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INTRODUCTION

Elaeis guineensis Jacq., commonly known as the 
African oil palm, is a widely cultivated plant species 
used for oil production. The oil palm has three types 
of fruit: Dura (thick-shell), Pisifera (shell-less), and 
Tenera (thin-shell), which is a hybrid between Dura 
and Pisifera and is preferred for commercial palm 

oil production. Because Tenera oil palm produces 
segregated yields through seed production, it is 
more effective to grow elite oil palm plants true 
to their type through tissue culture, which also 
increases oil yield compared to commercial Dura x 
Pisifera seedlings (Wahid et al., 2015). However, the 
indirect somatic embryogenesis process used in oil 
palm tissue culture takes a long time (Konan et al., 
2010), and regulating gene expression associated 
with this process can improve its efficiency. 

Previous reports have established that BABY 
BOOM (BBM), a member of the AP2/ERF family 
of transcription factors, is a crucial regulator of 
plant embryogenesis (Boutilier et al., 2002). The 
BBM gene, which encodes two AP2 DNA-binding 
domains, is expressed at high levels during somatic 
embryogenesis in certain plant species (Irikova et 
al., 2012; Kulinska-Lukaszek et al., 2012; Nic-Can 
et al., 2013). Moreover, BBM ectopic expression in 
specific plant species can induce somatic embryo 
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formation (Deng et al., 2009; El Ouakfaoui et al., 2010; 
Passarinho et al., 2008). In oil palm, EgBBM gene 
was investigated in the expression through RT-PCR 
and in-situ hybridisation. EgBBM gene was highly 
expressed in somatic embryos and proliferating 
tissues such as the early development of leaf 
primordia, root initials and provascular tissues 
(Morcillo et al., 2007; Wachananawat et al., 2017). 
The expression of the BBM gene can be regulated by 
various factors, including epigenetic mechanisms 
such as DNA methylation and histone modifications, 
which can influence chromatin accessibility and 
gene expression and are commonly observed during 
somatic embryo development (Duarte-Aké and De-
la-Peña, 2016; Kumar and Van Staden 2017; Osorio-
Montalvo et al., 2018). Previous studies have reported 
that the expression of BBM gene can be regulated by 
epigenetic modifications, such as DNA methylation 
and histone modification. For instance, H3K27me3, 
a mark associated with transcriptional repression, is 
detected at different levels on the BBM gene during 
somatic embryogenesis in certain plant species like 
coffee and Arabidopsis (Borg et al., 2020; Nic-Can et al., 
2013). Furthermore, the binding of various proteins 
to the cis-regulatory elements in the BBM promoter 
is crucial for regulating its expression. However, the 
proteins that control the expression of BBM during 
oil palm somatic embryogenesis remain unknown. 
Therefore, this study focused on the analysis of cis-
regulatory elements in EgBBM promoter and the 
identification of the putative EgBBM binding protein 
with DNA-protein pull-down assay followed by 
mass spectrometry.

The DNA-protein pull-down assay is a technique 
that can be utilised to identify DNA-binding proteins 
(Chaparian and van Kessel, 2020). This method is 
effective in identifying promoter-binding proteins 
for gene regulation (Schlag et al., 2020). In this study, 
we analysed the promoter sequence of the oil palm 
BBM (EgBBM) gene and utilised the EgBBM promoter 
pull-down assay to identify potential proteins 
that may regulate EgBBM expression. Ultimately, 
understanding the regulation of EgBBM expression 
may help to shorten the somatic embryogenesis 
process in oil palm tissue culture.

MATERIALS AND METHODS

DNA Extraction and EgBBM Promoter Cloning

To obtain the EgBBM promoter sequence, 
DNA was extracted from oil palm leaf using 
the C-TAB method (Semagn, 2014), and a 
specific region 2458 base pairs upstream of the 
transcriptional start site was amplified using the  
pEgBBM_F (5’-ACCCTCCGTACTTAAATCAGTG-3’) 
and pEgBBM_R (5’-TTTGAGGAGAAGAGAAGG 
GAAG-3’) primers (NCBI accession number 

NM_001303564.1). The PCR reaction consisted of 35 
cycles of 98°C for 10 s, 56°C for 45 s, and 72°C for  
1 min, followed by a final extension at 72°C for  
5 min. The resulting EgBBM promoter sequence was 
cloned into the pGEM®-T Easy vector (Promega, 
Wisconsin, USA), and the positive clones were 
selected for DNA sequencing using a barcode-tagged 
sequencing service provided by U2Bio Thailand.

Analysis of EgBBM Promoter Sequence

The PlantCARE database (https://
bioinformatics.psb.ugent.be/webtools/plantcare/
html/) was used to search for cis-regulatory elements 
in the EgBBM promoter sequence (EgBBM promoter 
sequence was submitted in an appendix). Tbtools 
software (https://github.com/CJ-Chen/TBtools) 
was then used to visualise these cis-regulatory 
elements.

Preparation of Biotinylated dsDNA Fragment of 
EgBBM Promoter

A specific region 2458 base pairs of the EgBBM 
promoter fragments were amplified from the 
pGEM®-T Easy vector containing EgBBM promoter 
using biotinylated primers; pEgBBM_biotin_F 
(5’-biotin-ACCCTCCGTACTTAAATCAGTG-3’) 
and pEgBBM_biotin_R (5’-biotin-TTTGAGGAGAA 
GAGAAGGGAAG-3’). The PCR reaction conditions 
were as follows: 35 cycles of 98°C for 10 s,  
56°C for 45 s, and 72°C for 1 min, followed by a 
final extension at 72°C for 5 min. The resulting 
biotinylated dsDNA fragment of the EgBBM 
promoter was purified using the MEGAquick-
spin™ Plus Total Fragment DNA Purification Kit 
(iNtRON Biotechnology, Seongnam, Republic of 
Korea), and its quantity was determined using 
Nanodrop 2000 (Thermo Fisher, Massachusetts, 
USA).

Protein Extraction

Fifteen-week-old Tenera zygotic embryo 
explants from the Golden Tenera (KB) variety were 
cultured on callus induction medium. After three 
months, embryogenic callus was transferred to 
somatic embryo maturation medium until somatic 
embryo appeared (Thuzar et al., 2011). Total 
proteins were extracted from oil palm somatic 
embryo tissues at three to five months, including 
globular, torpedo, and cotyledon stages, which 
is the EgBBM-expressed stage (Figure 1). The 
tissue sample was ground in liquid nitrogen and 
dissolved in an ice-cold extraction buffer containing 
10% glycerol, 25 mM Tris (pH 7.5), 1 mM EDTA, 150 
mM NaCl, 2% w/v PVPP, 10 mM dithiothreitol, 1X 
protease inhibitor cocktail (Sigma), and 0.1% Tween 
20 (Sigma). The mixture was then centrifuged at  
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4200 x g for 30 min at 4°C, and the resulting 
supernatant was collected and filtered through 
a 0.45 µm syringe filter (De la Concepcion et al., 
2018). The concentration of soluble protein was 
determined using the Bradford’s method (Bio-
Rad protein assay, Bio-Rad Laboratory, CA) and 
stored at -80°C. To perform SDS-PAGE, 10 µg of 
protein sample was separated on a 15% denaturing 
discontinuous polyacrylamide gel at 150V for 50 
min and then stained with Bio-Safe Coomassie 
G-250 stain (Bio-Rad Laboratories, Inc., USA).

Promoter Pull-down Assay

A DNA-protein binding pulldown assay 
was conducted to identify proteins that bind to 
the EgBBM promoter according to Wu (2006). 
The assay involved mixing 4 µg of biotinylated 
dsDNA fragment of EgBBM promoter, 400 µg of 
total extracted proteins, and 40 uL of streptavidin 
agarose beads with 70% slurry in 500 µL of PBSI 
buffer. The mixture was incubated on a rocking 
platform at gentle speed for 3 hr at 4ºC and then 
centrifuged at 550 x g for 1 min at 4ºC. The pellet 
was collected and washed with 500 µL of PBSI buffer 
for three times, resuspended in 50 µL of 2X Laemmli 
sample buffer, and incubated at 95ºC for 5 min. The 
supernatant was collected and separated using 15% 
SDS-PAGE gel at 150V for 50 min and stained with 
Bio-Safe Coomassie G-250 stain. The concentration 
of promoter-binding proteins was measured by the 
Bradford’s method (Bio-Rad protein assay, Bio-Rad 
Laboratory, CA), and 300 µg of these proteins were 
identified by Mass spectrometry (MS).

In-solution Digestion, Nano-LC-MS/MS Analysis, 
and Data Analysis

The proteomic analysis was carried out at the 
Proteomics Services Center, Center for Research 
and Innovation, Faculty of Medical Technology, 
Mahidol University, Nakhon Pathom, Thailand. 

The promoter-binding proteins were cleaned up 
using Clean-up kit (GE Healthcare, USA) before 
dissolving the protein pellets in 8 M urea. The 
reduced proteins were then alkylated and digested 
with Trypsin, Gold (Promega, USA) for 16 hr at 
37°C. The samples were dried in a CentriVap 
DNA Concentrator (Labconco Co., Kansas City, 
Missouri, USA), resuspended in 0.1% formic acid 
(FA), and cleaned up by C18 Zip tip. The cleaned 
peptide was then dried in the CentriVap and 
stored at -80°C until further processing. Finally, the 
sample was resuspended in 0.1% formic acid and 
the peptide concentration measured by Nano drop 
1000 (Thermo Fisher Scientific, Bremen, Germany).

Peptides were analysed on an LC-MS/MS 
system including a Nano-liquid chromatograph 
(Dionex Ultimate 3000, RSLCnano System, Thermo 
Scientific) in combination with a CaptiveSpray 
source/Quadrupole ion trap mass spectrometer 
(Model Q-ToF Compact, Bruker, Germany). A linear 
gradient elution of Solvent B was used over 90 min at 
a flow rate of 300 nL/min and a column temperature 
of 60°C. The MS acquisition rate was set at 6 Hz, and 
AutoMSn CID fragmentation experiments were 
performed.

The peptide sequence was searched on the 
uniprot-Elaeis guineensis database using the 
MASCOT (Version 2.3) searching engine. Search 
parameters in MASCOT MS/MS Ions search were 
followed by carbamidomethyl at cysteine residues 
as fixed modification, oxidation on methionine were 
set as variable modifications, peptide tolerance  
±1.6 Da, MS/MS fragment tolerance ±0.8 Da. 

RESULTS AND DISCUSSION

EgBBM Promoter Sequence Analysis

The promoter region is responsible for 
regulating the expression of a gene by integrating 
signals from various transcription factors (TFs) 

Figure 1. The oil palm tissues; (a) embryogenic callus at 3 months on callus induction medium and (b) somatic embryo tissues at 3-5 months 
including globular (G), torpedo (T), and cotyledon (Cot) stages on somatic embryo maturation medium used in this study, scale bar = 10 mm.

Embryogenic callus

(a)

Somatic embryos

(b)
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to establish a specific pattern of gene expression. 
In this study, the EgBBM promoter was analysed 
for cis-regulatory elements using the PlantCARE 
database. The promoter region of EgBBM gene 
contains several cis-regulatory elements involved 
in hormone response, light response, condition 
specificity, plant tissue specificity, transcription 
factor binding, unnamed factors, and common 
elements. The presence of these cis-regulatory 
elements suggests that they may be involved in the 
regulation of EgBBM expression by recruiting factor 
binding in the promoter region. It is noteworthy 
that some cis-regulatory elements are shared with 
the promoters of AtBBM and OsBBM1, which 
have been shown to be active in promoting gene 
expression. 

The promoter region of EgBBM, which 
comprises cis-regulatory elements involved in 
hormone response, was analysed in this study. 
ABRE elements, known to play a role in ABA 
responsiveness, were found predominantly in the 
promoter regions of EgBBM, AtBBM, and OsBBM1 
(Figure 2a). These elements are recognised and 
bound to by the ABRE-BINDING PROTEIN/
FACTOR (AREB/ABF) bZIP transcription factors, 
which help regulate ABA-responsive gene 
expression. In Arabidopsis, ABI5, a member of 
the AREB/ABF transcription factor family, has 
been found to be involved in seed maturation 
and germination by regulating the expression 
of Late embryogenesis abundant (LEA) genes.  
ABI5 directly binds to the ABRE element in the 
AtEM6 promoter region in response to ABA, 
thereby activating late embryogenesis pathways 
following seed germination. ABI5 has also been 
shown to interact with the embryogenesis-related 
genes LEC1 and FUS3, which regulate germination 
sensitivity to ABA and suppress vivipary. The 
TGA protein belongs to the basic region leucine 
zipper (bZIP) family and contains a bZIP DNA 
binding domain that interacts with activation 
sequence-1 (as-1) element for MeJA and SA 
responsiveness in regulating defense responses. 
TGA1 and TGA4 are required for shoot apical 
meristem (SAM) maintenance, flowering, and 
inflorescence architecture through their interaction 
with BLADE-ON-PETIOLE1 (BOP1) and  
BOP2. 

The promoter regions of EgBBM, AtBBM,  
and OsBBM1 contain shared cis-regulatory 
elements involved in light response, such as 
the G-box element and Sp1 element (Figure 2b). 
The G-box element is bound by bHLH and bZIP 
families, which regulate cell elongation, seed 
germination, and gene expression, while the 
Sp1-binding element is recognised by zinc finger 
proteins Sp1, although it has not been extensively 
studied in plants. These promoter regions also 
contain condition specific elements such as STRE 

and ARE elements (Figure 2c), which induce 
various stresses through zinc finger transcription 
factors and activate hypoxia-responsive genes, 
respectively (Gasch et al., 2016; Kuang et al., 
2017; Walley et al., 2007). The CAT-box element, 
essential for meristem expression, is also present  
(Figure 2d). Moreover, MYB transcription factor 
binding element is common in the promoter 
regions of all three plant species (Figure 2e). 
MYB transcription factors have a wide range of 
biological functions, including cell division and 
differentiation, hormone responses, environmental 
factor responses, plant development, and 
metabolism (Li et al., 2019). For example, MYB118 
promotes the formation of somatic embryos 
and upregulates the expression of LEC1 gene, 
which is associated with embryonic development  
(Wang et al., 2009).

Identification of Putative Proteins Regulating 
EgBBM Expression

The study aimed to identify proteins that 
interact with the EgBBM promoter during the 
oil palm somatic embryo stages. DNA-protein 
pull-down assay was conducted, and the result 
showed that proteins with molecular weights 
of approximately 25 kDa were detected in both 
treatment and negative control, while a protein 
with a molecular weight of 15 kDa was detected 
only in the treatment group. This protein was 
considered a potential candidate for binding to 
the pEgBBM fragment. To further investigate the 
differences in protein profiles between the two 
groups, total eluted-DNA binding proteins in the 
treatment and negative control were identified 
using mass spectrometry (MS) (Figure 3).

 The DNA-protein pull-down assay identified 
495 proteins specifically observed in the pEgBBM-
binding protein treatment, and several putative 
proteins were reported to be involved in 
embryogenesis as shown in Table 2. These candidate 
proteins were presented as putative binding partners 
to the EgBBM promoter or as proteins that indirectly 
regulate EgBBM gene expression through protein 
interactions.

Histone deacetylases and histone 
acetyltransferases are involved in the regulation 
of gene expression through multi-subunit protein 
complexes, which achieve specific cellular 
functions (Kurdistani and Grunstein, 2003). 
Histone deacetylation is commonly associated 
with the suppression of gene expression. In 
grapevine, the effect of NaB, an inhibitor of histone 
deacetylases, on BBM gene expression during 
somatic embryogenesis was investigated, and the 
result showed a significant upregulation of BBM 
gene expression in the presence of 0.5 mM NaB 
(Martínez et al., 2021).
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Furthermore, SCL15, a transcription factor in 
the GRAS family, has been reported to interact 
with histone deacetylases as the protein complex to 
repress the expression of embryonic genes during 
the embryo-to-seedling transition (Guo et al., 2015; 
Jaiswal et al., 2022). SCL14, on the other hand, acts as 
a transcriptional coactivator with TGA transcription 
factors to promote the SCL14 target gene expression 
(Fode et al., 2008). TGA2.2 has been reported to 
promote the defense-responsive genes, while 

TGA2.1 has a crucial role in plant development 
(Thurow et al., 2005). Both SCL and TGA proteins are 
considered to play an important role in regulating 
EgBBM expression during somatic embryogenesis.

In addition, previous studies have shown that 
TGA2.2 and TGA2.1 can interact with Nonexpressor 
of Pathogenesis-Related 1 (NPR1) to activate the 
expression of PR genes (Niggeweg et al., 2000; 
Thurow et al., 2005). NPR1 has been proposed 
to deactivate Suppressor of NPR1-1, Inducible 1 

TABLE 1. FUNCTIONAL CATEGORY OF CIS-REGULATORY ELEMENTS OF EGBBM PROMOTER USING PLANTCARE

Name Conserved sequence Number Function AtBBM OsBBM1

Hormone response element

ABRE ACGTG 5 ABA responsiveness ✓ ✓

ERE ATTTTAAA 3 Ethylene responsiveness ✓

as-1 TGACG 2 MeJA and SA responsiveness ✓ ✓

JERE AGACCGCC 1 MeJA responsiveness

TCA TCATCTTCAT 1 SA responsiveness ✓

AuxRR-core GGTCCAT 1 Auxin responsiveness

Light response element

G-Box CACGTT 5 Light responsiveness ✓ ✓

GA-motif ATAGATAA 1 Light responsiveness ✓

GATA-motif AAGGATAAGG 1 Light responsiveness ✓

ATCT-motif AATCTAATCC 1 Light responsiveness

TCT-motif TCTTAC 1 Light responsiveness ✓

TCCC-motif TCTCCCT 1 Light responsiveness ✓

Sp1 GGGCGG 1 Light responsiveness ✓ ✓

Condition specific element

STRE AGGGG 6 Stress responsiveness ✓ ✓

ARE AAACCA 2 Anaerobic induction ✓ ✓

DRE TACCGACAT 1 Dehydration responsiveness

DRE core GCCGAC 1 Dehydration responsiveness ✓

WRE3 CCACCT 1 Wounding responsiveness ✓

GC-motif CCCCCG 1 Anoxic specific inducibility ✓

O2-site GATGACATGG 1 Zein metabolism regulation ✓

Plant tissue specific element

A-Box CCGTCC 4 Meristem specific activation ✓

CAT-Box GCCACT 1 Meristem expression ✓ ✓

Transcription factor binding element

MYB TAACTG/CAACCA 5 MYB binding ✓ ✓

MYC CAT(T/G)TG 4 MYC binding ✓ ✓

W-Box TTGACC 4 WRKY binding ✓ ✓

HD-ZIP III GTAAT(G/C)ATTAC 2 HD-ZIP III binding

OCT CGCGGATC 2 Octamer binding

Note: Number indicated the number of cis regulatory element contained in 2458 bp of EgBBM promoter. AtBBM indicated the cis-
regulatory element in the promoter region of BBM gene in Arabidopsis. OsBBM1 indicated the cis-regulatory element in the promoter 
region of BBM1 gene in rice. ✓ indicated sharing of the cis-regulatory element in the promoter region of AtBBM1 gene and/or 
OsBBM1.
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Hormone response element

ABRE ERE as-1 JERE TCA AuxRR-core

Light response element

G-Box GA-motif GATA-motif ATCT-motif TCT-motif TCCC-motif Sp1

Condition specific element

STRE ARE DRE DRE core WRE3 GC-motif O2-site

Plant tissue specific element

A-box CAT-box

Transcription factor binding element

MYB MYC W-box HD-ZIP III OCT

-2 458 -2 000 -1 500 -1 000 -500 -4 +1 

TATA box
-33

(a)

(b)

(c)

(d)

(e)

Figure 2. Distribution of cis-regulatory elements within 2458 base pairs upstream of the transcriptional start site of the EgBBM promoter sequence. 
Different elements indicated by different box colors. (a) Hormone response elements included ABRE element (ACGTG), ERE element (ATTTTAAA), 
as-1 element (TGACG), JERE element (AGACCGCC), TCA element (TCATCTTCAT), and AuxRR-core element (GGTCCAT). (b) Light response 
elements included G-Box element (CACGTT), GA-motif element (ATAGATAA), GATA-motif element (AAGGATAAGG), ATCT-motif element 
(AATCTAATCC), TCT-motif element (TCTTAC), TCCC-motif element (TCTCCCT), and Sp1 elements (GGGCGG). (c) Condition specific element 
included STRE element (AGGGG), ARE element (AAACCA), DRE element (TACCGACAT), DRE core element (GCCGAC), WRE3 element 
(CCACCT), GC-motif element (CCCCCG), and O2-site element (GATGACATGG). (d) Plant tissue specific element included A-Box element 
(CCGTCC), and CAT-Box element (GCCACT). (e) Transcription factor binding element included MYB (TAACTG/CAACCA), MYC (CAT(T/G)TG), 
HD-ZIP III (GTAAT(G/C)ATTAC), WRKY (W-Box; TTGACC), and Octamer (OCT; CGCGGATC) binding elements.

Figure 3. Separation of pEgBBM-binding proteins and pEgBBM-unbinding protein by DNA-protein binding pull-down assay using 15% SDS-PAGE 
at 150V for 50 min. T (as treatment) indicated the mixture of extracted-somatic embryo protein, pEgBBM fragment, and streptavidin agarose bead. 
N (as negative control) indicated the mixture of extracted-somatic embryo protein and streptavidin agarose bead without pEgBBM fragment. Arrow 
indicated protein detection.

37 kD

25 kD

15 kD

Eluted-DNA
binding proteins

T          N

Washed-DNA
unbinding proteins

T          N
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(SNI1), as the phenotype of the npr1 mutant can 
be restored by the sni1 mutation (Durrant et al., 
2007; Li et al., 1999). SNI1-mediated transcriptional 
repression involves a highly conserved mechanism 
that affects chromatin modification (Mosher et al., 
2006). Interestingly, SNI1 shares structural similarity 
with Armadillo repeat proteins, homologous to 
ARABIDILLO (Coates et al., 2006; Mosher et al., 
2006; Moody et al., 2016), which were identified as 
putative EgBBM promoter-binding proteins in this 
study. ARABIDILLO 1 and 2 have been reported 
to promote lateral root development and seed 
germination in Arabidopsis, similar to the role of 
the BBM gene (Coates et al., 2006; El Ouakfaoui et 
al., 2010; Galinha et al., 2007; Moody et al., 2016). 
Furthermore, CRF5, another putative EgBBM 
promoter-binding protein identified in this study, 
has been shown to play an important role in growth 
and development in Arabidopsis by upregulating the 
expression of Suppressor of NPR1-1, Constitutive1 
(SNC1) (Zou et al., 2017).

RCF3 is a small subunit of the RFC complex that 
has been shown to regulate cell proliferation and 
pathogen resistance in Arabidopsis (Xia et al., 2009). 
The rcf3-1 mutation can enhance the expression of 
pathogenesis-related (PR) genes, and the phenotype 
of rcf3-1 is similar to that of sni1. Although the 
interaction between RFC3 and SNI1 could not be 
detected through the yeast-two hybrid assay, RFC3 
may negatively regulate PR genes by indirectly 
interacting with SNI1 and affecting chromatin 
modification (Mosher et al., 2006; Xia et al., 2009). 

In this study, WRKY71, a putative EgBBM 
promoter-binding protein, is functionally related 
to leaf senescence and overlapped with WRKY53 
in Chimonanthus praecox (Huang et al., 2019). 
CpWRKY71 is highly expressed in flowers and 
senescing leaves, and its overexpression in 
Arabidopsis promotes precocious leaf senescence 
(Huang et al., 2019). Furthermore, WRKY71/EXB1 
plays an important role in axillary meristem (AM) 
initiation in the control of shoot branching by 
regulating the auxin pathway in Arabidopsis (Guo et 
al., 2015). 

RBR is a vital protein for cell division, 
differentiation, and stem cell maintenance in 
Arabidopsis root, and it is regulated by the GRAS 
family member SCR (Borghi et al., 2010; Wildwater 
et al., 2005). RBR also cooperates with PRC2 during 
cell differentiation and development, and PRC1 acts 
downstream of PRC2 to maintain gene repression 
(Kuwabara and Gruissem, 2014; Margueron and 
Reinberg, 2011). PRC1 represses the embryonic trait 
by suppressing the BBM gene expression during 
vegetative growth in Arabidopsis, but PRC2 subunit 
mutation does not affect BBM expression (Chen et 
al., 2010; Ikeuchi et al., 2015; Mozgová et al., 2017). 

AHL10, a nuclear-localised protein with an AT-
hook motif, binds to AT-rich DNA and recruits other 

transcription factors to regulate transcriptional 
regulation. It interacts with ADM to reestablish 
histone modifications after fertilisation in the 
endosperm (Jiang et al., 2017). Additionally, it is 
directly dephosphorylated by HAI1 to control plant 
growth under drought stress and regulate gene 
expression (Wong et al., 2019). RAV1 and RAV2-like 
proteins contain both AP2 and B3 DNA binding 
domains and are putative EgBBM promoter-binding 
proteins. RAV1 is a negative regulator in ABA 
signaling and interacts with SnRK2 to modulate 
gene expression (Feng et al., 2014). The ABRE cis-
regulatory element, bound by ABI5 protein, is 
present in the EgBBM promoter, suggesting that 
the RAV1-ABI5 regulatory network may play a 
crucial role in EgBBM expression during somatic 
embryogenesis. 

PIF1 is a bHLH transcription factor that binds 
to the G-box cis-regulatory element during light-
dependent seed germination inhibition in Arabidopsis 
(Oh et al., 2009). PIF1 activates ABA and jasmonic 
signaling, which inhibit seed germination, while it 
represses GA and brassinosteroid signaling, which 
promote seed germination (Oh et al., 2009). 

TRN1 plays a crucial role in cell-specific 
differentiation of radial dimension during early leaf 
and root development in Arabidopsis (Cnops et al., 
2006). The establishment of radial symmetry in roots 
occurs during embryogenesis and is maintained 
throughout postembryonic growth. This process 
requires the participation of the SCR protein, 
which is essential for embryonic stem cell niche 
specification (Salvi et al., 2018).

Histone modifications play a critical role 
in regulating EgBBM gene expression during 
somatic embryogenesis. FRI, a scaffold protein, 
recruits various chromatin modifications to 
modify chromatin structure, including H3K4 
methyltransferase complex COMPASS-like, 
Histone acetyltransferase of the MYST family1 
(HAM1), SWR1 chromatin remodeling complex 
(SWR1-C), and ubiquitin-conjugating enzyme 1 
(UBC1), forming a FRI-containing super complex 
that promotes the transcriptional activation of 
the flowering gene, FLOWERING LOCUS C (FLC) 
gene during embryogenesis in Arabidopsis (Choi 
et al., 2009; 2011; Li et al., 2018). Furthermore, 
MRG1 is a protein localised to euchromatin that 
interacts with H3K36me3 and histone H4-specific 
acetyltransferases (HAM1 and HAM2) to recruit 
histone acetylation at the promoter region of the 
FLC gene, leading to the activation of FLC gene 
expression (An et al., 2020; Xu et al., 2014).

Several bZIP transcription factors have been 
identified as potential EgBBM promoter-binding 
proteins involved in seed and embryo development. 
bZIP53 is a transcriptional regulator of the seed 
maturation (MAT) gene in Arabidopsis and is 
expressed in embryos and endosperm of maize 
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MRG2 and the histone chaperones NRP1/NRP2 
associate in fine-tuning Arabidopsis flowering time. 
Plant J., 103(3): 1010-1024.

Borg, M; Jacob, Y; Susaki, D; LeBlanc, C; Buendía, 
D; Axelsson, E; Kawashima, T; Voigt, P; Boavida, 
L; Becker, J; Higashiyama, T; Martienssen, R 
and Berger, F (2020). Targeted reprogramming 
of H3K27me3 resets epigenetic memory in plant 
paternal chromatin. Nat. Cell Biol., 22: 621-629.

Borghi, L; Gutzat, R; Fütterer, J; Laizet, Y; 
Hennig, L and Gruissem, W (2010). Arabidopsis 
RETINOBLASTOMA-RELATED is required for 
stem cell maintenance, cell differentiation, and 
lateral organ production. Plant Cell, 22(6): 1792-1811.

Boutilier, K; Offringa, R; Sharma, V K; Kieft, H; 
Ouellet, T; Zhang, L; Hattori, J; Liu, C M; van 
Lammeren, A A; Miki, B L; Custers, J B and 
van Lookeren Campagne, M M (2002). Ectopic 
expression of BABY BOOM triggers a conversion 
from vegetative to embryonic growth. Plant Cell, 
14(8): 1737-1749.

Chaparian, R R and van Kessel, J C (2020). Promoter 
pull-down assay: A biochemical screen for DNA-
binding proteins. Stem Cell Renewal and Cell-Cell 
Communication (Turksen, K eds.). Springer, New 
York, NY, USA. p. 165-172.

Chen, D; Molitor, A; Liu, C and Shen, W H (2010). 
The Arabidopsis PRC1-like ring-finger proteins are 
necessary for repression of embryonic traits during 
vegetative growth. Cell Res., 20(12): 1332-1344.

Choi, J; Hyun, Y; Kang, M J; In Yun, H; Yun, J Y; 
Lister, C; Dean, C; Amasino, R M; Noh, B; Noh, 
Y S and Choi, Y (2009). Resetting and regulation 
of FLOWERING LOCUS C expression during 
Arabidopsis reproductive development. Plant J., 
57(5): 918-931.

Choi, K; Kim, J; Hwang, H J; Kim, S; Park, C; Kim, S 
Y and Lee, I (2011). The FRIGIDA complex activates 
transcription of FLC, a strong flowering repressor 
in Arabidopsis, by recruiting chromatin modification 
factors. Plant Cell, 23(1): 289-303.

Cnops, G; Neyt, P; Raes, J; Petrarulo, M; Nelissen, 
H; Malenica, N; Luschnig, C; Tietz, O; Ditengou, F; 
Palme, K; Azmi, A; Prinsen, E and Van Lijsebettens, 
M (2006). The TORNADO1 and TORNADO2 genes 
function in several patterning processes during 
early leaf development in Arabidopsis thaliana. Plant 
Cell, 18(4): 852-866.

Coates, J C; Laplaze, L and Haseloff, J (2006). 
Armadillo-related proteins promote lateral root 

grains (Alonso et al., 2009; Lv et al., 2021). bZIP11 is 
co-expressed with bZIP53 and highly expressed in 
the chalazal pole and globular seed in Brassica napus, 
where it binds to G-box cis-regulatory elements to 
modulate auxin-induced transcription by interacting 
with histone acetylation machinery (Ehlert et al., 
2006; Khan et al., 2022; Weiste and Dröge-Laser, 2014; 
Ziegler et al., 2019). Additionally, bZIP12, which 
is related to ABA signaling, was specifically and 
highly expressed in the early embryo stage during 
zygotic embryo development in oil palm, and was 
found to be co-expressed with the BBM gene (Zhang 
et al., 2022).

CONCLUSION

In this study, we cloned the EgBBM promoter to 
investigate the cis-regulatory elements in this region 
and identify putative EgBBM promoter-binding 
proteins using a DNA-protein pull-down assay. Our 
findings revealed that developmental processes, 
hormone response, and transcription factor 
binding were represented in EgBBM promoter. 
Moreover, several proteins were involved in histone 
modification, leading to the establishment of a 
complex regulatory network involving interactions 
between DNA-proteins and protein-proteins. 
Through our research, we have gained valuable 
insights into the factors that impact the function of 
EgBBM in oil palm tissue culture, specifically during 
the process of somatic embryogenesis.

ACKNOWLEDGEMENT

This research and innovation activity is funded 
by the National Research Council of Thailand 
(NRCT) as of the fiscal year 2021, and the Royal 
Golden Jubilee (RGJ) Ph.D Program (Grant No. 
PHD/0001/2560), through the National Research 
Council of Thailand (NRCT), Thailand Research 
Fund (TRF), and Kasetsart University Research and 
Development Institute (KURDI).

REFERENCES

Alonso, R; Oñate-Sánchez, L; Weltmeier, F; Ehlert, 
A; Diaz, I; Dietrich, K; Vicente-Carbajosa, J S and 
Dröge-Laser, W (2009). A pivotal role of the Basic 
Leucine Zipper transcription factor bZIP53 in 
the regulation of Arabidopsis seed maturation 
gene expression based on heterodimerization 
and protein complex formation. Plant Cell, 21(6):  
1747-1761.

An, Z; Yin, L; Liu, Y; Peng, M; Shen, W H and Dong, 
A (2020). The histone methylation readers MRG1/

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



10

JOURNAL OF OIL PALM RESEARCH

development in Arabidopsis. PNAS, 103(5): 1621-
1626.

De la Concepcion, J C; Franceschetti, M; Maqbool, 
A; Saitoh, H; Terauchi, R; Kamoun, S and Banfield, 
M J (2018). Polymorphic residues in rice NLRs 
expand binding and response to effectors of the 
blast pathogen. Nature Plants, 4: 576-585.

Deng, W; Luo, K; Li, Z and Yang, Y (2009). A novel 
method for induction of plant regeneration via 
somatic embryogenesis. Plant Sci., 177(1): 43-48.

Duarte, F and De la Peña, C (2016). Epigenetic 
advances in somatic embryogenesis in sequenced 
genome crops. Somatic Embryogenesis: Fundamental 
Aspects and Applications (Loyola-Vargas, V and 
Ochoa-Alejo, N eds.). Springer, Cham. p. 81-102.

Durrant, W E; Wang, S and Dong, X (2007). 
Arabidopsis SNI1 and RAD51D regulate both gene 
transcription and DNA recombination during the 
defense response. PNAS, 104(10): 4223-4227.

Ehlert, A; Weltmeier, F; Wang, X; Mayer, C S; 
Smeekens, S; Vicente-Carbajosa, J and Dröge-Laser, 
W (2006). Two-hybrid protein-protein interaction 
analysis in Arabidopsis protoplasts: Establishment 
of a heterodimerization map of group C and group 
S bZIP transcription factors. Plant J., 46(5): 890-900.

El Ouakfaoui, S; Schnell, J; Abdeen, A; Colville, A; 
Labbe, H; Han, S; Baum, B; Laberge, S and Miki, 
B (2010). Control of somatic embryogenesis and 
embryo development by AP2 transcription factors. 
Plant Mol. Biol., 74: 313-326.

Feng, C Z; Chen, Y; Wang, C; Kong, Y H; Wu, W H 
and Chen, Y F (2014). Arabidopsis RAV1 transcription 
factor, phosphorylated by SnRK2 kinases, regulates 
the expression of ABI3, ABI4, and ABI5 during seed 
germination and early seedling development. Plant 
J., 80(4): 654-668.

Fode, B; Siemsen, T; Thurow, C; Weigel, R and Gatz, 
C (2008). The Arabidopsis GRAS protein SCL14 
interacts with class II TGA transcription factors and 
is essential for the activation of stress-inducible 
promoters. Plant Cell, 20: 3122-3135.

Galinha, C; Hofhuis, H; Luijten, M; Willemsen, 
V; Blilou, I; Heidstra, R and Scheres, B (2007). 
PLETHORA proteins as dose-dependent master 
regulators of Arabidopsis root development. Nature, 
449(7165): 1053-1057.

Gasch, P; Fundinger, M; Müller, J T; Lee, T; Bailey-
Serres, J and Mustroph, A (2016). Redundant ERF-
VII transcription factors bind to an evolutionarily 

conserved cis-motif to regulate hypoxia-responsive 
gene expression in Arabidopsis. Plant Cell, 28(1): 
160-180.

Guo, D; Zhang, J; Wang, X; Han, X; Wei, B; Wang, 
J; Li, B; Yu, H; Huang, Q; Gu, H; Qu, L J and Qin, G 
(2015). The WRKY Transcription Factor WRKY71/
EXB1 controls shoot branching by transcriptionally 
regulating RAX genes in Arabidopsis. Plant Cell, 
27(11): 3112-3127.

Huang, R; Liu, D; Huang, M; Ma, J; Li, Z; Li, M and 
Sui, S (2019). CpWRKY71, a WRKY transcription 
factor gene of wintersweet (Chimonanthus praecox), 
promotes flowering and leaf senescence in 
Arabidopsis. Int. J. Mol. Sci., 20: 5325.

Ikeuchi, M; Iwase, A; Rymen, B; Harashima, H; 
Shibata, M; Ohnuma, M; Breuer, C; Morao, A K; 
de Lucas, M; De Veylder, L; Goodrich, J; Brady, 
S M; Roudier, F and Sugimoto, K (2015). PRC2 
represses dedifferentiation of mature somatic cells 
in Arabidopsis. Nat. Plants, 1(7): 15089.

Irikova, T; Grozeva, S and Denev, I (2012). 
Identification of BABY BOOM and LEAFY 
COTYLEDON genes in sweet pepper (Capsicum 
annuum L.) genome by their partial gene sequences. 
Plant Growth Regul., 67: 191-198.

Jaiswal, V; Kakkar, M; Kumari, P; Zinta, G; Gahlaut, 
V and Kumar, S (2022). Multifaceted roles of GRAS 
transcription factors in growth and stress responses 
in plants. iScience, 25(9): 105026.

Jiang, H; Moreno-Romero, J; Santos-González, J; De 
Jaeger, G; Gevaert, K; Van De Slijke, E and Köhler, C 
(2017). Ectopic application of the repressive histone 
modification H3K9me2 establishes post-zygotic 
reproductive isolation in Arabidopsis thaliana. Genes 
Dev., 31: 1272-1287.

Khan, D; Ziegler, D J; Kalichuk, J L; Hoi, V; Huynh, 
N; Hajihassani, A; Parkin, I A P; Robinson, S 
J and Belmonte, M F (2022). Gene expression 
profiling reveals transcription factor networks 
and subgenome bias during Brassica napus seed 
development. Plant J., 109(3): 477-489.

Konan, K E; Durand-Gasselin, T; Kouadio, Y J; 
Flori, A; Rival, A; Duval, Y and Pannetier, C (2010). 
In vitro conservation of oil palm somatic embryos 
for 20 years on a hormone-free culture medium: 
Characteristics of the embryogenic cultures, 
derived plantlets and adult palms. Plant Cell Rep., 
29: 1-13.

Kuang, Z; Pinglay, S; Ji, H and Boeke, J D (2017). 
Msn2/4 regulate expression of glycolytic enzymes 

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



11

ANALYSIS OF PUTATIVE EgBBM PROMOTER BINDING PROTEINS DURING OIL PALM SOMATIC EMBRYOGENESIS 

and control transition from quiescence to growth. 
eLife, 6: e29938.

Kulinska-Lukaszek, K; Tobojka, M; Adamiok, A 
and Kurczynska, E U (2012). Expression of the BBM 
gene during somatic embryogenesis of Arabidopsis 
thaliana. Biol. Plant., 56: 389-394.

Kumar, V and Van Staden, J (2017). New insights 
into plant somatic embryogenesis: An epigenetic 
view. Acta Physiol. Plant., 39: 194.

Kurdistani, S K and Grunstein, M (2003). Histone 
acetylation and deacetylation in yeast. Nat. Rev. 
Mol. Cell Biol, 4(4): 276-284.

Kuwabara, A and Gruissem, W (2014). Arabidopsis 
retinoblastoma-related and polycomb group 
proteins: Cooperation during plant cell 
differentiation and development. J. Exp. Bot., 65(10): 
2667-2676.

Li, J; Han, G; Sun, C and Sui, N (2019). Research 
advances of MYB transcription factors in plant 
stress resistance and breeding. Plant Signal. Behav., 
14(8): 1613131.

Li, X; Zhang, Y; Clarke, J D; Li, Y and Dong, X 
(1999). Identification and cloning of a negative 
regulator of systemic acquired resistance, SNI1, 
through a screen for suppressors of NPR1-1. Cell, 
98(3): 329-339.

Li, Z; Jiang, D and He, Y (2018). FRIGIDA 
establishes a local chromosomal environment for 
FLOWERING LOCUS C mRNA production. Nat. 
Plants, 4(10): 836-846.

Lv, H; Li, X; Li, H; Hu, Y; Liu, H; Wen, S; Li, Y; Liu, 
Y; Huang, H; Yu, G; Huang, Y and Zhang, J (2021). 
Gibberellin induced transcription factor bZIP53 
regulates CesA1 expression in maize kernels. PLoS 
ONE, 16(3): e0244591.

Margueron, R and Reinberg, D (2011). The 
polycomb complex PRC2 and its mark in life. 
Nature, 469(7330): 343-349.

Martínez, Ó; Arjones, V; González, M V and Rey, 
M (2021). Histone deacetylase inhibitors increase 
the embryogenic potential and alter the expression 
of embryogenesis-related and dac-encoding genes 
in grapevine (Vitis vinifera L., cv. Mencía). Plants, 
10(6): 1164.

Moody, L A; Saidi, Y; Gibbs, D J; Choudhary, A; 
Holloway, D; Vesty, E F; Bansal, K K; Bradshaw, S 
J and Coates, J C (2016). An ancient and conserved 
function for Armadillo-related proteins in the 

control of spore and seed germination by abscisic 
acid. New Phytol., 211(3): 940-951.

Morcillo, F; Gallard, A; Pillot, M; Jouannic, S; 
Aberlenc-Bertossi, F; Collin, M; Verdeil, J L and 
Tregear, J W (2007). EgAP2-1, an AINTEGUMENTA-
like (AIL) gene expressed in meristematic and 
proliferating tissues of embryos in oil palm. Planta, 
226: 1353-1362.

Mosher, R A; Durrant, W E; Wang, D; Song, J and 
Dong, X (2006). A comprehensive structure-function 
analysis of Arabidopsis SNI1 defines essential 
regions and transcriptional repressor activity. Plant 
Cell, 18(7): 1750-1765.

Mozgová, I; Muñoz-Viana, R and Hennig, L 
(2017). PRC2 represses hormone-induced somatic 
embryogenesis in vegetative tissue of Arabidopsis 
thaliana. PLoS Genet., 13(1): e1006562.

Nic-Can, G I; Lopez-Torres, A; Barredo-Pool, F; 
Wrobel, K; Loyola-Vargas, V M; Rojas-Herrera, R 
and De-la-Pena, C (2013). New insights into somatic 
embryogenesis: LEAFY COTYLEDON1, BABY 
BOOM1 and WUSCHE-RELATED HOMEOBOX4 
are epigenetically regulated in Coffea canephora. 
PLoS ONE, 8(8): e72160.

Niggeweg, R; Thurow, C; Weigel, R; Pfitzner, U 
and Gatz, C (2000). Tobacco TGA factors differ 
with respect to interaction with NPR1, activation 
potential and DNA-binding properties. Plant Mol. 
Biol., 42(5): 775-788.

Oh, E; Kang, H; Yamaguchi, S; Park, J; Lee, D; 
Kamiya, Y and Choi, G (2009). Genome-wide 
analysis of genes targeted by PHYTOCHROME 
INTERACTING FACTOR 3-LIKE5 during seed 
germination in Arabidopsis. Plant Cell, 21(2): 403-
419.

Osorio-Montalvo, P; Sáenz-Carbonell, L and De-
la-Peña, C (2018). 5-Azacytidine: A promoter of 
epigenetic changes in the quest to improve plant 
somatic embryogenesis. Int. J. Mol. Sci., 19(10): 
3182.

Passarinho, P; Ketelaar, T; Xing, M; van Arkel, 
J; Maliepaard, C; Hendriks, M W; Joosen, R; 
Lammers, M; Herdies, L; den Boer, B; van der Geest, 
L and Boutilier, K (2008). BABY BOOM target genes 
provide diverse entry points into cell proliferation 
and cell growth pathways. Plant Mol. Biol., 68: 225-
237.

Salvi, E; Di Mambro, R; Pacifici, E; Dello Ioio, R; 
Costantino, P; Moubayidin, L and Sabatini, S (2018). 
SCARECROW and SHORTROOT control the 

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



12

JOURNAL OF OIL PALM RESEARCH

auxin/cytokinin balance necessary for embryonic 
stem cell niche specification. Plant Signal. Behav., 
13(8): e1507402.

Schlag, K; Steinhilber, D; Karas, M and Sorg, B 
L (2020). Analysis of proximal ALOX5 promoter 
binding proteins by quantitative proteomics. FEBS 
J., 287(20): 4481-4499.

Semagn, K (2014). Leaf tissue sampling and DNA 
extraction protocols. Molecular Plant Taxonomy: 
Methods in Molecular Biology (Besse, P eds.). Humana 
Press, Totowa, NJ. p. 53-67.

Thurow, C; Schiermeyer, A; Krawczyk, S; 
Butterbrodt, T; Nickolov, K and Gatz, C (2005). 
Tobacco bZIP transcription factor TGA2.2 and 
related factor TGA2.1 have distinct roles in plant 
defense responses and plant development. Plant J., 
44(1): 100-113.

Thuzar, M; Vanavichit, A; Tragoonrung, S and 
Jantasuriyarat, C (2011). Efficient and rapid plant 
regeneration of oil palm zygotic embryos cv. Tenera 
through somatic embryogenesis. Acta Physiol. 
Plantarum, 33: 123-128.

Wachananawat, B; Vuttipongchaikij, S and 
Jantasuriyarat, C (2017). Cloning and gene expression 
of BABY BOOM (BBM) in oil palm embryogenesis. 
TSTJ, 6: 44-52.

Wahid, M B; Abdullah, S N A and Henson, I E (2015). 
Oil palm - Achievements and potential. Plant Prod. 
Sci., 8(3): 288-297.

Walley, J W; Coughlan, S; Hudson, M E; Covington, 
M F; Kaspi, R; Banu, G; Harmer, S L and Dehesh, K 
(2007). Mechanical stress induces biotic and abiotic 
stress responses via a novel cis-element. PLoS Genet., 
3(10): e172.

Wang, X; Niu, Q W; Teng, C; Li, C; Mu, J; Chua, N 
H and Zuo, J (2009). Overexpression of PGA37/
MYB118 and MYB115 promotes vegetative-to-
embryonic transition in Arabidopsis. Cell Res., 19(2): 
224-235.

Weiste, C and Dröge-Laser, W (2014). The Arabidopsis 
transcription factor bZIP11 activates auxin-mediated 

transcription by recruiting the histone acetylation 
machinery. Nat. Commun., 5(1): 3883.

Wildwater, M; Campilho, A; Perez-Perez, J M; 
Heidstra, R; Blilou, I; Korthout, H; Chatterjee, 
J; Mariconti, L; Gruissem, W and Scheres, B 
(2005). The RETINOBLASTOMA-RELATED gene 
regulates stem cell maintenance in Arabidopsis 
roots. Cell, 123(7): 1337-1349.

Wong, M M; Bhaskara, G B; Wen, T N; Lin, W 
D; Nguyen, T T; Chong, G L and Verslues, P E 
(2019). Phosphoproteomics of Arabidopsis highly 
ABA-Induced1 identifies AT-Hook-Like10 
phosphorylation required for stress growth 
regulation. PNAS, 116(6): 2354-2363.

Wu, K K (2006). Analysis of protein-DNA binding 
by streptavidin-agarose pulldown. Methods Mol. 
Biol., 338: 281-290.

Xia, S; Zhu, Z; Hao, L; Chen, J G; Xiao, L; Zhang, Y 
and Li, X (2009). Negative regulation of systemic 
acquired resistance by Replication Factor C 
Subunit3 in Arabidopsis. Plant Physiol., 150(4): 2009-
2017.

Xu, Y; Gan, E S; Zhou, J; Wee, W Y; Zhang, X and Ito, 
T (2014). Arabidopsis MRG domain proteins bridge 
two histone modifications to elevate expression of 
flowering genes. Nucleic Acids Res., 42(17): 10960-
10974.

Zhang, A; Jin, L; Yarra, R; Cao, H; Chen, P and John 
Martin, J J (2022). Transcriptome analysis reveals 
key developmental and metabolic regulatory 
aspects of oil palm (Elaeis guineensis Jacq.) during 
zygotic embryo development. BMC Plant Biol., 
22(1): 112.

Ziegler, D J; Khan, D; Kalichuk, J L; Becker, M G and 
Belmonte, M F (2019). Transcriptome landscape of 
the early Brassica napus seed. J. Integr. Plant Biol., 
61(5): 639-650.

Zou, B; Sun, Q; Zhang, W; Ding, Y; Yang, D L; Shi, 
Z and Hua, J (2017). The Arabidopsis chromatin-
remodeling factor CHR5 regulates plant immune 
responses and nucleosome occupancy. Plant Cell 
Physiol., 58(12): 2202-2216.ARTIC

LE IN
 PRESS

ARTIC
LE IN

 PRESS


