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Construction of a barley gene regulatory network
for phenolic metabolism using mutants and near-isogenic lines
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Abstract — In the present study, the components of the gene
regulatory network governing the anthocyanin and
proanthocyanidin biosynthesis in barely grain and leaf sheath
were identified based on comparative mapping and
transcription analysis approaches. The regulatory relationships
between the genes were established using unique barley
anthocyanin/proanthocyanidin mutants and near-isogenic lines.
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Motivation and aim

Phenolic compounds are plant secondary metabolites with
important functions in plant physiology and adaptation [1].
They are synthesized in various parts of the plant through
phenylpropanoid biosynthesis pathway and different branches
of flavonoid biosynthesis pathway. In barley (Hordeum
vulgare L.), the application of the grain is dependent on the
phenolic composition. For example, proanthocyanidins (also
known as condensed tannins) are undesirable in barley
cultivars used in malt production as they cause chill haze
reducing beer quality [2]. In contrast, anthocyanins that can
accumulate in aleurone layer and pericarp and cause blue and
purple color of grain, respectively, are promising functional
food ingredients and are desirable in cultivars for human
consumption [3]. More information is required to fully
understand how to manage the content of phenolic compounds
in the barley grain. Two groups of genes control the
biosynthesis of phenolic compounds: structural genes that
encode enzymes of the pathway, and regulatory genes that
encode MYB, bHLH or WD40 transcriptional factors (TFs).
The TFs form complexes that activate transcription of the
structural genes in a tissue-specific manner [4].

The aim of the current study was to identify the
components of the gene regulatory networks underlining
synthesis of phenolic compounds in barley grains and to study
regulatory relationships between them in the course of
synthesis of anthocyanins and proanthocyanidins.

Methods

A set of barley mutants with lesion in anthocyanin and/or
proanthocyanidin biosynthesis and Bowman near-isogenic
lines (NILs) differing in anthocyanin pigmentation of grain
and leaf sheath were used in the study. The barley lines were
obtained from NordGen (Alnarp, Sweden). Nucleotide
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sequences of the candidate genes for the Antl, Ant2, Ant 5,
Antl3 loci were determined by Sanger sequencing of the
corresponding mutants, NILs and their parental cultivars.
Expression of the anthocyanin biosynthesis genes in grain and
leaf sheath was explored by qRT-PCR.

Results

The regulatory function of the Antl (mapped to
chromosome 7HS), Ant2 (2HL) and Anti3 (6HL) loci on
anthocyanin biosynthesis were suggested based on the
previous studies of the anthocyanin/proanthocyanidin-less
barley mutants [5]. Comparative mapping data allowed us to
assign molecular functions to the loci. The Ant/ gene encodes
a MYB-like TF, required for the activation of expression of
the anthocyanin biosynthesis structural genes in leaf sheath
[6,7], while the Ant2 gene encodes a bHLH-type TF that is
required together with Antl for the activation of the
anthocyanin biosynthesis in grain pericarp [8]. Ant13 encodes
a WD40 TF. SNPs leading to stop codons and amino acid
substitutions were identified in the ant/3 mutants. In the case
of the Antl and Ant2 genes differences in promoter regions
were identified and were assumed to prevent expression of the
recessive alleles of these genes in non-colored grain pericarp.
Bowman and its purple-grained NIL with dominant alleles of
the both Antl and Ant2 genes were used to create new lines
with different combinations of the dominant and recessive
alleles of these genes [8]. Expression analysis of the structural
genes in the obtained NILs revealed that the transcription of
the structural gene Ans that encodes anthocyanidin synthase is
strongly dependent on the dominant alleles of the both Ant/
and Ant2 genes. As the analysis of the anthocyanin-less
mutants demonstrated that the Antl, Ant2 and Ant5 loci
controlled together the reaction of conversion of
leucoanthocyanidins into anthocyanidins catalyzed by ANS
[5], the Ans gene was suggested as a candidate gene for the
Ant5 locus. Sequencing of the Ans gene in a set of ant
mutants and parental cultivars revealed the SNPs causing stop
codons and amino acid substitutions destroying the protein
function.

The regulatory relationships between the Ant/ and Ant2
genes were established. Transcription of Ant2 was up-
regulated in the presence of a dominant allele of Ant/ and
transcription of Ant/ was increased in the presence of a
dominant allele of 4nt2. The data suggested existence of a



positive regulatory loop between the two genes. The present
study is the first report on interaction between the
anthocyanins regulatory genes in monocot plant species.
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