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Exploring interaction between metabolic pathways involved
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Abstract — The color of barley grain (Hordeum vulgare L.)
can be caused by synthesis and accumulation of various
pigments. Besides green chlorophyll, pigmentation of barley
spike can also be caused by two types of phenolic compounds:
purple or blue anthocyanins and black melanins. The chemical
and genetic nature of anthocyanins are well-known, while the
metabolic pathways implicating in melanin formation remains
less understood. The aim of the study was to explore the
interaction between metabolic processes involved in melanin,
anthocyanins and chlorophyll formation using the precise
genetic models — near-isogenic lines (NILs) with different
composition of pigments. Using marker-assisted selection we
have developed two hybrid NILs: i:BwBIlpalm with chlorophyll
deficiency and melanin accumulation and i:BwBIlpAntlAnt2
with simultaneous melanin and anthocyanin accumulation in
grain. The analysis of these lines allows us to suggest that
melanin biosynthesis affects plant metabolic processes
significantly. Although melanin synthesis occurs
chlorophyll/photosynthesis independently, it probably has an
ability to suppress the photosynthesis in barley spike. Unlike
that, the presence of dominant Blp allele increases the
anthocyanins accumulation in grain pericarp.
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Motivation and aim

Motivation

The color of barley grain (Hordeum vulgare L.) can be
caused by synthesis and accumulation of various pigments.
Besides green chlorophyll, two types of phenolic compounds
are involved in pigmentation of barley spike: purple or blue
anthocyanins and black melanins. Different genes control the
accumulation of these pigments: the complementary genes
Antl and Ant2 determine synthesis of purple anthocyanins in
grain pericarp; the Blx genes control accumulation of blue
anthocyanins in aleurone layer, while melanins are formed
under control of the Blp gene in glumes and pericarp tissues
[1]. The biochemical pathway leading to anthocyanins is well-
known, while melanin remains the less studied pigment in
plants and the metabolic pathways involved are not clear
enough. The comparative RNA-seq analysis between
melanin-accumulating NIL and its parental cultivar Bowman
have revealed the influence of the Blp locus on expression of
more than a thousand genes. Among these, genes belonging to
phenylpropanoid and fatty acids biosynthesis pathways were
the most represented and upregulated in black-colored NIL
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[2]. Comparative microscopy analysis of the NILs grains at
early, soft and hard dough developmental stages revealed the
intracellular dark structures co-localized with the red
autofluorescence signal of chlorophyll in cells of pericarp and
hulls of the i:BwBIp line starting from early dough stage.
Thus, the melanin pigments were showed to be formed and
accumulated in chloroplasts [3]. The data served as the basis
for studying, on one hand, the interaction between
biosynthesis pathways of phenolic compounds — melanin and
anthocyanins, which together can be accumulated in barley
grain pericarp cells,— and relationships between melanin
formation and chlorophyll synthesis (and photosynthesis),
which together can be present in chloroplasts pericarp cells,
on the other hand.

Aim
The aim of the study was to explore interaction between
metabolic processes involved in melanin, anthocyanins and

chlorophyll formation using precise genetic models — near-
isogenic lines (NILs) with different composition of pigments.

Methods
To investigate melanin/chlorophyll and
melanin/anthocyanins  interactions two hybrid NILs

i:BwBIpalm with chlorophyll deficiency and melanin
accumulation and i:BwBIpAntiAnt2 with simultaneous
melanin and anthocyanin accumulation in grain were
developed using marker-assisted selection. The initial
Bowman NILs i:BwBIlp (NGB20470), i:Bwalm (NGB20419),
1:BwAntiAnt2 (NGB22213) were obtained from NordGen
(Alnarp, Sweden). The study of metabolic pathways
interaction was performed with comparative gene expression
analysis, including RNA-seq approach and RT-PCR.

Results

Using microsatellite markers linked to the A/m [4] and Blp
[1] loci, the homozygote hybrid plants for these loci were
selected from the F, population generated by hybridization of
1:BwBIp with i:Bwalm. The selected plants are characterized
by partial albinism phenotype in stem node accompanying the
chlorophyll insufficiency in pericarp and glume, and melanin
pigmentation in grain. Inheritance of these traits in
homozygote and stability of phenotype were checked in F;
families. Similar approach was used to create the hybrid line
1:BwBIpAnt1Ant2 characterized by simultaneous
accumulation of melanins and anthocyanins in pericarp



tissues. In this case, the intragenic markers for the Ant/ [5] and
Ant2 [6] genes were used. The developed lines represent a
convenient genetic model for comparative studies of
interaction between metabolic pathways underlining pigments
synthesis.

In the case of melanin/chlorophyll interaction, the fact of
obtaining 1:BwBIlpalm line allows us to suggest
chlorophyll/photosynthesis-independent melanin synthesis.
At the same time, the data of comparative transcriptomic
analysis demonstrated downregulation of chloroplast genes in
NIL accumulated melanin. Thus, it allows us to suggest the
tendency to photosynthesis suppression in response to
melanin synthesis.

In the case of melanin/anthocyanins pathways
relationships, we observed the appearance of anthocyanin
pigmentation at an earlier stage of spike development than the
appearance of melanin pigment in i:BwBIpAntiAnt2 line, as
well as the increased content of anthocyanins in the spike in
the hybrid line in compared to the parental NIL. This
observation points that the same precursor compounds are
involved in the biosynthesis of anthocyanins and melanin. The
comparative RNA-seq analysis of i:BwBIlpAntiAnt2 and its
parental NILs i:BwAntiAnt2 and i:BwBIp at the different
stages of spike development confirms upregulation of the key
phenylpropanoid biosynthesis genes at the early stage in all
NILs in comparison to Bowman. However, it can be
concluded that the presence of Blp locus significantly affects
genes expression in barley spike and activates unique genes of
melanogenesis.
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