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Studying the regulation of epicuticular wax biosynthesis
in barley using isogenic WIN1/winl lines generated

by site-directed mutagenesis
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Isogenic lines with contrasting phenotypes are a perfect experimental model system for
the elucidation of gene functions. The Cas9/gRNA-mediated knockout of the barley
(Hordeum wvulgare) WAX INDUCER 1 (HvVWIN1) gene, that encodes an
APETALA2/ETHYLENE-RESPONSIVE FACTOR, resulted in epicuticular wax
deficiency and glossy sheath phenotype in primary mutants of cv. 'Golden Promise' and
their progeny. In the M3 generation, six homozygous lines with two different mutations
in the WIN1 gene were established. To assess the possible pleiotropic effects of its loss-
of-function, a comprehensive phenotyping of the WIN1/winl pair of isogenic lines was
performed. As a result, developmental stages and major agricultural traits proved not
affected by the mutation. The ultrastructure and biochemical composition of the affected
wax were studied using scanning electron microscopy and gas chromatography coupled
with mass spectrometry. The wax of leaf blades consists of products of an alcohol-
forming pathway and its amount is only slightly reduced in winl mutants. The main wax
components of wild-type leaf sheaths are represented by diketones. By contrast, winl
mutants accumulate a significantly lower total amount of wax on their leaf sheaths and
exhibit a markedly altered wax composition; the abundance of diketones is significantly
decreased, and the content of alcoholic substances is increased. A comparative
transcriptome analysis of leaf blade and leaf sheath across control and mutant lines
revealed strikingly different expression profiles of wax biosynthesis genes. Based on
these data, it is concluded that the WINL transcription factor is a major and specific
trigger of wax biosynthesis in leaf sheaths during generative development in barley.
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