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Abstract
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As one of the most important agricultural crops, maize is a staple diet for a large portion of the continuously grow-
ing world’s human population. Unfortunately, its production is severely affected by adverse environmental stresses such as 
drought, salt, low and high temperatures. The mechanisms of drought stress tolerance in maize are quite complex and involves 
a signaling network of genes that controls its adaptation to the stress. Recently, many transcription factors (TFs) for tolerance to 
drought stress have been identified in maize. In this study, specifically designed primers were used to identify functional single 
nucleotide polymorphisms (SNPs) in the MYB-like protein E1 (MYBE1) gene of 26 tolerant and sensitive maize inbred lines 
from the gene banks of Maize Research Institute “Zemun Polje”, Serbia and Maize Research Institute, Kneja, Bulgaria by PCR 
amplification and direct sequencing. Multiple alignments of the sequenced fragments to the drought sensitive US maize inbred 
B73 and other inbred lines, representing the functional diversity of maize, from the Panzea database (http://www.panzea.org/) 
was performed. The sequence alignment revealed several SNPs in inbred lines object of this study, one of which unique to 
the drought tolerant Serbian inbreds T3, T5, T6, T7 and T8. In these lines, the A→G transition, located in the acidic Ser/Thr – 
rich region of the gene, leads to amino acid change from Tryptophan to Alanine at the corresponding position of the protein. 
This replacement does not affect the binding site of MYBE-1 transcription factor, but possibly reflects the spatial conformation 
through changing of its functional activity.

This study will contribute the identification of functional markers in genes implicated in the development of drought stress 
tolerance and their further use for genomic improvement in the national maize selection programs. 
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Introduction

Maize is one of the most important agricultural 
crops and a staple diet for a large portion of the con-
tinuously growing world’s human population. However, 
its production is severely affected by adverse environ-
mental stresses such as drought, salt, low and high tem-

peratures. To overcome these limitations, the contem-
porary breeding programs in maize comprise a lot of 
knowledge about the mechanisms of how plants over-
come these stress resistance at both physiological and 
biochemical level (Byrt and Munns, 2008; Munns and 
Tester, 2008). Therefore, the identification and func-
tional study of stress responses and the complex net-
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works of genes is a keystone for better understanding 
the molecular mechanisms of the plant stress response 
and tolerance, and will ultimately lead to improvement 
of stress tolerance in maize. 

In plants, drought-tolerance results from the action 
of a complex signalling network that involves a number 
of metabolic pathways and multiple genes. Cloned genes 
involved in drought resistance encode proteins such as 
transcription factors (TFs), kinases, late embryogenesis 
abundant proteins and oxidative enzymes that synthe-
sise osmoprotectants, anti-oxidant compounds, molecu-
lar chaperones and other molecules. Numerous reports 
show that TFs, which are necessary for plant develop-
ment and are important regulators of stress-responsive 
genes expressed in the signal transduction network 
(Zhang et al., 2012). Among the transcription factors, 
the MYB TFs comprise one of the largest gene families 
(Riechmann et al., 2000). The distinguishing character-
istic of MYB TFs is possession of a MYB domain, which 
consists of 1–4 imperfect tandem repeats (MYB repeat) 
located near the N-terminus. The MYB gene family is 
divided into 4 different types according to the number of 
repeat(s) in the MYB domain (Dubos et al., 2010). Typi-
cally, the MYB repeat consists of 50–53 amino acids and 
contains three regularly distributed tryptophan (or phe-
nylalanine) residues, which together form a hydrophobic 
core. Each MYB repeat forms three a-helices: the two 
that are located at the C-terminus adopt a variation of 
the helix–turn–helix (HLH) conformation that recog-
nizes and binds to the DNA major groove at the specific 
recognition site C/TAACG/TG (Ogata, 1998).

The first plant MYB gene, C1 which is involved in 
anthocyanin biosynthesis, was isolated in Zea mays 
(Paz-Ares et al., 1987). So far, large number of MYB 
genes has been identified in different plant species. 
Among the MYB transcription, regulatory factors R1-
MYB play vital role in transcriptional modification dur-
ing plant metabolism and development. A R1-MYB gene 
(ZmMYBE1, GeneBank Acc.No FJ024049) was isolated 
from maize (Zea mays L.). The ZmMYBE1 protein 
contains a conserved MYB domain near the N-termi-
nus as well as an acidic Ser/Thr-rich area in the down-
stream region. ZmMYBE1 is involved in the regulation 
of growth rate, plant height and photoperiod in maize 
(Jia et al., 2008). 

In this study, a direct PCR sequencing was used to 
identify and characterize single nucleotide polymor-
phisms (SNPs) in ZmMYBE1 gene in several drought 
tolerant and drought sensitive maize inbred lines. The 
aim of the current work was to identify SNP mutations 
associated with genes involved in drought stress toler-
ance in maize, in order to develop functional markers 
for efficient use in marker-assisted selection for drought 
tolerance breeding selection.

Materials and Methods

Plant material 
Twenty six drought tolerant and drought sensitive 

maize inbred lines from the gene banks of Maize Re-
search Institute “Zemun Polje”, Serbia and Maize Re-
search Institute, Kneja, Bulgaria as expressed by the 
difference in their behaviour, survival and yield poten-
tial under stress were included in this study.

DNA isolation 
DNA was isolated from bulk samples (5 plants) us-

ing CTAB method according to Murray and Tompson 
(1980) with few modifications. 

PCR amplification, sequencing, and SNPs 
characterization

The available information on the STS marker 
PZB02023.1 (http://www.panzea.org/) was used for am-
plification of the region located downstream from the 
conservative MYB domain of the MYBE1 gene. M13 For-
ward and Reverse tails were added at 5’ end of the origi-
nal primers (F 5’CCATGCTCAGAAGTTTTTCTCC3’ 
and R 5’CCAGGATGTTTGCATCACTTCT3’)to allow 
direct sequencing of the PCR products. 

PCR amplification of gDNA of the selected maize 
lines was performed on a Veriti Thermal cycler (Ap-
plied Biosystems) using 1 unit of High fidelity  Taq 
DNA polymerase (Fermentas) in a total volume of 20μl 
containing 100 ng of gDNA, 1xPCR buffer, 200μM of 
each dNTP, 10 pmol of each PCR primer, 1.5mM Mg-
Cl2. Two step PCR reaction was performed with differ-
ent annealing temperatures as follows: an initial dena-
turation for 3 min at 94°C followed by 5 cycles amplifi-
cation step each including: denaturation at 94°C for 40 
sec, annealing at 55°C for 45 sec, extension at 72°C for 
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1 min and 25 cycles where the annealing temperature 
was 62°C instead 55°C. 

PCR products were gel electrophoresed, excised, pu-
rified by Gene Jet Purification Kit (Fermentas) and then 
subjected to double stranded sequencing on ABI 3130xl 
platform. The row sequencing data was basecalled and 
assembled in contigs using phred (Ewing et al., 1998) 
and phrap (Green, 1996) with default parameters. The 
contigs were aligned and analysed for SNP detection us-
ing BioLign software (Hall, 2001). Nucleotide sequenc-
es were converted into amino acid sequences and were 
compared with MYBE1 protein sequences (http://www.
ncbi.nlm.nih.gov; http://www.panzea.org/) to verify if 
the identified SNPs were able to produce functional mu-
tations with amino acid changing.

Results

In this study, a direct PCR sequencing was used to 
identify and characterize single nucleotide polymor-
phisms (SNPs) in the ZmMYBE1 gene in 26 drought tol-
erant and drought sensitive maize inbred lines from both 
Serbian and Bulgarian maize germplasm collection. 

Using the STS primer pair for the marker PZB02023.1 
(http://www.panzea.org/) a 769 bp fragment that corre-
sponds to the region located between exon 3 and exon 5 
of the ZmMYBE1 gene was amplified. The region cov-
ers the last 1/3 part of the MYB conserved domain (R1) 
and the downstream located regions (Nuclear Localiza-
tion Signal, NSL and acidic Ser/Thr – rich area). The se-
quenced MYBE1 fragments of both tolerant and sensitive 
Serbian and Bulgarian maize inbred lines were aligned 

to identify SNP mutations. Multiple alignment of the se-
quenced fragments to the drought sensitive US maize 
inbred B73 and other inbred lines, representing the 
functional diversity of maize, from the Panzea database 
(http://www.panzea.org/) revealed SNPs in several of 
the inbred lines object of this study, one of which unique 
to the drought tolerant Serbian inbreds T3, T5, T6, T7, 
T8. In these lines, an A→G transition was observed in 
the acidic Ser/Thr – rich area located in the forth exon of 
the gene (Figure 1). The transition leads to amino acid 
change from Tryptophan to Alanine at the correspond-
ing position of the protein (Table 1). This replacement 
does not affect the binding site (TFIIIB’ DNA-binding 
domain) of MYBE-1 transcription factor, but might pos-
sibly reflect the spatial conformation through changing 
of its functional activity. Additional mutations were also 
found in the exon 4 of the MYBE1 gene - one synony-
mous (CGT→CGC) which results in the same amino 
acid (Arg) being incorporated in the protein sequence 
of several tolerant and sensitive lines (Table 1) at that 
position and one non-synonymous (ACA→GCA) re-
sulting in a codon which encodes a different amino acid 
(Thr→Ala) in lines S3, S5, T1, T2, T3, T5, T6, T7, T8, 
T15. SNPs as C->A, A->T, G->A and A->G were found in 
the introns 3 and 4 of several of the inbred lines (Table 1).  
Both synonymous and non-synonymous mutations 
(SNPs) were identified only in Serbian maize inbreeds.  

Discussion

Maize presents greater variability for tolerance to 
abiotic stresses, and in particular to drought, than do 

Table 1
Summary of the SNP mutations identified in the MYBE1 gene sequences of 26 maize inbred lines from  
both Serbian and Bulgarian germplasm collections

SNP position (bp) Exonic mutations Genotypes with SNP’s
116 CGT→CGC  (Arg→Arg) S3, S5, T1, T2, T3, T5, T6, T7, T8, T15
213 ACA→GCA  (Thr→Ala) S3, S5, T1, T2, T3, T5, T6, T7, T8, T15
533 ACT→GCT  (Thr→Ala) T3, T5, T6, T7, T8

SNP position (bp) Intronic mutations Genotypes with SNP’s
23 C→A S3, S5, T1, T2, T3, T5, T6, T7, T8, T15
57 A→G S3, S5, T1, T2, T3, T5, T6, T7, T8, T10, T11, T15
76 A→T S3, S5, T1, T2, T3, T5, T6, T7, T8, T15
533 G→A S3, S5, T1, T2, T3, T5, T6, T7, T8, T15
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<--------------Ser/Thr-rich area-------------------------------->       
               *       340         *       360         *       380         *       
B73      : TGGTTCATCAATATCAAACCCATCAACTGGGGGCACGTCTCCTGCGTCATCAGATGATGGGAATA : 390 
S1       : ................................................................. : 390 
S2       : ................................................................. : 390 
S3       : ................................................................. : 390 
S4       : ................................................................. : 390 
S5       : ................................................................. : 390 
T1       : ................................................................. : 390 
T2       : ................................................................. : 390 
T3       : .........................G....................................... : 390 
T4       : ................................................................. : 390 
T5       : .........................G....................................... : 390 
T6       : .........................G....................................... : 390 
T7       : .........................G....................................... : 390 
T8       : .........................G....................................... : 390 
T9       : ................................................................. : 390 
T10      : ................................................................. : 390 
T11      : ................................................................. : 390 
T12      : ................................................................. : 390 
T14      : ................................................................. : 390 
T15      : ................................................................. : 390 
PHG_29   : ................................................................. : 390 
PHG_47   : ................................................................. : 390 
XM4527   : ................................................................. : 390 
XM4536   : ................................................................. : 390 
XM4549   : ................................................................. : 390 
B37      : ................................................................. : 390 
XM87_136 : ................................................................. : 390 
B97      : ................................................................. : 390 
CML103   : ................................................................. : 390 
CML228   : ................................................................. : 390 
CML247   : ................................................................. : 390 
CML277   : ................................................................. : 390 
CML322   : ................................................................. : 390 
CML333   : ................................................................. : 390 
CML52    : ................................................................. : 390 
CML69    : ................................................................. : 390 
HP301    : ................................................................. : 390 
Il14H    : ................................................................. : 390 
Ki11     : ................................................................. : 390 
Ki3      : ................................................................. : 390 
Ky21     : ................................................................. : 390 
M162W    : ................................................................. : 390 
M37W     : ................................................................. : 390 
MS71     : ................................................................. : 390 
Mo17     : ................................................................. : 390 
Mo18W    : ................................................................. : 390 
NC350    : ................................................................. : 390 
NC358    : ................................................................. : 390 
Oh43     : ................................................................. : 390 
Oh7B     : ................................................................. : 390 
P39      : ................................................................. : 390 
Tx303    : ................................................................. : 390 
TIL01    : ................................................................. : 390 
TIL02    : ................................................................. : 390 
TIL03    : ................................................................. : 390 
TIL04    : ................................................................. : 390 
TIL05    : ................................................................. : 390 
TIL06    : ................................................................. : 390 
TIL07    : ................................................................. : 390 
TIL08    : ................................................................. : 390 
TIL09    : ................................................................. : 390 
TIL10    : ................................................................. : 390 
TIL11    : ................................................................. : 390 
TIL12    : ................................................................. : 390 
TIL14    : ................................................................. : 390 
TIL15    : ................................................................. : 390 
TIL16    : ................................................................. : 390 
                                   Fig. 1. Nucleotide sequence alignment of 67 regions downstream located from the N typical maize R1-MYB 

domain in the MYBE1 gene of Serbian, Bulgarian and Panzea maize database. The shading of the alignment 
represents different degrees of conservation among sequences; the dark shading indicates identical residues, 
the light shading indicates nucleotide changes
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rice and barley. However, systematic studies of genes 
concerning abiotic stress tolerance in this crop are still 
limited. The available maize SNP databases (http://
www.panzea.org/) provide some information about 
SNP mutations in genes associated with drought but 
still it is not clear, which of them can be used as poten-
tial functional markers in breeding for tolerance. 

In this study, direct PCR sequencing was utilized 
to detect SNP mutations in MYBE1 transcription fac-
tor gene, involved in drought stress tolerance pathways. 
The reported here SNPs, both synonymous and non-
synonymous, were found in the region located down-
stream from the conserved domain (R1-MYB) of the 
MYBE1 gene. Even though the observed mutations were 
not located in the conserved R1 domain of the MYBE1 
protein, one of them was detected in the Ser/Thr – rich 
area. This area possesses a biological function, which is 
not, yet fully determined (Jia et al., 2008). The observed 
mutation is unique to the drought tolerant Serbian in-
bred lines T3, T5, T6, T7 and T8 and to our knowledge 
is the first one reported for this position of the MYBE1 
gene as compared to the other inbred lines, represent-
ing the functional diversity of maize, from the Panzea 
database (http://www.panzea.org/). The observed SNPs 
were found only in Serbian maize inbreds, which is an 
evidence for the higher genetic diversity as compared to 
Bulgarian maize inbreeds. 

Conclusion

In this study, a direct PCR sequencing was utilized to 
identify SNP mutations in MYBE1 transcription factor 
gene, involved in drought stress tolerance pathways. A 
unique SNP was found in several droughts tolerant Ser-
bian inbreeds as compared to all available sequences in 
the Panzea database. Additional analysis of the conser-
vative domain (R1) of this protein will allow exploration 
of SNPs in the protein substrate binding sites that could 
generate variations in protein function. Further, the 
SNPs identified in the tolerant maize genotypes could 
be used to explain the difference in behaviour of these 
genotypes under drought stress conditions. The applied 
methodology will allow the development of functional 

markers able to be efficiently used in marker-assisted 
selection for drought tolerance breeding selection.
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