
Introduction

Hexaploid triticale (× Triticosecale Wittmack) is

a man-made cereal hybrid created by crossing

wheat (Triticum spp.) with rye (Secale cereale L.)

Significant progress in breeding of the species was

made in the last two decades. The future of

triticale is bright because it has a high yield poten-

tial, is environmentally more flexible than other

cereals, and shows better tolerance to pathogens

than its parental species (Oettler 2005; Barnett

et al. 2006; Lelley 2006). Triticale contains high

concentrations of the essential amino acid lysine,

which makes it more nutritionally valuable than

wheat. In comparison with common wheat, most

triticale flour usually has a lower protein content

and milling yield, higher ash content and inferior

loaf volume, which limit its bread-making quality

(Serna-Saldivar et al. 2004; Lelley 2006).

In hexaploid triticale (2n=6x=42, AABBRR)

the rye (R) genome replaces the D genome of

bread wheat. This difference in genomic constitu-

tion has a noticeable influence on the

bread-making quality of triticale. The secalins, in-

herited from rye, are distinct from wheat storage

proteins and not capable of forming gluten.

The bread-making quality of bread wheat is

mainly determined by the composition and quan-

tity of gluten-forming storage proteins, in particu-

lar the high-molecular-weight glutenin subunits

(HMW-GS) (Wieser et al.1998; Butow et al. 2003,

2004). Various alleles of HMW glutenin genes are
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particularly important for determining wheat gluten

and dough elasticity (Shewry et al. 1992).

In triticale there are only 4 HMW glutenin genes,

even though 1–3 subunits are synthesized in any

particular cultivar (Igrejas et al. 1999; Amiour

et al. 2002a). The HMW glutenin genes are en-

coded at the complex loci Glu-A1 and Glu-B1 on

the long arms of chromosomes 1A and 1B

(Shewry et al. 1992). Each locus includes 2 tightly

linked genes encoding 2 types of HMW glutenin

subunits, designated as x-type and y-type. The

corresponding rye HMW secalin genes are en-

coded at the Glu-R1 locus, also designated as

Sec-3 (Shewry et al. 1984), which is located on the

long arm of chromosome 1R. The elimination of

the wheat Glu-D1 locus, with its known positive

effects on wheat bread-making quality, causes the

total amount of gluten in triticale to be lower and

thus its bread-making quality is poorer. Although

genetic variability in gluten content exists, the

highest gluten content of triticale is still 10–15%

lower than that of wheat (Pena 1996).

Traditionally, polyacrylamide gel electropho-

resis (SDS-PAGE and/or A-PAGE), reverse-

phase high performance liquid chromatography

(RP-HPLC) and capillary electrophoresis were the

most widely used techniques for identification of

wheat HMW glutenin composition and for investi-

gation of their effects on bread quality (Payne and

Lawrence 1983; Shewry et al. 1992; Wieser et al.

1998; Bean and Lookhardt 2000). In triticale,

the storage proteins (HMW and LMW glutenin,

and secalin subunits) identified by SDS-PAGE

show a significantly lower range of storage pro-

teins than in wheat, as reported in literature

(Rozinek et al. 1998; Igrejas et al. 1999; Amiour

et al. 2002a,b). The presence of both wheat and rye

HMW proteins in triticale, which appear in differ-

ent amounts and additionally are often character-

ized by similar electrophoretic mobilities,

interferes to a large extent with the identification

of individual HMW subunits by using SDS-PAGE

gels. Particularly, some functionally different

HMW glutenin subunits, such as Bx7 vs. Bx7* or

By8 vs. By8*, have similar relative electropho-

retic mobilities and cannot be unambiguously

identified by SDS-PAGE (Butow et al. 2003,

2004).

Polymerase chain reaction (PCR) techniques

have been used as alternative forms of analysis of

HMW glutenin subunits from wheat. Several spe-

cific primer sets amplifying fragments of wheat

DNA for single genes or alleles present at the com-

plex Glu-1 loci have been developed (Lafiandra

et al. 1997; Ahmad 2000; De Bustos et al. 2000;

Radovanovic and Cloutier 2003; Butow et al.

2003, 2004; Lei et al. 2006). DNA fragments of

wheat HMW glutenin genes were amplified by

single and multiplex PCR methods (Ma et al.

2003; Moczulski and Salmanowicz 2003;

Salmanowicz and Moczulski 2004; Gale 2005).
The present paper describes the exploitation of

a molecular method to identify hexaploid triticale
genotypes carrying different wheat HMW
glutenin allelic combinations at Glu-A1 and
Glu-B1 loci. Seven known wheat primer sets of
Glu-1 loci were examined to detect genes encod-
ing Ax1, Ax2* and AxNull at the Glu-A1 locus;
and Bx6, Bx7, Bx7*, By8, By8*, By18* and
By20* at the Glu-B1 locus in triticale cultivars.
The combinations of HMW glutenin subunits of
Polish triticale, determined on the basis of the PCR
and SDS-PAGE analyses, were compared with
published SDS-PAGE data.

Materials and methods

Plant material

Grain samples of 46 Polish cultivars of both winter

(36) and spring (10) hexaploid triticale were ana-

lysed. The triticale grain samples were obtained

from DANKO Plant Breeding at Choryñ,

and Plant Breeding Companies at Strzelce (Branch

at Ma³yszyn) and Szelejewo (western Poland).

Isolation of HMW storage proteins and

separation by SDS-PAGE

Total seed proteins were extracted from single

crushed half-seeds (non-embryo half, ca. 20 mg).

Extractions were performed with 200 �L SDS re-

ducing sample buffer [62.5 mM Tris, pH 6.8, 4%

(w/v) SDS, 10% (v/v) glycerol, 2% (v/v)

mercaptoethanol, and 0.001% bromophenol blue]

for 1h at room temperature. The samples were cen-

trifuged at 15 400 g for 10 min. Equal volumes of

supernatants were then loaded onto the upper

4.5% gel and the proteins were separated on

11.5% (w/v) polyacrylamide in resolving solution

at 200 V for 5 h. The gels were stained overnight

with Coomassie Brilliant Blue according to

Neuhoff et al. (1998). The wheat HMW glutenin

alleles/genes in triticale samples were designated

according to Payne and Lawrence (1983), Amiour

et al. (2002a) and McIntosh et al. (2003).
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DNA purification

Genomic DNA was extracted from lyophilized fresh

leaves (150 mg) of a single plant (ca. 3 weeks old).

Plant material was ground with a pre-cooled plas-

tic pestle after freezing with liquid nitrogen, and

an extraction buffer (200 mM Tris-HCl pH 7.5,

250 mM NaCl, 25 mM EDTA, 0.5% SDS) was

added. The homogenate was mixed thoroughly

and incubated for 15 min at 65oC. The mixture was

supplemented with 1/3 volume of 5 M potassium

acetate and was left on ice for 10 min. Next the

mixture was centrifuged at 4oC for 15 min

at 13 000 g (AllegraTM 21R Beckman-Coulter

Centrifuge). The clear supernatant was transferred

to a fresh tube and precipitated with 100 �g mL–1

ribonuclease. Then the solution was incubated for

20 min at 37oC. The DNA was precipitated by

adding isopropanol (1 : 1) and was left on ice for

20 min at –20oC. After centrifugation for 10 min at

12 000 g, the obtained DNA pellet was washed

with 70% ethanol, air-dried, and re-suspended in

50 �L TE (10 mM Tris-HCl, 1 mM EDTA) pH 8.

PCR analysis

The oligonucleotides used as primers were synthe-
sized according to published data (Table 1),
and purchased from Sigma-Genosys (Germany).

PCR analyses were performed in a PTC-200

thermal cycler (MJ Research, USA) with a heated

lid in a final volume of 25 �L. To verify the

applicability of the PCR-based method for distin-

guishing wheat HMW glutenin alleles, DNA sam-

ples of 5 standard wheat cultivars and 3 triticale

cultivars with well-known wheat HMW glutenin

combinations were used for testing. The PCR reac-

tion conditions were established by optimization of con-

centrations of HotStart Taq polymerase (Qiagen,

Germany, 0.03–1.5 U �L–1), MgCl2 (1.5–3.5 mM), each

primer (0.1–0.4 �M), and each deoxyribonucleotide

(150–350 �M). The next step was checked at annealing

temperature in the range 57oC–64oC for 40 s to 1 min,

extension time in the range 1–2.30 min at 72oC, and

number of cycles in the range 30–45.

For the detection of individual HMW glutenin

subunits in triticale samples, the following PCR

reaction mixture was applied: 1 × PCR buffer

(Qiagen), 2 mM MgCl2, 300 �M of each dNTP,

0.2 �M of each primer, 50 ng genomic DNA and

0.5 U HotStar Taq DNA Polymerase (Qiagen).

After initial denaturation at 95oC for 15 min,

35 cycles were performed, depending on the indi-

vidual markers, in cycling temperatures presented

in Table 2.

The final DNA extension temperature was

72oC for 10 min. The PCR products were sepa-

rated in ethidium bromide-stained 1.5 or 2.0%

(w/v) agarose gels run in 1 × TBE buffer and ex-

posed to UV light to visualize DNA fragments.
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Table 1. Sets of allele- and gene-specific markers for identification of HMW glutenin genes of triticale

Primer set HMW glutenin
subunits

Expected size of DNA
fragment

Forward and reverseprimer sequences
(5'-3')

References

PS1 Ax2*

Ax1/AxNull

1400 bp

1500 bp
F:CCATCGAAATGGCTAAGCGG
R:GTCCAGAAGTTGGGAAGTGC

Lafiandra et al. 1997

Lafiandra et al. 1997
PS2 AxNull 920 bp

F:ACGTTCCCCTACAGGTACTA
R:TATCACTGGCTAGCCGACAA

PS3 Ax2* 2650 bp
F:CCGATTTTGTTCTTCTCACAC
R:CACCAAGCGAGCTGCAGAT

De Bustos et al. 2000

PS4 Bx6

Bx7

Bx7*

3 groups:

(1 band of 850-920 bp;
4-5 bands of 420-640 bp;
2-4 bands of 180-280 bp)

F:CAAGGGCAACCAGGGTAC
R:AGAGTTCTATCACTGCCTGGT

Butow et al. 2004

PS5
By18*

By20*

By8, By8*, By9

1 band

2 bands

3 bands

(290-400 bp)

F:GCAGTACCCAGCTTCTCAA
R:CCTTGTCTTGTTTGTTGCC

Lei et al. 2006

Lei et al. 2006

Lei et al. 2006

PS6 By20*

By8, By8*, By18*

By9

750 bp

710 bp

660 bp

F:TTCTCTGCATCAGTCAGGA
R:AGAGAAGCTGTGTAATGCC

PS7 By8 527 bp F:TTAGCGCTAAGTGCCGTCT
R:TTGTCCTATTTGCTGCCCTT



Results and discussion

SDS-PAGE analysis of HMW glutenin subunits

Protein sample extracts from 46 triticale samples

were first analysed for HMW glutenin subunits by

one-dimensional SDS-PAGE. Five samples from

common wheat – Chinese Spring (N/7 + 8/2 + 12),

Glenlea (2*/7 + 8*/5 + 10), Hope (1/6 + 8/5 + 10),

Olimpia (2*/17 + 18/5 + 10) and Olcha (N/20 +

20/5 + 10) – were used as reference markers. Fig-

ure 1 shows electrophoretic patterns of some

triticale cultivars differing in their alleles

at 2 wheat loci Glu-A1 and Glu-B1 and the rye lo-

cus Glu-R1. Eight triticale cultivars (see Table 3)

were heterogeneous (two-three HMW glutenin

patterns). Eleven HMW glutenin alleles were

identified among Polish triticale cultivars by

SDS-PAGE: 3 alleles at the Glu-A1 locus

[Glu-A1a (Ax1), A1b (Ax2*) and A1c (AxNull)],

and 9 alleles at the Glu-B1 locus. Six of the allele

combinations at the Glu-B1 locus [Glu-B1a (Bx7),

B1aa (Bx7*), B1ak (Bx7* + By8*), B1u

(Bx7* + By8), B1c (Bx7* + By9) and B1d

(Bx6 + By8)] were typical of wheat, and 2 allele

combinations [Glu-B1av (Bx7 + By18) and B1aw

(Bx6.8 + By20)] were once reported for triticale

(Amiour et al. 2002a,b). The analysed triticale acces-

sions were divided into 16 different groups according

to their HMW glutenin subunit composition.

Two HMW glutenin subunit compositions,

2*/7 + 18 and 2*/6.8 + 20y, were the most frequent

(28.3% and 21.8%, respectively) in the analysed

material.

PCR analysis of wheat HMW glutenin genes

Table 1 shows sets of 7 gene- or allele-specific
PCR markers, which were used in this study for
identification of genes encoding HMW glutenin
subunits AxNull, Ax1 and Ax2* at the Glu-A1 lo-
cus and Bx6, Bx6.8, Bx7, Bx7*, By8, By8*, By9,
By18, By18*, and By20* at the Glu-B1 locus in
triticale genotypes. In the initial experiments, PCR
reactions were performed in modified thermal cy-
cling conditions for each primer pair (PS1–PS7)
reported previously for wheat genes by Lafiandra
et al. (1997), De Bustos et al. (2000), Butow et al.
(2004) and Lei et al. (2006). The PCR reactions for
genomic DNA from 5 wheat and 3 triticale
cultivars with known composition of HMW
glutenin subunits gave the expected products (data
not shown).
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Table 2. PCR cycling conditions for detecting DNA fragments encoding glutenin subunits

Ax2*,
Ax1/AxNull

AxNull Ax2*
Bx6, Bx7*,

Bx7
By18*, By20*,
By8/By8*/By9

By9, By20*,
By8/By8*/By18*

By8

94oC, 1' 94oC, 1' 94oC, 1' 94oC, 45'' 94oC, 1' 94oC, 1' 94oC, 1'

60oC, 45'' 60oC, 1' 57oC, 1' 58oC, 45'' 59oC, 1' 59oC, 1' 64oC, 1'

72oC, 2'10'' 72oC, 2'30'' 72oC, 2'30'' 72oC, 1' 72oC, 2'30'' 72oC, 2' 72oC, 2'30''

Figure 1. SDS-PAGE pattern of HMW glutenin subunits of selected Polish triticale cultivars with characteristic subunit

sets at the Glu-A1 and Glu-B1 loci. Lanes: 1, 7 and 13 = bread wheat Glenlea as standard (2*/7 + 8*/5 + 10); 2 = Alzo

(2*/6 + 8*); 3 = Hewo (2*/6 + 8*); 4 = Prego (N/7* + 8*); 5 = Pawo (1/7* + 8); 6 = Kitaro (1/7 + 18*); 8 = Krakowiak

(2*/7 + 18*); 9 = Eldorado (1/7* + 8*); 10 = Sorento (2*/7 + 20*); 11 = Lamberto (N/7 + 20*); 12 = Matejko (2*/7 + 20*).
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Table 3. Comparison of wheat HMW glutenin subunit compositions for 46 Polish

triticale cultivars determined by PCR to published SDS-PAGE data. Bold letters

marked differences between data obtained by PCR and SDS-PAGE.

Cultivars

Glu-A1 Glu-B1 Glu-A1/Glu-B1 Glu-A1/Glu-B1

PCR SDS-PAGE

(Brzeziñski 2006)

SDS-PAGE

(Amiour et al. 2002b)

Alzo 2* 6 + 8* N/6 + 8 2*/6 + 8

Hewo 2* 6 + 8* 2*/6 + 8

Janko 2* 6 + 8* 2*/6 + 8

Prado 2* 6 + 8*( 7*) 2*/6 + 8 (7) 2*/6 + 8

Ugo N (2*) 6 + 8* N (2*)/6 + 8 N/6 + 8

Prego N 7* + 8* N/7 + 8 N/7 + 8

Bogo 1 7* + 8* 1/7 + 8 1/7 + 8

Eldorado 1 7* + 8* 1/7 + 8 1/7 + 8

Witon 2* 7* + 8* 2*/7 + 8

Kargo N 7* + 8 (7 + 8) N(1)/7 + 8 (/7* + 8)

Mieszko N 7* + 8 (7 + 20*) N/7 + 8 (7* + 25)

Pronto N 7* + 8 (7 + 18*) N/7* + 8 (7* + 26)

Pawo 1 7* + 8 1/7 + 8

Mundo 2* 7* + 9 N/7 + 26 2*/7 + 18

Woltario 2* 7* + 9 (7 + 18*) 2*/7 + 9 (7* + 26)

Kazo N 7 + 18* N/7 + 26

Pinokio N 7 + 18* N/7* + 26

Zorro N 7 + 18* N/7* + 26

Disco 1 7 + 18* 1/7* (7* + 26) 1/7 + 18

Kitaro 1 7 + 18* 1/7* + 26

Aliko 2* 7 + 18* 2*/7 + 26

Baltiko 2* 7 + 18* 2*/7 + 26

CHD 503 2* 7 + 18*

Dinaro 2* 7 + 18* 2*/7 + 26

Dublet 2* 7 + 18* 2*/7 + 26

Grenado 2* 7 + 18* –

Krakowiak 2* 7 + 18* 2*/7* + 26

Moderato 2* 7 + 18* 2*/7* + 26

Moreno 2* 7 + 18* N/7* + 26 2*/7 + 18

Nemo 2* 7 + 18* 2*/7 + 26 2*/7 + 18

Piano 2* 7 + 18* 2*/7 1/7 + 9

Presto 2* 7 + 18* 2*/7 + 26 2*/7 + 18

Todan 2* 7 + 18* 2*/7 + 26

Gabo N 7 + 20* N/7* + 25

Lamberto N 7 + 20* N/7*

Marko 1 7 (7 + 20*) 1/7* (7* + 25) 2*/7 + 18

Fidelio 2* 7 + 20* N/7* + 8

Lasko 2* (N) 7 (7 + 20*) N/7* (7* + 25) 2*/6.8 + 20y

Legalo 2* 7 + 20* 1/7 + 25

Matejko 2* 7 + 20* 1/7 + 25

Migo 2* 7 + 20* N/7*

Sekundo 2* 7 + 20* 2*/7 + 25

Sorento 2* 7 + 20* 2*/7 + 25

Tewo 2* 7 + 20* 2*/7* 2*/6.8 + 20y

Tornado 2* 7 + 20* 2*/7 + 25 2*/6.8 + 20y

Wanad 2* 7 + 20* 2*/7 + 25



For the identification of Glu-A1 alleles,

3 primer sets (PS1–PS3) were used. Primer set P1

amplified one-band products for all alleles of the

Glu-A1 locus. The DNA of genotypes with

the Glu-A1b allele gave in a single PCR reaction

a band of 1400 bp (Figure 2, lanes 4, 5, 7, 10

and 11) and with A1a and A1c alleles gave bands

of 1500 bp, similar to previously reported patterns

for wheat accessions by Lafiandra et al. (1997).

An amplified product of ca. 920 bp (Figure 3,

lanes 2, 4 and 5), which is characteristic of the

wheat Glu-A1c allele, was observed when PS2

primer set was used for analysis of triticale sam-

ples with this allele. As in the case of wheat acces-

sions (Lafiandra et al. 1997), no amplification was

obtained with cultivars containing A1a and A1b al-

leles.

The presence of primer pair PS3 in the reaction

mixture, which is an allele-specific marker for the

wheat Glu-A1b allele, showed one band of

2650 bp (Figure 4, lanes 3, 4, 5 and 8) in triticale

genotypes. This primer pair did not produce any

PCR product for the Glu-A1a and A1c alleles, as in

the case of wheat genotypes (De Bustos 2000).

In total, for 8 triticale cultivars analysed by PCR

assay, results for Glu-A1 alleles (Table 3) were not

in accordance with the data previously presented

by Amiour et al. (2002a,b) or Brzeziñski (2006).

It has already been shown that there is significant

difficulty in correct identification of alleles

Glu-A1a (Ax1) or Glu-A1b (Ax2*) in triticale ge-

notypes, which is caused by the simultaneous

presence of alleles Glu-R1a or Glu-R1b, encoding

HMW secalin subunits Rx1
r or Rx2r, respectively,

with the same electrophoretic mobility (Amiour

et al. 2002a). The contradictions in the literature

concerning the frequencies of subunit Ax2* in

Portuguese cultivars can be explained by this.

Amiour and co-workers (2002b) claim that the

triticale from Portugal does not have the Ax2*

subunit; however, Igrejas et al. (1999) shows its

presence in 21.4% of triticale cultivars.

The application of primer set PS4, which dif-

ferentiates the alleles of Glu-B1-1 gene (Butow
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Figure 2. Co-dominant PCR marker for triticale HMW glutenin alleles of the Glu-A1 locus. Primer set PS1 produces

a 1400 bp fragment for the allele Glu-A1b (Ax2*) and 1500 bp fragments for Glu-A1a (Ax1) and Glu-A1c (AxNull).

Lanes: M = 100-bp DNA Ladder Plus (Fermentas); 1 = Pawo (Ax1); 2 = Kargo (AxNull); 3 = Eldorado (Ax1); 4 = Hewo

(Ax2*); 5 = Krakowiak (Ax2*); 6 = Lamberto (AxNull); 7 = Matejko (Ax2*); 8 = Kitaro (Ax1); 9 = Prego (AxNull);

10 = Sorento (Ax2*); 11 = Tewo (Ax2*).

Figure 3. Allele-specific PCR marker (PS2) for the allele Glu-A1c (AxNull). The triticale cultivars containing this allele

show a DNA fragment of 920 bp. Lanes: M = 100 bp DNA Ladder (Promega); 1 = Eldorado (Ax1);

2 = Mieszko (AxNull); 3 = Pawo (Ax1); 4 = Lamberto (AxNull); 5 = Prego (AxNull)



et al. 2004), also showed multi-banding patterns.

Similarly to wheat, in triticale cultivars with allele

combinations Glu-B1u (7* + 8 subunits), Glu-B1ak

(7* + 8* subunits), Glu-B1b (7 + 8 subunits), and

Glu-B1al (7 + 8* subunits), PCR products in three

clear groups (I–III) were amplified (Figure 5, I = a

band in the range of 850–920 bp; II = four or five

bands of 420–640 bp; and III = two or four bands

of 180–280 bp). However, in triticale cultivars

containing subunit Bx7 the amplified products

(Figure 5, lanes 4 and 8) were different from sam-

ples with subunit Bx7* (Figure 5, lanes 1, 2, 3, 5,

7, 10 and 11) in both group II and III bands.

The discrimination between By7* and By7 sub-

units is particularly important, as these subunits

have a similar electrophoretic mobility and their

respective alleles (Glu-B1b and Glu-B1al) have

contrasting effects on wheat bread-making quality

(Butow et al. 2003, 2004). For the allele

Glu-B1-1d, a new characteristic pattern was ob-

served: a band of ca. 920 bp in group I; five bands

(420–640 bp) in group II; and two additional

bands in group III (Figure 5, lanes 6 and 9).

The Glu-B1-1d allele was identified only in five

cultivars.

Primer set PS5, specific for By16 and ByNull

subunits and the Glu-B1e allele in wheat acces-

sions (Lei et al. 2006), amplified three different

banding patterns in the range of 180–300 bp for

triticale cultivars. Three bands of ca. 280 bp,

330 bp and 380 bp were observed for subunits

By8, 8*, 9 (Figure 6). DNA of genotypes with the

alleles earlier designated as By20 (subunit

6.8 + 20y) by Amiour et al. (2002) or By25 (sub-
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Figure 4. Dominant PCR marker (PS3) specific for the allele Glu-A1b encoding HMW glutenin subunit Ax2*. Fragment

size 2650 bp. Lanes: M = 100 bp DNA Ladder Plus (Fermentas); 1 = Pawo (Ax1); 2 = Kazo (AxNull); 3 = Krakowiak

(Ax2*); 4 = Sorento (Ax2*); 5 = Hewo (Ax2*); 6 = Prego (AxNull); 7 = Kitaro (Ax1); 8 = Todan (Ax2*);

9 = Lamberto (AxNull).

Figure 5. PCR products of primer set PS4 specific for Bx subunits. In the gel, 7–10 PCR products were located in

3 groups (I-III) with different fragment lengths. The genotypes encoding subunits Bx7 and Bx7* produce 1 band of

860 bp in group I; 4 bands of 420-600 bp in group II, and 2 bands of 180-280 bp in group III. PCR products for subunit

Bx7, in comparison with subunit Bx7*, have smaller fragments in groups II and III. For the allele Glu-B1-1d,

the multi-band pattern shows a band of 920 bp in group I; 5 bands (420–640 bp) in group II; and 2 additional bands in

group III. Lanes: M = 100 bp DNA Ladder (Promega); 1 = Prego (Bx7* + By8*); 2 = Mundo (Bx7* + By9); 3 = Bogo

(Bx7* + By8*); 4 = Kitaro (Bx7 + By18*); 5 = Pronto (Bx7* + By8); 6 = Hewo (Bx6 + By8*); 7 = Kargo (Bx7* + By8);

8 = Piano (Bx7 + By18*); 9 = Alzo (Bx6 + By8*); 10 = Woltario (Bx7* + By9); 11 = Witon (Bx7* + By8*).



units 7 + 25) by Brzeziñski (2006), gave two bands

(Figure 6, lanes 6, 7, 10, 11, 13 and 23). One PCR

fragment of ca. 280 bp was observed for geno-

types containing the alleles designated earlier as

By18 or By26 (subunits 7 + 18 or 7 + 26) (Figure 6,

lanes 8, 15, 16, 18 and 20). Wheat genotypes con-

taining the subunit By16 showed three fragments

with the use of primer set PS5, two fragments were

detected for By8, 8*, 9, 15 or 18, and no PCR

products were found for ByNull and By20 (Lei

et al. 2006). This indicates that the triticale alleles

supposed to encode subunits By20 and By18 do

not correspond to the wheat alleles with those

symbols. For those new HMW glutenin subunits,

the following names were attributed: By20* in-

stead of By20 and By18* instead of By18.

The discrimination between alleles encoding

By20 and By20* by PCR is particularly important,

as these two subunits are not resolved by

SDS-PAGE.

The statements presented above confirm data

obtained by primer set PS6, which is a gene- spe-

cific marker for wheat subunit By9 (Lei et al.

2006). For triticale accessions, this primer pair

produces single-fragment PCR products; a band of

ca. 750 bp for By20* (Figure 7, lanes 4, 5 and 11),

a fragment of 660 bp for By9 (Figure 7, lanes 7, 8),

and one band of 710 bp for other subunits, i.e. By8,

8*, 18*. This indicates that the triticale By20*

subunit differs from the wheat By20 subunit. This

subunit was additionally identified in three

cultivars (Lamberto, Migo and Tewo), where it

was not detected earlier by SDS-PAGE (Table 3).

As in wheat (Lei et al. 2006), primer set PS7

was specific for the By8 gene, which exists in al-

lele combinations Glu-B1b and Glu-B1u (Fig-

ure 8, lanes 3, 7, 8 and 11). This primer pair

amplified a 527 bp fragment for the By8 subunit,

while no PCR fragment was produced for By8*

and the other By subunits. This marker allows dis-

crimination of alleles encoding subunits By8 and

By8* in segregating populations, which are diffi-

cult to score by SDS-PAGE analysis due to the

identical mobility of subunits By8 and By8*.

The presence of the gene encoding By8, which ex-

ists in the allele combination Glu-B1u (Bx7* +

By8), was detected only in two spring cultivars

(Kargo, Mieszko) and two winter cultivars (Pawo

and Pronto).

The capability to distinguish HMW glutenin

subunits is of great importance to breeders during

early selection of breeding lines. We analysed

145 breeding lines of the cross Kazo × Matejko

(F3 population) by using two primer sets (PS5 and

PS6). The lines were segregating at the loci Glu-A1

(AxNull vs. Ax2*), Glu-B1 (Bx7 + By18* vs.

Bx7 + By20*) and Glu-R1 (common Rx6r + Ry13r).

The PCR results were compared to those obtained

by SDS-PAGE (data presented in Figure 9A, B

and C). On the basis of the SDS- PAGE patterns it

was especially difficult to identify the presence of

subunits By18* and Ry13r (due to a small differ-

ence in electrophoretic mobility) and subunit

By20* (due to the presence of other storage pro-

tein subunits with the same mobility). The 98.2%

similarity of the PCR and SDS-PAGE data for
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Figure 6. Co-dominant PCR marker for triticale HMW glutenin By subunits. Primer set PS5 produced a band for By18*,

2 bands for By20*, and 3 bands for By8, By8* and By9 each. Lanes: M = 100 bp DNA Ladder (Promega); 1 = Eldorado

(Bx7* + By8*); 2 = Mundo (Bx7* + By9); 3 = Pronto (Bx7* + By8); 4 = Prego (Bx7* + By8*); 5 = Alzo (Bx6 + By8*);

6 = Lamberto (Bx7 + By20*); 7 = Sekundo (Bx7 + By20*); 8 = Krakowiak (Bx7 + By18*); 9 = Witon (Bx7* + By8*);

10 = Sorento (Bx7 + By20*); 11 = Wanad (Bx7 + By20*); 12 = Alzo (Bx6 + By8*); 13 = Matejko (Bx7 + By20*);

14 = Mieszko (Bx7* + By8); 15 = Piano (Bx7 + By18*); 16 = Todan (Bx7 + By18*); 17 = Bogo (Bx7* + By8*);

18 = Moderato (Bx7 + By18*); 19 = Kargo (Bx7* + By8); 20 = Kitaro (Bx7 + By18*); 21 = Janko (Bx6 + By8*);

22 = Ugo (Bx6 + By8*); 23 = Fidelio (Bx7 + By20*); 24 = Hewo (Bx6 + By8*).



breeding lines shows the usefulness of molecular

markers in triticale breeding programs for early

selection of desirable HMW glutenin subunits,

without the need of carrying out an analysis of

storage proteins.

Characterization of wheat Glu-1 loci in Polish

triticale cultivars

Forty-six Polish cultivars of both winter and
spring triticale were screened for Glu-1 alleles en-
coding the HMW glutenin subunits. In Table 3, re-
sults of identification of HMW-GS composition
by PCR and SDS-PAGE analyses are compared
with earlier data from SDS-PAGE separation pre-
sented by Amiour et al. (2002b) and Brzeziñski
(2006).

At the Glu-A1 locus, subunit Ax2* was pre-

dominant (65.2%). The less frequent alleles were

Glu-A1c (AxNull), found in 10 cultivars (21.7%),

and Glu-A1a (Ax1) was only observed in

6 cultivars (13.1%). Unlike Mexican cultivars,

which do not have the Ax2* subunit (Amiour

2002b), the Polish cultivars often have this sub-

unit, with a crucial influence on bread-making

quality in wheat cultivars.

At the Glu-B1 locus, high allelic variation was

observed, as 8 alleles were found. The most fre-

quently observed allele combinations were

Glu-B1av (Bx7 + By18*) and Glu-B1aw (Bx7 +

By20), so far only found in triticale with frequen-

cies of 37.8% and 28.2%, respectively. Fre-

quencies were equal for three allele combinations,

i.e. Glu-B1d (Bx6 + By8), Glu-B1ak (Bx7* +

By8*) and Glu-B1u (Bx7* + By8), with 8.7%

each, and lower for allele combinations Glu-B1a

(Bx7) and Glu-B1c (Bx7 + By9), with 2.2% and

4.4%, respectively. Similar allelic distribution

at this locus was observed among 134 European
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Figure 7. PCR assay of HMW glutenin gene encoding By subunits, with primer set PS6. The PCR product for By20* was

ca. 750 bp, for By8, By8* and By18* ca. 710 bp, and for By9 ca. 660 bp. Lanes: M =100 bp DNA Ladder (Promega);

1 = Kitaro (Bx7 + By18*); 2 = Prado (Bx6 + By8*); 3 = Krakowiak (Bx7 + By18*); 4 = Lamberto (Bx7 + By20*);

5 = Sekundo (Bx7 + By20*); 6 = Kazo (Bx7 + By18*); 7 = Mundo (Bx7* + By9); 8 = Woltario (Bx7* + By9); 9 = Alzo

(Bx6 + By8*); 10 = Todan (Bx7 + By18*); 11 = Migo (Bx7 + By20*); 12 = Eldorado (Bx7* + By8*).

Figure 8. Dominant PCR marker (PS7) specific for By8 subunit. This primer pair produces a 527 bp fragment for genotype

containing By8 subunit, and no amplification for other By subunits. Lanes: M =100 bp DNA Ladder (Promega); 1 = Hewo

(Bx6 + By8*); 2 = Krakowiak (Bx7 + By18*); 3 = Pawo (Bx7* + By8); 4 = Mundo (Bx7* + By9); 5 = Alzo (Bx6 + By8*);

6 = Lamberto (Bx7 + By20*); 7 = Mieszko (Bx7* + By8); 8 = Pronto (Bx7* + By8); 9 = Kitaro (Bx7 + By18*);

10 = Eldorado (Bx7* + By8*); 11 = Kargo (Bx7* + By8); 12 = Kazo (Bx7 + By18*); 13 = Witon (Bx7* + By8*).



triticale cultivars (Amiour 2002b). So far, triticale

breeding in Poland has been mainly aimed

at searching for genotypes with a relatively high

grain yield. Breeding selection in early genera-

tions for subunits Ax1, Ax2* and Bx7, and in par-

ticular detection of over-expression of the gene

encoding Bx7 by molecular markers and HPLC

and HPCE analyses, should exert a positive impact

on triticale bread-making quality improvement.

Rapid identification of molecular markers of

wheat Glu-1 genes by PCR can be an efficient al-

ternative to the standard SDS-PAGE procedure

separation for early selection of useful and pure

lines. A deeper knowledge of quality-quantity re-

lationships of HMW glutenin and secalin compo-

sition and dough quality will facilitate identifica-

tion of breeding lines useful in bread baking with

triticale flour.
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