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ABSTRACT

Leaf rust caused by Pucinia recondita tritici is one of the
most important diseases of bread wheat worldwide. It is
considered that the most environmentally sound; low cost
method of controlling leaf rust is to breed and grow
genetically resistant wheat varieties. In the research, twenty-
four bread wheat varieties grown intensively were used as
genetic material in Trakya Region where the North-West Part
of Turkey. To create artificial leaf rust epidemic in field
conditions, two sensitive varieties (Morrocco and
Cumhuriyet 75) was sown after each ten genotypes, and the
reactions of the varieties to leaf rust were investigated in field
conditions. Isogenic lines carrying the genes Lr9, Lr14, Lr19,
Lr24 and Lr47 from CIMMYT were used as control
genotypes in molecular analysis.

In the field conditions, although Pehlivan, Selimiye,
Sagittario, Tina, Anapo, Montchill and Saraybosna were the
most sensitive genotypes, Nota, Kate Al, Prostor and Sana
were the most resistant bread wheat varieties to leaf rust. It
was determined that Sana, Pehlivan, Golia, Falmura 85,
Saroz 95, Renan, Sirena, Kate Al, Selimiye, Bezostoja 1,
Saraybosna, Nina and Tina varieties have Lr9 gene with SSR
analysis. It has been observed that all bread wheat varieties
carry Lrl4, Lrl19, Lr24 and Lr47 (except Krasunia, Aldane
and Gelibolu varieties) genes.

It is revealed that Lr9 and Lr47 genes should be taken
into consideration in the studies to be performed in the region
and these genes will be useful to examine together with a
larger number of leaf rust genes for more successful results
in breeding studies.
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1. Introduction

© Ankara Universitesi Ziraat Fakiiltesi

Bread wheat (Triticum aestivum L.) was one of the earliest domesticated food crops and, for 8,000 years,
is a basic nutrient of about 35% of the world's population, provides 20% of the calories from food of the
major civilizations (CGIAR 2012). It can be said that the most important reasons for this are the richness
of the variety, the widespread use of the industry and its wide adaptability. Undoubtedly, wheat will be
among the first few products to meet this nutritional need. Despite the use of many methods to protect
plants from damage caused by diseases, crop losses can reach very high levels. It is believed that product
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losses resulting from diseases are 12% of the total product in the world (Agrios 1997; Boyraz & Delen
2005). Diseases not only reduce the quantity of the products but also the quality of the products.

As in the world, wheat is produced in a wider area than other cultivated plants in our country, and
Trakya Region is one of the important wheat production regions. Abiotic and biotic stress factors in the
region lead to quantitative and qualitative losses in different levels. The most important biotic stress factors
in the Trakya region are leaf rust and the yield losses due to this disease changes depending on the severity
of the disease and the susceptibility of the wheat genotypes. In other words, the severity or infection type
of leaf rust is determined by the interaction between the resistance genes of the bread wheat genotype and
the aggressive genes of the rust disease. The brown rust (10-75%) and yellow rust (20-60%) in wheat were
reported to cause significant yield losses (Aktas 2001). Leaf rust disease is the oldest disease known in
wheat (Kolmer 2013) and causes significant loss of grain number and grain weight (Marasas et al 2004;
Kolmer et al 2005; Huerta-Espino et al 2011; Draz et al 2015). It can cause product losses ranging from 2%
to 90% worldwide (Bajwa et al 1986; Aktas 2001; Singh et al 2004). The loss of crops is different according
to the sensitivities of the varieties, the environmental conditions and the race of the disease

Few studies have been carried out on wheat varieties’ resistance to rust diseases in Trakya region. The
morphological and molecular identification of the leaf rust resistance is important in bread wheat varieties.
When these features are revealed in genotypes, the experience and knowledge required for wheat breeding
trials will be ensured and crop losses of producers will be reduced.

In many cases resistance genes can only be identified using molecular markers (Melchinger 1990). Over
the last 15 years many efficient markers for leaf rust resistance genes have been described. The molecular
markers most closely linked to Lr genes are based on the PCR technique, as the majority of these can be
applied relatively easily in wheat breeding programmers (Imbaby et al 2014). SSR (Simple Sequence
Repeat) is one of the PCR based DNA markers that provides determination of polymorphism in repeat
motifs in a microsatellite locus (Jones et al 1997). SSR and other molecular markers have been used for
determination of resistant genes for rust diseases (Gupta et al 2010). Seyfarth et al (2000) used the SSR
markers in two different wheat populations to identify the Lr13 gene. Greganova et al (2003) investigated
the Lrl3 gene in Slovak winter wheat cultivars with SSR markers. In Blaszczyk et al (2005), Nearly
Isogenic Lines (NIL) marker are used as materials for the first time for Lrl3 gene. Polymorphism
determined at the DNA level between two close isogenic lines was found to be very likely to be in a linkage
with the target gene (Masojc 2002). Thatcher isogenic lines are very useful in detecting pathogen virulent
combinations as well as in identifying resistance genes (Winzeler et al 2000).

In recent years, the use of leaf rust resistant genes in winter wheat breeding has reduced the losses
caused by leaf rust. But, there are many races of leaf rust and varieties are not resistant to all races. Every
few years, new disease races are observed and durable varieties can be sensitive. The duration of a leaf rust
resistance of wheat varieties can vary from 2 to 4 years. Wheat breeding programs should be continued by
transferring new resistance genes to new varieties (Lipps 2006). This disease is widespread in our country,
especially Trakya, in all coastal regions like Aegean, Marmara and Black Sea (Altay 1980). The diseases
resistance is provided by the durability in the adult plant period (Mclntosh et al 1995; Seyfarth et al 2000).

Disease damage is seen in different levels every year in the Trakya region. Despite the intense chemical
application for rust diseases, the product losses caused by the diseases increase every year. One of the most
effective and accepted approaches to prevent disease is the development of cultivars resistance. If the brown
basal reactions of common wheat genotypes can be determined, resistant genotypes can be used as a source
of resistance in the breeding programs. Thus, the effectiveness of breeding programs can be improved by
selecting appropriate parents. In addition, the use of resistant genotypes will provide significant
contributions to both the region and the country's economy.

The aim of this study was to identify Lr resistance genes present in a collection of bread wheat cultivars
grown in Trakya Region where the North-West Part of Turkey and to determine the level of adult plant
resistance to leaf rust in these cultivars.
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2. Material and Methods

2.1. Material

The study was carried out in the Department of Field Crops, Agricultural Faculty, Tekirdag Namik Kemal
University during 2015 growing period. 24 bread wheat varieties were used genetic material (Table 1). The
isogenic lines RL6010, RL6013, RL6009, and RL6010 from the CIMMTY were used to determine whether
the Lr9, Lrl4a, Lr19, Lr24 and Lr47 genes were present in the wheat genotypes.

Table 1- Wheat genotypes tested for leaf rust resistance

Genotypes and their abbreviations

Kate A-1 (Ka) Esperia (ES)
Pehlivan (Pe) Sagittaria (Sag)
Prostor (Pr) Krasunia (Kr)
Saroz 95 (Sar) Sirena (Si)
Selimiye (Se) Anapo (An)
Saraybosna (Sa) Bereket (Be)
Gelibolu (Ge) Falmura 85 (Fa)
Tekirdag (Te) Nota (No)
Bezostoja 1 (Be) Golia (Go)
Pamukova 97 (Pa) Sana (San)
Montchill (Mo) Tina (Ti)
Rumeli (Ru) Nina (Ni)

2.2. Methods

Adult plant resistance to leaf rust was investigated on the experimental area of Department of Field Crops,
Agricultural Faculty, Tekirdag Namik Kemal University. The resistance to leaf rust disease provides
resistance in the adult plant period (Mcintosh et al 1995; Seyfarth et al 2000). Seeds of all bread wheat
genotypes were sown in November 11, 2015. The tested varieties were sown in experimental units (plots)
containing three rows with 6 m long and 20 cm with 500 seeds per square meter. The experiment was
designed in a complete randomized block design with three replicates. Two sensitive genotypes were sown
after each ten genotypes. Morocco bread wheat variety which is sensitive to leaf rust was sown around the
parcels. All cultural practices such as fertilization, irrigation and other management were applied according
to standard procedures in the region. In the study, the variance analysis for decare grain yield was analyzed
according to the randomized block design. In order to determine the difference between genotypes, Duncan
test was applied.

2.2.1. Disease observations

When rust symptoms were fully developed nearly at the early dough stage (Large 1954), the leaf rust data
of adult plant reaction were scored as plant response and rust severity are combined together. Plant response
was expressed in five infection types according to Johnston & Browder (1966) i.e. Immune (0), no uredia
or other macroscopic sign of infection, Resistant (R), small uredia surrounded by necrosis, Moderately
Resistant (MR), small to medium uredia surrounded by chlorosis or necrosis, Moderately Susceptible (MS),
medium-sized uredia that may be associated with chlorosis and Susceptible (S), large uredia without
chlorosis or necrosis. Rust severity was expressed as percentage coverage of leaves with rust pustules
following Cobb’s scale modified by Peterson et al (1948).

2.2.2. DNA isolation

For the DNA isolation, the fresh leaves belonging to individuals of each genotype were used. Each sample
was ground with a ball mill (Retsch® MM400). Total genomic DNA was isolated by using modified CTAB
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method (Doyle & Doyle 1990). The DNA in samples was quantified with Qubit® 2.0 Fluorometer and also
controlled by electrophoresis on 1% agarose gels with RedSafe Nucleic Acid Staining Solution in 1X TBE
buffer at 80 V constant in 30 minute and visualized under UV light (Gel Imaging System Vilber Lourmat
Quantum ST5). The extracted DNA samples was diluted to 25 ng pL™* for PCR analysis and stored at - 20
°C for further use.

2.2.3. Molecular marker analysis

Five primers were used in the analysis of five different leaf rust resistance genes. The characteristics of the
used primers are shown in Table 2.

Table 2- Characteristics of the markers used in the leaf rust resistance genes

Product size

Lr Gene  Primername 5’ >3’ primer sequences (bp) Reference
J13/1 TCCTTTTATTCCGCACGCCGG
Lr9 11302 COACATACCCCAAAGAGACG 1110 Schachermayr et al (1994)
Lrlda Xgwml46-F CCAAAAAAACTGCCTGCATG 174 Roder et al (1998)
Xgwml46-R CTCTGGCATTGCTCCTTGG
Lr19 GbF CATCCTTGGGGACCTC 130 Prins et al (2001)
GbR CCAGCTCGCATACATCCA
J09/1 TCTAGTCTGTACATGGGGGC
Lr24 109/2 TGGCACATGAACTCCATACG 350 Schachermayr et al (1994)
Lrd7 PS10L TCTTCATGCCCGGTCGGGT 224 Helguera et al (2000)
PsS10L2 GGGCAGGCGTTTATTCCAG

Molecular marker analysis was performed at the experimental field area and laboratories of Department
of Field Crops and Department of Agricultural Biotechnology, Agricultural Faculty, University of Tekirdag
Namik Kemal. The DNA amplifications were carried out by using the Applied Biosystems® Veriti®
Thermal Cycler, Applied Biosystems® ProFlex™ PCR System Thermal Cycler, with the following PCR
profile shown in Table 3.

Table 3- Amplification parameters for all studied primer pairs

PCR cycle condition

J13/1

13/2 95 °C for 5 min., 35 cycles of (95 °C 1 min., 62 °C 1 min., 72 °C 1 min.), 72 °C 10 min
Xgwm146-F

Xgwm146-R 95 °C for 5 min., 35 cycles of (95 °C 1 min., 56 °C 1 min., 72 °C 1 min.), 72 °C 10 min
GbF

GbR 95 °C for 5 min., 35 cycles of (95 °C 1 min., 56 °C 1 min., 72 °C 1 min.), 72 °C 10 min
J09/1

309/2 95 °C for 5 min., 35 cycles of (95 °C 1 min., 56 °C 1 min., 72 °C 1 min.), 72 °C 10 min
PS10L . . . . .
PS10L2 95 °C for 5 min., 35 cycles of (95 °C 1 min., 62 °C 1 min., 72 °C 1 min.), 72 °C 10 min

The volume of the reaction mixture was 10 pL, containing 1X reaction buffer, 2.5 mM MgCl,, dNTPs
(each 0.2 mM), 0.5 uM of each primer and 1.5 U of Taq polymerase. The template for PCR amplification
consisted of 50 ng of genomic DNA. PCR products were visualized on 1.7% agarose gels with RedSafe
Nucleic Acid Staining Solution in 1X TBE buffer and using a 100 bp DNA ladder at 80 V constant in 1
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hour and visualized under UV light (Gel Imaging System Vilber Lourmat Quantum ST5) to determine the
size of amplified fragments.

3. Results and Discussion

The cultivated wheat varieties have suffered from sudden epidemics during the last decades from the
perspective of change in weather conditions in relation to the genetic makeup of both host and parasite.
Currently, intensive chemical spraying is applied to wheat production areas against rust diseases. In Turkey,
several genes, including leaf rust-resistant as Lr9, Lr19, Lr24 and Lr28, have been found to induce disease
resistance.

3.1. Disease evaluation

Observations on leaf rust resistance levels of bread wheat varieties under field conditions indicate that the
varieties show different responses to leaf rust (Table 4). The Nota with 5 MR value, and Kate A1, Prostor
and Sana varieties with 10 MR values showed the highest resistance. Flamura 85, Golia, Krasunia, Rumeli,
Pamukova and Tekirdag varieties were followed by these varieties with 20 MS value. The most sensitive
genotypes for leaf rust among the 24 wheat genotypes was determined in Pehlivan and Bereket varieties
with values of 40 S value. Bread wheat varieties Selimiye and Sagittario have followed these varieties with
40 MS values. Montchill with 30 MS value, Saraybosna, Saroz 95, Sirena, Anapo and Tina varieties with
20 MS value were later ranked. Bereket and Pehlivan bread wheat varieties which were observed the highest
leaf rust values gave the lowest grain yields. The other wheat varieties with high leaf rust values were also
in the lower order of grain yield. The highest grain yield was obtained from Rumeli, Krasunia, Tekirdag
and Tina (MR) genotypes.

Table 4- Leaf rust values in bread wheat varieties

- Grain yield
Varieties Leaf rust values (kg da’?)
Kate A-1 10 MR 646.667 cd
Pehlivan 40 S 538.000 fgh
Prostor 10 MR 457.667 k
Saroz 95 20 MS 568.667 ef
Selimiye 40 MS 608.000 de
Saraybosna 20 MS 515.667 ghi
Gelibolu 30 MR 481.333 ik
Tekirdag 20 MR 691.333 abc
Bezostoja 1 30 MR 502.667 ghi
Pamukova 97 20 MR 358.000 |
Montchill 30 MS 663.667 bc
Rumeli 20 MR 742333 a
Esperia 40 MR 657.000 bc
Sagittaria 40 MS 503.667 hik
Krasunia 20 MR 699.667 ab
Sirena 20 MS 544.667 fg
Anapo 20 MS 602.667 e
Bereket 40S 378.667 |
Falmura 85 20 MR 560.667 ef
Nota 5 MR 577.667 ef
Golia 20 MR 461.667 k
Sana 10 MR 492.333 ik
Tina 20 MR 734.000 a
Nina 40 MR 731.333a
HKO 616.894

3.2. Molecular evaluation

Isogenic lines carrying the Lr genes provided in CIMMTY (Mexico) were used as materials to determine
whether the 24 wheat cultivars carry the Lr9, Lr14, Lr19, Lr24, and Lr47 genes. The data obtained using 5
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different molecular markers (SSR primers) were given in Table 5 and Figure 1.

Assessment among varieties based on the results of molecular marker analysis, it has been determined
that Esperia, Sagittario, Rumeli, Prostor, Golia, Bereket, Montchill, Aldane, Pamuova, Tekirdag and
Krasunia bread wheat varieties carry the Lr9 gene, the other 13 bread wheat varieties do not carry this gene.
Although all bread wheat varieties possess the Lr19, Lrl4a and Lr24 genes, 21 bread wheat varieties of
them possess Lrd7 gene. Only Krasunia, Golia and Aldane bread wheat varieties do not carry the Lr47
gene. Bread wheat varieties Nota, Sana, Prostor showed the most resistant to leaf rust in the field conditions.
Then, Tekirdag, Pamukova 9, Rumeli, Krasunia, Flamura 85, Golia and Tina varieties were also most
resistant other varieties. The most sensitive varieties in terms of leaf rust resistance were Pehlivan, Bereket,
Selimiye Sagittario and Montchill varieties, and Saraybosna, Sirena Anapo and Tina varieties were
followed them.

Table 5- Presence of Lr resistance genes in the wheat
genotypes [(+) presence ofgene, (-) absence of gene]

Genotypes Lr9 Lrl4a Lrl9 Lr24 Lr47
Sana + + + + +
Pehlivan +
Golia +
F-85 +
Krasunia -
Saroz-95
Aldane
Pamukova
Tekirdag
Montchill
Renan
Syrena
Kate A-1
Selimiye
Bezostaja 1
Saraybosna
Nina
Gelibolu
Bereket
Tina
Esperia -
Sagittario -
Rumeli -
Prostor -
Positive control +

+ + +

'+
+ 1

+ 4+ ++ o+t

+ o+ o+ + o

+
T T Tk T T i T T S S S e e A i i 3

PR T T e T i S S O S S S S S R e T T T
B s T T T i T i e S S S S S AR S S S

+ 4+ + o+ o+

Figure 1- PCR amplification of some genotypes for A) Lr19 B) Lr14 c)..... genes using specific molecular
markers
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4. Conclusions

The detection of resistant genotypes with more stable and easier molecular markers replaced the older
methods such as inoculation by pathogens or more complicated markers with poor repeatability. Various
marker types are available for marker assisted selection of resistant genotypes for leaf rust such as ISSR,
SCAR, AFLP, STS and SSR (Gold et al 1999; Prins et al 2001; Gupta et al 2006; Li et al 2010; Zhang et
al 2011; Zhou et al 2012; Zhou et al 2013). According to the results obtained in uncontrolled conditions,
the bread wheat genotypes were affected at different levels of leaf rust. While Pehlivan, Gelibolu, Bereket
and Pamukova and Golia varieties which are sensitive to leaf rust were located in the lower ranks due to
yielding grain, Nina, Tina, Krasunia, Rumeli and Tekirdag varieties which are more resistant to leaf rust
have higher values in terms of grain yield. The obtained data do not show that selection may be successful
for rust disease in field conditions.

In this study, the molecular genetic markers of Lr9, Lr14, Lr19, Lr24, and Lr47 in bread wheat cultivars
were used to identify the 23 wheat cultivars. Esperia, Sagittario, Rumeli, Prostor, Gelibolu, Bereket,
Montchill, Aldane, Pamuova, Tekirdag and Krasunia did not carry the Lr9 gene and the remaining 13 bread
wheat genotypes carried the Lr9 gene. Lrl4a, Lr19 and Lr24 genes were found in all of the 24 tested bread
wheat cultivars. Tonk & Yiice (2007) studied SSR markers for Lr13 gene in 41 Thatcher near isogenic
lines, they reported that the F; individuals (Izmir 85 x resistant near isogenic line) might have Lr13 gene.
Kolmer et al (2012) studied various varieties in Samsun, Izmir and Sakarya at 2009-2011 and reported
presence of Lr34 in 2 varieties, Lr37 in 3 varieties. Khurana et al (2004), Lr1, Lr3, Lr10, Lr13, Lr23 and
Lr26 gene was reported in 37 wheat lines from Turkey. Studies by different researchers with different
materials in different years and areas have shown that leaf rust is different in terms of resistance genes
(Moldovan et al 2004; Xu et al 2005; Elyasi-Gomari & Lesovaya 2009; Huerta-Espino et al 2011; Gorash
et al 2014; Zaman et al 2017).

Imbaby et al (2014) studied Lr genes in fifteen wheat cultivars from Egypt. They reported ten genes,
Lr13, Lr19, Lr24, Lr26, Lr34, Lr35 Lr36, Lr37, Lr39, and Lr46, in fifteen wheat cultivars using various
molecular markers. Lr13, Lr24, Lr34, and Lr36 genes were the most frequently occurred in fifteen Egyptian
wheat cultivars (100%). The percentage of other genes were as Lr26 and Lr35 (93%), Lr39 (66%), Lr37
(53%), Lr19 (33.3%) and Lr46 (26.6%). Wang et al (2014) reported that wheat line 5R618, F, plants and
F2.3 families from a cross between 5R618 and Zhengzhou5389 (susceptible) may contain Lr9, Lr24, Lr19,
Lr28, Lr39, Lr42, Lr47, Lr51, and Lr53 genes using molecular markers. Vanzetti et al (2011) studied 66
wheat cultivars from Argentina to identify Lr genes that condition leaf rust resistance. Vanzetti et al (2011)
determined presence of Lr9, Lr10, Lr19, Lr20, Lr21, Lr24, Lr25, Lr26, Lr29, Lr34, Lr35, Lr37, Lr47 and
Lr51 by molecular markers. They conclude that combinations including seedling resistance genes like Lr16,
Lrd7, Lr19, Lr4l, Lr21, Lr25 and Lr29, with adult plant resistance genes like Lr34, SV2 and Lr46 might
provide durable and effective resistance to leaf rust in their studied region. According to the obtained data
in our study, it is seen that there are some deviations in molecular and morphological data on leaf rust. This
suggests that especially morphological studies should be done for a few years. It is revealed that Lr9 gene
and Lr47 genes should be taken into consideration in the studies to be performed in the region, and also it
would be useful to examine a larger number of leaf rust genes for successful results in plant breeding.

Marker assisted selection (MAS) studies which researchers or breeders use special molecular markers
linked to Lr genes, provides the pyramiding of several effective resistance genes. Detection of resistance
genes via molecular markers is easy, cheap and time effective way to detect resistance in wheat varieties of
unknown parentage. According to our results, in order to design crossing program for breeding strategies
obtained information from MAS might be used.
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