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DEVELOPMENT OF COMMON WHEAT LINES
WITH THE 1BL/1RS TRANSLOCATION LINKED WITH
THE ALLELE Glu-Blal

A number of F,winter common wheat lines that carry the wheat-rye 1BL/IRS
translocation of the Kavkaz type with respective resistance genes linked with high
bread-making quality allele Glu-Blal have been developed via marker selection
among F, plants from the cross B16 x Odesskaya krasnokolosya. The SDS-sed-
imentation value in these lines proved to be in most cases similar to that of the
cultivar Bezostaya 1. The lines may be used as a source of the 1BL/IRS trans-
location linked with the high-quality allele Glu-Blal, which compensates for the
negative effect of this translocation on bread-making quality.

common wheat, wheat-rye translocation 1BL/1RS, disease resistance
genes, bread-making quality, SDS sedimentation

The wheat-rye 1BL/1RS translocation from the rye Petkus (the trans-
location between the short arm of rye chromosome 1R and the long arm
of wheat chromosome 1B) as in the cultivar Kavkaz is the most widespread
alien translocation among commercial common wheat cultivars [20]. For
example about 64% of cultivars from northern China carry the 1BL/1RS
translocation [12]. Its frequency comprised 36% among cultivars grown in
Argentina [17], 13% in the sample of cultivars of the United Kingdom, 27%
in the pooled samples of German and Dutch cultivars, 23% in Australian
cultivars (the frequencies were calculated on the basis of genotypes present-
ed in [26]). According to our data, this translocation is found in 14% of
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Ukrainian winter common wheat cultivars [10]. These are predominantly
cultivars of the Central Forest-Steppe zone. The proportion of such cultivars
developed in the last two decades amounts 38% [10]. Moreover, this trans-
location was identified in 50% of promising breeding lines and new cultivars
of the Myronivka Remeslo Institute of Wheat of the National Academy of
Agrarian Sciences of Ukraine (NAAS) (MIW), developed in 2012—2015 [1].
The high frequency of occurrence of this translocation may be due to the
presence of disease resistance genes [14], as well as genes for more intense
development of the root system [11].

The 1BL/1RS translocation carries a number of disease resistance genes:
Pmé& for resistance to powdery mildew caused by Erysiphe graminis (DC),
the Sr31 gene for resistance to stem rust caused by Puccinia graminis Pers. f.
sp. tritici Erikss. et Henn., the gene Lr26 for resistance to leaf rust caused by
Puccinia recondita f. sp. tritici Rob ex Desm., and the Y9 gene for resistance
to stripe rust caused by Puccinia striiformis West. [14]. Among these genes
the most important is Sr3/, which is effective against all stem rust races
except for Ug99 [19]. In many studies, the positive effect of the presence
of the 1BL/1RS translocation on agronomic performance was demonstrat-
ed [15, 24, 25]. However, it is common knowledge that this translocation
impairs bread-making quality [6]. This adverse effect can be compensated
by the presence of certain alleles at the Glu-1 loci encoding high molecu-
lar-weight glutenin subunits, which are directly involved in determination of
bread-making quality of grain [18]. The Glu-1 loci are located on the long
arms of homoeologous group 1 chromosome at a distance of 10% of recom-
bination from the centromere [18]. Virtually all Ukrainian cultivars with the
1BL/1RS translocation carry it in combination with the allele Glu-BlIc [10],
which has a moderate effect on bread-making quality, according to Payne et
al. [28]. The allele that greatly improves bread-making quality is Glu-Blal.
The first Ukrainian extra-strong cultivars with this allele were Panna and
Leleka developed on the basis of the cultivar Odesskaya krasnokolosya [4].
A special feature of carriers of this allele is high physical properties of dough
even at a substantial level of grain damage by sunn pest Eurygaster integriceps
Put. According to the data of Poperelya and Blagodarova [4], such wheats
retain high bread-making properties of flour (bread volume) even at the
9% level of damage by E. integriceps. Sunn pest and other corn bugs in the
course of feeding inject saliva gland secrets into seeds. These secrets contain
enzymes, in particular proteinases hydrolyzing the major wheat endosperm
proteins, gliadins and glutenins [5, 9]. It is believed that damage of 2—3%
of seeds deteriorates bread-making quality, although 3—5% is accepted
as the critical threshold [9]. Investigation of corn bug-damaged seeds has
demonstrated that its proteases cause degradation of polymeric glutenin [9].
Gluten from extra-strong wheat (the cultivar Glenlea with the allele Glu-
Blal) proved to be less sensitive to the action of proteases [23], evidently
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due to its special features: a relatively high content of insoluble glutenin and
a low content of soluble glutenin [22].

The objective of our investigation was development of common wheat
lines carrying the wheat-rye 1BL/1RS translocation coupled with the allele
Glu-Blal and analysis of their bread-making quality.

Materials and methods. Winter common wheat F, plants from the re-
ciprocal cross B16 x Odesskaya krasnokolosaya (2088 plants) served as the
initial material for developing lines. The line B16 carries the wheat-rye
1BL/1RS translocation coupled with the allele Glu-Ble, and the culti-
var Odesskaya krasnokolosya has the allele Glu-Blal. The allele Gli-Blil
controlling synthesis of specific secalins (Gld 1B3) serves as a marker of
the 1BL/1RS translocation of the Kavkaz type [6, 16]. To determine the
genotype of F, plants at marker loci, 5—135 single seeds were analyzed by
electrophoresis of storage proteins. Acid polyacrylamide gel electrophoresis
of gliadins was performed by the procedure [2] with modifications described
in [27]. Electrophoresis of high-molecular-weight glutenin subunits was
carried out by the procedure of Laemmli [13] on 10% gels. The offspring of
selected F, plants with desirable combinations of alleles ( Gli- B/ associated
with Glu-Blal) were resown on the experimental plot to obtain F, lines.

Five F, lines (622, 380-1, 380-3, 616-3, and 616-5) were grown on the
experimental plot (Hatne, Kyiv region) in 2008—2009 with 3—6 replicates
(1.2-m plots) along with the standards, Bezostaya 1, Panna (the carrier of
the allele Glu-Blal), and B16 (the parental form with 1BL/1RS) and in
2014—2015 with 4 replicates and with the standards Bezostaya 1 and Panna
as well as both the parental forms (Odesskaya krasnokolosya and B16) in
a completely randomized block design (0.5-m plots). Values of the sodi-
um dodecyl sulfate (SDS) test [7], the quality test based on sedimentation
of whole meals, of the lines and the standards were assessed in the Plant
Breeding and Genetics Institute — National Center of Seed and Cultivar
Investigation (PBGI) by the SDS30 sedimentation procedure [3] as sedi-
mentation volume (ml). In the case of samples harvested in 2009 there were
three biochemical replicates.

The significance of differences was estimated using Student’s test. To
determine the effect of the year of growing on the SDS sedimentation value,
analysis of variance was used.

Results and discussion. Among more than 2000 F, plants from the re-
ciprocal cross B16 x Odesskaya krasnokolosaya, analysis of genotypes at the
marker loci Gli-BI and Glu-BI revealed 2 homozygotes with the allele Gi-
BII (the presence of the 1BL/1RS translocation) in combination with the
high-quality allele Glu-Blal and about 40 plants that were homozygous for
the presence of the wheat-rye translocation and heterozygous at the locus
Glu-B1. The low frequency of plants with the desired combination of alleles
is evidently due to the relatively tight linkage of Glu-B1I and the rye arm 1RS
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within the translocation (about 10% of recombination) as well as selection
against gametes with 1BL/1RS in heterozygotes for the translocation [2, 21],
which causes the decline in the proportion of homozygotes for the trans-
location. Offspring of the selected F, plants were grown and the best forms
with respect to habitus and yield were resown to obtain lines. Among the
offspring of plants heterozygous at the locus G/u-B1, homozygotes with the
genotype Gli-Bl1l Glu-Blal were selected using electrophoresis of high-mo-
lecular-weight glutenin subunits. As a result, we developed a number of F,
lines combining advantages of the presence of the wheat-rye translocation
(namely the presence of respective disease resistance genes) and the high
grain quality allele Glu-Blal.

Five F, lines with the genotype Gli-BIl Glu-Blal, 622, 616-3, 616-5,
380-1, and 380-3, were assessed for the level of bread-making quality using
the SDS30 test [3], which is based on sedimentation behavior of whole
meals and flours in SDS solution [7]. For comparison, quality indices of
the standards (the cultivars Bezostaya 1 and Panna) and the parental forms
(Odesskaya krasnokolosaya and B16) grown in the same experiments were
also analyzed. The cultivar Bezostaya 1 was chosen as it carries the most
common high-molecular-weight glutenin subunit alleles, Glu-A1b, Glu-Blc,
Glu-D1d, and shows good bread-making quality. The cultivar Panna, which
carries the high-quality alleles Glu-Blal and Glu-D1d, was developed on
the basis of the cultivar Odesskaya krasnokolosaya [4]. The characteristics
of the lines and the cultivars with respect to the high-molecular-weight
glutenin subunit loci and the presence of the 1BL/1RS translocation of the
Kavkaz type, which primarily influence bread-making quality, are presented
in Table 1. Some of the lines with the wheat-rye translocation coupled with
the high-quality allele Glu-Blal (622, 380-1, and 380-3) also carry another
high-quality allele, Glu-D1d [28].

SDS sedimentation volume was influenced by growth conditions (F =
10.54, P < 0.01). Under conditions of 2015, values of SDS sedimentation
in the lines and the cultivars were in most cases higher than those in 2009
(Table 2). The lines with the wheat-rye 1BL/1RS translocation associated
with the allele Glu-Blal showed intermediate SDS sedimentation volumes
as compared to the parental forms, B16 and Odesskaya krasnokolosaya.

SDS sedimentation volumes in the lines 622, 380-1, and 380-3 with the
wheat-rye translocation and the allele Glu-Blal were not lower than that
in the cultivar Bezostaya 1 in both years of investigation, and 380-3 even
showed the significantly higher value in 2009 (Table 2). However, in the
case of the experiment in 2009, the lines 616-3 i 616-5 showed lower SDS
sedimentation volumes in comparison with that in Bezostaya 1. A special
feature of these lines is the presence of the allele Glu-Dla, which is asso-
ciated with a lower level of bread-making quality as compared to the allele
Glu-D1d [28]. Thus the negative effect of the wheat-rye 1BL/IRS translo-
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1. The characteristics of common wheat cultivars and lines with respect
to the high-molecular-weight glutenin subunit loci and the presence of the 1BL/IRS
translocation of the Kavkaz type

Line, cultivar Glu-Al Glu-BI Glu-DI }g};/ B
B16 ¢ e 4 :
622 b al n
616-3 b al a T
616-5 b al a T
380-1 ¢ al d T
380-3 b al d +
Bezostaya 1 b ¢ d _
Odesskaya krasnokolosaya b al d _
Panna b al d B

cation can be compensated by the allele Glu-Blal, especially in the presence
of another high-quality allele, Glu-DId. 1t should be noted that the allele
Glu-D1d is encountered in 90% of Ukrainian common wheat cultivars [10].

In the Ukrainian winter common wheat gene pool, carriers of the
wheat-rye 1BL/1RS translocation with respective disease resistance genes,
including the currently effective genes Yr9 and Sr31, are frequent among the

2 SDS sedimentation volumes in the common wheat lines
with the wheat-rye 1BL/1RS translocation and the allele Glu-Blal, as well as in the
standards grown in different years

SDS sedimentation volume, ml
Line, cultivar
2009 2015
B16 30.0 £ 0.4 373+ 1.3
622 49.7 £ 0.2 533+19
616-3 43.2 £ 0.7%** 545+ 1.7
616-5 48.1 £ 0.7* 555+ 338
380-1 51.0 £ 1.0 56.0 + 1.6
380-3 532 £ 0.7*%* 57.0 £ 2.9
Bezostaya 1 50.8 £ 0.8 585122
Odesskaya krasnokolosaya - 66.5 = 1.5
Panna 70.8 + 2.6 725 £2.7

Notes: *, ** *** Differences from the value in the cultivar Bezostaya 1 are significant
at P < 0.05, P <0.01, P <0.001, respectively
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Forest Steppe cultivars developed in MIW, the Institute of Plant Physiology
and Genetics of the National Academy of Sciences of Ukraine, the Bila
Tserkva Experimental Station of the Institute of Bioenergy Crops and Sugar
Beet of NAAS, and the National Science Centre “Institute of Agriculture
NAAS Ukraine” [10]. At the same time this translocation is rare among the
Steppe cultivars developed in PBGI evidently due to stringent requirements
on bread-making quality of grain in the breeding process. In its turn, the
allele Glu-B]lal associated with improved dough strength is currently found
only among the Steppe cultivars (of PBGI breeding) with a frequency of
10% [10]. The coupling of the wheat-rye 1BL/1RS translocation and the
high-quality allele Glu-Blal would permit to fully exploit the benefits of this
translocation — the presence of disease resistance genes and other important
genes without the severe deterioration in bread making quality. The lines
with the combination of the 1BL/1RS translocation and the allele Glu-Blal
have been passed over to breeders as initial material.

CONCLUSIONS

We have developed a number of F, lines combining benefits of the
presence of the wheat-rye 1BL/IRS translocation of the Kavkaz type (the
presence of respective disease resistance genes) and the allele Glu-Blal as-
sociated with improved dough strength. The SDS sedimentation volume in
these lines is similar to that of the cultivar Bezostaya 1, which shows good
bread-making quality. These lines can be a source of the 1BL/1RS translo-
cation linked with the high-quality allele Glu-Blal, which compensates for
the negative effect of this translocation on bread-making quality.
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Kosyo H.O., Coszinos 1.0., Bignuk I'.f., Iem’anosa H.O., Cosinosa O.I.,
Kapenos A.B., Bmom f1.B., CosinoB O.0. CTtBopeHHs JiHiii MueHMIi
M’skoi 3 Tpanciokaniero 1BL/1RS, 3uensienor 3 anenem

BHCOKOI siIKocTi Glu-Blal

3a odonomoeoro mapkepnoeo 6idoopy ceped pocaun F, 6id cxpeujenns
b16 x Odecvka uepeonokonoca cmeopeno Hu3Kky ainii F,nuwenuuyi msakoi o3u-
MOI, Wo Marms nueHu4Ho-xcumuwo mpanciokauiro 1BL/IRS muny Kaexas
3 GION0GIOHUMU 2eHamMu CMILIKOCMI, 34enieHy 3 dsenem Hadeucokoi aKocmi
sepHa Glu-Blal. Buznaueno, wo noxkasnuxk SDS-cedumenmayii y uux ainii,
nepesaicHo, 3Haxo0umucs Ha pieHi eéeauuunu y copmy bezocma 1. Cmeopeni
AiHiT moycymo 6ymu dxcepeaom 1BL/IRS mpanciokauyii, 3uenienoi 3 arenem
sucokoi skocmi Glu-Blal, skuil komnencye neeamuenuil eghekm danoi mpaw-

cA0Kauii Ha XAiboneKapHy SKicme.

Ko3yo H.A., Co3unos U.A., buanbik A.S., embsiHoBa H.O.,
Co3nnoBa O.U., Kapenos A.B., bBmiom f1.B., Co3unoB A.A. Co3nanue
JIMHUIA MIIeHuIbl MATKO# ¢ Tpanciaokamueii 1BL/1RS, cuemienHoit

¢ aJiieieM BHCOKoOro Kayectsa Glu-Blal

C nomowvio mapkeproeo omoopa cpedu pacmenuil F, om ckpewjusanus
b16 x Odecckas kpacrokonocas co3dan paod aunutl F, nuwenuuypl Ma2Koll 03u-
MOU, umMerowux nuleHuuHo-prcanyio mpanciokayuto 1BL/IRS muna Kaexas
C COOMBEMCMBYOUWUMU 2eHAMU YCMOUMUBOCIU, CUCNACHHYIO C aAAeAeM Bbl-
cokoeo kauecmea 3epra Glu-Blal. ITokazamenv SDS-cedumenmauyuu y smux
AUHUL, NPeUMYW,eCmeeHHo, HaxXo0umcs Ha ypoeHe eeauyunvl y copma bes-
ocmas 1. Cozdannvle aunuu moeym Ovimo ucmoyHuxkom 1BL/IRS mpanc-
AOKQUUU, CUenaeHHoll ¢ annenem eucokoeo kausecmea Glu-Blal, komoputii
KOMneHcupyem ompuuamensuvill 3gpgpekm 0aHHOU MPAHCAOKAUUU HA XAe00-
neKapHoe Kauecmao.
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