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Rust is the most devastating fungal disease causing significant losses of grain production. Growing rust
resistant varieties is the most sustainable, cost-effective and environmentally friendly approach for
controlling rust diseases. To date, 81 brown and 53 yellow rust resistance genes have been detected in
bread and durum wheat genotypes and their wild species using different molecular methods. The pri-
mary goal of the research was to establish the presence of Lr ans Yr genes in wheat samples collected in
Gene Pool of the Reserch Institute of Crop Husbandry (Baku, Azerbaijan). Four Lr genes, Lr9, Lr19,
Lr34, Lr35 and two Yr genes, Yr9 u Yrl8 were analysed using various molecular markers. 1100 bp spe-
cific fragments in PCR profiles indicate the presence of Lr9 gene on 6B chromosome of 60% of the
studied 78 genotypes. Positive results were obtained in 45 genotypes for identification of Lr19 gene us-
ing SCAR markers SCS123 and SCS253. Allelic state of Lr34 gene was studied using Lr34/csLV34a
and Lr34/esLV34b markers. Molecular analysis showed the presence of allele a of Lr34 in 21 and allele
b in 9 genotypes. Two genotypes were found to carry both alleles of Lr34. 54% of the studied wheat
genotypes had no allele of Lr34 gene. Fragments characteristic of Lr35 gene were not visualized in
PCR profiles of 61 genotypes. Fragments of 250 bp diagnostic for Y718 gene were visualized in electro-
phoretic profiles of 40 genotypes. 150 bp fragments characteristic of Yr9 gene were amplified in all
genotypes with the exception of four samples. These results will serve as a base for plant breeders to
develop durable rust-resistant wheat varieties and to control wheat leaf rust diseases in Azerbaijan.
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INTRODUCTION

Rust diseases are the main factors decreasing
productivity and quality of cereals all over the
world (Aktar-Uz-Zaman et al., 2017), including
Azerbaijan. Three rust diseases, namely, leaf or
brown rust caused by Puccinia triticina Eriks, stem
or black rust caused by Puccinia graminis f. sp.
Tritici West, and stripe or yellow rust caused by
Puccinia striiformis f. tritici Eriks, are the most
economically significant and common diseases
among global wheat cultivars. These diseases can
cause the production loss up to 40-50% depending
on the infection degree and duration. Food security
is a strategy of our government and it is necessary
to develop highly productive and resistant to biotic
stress plants for providing the population with qual-
itative and ecologically pure food products. Despite
the successes of the practical selection achieved on
the issue of resistance, rust diseases still remain
deleterious for cereals all over the world (Jighly et
al., 2015; Periyannan et al., 2017). A resistant va-
riety is considered as an important element in the
integrated protective system of plants against dis-
eases and pests. Therefore, the development of va-

rieties resistant to infections is more effective and
ecologically safe method of struggling against rust
diseases. Genotypes with a high genetic potential
for the rust diseases resistance are of great practical
importance. Thus, these genotypes are sources of
the disease resistance genes and in the future they
can be successfully used in molecular selection
programs as parental forms. The permanent search
for new donors, protected with genes, which are
new for selection, and easily transfer properties at
crossing is necessary for the development of re-
sistant varieties (Riar et al., 2012; Abou-Elseoud et
al., 2014; Hubbard et al., 2015).

Since the beginning of the XX century in var-
ious countries the investigations have been carried
out to develop productive varieties, tolerant to ad-
verse climatic conditions and diseases. Hybrido-
logical analysis revealed that genes for rust diseases
resistance can function independently from each
other or they can manifest complimentary or dupli-
cate effects (Abdelbacki et al., 2013; Maccaferri et
al., 2015). Moreover, an additional interaction,
eliminating the effectiveness of the major gene, can
occur between resistance and parental genes. In
some cases additional resistance genes stimulate the

13



Rustamova et al.

effectiveness of the major gene in varieties sensi-
tive to diseases. Various genes can interact showing
cumulative effect. The rust resistance genes are di-
vided into two categories in the scientific literature:
major genes or oligogenes and secondary or minor
genes. The latter includes modificator genes, addi-
tional genes, non-specific resistance genes etc.

Currently, over 81 resistance genes against
brown rust disease have been identified in wheat
genotypes by various genetic and biochemical ap-
proaches (Mclntosh et al., 2008; Mclntosh et al.,
2011, Aktar-Uz-Zaman et al., 2017). The majority
of them are juvenile genes (expressing in youth pe-
riod of the plant). Lri2, Lri3, Lr21, Lr22, Lr34,
Lr35, Lr37 are mature plant genes. The number of
Lr genes effective against rust causatives is getting
less every year (Ittu, 2000). Sexual hybridization
and other processes occurred in pathogen cause the
formation of virulent biotypes and forms, overcom-
ing existing resistance. Therefore, a permanent
search for new genes is necessary. Such an ap-
proach is important and actual for selection. Re-
cently, using molecular biological methods DNA
markers have been developed, which in combina-
tion with the respective resistance genes are power-
ful tools in the identification of genes (Cheikowski
and Stepien, 2001).

Extensive investigations have been carried out
on identification of resistance genes against wheat
rust diseases and determination of their effectivenes
in different geographical regions of the world
(Mesterhazy et al., 2000, Abou-Elseoud et al.,
2015, Imbaby et al., 2014). For example, using
molecular markers and standard genetic methods
Lr3 gene 42%, Lr26 - 28% , Lri3 - 13%, Lr37 -
9%, Lri0 - 4%, Lrl, Lri4a, Lri7b - 1% were found
in genotypes in Greece and Czechia. The gene Lr37
appeared to be more effective against P. triticina,
while the genes Lri, Lr10, Lri3 were effective only
in combination with other genes. Australian wheat
genotypes were shown to be protected from brown
rust by the genes Lri3, Lr24, Lr34, Lr37 and from
yellow rust by the genes Yr/7 and Yrl8. It is very
interesting that the genes Lr34 and Yr/§ are linked
and they both are widely distribited in selection
materials of CIMMYT, South and North America
and China (Li et al., 2010). The gene Lr13 has been
providing durable protection in the Australian con-
tinent for more than 20 years (Huerta-Espino et al.,
2011). As in Australia this gene is protecting more
than a half of the varieties cultivated in England.
Lr26 (22%), Lr37 (20%), Lri0 (17%), Lri17b (LrH)
(10%), Lrl (7%), Lr3a (6%) and Lr20 (4%) are less
frequent genes (Powell et al., 2013).

The genes Lr23, Lr26, Lr34 and LrI3 have
been identified in Indian varieties. In Iraq mainly
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the genes Lr3, Lrl0, Lrl6, Lrl7, Lvr23, Lr26, Lri3
and Lr/ and their combinations provide resistance.

Scientists from Russia and CIS countries also
begin performing studies in this direction
(Sibikeyev et al., 1996; Tirishkin, 2006; Karelov et
al., 2001). The genes Lr9, Lri9, Lr24 and Lr38
were found to be effective against P. triticina popu-
lation in the Russian territory.

To date 53 stripe rust resistance genes (Yr/—
Yr53) and numerous temporarily designated genes
have been reported in wheat
(http://wheat.pw.usda.gov/cgi-bin/graingenes).

Most of these genes have been mapped on
chromosomes and/or specific chromosomal regions,
and many of them have been used in wheat breed-
ing programs worldwide (Zhang et al., 2013). At
first, eight resistance genes against yellow rust dis-
ease were detected and denoted as Yrl, Yr2, Yr3
etc. Then the genes Y73 and Yr4 were divided into
other genes. Currently a lot of yellow rust resis-
tance genes have been identified. Among these
genes Yrll, Yri2, Yri3, Yrl4, Yri6 are mature
plant genes. Yellow rust resistance genes were de-
tected mainly in bread wheat (Triticum aestivum)
(McGrann et al., 2014; Basnet et al., 2014). How-
ever, most genes were transferred from other spe-
cies and wild cereals by introgression. For example,
the gene Yr8 was transferred to bread wheat from
Aegilops comosa, Yr9 from rye, Yr24 and Yr28
from Aegilops tauschii, and Yr26 from Haynaldia
villosa. Until now a lot of useful alien genes have
been transferred to wheat plants. But it is not possi-
ble to use all of them in the selection of commercial
varieties, as alien chromosom segments are not able
to compensate losses of wheat native chromosomes
or they have undesirable genes decreasing grain
yield and quality (Powell et al., 2013; Luo et al,,
2008).

During the last decade the number of named
and mapped resistance genes in wheat increased
pronouncedly (Mclntosh et al., 1998; McIntosh et
al, 2005; MclIntosh et al., 2007). However, the
wheat genome (17.3 pg per cell) belongs to the
most numerous cultivated species and contains
nearly 17000 Mbp per haploid nucleus. Because of
the size and high percentage (over 90%) of non-
coding sequences and A, B and D genomes with 7
homologous chromosomes it is difficult to perform
molecular identification and cloning of wheat re-
sistance genes. The average size of each (in total
42) hexaploid wheat chromosome is 800 Mbp.
Physical distance between crossing-overs (=1 cM)
varies from 0.3 to 3.0 Mbp (Feuillet et al., 1997).
Wild relatives of wheat usually have one common
genome, which is vey useful for searching and
mapping new resistance genes. Since wheat-related
species carry different genomes (7riticum sp., ge-



nome Bj; Aegilops speltoides, genome S similar to
B; Triticum boeoticum, genome A; and Aegilops
squarrosa, genome D) they were and still are used
as sources of resistance genes in plant breeding. A
usual way of transferring the resistance genes is
using wheat lines with translocation of a chromo-
some fragment carrying a wild species gene. This
transfer was performed for the genes Lri9, Lr24
and Lr29 derived from Agropyronelongatum
(Schachermayr et al., 1995, Prins et al., 1996).
RFLP, RAPD, CAPS, SCAR, STS markers have
been obtained using new DNA-based methods to
identify individual resistance genes in wheat
(Cheikowski and Stepien, 2001).

Revealing the genes by markers for detection
of protein encoding sequences of nucleotide-bind-
ing sites and leucine-rich repeats (NBS/LRR)
seems to be a perspective method for identification
of the resistance genes. The mentioned sequences
are available in some resistance genes and have
been identified in various crops (tomato, potato,
wheat, rice, flax) and also in model species such as
Arabidopsis and Nicotiana (Leister et al., 1999, Sal-
amini, 1999, Salman et al., 2000). Using RFLP
probes from Aegilops squarrosa (Triticum tauschii)
having resistance genes against cyst nemotade of
cereals, 29 loci that presumably are homological to
the analogs of the resistanse genes were identified.
These loci are identical to the amino-acid sequence
of cyst nemotade cre locus in 7. Tauschiiby 30-70%.

Using RFLP molecular markers Lri, Lr9,
Lrl0, Lri3, Lrl9, Lr23, Lr24, Lr25, Lr27, Lr28,
Lr29, Lr31, Lr34, Lr35, Lr37 and Lr47, which are
the rust resistance genes of leaves were mapped on
chromosomes. Despite the reliability of RFLP
markers, they are very expensive and labor-
intensive. DNA of high purity is required for these
markers. Therefore, they are not suitable for the
marker assisted selection. For practical purposes
RFLP markers related to a corresponding resistance
gene were converted to specific PVR markers-STS
and CAPS. RAPD markers can be converted to
SCAR ones (Cheikowski and Stepien, 2001).

Until now STS or SCAR and CAPS markers
for the genes Lri, Lr9, Lri0, Lr24, Lr28, Lr35,
Lr37 and L47 have been reported. The enzymatic
marker (endopeptidase Ep-Dlc) for the gene Lr/9
was also developed and used. (Winzeler et al.,
1995). Furthermore, microsatellite markers (simple
sequence repeats-SSR) for the resistance genes
Lr3bg and Lr18 were also developed.

Moreover, molecular markers can be used in
the pyramiding of various resistance genes in clas-
sical breeding process to achieve durable resistance.
The durable resistance in one variety can be
achieved by combination of several genesrather
than by a single gene, partly encoding resistance
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(Cheikowski and Stepien, 2001). The development
of PCR-based allel-spesific markers in poliploid
species is more complicated than in diploid species.
Because, PCR can cause an amplification of multi-
ple, similar sized fragments from more than one
genome (Helguera et al., 2000). Therefore, false-
positive response can be obtained when the pres-
ence of the markers designed for varieties and lines
described in the earlier papers (not used in experi-
ments yet) is examined in lines and cultivars with
different genetic background. Markers mentioned
in the literature must be examined before using
them in genetic and breeding programmes.

Therefore, the purpose of the present study
was to detect brown (Lr) and yellow rust (Y7) re-
sistance genes in Azerbaijan wheat germplasm us-
ing STS, SSR vo SCAR markers.

MATERIALS AND METHODS

Plants materials. Wheat genotypes differing in
resistance to diseases, productivity, architectonics
and other physiological traits, collected in the Gene
Pool of the Research Institute of Crop Husbandry
(Baku) were used as research objects. Plants were
cultivated under field conditions.

Extraction of plant DNA. DNA extraction was
carried out using the CTAB method with some
modifications (Murray & Thompson, 1980).

DNA quantification. After dissolution of the
DNA the quantity was determined by optical den-
sity (OD) at A=260 using the ULTROSPEC 3300
PRO spectrophotometer (“AMERSHAM”, USA).
Purity of the genomic DNA was determined by the
ratio of absorptions at A260/A280. Quality of the
DNA was checked on the basis of performance of
the extracted DNA samples in 0.8% agarose gel
stained with 10 mg/mL of ethidium bromide in 1 x
TBE (Tris base, Boric acid, EDTA) buffer. The
gel was developed and photographed under ultra-
violet light using “Gel Documentation System
UVITEK” (UK).

DNA amplification. Polymerase chain reaction
was performed by Williams (1990). DNA amplifi-
cation was performed in a 25 pl reaction mixture
volume, containing 10 X buffer, 20 ng of the ge-
nomic DNA, 0.2 pM primer, 200 uM of each of the
following: dATP, dCTP, dGTP and dTTP, 2.5 mM
MgCl, and 0.2 units of Tag-polymerase in the in-
cubation buffer. Different primers were used for the
test (Table 1).

PCR was performed in the “Applied Biosys-
tems 2720 Thermal Cycler” under the following
conditions: 1 cycle - 3 minutes 94 ° C; 38 cycles -
1 min at 94 ° C, an annealing step at variable an-
nealing temperatures depending on the primer
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pairs for 1 min, 2 minutes at 72 ° C; the final elon-
gation cycle was performed at 72 ° C for 10 min,
then kept at 4 ° C.

PCR products were analyzed by electrophore-
sis in a 1.2-2% agarose gel in the HR-2025-High
Resolution («IBI SCIENTIFIC» U.S.) horizontal
electrophoresis machine with addition of ethidium
bromide and documented using «Gel Documenta-
tion System UVITEK». Dimensions of amplified
fragments were determined with respect to 1kb
DNA marker. Statistical analysis included binary
matrix compilation for each of the primers, in
which “presence” (1) or “absence” (0) of fragments
with equal molecular weight on the electrophore-
gram were noted.

RESULTS & DISCUSSION

Detection of brown leaf rust resistance gene
Lr9 in durum and bread wheat genotypes using
STS marker. STS markers J13/1 and J13/2 were
used for Lr9 gene screening. The objects of the
screening for this gene were 78 genotypes (26 gen-
otypes of bread (7Triticum aestivum L.) and 52
genotypes of durum (7riticum durum Dest.) wheat)
(Table 2). In PCR profiles of 60% genotypes (16 of
them are durum and 31 bread wheat genotypes)
1100 bp fragments were detected, suggesting the
presence of the gene Lr9 on 6B chromosomes of
these genotypes. In 40% of genotypes (10 samples
of durum and 21 of bread wheat genotypes) the ex-
pected fragment was not amplified (Figure 1).

Table 1. Nucleotide sequence of the primers used for the DNA amplification.

Primer description Gene Nucleotide sequence Annealing temperature Product size, bp
J13/1 1r9 TCCTTTTATTCCGCACGCCGG
J13/2 CCACACTACCCCAAAGAGACG 62 1100
SCS123F CCTGATCACCAATGACGATT 60 688
SCS123R 1r19 CCTGATCACCTTGCTACAGA
SCS253F GCTGGTTCCACAAAGCAAA 63 737
SCS253R GGCTGGTTCCTTAGATAGGTG
csLV34a 1134 GTTGGTTAAGACTGGTGATGG 56 229
csLV34b TGCTTGCTATTGCTGAATAGT 150
Lr35F 1135 AGAGAGAGTAGAAGAGCTGC 55 900
Lr35R AGAGAGAGAGCATCCACC
XGWMS582F 70 AAGCACTACGAAAATATGAC 60 150
XGWMS582R TCTTAAGGGGTGTTATCATA
XGM295F vri8 GTGAAGCAGACCCACAACAC 60 250
XGM295R GACGGCTGCGACGTAGAG

1100 bp > B

10 11 12 13 14 15 16 17

Figure 1. PCR - profiles of wheat plants, for Lr9. Arrow indicates the 1100 bp. M - 1kb Plus DNA Ladder.
1 - Vugar, 2 — Alinca 84, 3 - Tartar, 4 - Sharg, 5 — Tartar 2, 6 — Shirvan 5, 7 - Gyzyl bugda, 8- Garabag, 9 - Yagut,
10 - Turan, 11 — Mirbashir 50, 12 — Shirvan 3, 13 - Mugan, 14 - Ag bugda, 15 — Barakatli 95, 16 - Gioaza, 17 — Beltago.
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Table 2. Results of the PCR analysis for the gene Lr9.

Triticum durum Desf.

Vugar - |Mugan +
Shiraslan 23 - |Agbugda +
Alinca 84 + |Kakhraba -
Tartar + [Mirvari -
Sharg - [Salt tolerant Mapping pop (F7) | +
Gyzyl bugda | + |ID VT 06-DTA (6) +
Tartar 2 - [S2 +
Garabag + |Barakatli 95 +
Yagut + |Kollektivnaya 77 +
Turan + |Fadda 98 +
Mirbashir 50 | + |Gioaza -
Shirvan 3 + |Beltago -
Shirvan 5 - |Polonicum -
Triticum aestivum L.

Akinchi 84 + |rsi-13 (Shafag 2) +
Pirshahin 1 - |Pirshahin +
Gunashli + |Ugur +
Dagdas - |Parzivan 1

FARAN Dolc | + |Parzivan 2

Renan + |Shaki 1 -
Avreka + |S1 -
Pactole - [Nurlu 99 +
S5 + |Gyrmyzy gul 1 +
THI - |Azamatli 95 +
D8 sechme Ne5| + |Tale 38 +
S4 + |Ruzi 84 +
S3 + [12nd FAWWON Ne97 (130/21) | -
Sechme SS - |4th FEFWSN Ne50 (130/32) -
Mirbashir 128 | + |[FO2 N7-A (karlik) +
Yegana - |Tigre +
Zirva 80 + |Bezostaya 1 -
Fatima + |Kanada 2 +
Azan + |Sechme sunbul giz +
Azeri - [S9 +
Murov + |Sechme sunbul ag +
Murov 2 - |Bogdanka +
Soba + |Kripsinka +
Taraggi + |Polsa +
Bayaz + |Podolyanka -
Shafag - |Miranovka -

*Note: [+] — presence of the expected locus, [-] —
absence of the locus.

Detection of yellow rust resistance genes Yr9
and Yrl8 using SSR markers. Screening of the
gene Yr9 was performed using a microcatellite
marker XGWMS582. Amplifications in 150 bp
region are characteristics for this marker (Figure 2).
It is interesting that, amplification was successful in
93% of the genotypes, indicating the presence of
the gene Yr on 1BL chromosome of these geno-
types. The exceptions are 4 samples-Azeri, 16th
FAWWON-IR (46), 16th FAWWON-IR (90), 16th
FAWWON-IR (47). Characteristics fragments for
this gene were not synthesized in these genotypes
(Table 3).

Molecular Analysis of Resistance Genes to Brown Rust

Molecular marker XGWM 295 was used for the
identification of the yellow rust resistance gene
Yr18. Electrophoretic profiles in figure 5 showed the
responsibility of the used marker for the synthesis of
fragments in 250 bp region. In 66% of the geno-
types, amplification of the expected fragment for the
gene Y718 was successful (Table 3).

It is known that the gene YrI8 is genetically
inseparable from the leaf rust resistance gene- Lr34.
These genes are located on the same segment of the
chromosome 7D. The locus Lr34/Yri§ is of great
practical interest for solving the discussed problem
in bread wheat (Kolmer et al., 2008). Therefore, we
performed also screening to test the given locus via
the gene Lr34.

Assessment of Lr34 allele status, using the
codominant STS Lr34/Cslv34 marker. Several
SSR, STS and CAPS-markers were proposed to
identify the gene Lr34. However, codominant STS-
marker csLV34, closely associated with the locus
Lr34 (0.4 cM), which is a biallelic locus was espe-
cially used in MAS programs (Lagudah et al.,
2006). Therefore, we used markers Lr34/csLV34a
and Lr34/csLV34b to identify a and b alleles of the
gene Lr34. The spesific marker for the allele
Lr34/csLV34a have to lead to the amplification of
229 bp fragments (Figure 4). PCR analysis using
this primer revealed corresponding locus only in 21
genotypes (Table 3). This represents approximately
34% of all tested genotypes. Ne50 (130/32), FO2
N7-A (dwarf) have allele a of the brown rust resis-
tance gene - Lr34. This allele was not identified in
the rest of the genotypes (66%).

According to the PCR profiles obtained with
the marker Lr34/csLV34b, used for the identifica-
tion of the b allele of Lr34, characteristic fragments
in 150 bp region were synthesized only in 15%
genotypes. In other words, allele b of the gene Lr34
was identified only in 9 (Gunashli, Dagdash, S5,
Zirve 80, Gyrmyzy gul 1, Tale 38, Tigre, Bezostaya
1, 29 ES WVT (7)) among 61 genotypes. The elec-
trophoretic analysis of amplified PCR products
showed that the existence of allele b of the gene
Lr34 was not confirmed in approximately 85% of
our wheat genotypes.

Interestingly that in two genotypes — Zirve 80
and Gyrmyzy gul 1 both alleles of the gene Lr34
were identified. According to the general analysis
of the results related to the both markers, 54% of
the wheat genotypes do not possess any allele of the
gene Lr34. The presence of allele state csLV34b
indicates wheat tolerance to the causative of brown
rust, associated with the gene Lr34, whereas
csLV34a indicates the absence of such a tolerance
(Karelov et al., 2011).
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Figure 2. PCR - profiles of Triticum aestivum L. plants, for Yr9.
Arrow indicates the 150 bp. M - molecular weight marker 100 bp.
1 - Pirshahin-1, 2 - Gunashli, 3 - Dagdash, 4 - FARAN Dolc,

5 - Renan, 6 - Avreka, 7 - Pactole, 8 - S5, 9 - TH1.

250bp —»

Figure 3. PCR - profiles of Triticum aestivum L. plants, for Y7/8. Arrow indicates
the 250 bp. M - molecular weight marker - 100 bp. 1 - Pirshahin-1, 2 - Saba, 3 - Guneshli,
4 - Bayaz, 5 - Dagdash, 6 - FARAN Dole, 7 - Renan, 8 - Avreka, 9 — Pactole.

Table 3. Results of the PCR analysis for the genes Yr18, Yr9, and Lr34.

Ne Genotypes Yri8 - 250bp Yr9 - 150bp Lr34/ csLV34a - 229bp  Lr34/ csLV34b - 150bp

1 2 3 4 5 6
1. Pirshahin 1 + + + _
2. Gunashli + + - +
3. Dagdash + + - +
4. FARAN Dolc + + + -
5. Renan + + + -
6. Avreka + + + -
7. Pactole + + + -
8. S5 + + - +
9. THI1 + + + -
10. D8 sechme Ne5 + + + -
11. S4 + + + -
12. S3 + + + -
13. Sechme SS + + - -
14. Mirbashir 128 + + - -
15. Yegane + + - -
16. Zirve 80 + + + +
17. Fatima + + - -
18. Azan + + + -
19. Azeri + + - -
20. Murov + + - -
21. Murov 2 + + + -
22. Saba - + + -
23. Taraggi + + + -
24. Beyaz - + - -

—_
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Continued Table 3
1 2 3 4 5 6
25. Shafag + + + -
26. rsi-13 (Shafaq-2) + + - -
27. Pirshahin + + - -
28. Ugur + + - -
29. Perzivan 1 + + - -
30. Perzivan 2 - + - -
31. Shaki 1 - + + -
32. S1 - + - -
33. Nurlu 99 - + - -
34. Gyrmyzy gul 1 - + + +
35. Azamatli 95 - + + -
36. Tale 38 + + - +
37. Ruzi 84 + + - -
12nd FAWWON Ne97 + + + -
38. (130/21)
4th FEFWSN Ne50 + + + -
39. (130/32)
40. FO2 N7-A (karlik) + + + -
41. Tigre + + - +
42. Bezostaya 1 + + - +
43. Kanada 2 - + - -
44. Sechme sunbul giz - + - -
45. S9 + + -
46. Sechme sunbul ag - + - -
47. Bogdanka + + - -
48. Kripsinka + + - -
49, 16th FAWWON-IR (61) - + - -
50. 16th FAWWON-IR (46) + - -
51. 16th FAWWON-IR (52) - - -
52. 16th FAWWON-IR (90) + - - -
53. 16th FAWWON-IR (47) + - - -
54. 29 ES WVT (7) - + - +
55. 29 ES WVT (26) - + - -
56. 29 ES WVT (38) - + - -
57. 29 ES WVT (30) - + - -
58. 16 SAWWVT (29) - + - -
59. 16 SAWWVT (34) - + - -
60. 39 IBWSN (97 No) - + - -
61. 11st IWWYT-R (9816 Ne) - + - -

*Note: [+] — presence of the expected locus, [-] — absence of the locus.

M 1 2 3 4

29bp —»

150bp —

5

10

Figure 4. PCR - profiles of Triticum aestivum L. plants for Lr 34. Arrow indicates
the 150 bp and 229 bp. molecular weight marker - 100 bp. 1 - Dagdash, 2 — Pirshahin 1,
3 - Guneshli, 4 - S5, 5 - Saba, 6 - FARAN Dole, 7 - Renan, 8 - Avreka, 9 - Pactole, 10 — Tale 38.

We have compared the results obtained for the
brown rust resistance gene Lr34 as well as for the
yellow rust resistance gene Y7/8. As the gene im-
parting resistance has b allele, comparison was per-
formed according to this allele. Only 7 genotypes
from the tested 61 showed a positive result for the
both genes. Therefore, we can confidently say that

the locus Lr34/Yri8 is present on 7D chromosomes
of the genotypes Gunashli, Tigre, Tale 38, S5,
Dagdash, Zirve 80, Bezostaya-1. Negative results
were obtained for 19 genotypes (approximately,
33%) for the both genes. In other words, the locus
Lr34/Yri8 related to resistance to both brown and
yellow rust is absent in these genotypes. Positive
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results for b allele of the gene Lr34 and negative
results for the gene Yr/8 were obtained only for
two genotypes. The amplification of the character-
istic fragments for the gene Y718 was successful in
54% of the genotypes and specific fragments for b
allele of the gene Lr34 were not synthesized. It
should be noted that, some of these genotypes,
lacking this locus are resistant to deleterious diseas-
es in field conditions. Apparently, the resistance of
such genotypes is determined by other genes.

Genetic diversity of modern bread wheat va-
rieties (7riticum aestivum L.) based on the genes of
resistance to yellow rust (P. stiiformis Westend. f.
sp. tritici) and brown rust (Puccinia tritici Erikss.)
is small. At best 1-2 and sometimes 3 genes are
identified in these varieties (Gaynullin, 2008,
Sibikeyev, 2002, Mesterhazy et al., 2000). The pro-
tection strategy of bread wheat from rust, which is
the most common and harmful disease, includes
several directions having their pros and cons. From
a genetic point of view, the search for the new re-
sistance genes Lr and Yr, as well as creation of va-
rieties that combine race-specific and nonspecific
resistance, provide effective and long-term resis-
tance to these infections (Sechgal et al, 2012).
Therefore, finding sources and donors of bread
wheat to this disease, as well as identifying combi-
natory of the genes Lr and Yr, providing resistance
to brown and yellow rust, remains an urgent prob-
lem in the selection of bread wheat.

Determination of brown leaf rust resistance
genes Lr19 and Lr35 using SCAR markers. Lr19
localized on the 7D chromosome is one of the few
widely effective genes conferring resistance against
brown leaf rust in wheat. (Gupta et. al., 2006) For-
eign Lrl9 gene demonstrated efficacy against all
pathotypes of leaf rust in South Africa (Prins et al.,
1997) India (Tomar and Menon, 1998), Europe
(Mesterhazy et al., 2000) and Canada (McCallum
and Seto-Goh, 2003). The Lr/9 translocation is as-
sociated with deleterious agronomic effects and as a
result modified forms of the translocation have
been derived by difterent researchers in an attempt
to remove the genes responsible. It was reported
that Lr/9 was associated with increases in grain
yield. Aerial biomass was also increased when Lr/9
was introgressed, although differences were not
ssociated with improved light interception (indirect-
ly measured) or radiation use efficiency (RUE).
The physiological basis of the increased biomass
and the mechanisms causing increased number of
grains per spike, in terms of dynamic of floret de-
velopment, are not completely understood.

Lr-19 translocation originally produce by
Sharma and Knott (1966) when they transform leaf
rust resistance genes 7e 11 chromosome of Thino-
pyrum ponticum a long arm of chromosome 7 D of
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common wheat. Heurta-Espino and Singh (1994)
reported first virulence in Puccinia Triticinan to Lr-
19 and it is an effective source of leaf rust re-
sistance worldwide. The cut-of point of Lr-79 trans-
location is located in the middle of long arm of
chromosome 7D and find that the distal half of 7 D
was replaced by Thinopyrum Chromatinv. During
meiosis Thinopyrum segment 7DL does not pair
with homologous wheat segment, complicating at-
tempts to study linkage relationship or to recombine
its genes (Sehgal, 2012).

Despite the virulence for the Lr/9 gene, there
are reports that in the last decade it has demonstrat-
ed high efficacy in wheat cultivation areas (Huerta-
Espino and Singh, 1994; Sibikeev et al., 1997).
High efficacy of the Lr/9 gene in Asia, Australia
and Europe indicates that this gene can be used in
combination with other Lr genes for long-term re-
sistance to leaf rust all over the world (Roelfs,
1988; Pink, 2002)

On this basis, the objective of this study was to
determine the presence of the Lr/9 gene in different
wheat genotypes using SCAR markers. DNA samples
were screened using two SCAR molecular markers
bound to a known Lr/9 gene of resistance to brown
leaf rust. SCAR markers are polymorphic and ampli-
fied unique bands linked to the Lr19 gene (Gupta et
al., 2006). This gives a possibility of using these
markers in marker-assisted breeding for Lr/9 gene.

Figure 5 reflects the PCR profiles performed
using SCS123 F/R molecular marker. This marker
must lead to the amplification of fragments of 688
bp in size. As a result of PCR test with this primer
the locus of the 688 bp region was detected only in
48 genotypes. This is approximately 79% of all in-
vestigated genotypes.

Fragment linked to the SCS123F/R marker
was not synthesized in the following genotypes -
Pirshahin-1, Pactole, 8h WWEERYT (32 Ne), 3
RBWYT (521 Ne), 3 RBWYT (536 Ne), 1lst
IWWYT-R (9816 Ne), S5, 16th FAWWON-IR (90),
16th FAWWON-IR (47), S1, Nurlu-99 Kyrmyzy-
gyul-1, 12nd FAWWON Ne 97 (130/21).

The second SCAR marker linked to the studied
Lr19 gene of resistance to brown leaf rust was
SCS253 F/R. Amplification products with the use
of this marker are detected in the 737 bp region. As
can be seen from Figure 6, the expected fragment in
the 737 bp region was synthesized in only in 53 of
61 genotypes, in other words, in approximately
87% of all investigated genotypes. Fragments spe-
cific for the SCS 253F/R SCAR marker were not
amplified in the following genotypes - 3 RBWYT
(521 Ne), Zirve 80, Gyrmyzy gul 1, S1, Azamatli
95, Tale 38, Ruzi 84 and 12nd FAWWON Ne 97
(130/21).



M 1 2 3 4 5 6

688 bp —>

Molecular Analysis of Resistance Genes to Brown Rust

8§ 9 10 11 12 13 14

Figure 5. PCR-profiles of Triticum aestivum L. plants induced by SCS123F/R primer.
Arrow indicates the 688 bp. M- 1 kb DNA ladder. 1 — 10 SAWVT (11 Ne),
2 —3th FAWWON (117 Ne), 3 — 8th WWEERYT (32 No), 4 — 4th RWVT-LRCA (89 Ne),
5 — 14th FAWWON (86 Ne), 6 — 8th WONSA (65 Ne), 7 — 9th WON-SA (27 Ne),
8 —3 RBWYT (521 Ne), 9 — 12nd FAWWON Ne97 (130/21), 10 —3 RBWYT (536 Ne),
11 -3 RBWYT (518 No), 12 —39 IBWSN (113 Ne), 13 — 14 SAWYT (49 Ne).

M
-
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Figure 6. PCR-profiles of Triticum aestivum L. plants induced by the SCS253F/R primer.
Arrow indicates the 737 bp. M — 1kb DNA ladder. 1 - 39 IBWSN (97 Ne),
2 - 11st IWWYT-R (9816 No), 3 — S5, 4 — Mirbashir 128, 5— Yegane, 6 — Zirve 80,
7 — Fatima, 8 — Aran, 9 — Azeri, 10 —Murov, 11 — Murov-2, 12 — Saba, 13 — Taraggi.

Comparative analysis of PCR profiles obtained
with the use of both SCAR markers demonstrates,
that the results are the same in 82% of genotypes:
specific amplification fragments were identified in
45 genotypes with the use of both SCS123F/R and
SCS253F/R markers, which indicates that the Lr/9
gene of resistance to brown leaf rust is present on
7D chromosomes of these genotypes. The existence
of the Lr19 gene has not been proven in 5 of 61
genotypes used, because specific fragments ampli-
fied with any of the applied markers were not iden-
tified in these genotypes.

The results obtained with different markers did
not match in 18% of genotypes. After using the
SCS123F/R marker, nine genotypes (Pirshahin-1,
Pactole, 8th WWEERYT (32 Ne), 3 RBWYT (536
Ne), 11st IWWYT-R (9816 Ne), S5, 16th FAW-
WON-IR (90), 16th FAWWON-IR (47), Nurlu 99)
did not match, i.e. fragments in the 688 bp region
specific for the SCS123F/R marker were not syn-
thesized in these genotypes, on the contrary, the
737 bp fragments, linked with the SCS253F/R
marker, were amplified. And this kind of mismatch
was detected in three genotypes (Zirve 80, Azamat-
li 95, Ruzi 84) with the use of the SCS253F/R
marker, in other words, amplification products spe-
cific for the SCS253F/R marker were absent in

these genotypes, on the contrary, synthesis of PCR
profiles specific for the SCS123F/R marker has
successfully been performed.

The absence of marker components with the
Lr19 gene in these samples may be due to an in-
complete linkage of the marker and the gene
(Tirishkin, 2006).

Attention is drawn to the fact that resistance
and high sensitivity to brown leaf rust are observed
among the genotypes in which amplification prod-
ucts have not been revealed, thus indicating the ab-
sence of the Lr/9 gene.

Gyrmyzy gul-1 wheat genotype in field condi-
tions also demonstrates high susceptibility to the
brown rust pathogen and is completely affected by
the Puccinia recondite f. sp. tritici fungus. The
genotypes called 3 RBWYT (521 Ne), S1 and Tale-
38 in field conditions are estimated as moderately
resistant to this disease. It is interesting that the
12nd FAWWON Ne 97 (130/21) genotype actually
demonstrates high resistance to this harmful dis-
ease, despite the absence of the Lr19 gene. Appar-
ently, the resistance of this genotype may be caused
by other Lr-genes.

The marker Lr35F/Lr35R was used to identify
the gene Lr35. The analysis was performed on 61
bread (7Triticum aestivum L.) wheat genotypes.
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When using the marker Lr35F/Lr35R, specific
fragments had to be synthesized at 900 bp region
(the figure is not presented). Fragments were not
visualized at this region in the obtained electropho-
retic profiles. In other words, using this marker, the
existence of the gene Lr35 on 2B chromosomes
have not been proven.

CONCLUSION

The study of the genetic basis of plant re-
sistance, the search for effective genes and their
introduction into the culture of wheat significantly
prevent the spread of the epiphytotic disease and
stabilize the grain yield capacity. Development and
deployment of cultivars with host genetic resistance
is the most ecofriendly way to reduce the losses.
The use of modern molecular-genetic techniques
greatly accelerates the process of the identification
of genotypes resistant to diseases and the creation
of disease-resistant varieties. Molecular markers are
widely used for the investigation of the bread wheat
genome structure, identifying and mapping genes
responsible for expression of the useful properties,
as well as for the isolation and cloning of genes for
studying their controlled properties and transmis-
sion them to other varieties (i.e. for genetic trans-
formation). Thus, the use of molecular markers in
breeding allows us to obtain information on the
sign at the early stages of development, without
waiting for the phenotypic expression of feature,
simplifies testing resistance to various diseases,
requiring thorough assessment by traditional re-
search methods.

The wheat cultivars are of different types and
become susceptible to different types of rust be-
cause it has narrow genetic bases for resistance.
The evolution rates of pathogens are very fast and
rapid. So, it is necessary to find out new and better
sources for resistance. The genetic resistance is im-
portant to control many phytopathogenic epidem-
ics. The wheat production has been dependent on
the use and development of rust resistance geno-
types having well characterized and diverse genes.
It is also concluded that in wheat certain and differ-
ent combinations of genes give long lasting and
better resistance for rust diseases than given by any
individual genes.

The obtained results can be used in breeding
and genetic programs on creation of forms resistant
to leaf rust pathogen populations in Azerbaijan.
Thus, information about the existence of effective
Lr and Yr genes in adapted varieties that can be
used as donors for resistance, and usage of these
distinct genes or by pyramiding of different re-
sistance genes in the genotype can significantly im-
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prove the efficiency of breeding of resistant varie-
ties, thus assisting to avoid the creation of varieties
that are genetically homogeneous. This information
will serve as a foundation for plant breeders and
geneticists to develop durable rust-resistant wheat
varieties through marker-assisted breeding or gene
pyramiding.

ACKNOWLEDGEMENT

This work was financially supported by the Sci-
ence Development Foundation under the President of
the Republic of Azerbaijan (EIF/GAM-2-2013-
2(8)-25/16/3).

REFERENCES

Abdelbacki A., Soliman N., Najeeb M, Omara R.
(2013) Postulation and identification of resistance
genes against Pucciniatriticinain new wheat culti-
vars in Egypt usingmolecular marker. International
Journal of Chemical, Environmental & Biological
Sciences (IJCEBS), 1(1): 2320-4087.

Abou-Elseoud M.S., Kamara A.E.M., Alaa-
Eldein O.A.E., El-Bebany A.F. (2014) Identifi-
cation of leaf rust resistance genes in Egyptian
wheat cultivars by multipathotypes and molecular
markers. Journal of Plant Sciences, 2(5): 145-
151.

Aktar-Uz-Zaman Md., Tuhina-Khatun Mst.,
Hanafi M.M., Sahebi M. (2017) Genetic analy-
sis of rust resistance genes in global wheat culti-
vars: an overview. Biotechnology & Biotechno-
logical Equipment, 31(3): 431-445.

Basnet B.R., Singh R.P., Ibrahim A.M.H.,
Herrera-Foessel S.A., Huerta-Espino J., Lan
C., Rudd J.C. (2014) Characterization of Yr54
and other genes associated with adult plant re-
sistance to yellow rust and leaf rust in common
wheat Quaiu 3. MolecularBreeding, 33: 385-399.

Cheikowski J., Stepien J. (2001) Molecular mark-
ers for leaf rust resistance genes in wheat. Journal
of Applied Genetics, 42: 117-126.

Feuillet C., Schachermayr G., Keller B. (1997)
Molecular cloning of a new receptor-like kinase
gene encoded at the Lr 10 disease resistance locus
of wheat. The Plant Journal, 11(1): 45-52.

Gaynulin N.P. (2008) Use of molecular-genetic
markers in summer bread wheat with foreign ge-
netic material to identify chromosomal rear-
rangements and disease resistance genes. (Doc-
toral dissertation). Available from Disser Cat -
electronic library of dissertations (UMI No.
334075)



Gupta S.K., Charpe A., Prabhu K.V., Haque
Q.M. (2006) Identification and validation of mo-
lecular markers linked to the leaf rust resistance
gene Lrl19 in wheat. Theoretical and Applied Ge-
netics, 113(6): 1027-1036.

Helguera M., Khan I1.A., Dubcovsky J. (2000).
Development of PCR markers for the wheat leaf
rust resistance gene Lr47. Theor. Appl. Genet.,
100: 1137-1143.

Hubbard A., Lewis C.M., Yoshida K., Ramirez-
Gonzalez R.H., de Vallaviella-Pope C., Thomas
J. (2015) Field pathogenomics reveals the emer-
gence of a diverse wheat yellow rust popula-
tion. Genome Biology, 16: 23 (15 p.).

Huerta-Espino J., Singh R.P. (1994) First report
of virulence for wheat leaf rust gene Lr/9 in Mex-
ico. Plant Disease, 78: 640.

Huerta-Espino J., Singh R.P., German S,
McCallum B.D., Park R.F, Chen W.Q.,
Bhardwaj S. C., Goyeau H. (2011) Global status
of wheat leaf rust caused by Puccinia triticina.
Euphytica, 179: 143-160.

Imbaby A.M., Hassan M.E.M., Abd-El-Aziz
A.R.M. (2014) Identification of Leaf Rust Re-
sistance Genes in Selected Egyptian Wheat Culti-
vars by Molecular Markers. The Scientific World
Journal, Article ID 574285, 7 p.

Ittu M. (2000) Components of partial resistance to
leaf rust in wheat. Acta Phytopathol. Entomol.
Hung., 35(1-4): 161-168.

Jighly A., Oyiga B.C., Makdis F., Nazari K.,
Youssef O., Tadesse W., Ogbonnaya F.C.
(2015) Genome-wide DArT and SNP scan for
QTL associated with resistance to stripe rust
(Puccinia striiformis f. sp. tritici) in elite I[CAR-
DA wheat (Triticum aestivum L1.) germ-
plasm. Theor. Appl. Gen., 128(7): 1277-1295.

Karelov A.B., Pirko Y.V., Kozub N.A., Sozinov
I.A., Pirko N.N., Litvinenko N.A., Lifenko S.F.,
Kolyuchiy V.T., Blyum Y.B., Sozinov LA.
(2001) Identification of the alien condition of
Lr34, the brown rust resistance gene, in winter
bread wheat of Ukrainian selection. Cytology and
Genetics, 5: 3-10.

Kolmer J.A., Singh R.P., Garvin D.F., Viccars
L., William H.M., Huerta-Espino J., Ogbon-
naya F.C., Raman H., Orford S., Bariana H.S.,
Lagudah E.S. (2008) Analysis of the Lr34/Yri8
rust resistance region in wheat germplasm. Crop
Science, 48(5): 1841-1852.

Lagudah E.S., McFadden H., Singh R.P., Huerta
Espino J., Bariana H.S. Spielmeyer W. (2006)
Molecular genetic characterization of the
Lr34/Yr18 slow rusting resistance gene region in
wheat. Theoretical and Applied Genetics, 114 (1):
21-30.

Molecular Analysis of Resistance Genes to Brown Rust

Leister D., Kurth J., Laurie D.A., Yano M., Sa-
saki, T., Graner, A., Schulze-Lefert, P. (1999).
RFLP and physical mapping of resistance gene
homologues in rice (O. sativa) and barley (H. vul-
gare). Theor. Appl. Genet., 98: 509-520.

Li Z.F., Xia X C., He Z H., Li X., Zhang L.J.,
Wang H.Y., Meng Q.F., Yang W.X,, Li G.Q.,
Liu D.Q. (2010) Seedling and slow rusting re-
sistance to leaf rust in Chinese wheat cultivars.
Plant Dis., 94(1): 45-53.

Luo P.G., Hu X.Y., Ren Z.L., Zhang H.Y., Shu
K., Yang Z.J. (2008) Allelic analysis of stripe
rust resistance genes on wheat chromosome 2BS.
Genome, 51(11): 922-927.

Maccaferri M., Zhang J., Bulli P., Abate Z.,
Chao S., Cantu D., Dubcovsky J. (2015) A ge-
nome-wide association study of resistance to
stripe rust (puccinia striiformis f. sp. tritici) in a
worldwide collection of hexaploid spring wheat
(Triticum aestivum L.). G3: Genes/Genomes Ge-
netics, 5(3): 449-465

McCallum B.D., Seto-Goh P. (2003) Physiologic
specialization of wheat leaf rust (Puccinia tritici-
na) in Canada in 2000. Canadian Journal of Plant
Pathology, 25: 91-97.

McGrann G.R.D., Smith P.H., Burt C., Mateos
G.R., Chama T.N., MacCormack R., Wessels E.,
Agenbag G., Boyd L.A. (2014) Genomic and ge-
netic analysis of the wheat race-specific yellow rust
resistance gene Yr5.J. Plant Sci. Mol Breed.,
http://dx.doi.org/10.7243/2050-2389-3-2.pdf, 11 p.

McIntosh R.A., Yamazaki Y., Devos K.M., Dub-
covsky J., Rogers J., Appels R. (2007) “Cata-
logue of gene symbols for wheat,” Supplement:
KOMUGI Integrated Wheat ScienceDatabase.

Mclntosh R.A. (1998) Breeding wheat for re-
sistance to biotic stress. Euphytica, 100: 19-34.

MclIntosh R.A., Devos K.M., Dubcovsky J., Rog-
ers W.J., Morris C.F., Appels R., Anderson
0.A. (2005) Catalogue of gene symbols for
wheat. Annual Wheat News, 51: 250-285.

MclIntosh R.A., Dubcovsky J., Rogers W.J., Mor-
ris C., Appels R., Xia X.C. (2011) Catalogue of
gene symbols for wheat: 2011 supplement.
http://www.shigen.nig.ac.jp/wheat/komugi/genes/
macgene/supplement2011.pdf

McIntosh R.A., Yamazaki Y., Dubcovsky J.,
Rogers W.J., Morris C.F., Somers D.J. et al.
(2008) Catalogue of gene symbols for wheat.
Proceedings of the 11th International Wheat Ge-
netics Symposium. Australia: Brisbane.

Mesterhazy A., Bartos P., Goyeau H., Niks R.E.,
Csosz M., Andersen O., Casulli F., Ittu M.,
Jones E., Manisterski J., Manninger K., Pas-
quini M., Rubiales D., Schachermayr G.,
Strzembicka A., Szunics L., Todorova M., Un-
ger O., Vanco B., Vida G., Walther U. (2000)

23



Rustamova et al.

European virulence survey for leaf rust in wheat.
Agronomie, 20(7): 793-804.

Murray M.G., Thompson W.F. (1980) Rapid iso-
lation of high molecular weight plant DNA. Nu-
cleic Acids Research, 8: 4321-4325.

Perivannan S., Milne R.J., Figueroa M.,
Lagudah E.S., Dodds P. N. (2017) An overview
of genetic rust resistance: From broad to specific
mechanisms. PLoS pathogens, 13(7): €1006380.

Pink D. (2002) Strategies using genes for non-
durable disease resistance. Euphytica, 124: 227-
236.

Powell N.M., Lewis C.M., Berry S.T., McCor-
mack R., Boyd L.A. (2013). Stripe rust resistance
genes in the UK winter wheat cultivar Claire.
Theoretical and Applied Genetics, 126(6): 1599-
1612.

Prins R., Marais G.F., Janse B.J.H., Pretorius
Z.A., Marais A.S. (1996). A physical map of the
Thinopyrum-derived Lr 19 translocation. Genome,
39: 1013-1019.

Prins R., Marais G.F., Pretorius Z.A., Janse
B.J.H., Marais A.S. (1997) A study of modified
forms of the Lr19 translocation of common wheat.
Theoretical and Applied Genetics, 95: 424-430.

Riar A.K., Kaur S., Dhaliwal H.S., Singh K.,
Chhuneja P. (2012).Introgression of a leaf rust
resistance gene from Aegilops caudata to bread
wheat. Journal of Genetics, 91(2): 155-161.

Roelfs A.P. (1988) Genetic control of phenotypes
in wheat stem rust. Annual Review of Phytopatho-
logy, 26: 351-367.

Salamini F. (1999) Where do we go from this
point? In: Genetics and Breeding for Crop Quali-
ty and Resistance (G.T.S.Mugnozza, E.Porcedolu,
M.A Pagnotta, eds.). Amsterdam: Kluwer Acad.
Publ., 397-417.

Salman S., Ozgen M., Sayar M.T. (2000) Isola-
tion of rust disease (Puccinia spp.) resistance
markers from wheat near-isogenic lines using
RAPD and NBS/LRR primers. Acta Phytopathol.
Entomol. Hung., 35(1-4): 81-90.

Schachermayr G., Messmer M.M., Feuillet C.,
Winzeler, H., Winzeler, M., Keller, B. (1995)

24

Identification of molecular markers linked to the
Agropyron elongatum—derived leaf rust resistance
gene Lr 24 in wheat. Theor. Appl. Genet., 90:
982-990.

Sehgal S.A., Tahir R.A., Anwar Z., Abbas G.,
Shah M., Khattak J. (2012).Molecular genetic
characterization of rust in wheat genotypes.Asian
Journal of Agricultural Sciences, 4: 337-340.

Sharma D., Knott D.R. (1966) The transfer of leaf
rust resistance from Agropyron to Triticum irradi-
ation. Can. J. Genet. Cytol., 8: 137-143.

Sibikeev S.N., Kruprov V.A., Voronina S.A.,
Elesin V.A. (1996) First report of leaf rust patho-
types virulent on highly effective Lr-genes trans-
ferred from Agropyron species to bread wheat.
Plant Breeding, 115: 276-278.

Sibikeyev S.N. (2002) Foreign genes in summer
bread wheat breeding for the leaf rust re-
sistance. (Doctoral dissertation). Available from
DisserCat - electronic library of dissertations
(UMI No.133420).

Tirishkin L.G. (2006) Genetic control of the effec-
tive juvenile brown rust resistance of collection
Triticum aestivum L. wheat samples. Genetics,
42(3): 377-384 (in Russian).

Tomar S.M.S., Menon M.K. (1998) Adult plant
response of nearisogenic lines and stocks of wheat
carrying specific Lr genes against leaf rust. Indian
Phytopathology, 51: 61-67.

Williams J.G., Kubelik K.J., Livak J.A., Tingey
S.V. (1990) DNA polymorphisms amplified by
arbitrary primers are useful genetic markers. Nu-
cleic Acids Research, 18: 6531-6535.

Winzeler M., Winzeler H., Keller B. (1995) En-
dopeptidase polymorphism and linkage of the Ep-
Dlc null allele with the Lr/9 leaf rust resistance
gene in hexaploid wheat. Plant Breeding, 114:
24-28.

Zhang X., Han D., Zeng Q., Duan Y., Yuan F.,
Shi J., Kang Z. (2013). Fine mapping of wheat
stripe rust resistance gene Y26 based on colline-
arity of wheat with Brachypodium distachyon and
rice. PLoS ONE, 8(3): e57885.



Molecular Analysis of Resistance Genes to Brown Rust

Azdrbaycan Bugda Germplazmasinda Qonur Pasa Qars1 Lr9, Lr19, Lr34, Lr35 va
Sar1 Pasa Qars1 Yr9, Yr18 Davamhliq Genlorinin Molekulyar Analizi

S.M. Riistamova', i.M. Hiiseynova!,

TAMEA Molekulyar Biologiya va Biotexnologiyalar Institutu
2AR KTN Okingilik ET Institutunun Bitki fiziologiyasi va biotexnologiya s6basi

Pas denin mohsuldarligini agag: salan tohliikali gébelok xesteliyidir. Pas xasteliklorine noezarat iigiin pasa davaml
sortlarin becarilmasi samarali va ekoloji baximdan daha tohliikasiz yanagmadir. Miixtalif molekulyar metodlardan
istifado etmoklo, yumsaq vo bark bugda genotiplorinda vo onlarin yabani névlarinds halalik qonur pasa qarst 81 vo
sarl pasa qarst 53 davamliliq geni askar edilmigdir. Todgiqat isinin osas moqsadi Okingilik ET Institutunun
genofondunda toplanmis bugda niimunalorinds Lr vo Yr genlorinin méveudlugunu miiayyanlosdirmok olmusdur.
Lr9, Lrl9, Lr34, Lr35 vo Yr9 vo Yri8 genlori miixtolif molekulyar markerlorlordon istifads etmoklo analiz olun-
musdur. PZR profillarde 1100 bp uzunlugunda spesifik fragmentlarin olmasi ils tadqiq edilon 78 genotipdan 60%-
nin 6B xromosomlarinda L9 geninin mdvcudlugu miayyon edilmisdir. SCS123 va SCS253 SCAR markerlorin
komoyilo Lr19 geninin identifikasiyasi zamani 45 genotipdo miisbot notico miisahido edilmisdir. Lr43 geninin
allel vaziyysti Lr34/csLV34a vo Lr34/csLV34b markerlorin kdmoayils tadqiq edilmisdir. Molekulyar analiz 21
genotipdo Lr34 geninin a allelini, 9 genotipda ise b allelini {izo ¢ixarmisdir. ki genotipdo iso L34 geninin her iki
alleli miisahide edilmigdir. Genotiplorin 54%-do Lr43 geninin heg bir alleli miioyyon edilmomisdir. 61 genotipin
PZR profillerinds Lr35 geni liglin xarakterik fragmentlor askar edilmomisdir. 40 genotipin elektroforetik profil-
larindo YrI8 geni Ugiin diagnostik 250 bp fragmentlor miisahido edilmigdir. 4 genotip istisna olmagla, digor
genotiplorin hamisinda Yr9 geni {iglin xarakterik 150 bp sahodo fragmentlor amplifikasiya olunmugdur. Bu
naticalor Azarbaycanda bugdanin pas xastoliklorinine nozarst edilmesi vo pasa davamli bugda sortlarinin
yaradilmasinda asas kimi istifads oluna bilar.

Acar sozlar: Bugda, gonur pas, sari pas, Lr9, Lr19, Lr34, Lr35, Yr9, Yri8, PCR, STS, SSR, SCAR

MouJiekyJsipublii Anaau3 I'enoB YcroituuBoctu Lr9, Lr19, Lr34, Lr35 xk Bypoii P:xxaBuune
M Yr9, Yr18 k Kenroii PaxaBuune B I'epmmniiazme ITmenunnl AzepOaiiikana

C.M. Pycramosal, I.M. T'yceiinoBal,

! Uncmumym monexynaproii 6uonoeuu u 6uomexnonoeuii HAH Aszepbaiioncana
2Omoen gusuonoeuu pacmenuii u Guomexnonoeuu Hucmumyma semedenus MCX
Aszepbatioocanckoi Pecnybauxu

PxaBunHa — 3T0 onacHoe TpuOKoBoe 3a00IeBaHNe, TOHIKATONIEE YPOsKaHOCTE 3epHA. C IETbI0 YyCHIICHNS KOH-
TpoJis Hajl 3a00JeBaHUEM PrKaBUMHON HanboJee BHITOTHBIM U 0€30MacHBIM C 3KOJIOTHYECKON TOUKHU 3pEHUs MO/I-
XOJIOM SIBJIIETCS BBIpAIMBAHUE YCTOWYMBBLIX K 3TOMY 3a00JeBaHMIO COPTOB. C MOMOMIBIO Pa3IMYHBIX MOJIEKY-
JSIPHBIX METOJIOB HA CETO/HSIITHNI IEHb B TEHOTHITAX MATKOM M TBEPAOH MIICHUIIBI U UX JUKHAX BUJIOB BBISBICHBI
81 reH, ycToiumBblii K Oypoil pxaBunHe, U 53 reHa, OTBETCTBEHHBIX 3@ YCTOMYMBOCTD K JKeNTOH pxaBunHe. Oc-
HOBHasl LieJib PaOOThl 3aK/II0YaNach B YCTAHOBICHUH HAJIM4YUs T€HOB Lr 1 Yr B 00pa3nax MIICHWIbI, B3STHIX M3
renoonna HU Uucruryra 3emienenus. C UCIONB30BaHUEM PA3JIMYHBIX MOJIEKYJIIPHBIX MapKepoB ObLIM U3yue-
HbI 4eTbipe Lr reHa — Lr9, Lrl9, Lr34, Lr35 u nBa Yr rena — Yr9 u Yrl8. bnaronaps odnapyxenuto B [1LIP mpo-
¢uiax cnenupuueckux $pparmenTos aiuHoo 1100bp, y 60%-0B U3 McCIeI0BaHHBIX 78 T€HOTUIIOB ObUIO BBISB-
JeHo Haixuuue B 6B xpomocome rena Lr9. [Tpu nnenrnduxanuu resa Lr19 ¢ nomomsio SCAR mapkepos SCS123
n SCS253 ObuI MOJTyUYeH IOJOKUTEIbHBIN pe3ynbTarT B 45 reHotunax. AJulelIbHOE COCTOsIHHE reHa Lr43 Oblio
HCCIEI0BAHO ¢ ToMolbio MapkepoB Lr34/csLV34a u Lr34/csLV34b. MosekyasipHbiM ananu3om B 21 reHoTure
ObLTa BBISIBJIICHA @ AlJIelh, a B 9 reHOTHNAX — 6 ayuienb reHa Lr34. B 1Byx jke TeHOTHIaX HabIromanuchk obe amie-
au reHa Lr34. Y 54%-oB renotunos anenu resa Lr43 ne BoisBasuiucs. B TP npopunax 61 renoruna He obHa-
PYXUBAIICh XapakTepHbIe Ui reHa Lr35 ¢parmentsl. Ha snexrpodoperndecknx mnpodmrsx 40 reHOTHITOB
HAOIOMaNnCh IuarHocTHdeckne mist reHa Yr/8 ¢parments mmHON 250 bp. Bo Bcex renormmax, 3a
HCKJTIOUCHHEM YeThIpeX, aMITU(GHULIUPOBATICh XapaKTepHble Mid reHa Y79 ¢pparmentsl amunoit 150 bp. Hamm
pe3yAabTAaTHl MOTYT CIYXXHTh OCHOBAaHHMEM JUIS BBIBEACHHS MPOJOKUTEIBHO YCTOWYMBBIX K prKaBUMHE COPTOB
TIICHATIB] ¥ YCWJICHHS, TEM CaMBIM, KOHTPOJIS Haj 3a00JIeBaHUEM PXKaBUMHON MIICHATH B A3epOaiikane.

Knioueesvie cnoea: Iwenuya, 6ypas poicasuuna, scenmas poicaguuna, Lr9, Lrl9, Lr34, Lr35, Yr9, Yri8, 1P,
STS, SSR, SCAR
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