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DOI 10.18699/ICG-PlantGen2019-02 Abstract: Anthocyanins are plant secondary metabolites having multiple biological
functions. In this paper, we summarize data on anthocyanins in wheat grain, including
molecular-genetic mechanisms underlying the synthesis of anthocyanins in the grain
pericarp, the effect of anthocyanins on bread-making quality and health benefit.
Anthocyanin synthesis in wheat pericarp tissue is controlled by two complementary
genes, Pp3/TaMycl and Pp-1, mapped to chromosome 2A and homologous group 7
chromosomes, respectively. These genes encode transcription factors with the bHLH and
R2R3-MYB-regulatory domains, respectively, which activate expression of the anthocyanin
biosynthesis structural genes, encoding enzymes of the pathway, in a tissue-specific
manner. A comprehensive study of the effect of wheat genes associated with the level
of anthocyanins in grain on the preventive effect of grain products in neurodegenerative
disorders was carried out. The use of near-isogenic lines (NILs) having almost similar
genomes with the exception of a small part of chromosome 2A, which contains Pp3, has
allowed relating the observed differences precisely with anthocyanin biosynthesis. As a
result, it was revealed that the Pp3 gene is related to the production of dietary products
preventing neurodegenerative changes caused by Alzheimer’s and Parkinson’s diseases and
natural aging. The beneficial effect of a grain diet with a high content of anthocyanins on
the working memory and molecular processes of neuroregeneration was shown on mice.
The use of the same wheat NILs for testing bread-making quality showed the resistance of
anthocyanins to the backing process and a better quality and organoleptic properties of
bakery products made from anthocyanin-rich grains in comparison with products obtained
from control grains. An optimal scheme for the accelerated creation of wheat breeding lines
with a high content of anthocyanins in the grain pericarp is considered.
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anthocyanins, including genetic control of their biosynthesis,
health benefit and bread-making quality.

1. Introduction
Anthocyanins are plant secondary metabolites, which are
synthesized in different parts of plants, including cereal

plants endosperm, aleurone, seed coat and pericarp (Ficco et 2. Regulation of anthocyanin biosynthesis

al., 2014; Khlestkina et al., 2015). They are responsible for
the diversity of colors observed in the nature. Besides the
well-recognized role in the attraction of pollinators and seed
dispersals, they participate in plant protection against adverse
environmental factors, as well as in signaling (Landi et al.,
2015). Anthocyanins are widespread in angiosperms and oc-
cur in some gymnosperms, while they are absent from other
taxa of plants that nevertheless contain colorless intermediates
preceding anthocyanins. These pigments are the last to have
appeared during land plant evolution (Rausher, 2006).

Both human and animal studies considering the main anthocy-
anins of berries demonstrated that these compounds have wide
biological activities important for human health maintenance
(Tsuda, 2012). Unlike berries, bread is a daily consumption
food and enriching bakery products with such high nutritional
value compounds as anthocyanins is reasonable. In respect to
that, there is interest in data on different aspects of wheat grain

in wheat pericarp

Anthocyanins belong to flavonoid compounds with a common
15-carbon skeleton C6-C3-C6 consisting of two phenyl rings
(A and B) and a heterocyclic ring (C). Different modifications
of these rings determine the whole diversity of flavonoids that
count more than 500 individual compounds (Andersen, Jord-
heim, 2006). Anthocyanins differ from the other flavonoids by
a positive charge and a double bond present in C-ring. They
are derived in course of the general phenylpropanoid and
anthocyanin branch of the flavonoid biosynthesis pathways
(Winkel-Shirley, 2001). At the first stage of synthesis, phenyl-
alanine is converted, in a stepwise manner, by phenylalanine
ammonia-lyase (PAL), cinnamate 4-hydroxylase (C4H) and
4-coumarate CoA ligase (4CL) into 4-coumaroyl-CoA. Then
chalcone synthase (CHS), chalcone isomerase (CHI), flava-
none hydroxylase (F3H), flavonoid 3’-hydroxylase (F3’H),
flavonoid 3°, 5’-hydroxylase (F3’5°H), dihydroflavonol 4-re-
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ductase (DFR) and anthocyanidin synthase (ANS) transform
4-coumaroyl-CoA to anthocyanidins, which are finally modi-
fied by diverse transferases to individual anthocyanins. Tissue
specific accumulation of anthocyanins is controlled by regu-
latory genes encoding transcription factors with the bHLH,
R2R3-MYB regulatory domains and WD40 repeats, which
are combined into the MYB-bHLH-WD40 (MBW) complex
and activate transcription of the structural genes encoding
enzymes of the biosynthesis.

In wheat grain, anthocyanins can be accumulated in peri-
carp and aleurone tissues. The most abundant anthocyanin
in purple wheat is cyanidin 3-glucoside, while in blue one, it
is delphinidin 3-glucoside (Abdel-Aal et al., 2006). The key
structural genes were cloned in wheat unlike the genes for
enzymes of final modifications that are represented by wide
gene families and their identification is therefore hampered
(Shoeva, Khlestkina, 2015). Two complementary genes Pp3/
TaMycl and Pp-1 control anthocyanin synthesis in the wheat
pericarp. Pp3 (mapped to chromosome 2A) encodes a bHLH
transcription factor (Shoeva et al., 2014). The Pp-1 genes
(7A, 7B, 7D) encode R2R3-MYB-type transcription factors
(Jiang et al., 2018). The Ba genes responsible for blue aleurone
were transferred into cultivated wheat varieties from distant
relatives such as Thinopyrum ponticum, Th. bessarabicum,
T. boeoticum and T. monococcum (Zeven, 1991). The wheat
grass ThMYC4E gene encoding the regulatory factor with the
bHLH domain was identified as a candidate gene for Ba/ (Li
etal., 2017).

3. Health benefit

Anthocyanins consumed with food may have positive effects
on human health. Due to suppression of genes involved in fatty
acid synthesis and inhibition of pancreatic amylase and intes-
tinal a-glucosidase, anthocyanins may have a hypoglycemic
effect (Tsuda et al., 2003; Tadera et al., 2006; Shobana et al.,
2009). Anthocyanins and other flavonoids may be useful for
the prevention of a variety of pathologies, including cardio-
vascular diseases (Howard, Kritchevsky, 1997; Lila, 2004).
They demonstrate wide biological activities ranging from anti-
oxidation, anti-inflammatory, anti-cancer, anti-ageing effects
to lipid-profile regulation, obesity and diabetes prevention,
hyperglycemia and retinal protections (Tsuda, 2012).

Some comparative studies were carried out to reveal effects
of anthocyanin-rich wheat grain as a feed additive on growth
characteristics of economically important animals. Inclusion
of purple grains of a breeding line in the feed compound for
high-yielding laying hens was demonstrated to improve lay-up
parameters such as line egg weight, laying per hen and reduce
feed compound consumption per unit of production. The yolk
color of eggs laid by hens was not affected by the color of the
grains eaten (Ruckschloss et al., 2010).

Feeding tests performed on fingerling carp showed the
positive impact of purple grain of the wheat cultivar ‘Konini’
on the mass and length of carps compared with the control
(Mares et al., 2015).

The influence of wheat anthocyanins on antioxidant activity
and liver functions was estimated in rats, chickens and fish
(Mrkvicova et al., 2017). Significantly higher values of anti-

oxidant status were determined in the liver of rats fed purple
grains. The chickens fed ‘Konini’ wheat showed significantly
different values obtained by distinct methods for antioxidant
status measurement. No significant differences were detected
in the hepatopancreases of fish. Animals fed ‘Konini’ wheat
showed a tendency to lower liver enzyme activities in general,
but a significant difference was found only in gamma-glutamyl
transferase activity in the chicken’s blood. The results sug-
gested that feeding anthocyanin-rich grain can improve anti-
oxidant activity and functions of liver tissue.

A comprehensive study of the effect of wheat genes associ-
ated with the level of anthocyanins in grain on the preventive
effect of grain products in neurodegenerative disorders was
carried out. The use of NILs having almost similar genomes
with the exception of a small part of chromosome 2A, which
contains the Pp3 gene, has allowed relating the observed dif-
ferences precisely with anthocyanin biosynthesis (Shoeva et
al., 2014; Gordeeva et al., 2015). Using mice as a model for
neurodegenerative changes caused by Alzheimer’s and Par-
kinson’s diseases and natural aging, we revealed a beneficial
effect of a grain diet with a high content of anthocyanins on
the working memory and molecular processes of neuroregen-
eration (Tenditnik et al., 2017).

4, Bread-making quality

Anthocyanin-rich bakery products are, first of all, the products
obtained from bran or with the addition of bran. The grains
of the above-mentioned wheat NILs differing in anthocyanin
content in the pericarp were used for evaluation of anthocyanin
content in the end-use product, as well as in mixtures of flour
and bran used for baking and separately in the bran (Khlest-
kina et al., 2017). As a result, significant differences were
detected in samples obtained from anthocyanin-rich grains,
compared with the control including the products that had
passed a full processing cycle. The extraction of anthocyanins
in the conditions most similar to those in the stomach has al-
lowed assessing the amount of assimilable anthocyanins. The
estimations have shown that one can get up to 1.03 mg of an-
thocyanins with 100 g of whole-grained bread produced from
anthocyanin-rich wheat (Khlestkina et al., 2017). It was shown
that bread-making quality and the organoleptic properties of
bakery products made from anthocyanin-rich grains did not
concede, or in some cases were higher than the correspond-
ing properties of products obtained from control NIL grains.
In addition, it was found that the presence of anthocyanin
increases the shelf life of bakery products and their resis-
tance to molding in provocative conditions (Khlestkina et al.,
2017).

Later, flour and wheat bran with anthocyanins and the con-
trol group were used for the production of flour confectionery
products (Usenko et al., 2018). The share of anthocyanins in
the products obtained from anthocyanin-rich wheat was 2.5-
2.6 times higher than that in similar products obtained from
control grains. The differences revealed between the grains of
anthocyanin-rich and control wheat in the end-use products
testify to the resistance of anthocyanins to technological pro-
cessing. It has been estimated that when eating 100 grams of
biscuit made from flour with the addition of anthocyanin-rich
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bran, the consumption of these beneficial substances will be
up to 0.83 mg. Thus, a high content of anthocyanins in wheat
bran allows producing enriched confectionery products with
a high nutritional value (Usenko et al., 2018).

5. Marker-assisted breeding

Using DNA-markers for the Pp genes (Shoeva et al., 2014;
Zong et al., 2017), we developed purple-grained breeding
lines by crossing donor line producing anthocyanins in grain
with elite wheat cultivars. The development of the breeding
lines took 2 years (6 generations, including that in green-
houses) and required application of the DNA-markers twice.
The markers linked to Pp-1 and Pp3 were used first to select
homozygouse plants carrying dominant alleles of these genes
in F, generation. After three backcrosses of the selected plats
to the parental cultivars, the resulted final purple-grained
breeding lines homozygous to the markers linked to Pp-1
and Pp3 were selected among BC,F, ; progenies. The lines
obtained according to this scheme are already used in field
trials. Earlier, the marker-assisted backcrossing approach was
used to develop a set of NILs carrying different combinations
of the Pp alleles. The volume of plant material was reduced
two-fold and the planting area was decreased ~70-fold due
to the application of DNA-markers (Gordeeva et al., 2015).

6. Conclusions

The results of evaluation of end-use quality products com-
bined with the data about the beneficial health effects of
anthocyanins form wheat grain suggest that wheat bakery
and confectionery products made from anthocyanin-rich
grains can be included to the list for dietary food. In order
to accelerate the breeding of wheat for dietary purposes, we
have used data on molecular-genetic mechanisms underlying
anthocyanin synthesis in the wheat pericarp and developed an
optimal scheme for the accelerated creation of breeding lines
needed for further selection and registration of anthocyanin-
rich wheat varieties.
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