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ABSTRACT
Strong demand for palm oil creates a huge challenge for the industry to produce more palm oil on the 
shrinking cultivable land mass. Genetic manipulation of oil synthesis in the mesocarp tissue of oil palm 
offers the opportunity to improve yield and quality of palm oil on the limited land resources. However, 
more than one mesocarp-specific promoters are required to effectively manipulate oil synthesis to avoid 
epigenetic silencing caused by the sequence homology in their promoter regions. This study was aimed 
at identifying genes that are specifically expressed in the mesocarp tissue through in silico analysis of 
transcriptome datasets from different oil palm tissues. From this analysis, transcripts XLOC_10, annotated 
as pentatricopeptide repeat (PPR) protein was highly expressed in the mesocarp tissue. Gene expression 
analysis of PPR in 27 tissues of Elaeis guineensis indicated that this putative mesocarp-specific transcript 
was expressed in mesocarp and female inflorescence tissues only. Cis-acting elements that are present in 
the promoter region of PPR showed that PPR might be involved in the lipid biosynthesis and flowering 
regulation network in oil palm.

Keywords: oil palm, genetic engineering, promoter, transcriptome, RT-qPCR.

Date received:  8 August 2018; Sent for revision:  9 August 2018; Received in final form: 9 December 2018; Accepted: 7 May 2019.

* Malaysian Palm Oil Board, 6 Persiaran Institusi, 
 Bandar Baru Bangi, 43000 Kajang, 
 Selangor, Malaysia.
 E-mail: suria@mpob.gov.my

RESEARCH ARTICLES

INTRODUCTION

The African oil palm (Elaeis guineensis) has the highest 
yield compared to other cultivated oleaginous 
crops (USDA, 2017). Palm oil can be processed to 
form products with different melting point and 
characteristic for commercial application ranging 
from food products, detergent, cosmetics and biofuel 
(Koushki et al., 2015). Global demand for palm oil is 
expected to rise to over 250 million tonnes by 2050 
(Zulkifli et al., 2017). Productivity, sustainability and 
fulfillment of the high demand of global oils and 
fats market can be achieved by implementation of 

disruptive technologies to oil palm sector (Kushairi 
et al., 2017). The promising technologies such as 
plant genetic manipulation for development of new 
planting materials with desirable agronomic traits 
is one of the core researches at the Malaysian Palm 
Oil Board (MPOB). Improved planting materials 
are important to overcome the challenges in the 
oil palm industry such as limited land resources, 
stagnant yields, labour shortage and climate change 
(Kushairi et al., 2017).

The main focus in oil palm genetic manipulation 
is to develop transgenic oil palm with high oleic 
content (Masani et al., 2014; Parveez et al., 2015; Masura 
et al., 2017). Other targets of oil palm biotechnology 
research are to increase stearic acid, palmitoleic acid, 
ricinoleic acid, lycopene (carotenoid) and to produce 
biodegradable plastics (Parveez et al., 2015). High 
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oleic acid diet is beneficial for human health which 
can increase high-density lipoprotein (HDL) and 
lower low-density lipoprotein (LDL) cholesterol 
levels (Karacor and Cam, 2015). Food market 
demands for high oleic oil with high oxidative 
stability (Montoya et al., 2014). Amongst vegetable 
oils, palm oil has the highest resistance to oxidative 
degradation during deep-frying process (Tarmizi et 
al., 2016). Increased oleic acid content can improve 
the frying properties of palm oil and results in high-
quality and tasty foods (Matthäus, 2007). Moreover, 
high oleic palm oil is also predominantly used as 
the feedstock in the oleochemical industry for the 
production of laundry detergent and personal care 
items (Salimon et al., 2012).

Biochemical and gene expression studies 
indicated that oleic acid content in palm oil 
can be increased through up-regulation of 
շ�NHWRDF\O�$&3� V\QWKDVH� ,,� �.$6,,�� DQG� GRZQ�
regulation of palmitoyl-ACP thioesterase and 
oleoyl-CoA desaturase (Sambanthamurthi, 2000; 
Sambanthamurthi et al., 2002; Parveez et al., 2015). 
However, construction of transformation vectors 
using homologous promoters for multigene 
transformation can induce epigenetic silencing 
(Matzke et al., 1989; Rajeevkumar et al., 2015).  Two 
types of epigenetic silencing have been proposed, 
called transcriptional gene silencing (TGS) and 
post-transcriptional gene silencing (PTGS). TGS 
acts through repression of transcription by DNA 
methylation and chromatin remodelling (Matzke 
et al., 2000). In TGS, genes that share sequence 
homology in their promoter regions are highly 
methylated (Matzke et al., 2000; Dalakouras and 
Wassenegger, 2013). PTGS, also known as RNA 
silencing, does not affect the transcription of a gene 
locus, but occurs after the formation of mRNA. 
PTGS causes degradation of target mRNA through 
sequence-specific nucleotide interactions induced 
by doubled-stranded RNA (Kooter et al., 1999; 
Matzke et al., 2001; Vaucheret et al., 2001). Epigenetic 
silencing mechanisms is a huge hindrance to 
transgenic technologies used in crop improvement 
(Rajeevkumar et al., 2015).

Since modification of palm oil involves more 
than one gene, each of the introduced genes must 
have non-homologous promoters driving them 
to avoid the homology-dependent gene silencing. 
Therefore, more mesocarp-specific promoters are 
essential to effectively modify lipid metabolism and 
to ensure desired spatial expression of transgenes. 
For now, two mesocarp-specific promoters derived 
from type 3 metallothionein-like (MT3-A) (Siti 
Nor Akmar and Zubaidah, 2008) and lipase class 
3 (FLL1) genes (Nurniwalis et al., 2015) have been 
isolated and characterised (Omidvar et al., 2010; 
Kamaladini et al., 2011; Zubaidah et al., 2018). The 
tissue specificity of MT3-A and FLL1 promoters 
ZDV� H[DPLQHG� XVLQJ� WUDQVLHQW� շ�JOXFXURQLGDVH�

(GUS) expression analysis in the oil palm mesocarp 
tissue and leaves as control tissue. The expression of 
GUS driven by both promoters was only detected 
in a mesocarp tissue revealed that the promoters 
are specific to mesocarp tissue (Zubaidah et al., 
2018). Currently, MT3-A promoter is being used 
for the modification of the fatty acid content and 
production of high value-added products in the 
mesocarp (Yunus and Kadir, 2008; Yunus et al., 2008; 
Parveez et al., 2015).

Utilisation of transcriptome information 
(Bourgis et al., 2011; Dussert et al., 2013; Shearman    
et al., 2013; Tee et al., 2013) and genome sequences of 
the African oil palm (Singh et al., 2013) together with 
oil palm gene models annotation (Chan et al., 2017) 
can facilitate the identification of new mesocarp-
specific promoter in oil palm. In this study, we 
identified oil palm mesocarp-specific genes through 
in silico analysis of multiple transcriptomic datasets. 
The expression of one of the genes (XLOC_10) 
was further validated across 27 different 
tissues of E. guineensis using reverse transcription 
quantitative real-time polymerase chain reaction 
(RT-qPCR) approach. Promoter region of XLOC_10 
was analysed using PlantPAN 2.0 to identify the 
presence of relevant cis-acting elements that are 
associated with lipid biosynthesis in the mesocarp 
tissue of oil palm.

MATERIALS AND METHODS

Plant Materials

Various oil palm tissues were obtained from 
commercial tenera planting materials (dura × pisifera). 
These include mesocarp tissues from five weeks 
after anthesis (WAA) to 20 WAA, 10 WAA kernel, 
male and female flowers, spear and mature leaves, 
primary roots, lateral roots, whitish roots and oil 
palm tissue culture materials (embryogenic callus, 
polyembryoid and plantlet) were used for RT-qPCR.

Transcriptome Data Analysis

A total of 27 transcriptomes of different oil palm 
tissues from MPOB were used in complementary 
with mesocarp transcriptome data published by 
Tranbarger et al. (2011). A total of 29 034 contigs from 
Tranbarger et al. (2011) which reflect the biochemical 
and physiological processes during the maturation 
and ripening phases of the mesocarp were analysed 
using Basic Local Alignment Search Tool (BLAST) 
against MPOB’s transcriptome data from 27 tissue 
types. The E-value cutoff of 1e-5 was used in the 
BLAST analyses and the best 20 hits of each BLAST 
were retained for the annotation. Putative mesocarp-
specific transcripts were identified by filtering the 
coverage and similarity cutoff. 



JOURNAL OF OIL PALM RESEARCH 31 (4) (DECEMBER 2019)

542

removed using RNase-free DNase I according to the 
manufacturer’s instructions (Qiagen USA, Valencia, 
CA). The purity and quantity of the purified total 
RNA were determined using a NanoDrop ND-1000 
UV-Vis Spectrophotometer (Thermo Fisher Scientific 
Inc.). RNA integrity was assessed by electrophoretic 
fractionation on an Agilent 2100 Bioanalyser and 
a RNA 6000 Nano LabChip (Agilent Technologies, 
CA).

Reverse Transcription Quantitative Real-time 
Polymerase Chain Reaction (RT-qPCR)

 
The expression of putative mesocarp-specific 

genes across 27 different tissues of E. guineensis was 
studied using RT-qPCR approach. Gene-specific 
primers listed in Table 1 were designed using 
Primer3 software (Untergasser et al., 2012). The RT-
qPCR expression test was performed in 96 well-plate 
using CFX Connect™ Real-Time PCR Detection 
System (Bio-Rad). Amplification was performed 
in 20 ѥl qPCR reaction mixtures containing 16 ng 
of cDNA template, 500 nM of each primer and 1x 
iTaq Universal SYBR Green Supermix (Bio-Rad). All 
reactions were prepared in triplicate (n = 3) for each 
cDNA sample. 

PCR amplification cycle used was as follow: 
95°C, 30 s for 1 cycle; 95°C, 3 s and 51°C (depending 
on the annealing temperature of primer pairs),         
30 s for 40 cycles and followed by a melting curve 
analysis at 65°C  to 95°C with 0.5°C increase in 
temperature at each step. No reverse transcriptase 
(NRT) and non-template (NTC) reactions were 
included as negative controls. 

PCR amplification efficiencies and R2 values of 
reference gene primers were determined across six 
different pools of cDNA at five different concentration 
(1, 2, 4, 8, and 16 ng). Six pools of cDNA consist of 
mesocarp (16 comparable developing stages from 
5 WAA until 20 WAA), kernel (10 WAA), flower 
(male flower and female flower), leaf (spear leaf and 
mature leaf), root (primary roots, lateral roots, and 
whitish roots) and oil palm tissue culture materials 
(embryogenic callus, polyembryoid and plantlet). 
The quantification cycle (Cq) was automatically 
captured and the data were analysed using Bio-Rad 
CFX Manager Software (ӹӹ&T analysis mode) based 
on the method described by Livak and Schmittgen 
(2001). The expression data were first normalised to 

TABLE 1. CANDIDATE MESOCARP-SPECIFIC GENE IN OIL PALM

 Gene name PPR

Forward primer sequence (5’ -3’) GGGAAGTGGAATGATGTGGC
Reverse primer sequence (5’ -3’) AGAAGCACCTCCTTGAGCAT
Amplicon length (bp) 173
Annealing temperature (°C) 51

Note: PPR - pentatrico peptide repeat.

In silico Gene Expression Analysis

Ribonucleic acid (RNA) sequencing raw reads 
from 27 transcriptome datasets (PRJNA201497, 
PRJNA345530) were mapped to genome P5 build 
of E. guineensis (Singh et al., 2013) with spliced read 
mapper, TopHat. Cufflinks and Cuffdiff were used 
to assembly and estimate the abundance of reads 
mapped to genes body and calculated fragments per 
kilobase of transcript per million (FPKM) as proxy 
for gene expression in different tissues. Expression 
profile of putative mesocarp-specific transcripts 
was analysed by cummeRbund in R package and a 
heatmap was generated for visualisation.

Sequence Analysis

Sequence analysis of putative mesocarp-specific 
transcripts was performed in order to understand its 
features, function or structure. Transcript sequences 
were functionally annotated using BLASTX against 
NCBI non-redundant protein database (https://
blast.ncbi.nlm.nih.gov/). Protein sequences of 
putative mesocarp-specific genes were annotated 
using BLASTP against the Arabidopsis Information 
Resource (TAIR) (https://www.arabidopsis.org/) 
and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) (https://www.genome.jp/kegg/). 
Promoter sequence of putative mesocarp-specific 
genes was predicted from MPOB genome database. 
Regulatory motifs in the promoter sequences were 
identified using Plant Promoter Analysis Navigator 
2.0 (PlantPAN http://PlantPAN2.itps.ncku.edu.tw) 
(Chow et al., 2016).

Total RNA Extraction, Purification and Quality 
Assessment

 
A combination of  CTAB-based RNA extraction 

method and a silica column of RNeasy Plant Mini 
Kit (Qiagen, Germany) was used to isolate total 
RNA from 27 different tissues of oil palm which 
consist of mesocarp (16 comparable developing 
stages from 5 WAA until 20 WAA), kernel (10 WAA), 
flower (male flower and female flower), leaf (spear 
leaf and mature leaf), root (primary roots, lateral 
roots, and whitish roots) and oil palm tissue culture 
materials (embryogenic callus, polyembryoid 
and plantlet). Genomic DNA contamination was 
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three reference genes, SLU7, CYP2 and GRAS (Yeap 
et al., 2014). The relative expression of the putative 
mesocarp-specific transcripts were calculated by 
using 16WAA mesocarp as the calibrator. 

RESULTS AND DISCUSSION

Identification of Mesocarp-specific Genes from 
Oil Palm

The availability of oil palm genome database 
(Singh et al., 2013) with abundant transcriptome 
information enables the discovery of genes for 
important traits in various tissues of interest. MPOB’s 
transcriptome data from 27 tissue types together 
with mesocarp transcriptome data published by 
Tranbarger et al. (2011) genes in oil palm. A total of 
27 932 contigs from mesocarp transcriptome data 
were shown to have BLAST information from our 
27 transcriptome dataset. Systematic identification 
for putative candidates of mesocarp-specific contigs 
from the BLAST’s results was performed manually 
by using Microsoft Excel. Tissue ID was assigned 
to each BLAST result followed by grouping and 
identification of mesocarp-specific contigs. From 
27 932 contigs, we identified 41 contigs that hit 
specifically to the mesocarp tissue. Afterward, in 
silico gene expression analysis was performed to 
measure the expression level of these 41 contigs by 
using BLASTN against 454-based RNA seq mapped 
transcripts with FPKM-normalised read counts. 
Based on oil palm gene expression database, only 
13 contigs have information on gene expression 
level. In silico gene expression profiling shows that 
only XLOC_10 is highly and specifically expressed 
in the mesocarp tissue (Figure 1). Another putative 
candidates of mesocarp-specific contigs, which is 
XLOC_9 also expressed in the mesocarp tissue but 
has expression in the kernel tissue. Although the 
remaining candidates are expressed in the mesocarp 
tissue but they are also highly expressed in other 
tissues. 

Nucleotide sequences of XLOC_10 was 
annotated through different databases including 
the NCBI non-redundant database, the TAIR, and 
KEGG. The length of the open reading frame (ORF) 
of XLOC_10 is 2016 bp. Based on sequence analysis, 
XLOC_10 was annotated as pentatricopeptide 
repeat (PPR) protein. PPR family is defined by the 
presence of tandem arrays of a degenerate 35-amino 
acid motifs (Lurin et al., 2004). PPR protein plays 
important role in RNA processing and translation 
in mitochondria and chloroplast (Lurin et al., 
2004). For example, Arabidopsis organelle transcript 
processing 43 (otp43) PPR mutants are defective in 
seed development, severely reduced germination 
rates and poor growth of the plant (de Longevialle 
et al., 2007).

Tissue Specificity Analysis of XLOC_10

Temporal and spatial expression of XLOC_10 in 
27 different tissues of E. guineensis was investigated 
by using RT-qPCR. PCR amplification efficiencies 
(Ex) and correlation coefficient (R2) values of 
XLOC_10 primer were determined across 16 
comparable developing stages of mesocarp tissue 
from 5 WAA until 20 WAA of pooled cDNA. From 
the standard curve (Figure 2), PCR amplification 
efficiencies of XLOC_10 is 99.7% and R2 value is 
greater than 0.98, indicating a positive correlation 
between the amount of cDNA template and the 
cycle threshold (Ct) values. Gene expression 
analysis was performed to verify the tissue 
specificity of XLOC_10. Based on the expression 
results, the transcript level of XLOC_10 was up-
regulated to around 2.3-fold in 18 WAA and 8 WAA 
mesocarp tissues, and 1.6-fold in female flower, 14 
WAA and 9 WAA mesocarp as compared to the 
calibrator (Figure 3). The result of the RT-qPCR 
appears to slightly contradict to the result of the 
in silico analysis of transcript which indicated that 
XLOC_10 was highly and specifically expressed in 
the 10 WAA mesocarp tissue (Figure 1). 

Discrepancy in resulting data from RNA-seq and 
RT-qPCR is probably due to the different sensitivity 
and specificity of each platform. RNA-Seq is used 
to analyse gene spliced transcripts, allele-specific 
expression and detection of novel transcripts 
(Maher et al., 2009). The RT-qPCR on the other hand 
is the technology for sensitive RNA quantification of 
a targeted set of genes (Zeka et al., 2016). In addition, 
RNA-seq and RT-qPCR use different methods for 
data normalisation. Transcript quantification with 
RNA-seq was normalised using the FPKM value 
while the relative expression of XLOC_10 in RT-
qPCR was calculated using the comparative method 
2�ӹӹ&W and normalised to the corresponding reference 
gene levels. Different methods of data normalisation 
can influence the interpretation of the data in RNA-
seq and RT-qPCR. In addition, biological materials 
used for RT-qPCR were different from the biological 
materials that were used for RNA-seq analysis. 
Variability of biological replicates may contribute 
to variation in quantification of gene expression 
(Sanders et al., 2014). Furthermore, gene expression 
is a stochastic process, with randomness in 
transcription and translation leading to significant 
cell-to-cell variations in mRNA and protein levels 
(Raj and van Oudenaarden, 2008). 

Despite the differences in the results of RNA-
seq and RT-qPCR, these methods have been widely 
used in many gene expression studies. Huang et al. 
(2016) identified differential expressed genes (DEG) 
that regulate rhizome formation and development 
in Atractylodes lancea through comparative 
transcriptome analysis. Gene expression analysis 
of 20 selected genes was verified using RT-qPCR 
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and all genes show similar trend of the expression 
patterns in the transcriptome analysis and the RT-
qPCR (Huang et al., 2016). Similar method was used 
by Le Yu and his group, where the transcriptome 
data of Populus euphratica Oliv. seedlings grown 
with 0 mM, 150 mM or 300 mM NaCl were analysed 

to identify tissue-specific DEG  under salt stress. Six 
DEG were selected for RT-qPCR analysis to validate 
the reliability of RNA-seq data. Fold-changes of 
these six DEG which detected by sequencing did 
not exactly match with the fold-changes detected 
by RT-qPCR, but expression patterns were mostly 

Note:  D  - Dura. P – Pisifera.  T - Tenera.
Figure 1. Expression patterns of 13 putative mesocarp-specific genes in 27 tissues of  E. guineensis. The expression levels were normalised based on 
the fragment per kilobase of transcript per million (FPKM) method (on the right side). The in silico analysis of transcripts indicated that XLOC_10 
was highly expressed in the mesocarp tissue.   
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Figure 2. Determination of polymerase chain reaction (PCR) amplification efficiencies (Ex) and correlation coefficient (R2) values for XLOC_10 primer 
using the slope of standard curve (a). The presence of a single amplicon peak indicated the amplification of a specific PCR product (b).

Standard
Unknown
SYBR     E=99.7% R^2=0.982 Slope=3.329 y-int=34.240

Log starting quantity

Log starting quantity

a) 
Standard curve

b)
Melt peak

C
q

-d
(R

FU
)/d

T

0.0  0.2 0.4   0.6   0.8 1.0 1.2

65  70 75   80  85 90 95

34

33

32

31

30

400

300

200

100

0

Fl
or

et
 b

ef
or

e 
an

th
es

is
 (T

)
Po

lle
n 

(s
te

ril
e 

P)
R

oo
t (

D
)

Fl
or

et
 b

ef
or

e 
an

th
es

is
 (D

)
Fl

or
et

 a
fte

r a
nt

he
si

s 
(D

)
Po

lle
n 

(fe
rti

le
 P

)
Fe

m
al

e 
flo

w
er

 [a
bn

or
m

al
 (D

xP
) (

17
 c

m
)]

15
 W

AA
 M

es
oc

ar
p 

(T
)

Sp
ea

r l
ea

f (
D

)
10

 W
AA

 k
er

ne
l (

T)
Sh

oo
t a

pe
x 

(n
or

m
al

 D
xP

)
R

oo
t (

P)
Sp

ea
r l

ea
f (

P)
Fe

m
al

e 
flo

w
er

 [(
no

rm
al

 D
xP

) (
20

 c
m

)]
Fe

m
al

e 
flo

w
er

 [(
ab

no
rm

al
 D

xP
) (

20
 c

m
)]

Fe
m

al
e 

flo
w

er
 [(

no
rm

al
 D

xP
) (

2.
5 

cm
)]

Sh
oo

t a
pe

x 
(a

bn
or

m
al

 D
xP

)
15

 W
AA

 k
er

ne
l (

T)
Se

ed
lin

g 
w

hi
te

 ro
ot

 (T
)

10
 W

AA
 k

er
ne

l (
T)

Fl
or

et
 a

fte
r a

nt
he

si
s 

(T
)

Pi
th

St
al

k
10

 W
AA

 m
es

oc
ar

p 
(T

)
Se

pa
l

Fr
ui

t
Sp

ik
el

et



545

IDENTIFICATION OF GENES PREFERENTIALLY EXPRESSED IN MESOCARP TISSUE OF OIL PALM USING in silico ANALYSIS OF TRANSCRIPTS

the accumulation of lipids (Wang et al., 2007). The 
HD-ZIP proteins which are characterised by a HD 
followed by a ZIP motif is one of the largest families 
of transcription factors unique to plants. Mutation of 
Arabidopsis GLABRA2 (GL2), a member of the HD-
ZIP family of transcription factors, has led to the 
increase of seed oil, implicating its role as a negative 
regulator (Shi et al., 2012). The cis-acting element 
CCTCGTAC, which is present in the APETALA2 
(AP2) ethylene responsive transcription factors such 
as target of eat1 (TOE1) and TOE2 (Franco-Zorrilla 
et al., 2014) serves as major integrators in biotic and 
abiotic stress signaling. In addition to the above 
motifs, our analysis also indicated the presence of 
a cis-regulatory element, GTAC motif, which is 
related to the expression of gene XLOC_10 in the 
female flower tissue. This motif is important for 
flowering time regulation. SQUAMOSA promoter 
binding-like (SPL) proteins are predicted to directly 
bind to GTAC motif and control the early stage 
of flower development (Klein et al., 1996; Preston 
and Hileman, 2013). The presence of these motifs 
suggests that XLOC_10 might facilitate an important 
role in lipid metabolism and hormonal regulation of 
flower development in oil palm.

CONCLUSION

In conclusion, we identified XLOC_10 as a mesocarp-
specific transcript through transcriptome analysis. 
Gene expression analysis indicated that XLOC_10 
was expressed in the mesocarp and flower tissues. 
Cis-acting elements that are present in the promoter 
region of XLOC_10 showed that XLOC_10 might 
be involved in lipid biosynthesis and flowering 
regulation. 

consistent for all the selected genes (Yu et al., 2017). 
Analysis of transcriptome dataset consisting of 
six major tissues dissected from mid-gestational 
(TS12) mouse embryos reveals 1375 DEG which 
are involved in the process of controlling mid-
gestational development. In this particular study, 
10 DEG were selected for gene expression analysis 
using RT-qPCR and all genes show consistent 
expression pattern as detected by RNA-seq (Werber 
et al., 2014).

Identification of Regulatory Elements on the 
Promoter Region of XLOC_10 Gene

 
Based on the gene expression analysis, 

XLOC_10 was expressed at different stages of 
mesocarp development and female flower tissues. 
Temporal and spatial regulation of XLOC_10 gene 
depends on the specific cis-regulatory elements 
that are present in its promoter region. Promoter 
sequence of XLOC_10 was obtained from the MPOB 
oil palm genome database and analysed using Plant 
Promoter Analysis Navigator 2.0 (PlantPAN). The 
size of XLOC_10 promoter region is about 1.6 kb 
and the nucleotide sequence is shown in Figure 4. 
Analysis of the promoter sequence indicated the 
presence of several cis-regulatory elements including 
B3 DNA-binding domain, AAAG, homeodomain-
leucine zipper (HD-ZIP), and CCTCGTAC motifs. 
The B3 domain transcription factor is shared in 
many seed-specific promoters like leafy cotyledon2 
(LEC2) transcription factor. LEC2 plays an essential 
role in seed maturation and controls genes that 
are involved in oil accumulation in seeds (Stone et 
al., 2008). The AAAG sequence is the core motif of 
DNA binding of the DOF (DNA-binding with one 
finger) domain. This motif is crucial for controlling 

����ѥP

����ѥP

Figure 3. Expression of XLOC_10 across 27 different oil palm tissues. The expression level is presented in log2 (relative expression). Standard 
deviations are shown by vertical bars. All samples were prepared in triplicates.
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Figure 4. The sequence of XLOC_10 gene promoter from -1501 to +127 non-template relative to the start site of translation is shown, along with 
identified binding sites for the indicated transcription factors.
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