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In silico analysis of Dreb transcription factor genes in bread wheat
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The dehydration responsive element binding (Dreb) genes which are representatives of the AP2 /
ERF transcription factor family and playing a key role in drought-induced transcriptome in wheat
were studied using in silico methods. For this purpose, information on relevant genes (Accession
Nr. AF303376.1, AB193608.1, KM520370.1, DQ195068.1) was obtained from the NCBI. FASTA
data of proteins corresponding to each gene were analyzed comparatively by the MAFFT
CLUSTAL format alignment software, and the main conservative areas were identified. Two
conservative functional amino acids specific for AP2 domain - valine and glutamine - were
identified in positions 14 and 19 in all studied genes. Specific amino acid substitutions have been
identified in the protein (DQ195068.1) that binds to the dehydration element specific to the D
genome in the areas involved in the formation of the nuclear localization signal (NLS) and the o-
helix structure. The results obtained could be a scientific basis for future laboratory studies of Dreb

genes in wheat.
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INTRODUCTION

Although the advances in genomics contri-
buted to the improvement of some agriculturally
important crops, similar efforts in wheat (Triticum
spp.) were more challenging. This is attributed to
the size and complexity of the wheat genome, and
the lack of genome-assembly data for multiple
wheat lines (Walkowiak et al., 2020, Alotaibi et
al., 2021). The current knowledge of wheat bio-
logy and the molecular basis of central agronomic
traits are not sufficient for wheat breeding. There
is an urgent need for wheat research and breeding
to accelerate genetic gain as well as to increase
and protect wheat yield and quality traits for
meeting the demands of human population growth
(Zhu et al., 2021). Clarification of gene functions
and availability of wheat genome sequence infor-
mation as well as genome editing methods will
open up new opportunities for improving crops
under stress conditions (Rathan, 2021).

Some candidate genes involved in the adap-
tive responses to abiotic stress have been

60

determined in cereals. Transcription regulators
have been found to play an important role in the
adaptation of plants against changing environ-
mental conditions. According to large-scale
transcriptome analyses, protective proteins and
regulatory proteins are the main types of mole-
cular stress responses (Shahzad et al., 2021).
Proteins such as chaperones, osmotin, antifreeze
proteins, mRNA-binding proteins protect cells
against stress conditions. Regulatory proteins such
as transcription factors, including myeloblastosis
oncogene (MYB), basic leucine zipper (bZIP),
NAM, ATAF, CUC (NAC), and dehydration
responsive element binding (DREB) proteins
rearrange the gene expressions to protect the plant
from stresses. The interaction between transcrip-
tion factors and cis-elements of target gene pro-
moters is very important for the regulation of
stress-related gene expression.

Dehydration responsive element-binding
proteins are essential transcription factors that
stimulate stress-related genes (Niu et al., 2020).
Two types of DREB transcription factors were
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observed: DREB1 and DREB2. They are contain-
ed in different signal transduction pathways under
low temperature and dehydration, respectively.
The C-repeat (CRT) and low-temperature-
responsive element (LTRE) known as cis-acting
elements both contain an A/GCCGAC motif
similar to the core of the DRE sequence regulating
cold-inducible gene expression. DREB1/DREB2
homologous genes were identified in several
grasses, including wheat, rice, barley, sorghum,
maize, oat, rye, and perennial ryegrass. Dreb1/CBF
genes are stimulated by cold, whereas the Dreb2
genes are generally stimulated by dehydration, high
salinity, and heat (Hassan et al., 2021). DREB
family proteins belonging to the AP2/ERF
transcription factor family contain one AP2/ERF
DNA-binding domain.

We aimed at the detailed analyses of Dreb
genes in the bread wheat genome. For this
purpose, we performed in silico comprehensive
analysis of four Dreb genes using the available
nucleotide and protein sequences from the current
databases.

MATERIALS AND METHODS

Sequence Sources

The complete cDNA and corresponding protein
sequences of DREB in wheat (Triticum aestivum
L.) were retrieved from the GenBank database
(http://www.ncbi.nlm.nih.gov/genbank/).
Multiple Sequence Alignment

Multiple Sequence Alignment is generally the
alignment of three or more biological sequences
(protein or nucleic acid) of similar length. Based
on the results, homology can be assessed and the
evolutionary relationships between the sequences
studied. MAFFT v7.427
(https://mafft.cbre.jp/alignment/server/)
CLUSTAL format alignment program was used
for sequencing. MAFFT (Multiple Alignment
using Fast Fourier Transform) is a high-speed
multiple sequence alignment program.
Annotation of Functional Motifs

For searching functional motives in the selected
Dreb genes, the relevant functions of Softberry,
Inc. software (http://www.softberry.com/)
intended for annotation of plant genomes was
used.

Softberry, Inc. is known as a leading
developer of software tools for genomic research
focused on computational methods of high
throughput biomedical data analysis, including
software to support next-generation sequencing
technologies, transcriptome analysis (with
RNASeq data), SNP detection and selection of
disease-specific SNP subsets.

NSITE-PL service was used to search for
promoter/functional motives
(http://www.softberry.com/berry.phtml?topic=nsit
ep&group=programs&subgroup=promoter)
(Shahmuradov and Solovyev, 2015; Solovyev et
al., 2010)

Annotation of Sub-Cellular Localization
ProtComp v. 9.0 service was used to study the
localization of the studied gene products
throughout cell compartments.

RESULTS AND DISCUSSION

Despite both the fundamental knowledge
gained from relevant studies concerning the wheat
genome and the importance of the crop, a
comprehensive genome-wide analysis of gene
content was not conducted until recently (Dabab
Nahas et al., 2019). This was because of the large
size, repeat content, and polyploid complexity of
the genome. However, assembly of the 17-Gb
allohexaploid genome of Triticum aestivum faced
major difficulties, because it is composed of three
large, repetitive, and closely related genomes. In
the current study, the Dreb genes of bread wheat
were analyzed in silico. For this purpose, four
genes encoding the Dreb genes were selected from
the GenBank database, and information about them
was obtained. The first information we analyzed
was Access Nr. JQ004969.1, the beta isoform of
the DREB AP2 binding factor, labeled “Triticum
aestivum DREB AP2 binding factor beta isoform
mRNA, complete cds”. The length of this mRNT is
1286 bp. The protein-encoding area is shown to be
smaller, in other words, it is located in the area
between 64-264 nucleotides. The id of the protein
corresponding to this gene: "AEX59145.1". This
gene is translated to the amino acid sequence as
follows:
"MTVDRKHAEAAAAAPFEIPALQPGRTCGA
EESTRSHVLVKPIGKSDLGDHVMGLIQSLKR
SGDGKK".
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The second researched information is an
AP2-containing protein-encoding gene labeled
“Triticum  aestivum AP2-containing protein
(Drebl) mRNA, complete cds” with Access Nr.
AF303376.1. The length of this locus is 1292 bp.
The region encoding the protein covers an area
between 252-1088 nucleotides. The id of the
protein corresponding to this gene in GenBank is:
"AALO1124.1". The translation of the gene into
an amino acid sequence was as follows:
"METGGSKREGDCPGQERKKKVRRRSTGPD
SVAETIKKWKEENQKLQQENGSRKAPAKGS
KKGCMAGKGGPENSNCAYRGVRQRTWGK
WVAEIREPNRGNRLWLGSFPTAVEAARAYD
DAARAMYGAKARVNFSEQSPDANSGCTLA
PPLPMSNGATAASHPSDGKDESESPPSLISNA

PTAALHRSDAKDESESAGTVARKVKKEVSN
DLRSTHEEHKTLEVSQPKGKALHKAANVSY
DYFNVEEVLDMIIVELSADVKMEAHEEYQD
GDDGFSLFSY™".

The Dreb gene searched in NCBI under the
name “Triticum aestivum Wdreb2 mRNA for
EREBP / AP2 type transcription factor, complete
cds” is information available under Accession Nr.
AB193608.1. The length of the current locus was
1456 bp. The region encoding the protein covers
the area between 123-1157 nucleotides. The
amino acid sequence of the EREBP / AP2 type
transcription factor protein corresponding to this
gene is shown as follows:

CLUSTAL format alignment by MAFFT (w7.481)
LRT.011Z24.1 METGGSEREGDC-———-—-————— PGOERRKEVMRRRSTGPDSVAET IKKWEEENQELQOE——
ABRR(OB4Z24 .1 METGGSKREGDC————————— PGQEREKEVRRRSTGPDSVAET IKKWEKEENQELQQOE——
BAD97369.1 MTVDREEHAFAARAAPFE IP}ALQPG——RKK-RRSRDGPNSVSETIRRWKEVNQQLEHDPQ
* . _c *_ . K *'t*: *H ‘k*:*‘k:***::*‘k* *‘k:‘k:::
LRT.01124.1 ——NGSREAPAKGSKEGCMAGEGGPENSNCAYRGVROQRTWGEWVAEIREPNRGNRLWLGSE
LBRB4Z4.1 ——NGSREAPAKGSKKGCMAGEGGPENSNCAYRGVRORTWGKWVAEIREPNRGNRLWLGSE
BDS7369.1 GAKRARKFPPLRGSKEKGCMLGEGEFPENTQCGFRGVRQRTWGKWVAEIREPNRVSRLWLGTE
:**_********** ***'}(***::*_:******************** _*****:*
LRT.011Z24.1 PT KARVNESEQSPDANSGCTLAFPLEPMSNGATAASHP-SDGK
Ba0424.1 PT FARVNFSEQSFDANSGCTLAFPPLPMSNGATAASHE-SDGE
BAD97369.1 PTRAED LARTNFPVHPAQAPAVA?PAAIEGVVRGAS&SCESTTTST
E ****** ******** * R ** :___* z . *_ ** '9: . o .
AAT01124.1 DESESPPFSLISNAPTAALH-RSDAKDESESAGTIVAREVEREVSNDL-————-———— RSTHE
AR0OB424 .1 DESESPPSLISNAPTRAATLH-RSDAKDESESAGTVAREVEEEVSNDL-————-———— RSTHE
BDS7369.1 NHSDVASSLPRQAQAPEIYSQPDALESTES——VVLES?EHYSHQDTVPDAGSSISRSTSE
- L - - S - & S - g *hk K
LRT.011Z24.1 EH--KTLE--VSQPKGKALHKARNVSYDYFNVEEVL-————- DMIIVEL-———-————~— SA
AR0B4Z24 .1 EH--KTLE--VSQFKGKALHKARNVSYDYFNVEEVL-———- DMIIVEL-————-———-- SA
BAD97369.1 EDVFEPLEPISSLPFDGEA————————— DGFDIEELLELMEADPIEVELVTGGSWNGGANT
*_ _*k* " *_*:* * * “k* " * K KA E
AAT01124.1 DVKMEAHEE-YQDGDDGFSL————-——— I e e
LBROB4Z4.1 DVKMEAHEE-YQDGDDGFSL————-——— Fsy----———--———-——-———————————
BAD97369.1 GVEMGOQEPLYLDGLDQGMLEGMLOSDYPYPMWISEDRAMHNSAFHDAEMSEFFEGL
* oK -k ® kK K * = X

Fig. 1. CLUSTAL format alignment by MAFFT. Specific nuclear localization signal (NLS) area for the Dreb
genes is highlighted in green, the amino acid substitutions in this area are highlighted in red. The valine 14 and
glutamic acid 19 amino acids of the AP2 domain are yellow. The specific sequence for a-helix is pink, and the
amino acid changes observed in this region are highlighted in blue.
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"MTVDRKHAEAAAAAPFEIPALQPGRKKRP
RRSRDGPNSVSETIRRWKEVNQQLEHDPQG
AKRARKPPAKGSKKGCMLGKGGPENTQCG
FRGVRQRTWGKWVAIREPNRVSRLWLGTFP
TAEDAARAYDEAARAMYGALARTNFPVHP
AQAPAVAVPAAIEGVVRGASASCESTTTSTN
HSDVASSLPRQAQAPEIYSQPDALESTESVV
LESVEHYSHQDTVPDAGSSISRSTSEEDVFEP
LEPISSLPDGEADGFDIEELLRLMEADPIEVE
LVTGGSWNGGANTGVEMGQQEPLYLDGLD
QGMLEGMLQSDYPYPMWISEDRAMHNSAF
HDAEMSEFFEGL". The protein corresponding
to this gene is placed in GenBank with the id
"BAD97369.1”.

Finally, the last gene we studied is
information placed under the name “Triticum
aestivum genome D  dehydration-responsive
element-binding protein (Drebl) gene, complete
cds” with Accession Nr. DQ195068.1. This locus

is longer and amounts to 1748 bp. The region
encoding the protein consists of areas between
nucleotides 20-69 and 771-1557, and covers two
exons. The id of this protein, which combines the
element responsible for dehydration, is
"ABAO08424.1" in GenBank. The translation of a
nucleotide sequence into an amino acid sequence
was as follows:
“METGGSKREGDCPGQERKKKVRRRSTGPD
SVAETIKKWKEENQKLQQENGSRKAPAKGS
KKGCMAGKGGPENSNCAYRGVRQRTWGK

WVAEIREPNRGNRLWLGSFPTAVEAARAYD
DAARAMYGAKARVNFSEQSPDANSGCTLA

PPLPMSNGATAASHPSDGKDESESPPSLISNA
PTAALHRSDAKDESESAGTVARKVKKEVSN
DLRSTHEEHKTLEVSQPKGKALHKAANVSY
DYFNVEEVLDMIIVELSADVKMEAHEEYQD
GDDGFSLF”
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Fig. 2. Annotation of functional motifs for Triticum aestivum DREB AP2 binding factor gen
(Accession Nr. JQ004969.1) using NSITE-PL (http://www.softberry.com).
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Fig. 3. Annotation of sub-cellular localization for Triticum aestivum
element-binding protein (protein_id

responsive
(http://www .softberry.com).

CLUSTAL format alignment by MAFFT
(v7.481) revealed significantly conservative areas
in the amino acid sequences of these genes. The
beta isoform (protein id: "AEX59145.1") of the
DREB AP2 binding factor, with Accession Nr.
JQ004969.1 in GenBank has been excluded due to
inconsistencies in this alignment. Homology is
more pronounced between the Drebl gene with
Accession  Nr.  AF303376.1 (protein_id.
"AALO1124.1") and Wdreb2 genes with
Accession Nr. AB193608.1 in GenBank. In the
amino acid sequences of both proteins, a specific
nuclear localization signal (NLS) for the Dreb
genes is observed in the peptide sequence
(RKKKVR) (highlighted in green in Figure 1). In
the amino acid sequence encoded by the
dehydration-responsive element-binding protein
(Drebl) gene (Accession Nr. DQ195068.1) of the
Triticum aestivum genome D, in the 4th position
of the signal peptide sequence (RKKRPR),
arginine is located instead of lysine and in the 5th
position, proline amino acid is located instead of
valine (substituted amino acids in Figure 1 are
highlighted red).

Besides, alignment of amino acid sequences
corresponding to the Dreb gene by MAFFT
revealed the AP2 domain with the two conserved
functional amino acids (valine (V) and glutamic
acid (E)) at the 14th and 19th residues which play
crucial roles in recognition of the DNA - binding
sequence (Fig. 1). However, according to the
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genome D dehydration-
“BAD97369.1”) using ProtComp 9.0

results of further research, E19 might not be as
necessary as V14 for this case (Sakuma et al.
2002). Nevertheless, both of these amino acids are
found in the three proteins we studied
(highlighted yellow in the figure).

The characteristic sequence for the a-helix
(VEAARAYDDAARAMYG) was also identified
in our analysis in silico. Interestingly, BAD97369.1
protein contains amino acid substitutions also in
this area. Valine, the primary amino acid involved
in the formation of o-helix, was replaced by
glutamine in this protein, and the second glutamine
was replaced by the amino acid aspartate. In the
ninth position of this domain, on the contrary,
aspartate was replaced by glutamine. It should be
noted that the gene of this protein, which changes
both in the NLS sequence and in the a-helix region,
is a Dreb gene specific to the D genome. For the
first time, Pandey et al. (2014) built the tertiary
structure of DREB2 protein from wheat by
homology modeling based on the crystal structure
of GCC-box binding domain of Arabidopsis
thaliana, which contributed to understanding the
structure-function relationships. Protein docking
with the DNA containing GCC-box revealed more
similarities between AP2/EREBP protein of A.
thaliana and T. aestivum. A protein was found to
interact through their B-sheet, with the major DNA
groove by hydrogen and hydrophobic bond, which
provides structural stability to the molecule. This
model comprises a three-stranded antiparallel -
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heet followed by o-helix and
unstructured C’-terminal.

To search for functional motives in the
selected DREB genes, NSITE-PL service for
annotation of plant genomes of the Softberry, Inc.
(http://www.softberry.com/) software was used
(Shahmuradov and Solovyev, 2015). Ten motifs
for seven different transcription factor-binding
sites (TFBS) were found in Triticum aestivum
DREB AP2 binding factor beta isoform with
Accession Nr. JQ004969.1 (Figure 2). Seventeen
motifs for 15 different TFBS were found in
Triticum  aestivum  AP2-containing  protein
(Drebl) with Accession Nr. AF303376.1. Nine
motifs for eight different TFBS in Triticum
aestivum Wdreb2 mRNA for EREBP/AP2 type
transcription factor (Accession Nr. AB193608.1)
and seventeen motifs for fifteen different TFBS in
Triticum aestivum genome D dehydration-
responsive element-binding protein (Drebl) gene
(Accession Nr. DQ195068.1) were found.

Annotation of sub-cellular localization was
performed by the ProtComp v. 9.0 service of
Softberry for the studied products. Nuclear
location was determined for three of the
transcription factors studied (Figure 3), and
extracellular localization was found only for the
DREB AP2 binding factor beta isoform. This
result requires more in-depth research.

In silico identification and characterization of
the genes in various organisms under different
conditions got importance due to growing data in
the data bases (Dabab Nahas et al., 2019). Our
analyses could be a scientific base to understand
Dreb genes and proteins to further wet lab studies
in wheat plants.

relatively
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Yumsaq bugdada Dreb transkripsiya faktoru genlorinin in silico analizi
S. M. Riistamova
AMEA-nin Molekulyar Biologiya va Biotexnologiyalar Institutu, Baki, Azarbaycan

Bugdada quraqligla induksiya olunan transkriptomda asas yer tutan AP2/ERF transkripsiya faktorlar ails-
sinin iizvlorindon dehidratasiyaya cavabdeh element birlogdiron (Dreb) genlor in silico analiz edilmisdir.
Bu moagsadla NCBI molumat bazasindan genlor (qeydiyyat ndmrslori: AF303376.1, AB193608.1,
KM520370.1, DQ195068.1) haqqinda malumatlar slds edilmisdir. Hor bir gens uygun proteinlorin FAS-
TA molumatlar1t MAFFT CLUSTAL format diizlonma programi ilo miiqayisali analiz edilorok asas kon-
servativ saholor miiayyan edilmisdir. Tadqiq olunan genlorin hamisinda AP2 domen ii¢iin spesifik iki
konservativ funksional amin tursusu - valin va qlutamin 14-cii va 19-cu vaziyystlorde miisyyon edilmis-
dir. D genomu ii¢lin spesifik olan dehidratasiyaya cavabdeh elementi birlogdiran proteinds (DQ195068.1)
niivads lokalizasiya signalinin (NLS) va foza qurulusunda a-spiral qurulusun yaranmasinda istirak eden
sahoalords spesifik amin tursu ovazlonmolori miisyyan edilmisdir. Olds olunan naticolor bugda bitkisinds
Dreb genlorin golacok laboratoriya todqiqatlar iigiin elmi asas ola bilar.

Acar sozlor: Dreb, AP2 domen, niivada lokalizasiya signali (NLS), a-spiral qurulus, in silico analiz

In silico ananau3 reHoB (paxkTopoB TpaHckpunuuu Dreb B MATKo# MieHuIe
C. M. PycramoBa
HUnemumym monexynspuoi duonocuu u buomexnonoeuti HAH Azepbaitioscana, baxy, Azepbaiioscan

C uncrnonb30BaHHEM METOAOB in silico ObIIM WM3y4EHBI OTHOCAIIMECS K IPEACTaBUTEISAM CEMEWCTBa
¢daxTopoB TpaHckpuniuu AP2/ERF u wurparomye KIIOUeBYH poJib B HHIYUUPOBAHHOW 3acyXoif
TPAHCKPUIITOME MIIEHHUIIBI TeHBI, CBA3BIBAIOIINE HIEMEHT, OTBETCTBEHHBIN 3a Aerunparanmio (Dreb). C
OTOW TENbI0 WHQOPMAIUS O COOTBETCTBYIONMMX TeHax (Homep noctyma AF303376.1, AB193608.1,
KM520370.1, DQ195068.1) Obuia monyuena u3 NCBI. Jlanusie FASTA 0enkoB, COOTBETCTBYIOIIMX
Ka)XXJIOMy TeHy, ObUIM CPaBHHUTEJIFHO MPOAHAIN3UPOBAHBI C TIOMOLIBIO MPOrPaMMHOTO oOecreueHHs A
BelpaBHuBaHust MAFFT CLUSTAL, uneHTH(UIMPOBaHBI OCHOBHBIC KOHCEPBATUBHBIE 00JIACTH YTCHUSI.
JIBe xoHCepBaTHBHBIC (PYHKITMOHAIBHBIE aMUHOKHCIOTHI, CHErupUIHbIe I momMeHa AP2 - BamuH m
TIyTaMHUH - WACHTH(QHIMPOBAHBI B MOJOXEHUsX 14 m 19 Bo Bcex m3ydeHHBIX reHax. OmpelnereHHbIE
aMUHOKHCIIOTHBIC 3aMeHBI ObUTH HIeHTH(QHUIHUpoBaHbl B Oenke (DQ195068.1), koTOpHBIii CBA3BIBAETCS C
3JIEMEHTOM JerHapaTanuy, cruenuduuHbM Ui TeHoMa D, B o0acTsx, yuacTByOIUX B (pOpMUPOBAHUHT
curHajia saepHoit nokanuzanuu (NLS) u cTpykTyps! a-cnupanu. Ilogy4yeHHble pe3ynbTaThl MOTYT CTaTh
HaYYHOM OCHOBOH 111 OyAyIINX Tab0paTOPHBIX McciaeoBaHui reHoB Dreb y mieHums.

Knroueewie cnoea: Dreb, oomen AP2, cuenan soeprnoti nokanusayuu (NLS), a-cnupans, in silico ananuz
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