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ABSTRACT

The objective of this experiment was to characterize differentially expressed glycoprotein in a somatic
embryogenesis process during oil palm tissue culture. Embryogenic callus in the somatic embryo acqui-
sition stages (globular, torpedo and cotyledonary) and oil palm plantlets were collected to extract total
protein and isolated glycoprotein using a concanavalin A N-linked affinity column. Tryptic glycoproteins
were isolated using nano-liquid chromatography-tandem mass spectrometry. In total, 383 glycoproteins
were identified and analyzed. The percentages of existence of glycoprotein were observed, from highest to
lowest amounts, in the metabolic process, binding and nuclear components, respectively. Different
glycoproteins were involved in membrane trafficking machinery, signaling to stress and in hormonal and
environmental response for plant growth and development. PREDICTED: protein TIC 40, chloroplastic-like
was expressed in the globular, torpedo and plantlet stages. The protein can be further developed into a
glycoprotein biomarker, as a biological indicator of the somatic embryo maturation stage. This study
should assist deeper understanding of the important role of glycoprotein specificity in somatic embryo-
genesis that controls plant cell response and growth development during oil palm tissue culture.
Copyright © 2018, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Oil palm (Elaeis guineensis Jacq.) belongs to the family Arecaceae
and is a persistent monoecious crop that has separate male and
female inflorescence on the same tree (Corley and Tinker, 2003). Oil
palm is one of the most important oil-bearing crops that produces a
higher yield of vegetable oil per hectare than soybean, and it is the
largest source of edible vegetable oil in the world (Ndon, 2006).
Most oil palm cultivars are a Dura x Pisifera hybrid with high oil
yield hybrid vigor performance called the Tenera hybrid. Current
development using conventional breeding and selection normally
takes 10—15 yr to complete the cycle (Taeprayoon et al., 2015).
A single growing apex and vegetative parts of oil palm cannot be
used for multiple asexual reproduction and hence F; Tenera hybrid

* Corresponding author. Department of Genetics, Faculty of Science, Kasetsart
University, Bangkok 10900 Thailand.
E-mail address: fscicwj@ku.ac.th (C. Jantasuriyarat).

https://doi.org/10.1016/j.anres.2018.11.011

seeds are generally employed as a seed stock for the propagation of
high yield traits (Barcelos et al., 2002). To increase the efficacy and
rapid multiplication of the true type of elite oil palm, several studies
have focused on the propagation process, nutrition, plant growth
regulators and culture conditions to induce oil palm plantlet for-
mation (Teixeira et al., 1995; Kanchanapoom et al., 2010; Romyanon
etal., 2015; Corréa et al., 2016). Thuzar et al. (2011 ) reported success
in oil palm plantlet propagation through an indirect somatic
embryogenesis process. Culture medium fortified with nutrients
and plant growth regulator was also utilized in the propagation.
This process takes at least 9—12 month to obtain a complete,
new plant (Thuzar et al., 2011, 2012). Somatic embryogenesis has
become the key method for the multiplication of oil palm elite
genotypes. However, the functional mechanism to control somatic
embryogenesis is poorly understood.

Plant somatic embryogenesis (SE) is a biological process that
occurs naturally at the edges of leaves of several Kalanchoé species.
Plant SE also appear as small bipolar structures that undergo
dedifferentiation or redifferentiation to enter a new biological

2452-316X/Copyright © 2018, Kasetsart University. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:fscicwj@ku.ac.th
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anres.2018.11.011&domain=pdf
www.sciencedirect.com/science/journal/2452316X
http://www.journals.elsevier.com/agriculture-and-natural-resources/
http://www.journals.elsevier.com/agriculture-and-natural-resources/
https://doi.org/10.1016/j.anres.2018.11.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.anres.2018.11.011
https://doi.org/10.1016/j.anres.2018.11.011

S. Aroonluk et al. / Agriculture and Natural Resources 52 (2018) 430—438 431

program that gives rise to somatic embryos (Loyola-Vargas and
Ochoa-Alejo, 2016). The indirect somatic embryogenesis process
consists of three differential steps. Step one is the transition of
explant to embryogenic callus. Step two is the development of
somatic embryo maturation including the globular, torpedo and
cotyledonary stages. The last step is the maturation of the somatic
embryo into a plantlet (Von Arnold et al., 2002). Several studies of
the genes involved in somatic embryogenesis were reported in
LEAFY COTYLEDON (LEC) (Braybrook and Harada, 2008; Ledwon and
Gaj, 2011), BABY BOOM (BBM) (Boutilier et al., 2002), WUSHEL
(WUS) genes (Arroyo-Herrera et al., 2008), SOMATIC EMBRYOGEN-
ESIS RECEPTOR KINASE1 (SERK1) (Hecht et al., 2001) and the
arabinogalactan protein (AGP) gene (Karami et al., 2009), which
proposed the introduction of embryo formation in somatic cells.
The differentially expressed proteins during somatic embryo-
genesis are described as the proteins that are induced by oxidative
stress and respond to higher cell division activity including ascor-
bate peroxidase, dehydroascorbate reductase, glutathione trans-
ferase and mitochondrial manganese superoxide dismutase (Takac
et al., 2011). In addition, Silva et al. (2014) revealed the identifica-
tion of expressed proteins during acquisition of oil palm embry-
ogenenic callus formation. Some proteins can be developed into
biomarkers such as typellla membrane protein cp-wap13, fructo-
kinase and PR proteins. Furthermore, the classification of perspec-
tive proteomics represents a majority of protein function that is
involved in metabolism and serves as an alternative energy source,
and the synthesis of primary metabolites for somatic embryo
development in secondary somatic embryogenesis in cassava
(Manihot esculenta) (Baba et al., 2008) as well as in Quercus suber
(Gomez-Garay et al., 2013). However, the understanding of protein
post-translational modification is still unclear Protein glycosylation
is one of the most common processes that occur in the post-
translational modification and approximately 50% of cellular pro-
tein is glycosylated (VandenSteen et al., 1998). There are two types
of protein glycosylation pathway: N and O-glycosylation. The
N-glycosylation in plants is found in the consensus sequence of Ans-
x-Ser/Thr (X= proline). This type of glycosylation is generally the
attachment of various preassembled monosaccharide precursors in
the lumen of the endoplasmic reticulum (ER) to asparagine residues.
On the other hand, O-glycosylation varies among plant species, and
the monosaccharide precursors are normally attached to serine
residues from the extensins (EXTs) as well as other members of the
hydroxyproline-rich glycoprotein (Hyp) family with a single deriv-
ative galactose (Saito et al., 2014; Strasser, 2016; Schoberer and
Strasser, 2017). N-glycan and O-glycan of protein primarily occur
in the secretory system (ER and Golgi) and can result in functional
protein changes which are influenced by subcellular localization
(Oxley et al., 2004; Zhou et al., 2005). Moreover, N-/O- glycoproteins
are believed to play a vital role in protein stability, protein activity
and protein function to control many aspects such as signaling for
regulation of plant growth, cell polarity, morphogenesis and adap-
tation to biotic and abiotic stress (Baluska et al., 2003; Samaj et al.,
2003; Cannesan et al., 2012; Nguema-Ona et al., 2014). In previous
study, glycoprotein was responsible for the inhibition and regulation
of cell polarity in Ustilago scitaminea teliospores inoculated in
sugarcane (Millanes et al., 2005). Xu et al. (2011) characterized
hydroxyproline-rich glycoprotein during somatic embryogenesis
of banana (Musa spp. AAA) using immunofluorescence labelling.
The result suggested that this glycoprotein plays an important role
especially in the process of embryo germination during plant
regeneration via somatic embryogenesis of banana somatic em-
bryos. However, profound insight into glycoproteomics during
somatic embryogenesis is still lacking. The current study aimed to
identify N-glycoproteomics, which may have important roles in
response to somatic embryogenesis in oil palm tissue culture.

Materials and methods
Plant materials

Oil palm cv.Tenera zygotic embryos were used aged 15 wk after
pollination from the Rice Science Unit, Kasetsart University, Kam-
phaengsaen campus, Thailand as the explants for tissue culture. The
zygotic embryo explants were inoculated in N6 medium containing
1 mg/L of 2,4-dichlorophenoxyacetic acid (2,4-D) for callus induc-
tion under dark conditions until globular embryos appeared on
primary callus. The embryo was then transferred to N6 medium
supplemented with 0.1 mg/L of 2,4-D, 0.16 g/L of putrescine, 0.5 g/L
of casein amino acids and 2 g/L of activated charcoal under daylight
conditions for a 16 h photoperiod until somatic the embryogenic
maturation stages (globular, torpedo, cotyledon) were reached.
Each small shoot was then transferred to a Modified N6 medium
containing 0.5 g/L activated charcoal and 30 g/L sucrose to regen-
erate a complete new plant (Thuzar et al., 2011). Tissue samples
at the callus stage and the embryo maturation stages (globular,
torpedo, cotyledon) and the plantlet stage were collected for pro-
tein extraction (Fig. 1).

Protein extraction

Plant tissue samples were ground in liquid nitrogen and dissolved
in 0.5% sodium dodecyl sulphate (SDS) with continuous vortexing
for 30 min at room temperature. The pellet was precipitated using
centrifugation at 12,000 revolutions per minute (rpm) for 15 min at
4 °C. The supernatant was transferred to a new microcentrifuge tube
and mixed well with an equal volume of cooled acetone and incu-
bated for 2 h at —20 °C. The mixture was then centrifuged at
12,000 rpm for 15 min at 4 °C to collect pelleted materials. The pellet
was washed in cooled acetone and centrifuged three times at
12,000 rpm for 15 min at 4 °C. The pellet was dissolved again in 0.5%
SDS and desalted in a Zeba™ Desalt spin column (Thermo Fisher
Scientific; Madison, WI, USA) according to the manufacturer's in-
structions. The concentration of soluble protein was determined
using the Lowry method (Lowry et al., 1951). The protein was stored
at —80 °C until use in the glycoprotein isolation experiment.

Glycoprotein isolation and digestion

One microgram of protein from each sample was taken for
glycoprotein isolation using a Pierce glycoprotein isolation Kit,
ConA and then desalted using the Zeba™ Desalt spin column
according to manufacturer's protocol. To reduce disulfide bonding,
10 mM dithiothreitol in 10 mM ammonium bicarbonate was added
to 5 pg of purified glycoproteins, and reformation of disulfide bonds
in the glycoproteins was blocked by alkylation with 30 mM
iodoacetamide in 10 mM ammonium bicarbonate. The glycoprotein
samples were digested with 200 ng of sequencing grade porcine
trypsin (Promega; Mannheim, Germany) for 16 h at 37 °C. The
tryptic peptides were dried using a speed vacuum concentrator and
resuspended in 0.1% formic acid for nano-liquid chromatography-
tandem mass spectrometry (nanoLC-MS/MS) analysis.

Nano-liquid chromatography-mass spectrophotometry

Glycopeptide samples were injected in triplicate into an Impact
I UHR-TOF MS system (Bruker Daltonics Ltd; Hamburg, Germany)
which was coupled with a nanoLC system: UltiMate 3000 LC Sys-
tem (Thermo Fisher Scientific; Madison, WI, USA) as well as an
electrospray at the flow rate of 300 sL/min to a nanocolumn
(PepSwift monolithic column 100 pm internal diameter x 50 mm).
A mobile phase of solvent A (0.1% formic acid) and solvent B
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Fig. 1. Oil palm tissue samples: (A) callus stage; (B) globular stage; (C) torpedo stage; (D) cotyledonary stage; (E) oil palm plantlet, where scale bar = 0.5 cm.

(80% acetonitrile and 0.1% formic acid) were used to elute peptides
using a linear gradient of 10—70% of solvent B at 0—13 min (the
time-point of retention) followed by 90% B at 13—15 min to remove
all peptides in the column. The final elution of 10% B at 15—20 min
was carried out to remove any remaining salt. The resolution of the
MS step was 0.6 and the accuracy was 0.15 U (m/z).

Bioinformatic and data analysis

The DeCyder MS 2.0 analysis software (GE Healthcare; Chicago,
IL, USA) was used to measure the quantitative protein intensity
based on peptide MS signal intensities of individually LC-MS
analyzed data. To evaluate the peptide from each stage, a PepDe-
tect module was used to produce ion peptides in the dataset as
follows: 0.6 mass resolution, 0.3 typical peak width, 10,000 TOF
resolution, 1 to 10 charge status and 0.1 U m/z shift tolerance.
A PepMatch module was evaluated using signal intensity maps from
each sample. The highest intensity sample was used as a control
presenting the relative abundance of peptides as 2log intensities
with mass tolerance set to 0.5 amu. An average abundance ratio
more than 2-fold was determined as the overly expressed protein
using a significance standard t-test and one-way analysis of variance
(ANOVA; p < 0.05). All MS/MS spectra from Decyder MS analysis
were analyzed by applying the global variable mode of carbamido-
methyl (C), the variable mode of Hex(3)exNAc(1)Pent(1)(N), Hex(3)
HexNAc(2)(N), Hex(3)HexNAc(2)-P(1)(N), Hex(3)HexNAc(4)(N),
Hex(4)HexNAc(4)(N), Hex(5)HexNAc (2)(N), Hex(5)Hex-NAc(4)(N),
Hex1HexNac1(S), Hex1HexNAc1(T), a peptide charge state (1+, 2+
and 3+) and an m/z tolerance 0.1 U. The data were searched against
the NCBI FTP site of the Elaeis guineensis genome database (39,705
sequences; 17 February 2017) to identify matching peptides using
the Mascot software (Matrix Science; London, UK). Identified pro-
teins were filtered using one-way ANOVA (p < 0.05). In this exper-
iment, 5 ug of BSA was used as an internal standard to normalize the
protein intensities from each run. Then, a group of proteins from
each sample was used to determine the similarity and differential
protein expression using the Bioinformatics and Evolutionary Ge-
nomics tool (http://bioinformatics.psb.ugent.be/webtools/Venn/) to
collect candidate proteins to verify the expression level using real
time quantitative polymerase chain reaction (PCR). Gene ontology
was functionally characterized with identified glycoproteins using
appropriate protein annotation shown in the uniprot protein

database (http://www.uniprot.org/), PANTHER classification system
(http://pantherdb.org/) and previously reported proteins.

Quantitative real-time reverse transcription-polymerase chain
reaction

The total RNA was extracted from primary callus, somatic embryo
maturation at the globular, torpedo and cotyledon stages and at the
plantlet stage using Spin Plant RNA (STRATEC Molecular GmbH;
Berlin, Germany) according to the manufacturer's protocol with
minor modification using DNAasel (Vivantis; Selangor Darul Ehsan,
Malaysia.) to treat on an RNA binding column before eluting the total
RNA. One microgram of total RNA was taken to synthesize first
strand cDNA using a cDNA synthesis kit (biotechrabbit GmbH; Berlin,
Germany) according to the manufacturer's instructions. The cDNA
content of the E. guineensis elongation factor alpha-1 gene (NCBI
accession number XM_019850296) was used as a normalization of
the expression level. The expression level of candidate proteins was
examined with specifically designed primers: KAPA SYBR® FAST
gPCR kit Mastermix (2x) universal (Kapa Biosystems; Wilmington,
MA, USA) according the manufacturer's instructions on an Eppen-
dorf Mastercycler ep Realplex (Thermo Fisher Scientific; Madison,
WI, USA). The reaction mixture (10 pL) was filled with 2 uL of each
40-fold dilution cDNA sample, 100 «M of each primer and 1X KAPA
SYBR® FAST qPCR kit Mastermix. The thermal cycling conditions
were set as: 95 °C for 2 min; 40 cycles of 95 °Cfor 155,58 °Cfor 15 s
and 72 °C for 20 s following a melting curve at the final step ac-
cording to instrument recommendation. The amplification for each
gene was assessed for three replications and the transcription level
for each gene was confirmed in three bioreplications. The double
delta Ct calculation was used to determine fold change by compar-
ison with the mRNA level of the callus stage as a calibrator.

Results

Glycoprotein isolation and nano-liquid chromatography-tandem
mass spectrometry identification

To assess the glycoprotein change during the stages of oil palm
tissue development, embryogenic callus, somatic embryo matura-
tion and plantlet formation samples were collected for total protein
extraction. Total proteins were isolated to obtain glycoprotein using
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a lectin ConA affinity column for isolation of N-linked glycoprotein,
and tryptic digestion into peptides coupled with nanoLC-MS/MS.
The peptide sequences from nanoLC-MS/MS were searched
against the NCBI FTP site of the Elaeis guineensis genome database
and matched with 383 proteins. In total, 375, 375, 364, 374 and 368
proteins were presented in the callus, globular, torpedo, cotyle-
donary and plantlet stages, respectively, with 338 proteins shared
in all stages. Nine proteins were commonly expressed in the callus,
globular, cotyledonary and plantlet stages (except the torpedo
stage), including PREDICTED: 26S proteasome non-ATPase regula-
tory subunit 14 homolog, PREDICTED: formamidopyrimidine-DNA
glycosylase isoform X3, and PREDICTED: myb family transcription
factor EFM. Six proteins were expressed in the callus, globular,
torpedo and cotyledonary stages, excluding the plantlet stage
including PREDICTED: proteasome assembly chaperone 4, PRE-
DICTED: BTB/POZ domain and ankyrin repeat-containing protein
NPR1 isoform X3 and PREDICTED: inactive poly [ADP-ribose] po-
lymerase RCD1. Six proteins were expressed in the globular, tor-
pedo, cotyledonary and plantlet stages but not in the callus stage
including PREDICTED: rab9 effector protein with kelch motifs-like
isoform X2, PREDICTED: cytochrome P450 704C1-like and PRE-
DICTED: auxin-responsive protein SAUR50. Five proteins were
shown in the callus, torpedo, cotyledonary and plantlet stages but
not in the globular stage including PREDICTED: eukaryotic trans-
lation initiation factor 2 subunit alpha homolog, PREDICTED: 40S
ribosomal protein S18-like and PREDICTED: SAP-like protein BP-73
isoform X2. Three proteins were particularly expressed in the
callus, globular and torpedo stages but not in the cotyledonary and
plantlet stages including PREDICTED: protein ENHANCED DISEASE
RESISTANCE 2 isoform X4 and PREDICTED: FT-interacting protein
1-like. Three proteins were expressed in the callus cotyledon and
plantlet stages but not in the globular and torpedo stages composed
of PREDICTED: chalcone synthase 1-like, PREDICTED: zinc finger
protein 1-like and PREDICTED: dentin sialophosphoprotein. Two
proteins were particularly expressed in the callus, globular and
cotyledonary stages but not in the torpedo and plantlet stages
namely, PREDICTED: cleft lip and palate transmembrane protein 1
homolog and PREDICTED: CBL-interacting serine/threonine-pro-
tein kinase 11-like. PREDICTED: peroxisome biogenesis protein
22-like isoform X1 was expressed in the callus, globular, torpedo
and plantlet stages but not in the cotyledonary stage. PREDICTED:
uncharacterized protein LOC105038887 was expressed in the
globular, cotyledonary and plantlet stages. PREDICTED: protein TIC
40, chloroplastic-like was particularly expressed in the globular
torpedo and plantlet stages (Fig. 2). Three groups of expressed
glycoproteins namely, protein expressed only in callus and globular
(group A), proteins expressed only in globular, torpedo, cotyledon
and plantlet stages (group B) and protein expressed in globular,
torpedo and plantlet stages (group C) were collected for further
quantitative real-time PCR analysis.

Functional classification of identified glycoproteins

To functionally classify the identified glycoproteins, a classifi-
cation of protein was properly designed in terms of biological
process, molecular function and cellular component based on
proteins reported in the Uniprot tool and PANTHER-gene list
analysis. Total identified glycoproteins were categorized into
groups based on their percentage existence in biological process,
from highest to lowest as: unknown (33.85), metabolic process
(12.76), cellular process (10.42) and transcription (8.59). The mo-
lecular function of identified glycoproteins was described as per-
centage of unknown (37.24), binding (10.16), transcription factor
(7.03) and transferase (5.99). The cellular component of identified

Globular

Callus

Plantlet

Fig. 2. Venn diagram of comparative differentially expressed glycoproteins showing
number of glycoproteins identified in callus (blue), globular (pink), torpedo (brown),
cotyledonary (yellow) and plantlet (green) stages.

glycoproteins had the highest percentage as unknown (40.36),
nucleus (19.79), cytoplasm (12.76) and membrane (9.9) (Fig. 3).

Differentially expressed glycoproteins

For the expression analysis of glycoproteins involved in somatic
embryogenesis, differentially expressed protein acquisition was
identified during the somatic embryogenesis at the somatic
embryo maturation and plantlet stages. The three groups of gly-
coproteins of interest were: group A, proteins expressed in the
globular, torpedo and plantlet stages; group B, proteins expressed
during embryogenic callus transition to the somatic embryo; and
group C, proteins expressed during somatic embryo acquisition to
the plantlet stage. PREDICTED: protein TIC 40, chloroplastic-like
was suppressed in the globular stage but up regulated in the tor-
pedo and plantlet stages. Four differentially expressed proteins
involved in embryogenic callus transition to somatic embryos were
observed, namely, PREDICTED: Werner Syndrome-like exonuclease
isoform X2, PREDICTED: calcium-dependent protein kinase 8,
PREDICTED: mitochondrial outer membrane protein porin 5 and
PREDICTED: SRSF protein kinase 2. These four proteins were up
regulated in the callus stage but suppressed in the globular stage.
Six differentially expressed proteins involved in somatic embryo
development to plantlets were gained: PREDICTED: rab9 effector
protein with kelch motifs-like isoform X2, and PREDICTED: cyto-
chrome P450 704C1-like that were up regulated in globular but
slightly down regulated in the torpedo, cotyledonary and plantlet
stages, PREDICTED: pto-interacting protein 1 isoform X1 and PRE-
DICTED: LOW QUALITY PROTEIN: RNA-binding protein cabeza-like
which were up regulated in both globular and plantlet stages but
down regulated in torpedo and cotyledonary stages, PREDICTED:
uncharacterized membrane protein At1g16860 and PREDICTED:
auxin-responsive protein SAUR50 that were up regulated in both
the cotyledonary and plantlet stages but slightly decreased in the
globular and torpedo stages (Table 1).

Quantitative real-time reverse transcription-polymerase chain
reaction analysis of differentially glycoproteins

To verify the differentially expressed glycoprotein during
somatic embryogenesis development of oil palm, quantitative real-
time reverse transcription-PCR (RT-qPCR) technique was used. The
transcription level of 11 genes encoding differentially expressed
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Fig. 3. Functional classification of oil palm glycoproteins based on: (A) biological process; (B) molecular function; (C) cellular component.
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Table 1
Differentially expressed glycoproteins during oil palm tissue culture.
Code Accession No Protein name Protein sequence Identity score Protein abundance (logy)
Callus Globular Torpedo Cotyledon Plantlet

Al 8i|743764858 PREDICTED: protein TIC GGDGASQR 13.74 0.00 8.02 11.61 0.00 16.88
40,chloroplastic-like

B1 gi|1130657759 PREDICTED: Werner Syndrome-like IGGAPKK 7.33 15.21 13.32 0.00 0.00 0.00
exonuclease isoform X2

B2 8i|743763830 PREDICTED: calcium-dependent EIEIMRGLPEH 8.06 13.79 8.18 0.00 0.00 0.00
protein kinase 8 PNIVRLR

B3 gi|743846899 PREDICTED: mitochondrial outer FSTNENTFTVGG 7.20 13.73 7.99 0.00 0.00 0.00
membrane protein porin 5 QYALDPLTTVK

B4 gi|743851757 PREDICTED: SRSF protein kinase 2 RGSMEGPLEWER 13.86 12.09 9.51 0.00 0.00 0.00

C1 81743844054 PREDICTED: rab9 effector protein MFGNHWNQEK 17.86 0.00 16.85 16.04 12.84 12.23
with kelch motifs-like isoform X2

Cc2 gi|1130639345 PREDICTED: cytochrome P450 IMKLLNIGSEA 7.36 0.00 15.91 14.92 14.75 14.56
704C1-like MLK

c3 gi|1130670691 PREDICTED: Uncharacterized RSGELGKMFDIPV 13.97 0.00 14.93 13.53 15.59 15.75
membrane protein At1g16860 DNSK

C4 gi|743877450 PREDICTED: pto-interacting protein EITKSFGDEALV 13.68 0.00 10.00 9.83 6.72 9.52
1 isoform X1 GEGSFGR

c5 gi|743830897 PREDICTED: auxin-responsive MGSGAGK 14.39 0.00 9.12 14.08 19.16 17.58
protein SAUR50

C6 gi|1130671318 PREDICTED: LOW QUALITY GGGESLVGAR 19.33 0.00 9.10 8.85 6.61 9.99
PROTEIN: RNA-binding protein PPGGNR

cabeza-like

glycoproteins was identified. All genes were calculated as fold
change of the mRNA expression level by using the transcription
level of callus as the reference. The results showed that genes were
expressed in all stages (callus, globular, torpedo, cotyledonary and
plantlet) but high levels of the mRNA expression rate were noticed
in the torpedo, cotyledonary and plantlet stages (Fig. 4). The mRNA
expression level was consistent with the level of glycoprotein
identification.

Discussion
Glycoproteomics during oil palm tissues development

Somatic embryogenesis is the outstanding characteristic of
plant stem cells, based on the totipotential cell ability that allows
regeneration without gamete fusion. In this study, the samples
were collected during the embryogenic callus, somatic embryo
maturation and plantlet stages (Fig. 1) to identify and analyze
differentially expressed glycoproteins. The isolated glycoproteins
were digested using gel free tryptic digestion and the results
revealed 383 identified N-linked glycoproteins. The results also
suggested that a higher amount of identified protein may be gained
when using gel free tryptic digestion than by using gel digestion
due to the fact that there was approximately 10—15% peptides loss
and the amount of glycoprotein depends on a variety of factors
during peptide extraction, including the composition of the gel
plugs and reaction conditions (Speicher et al., 2002; Von Hagen,
2008). The identified glycoproteins in this study were similar to
the previous report by Ruiz-May et al. (2014) including PREDICTED:
leucine-rich repeat receptor-like serine/threonine/tyrosine-protein
kinase SOBIR1, PREDICTED: serine/threonine-protein kinase
D6PKL2 isoform X1, PREDICTED: probable LRR receptor-like serine/
threonine-protein kinase At3g47570 and PREDICTED: multicopper
oxidase LPR1-like. Furthermore, the result showed that modified-
glycoproteins were involved in somatic embryogenesis in oil
palm including PREDICTED: pathogenesis-related protein 1 and
PREDICTED: 40S ribosomal protein S18-like, which was also found
by Silva et al. (2014) and in somatic embryos of Theobroma cacao for
example, PREDICTED: 60S ribosomal protein L37-3, PREDICTED:
peptidyl-prolyl cis-trans isomerase CYP40-like and PREDICTED:

26S proteasome non-ATPase regulatory subunit 14 homolog
reported by Niemenak et al. (2015) and PREDICTED: probable
glutathione peroxidase 5, previously reported by Takac et al. (2011).
These modified glycoproteins associated with somatic embryo-
genesis during plant development were also found in this study.
From these findings, the post-translational modification of N-
glycosylation may be effective in many aspects of protein targeting,
enzymatic properties, protein folding that serves as signaling for
regulation of growth, plant polarity, morphogenesis and adaptation
to biotic and abiotic stress during the somatic embryogenesis and
plantlet stages of oil palm (Baluska et al., 2003; Samaj et al., 2003;
Cannesan et al., 2012; Nguema-Ona et al., 2014).

Functional categorization of glycoproteins during oil palm tissues
development

To characterize protein function, identified glycoproteins were
classified based on previously reported proteins in the Uniprot tool
and PANTHER-gene list analysis. Glycoproteins were categorized
into groups using their percentage existence in the biological pro-
cess, molecular function and cellular component as the criteria. In
the biological process, the majority of identified glycoproteins were
characterized based on metabolic process, cellular process and
transcription, respectively. For the molecular function, the classi-
fication used the percentage existence of proteins from the highest
to lowest level in binding, transcription factor and transferase,
respectively. For the cellular component, identified glycoproteins
showed the percentage existence from highest to lowest amount in
the nucleus, cytoplasm and membrane, respectively. These results
showed a similar pattern of gene ontology to the putative secreted
N-glycoproteome of Arabidopsis (Song et al., 2011), Tomato fruit
N-glycoproteome analysis (Ruiz-May et al., 2014) and cassava so-
matic embryos proteome analysis (Li et al., 2010) where all these
showed a highly classified function in the metabolic process,
nucleotide binding and membrane. The finding also revealed
the highest biological process, molecular function and cellular
component being in the metabolic process, binding and nuclear
components. Moreover, this result indicated that identified glyco-
proteins may have an important role in cellular metabolism
regulation during oil palm morphological alteration of tissues.
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Fig. 4. Comparative mRNA expression levels of differential glycoproteins using quantitative real-time reverse transcription-polymerase chain reaction, where error bars

represent + SE.

Comparison of differentially expressed glycoproteins

To demonstrate the induction of somatic embryogenesis
process, PREDICTED: protein TIC 40, chloroplastic-like (A1) was
particularly expressed in the globular, torpedo and plantlet stages
(Table 1). TIC40 protein is a chloroplast inner-membrane protein
that functions as a co chaperone in the stromal chaperone complex
that plays essential roles in lipid synthesis, metabolite transport
and cellular signaling in plants (Chou et al., 2003; Chiu and Li, 2008;
Singh et al., 2008). Since this protein is not expressed in callus
but expressed during embryo development, it can be used as a
biomarker for biological indication of the somatic embryo and
plantlet stages.

Four glycoproteins were upregulated in the callus but
suppressed in the globular stage (Table 1). Werner Syndrome-like
exonuclease (B1) possesses DNA helicase and exonuclease activ-
ities which are involved in DNA metabolism and essential for
genome stability (Plchova et al., 2003). Calcium-dependent protein
kinase 8 (B2) are unimolecular calcium sensor/protein kinase
effector proteins that directly bind calcium ions before substrate
phosphorylation and are involved in metabolism, osmosis, the
hormone response and stress signaling pathways (Schulz et al,,
2013; Valmonte et al., 2014). Mitochondrial outer membrane pro-
tein porin 5 (B3) is responsible for the passage of small molecules
between the mitochondrion and the cytosol and is involved in the
regulation of organellar and cellular metabolism as well as being
part of the mitochondrial structure (Bay et al., 2012; Salinas et al.,
2014). SRSF protein kinase 2 (B4) is one of the receptor-like ki-
nases family members that are involved in plant response to abiotic
stresses, plant development, growth, hormone perception and
response to pathogens (Goff and Ramonell, 2007; Kulik et al., 2011).

The abundant glycoproteins that were expressed only in somatic
embryo transition to plantlets were determined. The six identified
proteins were composed of five characterized proteins and one
unknown protein (Table 1). The Rab9 effector protein with kelch

motifs-like (C1) is one of the Rab protein family member that is a
key mediator of vesicle transport and specificity and has an
important role in the evolution of intracellular trafficking
machinery in transport from late endosomes to the trans-golgi
network (Mackiewicz and Wyroba, 2009; Brighouse et al., 2010).
Cytochrome P450 704C1-like is a heme-containing protein that is
involved in multiple metabolic pathways with distinct and complex
functions with leading roles in a vast array of reactions (Pinot and
Beisson, 2011; Xu et al., 2015). Pto-interacting protein 1 encodes a
Ser/Thr protein kinase in rice (Oryza sativa), which is a negative
regulator of innate immunity, including ion fluxes across plasma
membranes, oxidative bursts, activation of mitogen-activated pro-
tein kinase cascades and transcriptional reprogramming of defense
genes (Matsui et al., 2014). The auxin-responsive protein SAUR50 is
one of the SMALL AUXIN UP RNAs (SAURs) auxins of the gene family
that is involved in hormonal and environmental signals for plant
growth regulation and development (Ren and Gray, 2015). The
RNA-binding protein cabeza-like is one of the RNA-binding protein
(RBP) group of the central regulatory factors, which controls post-
transcriptional RNA metabolism during plant growth, development
and stress responses (Lee and Kang, 2016).

Previous study of the differential N- glycoproteins involved
in common bean drought stress was useful for further under-
standing drought response in this important legume (Zadraznik
et al,, 2017). Glycoproteins may be used to address importantly
different biological questions and provide great assistance in
enhancing insight into these biological processes (Song et al.,
2011). Moreover, it was found that the differentially expressed
glycoproteins during indirect somatic embryogenesis of oil palm
could be used to develop a protein biological indicator. In addi-
tion, they can be utilized to determine the specific somatic
embryo stage and are also useful for further understanding the
important role of glycoprotein that is specific in taking less time
in generating the oil palm plantlet via the somatic embryogen-
esis process.
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Verification of differentially expressed glycoproteins

To confirm the mRNA expression level of differentially expressed
glycoproteins, 11 proteins were verified using RT-qPCR. The tran-
scription level of the 11 genes was expressed in all stages (Fig. 4).
These results corresponded to previous study of the genes associated
with cDNA AFLP of oil palm somatic embryogenesis that showed
82.33% polymorphism from each stage (callus, globular, torpedo,
cotyledonary and plantlet) (Pattarapimol et al., 2015). However, the
correlation between protein and mRNA expression levels partially
overlaps but they are not identical (Payne, 2014). The transcription
and translational control are composed of a complex biological
mechanism that defines the abundance of mRNA and protein (Maier
et al., 2009). This result indicated that the gene expression level at
the callus stage may be induced for dedifferentiation and rediffer-
entiation. The expression level also responds to the differential
transcription level at the globular, torpedo, cotyledonary and
plantlet stages and may be required to prepare and encourage itself
for cellular process, metabolic process and tissue development
during the oil palm somatic embryo and plantlet formation stages.

In conclusion, N-linked glycosylation-post translational modi-
fication of proteins is involved in metabolic, transcription and
cellular processes during indirect oil palm somatic embryogenesis.
Furthermore, differentially identified glycoproteins are essential for
genome stability, intracellular trafficking machinery and protein
signaling in stress, as affected by hormonal and environmental
factors with regard to plant growth and development. In addition,
the differentially identified glycoproteins can be used as a glyco-
protein biomarker to determine the specificity of the somatic em-
bryo stage in oil palm. In this regard, RT-qPCR was carried out and
specific primers were designed to verify the differential glycopro-
teins involved in oil palm somatic embryogenesis. This compre-
hensive study is beneficial for understanding the important role of
glycoprotein which is specific in reducing the time for generating
oil palm plantlets via the somatic embryogenesis process. This
study can inform and deepen understanding of how glycoproteins
work. However, further research and study are needed to charac-
terize the molecular function of glycoprotein in vivo during oil palm
tissue culture.
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