
227

METABOLOMICS UNRAVEL DIFFERENCES BETWEEN CAMEROON Dura AND DELI Dura OIL PALM (Elaeis guineensis Jacq.) GENETIC 
BACKGROUNDS AGAINST BASAL STEM ROT

 ZAIN NURAZAH*;  ABU SEMAN IDRIS*; KUSHAIRI, A; AMIRUDDIN MOHD DIN*; 
OTHMAN ABRIZAH and UMI SALAMAH RAMLI*

ABSTRACT 
Metabolomics is emerging as a powerful tool for screening of metabolites in both phenotyping and 
diagnostic analyses in plants. Metabolomics coupled with multivariate statistical analysis has 
provided a fast and unbiased comparative investigation of the metabolite composition in oil palm 
root. Basal stem rot (BSR) caused by the white rot fungus, Ganoderma boninense is a common 
oil palm disease in south-east Asia. Little is known about the disease mechanism and there is yet 
no satisfactory treatment for it.  Besides agronomic practice of reducing the disease inoculum in 
the field, breeding for resistance to the disease is probably the most practical control. This study 
investigated metabolomic differences in oil palm planting materials with varying susceptibility 
to G. boninense from Cameroon and Deli genetic backgrounds. Liquid chromatography-quad-
rupole/time-of-flight-mass spectrometry (LC-Q/TOF-MS) data was subjected to multivariate 
statistical analysis and discovered that the palms could be categorised into two clusters linked to 
Cameroon and Deli oil palms. Changes in metabolites involved in phenylpropanoid pathway and 
primary metabolism including shikimic acid, glucose and malic acid were observed. The compre-
hensive and unbiased strategy for metabolite data analysis presented here can be adopted to screen 
wider oil palm germplasm for those potentially useful for breeding BSR-resistant palms.  
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INTRODUCTION

Oil palm (Elaeis guineensis Jacq.) is an important oil 
crop in South-east Asia. In 2015, the world palm oil 
production reached 62.56 million tonnes (Oil World 
Annual, 2016), of which the Malaysian share was 
19.28 million tonnes (MPOB, 2016).  However, the 
palm is susceptible to various pests and diseases, the 
most serious in South-east Asia being basal stem rot 

(BSR) by the white rot fungus, Ganoderma boninense 
(Cooper et al., 2011; Paterson et al., 2009; Idris et 
al., 2004a). Integrated control using chemical and 
biological means has been tried against the disease 
(Sundram, 2013; Sundram et al., 2008; Susanto et 
al., 2005; Idris et al., 2004b) but with at most limited 
success. Resistance to BSR is only partial (Idris et al., 
2004a) and the disease management is complicated 
by the presence of different species of Ganoderma 
with various degrees of aggressiveness with the 
dominant species varying in different localities 
(Wong et al., 2012). 

The disease triangle - the concept of a disease 
caused by the trinity of a pathogen attacking a 
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susceptible host in a favourable environment 
(Agrios, 2005) - is a paradigm in plant pathology 
(Francl, 2007).  A disease can therefore be prevented 
by eliminating any one (or more) of the trinity 
(Ravichandra, 2013).  In the triangle, the host plant 
resistance is the only practicable measure for human 
manipulation to control the disease (Cooper et al., 
2001; Verdier et al., 1997). Albeit some specificity 
of resistant varieties of oil palm progenies has 
been claimed, no clear-cut gene relationship with 
resistance has been demonstrated and no so-called 
resistant line to BSR is known (Cooper et al., 2011). 
Though, screening oil palm progenies for partial 
resistance to G. boninense has been done (Breton et 
al., 2006; Idris et al., 2004a), and field observation 
in North Sumatra suggests Deli origin (from both 
Malaysia and Indonesia) to be more susceptible 
than African origin (Durand-Gasselin et al., 2005), 
indicating possible genetic resistance in some 
populations (Cooper et al., 2011). 

Yet, the study of resistance to BSR will require 
resistant oil palm lines and a reliable method 
to screen for the resistance is a requisite for the 
work. Metabolomics approaches which enable 
the assessment of a broad range of metabolites 
have been reported to have boundless advantage 
in both phenotyping and diagnostic analysis in 
plants (Fernie and Schauer, 2009). Metabolomics 
depends principally on the methodologies and 
instrumentations for large-scale analysis of diverse 
metabolic characteristics and highly complex 
mixtures of metabolites (Hong et al., 2016). Mass 
spectrometry (MS) hyphenated with analytical 
technologies such as liquid chromatography (LC) 
or/and gas chromatography (GC) enables robust 
identification and quantification of broad range of 
metabolites.  Metabolomics is an important tool in 
genomics-assisted selection in crops (Fernie and 
Keurentjes, 2011). Metabolomic analysis contributes 
significantly to the understanding of the relation 
between genotype and metabolic outputs by tackling 
key network components (Toubiana et al., 2013). 
The candidate genes for specific metabolites which 
have potential targets for quality improvement and 
uncovering the mechanisms of complex agronomic 
traits have been discovered (Gong et al., 2013).    In 
oil palm, because of the long gestation for the 
disease symptoms to appear – by which time the 
palm may already be dying - any method to obtain 
early evidence of the disease will be invaluable in 
studying the disease progression, and proteomics 
may well be a way to do so (Jeffery Daim et al., 2015; 
Syahanim et al., 2013).  However, little has been done 
on oil palm metabolites to provide the background 
for screening work (Nurazah et al., 2013). Using the 
metabolomics perspective to study genetic variation 
may deepen our understanding of plant biology as 
reported in wheat (Triticum aestivum), thale cress 
(Arabidopsis thaliana) and rice (Oryza sativa) (Hill et 

al., 2015; Routaboul et al., 2012; Matsuda et al., 2012).
Moreover, there are diverse metabolites in the oil 

palm root that may contribute to the palm resistance 
to disease, both preformed, e.g., phytoanticipin, and 
inducible, e.g., phytoalexin (Diabate et al., 2009). 
Several metabolites have been found associated with 
oil palm-Ganoderma interactions. Chelidonic acid 
was found in leaf of oil palm artificially-infected with 
G. boninense (Dzulkafli et al., 2015).  Accumulation 
of phenolic acids, especially syringic acid, in oil 
palm root inoculated with G. boninense suggests 
their anti-fungal properties against the pathogen 
(Chong et al., 2012).  Sterols and tocopherols were 
also detected using gas chromatography-mass 
spectrometry (GC-MS) in the roots of oil palm 
artificially infected with G. boninense (Nusaibah et 
al., 2011). In previous research, oil palm resistance 
to vascular wilt (Fusarium oxysporum) is due to the 
production of phenolic compounds in the roots of 
the infected palm, and their presence can therefore 
be an indicator of the disease infection (Diabate et 
al., 2009).

Recent advances of instrumentation and 
informatics tool have facilitated the simultaneous 
analysis of a large number of metabolites. This 
study was conducted to explore the metabolite 
profiling using available parental palm materials 
(based on progeny testing against Ganoderma) at 
this particular time via liquid chromatography-
quadrupole/time-of-flight-mass spectrometry (LC-
Q/TOF-MS) on oil palm from Cameroon (African) 
and Deli genetic backgrounds to uncover the 
constituents/metabolites that potentially confer 
the palm resistance/susceptibility to BSR according 
to the genetic background. The LC-Q/TOF-MS 
detection, annotation, interpretation and workflow 
may afford a way to distinguish resistant planting 
materials based on genetic backgrounds at the 
metabolite level.  

MATERIALS AND METHODS

Chemicals

Acetonitrile and acetic acid for high perfor-
mance liquid chromatography (HPLC) and 
methanol for metabolite extraction were purchased 
from Merck, Germany, and shikimic acid standard 
(≥90%) from Sigma-Aldrich, USA. All solvents used 
were HPLC grade. Water was purified by a Milli-Q 
system (Milipore, USA).

Sample Collection and Preparation

Roots from 26-year old oil palm were taken 
from MPOB Research Station Kluang, Johor, 
Malaysia.  Twelve palms from two different 
genetic backgrounds with possible sources of 
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genetic resistance were selected based on previous 
selection for resistance to BSR, ranging from partial 
resistant to the most susceptible (Idris et al., 2004a). 
Six biological replicates from Cameroon dura were 
(#0.219/126, 0.219/405, 0.219/441, 0.219/496, 
0.219/549 and 0.219/637), siblings of the partially 
resistant Cameroon pisifera (#0.219/1371), and the 
other six biological replicates from the siblings of 
the susceptible Deli dura (#0.212/642) - (#0.212/67, 
0.212/68, 0.212/69, 0.212/71 and 0.212/75), all 
without visible symptoms of Ganoderma infection. 
Healthy parental palms without any visible 
symptoms of BSR were selected based on similar 
age and planting location. The root tissues were 
harvested in the morning from 9 to 11 am by cutting 
the primary root. The primary roots, which spread 
either horizontally or descend into the soil, were 
harvested by digging around the palm at least 15 
cm from the stem base. The secondary, tertiary and 
quaternary roots attached to the primary roots were 
removed. Care was taken not to damage the root. 
The primary roots were cut, cleaned of clinging soil 
and immediately frozen in liquid nitrogen before 
grinding to a fine powder in a mortar with pestle. 
The samples were kept at -80°C until use.

Metabolite Extraction

Metabolite extraction was performed according 
to Ferracane et al. (2010) with minor modifications. 
Five ml 80% (v/v) aqueous methanol was added to 
500 mg frozen root tissue powder in a Falcon tube. 
The root metabolites were extracted by sonication 
in an ultrasonic bath for 30 min and centrifugation 
at 3000 rpm for 15 min at 25°C. The resultant 
clear supernatant was collected and dried under a 
nitrogen stream before reconstituting in 3 ml Milli-Q 
water. The extract was filtered through a 0.2 µm 
cellulose acetate syringe filter and an aliquot of 150 
µl was subjected to LC-MS analysis. The extraction 
was performed in three technical replicates.

LC-Q/TOF-MS Analysis

Metabolite analysis was performed using 
the Ultimate 3000 HPLC system with standard 
autosampler and photodiode array detector 
(Thermo Scientific, USA). The chromatographic 
separation was achieved on a Reversed-Phase 
Acclaim PolarAdvantage II column (C18 4.6 x 250 
mm length, 5 µm particle size) (Thermo Scientific, 
USA) at 37°C with gradient elution programme of 
1.0 ml min-1 flow rate and 5 µl injection volume. The 
mobile phase consisted of: (A) water containing 0.1% 
(v/v) acetic acid, and (B) acetonitrile containing 0.1% 
(v/v) acetic acid. The gradient applied started at 5% 
B and increased linearly to 25% B in 45.5 min. The 
column was washed for 5 min and equilibrated for 4 
min to minimise carry-over between the injections. 

A blank water injection was applied in-between the 
sample injections. The HPLC system was coupled 
to a mass detector-quadrupole/time-of-flight (Q/
TOF) MS with electrospray ionisation (ESI) interface 
operating in negative ion mode and controlled by 
the HyStar software (BrukerDaltonics, Germany). 
The effluent from the HPLC column was set at 1.0 
ml min-1 and reduced using a ‘T’ type splitter before 
introduction into the MS (split ratio 1:4). The flow 
arriving at the detector was 250 µl min-1. Nitrogen 
was used as nebulising gas at 4.1 bar and 9.0 litres 
min-1 flow rate. The temperature and voltage of the 
capillary were set at 200°C and +3.5 kV, respectively. 
The full scan covered the mass range from 50-1000 
m/z.

Data Analysis and Multivariate Statistics

The accurate mass data of the molecular ions 
were processed through the DataAnalysis 3.4 
software which provides a list of possible elemental 
formulas using the Generate-MolecularFormula 
(GMF) Editor (BrukerDaltonics, Germany). The 
GMF Editor uses a CHNO algorithm which provides 
the standard functionalities, such as minimum/
maximum elemental range, electron configuration 
and ring-plus double bond equivalents, as well as a 
comparison of the theoretical with measured isotope 
patterns (Sigma value) for increased confidence in 
the suggested molecular formula (BrukerDaltonics 
Technical Note No. 008, Molecular Formula 
Determination Under Automation). Corresponding 
structures were searched for in public databases 
(PubChem, KEGG, Chemspider) through 
Compound Crawler (BrukerDaltonics, Germany). 
Further identification using MetFrag (http://msbi.
ipb-halle.de/MetFrag/) was performed which 
provided in silico fragmentation (Wolf et al., 2010) 
for confirmation of the structural identity. The 
unsupervised multivariate statistics, principle 
component analysis (PCA), was performed using 
the ProfileAnalysis 2.0 software (BrukerDaltonics, 
Germany). The extraction of compounds was 
done (prior to the statistical analysis) using 
FindMolecularFeatures (FMF) for data reduction 
and comprehensive detection of all compounds in 
the LC-MS run. The LC-MS data were prepared for 
PCA using a bucketing approach to the FMF data 
[pairs of retention time (RT)-m/z values formed 
and intensities assigned to each bucket (= bucket 
value)], Pareto scaled so that each variable was 
centred and multiplied by 1/(Sd)1/2. The LC-MS data 
was integrated from 1.8 to 50 min and 50.5 to 999.5 
m/z in time- and m/z-buckets using time alignment 
parameters in the advanced bucketing approach. 
Each datum was normalised to the sum of bucket 
values for an analysis. A statistical hypothesis test, 
t-test, was performed at a significance level of < p 
0.01. For the supervised method, partial least squares 
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(projections to latent structures)-discriminant 
analysis (PLS-DA) with scaling based on Pareto was 
performed using the SIMCA-P+ software (v. 12.0, 
Umetrics, Umea, Sweden).  Means and standard 
deviations were calculated and the means compared 
with analysis of variance (ANOVA) at a significance 
level of p<0.05.

RESULTS AND DISCUSSION

Analysis of Metabolites by LC-Q/TOF-MS 
 

Metabolomics approach has provided a fast 
and unbiased comparative multivariate statistical 
analysis of the metabolite composition of oil palm 
samples. Methanol is generally used for extraction 
of various polar compounds but certain group of 
non-polar compounds are fairly soluble in methanol 
if not readily soluble (Kiran Kumar and Gowda, 
2016) making it an effective extraction solvent.  
The aqueous methanolic extracts from the roots 
of 12 palms, six from each planting material, were 
not obviously different (Figure 1). In this study, the 
peaks were obtained from negative ionisation as it 

is more sensitive than positive ionisation, allowing 
more information to be gleaned on the compounds. 
Forty peaks were detected from the root samples.  
Figure 1 is a representative base peak chromatogram 
(BPC).

Multivariate Statistical Analysis

To determine the differences between samples, 
the metabolic phenotypes were examined by 
dimension reduction of the data sets based on their 
variance (Lindon et al., 2001) using an unsupervised 
method in PCA. PCA is used to evaluate similarities 
and differences between samples to simplify data 
management (Holmes and Antti, 2002). It had 
been used to identify prominent metabolites that 
differentiate resistant and susceptible rice and 
wheat cultivars to fungal and bacterial species 
(Browne and Brindle, 2007; Wu et al., 2012). The 
analysis shows clear differences where samples 
are clustered by their origin (Figure 2a). The first 
two principal components (PC) acquired were PC1 
(27.7%) and PC2 (37.8%), in total representing 65.5% 
of the total variance in the scores plot. Cameroon 
dura was separated from Deli dura oil palm by 

Figure 1. Representative liquid chromatography-mass spectrometry (LC-MS) chromatograms of oil palm root extracts.  
(a) Deli dura and (b) Cameroon dura oil palm planting materials.

(a) 

(b) 
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PC1. Validation of the PCA involved projection of 
a randomly selected test set of a sub-population of 
replicates into the remaining replicates (test set), 
where close superimposition of the test and training 
sets indicates highly reproducible data (Allwood 
et al., 2006). Each point in the PCA loadings plot 
(Figure 2b) represents a variable, including intensity 
and the corresponding mass-to-charge (m/z). Three 
metabolites distributed far from the mean centre 
of the plot corresponded to ions m/z 173.0453, 
179.0558 and 133.0143 and they are suggested as 
the differential metabolites in the oil palm groups. 
The distances between a series of ions in loadings 
plot stand for the contribution of the variables 
in differentiating between the classes in PCA 
components (Geng et al., 2013).

In order to understand the differences between 
the oil palm groups, and also the relation between 
the metabolites and the oil palm samples with 
different origin,  a supervised method, i.e. partial 
least squares (projection to latent structures)-
discriminant analysis (PLS-DA) was implemented 
(Figure 3). The scores plot shows Cameroon dura 
separated from Deli dura oil palm by component 
1, which represented 50.46% of the total variance 
in the scores plot. By examining the corresponding 
loadings in the line plot of PLS-DA (Figure 3b), 
the metabolites greatly different in the oil palm 
samples were putatively assigned as shikimic 
acid (m/z 173.0453), malic acid (m/z 133.0143) and 
glucose (m/z 179.0561), based on a collision-induced 
dissociation (CID) experiment which generated 
characteristic tandem mass spectrometry (MS2) 
fragment ions that matched the metabolite identities 
(Table 2). The three metabolites were positively 
correlated to component 1, thus suggesting their 
relation with the oil palms with different origin. 
They explained 68.39%, 35.71% and 37.56% of 

the variation, respectively. The compounds were 
much higher in Deli dura than Cameroon dura 
oil palm materials as shown in the variable line 
plot (Figure 4), and the variable importance in the 
projection (VIP) plot in Figure 5 further described 
the importance and relative contributions of the 
individual metabolites to the differences between 
the two oil palm groups. VIP-values >1.0 indicate 
the importance of the variables in the data set. The 
fold changes in concentration of the three most 
influential metabolites were significant at p<0.01 
according to t-test (Table 1). 

Model validation is one of the important aspects 
of supervised multivariate statistics. A permutation 
test is used for the validation, to compare the 
goodness of fit and predictive ability of the model 
(R2 and Q2) (Ali et al., 2012). In Figure 6, the PLS 
model was validated using the permutation test 
with 20 number of permutations. The R2 and Q2 
were calculated using four components, which 
resulted in values of 0.64 and 0.50, respectively. The 
model is considered valid where all the blue Q2-
values are lower than the original points to the right, 
the blue regression line of the Q2-points intersects 
the vertical axis (on the left) at, or below, zero and 
all green R2-values to the left are lower than the 
original points to the right (SIMCA-P+ software v. 
12.0, Umetrics, Umea, Sweden). 

Visualisation of the separation of oil palm 
materials Deli dura and Cameroon dura suggests 
different underlying metabolic mechanisms (Werth 
et al., 2010), possibly causing different susceptibilities 
of the palms to BSR. We postulate that the observed 
clustering supports the results from previous studies 
(Durand-Gasselin et al., 2005; Idris et al., 2004a) 
of highly susceptible progenies from dura x dura 
(Deli x Deli) materials, and the partially resistant 
ones from dura x pisifera [Zaire (now known as the 

Figure 2. Score and loading plots of oil palm samples by principal component analysis (PCA), processed from mass spectrometry (MS) data in negative 
mode (o for Deli dura, + for Cameroon dura). (a) Score plots of principal component 1 (PC1) vs. principal component 2 (PC2), and  (b) loading plots 
(1: shikimic acid, 2: malic acid, 3: glucose).
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Democratic Republic of the Congo) x Cameroon]. 
Screening for resistant palms seems the most 
practical approach for comprehensive molecular 
studies as it would eliminate as much as possible 
of the susceptible materials (Durand-Gasselin et 
al., 2005; McDonald and Linde, 2002; Miller et al., 
1999). These results from metabolomics research 
will probably assist breeders to select disease-
resistant palms by integrating the accumulation 
and expression pattern of metabolites and genes of 
the pathways involving the particular metabolites. 
This will help in predicting the genes involved in 
particular processes (Saito and Matsuda, 2010). The 
accumulation of the resistance-related metabolites, 
hydroxycinnamic acid amides (HCAA), from the 
phenylpropanoid pathway  observed in potato, was 
induced by Phytophtora infestans infection which 
can lead to the abundance of genes that catalyse the 
biosynthesis of the metabolites (Pushpa et al., 2014).

Mass Spectrometric Characteristics and 
Comparison of Significant Metabolites in Oil 
Palm 

The significant metabolites were initially 
fingered by comparing their accurately measured 
mass values with their theoretical exact mass values 
and CID experimentation (Table 2). Besides the exact 

masses provided by the MS software, tandem MS 
(MS2) spectra from the CID experiments provided 
additional hints on the structure of the compounds. 
MS and MS2 data were instrumental in the tentative 
identification of the metabolite constituents (Ma et 
al., 2013). Further confirmation and identification of 
the characteristic fragments of the ions were done 
using in silico fragmentation for computer-assisted 
identification of the metabolite mass spectra from 
MetFrag. In MetFrag, candidates with a good score 
of 1.0, or closest to 1.0, showed high structural 
similarity, or just different stereochemistry, and the 
in silico fragmentation matched with the KEGG 
compound library which describes a larger number 
of compounds (Wolf et al., 2010).

Analysis of m/z 173.0453 

By comparing the accurately measured mass 
with the theoretical exact mass values, 173.0453 
m/z was tentatively identified as shikimic acid 
(Table 2). Further confirmation by MS2 analysis of 
the parent ion, m/z 173.0453 [M-H]-, showed four 
major fragments - m/z 155.0366, 137.0250, 111.0457 
and 93.0340. Fragmentation of the m/z 173.0453 ion 
produced an MS2 base peak of m/z 155.0366 [M-H-
H2O]-, followed by 137.0250 [M-H-2H2O]-, 111.0457 
[M-H-H2O-CO2]- and 93.0340 [M-H-2H2O-CO2]-  

TABLE 1. FOLD CHANGES IN CONCENTRATIONS OF THE THREE PUTATIVE METABOLITES

m/z (mass-to-charge) Putative metabolite Fold changes*
  (Deli dura/Cameroon dura)

173.0453 Shikimic acid 6.8781
179.0558 Glucose 1.6034
133.0143 Malic acid 1.9811

TABLE 2. MASS SPECTROMETRY (MS) AND MS2 DATA FOR TENTATIVE IDENTIFICATION OF PROMINENT 
METABOLITES RESPONSIBLE FOR DIFFERENCES BETWEEN DELI Dura AND CAMEROON Dura OIL PALM

No. tR m/z m/z Error Molecular Putative  MS2

 (min) measured calculated (mDa) formula metabolites  fragments (m/z)

1. 4.5 173.0453 173.0455 0.30 C7H9O5 Shikimic acid 155.0366, 
       137.0250, 
       111.0457, 
       93.0340 
2. 4.1 179.0558 179.0561 0.34 C6H1106 Glucose 161.0449, 
       149.0443, 
       143.0335, 
       131.0338, 
       119.0342, 
       113.0235, 
       101.0232, 
       89.0229
3. 5.5 133.0143 133.0142 -0.0 C4H5O5 Malic acid 115.0025, 
       89.0242, 
       71.0139

Note:  tR - retention time. m/z - mass-to-charge ratio.
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(Bylund et al., 2007). The annotated MS2 spectrum of 
the measured peaks and corresponding fragments 
of the major signals are depicted in Figure 7. These 
data are consistent with the MS2 spectrum of the 
reference compound shown in Figure 8.  

Shikimic acid, a plant phenolic, is a natural 
organic compound important as central intermediate 
in the phenylpropanoid pathway, an alternative 
route in the production of aromatic compounds, 
particularly the amino acids phenylalanine, 
tyrosine and tryptophan (Dewick, 2002). The 
phenylpropanoid pathway is a rich source of 
important secondary metabolites in plants, such 
as flavonoids, coumarins and lignans, which have 
been widely studied for their roles in the survival 
of plants, such as Arabidopsis (Fraser and Chapple, 

2011). Lower shikimic acid in Cameroon dura oil 
palm material compared to Deli dura (Figure 4a) was 
observed. Primary metabolites are rapidly utilised to 
synthesise other preformed secondary metabolites 
as defence agents against microbial pathogens 
(Lattanzio et al., 2006). Shikimic acid accumulation 
has also been measured in determining glyphosate 
(herbicide) resistance in transgenic cotton (Pline et 
al., 2002). 

Analysis of m/z 133.0143 

Comparing the accurately measured with 
theoretical mass (Table 1), the ion at m/z 133.0143 
[M-H]- was tentatively identified as malic acid. MS2 

fragments of the parent ion, which yielded three 

Figure 3. Score and loading line plots of oil palm samples by partial least squares-discriminant analysis (PLS-DA) from mass spectrometry (MS) data 
in negative mode (◊ for Deli dura, ♦ for Cameroon dura). (a) Score plot of PLS-DA component 1 vs. PLS-DA component 2, and (b) loading line plot 
(1: shikimic acid, 2: malic acid, 3: glucose).
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(a)

(b)

(c)

Figure 4. Variable line plots for three significant metabolites in Deli dura and Cameroon dura oil palm. 
(a) Shikimic acid, (b) malic acid, and (c) glucose.
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Figure 5. Variable importance in projection (VIP) plot showing relative 
contributions of shikimic acid, malic acid and glucose to differences 
between Deli dura and Cameroon dura oil palms. A variable 
(metabolite) is considered to respond significantly if the VIP value and 
its 95% confidence interval exceeds 1.

major product ions, showed characteristic fragments 
of malic acid at m/z 115.0025 [M-H-H2O]-, 89.0242 
[M-H-CO2]-  and 71.0139 [M-H-CO2-H2O]-  (Ng et al., 
2004). The annotated MS2 spectrum of the measured 
peaks and corresponding fragments of the major 
signals are depicted in Figure 9.

Lower level of malic acid was observed in Deli 
compared to Cameroon dura (Figure 4b). Malic acid 
is a dicarboxylic acid, an intermediate in the primary 
metabolism, e.g., TCA cycle, of plants (Casati et al., 
1999). Malic acid metabolism suggested that the 
acid may have a role in plant defence – there is 
increased expression of NADP-malic enzyme (one 
of the malic acid metabolising enzymes) in defence-
related deposition of lignin to provide NADPH and 
pyruvate for the shikimate pathway (for synthesis of 
aromatic amino acids, including phenylalanine) for 
lignin and flavonoid synthesis (Casati et al., 1999). 
Lignin component of oil palm woody tissue may be 
related to oil palm resistance as the white rot fungus 
will attack the lignin component and utilising 

Figure 6. Permutation test for projections to latent structures-discriminant analysis (PLS-DA).

Figure 7. Annotated negative mode MS2 spectrum of shikimic acid (173.0453 m/z, C7H9O5) at collision energy 10 eV.
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Figure 8. Similar MS2 spectra of (a) tentatively identified shikimic acid (173.0453 m/z) and (b) shikimic acid reference standard.

Figure 9. Annotated negative mode MS2 spectrum of glucose (179.0558 m/z, C6H11O6) at collision energy 10 eV.  
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the cellulose in the tree (Paterson et al., 2009).  
However, there was also no correlation between 
lignin accumulation and oil palm susceptibility or 
tolerance to BSR (Fonguimgo et al., 2015).

Analysis of m/z 179.0558 

Table 1 shows the tentative identification of m/z 
179.0558 as glucose based on the calculated and 
theoretical exact mass. MS2 analysis showed that 
the parent ion at m/z 179.0558 [M-H]- yielded eight 
fragment ions at m/z 161.0449, 149.0443, 143.0335, 
131.0388, 119.0342, 113.0235, 101.0232 and 89.0229. 
The three product ions at m/z 161.0449, 149.0443 
and 143.0335 were formed from neutral losses of 
formaldehyde or water. The other five product 
ions - m/z 131.0388, 119.0342, 113.0235, 101.0232 
and 89.0229 were formed by neutral losses of 
H2O and CH2O (Taylor et al., 2005). They showed 
the characteristic of glucose, consistent with the 
data of Taylor et al. (2005). Figure 10 shows the 
annotated  MS2 spectrum of the measured peaks 
and corresponding fragments of glucose for the 
major signals.

The higher glucose (C6H12O6, m/z 179.0558) in 
Deli (Figure 4c) than Cameroon dura materials was 
observed. Plant sugars, such as glucose, fructose 
and sucrose, are recognised signalling molecules in 
plants (Bolouri-Moghaddam et al., 2010; Rolland et 
al., 2006), besides their typical roles as carbon and 
energy sources (Koch, 2004). Sugars are involved in 
various metabolic pathways which may be of great 
importance in the plant (defence) stress response 
(Bolouri-Moghaddam and Van den Ende, 2012). 
In biotic stress caused by pathogenic fungi, the 
pathogens interfere with the metabolism of their 
host not only through the uptake of sugars for 
their own needs but also by disturbing the plant 
metabolism (Morkunas and Ratajczak, 2014). This 
suggests some dependence of the plant resistance 

on sugar levels. However, there are also reports on 
the importance of sucrose and hexose in resistance 
to fungal pathogens through the stimulation of 
phenylpropanoid metabolism (Gibertia et al., 2012; 
Morkunas et al., 2011; Forlani, 2010). In addition, 
the accumulation of hexose has been implicated in 
the expression of hexokinase that can sense soluble 
hexoses and regulate programmed cell death in 
plants (Kim et al., 2006). All these suggest sugar 
sensing in mediating carbohydrate metabolism and 
the defence response in plants (Bolton, 2009).

Plants which suffer frequent or serious damage 
produce a low constitutive chemical defence, and 
those rarely attacked relied predominantly on an 
induced defence (Wittstock and Gershenzon, 2002). 
In this metabolomics oil palm-BSR research, the 
oil palm disease resistance suggests a constitutive 
defence (Bell et al., 2010). Multiple metabolic 
pathways were observed, suggestive of their 
involvement in the palm disease resistance, which 
would require energy support from primary and 
secondary metabolism (Bolton, 2009). 

CONCLUSION

The LC-Q/TOF-MS coupled with multivariate 
statistical analysis have demonstrated three 
metabolites from different classes of plant 
compounds - sugars, phenolic acids and organic 
acids  - as potential oil palm metabolite markers 
that may assist breeders for the selection of partial 
resistance oil palms. Although the exact mechanism 
of BSR-tolerance is still unclear to support our 
observation that Cameroon materials are more 
resistant than Deli, this work is the first application 
of metabolomics to profile and identify differences 
in oil palm metabolites which may have potential to 
characterise/quantify the resistance together with 
other functional genomics studies. The established 

Figure 10. Annotated negative mode MS2 spectrum of malic acid (133.0143 m/z, C4H5O5) at collision energy 13 eV. 
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LC-Q/TOF-MS-based metabolomics pipeline will 
be applied to oil palm inbred lines associated with 
BSR for future studies to further explore the relation 
between oil palm metabolome and resistance. 
Metabolomics represent as an important addition to 
the tools currently employed in genomics-assisted 
selection for oil palm resistance to BSR. 
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