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Use of wheat gene resources with different grain colour in breeding
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Abstract

The interest in wheat genetic resources with different
grain colour has recently increased. Differences in
grain colour are caused by the presence of polyphenols,
tannins, anthocyanins and carotenoids. Resources of
uncommon grain colour have blue aleurone (Ba genes),
purple pericarp (Pp genes) and yellow endosperm
(Psy genes), which are determined by the presence
of anthocyanins and carotenoids, respectively. These
substances have antioxidant activity and are useful for
the production of functional foods with positive effects
on consumers’ health. In 2011, the winter wheat variety
Skorpion with blue aleurone, which had been bred in
the Czech Republic, was registered in Austria. The used
donor of blue aleurone comes from the heritage of Erich
von Tschermak-Seysenegg (1871-1962). The breeding
program at Agrotest Fyto, Ltd., Krométiz, is focused
on the development of winter wheat genotypes with
dark grain combining different genes for grain colour
and simultaneously agronomic important traits (yield,
resistance to stress) and good baking quality. In different
kernel tissues there are different amounts of coloured
substances that affect their content in bran and flour
and, thus, their content in bakery and biscuit products.
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Introduction

Various types of plants synthesize a number of substances
from the group of flavonoids that cause the characteristic
colour of tissues in response to the respective environments.
The occurrence of these substances is associated with adap-
tive role to stressful environmental factors (KHLESTKINA
2013, ZEVEN 1991). Also, the grain colour of cereals
may be different. For the vast majority of current wheat
varieties the grain colour is red, less often it is white.
However, there are genetic resources of wheat with a grain
colour significantly differing from current varieties due
to the presence of coloured pigments (e. g. carotenoids,
flavonoids, anthocyanins, some phenolic compounds).

Like many types of vegetables and fruits, these substances
are characterized by antioxidant properties and have an
irreplaceable role in a healthy diet for people. Generally,
antioxidants are considered essential for humans to prevent
inflammation, diabetes, cancer, oxidative stress and ocular
diseases (LAMY et al. 2006). Antioxidants in cereals could
be used for the production of functional foods and positively
affect consumers” health. The use of existing wheat genetic
resources with different genes for coloured substances and
understanding the pathway of their biosynthesis could be
employed for the breeding of varieties accumulating a higher
number of relevant genes, which would allow to increase
the content of health-promoting substances. The successful
application of varieties with coloured grains into practice
will depend on the level of yield and agronomic properties
comparable to commercially used varieties. The current
donors of genes for blue and purple grain, and yellow flour
have usually lower yield compared to standard varieties.
Therefore, wheat breeding programmes should focus on
eliminating this deficiency.

It will be also necessary to know the extent of natural degra-
dation of dyes during thermal processing of the wheat grain
when during Maillard reaction chemical changes occur.
These new compounds can have a differerent influence on
health compared to the original compounds. Production and
processing technology will have to be adapted in order to
conserve and use best these natural substances. An alterna-
tive technology could be extrusion or expansion (puffing)
where the exposure of the raw material to high temperatures
is reduced.

Wheat grain colours and their genes

Red and white grain

The red colour of grain occurs in most common European
wheat varieties. It is controlled by one to three dominant
alleles R-A1 (on chromosome 3AL), R-B1 (3BL) and R-D/
(3DL). Contrary, white grain colour is determined by the
recessive alleles, i.e. 7-A1, -B1 and »-D1. The pigment is
composed of catechin and tannin derivatives generated in
the process of biosynthesis of flavonoids (HIMI and NODA
2005). The red colour of the grain is associated with a hig-
her content of bitter phenolic components, lower activity
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of hydrolytic enzymes, and better resistance to sprouting.
Phenolic acids are low molecular weight compounds with
antioxidant activities and can be oxidised in the grain by
polyphenol oxidase to darker colour compounds (tannins and
lignin). They inhibit lipoxygenase and are uncompetitive in-
hibitors with protective effects against diseases (LACHMAN
et al. 2003). White grains have low amounts of polyphenol
oxidase, the absence of bitter substances makes the product
naturally sweeter, which can be important in confectionery.
Wheats with white grains are more susceptible to sprouting,
the milling allows higher yield of flour and, thus, the flour
can contain more fibre, minerals and proteins.

Purple pericarp

The purple grain colour is caused by genes for purple pe-
ricarp Pp, which were transferred to common wheat from
tetraploid wheat Triticum turgidum L. subsp. abyssinicum
Vavilov, coming from the Abyssinian region in Ethiopia. It is
characterized by the presence of anthocyanins in the surface
layer (pericarp) of the grain. According to ABDEL-AAL
and HUCL (2003) and KNIEVEL et al. (2009) cyanidin
3-glucoside, cyanidin 3-rutinoside, and succinyl glucoside
are most represented in purple grains. The mean content of
total anthocyanins was 104 mg-kg™' in wholemeal flour and
251 mg-kg' in the bran (ABDEL-AAL and HUCL 1999). So
far several genes for purple pericarp were identified. Using
monosomic analysis two genes, i.e. Pp/ and Pp2, on chro-
mosomes 7B and 7A, respectively, were detected in variety
‘Purple Feed’, whereas variety ‘Purple’ contained the genes
Ppl and Pp3 (ARBUZOVA and MAYSTRENKO 2000).
Later it was found that Pp3 is composed of two alleles that
have been named Pp3a and Pp3b (DOBROVOLSKAYA et
al. 2006). Both are located in the centromeric region of chro-
mosome 2A. For genes Pp/ and Pp3 complementary effect
was described. Feeding hens with purple wheat resulted in
increased weight of meat (+6.2%) and a higher number of
eggs (+3.4%), whereas no effect was found on the colour
of yolk (RUCKSCHLOSS et al. 2010).

Blue aleurone

Blue grain colour is determined by genes for blue aleurone
Ba. QUALSET et al. (2005) reported that blue aleurone in
spring wheat ‘UC66049’ is controlled by the codominantly
acting gene Bal. This gene has been transferred to wheat
by an entire chromosome arm from Thinopyrum ponticum
Podp. which was incorporated into chromosome 4B (4BS-
4el,). Dr. Emil Sebesta from USDA-ARS at Oklahoma State
University developed during 1958-1988 the blue grained
lines ‘SB-1°, ‘SB-2’, and ‘SB-3’ (‘Sebesta Blue’) with
chromosomal segments from 7. ponticum (MORRISON et
al. 2004). This material seems to have the similar origin as
‘UC66049°. Gene Ba?2 has been transferred to wheat from 7
monococcum ssp. aegilopoides (syn. T. boeoticum) as diso-
mic substitution of 4A (4A™L) (DUBCOVSKY et al. 1996,
SINGH etal. 2007). It is assumed Ba?2 is present in ‘Thatcher
Blue’, originating from the John Innes Centre (Watanabe,
personal commun.). Deviations in the inheritance demons-
trate that Bal and Ba?2 are distinct genes (METTIN et al.
1991). According to the ‘Catalogue of Genetic Symbols for
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Wheat’, there is also weaker gene expression ‘half-blue’ in
addition to the above two genes, which occurred in a sample
of T boeoticum. Another possible gene for blue aleurone
could be on chromosome 4D, which has been substituted
by chromosome pair of Agropyron elongatum in the variety
‘Xiao Yian’ from China (ZELLER etal. 1991). Genbank ac-
cession TRI2401 (7. aestivum var. tschermakianum Mansf.;
IPK Gatersleben, Germany) with the name ‘Tschermaks
Blaukdrniger Sommerweizen’ is reported to have a different
origin and gene (ZEVEN 1991). The results based on the
FISH and GISH analysis show that the transferred chro-
mosomal segments of 7. ponticum in blue grained wheats
have different length, position and we can divide the material
according to the length, position and number of transferred
segments into six different groups (BURESOVA et al. 2013).
This demonstrates a great genetic diversity among individual
blue grained gene sources. It is also necessary to consider
that the donors Agropyron elongatum and Th. ponticum are
some of the many synonyms of the highly heterogeneous
decaploid group with chromosomal constitution 2n = 10x
=70 (StStEeEDbEX).

Blue grain differs from purple grain by the composition
and presence of individual anthocyanins (ABDEL-AAL
and HUCL 2003), which can be seen clearly on cross
sections of kernels. For blue aleurone wheat the dominant
anthocyanins were delphinidin 3-glucoside and delphinidin
3-rutinoside, whereas cyanidin 3-glucoside and cyanidin
3-rutinoside were, unlike in purple grains, present only in
smaller quantities (KNIEVEL et al. 2009). Wholemeal flour
contained 157 mg-kg'and bran 458 mg-kg' anthocyanins
(ABDEL-AAL and HUCL 1999). Generally, the content of
total anthocyanins seems to be higher in blue grained wheat
compared to purple wheat (SYED JAAFAR et al. 2013).

In the Czech Republic, Miroslav Skorpik from the Crop
Research Institute Prague-Ruzyné was interested in blue
grained wheat for a long time. After World War II, he recei-
ved donor material coming from the heritage of Erich von
Tschermak-Seysenegg (one of the rediscoverers of Mendel’s
laws in 1900) (SKORPIK et al. 1983). We assume it was a
material similar to ‘Tschermaks Blaukérniger Sommerwei-
zen’, which is preserved in the genebank of IPK Gatersleben.
The initial material was gradually significantly improved by
crossing with conventional wheat varieties. The activities
led to the development of winter wheat variety ‘Skorpion’,
which was registered in Austria in 2011. In 2012 it was
enrolled in the European Catalogue of Varieties. ‘Skorpion’
has blue grain, but in comparison with common winter wheat
varieties it has lower grain yield, medium winter hardiness
and lower resistance to Fusarium head blight (FHB) (MAR-
TINEK et al. 2013).

Yellow endosperm

The yellow endosperm colour is determined by two loci Psy/
and Psy2, located on homoeologous chromosome groups 7
and 5 (POZNIAK et al. 2007). They affect the biosynthetic
pathway of carotenoids, in particular phytoen synthase
enzyme. The most investigated loci are Psyl-A1 (7AL),
Psyl-B1(7BL), Psyl-D1 (7DL), Psy2-A1 (5A) and Psy2-B1
(5B) (HOWITT et al. 2009, Catalogue of Genetic Symbols
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for Wheat). The content of the yellow pigment is currently
the most studied in 7" durum (ZHANG and DUBCOVSKY
2008, HE et al. 2008) due to a need of yellow products in
the pasta production industry. In the Czech Republic, winter
wheat ‘Citrus’ and spring wheat ‘Luteus’ from Germany
containing the carotenoids lutein and zeaxanthin were re-
gistered in 2011. The yellow substances favourably affect
the colour of egg yolk in feeding trials with poultry.

Breeding for high anthocyanin content

The aim is to develop breeding lines of wheat with a high
content of anthocyanins, good baking quality and satisfac-
tory yield levels. In the available wheat genetic resources
with uncommon grain colour the genetic similarity was
evaluated using SSR markers (MUSILOVA et al. 2013).
This information is used together with the assessment of
the length of chromosomal segments in blue grained wheats
(BURESOVA et al. 2013) to select parental combinations
for crossing. At Agrotest Fyto, Ltd., we have now advan-
ced lines with dark purple or blue grain colour which were
selected on visual assessment. In some cases a combination
of both colours, which is characterized by a dark purple
with a violet shade, was observed. The problem is still
the significant yield penalty, especially in the lines with
blue grains. We assume that the low yield is conditioned
by the negative influence of genes linked to the gene for
blue aleurone on the chromosome segment from the wild
species. It would be desirable to disrupt these linkages by
evoking recombination. Most contemporary breeding lines
with blue grain are characterized by a low resistance to FHB
and snow mould, and frequent drying of grain. Lines with
purple pericarp often exhibit small grains, whereas their
resistance to FHB is usually good. Back-crosses are used for
the transmission of non-traditional colour into the genetic
background of common wheat varieties. It will be important
to understand the biosynthetic pathways of anthocyanins
in grain and regulatory mechanisms of their expression in
different tissues of the grain. It would be useful to find such
genetic mechanisms that enable gene expression also in the
grain endosperm through unlocking regulatory genes or res-
ponsible transcription factors. Currently, the first steps have
been made to clarify the biosynthetic pathway of enzyme
chalcone synthase and the corresponding gene in wheat
has been sequenced (TROJAN et al. 2013). New candidate
sequence for other genes of the biosynthetic pathway of
anthocyanins, e. g. dihydroflavonol 4-reductase, chalcon
isomerase, including the first data on their expression during
caryopsis maturation have been described.
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