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Abstract. The red colour in Aglaonema leaves is influenced by anthocyanin accumulation, which is synthesized
through a series of reactions catalyzed by specific enzymes. These proteins are encoded by genes regulated by
transcription factors, among which the MYB gene family plays a vital role. The research aimed to identify a
putative MYB gene in Aglaonema that encodes an MYB-transcription factor and analyze its relationship with
several previously reported MYB genes involved in anthocyanin regulation. We aligned six gene sequences from
Araceae and used a highly conserved region among five sequences to design the AMYB primer. Phylogenetic
analysis of the Aglaonema putative MYB gene (amplified by the AMYB primer) and three previously
characterized MYB genes from other plant species revealed that the AMYB primer was successfully constructed
with optimal properties. The Aglaonema putative MYB gene sequence shares the highest similarity with HvMYB,
known to activate HYMYC2 — a gene strongly associated with anthocyanin expression in plants, highlighted by a
bootstrap value of 97% and a genetic distance of 0.3. The findings provide a reference for primer design and gene
identification in Aglaonema, contributing valuable data for genetic conservation and plant breeding programs. This
research supports the Sustainable Development Goals of Good Health and Well-Being (number 3) and Life on
Land (number 15). Aglaonema plants, developed to produce unique leaf color patterns, can improve farmers'
economic well-being and, in turn, enhance their overall well-being. Furthermore, Aglaonema development can
enrich ornamental germplasm collections, thereby contributing to increased biodiversity in Indonesia.
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INTRODUCTION

Aglaonema is an established ornamental
potted plant in Indonesia and a major source of
income for farmers (Haryanto et al., 2023).
Revenue from Aglaonema cultivation can reach
several million rupiahs, highlighting its strong
market value in the ornamental plant industry
(Nugrahani et al., 2024). Aglaonema farming can
generate a total annual income of IDR 39,230,000,
with a net income of IDR 10,453,772 (Apriany et
al., 2023). The substantial increase in Aglaonema
cultivation shows its potential for further
development (Wibowo et al., 2024). For example,
Aglaonema commutatum ‘Red Valentine’ is

widely used for exterior and interior because it is
easy to cultivate and manage (Li et al., 2023). In
2022, 1,396,552 Aglaonema plants were produced
in Indonesia, with red coloured plants emerging as
the favourite (Haryanto, 2024).

Aglaonema is often referred to as “the queen
of leaves” due to its attractive leaf phenotypic
variations (Sugiharti et al., 2025). These leaf
colour traits highlight the species’ uniqueness and
enhance its desirability. The primary pigments
that produce red, purple, or blue colours are
anthocyanins, which are glycosylated
anthocyanidins characterised by one or more sugar
groups (Khoo et al., 2017; Li et al., 2022a).
Glycosylated anthocyanidins are categorised into
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malvidin, petunidin, pelargonidin, peonidin,
delphinidin, and cyanidin (Li et al., 2021). Each of
these compounds contributes to a specific colour
in plants; for example, delphinidin aglycone
results in blue tones, cyanidin aglycone in red, and
pelargonidin aglycone in pink (Zhao & Tao,
2015).

Anthocyanins are widely distributed across
plant organs and play key roles in the vegetative
and generative phases of plant growth and
development. In the vegetative phase, they can
protect photosynthetic cells from high light
intensity (Hughes et al., 2005). Anthocyanin
biosynthesis consists of several steps involving
various genes, namely structural genes such as
PAL (phenylalanine ammonia-lyase), CHS
(chalcone synthase), F3H (flavanone 3-
hydroxylase), DFR (dihydroflavonol 4-reductase),
and ANS (anthocyanin synthase), as well as genes
encoding transcription factors (TFs) MYB
(Myeloblastosis), bHLH (basic helix-loop-helix),
and WDR (WD-repeat) (Zhao & Tao, 2015; Naing
et al., 2018; Li et al., 2022a). MYB transcription
factors are important regulators within plant
metabolic networks (Yan et al., 2021). MYB
genes have been reported to regulate the
expression of structural genes involved in
anthocyanin biosynthesis at the transcriptional
level, with overexpression leading to high
anthocyanin accumulation in leaves (Zhao & Tao,
2015). Moreover, variations in MYBS5 can result
in differences in flower colour (Sun et al., 2016).

Genetic information onanthocyanin
biosynthesis in Aglaonema remains limited,
particularly regarding the transcription factor
genes that regulate this pathway. Aglaonema
commutatum MYB TFs (AcMYB1 and AcMYB2)
are homologues of Anthurium andraeanum MY B
TFs (AaMYB1 and AaMYB2) (Li et al., 2023).
The AaMYB1 and bHLH genes have been
associated with anthocyanin biosynthesis (Albert
et al., 2010). However, the molecular mechanisms
underlying the reduced proportion of red foliage in
A. commutatum remain unclear (Li et al., 2023).
The molecular basis of leaf colour variation in A4.
commutatum was explored using mRNA
transcript sequencing. The results showed high
anthocyanin content in the mRNA transcript per
million (TPM) value and detected the positive
regulation of transcription factors responsible for
modulating  anthocyanin  biosynthesis  in
Aglaonema.

Research on the MYB gene in Aglaonema
may serve as a foundation for advancing the
genetic study of this species. This study aimed to
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identify the sequences derived from the
amplification of the putative MYB gene encoding
the MYB transcription factor. Information related
to the MYB gene sequence in Aglaonema can be
used as preliminary data to improve anthocyanin
expression in the vegetative and generative
phases.

METHODS

Procedures
Primer Design

Primers were designed using the PrimerQuest
tool from Integrated DNA Technologies (IDT;
https://sg.idtdna.com/pages). Primers specific to
the MYB gene stage were designed based on the
method described by Wardi et al. (2021). DNA
sequences were downloaded from the National
Center for Biotechnology Information (NCBI) and
saved in FASTA format. The candidate AMYB
primers were designed by comparing six gene
sequences, namely, the promoter region of Lemna
aequinoctialis MYBI1 (MT771646.1),
Philodendron hederaceum complete chloroplast
genome (NC _064988.1), Philodendron
hederaceum  complete chloroplast genome
(OL631930.1), Anthurium andraeanum cultivar
Alabama voucher HZ0711 complete chloroplast
genome (NC 072558.1), Alocasia macrorrhizos
chloroplast partial genome (KR296655.1), and
Homalomena occulta complete chloroplast
genome (NC 054336.1). These sequences were
aligned against five different sequences using
ClustalW in BioEdit. A high level of site
conservation indicates a close relationship
amongthe sequences being analyzed (Lin et al.
2021). Sequences with highly conserved regions
relative to the other five comparative sequences
were used to design the AMYB primers using the
Integrated DNA Technologies (IDT) PrimerQuest
tool. Parameters including GC (guanine-cytosine)
content, Tm (melting temperature), and primer
interactions (hairpin and dimer formation) were
analyzed using the IDT Oligoanalyzer tool.

Genomic DNA Extraction of Aglaonema

Young Aglaonema leaves were ground using
liquid nitrogen and transferred into a 2-mL tube
(Li et al., 2022b). Genomic DNA was extracted
using the CTAB protocol (Sukma et al., 2020).
Briefly, 800 pL of extraction buffer [2% (w/v)
CTAB, 1.4 M NaCl, 20 mM EDTA, 100 mM Tris-
HCI (pH 8.0), 2% (m/v) PVP, and 2% (v/v) B-
mercaptoethanol] was added to each ground leaf
sample. The suspension was incubated at 65°C for
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30 minutes. The suspension was extracted twice
with an equal volume (800 pL) of chloroform :
isoamyl alcohol (24:1), then centrifuged at 13,000
rpm for 15 minutes. Discard the supernatant and
replace it with an equal volume of isopropanol and
0.3 M ammonium acetate (1/10 of the supernatant
volume). The suspension was centrifuged at
13,000 rpm for 10 minutes. The supernatant was
discarded, and the pellet was washed with 500 pL
of 70% ethanol. The pellet was centrifuged at
13,000 rpm for 5 minutes, dried, and dissolved in
100 pL of TE buffer. DNA concentration and
purity were determined using a nanophotometer.

DNA Amplification Using Candidate Primers

DNA amplification was conducted using
MyTaq™ HS Red Mix. The polymerase chain
reaction (PCR) cycles were: (1) initial
denaturation at 95°C for 3 minutes, (2) 35 cycles,
each consisting of denaturation at 95°C for 30
seconds, annealing at 52°C for 1 minute, and
extension at 72°C for 30 seconds, and (3) final
extension at 72°C for 7 minutes. Qualitative PCR
products were checked on a 2% agarose gel by
electrophoresis for 30 minutes at 100 volts. The
PCR amplicons were sequenced at 1% Base.

Data Analysis

The separate forward and reverse sequencing
results were combined into a single consensus
sequence of the PCR product (i.e., a contig) using
the BioEdit software. The Aglaonema plant
sequence was aligned with three reported MYB
gene sequences involved in anthocyanin
biosynthesis:/[pomoea purpurea anthocyanin gene
transcription factor (mybl) gene, complete CDS
(AY986898.1), Hordeum vulgare subsp. vulgare
cultivar Clipper MYB (MYB4H) gene, complete
CDS (MH618661.1), and Gossypium arboreum
MYB transcription factor (MYB) gene, complete

CDS (GU244349.1). Further wvalidation was
obtained via phylogenetic analysis of the
alignment results using the maximum-likelihood
tree method in MEGA 11.

RESULTS AND DISCUSSION

Primer Design

Selecting genes from families closely related
to Aglaonema was expected to improve primer
design effectiveness. The alignment results show
that the complete chloroplast genome of
Anthurium andraeanum var. Alabama voucher
HZ0711 (NC_072558.1) has the highest level of
conservation among the five gene sequences. The
sequence from 147,951-148,248 in Anthurium
andraeanum (NC 072558.1) is
CGATTAACCTCTGGATTTGAAATCACTGC
TTATATACCTGGTATTGGCCATAATTCAC
AAGAACATTCTGTAGTATTAGTAAGAGGA
GGAAGGGTTAAGGATTTACCCGGTGTGA
GATATCACATTGTTCGAGGAACCCTAGAT
GCTGTCGGAGTAAAGGATCGTCAACAAG
GGCGTTCTAGTGCGTTGTAGATTCTTATC
CAAGACTTGTATCATTTGATGATGCCATG
TAAATCGCTAGAAACATGTGAAGTGTATG
GCTAACCCAATAACGAAAGTTTCGTAAGG
GGACTGGAG. This sequence is the initial 297-
bp sequence in Anthurium andraecanum and was
used to design the AMYB primers (Table 1).

PCR Product Visualisation from Candidate
Primers

The AMYB primer pair as candidate primer
successfully amplified the target sequence in
Aglaonema, resulting in amplicons of 204 bp, 209
bp, and 209 bp (Figure 1). AMYB primers showed
a monomorphic pattern accross the three
Aglaonema genotypes, indicating no allelic
variation at the amplified locus.

Table 1. Characteristics of the candidate primers.

Primer Type Sequence Primer Length (bp)
AMYB  Forward ACCTGGTATTGGCCATAATTCA 22

Reverse GGGTTAGCCATACACTTCACA 21
Primer Characteristics
Type Tm (C) GC (%) Self-complementary Self 3's Hairpin

complementary

Forward 62.0 40.90 6 2 2
Reverse 61.9 47.61 4 0 1
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200 bp

Figure 1. Visualization of the PCR amplicon using a UV transilluminator. Lane 1: Aglaonema
sp. var. Lipstick, lane 2: Aglaonema sp. var. Wulandari, lane 3: Aglaonema sp. var. Dona

Carmen, and lane M: 100-bp ladder.
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MH618661.1 Hordeum vulgare subsp. vulgare cultivar Clipper MYB (MYB4H) gene, complete cds

Predicted Aglaonema MYB transcription factor sequence

GU244349.1 Gossypium arboreum MYB transcription factor (MYB) gene, complete cds

AY986898.1 Ipomoea purpurea anthocyanin gene transcription factor (myb1) gene, complete cds

Figure 2. Phylogenetic tree construction using the MEGA 11 software-derived consensus sequence of
Aglaonema samples with three reported MYB gene sequences.

Analysis of Putative DNA Sequences

PCR fragments amplified by AMYB primers
were sequenced to obtain the nucleotide base
sequence of the AMYB locus allele, which was
used in subsequent analyses. Three sequences
were generated :DNA sequences of Aglaonema
sp. var. Lipstick, Aglaonema sp. var. Wulandari,
and Aglaonema sp. var. Dona Carmen. The contig
from the three PCR samples showed the same base
length of 232 bp. This base length matched the
length estimated by IDT following primer design.
The three consensus sequences were aligned using
MEGA 11 and showed 100% similarity (identic);
therefore, the AMYB primer pair amplified the
same gene in the three samples.

Phylogenetic analyses indicated that the
Aglaonema gene sequence Aglaonemashowed the
highest similarity to the Hordeum vulgare MYB
gene sequence, while displaying the lowest
similarity to the Ipomoea purpurea (mybl) gene
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sequence. Furthermore, the Ipomoea purpurea
myb1 gene showed the lowest similarity compared
to the other two reported MYB gene sequences,
suggesting that the Ipomoea purpurea (mybl)
gene is the most distantly related compared to the
Hordeum vulgare MYB (MYB4H) gene and
Gossypium arboreum MYB gene.

The candidate primers successfully amplified
the putative MYB gene from all samples.Table 1
lists the characteristics of the markers obtained.
Primer design effectiveness is influenced by
parameters such as primer length, the number of
single-base stretches, melting temperature, and
GC content (Asif et al., 2021). In this study, the
primer candidate is 22 bp long. The optimal primer
length is 18-25 bp. The length parameter can be
used to determine the annealing time during PCR.
Primers that are too long or too short can affect
DNA amplification efficiency (Anika et al., 2019).

The primer Tm is the temperature at which
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half of the base pairs denature, and the primer
becomes single-stranded DNA, affecting its
stability. Here, Tm analysis shows that the primer
temperature ranges from 61.904°C to 62.545°C.
The optimal Tm range is typically between 50°C
and 60°C, ideally between 65°C and 75°C with a
< 5°C difference between primers. The GC
percentages for the AMYB primers are 40.90%
(forward) and 47.61% (reverse). Ideally,
according to Khaira et al. (2023), GC content
ranges from 40-60%; however, 40-50% is often
considered optimal for primer stability and PCR
specificity. A high GC percentage can increase
primer Tm and PCR specificity. However, a GC
percentage that is too high may lead to undesirable
secondary structures, such as hairpins, which can
interfere with PCR efficiency. If the Tm exceeds
70°C, the primers may function effectively at
lower temperatures and form excessively strong
bonds with the DNA template, reducing PCR
product. Our results indicate that all the designed
primers possess the optimal characteristics
expected from an effective primer.

The GC percentages range from 40% to 60%,
with the forward AMYB primer showing the
lowest GC percentage of 40.909%. The primer is
promising because primers should ideally have a
GC percentage within the 40—60% range (Sharma,
2021). GC content plays a key role in stabilising
bonds between DNA strands, and an optimal GC
percentage contributes to stronger DNA bonds
because more nucleotide bonds influence Tm
(Violita et al.,, 2024). Primers with a GC
percentage below 50% must be longer than 18 bp
to ensure that the Tm remains above the minimum
threshold (Khaira et al., 2023). This stability
benefits the combination. A GC percentage that is
too high can inhibit primer-template separation.
At the same time, a GC value that is too low can
interfere with primer function because the primer
may struggle to compete effectively to bind to the
target area (Assal & Lin, 2021).

Candidate primers contained 1-3 hairpins.
Although hairpin formation should be avoided
during primer design, obtaining primers without
hairpins or loops can be challenging. In primer
design, hairpin formation refers to a primer’s
ability to form a secondary structure (a loop) with
itself (Rianti et al., 2021). These hairpins can
interfere with primer attachment to the DNA target
and reduce PCR efficiency (Masnaini et al., 2023).
Hairpin formation can be avoided by ensuring a
balanced base composition, especially in terms of
GC percentage and primer length. Based on the
results, all designed primers meet the ideal
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characteristics expected of a primer.

The AMYB primer pair successfully
amplified the gene in all tested DNA samples, as
evidenced by the amplicons separated via gel
electrophoresis. Sample 1 showed the faintest
band compared to the other samples. The DNA
band produced by Sample 3 was the thickest. Band
thickness correlated with DNA concentration in
the sample. The thickness of the DNA band is
typically influenced by several factors, including
the thickness of the agarose mould comb, the
temperature and duration of annealing, the number
of PCR cycles, and the duration of the extension
cycle (Arslan et al., 2021; Silalahi et al., 2021;
Martinez et al., 2015). Higher DNA concentration
corresponds to a thicker DNA band, and vice
versa. Therefore, sample 1 had the lowest DNA
concentration, whereas the other samples had the
highest. The amplicon length was approximately
200 bp. The AMYB primers revealed a
monomorphic pattern across the three Aglaonema
genotypes analysed, indicating no allelic
variations at the amplified locus. The amplicons
were sequenced to obtain the nucleotide base
sequence of the MYB gene locus allele for
subsequent analysis.

The sequencing analysis generated putative
DNA sequences for Aglaonema sp. var. Lipstick,
Aglaonema sp. var. Wulandari, and Aglaonema sp.
var. Dona Carmen, which showed high similarity.
Sequence diversity analysis was carried out by
aligning these putative DNA sequences with
several reported gene sequences. Biological
sequences analysis cannot be separated from
sequence alignment, which is essential for
identifying homologous characteristics
(Leiwakabessy et al., 2023). The predominant
alignment technique is multiple sequence
alignment, where more than two sequences are
aligned to create a phylogenetic tree that explains
their relationship (Amiroch et al., 2017). Most
phylogenetic analysis methods assume that each
protein or nucleic acid sequence position changes
independently of the others (except during RNA
sequence evolution). A phylogenetic tree is a
taxonomic classification of organisms based on
their historical genealogy (i.e., their phylogeny). It
is an integral part of systematic science aimed at
determining the phylogeny of living things based
on their characteristics (Leiwakabessy et al.,
2023).

The phylogenetic outcome of the alignment
results was further validated using the maximum-
likelihood tree method. Zou et al. (2024) stated
that this method employs clear model assumptions
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and a statistical approach based on evolutionary
models, with benefits such as robustness, the
ability to compare different trees, comprehensive
use of original data within a statistical framework,
and statistical consistency. Phylogenetic analyses
use DNA sequences to describe the taxonomic
classification of living organisms based on their
evolutionary history.

The constructed phylogenetic tree (Figure 2)
showed that the Hordeum vulgare MYB (MYB4H)
gene and the consensus sequence of the
Aglaonema sample are most closely related, as
indicated by the shortest branch length. Hordeum
vulgare MYB (MYB4H) gene and Aglaonema
consensus sequences show synapomorphic
characteristics and are in a monophyletic group.
Synapomorphic characteristics are inherited traits
classed in a monophyletic group (Hidayat &
Pancoro, 2008). Hordeum vulgare MYB (MYB4H)
gene and Aglaonema consensus sequences have a
bootstrap value of 97%, indicating that the clade is
reliable. A bootstrap value of 70% or more may
indicate that a classification can be trusted (Hillis
& Bull, 1993).

The role of HvMYB in regulating anthocyanin
biosynthesis aligns with that of the Aglaonema
MYB gene. Xu et al. (2022) stated that in H.
vulgare, the MYB (MYB4H) gene triggers the
activation of HvMYC2, which is involved in
anthocyanin expression in plants. The strong
relationship between HvMYC2 and genes
associated with anthocyanin biosynthesis makes
HvMYC2 a key player in anthocyanin
accumulation.

Phylogenetic analysis is strengthened by
considering genetic distance, specifically pairwise
distance. The genetic distance for the Aglaonema
consensus sequence, Hordeum vulgare MYB
(MYB4H) gene, Gossypium arboreum MYB
transcription factor (MYB) gene, and Ipomoea
purpurea (mybl) gene is 0.4, 0.5, 0.8, and 0.9,
respectively. The genetic distance between the
Aglaonema consensus sequence and the Hordeum
vulgare MYB (MYB4H) gene is 0.3. A greater
genetic distance indicates a more distant
relationship. Thus, the Aglaonema consensus
sequence is most closely related to the Hordeum
vulgare MYB (MYB4H) gene. The Gossypium
arboreum MYB gene sequence remains in the
same group as the consensus sequences of
Aglaonema and Hordeum vulgare MYB (MYB4H)
but is distinct from the Ipomoea purpurea (mybl)
gene. Furthermore, phylogenetic analysis shows
that the Ipomoea purpurea (mybl) gene is an
outgroup. Outgroups are essential when
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constructing phylogenetic trees as they illustrate
the polarisation of characteristics (apomorphic
and plesiomorphic), resulting in rooted trees with
clear limitations (Hidayat & Pancoro, 2008).
Based on our findings, we estimate that the
Aglaonema consensus sequence obtained using
the aMYBI primer is a partial MYB gene
sequence.

Phylogenetic studies of MYB gene sequences
in several plant commodities have never been
conducted, particularly in Indonesia. To date,
genetic studies of Aglaonema have focused on
fundamental molecular mechanisms underlying
anthocyanin biosynthesis (Li et al., 2022a; Li et
al., 2023) and on the influence of environmental
factors on Aglaonema anthocyanin levels
(Jasmine et al.,, 2023; Zhu et al, 2025)--
furthermore, Salama (2021) conducted in vitro
micropropagation of Aglaonema.Phylogenetic
study of Aglaonema have been conducted on one
green species Aglaonemaand 5 variegated
cultivarsAglaonema, using chloroplast genome
data (Li et al., 2022b).

Phylogenetic analyses of gene sequences,
particularly those involved in the biosynthesis of
transcription  factor proteins that regulate
anthocyanin biosynthesis, have significantly
contributed to identifying genes associated with
changes in the morphology, physiology, and
development of the studied traits (Dunn et al.,
2013) within the context of evolutionary change
between species. Furthermore, this study is crucial
for understanding the mechanisms and factors
underlying evolutionary change, such as mutation,
selection, and others (Jacques et al., 2023). If
genes involved in protein synthesis related to
anthocyanin biosynthesis are identified, this
information could serve as a basis for developing
ornamental Aglaonema cultivars with high
anthocyanin content through various plant
breeding programs, such as physical mutation by
gamma irradiation (Lestari et al., 2018) and
chemical mutation by Ethyl Methane Sulfonate
(EMS) (Martha et al., 2023).

This research supports the Sustainable
Development Goals of Good Health and Well-
Being (number 3) and Life on Land (number 15).
Aglaonema plants, developed to produce unique
leaf color patterns, can improve farmers' economic
well-being and, in turn, enhance their overall well-
being. Furthermore, Aglaonema development can
enrich the collection of ornamental germplasm,
thereby contributing to increased biodiversity in
Indonesia.
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CONCLUSION

In conclusion, the AMYB primer pair as
candidate primer was successfully designed with
suitable parameters. Sequence analysis via
alignment and phylogenetic diagrams has
indicated that the Aglaonema consensus sequence
(amplified using the candidate primer pair) is
likely a partial sequence of the MYB gene in
Aglaonema plants. This primer successfully
amplified DNA fragments from Aglaonema sp.
var. Lipstick, Aglaonema sp. var. Dona Carmen,
and Aglaonema sp. var. Wulandari samples. The
resulting consensus sequence is most closely
related to the MYB gene from Hordeum vulgare
MYB (MYB4H), with a genetic ratio of 0.3.
Furthermore, this information may be utilised in
marker construction and genetic diversity studies
to support plant breeding programs.

ACKNOWLEDGEMENT

The author expresses gratitude to the Plant
Breeding and Biotechnology Laboratory, Faculty
of Agriculture, Universitas Jenderal Soedirman,
for providing research facilities and infrastructure,
as well as the Ministry of Education, Culture,
Research, and Technology of the Republic of
Indonesia for the research funding through the
Research Scheme of Student Creativity Program
Competition 2023.

AUTHOR CONTRIBUTION STATEMENT

WY conceived and designed the study; AHN
conducted DNA  extraction and  gel
electrophoresis; KN conducted and supported data
visualization; S conducted the data analysis; S
assisted in the literature review; AM proofread the
manuscript; EO supervised the research and
provided substantial feedback during the
manuscript drafting process. All authors read and
approved the final manuscript and agreed to be
accountable for all aspects of the work.

CONFLICT OF INTEREST STATEMENT

The authors declare that there is no conflict
of interest regarding the publication of this paper.

USE OF ARTIFICIAL INTELLIGENCE
(AI)-ASSISTED TECHNOLOGY

The authors declare that Grammarly tool was
used to proofread this manuscript. All aspects of

368

the research, including data collection,
interpretation, and manuscript preparation, were
carried out entirely by the authors without the
assistance of Al-based technologies.

REFERENCES

Albert, N.W., Arathoon, S., Collette, V.E., Schwinn,
K.E., Jameson, P.E., Lewis, D.H., Zhang, H.B.,
Davies, K.M. (2010). Activation of anthocyanin
synthesis in Cymbidium orchids: Variability
between known regulators. Plant Cell Tiss
Organ Cult 100(3): 355-360. DOIL: 10.1007/
$11240-009-9649-0

Amiroch, S., Pradana, M.S., Irawan, M.I,
Mukhlash, 1. (2023). Multiple alignment
analysis on phylogenetic tree of the spread of
SARS epidemic using distance method. J Phys:
Conf Ser 890(12080): 1-6. DOI: 10.1088/1742-
6596/890/1/012080

Anika, M., Putrii D.H., Wahyuni. (2019).
Bioinformatics study of genes encoding
enzymes involved in the biosynthesis of
carotenoids line cassava (Manihot esculenta).
Eksakta 20(1): 10 — 16. DOIL 10.24036/
eksakta/vol20-iss1/161

Apriany, B.1., Herdiana, Linggarweni, B.I. (2023).
Analysis of business prospects for Aglaonema
type ornamental plants in Mataram City. Int J
Sharia Bus Manag 2(2): 57 — 63. DOL: 10.
51805/ijsbm.v2i2.158

Arslan, M., Tezcan, E., Camci, H., Avci, M.K.
(2021). Effect of DNA concentration on band
intensity and resolution in agarose gel
electrophoresis. Van Sag Bil Derg 14(3): 326-
333. DOI: 10.52976/vans aglik.969547

Assal, N., Lin, M. (2021). PCR procedures to
amplify GC-rich DNA sequences of
Mycobacterium bovis. J Microbiol Methods
181: 106121. DOI: 10.1016/j.mimet.2020.
106121

Asif, S., Khan, M., Arshad, M.W., Shabbir, M.1.
(2021). PCR Optimization for beginners: A
step-by-step guide. Res Mol Med 9(2): 81-102.
DOI: 10.32598/rmm.9.2.1189.1

Dunn, C.W., Luo, X., Wu, Z. (2013). Phylogenetic
analysis of gene expression. Integr Comp Biol.
53(5):847-56. DOI: 10.1093/icb/ict068.

Haryanto, L.I. (2024). The competitive and
comparative advantages of Aglaonema farming
in Depok City, Indonesia. Ornam Hortic 30: 1—
7. DOI: 10.1590/2447-536X.v30.242657

Haryanto, L.I., Maulana, F.A., Sukrianto, S. (2023).
The impact of Covid-19 pandemic on
Aglaonema farming income: a comparison



Wita Yuningsih, et al. / Biosaintifika 18 (2) (2026): 362-370

between the height and the post trend. Ornam
Hortic 29(1), 87-98. DOI: 10.1590/2447-
536X.v29i1.2575

Hidayat, T. Pancoro, A. (2008). Molecular
phylogenetic studies and their role in providing
basic information to improve the quality of
orchid genetic sources. J AgroBiogen 4(1): 35-
40. DOL  10.21082/jbio.v4n1.2008.p35-40
[Indonesian]

Hillis, D.M., Bull, J.J. (1993). An empirical test of
bootstrapping as a method for assessing
confidence in phylogenetic analysis. Syst. Biol.
42(2): 181-192. DOI: 10.1093/sysbio/42.2.182

Hughes, N.M., Neufeld, H.S., Burkey, K.O. (2005).
Functional role of anthocyanins in high-light
winter leaves of the evergreen herb Galax
urceolata. N Phytol 168(3): 575 — 587. DOL:
10.1111/5.1469-8137.2005.01546.x

Jacques, F., Bolivar, P., Pietras, K., Hammarlund,
E.U. (2023). Roadmap to the study of gene and
protein phylogeny and evolution-A practical
guide. Plos One. 24:18(2). DOL
10.1371/journal.pone.0279597.

Jasmine, F., Hartati, R.M., Firmansyah, E. (2023).
The effect of light intensity and media
composition on the growth of Aglaonema
variety Dud Unyamanee (In Indonesia).
Agroista: Jurnal Agroteknologi 7(1): 18-25

Khaira, A., Achyar, A., Zulyusri, Z., Atifah, Y.,
Putri, D.H., Violita, V. (2023). Primer design
and optimization of annealing temperature for
analysis of glutathione reductase gene
expression in rice (Oryza sativa L.). 3Bio J Biol
Sci, Technol Manag 5(1): 142-148. DOL:
10.5614/3bi0.2023.5.1.3

Khoo, H.E., Azlan, A., Tang, S.T., Lim, S.M.
(2017). Anthocyanidins and anthocyanins:
Colored pigments as food, pharmaceutical
ingredients, and the potential health benefits.
Food Nutr Res 61: 1361779. DOI: 10.1080/
16546628.2017.1361779

Leiwakabessy, F., Awan, A., Kubangun, M.T.,
Pattiasina, E.B. (2023). Alignment and
relationship analysis of the termite Coptotermes
formosanus (Isoptera: Rhinotermitidae) in
different habitats with BioEdit and MEGA 6
software (DNA sequencing library study from
NCBI). Biopend 10(1): 1-10. DOI: 10.1201/
9781032622408-13 [Indonesian]

Lestari, E.P., Yunus, A., Sugiyarto. (2018). Diversity
induction of Dendrobium sylvanum orchid
through in vitro irradiation of gamma rays.
Biosaintifika 10(3): 691-697. DOI: 10.15294/
biosaintifika.v10i3.16265

Li, J, Wu, K., Li, L., Ma, G., Fang, L., Zeng, S.

369

(2022a). AcMYBI interacts with AcbHLH1 to
regulate  anthocyanin  biosynthesis  in
Aglaonema commutatum. Front Plant Sci
13(886313): 1 — 16. DOI: 10.3389/fpls.2022.
886313

Li, DM. Zhu, G.F., Huang, D. (2022b).
Comparative  chloroplast genomes and
phylogenetic relationships of Aglaonema

modestum and five variegated cultivars of
Aglaonema. Plos One 17(9): 1 — 24. DOL
10.1371/journal.pone.0274067

Li, J, Wu, K., Li, L., Ma, G., Fang, L., Zeng, S.
(2023).  Transcriptomic analysis reveals
biosynthesis genes and transcription factors
related to leaf anthocyanin biosynthesis in
Aglaonema commutatum. BMC Genom 24(28):
1 —16. DOI: 10.1186/s12864-022-09107-1

Li, X, Li, Y., Zhao, M., Hu, Y., Meng, F., Song, X.,
Tigabu, M., Chiang, V.L., Sederoff, R., Ma, W.,
Zhao, X. (2021). Molecular and metabolic
insights into anthocyanin biosynthesis for leaf
color change in chokecherry (Padus
virginiana). Int J Mol Sci 22(10697): 1 — 20.
DOI: 10.3390/ijms221910697

Lin, Q., Ji, X., Wu, F., Ma, L. (2021). Conserved
sequence analysis of influenza A virus HA
segment and its application in rapid typing.

Diagnostics  11(8):  1-9. DOI.  10.3390/
diagnostics11081328
Martha, K.M., Dewanti, P., Restanto, D.P.,

Ratnasari, T., Alfian, F.N. (2023). In vitro
mutagenesis of  Dendrobium  Gabriella
Suryajaya using Ethyl Methane Sulfonate
(EMS) and plantlet regeneration. Biosaintifika
15(1): 87-96. DOI: 10.15294/biosaintifika.
v15i1.40997

Martinez, A.G., Sanchez, A .R., Rodelas, B., Abbas,
B.A., Toledo, M.V.M., Loosdrecht, M.C.M.V.,

Osorio, F., Lopez, J.G. (2015). 454-
Pyrosequencing  analysis of  bacterial
communities from autotrophic  nitrogen

removal bioreactors utilizing universal primers:
Effect of annealing temperature. BioMed
Research International 892013: 1-12. DOI:
10.1155/2015/892013

Masnaini, M., Achyar, A., Chatri, M., Putri, D.H.,
Ahda, Y., Irdawati. (2023). Primer design and
optimization of PCR methods for detecting
mixed rat meat in food samples. In: Fadilah M,
Rahmawati D, Kardiman R, Satria R (eds.).
Proceedings of the 3rd International
Conference on Biology, Science and Education
(IcoBioSE 2021). Universitas Negeri Padang,
Padang, 27 Oct 2021. [Indonesian]

Naing, A.H., Park, D.Y., Park, K.I., Kim, CK.


https://doi.org/10.21082/jbio.v4n1.2008.p35-40
https://doi.org/10.1093/sysbio/42.2.182

Wita Yuningsih, et al. / Biosaintifika 18 (2) (2026): 362-370

(2018). Differential expression of anthocyanin
structural genes and transcription factors
determines coloration patterns in gerbera
flowers. 3 Biotech 8(393): 1 — 12. DOL 10.
1007/s13205-018-1408-7

Nugrahani, P., Purnobasuki, H., Sitawati, S. (2024).
Composition of media for in vitro Slow Growth
Storage (SGS) of Aglaonema. Ornam Hortic
30: 1-5. DOI: 10.1590/2447-536X

Rianti, P., Hutapea, A.L., Rahman, D.A., Santosa, Y.
(2021). Primer design of D-loop region for wild
population genetics of Rusa timorensis in
Indonesia. IOP Conf. Series: Earth and
Environmental Science 948 (012017): 1-13.
DOI: 10.1088/1755-1315/948/1/012017

Salama, GMY. (2021). Studies on
micropropagation of Aglaonema tipe Dud
Anjamani plants. Middle East Journal of
Agriculture Research 10(1): 53-59. DOL
10.36632/mejar/2021.10.1.3

Sharma, M. (2021). Basic concepts of primer
designing: A minireview. International Journal
of Latest Trends in Engineering and
Technology 17(4): 10-12. DOL:
10.21172/1.174.03

Silalahi, D., Wirawan, 1.G.P., Sasadara, M.M.V.
(2021). Optimization of annealing temperature
for amplification of EhoscnOla locus in
pranajiwa (Euchresta horsfieldii) plant collected
from mountains, urban and coastal areas in Bali.
IOP  Conference  Series:  Earth  and
Environmental Science 913(1). DOI: 10.1088/
1755-1315/913/1/012059

Sukma, D., Handini, A.S., Sudarsono. (2020).
Isolation and characterization of chalcone
synthase (CHS) gene from Phalaenopsis and
Doritaenopsis orchids. Biodiversitas 21(11):
5054-5064. DOI: 10.13057/biodiv/d211109

Sun, S.S., Gugger, P.F., Wang, Q.F., Chen, J.M.
(2016). Identification of an R2R3-MYB gene
regulating anthocyanin  biosynthesis and
relationships between its variation and flower
color difference in lotus (Nelumbo Adans).
PeerJ. DOI: 10.7717/peerj.2369.

Violita, V., Achyar, A., Zulyusri, Z., Atifah, Y.,

370

Putri, D.H., Nabilah, R. (2024). Primer design
and optimization of annealing temperature for
gene amplification of GSTL2 on rice. Al-
Kauniyah: J Bio 17(2): 377-386. DOI:
10.15408/kauniyah.v17i2.32859

Wardi, E.S., Syukur, S., Chaidir, Z., Jamsari, Sartika,
D. (2021). Primer design and detection of the
CHS (chalcone synthase) gene in gambier
plants (Uncaria gambir (Hunter) Roxb.) Riau
Gadang type. Rafflesia J. Nat. Applied Sci. 1(1):
29-39. DOLI: 10.33369/tjna.v1il.15591
[Indonesian]

Wibowo, C.A.L, Darsono, Sutrisno, J. (2024).
Evaluation of preferences and willingness to
pay of Aglaonema consumers in Sleman
District, Yogyakarta. [OSR Journal of
Agriculture and Veterinary Science (IOSR-
JAVS) 17(11): 44-54. DOIL: 10.9790/2380-
1711014454

Xu, C., Abbas, HM K., Zhan, C., Huang, Y., Huang,
S., Yang, H., Wang, Y., Yuan, H., Luo, J., Zeng,
X. (2022). Integrative metabolomic and
transcriptomic analyses reveal the mechanisms
of Tibetan hulles barley grain coloration.
Frontiers in Plant Science 13(1038625): 1-14.
DOI: 10.3389/1pls.2022.1038625

Yan, H., Pei, X., Zhang, H., Li, X., Zhang, X., Zhao,
M., Chiang, V.L., Sederoff, R.R., & Zhao, X.
(2021). MYB-Mediated regulation  of
anthocyanin biosynthesis. Int. J. Mol. Sci
22(3103): 1 —26. DOI: 10.3390/ijms22063103

Zhao, D., Tao, J. (2015). Recent advances on the
development and regulation of flower color in
ornamental plants. Front Plant Sci 6(261): 1 —
13. DOI: 10.3389/fpls.2015.00261

Zou, Y., Zhang, Z., Zeng, Y., Hu, H., Hao, Y.,
Huang, S., Li, B. (2024). Common methods for
phylogenetic tree construction and their
implementation in R. Bioengineering 11(5).
DOI: 10.3390/bioengineering 11050480

Zhu, X., Wu, C., & Hui, J. (2025). Effect of light
intensity on anthocyanin synthesis assessed
using leaves of Aglaonema commutatum.
Genes, 16(4), 375. https://doi.org/10.3390/
genes16040375


https://doi.org/10.33369/rjna.v1i1.15591

