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Abstract. SQUAMOSA promoter binding proteins (SBPs) are considered as being a major family of
plant-specific transcription factors which plays an important role in flower improvement process. To
discover SBP genes in common bean [Phaseolus vulgaris (L.)] genome, in silico analysis methods were
carried out in this study. Twenty-three members of Pvul-SBP gene family were identified from common
bean genome. A phylogenetic tree drawn using SPB proteins of Phaseolus vulgaris, Arabidopsis thaliana
and Glycine max was separated into three main groups (A, B, and C). The C group was clustered into nine
subclades. The chromosome locations of Pvul-SBP genes showed that Pvul-SBP-1/Pvul-SBP-6, Pvul-
SBP-2/Pvul-SBP-16, Pvul-SBP-5/Pvul-SBP-14 and Pvul-SBP-9/Pvul-SBP-15 gene couples were
segmentally-duplicated. Also, orthologue genes were defined using SBP proteins of Arabidopsis thaliana
and Glycine max. The expression levels of Pvul-SBP genes in different plant tissues such as roots, leaf
and floral organs showed some of Pvul-SBP genes were up or down regulated in certain tissue types. The
results of this research would provide the estimation of the evolutionary relationships between SBP genes
in various plants such as P. vulgaris, G. max and A. thaliana.

Keywords: gene expression, orthologue relationship, phylogeny, synteny

Introduction

Identification and characterization of transcription factor (TF) families in plants has
been turned into one of the most important topics for plant scientists in recent years due
to their importance in regulation networks of plant growing processes (Buyuk et al.,
2016; Inal et al., 2017; llhan et al., 2018). There have been many well-conducted studies
for characterization of several plant-specific TFs in many plant species. However, there
is no information about some of them including SBP (SQUAMOSA promoter binding
protein family) in certain plant species (Wang et al., 2015).

SBPs are considered as being a major family of plant-specific transcription factors
which plays an important role in flower improvement processes (Pan et al., 2017). SBP
domain, a highly-conserved DNA-binding domain, has specific properties for each
member of this TF family. Even though this domain is known to be a zinc-binding
domain, structures within this domain are not similar to those ones in other zinc-binding
domains and thus has been declared as representing a novel type of zinc binding motif
(Wang et al., 2015).

Recent studies which were aimed at defining the roles of SBP family of transcription
factors showed divergent roles of them in plant developmental processes (Zhang et al.,
2016).

Among sixteen identified SBP genes in Arabidopsis genome, many of them have
been revealed to play role in embryogenesis (Unte et al., 2003), development of shoots
and leaves (Schwarz et al., 2008), flowering process (Gandikota et al., 2007), transition
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between vegetative and generative phases (Jung et al., 2012) and plant hormone
signaling (Zhang et al., 2007)

Genome-wide characterization and expression studies of SBP genes have been
conducted in a number of plant species including Betula pendula, Chlamydomonas,
Oryza sativa, Zea mays, Populus trichocarpa, L. esculentum, Malus x domestica
Borkh., Salvia miltiorrhiza, Gossypium hirsutum, Arachis hypogaea L., petunia,
Capsicum annuum L., Chrysanthemum morifolium, Phyllostachys edulis, Solanum
tuberosum, Ziziphus jujuba and (Lannenpaa et al., 2004; Kropat et al., 2005; Xie et al.,
2006; Chuck et al., 2010; Lu et al., 2011; Salinas et al., 2012; Li et al., 2013; Zhang et
al., 2014, 2015, 2016; Li et al., 2016; Preston et al., 2016; Song et al., 2016; Pan et al.,
2017; Kavas et al., 2017; Shao et al., 2017).

The common bean [Phaseolus vulgaris (L.)] is a self-pollinated legume species. It
has a small genome size of 588 Mbp and a diploid genome (2n=2x=22)
(Arumuganthan and Earle, 1991). It is one of the earliest plant species cultivated. As a
result of its nitrogen fixation ability, it enriches the nitrogen content of soil. It has an
important role in human nutrition, especially in developing countries, due to its high
protein content (Broughton et al., 2003). It has been possible to analyze and characterize
the SBP gene family with the publication of the whole genome sequence of common
bean by Schmutz in 2014 (Schmutz et al., 2014). However, the SPB proteins in
Phaseolus vulgaris L. have not been identified and characterized yet. To fill this gap in
the literature and due to importance of this gene family in plant developmental
processes, this study aimed at describing and characterizing SBP proteins in Phaseolus
vulgaris L. Accordingly, 23 Phvul-SBP members were identified and comprehensive
analysis of the sequence phylogeny, genomic organization, exon-intron architecture
variation, conserved protein motifs, gene duplication events, and expression analysis
were performed.

Materials and methods
Identification of SBP genes in P. vulgaris genome

Phaseolus vulgaris of SBP protein sequences were retrieved from Phytozome
database v12.1 (www.phytozome.net) using keyword searching with Pfam Accession
Number (PF03110) obtained from Pfam Database (http://pfam.xfam.org). BLASTP and
BLASTX searches (National Center for Biotechnology Information [NCBI]:
http://www.ncbi.nlm.nih.gov) was used to confirm Pvul-SBP proteins. Non-redundant
sequences were obtained using decrease redundancy tool
(http://web.expasy.org/decrease_redundancy/). SBP domains in non-redundant
sequences were checked by HMMER (http://www.ebi.ac.uk). The solid and chemical
traits of SBP proteins in Phaseolus vulgaris, such as the theoretical isoelectric point
(pl), the number of amino acids, and the molecular weight (Da), were identified using
the ProtParam tool (http://web.expasy.org/protparam/).

Phylogenetic analysis, physical location, conserved motifs of phvul-SBP genes, gene
structure and gene duplication events

Chromosomal locations and CDS sizes (bp) were identified by using Phytozome
database v12.1. The Pvul-SBP genes were mapped with MapChart (Voorrips, 2002).
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Multiple sequence alignment of Pvul-SBP proteins was conducted with ClustalW.
Phylogenetic analysis was performed using MEGA v7 (Tamura et al.,, 2013) and
Neighbor-joining (NJ) algorithm with 1000 replicated-bootstrap value.

The conserved motifs in Pvul-SBP protein sequences were identified using the
MEME (Multiple Expectation Maximization for Motif Elucidation) online tool (Bailey
et al., 2006). The limits for maximum number of motifs and minimum/maximum width
were adjusted as 20 and 2, 50, respectively. Motif sites were among 2 and 300. Site
distribution was set as any number of repetitions. The described conserved motifs were
examined in InterProscan with default adjusting (Quevillon et al., 2005).

Online Gene Structure Display Server program tool (GSDS) was used (Guo et al.,
2007) to predict the exon/intron organization of the Pvul-SBP genes. Genomic DNA
sequences and coding sequences of Pvul-SBP genes were utilized.

Segmental duplicate gene pairs were examined on the Plant Genome Duplication
Database server (PGDD) (Lee et al., 2013), with a display range of 100 kb. The
nonsynonymous rates (Ka), synonymous rates (Ks) and developmental constraints
(Ka/Ks) with the duplicated pairs of Pvul-SPLs were evaluated using the CODEML
program in PAML (Yang, 2007). The roughly date of the duplication events was
determined using T = Ks / 24 x 10° Mya (million years ago), in terms of the
synonymous substitution rates (1) in common bean of 8.46 x 10~ (Schmutz et al.,
2014).

Synteny analysis

P. vulgaris and A. thaliana, P. vulgaris and G. max of orthologue SBP genes were
identified with PGDD (Lee et al., 2013). Then, the protein sequences of orthologue
genes were retrieved from Phytozome v12.1. The retreived synteny map was created
using iITAK - Plant Transcription factor & Protein Kinase Identifier and Classifier
(Zheng et al., 2016).

Gene expression analysis in silico

The expression levels of Pvul-SBP genes examined in special tissue libraries of
plants at different stages of growth, including root_10 (10 days after planting), nodules,
root_19 (19 days after planting), young pods, stem_10 (10 days after planting), stem_19
(19 days after planting), green mature buds, leaves, young triloliates, flower buds and
flowers were retrieved from Phytozome Database vi2.1
(http://phytozome.jgi.doe.gov/pz/portal.html#!info?alias=0Org_Pvulgaris). FPKM
(expected number of fragments per kilobase of transcript sequence per millions base
pairs sequenced) units were used for the expression levels in silico. FPKM values were
log2 transformed and the heatmap was produced with the algorithm CIMMiner
(http://discover.nci.nih.gov/cimminer).

Results and discussion
Identification of SBP gene family in common bean

Sequences of SBP proteins in the P. vulgaris genome were downloaded from
Phytozome database v12.1 (www.phytozome.net) using keyword searching with Pfam
Accession Number (PF03110) retrieved from Pfam Database. Subsequently, SBP
domains were analyzed by searching HMMER and Pfam databases in candidate Phvul-
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SBP proteins and the redundant sequences were discarded after the confirmation. A
total of 23 candidate Phvul-SBP genes in Phaseolus vulgaris genome was discovered
and some descriptive information was given in Table 1 which involves the information
about chromosomal location, the coding sequences (CDS, lengths), amino acid (length),
molecular weight and number of isoelectric point (pl). As shown in Table 1 and Figure
1, all of the non-redundant Phvul-SBP genes were distributed on 10 chromosomes of P.
vulgaris. While the lowest number of Phvul-SBP genes was obtained on chromosome
11 (one Phvul-SBP gene), the highest number of Phwul-SBPs was found on
chromosome 3 (4 Phvul-SBP genes) (Fig. 1). The CDS of the Phvul-SBP genes
extended from 378 (Phvul-SBP-4) to 3210 (Phvul-SBP-9). The length of Phvul-SBP
proteins extended from 125 (Phvul-SBP-4) to 1039 (Phvul-SBP-9) amino acids (aa). pls
of Phvul-SBP proteins were among 5.8 (Phvul-SBP-15) and 9.46 (Phvul-SBP-12)
ranging from acidic to alkaline, and the molecular weight of Phvul-SBPs were between
14756.09 Da (Phvul-SBP-14) and 114838.01 Da (Phvul-SBP-9) (Table 1). SBP gene
family which is essential to plants was detected and classified in various species such as
Arabidopsis (Rhoades et al., 2002), rice (Xie et al., 2006), tomato (Salinas et al., 2012),
Citrus (Shalom et al., 2015), Gossypium raimondii (Ali et al., 2017), wheat (Wang et

al., 2015), maize (Mao et al., 2016) and grape (Hou et al., 2013).

Table 1. The information of 23 Phvul-SBP proteins

Gene ID Phytozome ID Chromosomal location  [CDS length|aa length{Molecular weight (kDa)| pl
Phwul-SBP-1 | Phvul.001G091400 | Chr01:15552500..15556152 1095 364 40.66 7.16
Phvul-SBP-2 | Phvul.001G141000 | Chr01:38299114..38303396 1074 357 38.20 8.97
Phvul-SBP-3 | Phvul.001G262600 | Chr01:50971750..50975439 1362 453 49.63 7.58
Phvul-SBP-4 | Phvul.002G114500 | Chr02:24504136..24505511 378 125 13.99 9.19
Phvul-SBP-5 | Phvul.002G230300 | Chr02:40279842..40282041 510 169 19.49 5.47
Phvul-SBP-6 | Phvul.002G286000 | Chr02:45529658..45533339 1152 383 41.91 8.82
Phvul-SBP-7 | Phvul.003G008800 Chr03:989197..995182 3030 1009 111.88 8.45
Phvul-SBP-8 | Phvul.003G039600 | Chr03:4337189..4341787 1443 480 53.96 6.4
Phvul-SBP-9 | Phvul.003G120700 | Chr03:30548630..30555522 3120 1039 114.84 7.35
Phvul-SBP-10 | Phvul.003G182900 | Chr03:40612076..40617217 1650 549 60.30 6.49
Phvul-SBP-11 | Phvul.005G074000 | Chr05:13162582..13164100 576 191 21.61 8.86
Phvul-SBP-12 | Phvul.005G101900 | Chr05:31789454..31791276 510 169 19.30 9.46
Phvul-SBP-13 | Phvul.006G159700 | Chr06:26373187..26387876 2289 762 85.64 6.85
Phvul-SBP-14 | Phvul.006G183900 | Chr06:28501741..28503445 384 127 14.76 6.45
Phwul-SBP-15 | Phvul.007G210600 | Chr07:33265157..33272512 3045 1014 112.51 5.8
Phvul-SBP-16 | Phvul.007G258400 | Chr07:37986117..37990987 1107 368 39.58 8.76
Phvul-SBP-17 | Phvul.008G157100 | Chr08:28607666..28613632 1035 344 37.55 9.15
Phvul-SBP-18 | Phvul.008G157200 | Chr08:28427029..28429343 951 316 34.55 8.82
Phvul-SBP-19 | Phvul.009G165100 | Chr09:24615068..24618431 1194 397 43.71 7.67
Phvul-SBP-20 | Phvul.009G219200 | Chr09:33103356..33114413 3096 1031 113.97 6.59
Phvul-SBP-21 | Phvul.010G056000 | Chr10:10002440..10005618 993 330 36.35 8.85
Phvul-SBP-22 | Phvul.010G056200 | Chr10:10088279..10091188 1119 372 41.02 6.9
Phvul-SBP-23 | Phvul.011G164800 | Chr11:46749842..46751202 561 186 20.80 8.97

pl: Theoretical isoelectric point, kDa: kiloDalton

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(5):5467-5480.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1605_54675480

© 2018, ALOKI Kft., Budapest, Hungary



Ilhan: Genome-wide characterization and analysis of SBP transcription factor family in common bean (Phaseolus vulgaris L.)
-5471 -

Pvul_Chr01 Pvul_Chr02 Pvul_Chr03 Pvul_Chr05 Pvul_Chr06 Pvul_Chr07
—f3— Start —— Start 0,0~y Stant —f3— Start —— Start —A— Start
oe oe 1,0~ Phvul-SBP-7 00 o0 00
4,3—— Phvul-SBP-8
13,2 ——Phvul-SBP-11
15,6 —1— Phvul-SBP-1
24,5 —|-— Phvul-SBP-4
26,4 —— Phvul-SBP-13
Phvul-SBP-9 28,5 —— Phvul-SBP-14
30,5 —— Phvul-SBP-! -
—————= 31,8 —Phvul-SBP-12 390 —— End
y 33,3 41 Phwil-SBP-15
38,3 — 38,0
403 —1 Phwul-SBP-5 40,6 ——— Phvul-SBP-10 40,8 ———End
45,5 - Phwul-SBP-6
———End
510~} Phvulsapa 20T
52,2 —<~— End 52,3 —o— End 51,8 —=—End
Pvul_Chr08 Pwvul_Chr09 Pvul_Chr10 Pvul_Chr11
0,0 —— Start 0,0 —— Start 0,0 —— Start 0,0 —°— Start
10,0 ~J_L~ Phvul-sBP-21
10,1 =] Phvul-SBP-22
24,6 = Phvul-SBP-19
28,4~ |~ Phvul-SBP-18
28,6 —| [ Phvul-SBP-17
33,1 —71— Phvul-SBP-20
37,7 ——End
433—5—End
46,7 —|{—— Phvul-SBP-23
50,4 —5—End
59,7 ——— End

Figure 1. Distribution of Phvul-SBP genes on common bean chromosomes. Similar colors
present segmentally — duplicated genes

Several paralogous gene pairs are originated from gene duplication events (Cannon
et al., 2004). Furthermore, organisms adapt to different environments via gene
duplication events throughout processes of development and growth (Bowers et al.,
2003; Gu et al., 2003). Plant genomic structure, which can occur by independent events
involving in segmental or tandem duplications, is one of most important characteristics
of gene duplication (Flagel and Wendel, 2009). Based on significance of gene
duplications on evolution of gene families in plants, the gene duplication events of
putative Phvul-SBP genes in common bean genome have been examined. After the
duplication analysis, six segmentally-duplicated gene couples (Phvul-SBP-1/Phvul-
SBP-19, Phvul-SBP-2/Phvul-SBP-16, Phvul-SBP-5/Phvul-SBP-14, Phvul-SBP-6/Phvul-
SBP-19, Phvul-SBP-9/Phvul-SBP-15 and Phvul-SBP-9/Phvul-SBP-20) among the
identified 23 Phvul-SBP genes in common bean (Table 2) were detected. According to
the gene duplication analysis, none of the gene couples have been found to include
tandem repeats.
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The Ka/Ks ratio has been become a popular parameter for genome-wide
identification researches of gene families in recent years. This ratio gives a worthwhile
information about the selective evolutionary pressures that are acting on that gene
(Yang and Swanson, 2002; Kryazhimskiy and Plotkin, 2008). According to Juretic et al.
(2005), a Ka/Ks larger than 1 reflects the positive selection during the evolution of the
gene sequence. Additionally, a Ka/Ks lower than 1 indicates duplications have
undergone purifying selection and a Ka/Ks = 1 means neutral selection in duplication
events. As displayed in Table 2, the divergence time of segmentally duplicated Phvul-
SBP gene pairs extended from 32.77 to 101.61 million years (MY A). Except for one, all
of the duplicated Phvul-SBP gene pairs showed Ka/Ks ratio lower than 1 which reflects
the occurrence of purifying selection after the duplication events. The Ka/Ks ratio (=1)
of Phvul-SBP-1/Phvul-SBP-19 indicated the predominance of neutral selection during
duplication events of this gene pair (Table 2).

Table 2. The Ka/Ks ratios and identified divergence times for the segmentally duplicated
Phvul-SBP proteins

Paralogous gene pairs Ka Ks Ka/Ks |Duplication date (MYA)
Phvul-SBP-1 Phvul-SBP-19 0 0 1 -
Phvul-SBP-2 Phvul-SBP-16 0.1922 0.8346 0.2075 49.33
Phvul-SBP-5 Phvul-SBP-14 0.3358 1.0685 0.0917 63.15
Phvul-SBP-6 Phvul-SBP-19 0.2174 0.7511 0.2834 44.39

Phvul-SBP-15 0.3989 1.7193 0.1484 101.61
Phvul-SBP-9
Phvul-SBP-20 0.1836 0.5544 0.2868 32.77

Phylogenetic analysis, gene structure and conserved motifs of Phvul-SBPs

To discover the relationships between Phvul-SBP proteins, a phylogenetic tree of
SBP domain proteins in Phaseolus vulgaris, Arabidopsis and Glycine max was
structured using amino acid sequences with contributed bootstrap values (1000
replicates; Fig. 2) via neighbour joining method. Phvul-SBP proteins were clustered
into twelve groups, A - C9 (Fig. 2). Similar coding and exon-intron sequences were
observed in most of the Phvul-SBP genes which were found in the same subgroup in
phylogenetic tree.

To investigate conserved motifs in Phvul-SBP proteins, MEME (v5.0.1) was used.
MEME software finds the most statistically significant (low E-value) motifs based on
its log likelihood ratio, its width and number of occurrences, the background letter
frequencies and the size of the training set. Motifs with E-values larger than 0.01 (1e-2)
are possibly just statistical artifacts, and not real motifs (Bailey et al., 2009).

A total of 20 conserved motifs were described (Fig. 3 and Table 3). The lengths of
identified motifs were between 8 and 50 amino acids. A total of Phvul-SBP proteins
consist of Motif 1 which is one of the two motifs which have SBP domain among all
motifs. A similar result was found in Ali et al. (2017).

Twenty-three common bean SBP gene structures were investigated and the estimated
number of exons among the 23 Phvul-SBP genes extended from two to 10 (Fig. 4). As
seen in Figure 4, these genes were also clustered into twelve groups in terms of the gene
structure analysis in line with the phylogenetic tree of Phvul-SBP proteins shown in
Figure 2. Deep examinations of the segmentally duplicated gene pairs, which have
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same exon—intron structures and similar motifs, would contribute to a comprehension of
the different roles they play in development and growth. In a recent research, it has been
reported that the gene pairs, which have similar motif sequences and orders could show
similar functions in moso bamboo (Pan et al., 2017). These gene pairs could be
originated from an ancestor in evolutionary process.
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Figure 2. A phylogenetic tree of SBP proteins of common bean, soybean and Arabidopsis
thaliana. The tree was generated with MEGA v7 and Neighbor-joining (NJ) algorithm with
1000 replicated-bootstrap values

Table 3. The MEME motif sequences and length of Pvul-SBP proteins

Motif ID Conserved sequence E-value’| Sites | Width | Domain
RCQVEGCNADLSNAKDYHRRHKVCEMHSKAP
1 KVJVAGLEQRFCOQCSRFH 2.3E-730) 23 50 | SBP
2 VLSEFDEGKRSCRRRLAGHNERRRKPQPE 5.5E-351| 22 29 SBP
RTDRIVFKLFGKDPNDFPLVLRAQILNWLSHSP
3 TEIESYIRPGCIILTIY SE92 15 50 |Unknown
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PAGLTPLHVAASISGSDNVLDALTDDPGMVGIE
4 AWKSARDSTGLTPHDYA 8E-48 1 4 S0 |Unknown
TAMVYRPAMLSMVAIAAVCVCVALLFKSSPKV
5 YYVERPE 7TE-41 4 39  |Unknown
FIQEMGWLLHRSRLKVRLGPVAPIQDJFQFNRF )
6 KWLVDFSMDHDWCAVMK 3E-34 1 3 S0 |Unknown
7 GKRSLEWDLNDWKWDGDLFTASRLNSVPSDC | 1E-24 3 31 Unknown
PKILCVKPLAVPASKRAQFIVKGVNLLQPATRL
8 LCALEGKYLVCE 1E-24 5 45 |Unknown
9 FWRTGWVYVRVQHQLAFLYNGQVVIDVPL 1E-21 4 29 unknown
10 DSSCALSLLSSQSW 2E-16 10 14 Unknown
11 SLIGLKLGKRIYFED 5E-15 9 15 Unknown
12 ALLEMGLLHKAVKRNSRPMVELLLRYVP 1E-13 4 28 Unknown
13 PVIVAEEEICSEICTLENVJE 2E-11 5 21 Unknown
YLLMSLLRILSNMHSNGSDHTTBQDILSHLLRN
14 L ASLAGPNNG 2E-13 3 43 |Unknown
15 HIKFSCTIPNVVGRGFIEVED 2E-10 5 21 Unknown
16 WEELDYGT 6E-09 10 8 n/a
17 LRGHYSYIQLVQKKINKKGGAAHVVDIP 1E-08 3 28 Unknown
18 WVQCDSLKSSPPQTSRNSDSTSTQ 9E-09 3 24 Unknown
MDWNLKAPSWDLVEVDKANJPNIESMEEHNRF
19 GMFRMEGEFSVDLKLGQV 2B-07 1 2 50 |Unknown
20 CRQADERGRIQMNJPRNSGYKSFHIR 5E-06 3 26 Unknown
*The expected value of each motif prediction was given in the MEME program
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Figure 3. Shematic representation of the 20 conserved motifs in Pvul-SBP proteins. The 20
conserved motifs were classified using MEME Suite v5.0.1. Each motifs were shown by different
colored boxes. The numbers in the boxes represent motif 1 — motif 20, respectively
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Figure 4. Gene structure of Phvul-SBP genes. A. The number of below branches of the
phylogenetic tree display bootstrap values. The tree was structured with MEGA v7 by the
Neighbor-Joining (NJ) method with 1000 bootstrap replicates. The A — C9 numerals on the tree
correspond to 12 Pvul-SBP groups shown in Figure 2. B. Yellow colors represent exons, grey
lines represent introns and blue colors represent untranslated regions (UTRs)

Comparative and synteny events among SBP genes of P. vulgaris, Arabidopsis
thaliana and Glycine max

To calculate evolutionary relationship of the SBP gene family in P. vulgaris,
Arabidopsis and Glycine max, the synteny events among SBP protein sequences of
these plants are shown in Figure 5.

Figure 5. Genome wide synteny analysis of SBP genes. A. Comparative map between P.
vulgaris and A. thaliana. B. Comparative map between P. vulgaris and G. max
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This synteny analysis was established on SBP proteins of 6 Arabidopsis and 40 Glycine
max. Since P. vulgaris and G. max were closely related genomes (Schmutz et al., 2014),
SPB genes of these plants showed high similarity. However, 22 Pvul-SBP genes were
matched to 40 G. max SBP genes distributed on all chromosomes of G. max. In a recent
study, it was reported that some Arabidopsis SBP genes were syntenic to those of
diploid cotton genes and these genes showed an evolutionary relationship (Ali et al.,
2017). In another study, the synteny analysis between apple and Arabidopsis
demonstrated that 11 apple and Arabidopsis genes were located in the duplicated
genomic regions. In the same study, it was notified that duplications such as segmental,
tandem and genomic duplications have important roles in evolutionary processes (Li et
al., 2013).

Expression profiles of Phvul-SBPs in different tissues

In this research, a common mRNA analysis of Phvul-SBP genes were performed via
publicly available expression data in Phytozome v12.1 online plant genomics resource
(https://phytozome.jgi.doe.gov). The heatmap shows the expression variance between
identified 21 Phvul-SBP genes in different plant tissues (Fig. 6).
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Figure 6. Hierarchical clustering of expression profiles of Phvul-SBP genes in 11 different
tissues of common bean. Heat map was drawn with CIMminer online tool

As seen in the Figure 6, the Phvul-SBP-16, -17, -22, -6, -4, -11 and -12 genes revealed
relatively low expression levels in almost all tissues including green mature pods, young
pods, flower buds, flowers, leaves, young trifoliates, stem_10, stem_19, nodules,
root_10 and root_19. The rest of the Phvul-SBP genes exhibited relatively high mRNA
levels in most of the developmental stages of common bean. Phvul-SBP-14, -15 and -23
were the genes which exhibited the highest expression levels at least in one of the
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certain tissue types among all genes. Additionally, some of the genes were only up- or
down-regulated in certain tissue types. For instance, Phvul-SBP-1, -3, -5, -7, -8, -9, -13,
-15, -20 and -21 were highly expressed in root tissues. Phvul-SBP-1, -2, -3, -5, -7, -8, -9,
-10, -13, -14, -15, -18, -19, -20 and -21 were highly expressed in stem tissues. Phvul-
SBP-1, -2, -3, -5, -7, -8, -9, -10, -13, -14, -15, -18, -19, -20, -21 and -23 were highly
expressed in floral organs. The other Pvul-SBP genes were low expressed in these
tissues of P. vulgaris. Similar results were obtained in grapevine genome (Wang et al.,
2010). SBP genes in this genome were up or down regulated in various tissues such as
root, leaf, flower and fruit. SBP genes in P. vulgaris were suggested to express in
different tissues.

Conclusion

In this study, genome sequences, identification, conserved motifs of 23 Pvul-SBP
genes were identified in P. vulgaris genome. The Pvul-SBPs were divided into twelve
classes and 23 Pvul-SBP genes were distributed across 10 chromosomes with different
densities. Also, expression levels of 23 Pvul-SBP genes in different plant tissues such as
roots, leaf and floral organs were determined using in silico analysis. To the best of our
knowledge, this is the first report of a genome wide analysis of the common bean SBP
gene family. This study would provide beneficial information for understanding the
classification and functions of the SBP genes in common bean.
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