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KEYWORDS Abstract An approach to metabolomics profiling of non-infected and Ganoderma boninense (G.
ClmadlTs B boninsense) infected oil palm roots crude extracts that utilize gas chromatography-mass spectrom-
GC-MS; etry (GC-MS) and multivariate statistics of principal component analysis (PCA) have been tested.
Metabolomics; This combination has provided a rapid approach in investigating the changes in the metabolite vari-
Oil palm roots; ations of non-infected and infected oil palm roots at 14 and 30 days post-infection. The extracts
Principal component analysis were prepared by using 80% (v/v) of methanol. In identifying the metabolites responsible for each

differentiation, PCA model was generated in loading bi-plot. Dimethyl benzene-1,4-dicarboxylate,
methyl 3-(3,5-ditert-butyl-4-hydroxyphenyl)propanoate, ergost-5-en-3-ol, (3f), stigmast-5-en-3-ol,
(3p), stigmasterol, methyl hexadecanoate, methyl (9Z,12Z)-octadeca-9,12-dienoate, methyl octade-
canoate, 2-(hydroxymethyl)-2-nitropropane-1,3-diol, methyl (Z)-octadec-6-enoate and (E)-icos-5-
ene were found more abundant in G. boninense infected roots than in non-infected roots. Steroidal
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compounds and fatty acid derivatives which has been determined in the non-infected and G. boni-
nense infected roots regulate a variety of responses to the G. boninense. The abundant of these
metabolites in G. boninense infected roots are due to the crucial roles in pathogen defence.

© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ganoderma boninense (G. boninsense), is as a major threat to
the lucrative palm oil industry which causes both basal stem
rot and upper stem rot of oil palm (Elaeis Guineensis Jacq.)
It affects the direct loss of stand and reduction of yield of dis-
eased palms (Flood et al. 2002, Hushiarian et al., 2013). The
problem and challenge to control the disease come from the
characteristics of G. boninense. It has been reported that the
fungus is soil borne. The fungicides may be ineffective due to
degradation in the soil before they can get to their target. It
also has varies mode of resting stages such as resistant myce-
lium, basidiospores, chlamydospores and pseudosclerotia
(Muniroh et al., 2019; Susanto et al., 2005).

Plant metabolomics, an important tool for investigations of
system biology. It has been used to identify the entire profile of
detectable metabolites contained in a biological system.
(Rozali et al., 2017) has studied the G. boninense infected oil
palm leaf using two-dimensional gas chromatography coupled
with time-of-flight mass spectrometry (GCxGC-TOF-MS)
based on metabolomics approach. Their finding revealed that,
mannose, xylose, glucopyranose, myo-inositol and hexade-
canoic acid were found higher in partially tolerant oil palm
whereas cadaverine and turanose were more abundant in sus-
ceptible oil palm after conducted partial least squares-
discriminant analysis (PLS) and orthogonal partial least
squares-discriminant analysis (OPLS-DA).

Determination of aqueous methanolic extract of parental
palms root tissues that are partially tolerant and susceptible
to G. boninense using liquid chromatography-mass
spectrometry (LC-MS) has been done by (Zain et al., 2013).
Nine metabolites which are broad range of sugars and
phenolics derivatives such as sedoheptulase, procyanidin B1,
procyanidin B isomer, pinocembrin malonylhexoside,
hydroxy-dimethoxybenzoyl-sulfo-hexoside, dimethoxyphenyl-
0O-hexose-O-pentoside, trimethoxyphenyl-O-hexose-O-pento-
side, dimethoxybenzyl-O-hexose-O-rhamnoside and dimeth-
oxyphenylethyl-O-hexose-O-rhamnoside were determined in
their study.

Gas chromatography-mass spectrometry (GC-MS) is an
effective system with a highly sensitive and high-throughput
analytical platform which has been demonstrated a beneficial
tool for untargeted studies of primary metabolism in a several
of fields (Durak & Genel, 2020; Durak et al., 2019; Zhou et al.,
2020). Application of metabolomics approach in GC-MS
requires a multistep procedure which include standardization
of an untargeted GC-MS metabolomics protocol such as inte-
grated optimization of pre-analytical, analytical and computa-
tional steps.

Metabolites in plants have a critical role in the interaction
between host and pathogens (Hu et al., 2019; Karre et al.,
2017; Kumar et al., 2016; Yogendra et al., 2015). The changes
in metabolism caused by the interaction between G. boninense

and oil palm roots are not yet clear. In this work, a compara-
tive metabolome method based on GC-MS was applied to
non-infected and G. boninense-infected oil palm roots to deter-
mine for biomarkers associated with pathogen infection and to
setup a diagnostic PCA method. The aim was to further under-
stand the interaction mechanism between G. boninense and oil
palm roots and provide technical support for the early diagno-
sis of G. boninense disease in oil palm.

2. Materials and methods

2.1. Plant materials and sample preparation

Plant materials used and preparation of samples were con-
ducted according to our previous work reported in detection
of G. boninense infected oil palm leaf (Isha et al., 2019). Three
months old Commercial DxP GH500 germinated seedlings
from Sime Darby Seeds & Agricultural Services Sdn. Bhd.,
Banting were used in this study.

Ten germinated seedlings were treated with G. boninense
inoculated rubber wood blocks (RWBs) whereas ten germi-
nated seedlings without any treatments of RWBs were used
as control. RWB method was prepared based on the method
described by Idris et al., 2006. G. boninense PER 71 cultures
were provided by stock collection of Department of Plant Pro-
tection, Faculty of Agriculture, Universiti Putra Malaysia.
They were maintained onto potato dextrose agar (Difco Lab-
oratories, Detroit, Michigan, USA) and incubated at
27 £ 1 °C for 7 days. RWBs of 6 cm x 6 cm x 6 cm in size
were used as a source of inoculum for fungal colonization.
The RWBs were sterilized and autoclaved at 121 °C for
15 min. Each RWB was placed in a heat-resistant polypropy-
lene bag containing 120 mL of malt extract broth and auto-
claved at 121 °C for 15 min. Then the bags were left to
solidify. Mature G. boninense plate cultures (cut into smaller
pieces) were inoculated into the RWBs and incubated in the
dark until the blocks were fully colonized.

For treatment seedlings, germinated seedlings were placed
on top of the RWB and filled with more soil. Root sample were
harvested at 14 and 30 days post-infection. Each root sample
was quenched with liquid nitrogen and ground into powder
form. Freeze-dry system (Scanvac Labogene) was used to
remove the water content in the samples. Cultivation took
place at the Transgenic Green House, Institute of Plantation
Studies, UPM under control conditions.

The freeze-dried roots powder of non-infected and G. boni-
nense infected oil palm (150 mg) were extracted in 250 mL 80%
commercial-grade methanol (30 min, 40 °C) using sonicator.
The residue was reextracted twice with the same procedure
and the total combined supernatant was filtered through
Whatman filter paper (125 mm). The supernatant was evapo-
rated to dryness in a rotary evaporator. The crude extracts
obtained were stored at —80 °C until further use.
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Table 1
infection.

Chemical composition of healthy roots (control of 14 days-post infection) and G. boninense infected roots at 14 days-post

Metabolites

Structure

Healthy roots

G. boninense infected roots

Concentration
(%)

Retention
Time (RT)

Concentration  Retention
(%) Time (RT)

2,2-Dimethoxybutane
(C6H140,)
M.W. = 118.176 g/mol

Dimethyl 2-methoxybutanedioate

(C7H,205)
M.W. = 176.168 g/mol

5-(hydroxymethyl)furan-2-
carbaldehyde

(C6He05)

M.W. = 126.111 g/mol

2,3-Dihydroxypropyl acetate
(CsH1004)
M.W. = 134.131 g/mol

2-(Hydroxymethyl)-2-
nitropropane-1,3-diol
(C4HyNO:s)

M.W. = 151.118 g/mol

Dimethyl benzene-1,4-
dicarboxylate
(C1oH1004)

M.W. = 194.186 g/mol

Methyl hexadecanoate
(C17H3402)
M.W. = 270.457 g/mol

Methyl 3-(3,5-ditert-butyl-4-
hydroxyphenyl)propanoate
(C18H2803)

M.W. = 292.419 g/mol

Hexadecanoic acid
Ci6H3,0,
M.W. = 256.43 g/mol
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Table 1 (continued)

Metabolites Structure Healthy roots G. boninense infected roots
Concentration  Retention Concentration  Retention
(%) Time (RT) (%) Time (RT)
Methyl (9Z,12Z)-octadeca-9,12- °
?g’“glat% : 077 55.679 1.27 55.688
198340,
M.W. = 294.479 g/mol \
/O o) —
Methyl (Z)-octadec-6-enoate
;(/;13513‘;022)96 495 g/mol 1.25 55.866 1.79 55.88
N
Methyl octadecanoate W
(C19H3507) i 0.80 56.683 1.08 56.691
M.W. = 298.511 g/mol
(E)-icos-5-ene NN
ﬁzv";l‘“;) 280,54 g/mol 0.85 57.892 0.58 57.901
Stigmasterol
;%&1/{4102“ 2702 g/mol 1.65 86.22 1.55 86.233
Stigmast-5-en-3-ol, (3f3)
(Cx5Hs50) 4.53 87.909 5.23 87.933

M.W. = 414.718 g/mol

*M.W. - molecular weight.

2.2. GC-MS and data analysis

The solvent-free root extracts of non-infected and G. boninense
infected oil palm were dissolved in HPLC-grade methanol. The
samples were analyzed using gas chromatography equipped
with mass spectrometry (GC-MS-2010 Plus-Shimadzu). The
column temperature was set to 50 °C (4 min), then increased
to 320 °C at the rate of 7 °C/min, and then held for 20 min.
The injector temperature was set at 280 °C (split mode = 20:1;
injection volume = 0.1 pL). The flow rate of the helium carrier
gas was set to 1 mL/min (total run time = 60 min). Mass spec-
tra were set from the range m/z 40 to 700 whereas the electron
ionization at 70 eV. The chromatograms of the sample were
examined by comparing their mass spectra with the database

library of National Institute of Standards and Technology
(NIST11). The GC-MS chromatograms were aligned using
The XCMS package in R version 2.13.0. PCA using scaling
based on Variance was analyzed by SIMCA 13.0 software.

3. Results and discussion

3.1. GC-MS analysis and metabolites identification

The GC-MS analysis of 80% (v/v) methanol crude extracts
resulted in identification of 15 metabolites in non-infected
roots (control of 14 days post-infection) and G. boninense
infected roots at 14 days post-infection whereas 14 metabolites
were identified in non-infected roots (control of 30 days
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Table 2 Chemical composition of healthy roots (control of 30 days-post infection) and G. boninense infected roots at 30 days-post

infection.

Metabolites

Structure

Healthy roots

G. boninense infected roots

Concentration
(%)

Retention
Time (RT)

Concentration  Retention
(%) Time (RT)

2,2-Dimethoxybutane
(CeH1402)
M.W. = 118.176 g/mol

3,5-Dihydroxy-6-methyl-2,3-
dihydropyran-4-one
(CsHsO4)

M.W. = 144.126 g/mol

Dimethyl 2-
methoxybutanedioate
(C7H1,05)

M.W. = 176.168 g/mol

5-(Hydroxymethyl)furan-2-
carbaldehyde

(CeHgO3)

M.W. = 126.111 g/mol

2,3-dihydroxypropyl acetate
(CsH1004)
M.W. = 134.131 g/mol

Dimethyl benzene-1,4-
dicarboxylate
(C1oH1004)

M.W. = 194.186 g/mol

Methyl hexadecanoate
(C17H3402)
M.W. = 270.457 g/mol

Methyl 3-(3,5-ditert-butyl-4-
hydroxyphenyl)propanoate
(C15H2405)

M.W. = 292.419 g/mol

Hexadecanoic acid
(C16H3202)
M.W. = 256.43 g/mol
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Table 2 (continued)

Metabolites Structure Healthy roots G. boninense infected roots
Concentration  Retention Concentration  Retention
(%) Time (RT) (%) Time (RT)
/O 0
Methyl (Z)-octadec-6-enoate
(C19H3602) 0.95 55.856 1.96 55.837
M.W. = 296.495 g/mol
N
Methyl octadecanoate )W\
(C19H3502) i
M.W. = 298.511 g/mol \ 0.67 56.644 1.21 56.65
(E)-Icos-5-ene
(CyoHyo) 1.32 57.868 0.51 57.859
M.W. = 280.54 g/mol
Ergost-5-en-3-ol, (3f) Not
(CygH450) Notdetected detected 1.97 85.565
M.W. = 400.691 g/mol
Stigmasterol
(C2oH450)
M.W. — 412.702 g/mol 2.87 86.165 2.07 86.162
Stigmast-5-en-3-ol, (3f)
(Co5H50) 6.59 87.853 5.26 87.853

M.W. = 414.718 g/mol

*M.W. - molecular weight

post-infection) and 15 metabolites were identified in G. boni-
nense infected roots at 30 days post-infection.

The metabolites and the percentage values of composition
of metabolites present in non-infected roots (control of 14 days
post-infection) are shown in Table 1. The obtained results indi-
cated that the main compounds were 2,2-dimethoxybutane
(1.02%), dimethyl 2-methoxybutanedioate (1.38%), 5-(hydro
xymethyl)furan-2-carbaldehyde (3.81%), 2,3-dihydroxypropyl
acetate (4.80%), 2-(hydroxymethyl)-2-nitropropane-1,3-diol
(2.96%), dimethyl benzene-1,4-dicarboxylate (3.67%), methyl
hexadecanoate (0.98%), methyl 3-(3,5-ditert-butyl-4-hydroxy
phenyl)propanoate (9.00%), hexadecanoic acid (3.62%),
methyl (9Z,127)-octadeca-9,12-dienoate (0.77%), methyl (Z)-
octadec-6-enoate (1.25%), methyl octadecanoate (0.80%),

(E)-icos-5-ene (0.85%), stigmasterol (1.65%) and stigmast-5-
en-3-ol, (3f) (4.53%).

The metabolites that were characterized in G. boninense
infected roots (14 days post-infection) (Table 1) were 2,2-
dimethoxybutane (0.84%), dimethyl 2-methoxybutanedioate
(1.77%), 5-(hydroxymethyl)furan-2-carbaldehyde (2.71%),
2,3-dihydroxypropyl acetate (2.31%), 2-(hydroxymethyl)-2-
nitropropane-1,3-diol ~ (1.68%), dimethyl benzene-1,4-
dicarboxylate (4.66%), methyl hexadecanoate (1.24%), methyl
3-(3,5-ditert-butyl-4-hydroxyphenyl)propanoate (10.31%),
hexadecanoic acid (2.30%), methyl (9Z,12Z)-octadeca-9,12-
dienoate (1.27%), methyl (Z)-octadec-6-enoate (1.79%),
methyl octadecanoate (1.08%), (E)-icos-5-ene (0.58%), stig-
masterol (1.55%) and stigmast-5-en-3-ol, (3f) (5.23%).
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The metabolites in non-infected roots (control of 30 days
post-infection) were identified (Table 2) as 2,2-
dimethoxybutane (1.27%), 3,5-dihydroxy-6-methyl-2,3-dihy
dropyran-4-one (5.28%), dimethyl 2-methoxybutanedioate
(1.01%), 5-(hydroxymethyl)furan-2-carbaldehyde (9.83%),
2,3-dihydroxypropyl acetate (5.83%), dimethyl benzene-1,4-
dicarboxylate (2.94%), methyl hexadecanoate (0.96%), methyl
3-(3,5-ditert-butyl-4-hydroxyphenyl)propanoate (6.69%), hex-

adecanoic acid (5.70%), methyl (Z)-octadec-6-enoate
(0.95%), methyl octadecanoate (0.67%), (E)-icos-5-ene
(1.32%), stigmasterol (2.87%) and stigmast-5-en-3-ol, (3f)
(6.59%).

The G. boninense infected roots (30 days post-infection)
contains 15 metabolites (Table 2) such as 2.2-

dimethoxybutane (0.97%), 3,5-dihydroxy-6-methyl-2,3-dihy
dropyran-4-one (1.77%), dimethyl 2-methoxybutanedioate
(1.27%), 5-(hydroxymethyl)furan-2-carbaldehyde (1.19%),
2,3-dihydroxypropyl acetate (3.21%), dimethyl benzene-1,4-
dicarboxylate (3.98%), methyl hexadecanoate (1.10%), methyl
3-(3,5-ditert-butyl-4-hydroxyphenyl)propanoate (10.47%),
hexadecanoic acid (2.21%), methyl (Z)-octadec-6-enoate
(1.96%), methyl octadecanoate (1.21%), (E)-icos-5-ene
(0.51%), ergost-5-en-3-ol, (3f)- (1.97%), stigmasterol
(2.07%) and stigmast-5-en-3-ol, (3f) (5.26%).

PCA was applied to understand the clustering features of
the non-infected and infected sample and the metabolites con-
tributing to the variability. A three-component model was gen-
erated with goodness of fit [R”X(cum) of 0.895 and Q7(cum)
of = 0.393] and the first two principal component (PC1 and
PC2) explaining 79.2%. A score plot was constructed using
PC1 and PC2 [R’X(cum) of 0.792 and Q*(cum) of = 0.719;
with 95% confidence level], showing two clear separated clus-
ters were identified by PCl without any notable outliers
(Fig. 1).

In identifying the root extract metabolites responsible for
each differentiation, PCA models were generated in loading
bi-pot (Fig. 2). 3,5-dihydroxy-6-methyl-2,3-dihydropyran-4-o
ne, dimethyl 2-methoxybutanedioate, 5-(hydroxymethyl)fura

4000

2000

PC2 (14.2%)

-2000

-4000

-6000

-15000 -5000 0

PC1 (65.0%)

-10000

Fig. 1

5000

n-2-carbaldehyde, 2,3-dihydroxypropyl acetate and hexade-
canoic acid were found higher in non-infected roots whereas
2,2-dimethoxybutane, dimethyl benzene-1,4-dicarboxylate,
methyl hexadecanoate, methyl 3-(3,5-ditert-butyl-4-hydroxy
phenyl)propanoate, methyl (Z)-octadec-6-enoate, methyl
octadecanoate, (E)-Icos-5-ene, 2-(hydroxymethyl)-2-nitropro
pane-1,3-diol, stigmasterol, stigmast-5-en-3-ol, (3f3), ergost-5-
en-3-ol, (3) and methyl (9Z,12Z)-octadeca-9,12-dienoate were
found more abundant in infected roots.

Fatty acids has been known as essential macromolecules
exist in all living organisms which are composed of carboxylic
acids attached to hydrocarbon chains. Saturated fatty acids
can be defined as a compound in which hydrogen molecules
occupy all bonding positions between the carbons, whereas
unsaturated fatty acids contain one or more double bonds
between their carbons. Different fatty acids can be identified
by the length of their carbon chain and the number of double
bonds between the carbons. Fatty acids and their methyl esters
regulate a variety of responses to biotic and abiotic stresses in
plant (Kachroo and Kachroo, 2009; McFarlane 1968).

Previous study reported that, fatty acids and their methyl
esters such as methyl hexadecanoate, methyl octadecanoate,
methyl (9Z,12Z)-octadeca-9,12-dienoate, dimethyl benzene-
1,4-dicarboxylate, methyl (Z)-octadec-6-enoate, methyl 3-(3,5
-ditert-butyl-4-hydroxyphenyl)propanoate and  5-eicosene
could be acting as potent antimicrobial agent againts pathogen
(Akpuaka et al., 2013; Bashir et al., 2012; Pu et al., 2010;
Rozlianah et al., 2015). This can be indicated that, the abun-
dance of these fatty acids and their methyl esters in G. boni-
nense infected roots are due to the crucial roles in pathogen
defence (Varns & Glynn, 1979; Alexander et al., 2017).

The highest concentration of the steroidal compounds in
the G. boninense infected samples such as stigmasterol,
stigmast-5-en-3-ol, (3) and ergost-5-en-3-ol, (38) in G. boni-
nense infected samples are related to the act as plant defense
metabolites apart from performing as plant growth regulators
(Faure et al., 2009) and controlling the fluidity of plant mem-
branes for alteration to changes in temperature (Piironen et al.,

@ Infected roots (14 days post-infection)
M Infected roots (30 days post-infection)
% Non-infected roots (Control of 14 days post-infection)
W Non-infected roots (Control of 30 days post-infection)

10000

PCA score plots derived from the GC-MS chromatogram of healthy and G. boninense infected roots.
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p(corr)[2], t(corr)[2]

@ Infected roots (14 days post-infection)
M Infected roots (30 days post-infection)
* Non-infected roots (Control of 14 days post-infection)
w Non-infected roots (Control of 30 days post-infection)

Enlargement

p(corr)[2], t(corr)[2]

a3

044

18611

0 02 04 0.6

08

Fig. 2 The PCA loadings bi-plot of the target compounds in oil palm roots and their correlation to the healthy and G. boninese infected.
Abbreviations: 1: 2,2-Dimethoxybutane; 2: 3,5-Dihydroxy-6-methyl-2,3-dihydropyran-4-one; 3: Dimethyl 2-methoxybutanedioate; 4: 5-
(Hydroxymethyl)furan-2-carbaldehyde; 5: 2,3-dihydroxypropyl acetate; 6: Dimethyl benzene-1,4-dicarboxylate; 7: Methyl hexadecanoate;
8: Methyl 3-(3,5-ditert-butyl-4-hydroxyphenyl)propanoate; 9: Hexadecanoic acid; 10: Methyl (Z)-octadec-6-enoate; 11: Methyl
octadecanoate; 12: (E)-Icos-5-ene; 13: 2-(Hydroxymethyl)-2-nitropropane-1,3-diol; 14: Stigmasterol; 15: Stigmast-5-en-3-ol, (3f); 16:

Ergost-5-en-3-ol, (3f); 17: Methyl (9Z,12Z)-octadeca-9,12-dienoate.

2000). The plant cell triggered plant defense response during
the pathogen attack and embarks signaling events leading to
increase expression of genes involved in sterol biosynthesis,
leading to induction of stigmasterol (Fig. 3) (Wang et al.,
2012; Aboobucker & Suza, 2019).

Stigmasterol is produced via the mevalonate pathway fol-
lowing a series of enzyme-catalyzed reactions leading to the
generation of 2,3-oxidosqualene (Schaller, 2003; Bach, 2016).
This is followed by conversion of 2,3-oxidosqualene to cycloar-
tenol by cycloartenol synthase (Benveniste, 2004; Griebel and
Zeier, 2010; Gas-Pascual et al., 2014; Sonawane et al., 2016).
Two phytosterol biosynthetic pathways has been identified
by (Ohyama et al., 2009) after they identified lanosterol syn-
thase 1 in Arabidopsis. The major part of the metabolic flux
occurs via cycloartenol whereas a minor part takes place via
LASI and lanosterol. Several enzymatic steps such as methyl

transferases, reductases, isomerases, demethylases and desat-
urases are needed to convert cycloartenol or lanosterol to
stigmast-5-en-3-ol (Schaller, 2004). Subsequently, stigmast-5-
en-3-ol or known as f-sitosterol is converted to stigmasterol
by the cytochrome P450 CYP710A1 via C22 desaturation
(Griebel and Zeier, 2010).

Ergost-5-en-3-ol, (3f) or known as campesterol has been
reported to be produced from 24-methylenecycloartanol in
which  24-methylenecycloartanol is converted to 24-
methylenecholesterol through several steps (Fig. 3). Then it
is epimerized to 24-methyldesmosterol followed by hydrogena-
ration of the epimerized double bond to produce campesterol
(Yokota, 1999). The production of these steroidal compounds
that is triggered after pathogen infection could be suggested
the higher level of stigmasterol and stigmast-5-en-3-ol in G.
boninense infected roots.
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Squalene synthase monooxygenase
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diphospahte
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| }

Campesterol Sitosterol
l 1CYP710A
Brassinosteroids Stigmasterol

Fig. 3 Biosynthetic pathway for plant sterols. Modified from Wang et al., 2012 and Aboobucker and Suza, 2019.

4. Conclusion

The results showed that GC-MS chromatogram of non-
infected and G. boninense infected roots (14 and 30 day post-
infection) exhibited differences which were discriminated and
clustered into groups through multivariate data analysis of
PCA. Steroidal compounds (stigmasterol, stigmast-5-en-3-ol,
(3p) and ergost-5-en-3-ol, (3f)) and fatty acid derivatives
(methyl hexadecanoate, methyl octadecanoate, methyl
(9Z,127)-octadeca-9,12-dienoate, dimethyl benzene-1,4-
dicarboxylate, methyl (Z)-octadec-6-enoate, methyl 3-(3,5-dit
ert-butyl-4-hydroxyphenyl)propanoate and 5-eicosene) which
has been found more abundant in the G. boninense infected
oil palm roots could be used as chemical marker for early
detection of basal stem rot disease in oil palm in the future
since there is no single chemical marker that could serve as
marker in detection of G. boninense.
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