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ABSTRACT

Genetic diversity was detected in 11 varieties of triticale registered in the Czech Republic by means of polymorphism
of prolamin proteins using the PAGE ISTA method. The polymorphism of prolamin proteins allowed the differenti-
ation of the individual triticale varieties in 2002 and 2003 harvests. On the basis of Dice’s calculations of coefficients
of similarity we discovered, in parallel with the uniform genotypes, genotypes with sister prolamin spectrums with
a different percentage of participation in the respective years. A uniform spectrum was detected in the following va-
rieties: Disco, Kolor, Lamberto, Marko, Presto, Sekundo, Ticino and Tricolor; Kitaro and Modus were dimorphous
varieties. In 2003 three sister prolamin lines appeared in the variety Gabo and in 2004 only two. In 2003 a 5% admix-
ture of a foreign genotype was detected in the variety Marko. Typical of the unknown genotype was the gliadin block
GId 1B3, which is the marker of rye translocation T1BL.1RS, gene Sr31 with resistance to black rust, higher cold re-
sistance and lower baking quality of the wheat. The prolamin proteins of triticale grain are suitable for the detection
of the genetic diversity and for the assessment of varietal authenticity and purity in seed samples of triticale varieties

registered in the Czech Republic.
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Triticale (XTriticosecale Wittmack.) is an autoga-
mous plant with a low share of cross-pollination
(4-5%). This means that the majority of varieties
are of the line type or a mixture of isogenic lines
(Chloupek 2000). A number of methods are now
available for the detection of the genetic variabil-
ity (diversity), e.g. morphological characteristics;
analysis of pedigrees; biochemical markers, par-
ticularly proteins and their various isoenzyme
variants; molecular (DNA) markers etc. The au-
thor’s department has gained important experience
in the area in the detection of polymorphism in
storage proteins of triticale grain, i.e. the alcohol-
soluble fraction — prolamins (gliadins and seca-
lins). Prolamin proteins are characterised by high
polymorphism and many authors detected them
in a number of crops, e.g. wheat (T. monococcum,
T. spelta and T. aestivum), barley (H. vulgare) and
triticale (gaéek et al. 2000, Vyhnanek and Bednar
2003). By comparison with other markers of genetic
variability they have many advantages. There are
not so dependent on environmental conditions as
isoenzymes, and they are not dependent on the
ontogenetic stage of the plant (Koch 1998). Other
markers of genetic variability, the importance of
which is continually increasing, are DNA markers.

There methods, however, are extremely costly in
terms of material and instrumentation compared
to the detection of polymorphism of prolamin pro-
teins. Considering these aspects the polymorphism
of storage proteins in grain is very suitable for the
detection of the genetic variability of cereals.
The objective of the present study was to detect
the genetic variability by means of spectrums of
prolamin storage proteins in the grain of triticale
varieties registered in the Czech Republic.

MATERIAL AND METHODS

The polymorphism of storage proteins of grain
was analysed in 10 winter forms and one spring
form of triticale varieties (XTriticosecale Wittmack.,
2n = 6x = 42, AABBRR) registered in the Czech
Republic (Table 1). Mixed samples of certified seeds
from the 2002 and 2003 harvests were obtained
from Ing. FrantiSek Bene$ of the Central Control
and Testing Agricultural Institute, testing station
in Hradec nad Svitavou.

Electrophoresis analysis of prolamin proteins by
means of vertical polyacrylamid electrophoresis
of the firm Biometra was conducted according to
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Table 1. Analysed triticale varieties

Variety Year of registration Property
Spring Gabo 1999 Hodowla Roslin Strzelce, Sp. z o.0., Poland
Disco 1997 DANKO Hodowla Roslin, Sp. z 0.0., Poland
Lamberto 2003 DANKO Hodowla Roslin, Sp. z 0.0., Poland
Kitaro 2003 DANKO Hodowla Roslin, Sp. z 0.0., Poland
Kolor 1996 SELGEN, a.s., Czech Republic
Marko 2001 Hodowla Roslin Strzelce, Sp. z o.0., Poland
Winter
Modus 1998 NORDSAAT Saatzuchtgesellschaft mbH, Germany
Presto 1990 DANKO Hodowla Roslin, Sp. z 0.0., Poland
Sekundo 2000 Hodowla Roslin Szelejewo Sp. z 0.0., Poland
Ticino 2003 Pflanzenzucht Saka GbR, Germany
Tricolor 2002 Florimond Desprez, France

the PAGE ISTA method (ISTA 1999, Vyhnanek and
Bednar 2003). From each genotype we analysed
105 randomly selected seeds, each one separately
(one grain = one electrophoresis path). The re-
sulting electrophoreographs were qualitatively
interpreted using REM (relative electrophoresis
mobility), where a protein variant with electro-
phoresis mobility was the reference band REM
=55. Quantitative evaluations were based on the
intensity of colouring of the protein variants in the
resulting electrophoresis spectrum. These prolamin
spectrums were graphically processed using macro
Zizala in MS Excel. The Bio 1D++ software (Vilber
Lourmat, France) was used for statistical interpreta-

tion of the electrophoreographs, i.e. by calculation
of Dice’s coefficients of similarity and elaboration
of a dendrogram.

RESULTS AND DISCUSSION

Metakovsky and Branlard (1998) used prolamin
proteins of wheat grain to explore the genetic di-
versity and to differentiate the French wheat va-
rieties. Prolamin proteins were also used to detect
the variability in 100 wheat varieties registered in
Spain in the past 40 years (Metakovsky et al. 2000).
Our present results in the detection of polymor-
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Table 2. Participation of sister prolamin lines (in %)

The occurrence of varieties with a uniform

Year of harvest

prolamin spectrum and genotypes with two and
more sister prolamin lines dependent on the har-

vest year was discovered for example in wheat

(éern}z and Sasek 1996), barley (éerny and Sasek
1998, Sasek et al. 2000) and triticale (Vyhnanek
and Bednafr 2000). A uniform electrophoresis

prolamin spectrum was discovered in 8 triticale
winter varieties (Presto, Kolor, Disco, Sekundo,
Marko, Tricolor, Lamberto and Ticino) and it is the

Variety Line
2002 2003
A 73 70
Modus
B 27 30
A 64 70
Kitaro
B 36 30
A 73 75
Gabo B 23 25
C 4 0

case of a one-line variety (Figure 1). Two prolamin
spectrums with different percentages of participa-
tion dependent on the year were detected in the
remaining genotypes of winter triticale (Table 2).

In our case the difference did not exceed + 6%.
In both years the electrophoresis spectrums were
identical and were not influenced by the weather

phism of prolamin grain proteins enabled us to
differentiate all the 11 analysed triticale varieties
(Figure 1). The effect of the weather conditions of
the respective year on the use of electrophoresis
spectrums for verification of the varieties was not
confirmed.

conditions of the year. In both years two prolamin
spectrums were detected in the varieties Modus and
Kitaro. Basing on Dice’s coefficients of similarity
and the dendrogram it is evident that this is a case
of a sister prolamin line (Table 3, Figure 2). On the
basis of Dice’s coefficient of similarity (0.38), in

Table 3. Matrix of Dice’s coefficients of similarity of prolamin spectrums of triticale using the Bio 1D++ software

(P =99%)
L1 L2 L3 L4 L5 L6 L7 L9 Lo L11  L12 L13 L14 L15 L16
L1 1.00
L2 0.28  1.00
L3 041 037 1.00
L4 033 036 037 1.00
L5 039 035 036 096 1.00
L6 026 038 030 034 033 1.00
L7 039 034 029 033 044 044 1.00
L8 031 030 047 024 023 032 038 1.00
L9 043 045 042 032 034 028 033 027 1.00
L10 038 038 041 041 043 043 039 040 040 1.00
L11 034 037 040 036 038 038 034 036 039 090 1.00
L12 039 028 035 023 022 029 031 028 030 032 028 1.00
L13 042 034 035 058 061 036 039 026 040 032 028 035 1.00
L14 040 043 054 032 034 041 049 042 041 044 036 033 044 1.00
L15 039 045 056 038 037 040 051 041 043 039 032 036 043 097 1.00
L16 033 045 052 031 033 037 047 044 043 036 029 029 039 084 0.82 1.00

L1 = Presto, L2 = Kolor, L3 = Disco, L4 = Modus A, L5 = Modus B, L6 = Sekundo, L7 = Marko, L8 = admixture of variety Marko,
L9 = Tricolor, L10 = Kitaro A, L11 = Kitaro B, L12 = Lamberto, L13 = Ticino, L14 = Gabo A, L15 = Gabo B, L16 = Gabo C
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Figure 2. Dendrogram of similarity of prolamin spectrums of triticale using the Bio 1D++ software (Jaccard’s coef-

ficient, P = 99%)

1 =DPresto, 2 =Kolor, 3 =Disco, 4=Modus A, 5=Modus B, 6 = Sekundo, 7 = Marko, 8 = admixture of variety Marko,
9 = Tricolor, 10 = Kitaro A, 11 = Kitaro B, 12 = Lamberto, 13 = Ticino, 14 = Gabo A, 15 = Gabo B, 16 = Gabo C

the variety Marko, where two prolamin spectrums
were also discovered in the 2002 harvest, we can
assume that it is an admixture of a foreign geno-
type in the seed sample. Typical of the admixture
of the unknown genotype was the gliadin block
Gld 1B3, which is the marker of rye translocation
T1BL.1RS, gene Sr31 with resistance against black
rust, higher cold resistance and lower baking
quality of wheat. This admixture was detected
in the first year only and with all probability it is
a genotype of hexaploid wheat. In the 2002 harvest
three sister prolamin spectrums were detected in
the spring triticale variety Gabo and two prolamin
spectrums in the 2003 harvest (absence of line C).
Based on Dice’s coefficients of similarity and the
dendrogram, the prolamin spectrum most similar
to Disco is the prolamin spectrum of the variety
Gabo, the only spring triticale variety registered
in the Czech Republic.

Electrophoresis spectrums of prolamins were
identical in both years and were not affected by
the weather conditions of the year, confirming the
results of a number of authors.
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ABSTRAKT

Polymorfismus prolaminovych bilkovin obilky registrovanych odrid tritikale v CR

Byla provedena detekce genetické diverzity u 11 odrtd tritikale, které jsou registrovany v CR, pomoci polymor-
fismu prolaminovych bilkovin obilky metodou PAGE ISTA. Jednotlivé odrtdy tritikale ze sklizné 2002 a 2003 se
podaftilo pomoci polymorfismu prolaminovych bilkovin obilky navzajem rozlisit. Na zakladé vypoctu Diceho
podobnostnich koeficient(1 byly zjistény vedle uniformnich genotypt genotypy s vyskytem sesterskych prolamino-
vych spekter s rozdilnym procentudlnim zastoupenim v jednotlivych letech. Uniformni spektrum bylo detekovano
u odrud Disco, Kolor, Lamberto, Marko, Presto, Sekundo, Ticino a Tricolor; dimorfni byly odridy Kitaro a Modus.
Odrtida Gabo vykazovala v roce 2003 vyskyt tii sesterskych prolaminovych linii a v roce 2004 jen dvou. U odrtdy
Marko byla v roce 2003 detekovana pfimeés ciziho genotypu s vyskytem 5 %. Pro piimés neznamého genotypu byl
charakteristicky gliadinovy blok GId 1B3, ktery je markerem zitné translokace T1BL.1IRS, genu Sr31 rezistence ke rzi
travni, vyssi zimovzdornosti a nizsi pekafské kvality u pSenice. Prolaminové bilkoviny obilky tritikale 1ze vhodné
vyuzit pro detekci genetické diverzity a stanoveni odrtidové pravosti a Cistoty ve vzorku osiva u odrtd tritikale
registrovanych v CR.
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