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Abstract. One of the sources of bread wheat resistance to the Puccinia triticina is the Lr51 gene in the
T1BS.1BL-1S#F7L-1BL translocation, from Aegilops speltoides Tausch. However, it is little used in the practical
breeding of Triticum aestivum L. The main reason is the fear of the negative impact of translocation on important
agronomic features. This paper presents the results of pre-breeding studies of lines-analogues of spring bread wheat
cultivar Saratovskaya 68 — L6 and L7, carrying T1BS.1BL-1S#F7L-1BL translocation, compared with the recipient —
Saratovskaya 68 and the standard — Saratovskaya 76. The presence of the Lr57 gene was confirmed by PCR analysis
with markers S30-13L and AGA7-759R. Lines L6 and L7 are resistant to saratov populations of P. triticina. The lines-
analogues are cytologically stable. The presence of translocation in L6 and L7 did not significantly influence for plant
height and lodging resistance. In lines-analogues, the duration of the germination-earing period is at the level of
recipientand standard cultivars. For grain productivity, lines L6 and L7 do not significantly differ from Saratovskaya 68.
However, lines L6 and L7 surpassed Saratovskaya 76 in 2024, but there were no differences for 2023-2025 period.
Analysis of the structure of the elements productivity of the main ear for average 2023-2025 period showed that
at the lines L6 and L7 no differences with the cultivar-recipient for all traits. But comparisons with Saratovskaya 76,
show significant differences in favor of lines with translocation in terms of ear density, while L7 also had significant
differences for grain weight from the ear and number grains in spikelet.The presence of the T1BS.1BL-1S#F7L-1BL
translocation in L6 and L7 did not significantly affect the protein content, as well as the indicators of flour and bread,
except for the volume and porosity of bread. Lines L6 and L7 were inferior to Saratovskaya 76 in terms of elasticity, the
ratio of elasticity to extensibility (P/L), and the volume of bread, but surpassed the strength of flour (W). In general,
in terms of cytological stability and the entire range of breeding-valuable indicators, the effect of T1BS.1BL-1S#F7L-
1BL translocation in the genotype of the Saratovskaya 68 is assessed as neutral, and lines L6 and L7 have breeding
significance for leaf rust resistance.
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AHHOTaumA. OfHVM U3 3PPEeKTUBHBLIX TEHOB YCTOMUMBOCTM K BO3OYAWTENO NUCTOBOW piKaBuuHbl (Puccinia
triticina) y markon nwenuupl (T. aestivum L.) aBnaeTca reH Lr51, UHTPOAYLMPOBAHHbIN B FeHOM MAFKOW MLeHWULbl
ot Aegilops speltoides Tausch B coctaBe TpaHcnokaumm T1BS.1BL-1S#F7L-1BL. OgHako 3TOT reH pefiko UCMoNb3yloT B
NPaKTUYECKON CeneKkumnn n3-3a onaceHnsa HeraTMBHOIO BAVAHUA UYy>KePOAHON TPaHCIOKaLMN Ha arpOHOMIMYECKme
BaXHble Npu3Haku. B faHHoOM paboTe npefcTaBneHbl pe3ynbTaTbl NPebprANHIOBbIX NCCNeOBaHNIA APOBbIX MUHUI
MArkon nwenunubl J16 n J17, Hecywmx T1BS.1BL-1S#F7L-1BL TpaHcnokauuto, N0 CpaBHEHNIO C COPTOM-PELIMMUEHTOM
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JIHVUM APOBOI MATKON MLUEHNLbI, HecyLune
TpaHcnokaumto T1BS.1BL-1S#F7L-1BL c reHom Lr51

CapaToBckaa 68 1 copTom-cTaHgapTom CapaToBcKas 76 MO KOMMIEKCY CeNeKUMOHHO 3HayuMbIX MPU3HAKOB.
Hanwune reHa Lr51 B reHotune nuHun J16 n J17 nogreepxpaeHo [NLP-aHanu3om ¢ ncnonb3oBaHMeM MapKepoB
S30-13L 1 AGA7-759R. ®utonatonornyeckas oueHKa nMHui J16 n J17 B ycnoBUAX NCKYCCTBEHHOTO 1 €CTECTBEHHOIO
NHGEKLMOHHOIO GpoHa K JIOKasIbHOW MNOMYNALMMN IMCTOBOIN PKaBUMHbI, pacnpocTpaHeHHo B CapaToBCKOM 0651acTu,
nokasasna 1x BbICOKU YPOBEHb YCTONYMBOCTM B CPAaBHEHMM C COPTOM-peumnmeHTom. o oueHKe LmTonornyeckom
CTabUNBbHOCTW NIMHUIA, MENOTUYECKNI UHAEKC cocTaBnAeT 98.2 1 99.7 y nuHuia J16 n J17 cootBeTcTBEHHO. Hannune
TpaHcnokauymu y J16 n J17 He BAMANO 3HaYMMO Ha BbICOTY PacTEHWU 1 YCTOMYMBOCTb K NONeraHunio. Y IMHMI-aHanoros
NPOJOIKNTENIbHOCTb Nepuroja BCXOAbl-KOJIOLWEHe OKasanacb Ha ypOBHe copTa-peuunueHTa n copta-cTaHaapTa.
Mo npopyKTMBHOCTM 3epHa nuHUK J16 1 J17 TakKe He OTNMYanMcb AOCTOBepHO OT copToB CapaToBckasa 68 u
CapaToBcKaa 76, No faHHbIM MONEBbIX UCMbITaHUA 3a nepuog 2023-2025 rr. AHanu3 CTPYKTypbl MPOAYKTUBHOCTA
rMaBHOro Konoca y nuHun J16 n J17 BbiABMA OTCYTCTBME Pa3NYMin C COPTOM-PELMMNEHTOM MO BCEM MOKa3aTenam.
Mo cpaBHeHuIo ¢ copTom CapaToBcKas 76 Oblnv AOCTOBEPHbIE Pa3nymA B NOJb3y MHMIN-aHANOroB Mo MIOTHOCTW
Konoca, a y J17 Takxe no Becy 3epHa C Konoca 1 03epHEeHHOCTU Konocka. Hannune TpaHcnokauum T1BS.1BL-1S#F7L-
1BL y J16 1 J17 He3HauMMOo NOBAMANO Ha cofepaHune 6eska, a Takke Ha KauecTBO MyKu 1 xneba. OpHako obe nnHun
yCTynanu CopTy-peLnnmeHTy no Takum NpusHakam, Kak 06bemM 1 NopucTocTb xneba. Jiunnm 16 n J17 yctynanu copty
CapaToBcKaa 76 Mo yrnpyrocti, OTHOLIEHWIO YNPYroCcTy K PacTsaXXMMOCTN, 06beMy xneba, HO NPeB3oLWn No cune
MyKM. B Lilenom, € yueTom LMTONornyeckor CTabnnbHOCTY 1 KOMMJIEKCY CENTEKLIMOHHO LieHHbIX MoKa3aTenen, BiuaHue
T1BS.1BL-1S#F7L-1BL TpaHcnokauum B reHoTune copta CapaToBcKasa 68 OLeHMBaeTCA Kak HeTpasnbHoe, a nnHun J16
1 J17 metoT cenekLNOHHYI0 3HaYMMOCTb MO YCTOMUNMBOCTU K IMCTOBOW pPXKaBUMHE.

KntoueBble cnioBa: ApoBan MArkasa nweHunua; NMMHumn-aHanoru copta CapatoBckas 68; T1BS.1BL-1S#F7L-1BL TpaHc-
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NioKkauuna; yCTOI7I‘4I/IBOCTb K IMCTOBOW P>KaBUUHE; BNUAHNE Ha NPOAYKTUBHOCTb N Ka4eCTBO 3€pPHa

Introduction

Bread wheat (Triticum aestivum L. em. Thell) is one of the
main food crops. Wheat accounts for over 27 % of the total
global grain production. Intensive breeding for increased pro-
ductivity of this crop has led to a significant reduction of its
gene pool in terms of resistance genes to diseases and pests.
The susceptibility of bread wheat varieties to diseases leads
to huge losses in grain yield and a decrease in its quality. For
example, average losses from leaf rust in Russia and foreign
countries are 4—6 %, and under epiphytotic conditions of this
pathogen, grain yield losses can reach 50-70 % (Dymchenko
et al., 1990). In recent decades, an increase in the harmful-
ness of the disease spectrum of bread wheat has been noted
for the Lower and Middle Volga regions of Russia. A severe
stem rust epiphytotic was observed in 2016, a severe leaf rust
and septoria leaf spot epiphytotic in 2017, a severe tan spot
epiphytotic in 2019, a local but severe stem rust epiphytotic in
2020 and simultaneous moderate epiphytotics of stripe and leaf
rust, powdery mildew, and tan spot in 2025. There is constant
pressure on bread wheat plants from fungal diseases. Thus, the
importance of increasing the yield of cultivated plants through
resistance to biotic factors, which include a large group of
phytopathogens, is sharply increasing. To avoid economically
significant losses from bread wheat diseases, including rust
species, constant scientifically based breeding for resistance to
pathogens is necessary. This work should be based on know-
ledge of the pathogen’s biology, its virulence, the resistance
genetics of cultivated crops varieties, and a sufficient number
and diversity of resistance genes to pathogens, i. e., it should
be anticipatory (Mclntosh, Brown, 1997). The most difficult
task is to expand the genetic diversity of resistance genes to
pathogens. For example, studies by O.A. Baranova (2020) on
a set of 32 new bread wheat cultivars entered into the State
Register of Selection Achievements of the Russian Federa-
tion for 2017-2018 showed that only 11 cultivars have high
effectiveness against the stem rust pathogen. Of these, seven
cultivars are protected by one gene Sr3/, three cultivars by

a combination of Sr3/+Sr57 and one cultivar Sr37/+Sr28.
Studies by E.I. Gultyaeva et al. (2025) on a set of 28 winter
and 16 spring bread wheat cultivars approved for use in 2024
showed that seven winter and five spring bread wheat culti-
vars are resistant to the leaf rust pathogen, i. e., 25 and 37 %.
However, only one winter bread wheat cultivar is resistant to
the stripe rust pathogen.

Currently, effective resistance to pathogens in the majority
of wheat cultivars is due to the presence of resistance genes
introgressed from wild and cultivated relatives of bread wheat,
rather than their own resistance genes. The species Aegilops
speltoides Tausch 2n = 14, genome S (Schneider et al., 2008)
should be particularly highlighted. Twelve identified genes
transferred from this species are known, including six genes
for resistance to leafrust (Lr28, Lr35, Lr36,Lr47, Lr51, Lr66),
three to stem rust (Sr32, Sr39, Sr47) and three to powdery
mildew (Pmi12, Pm32, Pm53) (grainsgenes.org/GG3/wgc,
accessed February 11,2026). .G. Adonina et al. (2012) iden-
tified the TSBS.5BL-5SL translocation from Ae. speltoides,
which carries an effective gene for leaf rust resistance, desig-
nated as LrASP5. Among the identified genes, the gene Lr5/
(laboratory designation LrF7), obtained from crossing the
bread wheat cultivar Neepawa with Ae. speltoides source F,
should be noted, and then six backcrosses were made to the
cultivar Neepawa and a highly resistant line F7 to the leaf
rust pathogen was obtained (Dvorak, 1977). In this line, a
translocation from chromosome 1S Ae. speltoides to chromo-
some 1BL of the cultivar Neepawa — T1BS.1BL-1S#F7L-1BL
(Dvorak, Knott, 1980) was localized. Later, in one derivative
line from F7 — F-7-3, an intercalary translocation from 1S to
IBL ranging from 14 to 32 ¢cM was established, including the
loci XAga7 and Xmwg710 (Helguera et al., 2005). The gene
Lr51 for resistance to the leaf rust pathogen is semidominant
and highly effective both in Russia (Gultyaeva et al., 2024,
2025), and abroad, particularly in the USA (Helguera et al.,
2005). Despite the effectiveness of resistance, this gene is
rarely used in commercial bread wheat cultivars. It is known
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from the sources available to us that the Lr57 gene has been
identified in ten Egyptian bread wheat cultivars (Ashraf et
al., 2015). Among Russian cultivars, this gene has not been
identified (Gultyaeva et al., 2025). At the National Center of
Grain named after P.P. Lukyanenko (FSBSO “NCG P.P. Luky-
anenko”), a series of lines with combinations of Lr5/ with
Lr genes have been obtained: Lr10, Lr26, Lr28, Lr34, Lr35,
Lr50. The number of Lr genes in the combinations ranged
from two to five (Davoyan, 2022). The reasons for the rare use
of the translocation with Lr5/ are unclear. It is hypothesized
that this translocation may negatively affect for agronomically
valuable traits and reduce grain productivity overall (Helguera
etal., 2005). However, there is no data on prebreeding studies
of the TIBS.1BL-1S#F7L-1BL translocation; information on
the impact of this translocation for grain yield and bread ma-
king quality is absent. The purpose of our research is: based
on the results of a three-year study of spring bread wheat
lines-analogous with T1BS.1BL-1S#F7L-1BL translocation,
identify the influence of translocation on cytological stability,
agronomically important traits, grain productivity and bread
making quality, and thus determine its breeding value.

Materials and methods
The material used included the following samples:

Spring bread wheat cultivar Saratovskaya 68, which belongs
to the erythrospermum variety, is valuable for quality, resistant
to drought, susceptible to leaf and stem rust pathogens, and
contains a gene Lr/0 ineffective against the leaf rust pathogen
(Gultyaeva et al., 2020).

Spring bread wheat cultivar Saratovskaya 76 — a standard
approved by the State Commission of the Russian Federation
for the Testing and Protection of Selection Achievements for
the Saratov region.

L6 and L7 lines are analogues of spring bread wheat cul-
tivar Saratovskaya 68. Pedigree: Saratovskaya 68/F-7-3*3//
Saratovskaya 68. Lines analogues were obtained after cross-
ing with line F-7-3 and triple backcrossing with cultivar
Saratovskaya 68, where the pedigree of the near-isogenic line
F-7-3 = Neepawa*6/Triticum speltoides, contains transloca-
tion TIBS.1BL-1S#F7L-1BL with the gene Lr5/. The line
F-7-3 was kindly provided by Doctor of Biological Sciences
E.I. Gultyaeva (FSBSI VIZR, Saint Petersburg, Pushkino).
Lines L6 and L7 belong to the erythrospermum variety and
are highly resistant to the leaf rust pathogen.

Cytogenetic studies. The cytological stability was assessed
by studying chromosome behavior during microsporogenesis
in meiosis. Meiosis stages in microsporogenesis were studied
on temporary squashed preparations of anthers. Spikes of lines
L6 and L7 were cut before emerging from the leaf sheath and
fixed in a mixture of 96 % ethanol and glacial acetic acid (3:1).
Twenty-four hours after fixation, the material was transferred
to 70 % ethyl alcohol, where it was stored until analysis at
t =+2-4 °C. Schiff reagent was used as a dye staff. For each
line, 100—200 microsporocytes at meiosis stages (metaphase [
and I, anaphase I and 11, telophase I and 11, tetrads) were ana-
lyzed. Slides were analyzed on a microscope Axio Scope A 1
(Carl Zeiss) with objectives N~ACHROPLAN 40x/0.65 and
N-ACHROPLAN 100x/1.25 0;1.

Spring bread wheat lines, carrying
T1BS.1BL-1S#F7L-1BL translocation with Lr57 gene

Phytopathological analysis. Under field conditions, the
degree of resistance to the leaf rust pathogen was evaluated
according to the reaction type of the Mains and Jackson scale
(1926), where: 0 — absence of symptoms; 0; — necroses with-
out pustules; 1 — very small pustules surrounded by necrosis;
2 —medium-sized pustules surrounded by necrosis or chlorosis;
3 —medium-sized pustules without necrosis; 4 — large pustules
without necrosis, X — pustules on the same leaf of different
types, with chloroses and necroses present. Plants with infec-
tion types 0—2 were classified as resistant (R), and 3, 4, and
X (S) — as susceptible. The percentage of rust infection was
assessed according to the R.F. Peterson et al. (1948) scale.

For laboratory evaluation, mixed Saratov populations
of Puccinia triticina with artificially increased presence of
pathotype pp19, virulent to gene Lr/9 were used. Seedlings
(three-leaf stage), grown in soil-filled containers, were sprayed
with an aqueous spore suspension of the population with the
addition of Tween 80 detergent. The suspension concentration
was 1 mg inoculum per 1 mL of water. After plant inoculation,
a dark period was created for 20 hours at 100 % relative humid-
ity, then seedlings were grown at a temperature of 20-22 °C,
with a photoperiod of 16 h day/8 h night. The type of reaction
to the pathogen of seedlings was determined according to the
Mains and Jackson scale (1926).

Molecular genetic analysis. For PCR analysis, DNA
was isolated from five-day-old wheat seedlings using the
cetyltrimethylammonium bromide (CTAB) method (Murray,
Thompson, 1980). For the identification of the resistance gene
Lr51 CAPS-marker was used, for the gene AGA7, located
in Ae. speltoides translocation, containing Lr5/. Primers
S30-13L 5'-GCATCAACAAGATATTCGTTATGACC-3’
and AGA7-759R 5'-TGGCTGCTCAGAAAACTGGACC-3’
proposed in the work by M. Helguera et al. (2005) were
used. Amplification was carried out on T100 Thermal Cycler
(BioRad) amplifiers. Restriction was performed using the
endonuclease Pstl (SibEnzyme). Separation of amplification
products was carried out in a 2 % agarose gel stained with
ethidium bromide. The positive control was near-isogenic
line F 7-3, and the negative control was the recipient cultivar
Saratovskaya 68. GeneRulerTM 100bp DNA Ladder (“Euro-
gene”) was used as a molecular weight marker. PCR was
performed in duplicate.

Evaluation of grain productivity indicators, physical and
baking properties of dough and bread in lines L6, L7, and
the standard cultivar Saratovskaya 76 was conducted in
2023-2025. Experimental material was randomly sown in
plots of 7 m? in 3-fold repetition on the experimental field
of Federal Center of Agriculture Research of the South-East
Region in Saratov. Sowing rate was 400 grains per 1 m2. In
addition to phenological observations and direct assessment of
grain yield, studies of the elements of main spike productivity
were conducted: spike length, number of spikelets and grains,
grain weight per spike, spike density, grain set per spikelet (as
a generalized fertility indicator), which were determined for
15 spikes of the studied lines and the standard cultivar. Bread
making quality traits were evaluated by the content of crude
gluten, the strength of which was determined using the Gluten
Deformation Meter — IDK-3M (“PLAUN”), as well as by
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Table 1. Hydrothermal coefficients for the Saratov meteorological station (Federal Center of Agriculture Research
of the South-East Region) for 2023-2025

Saratov meteorological station 2023 2024 2025

(FCAR of the South-East Region)

Vi Vil Vil v \Y Vi Vil Vv Vi Vil
Hydrothermal coefficient 0.8 1.1 0.6 0.4 0.3 0.2 0.8 0.1 1.1 0.8 0.5

Note. IV - April, V- May, VI - June, VIl - July, VIIl - August.

the Chopin alveograph (Chopin Technologies) traits with the
baking of experimental samples of bread. The protein content
in grain from the 2023-2025 harvests was determined using the
Foss Infratec TM 1241 grain analyzer (Foss Analytical A/S).

Meteorological characteristics of the growing years accord-
ing to the Selyaninov hydrothermal coefficient (HTC) (www.
agrometeo.online/articles/gtk.htm, accessed January 26, 2026)
by months of the vegetation period are given in Table 1. Of
the three years of research, the most favorable meteorological
conditions were in 2023 and 2025. Epiphytotics of leaf rust
were observed in all three years of research, with the greatest
pathogen development observed in the 2023 and 2025 gro-
wing seasons.

The obtained data on lines L6 and L7, recipient and standard
cultivars Saratovskaya 68 and Saratovskaya 76 were subjected
to a one-way variance analysis with multiple comparisons ac-
cording to Duncan using the Agros-2.10 breeding and genetic
software package.

Results

Cytological stability of L6 and L7 lines

To assess meiotic stability, an integrated indicator called the
meiotic index is used. This indicator represents the percen-
tage of normal tetrads relative to the total number of cells
studied. Studies have shown that L6 had a meiotic index of
98.2 %, L7 had a meiotic index of 99.0 %, while the recipient
cultivar Saratovskaya 68 had a meiotic index of 98.8 %. This
indicates that there were no differences between the lines
and the recipient cultivar for this indicator. The plants with a
meiotic index of 90 % or higher is considered cytologically
stable, indicating that both lines are stable. In earlier stages

of meiosis, two chromosomes were detected in both lines that
were not included in the nuclei in telophase I in an amount
0f 0.07 %. Among the mononuclear pollen, micropollen was
detected in L6 and L7: 0.02 % in L6 and L7, and 0.01 % in
Saratovskaya 68.

Phytopathological analysis of lines L6 and L7 for resistance
to leaf rust. Identification of the leaf rust resistance gene
Lr51 using DNA markers S30-13L and AGA7-759R

L6 and L7 showed high resistance to P, triticina in 20232025,
both during artificial infection and during natural epiphytotics
of the pathogen (Table 2). Considering that plants were at the
three-leaf stage during artificial infection with P, triticina and
field evaluations were conducted during milky or milky-wax
ripeness, this suggests a juvenile nature of the resistance gene
in the lines L6 and L7. At the same time, the recipient cultivar
Saratovskaya 68 and the standard cultivar Saratovskaya 76
were susceptible to the leaf rust pathogen. Results of gene
Lr 51 identification by PCR analysis using DNA markers
S30-13L and AGA7-759R in the analyzed lines L6 and L7
showed its presence (see the Figure).

Phenology, grain productivity and bread making

quality traits in the lines L6 and L7,

recipient cultivar Saratovskaya 68

and standard cultivar Saratovskaya 76

In Table 3 the traits of the germination—heading period, plant
height, and lodging resistance in the 2023-2025 growing
seasons are given for lines L6, L7, recipient and standard
cultivars. During the 2023-2025 growing seasons, the ger-
mination—heading period of the lines L6, L7 and the Sara-
tovskaya 68, Saratovskaya 76 cultivars was almost the same

Table 2. Characteristics of resistance of spring bread wheat lines L6 and L7, cultivars Saratovskaya 68
and Saratovskaya 76 to Puccinia triticina in the field (natural epiphytotics) and laboratory (artificial infection)

Cultivar, line Infection type to P, triticina

artificial infection (laboratory assessment) natural epiphytotics

2023 2024 2025 2023 2024 2025
Saratovskaya 68 3 3 3 3/20 3/10 3/5
L6 0; 0;1 0;1 0;1 0; 0;
L7 [0 0;1 0;1 0;1 0; 0;
Saratovskaya 76 3 3 3 3/20 3/10 3/5

Note. Laboratory assessment at the 3-leaf stage. The assessment was carried out during natural epiphytotics of P. triticina in the experimental field of
FCAR of the South-East Region, Saratov.
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Spring bread wheat lines, carrying
T1BS.1BL-1S#F7L-1BL translocation with Lr57 gene

Electrophoregram of amplification and restriction products using primers S30-13L and AGA7-759R, diagnosing the Lr517

gene.

M — marker of DNA lengths, 100 bp (“Eurogen”). The amplification product with a marker size of 819 bp was determined in
line F7-3 Lr57 (1) and in lines-analogous L6 (3), L7 (5). Tracks 2, 4, 6 are restriction products of Pstl amplicons, respectively, F7-3
Lr51, L6 and L7. Track 7 is the recipient Saratovskaya 68. Track 8 is the restriction product of the Pstl amplicon of the recipient

Saratovskaya 68.

and the differences were insignificant. Thus, the translocation
T1BS.1BL-1S#F7L-1BL has almost no effect on the germi-
nation—heading period. In terms of plant height in 2023 and
2025, the lines L6 and L7 differed insignificantly from the
Saratovskaya 68 and Saratovskaya 76 cultivars, but in 2024,
line L6 significantly outperformed both cultivars, and in 2025,
the differences were between the lines — L7 exceeded L6. On
average, for the period 20232025, there were no differences
in plant height between cultivars (Saratovskaya 68 — 86 cm,
Saratovskaya 76 — 85 cm) and lines (L6 — 88 cm, L7 — 89 cm),
as well as between the lines themselves. Thus, the transloca-
tion TIBS.1BL-1S#F7L-1BL in the Saratovskaya 68 cultivar
did not lead to a significant change in plant height. Plant
height affects plant resistance to lodging. In our studies, L7

was significantly inferior in this trait to both cultivars and L6
in the 2023 growing season. In 2024, L7 was inferior to the
Saratovskaya 76. In 2025, there were no differences between
lines and cultivars. On average, for the period 2023-2025,
there were no differences for lodging resistance between cul-
tivars (Saratovskaya 68 — 4.0 and Saratovskaya 76 — 4.0) and
lines (L6 — 4.0 and L7 — 3.7), or between lines themselves.
However, a decrease in lodging resistance was observed in L7.
Comparisons of L6, L7 for grain productivity and its elements
in the main spike made it possible to identify the influence
of the translocation T1BS.1BL-1S#F7L-1BL on these traits
(Tables 4 and 5).

It was found that the presence of the translocation
T1BS.1BL-1S#F7L-1BL in both lines L6 and L7 during the

Table 3. The period of germination-heading, plant height, resistance to lodging in L6, L7 and the cultivars Saratovskaya 68

and Saratovskaya 76 for the growing seasons of 2023-2025

Cultivar, Germination-heading period, days Plant height, cm Lodging resistance, points

fine 2023 2024 2025 2023 2024 2025 2023 2024 2025
Saratovskaya 68 rec 47 41 45 89.7 68.3 100.0 3.7 4.1 4.1
L6 47 41 44 89.0 755 99.0 3.6 4.1 42
L7 47 41 45 91.2 73.0 104.0 3.0 4.0 42
LSDgy5* NS NS NS NS 5.0 4.0 0.5 NS NS
Saratovskaya 76 st 47 41 45 90.0 66.0 100.0 3.6 43 4.0
LSDy 5** NS NS NS NS 5.2 4.0 0.5 0.2 NS

Note. The least significant difference for the 5 % significance level between L6, L7 and: Saratovskaya 68 (*) and Saratovskaya 76 (**). Here and in

Tables 4-6: NS - no difference.
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Table 4. The productivity and weight of 1,000 grains of spring bread wheat lines L6, L7 and cultivars Saratovskaya 68,

Saratovskaya 76 for the growing seasons 2023-2025

Cultivar, line Weight of 1,000 grains, g

2023 2024 2025
Saratovskaya 68 36.1 327 355
L6 37.0 36.3 346
L7 37.8 336 32.1
LSDys* NS 3.1 3.0
Saratovskaya 76 38.6 354 35.9
LSDg5** NS NS 3.0

Grain yield, t/ha

average 2023 2024 2025 average
34.8 3.142 2.238 3.551 2977
36.0 2.990 2.713 3.250 2.984
345 3.244 2.596 3.427 3.022
NS NS NS NS NS

36.6 2.776 2.042 3.492 2.770
NS NS 0.501 NS NS

Note.The least significant difference for the 5 % significance level between L6, L7 and: Saratovskaya 68 (*) and Saratovskaya 76 (**).

Table 5. The elements of the main spike productivity of spring bread wheat lines L6, L7,
recipient cultivar Saratovskaya 68 and standard cultivar Saratovskaya 76 on average for the growing seasons 2023-2025

Cultivar, line Spike length, Number Spike density Grain weight Grains for one
mm spikelets, pcs grains per spike, pcs per spike, g spikelet, pcs
L6
Saratovskaya 68 85.97 16.97 42.70 1.87 1.63 2.52
L6 81.53 16.43 40.40 1.90 1.50 246
HCP, 5* NS NS NS NS NS NS
Saratovskaya76 91.37 16.60 40.30 1.70 1.42 240
LSDg s** NS NS NS 0.176 NS NS
L7
Saratovskaya 68 85.97 16.97 42.70 1.87 1.63 2.52
L7 85.63 17.27 44.67 1.90 1.73 2.58
LSDys* NS NS NS NS NS NS
Saratovskaya 76 91.37 16.60 40.3 1.70 1.42 240
LSDg s** NS NS NS 0.076 0.252 0.152
L6 and L7
L6 81.53 16.43 40.4 1.90 1.50 246
L7 85.63 17.27 44.67 1.90 1.73 2.58
LSDy s NS NS NS NS NS NS

Note. The least significant difference for the 5 % significance level between the line and: the recipient cultivar Saratovskaya 68 (*) and the standard

cultivar Saratovskaya 76 (**).

study years did not significantly affect for grain yield compared
to the Saratovskaya 68 (Table 4). However, differences were
observed compared to the standard Saratovskaya 76 during the
2024 growing season; the cultivar was significantly inferior to
both lines (Table 4). As shown by the hydrothermal coefficients
data, drought from strong to weak was observed during the
2024 growing season (Table 1). Thus, there is reason to assume
that L6 and L7 with the translocation T1BS.1BL-1S#F7L-1BL
are more drought-resistant than the standard Saratovskaya 76,
but are of the same level as the recipient Saratovskaya 68. One
of the factors that affects grain productivity is the 1,000 grain
weight. On average, there were no significant differences in
this trait between lines L6, L7 and cultivars Saratovskaya 68

and Saratovskaya 76 over the period 2023-2025, but there
were differences in individual years. L6 surpassed the recipi-
ent Saratovskaya 68 for 1,000 grain weight in 2024, and L7
was inferior to both Saratovskaya 68 and Saratovskaya 76 in
2025 (Table 4). Analysis of the elements of the main spike
productivity revealed that L6 and L7 with the translocation
T1BS.1BL-1S#F7L-1BL did not differ significantly from
the recipient Saratovskaya 68 for all parameters. Thus, there
is reason to assess the effect of the translocation T1BS.
IBL-1S#F7L-1BL on the elements of the main spike produc-
tivity as neutral. However, significant differences for spike
density were found between the standard cultivar Saratovs-
kaya 76 and both L6 and L7. Furthermore, L7 significantly
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Table 6. Bread making quality traits for spring bread wheat lines L6, L7, recipient cultivar Saratovskaya 68 and standard cultivar

Saratovskaya 76 on average for the growing seasons 2023-2025

Cultivar, Protein  Gluten Alveograph Bread evaluation indices
line content,
% % IDK 3, dough ratio of dough  flour strength W, loaf volumeV, porosity, crumb

units elasticity P, elasticity to unit of alveograph  mL point color
of device mm extensibility P/L

Saratovskaya 68 16.1 30.23 69.4 71.0 0.81 301 712 4.8 white

L6 16.6 31.07 63.9 84.9 1.00 333 597 3.8

L7 16.3 31.63 65.5 74.5 0.91 320 602 4.3

LSDys* NS NS NS 9.1 NS NS 94 0.5 -

Saratovskaya 76 16.3 311 73.9 98.0 1.57 270 707 4.5 white

LSDgs** NS NS 6.1 10.1 0.6 35 % NS -

Note. The least significant difference for the 5 % significance level between L6, L7 and: the recipient cultivar Saratovskaya 68 (*) and the standard

cultivar Saratovskaya 76 (**).

exceeded the standard cultivar for grain weight per spike and
grains for one spikelet. There were no significant differences
between the L6 and L7 lines for terms of the elements of the
main spike productivity (Table 5).

The following results were obtained for bread making
quality traits in the studied lines. Grain protein content in L6
and L7 did not differ significantly from either the recipient
or standard cultivars. Similarly, no significant differences
were found for gluten content or strength compared to the
recipient cultivar Saratovskaya 68. However, gluten strength
in the lines L6 and L7, as measured by the IDK-3M gluten
testing device, was stronger than that of the standard cultivar
Saratovskaya 76 (Table 6).

According to the alveograph indices, L6 demonstrated
significantly higher dough elasticity (P) compared to the re-
cipient cultivar and the line L7, but L7 did not differ from the
Saratovskaya 68 for this parameter. In terms of the elasticity-
to-extensibility ratio (P/L) and flour strength (W), the lines L6
and L7 did not differ significantly from the recipient cultivar.
However, they significantly reduced the loaf volume, and L6
also reduced the bread porosity rating. The comparison of the
L6, L7, and the Saratovskaya 76 cultivar for bread making
quality traits revealed greater differences. In terms of elastic-
ity, both lines were inferior to the standard cultivar, while L6
did not differ in terms of the elasticity-to-extensibility ratio,
but L7 had a lower value. For flour strength trait, both lines
significantly exceeded the Saratovskaya 76, but had a signifi-
cantly lower loaf volume, and there were no differences in
crumb porosity. The translocation T1BS.1BL-1S#F7L-1BL
in the lines L6 and L7 did not change the color of the bread
crumb; both lines, like the recipient and the standard cultivars,
had a white crumb (Table 6).

Discussion

Wild relatives of bread wheat possess many genes of agro-
nomic interest and may be valuable sources of resistance to
diseases, insects, and extreme environmental factors. This
primarily concerns species closely related to bread wheat,

including Ae. speltoides Tausch 2n = 14, genome S. This
species belongs to the secondary gene pool of bread wheat
(Shneider et al., 2008). Overall, this species is attractive due
to its immunity to a number of diseases and its greater capac-
ity for recombination with bread wheat chromosomes. This
greater capacity for recombination is due to both the relatives
ofthe S and B genomes and the presence of genes in the S ge-
nome that suppress the homologous conjugation gene system
(Ph) and allow synapsis of homeologous chromosomes. As
noted above, 12 genes transferred from this species were
registered in the Catalogue of Wheat Gene Symbols, inclu-
ding six genes for resistance to leaf rust, three to stem rust,
and three to powdery mildew (grainsgenes.org/GG3/wgc,
accessed February 11, 2026). The 1S, 28S, 38, 58S, 6S, and 7S
chromosomes of Ae. speltoides were involved in the process
of recombinogenesis with the chromosomes of bread wheat.
The most of the transferred genes for resistance to pathogens
from this species included regions of the 2S chromosome
(Lr35,8r32,8r39, Sr47). From the remaining chromosomes of
Ae. speltoides there were one or two transfers with resistance
genes. Translocations were transferred from chromosome 1S
to chromosome 1B: 1BL.1SS (Pm32) and 1BS.1BL-1S#F7L-
1BL (Lr51). Thus, both arms of chromosome 1S were involved
in the exchanges (grainsgenes.org/GG3/wgc, accessed Febru-
ary 11, 2026).

In our studies, based on the lines-analogous of spring
bread wheat cultivar Saratovskaya 68 with the translocation
1BS.1BL-1S#F7L-1BL with the Lr51 gene, we studied for cy-
tological stability, determined the effect on morpho-biological
and phenological traits, the effectiveness of protection against
the leaf rust pathogen, as well as grain productivity and the
bread making quality. Unfortunately, we were unable to find
reports of similar studies from the sources available to us.
Therefore, a comparison of the results of our studies with the
results of other studies is not possible.

One factor limiting the practical application of introgres-
sion lines is their instability, leading to the rapid loss of alien
genetic material. This instability is due to disturbances in the
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meiotic cycle of hybrid plants, causing the formation of non-
functional gametes (Orlovskaya et al., 2015). Lines with alien
translocations obtained by the method of induced homeologous
exchanges or spontaneous exchanges between chromosomes
of an alien species and chromosomes of common wheat are
characterized by greater stability (Sears, 1972; Friebe et al.,
2000). The translocation T1BS.1BL-1S#F7L-1BL used by
us with the Lr51 gene in the original F-7-3 line was obtained
during crosses (backcrossing) of the cultivar Neepawa with
Ae. speltoides source F. That is, there is reason to assume a
homeological exchange between of the Ae. speltoides and
bread wheat chromosomes. It is known that Ae. speltoides
species itself carries both the gene(s) that suppress the action
of the Ph genes (paired conjugation) and the gametocidal
genes that affect microsporogenesis and pollen viability, but
the localization of these genes does not affect chromosome 1S
(grainsgenes.org/GG3/wgc, accessed February 11, 2026).
In this regard, there was reason to expect minor violations
of cytological stability in the lines L6 and L7 compared to
the recipient cultivar Saratovskaya 68. In general, our study
determined the cytological stability in the lines L6 and L7,
the meiotic index reached 98.2 and 99.0 %, and 98.8 % in the
recipient cultivar Saratovskaya 68.

The Lr51 gene was highly effective against the Saratov
populations of P. trticina in the growing seasons of 2023—
2025, which coincides with the data of E.I. Gultyaeva for the
effectiveness of this gene in the Russian Federation (Gultyaeva
et al., 2024). The presence of the translocation T1BS.1BL-
IS#F7L-1BL in L6 and L7 did not significantly affect for plant
height and lodging resistance either in comparison with the
recipient cultivar Saratovskaya 68 or the standard Saratov-
skaya 76. However, it should be noted that the lodging resis-
tance in L7 decreased in the 2023 and 2024 growing seasons.
In the lines-analogous of Saratovskaya 68, the duration of the
germination-heading period was at the level of the recipient
and the standard cultivars. For grain productivity, the lines
with the translocation T1BS.1BL-1S#F7L-1BL did not differ
significantly from the recipient cultivar, either in individual
years or on average for the period 2023-2025. However,
compared with the standard cultivar Saratovskaya 76, the
L6 and L7 lines significantly outperformed Saratovskaya 76
in 2024, but there were no differences in 2023 and 2025 and
for the period 2023-2025 on average. The detailed analysis
of the elements of the main spike productivity on average
for 2023-2025 for the lines with the translocation T1BS.
IBL-1S#F7L-1BL showed no differences with the recipient
cultivar Saratovskaya 68 for all traits. Nevertheless, compared
with the standard cultivar Saratovskaya 76, there were signifi-
cant differences in favor of the lines with the translocation
for spike density, and for L7 also in terms of grain weight
per spike and grains for one spikelet. The presence of the
translocation T1BS.1BL-1S#F7L-1BL in L6 and L7 did not
significantly affect for protein content, nor flour and bread
indices, except for loaf volume and porosity. Both lines were
inferior to the recipient cultivar. By the comparisons with the
standard cultivar Saratovskaya 76, the results were mixed. The
lines with the translocation were inferior to Saratovskaya 76 for
elasticity, the elasticity-to-extensibility ratio, and loaf volume,
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but surpassed it for flour strength. Based on the above results,
M. Helguera’s hypothesis (Helguera et al., 2005) on the nega-
tive impact of translocation with Lr 51 gene, associated with
its large size, is not confirmed. However, different interactions
of the translocation T1BS.1BL-1S#F7L-1BL with differ-
ent recipient genotypes are possible, which will change the
impact on agronomically valuable traits. The different effects
were observed in near-isogenic lines of spring bread wheat
carrying translocation 7DL-7Ae#1L-7Ae#1S with the gene
Lr29 in the Saratovskaya 68 and Saratovskaya 70 cultivars
(Sibikeev et al., 2022).

Conclusion

Opverall, the impact of translocation TIBS.1BL-1S#F7L-1BL
in the Saratovskaya 68 genotype is assessed as neutral based
on cytological stability and the entire range of breeding-
valuable traits. Furthermore, this translocation did not reduce
grain productivity under the drought conditions of 2024, in-
dicating that its presence does not reduce drought tolerance.
The comparisons with the standard cultivar Saratovskaya 76
demonstrated sufficient breeding significance for lines L6
and L7 with translocation TIBS.1BL-1S#F7L-1BL in the
Saratovskaya 68 genotype.
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