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Abstract

Artemisia argyi, a significant medicinal plant in China, is known for its high content of essential oils, flavonoids, and
other biocactive compounds. MYB transcription factors are the largest gene family in plants and are widely reported
to play important roles in plant development, metabolism, defense, and stress resistance. However, the MYB family
of A. argyi has not been systematically studied. The aim of this study was to comprehensively analyze the MYB
gene family of A. argyi and explore its potential role in flavonoid biosynthesis. Here, the phylogeny, chromosome
location, gene structure, cis-acting elements, expression patterns and Gene ontology (GO) annotation of MYB gene
family members were investigated using bioinformatics methods based on the whole-genome and transcriptome
data of A. argyi. In total, 227 AYMYB transcription factors were identified from A. argyi genome, including 22 T1R-MYB,
165 R2R3-MYB, 16 3R-MYB, 5 4R-MYB and 19 atypical MYB members. These AYMYBs were unevenly distributed across
the A. argyi genome. Subcellular localization prediction revealed that all the AYMYBs were localized in the nucleus.
The protein motifs, conserved domains, and gene structures of AYMYBs were identified, and the results showed that
AYMYBs from the same subfamily exhibited similar motifs and gene structures. Cis-acting elements and GO analysis
suggested that AYMYBs may be involved in many biological processes related to plant development, metabolism,
defense, and stress resistance. Moreover, quantitative real-time PCR (gRT-PCR) analysis showed that approximately
50 genes showed high expression levels in the leaves of A. argyi and AYMYBs showed specific expression patterns
under MeJA treatment. Together, our research will offer useful information for future investigations into the
functions of MYB genes in A. argyi, especially in regulating the process of flavonoid biosynthesis in leaves and in
response to MelA treatment.
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Introduction

Transcription factors bind specific motifs on the target
gene promoter to regulate gene expression. The MYB
family is one of the largest families of transcription fac-
tors in plants and is characterized by a highly conserved
DNA-binding domain, known as the MYB domain. This
domain usually consists of 1 to 4 distinct tandem repeats.
Each repeat sequence consists of 50—52 amino acids con-
taining three conserved tryptophan residues arranged
at 18—19 amino acid intervals and involved in forming
hydrophobic nuclei in the spatial structure. Depend-
ing on the number of repeats of the MYB domain, MYB
proteins can be classified into 1R-MYB (R1/2, R3-MYB),
2R-MYB (R2R3-MYB), 3R-MYB (R1R2R3-MYB) and
4R-MYB [1]. The functions of MYB proteins have been
extensively studied, revealing that different types of
MYBs exhibit distinct functions. Numerous studies
have examined the roles of MYB transcription factors
in plants [2]. 1IR-MYB proteins are mainly involved in
regulating cell morphology, root epidermal pattern-
ing, biological clock regulation, and other life processes
[3—4]. MaMYBR30, a novel 1IR-MYB, can positively reg-
ulate the resistance of mulberry to drought and play an
important role in flower development and reproductive
growth [5]. The largest class of plant MYB transcription
factors is R2R3-MYB, which contains two MYB domain
repeats. The main function of R2R3-MYB protein is to
regulate plant development and metabolism. They can
control phenylpropanoid biosynthesis, glucosinolate
biosynthesis, plant hormone- and pathogen-mediated
stress responses, and organ determination, including
determining cell shape and the formation of root hairs
and trichosomes [6-7]. For instance, AaMYB108 posi-
tively regulates the artemisinin biosynthesis in A. annua
[8]. Overexpression of RcMYBI significantly enhances
anthocyanin accumulation in rose petals. Studies have
found that ReMYBI could widely regulate the expression
of genes related to anthocyanin biosynthesis, indicating
its role in regulating anthocyanin synthesis in roses [9].
When MdMYB3 was ectopically expressed in Nicotiana
tobacum., the transgenic lines showed pigmentation and
higher anthocyanin and flavonol contents than the con-
trol lines. Furthermore, the peduncles of flowers and
styles of pistils in transgenic lines are longer than those
of wild-type plants [10]. 3R-MYB proteins can recognize
the M phase-specific activator (MSA) motif contained
by many plant cell cycle genes in their regulatory regions
[11-12]. Overexpression of AbMYBI1I1 in Arabidopsis
significantly increases the transcription of phenylpro-
panoid-related genes, increases the accumulation of total
phenolics and flavonoids, and improves resistance to P
tolaasii [13]. 4R-MYB proteins are the smallest class with
limited information available about their function.
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Artemisia argyi Lévl. et Vant. (A. argyi), belonging to
the Asteraceae family, is a medicinal plant that has been
used in traditional Chinese medicine for thousands of
years. The high medicinal and economic value of A. argyi
is attributed to the presence of a large number of second-
ary metabolites, including volatile oils, flavonoids, ter-
penoids, phenolic acids, and other bioactive compounds
[14]. Terpenoids (e.g., eucalyptol, thujone, borneol) and
flavonoids (e.g., eupatilin, jaceosidin) are the main mate-
rial foundation for the pharmacological effects [15].
However, the transcriptional regulatory mechanisms of
the biosynthesis of the active compounds have not been
reported. To date, many studies have identified the MYB
family members in various plants [16-20]. However,
a systematic analysis of the MYB transcription factor
family in A. argyi has not been reported. Based on the
whole-genome-wide study of A. argyi, we identified 227
members of the MYB family and analyzed these MYBs
through bioinformatics analyses. We also predicted the
functions of these MYB genes by analyzing the cis-act-
ing elements, GO analysis, and expression profiles. We
screened candidate MYB genes that may be involved in
regulating the biosynthesis of flavonoids. This analysis
will provide a theoretical basis for studying the regulatory
mechanisms of MYB transcription factors in A. argyi.

Materials and methods

Plant materials

The A. argyi plant material we used was the ‘Xiang Ai’
cultivar. This cultivar was kept in the Medicinal Botanical
Garden of Hubei University of Traditional Chinese Medi-
cine in Wuhan, China.

Identification, characteristics and phylogenetic analysis of
AYMYBs in A. argyi

Protein sequences of MYB transcription factors from
Arabidopsis thaliana (AtMYB) were obtained from the
TAIR database (https://www.arabidopsis.org/). Based
on these protein sequences of the Arabidopsis MYB
family, all possible MYB protein sequences from the A.
argyi genome were identified using TBtools software
(v2.096) with a BLASTP search under default param-
eters (e-value<le-5) [21]. The reference genome could
be obtained in the National Genomics Data Center under
the accession number PRJNA804646. The conserved
Myb_DNA-binding domain (PF00249) was obtained
from the Pfam protein family database (http://pfam.sang
er.ac.uk/) and this HMM file was then employed to iden-
tify the MYB proteins through the HMMER program
(e-value<1le-5) with the aim of eliminating sequences
lacking this conserved domain [22]. Cd-hit (Cluster
Database at High Identity with Tolerance) was used to
remove highly homologous redundant sequences [23],
with the parameters configured to cluster sequences at a
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90% identity threshold, producing a set of non-redundant
sequences known as AYMYBs. Subsequently, the online
tool ProtParam (https://wcb.expasy.org/protparam) was
utilized to analyze the physicochemical properties of
the predicted AYMYB proteins [24]. Plant-mPLoc (http
://www.csbio.sjtu.edu.cn/bioinf/plant-multi/#) was used
for subcellular localization prediction analysis. SMART
(https://smart.embl.de/) was employed to analyze the
repeat of MYB domains. We first aligned the protein
sequences of 227 AYMYB proteins and 38 MYB proteins
from other species by using the ClustalW program. Sub-
sequently, the Neighbor-Joining (NJ) method is simple in
algorithm and fast in computation, we constructed a phy-
logenetic tree using the neighbor-joining method [25] in
MEGA 7.0 with 1000 bootstrap replicates [26]. Lastly, we
enhanced the visualization of the phylogenetic tree using
the ChiPlot website (https://www.chiplot.online/index.ht
ml#) [27].

Chromosomal localization analysis and syntenic analysis
Based on the previous genome annotation and structural
files (GFF files and genome files) of A. argyi, we utilized
TBtools software (version 2.096) to determine the chro-
mosomal locations of all MYB genes in A. argyi. Concur-
rently, we employed the Gene Density Profile in TBtools
to visualize gene density on chromosomes. In addition,
we performed a syntenic analysis of AYMYBs using the
MCScanX tool, obtained the relevant collinearity file, and
visualized it using the Advanced Circos tool. The param-
eters of all tools were set to default values.

Intron-exon, conserved motifs and domain analysis

The Conserved Domain Database (https://www.ncbi.n
Im.nih.gov/cdd/?term=) at NCBI was used to identify
the conserved domains of AYMYB proteins. The Simple
MEME Wrapper in TBtools was employed to find motifs
(number 10, default parameters). The results were visual-
ized using the Gene Structure View tool in TBtools.

Cis-regulatory features and GO annotation of AYMYBs

To analyze the cis-acting elements on the promoter
regions of all identified putative AYMYBs, a 2000 bp (bp)
region upstream from the transcription start site was
extracted from the genome data and subjected to Plant-
CARE (https://bioinformatics.psb.ugent.be/webtools/pl
antcare/html/) for analysis. To further explore the biolo
gical processes involved with AYMYB proteins, the GO
annotation of 227 AYMYB genes was analyzed using GO
Enrichment at Majorbio (https://www.majorbio.com/).

Expression pattern analysis of AYMYBs in A. argyi

Samples treatment and collection

The young leaves from 90-day-old ‘Xiang Ai plants
were used to construct the reference genome. Roots
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(R), rhizomes (Rh), stems (S), leaf buds (5 days, Leaf A),
young leaves (15 days, Leaf B), mature leaves (30 days,
Leaf C) and old leaves (45 days, Leaf D) of ‘Xiang Ai’ were
collected. Additionally, young leaves treated with 300
umol/L MeJA were collected at 0, 6, 12, 24 and 48 h post-
treatment for RNA-seq analysis. All samples for RNA-
seq and quantitative real-time PCR (qRT-PCR) analyses
were stored at -80°C in triplicate.

RNA extraction, cDNA library construction, and sequencing
In this experiment, total RNA was extracted from the
tissue using TRIzol® Reagent according to the manufac-
turer’s instructions. Then RNA quality was determined
by 5300 Bioanalyser (Agilent) and quantified using the
ND-2000 (NanoDrop Technologies). And then the RNA
sample was used to construct sequencing library. RNA
purification, reverse transcription, library construction
and a sequencing were performed at Shanghai Majorbio
Bio-pharm Biotechnology Co., Ltd. (Shanghai, China)
according to the manufacturer’s instructions. The RNA-
seq transcriptome library was prepared following Illu-
mina® Stranded mRNA Prep, Ligation (San Diego, CA)
using 1 pg of total RNA. Shortly, messenger RNA was
isolated according to the polyA selection method by
oligo(dT) beads and then fragmented by fragmenta-
tion buffer first. Secondly, double-stranded cDNA was
synthesized with random hexamer primers. Then the
synthesized ¢cDNA was subjected to end-repair, phos-
phorylation and adapter addition according to library
construction protocol. Libraries were size selected for
cDNA target fragments of 300-400 bp use magnetic
beads followed by PCR amplified for 10-15 PCR cycles.
After quantified by Qubit 4.0, the sequencing library was
performed on NovaSeq X Plus platform (PE150) using
NovaSeq Reagent Kit.

Expression pattern analysis of AYMYBs in A. argyi

The whole genome of A. argyi was used as the reference
genome for the transcriptome sequencing data, and the
Bowtie2 (Version 2.4.1) software was used for sequenc-
ing alignment. Then using the RSEM (Version 1.3.3) to
obtain the number of Reads for each sample compared
to each transcript, and the average expression level (Frag-
ments Per Kilobase per Million bases FPKM) conversion
was calculated and performed for each transcribed region
[28]. Essentially, differential expression analysis was per-
formed using the DESeq2 [29]. DEGs with |log2FC|21
and FDR<0.05(DESeq2) or FDR<0.001(DEGseq) were
considered to be significantly different expressed genes.

Real-time fluorescence quantitative PCR

To examine the tissue expression and MeJA induction
expression profiles of the AYMYB genes, we analyzed
their expression patterns using RNA-seq data obtained
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from seven different plant tissues (Root, Rhizome, Stem,
Leaf A, Leaf B, Leaf C, Leaf D) and leaves treated with 300
umol/L MeJA. Total RNA was extracted from these sam-
ples using the RNA prep Pure kit (DP441, TIANGEN).
First-strand cDNAs were synthesized from 2 pg of total
RNA using the ABScript Neo RT Master Mix for qPCR
with gDNA Remover (RK20433, ABclonal), followed by
qRT-PCR analysis. In order to validate the transcrip-
tome data, ten AYMYB genes were selected for qRT-PCR
analysis. The relative expression levels of AYMYB genes
were calculated using the 2784Ct method [30]. Actin was
used as a reference gene [31]. The standard qRT-PCR
was performed using a SYBR Green Premix Pro Taq HS
qPCR Kit (ACCURATE BIOTECHNOLOGY(HUNAN)
CO.,LTD, ChangSha, China) with at least three replicates
for each gene. Gene-specific primers used in qRT-PCR
experiment were designed using the Primer Premier 5
tool (Version 5.00) (www.PremierBiosoft.com).

Results
Identification of the AYMYB family in A. argyi
We performed a BLASTP search against the A. argyi
genome database using AtMYB protein sequences
as a query. To ensure the accuracy of results, we also
employed the MYB domain (PF00249) from the Pfam
database as a query in an HMM search against the
genome. After, redundant sequences were removed using
the CD-HIT tool. A total of 227 protein sequences con-
taining MYB or MYB-like repeats were obtained. Based
on the number of MYB domain repeats, these transcrip-
tion factors were categorized into four typical classes,
namely IR-MYB (22 genes), R2R3-MYB (165 genes),
3R-MYB (16 genes), 4R-MYB (5 genes) and some atypi-
cal MYB genes (19 genes). The amino acid number of
AYMYB proteins varied from 96 aa (AY029171-RA)
to 1,057 aa (AY211561-RA), and the molecular weight
of AYMYB proteins ranged from 11.01864 kDa to
120.1428 kDa. The pl values of 111 MYB members were
less than seven, and the other 116 proteins were higher
than seven. Only seven AYMYB proteins had an insta-
bility index below 40 (34.69-39.8), suggesting that most
AYMYB proteins were unstable. The aliphatic index of
AYMYB proteins ranged from 52.6 to 96.92, indicating
its high aliphatic amino acid content and stability over a
wide temperature range. The Grand Average of Hydro-
pathicity (GRAVY) for all AYMYB proteins was below
0, showing that AYMYBs were hydrophilic proteins. All
AYMYB proteins were predicted to be localized in the
nucleus, which was consistent with the known localiza-
tion characteristics of transcription factors (Table S1).
This study conducted an evolutionary analysis of
AYMYB genes using the NJ method. To comprehensively
analyze the AYMYBs, We selected 38 well-characterized
MYB genes from different plant species as references
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(Table S2). The evolutionary analysis revealed that the
227 AYMYB proteins could be divided into ten clusters
(C1-C10) (Fig. 1). Among the 227 AYMYBs, C1, C3 and
C8 clusters accounted for the largest protein numbers
with 34 AYMYBs each, followed by C2, C4, C5, C6, C7,
C9 and C10 clusters, with 23, 27, 6, 28, 26, 4 and 11 mem-
bers, respectively. Interestingly, C7 clusters had the high-
est number of atypical MYB proteins.

Chromosome location, gene duplication events and
syntenic analysis of AYMYBs

To identify the distribution of AYMYBs on the A. argyi
chromosomes, we mapped the location of AYMYBs using
the GFF file of the A. argyi genome. The results indicated
that AYMYBs were unevenly distributed across the 34
chromosomes in the A. argyi genome (Fig. 2A). Most of
the AYMYBs were located on chromosomes 2, 4, 5, 6, 7
and 10 and a few genes were located on chromosomes 1,
3, 8 and 9. Notably, no genes were located on chromo-
some 1-1.

In order to clarify the evolutionary relationships of
MYB family, genome-wide syntenic analysis of AYMYBs
was performed in A. argyi genome. We employed the
MCScanX and Advanced Circos to visualize the dupli-
cations within the A. argyi genome. The results showed
that 668 syntenic gene pairs were identified in A. argyi
(Fig. 2B). There were 15 gene pairs predicted to be
derived from dispersed duplication, 9 gene pairs have
proximal duplication origins, 7 gene pairs have tan-
dem duplication origins and 196 gene pairs have whole-
genome duplication (WGD) or segmental duplication
origins (Table S3). These results suggest that WGD or
segmental duplications may be the key driving force of
MYB family expansion in A. argyi.

Conserved motifs, domain architectures, and gene
structures of AYMYB proteins

In the 227 AYMYB proteins, ten conserved motifs with a
length ranging from 11 to 41 amino acids (Table S4) were
found using MEME software. Motif numbers, types, and
orders were generally similar among AYMYB members
in the same subfamily. For example, many R2R3-MYB
subfamily members possessed motifs 3, 4, 7, 8, 9 and 10,
which were located on the N-terminal of the protein.
Atypical MYBs had the largest number of motifs, usu-
ally containing more than 10 motifs (Fig. 3A and B). All
the AYMYB proteins contained the Myb_DNA-binding,
PLNO03091, REB1, and SANT domains (Fig. 3C). We
also analyzed the gene structure of AYMYBs (Fig. 3D).
The results showed that the number of exons in AYMYB
genes ranged from 1 to 14, and the number of introns
ranged from 0 to 13. Notably, AYMYBs in the same sub-
family usually had similar gene structures. However, the
number of gene exons in the same subfamily could vary
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Fig. 1 Phylogenetic relationships of MYB proteins were analyzed between A. argyi and other species, such as Arabidopsis thaliana, Artemisia annua, Oryza
sativa, Zea mays, Triticum aestivum, Salvia miltiorrhiza, Brassica oleracea, and Tanacetum cinerariifolium. The phylogenetic tree was constructed using MEGA

7.0, representing different classes in distinct colors

greatly. For example, AY149798-RA, which belonged
to the R2R3-MYB subfamily, generally contained 12
exons. However, a few genes, such as AY149538-RA and
AY030712-RA, contained only 2 or 1 exons, respectively.
These results suggested that exon loss and acquisition
may have occurred during the evolution of the AYMYBs
in A. argyi.

Cis-acting element analysis of AYMYBs promoter regions

The promoter sequences of all 227 AYMYBs were
extracted using TBtools, and cis-acting elements within
these regions were predicted using the PlantCARE tool.
A total of 24,654 cis-acting elements in the promoter
region of AYMYBs were identified (Table S5 and Figure
S1). TATA-box and CAAT-box were the most widely
present elements in AYMYB promoters, accounting for
51.33% and 14%, respectively (Fig. 4A). We classified
these cis-acting elements according to their functions
and found that AYMYBs promoters mainly included the
following elements: (1) essential promoter elements; (2)
light response-related elements, including TCT-motif,

G-Box, Box 4, GT1-motif, MRE, AE-box, ACE, and
AT1-motif; (3) hormone response-related elements,
containing CGTCA-motif, TCA-element, P-box, TGA-
element, TATC-box, ABRE, AuxRR-core, and TGA-box;
(4) biotic and abiotic stress-related elements, including
MBS, ARE, LTR, and TC-rich repeats; (5) development
and tissue specificity-related elements, including cis-act-
ing regulatory element related to meristem expression,
seed-specific regulation, and circadian control (Fig. 4B).
Cis-acting elements play a vital role in the regulatory net-
works. Our findings indicated the potential regulatory
functions of AYMYBs.

Gene ontology analysis of AYMYB proteins

To further determine the specific biological processes in
which the AYMYBs are involved, we performed a Gene
Ontology (GO) enrichment analysis. We utilized the
Megorbio bioinformatics platform to functionally anno-
tate the 227 AYMYB genes in A. argyi. Genes were clas-
sified based on biological processes, molecular functions,
and cellular component categories. These proteins were
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separated into 59 categories based on biological pro- macromolecule biosynthetic processes as well as in bio-
cesses (Table S6). A total of 34 genes were identified to  synthetic process regulation. Furthermore, 32 genes were
be involved in transcriptional regulation. Additionally, associated with transcription cis-regulatory region bind-
27 genes were found to participate in the regulation of ing. Lastly, 13 genes were shown to be involved in the
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green leaf volatile biosynthetic process (Fig. 5). These
results suggest that the AYMYB genes may play signifi-
cant roles in transcriptional regulatory networks, provid-
ing evidence for the identification of candidate genes for
further study.

Expression pattern analysis of AYMYBs in A. argyi

The expression patterns of AYMYB family members
were characterized based on RNA-seq data. Out of 227
AYMYB genes analyzed, 142 were found to be expressed
in seven distinct tissues (Root, Rhizome, Stem, Leaf A,



Peng et al. BMC Genomics (2025) 26:384

Page 9 of 14

GO enrichment analysis (AYMYBs)

green leaf volatile biosynthetic process - °
regulation of macromolecule biosynthetic process @
fatty acid metabolic process — °
lipoxygenase pathway ® Padjust
regulation of cellular biosynthetic process ® 0000256
regulation of biosynthetic process -| [ ] 0.000285
transcription cis-regulatory region binding 8 0.000284
transcription regulatory region nucleic acid bin... @ 0.000284
RNA polymerase II cis-regulatory region seque... ® | 32222:
g sequence-specific double-stranded DNA binding @ .
8 DNA-binding transcription factor activity, RN... ® liumlb;r
RNA polymerase II transcription regulatory re... - O @ 2
transcription regulator activity 6 . 27
monocarboxylic acid metabolic process - ® . 34
regulation of RNA metabolic process — .
regulation of nitrogen compound metabolic pro... .
icosanoid metabolic process | °
regulation of primary metabolic process .
regulation of cellular metabolic process - S
regulation of nucleobase-containing compound ... - ®
-0.02 (I) 0.62 0.64 0.66 0‘I08 0f1 0.I12 0.14
Rich factor

Fig. 5 GO analysis of AYMYBs in A. argyi

Leaf B, Leaf C, Leaf D). The majority of AYMYB genes
exhibited specific expression patterns in the root, while
approximately 50 genes showed high expression levels in
the leaves of A. argyi (Fig. 6A). In addition, the expres-
sion of most AYMYBs was significantly increased at 6 and
12 h after MeJA treatment (Fig. 6B). We also found that
AYMYBs belonging to the same branch in the evolution-
ary tree exhibited similar expression profiles. However,
the expression patterns of AYMYBs did not significantly
differ across categories (Figure S2).

To further validate the gene expression data obtained
from transcriptome sequencing, we employed qRT-PCR
to analyze the expression levels of ten selected AYMYBs
in different tissues and MeJA treatments. We first exam-
ined the expression of ten selected AYMYBs in six dif-
ferent tissues (Root, Rhizome, Stem, Leaf A, Leaf B,
Leaf C). A total of ten genes, including AY121380-RA,
AY003767-RA, AY015536-RA, AY030712-RA, AY187110-
RA, AY205406-RA, AY211790-RA, AY267938-RA,
AY240948-RA and AY141238-RA, were selected for anal-
ysis. The primer information for qRT-PCR can be found
in Table S7. The qRT-PCR results demonstrated that
AY030712-RA, AY211790-RA, AY240948-RA, AY121380-
RA, and AY141238-RA were mainly expressed in the

roots, rhizomes, and stems. In contrast, AY003767-RA,
AY015536-RA, and AY205406-RA exhibited high expres-
sion levels in the leaves. Meanwhile, the expression of
AY187110-RA and AY267938-RA did not display sig-
nificant tissue specificity (Fig. 7). We also analyzed the
expression patterns of the above ten AYMYB genes fol-
lowing MeJA treatment. The results showed that all ten
genes were up-regulated in response to MeJA treatment
(Fig. 8). The expression patterns of the ten selected genes,
as analyzed by qRT-PCR, were in accordance with the
transcriptome data, suggesting the high reliability of the
transcriptome data. Consequently, we identified several
candidate genes based on the expression patterns, includ-
ing AY030712-RA (AYMYBI), AY267938-RA (AYMYB3),
AY015455-RA (AYMYBS), AY255772-RA (AYMYBS),
AY141238-RA (AYMYBI3), AY187110-RA (AYMYBa),
AY003767-RA  (AYMYBe), AY015536-RA (AYMYBY),
AY185466-RA (AYMYBHh), among others.

Discussion

The MYB family, one of the largest transcription fac-
tor families in plants, possesses a wide array of biologi-
cal functions. MYB transcription factors play important
roles in regulating primary and secondary metabolism,
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cell morphogenesis, plant growth and development, and
responses to biotic and abiotic stresses [1]. Due to the
diverse physiological roles of MYB transcription fac-
tors, this study performed basic bioinformatic analyses
on the 227 identified AYMYB genes. We analyzed the

physicochemical properties, conserved motifs, domains,
gene structures, and key cis-acting elements of these
genes. To date, genome-wide analyses of the MYB fam-
ily have been conducted in several monocot and dicot
plants. This article identifies 19 atypical MYB proteins
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that contain more than four MYB domain repetitions.
Additionally, five atypical MYB genes have been identified
in Chrysanthemum nankingense [16], one atypical MYB
gene in Oryza sativa, two atypical MYB genes in Arabi-
dopsis thaliana [32], six atypical MYB genes in Morella
rubra [33], and 14 atypical MYB genes in Prunus persica
[34]. Although atypical MYB genes can be identified in
these species, their numbers are lower than those iden-
tified in A. argyi. In addition, we found that the atypical
MYB proteins had more conserved motifs and domains
compared with other MYBs. Although there are very few
reports about the function of atypical MYBs, this type of
MYB will be worthy of further study in A. argyi.
Consistent with previous research, the R2R3-MYB
subfamily is the largest subfamily of the MYB family. In
our study, the number of identified R2R3-MYB genes
was the largest, accounting for 72.68% of the total num-
ber of MYB families in A. argyi. Besides the large num-
ber of R2R3-MYBs in A. argyi, we also observed that the
arrangement and composition of conserved domains
within the R2R3-MYB subfamily members of the A.
argyi genome are relatively conserved. This conservation

is likely due to their widespread presence and essential
functions in plants. In contrast, the 3R-MYB, 4R-MYB,
and atypical-MYB subfamilies exhibit diverse composi-
tions and arrangements of conserved domains, which
may reflect their distinct roles in specific biological pro-
cesses within plants [35]. In summary, The diversity of
MYB transcription factors and the different combina-
tions of their domains may be related to their various bio-
logical functions in A. argyi.

Gene duplication plays a vital role in the evolution-
ary process and the expansion of gene families, leading
to changes in the number and function of duplicated
genes, and is also essential for studying the inheritance
and evolution of gene families. Tandem and segmental
duplications are the primary mechanisms for the expan-
sion of the gene family [36]. In this study, a total of 668
gene pairs of AYMYBs were identified by genome-wide
syntenic analysis and most of these gene pairs were pre-
dicted to be derived from WGD or segmental duplica-
tions. Our previous study also showed that A. argyi has
experienced two rounds of WGD events, and the most
recent WGD event occurred 2.2 million years ago in A.
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argyi [37]. This study suggested that WGD or segmental
duplication events may be critical drivers for the expan-
sion of the MYB family in A. argyi. Previous studies have
demonstrated that these expansions and duplication
events play a very important role in generating diversity,
producing conserved subfamily members, and forming
lineage-specific subfamilies with specific biological func-
tions [38].

The flavonoids in A. argyi leaves are the main active
components, which have anti-inflammatory, anti-tumor
and other pharmacological effects. More than 50 kinds of
flavonoids have been identified in A. argyi leaves. Among
them, eupatilin, jaceosidin, apigenin, luteolin, quercetin,
and naringin are representative components and have
been proven to have biological activities. However, the
transcriptional regulatory mechanisms of the biosynthe-
sis of flavonoids in A. argyi have not been reported. In
early studies, researchers found that MeJA could signifi-
cantly enhance the content of terpenoids in A. argyi [39].
Additionally, in our study, we found a notable increase
in the content of flavonoids in A. argyi following MeJA
treatment. Moreover, it was found that exogenous MeJA
treatment could activate the expression of MYB genes
[40]. In this study, we also discovered that the expression
of the majority of AYMYB genes was significantly up-reg-
ulated under MeJA treatment. Based on this, we hypoth-
esized that AYMYBs with dominant expression in leaves
and induced expression upon MeJA treatment might be
involved in the synthesis of flavonoids.

Phylogenetic analysis showed that there are many MYB
genes in A. thaliana involved in flavonoid biosynthesis in
the C2 gene cluster of A. argyi. For example, AtMYBI12
has been shown to regulate the expression of key enzyme
genes involved in flavonoid biosynthesis, leading to the
increased accumulation of flavonoids by strongly acti-
vating the promoters of chalcone synthase (CHS), fla-
vanone 3-hydroxylase (F3H), flavonol synthase (FLS)
[41]. AtMYB7 could repress several genes of the flavo-
noid pathway, DFR and UGT being early targets of this
transcription factor which acts as a repressor of flavonol
biosynthesis [42]. Therefore, it can be speculated that
AYMYB genes in the C2 gene cluster may be involved
in regulating flavonoid biosynthesis in A. argyi. Fur-
thermore, among the 9 candidate genes, we found that
AY185466-RA (AYMYBh) was closely related to AaMYB4
in the evolutionary tree within the C2 gene cluster. The
sequence similarity between the two genes is as high as
93.97%. AaMYB4 was reported to play a role in mediating
both artemisinin and flavonoid biosynthesis pathways by
activating the expression of AaADS and AaDBR?2 in the
artemisinin biosynthesis pathway, as well as AaUFGT in
the flavonoid biosynthesis pathway [43]. The homologous
comparison showed that the sequence similarity between
AY015536-RA (MYBf) and CmMYB3 gene was 93.92%. It
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has been reported that the CmMYB3 protein can bind to
the promoters of the CruCHI and CmFLS genes, thereby
enhancing their expression and increasing the flavonol
content in Chrysanthemums morifolium [44].

In this study, we conducted a bioinformatics and
expression analysis of the MYB family members in A.
argyi and identified several key candidate genes. Fur-
thermore, we plan to perform functional experiments
on these important candidate genes to elucidate how
AYMYBs respond to MeJA signals in regulating the
accumulation of flavonoids and other compounds in A.
argyi. Based on the findings of genome-wide analysis of
the MYB family, this study will provide new insights into
the role of AYMYBs in the biosynthesis of flavonoid of A.
argyi, and provide a basis for improving the medicinal
properties and germplasm innovation of excellent variet-
ies in A. argyi in the future.

Conclusions

Here, we identified a total of 227 AYMYB genes in A.
argyi, comprising 22 1R-MYB, 165 R2R3-MYB, 16 3R-
MYB, 5 4R-MYB, and 19 atypical AYMYB members.
The protein molecular characteristics, subcellular local-
ization prediction, and chromosomal localization were
accomplished using various bioinformatics tools. The
protein motifs, conserved domains, and gene structures
of AYMYB genes were analyzed, indicating that most
AYMYB genes share similar motifs and gene structures.
Cis-acting elements and GO analysis suggested that
AYMYB genes participated in many biological processes
associated with development, metabolism, defense,
and stress resistance. Additionally, transcriptome data
showed that AYMYB genes exhibited tissue-specific
expression patterns and their expression was significantly
up-regulated under MeJA treatment. The qRT-PCR
examination confirmed the reliability of the transcrip-
tome data. Our research offers useful information for
subsequent functional analysis of the AYMYB genes in
the process of flavonoid biosynthesis in leaves and under
Me]JA treatment.
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