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Abstract

The BR-responsive genes are then regulated by BRASSINAZOLE-
RESISTANT (BZR) Transcription Factors (TFs). As BRs possess numerous
stress-resistant functions, BZR TFs also show activities of stress-resistance
along with other developmental functions. Up to 88% similarity of protein
sequences has been observed between BZR1 and BZR2 genes. Many positive
roles of BZR TFs have been revealed by many studies in positively regulating
the BR signal transduction in rice and maize family, but there is a very limited
research is available on the BZR gene family of Zea mays. The aim of this study
is to perform a wide-genome analysis of BZR1 transcription factor in Zea mays
so that regulatory role of BZR TFs in BR-induced signaling pathway can be
revealed. Gene structure analysis revealed the information about exons and
introns. Phylogenetic analysis was done to identify the maximum likelihood
among different families of BZR genes. Restriction analysis provided the
information about the presence of restriction sites in Zea mays genome.

Introduction

During the plant lifecycle, developmental processes of plants
need certain plant-specific hormones, called Brassinosteroids (BRs)
[1]. Recently, different types of mutants have been used to study the
BR signal transduction [2]. During the BR signal transduction, BRs
bind to a memberane-localized receptor, BRASSINOSTEROID-
INSENSITIVE 1 (BRI 1) [3]. The BR-responsive genes are then
regulated by BRASSINAZOLE-RESISTANT (BZR) transcription
factors (TFs) [4]. As BRs possess numerous stress-resistant functions,
BZR TFs also show activities of stress- resistance along with other
developmental functions [5]. As transcriptional activators and
repressors, BZR1 and BZR2/BESI are the gene members of BZR
TF family along with homologs (BEH1-BEH4) [6]. For example,
in Arabidopsis thaliana, transcription is suppressed by the in vivo
identification of CGTG (T/C)G sequence by BZR1, which attaches to
DWF4 and CPD promoters [7]. The promoters of BR-induced genes
contain E box sequences (CANNTG) that bind to the BES1, which in
turn recognizes BIM1-a helix-loop-helix protein [6,8].

Up to 88% similarity of protein sequences has been observed
between BZR1 and BZR2 genes. Both BR-induced gene SAUR-
ACI1 and BR-repressed DWF4 genes bind to BZR1 and BZR2 genes,
according to chromatic immunosuppression quantitative PCR
analysis [9,10]. The PCR analysis also shows that out of 19 BZR1
binding sites, BZR2 attaches to 18 of them [11]. Studies have also
indicated that BZR TFs regulate other TFs to participate in plant
development and growth [12]. For that reason, new insights into
the BZR gene family can be obtained by identifying new BZR genes
among different species of plants using reliable approaches.

In agricultural production, there are two main goals: improving
crop quality and increasing crop yield. BRs are one of the critically
important steroid hormones of plants responsible for a variety
of cellular responses, such as pathogenic resistance, tolerance to
environmental stresses, and cell elongation [13]. All these cellular

responses help increase yield of crops. Many positive roles of BZR
TFs have been revealed by many studies in positively regulating the
BR signal transduction in rice and maize family, but there is a very
limited research is available on the BZR gene family of Zea mays.

We analyzed BZR gene family of Zea mays by performing a
comparative genome analysis of ZmBZR genes. First of all, published
transcriptome analyses were used to identify ZmBZR gene. In
this study, we focused on identification of BZR TFs in Zea mays.,
phylogenetic analysis, motif analysis, and gene structure analysis
to predict the function of ZmBZR genes in Zea mays. The obtained
results can be a new start to finding regulatory roles of BZR TFs in BR
signaling pathway.

Materials and Methods

Identification of BZR transcription factors

The genomic and protein sequences of BZR1 transcription factor
in Zea mays were retrieved from NCBI (https://www.ncbi.nlm.nih.
gov/). The amino acid sequence of BZR1 from Arabidopsis was
used as query sequence against non-redundant protein sequences
databases of Zea mays. FASTA format of BZRI protein sequence
was used to run BLAST-P to find similar sequences. Pfam database
(http://pfam.xfam.org/) was used to identify conserved domains and
motifs of the candidate protein sequence. The conserved domains of
BZR1 were further confirmed by multiple sequence alignment. Based
on sequence alignment, MEGA 7.2 was used to align and create the
maximum likelihood evolutionary tree of BZR1 proteins of Zea mays
and A. thaliana.

Identification of domains and motifs

The sequence of BZR1 gene was used as query sequence and other
five candidate sequences were downloaded to analyze the conserved
domains and motifs. Pfam database ((http://pfam.xfam.org/) was
used to identify conserved domain and motifs. All the domains
were conserved except CL0061 and CL0167. All of the variants were
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Figure 1: Significant Pham-A matches.
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Figure 2: Phylogenetic Tree of BZR Transcription Family.
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carefully examined with E- value less than le-10 and those with
lengthy ORF were chosen for further data analysis using various
databases, (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi),
(http://smart.embl- heidelberg.de/), and (http://pfam.janelia.org/).
Position of chromosome, length of protein and cDNA and genomic
sequences were observed by using NCBI database.

Phylogenetic analysis

The evolutionary relationship between the BZR genes of Zea
mays, A. thaliana, Miscanthus lutarioriparius, and Oryza sativa
was performed by aligning their sequences and using MEGA 7.2 to
create rooted tress by maximum likelihood method. Tree topology
and branch lengths are from a maximum likelihood analysis, with
midpoint rooting. Nodes with single numbers indicate the results of a
bootstrap maximum likelihood analysis with 12 replicates. Even after
that, the DIx gene family was classified based on their evolutionary
similarity. A separate instrument was used to measure the molecular
weight and isoelectric point toolbox (http://www. expasy.org/tools).
Evolutionary analysis was used to name the subfamilies of the BZR
gene based on their homologs. The evolutionary relationship among
the families was performed using the online Time Tree Server.

Gene structure analysis of BZR genes

Both the coding sequences (nRNA and genomic sequences) and

protein sequences were used to load positional information into Gene
Structure Display Server. Gene Structure Display Server is an online
database to assess information about introns/exons.

Restriction analysis

Restriction anlaysis of BZR gene was performed by loading the
protein sequence of ZmBZR gene in Serial Cloner. Serial Cloner
is software for mapping the sequence of proteins and identifying
restriction sites contained in a graphic map. This tool also has the
function of performing virtual PCR.

Results

Identification of BZR1 gene in Zea mays

The protein sequences of Zea mays and A. thaliana were retrieved
from NCBI and used to run NCBI-BLAST. Identification of most
possible matches was made more precise by using each query in
separate BLAST searches. Redundant sequences were removed after
all the queries. We identified that there are 11 BZR genes in Zea mays
family. Pfam database was used to confirm the presence of conserved
domains (Figure 1).

Phylogenetic analysis by using MEGA 7.2

A phylogenetic tree, also called phylogeny, is a diagram that
shows how various plants, organisms, or genes derived from a
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Figure 4: Restriction Map of BZR Gene.
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common ancestor. Phylogenies are useful for organising biological
diversity records, structuring classifications, and gaining insight
into evolutionary events. The rooted tree obtained from the BZR-
containing species was as follows (Supplementary Table S1 &
Figure 2).

Gene structure analysis of BZR

The visualization of BZR gene features such as the composition
and location of exons, introns, and conserved domains were done
using the Gene Structure Display Server (GSDS). The structural
diversity of BZR genes was investigated by comparing CDS and
genomic sequence of BZR genes in Zea mays to analyze introns and
exons. A considerable diversity was observed in the length of exons
(Figure 3).

Restriction analysis of BZR gene

The genomic and sequence map of BZR gene after restriction
analysis using Serial Cloner showed different restriction sites,
showing restriction enzymes cutting maximum 1 time (Figure 4).

Discussion

Identification of the role of BRs in responding to biotic and
abiotic stress and regulating various physiological functions is
the result of decades of research [14]. BR signal transduction and
perception activates the role of BZR1 transcription factors, which not
only activate thousands of genes, but also repress genes involved in
BR biosynthesis [15]. As BRs cannot travel to long distances, they are
transported by BZR1 transcription factors. One of the major functions
of BZR1 is responding to biotic and abiotic stress and regulating gene
expression [16]. Arabidopsis thaliana is the model dicot species for
obtaining information about BRs [17]. BZR1 factors have also been
studied in rice, but there’s a limited validation to fully study the BZR1
TFs in maize.

In this work, a genome-wide comparative analysis was done to
identify the role of BZR transcription factors in Zea mays. From the
maize genome, 11 BZR genes were identified. However, Brassica
and Arabidopsis contained 15 and 6 genes, respectively. Scanning of
domains and motifs showed that conserved BZR motifs are present in
all maize BZR. Study of functional domains has revealed the presence
of highly conserved N-terminal domains in BZR transcription
factors, which possess DNA binding affinity. We also performed a
phylogenetic analysis of BZR transcription factors, which has revealed
their maximum likelihood with other dicots.

To be concluding, it was confirmed that like BZR TFs present in
Arabidopsis, BZR TFs regulate physiological role by exhibiting stress
signaling activity in Zea mays.
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