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Abstract

Arabica coffee supplies 60% of world coffee production because it has a
unique taste as a superior quality beverage. Arabica coffee micropropagation
can be conducted by somatic embryogenesis technique which produces clonal,
fast and uniform plants. The somatic embryogenesis (SE) process describes the
integration of endogenous signals and gene reprogramming, which releases signals
to initiate embryogenic processes. The use of endogenous auxin, either single or in
combination with other plant growth regulators (PGRs) or stress, induces differen-
tial gene expression, which modifies the genetic program of somatic cells and
regulates the transition to each stage during SE development. The RKD4 gene
(RWP-RK DOMAIN-CONTAINING 4) is a gene that plays a role in the early initia-
tion of embryo formation and development. The characterization of RKD4 genes
in C. arabica is still limited and under-explored. The objective of this research is
to explore the characteristics of RKD4 gene by comparing the difference and
similarities of RKD4 gene in C. arabica and other cultivated plants. The method
was initiated by identifying nucleotide sequences from the National Center for
Biotechnology Information (NCBI) database. Furthermore, it consists of analysis
of nucleotide alignment, alignment of amino acid sequences, protein analysis,
protein motif functions discovery, analysis of phylogenetic tree, protein 2D and
3D-modelling and physicochemical properties. According to the analysis, there were
100 polymorphism points with a total number of mutations of 211 points. The phylo-
genetic tree shows C. arabica L. has a very close relationship with grapes (Vitis
vinifera) based on the RKD4 protein, gene structures and protein motifs. There
are nine highly conserved motifs found in the protein alignment. C. arabica L.
had more methyl jasmonate element responses than A. thaliana. The findings are
useful to understand the initiation of embryo formation mechanisms of C. arabica L
and other cultivated plants during propagation through somatic embryogenesis in
the long run.
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INTRODUCTION

Coffee is an important commodity that is
cultivated throughout the world and has high
economic value. Indonesia is on the fourth
position as the largest coffee producer in the
world after Brazil, Vietnam and Colombia.
Of the 130 different coffee species, 2 com-
mercial coffee species are cultivated, namely
Arabica coffee (C. arabica L.) and Robusta
coffee (C. canephora). Arabica coffee has
a unique taste and supplies 60% of world coffee
production. Arabica coffee has superior quality
as a drink compared to Robusta coffee (van
der Vossen et al., 2015).

Coffee propagation can be done genera-
tively (seeds) and vegetatively (cuttings and
grafting). In vitro-vegetative propagation can
be done using a tissue culture technique through
a somatic embryogenesis (SE) method. SE
is a modern biotechnology method for fast
and efficient plant propagation, which is
clonal and can be mass-produced without
depending on the season. This technique can
produce superior coffee seeds with the same
genetic characteristics as the parent (uniform)
(Debnath, 2018). SE is developed from haploid
or diploid somatic cells without going through
gamete fusion and then develops into superior
clones (Salaün, et al., 2021). Somatic cells
undergo several morphological and biochemical
changes to form somatic embryos starting from
the globular, heart, torpedo and cotyledone
phases.

The SE process involves three phases:
induction of SE, formation of central meriste-
matic, and development of somatic embryos
(Elhiti et al., 2013). Each stage of the SE process
describes the integration of endogenous signals
and gene reprogramming, which releases signals
to initiate embryogenic processes. The use of
endogenous auxin, either single or in combi-
nation with other PGRs or stress, induces
different gene expressions, which modify the
genetic program of somatic cells and regulate

the transition to each stage during SE develop-
ment (Loyola-Vargas & Ochoa-Alejo, 2016).
Most of these genes fall into one of four
categories as follows: transcription factors
(TFs), proteins acting in the cell cycle, PGR
biosynthesis (especially auxin), and proteins
involved in signaling pathways (Leljak-
Levanic et al., 2015).

Changes in the cell genetic program that
lead to the induction of SE have required the
regulation of several genes (Riechmann et al.,
2000). In both angiosperms and gymnosperms,
little is known about gene expression, an early
stage of embryogenesis, which is critical for
subsequent embryonic development (Trontin
et al., 2016). In Arabidopsis thaliana as a plant
model, SE can be induced from various
explants throughout its life cycle and occurs
either directly or indirectly through the callus
phase. SE can be induced using the synthetic
auxin 2,4-D or by over-expression of certain
transcription factors, including BABY BOOM
(BBM), LEAFY COTYLEDON (LEC),
WUSCHEL (WUS), RWP-RK DOMAIN-
CONTAINING 4 (RKD4) and AND WOUND
INDUCTION OF DEDIFFERENTIATION
1 (WIND1) (Horstman et al., 2017).

RWP-RK DOMAIN-CONTAINING 4
(RKD4)/GROUNDED (GRD) is a transcription
factor expressed by embryos that can induce
SE (Waki et al., 2011). RKD4 is expressed through-
out the early embryo and in the suspensor.
In line with its unique role during early embryo-
genesis, other RKDs only affect embryo sac
development (Horstman et al., 2017). RKD4
is the only RKD factor that induces SE (Koszegi
et al., 2011; Tedeschi et al., 2017; Waki et al.,
2011). The RKD4 gene (RWP-RK DOMAIN-
CONTAINING 4) is a gene that plays a role in
early zygotic embryo development (Smertenko
& Bozhkov, 2014). Waki et al. (2011) succeeded
in over-expressing the indRKD4ox gene with
the synthetic glucocorticoid dexamethasone
(Dex) induction to induce somatic embryo-
genesis in A. thaliana plant seeds. In orchid
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plants, the insertion of the AtRKD4 gene
successfully induced the formation of somatic
embryos ectopically in the leaves and proto-
corms of the hybrid orchid Phalaenopsis
‘Sogo Vivien’ (Mursyanti et al., 2015) and
Dendrobium phalaenopsis (Setiari et al.,
2018).

According to Kõszegi et al. (2011), the
most abundant levels of RKD4 transcripts
are found in the reproductive organs of  the
A. thaliana genome. RKD genes have been
implicated in germ cell differentiation and
regulation of gametophyte-sporophyte transition
in the liverwort Marchantia polymorpha (Koi
et al., 2016; Rövekamp et al., 2016). In
Arabidopsis zygotic embryo development,
AtRKD4 plays a role at zygote elongation stage
and the first asymmetric division (Weindrich &
Weijers, 2013). Loss of RKD4 function results
in reduced zygote elongation and causes certain
abnormalities during previous cell divisions,
suggesting its participation in the control of
embryogenesis (Waki et al., 2011). RKD4
mutations cause short suspensors and inhi-
bition of embryo formation, induced over-
expression of RKD4 in Arabidopsis plant
seeds, causes overproliferation of root cells,
where somatic embryos develop (Horstman
et al., 2017).

The aim of this research was to find out
more about the characteristics of the RKD4
gene by comparing the nucleotide structure
of the RKD4 gene in C. arabica L. and other
cultivated plants of monocot and dicot plants.
We also analyzed the similarities and differences
between the amino acid motifs that make
up the RKD4 protein and the structure of
RKD4 protein. Moreover, we obtained infor-
mation about the relationship of the RKD4
gene between C. arabica L. and other culti-
vated plants. Thus, it will facilitate further
studies related to biological functions for
the RKD4 family genes in C. arabica L. and
other cultivated plants.

MATERIALS AND METHODS

The initial stage of bioinformatics analysis
was preceded by searching the nucleotide
sequence of the C. arabica L. RKD4 gene
which was downloaded from National Center
for Biotechnology Information (NCBI ).
Apart from C. arabica L., there are 41 other
cultivated plants (both monocots and dicots)
that are used as comparisons. Species names,
accession numbers, genome lengths, CoDing
Sequence (CDS) lengths and chromosome
locations for plant species were obtained from
the NCBI database (Table 1).

Polymorphism Analysis of RKD4 Gene

The nucleotide sequence is copied into
a notepad for alignment. Naming each sequence
name is done in the same format. Files are saved
using the FASTA format. After the sequence
alignment file has been successfully saved,
the MultAlin software is opened to process
the alignment data into one alignment. The
alignment results are saved in GIF image
format. The part of the nucleotide that is
conserved is marked in red, while the part of
the nucleotide that is not conserved is marked
in black. Several nucleotides are marked in blue
if several nucleotides have the same sequence.

After using MultAlin, polymorphism
analysis was carried out using MEGA11 and
DNASP software. This software can find out
the similarities and differences in each
sequence in the nucleotide alignment. The
first step taken was to open the sequence data
that had been compiled into one file with the
FASTA extension using MEGA11 software.

Once the file is open in MEGA11, the next
step is to align the sequence using the
CLUSTAL-W plug-in. The “Align all” is
selected. After the alignment results are
successfully formed, the file is saved in MEGA
(MEG) format. Next, the alignment file from
MEGA11 is opened using DNASP software,
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this software can only read data from MEGA
format. In the DNASP menu, the MEGA
format file is opened. The “Analysis” menu,
“DNA Polymorphism”, the “File” tab, and
“Save/Export Data As” are selected. Then
NEXUS (NEX) is selected to save the format.
The file in NEXUS format is opened using
notepad, all parts are copied into an MS Word
file. The polymorphism data that has been
obtained is given a nucleotide number notation
for each sequence that is different from the
reference sequence. The reference sequence
used is C. arabica L.

Analysis of Phylogenetic Relationship

The amino acid sequences of the RKD4
protein of C. arabica L. and 41 other cultivated
plant species were aligned using MEGA11
software with the MUSCLE algorithm. The
results of the alignment are used to build a
phylogenetic kinship tree with parameters
used based on Maximum-Likelihood analysis
(Tamura-Nei model) with a level 5 category
gamma distribution (LG+G). Analysis of the
RKD4 protein sequence into a phylogenetic
tree using Bootstrap replication 1000 times.

Analysis of RKD4 Gene Structure and
Protein Motifs

 The nucleotide sequence and CDS of
the RKD4 gene of C. arabica L. and 41 other
cultivated plants were used to construct an
exon-intron organization map using the Gene
Structure Display Server (GSDS) program
(Hu et al., 2015). Analysis of the RKD4 protein
motif begins by downloading the RKD4
protein sequence from NCBI in FASTA format
and copying it into a notepad. The FASTA file
was read using MultAlin, and protein sequence
alignment data was obtained. In the protein
data, it will get the pattern arrangement of
the amino acids that make up the protein.
The results from MultAlin are analyzed and
read to see the similarities and differences

in the protein motifs formed, notated in
rectangular form, with colors according to
the amino acid sequence motifs formed.

The next step is to use the web-based soft-
ware MEME-Suites to identify and classify
conserved protein motifs. The protein sequence
was uploaded to the MEME-Suites server,
the parameters were set to default with the
number of motifs searched being 20 motifs.
Known protein motifs will be colored auto-
matically by this software. The results obtained
are in the form of information that informs
the motifs contained in each sequence and their
differences from each other. The motifs formed
were marked and compared with literature
studies, then a table was created containing
each protein motif along with its description
and function. The description and function of
the RKD4 protein motifs were analyzed using
GenomNet software. GenomeNet is a Japanese
network of database and computing services
for genome research and related research fields
in the biomedical sciences, operated by the
Bioinformatics Center of Kyoto University.

Analysis of Physicochemical

The characteristics of the RKD4 protein
of C. arabica L. and 41 other cultivated plants
were carried out through physicochemical
analysis which included peptide length,
protein molecular weight, isoelectric point,
instability index, aliphatic index, average
hydropathy value, predicted using ProtParam
software.

Two-Dimensional and Three-Dimensional
Modeling of the RKD4 Protein

Two-dimensional modeling of the RKD4
protein was carried out using Chou & Fasman
Secondary Structure Prediction Server (CFSSP)
software. Protein sequences are entered into
the CFSSP software processing column one
by one and processed by pressing “PREDICT”.
Three-dimensional modeling of the RKD4
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protein was carried out using Swiss Model-
expasy software. Protein sequences were
entered into the processing fields of the Swiss
Model-expasy web server. Parameters are set
by default. The process begins by pressing
“Build Model” in the software.

Analysis of Cis-Acting Elements in
Promoter Regions

The promoter regions of each RKD4
gene from each plant species were down-
loaded from the NCBI database. Cis-Acting
elements in the promoter region were analyzed
using PlantCARE and categorized based on
their respective functions

RESULTS AND DISCUSSION

Polymorphism Analysis of RKD4
Gene in C. arabica L. and Other
Cultivated Plants

Analysis of the RKD4 gene sequence
shows the presence of polymorphism at the
nucleotide level. It was found that many
mutations consisting of gaps appeared in this
alignment. At the nucleotide level, variations
between different gene families occur due to
high genetic variation among their members.
Figure 1 shows nucleotide alignment with
parts of the nucleotides that are conserved
among the RKD4 genes marked in red, some
parts that are conserved in this alignment
are shown in blue, while non-conserved regions
are shown in black.

A putative conserved nucleotide sequence
pattern was observed in sequences 1110 to
1181 with some minor variations (Figure 1).
The difference in the form of a gap seen in this
alignment is due to the absence of a nucleotide
sequence. Variations at the nucleotide level
have the potential to cause changes in the
sequence of amino acids that make up proteins.

A more in-depth analysis was carried out using
DNASP (Rozas et al., 2017) to determine
the polymorphisms contained in the aligned
sequences. Figure 2 shows the nucleotide
sequence processed in DNASP software to
determine the position and location of the
polymorphism.

The nucleotide sample used as a reference
for polymorphism analysis is C. arabica L.
This polymorphism data shows many diffe-
rences between the nucleotide sequences in
C. arabica L. and other cultivated plants.
This is because in this analysis different plant
DNA sequences were used starting from
the taxon class level so that many polymor-
phisms were found. Similarities in sequence
are indicated by dots, while differences in
nucleotide base sequence are indicated by
different colored letters. There were 100
polymorphism points in the data, with a total
number of mutations of 211 points.

Analysis of RKD4 Protein Motif

Sequence analysis of the RKD4 protein
showed conservative amino acids. Figure 3
shows a motif analysis of the RKD4 protein
indicating conserved regions in C. arabica L.
and other cultivated plants. Highly conserved
amino acids are shown in red, other amino
acids are shown in blue, and non-conserved
amino acids are shown in black.

At the protein level, characterization is
carried out by observing the amino acid motif
of each sequence analyzed. Figure 3 shows
that the RWP-RK motif contains a transcrip-
tion factor that is essential for the initial initia-
tion of somatic embryo formation (Waki et al.,
2011). This RWP-RK motif region has an
important function in the initial induction of
plant somatic embryos. RKD4 mutant plants
that lose their function are defective in zygotic
cell elongation and subsequent cell division
patterns. RKD4 is transcribed in the early
embryo. RKD4 has the functional characteris-
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tics of a transcription factor and is capable of
inducing ectopic embryo-specific genes when
over-expressed in germination. Overexpression
of RKD4 from primary somatic embryos is
induced independently of external growth
regulators. RKD4 is a novel key regulator of
the early stages of plant development (Waki
et al., 2011). The preserved parts are marked
in blue and red (highly preserved). There are
several motifs other than RWP-RK (yellow
box) that have been successfully charac-
terized using MEME software, marked with
green boxes. Figure 3 Amino acid sequences
alignment of RKD4 protein in C. arabica L.
and other cultivated plants

Figure 4 Phylogenetic analysis, exon-intron
of the RKD4 gene and RKD4 protein motifs
in C. arabica L. and other cultivated plants
Figure 4 shows the relationship between the
RKD4 protein in C. arabica L. and other
cultivated plants, equipped with gene struc-
tures and protein motifs for each species.
C. arabica L. has a very close relationship with
grapes (Vitis vinifera). Meanwhile, Arabidopsis
thaliana is closely related to Brassica oleracea.
The structure of the RKD4 gene shows the
arrangement of exons and introns in each
plant species. The RKD4 protein motif shows
that there are several protein arrangement
patterns in each protein sequence with the
RKD4 protein. The results of RKD4 protein
motif analysis show that 20 protein motifs make
up the RKD4 protein sequence (Figure 5).
It was found that there are similar protein
regions between the C. arabica L. species
and other cultivated plants from the twenty
motifs in the RKD4 protein sequence. There
are nine highly conserved motifs found in
the protein alignment and their functions are
shown in Table 2. The conserved amino acid
sequence motifs found in the sequence align-
ment consist of several functions namely
involved in nitrogen-controlled plant develop-
ment, polysaccharide synthesis, regulating
phosphorylation, expression genes in Archaea,

and playing a role in signal transduction,
catalyzing the formation of lysidine using
lysine and ATP as substrates, as a DNA/RNA
binding domain and found in various nuclei
and cytoplasm, as an antitoxin and as a nega-
tive regulatory component that detects the
presence of foreign objects by acting as factor
binders or substrates for enzymes encoded
by foreign bodies such as viral peptidases
in certain Dnd systems as well as binding
domains of the GAGA sequence, the main
structural motif capable of binding DNA,
regulating gene expression. It is important to
characterize the function of a particular protein
motif in a gene (Table 2). In this research, it
was found that several amino acid motifs code
for the same function, including being involved
in plant development which is controlled by
nitrogen and as a DNA/RNA binding domain
and is found in various nuclei and cytoplasm.

Analysis of Physicochemical
Characterization of RKD4 Protein in
C. arabica L. and Other Cultivated Plants

Table 3 shows C. arabica L. has an RKD4
protein with 250 amino acids with a molecular
weight of 27842.77 kDa. The highest physico-
chemical data for Eucalyptus grandis (318) and
Macadamia integrifolia (305). All sequences
are located in the nucleus.

Analysis of RKD4 Protein Structure

To understand the similarities and dif-
ferences in the structure of the RKD4 protein
structure in C. arabica L. and other culti-
vated plants, sequential two-dimensional
protein analysis was carried out using the
Chou & Fasman Secondary Structure Predic-
tion (CFSSP) server. This server predicts
the secondary structure of proteins from the
amino acid sequence. On this server, the Chou
& Fasman algorithm has been implemented.
From these results, it can be seen the arrange-
ment and folding of the proteins in each RKD4



116 PELITA PERKEBUNAN, Volume 40, Number 2, August 2024 Edition

Arimarsetiowati et al.

Fi
gu

re
 4

.
Ph

yl
og

en
et

ic
 a

na
ly

si
s, 

ex
on

-in
tr

on
 o

f t
he

 R
K

D
4 

ge
ne

 a
nd

 R
K

D
4 

pr
ot

ei
n 

m
ot

ifs
 in

 C
. a

ra
bi

ca
 L

. a
nd

 o
th

er
 c

ul
tiv

at
ed

 p
la

nt
s



117PELITA PERKEBUNAN, Volume 40, Number 2, August 2024 Edition

In Silico Study of RKD4 gene function in Coffea arabica L. and various cultivated plants related to embryo formation initiation

Table 2. Description and function of RKD4 protein motifs in C. arabica L. and other cultivated plants
No. Motifs of protein Description Function
1. IQKYFDVPITKAAKELNVGLTVLKKRC PF02042, RWP-RK domain Involved in nitrogen-

RELNIMRWPHRKJKSL controlled plant
development.

2 . KELNVGLTVLKKRCRELNIMRWPHRKJK PF11316, candidate of Polysaccharide synthesis.
SLNSLI rhamnosyl transferase

3. TNEIEMLEEHKRLLEKLPD-MELTERTK PF18677, Archaellum Regulates phosphorylation,
KLRQ regulatory network domain gene expression in Archaea

B, C-terminal and plays a role in signal
transduction.

4 . GVSLTVLKKJCREYGIPRWPY PF02042, RWP-RK domain Involved in nitrogen-
controlled plant development.

5 . LKKJCREYGIPRW PF11734, TilS substrate Catalyzes the formation of
C-terminal domain lysidine by using lysine and

ATP as substrates.
6 . LTVLKKJCREYGIP PF02037, SAP domain As a DNA/RNA binding domain

and is found in various nuclei
and cytoplasm.

7. TVLKKJCREYGIPR PF18953, SAP domain As a DNA/RNA binding domain
containing new25 and is found in various nuclei

and cytoplasm.
8. LTVLKKJCREYGIP PF20306, Small protein As an antitoxin, as a negative

found in certain Dnd DNA regulatory component that
modification systems detects the presence of foreign

bodies by acting as a binding
factor or substrate for enzymes
encoded by foreign bodies
such as viral peptidases in
certain Dnd systems.

9 . KKJCREYGIPR PF05225, helix-turn-helix , As a GAGA sequence binding
Psq domain domain, the main structural

motif capable of binding DNA,
regulates gene expression.

Figure 5. RKD4 protein motifs in C. arabica L. and other cultivated plants

Motif symbol Motif consensus
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protein sequence in C. arabica L. and other
plants (Figure 6). There are two main struc-
tures in the RKD4 protein, namely Alpha
helix, Beta sheet, and Beta turn (Figure 6).
The Alpha helix protein structure is colored
red, the Beta sheet protein structure is green,
the Beta turn protein structure is blue and
the random coil protein structure is yellow.

Table 3. Physicochemical characterization of the RKD4 protein in C. arabica L. and other cultivated
plants

No. Species Number of AA pI  MW II AI GRAVY
1. Coffea arabica L. 250 5.62  27842.77 50.82 82.76 -0 .402
2. Arabidopsis thaliana 256  6.72 29896.05 55.96 81.48 -0 .729
3. Prunus dulcis 275 5.93 32212.84 40.14 83.31 -0 .522
4. Prunus avium 256 5.58 29944.05 39.76 78.87 -0 .636
5. Capsicum annuum 261 7.07 30705.11 52.30 73.91  -0.636
6. Malus domestica 195 6.00 22352.77 54.22 79.03 -0 .511
7. Camellia sinensis 213 7.64 24862.50 46.75 75.07 -0 .635
8. Vitis vinifera 272 5.67 31809.80 55.03 70.62 -0 .783
9. Sesamum indicum 193  9.32 22447.69 53.47 74.72 -0 .780
10. Juglans regia 280  5.40 32443.98 53.68 85.32 -0 .591
11. Macadamia integrifolia 305 5.45 35176.87  60.68 78.92 -0 .683
12. Carica papaya 246  8.38 28401.50 63.12 77.28 -0 .783
13. Hevea brasiliensis 264  8.34 30396.06 38.48 84.28 -0 .579
14. Manihot esculenta 160  9.59 18744.03 49.89  93.31 -0 .488
15. Durio zibethinus 252 5.72 28957.96  45.89  72.02 -0 .616
16. Gossypium hirsutum 224 7.68  26101.93 50.28 79.24 -0 .497
17. Theobroma cacao 255 6.03 29142.28  43.80 80.35 -0 .460
18. Brassica oleracea 180 6.92 20628.47 42.98 79.61 -0 .708
19. Raphanus sativus 232 6.47 27222.80  50.40 75.65 -0 .944
20. Brassica napus 233 8.20 27449.33 49.70 75.32 -0 .877
21. Jatropha curcas 217  5.36 25848.50 58.05 79.49 -0 .811
22. Cucumis sativus 230  6.78 27508.19  74.68 75.83 -0 .971
23. Cucumis melo 232  6.03 27590.31  75.25 82.33 -0 .887
24. Cucurbita maxima 251  6.24 29657.07 64.24 83.07 -0 .690
25. Momordica charantia 251  6.85 29690.78  66.13 75.38 -0 .872
26. Glycine soja 254 6.20 29106.58  56.94 82.91 -0 .498
27. Vigna radiata 264 6.41 30075.95 55.84 83.52 -0 .414
28. Glycine max 218  8.83 25089.95 60.09  83.62 -0 .585
29. Pisum sativum 266 5.90 31010.15 49.49  74.06 -0 .647
30. Arachis hypogaea 210 5.28  24612.04 56.90  85.48 -0 .750
31. Spinacia oleracea 266 6.18 31203.70 57.52 84.32  -0.671
32. Chenopodium quinoa 268 5.75 31427.07 63.33 86.98 -0 .646
33. Triticum estivum 131 9.47 14949.47 69.18 78.32 -0 .465
34. Elaeis guineensis 271 6.22  31228.58 52.05  81.00 -0 .623
35. Asparagus officinalis 285 4.88 33350.64 58.33 80.04 -0 .670
36. Hordeum vulgare 207 9.18 23968.67 67.43 83.86  -0.616
37. Eucalyptus grandis 318  5.48 35872.48  59.98  69.65 -0 .677
38. Phoenix dactylifera 177  5.15 19682.91  42.19 62.37 -0 .803
39. Mangifera indica 117  10.32 13661.84 59.61 85.98 -0 .867
40. Nicotiana tabacum 123 9.71 14277.67 37.60 85.69 -0 .709
41. Dendrobium catenatum 9 2 9.89 9959.38 48.11 7.39  -0.393
42. Zea mays 142  7.87 15305.23 66.23  72,25 -0 .633
Notes: AA: Amino Acids, MW: Molecular Weight in kDa, pI: point Isoelectric, II: Instability Index, AI: Aliphatic Index, GRAVY:

Grand Average of Hydropathy.

C. arabica L. tends to have a greater number
of Alpha helix protein structures than Beta
turn and Beta sheet. Analysis of the three-
dimensional structure of the RKD4 protein
using Swiss Model-expasy software shows
that C. arabica L. and other cultivated plants
have protein structures that vary from those
of various other plants (Figure 7).
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Figure 6. Two-dimensional RKD4 protein structure of C. arabica L. and other plants
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Coffea arabica L. Phoenix dactylifera Prunus avium Brassica napus

Arabidopsis thaliana Cucumis sativus Chenopodium quinoa Brassica oleracea

Macadamia integrifolia Malus domestica Hevea brasiliensis Jatropha curcas

Prunus dulcis Dendrobium catenatum Manihot esculenta Sesamum indicum

Glycine soja Camellia sinensis Asparagus officinalis Elaeis guineensis

Vigna radiata Arachis hypogaea Juglans regia Eucalyptus grandis

Vitis vinifera Cucurbita maxima Raphanus sativus Zea mays

Pisum sativum Durio zibethinus Gossypium hirsutum Cucumis melo

Hordeum vulgare Momordica charantia Capsicum annuum Glycine max
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Figure 7. Three-dimensional structure of the RKD4 protein of C. arabica L. and other cultivated
plants
Three-dimensional structure of the RKD4 protein of
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Analysis of Cis-Acting Elements in
Promoter Regions

The identification and characterization of
the RKD4 protein containing the RWP-RK
motif have improved the understanding of
nitrogen response and gametophyte develop-
ment in plant species (Chardin et al., 2014;
Tedeschi et al., 2017). C. arabica L. is an
important plant that globally has high economic
value. Characterization and comparative
analysis of the RKD4 protein from C. arabica L.
and other cultivated plants will increase the
understanding of nitrate response and the
development of gametophyte regulation in
these plant  species. Several RWP-RK proteins
have key roles in regulating the response to
nitrogen availability. The nodulation-specific
NIN protein is involved in nodule organo-
genesis and rhizobial infection under nitrogen
starvation conditions. Arabidopsis NLP7 is a
key player in the primary nitrate response. Some
RKDs act as transcription factors involved
in egg cell specification and differentiation or
gametogenesis in algae modulated by nitrogen
availability (Chardin et al., 2014). In this research,
42 RKD4 proteins of the C. arabica L. species
and other cultivated plants have been identi-
fied and characterized.

Cis-Acting elements in the promoter region
are responsible for modulating gene expres-
sion. To determine the potential expression
response of the RKD4 gene, cis-Acting elements
have been identified in its promoter region. A
total of 6 types of cis-Acting elements were found
in all RKD4 gene promoters of C. arabica L.
and 41 other cultivated plants, including site
binding-related elements, promoter-related
elements, hormone-responsive elements,
environmental stress-related elements,
development-related elements, responsive to
light (Figure 8). Promoter-related elements
are the most abundant elements in all plants.
This suggests that this gene functions in
controlling when and where the RKD4 gene
is expressed in plants. All RKD4 promoters
contain TATA-box and CAAT-box promoter-
associated  elements, which are responsible
for promoter function (Liu et al., 2020). In
addition, the number and type of cis-Acting
elements differed between the promoters of
the RKD4 gene in C. arabica L. and Arabidopsis
thaliana, indicating the functional diversity
of this gene (Figure 9).

C. arabica L. had more methyl jasmonate
element responses than A. thaliana. Methyl
jasmonate is a plant hormone that acts as an
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Figure 8. Number and type of cis-Acting elements in each RKD4 promoter region of C. arabica L.
and other cultivated plants
Number and type of
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important cellular regulator mediating diverse
developmental processes and defense responses
(Seo et al., 2001). Cis-Acting elements are
responsible for different expression levels of
the RKD4 gene in different tissues. Gene expres-
sion is influenced by many factors other than
the presence of specific cis-Acting  elements.
For example, epigenetic modifications, such
as DNA methylation, have substantial effects
on gene expression (Zhang et al., 2018).

CONCLUSIONS

The characteristics of the RKD4 gene will
facilitate further studies related to biological func-
tions for the RKD4 family genes in C. arabica L.
and other cultivated plants regarding the initiation
key of embryo formation mechanisms during
propagation through somatic embryogenesis
as well as zygotic embryogenesis. There were

100 polymorphism points with a total number of
mutations of 211 points. The phylogenetic tree
shows C. arabica L. has a very close relation-
ship with grapes (Vitis vinifera) based on
the RKD4 protein, gene structures, and protein
motifs. There are nine highly conserved motifs
found in the protein alignment. C. arabica L.
had more methyl jasmonate element responses
than A. thaliana.
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