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Abstract
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In 2006 and 2007 samples of harvested grain were used to verify the possibility of distinguishing 12
winter wheat genotypes and of detecting impurities on the basis of polymorphism of prolamin ker-
nel proteins. Uniform electrophoretic patterns were detected in genotypes of Athlet, Buteo, Dromos,
Ebi, Etela, Florett, Livia, Simila wheat in 2006 and 2007. On the basis of the identity index two sister
prolamin lines with different share, depending on the year of harvest, were discovered in 3 wheat
genotypes (Astella, Brea and Hana). The proportion of sister gliadin lines in the Astella and Brea ge-
notypes was the same in both years. There was only minor difference (+ 2.5%) in the share of the sis-
ter lines in the Hana variety between the respective years, and could be influenced by environmen-
tal factors. A foreign genotype was detected in the Mona variety. The identity index of the impurity to
the Mona variety (ii = 0.30) was considerably low. In the impurity the gliadin block Gld 1B3 was not de-
tected, which is the genetic marker of rye translocation TIBL.1RS (the Sr31 gene of resistance to black
rust, higher cold resistance and the marker of poor baking quality - presence of secalin genes). The re-
sults proved the potential practical application of the electrophoretic detection of polymorphism of
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prolamin proteins as markers of impurities of foreign genotypes in a seed sample.

winter wheat, prolamin proteins, electrophoresis, admixture

In breeding work it is important to make sure to
use initial seed stock that has the required proper-
ties, but also to use material of corresponding va-
rietal (genotypic) purity. This also applies to farmers
who produce and sell seeds and, last but not least, it
concerns the processing industry where admixtures
of an undesirable genotype have a negative effect
and result in poorer quality of the end product.

Wheat (Triticum aestivumL.) is aself-pollinating crop
with a low share of cross-pollination (4-5%). This
means that most of the varieties are of the line type or
they are amixture of isogenic lines (Chloupek, 2000).
A number of methods can be used to detect the im-
purities in a sample of harvested seeds; e. g. the po-
lymorphism of storage kernel proteins — prolamins.
High polymorphism of prolamins was used by many
authors (Cerny et al., 1992; Metakovsky, 1991; Pan
et al., 2007; Wei et al., 2007) and is characteristic of
these proteins.

Compared to other biochemical markers, the pro-
lamins are not so dependent on conditions of the ex-
ternal environment and they are independent on
the ontogenetic stage of the plant. Other markers,
which are undergoing considerable development
at the present time, monitor the level of DNA poly-
morphism. However, compared to the detection of
polymorphism of prolamin proteins these methods
are much more expensive due to the used chemicals
and technology (Koch, 1998).

In terms of the above-mentioned aspects, poly-
morphism of storage proteins is suitable for the de-
tection of varietal purity in kernel samples. The ob-
jective of the present study was to assess the varietal
purity from samples of harvested seed stock using
electrophoretic detection of the polymorphism of
prolamin proteins of wheat.
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MATERIALS AND METHODS

Harvested kernels of twelve genotypes of winter
hexaploid wheat (2n = 6x = 42, genome AABBDD)

I: Analysed wheat varieties

(Tab. I) were used as experimental material (certified
seed only).

Variety | Year of registration | Country of origin* Pedigree
Astella 1995 SVK Viginta x SO-80-2208
Athlet 1996 GER Granada x B-9875
Brea 1996 CZE BR-918 x Hana
Buteo 2006 GER (LP 4285.90 x LP 3273.87) x Pegassos
Dromos 2006 GER (ZE 8710 x Batis) x Kimon
Ebi 1997 GER Line 81-4 x Urban
Etela 2006 CZE HE 3691 x Apollo
Florett 2006 FRA PBIS 95-82x G31
Hana 1985 CSK NS-984-4 x (Mironovskaja 808 x Moisson)
Livia 1991 SVK K-3758-1-76 x Kosutka
Mona 1994 CZE Tljicovka x L-6508-74
Simila 2006 CZE Samanta x Estica

* CSK - Czechoslovakia; CZE - Czech Republic; FRA -

Wheat seeds harvested on experimental plots of
the Central Institute for Supervising and Testing in
Agriculture (Brno) in 2006 and 2007 were analysed
using the vertical polyacrylamide electrophore-
sis Multigel-Long (Biometra, GER) according to
the method of ISTA (International Seed Testing As-
sociation, 1999; Vyhnanek and Bedné¥, 2003). From
each genotype 40 randomly selected seeds were ana-
lysed, each one separately (one seed = one electro-
phoretic lane). The resulting electrophoreograms
were qualitatively interpreted using REM (relative
electrophoretic mobility) where the reference band
was the specific wheat protein with a 55 REM mobi-
lity, which can be found in all D-genome hexaploid
wheat (Kozub et al., 2003). Quantitative interpreta-
tion was based on the intensity of the colouring of
protein bands in the resulting electrophoretic pat-
tern (Cerny and Sagek, 1996). If heterogeneous pat-
terns appeared, the identity index (i) for the deter-
mination of the relation of electrophoretic patterns
was estimated (Hadagova et al., 1980). These patterns
were plotted using MS Excel by REM and intensity
of the colouring of protein bands. Genetic interpre-
tation of the results was based on Metakovsky et al.
(1986).

RESULTS AND DISCUSSION

By means of prolamin polymorphism, it was pos-
sible to distinguish all the 12 genotypes of winter
wheat. Uniform electrophoretic patterns were de-
tected in genotypes of Athlet, Buteo, Dromos, Ebi,
Etela, Florett, Livia, Simila wheat in 2006 and 2007.
Cerny and Sasek (1996) indicated that the polymor-

France; GER - Germany; SVK - Slovakia

phism of prolamin seed proteins is high compared to
the other important fraction of wheat proteins - glu-
tenins. Using electrophoretic separation of gliadins
Metakovsky and Branlard (1998) characterised and
differentiated French varieties approved and regis-
tered in the past 25-50 years.

On the other hand, heterogeneous patterns con-
sisting of two prolamin lines were discovered in
genotypes of Astella, Brea and Hana wheat in both
years. Metakovsky et al. (2000) assessed the variabi-
lity in 100 varieties registered in Spain in the past 40
years and detected several varieties with more than
one sister line. The gliadin protein with REM 55 ap-
peared in all the analysed genotypes (Fig. 1 and 2),
confirming that all samples contain the D-genome of
hexaploid wheat. In the Brea and Hana varieties dif-
ferences in gliadins with a higher molecular weight
- o-gliadins were detected, which constitute a part
of the prolamin electrophoretic pattern with REM
ranging between 8 and 44. In contrast, differences in
the area belonging to a-, -, y-gliadins with a lower
molecular weight in the REM area ranging between
80 and 100 were found in the Astella variety.

In the heterogeneous genotypes the identity in-
dex ranged from 0.80 to 0.85 (Tab. II) proving that
the genotypes are sister prolamin lines (Sasek et al.,
1990). By means of starch electrophoresis Sasek et al.
(1998) achieved the same results in the Astella, Brea
and Hana varieties. The proportion of sister gliadin
lines in the Astella and Brea genotypes was the same
in both years. There was only minor difference (+
2.5%) in the share of the sister lines in the Hana va-
riety between the respective years, and could be in-
fluenced by environmental factors.
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1: Prolamin patterns of single-line varieties of winter wheat
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2: Prolamin patterns of sister-lines of winter wheat varieties
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I1: Share of prolamin lines in the analysed wheat genotypes

Share (%) Identity index of
Genotypes Years e A ine B A and B lines

2006 70.0 30.0 0.80
Astella

2007 70.0 30.0

2006 85.0 15.0 0.85
Brea

2007 85.0 15.0

2006 80.0 20.0 0.81
Hana

2007 77.5 22.5

ISTA recommends using polymorphism of sto-
rage proteins in Triticum (International Seed Testing
Association, 1999) as a method of determination of
the varietal purity but does not mention limit values.
Cerny et al. (1992) determined the varietal authenti-
city and also detected varietal impurities of common
wheat seeds using polyacrylamide gel electrophore-
sis. In our collection of varieties foreign genotype
was detected in the Mona variety in 2006 only, and
its share was 7.5%. The foreign genotype had an elec-
trophoretic spectrum with a markedly low identity
index (ii = 0.30) compared to the analysed variety
Mona. The genotype did not contain the gliadin

cluster Gld 1B3 (REM 26-44) (Fig. 1). The presence of
aforeign genotype in the Mona variety in 2006 could
have been caused by insufficient purity of the used
seed sample or a foreign genotype was introduced
during harvest.

Characteristic for the Athlet, Etela, Livia and Mona
varieties was a gliadin cluster genetically determined
by the Gld 1B3 allele. According to Cerny and Sasek
(1996) this gliadin block represents the rye translo-
cation T1BL.1RS in wheat, which is the marker of
higher cold resistance, poorer baking quality (seca-
lin genes in the wheat genome) and the Sr31 gene of
resistance to black rust.
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SUMMARY

In 2006 and 2007 samples of harvested grain were used to verify the possibility of distinguishing and
identification of 12 winter wheat varieties (Triticum aestioum L., 2n = 6x = 42, genome AABBDD) regis-
tered in the Czech Republic, and of detecting impurities on the basis of polymorphism of prolamin
kernel proteins (gliadins). Polymorphism of gliadins were detected using polyacrylamide electro-
phoresis. By means of prolamin polymorphism, it was possible to distinguish all the 12 genotypes of
winter wheat. Uniform electrophoretic patterns were detected in genotypes of Athlet, Buteo, Dromos,
Ebi, Etela, Florett, Livia, Simila wheat in 2006 and 2007. On the basis of the identity index (ii) two sis-
ter prolamin lines (ii = 0.80-0.85) with different share, depending on the year of harvest, were discove-
red in 3 wheat genotypes (Astella, Brea and Hana). The proportion of sister gliadin lines in the Astella
and Brea genotypes was the same in both years. There was only minor difference (+ 2.5%) in the share
of the sister lines in the Hana variety between the respective years, and could be influenced by envi-
ronmental factors. In the Brea and Hana varieties differences in sister prolamin lines in the pattern of
o-gliadins (a higher molecular weight) were detected, which constitute a part of the prolamin electro-
phoretic pattern with REM ranging between 8 and 44. In contrast in the Astella variety, differences in
the area belonging to a-, B-, y-gliadins with a lower molecular weight in the REM area ranging between
80 and 100 were found. In our collection of varieties foreign genotype was detected in the Mona va-
riety in 2006 only, and its share was 7.5%. The foreign genotype had an electrophoretic spectrum
with a markedly low identity index (ii = 0.30) compared to the analysed variety Mona. In the impurity
the gliadin block Gld 1B3 was not detected, which is the genetic marker of rye translocation T1BL.1RS
(the Sr31 gene of resistance to black rust, higher cold resistance and the marker of poor baking quali-
ty — presence of rye secalin genes). The presence of a foreign genotype in the Mona variety could have
been caused by insufficient purity of the used seed sample or a foreign genotype was introduced du-
ring harvest. Characteristic for four wheat varieties (Athlet, Etela, Livia and Mona) was a gliadin cluster
genetically determined by the Gld 1B3 allele. The gliadin protein with REM 55 appeared in prolamin
pattern in all the analysed varieties, confirming that all samples contain the D-genome of hexaploid
wheat. The results of this work proved the potential practical application of the electrophoretic detec-
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tion of polymorphism of prolamin proteins for identification and distinction of wheat varieties, and
as markers of impurities of foreign genotypes in a seed sample.

SOUHRN

Polymorfismus prolaminovych bilkovin u vybranych odrtid ozimé p3enice registrovanych
v Ceské republice

V priéci byla ovéfena moznost rozlideni a identifikace dvanécti odrid ozimé p3enice (Triticum aesti-
vum L., 2n = 6x = 42, genom AABBDD) registrovanych v Ceské republice, a moznost zjisténi primé-
si na zaklad& detekce polymorfismu prolaminovych bilkovin (gliadint) zrna ve vzorcich sklizenych
v letech 2006 a 2007. Pro detekci polymorfismu gliadini byla vyuzita polyakrylamidova elektroforé-
za. V8ech dvandct analyzovanych odriid ozimé p3enice bylo pomoci elektroforetické detekce poly-
morfismu prolaminovych bilkovin rozliseno. Uniformni elektroforeticka spektra byla v obou letech
detekovana u odrtid Athlet, Buteo, Dromos, Ebi, Etela, Florett, Livia a Simila. U tif genotypti p3enice
(Astella, Brea a Hana) byl detekovéan a na zdklad€ indexu identity (ii) zjist€n vyskyt dvou sesterskych
prolaminovych linif (ii = 0,80-0,85) s riiznym zastoupenim v zavislosti na roku sklizné&. U odrtid As-
tella a Brea bylo zastoupeni sesterskych linii v obou letech stejné. Pouze u odrtidy Hana byl zjistén
mezi jednotlivymi roky maly rozdil (+ 2,5%). V p¥ipadé odrtid Brea a Hana byly detekovany rozdily
u sesterskych prolaminovych linif ve spektru o-gliadint (vy331 molekulovd hmotnost), které se na-
chazi v Easti prolaminového elektroforetického spektra s REM v rozmezi mezi 8 az 44. Oproti tomu
u odriidy Astella se sesterské prolaminové linie ligily ve spektru a-, B-, y-gliadini s nizsi molekulovou
hmotnosti v rozmezi REM 80 az 100. V roce 2006 byla u analyzovanych odrtd detekovana p¥imes
u odrtidy Mona a jeji zastoupeni bylo 7,5%. PFimés méla vyrazné nizky index identity k odrtidé Mona
(ii = 0,30). U pi¥imé&si nebyl detekovan gliadinovy blok Gld 1B3 (REM 26-44), jeZ je genetickym marke-
rem zitné translokace T1IBL.1RS (genu Sr31 rezistence ke rzi travni, vy33i zimovzdornosti a markerem
Spatné pekatské jakosti - pFitomnost zitnych sekalinovych gent). P¥itomnost ciziho genotypu u od-
riddy Mona maZe byt zptisobena nedostate¢nou istotou pouzitého osiva nebo pfimési b€hem skliz-
né&. Pro ¢tyfi analyzované odrady p3enice (Athlet, Etela, Livia a Mona) byl charakteristicky gliadinovy
klaster, ktery je geneticky determinovan alelou Gld 1B3. Pfitomnost gliadinového proteinu s REM 55
v prolaminovém spektru viech analyzovanych odrtid znamend, Ze viechny analyzované odrtidy ob-
sahuji D genom hexaploidnich p3enic. Vysledky prace ukazuji moznost praktického vyuZiti elektro-
foretické detekce polymorfismu prolaminovych bilkovin zrna p¥i identifikaci a rozliseni odriid p3e-
nice a jako markerti p¥imési ciziho genotypu ve vzorku osiva.

ozimd p3enice, prolaminy, elektroforéza, pfimés
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