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Abstract
Signal peptide is an essential part during protein translocation for extracellular expression in the plants. A secretomics 
approach was performed to identify secretory proteins from oil palm and predict the presence of the signal peptide in each 
protein. The transcriptome and secretome profiles were generated from oil palm ramets. A combination of bioinformatics 
tools including SignalP, TargetP, TMHMM, and SecretomeP was used to predict both classical and leaderless secretory pro-
teins. The secretome analysis from transcriptome data revealed 2259 genes that encoded secretory proteins. The proteome 
analysis identified a total of 37 proteins from which 10 classical secretory proteins can be distinguished. It was important to 
note that oil palm ramet’s secretome was dominated by stress or defence related proteins which may act as protection during 
certain plant developmental stages. We also found that some proteins can be both intracellular and extracellular protein. 
Among 10 identified classical secretory proteins, the signal peptides of oil palm beta-1,3-glucanase and putative class III 
chitinase were interesting for further study due to their high cleavage site scores. Overall, this study provided broader view 
of oil palm secretomes and specific signal peptides for extracellular expression.
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LSP	� Leaderless secretory protein

Introduction

To carry out its destined function, a certain class of protein 
needs to be translocated either to specific organelle in cyto-
plasm or to extracellular spaces. The translocation of protein 
is usually determined by the existence of specific targeting 
signal called the signal peptide (SP) which is part of the 
N-terminus of a protein. SPs are cleaved from its mature 
peptide by signal peptidases after the targeting process has 
been completed (Peng et al. 2019). As an integral part of 
the protein, malfunction SP may lead to a loss of protein 

activity or even changes in phenotype. The study of maize 
floury4 (fl4) mutant showed that nucleotide alteration in SP 
regions resulted in formation of misshapen and aggregated 
zein protein bodies in endosperm which was due to the 
uncleaved SP (Wang et al. 2014). This mutations lead to 
opaque endosperm phenotypes, increased starchy regions, 
and soft kernel textures. Apart from their translocation func-
tion, SPs also have other roles such as controlling protein 
secretion rates, determining protein folding-state, affecting 
downstream trans-membrane behaviour and amino terminal 
glycosylations, gene regulations, and in some cases might 
act as an antigen (Owji et al. 2018).

Given the fact that SP is an essential part during protein 
translocations, the information of SPs from a particular plant 
and its targeting locations may give benefits for certain pur-
poses such as recombinant protein production in plants. By 
using SP, the protein could be directed to the extracellular 
pathway and secreted to the cell culture medium through the 
plant roots. This approach could increase the protein yields 
and simplify the harvesting and purification method (Pham 
et al. 2012). The type of SP also determines protein secretion 
efficiency which directly affected protein yields. It has been 
demonstrated in various expression system that the type of 
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SP is important for efficient secretion (Jonet et al. 2012; 
Huang et al. 2015; Jiang et al. 2020). In another example, 
SP was used for directing beneficial protein such as phytase 
and acid phosphatase outside of transgenic alfalfa plants (Ma 
et al. 2012). The combined activities of these extracellular 
proteins lead to improvement of P acquisition from natural 
agricultural soils thus allowing reduced P inputs while main-
taining high yields.

The information about extracellular proteins from oil 
palm including its SPs is very limited and needs to be 
explored. The availability of such information would allow 
a better understanding of secretome profiles and develop-
ment of extracellular expression systems in oil palm. In this 
study, secretomics approach combines the transcriptomics, 
the bioinformatics, and the proteomics to identify the native 
oil palm SP candidates which can be used for protein secre-
tions. A list of predicted oil palm root and leaf secretory pro-
teins which contained SP was generated from transcriptome 
data. The existence of secreted proteins was confirmed by 
comparing transcriptome data with proteome data generated 
from oil palm leaf, root, and also root exudates. At last, a list 
of recommended SP sequences was identified and presented 
in this study.

Materials and methods

Plant materials

Ramets, that were grown in liquid medium and ready for 
acclimatization, were used in this research. Ramets were 
selected under the following criteria: have a minimum of 
two roots with over than 1 cm length, have a minimum of 
two leaves, and the height is more than 10 cm. These ramets 
were subjected to RNA and protein analysis for identification 
of secretory proteins. In addition, the liquid medium which 
was used to grow ramets, was also collected and pooled for 
protein analysis. Three biological replications were applied 
for all the samples in this research.

RNA isolation and sequencing

The total RNA was extracted from root and leaf samples of 
oil palm ramets by using Rneasy Plant Mini Kit (QIAgen, 
Hilden, Germany) according to the manufacture’s procedure. 
The quantity and quality of extracted RNA were measured 
using NanoDrop™ 2000c Spectrophotometer (Thermo Sci-
entific, Massachusetts, USA). The RNA was preserved in 
RNAstable (Biomatrica, California, USA) and the sequenc-
ings were performed by Novogene Co., Ltd., Beijing, China. 
The RNA quantity and integrity was re-checked using the 
2100 Bioanalyzer Instrument (Agilent Company, USA) 
while electrophoresis was used for checking the sample 

purity. The parameters including RNA concentration, rRNA 
ratio, and RNA integrity number were calculated. The sam-
ples whose RIN or RINe value were more than 5.9 were 
processed further. RNA was converted into cDNA and 
then the sequencing adapters were added. The cDNA was 
sequenced using Illumina HiSeq 4000 System. The raw 
reads were trimmed to remove adapter and the clean reads 
was mapped into oil palm transcriptomics reference version 
NCBI 101 (Singh et al. 2013) using Kallisto version 0.46 
software (Bray et al. 2016). A transcript that has a value of 
more than 40 transcripts per million (TPM) was selected for 
further analysis.

Isolation of secreted proteins

Secreted proteins were isolated from leaf and root of oil 
palm ramets and its liquid medium. Root and leaf from 
ramets were cut into pieces (0.5–0.8 cm) and submerged 
into 15 mL of sterile ddH2O. The samples were incubated 
at 4 °C for overnight with 100 rpm agitation and then the 
supernatant was collected by centrifugation at 1500 × g for 
30 min at 4 °C. As for liquid medium, the samples were fil-
tered and concentrated using a freeze dryer until the volume 
reach 1/3 of the initial volume. Proteins from both of super-
natant and concentrated medium were purified by adding 3 
volumes of cold acetone followed by incubation at − 20 °C 
for an hour and centrifugation at 3000 × g for 10 min at 4 °C. 
The protein pellets were collected and dried using a vacuum 
centrifuge (Tomy Micro Vac MV-100) for 5 min. Isolated 
proteins were quantified by the Bradford method (Nouroozi 
et al. 2015). SDS-PAGE was used for protein quality control 
before and after the digestion. A qualitative identification of 
proteins was performed using in-solution digestion followed 
by high performance liquid chromatography tandem mass 
spectrometry (LC–MS/MS)(Ngcala et al. 2020).

Bioinformatics analysis of transcriptome 
and proteome data

The prediction and validation pipeline for genome-wide 
secretome (Agrawal et  al. 2010) was adopted for main 
analysis of oil pam secretome in this study. In addition, 
other softwares such as MultiLoc2 and CateGOrizer were 
used to generate more information for deeper analysis of 
the secretomes. Each transcript was translated into amino 
acid sequence and subjected to further analyses. SignalP-5.0 
(http://​www.​cbs.​dtu.​dk/​servi​ces/​Signa​lP; Armenteros et al. 
2019a, b), TMHMM v2 (http://​www.​cbs.​dtu.​dk/​servi​ces/​
TMHMM; Sonnhammer and Krogh, 2008), TargetP-2.0 
(http://​www.​cbs.​dtu.​dk/​servi​ces/​Targe​tP; Armenteros et al. 
2019a, b), and SecretomeP 2.0 (http://​www.​cbs.​dtu.​dk/​servi​
ces/​Secre​tomeP; Bendtsen et al. 2004) were employed to 
identify secretory proteins from both of transcript data and 

http://www.cbs.dtu.dk/services/SignalP
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TMHMM
http://www.cbs.dtu.dk/services/TargetP
http://www.cbs.dtu.dk/services/SecretomeP
http://www.cbs.dtu.dk/services/SecretomeP
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identified proteins. Default software parameters were applied 
for all bioinformatics analysis. For transcriptome data, anal-
ysis using SignalP, TargetP, and TMHMM were performed 
simultaneously to generate predicted classical secretory pro-
teins (CSP). Proteins with SP and without transmembrane 
region were taken as secreted protein. The excluded proteins 
were analyzed by SecretomeP (NN-score > 0.6) for predict-
ing leaderless secretory proteins (LSP). MultiLoc2 (https://​
abi-​servi​ces.​infor​matik.​uni-​tuebi​ngen.​de/​multi​loc2/​webloc.​
cgi; Blum et al. 2009) was used to predict the subcellular 
location of protein while CateGOrizer (https://​www.​anima​
lgeno​me.​org/​tools/​catego; Hu et al. 2008) was used to clas-
sify proteins based on the gene ontology. GO-Slim was used 
as classification method for GO terms in CateGOrizer.

SignalP and TargetP are machine learning method-based 
tools which are usually used to identify N-terminal SP on 
protein sequences (Emanuelsson et al. 2007; Nielsen 2017). 
Both softwares can predict the presence of SP in protein 
sequence but TargetP can further distinguish between secre-
tory SP and transit peptide for subcellular localization (mito-
chondria, chloroplast, and thylakoid luminal). TMHMM can 
be used to determine transmembrane proteins by predicting 
the number of transmembrane helices in proteins. Proteins 
with predicted SPs but did not contain predicted transmem-
brane region are selected as secreted protein candidates 
(Chen et al. 2003). By combining the analysis of this soft-
ware, we could get a shortlist of CSPs from root and leaf of 
oil palm ramets. On the other hand, it was known that around 
50% of plant secretory proteins do not possess SP (LSPs) 
(Agrawal et al. 2010; Alexandersson et al. 2013; Krause 
et al. 2013). The LSPs are mainly identified under biotic 
and biotic stress conditions, suggesting their roles in defense 
or stress responses (Lum and Min 2011). This type of secre-
tory protein was predicted by SecretomeP software based 
on sequence-derived features such as composition, size, 
charge, post-translational modification, predicted structure 
and degradation signal (Bendtsen et al. 2004). In addition, 
Multiloc2 software, which incorporates overall amino acids 
composition and sorting signals with phylogenetic profiles 
and GO terms, was used for predicting subcellular location 
of protein within eukaryotic cells (Blum et al. 2009). This 
series of bioinformatics analysis allowed better precision in 
predicting the secretome profiles of targeted samples.

Results

Broad view of oil palm secretome profiles

Based on NCBI Reference Sequence database (GenBank 
Accession No. PRJNA268357), oil palm has a total of 
41,801 protein-coding genes. Transcriptomics analysis 
showed that 4402 genes were expressed in roots while 

4377 genes were expressed in leaves of oil palm ramets 
(data not shown). Parallel bioinformatics analysis was car-
ried out towards transcriptomics data using SignalP, Tar-
getP and TMHMM for prediction of CSPs (Supplementary 
file). The analysis of root’s transcriptome data showed that 
771 genes (17.51%) contained SP sequence but only 292 
genes (6.63%) were predicted to encode CSPs (Fig. 1). As 
for leaf transcriptome, 856 genes (19.56%) contained SP 
sequence but only 188 genes (4.29%) were predicted to 
encode CSPs. Overall, our analysis generated the total of 
347 CSPs, 159 proteins were found in roots and 55 pro-
teins were found in leaves while 133 proteins were found 
in both organs. In addition, SecretomeP software was used 
to predict LSPs from transcriptome data. We found that 
1,462 root genes (33.21%) and 1497 leaf genes (34.2%) 
were belong to this group. A large portion of LSPs (1067 
genes) was found in both organs.

Fig. 1   Representation of secretory proteins predicted by bioinformat-
ics software from oil palm ramet’s transcriptome. Combination of 
SignalP, TargetP, and TMHMM were used to determine CSPs while 
SecretomeP was used for LSP

https://abi-services.informatik.uni-tuebingen.de/multiloc2/webloc.cgi
https://abi-services.informatik.uni-tuebingen.de/multiloc2/webloc.cgi
https://abi-services.informatik.uni-tuebingen.de/multiloc2/webloc.cgi
https://www.animalgenome.org/tools/catego
https://www.animalgenome.org/tools/catego
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Identification and characterization of secretory 
proteins from extracted proteins

Proteomics analysis was used to validate the predicted 
secretomes. A total of 37 proteins were successfully identified 
from the medium, leaf, and root samples (Table 1). Among 
them, 12 proteins were found across the samples while the rest 
could only be found in its respective sources. Once the proteins 
were identified, the full amino sequences of the protein were 
derived from database and used for predicting the presence of 
secretory signals and transit peptides, function in biological 
processes, and the subcellular locations within the cells.

Based on the result of combined bioinformatics analysis, 
identified proteins were categorized into 4 predicted pro-
tein types: classical secretory, leaderless secretory, mito-
chondrial, and non-secretory protein. Out of 37 identified 
proteins, ten proteins were predicted to contain secretory SP 
which could direct the proteins to extracellular compartment 
(CSP) while only one protein contained mitochondrial tran-
sit peptide. Further analysis using SecretomeP showed that 
13 proteins were secretory proteins without signal sequences 
(LSP). The remaining proteins belong to non-secretory pro-
tein class. Overall, 24 identified proteins were predicted as 
secretory proteins.

We used GO terms to determine the protein function 
and then GO-Slim classification for grouping the proteins 
based on its function. A large portion of identified secre-
tory proteins involved in cellular processes (38%) while the 
others play a role in protein metabolic process (13%), lipid 
metabolic process (13%), and other miscellaneous functions 
(Fig. 2). These data suggest that secretory proteins involve 
in wide range of cellular processes. For subcellular loca-
tions, analysis using Multiloc2 showed that most of iden-
tified proteins were located in cytoplasm (40%) while the 
rest were divided between extracellular (38%), chloroplast 
(14%), mitochondria (5%), and nuclear (3%).

Determination of SP candidates

From identified CSPs, we could generate 10 SPs candidates. 
The length of SPs ranges from 20 to 28 amino acids (Fig. 3) 
regardless of the total protein lengths which vary between 
118 and 525 amino acids. The SP length prediction was 
based on the probability of cleavage site position. The higher 
the probability value, the more likely that the SP would be 
cleavaged in the predicted position.

Discussion

A plant was known to secrete many proteins to extracel-
lular spaces which played an important role during stress 
responses, maintenance of cell structures, communications, 

and development processes (Agrawal et al. 2010; Alexan-
dersson et al. 2013; Krause et al. 2013). In this study, we 
focused on identification of extracellular proteins of oil palm 
ramets to get a broader view of oil palm secretome profiles 
and obtain a list of SP candidates. Transcriptome data from 
leaf and roots of oil palm ramets were used for predicting the 
secretory proteins then a comparison with proteomics data 
was made to validate the result.

Analysis on transcriptome data showed that in total, oil 
palm ramet roots had higher number of expressed secre-
tory proteins compared to leaf. It was known that plants are 
continuously secreting an enormous range of compounds to 
their surrounding environment including soils (Badri and 
Vivanco 2009; Vives-Peris et al. 2020). The root exudates 
which consist of antimicrobial compounds, signal molecules, 
and nutrients, facilitates wide range of interactions between 
plant and its surrounding rhizosphere (Haichar et al. 2014). 
In addition, the data also showed that a large number of pro-
teins were present in both organs, especially for LSPs group.

Plant as a sessile organism developed unique and 
advanced biological mechanisms to deal with environmen-
tal challenges. Cell secretion is one of the critical biologi-
cal systems in this adaptation process. It was interesting to 
see that stress/defence related genes were highly expressed 
in root and leaf (Supplementary file). Pathogenesis-related 
protein, germin, and protease were among those genes in 
root. Germin and germin-like protein which are expressed 
during specific periods of plant growth and development, 
involve in plant protection toward various environmen-
tal stresses (Dunwell et al. 2008). On a different manner, 
proteases play a role as regulator in plant immunity system 
and a large number of them act in apoplast (Balakireva and 
Zamyatnin 2018). BURP domain-containing protein, non-
specific lipid-transfer protein, and phylloplanin were some of 
highly expressed stress/defence related-genes in leaf. BURP-
domain-containing is a protein class that unique to plant and 
involves in development and metabolism. Many of these pro-
teins are stress related gene as shown in Medicago truntula 
plant where all of its BURP genes were regulated by drought 
stress (Li et al. 2016). Non-specific lipid-transfer protein 
present in abundance in higher plant and involves in various 
cell processes including resistance to biotic and abiotic stress 
(Liu et al. 2015). On the other hand, phylloplanins acts as 
leaf surface defence protein in tobacco where pathogen spore 
germination and leaf infection were inhibited in the presence 
of this proteins (Shepherd et al. 2005).

Multiloc2 software was used to further strengthen 
the analysis of sample-derived proteins. All proteins that 
belong to CSP were predicted to enter the secretory path-
way (Table 1); however, most of LSPs were predicted to be 
located in other organelles such as mitochondria, cytoplasm, 
or chloroplast. Putative G-D-S-l family lipolytic protein 
which contained a mitochondrial transit peptide was also 
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Table 1   List of proteins identified from root, leaf, and growth medium of oil palm ramet

No Predicted protein 
type

Identified 
protein

Accession Sample SecretomeP 
NN-score

Multiloc2 loca-
tion (Score)

Biological 
Process

GO (Score)

1 Classical secre-
tory

Pathogenesis-
related protein

B3TLW3 Medium, root, 
leaf

0.923 Secretory path-
way (0.99)

Defence 
response

0006952 (46)

2 Putative class III 
chitinase

K4MQC1 Medium, root, 
leaf

0.605 Secretory path-
way (1.0)

Organic sub-
stance meta-
bolic process

0071704 (43)

3 Beta-1,3-glu-
canase

B3TLW8 Medium, root, 
leaf

0.79 Secretory path-
way (1.0)

Metabolic 
process

0008152 (48)

4 Beta-1,3-glu-
canase

B3TLW9 Medium 0.868 Secretory path-
way (1.0)

Metabolic 
process

0008152 (47)

5 Non-specific 
lipid-transfer 
protein

A0A1D5AIU8 Leaf 0.945 Secretory path-
way (0.59)

Lipid transport 0006869 (42)

6 Germin A B3TLX7 Medium 0.79 Secretory path-
way (1.0)

Response to 
stimulus

0050896 (31)

7 Cysteine pro-
teinase

A6N8F8 Medium 0.559 Secretory path-
way (1.0)

Metabolic 
process

0008152 (50)

8 Non-specific 
lipid-transfer 
protein

A0A1D5AIU7 Leaf 0.901 Secretory path-
way (0.99)

Lipid transport 0006869 (41)

9 Oil palm 
polygalacturo-
nase allergen 
PEST472

A1KXJ7 Root 0.397 Secretory path-
way (1.0)

Metabolic 
process

0008152 (48)

10 Glucan endo-
1,3-beta-glu-
cosidase

J9Z4Z2 Medium 0.764 Secretory path-
way (1.0)

Organic sub-
stance meta-
bolic process

0071704 (45)

11 Leaderless 
secretory

Peroxidase A0A1Z2WYP8 Medium, root, 
leaf

0.771 Secretory path-
way (0.67)

Metabolic 
process

0008152 (39)

12 EMZ08 Q20A25 Root 0.801 Secretory path-
way (0.7)

Response to 
stress

0006950 (32)

13 Alpha-1,4 
glucan phos-
phorylase

G8FGQ1 Root 0.876 Secretory path-
way (0.49)

Carbohydrate 
metabolic 
process

0005975 (39)

14 Ribosomal pro-
tein L35A

B3TLX9 Medium 0.816 Mitochondrial 
(0.91)

Gene expression 0010467 (49)

15 40S ribosomal 
protein S8

M1HIS1 Root 0.702 Mitochondrial 
(0.55)

Protein meta-
bolic process

0019538 (44)

16 Putative choline 
phosphate 
cytidylyltrans-
ferase

G8FGI9 Root, leaf 0.723 Cytoplasmic 
(0.91)

Glycerolipid 
metabolic 
process

0046486 (51)

17 Putative enolase G8FGH1 Medium 0.627 Cytoplasmic 
(0.76)

Hexose cata-
bolic process

0019320 (48)

18 Acyl-[acyl-
carrier-protein] 
hydrolase

G8FGI0 Medium, leaf 0.835 Cytoplasmic 
(0.69)

Fatty acid 
biosynthesis 
process

0006633 (51)

19 Ribulose 
bisphosphate 
carboxylase 
large chain

I1E3W1 Leaf 0.768 Cytoplasmic 
(0.48)

Photorespiration 0009853 (50)

20 30S ribosomal 
protein S19, 
chloroplastic

I1E3X2 Leaf 0.761 Chloroplast 
(0.85)

Protein meta-
bolic process

0019538 (48)
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predicted to enter the secretory pathway. The difference in 
analysis method between used softwares might cause this 
kind of disagreement. We found that some intracellular pro-
teins such as ribosomal protein, histone, or ribulose bispho-
sphate carboxylase were predicted as LSP by SecretomeP. 
The location for these proteins could be easily clarified 

because its biological roles are already well-defined. As for 
other proteins, the function and location should be deter-
mined individually by literature studies. It should also be 
noted that SecretomeP were designed to predict LSPs from 
bacteria and mammals therefore the analysis may not be 
suitable for some plant proteins.

Table 1   (continued)

No Predicted protein 
type

Identified 
protein

Accession Sample SecretomeP 
NN-score

Multiloc2 loca-
tion (Score)

Biological 
Process

GO (Score)

21 Aluminium-
induced 
protein

B3TLT4 Leaf 0.798 Chloroplast 
(0.78)

Cellular biosyn-
thetic process

0044249 (33)

22 30S ribosomal 
protein S8, 
chloroplastic

H9LAH8 Medium, root, 
leaf

0.889 Chloroplast 
(0.71)

Protein modifi-
cation process

0036211 (51)

23 Histone H3 B3TM40 Root, leaf 0.605 Chloroplast 
(0.6)

DNA conforma-
tion charge

0071103 (52)

24 Mitochondrial Putative G-D-S-l 
family lipolytic 
protein

H6TNN2 Leaf 0.877 Secretory path-
way (0.44)

Lipid metabolic 
process

0006629 (43)

25 Non-secretory Enolase B3TLU4 Root, leaf 0.523 Cytoplasmic 
(0.62)

Hexose cata-
bolic process

0019320 (52)

26 Peptidyl-prolyl 
cis–trans 
isomerase

B3TLP9 Root, leaf 0.427 Cytoplasmic 
(0.64)

Peptidyl-amino 
acid modifica-
tion

0018193 (51)

27 ATP synthase 
subunit beta

B3TLW1 Leaf 0.588 Chloroplast 
(0.64)

Ribonucleotide 
monophos-
phate meta-
bolic process

0009167 (60)

28 Actin Q5J1K2 Medium 0.429 Cytoplasmic 
(0.85)

Cellular process 0009987 (50)

29 Fructose-bispho-
sphate aldolase

B3TLY1 Root 0.352 Cytoplasmic 
(0.52)

Hexose meta-
bolic process

0019318 (52)

30 Putative cyto-
solic ascorbate 
peroxidase 
protein

H6TNR5 Leaf 0.242 Cytoplasmic 
(0.87)

Metabolic 
process

0008152 (47)

31 Elongation fac-
tor 1-alpha

Q5J1K3 Medium 0.226 Cytoplasmic 
(0.8)

Metabolic 
process

0008152 (60)

32 1-Cys peroxire-
doxin

B3TLK7 Root 0.441 Cytoplasmic 
(0.74)

Oxidation–
reduction 
process

0055114 (50)

33 Histone H4 Q27HS8 Leaf 0.409 Nuclear (0.99) DNA conforma-
tion charge

0071103 (49)

34 Breast adeno-
carcinoma 
marker-like

B3TM11 Medium 0.289 Cytoplasmic 
(0.82)

Establishment of 
localization

0051234 (45)

35 Glyceraldehyde-
3-phosphate 
dehydrogenase

Q2XQF4 Medium, root, 
leaf

0.423 Cytoplasmic 
(0.61)

Hexose cata-
bolic process

0019320 (49)

36 Resistance 
protein

Q9SE14 Root, leaf 0.554 Cytoplasmic 
(0.54)

Defence 
Response

0006952 (30)

37 Asparagine 
synthetase

B3TLZ2 Medium 0.539 Cytoplasmic 
(0.42)

Aspartate family 
amino acid 
biosynthetic 
process

0009067 (59)
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In the case of non-secretory proteins, no disagreement 
was found between software outputs. We also found that 
some particular proteins can be both intracellular and extra-
cellular protein. Enolase (Didiasova et al. 2019) and pep-
tidyl-prolyl cis–trans isomerase (Xue et al. 2018) are two 
examples of protein that can be found in both locations. 
These proteins are predicted as intracellular protein but 
actually they are also secreted to extracellular compartment. 
Intracellular proteins contamination could be found in our 
proteomics analysis output. The cytoplasmic leakage from 
broken plant cells which occurred naturally or were resulted 
from protein extraction processes may be the cause of this 
contamination (Alexandersson et al. 2013).

Comparison between transcriptomics and proteomics 
data showed that almost all sample-derived CSPs could be 
found in the transcript data. Only pathogenesis-related pro-
tein that was absent in leaf transcripts even though the pro-
tein was identified in extracted proteins. This might happen 
due to different analysed samples where individual sample 
was used for transcriptome analysis while pooled sample 
was used for protein identification. The amount of required 
samples for proteomics analysis was a limiting factor in 
our experiment thus the isolation method should be further 
improved in the future research.

Both of transcriptomics and proteomics data showed 
that secretome of oil palm ramet was dominated by stress/
defence related proteins. The proteins may directly involve in 
stress response or play a part on activation of more complex 
system. The presence of stress/defence related protein did 
not directly indicate that the oil palm ramets were infected 
by pathogens or under a stress condition. The expression of 
such proteins may be related to a certain phase of plant life-
cycle. In Arabidopsis thaliana, the root secretion of defence-
related proteins (e.g. chitinase, glucanases, and myrosinases) 
was enhanced during flowering. This event suggested that 
plant shifted to defence mode in order to prevent pathogen 
attack during important stage of developmental cycle (De-la-
Peña et al. 2010). Similar event also found in Pisum sativum 
roots where newly generated root tip was resistance to patho-
gen infection. The secretory proteins were released when 
border cell separation occurred and appeared as protection 
of the root tip (Wen et al. 2006). Oil palm ramet is still at 
early development stage towards mature plant and it seems 
that stress related genes were expressed as innate defence 
strategy for surviving this developmental phase. The expres-
sion of stress or defence related genes may also be caused by 
overlapping roles of the regulator genes. Major transcription 
factor families in higher plants which are closely related to 
defence signaling also have overlapping roles in develop-
ment processes (Ng et al. 2018). It was also reported that 
growth regulating factors (GRFs) which involves in tissue 
differentiation and organ development may also regulate 

various biological processes related to defence response (Liu 
et al. 2014). These reports suggest that defence and develop-
ment process are closely related thus may explain the pres-
ence of defence or stress related genes in our secretome data.

Although SPs have a low degree of sequence conser-
vation, its structure are usually composed by three typi-
cal domains: an amino terminal positively charged and 
hydrophilic region (n-region), a central hydrophobic region 
(h-region), and a more polar carboxy region (c-region) 
which specifies cleavage site (Owji et al. 2018). Based on 
this information, the existence of SPs can be predicted from 
the amino sequences of proteins. We identified 10 CSPs 
from the samples and further analyzed the SPs. Non-specific 
lipid-transfer protein (A0A1D5AIU7) had the highest cleav-
age site score while glucan endo-1,3-beta-glucosidase had 
the lowest one. Higher score means higher probability of SP 
cleavage in the predicted position. Considering the cleavage 
site score and the presence of protein in all samples, the 
SP sequence from beta-1,3-glucanase (B3TLW8; MANR-
SKVSRAAVALLIGLLVAIPTGVKS) and putative class III 
chitinase (K4MQC1; MATNQLLPLLLLALVAGSHA) were 
recommended for further use. The SP from pathogenesis-
related protein may also be used but it had relatively low 
cleavage site score. These SPs should be tested first using 
a reporter gene such as beta glucuronidase or fluorescent 
protein in the future study.

Conclusion

This study generated a broader view of secretomes from oil 
palm ramets and specific SP candidates for future applica-
tions. The existence of some secretory proteins was con-
firmed by identification of proteins from root, leaf, and 
growth medium samples. We found that secretome of oil 
palm ramet was dominated by stress or defence related pro-
teins which may act as protection during development pro-
cess. In addition, the expression of stress or defence related 
genes in development process may indicate the overlapping 
roles of regulator genes. Furthermore, SPs from identified 
proteins were selected based on cleavage site score and the 
presence of protein in various samples. The combination of 
different bioinformatics software greatly increased the level 
of confidence when determining secretory proteins but some 
result disagreement between software may emerge especially 
for the LSPs. If possible, additional information from related 
references may be used to solve this problem. On the other 
hand, protein isolation methods should be optimized further 
to increase the number of identified proteins while minimiz-
ing the presence of contaminant proteins. To our knowl-
edge, this is the first report about oil palm secretome and 
the provided information should be useful for wide range 
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of research. In the future, similar approach may be used to 
identify oil palm secretome under certain conditions such 
as abiotic stress or pathogen infection. The performance 
of recommended signal sequences should also be assessed 
with reporter gene first before it can be used for extracellular 
expression.
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Fig. 2   Functional classifica-
tion of 24 identified secreted 
proteins. Numbers in a circle 
represent secretory proteins that 
contain SP
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