Studying the regulation of epicuticular wax
biosynthesis in barley using isogenic WIN1/win1 lines
generated by site-directed mutagensis
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Isogenic lines with contrasting phenotypes are a perfect experimental model system for the
elucidation of gene functions.

Primary (M1=TO) barley mutants (cv. «Golden Promise») were
obtained by targeted knockout of the HYWIN1 gene using the
Cas9/gRNA system. Six T-DNA-free mutant lines harboring
different homozygous mutations in the HvWIN1 gene were
selected in the M3 generation.

In the present work, the poorly studied barley (Hordeum
vulgare) WAX INDUCER 1 (HVWIN1) gene was chosen as the
target. This gene belongs to the large family of plant-specific
APETALA2/ETHYLENE-RESPONSIVE FACTORS (AP2/ERF).

target site PAM
HvWIN1 GTGTCTGATCTCGGAGACCCAGGAG——————————— CCCCAGTGGCGCTGCCTGACTCC
wl|17-4-14 GTGTCTGATCTCGGAGACCCAGGAGTGGCTTACAGG----AGTGGCGCTGCCTGACTCC
'g 17-4-19 GTGTCTGATCTCGGAGACCCAGGAGTGGCTTACAGG----AGTGGCGCTGCCTGACTCC
T |17-4-21 GTGTCTGATCTCGGAGACCCAGGAGTGGCTTACAGG----AGTGGCGCTGCCTGACTCC

mutation +11,-4

target site PAM
HvWIN1 TACAGGAGGGGGTGTCTGATCTCGGAGACCCAGGAGCCCCAGTGGCGCTGCCTGACTCC
n 25-2-2 TACAGGAGGGGGTGTCTGATCTCGGAGACCCAGGAG-CCCAGTGGCGCTGCCTGACTCC
8 25-2-13 TACAGGAGGGGGTGTCTGATCTCGGAGACCCAGGAG-CCCAGTGGCGCTGCCTGACTCC
— | 25-2-18 TACAGGAGGGGGTGTCTGATCTCGGAGACCCAGGAG-CCCAGTGGCGCTGCCTGACTCC

mutation -1
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Normally, starting from the booting stage, the surface of the flag leaf sheath of
barley is covered with a well-visible wax layer.

Mutant plants and control plants accumulate similar amounts of epicuticular wax
on their leaf blades.

HvWIN1 gene mutants exhibit a recessive phenotype of epicuticular wax
deficiency on the leaf sheaths.
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The biochemical composition of
the affected wax were studied
using scanning electron
microscopy and gas
chromatography coupled with
mass spectrometry.

Wax measurements showed
that leaf sheath epicuticular
wax of mutant plants differs
remarkably from that of the
wild-type in both total amount
and composition. In particular,
the amount of B-diketones is
significantly reduced in
mutants.

The long thin, hollow tubes on
the uppermost barley leaf
sheaths are attributable to the
B-diketones, most of which is
hentriacontane-14,16-dione.
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WIN1/win1 pair of isogenic lines was
performed.

As a result, developmental stages
and major agricultural traits proved
not affected by the mutation.



In order to identify genetic mechanisms of phenotype formation, a comparative transcriptome analysis of leaf blades and leaf sheaths of
winl mutant and wild-type plants was performed.
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Among the genes showing reduced
expression in the mutant leaf sheath
were those previously known to be
associated with the synthesis of
epicuticular wax components.
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Conclusion

The nature of the mutant phenotype and the data of comparative transcriptome analysis
suggest that the transcription factor HYWIN1 normally regulates the formation of the
cuticular layer at the surface of leaf sheaths of upper barley leaves.



