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Abstract
Metroxylon sagu Rottb. or locally known as sago palm is a tropical starch crop grown for starch production in commercial 
plantations in Malaysia, especially in Sarawak, East Malaysia. This plant species accumulate the highest amount of edible 
starch compared to other starch-producing crops. However, the non-trunking phenomenon has been observed to be one of 
the major issues restricting the yield of sago palm starch. In this study, proteomics approach was utilised to discover differ-
ences between trunking and non-trunking proteomes in sago palm leaf tissues. Total protein from 16 years old trunking and 
non-trunking sago palm leaves from deep peat area were extracted with PEG fractionation extraction method and subjected 
to two-dimensional gel electrophoresis (2D PAGE). Differential protein spots were subjected to MALDI-ToF/ToF MS/MS. 
Proteomic analysis has identified 34 differentially expressed proteins between trunking and non-trunking sago samples. From 
these protein spots, all 19 proteins representing different enzymes and proteins have significantly increased in abundance in 
non-trunking sago plant when subjected to mass spectrometry. The identified proteins mostly function in metabolic pathways 
including photosynthesis, tricarboxylic acid cycle, glycolysis, carbon utilization and oxidative stress. The current study 
indicated that the several proteins identified through differentially expressed proteome contributed to physical differences 
in trunking and non-trunking sago palm.
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1 Introduction

Metroxylan sagu Rottboell, known as the true sago palm, has 
the highest starch yields among sago species [19]. During 
the flowering stage, the trunks of the sago plant accumulate 
the highest amount of edible starch at about 150–300 kg of 
dry starch per tree [35]. The productivity of sago plant was 
calculated to be approximately three to four times of rice, 
corn or wheat. Compared to cassava, the productivity of 
sago is about 17 times higher [33]. Therefore, sago remains 
among the highest yielding starchy crops in the world [24, 
55].

This species can be found across Southeast Asia (Thai-
land, Malaysia, Brunei, Indonesia, Philippines) as well 
as major regions in the Solomon Islands and Papua New 
Guinea [17, 20]. The tree’s trunk or bole contains a large 
quantity of starch which is used to produce food-based prod-
ucts such as bread, cakes, vermicelli and noodles [32, 33, 
43, 47]. The different parts of the plant can also be used as 
walling materials and hut building, animal feeds, production 
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of edible sago worm, basketry [35]. Moreover, the sago pith 
waste can be utilized as a substrate for production of bio-
plastic [35, 55], bio-ethanol [10, 15, 35, 55], medicine, pes-
ticide, poison for fish [9] and sugar [15, 55].

Sago palm can grow well in underutilized wetlands where 
almost no other food crops can grow. The plant can undergo 
salt-stress tolerance due to its good distribution and growth 
in brackish water areas [21]. However, the occurrence of 
the non-trunking sago palm in deep peat area is a challeng-
ing problem in large-scale sago palm plantations in Mukah, 
Sarawak. Sago palm growing in shallow peat or mineral soil 
starts trunk formation around the fourth-year of growth. 
However, the sago palm in deep peat area will remain at the 
rosette stage, even after 10 years. This non-trunking sago 
palm phenomenon occurs in 80% of the total plantation area 
[56] and has been highlighted as one of the major production 
constraints. This problem directly affects starch productiv-
ity, the plantation time and wastes land area. Research has 
reported that the abnormality of the plant growth may be 
caused by environmental factors and lack of space or nutri-
ents [31]. Meanwhile, the study from Edward and Hussain 
[18] found that the failure of trunk formation and stunted 
in height is caused by stress-related factors. In addition, 
another study found that insufficient nutrients; primarily 
nitrogen, phosphorus and potassium in deep peat soil con-
tributes to the lack of trunk formation [25].

This study was conducted to investigate the changes of 
protein expression, which may directly or indirectly related 
to the non-trunking sago palm occurring in the plantation 
area in Sarawak, Malaysia. Major emphasis is on compara-
tive proteomics of different samples under similar conditions 
of plant growth stage, leaf coordination and soil. Thus, the 
objective of this research was to identify proteins that may 
provide critical information for understanding the sago palm 
tolerance mechanism leading to the non-trunking phenom-
enon. The knowledge may be utilised in the development 
of molecular markers for selection of stress-tolerant culti-
vars and creating tolerant crops through genetic manipula-
tion. The development process will also take into account 
the clearly consistent genes revealed by other relevant 
approaches.

2  Materials and Methods

2.1  Plant Materials

The third frond of trunking and non-trunking sago plant 
leaves at age of 16-years-old, grown in deep peat area, were 
collected from Pelita Dalat Sago Palm Plantation in Mukah, 
Sarawak, Malaysia. Plant leaves were cleaned manually with 
distilled water and surface sterilized with 70% ethanol. They 

were immediately frozen in liquid nitrogen and stored at 
− 80 °C until further analysis.

2.2  Protein Extraction and Quantification

The extraction protocol used was based on Alam et al. [6], 
with some modifications (Triton X-100 was used instead of 
NP-40). Frozen sago leaves were ground using chilled mor-
tar and pestle, in the presence of liquid nitrogen. About 2 g 
of powdered sample were incubated in 20 ml of extraction 
buffer [0.5 M Tris–HCl (pH 8.3), 2% (v/v) Triton X-100, 
20 mM  MgCl2, 2% (v/v) β-ME and 1 mM PMSF]. The mix-
ture was vortexed for 1 min, then centrifuged at 5000g for 
15 min at 4 °C. The supernatant was collected and subjected 
to PEG fractionation, added with 50% (w/v) stock solution 
of PEG 4000 to a final concentration of 15% (w/v) solu-
tion. The mixture was let incubated on ice for 30 min and 
pelleted by centrifugation at 5000g for 15 min at 4 °C. The 
supernatant was collected again and directly precipitated 
with three volumes of 100% acetone at − 20 °C for over-
night. The pellet obtained by centrifugation at 5000g for 
15 min at 4 °C was further extracted by well-dissolved it in 
20 ml extraction buffer. An equal volume of Tris-buffered 
phenol (pH 8.0) was added and mixed. After that, the mix-
tures were added with 0.7 M sucrose and mixed thoroughly. 
The sample was centrifuged at 5000g for 15 min at 4 °C to 
obtain the phenolic phase. After separation, the phenolic 
phase was precipitated by four volumes of 0.1 M ammonium 
acetate in methanol and kept at − 20 °C for overnight. The 
new pellet was obtained through centrifugation at 5000g for 
15 min at 4 °C. Then the pellet was washed three times with 
0.1 M ammonium acetate in methanol with centrifugation 
in the interval. The protein pellet was air-dried for several 
minutes and suspended in solubilization buffer (7 M urea, 
2 M thiourea, 4% CHAPS, and 0.002% bromophenol blue). 
The concentration of total protein was determined using 
a standard Bradford protein assay [14, 37]. Bovine serum 
albumin (BSA) was prepared in several dilutions in the range 
between 0 and 100 μg/ml. Meanwhile, the protein samples 
were assayed in triplicate. Then, 1 ml of Bradford reagent 
was added into all samples and the mixture was incubated at 
room temperature for at least 5 min. The absorbance value 
was measured at 595 nm using a spectrophotometer within 
1 h. The protein concentration was calculated by comparison 
with the BSA standard curve.

2.3  Two‑Dimensional SDS‑PAGE and Image Analysis

Two-dimensional electrophoresis (2D-PAGE) of extracted 
protein was performed according to the method of Al-Obaidi 
et al. [3]. Protein sample was liquified in isoelectric focus-
ing buffer containing 7 M urea, 2 M thiourea, 2% CHAPS, 
0.5% (immobilized pH gradient, pH 4–7), and 0.002% 
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bromophenol blue. A total volume of 250 µl diluted sam-
ple containing 300 µg proteins was let rehydrated for 24 h 
in IPG strip (13 cm, pH 4–7). Isoelectric focusing (IEF) 
was performed and focused on Ettan IPGphor platform (GE 
Healthcare) by applying following parameters: 50 V for 4 h, 
100 V for 1 h, 500 V for 1 h, 1000 V for 1 h, 2000 V for 1 h, 
4000 V for 2 h, 8000 V for 5 h, 8000 V for 9 h, and 50 V for 
6 h [28]. The strip then was equilibrated with reducing agent 
buffer (6 M urea, 75 mM Tris–HCl pH 8.8, 29.3% glycerol, 
2% SDS, 0.002% bromophenol blue, 1% DTT) for 15 min. 
Followed by alkylation with buffer containing 6 M urea, 
75 mM Tris–HCl pH 8.8, 29.3% glycerol, 2% SDS, 0.002% 
bromophenol blue, and 2.5% iodoacetamide for another 
15 min as described by Al-Obaidi et al. [5]. The electropho-
resis was performed at 12% polyacrylamide gel using SE600 
Ruby vertical electrophoresis system (GE Healthcare) and 
followed the parameters; 15 min at 10 mA/gel for the first 
step and 3 h 30 min at 20 mA/gel for the second step. Full 
range rainbow molecular weight marker was used as a pro-
tein standard. After that, the gel was stained using Coomas-
sie staining method for overnight. The gel was destained 
using destaining solution (10% acetic acid) until spots were 
clearly visible. The gel was scanned using the Densitometry 
system (Bio-Rad Laboratories) and analyzed using Progen-
esis Same Spots software (Nonlinear Dynamics, Durham, 
NC, USA). Four biological replicates were used for each 
sample comprising of trunking and non-trunking sago (Sup-
plementary material 1).

2.4  In‑Gel Digestion, Protein Identification 
and Database Search

Selected protein spots with fold changes of more than 1.5 
times, for at least two timeframes, were excised from the 
2-DE gels. The proteins were subjected to in-gel digestion 
with trypsin as described by Al-Obaidi et al. [2]. Excised 
gels were washes for 30 min with 100 mM ammonium bicar-
bonate, then destained with a solution containing 15 mM 
 K2Fe (CN)6 and  Na2S2O3 in water. Next, the gel plugs were 
incubated in 10 mM DTT dissolved in 100 mM  NH4HCO3 
for 30 min at 60 °C for protein reduction. The gel plugs 
then undergo incubation in 55 mM iodoacetamide with 
100 mM  NH4HCO3 at room temperature (26 °C) in the dark 
for 20 min, dehydrated with 100% (v/v) acetonitrile (ACN) 
for 5 min and dried. Trypsin solution (12.5 ng/ml trypsin in 
25 mM ammonium bicarbonate) was added to the dried gel 
plugs for hydration for 10 min at room temperature (26 °C), 
and follow by overnight incubation for digestion at 30 °C. 
After that, the digested proteins were further desalted with 
Zip-Tip Cµ18 (Millipore, Bedford, MA, USA) to obtain the 
peptides. Trypsin-digested peptides were analyzed and iden-
tified using an Ultraflextreme MALDI-ToF/ToF mass spec-
trometer (Bruker, Bremen, Germany). Peptide calibration 

standard was used to calibrate the spectra. Data analysis 
was performed using MASCOT peptide sequence matching 
software (Matrix Science Ltd., London, UK) against tax-
onomy viridiplantae—green plants entries in the SwissProt 
database using MASCOT search engine (Last update: April 
2015, containing 21, 306, 855 sequences). The search was 
performed using the following parameters: Fixed modifica-
tion included was carbamidomethylation of cysteine whilst 
variable modification included was oxidation of methio-
nine; peptide tolerance was ± 0.2 Da, MS/MS tolerance was 
0.5 Da, peptide charge + 1, + 2, + 3 and only monoisotopic 
mass were included in the search. Trypsin was used as a 
proteolytic enzyme with 1 allowed missed cleavage per pep-
tide. For a confident ID, only proteins with a minimum of 
2-matched peptides and MASCOT scores greater than 55 or 
extensive homology (p < 0.05) were considered.

3  Results

3.1  Image Analysis of Sago Protein Profiles by 2‑DE

Different level of protein expressions in 16 years old trunk-
ing and non-trunking sago palm were analysed using 2-DE 
gels. Four gels were run from each trunking and non-trunk-
ing leaf samples to obtain four independent experiments 
(picture of gels provided as Supplementary Material). The 
2-DE analysis of both sago leaf samples revealed a total of 
865 protein spots. Out of the total number of protein spots, 
34 spots were detected as significantly altered in abundance 
between trunking and non-trunking samples with p < 0.05 
and fold change > 1.5. Fig 1 shows the representative image 
analysis of each sample and labelled with their protein ID.

3.2  Proteins Analysis by Mass Spectrometry

Based on the MALDI-ToF/ToF MS/MS analysis, 19 pro-
teins were successfully identified out of 34 selected pro-
teins (Table 1). In addition, there are 15 additional pro-
teins that were identified but fall within the non-significant 
groups (Table 2). All the 19 identified proteins were upregu-
lated in non-trunking sago compared to the trunking sago 
leaves. Among the proteins are enolase (spot 428), phos-
phoglycerate kinase (spot 516), ribulose bisphosphate car-
boxylase/oxygenase activase (spot 553 and 590), glutamine 
synthetase (spot 558), phosphoribulokinase (spot 580), 
malate dehydrogenase 1 (spot 582), malate dehydrogenase 
(spot 592), oxygen-evolving enhancer protein (spot 649, 652 
and 664), ascorbate peroxidase (spot 702), putative cyto-
solic ascorbate peroxidase protein (spot 717), 23 kDa water-
oxidizing complex of photosystem II protein (spot 746), 
carbonic anhydrase (spot 753), cytochrome b6-f complex 
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iron-sulfur subunit (spot 829) and hypothetical proteins (spot 
549, 709 and 770).  

4  Discussion

4.1  Proteomics Analysis

The study of proteome has widely been used in order to 
understand plant response/adaptation through changes in 
the environment for plant growth and development [36]. 
This study was intended to identify differentially expressed 
proteins that can be potential candidates towards the non-
trunking phenomenon of the sago palm. Several databases 
such as UniProt and NCBI were used to identify the func-
tional and cellular process of the identified proteins. At the 
same time, to understand the role of the proteins towards the 
occurrence of stunted growth and physical changes of the 
sago plant. This is due to the fact that proteome in the plant 
is altered ahead before changes in characteristics are shown 
on plant tissue [7]. The identified proteins can be categorized 
into several categories such as photosynthesis, energy carbo-
hydrate, defence and stress response, and unknown protein.

The identified proteins were mainly involved in energy 
metabolism and carbohydrate processes such as enolase 
(spot 428), phosphoglycerate kinase (spot 516), glutamine 
synthetase (spot 558), phosphoribulokinase (spot 580), 
malate dehydrogenase 1 (spot 582) and malate dehydroge-
nase (spot 592). Meanwhile, some of the proteins contrib-
uted to the photosynthetic activity such as ribulose bispho-
sphate carboxylase/oxygenase (RuBisCO) activase (spot 

553 and 590), oxygen-evolving enhancer protein (spot 649, 
652 and 664), carbonic anhydrase (spot 753), 23 kDa poly-
peptide of water-oxidizing complex of photosystem II (spot 
746), cytochrome b6-f complex iron-sulfur subunit (spot 
829) and unknown proteins (spot 549 and 770). The other 
proteins response to oxidative stress like ascorbate peroxi-
dase (spot 702) and putative cytosolic ascorbate peroxidase 
protein (spot 717), while one more protein (spot 709) with 
unknown function.

Both enolase and phosphoglycerate kinase (PGK) is 
involved in the glycolytic process of the plant. Enolase is an 
abundant enzyme that catalyses the conversion of 2-phos-
phoglycerate to phosphoenolpyruvate in the glycolytic 
pathway [41, 59]. It is generally expressed in several plant 
species in response to a number of abiotic stresses such as 
salt, drought and cold [40, 49, 62]. It is also reported that 
enolase was expressed during fruit ripening in tomato [59]. 
Meanwhile, phosphoglycerate kinase (PGK) is a monomeric 
enzyme that catalyses the formation of ATP and 3-phos-
phoglycerate via the transfer of phosphate group of 1,3-bis-
phosphoglycerate to ADP [41]. This is the first reaction in 
the reduction step of Calvin cycle which is related to gly-
colysis, one of the respiration pathways. The enzyme found 
was related to biological stress in the plant [26]. A recent 
study showed the upregulation level of PGK enzyme when 
exposed to phosphorus deficiency using maize leaves [63]. 
High level of enolase and PGK enzymes in non-trunking 
sago may reflect a rapid stimulation of glycolysis and rate 
of metabolism. It also indicates an increased in photosyn-
thetic carbon assimilation following exposure to a long-term 
abiotic stress which happened to non-trunking sago palm.

Fig. 1  Representative 2-DE profiles of trunking and non-trunking sago leaves. Thirty-four proteins were significantly different in abundance are 
labelled with their protein ID in the gel
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A higher level of protein expression related to photo-
synthetic activity has been identified in non-trunking sago 
proteome. They are ribulose bisphosphate carboxylase/oxy-
genase activase, also known as RuBisCO activase (2 spots), 
oxygen-evolving enhancer proteins (3 spots), carbonic 
anhydrase, 23 kDa water-oxidizing photosystem II protein 
complex, cytochrome b6-f complex iron-sulfur subunit and 
hypothetical protein AALP_AA6G089000. RuBisCO is 
considered the most abundant protein in plant leaves and is 
important for ATP binding during carbon fixation [8, 23]. 
Activation of RuBisCO is mediated by a specific protein 
known as RuBisCO activase, and dependent on the concen-
trations of both ATP and ADP [50] in the response of pho-
tosynthesis to temperature [46]. RuBisCO activase is one of 
a new type of chaperone, functions to promote and maintain 
the catalytic activity of RuBisCO [46]. Due to differential 
expression of this protein in sago palm, it is suggested that 
RuBisCO isoforms contributing to the trunking and non-
trunking in sago palm. The presence of protein isoforms 
with different expression patterns has also been reported 
in date palm and other species such as Arabidopsis [54]. 
Interestingly, these isoforms are observed in both trunk-
ing and non-trunking sago palm with an upregulated level 
in the non-trunking palm. RuBisCO activase consistently 
increased under both high temperature and drought stress 
which concludes its crucial role to continue  CO2 fixation 
under stress, as well as protecting the plant photosynthetic 
capacity. In addition, it is expected that a higher RuBisCO 
content may be related to the quick restoration of the protein 
function during recovery [16, 27]. The increased level of this 
photosynthetic protein reinforced the suggestion that non-
trunking sago palm requires additional energy to activate 
various resistance mechanisms under abnormal and stress-
ful conditions [41], hence requiring the higher level of this 
protein.

For oxygen-evolving enhancer (OEE) proteins, it is the 
most identified photosynthetic enzyme in non-trunking sago 
plant with three upregulated spots. The OEE proteins are 
mostly present in the plant to cope with salt stress including 
water deficient, ion imbalance and toxicity [57]. This protein 
was also observed in relation to the accumulation of salt in 
the leaves, which reduces photosynthetic efficiency in the 
plant before the leaves die [1]. Peripherally bound to photo-
system II (PSII), it is essential for oxygen-evolving activity 
and PSII stability. Enhanced expression of OEE2 and other 
enzymes in rice had indicated protective responses due to 
low doses and short term NaCl stress. Study on mangrove 
Bruguiera gymnorrhiza was resulted to the increased on this 
protein level after NaCl treatment using northern analysis, 
and also by two-dimensional gel electrophoresis to support 
the finding [57]. Therefore, the presence on the numbers of 
OEE proteins in non-trunking leaves indicated the salt toler-
ance of the sago palm due to the decreased on the rates of 

transpiration, as the mangrove habitat is quite similar to the 
non-trunking sago plantation.

The highly expressed protein of carbonic anhydrase (CA) 
in non-trunking sago palm compared to its expression in 
the trunking palm, is involved in many biological processes 
including acidity regulation,  CO2 transfer, ion transfer, res-
piration and photosynthetic  CO2 fixation [58]. This protein 
is a highly abundant soluble protein, after RuBisCO, in the 
C3 plant chloroplast [44, 48]. Functionally, it can rapidly 
interconvert the major forms of C1. With this function, the 
plant is able to maintain the supply of  CO2 for RuBisCO by 
speeding the dehydration of HCO-3 in the stroma [42]. In 
other words, CA acts as a primary enzyme in the  CO2 fixing 
pathway and without it,  CO2 can still diffuse at a reasonable 
rate and only marginally affected photosynthesis [11]. Simi-
lar results were obtained from studies of Halogeton glomera-
tus, where increasing level of photosynthetic enzymes was 
related to  CO2 assimilation and light reactions under salt 
stress, showing growth inhibition under salt stress condition 
[60]. This is similar to the condition where the non-trunking 
of sago palm is located.

Glutamine synthetase (GS) was also observed to have 
differential expression in trunking and non-trunking sago. 
This enzyme catalyses the construction of glutamine from 
glutamic acid,  NH3 and ATP during glutamine biosynthetic 
process [41]. There are two isoforms of GS which are cyto-
solic GS  (GS1) occurring in the cytosol and chloroplastic 
GS  (GS2) located in chloroplasts/plastids [34].  GS1 is the 
predominant isoform found in non-photosynthetic tissues 
and has complex function due to its numerous isoforms 
[13, 39] while  GS2 assimilates ammonia from nitrate reduc-
tion and reassimilates ammonia during photorespiration in 
leaves [45]. A study on tea plant has ascertained that GS is 
used for removal of toxic caused by excess ammonium via 
glutamine synthesis reaction. When the excess concentra-
tion of ammonium accumulates under cold stress condition, 
the theanine synthesis pathway of the tea plant is activated 
to remove ammonium stored in theanine [41]. During the 
growth of transgenic tobacco plants stressed by low nitrogen 
level, increased activity of GS enhanced the activities nitro-
gen absorption and other enzymes involved in nitrogen and 
carbon metabolism [61]. In addition, a study on Halogeton 
glomeratus plant also suggested that the accumulation of GS 
protein and other compatible organic solutes may be asso-
ciated to the salt stress tolerance [60]. Thus, the increased 
level of GS protein in non-trunking leaves can be linked to 
stress tolerance to enhance the primary metabolism of the 
plant.

Phosphoribulokinase, chloroplastic-like protein and 
malate dehydrogenase (MDH) are also upregulated in non-
trunking sago in comparison to trunking sago palm. Phos-
phoribulokinase, chloroplastic-like is essential in carbohy-
drate metabolic process and plays very important roles in 
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photosynthesis [51]. Overexpression of this protein in non-
trunking leaves is another evidence of environmental stress 
like previously reported on the study of proteomics of date 
palm during drought and salinity stress [22], and also on 
maritime pine during gravitropism and phototropism stimuli 
[29]. Malate dehydrogenase (MDH) plays an important role 
in cellular metabolism in non-trunking sago leaves. MDH 
is involved in the synthesis of malate through the reversible 
reduction of oxaloacetate to malate [52, 53] and has a crucial 
role in removing radicals that were formed during oxida-
tive stress [38]. A study on oil palm had found an altered 
abundance of MDH after being infected with Ganoderma 
boninense and reported that overexpression of MDH may 
be an indication of metabolic disorder of the plant tissues 
[4]. As the non-trunking sago plant is affected by environ-
mental stress condition in a swampy area, therefore, become 
an essential need in attempts to improve nutrient deficiency 
during plant development. Moreover, presence of MDH ena-
bles plants to adapt to various stress conditions, as well as to 
control growth and development [53].

Another enzyme showing differential expression level 
between trunking and non-trunking sago palm, ascorbate 
peroxidase, is usually associated to plant responses to stress. 
In photosynthesizing eukaryotes, the balanced state of a 
redox reaction is maintained by a gentle balance between 
energy consumption and energy production. The balanced 
state is affected by the need to avoid increased production of 
reactive oxygen species (ROS). The low-level photosynthe-
sis rate in the chloroplast may increase the ROS production 
under salt stress condition [12]. High antioxidant activity is 
suggested to be linked to the plant’s ability for stress toler-
ance [30]. Based on the proteomics analysis of H. glomera-
tus, the elevated expression level of antioxidative enzymes 
was observed under salt stress. The situation happened in 
order to regulate the balance of ROS formation as well as 
for removal and defence against cell oxidative damage [60]. 
The up-regulated presence of ascorbate peroxidase protein in 
the non-trunking sago palm indicated that the protein plays 
crucial roles in defending against oxidative stress.

Based on the 2D-PAGE coupled with MALDI-ToF-ToF 
MS analysis, sago palm developed an increase of protein 
expressions in leaves of non-trunking sago as a response 
to thermotolerance, salt tolerance and other environmental 
stress factors. The proteins affect the photosynthesis and 
metabolism process in adaptation to stay alive, however, 
causes a physical abnormality of the sago plant. This inter-
esting finding might become the first trigger on sago palm 
research in understanding the factor that causes the non-
trunking phenomena in sago plantation.

In conclusion, the proteomic study showed upregulation 
in many proteins and enzymes related to energy and metabo-
lism in stressed non-trunking sago palm leaves in compari-
son to the trunking trees. The study showed that changes in 

the proteins and metabolites related to energy, metabolism 
and growth due to the environmental stress could lead to 
the non-trunking phenomena of sago palm growth. Further 
investigation on the changes of those enzymes and metabo-
lites at the molecular level is required in order to fully under-
stand the trunk formation and elongation process under abi-
otic stress, as well as starch biosynthesis process in the trunk 
of the sago palm.
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