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INTRODUCTION

Leaf rust is one of the most harmful diseases of wheat globally.
Puccinia triticina is a fungal pathogen and causal agent of leaf
rust in wheat. According to the UN Food and Agriculture
Organization (FAO, 2012), may result in a loss of 10% of the
yield (in some years, as much as 30%). In addition to yield
reduction, it also affects grain quality. The transfer of leaf rust
resistance genes (Lr. genes)into wheat cultivars is the finest
method of their protection in terms of environmental safety.
Identification and validation of leaf rust resistance genes may
allow efficient introgression into popular cultivar, thus helping
to the release of cultivars that are genetically uniform with
improved resistance. Till date, 71 Lr genes have been identified
on different chromosomes of wheat (McIntosh et al. ,
2013.According to McIntosh et al. (2013), these resistance
genes have been found in the Triticum aestivum and its related
wild species. Correspondingly, wheat cultivars vary in disease
resistance depending on which Lr genes present. Traditional
methods for identifying Lr genes are labour expensive and
time consuming process. While, in the comparison of
traditional methods molecular markers, result may obtain in
very short time. At present, individual Lr gene(s) can be
identified with the use of molecular markers, such as single
nucleotide polymorphisms (SNPs), cleaved amplified
polymorphic sequences (CAPSs), sequence-tagged sites (STSs),

sequence-characterized amplified regions (SCARs) and simple
sequence repeats (SSRs) (Helguera et al., 2000; Mateos-
Hernandez et al., 2006; Williams et al., 2007, Kandan et al.,
2013, Lillemo et al., 2013 and Zala et al., 2014). We were
identified several genes from available literature on leaf rust
resistance gene(s) i.e., Lr13, Lr34, Lr35, Lr37, Lr39, Lr45, Lr46,
Lr50, Lr67and Lr68 in wheat using PCR analysis in the some
Indian and CIMMYT originated varieties (Lagudah et al., 2006;
Mateos-Hernandez et al., 2006; Lagudah et al., 2009; Herrera-
Foessel et al., 2011, 2012 and Lillemo et al., 2013). Some
more robust markers have been validated in parental
genotypes and used for either incorporation of resistance
genes or pyramiding of resistance genes (Slikova et al., 2004;
Datta et al., 2006, 2007, 2011). Similar finding have been
done by several workers (Urbanovich et al., 2006; Gurjar et
al., 2012, 2014).  For this, it is necessary to validate molecular
markers linked with resistance genes of interest into the wheat
genotypes individually as well as in combination that assist
marker assisted selection (MAS).

Therefore, paper deals with the objective of, validation of
molecular markers linked with leaf rust resistance gene(s) in
some Indian and CIMMYT origin wheat genotype and to
determine the effect of genes in combinations in each
genotype under study.

MATERIALS AND METHODS
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leaf rust resistance in selected wheat cultivars from India and CIMMYT origin. For this purpose leaf rust resistance
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Plant material

Most popular Eastern Indian cultivars i.e. HUW234, HUW468
and HUW510 and CIMMYT originated wheat genotypes
(Waxwing2*/Kiritati, Kiritati/Seri/Rayon, Ning8119,
Waxwing2*/ Kukuna, Kauz/ Pastor// PBW343 and Chirya3,
Fret2/ Tukru/ Fret2) were served as the object of the study.
Cultivars bred in India (Indigenous) were taken from
Department of Genetics and Plant Breeding, Institute of
Agricultural Sciences, Banaras Hindu University (BHU),
Varanasi. However, other breeding genotypes were provided
by International Centre for the Improvement of Maize and
Wheat (CIMMYT), Mexico through Banaras Hindu University,
Varanasi.

DNA extractions and PCR Protocol

DNA isolation for PCR analysis of the parents and backcross
progenies for foreground and background selection was
carried out from 30 day old seedlings following Saghai-Maroof
et al. (1984) with minor modification. The extraction buffer
used was 1 M Tris pH 8.0, 0.5 M EDTA, 5 M NaCl, 1.7 g/L PVP
40 (0.3mL per mg lyophilized leaf), and the resulting DNA
was dissolved in 0.2 mL HPLC water  per  mg lyophilized leaf.
Each 15 μL PCR comprised 40 ng template DNA, 0.2 μM of
each primer, 150 μM dNTP, 1x PCR buffer (10 mMTris pH
8.4, 50 mMKCl, 1.8 mM MgCl2, 0.01 mg/mL gelatin) and
0.25 U Taq DNA polymerase. The cycling regime was initiated
by a denaturation (94ºC/4 min), followed by 40 cycles of 94ºC
/ 45s, 65.3ºC / 30 to 65 / 60 s and 72ºC / 60 s and completed
with a final extension (72ºC / 10 min). Amplicons were
separated via agarose gel (2.5%) electrophoresis and
visualized by EtBr staining. The leaf rust resistance (Lr) genes
were identified with the use of PCR with primers marking
individual genes. The primers (linked gene related markers
and their nucleotide sequences) were selected on the basis of
published literature by several workers that done his work on
spring wheat genotypes for leaf rust resistance (Lr) genes (Table
1). PCR was performed as recommended by the several

scientists, with slight modifications in annealing temperature.
The amplification products were separated and visualized by
electrophoresis in 1.6% agarose gel in Tris-acetate buffer
solution. The gels were documented by staining with ethidium
bromide (EtBr). The separated bands were visualized under
UV transilluminator and photographed using BIORAD Gel
Documentation system. For references in gene size, Gene Ruler
100 bp DNA Ladder Plus (Fermentas) was used as a molecular
weight marker.

Selection of genes and their molecular markers for validation

The leaf rust resistance genes like Lr13, Lr34, Lr35, Lr37, Lr39,
Lr46, Lr47, Lr50, Lr67 and Lr68 were validated through PCR-
based molecular markers such as SSR, STS and CAPS. All the
genes was visualized by a unique amplification of molecular
markers Xgwm630, csLV34-7DS, Sr39/Lr35, VENTRIUP-LN2,
Xgwm210, Xgwm259,PS10, Xgwm382, cfd71 and cs7BLNLR

(Table 1).

RESULTS AND DISCUSSION

For this study, we have used 10 cultivars bred in Indian and
CIMMYT origin. The origin of Lr34, Lr46, Lr67and Lr68 genes
areTriticum aestivum (Lagudah et al., 2006,William et al.,
2003 and Herrera-Foessel et al., 2012). Thus, the designated
source of Lr39 is Ae. Tauschii and the Lr37 is designated by
Ae. Ventricosa Tausch, Lr35, Lr47 and Lr51 from Ae. Speltoides
and T. Ameniacum (Jakubz.) is a designated source of Lr50
from (MacKey, 1963). Approximately 38 leaf rust resistance
genes have been characterized on the basis of molecular
markers (McIntosh et al., 2013).

The type of resistance and monitoring of the virulence
spectrum in the pathogen play a crucial role in the management
of disease through breeding techniques. Leaf rust resistance
genes Lr13 is most widely distributed worldwide (Mcintosh et
al., 1995) and it is usually present in wheat varieties of CIMMYT
and providing resistant (Rajaram et al., 1988). Under normal

Table 1: The primer sequences of molecular markers utilized in this studied

S.N. Name of Linked Temp Nucleotide sequence Reference

genes/ Marker MarkerºC
qtls

1 Lr13, Xgwm630 30 5'- GTG CCT GTG CCA TCG TC-3 Seyfarth et al., 2000
'5'- CGA AAG TAA CAG CGC AGT GA-3'

2 Lr34 csLV34-7DS 60 5'- GTT GGT TAA GAC TGG TGA TGG-3 Lagudah et al., 2006
'5'- TGC TTG CTA TTG CTG AAT AGT

3 Lr35 Sr39/Lr35 60 5'- AGA GAG AGT AGA AGA GCT GC -3 Gold et al., 1999
’5'- AGA GAG AGA GCA TCC ACC -3'

4 Lr37 VENTRIUP-LN2 65 5'- AGGGGCTACTGACCAAGGCT-3 Helguera et al., 2003
'5'- TGCAGCTACAGCAGTATGTACACAAAA-3’

5 Lr39 Xgwm210 60 5'- TGCATCAAGAATAGTGTGGAAG-3 Raupp et al., 2001
'5'- TGAGAGGAAGGCTCACACCT-3'

6 Lr46 Xgwm259 57.5 5'- AGG GAA AAG ACA TCT TTT TTT TC-3 William et al., 2003
'5'- CGA CCG ACT TCG GGT TC-3'

7 Lr47 PS10 65 5' - GCT GAT GAC CCT GAC CGG T 3 Helguera et al., 2000
'5'-  TCT TCA TGC CCG GTC GGG T 3'

8 Lr50 Xgwm382 60 5'- GTC AGA TAA CGC CGT CCA AT-3 Brown-Guedira, Singh,  2004
'5'- CTA CGT GCA CCA CCA TTT TG-3'

9 Lr67 cfd71 60 5'- CAA TAA GTA GGC CGG GAC AA -3 Hiebert et al., 2010

'5'- TGT GCC AGT TGA GTT TGC TC -3'
10 Lr68 cs7BLNLRR 60 5'- GAA GGA GTG CTT CCT CCA CTG -3 Herrera-Foessel et al., 2012

'5'- CTT GGT TCT CCT GTT CTT CCC -3'
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conditions, this resistance gene only acts at the adult plant
stage which is characteristic for the so called adult-plant
resistance (APR) or partial resistance and as a single gene Lr13
is no longer effective in most wheat-growing areas (Mcintosh
et al., 1995). The location of Lr13 has been identified by Singh
et al. (1991). This study confirms the presence of linked marker
(Xgwm630 with 120bp) of Lr13 in all genotypes except one
with appropriate band size (Table 2, Figure 1a).  However,
Lr13 in combination with Lr34 gives more durable resistance
against leaf rust (Ezzahiri and Roelfs, 1989). The Lr34 is the
APR leaf rust resistance gene and it is an important part of the
Hexaploid T. aestivum L. genome. Dyck (1987) was first
described Lr34. Cytogenetic analysis was earlier used to locate
the Lr34 gene locate on the arm of chromosome 7DS (Dyck,
1994). The marker (csLv34) has been developed and used to
characterization Lr34 gene. There are many markers available
like SSR, RFLP and recently RFLP was converted to the
sequence tagged site (STS) (Lagudah et al., 2006).Lr34 has
been recently cloned and it codes a protein that resembles an
Adenosine Triphosphate (ATP) binding transporter of the
pleiotropic drug resistance subfamily (Krattinger et al., 2009).
The product size of Lr34 gene is 150 bp (Figure 1b). This gene
has supported resistance to leaf rust in wheat for more than
fifty years and is extensively used in breeding programs
worldwide (McIntosh et al., 1995; Krattinger et al., 2009).
However, this marker was found in three cultivars such as
HUW234, HUW468 and Chirya3 (Table 2).

The partial resistance genes Lr34 and Lr46 are considered to
be durable (Singh et al., 1998; Singh et al., 2001). Co-
segregating genes Lr34 and Yr18 (leaf rust and stripe rust
resistance) have remained effective for more than 50 years
and also give to the protection against spot blotch (William et
al., 2003, Lillemo et al., 2013). Cultivars with Lr34 and two to
three additional genes have shown a stable environmental
response and final disease ratings lower than five present under
heavy disease pressure (Singh et al., 2001). Yield losses of
around 7-10% for such cultivars are comparable to 6-10%
yield loss in cultivars carrying race-specific types of resistance
under high disease pressure (Sayre et al., 1998).

The resistance gene Lr35 was transferred by Karber and Dyck
(1990) from chromosome 2S of the diploid wild relative
Triticum speltoides to chromosome 2B of hexaploid wheat.
Lr35 confers a hypersensitive reaction upon infection by an
avirulent race and give adult plant resistance (Kolmer, 1996).
But the linked molecular marker is not amplified in all 10
genotypes. At present, no virulent leaf rust race for Lr35 have

been found (Kerber and Dyck, 1990).  The Lr35 gene has not
yet been used in modern varieties (McIntosh et al., 1995).

The Lr37 gene conferring resistance against diseases such as
leaf rust, yellow rust, stem rust, are located within a segment of
Triticum ventricosum (Ae. ventricosa) chromosome 2NS
translocated to the short arm of bread wheat chromosome
2AS (Ambrozkova et al., 2002). The Lr37 gene was identified
in the T. aestivum on chromosome 2AS (Helguera et al., 2003).
We do not find out Lr37 associated fragments in all of the 10
cultivars (Table 2 and Figure 1c). Lr39 was transferred to wheat
germplasm KS86WGRC02 from Ae. tauschii accession TA
1675 and was reported to be a unique gene on chromosome
arm 2DS (Raupp et al., 1989). Lr39 exhibits both seedling and
adult plant resistance and a SSR marker (Xgwm210 with 190
bp fragment size) is associate with this gene (Raupp et al.,
2001) but Lr39 is present in HUW234, HUW468, HUW510,
Kiritati/Seri/Rayon, Ning8119, Kauz/Pasture//PBW343 and
Chirya3, genotypes (Table 2 and Figure 1d).

The Lr46 is also show rusting gene same as like Lr34 and give
better result along with the combination of  Lr34 (Singh et al.,
1998). The Lr46  locus, conferring resistance to both leaf rust
and stripe rust, is located in the terminal portion of the long
arm of wheat chromosome 1BL (Mateos-Hernandez et al.,
2006). This gene is positively associated with spot blotch
resistance gene Sb1 (Lillemo et al., 2013). The chromosome
similarly, the yellow-rust resistance gene Yr29 is either closely
linked to, or is the same as, leaf-rust resistance gene Lr46
(William et al., 2003). A location of this gene was determined
through an analysis of the substitution genotypes for the
chromosomes of the resistant cultivar Pavon 76 backcrossed
into the susceptible spring wheat cultivar Lalbahadur (Singh
et al., 1998). It was tested in the PCR conditions with the SSR
markers (Xgwm259 with the PCR product size 105bp) and it
could not be amplified in the two genotype (HUW234 and
Fret2/Tukru/Fret2) out of ten (Table 2 and Figure 1e).

The leaf rust resistance gene Lr47 was transferred from
chromosome 7S of Triticum speltoides to chromosome 7A of
Triticum aestivum in to an interstitial translocation (Helguera
et al., 2000). PCR analysis using a molecular marker associated
with Lr47 showed no additional cultivars carrying Lr47 detected
in this investigation. This source of resistance has not been
widely exploited in breeding; however some genotypes carried
Lr47 gene have been released in California and Argentina
recently (Brevis et al., 2008; Bainotti et al., 2009).  The Lr50 is
also express at adult plant stage (Brown-Guedira, 2003). A
SSR maker Xgwm382 with the 139 bp (Table 2 and Fig. 1f)

Table2: Distribution of the markers for leaf rust (Lr) resistance genes among spring wheat cultivars

Genotype Origin Lr13 Lr34 Lr35 Lr37 Lr39 Lr46 Lr50 Lr67 Lr68

HUW234 India + + – – – – + – –
HUW468 India – + – – – + + – –

HUW510 India + – – – – + + – +

Waxwing2*/Kiritati CIMMYT + – – – – + + – +
Kiritati/Seri/Rayon CIMMYT + – – – – + + – +
Ning8119 CIMMYT + – – – – + + – –

Waxwing2*/Kukuna CIMMYT + – – – – + + – –
Kauz/Pasture//PBW343 CIMMYT + – – – – + + – –
Chirya3 CIMMYT + + – – – + + – –

Fret2/Tukru/Fret2 CIMMYT + – – – – – + – –
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PCR product size shows a close relationship with Lr50 (Brown-
Guedira, 2003). In our study, Lr50 is present in all the 10
genotypes.

According to Hiebert et al., 2010, effective APR gene for leaf
rust (Lr67) and stripe rust located in the centromeric region of
chromosome 4DL and however Lr67 phenotypically
resembled Lr34, the degree of resistance conferred by Lr67
was less than that conferred by Lr34 (Herrera-Foessel et al.,
2011). Furthermore, the translocation present in RL6077 did

not involve chromosome 7D or Lr34 (Herrera-Foessel et al.,

2011). Lr67 and any associated genetic material present in

the introgression from PI250413 had no apparent deleterious

effect on agronomic performance and quality traits; thus, Lr67

is a valuable genetic resource and also suitable for use in

wheat breeding programs (Herrera-Foessel et al., 2011). In

this study, Xgwm165 marker linked with Lr67 gene have not

given recommended fragment size (198bp) in any of ten

genotypes, in this case amplification is also done but the

fragment size of closely linked marker was not exact as
appropriate recommended size (Table 2 and Figure 1g). The

NEERAJ KUMAR VASISTHA et al.,

Figure 1: Amplification profile of markers 1a:Xgwm210 (Lr13);b. csLv34 (Lr34);c. Xgwm46 (Xgwm259); d. Xgwm382 (Lr50); e. cfd71 (Lr67)

and f. cs7BLNLRR (Lr68) associated with leaf rust resistant genes respectively. Where, M: 100-bp ladder (Fermentos). 1 = HUW234, 2 =
HUW468, 3= HUW510, 4 = Waxwing2*/Kiritati, 5= Kiritati/ Seri/ Rayon, 6= Ning8119, 7= Waxwing 2*/Kukuna, 8= Kauz/Pastor//
PBW343, 9 = Chirya3 and 10 = Fret2*/Tukru/Fret2*

M 1 2 3 4 5 6 7 8 9 10

a.  Lr13, Xgwm630 (190bp) b. csLr34 (150bp)

M 1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10 M

c. Lr46, Xgwm259 (105bp)

1 2 3 4 5 6 7 8 9 10 M

d. Lr50, Xgwm382 (139bp)

M 1 2 3 4 5 6 7 8 9 10

e. Lr67, cfd71 (213bp)

1 2 3 4 5 6 7 8 9 10 M

f. Lr68, cs7BLNLRR (638, 478 and 270 bp)
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molecular marker of Lr68 gene (cs7BLNLRR with Polymorphic
fragments of 738, 478 and 270 bp were obtained)is developed
fromArula1 and Arula2 (CIMMYT GID 1847450 and
1847422) RILs selected from the Avocet-YrA/Parula(William
et al., 2007). In this study, we have found this marker in all
genotypes except HUW 234 and HUW468 (Table 2 and Figure
1h).

According to Herrera-Foessel et al. (2012), RILs had positive
alleles for markers linked to the APR QTL on 7BL but lacked
positive alleles for markers linked to Lr46/Yr29 on 1BL
(Xgwm259) and Lr34/Yr18 on 7DS (Xgwm295/Xgwm130).
Thus, the use of molecular markers allowed us to detect a
number of Lr genes in the wheat genome. We identified
polymorphism genes Lr13, Lr34, Lr46, Lr50 and Lr68 in the
different cultivars studied with the use of these markers. The
marker for Lr13 gene proved to be absent only in HUW468
out of ten genotypes. The results reported here show that the
genomes of wheat HUW468 cultivars differ from one another
in the spectrum of the leaf rust resistance genes.

The Indian cultivars, HUW234 and Chirya3 carriesLr13, Lr34,

and Lr50 genes but both are highly susceptible to leaf rust and
shows 100S susceptibility under natural field condition at IARI,
regional station Wellington, Tamilnadu (India) with a mixture
of different races of leaf rust pathogen. This study indicates
that the gene combination present in this variety is not effective.
HUW468 carries Lr34, Lr46 and Lr50 genes and gives 80S
susceptibility, according to this study, in the combination of
all three genes in this variety have some resistance compare to
HUW234. HUW510, Waxwing2*/Kiritati, Kiritati/Seri/Rayon
and Kauz/Pastore//PBW343 have been carried four gene in
the combinationsLr13, Lr46, Lr50 and Lr68 but the resistance
levels was different. HUW510 and Kauz/Pastore//PBW343
shows near immunes under the field conditions while
Waxwing2*/Kiritati and Kiritati/Seri/Rayon has been given 10S
and 60S leaf rust susceptibility respectively. Ning8119 and
Waxwing2*/Kukuna have three gene in combination i.e., Lr13,
Lr46 and Lr50 with 40S rust susceptibility. Fret2/Tukru/Fret2
is also CIMMYT originated Variety having two genesLr13 and
Lr50with 10S susceptibility reaction. Also the resistance of
Pavon 76 is believed to be durable and it has been ascribed
two genes, one of which has been identified and named Lr46.
Similarly, Urbanovich et al. (2006) was validated leaf rust
resistance genes like Lr1, Lr9, Lr10, Lr19, Lr20 and Lr26 in
wheat genotypes through PCR based molecular markers. In
earlier studies, The leaf rust resistance genes (Lr13, Lr23, Lr24,

Lr26 and Lr34) were also validated in wheat genotypes through
phenotyping Gurjar et al. (2012). Recently, Gurjar et al.
(2014)validated leaf rust resistance genes (Lr1, Lr10, Lr19,

Lr26 and Lr34) with the help of molecular markers. So we can
easily validate leaf rust resistance genes with the help of PCR-
based molecular marker in crop plants. In our presentstudy,
molecular markers were utilized to validate Lr genes in different
10 wheat genotype. Validated markers can be easily utilized
in marker assisted selection (MAS) for the early generation of
selection of desirable plants which would enhance the
resistance of the genotypes/lines and provide durable
resistance.
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