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GENOTYPING OF UKRAINIAN COMMON WHEAT CULTIVARS USING THE MARKER
OF THE LR48 GENE CONFERRING MODERATE RESISTANCE TO LEAF RUST

Aim. Common wheat (Triticum aestivum L.) is one
of the most important and widely cultivated crops
over the world. For a lot of wheat diseases intro-
duction of resistance genes is considered to be the
most rational way to diminish yield losses and con-
trol spread of causal agents. The aim of this research
was to study a sample of Ukrainian common wheat
cultivars with the use of the molecular genetic
marker for the Lr48 gene. Methods. DNA samples
of 46 common wheat cultivars developed in the
Remeslo Myronivka Institute of Wheat (RMIW) of
National Academy of Agrarian Sciences jointly with
the Institute of Plant Physiology and Genetics of
National Academy of Sciences of Ukraine were
analyzed with the use of the marker IWB70147.
Results. It was revealed that 15 out of 46 (or 32.6 %)
cultivars carried resistance-associated allele of the
marker. Conclusions. It was revealed that the re-
sistance-associated allele of the marker of the Lr48
gene is present in Ukrainian common wheat culti-
vars developed in the Forrest Steppe zone of
Ukraine. The possible source of the resistance allele
is ‘Mironovskaya 808’ which is in the pedigree of
many Ukrainian and world wheat cultivars. The data
obtained in this research can be used in breeding
programs to select sources of moderate adult plant
resistance. Cultivars ‘Yuviliar Myronivskii’, ‘Vo-
lodarka’ and ‘Pamyati Remesla’ with adult leaf rust
resistance conferred by the Lr48 gene also carry
resistance associated allele of the
Lr34/Yr18/Pm38/Sr57/Bdv1l gene.

Keywords: molecular markers, wheat, resistance
genes, adult plant resistance.

Common wheat (Triticum aestivum L.) is one
of the most important and widely cultivated crops
over the world [1]. For a lot of wheat diseases in-
troduction of resistance genes is considered to be the
most rational way to diminish yield losses and con-
trol spread of causal agents [2, 3]. So genetic basic
and new sources of resistance are of concern to
scientists and breeders [4-6]. One of the most
widespread fungal diseases of wheat is leaf or brown

rust (the causal agent is Puccinia triticina Erikss.)
[5-7]. In a number of studies, the genetic back-
ground of race specific resistance against leaf rust
was revealed [8-10]. Although this type of resis-
tance can be easily detected in the field and signifi-
cantly reduces the disease symptoms, it is not dura-
ble for a prolonged period of time: for the majority
of known genes conferring race specific resistance
virulent races eventually emerged [6, 11]. Adult leaf
rust resistance genes are on the other hand far less
conspicuous in field and confer only a moderate
level of resistance, however races of P. triticina
virulent to most of known adult plant resistance
genes have not been discovered yet [6]. Both kinds
of leaf rust resistance genes are used in modern
breeding strategies like “pyramiding” and “mark-
er-assisted selection” [12, 13].

Molecular genetic markers of adult plant re-
sistance gene Lr34/Yr18/Pm38/Sr57/Bdvl [14], tan
spot (in)sensitivity genes Tsnl and Tsc2 [15] and
Fusarium head blight resistance gene TDF_076_2D
[16] were used for genotyping of Ukrainian common
wheat cultivars. As a result of the statistical
processing of the obtained data the correlation sug-
gesting a major quantitative trait locus on chromo-
some 2BS conferring durable field leaf rust resis-
tance was revealed [17]. One of the possible genes
located on chromosome 2BS and being able to
confer such a resistance is gene Lr48 [17].

Gene Lr48 was first described as a race spe-
cific resistance gene [18]. Further research, howev-
er, revealed the nature of resistance conferred by the
gene as moderate and adult [19]. The gene was
mapped with use of SSR markers, although in dif-
ferent publications it is localized either on the long
arm of chromosome 2B [18, 19] or on the short one
[20]. The latest and the most durable set of markers
was developed to use KASP technique; in this re-
search the gene was once again localized on chro-
mosome 2BS; among the markers used IWB70147
was considered to be the most accurate [17].

The aim of this research was to study a sample
of Ukrainian common wheat cultivars with the use
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of the molecular genetic marker for the Lr48 gene.

Materials and methods

DNA extracted from seeds of 46 wheat cul-
tivars developed in the Remeslo Myronivka Institute
of Wheat (RMIW) of National Academy of Agrarian
Sciences jointly with the Institute of Plant Physiol-
ogy and Genetics of National Academy of Sciences
of Ukraine were analyzed. The complete list of the
cultivars is shown in table. For DNA extraction the
samples of 25-30 mg obtained from grinding 5-7
seeds were used. Further procedure included the use
of the Diatom TM DNA Prep100 DNA isolation kit
(the sales representative in Ukraine is Neogene®
Company) according to the standard protocol. PCR
was performed using GenPak® PCR Core Kits (the
sales representative in Ukraine is Neogene® Com-
pany) according to the manufacturer’s recommen-
dations. The primers flanking the marker IWB70147
used in this study were the following:
IWB70147_F2 (5’cgccctacacccttatgtace3’) and
IWB70147 R (5’taccaatctagagtaacattaccgccaaa3’)
[18]. PCR was performed according to the following
protocol: previous denaturation and Hot Start
DNA-polymerase activation at 94°C for 6 min.; 32

cycles including denaturation at 94°C for 50 s, an-
nealing at 63°C for 25 s and elongation at 72°C for
30 s; final elongation at 72°C for 5 min. The ampli-
fied fragments in case of the resistance-associated
allele of the marker were ~62 bp in length (further
marked as ‘+’, see Fig. and table) and no amplified
fragments were expected to obtain otherwise (fur-
ther marked as ‘-’, see Fig. and table) [17].

PCR results were visualized by electrophore-
sis in 2-2.5 % agarose gel in 0.5 x TBE buffer with
subsequent staining with ethidium bromide and use
of the gel-visualization system VISION Gel (Fig.).

Results and discussion

The marker used in this research was origi-
nally developed for the KASP technique [17].
Complementary to the resistance-associated allele
primer IWB70147_F1 with common primer
IWB70147_R were successfully used as a marker
for conventional PCR (fig.). The primer
IWB70147_F1 complementary to the allele ‘-’ in
combination with the IWB70147_R primer did not
reveal any polymorphism among the cultivars tested
(data not shown). So in this research IWB70147 was
used as a dominant conventional PCR marker (fig.).
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According to the data on the allelic state of the
marker IWB70147 for the cultivars studied, the re-
sistance conferred by the Lr48 gene is quite common
at least for the wheat varieties developed in the
Forrest Steppe zone of Ukraine (table).

It was revealed that 15 out of 46 (or 32.6 %)
cultivars tested carried the ‘+’ allele of the marker
(table). Among the cultivars with the resistance al-
lele of the gene is ‘Mironovskaya 808 known to be
in the pedigree of many Ukrainian and European
common wheat cultivars [21]. The cultivars ‘Yuvi-
liar Myronivskii’, ‘Volodarka’ and ‘Pamyati Re-
mesla’ with the allele ‘+’ of the marker IWB70147
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Fig. Example of PCR products with the primers flanking the marker IWB70147. The samples used in PCR are
following: 1 — ‘Myronovskaya 808°; 2 — ‘Thatcher’; 3 — ‘Dobirna’; 4 — ‘Oberig Myronivskii’; 5 — ‘Lasunia’; 6 — ‘Myrlena’;
7 — ‘Khazarka’; 8 — ‘Kolumbiya’; 9 — ‘Bohdana’, 10 — ‘Snigurka’; 11 — ‘Ukrainka’; 12 — “Yasnogirka’; 13 — ‘Madyarka’;
L — 100 bp ladder.

have been found to carry resistance allele of the
Lr34/Yr18/Pm38/Sr57/Bdvl gene as well [14],
making them useful in breeding aimed at “pyra-
miding” of leaf rust resistance factors [12]. Besides
that, ‘Volodarka’ carries alleles of the Tsnl and Tsc2
genes associated with insensitivity to toxins Pyre-
nophora tritici-repentis (Died.) Drechsler, (1923)
[15]. In addition, “Yasnogirka’, ‘Myronivska 28°,
‘Svitanok Myronivskii’ and ‘Zolotokolosa’ besides
the ‘+’ allele of the marker IWB70147 also carry
alleles of the Tsnl and Tsc2 genes associated with
insensitivity to toxins P. tritici-repentis [15].

ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). ®akTopu ekcnepumeHTarnsHoi eBorntoLii opraHiamia 2018. Tom 22 87



Karelov A.V., Kozub N.A., Sozinov |.A.

Table. Allelic state of the marker IWB70147 for gene Lr48 in a sample of Ukrainian common wheat

cultivars
Allelic Allelic Allelic
. state of the . state of the . state of the
Cultivar name marker Cultivar name marker Cultivar name marker
IWB70147 IWB70147 IWB70147
Bohdana - Myronivska 264 + Pereyaslavka -
Demetra . Myronivska 27 . Podolianka
Dobirna + Myronivska 28 + Pyvna )
Dostatok + Myronivska 29 . Smuglianka
Ekspromt ) Myronivska 31 ) Snigurka )
Favorytka _ Myronivska 33 _ Snizhana _
Khazarka + Myronivska 61 _ Sviatkova _
Khurtovyna Myronivska 65 Svitanok Myro-
- - nivskii +
Kolos Myronivshchyny Myronivska 66 + Ukrainka )
Kolumbiya ) Myronivska 67 ) Vesnianka +
Kryzhynka Myronivska  rannios- Vesta
- tygla - -
Lasunia + Myronivska Storichna | Volodarka +
Legena Myronivshchyny Myronovskaya 808 + \Voloshkova
Madyarka ) Oberig Myronivskii Yasnogirka +
Myrlena Pamyati Remesla Yuviliar Myro-
- + nivskii +
Zolokolosa +
Conclusions wheat cultivars. The data obtained in this research

It was revealed that the resistance-associated
allele of the marker of the Lr48 gene is present in
Ukrainian common wheat cultivars developed in the
Forrest Steppe zone of Ukraine. The possible source
of the resistance allele is ‘Mironovskaya 808’ which
is in the pedigree of many Ukrainian and world

can be used in breeding programs to select sources
of moderate adult plant resistance. Cultivars ‘Yuvi-
liar Myronivskii’, ‘Volodarka’ and ‘Pamyati Re-
mesla’ with adult leaf rust resistance conferred by
the Lr48 gene also carry resistance associated allele
of the Lr34/Yr18/Pm38/Sr57/Bdv1l gene.

References

1. Bushuk W., Rasper V.F. (eds.) Wheat: production properties and quality. Blackie/Chapman and Hall, London, 1994. 239 p.

2. Johnson R. Past, present and future opportunities in breeding for disease resistance, with examples from wheat. Euphytica. 1992.
Vol. 63, Iss. 1-2. P 3-22.

3. Sharma I. (ed.) Disease Resistance in Wheat. Hardback, Punjab Agricultural University, India, 2012. 336 p.

4. Langridge P., Lagudah E.S., Holton T.A., Appels R., Sharp P.J., Chalmers K.J. Trends in genetic and genomic analyses in wheat:
A Review. Australian J Agric Res. 2001. Vol. 52. P. 1043-1078.

5. Lesser W., Kolady D.E. Disease Resistance of Wheat Varieties: Can Private Varieties Withstand the Pressure? Economics
Research International. 2011. VVol. 2011. 6 p. URL.: http://dx.doi.org/10.1155/2011/575192 (Last accessed: 1.03.2018).

6. Ellis J.G., Lagudah E.S., Spielmeyer W., Dodds P.N. The past, present and future of breeding rust resistant wheat. Frontiers in
Plant Science. 2014. Vol. 5, Iss. 641. URL.: http://dx.doi:10.3389/fpls.2014.00641 (Last accessed: 1.03.2018).

7. Bolton M.D., Kolmer J.A., Garvin D.F. Wheat leaf rust caused by Puccinia triticina. Mol Plant Pathol. 2008. Vol. 9, Iss. 5.
P. 563-575.

88 ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). dakTopu excneprmeHTanbHoi eBontoLi opraniamie 2018. Tom 22



Genotyping of Ukrainian common wheat cultivars using the marker of the Lr48 gene conferring moderate resistance to leaf rust

8. Gupta V.S., Khan R.R., Rajwade A.V., Reddy, D.M.R., Hosmani P., Dholakia B.B., Lagu M.D., Tamhankar S.A., Rao V.S., Sain,
R.G. Molecular Mapping of Leaf Rust Resistance Gene Lr15 in Bread Wheat. 11th Int. Wheat Genet. Symp. Sydney: Univ. press,
2008. P. 724-726.

9. Cloutier S., McCallum B.D., Loutre C., Banks T.W., Wicker T., Feuillet C., Keller B., Jordan M.C. Leaf rust resistance gene Lr1,
isolated from bread wheat (Triticum aestivum L.) is a member of the large psr567 gene family. Plant Mol Biol. 2007. Vol. 65, Iss.
1-2. P. 93-106.

10. Huang L., Brooks St.A, Li W., Fellers J.P., Trick H.N., Gill B.S. Map-based cloning of leaf rust resistance gene Lr21 from the
large and polyploid genome of bread wheat. Genetics. 2003. Vol. 164, Iss. 2. P. 655-664.

11. Kolmer J.A. Genetics of resistance to wheat leaf rust. Annu Rev. Phytopathol. 1996. Vol. 34. P. 435-455.

12.  Boskovic J., Boskovic M., Babovic M., Jerkovic Z., Pesic V. Pyramiding Strategy for Durable Resistance to Wheat Leaf Rust
Pathogen. Wheat in a Global Environment. Developments in Plant Breeding / Bedo Z., Lang L. (eds). 2001. Vol. 9. P. 337-343.

13. Collard B.C., Mackill D.J. Marker-assisted selection: an approach for precision plant breeding in the twenty-first century. Phi-
losophical Transactions of the Royal Society B: Biological Sciences. 2008. Vol. 363 (1491). P. 557-572.

14. Karelov A.V., Pirko Ya.V., Kozub N.A., Sozinov I.A., Pirko N.N., Litvinenko N.A., Lyfenko S.F., Koliuchii V.T., Blume Ya.B.,
Sozinov A.A. Identification of the allelic state of the Lr34 leaf rust resistance gene in soft winter wheat cultivars developed in
Ukraine. Cytology and Genetics. 2011. Vol. 45, No. 5. P. 3-10.

15. Karelov A.V., Kozub N.A., Sozinov I.A., Sozinov A.A., Blume Ya.B. Allelic state of the molecular genetic markers for genes
associated with sensitivity to Pyrenophora tritici-repentis toxins A and B and Staganospora nodorum toxin A among Ukrainian
common wheat cultivars. The Bulletin of Vavylov Society of Geneticists and Breeders of Ukraine. 2015. Vol. 13, No. 1. P. 11-17.

16. Karelov A.V., Kozub N.A., Sozinov I.A., Borzykh A.l. Polymorphism of the TDF_076_2D gene conferring moderate Fusarium
head blight resistance among common wheat (Triticum aestivum L.) cultivars of the steppe zone of Ukraine. Scientific reports of
NULES of Ukraine. 2015. No. 2 (51). URL: http://nd.nubip.edu.ua/2015_2/7e.pdf (Last accessed: 02.28.2018).

17. Nsabiyera V., Qureshi N., Bariana H.S., Wong D., Forrest K.L., Hayden M.J. Molecular markers for adult plant leaf rust resis-
tance gene Lr48 in wheat. Molecular Breeding. 2016. Vol. 36, Iss. 65. doi: https://doi.org/10.1007/s11032-016-0488-5.

18. Saini R.G. Kaur M., Singh B., Sharma S., Nanda G.S., Nayar S.K, Gupta A.K., Nagarajan S. Genes Lr48 and Lr49 for hyper-
sensitive adult plant leaf rust resistance in wheat (Triticum aestivum L.). Euphytica. 2002. Vol. 124. P. 365-370.

19. Bansal U.K., Hayden M.J., Venkata B.P., Khanna R., Saini R.G., Bariana H.S. Genetic mapping of adult plant leaf rust resistance
genes Lr48 and Lr49 in common wheat. Theor Appl Genet. 2008. Vol. 117, Iss. 3. P. 307-312.

20. Singh A., Pallavi J.K., Gupta P., Prabhu K.V. Identification of microsatellite markers linked to leaf rust adult plant resistance
(APR) gene Lr48 in wheat. Plant Breeding. 2011. Vol. 130, Iss. 1. P. 31-34.

21. GRIS: Genetic Resources Information System for Wheat and Triticale (database). URL: http://www.wheatpedigree.net/ (Last
accessed: 02.28.2018).

KAPEJIOB A.B., KO3YB H.O., CO3THOB 1.0.
Inemumym 3axucmy pocaun HAAH Ykpainu,
Vxpaina, 03022, m. Kuis-22, éyn. Bacunvkiscoka, 33, e-mail: tolikkarelov@meta.ua

TEHOTHUIIYBAHHS COPTIB MIIEHUII M’SIKOI YKPATHCBKOI CEJIEKIIII 3A JIOITIOMOI'OIO MA-
PKEPA IT'EHA LR48, 11O 3ABE3IEYY€ IOMIPHY CTIMKICTH JIO BYPOI IPXKI

Mema. Tlennus M’ska (Triticum aestivum L.) € oxriero 3 HAROUTBIT BAKIIUBHX 1 MIMPOKO BHPOIILYBAHUX CLIBCHKOTO-
CIO/IapPChKUX KYIBbTYp y cBiTi. [[ysi 6ararhox XBOpOO MINEHUIII BIIPOBAHKEHHS I'CHIB CTIMKOCTI BBaXKAIOTh HalpallioHa-
JIBHIIIMM HIISIXOM 3MEHIIMTH BTPATH YpoXKaio 1 KOHTPOJIIOBATH MOMIMPEHHS 30yJHHMKIB. METOI I[bOTr0 JOCHIKEHHS
OyJi0 BUBYEHHS BUOIPKM COPTIB IIIEHUII M’ K01 YKpaiHCHKOI CelleKIil 3a JomoMorow Mapkepa rena Lrd8. Memoou.
3paszku JIHK 46 copTiB mmeHnIs! MEAKOT CTBOPEHNX Y MUpPOHIBCHKOMY iHCTHTYTI nuienui iMm. Pemecia HanionansHoi
akazemii arpapHuX HayK YKpaiHum pazoM i3 IHctuTyToMm ¢isiomorii pocnuH i renernkn HamioHansHOT akazmemii Hayk
Vpaiuu 6ymu gociimkeni 3a qoromororo Mapkepa IWB70147. Pezyavmamu. byno BusiBneno, 1o 15 3 46 (a6o 32,6 %)
COPTIB HECYTPH acOUIHOBaHMH 31 CTIHKICTIO anenb Mapkepa. Bucnoeku. Byno BUABICHO, IO aCOMIHOBAaHUH 31 CTIHKICTIO
ayesb Mapkepa rera Lr48 mpucyTHiil y COpTIB MIICHHMII M’SIKOT, CTBOPEHHX Yy JIICOCTEHOBIH 30HI YKpainu. MoXIIHBUM
JUKEpesioM asens criiikocti € MupoHiBebka 808, sika 3ycTpidaeTbesi y poJioBoax 0arathoi yKpaiHChKHUX 1 CBITOBUX COPTIB.
JaHi, oTpuMaHi B IIbOMY JTOCJIXKCHHI, MOXYTh OYTH BUKOPUCTAHI B CEJCKIIIHAX MporpamMax Jyis BHOOPY JKEpel Mo-
MipHoi gopocnoi crifikocti. Coptu FOBinsip Muponiscekuii, Bononapka i ITam’siti Pemecna i3 nopociioro cTifikicTio, Ky
3a0e3neuye reH Lr48 taxkox HecyTh OB’ sA3aHMiA 31 cTilKicTIO anesnpb rena Lr34/Yrl8/Pm38/Sr57/Bdvl.

Kniouosi crosa: MonekynsipHi MapKepH, MIIEHUI, TeHU CTIKOCTI, I0pociia CTIHKICTh POCIIUH.
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