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Abstract The plant MYB is a transcription factor family large in number and with important functions. In this study, the MYB family
genes were screened and identified via bioinformatic methods from the raw sequence of sweet potato ([pomoea batatas) genome and the
gene structure and function of R2R3-MYB were analyzed. The results showed that there were 88 R2R3-MYB genes with intact R2 and
R3 conservative domains, which contained 8 and 9 highly conserved basic amino acids. The results of MEME analysis showed that there
were 10 conserved motifs within the /. batatas R2R3-MYB protein sequences. For the 1. batatas R2R3-MYB protein sequences, over
80% contained motif 1, motif 2, motif 3, motif 4, motif 5 and motif 7. The R2R3-MYB genes were distributed unevenly across the 15
chromosomes. The number of R2ZR3-MYB genes in chromosome No.5 was 15, which was the largest; the numbers of R2ZR3-MYB genes
in chromosome No. 4 and 13 were both only 2, which was the smallest. Analysis of the sequence alignment showed that there were 6
pairs of interchromosomal duplication and there were 20 pairs of intrachromosomal duplication, 19 of which existed in clusters. The
function prediction and categorization via sequence analysis showed that 44 R2R3-MYB genes of the . batatas could be categorized to
the 13 subgroups of the A. thaliana R2R3-MYB genes, which were involved in the responses to biotic stress and abiotic stress,
anthocyanin biosynthesis, anther development, etc. Further analysis showed that 36 R2R3-MYB genes might play important roles in
dealing with biotic stress and abiotic stress, 9 of which showed significant up/down-regulation under Fusarium oxysporum f. sp. batatas
stress and 27 of which showed significant up/down-regulation under low temperature stress. The domains of /. batatas R2R3-MYB
transcription factors were highly conservative, which contained highly conserved motifs within R2 and R3 domains. The phylogenetic
tree and transcriptomics data analysis showed that some R2R3-MYB genes might play roles in growth and development, metabolism
regulation, biotic stress and abiotic stress, which lent support to /. batatas breeding.
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MYB transcription factor is an important transcription factor that covers a large number of genes that play
important roles in plant growth and development. MYB proteins contain highly conserved DNA binding domains,
the repetitive numbers of which are taken for categorization into four types, i.e., IR-MYB, 2R-MYB (R2R3),
3R-MYB (R1R2R3) and 4R-MYB. In plant, the main MYB transcription factor is R2R3 type (Millard et al.,
2019), participating in various kinds physiological activities such as the regulations of primary and secondary
metabolisms, the biosynthesis of anthocyanin (Zhu et al., 2016), cell differentiation regulation and leaf
morphological genesis, cell cycle control and biotic and abiotic stresses (Cominelli and Tonelli, 2009).

Research on the plant MYB transcription factors has been reported in recent years. Fagopyrum tataricum (Tartary
buckwheat) FtMYB21 took part in the response to abiotic stresses of drought and salinity (Huang et al., 2015).
Astragalus membranaceus (Astragalus) AmMYB44 might be involved in the regulation during abiotic stresses
such as drought and low temperature (Li et al., 2019). Dubos et al. (2010) classified the R2ZR3-MYB gene family
of Arabidopsis thaliana (Arabidopsis) into 23 subgroups and the genes were functional annotated.
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Sweet potato is an important food crop and serves as a novel energy crop as well. Studies have been conducted at
different levels including breeding, cell culture, gene cloning and functional analysis, et al. However, little has
been reported on the number, structure and functional analysis of MYB transcription factors in the sweet potato
genome. Based on the genome data of sweet potato cultivar Taizhong 6, which was presented jointly by Shanghai
Chenshan Plant Science Research Center, Institute of Plant Physiology and Ecology, Germany Max Planck
Institute for Molecular Genetics and Max Planck Institute of Molecular Plant Physiology, we utilized
bioinformatic methods to predict the sequences of R2R3-MYB and performed analysis on the gene structure,
conservative domain, chromosomal localization and phylogenetic tree. Further, the differential expressions of
R2R3-MYB genes under Fusarium oxysporum f. sp. batatas (Fob) stress and under low temperature stress were
analyzed. This study lent support to the investigation of response mechanism of sweet potato to biotic and abiotic
stresses and provided scientific reference for resistance breeding.

1 Results and Analysis

1.1 Identification of R2ZR3-MYB genes in 1. batatas genome

The snap program is applied to predict the CDS within the /. batatas genome sequence and 178 458 CDS
sequences were obtained (Huang et al.,, 2020) (Figure 1). With the MYB_DNA-binding HMM model, the
hmmsearch program is used to search the whole protein sequences of 1. batatas genome and 270 sequences with
MYB domains were picked up. The sequences with high specificity (E-value<le-30) were selected to rebuild the
HMM model specific to 1. batatas for searching the whole protein sequences of 1. batatas genome. The found 181
sequences were then verified with Interproscan. The 56 R2R3-MYB protein sequences after Interproscan
verification were used to build the database of the R2ZR3-MYB transcription factors of the 1. batatas. The database
was then aligned to the whole protein sequences of /. batatas genome and 186 sequences (E-value<le-5) were
returned. The sequences were merged and sorted and 186 sequences containing MYB domains were obtained.
According to the number of MYB domains within the sequence, 44 2R-MYB transcription factors with intact
R2R3 domains were screened. For the remaining 146 sequences of 1R MYB or with incomplete R2/R3 domains,
the location information within the chromosome corresponding to the ZFF file was used to define the interval
within the chromosome for a new search of the CDS. The consecutive sequences with an overlapped interval were
considered one single gene and thus combined, and 44 2R-MYB transcription factors with intact R2ZR3 domains
were supplemented. After sequence classification and count, the sequences without MYB domain or with
severelyincomplete MYB domain were excluded and 88 R2R3-MYB transcription factors were obtained
eventually.
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Figure 1 Screening the R2ZR3-MYB genes of . batatas
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1.2 Conservative domain analysis of RZR3-MYB family

Multiple sequence alignment was carried out for the 88 R2R3-MYB transcription factor sequences, with
reference to the amino acid sequence information of the A. thaliana R2 and R3 domains for defining the 1
batatas R2 and R3 conservative domains (Figure 2). The amino acid sequence of the most likely /. batatas R2
domain was KGPWTPEEDEKLINYI+KHGEGNWRALPKKAGLQRCGKSCRLRW+NYLRPDI (the under-
lines indicated the highly conserved amino acids), with amino acid sequence length 52 and number of highly
conserved tryptophan residues 3. The amino acid sequence of the most likely I batatas R3 domain is
KRGNFSPEEEELIIRLHALLGNRWSAIAARLPGRTDNEIKNYWNTHLKKKI, with amino acid sequence
length 51 and number of highly conserved tryptophan residues 2. In addition, we found that there were highly
conserved basic amino acids (arginine R, lysine K and histidine H) in the R2 and R3 domains, with 8 in R2
domain and 9 in R3 domain (Figure 2).
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Figure 2 Conservation analysis of I. batatas R2R3-MYB transcription factors

1.3 Domain and motif analysis of the I. batatas MYB genes

The conservative motifs of the 1. batatas R2ZR3-MYB protein sequences were analyzed with MEME program.
Ten conservative motifs were obtained and labelled corresponding to the locations in the phylogenetic tree
(Figure 3). The results showed that among the domains of the 88 R2R3-MYB transcription factors, the
pattern of the motif arrangement was motif 6-motif 3-motif 7-motif 1-motif 5-motif 4-motif 2-motif 8-motif
9-motif 10. Of these motifs, the motif 10 was the least in number and existed in only 6 sequences that belonged to
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the same branch of the phylogenetic tree. Also, the motif 9 was found only in 9 sequences that fell into the
same branch of the phylogenetic tree.
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Figure 3 Motif distribution of /. batatas R2R3-MYB transcription factors
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The amino acid sequences of the 10 motifs were aligned to the amino acid sequences of the R2 and R3
domains (Table 1). The results showed that motif 1 and motif 3 belonged to R2 domain and motif 2, motif 4,
motif 5 and motif 7 resided in R3 domain. All of the 6 motifs were distributed among over 80% MYB protein
sequences, suggesting a high domain conservation for the identified /. batatas R2R3-MYB transcription
factors. Besides, the motif 9 existed in only 9 sequences that were in the same branch of the phylogenetic tree,
similar to the situation of motif 10, which were only found in 6 sequences that stayed in the same branch of
the phylogenetic tree, thus the motif information could serve as the reference for classifying the subgroups of
R2R3-MYB transcription factors to a certain extent.

Table 1 The conserved motifs of /. batatas R2R3-MYB transcription factors and their corresponding domains

Name Motif E-value Width  Predicted domain
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1.4 Chromosomal localization and duplication analysis of the R2ZR3-MYB transcription factors

The location of the 88 I. batatas R2ZR3-MYB sequences within the chromosomes were shown in Figure 4. It
could be seen that the R2R3-MYB transcription factors were distributed among the 15 chromosomes in an
uneven style. The No. 5 chromosome possessed the largest number of R2R3-MYB transcription factors,
which was 15. The number of R2R3-MYB transcription factors in No. 12 chromosome was 10, while those in
No. 4 and No. 13 chromosomes were the least, which were both 2.

Generally, gene duplication within the genome occurred during the evolution process of plants. The
judgement of whether or not two genes had a duplication relationship relied on two conditions (Vatansever et
al., 2016), the coverage of the aligned area exceeded 75% of the sequence length of the longer gene, and the
similarity between the two aligned sequences should be no less than 75%. We conducted pair-wise alignment
for the DNA sequences of 88 R2R3-MYB genes. The pairs with over 75% similarity were verified with
needle program (Rice et al., 2000). The pairs that satisfied the two conditions were regarded as showing
potential duplication relationships, which were linked with lines in Figure 4 (Blue lines represent inter-
chromosomal duplication relationships and orange lines represent intra-chromosomal duplication relations-
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hips). The results showed that there were both intra-chromosomal duplication relationships and inter-
chromosomal duplication relationships among the /. batatas R2R3-MYB genes. The number of gene pairs
with potential inter-chromosomal duplication relationship was 6 and that with potential intra-chromosomal
duplication relationship was 20. Furthermore, the gene pairs of the potential intra-chromosomal duplication
relationship were arrange in clusters, such as CM008334.1-snap.11416 and CM008334.1-snap.11444 (in No.
4 chromosome), CM008338.1-snap.2208 and CM008338.1-snap.2213 (in No. 8 chromosome), and CM00-

8342.1-snap.9594 and CM008342.1-snap.9602 (No. 12 chromosome). Each two of the four genes that were
clustered in No. 8 chromosome, i.e., CM008336.1-snap.4536, CM008336.1-snap.4552, CM008336.1-snap.

4639 and CM008336.1-snap.4645, showed potential duplication relationships.
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Figure 4 Chromosomal localization and duplication relationship of the R2ZR3-MYB genes in /. batatas
Note: Blue lines: Inter-chromosomal duplication relationship; Orange lines: Intra-chromosomal duplication relationship

1.5 Phylogenetic analysis of the RZR3-MYB gene families of 1. batatas and A. thaliana

The R2R3-MYB protein sequences of the I. batatas were used to build the phylogenetic tree together with
those of the 4. thaliana (Figure 5) and the categorization and functional prediction of the /. batatas R2R3-
MYB sequences were performed in the light of functionally annotated subgroups of 4. thaliana R2R3-MYB
genes. It has been demonstrated that the A. thaliana R2R3-MYB family could be classified into 23 subgroups
(Dubos et al., 2010). Each subgroup of the 4. thaliana R2R3-MYB family was marked with one color and it
was found that 44 of the /. batatas R2R3-MYB transcription factor family were listed to the 13 subgroups of
the 4. thaliana R2R3-MYB family including S1 (response to biotic and abiotic stresses), S4 (control of
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metabolic pathway), S6 (control of anthocyanin biosynthesis), S9 (control of early inflorescence development
and seed germination), S13 (influencing lignin deposition, mucilage production and stomatal aperture), S14
(partially redundant regulators of axillary meristem formation and root development), S18 (involved in
anther/pollen development), S19 (control of anther development), S20 (related to stress responses), S21
(control of axillary meristem formation), S22 (modulating auxin, implicated in stress responses), S24 (lateral
root development and fatty acid synthesis) (Gibbs et al., 2014; To et al., 2020) and S25 (play roles in
embryogenesis). Moreover, in accordance with the motifs shown in Fig. 3, the S9 subgroup and S22 subgroup
both had a unique motif, which were motif 9 for S9 subgroup and motif 10 for subgroup S22.
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Figure 5 Phylogenetic tree of R2ZR3-MYB transcription factors in 1. batatas and A. thaliana

1.6 Differential expression analysis of I. batatas R2R3-MYB genes under Fob stress and under low
temperature stress

Fusarium wilt is an important fungal disease of sweet potato during plantation and the main pathogen is the /.
batatas Fob. Previously, we isolated the strain FO4 and strain FO7 of the /. batatas Fob, which were used to
infect the highly resistant cultivar JS57 and the highly susceptible cultivar XZH. The stems of the seedlings
after 24h of infection were used for transcriptome sequencing. A total of 101 988 unigenes were obtained and
62 605 of them were functionally annotated (Lin et al., 2017). At that time, the genome sequence of /. batatas

7



Molecular Plant Breeding 2020, Vol.11, No.22, 1-12
http://genbreedpublisher.com/index.php/mpb

MolBreed Publisher

has not been reported yet, thus it was not convenient for us to conduct in-depth analysis on the transcription
factors including MYB.

In this study, we plotted the clustering chart of the expression pattern for the identified R2R3-MYB genes by
taking advantage of the transcriptomics sequencing data of /. batatas under Fob infection and analyzed the
expression variations of these genes. The results showed that the expression variations of the 88 R2R3-MYB
genes were significantly different with regard to the three treatments. Compared to the control, the JS57 F04
group and JS57 F07 group showed no apparent discrepancy, while there were 9 genes displaying significant
differential expression for the XZH FO07 group (Figure 6A), with 3 down-regulated (green) and 6 up-
regulated (red). Among the 9 genes, except the down-regulated CM008335.1-snap.6249 and the up-regulated
CM008342.1-snap.6002 that were not categorized into the A. thaliana subgroups, all other 7 genes were
included in the A. thaliana subgroups. The down-regulated CM008337.1-snap.1355 and CM008339.1-
snap.5339 were in S24 and S21, respectively. CM008333.1-snap.5577 and CM008339.1-snap.11594 were in
S20. CM008342.1-snap.10114 was in S4. CM008345.1-snap.2167 and CM008345.1-snap.2380 were in S22
(Figure 5 and Figure 6A). The R2ZR3-MYB transcription factors in these groups were relevant to the growth,
development and stress response, etc.

Ji et al. (2020) stored the tuberous roots of cultivars Xushul5-1 and Xushul5-4 at °C for 0, 2 and 6 weeks
respectively and conducted transcriptomics analysis. A total of 27 636 unigenes were obtained, 525 of which
were identified to be differentially expressed under low temperature stress. In this study, we exploited the
transcriptomics data to analyze the differential expression of the R2R3-MYB genes (Figure 6B) and
differential expressions were observed in 27 of the R2R3-MYB genes, 10 of which varied in 4 treatment
groups. Under low temperature stress, most of the differentially expressed R2R3-MYB genes were
down-regulated, however, the magnitudes of change for the up-regulated genes were greater than those of the
down-regulated genes. It could be seen that several R2ZR3-MYB transcription factors increased expression
under low temperature stress, such as CM008333.1-snap.5577 and CM008335.1-snap.3524. The expression
variation of CM008335.1-snap.3524 in Xushul5-1 was greater than in Xushul5-4, whereas the expression
was down-regulated in Xushul5-1 for 6 weeks compared to that for 2 weeks. Additionally, the expression of
CM008336.1-snap. 12430 was significantly down-regulated under low temperature stress, which was taken in
A. thaliana S4 subgroup that was involved in the regulation of plant metabolic pathways (Figure 5).
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Figure 6 Differential expression of R2ZR3-MYB genes of 1. batatas under Fob stress and cold stress
Note: A: Differential expression of R2ZR3-MYB genes of /. batatas under Fob stress; B: Differential expression of R2ZR3-MYB
genes of . batatas under cold stress
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2 Discussion

MYB gene family is the largest transcription factor family in plant and is crucial for plant growth and
development. In this study, the bioinformatic methods were applied to identify and obtain the 88 R2R3-MYB
protein sequences in sweet potato. This number is relative less compared with those in other plants such as A.
thaliana (Dubos et al., 2010) (126), Solanum tuberosum L. (Li et al., 2020) (111) and Ananascomosus (L.)
Merr (Chen et al., 2019) (103). Sequence alignment of the 88 R2R3-MYB proteins of the /. batatas indicated
that the R2 and R3 domains were highly conserved and the amino acid sequences of the R2 and R3 domains
were very similar to those of the R2 and R3 domains in other plants.

In the present study, the classification of R2ZR3-MYB transcription factors of A. thaliana was used as a
reference for the 88 R2R3-MYB transcription factors of /. batatas to build the phylogenetic tree together and
yield the subgroup information for the /. hatatas R2ZR3-MYB sequences. As for the R2ZR3-MYB transcription
factors in the S9 subgroup of 4. thaliana, AtMYB16 controlled the shape of petal epidermal cells; AAMYB17
regulated the early development of inflorescence and the germination of seeds; AtMYB106 was a negative
regulator of trichome branching. There were 9 R2R3-MYB transcription factors of 1. batatas enlisted to the
S9 subgroup. These 9 I. batatas R2R3-MYB transcription factors all contained the motif 9, which was not
found in other /. batatas R2R3-MYB sequences. Furthermore, the motif 10 was seen in only 6 I. batatas
R2R3-MYB sequences, i.e., CMO008345.1-snap.2167, CMO008345.1-snap.2380, CMO008345.1-snap.2514,
CMO008331.1-snap.10375, CM008332.1-snap.5974 and CM008332.1-snap.13111, which belonged to the S22
subgroup that were pertinent to stress responses.

In this study, we made use of the transcriptomics sequencing data to verify and analyze the R2ZR3-MYB
transcription factors of /. batatas and found that of the 88 R2R3-MYB genes, 9 were differentially expressed
after Fob infection and 27 were differentially expressed under low temperature stress. Lin et al. (2017)
reported that the digital gene expression (DGE) of four genes, i.e., ¢51550-g2, ¢52297-g1, ¢54420-g2 and
c56184-gl were up-regulated by 1.62, 1.40, 1.71 and 3.10 folds, respectively. The result of the qRT-PCR
verification showed that the four genes were up-regulated by 2.30, 4.88, 3.85 and 2.12 folds, which was
consistent with the DGE data, suggesting the viability of the sequencing data and DGE data. Ji et al. (2020)
selected 8 genes of the DGE results randomly and 4 potential candidate genes that might increase cold
resistance for qRT-PCR verification and the results were in line with the expression patterns of these genes as
revealed by DGE, indicating the reliability of the sequencing data. We reused these verified sequencing data
for the verification and analysis of R2ZR3-MYB transcription factors and acquired useful results (Figure 6).

With respect to the R2R3-MYB transcription factors identified in this study, the number of differentially
expressed genes varied considerably between under the Fob stress and under the low temperature stress. It
might be that the infection of Fob into /. batatas was intrusive and some of the host pathways were likely to
be blocked so that the number of response genes was less. In contrast, the I. batatas was capable of
responding to low temperature stress at levels of tissue, cell and molecule, etc. The nonintrusive and
systematic stress was less than Fob stress in terms of specificity, thus there were more R2R3-MYB genes in
response to low temperature stress. Further, most of the response I batatas R2R3-MYB genes were
down-regulated, which was likely to be related to the metabolism down-regulation of I batatas at low
temperature. Nonetheless, there were a small number of up-regulated genes such as CM008333.1-snap.5577
and CM008335.1-snap.3524 (Fig. 6B), which might cope with low temperature stress. The number of
up/down regulated R2R3-MYB transcription factors under Fob stress was relatively small, nevertheless,
several genes showed comparative large magnitude of up/down regulation, such as CM008339.1-snap.5339
(with log2FoldChange -2.32), CM008339.1-snap.11594 (with log2FoldChange 2.45), which might be
implicated in the mechanism of 1. batatas resistance to Fob.
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3 Materials and Methods

3.1 Genome sequence of Ipomoea batatas

The genome sequence of [ batatas was downloaded from https://www.ncbi.nlm.nih.gov/genome/?term=
Ipomoea+tbatatas for the DNA sequences of the 15 chromosomes.

3.2 Gene annotation with snap

The snap program was utilized to predict the coding domain sequences (CDS) within the I batatas
chromosomes with the HMM models of 4. thaliana (At.hmm), Caenorhabditis elegans (Ce.hmm), Oryza
sativa (Os.hmm) and 178 458 protein sequences were obtained (Huang et al., 2020).

3.3 Prediction of genes with MYB domains

The HMM domain model of Myb_ DNA-binding (PF00249) was downloaded from the Pfam website. The
hmmsearch program was used to search the whole protein sequences of /. batatas. For the protein sequences
with MYB domain, those with E-value<1E-30 were selected to rebuild the Myb DNA-binding HMM domain
model specific to 1. batatas with the hmmbuild program. The new HMM model was used to search the whole
protein sequences of . batatas to obtain the protein sequences with E-value<0.01. With these protein
sequences, the blastp program was applied to build the model database of the R2R3 type MYB domain of /.
batatas for alignment to the whole protein sequences of the /. batatas. The MYB domain features of the
obtained protein sequences were aligned and analyzed with NCBI Conserved Domains Tool, Interproscan and
Clustal Omega. The augustus program was utilized for an alternative search of the CDS for the protein
sequences without intact R2ZR3 domains. Finally, the R2R3 type MYB protein sequences were screened in
compliance with the number of MYB domains within the protein sequence and the database of R2R3 MYB
transcription factors was established.

3.4 Conservative analysis of RZR3-MYB transcription factors
The Clustal Omega was used for the multiple sequence alignment of the amino acid sequences of R2ZR3-MYB.
The TBtools was utilized to select conservative sites and the domain feature sites were marked manually.

3.5 Conservative motif analysis
The conservative motifs of the I batatas R2R3-MYB were analyzed with the MEME program, with the
maximum number of searched motifs set as 10 and the search window set as 10-70 amino acids.

3.6 Chromosomal localization of 1. batatas MYB genes

The sequence lengths of the 15 chromosomes were calculated and the information file was produced, which
recorded the positions of the R2R3-MYB transcription factors within the chromosomes in line with the
output ZFF file by snap program in section 3.2. The blastn program was applied to align each pair of the
R2R3-MYB gene sequences to obtain the potential duplication relationship, which was verified by needle
program (Rice et al., 2000). The positions of the R2ZR3-MYB genes in the chromosomes and the duplication
relationships were drawn by circos program.

3.7 Construction of phylogenetic tree of RZR3-MYB

The phylogenetic tree of the R2R3-MYB protein sequences was constructed with the MEGA X program by
referencing the 122 R2R3-MYB transcription factors of A. thaliana. The statistical method is
neighbor-joining and the model/method is the p-distance. The gaps/missing data was set pairwise deletion
and the No. of bootstrap replications was set 1 000.

3.8 Expression analysis of the R2ZR3-MYB transcription factors under disease stress and under abiotic
stress

The transcriptomics data of the sweet potato under Fob stress (Lin et al., 2017) and under low temperature
stress (Ji et al., 2020) were downloaded from EBI (https://www.ebi.ac.uk/) website. The sequencing samples
of the Fob infection were JS57 F07, JS57 F04, JS57 CK, XZH F07 and ZXH_CK, with three replicates for
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each sample and 15 sequencing samples in total. The sequencing samples of low temperature stress were
Xushul5 1 Cold Ow, Xushul5 1 Cold 2w, Xushul5 1 Cold 6w, Xushul5 4 Cold Ow,
Xushul5 4 Cold 2w and Xushul5 4 Cold 6w, with three replicates for each sample and 18 sequencing
samples in total. The Hisat2 (Kim et al., 2015) was used to build the index file of the /. batatas R2R3-MYB
transcription factors for alignment to the transcriptomics sequencing samples. The aligned reads for each
R2R3-MYB gene were counted and the DESeq2 program was utilized to standardize the read counts. The
genes with fold change of experiment group vs control group >2 and P value<0.05 were regarded as
significantly up or down-regulated. The log2FoldChange values (padj<0.05) were used to draw the heatmaps
of the R2R3-MYB transcription factors of . batatas under Fob stress and under low temperature stress.
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