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Abstract — The Myc2 and Ant2 genes of barley encode
bHLH transcription factors that activate transcription of
anthocyanin biosynthesis structural genes. It is shown, that the
HvMyc2 and HvAnt2 genes are implicated in the pigmentation
of barley grains. The present work aims to introduce mutations
into the HvMyc2 and HvAnt2 genes in order to confirm their
function in barley grain color formation.
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Motivation and aim

Motivation

Grains of barley (Hordeum vulgare L.) can have different
color which is directly connected to accumulation of different
pigments. Blue and purple color are caused by accumulation
of anthocyanins in aleurone and pericarp, respectively. In
previous studies, candidate genes which could be responsible
for barley grain color, were identified; the blue color of grain
aleurone depends on the HvMyc?2 gene [1] and the purple color
of grain pericarp on the HvAnt2 gene [2]. These genes encode
bHLH/MYC proteins which, together with the MYB and
WD40 factors, activate structural genes of the anthocyanin
biosynthesis pathway.

Aim

The aim of the present study is to use the Cas9/gRNA site-
directed mutagenesis system to generate barley plants bearing
mutations in their Myc2 and Ant2 genes so as to confirm the
functions of these genes in grain color formation and to create
pigmented barley featuring competitive agricultural
performance.

Methods

Putative target regions were pre-selected using online
tools like DeskGen [3], CRISPR-P [4] and WuCRISPR [5]. A
final selection was then made based upon modelling of the
secondary structure of respective guide-RNAs (gRNAs) using
RNAfold [6]. A modular vector system [7] that greatly
facilitates complex cloning steps using IIS restriction enzymes
was used to create cas9/gRNA transformation plasmids to be
used for site-directed mutagenesis of the target genes. First,
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intermediate constructs were created with up to four gRNAs
each being driven by the RNA-Polymerase III U6 promoter of
wheat. Next, these assemblies were combined with the maize
codon-optimized cas9 nuclease gene being under control of
the maize Ubi-1 promoter. A protoplast assay was performed
in order to estimate the constructs’ efficiency in triggering
targeted mutagenesis. To this end, barley leaf mesophyll
protoplasts were transfected with the above constructs,
protoplast genomic DNA was isolated and deep-sequencing
of amplicons from the target regions was performed [8].
Finally, the cas9/gRNA-carrying constructs were introduced
into the p6i binary vector (DNA Cloning Service, Hamburg,
Germany) for subsequent Agrobacterium-mediated stable
transformation of barley using immature embryos [9].

Results

Two cas9/gRNA plasmids were constructed for two target
sites of HvMyc2 gene, each containing four times the same
gRNA. These vectors showed 58% and 76% mutation
efficiency in the protoplast assay. Additionally, one construct
was generated containing three gRNAs for different target
sites in the HvAnt2 gene. All constructs are planned to be used
for stable barley transformation and subsequent regeneration
of plants carrying mutations in the two target genes. Barley
accessions with colored and uncolored grains will be used as
donor material for transformation.
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