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An ERF-type transcription factor is involved in the regulation of the dehydrin wzy7-2

gene in wheat
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ABSTRACT

As stress-inducible proteins, dehydrins exert functional protective role by alleviating the cell damage
when plants are suffering from the stresses. However, the upstream regulatory mechanism of these
proteins is not very clear. To unravel the regulatory mechanism of dehydrin, a screen of wheat cDNA
library from cold and PEG-treated wheat seedlings was performed and a transcription factor TaERF4a
(GenBank NO. AFP49822.1) interacting with wheat dehydrin wzy1-2 gene (Gene ID: 100037544) promoter
was identified by yeast one-hybrid assay. The regulator TaERF4a and the wzy1-2 gene can respond to the
abiotic stress, the induced transcripts of these two genes exhibit a similar expression trend under adverse

ARTICLE HISTORY
Received 15 May 2020
Revised 1 June 2020
Accepted 2 June 2020

KEYWORDS
Dehydrin; transcription
factor; abiotic stress;
regulatory mechanism

environmental conditions. In planta, the dual luciferase transient assay analysis showed that TaERF4a can
positively regulate the expression of WZY1-2 dehydrin. Therefore, the obtained results suggest that ERF
transcription factor can regulate the expression level of the dehydrin gene in wheat.

Wheat, as one of the three major gramineous crops, is widely
cultivated all over the world. In China, the main producing
areas are the north China plain and the northeast plain.' In
these areas, seasonal drought, low temperature, and other
abiotic stress have seriously affected the growth and produc-
tion of wheat. Dehydrins (DHNSs), also known as LEA II (late
embryogenesis abundant) proteins, are widely distributed in
prokaryotic and eukaryotic organisms, including angiosperm,
algae plants, and bacteria, fungi, evennematode.>’ Due to their
unique amino acid compositions and structure character,
dehydrins exhibit versatile abilities, including heat resistance,
reduction of reactive oxygen species and enzyme cryoprotec-
tion, etc.*” Therefore, they play an important role in protecting
cell membrane and protein structure from dehydration and
desiccation damage.® However, despite considerable progress
made toward understanding the role of DHNs, the molecular
mechanisms by which these proteins perform their functions
inside the cells remain elusive.”

In a previous study, we have cloned the dehydrin gene wzy1-2
(Gene ID: 100037544) and wzyl-2 promoter in Zheng yin 1
cultivar of Triticum aestivum and showed its fundamental bio-
logical function in plant under adversity stresses.® Expression
pattern analysis indicated that wzyl-2 transcript and WZY1-2
protein accumulation can be induced by osmotic stress, cold,
ABA, and MeJA treatments.® Histochemical analysis of GUS
expression demonstrated that wzyl-2 promoter activity could
be upregulated by osmotic stress, ABA treatment.®

To elucidate the upstream regulation mechanism of wzyl-2
dehydrin gene, cDNA library from cold and PEG-treated wheat
seedlings was screened by using yeast one-hybrid (Y1H) assay with

the wzyI-2 promoter as bait. By sequencing the positive clones we
isolated a transcription factor encoding 196 amino acids with
a predicted molecular weight of 20.77 kDa, named TaERF4a
(GenBank NO. AFP49822.1). To further verify the interaction
between the TaERF4a and wzy!1-2 promoter, the plasmid contain-
ing the transcription factor TaERF4a gene was extracted and the
cotransformation on selective media were performed. The bait
yeast strains (Pwzyl-2 in pAbAi) containing the individual prey
vector of the pGADT7-TaERF4a were able to grow on SD/-Leu
(synthetic dropout nutrient medium) and SD/-Leu/AbA**
(Aureobasidin, 200 ng/ml) selective medium. However, YIH
Gold yeast cells containing pGADT7-TaERF4a could not grow
on SD/-Leu/AbA®™ selective medium (Figure la). Moreover,
a typical AP2/ERF conserved domain was found in the gene
sequence, indicating that TaERF4a was a member of the ERF
protein family (Figure 1b). Ethylene-response factor (ERF) pro-
teins are members of the second-largest transcription factor family
involved in plant growth, development, and environmental stress
responses.” ERF96, a positive regulator of ABA responses, can not
only increase ABA response genes RD29A, ABI5, ABF3 expres-
sion, but it is also involved in the Se resistance and detoxification."

Therefore, TaERF4a as the potential regulator of wzyI-2 gene
was selected for further research. Next, we aimed to determine
the subcellular localization of TaERF4a using GFP translational
fusions. The p35 S:GFP and p35 S:TaERF4a-GFP fusion con-
structs were used for transient expression analysis. The GFP
fluorescent of the control was shown in the nucleus and the
cytoplasm of the Nicotiana benthamiana protoplasts, but the
TaERF4a-GFP signal was only detected in the nucleus (Figure
2a). In addition, tissue-specific analysis indicated that the
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Figure 1. The interaction of TaERF4a with the promoter of wzy1-2 gene in yeast one-hybrid assays (a) and the sequence feature of TaERF4a protein (b). (a) The
transformation of pGADT7-TaERF4a with Y1H Gold yeast cells, bait yeast strains (YTH Gold containing the PAbAi-Pwzy1-2) on selective media respectively to verify

interactions. (b) The protein sequence of the TaERF4a.
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Figure 2. Identification of upstream transcription factor TaERF4a of dehydrin wzy1-2 gene. (a). Subcellular localization of TaERF4a protein in N. benthamiana leaves
performed by fluorescent microscope (Leica, DM5000 B, magnificant 20x). Tobacco leaf epidermal cells agro-infiltrated with p35 S::GFP and p35 S:TaERF4a-GFP vectors
were used for transient expression of fusion proteins. The fluorescence images were visualized after 48 h infiltration. (b) Transcript level of TaERF4a in different tissues
collected at 14 DAP seedlings. (c) The expression of TaERF4a, wzy1-2 genes in response to PEG treatment at 14 DAP seedlings. Total RNA was extracted from leaves at the
indicated times. Wheat actin gene (Accession No. AB181991) was used as an internal reference. (d) Transient luciferase activity assay of TaERF4a in N. benthamiana
leaves. (e) The relative luciferase enzyme activity of TaERF4a after the PEG treatment. The experiments were performed with at least three biological repeats.

Significance analysis was determined by Student’s t-test (* = P < .05, ** = P < .01).

expression of the TaERF4a was highest in leaves during wheat
seedling stage (Figure 2b). Moreover, we examined the expres-
sion patterns of the TaERF4a and WZY1-2 at different time
points in response to abiotic stress. Under PEG treatment, the
expression level of TaERF4a was gradually increased, reached
ahigh level at 6 h and then declined. Interestingly, the expression
of wzyl-2 gene showed the similar tendency with this transcrip-
tion factor (Figure 2c). To characterize the ability of TaERF4a to
activate wzyl-2 gene in plant, A. tumefaciens containing the
p35 S:ERF4a (effector vector) together with the wzyI-2

promoter:Rluc (reporter vector) were co-infiltrated into the
tobacco leaves. The luciferase activity (Rluc/Fluc ratio) of the
infected plants with TaERF4a protein was significantly increased
(by 5.21 fold) (Figure 2d). In addition, the luciferase activity was
also significantly increased after 24 h 20% PEG treatment com-
pared with that of untreated (Figure 2e).

In conclusion, we identified an ERF transcription factor
TaERF4a which presumably binds to the promoter of the
dehydrin wzyl-2 gene and regulate its expression. Some
reports have shown that ERF can recognize and bind



specifically to the GCC box, dehydration responsive elements 3.

(DREs)/C-repeat elements (CRTs) in the promoter of stress-
responsive genes.'”'> The DRE as the cis-acting element also
exist in the promoter of the dehydrin wzyl-2 gene,® so we
speculate that TaERF4a may bind to this motif to regulate the 5
wzyl-2 gene expression. Therefore, we further explore the
binding site of the TaERF4a in the wzyI-2 gene promoter and
develop the transgenic plant to further confirm regulatory

. . : . 6
relationship between TaERF4a and wzyl-2 gene and identify
whether this regulator can improve the plant stress resistance.
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