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Abstract

Identity and present degree of genetic homogeneity and heterogeneity, respectively of 52 European wheat ac-
cessions, maintained in the collection of wheat genetic resources, have been characterized using analyses of
glutenins by sodiumdodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE). Six of the analyzed wheat
accessions were observed to be homogeneous, while 46 (88.5%) of them were heterogeneous in protein profiles.
Heterogeneous accessions possessed 2 to 13 different protein lanes. Together, 17 high molecular weight glutenin
subunit (HMW-GS) alleles have been found. The most frequent HMW-GS alleles Gtukh&1, Glu-B1, andGlu-

D1 complex loci were 1, 7+9, and 2+12, respectively. However, also low frequented HMW-GS alleles or allelic
combinations, such as 7+15, 13+16, 20, 6, 7, and 9 were observed. Furthermore, another new allele encoding
HMW glutenin subunit with relative molecular weight 98.6 kDa has been found in one of the lines of the cultivar
Eritrospermum 917. The Glu-score in the examined accessions varied in broad range, some of the lines reached
the maximum value 10.

Introduction cultivars are also important as a source of the genetic
variation (Autrique et al., 1996). Especially if the ge-

From the point of view of total number of acces- netic uniformity of wheats developed and grew in the

sions in the word’s genebank collections, wheat ranks last decades increased (Morgunov et al., 1990). De-
first. As in other crops, wheat landraces and primit- creasing of genetic variation and extension of genetic
ive cultivars represent interesting biological material €rosion in different territories during the last decades
from the historical, geographical, and also genetical has also been published on wheat (Hammer et al.,
point of view. However, available data and character- 1996; Gregovaetal., 1997). Therefore, collecting mis-
istics of landraces and obsolete cultivars are mostly Sions to find and save still various landraces in some

lacking and their history is usually unknown. Due regions are presently organized and rescued materials
to their morphological, physiological, agronomical, €valuated. Landraces and other old cultivars of wheat
and technological parameters they are no more util- @nd other crops are often maintained in genebanks all
ized by modern agriculture. In spite of this, landraces ©over the world for several decades. History from their
and obsolete cultivars belong to the most valuable introduction up to present days seems to be very inter-
genotypes. Some of them possess genes, not occuresting. For example Cox & Worrall (1987) published
ring in modern cultivars, although these genes can an interesting history of wheat cultivar ‘Kharkof’ from
be valuable for increasing adaptability of the high its introduction from Russia to North America at the
productive genotypes, for the improvement of their €nd of 19th century. They also detected and compared
quality as well as for the increase of their resistance Presentprotein heterogeneity of this wheat maintained
to biotic and abiotic stresses. Landraces and obsoletedt various places in the USA. Variation of seeds of oat,
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barley and other crops after 110 years of sealed storageResults
was studied by Steiner & Ruckenbauer (1995). Steiner
et al. (1997) analyzed genetic identity and purity of Evaluating the complete protein patterns analyzed by
oat seed samples found in the foundation stone of the SDS-PAGE, there have been found only six of the
Nurnberger Stadttheather of 1832. examined accessions to be homogeneous. Remaining
The study of landraces attracts more attention, 46 (88.5%) accessions consist of at least two protein
whereupon molecular markers have been set out to phenotypes (lines). The results of the study of all 52
be intensively utilized for this purpose (Bretting & wheat accessions are summarized in Table 1. Het-
Widrlechner, 1995). Seed storage proteins are con- erogeneous accessions mostly consisted of one major
sidered to be usable markers for the studies of wheatline and one or more minor lines. However, some of
genetic resources (Wang et al., 1993; Redaelli et al., them have been observed to consist of two to three
1997). From them, glutenins are in addition associated major lines in approximately equal rate and another
with the technological quality of wheat flour (Kolster minor lines. The lowest frequency of a minor line
et al., 1991; Manley et al., 1992; Weegels et al., was 1%. Furthermore, there have been also revealed
1996) and the specific gliadin alleles are associated the heterozygous grains for HMW-GS composition in
with plant earliness and cold resistance (Metakovsky some of the accessions. As the most heterogeneous has
& Branlard, 1998). been found Bulgarian genotype No. 11 (Sofia), which
The main goals of present study were (1) to contained as much as 13 protein lines.
identify and characterize selected European wheat HMW-GS composition has been also determined.
landraces and obsolete cultivars by glutenin profiles, There were found 17 already known alleles or allelic
(2) to detect the present degree of genetic homogeneitypairs together at the lociBlu-1. Three the most fre-
and heterogeneity respectively, in these profiles, (3) to quent alleles — null, 1, and2— were detected at the
screen them for the novel HMW-GS alleles, and (4) to  Glu-Allocus, while alleles and allelic pairs 6+8, 7+8,
select lines with a high value of Glu-score for further 7+9, 13+16, 17+18, 7+15, 20, 6, 7, and 9 were found
utilization. at the Glu-B1 locus, and allelic pairs 2+12, 3+12,
4+12, and 5+10 at th&lu-D1locus. Most of the ana-
lyzed accessions possessed alleles and allelic pairs 1,
Material and methods 749, 2+12, evaluated as the most frequent HMW-GS
pattern as well.
Fifty-two landraces and obsolete cultivars of winter Possible use of landraces and obsolete cultivars for
wheat — Triticum aestivumL. (var. aestivum fer- bread-making quality improvement can be to some ex-
rugineum lutescens albidum milturum velutinum tent indicated by Glu-score values. Some of the lines
hostianum aureun), originating from 14 European reached the maximum value 10. However, there was
countries (Table 1) and maintained in the collec- no possibility to calculate the final Glu-score value
tion of wheat genetic resources in the Czech Gene-in some of the lines, because they possessed glut-
bank, Research Institute of Crop Production, Praha €nin subunits, which have not been associated with
(Bares et al., 1993, 1995), were analyzed. One hun- bread-making quality.
dred individual halved grains of each accession were  Inaddition, a new HMW-GS, with the electrophor-
used for this study. Glutenins were extracted, separ- etic mobility between 8 and 9 subunits, was detected
ated, and visualized according to standard SDS-PAGE in one of the minor lines of Eritrospermum 917. Its
technique for wheat (Wrigley et al. 1992; Kraic et relative molecular weight was calculated for 98.6 kDa.
al.,, 1995). The glutenin patterns were evaluated by
densitometer (ImageMaster DTS, Pharmacia Biotech).
Homogeneity and heterogeneity, respectively, in the Discussion
protein composition were studied by comparison of
the complete protein patterns revealed by SDS-PAGE. The results demonstrate that the heterogeneity of the
HMW-GS were identified following the descriptions analyzed set of landraces and obsolete cultivars in
of Payne & Lawrence (1983). The Glu-score, which protein patterns detected by SDS-PAGE is consider-
predicts bread-making quality of wheat flour based on able. As much as 88.5% of landraces were observed
additive effect of HMW-GS, was calculated according to be heterogeneous. Probably some of landraces or
to Payne (1987). cultivars arose by mixing of several genotypes during



Table 1. HMW-GS composition and genetic homogeneity of wheat landraces and obsolete cultivars

Name Variety Origin  Lines Glu- Glu- Glu-  Glu-
[%] Al Bl D1 score
Bila od Dukovan lutescens CZE 97 0 7+9 2+12 5
3 1 7+9 5+10 9
Rusla genealogick belka albidum CZE 100 1 7+9 2+12 7
Slovensk 777 aestivum SVK 77 1 7+9 3+12 7
9 0 7+9 5+10 7
8 1 7+9 5+10 9
3 0 7+9 2+12 5
1 0 6+8 2+12 4
1 1 7+9 2+12 7
1 1 7+8 2+12 8
Slovensk B aestivum SVK 97 1 7+9 3+12 7
3 0 7+8 3+12 6
TrebBovshka 76 aestivum SVK 100 O 17+18 3+12 6
Vigasska tervenoklaa ferrugineum  SVK 37 0 7+9 5+10 7
36 1 7+9 2+12 7
17 1 7+9 5+10 9
4 0 6+8 2+12 4
3 1 6+8 5+10 8
2 0 7+9 2+12 5
1 heter.
Vouska z Femdsnice ferrugineum  CZE 52a 0 7+9 5+10 7
27 0 7+9 2+12 5
15b 0 7+9 5+10 7
3c 0 7+9 5+10 7
2d 0 7+9 5+10 7
1 heter.
Zidlochovicka jubilejri osina  ferrugineum  CZE 97 0 7+9 2+12 5
1 1 7+9 2+12 7
1 7+9 5+10 9
1 0 7+8 2+12 6
Austro-Bankut Grannen milturum AUT 89 1 7+9 2+12 7
3 0 7+9 2+12 5
2 1 7+9 2+12 7
2 0 7+8 2+12 6
2 heter.
1 0 6+8 5+10 6
1 0 6+8 2+12 4
Bartweizen Linie a aestivum AUT 51 1 7+9 2+12 7
26 0 7+8 2+12 6
21 1 7+8 5+10 10
2 1 7+9 5+10 9
Bergland aestivum AUT 9% O 7+8 5+10 8
3 0 7+9 2+12 5
1 0 7+9 5+10 7
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Table 1. (continued)

Name Variety Origin  Lines Glu- Glu- Glu-  Glu-
[%] Al B1 D1 score
Tiroler Landweizen aestivum AUT 65 1 13+16 2+12 8
25 heter.
7 02 7+9 2+12 7
3 0 6+8 2+12 4
Tschermaks Marchfelder aestivum AUT 97 0 7+9 2+12 5
2 1 7+9 2+12 7
1 1 6+8 4+12 5
No. 11 (Sofia) aestivum BGR 62 1 7+9 5410 9
18 0 7+9 5+10 7
6 heter.
2 2 7+8 5+10 10
2 0 20 2+12  3+?
2 2 7+9 5+10 9
2 2 6+8 2+12 6
1 0 7+8 5+10 8
1 O 6+8 5+10 6
1 1 7 5+10 8
1 1 7+9 2+12 7
1 O 7+9 2+12 5
1 O 7+8 2+12 6
No. 301 (Kneza) aestivum BGR 46 1 13+16 2+12 8
29 1 7+8 2+12 8
6 2 7+9 5+10 9
6 1 7+9 5+10 9
5 0 7+9 5+10 7
3 1 7+9 2+12 7
4 0 7+9 2+12 5
1 0 7+8 2+12 6
Sarrayer 602H milturum CHE 97 0 7+8 2+12 6
2 0 6+8 2+12 4
1 0 7+15 2+12  3+?
Troistorrents 15C lutescens CHE 98 1 7+8 2+12 8
2 1 7+15 2+12  5+?
Visperterminen 640E ferrugineum  CHE 100 1 13+16 2+12 8
Glundon Ladden velutinum DNK 42 1 7+9 5410 9
18 1 7+9 2+12 7
17 0 7+9 2+12 5
12 0 6+8 2+12 4
6 heter.
5 0 7+9 5+10 7
Automne rouge barbu ferrugineum  FRA 100 1 7+9 5+10 9
Barbu de Maconnais aestivum FRA 9 0 6+8 2+12 4
1 heter.
Barbu de Tronchet ferrugineum  FRA 97 0 7+8 2+12 6
2a 0 6+8 2+12 4
b 0 6+8 2+12 4
Blé des Vosgs milturum FRA 68 0 7+8 2+12 6
32 0 6+8 2+12 4
Victor aureum GBR 64 0 6+8 2+12 4
36 0 20 2+12  3+4?
Baltischer WW milturum GER 100 1 7+92+12 7
Brauner Fuchs ferrugineum  GER 100 1 7+9 5+10 9
Breisgauer glatter Landweizen  milturum GER 58 1 7+8 5+10 10
32 1 7+8 2+12 8
9 1 7+9 2+12 7
1 1 7+9 5+10 9




Table 1. (continued)

Name Variety Origin  Lines Glu- Glu- Glu-  Glu-
[%] Al B1 D1 score
Dippes Dickkopf aureum GER 98 0 20 2+12 3+?
1 0 7+8 2+12 6
1 0 6+8 2+12 4
Hessische Landsorte lutescens GER 98 1 6+8 5+10 7
1 0 6+8 5+10 6
1 heter.
Rimpaus frueher Bastard lutescens GER 92a 0 7+8 2+12 6
6b 0 7+8 2+12 6
2 heter.
Zapfs Oberfraenkischer Land  milturum GER 9 1 6+8 2+12 4
1 1 7+8 5+10 10
Hatvan aestivum HUN 43 1 7+8 5+10 10
13 1 7+9 2+12 7
10 1 7+8 2+12 8
10 O 7+8 5+10 8
9 heter.
5 2 7+8 5+10 10
5 1 7+9 5+10 9
4 0 7+8 2+12 6
1 0 7+9 5+10 7
Szekacs 19 aestivum HUN 66 0 17+18 2+12 6
12 1 7+9 2+12 7
12 heter.
7 0 7+9 2+12 5
3 2 7+9 2+12 7
Szekacs 17 aestivum HUN 91 *2 749 2+12 7
9 0 749 2+12 5
Banater WW aestivum HUN 95 1 7+9 5+10 9
2 1 7+8 5+10 10
2 heter.
1 7+9 5+10 10
Mindeszentpusztai hostianum HUN 97 1 7+9 5+10 9
3 1 7+9 2+12 7
Szekacs 1242 aestivum HUN 72a 0 7+9 2+12 5
19b 2 749 5410 9
3c Z 7+9 5+10 9
3d 0 7+9 2+12 5
le 2 7+9 5+10 5
1 2 7+9 4+12 6
1 1 7+8 5+10 10
Hatvan 5612 aestivum HUN 89 *2 7+9 5+10 9
3 0 20 2+12 3+7?
3 heter.
2 7+8 5+10 10
2 1 7+9 5+10 9
1 1 7+8 5+10 10
Ks. Andrzej ferrugineum  POL 5 1 6+8 5+10 7
33 7+9 5+10 9
7 6+8 2+12 6
4 heter.
1 0 7+8 2+12 6
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Table 1. (continued)

Name Variety Origin  Lines  Glu- Glu- Glu- Glu-
[%] Al B1 D1 score
Antoninska Wczesna  lutescens POL 88 1 7+9 2+12 7
100 1 6+8 5+10 8
2 heter.
Stepowa aestivum POL 92a 0 17+18 2+126
3 0 7+9 2+12 5
3 1 7 2+12 6
1 2 7+9 5+10 9
b O 17+18 2+12 6
Zarja lutescens SUN 95 1 7+9 5+10 9
4 0 7+8 5+10 8
1 0 20 2+12 3+?
Dolis-Puri 35/4 aestivum SUN 70a 1 7+9 5+10 9
15 1 7+9 2+12 7
11 O 7+9 2+12 5
b 1 7+9 2+12 7
1c 1 7+9 2+12 7
d 1 7+9 5+10 9
1 2 7+9 5+10 9
Krymka mestnaja aestivum SUN 36 729 5+10 9
27 1 7+9 2+12 7
23 7+9 2+12 5
6 heter
4 0 7+9 5+10 7
1 0 7+8 2+12 6
1 1 20 2+12 447
1 2 6+8 5+10 8
1 1 7+9 5+10 9
Kooperatorka aestivum SUN 56 0 6 2+12 3+?
26 1 7+9 5+10 9
4 1 9 2+12 5+?
3 0 7+9 5+10 7
3 1 6 2+12 5+?
2 0 7+9 2+12 5
2 1 7+9 2+12 7
2 heter.
1 0 6+8 2+12 4
1 1 13+16 5+10 10
Eritrospermum 917 aestivum SUN 83 1 9 2+12 5+?
10 1 7+8 2+12 8
4 0 9 2+12 3+?
2 1 ? 2+12 5+?
1 0 7+9 5+10 7
Ukrajinka aestivum SUN 93a 1 7+9 5+10 9
3 1 7+9 2+12 7
3 heter
b 1 7+9 5+10 9
Gostianum 237 hostianum  SUN 96 *2 7+8 5+10 10
2 0 7+8 2+12 6
1 1 7+9 5+10 9
1 heter.
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Table 1. (continued)

Name Variety Origin  Lines Glu- Glu- Glu- Glu-
[%] Al B1 D1 score

Ljutescens 1060/10 lutescens SUN 69 2 7+8 5+10 10
18b Z 7+8 2+12 8

6 1 7+8 2+12 8

2c 7+8 5+10 10

2d 2 7+8 2+12 8

2 7+9 5+10 9

1 heter.
Ferrugineum 1234 ferrugineum  SUN 88 1 7+8 2+12 8

4 1 6+8 5+10 8

3 1 7+9 2+12 7

3 heter.

2 7+9 5+10 9
Landvete fran Halland lutescens SWE 86 0 9 2+12  3+?

9 1 6+8 2+12 6

2 1 20 2+12 5+?

2 heter.

1 0 6+8 5+10 6
Limburgse Kleine Rode  aestivum NLD 9 1 6+8 5+10 8

1 1 7+8 2+12 8

a, b, ¢, d, e, f—lines identical in HMW-GS composition but different by other protein bands. heter.
— grains heterogeneous in glutenin profile. ? - unknown effect of glutenin subunit on Glu-score
CZE - Czech Republic; SVK — Slovakia; AUT — Austria; BGR — Bulgaria; CHE — Switzerland;
DNK - Danmark; HUN — Hungary; POL — Poland; SUN - former Soviet Union; FRA — France;
GBR — Great Britain; GER — Germany; SWE — Sweden; NLD — Netherlands.

maintenance. Such contamination caused by mechan- Landraces mostly cover considerable range of spe-
ical manipulations with the samples among cultivars cies genetic variation. Comparing set of the Slovak
and landraces is also considered; but on the other handJandraces of wheat with a set of cultivars recently
it should not be so extensive to cause so high protein grown in Slovakia and Czech Republic, it has been
heterogeneity. Moreover, parents are not known and found that all HMW-GS discovered in modern cul-
available in most accessions; therefore, concerning thetivars were also detected in landraces. However, it
heterogeneous accessions, it is impossible to find outdoes not apply conversely. Modern Slovak and Czech
which lines are natural and which are additions of an- cultivars do not contain all HMW-GS alleles and en-
other accession. In some cases, it would be possiblecoded subunits observed in Slovak landraces (Gregova
to conclude, that all lines fundamentally differ from etal., 1997). Similar conclusions based on comparison
major lines, are additions and the cultivar could be ho- of the genetic diversity between landraces and modern
mogenized. For accessions consisting of two or three cultivars of durum wheat with various ecogeographic
major lines with the approximately same frequency origin were also formulated by Autrique et al. (1996).
and differing in most of protein patterns (Krymka They discovered that landraces contained 99% of the
mestnaja, Kooperatorka, Blé des Vosgeés), it is not pos- RFLP fragments, observed in modern cultivars. High
sible even to determine unambiguously, whether some genetic variation in HMW-GS alleles has been ob-
of the lines are additions. Heterogeneous accessionsserved by Ciaffi et al. (1993) in Jordanian and Turkish
could be derived from even more heterogeneous pop- genotypes of wild emmeflriticum turgidumssp.di-
ulations originally by natural and target selection. In coccoidesHowever, in some of geographic territories
this way such developed mixtures of cultivars could there have been found wheat landraces with the very
adapt to the new environmental conditions and show low genetic variation. High variation in HMW-GS
better stability of yield and resistance to pressure of alleles was also detected among 52 accessions ana-
pathogens. lyzed in this study. On the contrary very low genetic
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Abstract

The objective of this study was to determine the composition of high molecular weight glutenin subunits of
landraces and obsolete cultivars. Altogether glutenin profiles of 67 European wheats were analyzed by
sodiumdodecylsulphate polyacrylamide gel electrophoresis. Nineteen of them were observed to be homo-
geneous, whereas 48 (71%) were heterogeneous in glutenin profiles. Heterogeneous accessions possessed
from 2 to 9 different glutenin phenotypes. Seventeen high molecular weight (HMW)-glutenin subunits have
been found, three belonged to Glu-1A4, 11 to Glu-1B, and three to Glu-1D locus. The most frequented HMW-
GS at the Glu-A1, Glu-BI1, and Glu-D1 complex loci were 0, 7+9, and 2+12, respectively. However, allele low
frequented in wheat such as 13+16, 20, 6, 7, 8, and 9 were observed also. Furthermore, other new alleles
encoding HMW-GS at the locus Glu-1 B with relative molecular weight 120 and 104 kDa have been found in
one of the line of the Swedish cultivar Kotte. The Glu-1 quality score in the examined accessions varied

broadly with some lines reaching the maximum value of 10.

Introduction

Modern varieties are the product of formal, insti-
tutional, and scientific plant breeding, typically
having a high degree of genetic uniformity,
whereas landraces, which have been selected by
farmers, tend to contain high levels of genetic
diversity. They have high value for farmers
(Brush and Meng 1998) and for breeders. Due
to the limited genetic variation for economically
important traits in modern cultivars, this germ-
plasm has become a source of useful genes. They
can be used as potential donor of genes encoding
high protein content (Blum et al. 1987; Gregova
et al. 1999). Seed storage proteins may also be
considered as markers in wheat genetic resources

studies (Wang et al. 1993; Radaelli et al. 1997).
Glutenins are major components of storage pro-
teins in wheat and have a major role in determin-
ing of dough characteristics (Payne 1987; Manley
et al. 1992; Weegels et al. 1996). Two major types
of glutenins have been identified — high (HMW)
and low (LMW) molecular weight glutenins.
Genes coding for HMW-GS are located on Glu-
Al, Glu-Bl, and Glu-DI loci of chromosomes
1AL, 1BL, and 1DL, respectively.

The aim of this study was to continue in the
HMW-GS analyses of European wheat landraces
and obsolete cultivars, whose results have already
been published (Gregova et al. 1999).
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Material and methods

Sixty-seven landraces and obsolete cultivars of
winter wheat — Triticum aestivum L. (var. aestivum,
aureum, ferrugineum, lutescens, leucospermum,
alborubrum, milturum, velutinum, hostianum,
pyrothyx), originated from 15 European countries
(Table 1), and maintained in the collection of wheat
genetic resources at the Czech Gene Bank,
Research Institute of Crop Production, Praha
(Bares et al. 1993), were analyzed. One hundred
individual halved grains of each accession were
used for analyses. Glutenins were extracted and
electrophoresed according to standard SDS-
PAGE procedure (Wrigley 1992), and patterns
evaluated by densitometer (ImageMaster DTS,
Pharmacia Biotech). Homogeneity/heterogeneity
in protein composition were studied by comparison
to complete protein patterns revealed by SDS-
PAGE. High molecular weight glutenin subunits
(HMW-GS) were identified according to Payne
and Lawrence (1983). Glu-quality score was
calculated according to Payne (1987).

Results and discussion

Results showed high level of heterogeneity at all
Glu-1 loci (Table 1). Altogether 17 different
HMW-GS were detected. Nineteen, that is, 28%,
of examined accessions showed homogeneous
patterns, whereas remaining 48, that is, 72%,
were heterogeneous, containing at least two dif-
ferent glutenin phenotypes. Some landraces
consisted of 2-3 lines (Sipbachzeller zu 213004/G.,
Guttet 491 A, Unter Engadin 9, Landvete gran
Uppsala, Zemka) in approximately equal rates
plus some low frequency lines. The lowest fre-
quency of line was 1%. In total, 16 already
known alleles were detected in the 67 wheat
accessions at the locus Glu-I. Polymorphism
was present at each locus. The null allele has
the highest frequency at the locus Glu-14
(49.3%). Allele 2* was present in 5% of samples.

High polymorphism was observed at the locus
Glu-Bl where alleles 20, 6, 7, 8, and 9, and allelic
pairs 6+8, 7+8, 7+9, 13+16, and 17+18 were
detected, with pairs 7+8 and 7+9 being the
most frequented. Combination 13+16 was

relatively rare being found in genotype Guttet
491 A, whereas combination 17+18 was present
in cultivars from Hungary (Szekacs, Fleischman
481) and from Poland (Ostka Czerwona
Lopusta). Alelle 7 was identified in landraces
from Poland (Wolynianka), former Soviet
Union (Chulugo, Mos4, Zemka), Switzerland
(Guttet 491 A), and France (Noe). Allele 8 was
found in cultivar Banatka, allele 9 in cultivars
Kotte (Sweden) and Rimpaus Dickkopf
(Germany), allele 6 in landrace Saumur
d’Automne from France. As for the locus Glu-
DI HMW-GS alleles 2+12 were detected in
69.8% and 5+10 in 26.7% of genotypes, respec-
tively. Allelic pair 3+12 was present only in sev-
eral cultivars with frequency less than 4%.
Pattern 0, 7+8, 2+12 was present in the most of
analysed accessions. As far as the Glu-score in
concerned, some lines reached a value of 10.
However it was not possible to calculate the
final Glu-score value for some of the lines,
because they possess HMW-GS, which have not
been previously associated with bread-making
quality. Some new HMW-GS alleles were
detected by van Hintum and Ellings (1991),
Tahir et al. (1996), Gregova et al. (1999) and
others. Mutant 1Ax 2* gene was found in
Hungarian landrace Bankuti 1202 and its positive
influence on functional characteristics was
already known (Juhasz et al. 2001). A new
HMW-GS pair with electrophoretic mobility
between HMW-GS 7 and 8 was detected also in
this study, in one of the lines of landrace Kotte.
Since this line of Kotte contains 0 and 2+12
subunits, a new complex allele is likely located
at the locus Glu-BI and relative molecular
weights of these subunits is 104 and 120 kDa,
respectively. Use of genetically heterogeneous
populations as gene sources and selection from
landraces with good quality can play an impor-
tant role by developing and improving new
genotypes.
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Name Variety Origin Lines (%) Glu-Al Glu-Bl Glu-D1 Glu-score
Slovenska 2 aureum (Link) Mansf. SVK 87 0 7+8 2+12 6
10 1 7+8 2+12 8
2 0 7+9 3+12 5
1 1 7+9 5+10 9
Ceska presivka milturum (Alef.) Mansf. CZE 100 2% 7+9 5+10 9
Dobrovicka 10 aestivum CZE 100 0 20 2+12 4
Hanacka bélka milturum (Alef.) Mansf. CZE 100 1 7+9 2+12 7
Chlumecka 12 lutescens (Alef.) Mansf. CZE 98 2% 7+9 5+10 9
1 0 7+9 2412 5
1 1 7+9 2+12 7
Kostomlatska sametka milturum (Alef.) Mansf. CZE 84 0 7+9 2+12 Sa
5 heter.
5 0 7+9 2+12 5b
3 1 7+8 2+12 8
1 0 7+9 2+12 5¢
1 1 7+9 2+12 7
1 0 7+8 2+12 6
Pyselka pyrothrix (Alef.) Mansf. CZE 100 0 20 2+12 4
Rokycanska sametka lutescens (Alef.) Mansf. CZE 86 1 7+8 2+12 8
12 1 7+9 2+12 7
1 1 20 2+12 6
1 0 7+9 2+12 5
Altsterier Linie a (Feldbach)  ferrugineum (Alef.) Mansf. AUT 69 1 6+8 2+12 6
23 1 7+8 2+12 8
3 0 7+8 2+12 6
3 1 7+8 2+12 8a
1 1 7+8 2+12 8b
1 heter
Marienhofer Kolben aestivum AUT 78 1 7+8 2+12 8a
10 1 7+8 2+12 8b
6 1 7+8 5+10 10a
2 1 7+8 5+10 10b
2 1 7+8 2+12 8c
2 0 7+8 2+12 6
Ritzelhofer Alt lutescens (Alef.) Mansf. AUT 89 0 7+9 2+12 5
6 0 7+8 2+12 6
2 0 6+8 2+12 4
2 heter.
1 1 7+9 2+12 7
Sipbachzeller zu 213004-G. lutescens (Alef.) Mansf. AUT 63 1 7+9 2+12 7
37 0 7+8 5+10 8
NO 159 (Kneza) aestivum BGR 77 1 7+9 2+12 7
9 0 7+9 5+10 7
5 0 7+9 2412 5
5 1 7+9 5+10 9
3 1 7+8 2412 8
1 1 7+9 2+12 7
Ausserberrg 7C ferrugineum (Alef.) Mansf. CHE 100 1 6+8 2+12 6
Guttet 491 A milturum (Alef.) Mansf. CHE 45 1 7+8 2+12 8
34 0 7+8 2412 6
14 1 13+16 2+12 8
4 1 7 5+10 8
3 heter.
Chermignon 906 D Sferrugineum (Alef.) Mansf. CHE 100 0 20 2+12 4
Miinstertaler aestivum CHE 96 1 7+8 2+12 8
4 0 7+8 5+10 8

Continued on next page
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Table 1. (Continued)

Name Variety Origin  Lines (o)  Glu-A1  Glu-Bl  Glu-DI  Glu-score
Sariese 840E ferrugineum (Alef.) Mansf. CHE 100 0 6+8 2+12 4
Unter Engadin 9 lutescens (Alef.) Mansf. CHE 49 0 6+8 3+12 4
43 1 6+8 3+12 6
3 1 7+8 2+12 8
4 heter.
1 0 7+9 2+12 5
Verrosaz 1229 BA lutescens (Alef.) Mansf. CHE 89 0 20 2+12 4a
9 1 20 5+10 6
1 1 7+9 2+12 7
1 0 20 2+12 4b
Kabel K. 162 lutescens (Alef.) Mansf. DNK 66 1 6+8 2+12 6
10 0 6+8 2+12 4
10 1 20 2+12 6
8 1 7+8 5+10 10
2 1 7+8 2+12 8
2 heter.
1 0 7+8 2+12 6
1 0 7+9 2+12 5
Lading Shaeghvede aestivum DNK 100 0 20 2+12 4
Lys Sterpressusisk velutinum (Kob.) Mansf. DNK 47 1 6+8 2+12 6
14 0 20 2+12 4
14 0 6+8 2+12 4
10 0 20 5+10 6
6 2% 20 5+10 8
3 1 6+8 5+10 8
2 1 7+9 5+10 9
2 0 6+8 5+10 6
1 0 7+8 5+10 8
1 heter.
Russisk Hvede Etarig aestivum DNK 97 0 7+9 2+12 5
2 0 6+8 2+12 4
1 1 7+9 2+12 7
Skaeg. Hvid. Glatavnet aestivum DNK 100 1 6+8 2+12 6
Warmland Lantvrete velutinum (Kob.) Mansf. DNK 84 1 6+8 2+12 6
8 1 7+9 2+12 7
6 0 20 2+12 4
2 0 6+8 2+12 4
Bladette de PuyLaurens lutescens (Alef.) Mansf. FRA 99 0 7 2+12 4
1 0 6+8 2+12 4
Blanc d’ Arnay le Duc lutescens (Alef.) Mansf. FRA 100 1 20 2+12 6
Blanc de Lorraine lutescens (Alef.) Mansf. FRA 100 0 7+8 2+12 6
Ble Blanc a Duvet’ Veloute leucospermum (Koern.) Mansf.  FRA 54 1 7+9 2+12 Ta
18 1 7+9 2+12 7b
13 0 6+8 2+12 4
7 1 6+8 2+12 6
6 2% 6+8 5+10 8
2 0 7+9 5+10 7
Ble de Jura lutescens (Alef.) Mansf. FRA 100 1 7+8 5+10 10
Chiddam d’ Automne a epir.  milturum (Alef.) Mansf. FRA 100 1 20 2+12 6
Noe lutescens (Alef.) Mansf. FRA 100 1 7 2+12 6
Saumur d’ Automne lutescens (Alef.) Mansf. FRA 80 1 7+8 2+12 8
20 1 6 2+12 5+?
Val de Pres ferrugineum (Alef.) Mansf. FRA 44 0 20 2+12 4a
19 0 7+8 2+12 6
17 0 20 2+12 4b
13 0 20 2+12 4c

Continued on next page
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Name Variety Origin Lines (%) Glu-Al Glu-B1 Glu-D1 Glu-score
3 0 20 2+12 4d
2 0 20 2+12 4e
1 1 7+8 2+12 8
1 2% 20 2+12 6
Standard White lutescens (Alef.) Mansf. GBR 100 0 20 2+12 4
Square Heads Master 13/4 lutescens (Alef.) Mansf. GBR 100 0 20 2+12 4
Alter Deutscher unbegrannt milturum (Alef.) Mansf. GER 100 0 20 2+12 4
Bergers gelber Dickkopf lutescens (Alef.) Mansf. GER 98 0 6+8 2+12 4
2 0 7+9 2+12 5
Hohenheimer Weidenstatter milturum (Alef.) Mansf. GER 95 0 7+8 5+10 8
4 0 6+8 5+10 6
1 heter.
Markischer Landweizen milturum (Alef.) Mansf. GER 100 0 7+8 5+10 8
Rimpaus Dickkopf aureum (Link) Mansf. GER 60 0 20 2+12 4
18 0 6+8 2+12 4
6 1 20 2+12 6
4 1 6+8 2+12 6
3 2% 6+8 2+12 6
1 2% 20 2+12 6
1 0 9 2+12 3+?
1 1 7+8 2+12 8
6 heter.
Ritzelhofer milturum (Alef.) Mansf. GER 94 0 7+9 2+12 5
4 0 7+8 2+12 6
1 2% 7+8 2+12 8
1 1 7+8 5+10 10
Samdomier milturum (Alef.) Mansf. GER 88 0 6+8 2+12 4
5 1 7+8 2+12 8
3 0 7+9 2+12 5
1 0 6+8 5+10 6
1 0 7+8 2+12 6
1 1 7+8 2+12 8
1 1 6+8 5+10 8
Stumpenweizen milturum (Alef.) Mansf. GER 100 0 7+8 2+12 6
Shireffs Dickkopf lutescens (Alef.) Mansf. GER 83 0 20 2+12 4
6 0 6+8 2+12 4
4 1 20 2+12 6
4 0 6+8 2+12 4
2 heter.
1 0 20 5+10 6
Eszterhazi mindenes aestivum HUN 62 0 7+9 3+12 Sa
32 0 7+9 3+12 5b
2 1 7+8 5+10 10
Fleischman 481 aestivum HUN 89 0 7+9 2+12 5
11 0 17+18 2+12 6
Szekacs aestivum HUN 93 2% 7+9 5+10 9
2 1 749 2+12 Ta
1 1 7+9 2+12 7b
1 0 7+9 2+12 5
1 0 17+18 5+10 8
1 0 7+8 5+10 8
1 0 7+9 5+10 7
Gelderse Ris milturum (Alef.) Mansf. NLD 97 1 7+8 2+12 8
3 0 7+8 2+12 6
Zeeuwse Witte lutescens (Alef.) Mansf. NLD 99 1 6+8 2+12 6

Continued on next page
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Table 1. (Continued)

Name Variety Origin Lines (%) Glu-Al Glu-B1 Glu-D1 Glu-score
1 heter.
Dreadnought lutescens (Alef.) Mansf. NZL 59 0 6+8 2+12 4a
41 0 6+8 2+12 4b
Ostka Czerwona Lopusta ferrugineum (Alef.) Mansf. POL 80 1 7+8 2+12 8
11 0 17+18 2+12 6
3 1 7+8 2+12 8
3 1 17+18 2+12 8
2 1 7+8 2+12 8
1 1 6+8 5+10 8
Wolynianka aureum (Link) Mansf. POL 87 1 7+9 5+10 9
5 1 7+9 2+12 7
5 1 7 5+10 8
3 0 6+8 2+12 4
Banatka ferrugineum (Alef.) Mansf. SUN 97 0 8 5+10 5+?
2 0 6+8 2+12 4
1 1 7+8 2+12 8
Chulugo lutescens (Alef.) Mansf. SUN 83 1 7 3+12 6
6 1 7+9 5+10 9
4 1 7+9 2+12 7
2 0 7 2+12 4
2 0 7+9 2+12 5
2 1 7 2+12 6
1 0 7+8 3+12 6
Ljutescens 116 lutescens (Alef.) Mansf. SUN 98 1 7+8 5+10 10
1 0 7+9 5+10 7
1 heter.
Ljutescens 329 lutescens (Alef.) Mansf. SUN 81 1 7+8 5+10 10a
9 1 7+8 5+10 10b
6 1 7+9 5+10 9
4 1 6+8 5+10 8
Mos 4 alborubrum (Koern.) Mansf. SUN 94 1 7+9 2+12 7
5 1 7 5+10 8
1 1 7+9 5+10 7
Novokrymka 204 aestivum SUN 95 1 7+9 5+10 Ta
5 1 7+9 5+10 7b
Zemka aestivum SUN 34 1 7+9 5+10 9
23 1 7+9 2+12 7
21 1 7 2+12 6
7 1 7 5+10 8
4 1 7+8 5+10 10
4 0 7+9 2+12 5
3 2% 7+9 5+10 9
2 0 7+8 5+10 8
2 0 7+9 5+10 7
Extra square head aestivum SWE 83 0 6+8 2+12 4a
15 0 6+8 2+12 4b
1 0 20 2+12 4
1 0 7+8 2+12 6
Kotte lutescens (Alef.) Mansf. SWE 42 0 6+8 2+12 4
40 0 uk+uk 2+12 3+?
7 0 9 2+12 3+?
3 0 7+9 2+12 5
3 1 6+8 2+12 6
3 1 7+9 5+10 9
1 2% 7+9 5+10 9
1 0 20 2+12 4

Continued on next page
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Name Variety Origin Lines (%) Glu-Al Glu-BI Glu-D1 Glu-score
Landvete fran Uppsala lutescens (Alef.) Mansf. SWE 44 0 7+9 2+12 5
35 0 7+8 2+12 6
11 0 20 2+12 4
9 1 20 2+12 6
1 0 7+8 5+10 8
Renodlade square head lutescens (Alef.) Mansf. SWE 93 0 7+8 5+10 8
2 1 6+8 2+12 6
2 0 6+8 2+12 4
1 1 7+8 5+10 10
1 1 20 5+10 8
1 heter.

a, b, c, d, e, f— lines identical in HMW-GS composition but different by other protein bands; uk — unknown HMW-GS; heter. — grains
heterogeneous in glutenin profile; ? — not known effect of glutenin subunit on Glu-score; CZE — Czech Republic; SVK — Slovakia;
AUT - Austria; BGR — Bulgaria; CHE — Switzerland; DNK — Denmark; HUN - Hungary; POL — Poland; SUN - former Soviet
Union; FRA - France; GBR — Great Britain; GER — Germany; SWE — Sweden; NLD — Netherlands.
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Abstract

The endosperm storage protein of 46 European wheat (Triticum aestivum L.) landraces and obsolete
cultivars have been fractionated by SDS-PAGE to determine the composition of high molecular weight
glutenin subunits (HMW-GS) composition. It has been discovered that about 46% of the wheats were
heterogeneous, comprising 2—-11 different glutenin profiles. Eighteen of them were observed to be homo-
geneous. A total of 13 HMW-GS alleles, including 3 at the Glu-A41, 8 at the Glu-B1, and 3 at the Glu-D1
loci were revealed. HMW-GS null controlled by locus Glu-A1, subunits 7 + 8 by Glu-BI, and 2 + 12 by
Glu-D1 predominated. However low frequented alleles such as 17 + 18, 20, 6, and 7 were observed.
Furthermore, other new alleles encoding HMW-GS at the locus Glu-B1 have been found in one of France
cultivar (Saumur d’Automne). The glutenin-based quality score ranged from 4 to 10.

Introduction

The genes controlling synthesis of glutenins are
located in hexaploid wheat (Triticum aestivum L.)
at chromosomes 1A, 1B, and 1D, genes controlling
synthesis of high-molecular-weight glutenin su-
bunits (HMW-GS) are located at the loci Glu-A1,
Glu-BI and, Glu-D1. Glutenins are composed from
HMW-GS and low-molecular-weight subunits
(LMW-GS). Analysis of large numbers of wheat
cultivars by SDS-PAGE has been proved that all
loci display large allelic variations. Payne and
Lawrence (1983) demonstrated that there are 3
alleles at the loci Glu-AI in hexaploid wheat —
allele a controlling synthesis of subunit 1, allele b
for synthesis of subunit 2*, and allele ¢ controlling

so called null allele. At the locus G/u-BI 11 dif-
ferent alleles have been discovered. Alleles a, e, j,
and k control synthesis of glutenin subunits (7, 20,
21, and 22), alleles b, ¢, d, f, h, and i for synthesis
of subunits pairs (7 + 8,7 + 9,6 + 8§, 13 + 16,
13 + 19, 14 + 15, and 17 + 18). Existence of 6
alleles at the locus Glu-D1 was revealed: alleles a,
b, ¢, d, e, and f have control occurrence of each of
the glutenin subunits pairs (2 + 12, 3 + 12,
4 + 12,5 + 10,2 + 10, and 2.2 + 12). Specific
HMW-glutenin allelic variants were associated
with bread-making quality (Payne 1987).

During the last few years an increasing interest
of wheat breeders for genetically adapted and di-
verse raw material can be detected, mainly influ-
enced by need for quality traits, specific
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adaptability, and yield stability of wheat. Wheat
landraces are varieties that were improved by
farmers over many generations without the use of
modern breeding techniques. Genetic erosion is a
process linked with modern agriculture and im-
plies that the normal addition and disappearance
of genetic variability in a population is altered so
that net change in diversity is negative (Gregova
et al. 1997). Hammer et al. (1996) compared col-
lection missions in Albania and Italy during dif-
ferent time periods and concluded that genetic
erosion had occurred at similar rates in both pla-
ces. Using electrophoretic analyses of wheat
glutenins it is sometimes possible to detect new
HMW-GS alleles also in landraces (van Hintum
and Ellings 1991; Tahir et al. 1996; Gregova et al.
1999; Juhasz et al. 2001; Gregova et al. 2004). The
aim of this study was to continue in the analysis of
HMW-GS pattern in European wheat landraces
and obsolete cultivars started several years ago
(Gregova et al. 1999; Gregova et al. 2004).

The objective of this work was to detect and
interpret genetic background for bread-making
quality based on variations of HMW-GS in
Triticum aestivum L. landraces and obsolete culti-
vars originated from the Europe.

Material and methods

Forty-six landraces and obsolete cultivars of winter
wheat — Triticum aestivum L. (vars. aestivum,
aureum (Link) Mansf., alborubrum (Koern.)
Mansf., ferrugineum (Alef.) Mansf., graecum
(Koern.) Mansf., lutescens (Alef.) Mansf., milturum
(Alef.) Mansf., T. spelta L. var. viridarduini) Jacubz.
et Puchalski, originated from 9 European countries
(Table 1), maintained in the collection of wheat
genetic resources of the Czech Gene Bank, RICP,
Praha-Ruzyné, were analyzed. Each halved seed
was tested for uniformity of the glutenin banding
patterns. Glutenins extracted from 100 individual
grains of each accession were electrophoresed.
Bread wheat genotypes with different and known
HMW-GS combinations were used as markers.
According to the procedure of Wrigley et al. (1992),
HMW-GS were separated by polyacrylamide gel
electrophoresis in presence of sodium-dodecyl-sul-
fate (SDS-PAGE). Using the bread wheat with
different HMW-GS combinations as references,
HMW-GS were classified according to Payne and

Lawrence (1983). Glutenin patterns were evaluated
by densitometer (Image Master DTS, Pharmacia
Biotech). Glu-quality score was calculated accord-
ing to Payne et al. (1987).

Results and discussion

Fourteen different Glu-1 encoded allelic variants
were identified among the 46 genotypes of wheat
landraces, resulting from combination of 3 alleles
of Glu-A1, 8 of Glu-BI and 3 of Glu-D1 loci (Table
1). Also one novel allelic variant at the Gl/u-B1 lo-
cus was identified. Twenty-one, i.e. 46%, of
examined wheat accessions were homogeneous in
glutenin patterns, remaining 25 (i.e. 54%) were
found as heterogeneous, containing at least two
glutenin phenotypes. All three allelic variants were
detected at the Glu-A 1 the most frequent allele was
Glu-Alc (null allele) in 55 lines and Glu-Ala
(HMW-GS 1) which have found in 36 lines. The
HMW-GS 2* of allele Glu-Alc appeared only in 5
lines (Hatzfeld A, Berchtesgadener Vogel, Rouge
de Bordeaux, Bled du Lot, and Allies). Generally,
the Glu-Alc (null allele) is predominantly reported
in wheat landraces (Lagudah et al. 1987; Tahir
et al. 1996).

High polymorphism was observed at the locus
Glu-B1 where alleles 20, 6, 7, and allelic pairs
6+8 7+8, 7+9, and 17 + 18 were ob-
served. For the Glu-BI locus, the allele Glu-Blb
(HMW-GS 7 + 8) was the most frequent (29%)
among the evaluated lines of wheat landraces and
presence of this allele is associated with a good
bread-making quality. By contrast, this allele is
very rare and appears with low frequency in
bread wheat. The allele Glu-Bld (subunits 6 + 8)
has possessed 24 lines (25%). On the contrary
allele Glu-Blc (subunits 7 + 9), Glu-Ble (subunit
20), and Glu-1Ba (subunit 7) were identified with
occurrence over 10%. The allele Glu-Blan (sub-
unit 6) was rare and was found only in two
accessions (Odesskaya 16 and Saumur d’Auto-
mne). This subunit was previously detected in two
landraces of bread wheat by Rodriquez-Quijano
et al. (1990) and Gregova et al. (1999). Relatively
rare allele Glu-Bli (subunits 17 + 18), associated
with good bread-making quality, was found in
two accessions. A new allele at the Glu-BI was
found in one line of France landrace Saumur
d’Automne.
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Name Variety Origin Lines [%)] Glu-Al Glu-B1 Glu-D1 Glu-score
Svalofs Sonnen lutescens SWE 93 0 6 + 8 2+ 12 5
5 0 7+ 8 2+ 12 6
2 1 6 + 38 2+ 12 6
Sigyn 11 lutescens NOR 94 1 7+9 2+ 12 7
3 1 7+ 8 2+ 12 8
3 1 7+ 9 2+ 12 Ta
Kruisings Angel Tarwe graecum NLD 97 0 20 2 + 12 5
3 0 7+ 8 2+ 12 6
Tucks W. ferrugineum GBR 100 1 7+9 5+ 10 9
Little Tich lutescens GBR 100 0 7+9 2+ 12 5
Rieti 11 aestivum ITA 100 0 20 5+ 10 6
Aquileja milturum, aureum ITA 100 1 7 2+ 12 6
Odesskaya 16 aestivum SUN 61 1 7+ 8 5+ 10 10
18 1 7+ 9 5+ 10 9
13 0 7+ 8 5+ 10 8
7 0 6 + 8 5+ 10 6
1 0 6 5+ 10 547
Rinner aestivum AUT 98 0 7+9 5+ 10 7
2 1 7+9 5+ 10 9
Admonter Frith lutescens AUT 100 1 7+9 5+ 10 9
Wagrein (Salzburg) (Nr.252004) aestivum AUT 72 0 6+ 8 2+ 12 4
28 1 17 + 18 2+ 12 8
Harrachsweizen aestivum AUT 100 0 7+9 5+ 10 7
Strubes General von Stocken lutescens GER 100 1 7+ 8 2+ 12 8
Ackermanns Bayernkonig milturum GER 94 0 7+ 8 2 + 12 6
6 0 6 + 8 2+ 12 5
Salzmiinder Wetzelweizen aestivum GER 100 0 7+ 8 2+ 12 6
Sperlings Sinslebener N. Z. aureum GER 95 1 6+ 8 2 + 12 6
5 0 6 + 8 2 + 12 4
Hohenwettersbacher — Braun milturum GER 100 0 7+ 8 2+ 12 7
Werthers Ettersbergerw. lutescens GER 100 0 6 + 8 2+ 12 4
Von Stieglers Sieges milturum GER 94 1 6+ 8 2 + 12 6
5 1 7+ 8 5+ 10 10
1 1 7+ 9 5+ 10 9
Rimpaus Barun milturum GER 100 0 6 + 8 2+ 12 4
Hatzfeldt A milturum GER 94 0 7+ 8 5+ 10 8
3 2% 7+ 8 5+ 10 10
1 0 7+ 8 2+ 12 6
2 heter.
Hohenwettersbacher-b. Dick. aestivum GER 100 0 6 + 8 2+ 12 4
Strubes Dickkopf lutescens GER 65 1 20 2+ 12 6
35 0 20 2+ 12 4
Hatzfeldt E lutescens GER 41 0 7+ 8 2+ 12 6a
28 0 7+ 8 2 + 12 6b
17 0 7+ 8 2+ 12 6¢
14 0 7+ 8 5+ 10 8
Ebersbacher Weiss aureum GER 60 0 6 + 8 2+ 12 4
40 0 20 2+ 12 4
Berchtesgadener Vogel ferrugineum GER 99 0 17 + 18 2 + 12 6
1 2% 7+ 8 2+ 12 8
Von Reininghaus Alpen lutescens GER 73 0 7+ 8 2+ 12 6
27 0 6 + 8 2 + 12 4
Blaukorn viridarduini GER 98 0 6 + 8 2+ 12 4
2 heter
Toster Rot milturum GER 69 0 7+ 8 2+ 12 6a
22 0 7+ 8 2+ 12 6b
5 0 20 2+ 12 4
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Table 1. Continued.

Name Variety Origin Lines [%)] Glu-Al Glu-B1 Glu-D1 Glu-score

4 0 7+ 8 2+ 12 6¢
Shireffs Dickkopf lutescens GER 100 0 20 2+ 12 4
Krapphausener dichter Epp lutescens GER 100 1 20 2 + 12 6
Gros Bleu lutescens FRA 100 0 6+ 8 2+ 12 4
Dattel alborumbrum FRA 100 1 20 2+ 12 6
Bon Fermier lutescens FRA 100 0 7+ 8 2+ 12 6
Roux des Ardennes aestivum FRA 95 1 7+ 9 2+ 12 7

1 1 7+ 8 5+ 10 10

4 heter.
Rouge de Bordeaux milturum FRA 100 2% 7+9 5+ 10 10
Rouge d’Altkirch milturum FRA 100 1 6+ 8 5+ 10 8
Ble de la Vallouise lutescens FRA 100 1 7+ 8 5+ 10 10
Ble de Crepi lutescens FRA 100 0 7+9 2 + 12 5
Ble du Lot lutescens FRA 97 2% 7 5+ 10 8

3 1 20 2 + 12 6
Blanc de Flandre lutescens FRA 68 1 20 2+ 12 6

31 0 20 2+ 12 4

1 0 6+ 8 2+ 12 4
Vilmorin 23 lutescens FRA 51 0 7 4 + 12 3a

22 0 7 2+ 12 4a

19 0 7 4 + 12 3b

8 0 7 2 + 12 4a
Allies aureum FRA 46 1 7 2+ 12 6

21 0 7 5+ 10 6

7 1 6+ 8 5+ 10 8

5 0 6+ 8 2+ 12 4

4 1 6+ 8 2+ 12 6

2 1 7+ 8 2 + 12 8

2 0 6+ 8 5+ 10 6

2 0 7 2+ 12 4

2 2% 6+ 8 5+ 10 8

1 0 7+ 8 2 + 12 6

1 0 7+9 2+ 12 5

7 heter
Ble de Champagne aestivum FRA 94 1 7 2+ 12 6

6 0 6+ 8 54+ 10 6
Japhet lutescens FRA 47 0 7+9 2+ 12 5

32 1 7 2+ 12 7

14 1 7 5+ 10 8

2 1 6+ 8 2+ 12 6

5 heter.
Saumur d’ Automne lutescens FRA 72 1 7+ 8 2+ 12 8

20 1 6 2 + 12 547

8 1 7% + 8 2+ 12 547

a, b, ¢ — Lines identical in HMW-GS composition but different by other protein bands.

heter. — Grains heterogeneous in glutenin profile.
? — Not known effect of glutenin subunit on Glu-score.

AUT — Austria, GBR — Great Britain, FRA — France, GER — Germany, SWE — Sweden, NLD — Netherlands , NOR — Norway, ITA —

Italy, SUN — former Soviet Union.

Evaluated lines present a high level of homo-
geneity at the Glu-D1 locus, in fact 70% of them
showed the Glu-Dla allele (subunits 2 + 12),
although these subunits are associated with poor
quality of bread wheat. Another allele associated

with good quality found with a relatively
high frequency was Glu-DIid (subunits 5 + 10)
found in 28% of lines. Two lines of landrace
Vilmorin 23 had the Glu-Dc¢ allele (subunits
4 + 12).



Altogether 30 combinations at the Glu-Al,
Glu-B1, and Glu-D1 loci were detected. There is a
clear dominance of combinations 0, 7 + 8,
2+ 12 and 0, 6 + 8, 2 + 12. Possible use of
landraces and obsolete cultivars for bread-making
quality improvement can be in some extent indi-
cated by Glu-score values. Some of the lines
reached the maximum value 10 (Roux des Ard-
ennes, Rouge de Bordeaux, Ble de Vallouise, Von
Stieglers Sieges, Hatzfeldt A, and Odeskaya 16).
However, there was no possibility to calculate the
final Glu-score value in some of the lines, one
combination present the novel alleles and two
combinations present Glu-Blan (subunit 6), be-
cause they possess HMW-GS, which have not
been associated with bread-making quality. Rare
HMW-GS pair 7% + 8 containing subunit 7%,
with electrophoretic mobility of protein band fas-
ter than subunit 7, at the locus G/u-BI was iden-
tified. Two types of subunit 7 were previously
identified based on slight differences in electro-
phoretic mobility (Marchylo et al. 1992). A second
type, with slightly faster mobility than subunit 7,
was named 7* in genotypes Norstar. The same
combination of subunit 7% + 8, designated Glu-
Blu was found only in the genotypes Owens and
Fiorello (Ng et al. 1989; Pogna et al. 1989). Bio-
chemical and molecular characterization accom-
plished in future study will provide detailed
information about the subunits 7* + 8 where we
will compare subunit 7* from genotypes Norstar,
Fiorello, and Owens with subunit 7* identified in
landrace Saumur de Automne.
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