory activity on K562 was relatively good, 

IC50 value was 31.60 μg/mL. 

 

Table 4 The results of cytotoxicity test from the Agarwood from Aquilaria sinensis ‘Reke2’ 

Tumor cell line Control IC50 (μg/mL ) Ether extract IC50 (μg/mL) 

Human chronic myelogenous leukemia 

cells K562 

7.73 31.60 

Human gastric cancer cells SGC-7901 7.73 66.02 

Hepatoma cells BEL-740 6.47 69.38 

Lung cancer cells 549 14.77 72.03 

 

Aquilaria sinensis germplasm can be roughly divided into 3 types according to its chemical constituents (Yang J 

L, et al., 2016). One is that the chemical constituents of Agarwood contain higher content of sesquiterpenes and 

lower content of chromone compounds. The second is that the content of sesquiterpenes and chromones in the 

chemical constituents of Agarwood are approximately the same.  Thirdly, the chemical of Agarwood contain 

lower content of sesquiterpenes and higher content of chromone compounds. According to the results of GC-MS 

analysis, the Agarwood produced by Aquilaria sinensis “Reke2” was found to be the third one. The chemical 

constituents of it are mainly composed of 2-(2-phenylethyl)chromone compounds. This may be related to the 

differential expression of sesquiterpenes and chromone synthase genes in different germplasms under injury stress. 

Healthy tissues and cells of Aquilaria sinensis do not produce characteristic substance of Agarwood. The 

formation of characteristic substances of Agarwood must be induced under physical, biological or chemical stress 

(Zhang Z et al., 2010; Huang J Q et al., 2013). Induction of Agarwood production by various injury stresses as 

elicitors (Zhang Z et al., 2010). After being induced by elicitors, the characteristic chemical constituents (including 

sesquiterpenes and 2-(2-phenylethyl)chromones) of Agarwood  were gradually formed (Ito M et al., 2005; He M 

L et al., 2007). Therefore, the formation of Agarwood involves the recognition of injury signals, the transmission 

of (Liao Y C, 2015) and the initiantion of molecular events such as sesquiterpenes and the expression of genes 

related to the synthesis of 2-(2-phenylethyl)chromones (Feng M R et al., 2017; Cheng X D et al., 2017; He F et 

al., 2014; Mei J J et al., 2018; Cao T J et al., 2014). Due to the differences in gene composition and expression 

regulation of different germplasms, the chemical components of the final formed Agarwood are different. The 

chemical composition of Agarwood is also affected by environmental factors. According to the experimental 

results, the chemical compositions of different batches of Agarwood produced by “Reke2” are different, mainly 

in the following aspects, the relative content of the main characteristic components include 2-(2-

phenylethyl)chromone, 2-[2-(4-methoxyphenyl)ethyl]chromone, 2-[2-(3-Hydroxy-4-

methoxyphenyl)ethyl]chromone and 2-[2-(3-Methoxy-4-hydroxyphenyl)ethyl]chromone, has some changes, but 

the similarity of GC-MS fingerprints is still very high, and also has significant difference to the Agarwood from 

common Aquilaria sinensis. The results indicated that the chemical constituents of Agarwood produced by 

different individuals had higher homogeneity, the excellent properties of high yield 2-(2-phenylethyl)chromones 

can be inherited stably in different individuals.  

 

CONCLUSIONS 

 

(1) The chemical composition of agarwood from Aquilaria sinensis ‘Reke2’ is significantly different from that of 

common agarwood, the former mainly contain 2-(2-phenylethyl) chromones, the latter mainly contain 

sesquiterpenoids. (2) The GC-MS fingerprint of the chemical composition of the different batches of agarwood 

samples from Aquilaria sinensis ‘Reke2’ had similarity between 0.97-1.00, and their common ingredients were 

2-(2-phenylethyl)chromone, 2-[2-(4-methoxyphenyl)ethyl] chromone, 2-[2-(3-hydroxy-4-methoxyphenyl) ethyl] 

chromone and 2-[2-(3-methoxy-4-hydroxyphenyl) ethyl] chromone. (3) The average total relative content of these 

four chromone compounds was 78.12 %, where the average sum of the relative contents of 2-(2-phenylethyl) 

chromone and 2- [2-(4-methoxyphenylethyl)] chromone was 51.54 %, which was significantly higher than the 

relative contents of the related components of the agarwood samples from common Aquilaria sinensis tree and 
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similar to the chemical components of ‘Qi Nan’ agarwood. (4) The bioactivity analysis showed that the chemical 

composition of agarwood from Aquilaria sinensis ‘Reke2’ had weak antitumor cytotoxic activity in vitro. ‘Qi nan’ 

was recognized as the most high-quality agarwood, therefore, Aquilaria sinensis "Reke 2" is an excellent variety. 

(5) It has very important practical significance for the development of Agarwood industry, such as promoting the 

adjustment of the industrial structure of Agarwood trees planting and stimulating the increase of farmer’s income, 

and so on. 
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Phosphorus, in its orthophosphate form (Pi) is an essential macronutrient for oil palm early growth development 

in which Pi deficiency could later on be reflected in lower biomass production. Application of phosphate rock, a 

non-renewable resource has been the common practice to increase Pi accessibility and maintain crop productivity 

in Malaysia. However, high fixation rate of Pi in the native acidic tropical soils has led to excessive utilization of 

Pi fertilizers and bringing about serious environmental pollutions and cost increment. Even so, the Pi deficiency 

response mechanism in oil palm as one of the basic prerequisites for crop improvement remains largely unknown. 

Hence, using total RNA extracted from young leaves and roots as template, we performed a comparative 

transcriptomic analysis on oil palm seedlings responding to 14 and 28 days of Pi deprivation treatment and under 

adequate Pi supply, respectively. By using Illumina Hiseq4000 platform, RNA-seq analysis has successfully 

conducted on 12 paired-end RNA-seq libraries and generated more than 1.2 billion of clean reads in total. 

Transcript abundance was then estimated by FPKM and differential expression analysis revealed 36 and 252 genes 

that were differentially regulated in Pi-starved roots at 14 d and 28 d, respectively. Genes possibly involved in 

regulating Pi homeostasis, nutrient uptake and transport, hormonal signaling and gene transcription were included 

in the DEG list. Our results show that the potential molecular response mechanism underlying Pi starvation is 

complicated. These results would generate valuable information in the effort to develop functionally important 

molecular markers for screening Pi-use efficient oil palm planting materials by carrying out variant analysis on 

the selected DNA sequences. 

Keywords: phosphate starvation, transcriptome analysis, oil palm, RNA-seq, differentially expressed genes 

 

INTRODUCTION 

Oil palm (Elaeis guineensis, Jacq.) as an economically important perennial crop in Malaysia, required regular 

input of large amount of P fertilizer to sustain optimum oil yield. Beginning from immature stage in nursery, oil 

palm seedlings require intensive maintenance to attain maximum vegetative growth with well-balanced nutrition 

to produce high yield mature oil palms. Sudradjat et al. (2014) reported that application of P fertilizer during 6 

months at the main nursery linearly increased the total leave number and stem diameter of oil palm seedlings with 

the optimum rate of 4.24 g plant-1. Whilst reduction of leaf surface area, leaf expansion and leaf number are being 

observed on P deficient oil palm seedlings which was later on reflected in lower biomass production at harvest 
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(Mohidin et al., 2015). In addition, young palms and seedlings that experienced insufficient P result in reduced 

plant height, stem girth and poor root development (Tiemann et al., 2018). Phosphate rock (PR) is extensively 

used as P fertilizer for mature oil palm plantation in Malaysia, mainly attribute to its cheap price, rapid P 

dissolution and high P sorption capacity under the rainfall and acidic soil conditions in the country (Goh et al., 

1999; Zin et al., 2008). However, high fixation rate of Pi in the native acidic tropical soils has led to excessive 

utilization of Pi fertilizers and bringing about serious environmental pollutions. Besides, predicted future scarcity 

of non-renewable rock Pi has been reflected in that the US and China have stopped export for strategic reasons 

(van de Wiel et al., 2016). Hence, it is easy to foresee that the pricing of rock Pi will be increased due to the rising 

global food demand and consequently increase the production cost in plantation. One of the beneficial approaches 

is improving phosphorus use efficiency (PUE) of the crops themselves through genetic means which can minimize 

fertilizer input, lower manpower required in fertilizer management, environmental pollution and eventually 

decrease production cost. However, the molecular responses involved in regulating Pi homeostasis in oil palm 

under P deprivation stress as one of the basic prerequisites for genetic manipulation is largely unknown. 

In this study, we explored the transcriptome profiles initially activated by Pi-deficiency stress in oil palm by 

transcriptome sequencing analysis. Comparison of the sequence-based expression profiles in oil palm under 

sufficient P supply and Pi-starvation condition facilitated identification of large amounts of genes whose 

expression is altered by P deficiency including various transcription factors, which are thought to coordinate plant 

responses to P deprivation. The findings reported in this work would increase our understanding of the signalling 

cascades that are involved in oil palm Pi-starvation responses and help in devising strategies to develop crops with 

better phosphate use efficiency. 

 

METHODS 

Plant materials and treatments  

A total of 48 three months old oil palm seedlings (DxP GH500) were purchased from Sime Darby Seeds & 

Agricultural Services Sdn. Bhd and grown hydroponically for 8 weeks on Pi sufficient medium which contains 

5.77 mM KNO3, 4.25 mM Ca(NO3)2, 2.1 mM MgSO4, 0.2 mM FeNaEDTA, 36 μM MnSO4, 27 μM H3BO3, 1.56 

μM CuSO4, 0.3 μM (NH4)6Mo7O24 and 1.5 mM ZnSO4, with 1.93 mM KH2PO4. Then they were separated into 

two groups (+P and –P). In +P group, the plants were continuously supplied with Pi sufficient nutrient solution 

whereas in -P group, the plants were supplied with nutrient solution without KH2PO4 to induce Pi deficiency stress. 

KH2PO4 was replaced with K2SO4 in –P condition to maintain the concentration of K. Young roots and young 

leaves of both groups were harvested at the following time points: 7, 14, 21 and 28 d. 

Quantification of total P concentration  

The fresh weight of the harvested young roots were measured and then dried at 70°C until constant dry weight 

was obtained. Dried tissues were then converted to ash by burning in a furnace at 300°C for 1 hour and 

subsequently at 500°C for 4 hours. After overnight cooling, the ash was removed from the furnace and subjected 

to acid digestion before quantified using Atomic Absorption Spectrophotometer. The one-way analysis of variance 

(ANOVA) was used to determine whether there are any statistically significant differences between the means of 

the (+P) and (-P) samples. The mean comparison was carried out using Duncan Multiple Range Test at α= 0.05% 

using SAS software version 9.4. 

Total RNA isolation and RNA-seq analysis  

Three biological replicates from 14 d and 28 d root tissues in both treatment groups were used for RNA-seq 

analysis. Total RNA was extracted following a modified CTAB method as described by Wang et al. (2005). DNase 

I treatment was carried out according to the manufacturer’s instructions (Fermentas, USA). The integrity and 

quality of the extracted total RNA were assessed using Qubit fluorometer (Thermo Fisher Scientific, USA) and 

Agilent 2100 Bioanalyzer (Agilent Technologies, USA).  

RNA-seq was performed on an Illumina HiSeq 4000 platform (Novogene, Singapore) to generate 150 bp paired-

end reads. After trimming the poor-quality reads and adaptor sequences, the clean reads were then mapped onto 

the reference genome of Elaeis guineensis (EG5) available in NCBI database using TopHat2 algorithm with a 

maximum of 2 mismatches. Transcript abundance (in fragments per kilobase per million fragments [FPKM]) was 

estimated using HTSeq with union mode. For differential expression analysis, DESeq with a corrected p-values 

< 0.05 was employed. All DEGs were then subjected to the GO term overrepresentation test using GOseq (Young 

et al., 2010). Regulatory pathways were investigated by matching DEGs to putative orthologs in the Kyoto 
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Encyclopedia of Genes and Genomes (KEGG) protein database (www.genome.jp/dbget/) (Kanehisa and Goto, 

2000).  

 

RESULTS AND DISCUSSION 

Physiological responses to Pi deprivation  

Modification of root growth and architecture is a well-documented morphological response to Pi starvation, e.g. 

inhibition of primary root growth, increment of root hair length as well as production and enhancement of lateral 

root growth (Péret et al., 2011). In this study, the plants do not exhibit obvious growth difference in roots and 

leaves observed by the naked eye until after 28 d of Pi withdrawal. The plants in -P group possess shorter primary 

root and more adventitious roots as compared to +P group. To confirm the effectiveness of the Pi deprivation 

treatment, total P content in young roots was measured. One way ANOVA analysis indicated significant 

differences in the phosphate contents of plants grown under the two conditions as early as 14 days after initiating 

the Pi treatment (p< 0.05) (Figure 1). Total P concentration in roots was significantly reduced after 14 d of -P 

treatment (37.10%) and reaching more than 46% reduction after 28 d. A decline of P concentration in Pi-deprived 

plants was always being reported in other plant species under similar -P treatment (Bai et al., 2014; Zeng et al., 

2016; Ren et al., 2018; Zhao et al., 2018). Interestingly, the total P content in young roots was slightly increased 

(9%) at 28 d as compared to 21 d. This could be the adaptive response by plant under severe phosphate deficiency 

where roots will become a sink tissue rather than a source tissue in order to enhance root proliferation and soil 

exploration (Raghothama, 1999). Taken together, these results confirm the effectiveness of Pi-deficiency 

treatment used in the current study. Thus, 14 d and 28 d were selected for investigating the early and late responses 

of oil palm roots under Pi starvation stress through RNA-seq. 

 

Figure 1. Total P concentration (mg g-1DW) of oil palm young roots under +P and –P conditions. The total 

P contents were assessed at 7, 14, 21 and 28 days. Errors bars are SD and n=3.  

 

Transcriptome response to Pi limitation 

By using Illumina Hiseq4000 platform, RNA-seq analysis was successfully conducted on 12 paired-end RNA-

seq libraries comprising of three biological replicates for each group. A dataset with 202.6 gigabases (Gb) and 

1,350,329,088 clean reads (Q30 > 89%) was generated after excluding the low quality reads. The error rate of all 

clean data per sample is controlled below 0.02%. Each of these samples comprised at least 99 million reads, of 

which more than 72% were uniquely mapped to the genome (Table 1).  The total mapped reads for all samples 

were more than 70% and the multiple mapped reads were no more than 0.6% which indicated high accuracy of 

the overall sequencing and the experiment is free from DNA contamination. 

Differential expression analysis revealed a total of 36 and 252 DEGs in oil palm roots after Pi-deprivation for 14 

and 28 days, respectively. After 14 days of -P treatment, 16 (44 %) genes were up-regulated and 20 (56 %) genes 

were down-regulated whereas 91 (36 %) genes were up-regulated and 161 (64 %) genes were down-regulated 

after 28 days of -P treatment. Venn diagram analysis shows that a total of 7 DEGs i.e. 4 were up-regulated and 3 

were down-regulated at both time points. A list of selected genes with putative functions that are possibly involved 
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in Pi homeostasis in oil palm roots are summarized in Table 1, focusing on genes annotated as transcription factor, 

nutrient transporter, enzymes and hormone signalling regulator. 

Table 1. List of genes with putative functions that might be important in acclimation to P deficiency in oil 

palm roots.   

-P 

treatment 

period 

Accession 

No. 

+P 

(FPKM) 

-P 

(FPKM) 

Log2 

Fold 

Change 

q-value Annotation 

14 days 105036409 0 213.01 Inf 1.09E-16 
Bifunctional epoxide hydrolase 

2-like 

 105038152 815.56 4271.41 2.39 0.006131 Aquaporin NIP6-1 like 

 105044363 101.69 512.97 2.33 0.010109 Transcription factor PCL1-like 

 105044284 47619.34 11656.95 -2.03 0.010109 Probable aquaporin PIP2-2 

 105055259 2018.49 113.37 -4.15 2.42E-06 Protein CCA1  

 105041596 1369.99 2.69 -8.99 0.031249 14-3-3-like protein GF14 

 105037590 3505.88 2.52 -10.44 0.022706 14-3-3-like protein 16R 

28 days 105046219 0 194.48 Inf 0.009054 
Predicted ethylene-insensitive 

3-like 3 (EIL3) protein 

 105055553 17.96 133.11 2.89 0.004163 Purple acid phosphatase 23 

 105048024 41.55 255.58 2.62 0.000764 Acid phosphatase 1 

 105054157 384.66 2365.37 2.62 9.92E-06 SPX domain-containing protein 

 105050046 338.87 1141.70 1.75 0.015817 Protein PHL7 

 105048562 5432.55 1741.16 -1.64 0.048314 
Transcription factor bHLH94-

like 

 105040206 1952.22 498.31 -1.97 0.003372 Boron-transporter 4-like 

 105059891 4033.13 760.32 -2.41 0.005142 Zinc transporter 41 

 105033813 1000.48 139.42 -2.84 0.024135 High affinity nitrate transporter  

 105051179 49.49 1.35 -5.19 0.044296 Transcription factor FIT 

 105041188 1712.93 32.36 -5.73 1.19E-05 Multicopper oxidase LPR1-like 

 

In order to gain a better understanding of DEG function, all DEGs were subjected for GO functional enrichment 

analysis. The results showed that DEGs at both time points were enriched in the molecular function and biological 

process categories, implying that molecular functions and biological processes play important roles in Pi-

starvation responses of oil palm. KEGG pathway enrichment analysis was conducted to illustrate the DEG-

associated pathways involved in Pi-starvation responses. There were 14 significant enriched KEGG pathways 

identified at 28 d with corrected p value less than 0.05. All these results demonstrate that P deficiency significantly 

affects growth and development in oil palm through intricate transcriptional regulatory networks. 

 

CONCLUSION 

By analysis of 12 paired-end RNA libraries, this study unveils the genome wide expression profile of oil palm 

roots in response to P deprivation stress and identified several genes that encode transcription factors, transporters 

and hormone regulators from a total of 288 DEGs. These findings have improve our understanding of the Pi 

homeostasis in oil palm root at the molecular level and laid a solid basic for further identification and 

characterization of key genes associated with Pi-use efficiency trait in oil palm.  
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White root rot (WRR) disease caused by Rigidoporus microporus is a major disease affecting tropical rubber tree 

(H. brasiliensis) and some agricultural crops throughout the world. In Malaysia, rubber industry is an important 

revenue as natural rubber were mainly exported and also for domestic consumption. WRR disease causes major 

financial losses to growers as there is no effective method to control the disease in the field. There is limited 

information on the genetic variation of this pathogen, R. microporus, associated with WRR disease in Malaysia. 

In view of this, the objective of this study was to determine the genetic diversity of R. microporus in Malaysia 

using inter-simple sequence repeat (ISSR). During July 2017 to May 2018, a total of 27 samples showing WRR 

symptoms such as presence of basidiocarps and rhizomorphs in five states of Malaysia including including Kedah 

(Baling), Kelantan (Machang), Perak (Ipoh) and Selangor (Sungai Buloh and UPM Serdang), Sarawak (Bintulu) 

were obtained. Findings revealed that field disease incidence was in the range of 5-40% based on random 

sampling. Morphological and molecular identification using ITS, β-tubulin and tef1 gene confirmed the identity 

of the fungal pathogen. Phylogenetic analysis based on ITS, β-tubulin and tef1 gene and the concatenation of the 

three genes confirmed that all 27 R. microporus isolates in this study were clustered into a clade with the reference 

sequences from Southeast Asia such as Malaysia, Thailand and Indonesia (bootstrap values of ≥ 90%). There was 

also no geographic structuring observed within the Asian clade, suggesting gene flow among the populations. 

However, sub-clades were found to form to among the local isolates, suggesting the existence of diversity among 

the isolates. On the basis of ISSR data, the clustering of isolates revealed a pattern of genetic variation in 

correlation with the different geographical regions. These findings provide insights into the studies of genetic and 

details documentation on R. microporus associated with WRR disease of rubber in Malaysia. For future 

recommendation, it is suggested that a higher sampling effort could be done in order to estimate the gene diversity 

within and among R. microporus populations in Malaysia. 

 
Keywords: White root rot disease; Rubber; Rigidoporus microporus; ISSR  

 

 

INTRODUCTION  

 

White root rot disease caused by Rigidoporus microporus is the most eminent destructive disease impacting 

tropical rubber tree (Hevea brasiliensis) and some agricultural crops throughout the world. The rubber acreage in 

Malaysia is currently around 10830,480 ha (Natural Rubber Statistics, 2018).  Eradication of infected roots or 

inoculum sources and biological control methods were mostly suggested to control the disease in rubber 

plantations. For this reason, knowledge of genetic variation of pathogen population is vital as to understand the 

evolutionary history and its potential to evolve in the change of environment (McDonald et al. 2002). Moreover, 

this is also useful for breeding purposes and disease management strategies (Bayraktar et al. 2008). In Asia, the 

characterization of R. microporus obtained from rubber trees were done in Thailand by using sequence analysis 

of internal transcribed spacer (ITS) region and inter-simple sequence repeat (ISSR) as reported by Kaewchai et 

al., in year 2009 and 2010. However, at present, there is no report documented for WRR disease in rubber 

plantations in Malaysia. The results from this study will be a major platform on generating details documentation 

on the genetic variation of WRR disease of rubber in Malaysia by using molecular approaches. Besides, the output 
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from this research provides useful information to overcome the disease, hence improving the rubber production 

in Malaysia. Therefore, this study aimed to investigate R. microporus obtained from infected rubber plantations 

in Malaysia based on morphological traits, molecular identification and determination of genetic diversity among 

the populations. 
 

 
MATERIALS AND METHODS 

 

Sampling, identification and molecular approaches 

Random samplings of rhizomorphs and basidiocarps of fungus, associated with white root rot disease of rubber 

were made in five states of Malaysia including Kedah, Kelantan, Perak, Sarawak and Selangor. Isolation was done 

using Ganoderma selective medium (GSM) as described by Ariffin and Idris (1992) and pure cultures were 

maintained in malt extract agar (MEA) plates. A total of 27 isolates were obtained in this present study. The 

diameter, number of days required to fully cover the plate, surface colour and mycelia texture were recorded. 

Molecular identification of fungus was confirmed by extracting genomic DNA according to Lin et al., (2009) with 

minor modifications. Somatic incompatibility test was achieved by pairing the isolates in all combinations. 

Analysis of diversity of the pathogen was revealed by conducting PCR using primers ITS, β-tubulin and tef1 gene. 

Following that, genetic diversity within R. microporus isolates was further assessed using inter-simple sequence 

repeat (ISSR) marker.  

 

Data analysis 

Phylogenetic tree was inferred by Maximum Likelihood (ML) method with 1000 bootstrap replications in 

Molecular Evolutionary Genetic Analysis version 7 (MEGA 7) (Kumar et al. 2016). All sequences of R. 

microporus generated in this study were deposited in Genbank. Meanwhile, the ISSR DNA bands obtained for 

each isolate were scored based on their presence (1) or absence (0) using software UVIDoc (version 99.02). Only 

repeated and reliable bands are chosen. Dendrograms were constructed by cluster analysis based upon the 

Unweighted Pair Group Method with Arithmetical Mean (UPGMA) as calculated by Jaccard’s coefficient. The 

analysis of molecular variance (AMOVA) was performed using GenAlEx software (version 6.50) (Peakall and 

Smouse, 2012). 

 
 

RESULTS AND DISCUSSION 

 

Based on field assessment, young and old rubber trees were affected by the disease. From the collected samples, 

the rhizomorphs formed a visible thread-like hyphae which grow in branching pattern on the surface of root bark 

and also noticeable on the collar region of an unhealthy rubber tree. Fresh rhizomorphs were white in colour while 

old rhizomorphs appeared creamy in colour and also brown in compliance with soil colour (Nandris et al. 1987). 

Previous studies revealed that rhizomorphs strands grow from dead stumps, diseased wood debris buried in the 

soil as well as by roots contacting those of a diseased neighbouring tree (Kaewchai et al. 2010). In the field, the 

fruiting bodies of R. microporus were in broad shape, leathery, and stalkless especially on dead trees. The 

characteristics of the upper surface was orange–red–brown, smooth and the lower surface was orange–brown, fine 

pores (Nandris et al. 1987). Apart from that, foliage discolouration can be seen at infected trees. Farid et al., (2009) 

stated that the incidence of above ground symptoms signify that trees are mostly beyond saving. 

 

In the present study, all isolates tested exhibited similar morphological features after subculturing for few times. 

The colony on malt extract medium was pure white and displayed fluffy mycelial growth in plate (Madushani et 

al. 2013). This result was in accordance to the findings of Nandris et al., (1987) who stated that the fungus 

produced superficial and extensive white mycelial felt on malt medium. For the hypha, hyaline, no clamp 

connection and septum appearance were observed in this study and in accord with Kaewchai et al., (2010). 

Generally, there are no prominent differences in terms of plate culture morphology between each isolate. 

According to Sujeewa et al., (2013), pathogen that exists in various agroecological condition for a relatively long 

period gave rise to the absence of variation in morphological traits. 

 

Results from the somatic incompatibility test indicated that the R. microporus in the rubber plantations were 

genetically heterogenous. In all self-pairings, the mycelia merged to form a single colony on MEA showing 

somatic compatibility. The presence of a demarcation line which indicates somatic incompatibility was evident in 

different isolates except paired isolates R02 x R03, R06 x R07, R05 x R08, R05 x R10, R07 x R10, R08 x R10, 

R09 x R10. These isolate pairings were from the same location but showing poor demarcation line and fused 

together.  Previous findings demonstrated that pairings of Ganoderma boninense isolates from similar estate or 

tree exhibited incompatible reaction, proving the isolates were apparently different individuals and not clones of 
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single genotypes (Latiffah and Ho, 2005). Hamidson and Naito (2004) proposed that the remaining stumps or 

wood debris in a rubber plantation can constitute infection and consequently formed genotypically distinct 

individuals.  

 

The phylogeny inferred from each gene and the combined dataset of ITS, β-tubulin and tef1 gene confirmed that 

all 27 R. microporus isolates in this study were clustered into a clade with the reference sequences from Southeast 

Asia (Malaysia, Thailand and Indonesia). There was also no geographic structuring observed within the clade. 

Based on ITS phylogram, three distinct clades; Asia, Africa and South/Central America were formed. Meanwhile, 

phylogenetic analysis of ß-tubulin and tef1 gene showed the separation of R. microporus isolates into two distinct 

clades; Africa and Asia with high bootstrap values of 92% and 98% respectively. Rigidoporus ulmarius was used 

as an out-group in all analysis. Additionally, the phylogram of combined genes exhibited the same clustering 

output. However, based on β-tubulin, tef1-α gene regions and concatenation of the ITS, β-tubulin and tef1-α 

datasets, suggesting that gene flow effect among the Malaysian populations was detected as they formed sub-

clades and sub-sub-clades among them. This could due to material exchanges that happen between the 

neighbouring Southeast Asia countries such as Malaysia, Indonesia and Thailand and as well as within the whole 

nation in each country. The present findings were in consistent with the work done by Oghenekaro et al., (2014).  

 

In this study, 99.61% of the bands generated from eight ISSR primers were polymorphic. The ISSR markers 

generated reproducible banding patterns, suggesting the suitability of these primers for genetic studies of R. 

microporus isolates. The dendrogram produced from UPGMA analysis classified 27 R. microporus isolates into 

four clusters. Cluster I made up of 10 isolates from Sarawak and Kelantan. Cluster II comprised of 5 isolates from 

Perak and 1 isolate from Kelantan. The single Kedah isolate grouped together with 5 isolates from Selangor in 

Cluster III. Cluster IV consisted of 5 isolates that were from other states (Johor, Negeri Sembilan, Perak, Sarawak, 

and Selangor). All of these clusters were split into 2 sub-clusters (A and B) respectively. AMOVA result revealed 

that 82% variability was found within the population while among the population was 18%. On the basis of ISSR 

data, the clustering of isolates revealed a pattern of genetic variation that was in correlation with the different 

geographical regions. The separation of isolates according to geographical locations could be attributed by the 

boundary that separating west and east coast of Peninsular Malaysia, which is the Titiwangsa range. As described 

by Silva et al., (2012), geographical boundary could be a representative of an effective barrier for gene flow. 
 

 

 

Table 4.1. List of ISSR Primers Used in this Study 

Primers  Sequences (5’-3’) Primer 

length (bp) 

Annealing 

temperature 

(℃) 

References 

UBC808 AGAGAGAGAGAGAGAGC 17 48 Kaewchai et al. (2009) 

UBC810 GAGAGAGAGAGAGAGAT 17 49 Kaewchai et al. (2009) 

UBC828 TGTGTGTGTGTGTGTGA 17 53 Kaewchai et al. (2009) 

UBC842 GAGAGAGAGAGAGAGAYG 18 44 Kaewchai et al. (2009) 

UBC850 GTGTGTGTGTGTGTGTYC 18 54 Kaewchai et al. (2009) 

UBC860 TGTGTGTGTGTGTGTGGA 18 51 Soytong and Kaewchai 

(2014) 

ISSR 7 GGGCGAGAGAGAGAGAGAGA 20 44 Kaewchai et al. (2009) 

OP-Mic8 CGACGACGACGACGA 15 53 Kaewchai et al. (2009) 

Nomenclature: Y = C/T 

UBC: ISSR Primers, designed from University of British Columbia, Vancouver, Canada 
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Figure 1. Dendrogram constructed from different ISSR markers based on analysis of 27 isolates of R. 

microporus  
 

 

CONCLUSION 

 

In conclusion, it was confirmed that rubber trees with WRR symptoms surveyed in five states of Malaysia were 

indeed infected by R. microporus. The results from this study revealed the importance of a better understanding 

of R. microporus, since the rubber industry is still one of the most important plantation industries in Malaysia. Up 

to date, there is no suitable rubber clones that can resist the WRR disease infection. The sequence analysis of ITS, 

β-tubulin and tef1-α region provide a phylogenetic understanding of R. microporus by inferring the respective 

gene phylogenies. Hence, the knowledge on the genetic variation either within or between R. microporus 

populations leads to the species’ information and permits the choices of genotypes to be included in future 

breeding conservation programmes. However, in order to confirm the correlation between the clustering of isolates 

and geographical locations using ISSR markers, it is suggested that further study is needed to have better 

understanding of the genetic structure and diversity among R. microporus isolates in Malaysia. Based on the 

results and conclusions from this study, the following recommendations are suggested for future research: 

a) Conduct a survey to determine the current status of white root rot disease in Malaysia. 

b) Application of ITS, ß-tubulin, tef1-α sequence and ISSR markers could be extended to a wider study of 

genetic diversity of R. microporus isolates from different geographical locations on different host plants.  

c) A higher sampling effort could be done in order to estimate the gene diversity within and among R. 

microporus populations in Malaysia. 

d) Studies on the pathogenicity among different rubber clones in Malaysia to determine potential clone that 

show less susceptibility to white root rot disease and for breeding purposes. 

e) Other factors influencing the disease outbreak based on environmental factors (e.g. temperature, relative 

humidity and rainfall) must be investigated for effective control of white root rot disease in Malaysia. 
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Red rot disease caused by Colletotrichum falcatum is the most significant problem of sugarcane worldwide. Red 

rot disease causes huge financial losses to growers because there is no effective method to control the disease in 

the field. There is inadequate information on the genetic variation of this pathogen, C. falcatum, associated with 

Red rot disease in Bangladesh. In this aspect, the objective of this study was to determine the genetic diversity of 

C. falcatum in Bangladesh using inter-simple sequence repeat (ISSR). During September 2018 to July 2019, a 

total of 20 C. falcatum isolates collected from 8 sub-tropical sugarcane cultivars from northern and southern part 

of six divisions in Bangladesh. Findings revealed that field disease incidence was in the range of 5-55% based on 

random sampling. Morphological and molecular identification using four gene confirmed the identity of the fungal 

pathogen. The phylogeny inferred from the ITS rDNA  gene confirmed that all 20 C. falcatum isolates in this 

study were clustered into a clade with high bootstrap value 98% with the reference sequences from Bangladesh, 

India, China, Mexico,USA, Japan, Canada and Netherland. The ITS phylogram have two district sub-clades Asia 

(china and Japan), North America (USA, Canada and Mexico) and Europe. The ITS datasets, suggesting that gene 

flow effect among the Bangladesh populations was detected as they formed sub-clades among them. Based on 

ISSR data, the clustering of isolates revealed a pattern of genetic variation in correlation with the different 

geographical regions. These findings provide insights into the studies of genetic and details documentation on C. 

falcatum associated with red rot disease of sugarcane in Bangladesh. For future recommendation,it is suggested 

that a higher sampling effort could be done in order to estimate the gene diversity within and among C. falcatum 

populations in Bangladesh. 

 
Keywords:Red rot disease; Sugarcane; Colletotrichum falcatum; ISSR  

 

INTRODUCTION 

 

Sugarcane (Saccharum officinarum L.) is one of the most important cash crop and chief source of sugar are 

cultivated in tropical and subtropical regions in the world (Patel et al. 2017). Sugarcane occupies about 20.4 

million hectares of land (2% of total cropped area of the world) with the production of 1392.4 million tones of the 

cane and world sugar production is expected to increase by 4 % to 173.1 million tons in 2011-12 crop years (FAO 

2011). In Bangladesh, sugarcane occupies 0.11 million hectares land is mainly grown North West part of the 

country especially for white sugar and south east part for juice production, chewing and the manufacturer of brown 

unrefined sugar (Uddin et al. 2013). Sugarcane production is highly affected by various numbers of diseases. 

Among the various diseases, red rot cause by Colletotrichum falcatum is one of the major diseases leading to 

severe reduction in sugarcane production most of the tropical and subtropical countries. The red rot pathogen 

shows a great diversity in virulence as a number of pathotypes are known to occur in nature.  Eradication of 

infected cane or inoculum sources and biological control methods were mostly suggested to control the disease in 

sugarcane plantation. For this reason, knowledge of genetic variation of pathogen population is vital as to 

understand the evolutionary history and its potential to evolve in the change of environment (McDonald et al. 

2002). In Asia, the characterization of C. falcatum obtained from sugarcane were done in India by using sequence 

analysis of internal transcribed spacer (ITS) region and inter-simple sequence repeat (ISSR) as reported by Kumar 

et al. in 2010. However, at present, there is no report documented for red rot disease in sugarcane plantations in 

Bangladesh. The results from this study will be a major platform on generating details documentation on the 

genetic variation of red rot disease of sugarcane in Bangladesh by using molecular approaches. Besides, the output 

from this research provides useful information to overcome the disease, hence improving the Sugarcane 

production in Bangladesh. Therefore, this study aimed to investigate C. falcatum obtained from infected sugarcane 

plantations in Bangladesh based on morphological traits, molecular identification and determination of genetic 

diversity among the populations. 
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MATERIALS & METHODS 

 

Sampling, identification and molecular approaches 
 

An extensive survey was conducted to collect red rot infected disease sample from different sugarcane growing 

areas of six division in Bangladesh. Stalk of sugarcane plants 10-12 month old with disease symptoms were 

collected randomly from sugarcane field and transferred the sample to the laboratory for isolating different isolates 

of Colletotrichum falcatum.The red rot pathogens (Colletotrichum falcatum) were isolated by tissue segment 

methods as described by Rangaswami, (1958). All the isolates were subculture and purified by single spore 

technique mentioned by Ricker (1936). Pure cultures were maintained in Potato Dextrose Agar (PDA) plates. A 

total of 20 isolates were obtained in the present study. The diameter, number of days required to fully cover the 

plate, surface colour and mycelia texture were recorded. Molecular identification of fungus was confirmed by 

extracting genomic DNA according to Lin et al., (2009) with minor modifications. Analysis of diversity of the 

pathogen was revealed by conducting PCR using primers ITS, β-tubulin, actin and GDP gene. Following that, 

genetic diversity within C. falcatum isolates was further assessed using inter-simple sequence repeat (ISSR) 

marker. 

 
 

Data analysis 
 

Phylogenetic tree was inferred by Maximum Likelihood (ML) method with 1000 bootstrap replications in 

Molecular Evolutionary Genetic Analysis version 7 (MEGA 7) (Kumar et al. 2016). All sequences of C. falcatum 

generated in this study were deposited in Genbank. Meanwhile, the ISSR DNA bands obtained for each isolate 

were scored based on their presence (1) or absence (0) using software UVIDoc (version 99.02). Only repeated 

and reliable bands are chosen. Dendrograms were constructed by cluster analysis based upon the Unweighted Pair 

Group Method with Arithmetical Mean (UPGMA) as calculated by Jaccard’s coefficient. The analysis of 

molecular variance (AMOVA) was performed using GenAlEx software (version 6.50) (Peakall and Smouse, 

2012). 

 
RESULTS AND DISCUSSION 

 

Based on field survey, it was observed that young and mature stages of sugarcane were affected by the red rot 

disease. The presence of the disease in the field at first the plant became wilted and died  but reddening of the 

internal tissues with interrupted red and white patches, the characteristic symptoms of the disease (Nithya et al., 

2012). 

 

In the present study, all isolates tested exhibited various characteristics morphological features after sub-culturing. 

The colony on Potato dextrose agar medium was grey, greyish white, dark grey, white grey and colony texture 

displayed flat and raised fluffy mycelial growth, smooth and irregular margin and colony cover the whole plate 

within one to two weeks. (Madushani et al. 2013). This result was is simillar to the findings of Pandey et al., 

(2017). For the conidia characteristics, color and shape of conidia were hyaline and falcate respectively. The size 

of the conidia was length 27 to 33µm and width 5.3 to 8.4 µm respectively. The capacities of spolulation were 

low, medium and high observed in this study. Similar result observed to the finding of Prema et al., (2013).  

 

For molecular identification all isolates were subjected to molecular identified of four genes. All genes sequencing 

showed all isolates belong to C. falcatum with 99 to 100% similarity with other sequences of C. falcatum deposited 

to GenBank data base. The phylogeny inferred from the ITS rDNA  gene confirmed that all 20 C. falcatum isolates 

in this study were clustered into a clade with high bootstrap value 98% with the reference sequences from 

Bangladesh, India, China, Mexico,USA, Japan, Canada and Netherland. The ITS phylogram have two district 

sub-clades Asia (china and Japan), North America (USA, Canada and Mexico) and Europe. Diaporthe 

Phaseolorum was used as an out-group in analysis. The ITS datasets, suggesting that gene flow effect among the 

Bangladesh populations was detected as they formed sub-clades and sub-sub-clades among them. This could due 

to material exchanges that happen between the neighboring Southeast Asia countries as well as within the whole 

nation in each country. The present findings were in consistent with the work done by Oghenekaro et al., (2014). 

  

In this study, 90.61% of the bands generated from ten ISSR primers were polymorphic. The ISSR markers 

generated reproducible banding patterns, suggesting the suitability of these primers for genetic studies of 

C.falcatum isolates. The dendrogram produced from UPGMA analysis classified 20 C.falcatum isolates into four 

clusters. Cluster I made up of 3 isolates from North and northwest belt. Cluster II comprised of 6 isolates from 

southern belt and 1 isolate from northern Belt. ClusterI III formed with 5 isolates from northern Belt. The single 

Norther Belt isolate grouped together with 4 isolates from southern belt in Cluster IV. All of these clusters were 
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split into 2 sub-clusters (A and B) respectively. AMOVA result revealed that 83% variability was found within 

the population while among the population was 17%. On the basis of ISSR data, the clustering of isolates revealed 

a pattern of genetic variation that was in correlation with the different geographical regions. The separation of 

isolates according to geographical locations could be attributed by the boundary that separating North and south 

coast of Bangladesh. As described by Silva et al., (2012), geographical boundary could be a representative of an 

effective barrier for gene flow. 

 
Table 1. List of ISSR Primers Used in this Study 

Primers  Sequences (5’-3’) Primer 

length (bp) 

Annealing 

temperature (0 C) 

References 

ISSR-10 CACCACCACCACCAC 15 51.0 Gupta et al. (1994 

UBC-825 ACACACACACACACACT 17 51.4 Arade et al. (2014) 

UBC-857 ACACACACACACACACYG 18 54.3 Arade et al. (2014) 

UBC-873 GACAGACAGACAGACA 16 43.9 Arade et al. (2014) 

ISSR845 CTCTCTCTCTCTCTCTRG 18 52.5 Patel et al. (2017) 

UBC810 GAGAGAGAGAGAGAGAT 17 49.0 Kaewchaiet al. (2009) 

UBC828 TGTGTGTGTGTGTGTGA 17 53.0 Kaewchaiet al. (2009) 

UBC850 GTGTGTGTGTGTGTGTYC 18 54.0 Kaewchaiet al. (2009) 

UBC860 TGTGTGTGTGTGTGTGGA 18 51.0 Soytong and Kaewchai 

(2014) 

ISSR 7 GGGCGAGAGAGAGAGAGAGA 20 44.0 Kaewchaiet al. (2009) 

Nomenclature: Y = C/T ; R= A/T 

UBC: ISSR Primers, designed from University of British Columbia, Vancouver, Canada 

 

 

 

                                           Figure 1. Dendrogram constructed from different ISSR markers based on analysis of 

20 isolates of C.falcatum 

CONCLUSION 

 

At the end, it was confirmed that sugarcane plant with red rot symptoms surveyed in North, south and northwest 

belt of Bangladesh were really infected by C. falcatum. The results from this study revealed the importance of a 

better understanding of C. falcatum, since the sugar industry is still one of the most important heavy industries in 
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Bangladesh. Up to date, except resist variety there is no suitable sugarcane clones that can resist the red rot disease 

infection. The sequence analysis of ITS, region provide a phylogenetic understanding of C. falcatum by inferring 

the respective gene phylogenies. Hence, the knowledge on the genetic variation either within or between C. 

falcatum populations leads to the species’ information and permits the choices of genotypes to be included in 

future breeding conservation programmes. However, in order to confirm the correlation between the clustering of 

isolates and geographical locations using ISSR markers, it is suggested that further study is needed to have better 

understanding of the genetic structure and diversity among C. falcatum isolates in Bangladesh. Based on the 

results and conclusions from this study, the following recommendations are suggested for future research: 

a) Carry out a survey to determine the current status of red rot disease in Bangladesh. 

b) Use of ITS and ISSR markers could be extended to a wider study of genetic diversity of C. falcatum 

isolates from different geographical locations on different host plants.  

c) More sampling effort could be done in order to estimate the gene diversity within and among C. falcatum 

populations in Bangladesh 

d) Studies on the pathogenicity among different rubber clones in Bangladesh to determine potential clone 

that show less susceptibility to red rot disease and for breeding purposes. 

e) Other factors influencing the disease outbreak based on environmental factors (e.g. temperature, relative 

humidity and rainfall) must be investigated for effective control of red rot disease in Bangladesh. 
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Wheat flour-based formulations of Alcaligenes faecalis MKB10 (KM220771) and Bacillus amyloliquefaciens 

MKB04 (KM220772) were imposed as a soil application. The efficacy in suppressing Fusarium wilt of rock melon 

caused by F. oxysporum f. sp. melonis and plant growth promotion was evaluated under greenhouse conditions. 

B. amyloliquefaciens and A. faecalis bioformulations have the ability to delay the onset of symptoms lower 

percentages in disease incidence. The two bioformulations act as elicitors in the production of inducible compound 

associated with induced resistance (Peroxidase (PO), polyphenoloxidase (PPO), total phenol and lignin content); 

that subsequently enhance tolerance of the rock melon to Fusarium wilt based on parameters such as delay the 

symptoms onset, reduce disease incidence by (25, 33.33 and 33.33%), for B. amyloliquefaciens and  Alcaligensis 

faecalis as single or in combination respectively; and eventually results in higher yield. Plants treated with two 

bio formulations singly or in mixtures (T1, T2 or T3) produce high level of inducible compounds (PO, PPO, total 

phenols and LTGA). PO and PPO compounds increment was almost four folds in bioformulations treatments 

compared to the negative control (T4). Furthermore, the two bioformulations enhanced the vegetative growth as 

observed by the increased chlorophyll content, dry weight of the root and shoot,  root length.Thus, it is rational to 

conclude that effective bacterial isolates, particularly B. amyloliquefaciens, as well as the Alcaligenes faecalis and 

their combination could be used successfully as a plant growth promoters and a bioprotectant on rockmelon crop. 

Keywords: Bacillus amyloliquefaciens; Alcaligenes faecalis; Fusarium wilt; Induced resistance; growth 

promotion.  

 

INTRODUCTION  

 

Fusarium wilt is one of the most important and destructive vascular disease of melon (Suárez-Estrella et al., 

2007).Recently, there has been increasing interest in the introduction of effective microbes (EM) as biological 

control of soil borne plant pathogen, (Kloepper et al., 2004). Different mechanisms have been reported for their 

performance such as production of antibiotics, inactivation of pathogen’s enzymes as well as enhancement of root 

and plant development (Intana et al., 2008), which has considerable potential in agriculture. In addition, induction 

of systemic resistance in host plants by the application of (EM) has been shown to be a key mechanism underlying 

antimicrobial activity (Al-Mughrabi et al., 2008, and Sang and Kim, 2011).Plants respond to pathogen attack or 

elicitor (biological control agents) treatments by activating different types of protective mechanisms to  prevent 

pathogen development and spreading (Malolepsza and Rozalska, 2005).A wide range of antioxidant enzymes and 

defense mechanisms such as polyphenol oxidase (PPO), peroxidase (PO) that protect plant cells from oxidative 

damage and infestation from phytopathogens and induce plant resistance (Singh et al., 2011).Biological control 

using effective bacteria to suppress plant diseases has emerged as a promising and powerful alternative to the use 

of synthetic chemical pesticides for more rational, eco-friendly, safe crops management and growth promotion.  

Two bacterial isolates Bacillus. Amyloliquefaciens MKB04 and Alcaligenes faecalis MKB10 were formulated 

and its potential to control Fusarium wilt and to promote plant growth of rock melon under green house condition 

was evaluated by determining the disease incidence, and the role of production of inducible compounds that 

function in the defense mechanism. Furthermore, the growth promotion parameters were also observed. This work 

provided evidence that the two bioformulations (singly or in combination) effectively suppressed Fusarium wilt, 

induced resistance and promoted rockmelon plant vegetative growth. 

 
 

MATERIALS AND METHODS  

                                                   

2.1   Preparation of pathogen inoculants 

F. oxysporum f. sp. melonis (Fom)  inoculum was produced on autoclaved sand and wheat bran medium (1:2); 

inoculated by Fom mycelial discs (6 mm in diameter) taken from 7 day-old cultures on PDA and incubated at 

room temperature for 21 days. The spores’ concentration was adjusted to 105 spores per gram of substrate. 

2.2 Formulation of effective microbes 

Alcaligenes faecalis MKB10 (KM220771) and B. amyloliqeficens MKB04 (KM220772) isolated from soil of 

symptomless rock melon plant were used (Salha, et al., 2015).The two bacteria were formulated in wheat flour 

granules, that prepared with 1 kg of wheat flour and calcium carbonate 15 g (to adjust the pH to neutral) mixed 
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with 400 ml of bacterial suspension of 9 × 1010 cfu/ml, under sterile condition following the method described by 

Vidhyasekaran et al., (1999) and Bharathi, et al., (2004) with slight modification.  

2.1 Rock melon Preparation and Inoculation 

The study was carried out at Agrotech Unit (glasshouse), Universiti Putra Malaysia (UPM) Serdang- Selangor 

State. Completely Randomized Design (CRD) was adopted with eight different treatments with 12 replications 

each. Three-week rock melon seedlings (var. Glamour) were maintained in poly-bags containing a mixture of 

coco-peat and rice husk 1:1 (wt/wt) ratio and then inoculation with Fom (at 105 spores/g of substrate) and effective 

microbes was performed. Plants were watered daily. 

2.2 Disease assessment  

Disease incidence (DI) assessed and recorded as percentage at interval of weeks. (Campbell & Madden, 1990) by 

the following formula:  

Disease incidence(DI) =          
number of diseased plants

total number of plants assessed 
× 100% 

 

2.3  production of inducible compounds associated with Induced Resistance  

2.3.1 Preparations of crude enzymes extracts  

One gram of the preserved root from each sample was ground in chilled mortar with 1 ml cold 0.05 M Sodium 

acetate buffer (pH 5) 5 mg of polyvinyl pyrrolidone (PVP) were added, the homogenate was centrifuged at 14000 

rpm for 20 min at 4˚C. The supernatant was collected and used for Po and PPO enzymes assay. 

2.3.2 Determination of Peroxidase (PO)           

0.2 ml of enzyme extract was added to 3 ml of reaction substrate (80 ml of 0.1M Sodium phosphate buffer (pH 

6), 1 ml of 1mM H2O2 and 20 ml guaicol) and reaction mixture was incubated at 25˚C. The changes in absorbance 

at 470 nm with 3 second intervals for 1 min were recorded with a spectrophotometer; the enzyme activity was 

expressed as changes in the absorbance unit g−1 tissue according to the formula described by (Kokkinakis and 

Brook, 1979) 

2.3.3 Determination of Polyphenol Oxidase (PPO)  

Activity was assayed by the change in colour intensity of pyrrol oxidation products. The reaction mixture 

consisting of 100 µl of the enzyme extract, 1.5 ml of 0.2 M sodium acetate buffer (pH 5) at 4˚C and 200 µl of 0.02 

M pyrrogallol and the activity was expressed as changes in absorbance at 410 nm. The enzyme activity was 

expressed as changes in the absorbance unit g−1tissue according to the formula described by (Kokkinakis & Brook, 

1979). 

2.3.4 Determination of Total phenols  

Root tissues (1g) were ground in chilled pestle and mortar with two changes of 4 ml methanol. One ml of the 

extract was added to 0.5 ml of Folin Ciocalteu reagent (diluted with distilled water at ratio 1:1) and the solution 

was kept at 25˚C for 3 min, and added with  0.5ml of 1M Na2 CO3 and incubated again at 25˚C for 1 hr. The 

absorbance of the blue colour was measured using a spectrophotometer at 725 nm. Phenol amount was expressed 

as mg of phenol g−1of fresh weight of tissues. 

2.3.5 Determination of lignin (lignothioglycolic acid (LTGA)  

Assay of lignin as lignothioglycolic acid (LTGA) as per procedure given by Hammershmidt,(1984). The 

absorbance was measured against a NaOH blank at 280 nm, and data expressed on a LTGA g -1 tissue. 

2.3.6 Effect of effective microbes on growth parameters 

The two bio formulations of the effective bacteria (single or in combination) effect on the rock melon plant vigour 

was evaluated based on its vegetative growth parameters: the total fresh and dry weight, root mass and root length 

were evaluated at the end of the experiment (oven dried 60°C for 3 days). Moreover the chlorophyll contents in 

the leaf samples were determined calorimetrically every 15 days, using a Spectronic® 20GenesysTM 

Spectrophotometer at 647nm and 664 nm respectively. Eight leaf discs of 1cm2 each were randomly sampled, and 

immersed into McCartney bottle (covered with aluminium foil) containing 10 ml of 80% acetone. The bottle was 

closed tightly to ensure no evaporation, then kept in the dark for two weeks following the acetone extraction 

method described by Coombs et al ., (1987). The total chlorophyll content in the solution was determined colour-

metrically and calculated as: 

Total Chlorophyll =    
[7.93 (Ab664) +  19.53 (Ab647)] ×  3.5

3cm2 ×  10m
 

7.93 and 19.53 = constant; (Ab664) = Absorbance at 664; ( Ab647) = Absorbance at 647; 3.5  = total volume used in analysis 

taken from the original solution; 3 cm2 = total disc area; 10 ml = total volume of 80% acetone. 

 

2.4 Statistical Analysis  

Data were subjected to analysis of variance (ANOVA) using the SAS software (SAS 9.4 Version Institute Inc. 

Cary, NC, USA). Means were separated by Duncan’s Multiple Range Test (DMRT) with P ≤ 0.05.  
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RESULT AND DISCUSSION 

3.1 Disease assessment 

All untreated rock melon plants inoculated with F. oxysporum f. sp. melonis (T8) showed foliar symptoms of 

Fusarium wilt (marginal yellowing, general yellowing and then wilting).In some plant, sudden collapse occurred 

without any yellowing or any other foliar symptoms. Gradual development of disease symptoms was observed in 

pre-inoculated treatments T5, T6, and T7. A low DI indicates disease suppression by bio formulation of effective 

bacteria. DI of bio formulation treatments (T5, T6, and T7) for first week after Fom inoculation was 0%. Bacillus 

amyloliqeficens (T5) showed DI of 8.33% after seven days and at after 28 days DI was only 25% suggesting good 

suppression. There is no difference between reduced DI in plant treated with A. faecalis (T6) singly or combined 

with B. amyloliqeficens (T7), but the disease suppression is less than B. amyloliqeficens alone. T6 and T7 had DI 

of 33.33% at 21 and 28 days after inoculation with Fom. As expected the result showed that the highest DI 91.67% 

and 100% were recorded in plant inoculated with Fom (T8) (Figure 1). 
 

 
Figure 1: Disease incidence recorded in plants pre-inoculated with bio-formulation according to days 

after challenge inoculation with Fom (values are means of 12 replicates)        
T5: B. amyloliquefaciens +Fom, T6: Alcaligenes faecalis +Fom, T7: B. amyloliquefaciens + Alcaligenes faecalis +Fom and 

T8: +ve control (Fom). Values are means of 12 replicates. 

Disease suppression may be attributed to the production of antifungal metabolites to slow down the infection 

process. As well as the induction of the host plant defence mechanisms such as lignifications of the plant cell 

wall to keep out the pathogens ( Kloepper et al. 2004; et al. 2009;Arrebola et al.2010; Wang et al. 2012). 

Several modes of action might be involved in controlling Fom such as antibiosis, production of extra cellular 

enzymes and induced resistance (Larkin et al., 1996; Latha et al., 2009).  

3.2 Effect of effective microbes on Inducible compounds 

The production of inducible compound associated with induced resistance such as PO, PPO, soluble phenols and 

LTGA in the presence of elicitors (effective bacteria) indicated improved host defense mechanism against 

pathogen infection (Latha et al., 2009; Prasanna et al., 2013). Several authors have indicated that biocontrol agents 

used as alternatives to fungicides can produce plant defense mechanisms against pathogens (Elad, 2000 and El 

Hassni et al., 2007). The results in this study showed the production of inducible compound associated with 

induced resistance in rock melon plant in the presence of B. amyloliquificiens, and Alcaligenes feacials. A 

significant increase in amount of, PO, PPO, phenols and LTGA produced in roots tissues compared to the control 

(T4) (Table 1).  

 
 

Table 1: production of inducible compound associated with induced resistance inoculated with 

 bioformulations of effective bacteria and Fom 

Treatment PO unit g-1 PPO unit g-1 Total Phenol mg g-1 Lignin LTGAg-1 

T1  48.97d  48.99 c   0.152a 2.97a  

T2  52.38a  51.95b   0.128bc  2.25ab  

T3  47.96e  48.77d  0.115bc  2.33 ab  

T4  11.56h  11.91h   -0.020d  0.74c  

T5  49.44c  45.31f  0.137ab  2.27 ab  

T6  50.75b  53.13a  0.145ab  2.31 ab  

T7  47.44f  47.73e  0.109bc 2.79a  

T8  22.4g  23.36g  0.092c  1.22bc  
Means in the same column with different letters are significantly different (DMRT at P = 0.05). T1: B amyloliquefaciens, T2: Alcaligenes 

faecalis, T3: T1+T2, T4: -ve control (SDW), T5: T1+Fom, T6:T2+Fom, T7: T1+T2+Fom, T8: +ve control (Fom 
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These induced compounds involve in oxidation of (PO, PPO) of phenol) to produce lignin that deposited in the 

plant cell wall and hence play role in plant resistance mechanism (Agrios, 2007; Serrano Martínez et al., 2008). 

Consequently lignin content (lignification) increment and lowering incidence of disease. In all bio formulation 

pre-inoculation treatments and Fom treatment (T1, T2, T3, T5, T6, T7 and T8) different combination of activity 

of inducible compound were observed. Peroxides (PO) is one of expression of induce resistance mechanisms, its 

presence in roots in high content are proven to protect the plant against phytopathogens as the root system is the 

site of infection. PO induction was observed in response to effective bacteria or pathogenic infection which agreed 

with the same finding reported by (Adline et al, 2009; Singh et al., 2011). Negative control (T4) plant form the 

lowest amount of PO as no bio formulation and Fom were inoculated. PPO production was trigger by both bio 

formulation and the pathogen. PPO high production level was recorded in plants treated with both bio formulations 

(T1. T2, T3, T5, T6, T7) and Fom (T8) compared to (T4) negative control (Table 1).The activity in the negative 

control plants was always significantly low compared to the other treatments suggesting that induce resistance in 

the plant is due to the presence of bio formulation as well as the pathogen (Majtaba and Kazemi,2002;Arnnok et 

al., 2010).The PPO activity in disease resistance may be attributed to it property to oxidize phenolic compounds 

to quinones that more toxic to microorganism than original phenols (Chisari et al., 2007). Gooding et al., 2001 

demonstrated that increment of PPO level signifies greater degree of resistance to infection as a result of high 

concentration of toxic products of oxidants. 
 

On the other hand high production level of total soluble phenol was obtained in plants with bio formulations (T1. 

T2, T3, T5, T6, T7) and Fom (T8) treatment compared to (T4) negaitive control. T5, T6, and T7 recorded high 

level pointed to the fact that a higher degree of resistance was present (Patil et al., 1962). Phenols were known to 

inhibit the pathogen hydrolytic enzymes activities (Goodman et al., 1986). Hunt et al., 1997 also reported that 

antifungal compounds such as phenols are involved in induced resistance during infection.  Plant in T4 treatment 

recorded the lowest LTGA content in root tissues while plants with bio formulations (T1. T2, T3, T5, T6, T7) and 

Fom (T8) treatments gave higher LTGA content this due to the fact that,  root were the site of infection for both 

Fom and effective bacteria (Table 1). Lignifications were important in reducing rate of infection and spread 

process of pathogen Fom. Thus result of this study part proves the induction of resistance by B. amyloliquificiens 

and A. feacials bio formulation against Fom in rock melon plants for defense related enzymes. These bio 

formulation apart from their action against Fusarium wilt pathogen, are able to induce resistance in rock melon 

plants, which is an added advantage for practical agricultural system and management of plant diseases. Plants 

treated with bio formulations of B. amyloliquificiens (T1) and A. feacials (T2) singly or in mixtures produce high 

level of inducible compounds (PO, PPO, phenols and LTGA), that exposed in the low percentage in disease 

incidence. PO and PPO compounds increment was almost four folds compared to the negative control (T4), (T4) 

always shows the lowest level of production of inducible compounds.  

3.3 Effect of effective microbes on plant vigour  

Rock melon plant was responded differently to bio formulation application and Fom infection, ensuing on 

improvement or dropping in vegetative growth. Table (2) shows that all the bio formulation treatments (T1, T2, 

T3, T5, T6, and T7) significantly increase the dry weight of shoot and roots compared to the negative control (T8), 

T1 and T2 gave the highest values of shoot dry weight (77.2 g) followed by the T3, T7, T6 and T5  

 

Table 2: Effect of bio formulation of effective bacteria on some vegetative characters of rock melon plant  

Treatment  Shoot dry weight 

(g plant-1) 

Root dry Weight  

(g plant-1) 

Root : shoot 

Ratio(wt/wt) 

Root Length 

T1 (B. amyloliquefaciens) 77.2 a 6.27a 0.081f 54.05 a 

T2 (Alcaligenes faecalis) 77.2 a 5.827a 0.075g 48.33ab 

T3(T1+T2)   69.4 ab 5.52a 0.088cd 42.22bc 

T4(-ve control)   57.03 b 5.5a 0.096b 37.4cd 

T5(T1+Fom)  63.25 ab 5.73a 0.090c 41.2 bc 

T6(T2+Fom)   68.97 ab 5.93a 0.085e 45.27bc 

T7 (T1+T2+Fom)  64.32 ab 5.58a 0.086de 39.73bc 

T8 (Fom)  49.23 b 4.95b 0.101a 29.88 d 

T1:B. amyloliquefaciens, T2: A Alcaligenes faecalis, T3: T1+T2,   T4: -ve control (SDW), T5: T1+Fom, T6:T2+Fom, T7: 
 T1+T2+Fom, T8: +ve control (Fom) 

 

respectively, T5 gave the lowest shoot dry weight among the bio formulation although there is no statistically 

significant difference. In general, all bio formulation inoculated plant did not show significant difference among 

each other and with the negative control (T4) in root dry weight whereas the Fom treatment (T8) plant gave the 

http://www.sciencedirect.com/science/article/pii/S0261219414002129#bib23
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lowest root dry weight. Hence, root to shoot ratio is one of the measurement that help to assess the overall vigour 

of the plant. The plant treated with Fom (T8) alone significantly increased root to shoot ratio (DMRT at P<0.05) 

due to their low dry biomass production for both shoot and root. On the contrary, plant treated with A, faecalis 

(T2) gave the lowest root to shoot ratio due to their increased shoot and root growth. Similar results were reported 

by (Bertrand et al. 2001; Romas et al 2003; Canbolat et al. 2006) that inoculations with rhizospheric bacteria 

increased shoot and root dry weight and gave better plant development. 
 

Physiological response of rock melon plants exposed to different treatments were estimated based on chlorophyll 

content of the leaf by the acetone extraction method. Chlorophyll content (g/cm) of the leaves increased with time; 

however the relative chlorophyll value of the inoculated seedling showed no significant difference in the first 

week of assessment. Values were significantly higher in bio formulation (T1, T2, T3, T5, T6, and T7) treated 

plant either alone or in combination compared to the -ve control treatment (T4) or with Fom (T8) alone as 

inoculums, similar findings were reported by Alam et al., (2001). The highest relative chlorophyll value (182.6) 

was recorded for the plant inoculated with T3 (combination of T1 and T2). There was a significant decrease in 

chlorophyll content records of Fom treated plant compared to bio formulation and - ve control treatments (Figure 

2), this loss of chlorophyll is due to chlorosis and necrosis of leaf as result of colonization and establishment of 

Fom in plant tissue (Nobel, 1991). 

There was a gradual decrease in chlorophyll content in bio formulation inoculated plant and -ve control after 15 

days of inoculation, however recorded values were not significantly different, The decrease could be due to slow 

vegetative growth as plant were maintained in poly-bags with limited cultivation media Thomas and Soddart, 

1980 reported that degradation of chlorophyll is a noted phenomenon of senescence. Reductions in the chlorophyll 

contents of plants inoculated with Fom (T8) was direct effect of pathogen on destruction or  modification of 

chloroplasts and reduction in normal production and function as infection progress, as the Fom was a vascular 

inhibitor affect water movement  (Zaitlin and Hull, 1987).  

 

 

Figure 2: Effect of bio formulation of effective bacteria on chlorophyll content of rock melon. Bars indicate 

the standard error for 15 replications.                     
T1:  B. amyloliquefaciens, T2: A. faecalis, T3: T1+T2, T4: -ve control (SDW), T5: T1+Fom, T6:T2+Fom, T7:           

T1+T2+Fom, T8: +ve control (Fom). 

 

CONCLUSIONS 

 

In light of the bio formulation results obtained in the study, promising granular bio formulations were proven and 

might be considered as a safe and easily applied biocontrol method, as soil application against such soil-borne 

plant pathogens taking into consideration avoidance of environmental pollution. In addition, these bacterial strain 

should also be tested against other plant pathogen diseases especially caused by fungal pathogens. 
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Black pod rot is the most significant factor limiting production of cocoa (Theobroma cacao) in Malaysia with 

average annual losses of above 30%. This work was carried out to isolate, characterize and screen endophytic 

bacteria isolate (AS1) from cocoa plants for their biological control activities. Sequence analysis of the 16S rRNA 

region indicated that AS1 isolate belonged to Pseudomonas aeruginosa. The mechanism of action as well as 

ability to reduce black pod rot disease were also investigated. Effectiveness of P. aeruginosa in reducing black 

pod lesion was confirmed on detached cocoa pods with 100% inhibition. The results indicated that P. aeruginosa 

has potential to be used as bio-control agent against P. palmivora. 

 

Keywords: 16S rRNA region. Biological control. GCMS. Pseudomonas aeruginosa.  

INTRODUCTION 

 

Phytophthora is known to cause numerous diseases on various host plant in Malaysia such as P. palmivora 

(cocoa), P. nicotianae (durian), P. botryose (rubber) and P. capsici (pepper). There are no reports of phytophthora 

on oil palm. Phytophthora species are a serious threat to the cocoa industry in Malaysia. Black pod disease caused 

by Phytophthora palmivora is one of the most important diseases of cocoa (Theobroma cacao L.) in Malaysia and 

has a worldwide distribution. P. palmivora is nearly pandemic wherever cocoa is grown and has a very large host 

range. Losses caused by black pod disease is estimated with more than 30% in Malaysia. Several management 

strategies are used to control black pod of cocoa such as phytosanitary, chemical control, cultural methods, 

biological control and genetic resistance, but none has been able to generate acceptable results and completely 

controlled the disease. Pseudomonas spp. are a widespread bacterial group and prodigious colonizer, which can 

live in both phyllosphere and rhizosphere. Pseudomonas aeruginosa has some good characteristics including the 

ability to produce antibiotics, siderophores, plant growth promotion compounds, hydrolytic enzymes and 

hormones. This paper discusses the current practices and the progress made in some of the research conducted at 

Universiti Putra Malaysia in management of black pod disease of cocoa. 

 

MATERIALS AND METHODS 

2.1 Sample collection and isolation 

Samples of healthy cocoa branches were collected from five different states in Malaysia including Pahang, Perak, 

Malacca, Johor and Selangor. Non-symptomatic samples were transported to the Plant Pathology Laboratory, 

Department of Plant Protection, Universiti Putra Malaysia (UPM). The samples were preserved in brown paper 

bags at 4oC in a refrigerator until use. Bacterial isolate (AS1) was isolated from healthy cocoa branches according 

to the method described by Arnold et al. (2000). 

2.2 Dual culture test 

Bacterial isolate (AS1) was pre-evaluated against P. palmivora. Mycelial discs of P. palmivora were taken from 

the 4-day old culture and inoculated in a 9 cm plate containing Vegetable Juice Agar (VJA). A full loop of bacterial 

isolate (AS1) (48 h old) grown on NA was streaked at the centre of the plate and three cm apart from the mycelial 
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disc of P. palmivora. The plates were incubated for seven days at 28 ± 2 °C (room temperature) and the radial 

growth of P. palmivora was observed daily for the development of inhibition zone.  

2.3 DNA extraction, PCR amplification and 16S rDNA gene sequencing 

The cetyltrimethylammonium bromide (CTAB) method (Sambrook et al. 1989) was used for genomic DNA 

extraction of bacterial isolate (AS1). The 16S rDNA gene was amplified using the universal primers 27F (5′- 

AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′- GGTTACCTTGTTACGACTT-3′) (Lane 1991). The PCR 

products were sent to MyTACG Bioscience Enterprise for sequencing. 

2.4 Culture filtrate test 

Based on the dual culture test, bacterial isolate (AS1) with high antagonistic activity (>50% PIRG) was further 

investigated for their ability to produce inhibitory metabolites. The test was conducted using a method described 

by Intana et al. (2008).  

2.5 Volatile metabolites production 

The ability of the bacterial isolate (AS1) to produce volatile compound(s) was also evaluated using the method 

described by Afsharmanesh et al. (2010). 

2.6 Evaluation antagonistic of bacterial isolate (AS1) for lytic enzymes production 

Chitinase production by the bacterial strain (AS1) was qualitatively estimated by amending agar plates with 

colloidal chitin suspension as described by Kamala and Devi (2012). Protease production of the bacterial strain 

(AS1) was determined on Skim Milk agar medium using the method described by Maurhofer et al. (1995). The 

method described by Hu et al. (2008) was used for cellulase and pectinase activities of the bacterial isolate (AS1). 

Lipase production by the antagonistic bacterial isolate (AS1) was evaluated on lipase agar medium according to 

Smibert and Krieg (1994). 

2.7 Detection of plant growth promoting properties  

The ability of AS1 to produce ammonia (NH3) was tested as described by Cappuccino and Sherman (2008) with 

slight modifications. National Botanical Research Institute’s phosphate (NBRIP) growth medium was employed 

for detecting solubilization of tricalcium phosphate [Ca3 (PO4)2] activity by antagonistic bacterial isolate (AS1) 

as described by Nautiyal (1999). Siderophore production of the bacterial strain (AS1) was examined using Chrome 

azurol S (CAS) agar medium following the protocol of Khamna et al. (2009). To determine hydrogen cyanide 

(HCN) production, the method described by Afsharmanesh et al. (2010) was employed. 

2.8 Extraction of antifungal metabolites by GC/MS analysis 

The bacterial isolate (AS1) with high antifungal effects were analysed with gas chromatography/ mass 

spectrometry (GC/MS) for the production of volatile antifungal metabolites as described by Hassi et al. (2012). 

2.9 Efficacy of bacterial isolate (AS1) against P. palmivora 

The method described by Akrofi et al. (2017) was used to evaluate the efficacy of bacterial isolate (AS1) on cocoa 

pods in vitro. P. palmivora isolates (MI 5 from Sabah state) was selected for the test. Non-infected cocoa pods 

treated with sterile distilled water were included as negative control and P. palmivora infected cocoa pods treated 

with Halexyl 25 WP fungicide were used as positive control. Measurements of lesions were taken after seven days 

of incubation at 28 ± 2 °C (room temperature). 

 

RESULTS 

3.1 Isolation of bacteria 

Bacterial isolate (AS1) was isolated from healthy cocoa tissues (branches) from five states of Malaysia, including 

Pahang, Perak, Malacca, Johor and Selangor states. 

3.2 Dual culture test 
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Bacterial isolate (AS1) was tested against P. palmivora by dual culture test on VJA and showed 82.41% inhibition 

against the pathogen over the control.  

3.3 Molecular identification of bacterial isolate (AS1) 

PCR analysis of the nucleic acid extracted from the bacterial isolate (AS1) produced an amplicon of 1500 bp on 

0.8% agarose gel. Sequence analysis of the 16S rRNA region indicated that (AS1) isolate belonged to 

Pseudomonas aeruginosa (MH800529). 

3.4 Culture filtrate test 

P. aeruginosa with high antagonistic activity based on the dual culture test (>50% PIRG) was tested. P. 

aeruginosa isolate recorded (100%) inhibition against P. palmivora based on culture filtrate test.  

3.5 Production of volatile metabolites 

The growth of P. palmivora was significantly reduced by P. aeruginosa which showed the pathogen growth 

inhibition of 61.88%. P. aeruginosa was found to produce diffusible as well as volatile metabolites, with evidence 

of considerable differences with the control (p < 0.05) regarding mycelial growth inhibition.  

3.6 Screening for lytic enzyme activities 

Chitinase activity of P. aeruginosa was assessed qualitatively. P. aeruginosa was found to be negative to chitinase 

production. Protease activity by P. aeruginosa was positive to this enzyme production. P. aeruginosa was able to 

produce cellulase, pectinase and lipase three days after incubation at 28 °C. 

3.7 Screening for plant growth promoting traits 

P. aeruginosa tested strain has the ability to solubilize tricalcium phosphate used in NBRIP medium as indicated 

by the presence of a clear zone on the phosphate plates after incubation for five days. P. aeruginosa response was 

positive in HCN production as indicated by the indicator paper’s color change. Siderophore production ability of 

P. aeruginosa was observed by the changing color of Chromeazuro lS (CAS) indicator dye in agar medium. 

Moreover, a yellow-brown color was seen to develop following the addition of Nessler’s reagent, thus, showing 

a positive test for ammonia production. 

3.8 Extraction of antifungal metabolites 

The presence of 102 peaks in the chromatogram indicated the presence of various compounds of P. aeruginosa. 

As indicated by the highest peaks, the major compounds present in P. aeruginosa extract were identified as 

Eicosane (9.11%); Hexatriacontane (6.87%); Tetratetracontane (5.17%); trans-2-Decenoic acid (17.04%) and 1-

Phenanthrenecarboxylic acid, 1,2,3,4,4a,9,10,10a-octahydro-1,4a-dimethyl-7-(1- methylethyl) (3.60%).  

3.9 Efficacy of bacterial isolate (AS1) against P. palmivora 

Treated cocoa pods with P. aeruginosa suspension did not show any lesion development on detached cocoa pods 

as well as the treated cocoa pod with Halexyl 25 WP fungicide after 7 days of incubation with the pathogen. 

However, the negative control cocoa pods treated with sterilized distilled water and P. palmivora revealed obvious 

necrotic lesions with brown or black color and size around 90.8 cm2. 
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DISCUSSION 

Bacterial strain (AS1) was isolated from branch of cocoa tree. When evaluated using dual culture test, AS1 

recorded over 80% suppression of P. palmivora. In the current study, based on our sequence data, AS1 was 

identified as P. aeruginosa, which showed nucleotide identity between 99 and 100%. According to culture filtrate 

test, P. aeruginosa recorded a suppression of P. palmivora over 100%. Identification of endophytic bacteria 

through bacteriological approaches like morphological and biochemical characterization has been largely used in 

many studies (Silva and Nahas 2002). P. aeruginosa strain obtained from the cocoa tissues was examined for 

mechanisms involved in biocontrol and plant growth promoting activities. P. aeruginosa was able to produce 

biosurfactants and a volatile metabolite that were involved in the growth inhibition of P. palmivora. These results 

are in agreement with results of Akrofi et al. (2017), who showed that fluorescent Pseudomonas spp. produced 

biosurfactants that inhibited mycelial growth of P. megakarya and P. palmivora. As per the GC-MS, the result 

demonstrated the presence of 102 different compounds by P. aeruginosa. The chromatogram library lines and hits 

of P. aeruginosa showed that three of the bioactive compounds revealed high peaks with antifungal activity. 

Detached cocoa pod test confirmed the effectiveness of P. aeruginosa isolate in reducing black pod lesion. In our 

study, complete inhibition of pod rot lesion was observed on the P. aeruginosa pretreated detached cocoa pods. 

Complete inhibition of P. palmivora could be due to the production of biosurfactants by the P. aeruginosa. 

Efficacy of P. aeruginosa was on par with Halexyl 25 WP fungicide, suggesting that P. aeruginosa isolate could 

be used to manage P. palmivora on cocoa. 

CONCLUSION 

P. aeruginosa was successfully isolated from the cocoa plants.  The growth inhibition obtained by P. aeruginosa 

isolate in the dual culture test indicated that they have the potential to produce essential metabolites to control the 

pathogen. This study showed that P. aeruginosa had significant antifungal activity against P. palmivora. 
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pretreated with sterile distilled water (control). 
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Banana is one of the in-demand fruit in the world and possess among the top ten fruit commodities in Southeast 

Asia, Africa and Latin America (FAOSTAT, 2013). Bananas belong to Musaceae family under the genus Musa 

and categorized as perennial herbaceous monocots (Darvari et al., 2010). In Malaysia, bacterial wilt has been 

identified as one of the main constraints for banana production. Blood Disease Bacterium (BDB) is a gram 

negative bacteria that caused Banana Blood Disease (BBD) which identified as one of the most important 

pathogen of banana (Musa sp.) which could infect almost all cultivated banana varieties.The disease symptoms 

were wilting of leaves, discoloration of vascular tissues and eventually leads to plant death. The objective of this 

study is to identify and quantify effector protein(s) of BDB in selected media. From this study, findings indicated 

that 17 potential virulent proteins were obtained from virulence inducing media (M63). Prediction of virulence 

characteristics shows that the only five proteins were found to be effector proteins of BDB. The proteins were 

Signal peptidase, Lipoprotein, Uncharacterized protein, Membrane protein and Serine protease. In conclusion,  

analysis revealed five virulent proteins, namely Signal peptidase, Lipoprotein, Uncharacterized protein, 

Membrane protein and Serine protease associated with the virulenceof BDB. 

 
Keywords: Banana, Blood Disease Bacterium, Effector, Protein, Virulent 

 
 
INTRODUCTION 

 

In Malaysia, banana (Musa spp.) is an economically important fruit and ranks one of the major planted fruit crops 

with 26,000 ha and 530,000 tonnes production per year (FAOSTAT, 2014). Malaysia is one of the origin country 

of banana which has a great variety of banana species, around 50 types including the commercial varieties such 

as Berangan, Rastali, Nangka and Abu Nipah which belong to three genome types in Musa (AAA, AAB, and 

ABB) (Darvavi et al., 2010). In Malaysia, bacterial wilt disease is caused by several phytopathogens which have 

a broad range of hosts. 

 

One of the most important diseases in bananas is banana blood disease (BBD). It is the destructive disease of 

bananas in Malaysia. This disease is caused by bacteria pathogen that causes quality and yield decline in banana 

production. Report from FAOSTAT, (2014), showed that in 2007 the yield of banana production decrease to about 

100,000 tonnes per year. Recent survey carried out by the Department of Agriculture (DOA)in state of Johor, 

stipulated that 61% of the banana plants in the surveyed areas (3200 ha) were affected by the BBD. The causative 

pathogen is Blood Disease Bacterium (BDB). To further understand the biology of the pathogen, research was 

carried out to discover the effector proteins associated with virulency of BDB. Effector protein is a secreted protein 

that are responsible in pathogenesis and virulency of a pathogen (Green & Mecsas, 2016). In this study, 

computational prediction using bioinformatics tools were also carried out to discover and explore bioinformatics 

of BDB via examining in silico data of the proteins function. This data is very important fundamental information 

for the development of disease resistant variety of banana. The aim of this study is to identify and quantify 

potential effector protein(s) of BDB. 

 

METHODS 
 
Quantification of BDB Proteins 

Ralstonia sygyzii subs. Celebensis A2 HR MARDI strain was used for protein extraction. Extracellular protein 

extraction was performed using methanol: chloroform precipitation method (Wessel and Fludge, 1984). 

Supernatant of BDB was then passage through a non-pyrogenic, 0.22 µm filter and then extracted with 0.3 volume 

of chloroform:methanol (2:1). Then, the extracellular proteins were concentrated by precipitation with 10% 

(wt/vol) ice-cold trichloroacetic acid (TCA) and incubated in -20˚C freezer for two days. After that, the 
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concentrated supernatant was centrifuged for 30 minutes at 16,000 rpm in Nalgene bottle to separate the 

supernatant and precipated protein. The supernatant was then discarded and the precipated protein was washed 

using cold acetone two times. Precipated protein was allowed to drain in order to remove liquid as much as 

possible. Then, it was lysed with 500µl Bugsbuster lysis buffer (Bugbuster® Protein Extraction Novagen) and 10 

µl protease inhibitor (PierceTM Protease Inhibitor Mini Tablet Thermo Scientific) was added and the lysed sample 

was transferred to 1.5 ml fresh tube and kept in-20˚C freezer for further used. 

 

Determination of protein concentration 

The concentration of the extracted protein was determined using Lowry protein assay (Vrsanska and Kumbar, 

2015). The assay was conducted by using Protein Assay Reagent A and Protein Assay Reagent B (BioRad 

Laboratory, USA). Initially, a protein standard curve was plotted using different volume of Bovine Serum 

Albumin (BSA) solution as standard. 

 

Detection of protein using SDS-PAGE 

Proteins expressed from supernatant and pellet of both medium were profiled and detected based on their sizes 

by using sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) technique. 

 

Quantitative mass spectrometry (MS) analysis by using Tandem Mass Tags reagent  

The basic components of all isobaric mass tag reagents are (1) a mass reporter (tag) containing a unique number 

of 13C substitutions and (2) a mass normalizer with a unique mass used to make all tags equal in mass. The tags 

were used to quantitate protein expression changes in BDB cell samples and further to LCMS/MS analysisfor 

protein identification. 

 

Protein identification was performed using LCMS/MS. 

 The raw data files were searched against the most recent database for Bacteria downloaded from Uniprot using 

MudPIT option in Proteome Discoverer 1.4 (Thermo Scientific) and the Sequest HT search algorithm.  

 

Bioinformatics analysis on gene ontology  

Analysis on bioinformatics was done using bioinformatics tools (BLAST2GO) to obtain gene ontology of each 

protein identified.  

 

Characterization of virulent protein 

All protein sequences data obtained from protein database were then predicted as virulence protein using five 

known bioinformatics tools which were TargetP, SignalP, GPI-SOM, SSPred, and TMHMM. For domain 

analysis, protein sequences in FASTA format was search using Batch-CDSearch. While for motif analysis, 

MotifFinder and SMART software were used to predict the motif of the identified protein sequences. 

Domain and motif analysis of identified proteins 

For domain analysis, protein sequences in FASTA format was search using Batch-CDSearch. While for motif 

analysis, MotifFinder and SMART software were used to predict the motif of the identified protein sequences. 

 

RESULTS AND DISCUSSION 

 

The identified proteins were then predicted to confirm their roles in pathogenesis (virulence proteins). These 

analysis was performed by using bioinformatics tools which were TargetP, SignalP, GPI-SOM, THMMM and 

SSPRED. These tools have their own categorise of prediction. Protein sequences that fulfilling the four criteria 

were defined as computational secretome or secreted protein; (a) the protein sequences contains an N-terminal 

signal peptide; (b) the protein sequences has no transmembrane domains; (c) the protein sequences has no GPI-

anchor site; and (d) the sequence does not contain the localization signal, which may target mitochondria or other 

intracellular organelles (Jing, et al., 2017). Based on the prediction, only five proteins were indicated as virulence 

proteins which were Signal peptidase, Lipoprotein, Uncharacterized protein, Membrane protein and Serine 

protease.  

 

TargetP tool was used to predict the subcellular location of eukaryotic proteins. The location was based on the 

predicted presence of any of the N-terminal presequences: chloroplast transit peptide (cTP), mitochondrial 

targeting peptide (mTP) or secretory pathway signal peptide (SP) (Emanuelsson et al., 2007). Our findings 

revealed that no proteins were located at cTP. But they were probably located either in the mTP or SP region. 

Four of the proteins appeared in mTP were Type IV pilus signal transduction, Flagellin, Uncharacterized proteins 

(A0A0X3QT93) and Cell surface protein. While, six proteins were located at the SP were Signal peptidase, 

Lipoprotein, Uncharacterized protein (U3G6X4), Amino acid transporter, Membrane protein, and Serine protease. 



57 | P a g e  
 

The location of another seven proteins were not in the search database. Effector proteins are particularly important 

in bacterial pathogenesis. These proteins have a wide range of biological functions from host cell toxicity to more 

subtle alterations of the host cell for the benefit of the invader. The significant of protein secretion to bacterial 

pathogens was to attack the host plant as virulence purposes (Wooldridge, K., 2009).  

 

SignalP tools was used to predict the presence of the signal peptide in the identified proteins.  Signal peptides is 

responsible for targetting the protein of interests to endosplasmic reticulum in eukaryotes cell and to membrane 

cytoplasm in prokaryotes. Further, analysis was conducted and the findings showed that, seven from 17 identified 

proteins with signal peptides. According to Rapoport, (1992) amino terminal signal peptides are responsible for 

transporting the virulent factors. Secretory proteins with the signal peptides are transported via general secretion 

pathway (Sec-pathway) (Natale et al., 2008). Pathogen secretory proteins and host plant defense interactions 

involve complex signal exchanges at the plant surface and at the interface between the pathogen and the host 

(Pamiske, 2000; Hanh et al., 2001). According to the signal peptide hypothesis by Blobel and Sabatini, (1971) 

secretory protein destination is determined by its signal peptide. The signal peptide will be cleaved off when the 

protein reaches its destination. 

 

While GPI-SOM was used to predict the presence of GPI-anchor signals by Kohonen Self Organizing Map. In 

combination with SignalP, GPI-SOM was used in proteomics surveys for GPI-anchored proteins in diverse 

eukaryotes. Glycosyl Phosphatidyl Inositol (GPI)-anchored proteins, including an N-terminal signal sequence and 

a C-terminus containing a GPI anchor attachment site (ω-site). GPI anchored proteins (GpiPs) are linked to plasma 

membrane via preformed GPI anchor that was added to the protein in the endoplasmic reticulum by a transamidase 

enzyme complex (Tiede et al., 1999). Another criteria of effector protein is GPI-anchor site must be absence to 

be part of this protein type. The results, showed that GPI-anchor was only presence in four of the identified 

proteins and absence in the other 13 proteins. This indicated that most of the identified proteins have a possibility 

to be grouped as effector proteins. 

 

TMHMM was used to predict the presence of transmembrane helics based on Hidden Markov Model (HMM). 

This tools could predict the full topology of proteins including the number of transmembrane helices and their in 

and out orientation relative to the membrane (Von Hejine, 1999). Effector proteins must not have transmembrane 

domains. For this prediction, the results showed that only uncharacterized proteins (A0A0X3QT93) was predicted 

as transmembrane protein while the other 16 proteins are not transmembrane protein. It can be concluded that the 

16 proteins can be potential secreted proteins. 

 

SSPred is a prediction server based on support vector machine (SVM) for automated functional annotation of 

proteins involved in a secretion system and further classified them into five major sub-types (Type-I, Type-II, 

Type-III, Type-IV and Sec systems). SSPred obtained from database of Kegg and SwissProt (Pundhir and Kumar, 

2011). Analysis of SSPred revealed that, eight proteins were involved in secretion system while other nine proteins 

were not in this secretion pathway. Secreted proteins can play many roles in promoting bacterial virulence, from 

enhancing attachment to the cells, to scavenging resources in an environmental niche, to directly intoxicating 

target cells and disrupting their functions. Many pathogens use dedicated protein secretion systems to secrete 

virulence factors from the cytosol of the bacteria into host cells or the host environment (Green & Mecsas, 2016). 

Detail results are summarized in Table 1.0 

 

 

 

 

Table 1.0: Effector protein identification and location of the 17 putative virulent proteins 

Protein Names TargetP SignalP GPI-SOM TMHMM SSPred 

Signal peptidase  SP Present  Absent NTP Present 

Beta 1,4-endoglucanase - Absent Absent NTP Absent  

Lipoprotein OS SP Present Absent NTP Present  

Type 1V pilus signal 

transduction protein 

mTP Absent Present NTP   Present 

 

Uncharacterized protein  SP Present Absent NTP Present 

Amino acid SP Present Present NTP Present 

Flagellin mTP Absent Present NTP Absent 

Peptidase  - Absent Absent NTP Present 

Membrane protein  SP Present Absent NTP Present  

Extracellular protease  SP Present Absent NTP Absent  
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SP;Secretory Pathway; mTP: Mitochondrial Targeting Peptides;  

NTP: Non Transmembrane Protein 

 

 
CONCLUSIONS 
 
Findings revealed that 17 proteins were up-regulated in virulence inducing media. Gene ontology showed that 

these proteins were involved in different vocabularies of gene ontology such as biological process, molecular 

function and cellular component of BDB cell. Information obtained from five bioinformatics tool showed that 

five of the 17 proteins were identified as virulence proteins. Based on domain and motif analyses found that five 

proteins were virulence proteins of BDB namely Signal peptidase, Lipoprotein, Serine protease, uncharacterized 

protein and Membrane protein. 
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Serine protease SP Present Absent NTP Present  

Endoglucanase  SP Present Absent NTP Absent  

Uncharacterized protein  mTP Absent Absent TP Absent  

Cell surface protein mTP Present Absent NTP Present  

ABC transporter  - Absent Absent NTP   Absent 

Peptidase C45  - Absent Absent NTP Present  

Glutamine synthetase - Absent Absent NTP Absent 
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Underutilized indigenous edible plants (mainly herbs) play a crucial role to ensure food security, environmental 

services, nutrition, health and income generation to the rural poor. Neurodegenerative diseases have been a rising 

lethal threat to human being. Research has shown that susceptibility of an individual to neurodegenerative diseases 

depends on the antioxidant status of the body. Therefore, exploring effective antioxidants from the natural sources 

are vital to sustain human health. In this study, the antioxidant compounds; Total Phenolic Content - TPC, Total 

Flavonoid Content - TFC, Total Carotenoid Content - TCC, β-carotene content, antioxidant activities; Ferric 

Reducing Antioxidant Power - FRAP activity and 1,1-Diphenyl-2-Picrylhydrazyl - DPPH activity and major 

macro- and micro minerals contents of three underutilized medicinal herbs; Portulaca oleracea L., Peperomia 

pellucida L. and Trianthema portulacastrum L. were investigated. Regarding antioxidant compounds, T. 

portulacastrum showed the highest value (TPC = 2.67 ± 0.45 mg/g; TFC = 0.34 ± 0.05 mg/g; TCC = 0.047 ± 

0.003 mg/g; β-carotene = 1.90 ± 0.10 mg/g). Regarding antioxidant activity, FRAP activity value was the highest 

in T. portulacastrum (20.63 ± 0.01 mg/g); while for DPPH activity P. pellucida exhibited the highest activity (IC50 

= 7 µg/ml) compared to others. Among the major macro minerals, K was found to be the most abundant being the 

highest in P. oleracea (55.470 ± 0.481 g/kg). While for the micro minerals, Mn was found to be highest in P. 

pellucida (0.251 ± 0.002 g/kg). The results suggested that these three herbs can be recommended as fresh and 

natural sources of antioxidant compounds and mineral contents.  
 
Keywords: Phenolic contents, flavonoid contents, carotenoid contents. FRAP assay, DPPH assay, micro-macro 

minerals. 

 
INTRODUCTION 

 

The term ‘underutilized’ is commonly refer to species whose potentials have not been fully exploited (Srivastava 

et al. 2018). Generally, herbs have been traditionally used for medicinal purposes as they have numerous 

biologically active compounds (Gaddeyya and Kumar 2015). A sizable proportion of these underutilized herbs 

are not cultivated; collected from the wild and are adapted to adverse climatic conditions and marginal to low-

input agriculture (Capuno et al. 2015). They show wide substantive biodiversity and are nutritious as they are 

valued sources of antioxidants and minerals. They are also high in fiber and extremely low in fat and carbohydrates 

(Mohiseni 2017). Appropriate valuation and adequate extraction of antioxidants from those underutilized herbs 

are essential to examine the concealed antioxidant compounds and stimulate the utilization in functional foods, 

pharmaceuticals and food additives. Portulaca oleracea L. is an annual herbs from Portulacaceae family, is being 

treated as an aggressive weed of vegetables and other crops commonly found in most corners of the globe. It is 

the eighth most common plant distributed throughout the world, because of their exceptional heat- and drought-

tolerance (Anastacio and Carvalho 2013). Owing to its alimentary and medicinal significance this plant has 

already been proved as a prospective vegetable crop for human consumption by various researchers and 

nutritionists (Alam et al. 2014, 2015, 2016;). In Malaysia the weed Peperomia pellucida L. is varyingly known as 

Tumpang angina, Sirih cina, Căo hú jīao or Ketumpangan air under Piperaceae family. Traditionally varied types 

of infusions and decoctions are prepared from P. pellucida to treat gout arthritis as well as gastric ulcers, high 

cholesterol, skin related problems such as acne and wounds (Rojas-Martínez et al. 2013). On the other hand; 

Indian and African cultures has historically valued the horse purslane (Trianthema portulacastrum L.), for its 

numerous medicinal effects (Yamaki et al. 2016). The three underutilized herbs mentioned above have been 

mailto:ashukor@upm.edu.my
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claimed to be rich in bioactive compounds and numerous medicinal properties, however, systematic information 

is scanty regarding their nutritional compositions. Therefore, this experiment was operated to quantify their 

antioxidant attributes and major macro and micro minerals nutrient status. 

 

METHODS 

 

Planting materials, transplanting and collection of sample - The study was accompanied in a net house of 

Universiti Sultan Zainal Abidin (UniSZA) at the Faculty of Bioresources and Food Industry (FBIM) from January 

to December 2018 and all type of chemical investigations were conducted at the Food Industry Laboratory, FBIM, 

UniSZA, Malaysia. The seedlings of P. oleracea, T. portulacastrum and P. pellucida were collected from 

surrounding area of the campus and transplanted into plastic pots (39 cm x 22 cm) filled with prepared soil @ the 

ratio of 3:2:1 mixing top soil, sand and organic matter, respectively with three replicates following Randomized 

Complete Block Design (RCBD). Shoots and leaves from each plant was collected before flowering for the 

detailed analysis of antioxidant compounds, antioxidant activities and major macro and micro minerals.  

 

Sample preparation and extraction - The freshly harvested plant samples were washed properly and left for two 

hours at room temperature. Then the collected samples were oven dried at 60 °C and blended using a lab blender 

mill. For extraction the powdered samples were prepared using the methods reported by Alam et al. (2015) with 

minor changes.  

 

Antioxidant Compounds Determination - Total Phenolic Compounds (TPC) Determination was done following 

Folin-Ciocalteu method used by Alam et al. (2015) with slight changes. Total flavonoid content (TFC) was 

quantified using colorimetric analysis depicted by Abu Bakar et al. (2009). Total carotenoid content (TCC) was 

measured following the techniques used by Alam et al. (2015) with slight changes. And ß-carotene content from 

studied sample was measured following AOAC international standard methodology (Association of Analytical 

Chemists, no. 970.64) and measurement was done using UV-VIS mini spectrophotometric absorbance at 436 nm 

wavelength in comparing with beta-carotene standard solution. Finally ß-carotene contents in sample extracts 

were stated in mg/100g fresh weight. The analysis of every sample was repeated three times.  

 

Antioxidant activity determination - FRAP (Ferric reducing antioxidant power assay) measurement as 

antioxidant activity was operated following the methods of Alam et al. (2015) with slight changes from the 

blended composition of FRAP reagent. UV spectrophotometer (UV-1650 PC Spectrophotometer, Japan) was 

utilized to record the absorbance’s of the mixture at 594 nm. The absorbance reading values for FRAP activities 

were presented in milligram (mg) Trolox per gm, produced from the standard curve. The free radical scavenging 

activity was determined using DPPH (1,1-Diphenyl-2-Picrylhydrazyl) assay following the methods used by Alam 

et al. (2015) with minor changes and the absorbance’s were documented at 517 nm using a microplate reader 

(Thermo Scientific™ Varioskan™ LUX microplate reader - UK). Trolox were used as standard with different 

concentrations (0.005-0.5 mg mL-1). The radical scavenging of the inhibition percentage was estimated using the 

equation below; 

 

 
 

IC50 value (sample concentration that is needed to scavenge 50% of free radical) was estimated from the 

percentage inhibition graph and compared with the standard. Three replicates of each sample was tested for every 

test and the result was expressed in mg/mL. 

 

Major macro and micro mineral analysis – Among the major micro-macro minerals Calcium, Potassium, 

Phosphorus, Magnesium and Nitrogen was determined using dry ashing method. The extracted sample was 

examined by applying ICP-OES - Inductively Coupled Plasma Optical Emission Spectrometry. The analysis of 

every sample was repeated three times.  

 

Statistical Analysis - SPSS software (version 21) was applied to evaluate the recorded data. Significant 

differences between treatments were evaluated applying one-way ANOVA. LSD test was used to compare and 

separate treatment means when F value was significant at the P ≤ 0.05 probability level.  
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RESULTS 

 

Total phenolic compounds (TPC) - Total phenolic contents significantly varied (p < 0.05) among the three 

species being the highest in T. portulacastrum (2.67±0.45 mg g-1) followed by P. pellucida (1.96±0.08 mg/g) and 

P. oleracea (1.63±0.22 mg/g), respectively (Fig. 1). The total phenolic content in T. portulacastrum was about 

163% higher than P. oleracea and about 136% higher than that of P. pellucida. On the other hand, P. pellucida 

had 120% higher content of TPC over P. oleracea. (Fig. 1a). 

 

Total Flavonoid Compounds (TFC) - TFC in T. portulacastrum was remarkably and significantly (p ≤ 0.05) 

higher (0.34±0.05 mg g-1) compared to the other two species (Fig. 1b). TFC in P. pellucida and P. oleracea were 

statistically similar (around 0.10 mg g-1). The TFC in T. portulacastrum had about more than 340% over the other 

two species. 

 

Total Carotenoid Content (TCC) - Among the three species, the highest amount of carotenoid content (0.047 ± 

0.003 mg g-1) was recorded in T. portulacastrum (Fig. 1c). Statistically similar Carotenoid contents was detected 

both in P. oleracea (0.024 ± 0.07 mg g-1) and P. pellucida (0.021 ± 0.002 mg g-1), but T. portulacastrum showed 

significantly (p ≤ 0.05) lower TCC compared to other two species. 

   

ß - Carotene Content - The ß-carotene contents significantly (p < 0.05) varied between the three species being 

the highest in T. portulacastrum (1.9 ± 0.10 mg g-1), followed by Peperomia pellucida (1.48 ± 0.005 mg g-1). 

Significant and remarkably lowest content of ß-carotene was recorded in P. oleracea (0.11 ± 0.06 mg g-1). ß-

carotene in T. portulacastrum, species was about 17- and 13-folds higher compared to P. pellucida and P. oleracea 

respectively (Fig. 1d).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 1. a) Total phenolic contents (mg/g), b) total flavonoid contents (mg/g), c) total carotenoid contents (mg/g) 

and d) ß-carotene contents (mg/g) of the three underutilized medicinal herbs. Data are presented as mean (± SE) 

over replicates. Means with different lower case letters are significantly different at p < 0.05. 

 

Antioxidant activities determination 

FRAP - Ferric reducing antioxidant power assay - FRAP values significantly (p < 0.05) and greatly varied 

between the three species. T. portulacastrum had the highest FRAP value (20.63 ± 0.01 mg/g) followed by 

Peperomia pellucida (6.14 ± 0.01 mg/g) and P. oleracea (1.61 ± 0.05 mg/g; Fig. 5). Among the three species, T. 

portulacastrum had 3- and 20-fold higher FRAP activity compared to P. pellucida and P. oleracea species, 

respectively (Fig. 2).  

 

1, 1-Diphenyl-2-Picrylydrazyl (DPPH) activity assay - The maximum DPPH activity was exposed by the 

extracted sample of P. pellucida (IC50 = 7 µg/mL), followed by T. portulacastrum (IC50 = 28 µg/mL). P. oleracea 
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showed the lowest DPPH activity (IC50 = 46 µg/mL) (Fig. 3). Among the three species the variation for IC50 values 

were highly significant (p≤0.5) and the lowest the IC50 value represents the highest DPPH activity. The ability of 

tested composites to scavenge the radicals independently from any enzymatic activity is the representative of the 

bleaching of DPPH absorption. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Inhibition percentage (%) by IC50 of the three underutilized medicinal herbs in different concentrations 

for DPPH free radical scavenging assay. PO = P. oleracea, PP = P. pellucida and TP = T. portulacastrum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. FRAP activity values (mg/g) of the three underutilized medicinal herbs. Data are presented as mean (± 

SE) over replicates. Means with different lower case letters are significantly different at p < 0.05. 

 

Major Macro and Micro Mineral analysis - Macro-micro minerals analyses results revealed significant (p < 

0.05) and remarkable variations in macro-minerals (P, K, Ca, Na and Mg) among the three underutilized medicinal 

herbs. However, micro-minerals (Fe, Zn and Mn) differences were not significant (Table 1). Phosphorus contents 

ranged between 2.28 - 8.89 g/kg being the highest in P. pellucida (8.89 g/kg) followed by P. oleracea (7.97 g/kg). 

Around 2-fold K content was recorded in P. oleracea (55.47 g/kg) compared to other two species. Calcium content 

was the highest in P. pellucida (0.25 g/kg) followed by T. portulacastrum (0.13 g/kg). P. oleracea had the lowest 

content of Ca (0.09 g/kg). Remarkable differences (0.23 – 23.87 g/kg) in Na contents were observed among the 

three species being the highest in T. portulacastrum (23.87 g/kg) and the lowest in P. oleracea (0.23 g/kg).  P. 

pellucida had significant and remarkably higher amount of Mg (8.89 g/kg) compared to the other two species. T. 

portulacastrum and P. oleracea had respectively 2.26 and 1.94 g/kg Mg contents which were significantly (p < 

0.05) different (Table 1).    
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Table 1. Selected macro and micro minerals composition of the three underutilized medicinal 

herbs. 

Plant Species 
P. oleracea P. pellucida T. portulacastrum 

g/kg (on dry extract basis)  

P 7.97 ± 0.051b 8.89 ± 0.057a 2.78 ± 0.044c 

K 55.47 ± 0.481a 27.56 ± 0.160b 26.01 ± 0.166b 

Ca 0.09 ± 0.002c 0.25 ± 0.001a 0.13 ± 0.002b 

Na 0.23 ± 0.001 c 8.16 ± 0.10 b 23.87 ± 0.163a 

Mg 1.94 ± 0.008c 9.95 ± 0.106a 2.26 ± 0.019b 

Fe 0.22 ± 0.001a 0.16 ± 0.002b 0.17 ± 0.003b 

Zn 0.04 ± 0.001b 0.14 ± 0.001a 0.04 ± 0.000b 

Mn 0.04 ± 0.001b 0.25 ± 0.002a 0.02 ± 0.000c 

Note: Data are presented as mean (± SE) over replicates. Means with different lower case letters in a row are 

significantly different at p < 0.05. 

 

 

DISCUSSIONS  

 

In this study antioxidant compounds, antioxidant activities and mineral contents of three underutilized medicinal 

herbs were investigated. The results revealed that those three underutilized medicinal herbs contained significant 

amounts of antioxidants and major- and micro mineral nutrients. The results clearly demonstrated that all the three 

herbs possessed significant amounts of total phenolic compounds and T. portulacastrum had the highest amount 

of TPC (2.67±0.45 mg/g, Fig. 1) compared to the other two species. Phenolic compounds are extensively dispersed 

in plants (Alam et al. 2018) and have extended much consideration as for their capability to destroy free radicals. 

Generally, flavonoids have higher antioxidant activities against peroxyl radicals than phenolic acids owing to 

multiple hydroxyl groups (Yashin et al. 2017). Antioxidants have very imminent significance to human health for 

their physiological activities, including antimutagenic, antitumor and anticancer (Lee et al. 2017; Yashin et al. 

2017). Significant (p < 0.05) variations for TFC were detected in T. portulacastrum compared to the other two 

species (Fig. 2). Greater contents of flavonoid compounds in T. portulcastrum indicated greater contents of 

bioactive compounds in that species and thus greater antioxidant activities that associated to the capability of 

hydrogen donating and stabilizing the phenoxyl radicals (Zhu et al. 2017) and playing their significant 

performance as antioxidant agent and scavenge the free radical reaction. Total carotenoid contents, particularly ß-

carotene contents, differed greatly among the three herbs with greater contents in T. portulacastrum highlighting 

their inherent genetic differences. According to Kiokias et al. (2018), carotenoid rich compounds most 

proficiently reacts with peroxyl radicals which are produced under oxidative environments and act a significant 

function for the safeguard of the cellular membrane and lipoprotein alongside oxidative injury. Carotenoids also 

protect the skin against photo oxidative damage. Beta-carotene is not only the most plentiful and essential 

carotenes but also as a dietetic origin of vitamin A (Toti et al. 2018). A clear positive correlation was noticed 

between DPPH inhibition percentage (%) and contents of TPC. As the total phenolic content increased, the 

inhibition percentage (%) of DPPH free radical increased. The highest DPPH scavenging activity in P. pellucida 

was exhibited may be for its greater proportion of TPC which may had greater impacts on the scavenging activities 

of that species. The lower IC50 value of P. oleracea may be due to its low phenolic contents that also afflicted the 

scavenging activities of this species. According to Rabeta and Faraniza (2013), FRAP assessment has been utilized 

to determine the antioxidant activity and the reaction is reproducible and linearly correlated to molar concentration 

of those antioxidants. Antioxidant capacity increased as FRAP value increased. Significant amounts of K contents 

were recorded in all species however, remarkable content was in P. oleracea. (Alam et al. 2016) also reported 

greater amount of K in P. oleracea. Among the other macro minerals, greater amounts of P Ca and Mg were in P. 

pellucida. Micro minerals (Mn, Fe and Zn) though did not vary among the species, contents were comparable 

with other popular leafy vegetables in the study area. Vegetables are very a unique sources of indispensable bio-

chemicals and important nutrients such as vitamins, ascorbic acid, carbohydrates, carotene, Ca, Fe, and substantial 

concentrations of trace elements (Uddin et al. 2012; Sunita 2015). 

 

CONCLUSION 

 

This study demonstrated that the three underutilized medicinal herbs had significant amounts of varied antioxidant 

compounds, antioxidant activities and major macro and micro minerals. Overall T. portulacastrum contained the 

maximum TPC, TFC, TCC and beta-carotene contents in comparison with the other two species owing to the 

higher contents of phenolic compounds in T. portulacastrum.  However, regarding antioxidant activity, the highest 

DPPH activity was detected in P. pellucida while the highest FRAP activity was determined in T. portulacastrum.  
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A clear positive correlation was noticed between DPPH inhibition percentage (%) and contents of TPC. As the 

total phenolic content increased, the inhibition percentage (%) of DPPH free radical increased. Regarding mineral 

constituents, P. oleracea contained the highest amount of K, whereas P. pellucida had the highest most other 

macro-micro minerals content compared to the other two species. Taken together, the findings suggested that the 

three underutilized medicinal herbs can be recommended for human consumption as rich sources of natural 

antioxidants and minerals.  
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Phytoplasma infecting pumpkin were recorded and characterized in Brazil and Australia. In Australia Candidatus 

Phytoplasma australiense was detected and it belongs to 16Sr Group XII, while phytoplasma identified in Brazil 

belongs to 16Sr Group III. Typical phytoplasma symptoms, which includes abnormal, small and yellowing leaves, 

shorten inter nodes, stunting and floral malformation were observed in pumpkin vines grown in Selangor, 

Malaysia. Nested Polymerase chain reaction for 16SrRNA, SecA and rp genes  revealed that the symptomatic 

vines were infected with phytoplasma. According to the sequence homology and similarity coefficient derived 

from Restriction Enzyme Length Polymorphism of PCR amplicons of 16SrRNA, phytoplasma includes 16Sr 

groupI. BLAST analysis of the 16S rDNA sequences revealed that the detected phytoplasma from pumpkin 

displayed 99.7% sequence identity with the Cucurbita Pepo’ Witches’ broom phytoplasma (KT471168) and 

belongs to group 16SrI, “Candidatus Phytoplasma asteries”. A detailed comparison of the virtual RFLP pattern 

of cloned 16S rDNA gene sequence derived from the detected phytoplasma exhibited 97% similarity coefficient 

with reference patterns of all previously established 16SrI subgroups, therefore this strain may represent a new 

subgroup within the 16Sr group I. Computer simulated RFLP analysis of the F2n/R2 fragments accomplished 

with 17 restriction enzymes applying iPhyClassifier and based on the differences between virtual RFLP patterns, 

the key restriction enzyme which can distinguish the new subgroup pattern from previously recognized subgroup 

band pattern is HinfI with a unique profile. It indicated that the diseased plants were infected by new subgroup of 

16SrI phytoplasma. ‘Candidatus Phytoplasma asteries’ is reported to infect several plant species in Malaysia but 

to our knowledge this is the first report of pumpkin infected with “Ca P. asteries” related strain in Peninsular 

Malaysia. 

Keywords: phytoplasma, RFLP, 16Sr groupI 

 

INTRODUCTION 

Pumpkin is an important tropical vegetable crop grown all around the world because of its high yield, good storage 

life and high nutritive value. Cucurbita moschata and Cucurbita moschata Duchesne are the most commonly 

grown pumpkin species in Malaysia. During November and December 2018, Cucurbita moschata Duchesne vines 

showed symptoms of abnormal, small and yellowing leaves, shorten internodes, stunting and flower development 

abnormalities. These symptoms are associated with phytoplasma infection. 

Phytoplasma belongs to class Mollicutes of prokaryotes, are wall less obligate intercellular plant pathogen. 

(Seemuller et al.1998). Since they are unculturable, traditional culture methods can’t be used. (Bove´ and Garnier, 

1998). Instead, DNA based methods have been widely used for detection and characterization of phytoplasma in 

different hosts. Classification of phytoplasma has been based on the Restriction Enzyme Length Polymorphism 

and sequence analysis of the 16SrRNA ribosomal protein since it is highly conserved (Lee et al., 1998; Seemuller 

et al., 1998). According to this classification there are 30 groups and more than 100 sub groups of phytoppasma 

up to date (https://plantpathology.ba.ars.usda.gov/pclass/pclass_phytoplasmaclassification_system2.html). 

Subgroups are defined based on the RFLP pattern of 16SrDNA.  If one or more patterns are deviated from the 

other members of the same group it considers as a new sub group (Seemuller et al., 1998).  

Among different phytoplasma groups ‘Candidatus phytoplasma asteris’ (yellow disease phytoplasmas) are 

associated with over 100 economically important diseases worldwide. It represents the most diverse and 

widespread phytoplasma group.  (Lee & Davis, 2000; McCoy et al., 1989).  

https://plantpathology.ba.ars.usda.gov/pclass/pclass_phytoplasmaclassification_system2.html
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MATERIALS AND METHODS 

Cucurbita moschata Duchesne samples showing typical phytoplasma symptoms were collected from Selangor 

state, Malaysia and indexed for phytoplasma. Total DNA was extracted from symptomatic and asymptomatic 

samples by using CTAB method (Zhang et al 1992). Two primer pairs were used for nested PCR to amplify the 

16S ribosomal RNA gene. The primer pair P1/P7 (Deng & Hiruki, 1991) was used to amplify 1.8 kb fragment 

and followed by R16F2n/ R16R2 (Gundersan and Lee, 1996) to amplify 1.2 kb fragment. Primers rp1/rp2 

(Nakamura et al. 1996) followed by rp3/ rp 4 were used to amplify the rp gene and secAFor1 / secARev3 and 

secAFor2/ secARev3 primers (Hodgetts et al 2008) were used to amplify the SecA gene. PCR products of 0.75 kb 

and 0.48 kb were obtained from secA and rp genes respectively from all symptomatic samples.  

R16F2N/R16F2 pimers were cloned into TOPO 2.1 vector and sequenced bidirectionally. The sequences were 

assembled using sequence scanner V.1 and Bio edit (Hall,2001) and compared with public data base, NCBI 

BLAST (http://www.ncbi.nlm. nih.gov/BLAST/Blast.cgi). The nucleotide sequence was deposited in NCBI under 

the accession number MN585898. Using iPhyClassifier, the online tool for phytoplasma classification 

(https://plantpathology.ba.ars.usda.gov/cgi-bin/resource/iphyclassifier_legacy.cgi), the 16SrDNA sequence was 

analyzed. Virtual Restriction Enzyme Length Polymorphism was done to characterize the phytoplasma further. 

 

RESULTS AND DISCUSSION 

Infected pumpkin vines showed the typical phytoplasma symptoms, plants with severe stunting, leaf size 

reduction, shoot proliferation and flower abnormalities.  

 

 

 

 

 

 

 

Figure 1. Symptomatic Cucurbita moschata Duchesne affected by phytoplasma. 

Symptomatic samples collected from Selangor state were tested and positive PCR results were obtained. 

Fragments of 1.8 kb and 1.2 kb were obtained by PCR using universal primer pairs P1/P7 and R16F2n/ R16F2, 

which amplify the 16SrRNA gene. While 1.2 kb and 0.75 kb obtained by amplifying the rp gene using rp1/rp2 

and rp3/rp4 respectively. Semi nested PCR was applied for SecA gene and SecAFor1/ SecARev3 and 

SecAFor1/SecARev3 primers used to obtained the 0.84 kb and 0.48 amplicons.  These fragments were obtained 

from the symptomatic pumpkin samples only. Positive control generated an identical fragment. No fragments 

obtained from  non-symptomatic  samples.  

16SrDNA sequence was deposited in the Gene Bank database under accession number MN585898. The sequence 

comparison reveal  close relationship to Cucurbita Pepo’ Witches’ broom phtoplasma (KT471168) with 97.7% 

identity which belongs to 16SrI group.  The R16F2n/R16R2 primed fragment (MN585898) was subjected to in 

silico restriction digestion using iPhyClassifier, the online tool for phytoplasma classification 

(https://plantpathology.ba.ars.usda.gov/cgi-bin/resource/iphyclassifier.cgi). According to that classification this 

phytoplasma belongs to ‘Candidatus Phytoplasma asteris’ of new 16SrI sub group. The collective restriction 

https://plantpathology.ba.ars.usda.gov/cgi-bin/resource/iphyclassifier_legacy.cgi
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fragment length polymorphism patterns indicated that 16SrRNA gene sequence derived the detected phytoplasma 

exhibited a similarity coefficient of 97%. It is lower than those obtained among other group members.  This 

significant differences detected, suggested that the phytoplasma infected to pumpkin in Selangor, Malaysia 

belonged to a sub group different from those described so far. Virtual RFLP pattern obtained from 17 restriction 

enzymes showed the unique for the group and exclusive Hinfl restriction site.   

 

 

Figure 2. (a) Virtual RFLP patterns derived from in silico digestion of 16S rDNA by 17 restriction enzymes AluI, 

BamHI, BfaI, BstUI(ThaI), DraI, EcoRI, HaeIII, HhaI, HinfI, HpaI, HpaII, KpnI, Sau3AI (MboI), MseI, RsaI, 

SspI and TaqI. (b) Differentiation between the current pumpkin phytoplasma from representative strains of 

previously delineated 16SrI subgroups by HinfI restriction enzyme which illustrated a unique profile. 

 

CONCLUSION AND RECOMMENDATION 

The pumpkin vines expressing symptoms of abnormal, small and yellowing leaves, shorten internodes, stunting 

and flower abnormalities were infected with phytoplasma. It belongs to new sub group of 16Sr1. This is the first 

record of phytoplasma in pumpkin in Peninsular, Malaysia.  

 

REFERENCES 

Bové, J. M., & Garnier, M. (1998). Walled and wall-less eubacteria from plants: Sieve-tube-restricted plant 

pathogens. Plant Cell, Tissue and Organ Culture, 52(1–2), 7–16. https://doi.org/10.1007/978-94-015-8951-

2_6 

Deng, S., & Hiruki, C. (1991). Amplification of 16S rRNA genes from culturable and nonculturable Mollicutes. 

Journal of Microbiological Methods, 14(1), 53–61. https://doi.org/10.1016/0167-7012(91)90007-D 

Gundersen, D. E., & Lee, I.-M. (1996). Ultrasensitive detection of phytoplasmas by nested-PCR assays using two 

universal primer pairs. Phytopathologia Mediterranea, 35(3), 144–151. Retrieved from 

http://www.jstor.org/stable/42685262 

Hall, T. (2001). BioEdit 5.0.6. Retrieved from http://www.mbio.ncsu.edu/BioEdit/BioDoc.pdf 

Hodgetts, J., Boonham, N., Mumford, R., Harrison, N., & Dickinson, M. (2008). Phytoplasma phylogenetics 

based on analysis of secA and 23S rRNA gene sequences for improved resolution of candidate species of 

“Candidatus Phytoplasma.” International Journal of Systematic and Evolutionary Microbiology, 58(8), 

1826–1837. https://doi.org/10.1099/ijs.0.65668-0 

Lee, I.-M. & Davis, R. E. (1988). Detection and investigation of genetic relatedness among aster yellows and 

other mycoplasma-like organisms by using cloned DNA and RNA probes. Mol Plant– Microbe Interact 1, 

303–310. 

(a) 

(b) 



68 | P a g e  
 

Lee, I. M., Gundersen-Rindal, D. E., Davis, R. E., & Bartoszyk, I. M. (1998). Revised classification scheme of 

phytoplasmas based on RFLP analyses of 16S rRNA and ribosomal protein gene sequences. International 

Journal of Systematic Bacteriology, 48(4), 1153–1169. https://doi.org/10.1099/00207713-48-4-1153 

H. Nakamura, N. Yoshikawa and T. Takahashi, Faculty of Agriculture, Iwate University, Ueda 3- chome Morioka 

020, Japan; N. Sahashi, T. Kubono, and T. Shoji, Tohoku Research Center, Forestry and Forest products 

Research I nstitute, Shimokuriyagama, Morioka, J. (1996). Evaluation of primer pairs for the reliable 

diagnosis of Paulownia Witches’- Broom Disease Using a Polymerase Chain Reaction (pp. 302–305). pp. 

302–305. 

Seemüller, E., Marcone, C., Lauer, U., Ragozzino, A., & Göschl, M. (1998). Current status of molecular 

classification of the phytoplasmas. Journal of Plant Pathology, 80(1), 3–26. 

https://doi.org/10.4454/jpp.v80i1.789 

Zhang, Y. P., Uyemoto, J. K., & Kirkpatrick, B. C. (1998). A small-scale procedure for extracting nucleic acids 

from woody plants infected with various phytopathogens for PCR assay. Journal of Virological Methods, 

71(1), 45–50. https://doi.org/10.1016/S0166-0934(97)00190-0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



69 | P a g e  
 

UPREGULATION OF EXPANSIN-B18 DURING EARLY AND LATE PHASE OF 

GANODERMA BONİNENSE INFECTION IN OIL PALM AND ITS POTENTIAL AS 

INDICATOR GENES 
 

Mohammad Nazri Abdul Bahari1, Siti Nor Akmar Abdullah1,2*, Idris Abu Seman3 Nurshafika 

Mohd Sakeh1 

1İnstıtute of Plantation Studies, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 

nazrischolar@gmail.com  

Corresponding email: snaa@upm.edu.my 

shafikams@gmail.com 
2Department of Agriculture Technology, Faculty of Agriculture, Universiti Putra Malaysia, 43400 UPM 

Serdang, Selangor, Malaysia 

snaa@upm.edu.my 
3Biological Research Division, Malaysian Palm Oil Board, 43000 Kajang, Selangor, Malaysia 

idris@mpob.gov.my 

 

 
The study aims to analyze Elaeis guineensis expansin-B18 mRNA expression in G. boninense-infected oil palm 

seedlings at early phase of infection as well as in palm trees in the plantations with different conditions of basal 

stem rot disease to elucidate its potential as indicator genes during Ganoderma infection through multiplex 

polymerase chain reaction (PCR) and real-time quantitative PCR. The results showed that EgEXPB18 expression 

was significantly different between mock-treated and G. boninense-treated oil palm seedlings during early phase 

of infection. Palm trees without BSR symptoms has distinct EgEXPB18 expression across individual palms, while 

all diseased palms showed high level of expression of this gene. It was suggested that EgEXPB18 is potentially 

useful to be developed as expression indicator during Ganoderma infection. 

 

Keywords: expansin-B18, gene expression, Ganoderma boninense, oil palm, plant stress 

 

INTRODUCTION  

 

Oil palm is the largest agricultural contributor to Malaysia’s economy. For example, palm oil represents 3.8% of 

contribution towards Malaysia’s gross domestic product (GDP) in 2017 worth RM44.8 billion (Yusof, 2019). 

Despite the huge economic importance, oil palm industry is yet suffering from detrimental basal stem rot disease, 

caused by G. boninense as the most prevalent species at oil palm plantations. One of the most promising resolving 

measures until now is through detection of the infection at its early phase and performing treatment procedures. 

To achieve early detection scheme, changes in molecular settings in oil palm during infection such as via gene 

expression analysis is of utmost important. Hence, this study aims to elucidate the expression of expansin, a gene 

that confers plant cell wall loosening and extension, which was previously reported as indicator of plant stresses 

(Nanjo et al., 2013). Polymerase chain reaction (PCR) was done to analyse expression of E. guineensis expansin-

B18 (EgEXPB18) in oil palm seedlings which were artificially infected with G. boninense colonized rubber wood 

block at early phase of infection as well as on oil palm adult trees at different conditions of infection from the 

field. Our results showed that EgEXPB18 was upregulated in oil palm seedlings both from G. boninense-colonized 

RWB and mock treatment samples compared to control. However, G. boninense-colonized RWB treatment gave 

significantly higher gene expression level when compared to mock-treated. Samples from oil palm plantation also 

exhibited differences in EgEXPB18 expressions between healthy-looking and diseased palm. 

 

METHODS 

 

Artificial inoculation of oil palm seedlings with G. boninense 

Four-month-old oil palm seedlings were artificially infected with G. boninense-colonised RWB as reported in 

Idris et al., (2006) and bare RWB as mock treatment in conditionally-controlled glass house. Destructive sampling 

of the roots of samples were performed at 3, 7, and 11-days-post-inoculation (d.p.i) from each treatment. 

Uninfected seedlings were used as control. Each time point consisted of two biological replicates where each 

biological replicate consisted of pooled roots from six plants.  

Field assessment of EgEXPB18 gene expression 

White roots of palm trees (>12 years old) from oil palm plantation at Keratong Pahang, Malaysia was harvested. 

The harvested roots were grouped based on trees from three stages of observable symptoms. Group A: Healthy; 

Group B: Mild with fruiting bodies, no foliar symptom, produce yield, and no stem rotting; Group C: Severe with 

mailto:nazrischolar@gmail.com
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fruiting bodies and foliar symptoms (unopened 1st and 2nd leaves and mid fronds collapse at the petiole), no fruits, 

severe stem rotting. 

 

Isolation of total RNA and polymerase chain reaction 

Total RNA was isolated from each sample according to the method described by Prescott and Martin, (1986) with 

some modifications. Residual DNA was removed by using DNase I (ThermoFisher Scientific, USA) and 

converted into complementary DNA (cDNA) by using SuperScript™ IV First-Strand Synthesis System 

(ThermoFisher Scientific, USA) according to the manufacturer’s protocol. Real-time quantitative PCR (qPCR) 

was done on the artificially infected oil palm seedlings, whereas two-step multiplex PCR was performed on the 

field samples. Multiplex PCR reaction mixtures consisted of cDNA pool, specific primer pairs for EgEXPB18 and 

GAPDH 2, nuclease-free water and 2X KAPA Hifi HotStart Readymix were inserted in thermocycler 

(MyCycler™ Thermal Cycler System with Gradient Option, Bio-Rad, USA) with cycling parameters of 95 °C for 

3 mins; 40 cycles of 98 °C for 20 s, 15 s at 60 °C, 15 s at 72 °C; and 72 °C for 1 min. Cycling parameters of qPCR 

were performed based on protocols described in Bahari et al., (2018).  

 

RESULTS AND DISCUSSION 

 

EgEXPB18 was inducible by both biotic and abiotic stresses and yet both responses were diferentiable. 

Infection of oil palm with G. boninense-colonised RWB showed that EgEXPB18 was upregulated significantly at 

3 and 7 d.p.i and showed reduced upregulation at 11 d.p.i compared to control (Figure 1). Effect of mock treatment 

(bare RWB) also showed significant difference of expression at 3 d.p.i compared to control. However, the 

EgEXPB18 expression in oil palm treated with G. boninense-colonised RWB is significantly higher than mock 

treatment. It can be presumed that expression of expansin-B18 is inducible by both biotic (G. boninense fungus) 

and abiotic (wounding) stress and yet the expression is able to be differentiated between both stresses.  

 

 
Figure 1: Relative expression of Elaeis guineensis expansin-B18 in G. boninense-infected oil palm roots at 

3, 7, and 11 days-post-inoculations (d.p.i) of biological replicate 1 (A) and biological replicate 2 (B) 

compared to control. The expressions of each gene were normalized by reference genes; GAPDH 2, NADH 5 

and ß-actin expression levels. Data are expressed as the mean ± SEM of three individual technical replicates of 

each sample. Each replicate consisted of pooled root from six plants. * P < 0.05 is significantly differed compared 

to corresponding control as assessed by one-way ANOVA analysis followed by Tukey’s test. ns is not significant. 

Different superscript letters between samples (within replicate) indicate significant different (P < 0.05) in mean 

values. RWB: Rubber wood block. 
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EgEXPB18 showed different pattern of expression between healthy-looking and diseased oil palm trees. 

A total of 26 white root samples were harvested from oil palm plantation for gene expression analysis. Twelve 

white root samples of individual palm trees from group A (A1 – A12), while seven white root samples of 

individual palm trees from group B (B1 – B7) and C (C1 – C7) were proceeded with multiplex PCR using  specific 

primers for EgEXPB18 and GAPDH 2 (reference endogenous) genes. Three (A5, A7 and A9) out of twelve of 

healthy palm trees (group A) showed relatively low to absence of EgEXPB18 mRNA level, whereas all palms 

from group B and C showed relatively higher expression of this gene (Figure 2).  

 
 

 
 

 

Figure 2: Gene expression of Elaeis guineensis expansin-B18 (EgEXPB18) of oil palm root samples from oil 

palm plantation in Keratong Pahang, Malaysia. The harvested roots were grouped based on trees from (A) 

healthy; (B) mild with fruiting bodies, no foliar symptom, produce yield, and no stem rotting; and (C) severe with 

fruiting bodies and foliar symptoms (unopened 1st and 2nd leaves and mid fronds collapse at the petiole), no fruits, 

and severe stem rotting. Multiplex PCR reaction mixtures consisted of cDNA pool, specific primer pairs for 

EgEXPB18 and GAPDH 2, nuclease-free water and 2X KAPA Hifi HotStart Readymix. Cycling parameters were 

carried out as 95 °C for 3 mins; 28 cycles of 98 °C for 20 s, 15 s at 60 °C, 15 s at 72 °C; and 72 °C for 1 min. 

 

Expansin is a protein that is recognized to endogenously coordinate pH-dependent and phytohormones-aided 

loosening and extension of plant cell wall (Zhao et al., 2012; McQueen‐Mason et al., 1992; Sun et al., 2005; Cho 

and Kende, 1997; Downes and Crowell, 1998; Cho and Cosgrove, 2002). This protein was studied to a greater 

extent during water-stress in different plants as reported by several studies (Jones and McQueen-Mason, 2004; 

Guo et al., 2011; Li et al., 2013). Downregulation or mutant of Arabidopsis expansin‐like A2 (EXLA2) gene was 

reported to confer reduced susceptibility towards attacks by necrotrophic pathogen Botrytis cinerea. It was 

hypothesized that the capacity of expansins to break the non-covalent bonds of polysaccharides will pave the way 

for higher vulnerability of the cellulose to be catalysed by cellulase enzyme (Cosgrove, 2015), thus will enhance 

the susceptibility towards necrotrophic fungal attacks. Reduced upregulation of EgEXPB18 at 11 d.p.i may 

indicate the strategy of the oil palm seedlings to counter-attack the infection. Besides, the higher expression of 

EgEXPB18 in field palms with symptoms of Ganoderma infection may indicate the strategy of the fungus to 

maintain the susceptibility of the plants for its survival. Nanjo et al, (2013) reported that expansin is involved in 

cell wall modification of soybean seedlings during flooding injury and suggested expansin as indicator protein in 

flooding injury stress in these plant. Similarly the findings of our study may suggest that the upregulation of 

EgEXPB18 was due to Ganoderma attack. Furthermore, the significant different of EgEXPB18 expression 

between bare RWB and G. boninense-colonised RWB treatment may offer promising candidate for Ganoderma-

infected biomarker in oil palm. 

 

CONCLUSIONS 

 

The studies indicated that EgEXPB18 is a gene that has the potential to be developed as an indicator genes during 

early G. boninense attack on oil palm. However, technical settings such as PCR cycling parameters and amount 

of cDNA template is needed to differentiate the level of EgEXPB18 expression between biotic and abiotic stress 

A) 

B) 

C) 
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at a higher resolution. Early detection of G. boninense infection on oil palm may offer promising prevention 

measures to halt the spread of the disease. 
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PHOSPHORUS STARVATION RESPONSE 2 (PHR2) is a transcription factor protein involved in inorganic 

Phosphate (Pi) starvation signaling and hence, it enhances the expression of Pi starvation responsive genes (PSRs). 

The objective of this study is to overexpress and purify PHR2 for downstream application using a GST tagged 

expression vector (pGEX-6P-1) and GST-spin column resin. In order to purify GST-tagged PHR2 protein, a full 

coding sequence of PHR2 gene (1441bp) was amplified from cDNA sourced from phosphate starved oil palm 

roots. pGEX-6P-1-PHR2 expression construct was produced by cloning the Elaeis guineensis EgPHR2 coding 

sequence (CDS) in a pGEX-6P-1 expression vector. Subsequently, the expression clone was expressed in BL21 

(DE3_Rosetta) host by IPTG induction (0.5mM) at 20˚C to produce a recombinant protein overnight. After GST-

spin column extraction of the protein, the protein was eluted three times E1, E2 and E3 with Glutathione (GSH) 

wash buffer. A Bradford protein quantification assay extrapolated eluted protein concentration as 7.16µg/µl, 

5.46µg/µl and 3.92 µg/µl respectively. SDS-PAGE analysis shows the overexpressed protein to be at about 82kDa. 

Protein purified through this GST column can be used for downstream applications like raising its antibody for 

immunoprecipitation, protein crystallization, Nuclear Magnetic Resonance (NMR) and so on. 

Keywords: Phosphate Starvation Response (PHR2), GST, GSH, Expression 

 
INTRODUCTION 

Plant Pi starvation response is a dynamic process with a complex regulon involving several genes responding to 

Pi loss stimulus (Torriani, 1990). Karthikeyan et al. 2002 reported mediation of phosphate starvation response by 

sugar signaling through root structure architecture (RSA) changes and expression of phosphate responsive genes 

(PSRs). When plant is phosphate deficient, it tries to adapt by minimizing Pi consumption (Zhang et al. 2008; 

Shen et al. 2011), redistribution from old tissue to young  and deplete the Pi storage in vacuole (Schachtman et 

al., 1998; Shen et al., 2011). All these activities are controlled by key transcription factor(s) including 

PHOSPHORUS STARVATION RESPONSE 2 (PHR2). PHR2 is 479 amino acids in size which is a family 

member of MYB-CC TF family which has two common domains for binding to most Phosphate Starvation 

Responsive genes’ (PSRs) promoter.  

pGEX Glutathione S-Transferases (GST) fusion protein purification system allows a one-step purification of 

tagged protein from crude lysates (Smith and Johnson 1988). The pGEX expression plasmid provides a multiple 

cloning sites (MCs) for fusion of gene of interest (GOI) downstream to the GST. It is a 26kDa enzyme with high 

affinity to and reversibly binds to glutathione. GST-tagged protein is normally expressed in BL21 strain of 

Escherichia coli (E. coli) bacteria because they are not endogenously found in them. To purify GST-tagged 

protein, the expression construct is expressed in bacteria, insect or other hosts, preparing crude protein lysate, and 

incubating with glutathione agarose resins. After centrifugation of glutathione-GST-protein complex with several 

washes, a purified version of the protein gets eluted (Frangioni and Neel 1993). Subsequently, purified protein 

can be cleaved away from GST due to the presence of a proteolytic cleavage adapter sites like thrombin, factor 
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Xa and PreScission protease for downstream application. Most downstream application(s) are sensitive to protein 

purity, some of these downstream applications include raising antibody against the protein for 

immunoprecipitation, protein crystallization, Nuclear Magnetic Resonance analysis (NMR) etc.  

METHODS  

Isolation of full coding DNA sequence (CDS) of Eg-PHR2, and construction of pGEX-6P-1-PHR2 

expression clone 

The total RNA was extracted from oil palm root treated with phosphate deficient Cooper 1976 solution for two 

weeks using Wang et al., 2005 with minor changes. First strand complementary DNA (cDNA) was synthesized 

from the RNA after DNase I treatment using Super Script III (Invitrogen, Carlsbad, California, USA) according 

to the manufacturer’s instruction. Next, the cDNA was used as a template to amplify the EgPHR2 CDS with 

primers containing BamHI and EcoRI sites for cloning into pGEX-6P-1 MCs.  PHR2-BamHI-F is the forward 

primer which contains 6bp restriction enzyme landing adaptor (CGTCGA), 6bp BamHI cut site (GGATCC) and 

19b gene specific sequence (ATGCCAGTTCACCAGCTGC). EcoRI-PHR2-R is the reverse primer, contains 3bp 

restriction adaptor (CCG), 6bp EcoRI cut site (GAATTC) and 20bp gene specific sequence 

(GTGGGGAATGAGACCCACTA).  After purification of the PCR product (1441bp) with QIAquick® PCR 

purification kit (QIAGEN), both the purified PCR product and pGEX-6P-1 vector were doubled digested with 

BamHI and EcoRI fast digest (Thermofisher) according to manufacturer’s protocol to produce sticky ends 

product. Also, both the digested PCR product and pGEX-6P-1 were column purified using QIAquick® PCR 

purification kit (QIAGEN) and then incubated with T4 DNA ligase (Invitrogen) overnight for cloning. On the 

next day, one tenth dilution of the ligation reaction was transformed in a DH5α bacteria strain using mix and go 

procedure and plated on an LB agar plates under Ampicillin (100µg/ml) selection for cloning analysis and allow 

to grow overnight (O/N) at 37˚C. To analyze the transformation, several colonies were picked for colony PCR 

using pGEX-seq-F and pGEX-seq-R primers and a colony with clear band was picked and grown in a Luria 

Bertani broth (LB) with Ampicillin (100µg/ml) selection and expression clone (pGEX-6P-1-PHR2) was 

subsequently purified using QIAprep spin miniprep (QIAGEN). 

Overexpression of pGEX-6P-1-PHR2 in BL21 (DE3_Rosetta) 

About 10ng/µL of the expression clone was mixed and go transformed in BL21 on an LB plates containing 

Ampicillin (100µg/ml) selection and incubated at 37˚C (O/N). Few colonies were picked and grown in a LB broth 

containing Ampicillin (100µg/ml) selection O/N at 37˚C. from the O/N culture. A fresh culture is used for 1:100 

dilution and put back in the incubator until the OD600 reaches   ̴0.6-0.8. Isopropyl β-D-1-thiogalactopyranoside 

(IPTG) was added to a final concentration of 0.5mM for protein expression induction and incubated at 20˚C O/N. 

Finally, cells were pelleted by centrifugation at 5000 x g for 10 minutes. 

Protein extraction and purification 

The cell pellets were resuspended in B-PER® Bacterial Protein Extraction Reagent (ThermoScientific) according 

to the manufacturer’s instruction with minor changes. Extracted protein was boiled in 1:1 with sodium dodecyl 

sulfate polyacrylamide gel electrophoresis SDS-PAGE sample buffer (2x) for 5 minutes and run on a 10X SDS-

PAGE. After the run, the gel was fixed in a fixing solution (40% water, 50% methanol and 10% glacial acetic 

acid) for 45 minutes, stained for 45 minutes in Coomassie brilliant blue and finally the gel was destained using a 

destaining solution (50% water, 40% methanol and 10% glacial acetic acid) until the gel is clear and the gel picture 

was documented. 

For purification of the GST-PHR2 protein, a Pierce™ GST Spin Purification column (Pierce™ ThermoFischer) 

was used based on the supplier’s protocol and a purified GST-PHR2 protein was isolated. A 10% SDS-PAGE gel 

was run based on the previous procedure. To quantify protein, Quick Start™ Bradford Protein Assay (Bio-Rad, 

US) protocol was followed. Standard used are 0.125mg/ml, 0.25mg/ml, 0.5mg/ml, 1mg/ml, 1.5mg/ml and 2mg/ml 

in 1ml cuvette system. Form each standard and the unknown protein, 20µl was aliquoted and mixed 1ml Quick 

Start™ Bradford reagent, the solution was left for at least 5minutes for color development and the absorbance was 

measured at 595nm. Unknown protein concentration was determined from standard curve extrapolation.   

RESULT AND DISCUSSION 
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Transformation of pGEX-6P-1-PHR2 gave few hundred colonies on an Ampicillin selection LB plate as shown 

on Figure 1. GST-PHR2 in the protein lysate is about 82kDa and appears to be almost fully soluble when expressed 

in BL21 host under IPTG induction from lane 2 in Figure 2a. But when IPTG was not added, both supernatant 

(lane 4) and pellet (lane 5) did not produce band at the 82kDa position. After GST-column purification of the 

protein, the single GST-PHR2 is eluted three times with a distinct band as shown in the last three lanes (Figure 

2b) with little noise. The concentration of protein in the three elutions E1, E2 and E3 were determined by Bradford 

assay extrapolation from standard curve Figure3) as 0.358mg/mL, 0.273 mg/mL and 0.196 mg/mL respectively. 

 

 

 

  

 

 

 

 

 

 

Conclusion  

This protein purification technique is a rapid and specific method for isolation of GST fusion protein in this case 

PHR2 which appears to be very soluble. It yields a highly pure and specific protein that can be used for 

downstream analyses.  
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The sustainable production of palm oil has been severely hampered due to basal stem rot (BSR) disease caused 

by pathogenic and destructive hemibiotrophic fungus, Ganoderma boninense. The failure to identify Ganoderma-

infected palm trees at the earliest stage of infection when there is no visible symptoms is the main constraint in 

managing the BSR disease. Thus, understanding molecular defense mechanisms underlying early interactions of 

oil palm with G. boninense is crucial to promote preventive or control measures for the disease. In the present 

study, four months old oil palm seedlings were infected via artificial inoculation using rubber wood blocks 

(RWBs) fully colonised with G. boninense. Roots of six biological replicates of untreated (control), artificially oil 

palm seedlings and mock treated group (seedlings with bare RWBs) were harvested at 3, 7 and 11 days post 

inoculation (d.p.i). A prolonged infection treatment was carried out up to 24 weeks for observing physical 

symptoms. Four potential defense-related TFs were validated via quantitative real-time PCR (qPCR). The 

expression patterns of EgTCP15 and EgNAC29 were highly upregulated during biotrophic phase of G. boninense 

infection at 3 d.p.i. Meanwhile, EgMYC2 and EgEIN3 demonstrated prominent expression during necrotrophic 

infection phase at 11 d.p.i. Based on these findings, it can be suggested that plant executed different mechanisms 

of defense response against pathogen attack depending on the mode of infection. Thus, further identification of 

the downstream defense-related genes regulated by these TFs may provide insightful knowledge on plant-microbe 

interaction. 

 

Keywords: EIN3, MYC2, NAC29, TCP15, Ganoderma boninense 

 

 

INTRODUCTION  

 

Oil palm has been recognised as one of the world’s largest edible oil source as well as precursor of biodiesel fuel 

(Kurnia et al., 2016; Stichnothe et al., 2014). To date, oil palm is the most efficient oil-bearing crop with 5 to 9 

times higher yield per hectare annually than other vegetative oil crops such as soybean, sunflower and rapeseed 

(Lam et al., 2019). However, Malaysia and Indonesia which are the highest producers of palm oil have suffered 

highest economic loss from the BSR ranging from RM225 million to RM1.5 billion (up to USD 361 million) per 

year (Morel et al., 2016, Arif et al., 2011). The dynamic intermediate lifestyle of hemibiotroph made it possible 

for G. boninense to adapt and manipulate the host plant defense mechanisms which almost ultimately result in the 

plant succumbing to the infection. During the biotrophic phase (early infection), G. boninense survives by 

parasitically extracting nutrients from the living host plant while keeping it viable. The earliest symptoms are only 

visible on the foliage as the infection progresses up to 60-70%, reaching the later stage of necrotrophic phase with 

half of the stem base already ravaged (Chong et al., 2017). It was suggested by Kushairi et al. (2019), that the 

most promising molecular approach in managing Ganoderma-infected palm trees as well as minimizing the 

disease progress caused by G. boninense is most likely through identifying the infection at earlier stage. However, 

there is poor molecular information available explaining the defense regulation by oil palm transcription factors 

(TFs) during transition from biotrophic to necrotrophic state. Our previous transcriptomic profiling via high-

throughput RNA-seq analysis has pointed out the counter-act defense mechanisms executed by plant during 

transition from biotrophic to necrotrophic phase (Bahari et al., 2018). In the present study, we were able to identify 

TFs which regulate defense response during biotrophic and necrotrophic infection phases, respectively via qPCR. 

Our findings proved that plant defense mechanisms and fungal pathogenicity are distinctly different between 

biotrophic and necrotrophic stages.  

 

METHODS 

 

Plant Material and Fungal Treatment 
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A total of 96 three month-old oil palm seedlings (Elaeis guineensis Jacq. var. Tenera (Dura × Pisifera)) were 

purchased from Sime Darby Plantation, Banting, Malaysia. G. boninense culture was inoculated onto RWBs (6 x 

6 x 6 cm) and artificial inoculation was carried out following previous report (Bahari et al., 2018). Control (C) 

was set as seedlings without treatment. The two treatment groups tested in the experiment were as follow; oil palm 

seedlings with bare RWBs carrier (mock-treatment, MT) and oil palm seedlings inoculated with RWBs inoculum 

(Ganoderma-treatment, GT). Two biological replicates of destructive sampling was performed at 3, 7 and 11 d.p.i. 

Each replicate consisted of six random pooled roots harvested from seedlings. Oil palm seedlings of prolonged 

treatment were observed and recorded at 24 weeks post inoculation (w.p.i). 

RNA Extraction and cDNA Synthesis 

Total RNA of all samples were extracted following previous study (Bahari et al., 2018). The RNA integrity was 

validated by Agilent 2100 Bioanalyzer (Agilent, USA). Contamination of genomic DNA was removed using 

DNAse1 Kit (Thermo Fisher Scientific, USA). The cDNA synthesis was conducted as described by the 

manufacturer’s protocol using SuperScript IV First-Strand Synthesis System (Thermo Fisher Scientific, USA). 

 

Quantitative Real-Time PCR (qPCR) 

The qPCR was performed using QPCR Green Master Mix LRox, 2x (Biotechrabbit GmbH, Germany). Reaction 

mixture containing the final concentrations of 1X QPCR Green Master Mix LRox, template cDNA (30 ng of total 

RNA), 150 nM of each forward and reverse primers was prepared in a final volume of 20 µL. Non template control 

(NTC) was prepared containing all reaction mixtures except the template. The expression patterns of each gene 

were normalized to three reference genes; EgGAPDH2, EgNADH5 and Egß-actin according to Livak method 

(Livak and Schmittgen, 2001) using the CFX Manager™ software (Bio-Rad, USA). 

  

 

RESULTS AND DISCUSSION 

 

 

(A)              (B) 

       

Figure 1:  Expression patterns of transcription factors during early interaction with Ganoderma boninense 

at 3, 7 and 11 days post inoculation (d.p.i). Heat maps represent expression levels of two biological replicates 

during (A) biotrophic and (B) necrotrophic infection phases of G. boninense. The expression levels of mock-

treated (MT) and Ganoderma-treated (GT) samples as compared to control were normalized by three most stable 

reference genes; GAPDH 2, NADH 5 and ß-actin. 

 

In the qPCR analysis, we were able to identify biotrophic-associated TFs, EgTCP15 and EgNAC29 which were 

highly upregulated  at 3 and 7 d.p.i on GT samples before decreasing. Meanwhile, EgMYC2 and EgEIN3 showed 

highest expression levels at 11 d.p.i. on GT samples which suggested both genes as necrotrophic-associated TFs. 

However, significant changes of expression levels (either decreasing or increasing) were observed on MT samples 

of all genes across designated time points. This suggested that these genes may also modulate multitude cascades 

of downstream transcriptional responses to enhance tolerance against abiotic stresses, in addition to biotic stress.  

 

Most TFs regulate normal biological functions of plant independently under biotic or abiotic stress, however many 

have been reported to be responsive to both types of stresses. Evidences have suggested the role of NAC29 as 

positive regulator in senescence as well as tolerance against osmotic, salt and drought stresses (Hu et al., 2015; 

Huang et al., 2015; Xu et al., 2015). It was only recently that a study reports on NAC29 TF also playing a role 

during defense response against hemibiotroph Fusarium oxysporum (Lin et al., 2017). From our study, we found 
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that EgNAC29 showed similar expression patterns under abiotic and biotic stresses. However, the expression was 

highest at 3 d.p.i during Ganoderma infection which proved the role of EgNAC29 against the hemibiotroph. Plant-

specific TCP15 was reported in both developmental and response to abiotic stress (Viola et al., 2016; Viola et al., 

2013, Kieffer et al., 2011). It was then discovered that AtTCP15 promotes defense response under SA-mediated 

signaling which was further enhanced by interaction with NPR1 (Li et al., 2018). Our findings demonstrated 

significant upregulation of EgTCP15 during biotrophic infection phase at 3 d.p.i. As the expression patterns of 

EgTCP15 declined under the biotic stress, we observed a successive upregulation under abiotic stress. These 

results suggested that both EgNAC29 and EgTCP15 regulate defense response during biotrophic phase.   

 

Antagonistic effect of phytohormones salicylate (SA) and jasmonate (JA) has been thoroughly studied by 

researchers which explain induced-JA during infection by necrotrophs while induced-SA mediate defense against 

biotrophs (Chini et al., 2016). MYC2 TF is a well-known master regulator of JA-mediated signaling which 

regulate defense response against necrotrophic (Du et al., 2017) while antagonistically repress SA-mediated 

defense response of PR1 (Geng et al., 2014). Concomitantly, ET has been recognised as the third key player which 

mediates phytohormones crosstalk (Thaler et al., 2012) through regulation of its master regulator, EIN3. High 

expression of phytohormone ET  has been extensively reported against necrotrophs (Sun et al., 2017; Han et al., 

2010). Based on our findings, EgMYC2 and EgEIN3 demonstrated highest upregulation during necrotrophic 

infection phase at 11 d.p.i.  

 

   (A) 

 

 

 

 

 

 

 

   (B) 

 

 

 

 

 

 

 

 

 

Figure 2:  Prolonged infection of Gannoderma boninense on oil palm seedlings. (A) Budding of Ganoderma 

basidiomata at 12 weeks post inoculation (w.p.i). Left; yellowing foliar of oil palm seedlings. Right; white colour 

and button shaped of young basidiomata. (B) Formation of fruiting body at 24 w.p.i. Left; complete browning 

foliar of oil palm seedlings. Right; reddish brown and bracket-shaped pileus of mature basidiomata. 

 

We observed appearance of white button-shaped basidiomata on the bole of oil palm seedlings at 12 w.p.i, 

accompanied with foliar yellowing. At 24 w.p.i, the basidiomata matured and formed bracket-shaped pileus with 

reddish-brown colour on the dorsal surface, known as fruiting body. At the end of the prolonged treatment, almost 

all oil palm seedlings showed complete browning of foliar which suggested that oil palm seedlings have 

succumbed to the disease. 

 

CONCLUSIONS 

 

Plants are capable of mounting different mechanisms to counteract pathogens attack. However, manipulations by 

hemibiotroph which are capable to hijack the plant immunity for survival by switching from biotrophy to 

necrotrophy have always led in plant succumbing to the disease. In the present study, we revealed transcriptional 

reprogramming of defense-related TFs during early interaction of oil palm seedlings with G. boninense. EgNAC29 

and EgTCP15 were upregulated during biotrophic phase, while EgMYC2 and EgEIN3 showed heightened 

expression during necrotrophic phase. These findings suggested different defense mechanisms were launched by 

plant during different infection phases of hemibiotroph. However, the failure of oil palm seedlings to survive the 

fungal infection at the end of prolonged treatment indicated that G. boninense was able to counter-act the plant 

defense mechanisms by executing a more aggressive infection mode of necrotrophy.  
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Silicon (Si) is a beneficial element for plant growth and development. Its absorption brings several benefits by 

increasing resistance to multiple stresses on many plant species including rice. Application of Si during planting 

could greatly boost rice grain yield and the potential of Si in improving crop yield has been demonstrated in many 

studies. An exploratory research on the effect of Si in minimizing chalkiness besides improving rice yield and 

other qualities through the application of Si during planting was carried out. A field experiment was conducted 

under netted structure to evaluate the effects of Si fertilizer on yield and yield components, as well as rice quality, 

including chalkiness. Rice varieties of MARDI Siraj 297 were tested against different rates of Si which were 100 

(Si 100), 200 (Si 200), 300 (Si 300), 400 (Si 400) kg/ha and control (Si 0). The results showed that the application 

of Si during planting has a significant impact on yield, it's component and rice quality. The yield per plant, number 

of panicles, number of grains per panicle, chalky grain, head rice, broken rice and whiteness were significantly 

affected by Si application. The optimum rate of Si with maximized grain yield per plant (4.95 g) was 257 kg/ha. 

Grain yield increased by as much as 12.30%. Moreover, Si application can minimize the percent of chalky grain, 

increase head rice, reduce broken and improve the whiteness. The percent of chalky rice was found lowest in Si 

400 (1.63%) if compared to control (5.31%). The highest amount of head rice and lowest broken rice was recorded 

in Si 400 (89.23 and 9.14%). The highest whiteness was achieved by Si 200 (39.8%) and Si 100 (39.5%) in main 

and off-season, respectively. In terms of physico-chemical of milled rice, Si application showed no difference 

significant on amylose, gel consistency and gelatinization temperature, indicated that Si did not affect these three 

physico-chemical properties. 

 

Keywords: chalkiness, silicon, yield, milling properties, physico-chemical properties 

 

 

INTRODUCTION 

Rice is a food crop of world-wide importance and is widely cultivated throughout the world and has become the 

second most important cereal in the world (FAO, 2018). As economies evolve, the demand for high-quality rice 

is increasing. Rice quality covers many aspects, such as milling quality, grain appearance, and eating and cooking 

quality. Although preferences for some of the quality characteristics subjective and varies, the general population 

largely prefers rice with uniform shape and translucent endosperm. Most rice is consumed as white polished grain, 

despite the valuable food content of brown rice. The fact that rice in the market is sold in milled form signifies 

the importance of grain's appearance. However, chalky grains are more brittle than non-chalky grains and can 

break easily during milling. Rice grain is termed to be chalky when it is not perfectly translucent in appearance. 

Chalkiness mainly occurs at the centre of the grain and can occupy >50% of the area of the grain and when 

happens rendering breakage during milling. When the proportion of chalky grains exceeds 15% it also reduces 

eating quality (Kim et al., 2000). Chalkiness decreases rice value in most of the world markets and some markets 

will not accept rice that contains > 2% of chalky grains (Lisle et al., 2000).  

 

Chalkiness occurs when starch and protein particles become loosely packed or incompletely filled within the 

endosperm during grain filling and maturation. Zheng et al. (2010) reported that grain filling is typically a process 

of starch build-up and is a significant phase for yield formation. Silicon (Si) is known to have beneficial effects 

when added to the soil in which rice and several other plants are cultivated (Coskun, 2016). They act as plant 

regulators to increase grain yield and improve grain qualities. Rice is typical silicon accumulating plant and its 

benefits from silicon nutrition. Rice plants can take up large amounts of Si where it contributes to their mechanical 

and chemical strength. Si is widely reported to increase rice yield as well as its quality. This study was carried out 
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to minimize chalkiness through the application of Si during planting. The objective of study was also to evaluate 

the effect of Si on yield, milling quality and physico-chemical properties of rice. 

 

MATERIALS AND METHODS 

The experiment was conducted under netted structure located in MARDI Serdang during the rice-growing season 

of 2017/2018 and 2018 (main-season and off-season). Rice variety of MARDI Siraj 297 was tested against 

different rates of silicon which were 100 (Si 100), 200 (Si 200), 300 (Si 300), 400 (Si 400) kg/ha and control (Si 

0). Si which is calcium silicate was applied to the soil after 55 days of sowing. The experiment was set up as a 

Randomized Complete Block Design (RCBD) with 3 replications.  

 

Yield and yield component 

The data of yield components and agronomic traits (yield per plant, number of panicle, number of grains per 

panicle, percent of filled grain, 1000 grain weight plant height, panicle length, leaf width, leaf length) were 

determined.  

 
Milling properties 

Three replicates each 200 g of cleaned paddy grains were dehusked in a Satake testing rice husker. The resulting 

brown rice varieties were polished using a Satake grain testing mill to obtain white rice. The milling recovery was 

estimated by dividing the weight of milled rice recovered by the weight of the paddy. Head rice and broken rice 

were separated from the total milled rice using a Satake rice grading machine and the amount of head rice and 

broken were calculated per total milled rice. Grain chalkiness was evaluated based on Standard Evaluation System 

(SES Scale). Ten gram of head rice were visually inspected for presence of chalky area and manually separated 

into two categories, namely grain with chalky area ≥20% of rice grain area as chalky grain, and grain with chalky 

 20% of grain area as non chalky grain. Percent chalkiness was calculated by chalky grain weight per head rice 

weight. Whiteness of milled was measured using Satake milling meter. 

 
Amylose content, gel consistency and gelatinization temperature 

Amylose content (AC) was analyzed using the starch-iodine colorimetric method. Finely ground rice (100 mg) 

was placed in a 100 ml volumetric flask. Then, 1 ml of 95% ethanol was added and slightly shaken to wet the 

entire sample.  Next, 9 ml of 1 M NaOH was added and mixed thoroughly. The sample was heated for 20 min in 

a boiling bath to dissolve the starch, and it was allowed to cool prior to the final addition of distilled water. The 

amylose assay was prepared by adding 0.1 ml acetic acid to 5 ml of distilled water, followed by the sample aliquot 

(0.5 ml). Then, iodine solution (0.2 ml) was added prior to adding distilled water to the final volume of 10 ml. 
The assay was mixed well and the absorbance was measured at 720 nm against a blank solution. A calibration 

curve was plotted for amylose from potato containing 0, 10, 25, 50, 75 and 100% amylose. Gel consistency (GC) 

was measured according to the method of Cagampang et al. (1973). Fine ground rice (100 mg) was placed in a 

test tube and wet with 0.2 ml of 95% ethanol containing 0.025% thymol blue. The samples were then digested in 

2 ml KOH (0.2 M) in a bath of boiling water for 8 min. After cooling at room temperature for 5 min, the tubes 

were immersed in ice water for 20 min and then placed horizontally for an hour. Finally, the length of the gel was 

recorded as the value of the GC. Gelatinization temperature (GT) was measured by determining the alkali-

spreading value. Grains were soaked in a weak alkali solution (1.7% KOH) and incubated at room temperature 

for 23 hours. The degree of spreading of individual milled rice kernel was evaluated on a 7-point numerical scale 

(IRRI 1980).   

 

Silicon content in husk and endosperm 

Determination of Si contents was done according to Dai et al. (2005). The mixture of 100 mg sample with 3 mL 

50% NaOH was autoclaved at 121℃ for 20 min. The volume was adjusted to 50 mL with ddH2O. 1 mL sample 

solution was then transferred into a 50 mL volumetric flask. About 30 mL acetic acid (20%) and 10 mL ammonium 

molybdate solution (54 g/L, pH 7.0) were added and shaken well. The solution was kept for five min and followed 

by adding 5 mL of 20% tartaric acid and 1 mL reducing solution (combination of Na2SO3, 1-amino-2-naphtol-4-

sulfonic acid and NaHSO3). Solutions were then adjusted to 50 mL with 20% acetic acid and incubated for 30 

min. The absorbance was measured at 650 nm using spectrophotometer. The calculation of Si content was based 

on Si solution standard curve (0-6 mg/L SiO2). 

 

Statistical analysis 

Data were analyzed as combined analysis over two seasons and subjected to Analysis of Variance (ANOVA) 

using Statistical Analysis System (SAS) version 9.3. The mean of treatments were compared by the Least 

Significant Difference (LSD) test at the 0.05 probability level. 
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RESULTS AND DISCUSSION 

Analysis of variance (ANOVA) revealed that yield per plant, number of panicle and number of grain per panicle 

were significantly affected by different rates of Si. Based on the quadratic equation, the optimum level of Si that 

could provide the highest yield was 257 kg/ha (Figure 1). From this point, more amount of Si application could 

result in a decrease in the yield. The maximum grain yield per plant was obtained with the optimum Si fertilizer 

level of 257 kg/ha SiO2 was 4.95 g. There was about 12.30% increase in grain yield compared with the control. 

These findings are in line with the review study conducted by Savant et al. (2015), who reported that grain yield 

increased with the application of various Si, ranging from 10 to 30%. These findings are also in line with Cuong 

et al. (2017), who reported 23% increase in yield when Si level was increased from 100 kg/ha to 400 kg/ha of 

SiO2. They also reported significant quadratic regression equation with the optimum Si fertilizer at the rate of 329 

kg/ha. The number of panicles was highest in Si 200 but did not differ with Si 300 and Si 400. The highest number 

of grain per panicle of 199 achieved by the application of Si 300. The ANOVA also revealed that there were 

significant effects of season on yield per plant, number of grain per panicle, 1000 grain weight, plant height, 

panicle length, leaf width, leaf length. However, different rates of Si had no significant effect on filled grain, 1000 

grain weight, plant height, panicle length, leaf width, leaf length (Table 1). 

 

Result of milling properties are shown in Table 2. Milled rice recovery which is the percentage of milled rice 

obtained from a dehulled paddy was found affected by Si rates. Si 400 exhibited better milled rice recovery 

(73.32%) however it was statistically at par with Si 200 (73.20%). The percent of chalky rice was found lowest 

in Si 400 (1.63%) but did not differ with Si 200 (2.34%) and Si 300 (2.17%). The head rice which was highest in 

Si 400 (89.23%), while the lowest amount of broken rice was recorded in Si 400 (9.14%). The highest whiteness 

was obtained in Si 300 (40.20%) but did not differ with Si 200 (40.18%). The ANOVA also exhibited that milling 

qualities (milling recovery, head rice, broken rice, chalky rice and whiteness) were affected by season. An 

interaction effect between season and treatment on whiteness resulted the highest of 39.8 and 39.5% achieved by 

Si 200 and Si 100 in main and off-season, respectively.   

 

Several researchers have shown the improvement of physiological characteristics when Si was applied in rice (Ma 

& Yamaji, 2006). According to Inanaga et al. (2002), Si may positively affect the cell division and the formation 

of cell walls in the spikelet before heading. This indicated that Si plays an important role in hull formation which 

in turn influences grain quality and reducing chalk. The hull with poor quality endosperm was generally low in Si 

content which is directly proportional to the Si content in the straw (Mizuno, 1987). Analysis of Si content was 

also evaluated in this study and result showed that Si content in husk was significantly affected by Si rate, while 

Si content in endosperm was not affected. Si content in husk was highest in Si 300 (116.1 mg/g) but did not differ 

with Si 400 (115.7 mg/g). A small amount of Si presented in milled rice if compared to Si in husk, as different 

parts of the same plant can show large differences in Si accumulation (Van Hoest, 2006).  

 

Results of physico-chemical test (Table 3) showed that all these three physico-chemical properties (AC, GC and 

GT) were not statistically significant with the supplemental Si application. The highest AC was recorded in main-

season if compare to off-season. However this amylose value for all treatments fits into the intermediate group, 

which would result in a soft texture of cooked rice. Furthermore, the average of GC values obtained supported 

this finding. Results showed that GC values for all treatment were in the range of 61-100 which was categorized 

as soft. Alkali spreading value indicated the GT and reflected the hardness of starch granule and the endosperm 

was not affected by season and Si rates. The score obtained indicate that MARDI Siraj 297 was categorized as 

intermediate GT.  
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Figure 1. Effect of Si application on yield per plant 

Table 1. Effects of season and Si rates on yield and yield components 

Factor 

Yiel per 

plant 

(g) 

No. of 

panicles 

No. of 

grains 

per 

panicle 

Filled 

grain 

(%) 

1000 

grain 

weight 

(g) 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

Leaf 

width 

(cm) 

Leaf 

length 

(cm) 

Season          

Main-season 5.06 a 12.47 a 195 a 87.03 a 27.80 b 97.49 a 26.93 a 1.30 a 35.33 b 

Off-season 4.37 b 12.67 a 176 b 84.57 a 29.05 a 90.29 b 25.93 b 1.22 b 40.09 a 

Si rates (T)          

Si 0 4.45 c 11.50 b 177 b 86.07 a 28.42 a 93.02 a 26.38 ab 1.23 a 37.88 a 

Si 100 4.55 bc 12.67 a 179 b 88.30 a 28.53 a 94.52 a 26.47 ab 1.28 a 37.45 a 

Si 200 4.81 b 12.67 a 190 ab 87.90 a 28.78 a 93.61 a 26.02 ab 1.23 a 38.10 a 

Si 300 5.12 a 12.67 a 199 a 82.86 a 28.29 a 94.03 a 26.83 a 1.25 a 37.40 a 

Si 400 4.66 bc 13.33 a 183 ab 83.86 a 28.12 a 94.27 a 26.45 ab 1.30 a 37.70 a 

S x T ns ns ns ns ns ns ns ns ns 

Mean values with the same letter within each column are not significantly different by LSD at 5% level 

 

 
Table 2. Effects of season and Si rates on milling quality 

Factor 
Milling 

recovery 
Head rice 

Broken 

rice 

Chalky 

rice 
Whiteness 

Season (S)      

Main-season 73.44 a 87.87 a 10.01 b 2.12 b 39.16 a 

Off-season 72.20 b 84.85 b 11.23 a 3.93 a 38.51 b 

Si rates (T)      

Si 0 71.82 b 82.52 d 12.17 a 5.31 a 37.67 c 

Si 100 72.93 ab 85.50 c 10.82 ab 3.68 b 39.22 ab 

Si 200 73.20 a 86.82 bc 10.85 ab 2.34 c 39.58 a 

Si 300 72.81 ab 87.73 ab 10.12 bc 2.17 c 39.07 ab 

Si 400 73.32 a 89.23 a 9.14 c 1.63 c 38.63 b 

S x T ns ns ns ns * 

Mean values with the same letter within each column are not significantly different by LSD at 5% level 

 

 
Table 3. Effects of season and Si rates on physico-chemical test 

Factor 
Amylose 

content 

Gel 

consistency 

Gelatinization 

temperature 

Season (S)    

Main-season 23.42 a 80.20 a 4.00 a 

Off-season 20.73 b 79.80 a 4.00 a 

Si rates (T)    

Si 0 22.12 a 84.33 a 4.00 a 

Si 100 21.82 a 80.50 a 4.00 a 

Si 200 22.28 a 83.33 a 4.00 a 

Si 300 22.08 a 79.67 a 4.00 a 

Si 400 22.08 a 82.17 a 4.00 a 

S x T ns ns ns 

Mean values with the same letter within each column are not significantly different by LSD at 5% level 
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CONCLUSION 

The application of Si during planting has a significant impact on yield, its components and milling quality. Si 

application at rate of 257 kg/ha could maximize the yield of MARDI Siraj 297. Moreover, Si application also can 

minimize the percent of chalky grain, reduce broken and improve the appearance (whiteness). Accumulation of 

Si in husk was more pronounced with an increment of Si rates, resulting the less chalky rice and more whiteness 

per grain. However, the physico-chemical properties were not affected by Si application. 
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Ganoderma boninense has been recognized as a white rot pathogenic fungus and main reason of Basal stem rot 

(BSR) in oil palm. Interaction between Ganoderma and oil palm produces some secondary metabolites such as 

ergosterol, stigmastrol, campestrol and sitostrol. This study was analyzed extracellular metabolomics that were 

secreted by G. boninense in the interaction with oil palm in Vitro by Liquid Chromatograph - Mass Spectrometer 

(LC-MS). Roots of three months old oil palm plantlets were artificially infected with G. boninense. Metabolites 

that were secreted by G. boninense in the interaction with oil palm plantlets and spreated in the enviorment 

compared to metabolites that are released by microbial cells without plantlet. 4-Hydroxy-3-methylbenzoic acid, 

Palmitic amid, Kojic acid, Ethionamide, Oleamide and Ganoderic acid beta from Infection sample were detected 

in interaction crude. This study provides information that related compounds secreted in the interaction between 

Oil Palm and G. boninense 

 

Keywords: Ganoderma boninense, Oil palm, secondary metabolites, LC-MS 

INTRODUCTION 

Secondary metabolites have been described as metabolic productions not necessary for growth and without 

distinct function within its living (Keller et al., 2005). A probable function for peptaibols as virulence factor such 

as AM toxin in Alternaria alternata (and the maize pathogenic HC toxin from Cochliobolus carbonum has been 

described the toxic amanitines and phalloidines (Amanita sp), the immunosuppressive cycloamanides (Amanita 

phalloides) and the nematicidal omphalotins (Omphalotus olearius) are Peptides produced by basidiomycetes 

(Eisfeld, 2009). The secondary metabolites can extract using different solvents or fermentation and elucidation of 

the active metabolites and their structures can be performed by various methods such as GC-MS (gas 

chromatography-mass spectrometer), LC-MS (liquid chromatography-mass spectrometer) and tandem mass 

spectrometry (MS/MS) and NMR (nuclear magnetic resonance) (Tiwari et al., 2015). Maximum investigation of 

biologically active molecules in Ganoderma species has been accomplished on the extracts of their fruiting bodies, 

spores and cultured mycelia. The main constituents which were characterized in Ganoderma species include 

polysaccharides, triterpenes and steroids (Baby et al., 2015). Biologically remarkable components in Ganoderma 

species consist of Proteins, nucleosides peptides, fatty acids, amino acids, alkaloids and inorganic elements (Li et 

al., 2013). Extracellular metabolomics is the search of low molecular weight extracellular metabolites that are 

released by microbial cells into their surroundings, specifically the culture media. The all supplement of these 

metabolites is almost known to as the exometabolome. It consists all of the metabolites which secreted out of the 

microbial cell, also those components are discovered in the supernatant (Pinu and Villas-Boas, 2017). This study 

was analyzed metabolomics that were secreted by G. boninense in the interaction with oil palm In-Vitro by LC-

MS. Materials and methods: In-vitro infection test was carried out by infecting the oil palm plantlets with pre-

grown G. boninense mycelium. The extraction crude was prepared for the Analysis of metabolites by LC-MS. 

MATERIALS AND METHODS 

Murashige and Skoog (MS) media was selected to supply nutrients to the oil palm plantlets (Murashige and Skoog, 

1962) and autoclaved at 121 °C for 15 minutes. In-vitro infection test was carried out by infecting the oil palm 

plantlets with pre-grown G. boninense mycelium (grown in PDB for 14 days). The oil palm plantlet 

Approximately 100 ml of MS media was measured and poured into a sterilized 250 ml conical flask. Then, several 
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mycelium clumps were added to the flask using a sterilized spatula. All flasks will be harvested after two weeks. 

The flasks were then incubated at 28 °C with 16 hours of light and 8 hours of dark. The mycelia were separated 

by 8 layers of muslin filter after two weeks. In the next step, an equal of methanol (CH₃OH)- ethyl acetate (EtoAC) 

(1:1 v/v) were added into inoculums cultured in an Erlenmeyer flask. The CH₃OH /EtoAC phase was separated 

from the medium using a separation funnel to deactivate the enzymatic activity and concentrate the extracellular 

metabolites, the culture supernatant must be freeze-dried under vacuum before chemical derivatization. 

Immediately after evaporation, the CH₃OH /EtoAC extracts were each diluted in 100 mL of CH₃OH for LC-MS 

investigation. LC-MS analysis was performed on an Agilent1290 infinity LC system coupled to Agilent 6520 

accurate-Mass-Q-TOF mass spectrometer with dual Electrospray ionization (ESI) source using column Agilent 

Zorbax Eclips XBD-C18, Narrow-Bore (2.1 x 150mm, 3.5-micron, p/n:93-990-902). The mobile phase consisted 

of 0.1% formic acid in water (solvent A) and 0.1% formic acid in CH₃OH (solvent B). The column was 

equilibrated for 5 min prior to each analysis and the metabolites were separated 25 min under the following 

conditions: 0 min (5% B), 5 min (5% B), 20 min (100%B) and 25 min (100% B). Flow rate for column was set at 

0.6mL/min, column temperature at 25 °C and the injection volume was 0.5 µL. The MS parameters were as 

follows: Capillary voltage 4000 V for ion positive polarity and 3500 V for ion negative polarity with a gas 

temperature of 300 °C. Mass range were performed from 100-1000 m/z for ion positive polarity and 115-1000 

m/z for ion negative polarity .LC-MS analysis of the crude extract of Samples indicated the presence of various 

proposed compounds when the spectrometer was operated in both positive and negative ion modes. 

RESULT AND DISCUSSION 

Metabolites that were secreted by G. boninense in the interaction with oil palm plantlets and spreated in the 

enviorment were detected with in both positive and negative modes (Table 1). 

Table 1. G.boninense secondary metabolites were indicated that effected in pathogenesis 

No.  Metabolite  Mode of action  Reference  

1  4-Hydroxy-3-

methylbenzoic acid  

 

The methylation  Krohn et al., 2004  

 

2  Palmitic amid  

 

Antibiotic  Betnia,1995  

3  Kojic acid  mycotoxin, synergizing 

the toxicity of nicotine  

Dowd,1998  

4  Ethionamide  

 

 

 

Antibiotic, it is an 

inhibitor of inducible 

nitric-oxide synthase in 

cells.  

Sanchez et al., 2012  

5  Oleamide  

 

fatty acid amide 

hydrolases  

Farrell and Merkler, 2009  

6  Ganoderic acid beta  Apoptosis induction  You et al., 2015  

 

CONCLUSION 

 

In this study the secondary metabolite secreted was investigated in interaction between oil palm and 

G.boninense using LC-MS in vitro. 4-Hydroxy-3-methylbenzoic acid, Palmitic amid, Kojic acid, Ethionamide, 

Oleamide and Ganoderic acid beta were released in the environment. 
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