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ABSTRACT 

 

MADS-box plays a fundamental role in all stages of the processes leading to flower formation and other diverse 
developmental processes in plants.  Brachypodium distachyon is an excellent model for bioinformatics analysis in 
temperate grasses and cereals.  In this study, analysis of 43 sequences of MADS-box genes, generated from 
Grassius database was performed in Brachypodium.  In order to characterise MADS-box genes involved in plant 
development and to detect cis-element in MADS-box gene, we analysed conserved motifs, physico-chemical 
characteristics and the rate of amino acid in Brachypodium. MADS-box was distributed on all Brachypodium 
chromosomes, but gene clusters were observed on four chromosomes except chromosome 5.  Twenty four types of 
elements were identified in the promoter regions of MADS-box with the G-box containing the highest number of cis 
elements involved in MADS-box gene family.  Our results suggest that G-box can bind to FLC gene which has a key 
role in flowering control.  Our results should help to provide useful data for further functional studies of MADS-box 
genes in Brachypodium. 
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INTRODUCTION 
 

MADS-box encodes transcription factors 
that play vital roles in plant development.  
Members of MADS-box gene play regulatory 
roles during growth phases of embryo, root 
and leaf development [1]. It has been 
reported that MADS-box is not only involved 
in flower or fruit development [2] but also 
can have a variety of functions including 
stress resistance and organ development 
[3]. The MADS-box is a conserved sequence 
motif that encodes the DNA-binding MADS 

domain [4]. MADS domain have high 
similarity to CArG-box which attach to DNA 
sequences of high homology to the motif 
CC[A/T]6GG. Based on their protein domain 
type, MADS-box gene family contain two 
kinds of lineages, type I and type II, [4]. The 
two types of domain proteins are different 
namely the SRF-like (Type I) MADS-domain 
proteins and the MEF2-like (after 
MYOCYTE-ENHANCER-FACTOR2) (Type 
II) MADS-domain proteins [5]. MADS-box 
genes are involved in controlling all phases 
of growth including male and female 
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gametophytic developments and root, flower 
and fruit development [5]. The MADS-box 
gene family in plants is significantly larger 
than that recognized in fungi or yeast, with 
over 100 genes detected in genomes of 
flowering plants [6]. 
 

Evolutionary, MADS-box gene family 
was expanded via duplication events and 
whole genome duplications (rice) [7].  
MADS-box genes subfamilies regulate the 
vegetative-to-floral transmission, showing 
the many complexities of the life history 
approaches in flowering plants ranging from 
annuals to perennial [8]. Brachypodium 
distachyon, a grass species native to 
Europe, northern Africa and Asia, belongs to 
the cereal grain species (i.e., wheat, rice 
sorghum, maize) [9]. It is considered an 
experimental model organism for providing 
an insight to the genetic and molecular 
biology of temperate grasses.  Because of 
its small genomic size and rapid life cycle, B. 
distachyon is considered a useful tool for 
genetic researches. 
 

MADS-box genes bioinformatics 
analysis was performed in Arabidopsis and 
coffee [10,11].  Classification of genes is 
essential in order to perform the functional 
analysis of a gene family [12].  In order to 
find interactions among related genes 
involved in flowering, the expression of 
flowering genes is regulated by regions of 
DNA sequences known as cis-regulatory 
elements.  The transcription factor binding 
sites in the cis-regulatory elements are 
responsible for the regulation of gene 
transcription [13].  In this study, 43            
putative MADS-box genes from the B.                
distachyon genome were analyzed. Also, 
characterisation of MADS-box family in B. 
distachyon including phylogenetic analysis, 
a conserved motif, chromosomal positions, 
and promoter analysis were performed.  This 
research aimed to identify functional genes, 

to characterize MADS-box proteins, and to 
detect cis elements involved in MADS-box 
gene for flowering.  
 
MATERIALS AND METHODS 
 
Phylogenetic Analysis and Mapping 
BdMADS of Brachpodium Genes 
 

The BdMADS sequences were 
downloaded from www.grassius.org.  
Originally, a higher number of gene 
sequences were selected but only 43          
were used based on the chromosomal 
location of the gene sequences.  Alignment 
of the sequences of the MADS-box            
genes was performed using CLUSTALW 
program with MEGA software version 6  
[14]. The phylogenetic tree was      
constructed using the Neighbour-Joining 
(NJ) method.  Diagrams of phylogenetic 
trees were drawn with MEGA6 
(http://www.megasoftware.net/mega.php) 
(Fig. 1).  Also, verification and test of           
the phylogeny were performed using               
the bootstrap method with 1000           
replicates. The MapChart software version 
2.3 [15] was downloaded from 
https://www.wageningenur.nl/en/show/Mapc
hart-2.30.html to show chromosomal 
locations of B. distachyon MADS-box genes 
(Fig. 2). 

 
Analysis of Gene Structure and 
Conserved Motifs 
 

In order to identify MADS-box protein 
motifs, MEME database was used in 
Brachypodium.  This database was utilized 
to predict conserved motifs, a number of 
repeated motifs, maximum motif, and range 
of motifs (Fig. 3).  SMART software            
(Simple Motif Architecture Research Tool, 
http://smart.embl-heidelberg.de/) version 5.0 
[16] was used to confirm motifs in MEME.  In 
this study, physico-chemical characteristics 
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such as number of amino acids, molecular 
weight, and an isoelectric point in 
Brachypodium were studied using 

ProtParam tool at ExPASy (website 
http://web.expasy.org/protparam).

 

  
 

Fig. 1. Phylogenetic tree of B. distachyon BdMADS. The phylogenetic tree was drawn 
using the Neighbor-Joining (NJ) method with 1000 bootstrap replicates in MEGA 6.0 

software 
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Fig. 2. Chromosomal locations of B. distachyon’s BdMADS genes.  The chromosome 
numbers were shown at the top of each chromosome. The location of each MADS-box 

gene was indicated by a line. 
 

Promoter Analysis 
 

Sequence analysis of the 1500bp 
upstream of the transcription start site (TSS) 
was performed using PlantCARE [17] 
database.  The analysis allowed the 
identification of cis-regulatory elements 
including Transcription Factor Binding Sites 
(TFBS) (Fig. 4). 

 

RESULTS AND DISCUSSION 
 

Phylogenetic Analysis and Chromosomal 
Distribution of MADS-box Family 
 

Multiple alignment analysis of MADS-
box domains and phylogenetic tree 

construction were performed.  The MADS-
box domain phylogenetic tree can be divided 
into five groups: Ia, Ib, IIa, IIb, III, and IV.  
Physical locations of the MADS-box genes 
on the five chromosomes of Brachpodium 
were mapped. The highest numbers of 
MADS-box genes were found on the 
chromosome 1 while chromosome 5 
contained the lowest.  Fifteen MADS were 
located on chromosome 1, 10 on 
chromosomes 2, 11 on chromosomes 3, 6 
on chromosome 4 , and only two genes on 
chromosomes 5 (Fig. 2). All chromosomes 
contained MADS encoding sequences.  The 
clustering patterns of these sequences were 
compared with their placement on each 
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chromosome, confirming the presence of the 
sequences of the same chromosomal origin 
in the same phylogeny [18].  The researcher 
suggested that a gene cluster is defined as a 
chromosome region with two or more genes 
located within 200 kb sequence [19]. 
Accordingly, based on the Holub’s criterion, 
we found four MADS gene clusters 
containing a total of eight genes [19]. Only 
one gene cluster was found on each of the 
chromosomes 1, 2, 3 and 4.  No cluster             
was found on chromosome 5.  Gene           
cluster analysis showed that the number of 
genes on chromosomes was positively        
correlated with the number of gene           
clusters (Pearson correlation = 0.882, P-
Value = 0.001). Duplicated genes and gene 
cluster have similarly appeared in 
Brachpodium, Coffea Arabica, and            
banana [10,20,12]. 

 
Protein Properties and Sequence 
Analysis of MADS-box Genes 
 

In this study, a set of MADS-box genes 
was studied.  The ExPASy proteomics 
server (http://expasy.org/) was used to 
detect physico-chemical characteristics. 
Results showed that MADS-box genes were 
different for the number of amino acids, 
molecular weight, and isoelectric point 
(Table 1).  Protein length in this gene family 
ranged from 183 to 603 bp, and molecular 
weight ranged from 20669.32 to 48315.86 
Kd.  Highest and lowest isoelectric point  
was 5.1 (BdMADS26) to 9.67 (BdMADS48), 
respectively.  Using the MEME          
program (http://meme.nbcr.net/meme/cgi-
bin/meme.cgi), the conserved motifs in the 
MADS proteins were detected with the 
following factors: maximum and minimum 
number of motifs was 10 and 3, respectively, 
with an optimum motifs width of 50.  

Subsequently, all identified motifs were 
annotated with the aid of SMART 
(http://smart.embl-heidelberg.de/). Our 
findings showed that the conserved motifs 
patterns identified in our analyzed genes 
belonged to the same group, as also 
reported by other research results [21,20].  
Conserved MADS-box motifs have also 
been detected in other plants such as 
grapevine and rice [22,23]. Therefore, 
proteins containing lower domain complexity 
are also simpler in function.  

 
Cis-regulatory Element Analysis 
 

The analysis of cis-elements showed 
that twenty-four responsive elements were 
identified in the promoter regions. A survey 
on regulatory cis-elements makes it possible 
to understand gene expression under 
different conditions better. These elements 
were divided into several groups: essential 
elements, responsive to light, expression of 
a specific tissue, abiotic stresses, hormonal 
and other types.  The largest group of cis 
elements activated in response to light 
included ACE, G-Box, Sp1, Box 4, GATA-
motif, TCCC-motif, AE box, GT1-motif, and 
Box I.  Responsive elements to hormones 
were the second largest group involved in 
hormonal response which included TGA-
element, TCA-element, GARE-motif, 
TGACG-motif, CGTCA-motif, motif IIb, and 
ABRE (Fig. 4).  Stress-responsive elements 
included CCAAT-box, TC-rich repeat, HSE, 
and MBS (Liu et al., 2017).  Core promoter 
elements contained CAAT-box and TATA-
box [17].  Motifs involved in cellular 
development included O2-site, Skn-1 motif, 
CAT-box, and Circadian (Liu et al., 2017).  
Other motifs involved in tissue-specific 
meristem included as-2-box, CCGTCC-box, 
and A-box. 
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Fig. 3. Schematic representation of motifs identified in B. distachyon MADS-box proteins using MEME. Different motifs are 
indicated by different colors. (A) Distribution of conserved motifs of BdMADS from different groups. (B) The motifs, numbered 1–

10, were displayed in different colored boxes 
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Table 1. Characteristics of MADS-box gene family in B. distachyon 
 
Protein name Gene locus Number of 

amino acid 
Molecular 
weight 

Theoretical  
pI 

Protein name Gene locus Number of  
amino acid 

Molecular 
weight 

Theoretical pI 

BdMADS1  Bradi1g08326  233 26565.43 7.69 BdMADS27  Bradi2g48690  196 22381.65 8.6 
BdMADS2  Bradi1g08340  243 27900.7 9.17 BdMADS28  Bradi2g57000  209 24112.64 7.81 
BdMADS4  Bradi1g20090  283 30315.37 6.36 BdMADS32  Bradi3g04880  365 38244.93 5.58 
BdMADS5  Bradi1g21980  309 35159.5 8.49 BdMADS33  Bradi3g05260  265 29010.7 6.61 
BdMADS8  Bradi1g35000  230 26034.57 8.95 BdMADS34  Bradi3g13570  232 26121.02 6.18 
BdMADS9  Bradi1g39927  186 20283.19 9.45 BdMADS36  Bradi3g32090  227 25690.51 9.21 
BdMADS10  Bradi1g45807  224 25047.15 5.92 BdMADS37  Bradi3g39177  330 36020.52 5.24 
BdMADS11  Bradi1g48520  227 26133.54 7.65 BdMADS38  Bradi3g41260  250 28915.86 8.74 
BdMADS12  Bradi1g57410  373 40667.46 4.62 BdMADS39  Bradi3g41297  203 23543.49 5.54 
BdMADS14  Bradi1g57870  359 39885.58 4.88 BdMADS40  Bradi3g46920  240 27494.11 7.79 
BdMADS15  Bradi1g58100  183 20669.32 5.85 BdMADS41  Bradi3g51800  268 30255.26 8.73 
BdMADS16  Bradi1g59250  278 31748.88 9.24 BdMADS42  Bradi3g57017  240 27334.18 8.88 
BdMADS17  Bradi1g69890  253 29191.92 7.6 BdMADS43  Bradi3g58220  229 25601.83 5.9 
BdMADS18  Bradi1g72150  269 30248.29 5.82 BdMADS44  Bradi4g06867  221 24727.12 9.25 
BdMADS19  Bradi1g77020  258 29272.34 8.82 BdMADS45  Bradi4g11097  372 41623.84 6.24 
BdMADS20  Bradi2g06330  269 30317.06 9.25 BdMADS47  Bradi4g34680  247 28368.23 8.87 
BdMADS21  Bradi2g24940  209 24434.97 9 BdMADS48  Bradi4g39420  258 27844.17 9.67 
BdMADS22  Bradi2g25090  243 27455.93 9.1 BdMADS49  Bradi4g40350  251 28004 9.31 
BdMADS23  Bradi2g26320  314 33279.51 9.18 BdMADS50  Bradi4g40357  188 21330.62 9.51 
BdMADS24  Bradi2g30530  187 20300.33 9.65 BdMADS53  Bradi5g11270  202 23289.87 7.78 
BdMADS25  Bradi2g32910  267 30521.34 9.06 BdMADS55  Bradi5g21700  240 27931.18 6.53 
BdMADS26  Bradi2g43290  603 48315.86 5.1      



Fig. 4. Cis regulatory elements detected in the region of the prefix genes and their 
frequency in each gene, the 1000

gene were searched using the PlantCARE database.
 
G-box had the highest number o

elements involved in MADS-box gene family.  
G-box (CACGTG) element is involved in 
many reactions such as response to light, 
abscisic acid, methyl-jasmonate, and 
anaerobiosis.  In addition, it has a role in 
ethylene induction as well as in seed
specific expression independently of other 
regulatory sequences [24]
known as ABRE (ABA-responsive element), 
is a binding site for bZIP proteins which have 
been identified as binding proteins 
Basic leucine zipper domain (bZIP 
transcription factor), bHLH, and G
increase the possibility of being co
by other transcription factors when 
combined with FLC in different forms 
The key roles of FLC are 
control, the timing of vernalization, and 
reproductive transition [26].  The G
necessary for transcriptional activation by a 
phenyl- propanoid-pathway intermediate. 
Sequences related to the G
found in promoters of various flavonoid 
biosynthetic genes [27].  
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regulatory elements detected in the region of the prefix genes and their 

frequency in each gene, the 1000-bp upper region of the upper hand codon of each 
gene were searched using the PlantCARE database. 

box had the highest number of cis- 
box gene family.  

box (CACGTG) element is involved in 
many reactions such as response to light, 

jasmonate, and 
anaerobiosis.  In addition, it has a role in 
ethylene induction as well as in seed-

independently of other 
[24]. G-box, also 

responsive element), 
is a binding site for bZIP proteins which have 
been identified as binding proteins [24].  
Basic leucine zipper domain (bZIP 

actor), bHLH, and G-box 
increase the possibility of being co-regulated 
by other transcription factors when 
combined with FLC in different forms [25]. 

FLC are in flowering 
control, the timing of vernalization, and 

.  The G-box is 
necessary for transcriptional activation by a 

pathway intermediate. 
Sequences related to the G-box has been 
found in promoters of various flavonoid 

CONCLUSION 
 

In the present study, we carried
silico survey of B. distachyon
characterised MADS-box on the basis of 
phylogenetic relationships, conserved 
protein motifs, chromosomal locations, gene 
duplications, and promoter regions. We used 
Brachpodium MADS gene sequences and 
applied various bioinformatics software to 
find information about the biological and 
physiological processes. Our findings 
indicate that the association of floral MADS 
proteins into higher-order MADS complexes 
might be the principal mode of combinatorial 
control for floral-organ specification.
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