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Biofortification of iron content by regulating a NAC
transcription factor in maize

Pengshuai Yan'?, Qingguo Du’, Huan Chen’, Zifeng Guo', Zhonghua Wang',
Jihua Tang?3*, Wen-Xue Li**

Iron (Fe) deficiency remains widespread among people in developing countries. To help solve this
problem, breeders have been attempting to develop maize cultivars with high yields and high

Fe concentrations in the kernels. We conducted a genome-wide association study and identified

a gene, ZmNAC78 (NAM/ATAF/CUC DOMAIN TRANSCRIPTION FACTOR 78), that regulates

Fe concentrations in maize kernels. We cultivated maize varieties with both high yield and high

Fe concentrations in their kernels by using a molecular marker developed from a 42-base pair
insertion or deletion (indel) in the promoter of ZmNAC78. ZmNAC78 expression is enriched in the basal
endosperm transfer layer of kernels, and the ZmNAC78 protein directly regulates messenger RNA
abundance of Fe transporters. Our results thus provide an approach to develop maize varieties

with Fe-enriched kernels.

RESEARCH ARTICLE

L)

and Shunyi (pH 8.2), the Fe concentrat Check for
updates

in maize kernels produced in Sanya were -
related with those produced in Shunyi [Pca.lson s
correlation coefficient (R) = 0.83; P = 5 x 107°]
(Fig. 1B).

Using 301,603 single-nucleotide polymor-
phisms (SNPs) with a minor allele frequency
20.05 and a missing rate <10.0% covering the
whole maize genome, we conducted a genome-
wide association study (GWAS) for Fe concen-
trations in maize kernels with the general linear
model approach controlling population struc-
ture. On the basis of a linkage-disequilibrium
region [coefficient of determination (R”) = 0.1]
(16), a total of 11 SNPs were significantly as-
sociated with the Fe concentrations in maize
kernels (Fig. 1C). All of the identified candidate
genes associated with Fe concentrations in
maize kernels are listed in table S2. In the pop-
ulation. Fe concentrations in kernels were sig-
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A TaSnRK1a Modulates TaPAP6L-Mediated Wheat Cold
Tolerance through Regulating Endogenous Jasmonic Acid

Lingran Zhang, Ning Zhang, Sisheng Wang, Hongyan Tian, Lu Liu, Dan Pei, Xiaodong Yu,

Lei Zhao, and Feng Chen*

Here, a sucrose non-fermenting-1-related protein kinase alpha subunit
(TaSnRK1a-1A) is identified as associated with cold stress through integration
of genome-wide association study, bulked segregant RNA sequencing, and
virus-induced gene silencing. It is confirmed that TaSnRK1a positively
regulates cold tolerance by transgenes and ethyl methanesulfonate (EMS)
mutants. A plastid-lipid-associated protein 6, chloroplastic-like (TaPAP6L-2B)

Numerous studies have demonstrated that
the probability and potential risk of extreme
cold events are gradually increasing as a re-
sult of global warming. The discovery of
genes modulating cold stress for the devel-
opment of cold-tolerant wheat varieties is an
effective method to prevent cold injury in
wheat.
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