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Heat-inducible transcription factor ZmNF-YC13 regulates heat stress response
genes to improve heat tolerance in maize
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Abstract: Heat stress is an essential factor affecting maize growth and yield formation. The exploration and mechanism analysis
of related tolerance genes is an important field for breeding maize heat stress tolerant varieties. However, there is few study in this
aspect. In this study, we identified a nuclear factor ZmNF-YC13 associated with heat stress response, and its encoding gene ex-
pression was rapidly induced by high temperature and osmotic stress. The promoter of Arabidopsis thaliana heat stress-inducible
expression gene AtHSP70 was used to drive ZmNF-YCI13 and the heat-inducible expression maize material of ZmNF-YCI3
(HSP21Pro:ZmNF-YC13-myc) was successfully screened. Phenotypic analysis after high temperature treatment demonstrated that
leaf length, leaf width, shoot thickness, fresh and dry weight of shoot and root were significantly higher than wild type. The
relative expression level showed that ZmNF-YC13 could enhance the inducible level of downstream heat stress response genes
in response to heat stress. Luciferase reporter assay and ChIP-qPCR assay also revealed that ZmNF-YC13 could regulate the
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expression of heat stress transcription factor ZmHsfA2c. These results confirmed preliminarily that ZmNF-YC13 could improve
the heat tolerance of maize by regulating downstream heat stress response genes, which could provide a theoretical basis for
marker-assisted selection and germplasm identification using the polymorphism of this locus.
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Fig. 1 Relative expression level of ZmNF-YC13 under different conditions and inbred lines in maize
A: ZmNF-YC13 ; B:

ZmNF-YCI13 ; C: ZmNF-YCI13
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A: relative expression level of ZmNF-YCI3 genes in maize leaves under heat stress and osmotic conditions. B: ZmNF-YC13 gene expression
in heat-tolerant and heat-sensitive maize inbred plants leaves under normal condition. C: ZmNF-YC13 gene expression in heat-tolerant and
heat-sensitive maize inbred plants leaves after heat stress. Data are means of three biological replicates. Differences among data were tested

using two-tailed Student’s z-test. *: P < 0.05, **: P < 0.01. D: ZmNF-YC13-myc fused protein analysis of the HSP21Pro:ZmNF-YC13-myc
plants leaves under heat stress by Western blot.
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Fig. 2 Phenotypic analysis of wild-type (WT) and HSP21Pro:ZmNF-YC13-myc plants under heat stress
A~D: ZmNF-YCI3 ,D 5, 5cm; E:
ZmNF-YC13 ; Student’s

t ( ), n>20, * P<0.05, ** P<0.01

A-D: Plant morphologies of wild-type (WT) and HSP21Pro:ZmNF-YC13-myc plants before and after high temperature treatment. The arrow
in Fig. 2-D indicates the fifth leaf, Bar: 5 cm. E: leaf length, leaf width, shoot thickness, and biomass of the wild-type (WT) and HSP21Pro:
ZmNF-YC13-myc plants after high temperature treatment. Data are means of three biological replicates. Differences among data were tested
using two-tailed Student’s #-test. *: P < 0.05, **: P <0.01.
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Fig. 3 Relative expression patterns of heat stress responsive genes in wild-type and HSP21Pro:ZmNF-YC13-myc plants
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promoter binding site analysis of ZmNF-YCI3. The experiment was performed by three independent experiments. C: the schematic diagram of
the ZmHsfA2c promoter fragments using for ChIP-qPCR analysis.
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Primer

Sequence (5-3")

ZmNF-YCI13RT-F
ZmNF-YCI3RT-R
ZmDnaJ2RT-1F
ZmDnaJ2RT-1R
ZmDnaJIRT-1F
ZmDnaJ1RT-1R
ZmHSP70RT-1F
ZmHSP70RT-1R
AtHSP21Pro-F
AtHSP21Pro-R
ZmHsfA2cPro-1F
ZmHsfA2cPro-1R
ZmHsfA2cPro-2F
ZmHsfA2cPro-2R
ZmHsfA2cPro-3F
ZmHsfA2cPro-3R
ZmHsfA2cPro-4F
ZmHsfA2cPro-4R
ZmHsfA2cPro-F
ZmHsfA2cPro-R
18S rRNA-F

18S rRNA-R

TAGGGCTGGTCTGCCACCCAT

GGCTCCTGCCACAAATAAGTCACT
TCAAGTTCTGCGTTTGGGGTGTTA
GAAGCTAGCAAACGTATTCGAGCG
TACACCGCGCACGTGACGACGC

ATCGGCATGCCCTCCCCTCGCA
GTCGACTAAATGAGGAAATTCTGATA
AATAAGATCCACTTTGTAATTGACGC
CAGCTATGACATGATTACGAATTCCTTACCAAGCTTCTGAGCATCTCC
CTGAGGGGATGGTTCCATGGATCCTTGTTTCGAGTATGAGCCAAAAAT
AGCCTACCTTTTATGTGATACTCC
CAGTAGCCAAGTGTGAATCATTGT
TCTTGTCTCTCCTCTCCAGAACCT

GTCGAGACACGTCGCGAGGCTT

ACAGAAATATCCTAAGCGCTGAC

AACACGGGGCAAGGACTCGATT

TTCTCTTGGTCAGGGCTTGCTAAT
TATTGCAGAGGATTCGGATGCTCT
GAGGTCGACGGTATCGATAAGCTTTAGTGAAGATCCAAAAGATAATA
GGCCGCTCTAGAACTAGTGGATCCGGCCTCCGCCCAGGCCCAAGAACC
ACCTTACCAGCCCTTGACATATG

GACTTGACCAAACATCTCACGAC




