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Abstract

Musilová M., Trojan V., Vyhnánek T., Havel L. (2013): Genetic variability for coloured caryopses in common 
wheat varieties determined by microsatellite markers. Czech J. Genet. Plant Breed., 49: 116–122.

Products made from wheat are the most important components of the human diet, and could also become a source 
of functional foods and feed ingredients, e.g. minerals, vitamins and/or phytochemicals. The caryopses of certain 
wheat genotypes contain antioxidants, i.e. anthocyanins or carotenoids, which cause purple, blue or yellow colora-
tion. The first step before the introduction of these traits into individual wheat cultivars is the characterization of 
relationships and the possibility of new gene combinations. In this study, relationships among 24 genotypes with dif-
ferent types of caryopsis colour were investigated by means of microsatellite markers. Using 44 SSR (Simple Sequence 
Repeat) markers it was possible to detect a total of 184 alleles; on average, approximately 4 alleles were detected at 
a microsatellite locus. Using a set of 5 SSR markers (Xgwm636, Xbarc077, Xwmc262, Xgwm397 and Xwmc219) with 
PIC (polymorphic information content) values higher than 0.70, it was possible to differentiate among all the genotypes 
analysed. A dendrogram was created on the basis of all SSR markers, and showed that the genotypes were divided into 
two groups. Three, and one genotype with purple and blue caryopsis, respectively, belonged to one cluster, while the 
remaining twenty formed the second, greater cluster, which was subdivided into 2 sub-clusters: one of them involved 
genotypes with blue caryopses, and the other those with yellow and red caryopses. The genotype of tall wheatgrass 
(Thinopyrum ponticum), as a possible donor of genes responsible for blue caryopses, was also classified. These results 
can be used in wheat breeding programmes aimed at the selection of functional foodstuffs.
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Products made of wheat represent the most im-
portant components of the human diet, and could 
become a source of functional foods and feed in-
gredients. At present, wheat breeding is orientating 
towards certain nutritional aspects, e.g. contents 
of minerals, vitamins and/or phytochemicals. 
One possibility to reach this goal is to increase 
the content of antioxidants in the caryopsis and, 
thus, also in flour. The effect of antioxidants on 
human health is very well documented (Pham-Huy 
et al. 2008). There are wheat genotypes that con-
tain antioxidants, e.g. anthocyanins in the purple 

pericarp, blue aleurone layer and/or carotenoids in 
the yellow endosperm. Modern varieties of hexa-
ploid wheat have red caryopses and their colour is 
controlled by one to three dominant genes (R-A1, 
R-B1, and R-D1), which are localized on chromo-
somes 3A, 3B and 3D. The red colour is caused 
by the deposition of catechin-tannin derivatives 
in the pericarp. White caryopses develop when 
their genotype contains recessive alleles at these 
three genes (Miyamoto & Everson 1958). The 
deposition of the anthocyanin called cyanidin-
3-glycoside predominates in the pericarp of purple 
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caryopses. Purple pericarp was transferred into 
today’s wheat from tetraploid wheats originating 
from Ethiopia, Somalia and Yemen. In this case, 
four genes determining the purple colour of the 
wheat pericarp were mapped to different donors, 
viz. Pp1 (on chromosome 7B) and Pp2 (on chro-
mosome 6A) (Arbuzova & Maystrenko 2000). 
However, Piech and Evans (1979) localized these 
genes on chromosome 7A while Dobrovolskaya 
et al. (2006) renamed the gene Pp2 to Pp3a and 
detected Pp3b on chromosome 2A. 

The presence of delphinidin-3-glycoside in the 
aleurone layer is typical for blue caryopses (Ab-
del-Aal & Hucl 2003), and is controlled either 
by a co-dominant gene Ba1 (on chromosome 4B) 
or by the gene Ba2 (on chromosome 4A), which 
was transferred to the wheat genome through a 
disomic substitution from a yet unknown species, 
but probably from tall wheatgrass (Zeven 1991). 
Yellow colour is determined by carotenoids that 
are deposited in the endosperm (Howitt et al. 
2009). Genes Psy1 and Psy2 are responsible for the 
production of yellow pigments. They are located 
on chromosomes of homoeologous groups 7 and 5 
(Pozniak et al. 2007). 

Anthocyanin-coloured caryopses can be used 
as functional foodstuffs (e.g. when manufactur-
ing whole-grain products) or as functional food 
colourants (e.g. caryopses fractions with a high 
content of anthocyanin) (Abdel-Aal et al. 2006). 
Before the beginning of a breeding programme, 
selection of wheats with coloured caryopses, and 
their development as a functional food requires a 
detailed description of all available genotypes. To 
reach this goal, it is possible to use morphologi-
cal markers, protein markers, and DNA markers 
(Zhang et al. 2007). DNA markers such as micro-
satellites, SSR (Simple Sequence Repeat) markers, 
are especially suitable for this purpose, above all 
due to their high degree of polymorphism and co-
dominant inheritance (Yi et al. 2008; Chandra 
et al. 2010). 

The aim of this study was to detect genetic vari-
ability amongst wheat genotypes with non-standard 
coloured caryopses that are available in the Czech 
Republic, and to compare them with selected geno-
types that show the standard (i.e. red) colour. 

In future, it will be necessary to study these geno-
types in wheat breeding programmes focused on 
the development of new wheat cultivars that could 
represent a source of functional foods. Genotypes 
with purple pericarp, blue aleurone layer, yellow 

endosperm, white pericarp, and red pericarp were 
analyzed.

The genotype of tall wheatgrass (Thinopyrum 
ponticum/Podp./Z.-W. Liu & R.-C. Wang), which 
is a probable source of a blue colour of aleurone 
layer, was analysed as well ( Jan et al. 1981).

MATERIAL AND METHODS

Genotypes of spring and winter wheat (Triticum 
aestivum L.), with a standard caryopsis colour (i.e. 
with red pericarp) and those showing a non-stand-
ard colour were used as the experimental material 
(Table 1). Wheat genotypes were provided by the 
Agricultural Research Institute (ARI) Kromeriz, Ltd., 
and the tall wheatgrass genotype was obtained from 
the Gene Bank of the Crop Research Institute in 
Praha-Ruzyně. These 25 genotypes were subjected 
to an analysis of genetic variability using 44 SSR 
markers located on chromosomes close to genes 
determining different pigmentation characteristics 
of the caryopsis. These were obtained from the da-
tabase GrainGenes (2010) and from the literature 
dealing with wheat and triticale variation (Röder 
et al. 1998; Sourdille et al. 2001; Somers et al. 
2004, Dobrovolskaya et al. 2006; Kuelung et 
al. 2006). Genomic DNA, isolated by means of a 
DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) 
from mixed samples of 3–5 cultivated plants from 
the one leaf stage (i.e. 5–7 days old), was used for the 
molecular analysis. The reaction mixture of a total 
volume of 25 μl contained: 30 ηg DNA template, 
0.5 U Taq polymerase (Promega, Madison, USA), 
1× corresponding buffer, 7.5μM of each primer 
and 100μM of each dNTP. The temperature and 
the time profiles of the reaction were as follows: 
1 cycle (93°C – 120 s) and 30 cycles (93°C – 60 s, 
54°C – 120 s, 72°C – 120 s). Samples were separated 
electrophoretically (300 V) in 8% non-denatured 
polyacrylamide (PAA) gel containing the TBE (Tris-
Borate-EDTA) buffer. For product visualization, the 
method of staining with silver nitrate (0.2%) was 
used. Results of molecular analysis were evaluated 
using the binary matrix where values of 1 and 0 in-
dicated either presence or absence of the product, 
respectively. Subsequently, the results were analysed 
by means of the statistical software FreeTree, ver-
sion 9.1 (Hampl et al. 2001) using the UPGMA 
(Unweight Pair Group Method with Arithmetic 
Mean) clustering method, and the Jaccard simi-
larity coefficient (Jaccard 1908). The graphical 
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representation of the matrix was performed using 
the software TreeView, version 1.6 (Page 1996). 
For every SSR marker, statistical values of DI (di-
versity index), PI (probabilities of identity) and PIC 
(polymorphic information content) were calculated 
(Russell et al. 1997).

RESULTS AND DISCUSSION

SSR markers for the A- and B-genomes enabled 
the detection of 184 alleles, so there was an average 
number of four alleles per microsatellite locus.

A similar number of alleles (i.e. 5.1 per locus) 
was also detected by MacCaferri et al. (2010) 
who analysed a greater number (189) of geno-
types of durum wheat (Triticum durum Desf.), 
and also used a higher number of microsatellites 
(altogether 90 SSR markers). The highest number, 
9 alleles, was detected at microsatellites Xgwm397 
and Xwmc219. The highest variability in the size of 
amplicons was found using primers for Xbarc176 and 
Xbarc077, and the size of amplified products ranged 
from 90 to 260 bp.

Statistical values calculated from these data 
represented an average degree of variability in 

the collection of wheat genotypes under study 
(Table 2). Average values of DI (0.40), PI (0.43), 
and PIC (0.38) reflected the existence of a uniform 
spectrum of 6 SSR markers (U values in Table 2), 
the presence of near-isogenic lines (ANK-1A–28B), 
and the existence of genotypes with a very similar 
genetic basis (Tschermaks Blaukörniger Sommer-
weizen and Tschermaks Blaukörniger; RU 440-5 
and RU 440-6). 

The letter P indicated a microsatellite marker 
with the highest degree of polymorphism and with 
values of DI ranging from 0.71 to 0.79; its values 
of PI and PIC ranged from 0.02 to 0.06 and from 
0.70 to 0.79, respectively (Table 2). A combina-
tion of these five most polymorphic SSR markers 
enabled the reliable identification of all genotypes, 
and for that reason could be used as a microsatellite 
panel to enable an easier identification of parent 
combinations during the process of hybridisation. 
Null alleles (0 in Table 2) were detected at 13 SSR 
markers. Kuelung et al. (2006) also mentioned 
presence of null alleles. 

The similarity dendrogram was constructed on 
the basis of the statistical data. It was found that 
there were two clusters of genotypes (Figure 1), 
and that the genotype of Thinopyrum ponticum, 

Table 1. Characteristics of analysed genotypes

Name Caryopsis colour Type Donor country
Novosibirskaya 67 white spring RUS
ANK-1A, ANK-1B, ANK-1C, ANK-1D, ANK-1E red spring RUS

ANK-28A, ANK-28B purple spring RUS
Abyssinskaya Arraseita spring CZE
Konini spring NZL
Purple spring USA
Purple feed spring USA
Indigo winter ENG

UC66049 blue spring USA
Tschermaks Blaukörniger Sommerweizen spring GER
Tschermaks Blaukörniger spring JAP
48M winter POL
RU 440-5, RU 440-6 (Skorpion*), Barevna 9, Barevna 25 winter CZE

Citrus, Luteus yellow winter GER
Bona Dea winter SVK
Thinopyrum ponticum donor of blue colour winter TUR

CZE – Czech Republic; ENG – England; GER – Germany; JAP – Japan; NZL – New Zealand; POL – Poland; RUS – 
Russia; SVK – Slovakia; TUR – Turkey; USA – United States; *Martinek et al. (2013)
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which is a donor of blue colour, existed outside of 
these two clusters. The smaller cluster (Cluster II.) 
involved three genotypes with purple caryopses 
(Abyssinskaya Arraseita, Purple, and Purple Feed) 
and one with a blue colour. This fact indicates that 
Cluster II was significantly different from the re-
maining 20 genotypes that belonged to clusters I.A, 
I.B, and also from the genotype of tall wheatgrass. 

The large cluster was further divided into 2 sub-
clusters. The smaller one (subcluster I.B) consisted 
only of blue genotypes, and in case of two of them, 
a close relationship was observed. The relation-
ship between genotypes Tschermaks Blaukörni-
ger Sommerweizen and Tschermaks Blaukörniger 
was subsequently confirmed. These two lines are 
probably genetically identical. They were added 
into the collection of ARI Kromeriz, Ltd. just from 
different sources (P. Martinek 2012, ARI Kromeriz, 
personal communication). A statistically signifi-
cant relationship of genotypes Citrus and Luteus 
(subcluster I.A) was evidently pre-determined by 
the existence of common ancestors in their pedi-
gree. Both these genotypes were selected by Jahn 
in Deesbach, Germany, and their pedigree was as 

follows: Citrus (Sunnan/Monopol//Stamm GI 912) 
and Luteus (Sunnan/Monopol//Giessener Stamm) 
(V. Horáková 2012, Central Institute for Super-
vising and Testing in Agriculture Brno, personal 
communication).

Tall wheatgrass (a probable donor of the blue 
caryopses colour) ranked outside these two clusters 
in the overall dendrogram of relationships (Fig-
ure 1). This was confirmed also by the fact that this 
wild species did not share homology in all wheat 
chromosomes monitored. Relationships among 
coloured lines were investigated in a dendrogram 
involving only lines with blue aleurone (Figure 2). 
The dendrogram was constructed from variation 
at 19 SSR markers. These SSR markers are located 
on chromosomes 4A and 4B while Ba1 and Ba2 
genes control blue aleurone (Qualset et al. 2005).

The similarity of the tall wheatgrass genotype to 
others with blue caryopses was shown by a statisti-
cally highly significant value after bootstrapping. 
In the context of a more specific dendrogram, 
genotypes with blue caryopses (aleurone layer) were 
divided into 2 clusters (A and B). We expected a 
higher degree of similarity of tall wheatgrass with 

Figure 1. Dendrogram showing variability and clustering of the 25 genotypes included in this study
1 – Novosibirskaya 67; 2 – ANK-1A; 3 – ANK-1B; 4 – ANK-1C; 5 – ANK-1D; 6 – ANK-1E; 7 – ANK-28A; 8 – 
ANK-28B; 9 – Abyssinskaya Arraseita; 10 – Konini; 11 – Purple; 12 – Purple feed; 13 – Indigo; 14 – UC66049; 
15 – Tschermaks Blaukörniger Sommerweizen; 16 – Tschermaks Blaukörniger; 17 – 48M; 18 – RU 440-5; 19 – 
RU 440-6; 20 – Barevna 9; 21 – Barevna 25; 22 – Citrus; 23 – Luteus; 24 – Bona Dea; 25 – Thinopyrum ponticum; 
D – donor; B – blue aleurone; P – purple pericarp; R – red pericarp; W – white pericarp; Y – yellow endosperm
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Table 2. Characterization of wheat SSR (Simple Sequence Repeat) markers and their statistical analysis 

SSR marker Localization Number of alleles DI PI PIC Note
Xgwm122 2A 7 0.52 0.23 0.51
Xgwm294 2A 4 0.65 0.16 0.60
Xgwm445 2A 6 0.60 0.17 0.58
Xgwm328 2A 1 0.00 1.00 0.00 U
Xgwm356 2A 1 0.00 1.00 0.00 U
Xgwm666b 2A 3 0.28 0.54 0.26
Xgwm636 2A 6 0.71 0.05 0.70 P
Xwmc428 3A 5 0.54 0.24 0.51
Xcfa2134 3A 2 0.08 0.86 0.07
Xgwm674 3A 3 0.28 0.54 0.26
Xgwm155 3A 6 0.51 0.24 0.50
Xgwm480 3A 5 0.44 0.27 0.44 0
Xbarc077 3B 6 0.72 0.05 0.72 P, 0
Xgwm181 3B 5 0.69 0.06 0.68
Xgwm340 3B 4 0.60 0.09 0.60 0
Xgwm4a 3B,4A 3 0.39 0.35 0.38
Xgwm314 3D 2 0.08 0.86 0.07
Xgwm664 3D 2 0.08 0.86 0.07
Xgwm456 3D 2 0.21 0.64 0.19
Xbarc170 4A 7 0.63 0.10 0.63 0
Xwmc173 4A 4 0.45 0.32 0.42 0
Xgwm601 4A 2 0.48 0.39 0.36
Xbarc206 4A 3 0.22 0.60 0.22 0
Xbarc138 4A 3 0.28 0.54 0.26
Xwmc262 4A 8 0.72 0.06 0.72 P, 0
Xgwm397 4A 9 0.78 0.03 0.78 P
Xwmc232 4A 2 0.27 0.57 0.23 0
Xgwm160 4A 6 0.46 0.28 0.46
Xwmc219 4A 9 0.79 0.02 0.79 P, 0
Xgwm251 4B 6 0.69 0.13 0.65 0
Xgwm6 4B 2 0.15 0.74 0.14
Xgwm513 4B 1 0.00 1.00 0.00 U
Xgwm192 4B 5 0.51 0.22 0.51
Xgwm149 4B 1 0.00 1.00 0.00 U
Xwmc47 4B 4 0.34 0.41 0.34
Xbarc163 4B 8 0.52 0.23 0.52 0
Xbarc195 6A 4 0.51 0.30 0.44
Xbarc003 6A 6 0.64 0.09 0.64 0
Xgwm427 6A 2 0.08 0.86 0.07
Xgwm570 6A,6B 1 0.00 1.00 0.00 U
Xgwm60 7A 1 0.00 1.00 0.00 U
Xgwm861 7A,7B 6 0.67 0.10 0.65
Xbarc176 7B 7 0.65 0.11 0.65
Xgwm276 7B 3 0.28 0.54 0.26 0
Mean 0.40 0.43 0.38

DI – diversity index; PI – probabilities of identity; PIC – polymorphic information content; P – SSR marker with the 
highest level of polymorphism; U – uniform SSR marker; 0 – null allele
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the genotype UC66049. Morrison et al. (2004) 
mentioned the existence of lines BS-1, BS-2, and 
BS-3 (Blue Sebesta) with blue caryopses which had 
chromosomal segments transferred from a genotype 
of tall wheatgrass which seemed to have a similar 
origin as UC66049. Here the analysed genotype 
of tall wheatgrass, which is freely accessible in 
Gene Bank CRI Prague-Ruzyně, had the code ECN 
01C3200011. Morrison et al. (2004) did not specify 
the exact characteristics of this genetic resource; 
it was not possible to include a clearly defined set 
of genetic resources so that the comparison with 
our results was not possible. 

This study indicates that the most closely related 
genotypes with blue aleurone were Tschermaks 
Blaukörniger, Tschermaks Blaukörniger Sommer-
weizen, RU 440-5 and RU 440-6 (now new cultivar 
Skorpion). Near isogenic lines ANK with red and 
purple pericarp showed a high level of similarity with 
Novosibirskaya 67 (white pericarp). Our results also 
confirmed the close relationship between two geno-
types with yellow endosperm (Citrus and Luteus).

These results can be used for monitoring of hyb-
ridisation in wheat breeding programmes and also 
for the characterisation of donors of non-standard 
caryopses colour. 
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