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Introduction 
 

Bread wheat (Triticum aestivum L.) is one of 

the most important cereal crops worldwide 

(second after maize), providing staple food for 

35 % of the world population. Leaf rust 

caused by the fungus Puccinia triticina Eriks. 

is one of the most common foliar diseases of 

wheat worldwide (Oelke and Kolmer, 2004; 

Mebrate et al., 2008). Severe leaf rust 

epidemics can cause yield losses up to 40% 

(Knott, 1989). Use of resistant wheat cultivars 

is the most economic and environmentally 

safe way to reduce losses caused by leaf rust. 

Till date 71 genes for resistance to leaf rust 

have been cataloged in wheat (Singh et al., 

2012). Most Lr genes confer race-specific 

seedling resistance and are vulnerable to 

defeat by new virulent races. Greater 

durability of resistance could be achieved 

through combinations of race-specific genes 

(Kolmer et al., 2008a, 2008b).  

 

MAS has allowed concurrent introgression of 

more than one targeted gene into otherwise 

elite crop varieties, and thus has been found to 
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Present study aimed at molecular and phenotypic characterization of F3 population of a 

cross between leaf rust susceptible but well adapted bread wheat variety DWR 162 and 

resistant variety PBW 343 carrying highly effective alien genes Lr24 and Lr28 to identify 

recombinant lines with high productivity and leaf rust resistance. Fifty nine F3 lines with 

seven checks were evaluated for yield and yield contributing traits in randomized block 

design (RBD) with two replications. These lines were also screened against most virulent 

pathotypes of leaf rust 77-5 (121R63-1) in rust screening nursery. SCAR markers, namely 

SCS1302607 and SCS421570 linked to Lr24 and Lr28 genes facilitated identification of 

individual lines possessing the targeted genes. To identify the lines that mostly resemble 

‘DWR 162’ variety, DUS (Distinctiveness Uniformity Stability) characterization was 

done. Nine lines were identified in F3 generation, possessing high yield potential and leaf 

rust resistance genes, Lr24 and Lr28 with the desirable features of DWR 162. Availability 

of a combination of two major rust resistance genes would facilitate the breeding program 

for developing new leaf rust resistant and high yielding cultivars. 
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improve significantly the efficiency and 

effectiveness of conventional breeding (Gupta 

et al., 2010).  

 

Available molecular markers, tightly linked to 

desired Lr genes help in the selection of 

individuals with introduced genes, within 

segregating populations. In wheat, gene 

pyramiding using MAS has been achieved for 

resistance against leaf rust (Cox et al., 1994; 

Gupta et al., 2005; Singh et al., 2004; Nocente 

et al., 2007; Revati et al., 2010 and Chhuneja 

et al., 2011).  

 

Present study aimed at molecular and 

phenotypic characterization of F3 population 

from a cross between the leaf rust resistant 

parent PBW 343 carrying Lr24 and Lr28 and a 

susceptible parent DWR 162 to identify 

recombinant lines resembling DWR 162 with 

high productivity and leaf rust resistant genes 

Lr24 and Lr28. 

 

Materials and Methods 

 

The bread wheat genotype DWR 162, which is 

susceptible to leaf rust evolved by pedigree 

method from a cross between Kavakaz/Buho// 

Kalyanasona/Bobwhite, was selected as 

female parent. ‘PBW 343’ a ruling variety of 

North Western Plains Zone with two effective 

leaf rust resistance genes, Lr24 and Lr28 was 

used as a male parent.  

 

The desired crosses were made in the 

polyhouse and in fields of Dr. Sanjay Rajaram 

Wheat Laboratory, All India Coordinated 

Wheat Improvement Project (AICWIP), Main 

Agricultural Research Station (MARS), 

University of Agricultural Sciences, Dharwad 

and alternate generations were grown in off 

season at Indian Agricultural Research 

Institute, Regional Research Station, 

Wellington, Tamil Nadu. The recommended 

package of practices was followed for raising 

the crop. 

F1 seeds of the cross DWR 162 X PBW 343 

were sown in spaced planting and individual 

plants of F1’s of the cross DWR 162 X PBW 

343 were confirmed for the presence of Lr24 

and Lr28 genes using SCAR markers linked to 

leaf rust resistance genes Lr24 and Lr28. 

Individual plants negative for donor gene 

under transfer were removed. Individual F1 

plants with Lr24 and Lr28 were selfed to get 

F2 population and 121 individual F2 plants 

were grown in the field in space planting. 

These plants were confirmed for the presence 

of Lr24 and Lr28 and the F2 plants which 

carry both Lr24 and Lr28 were selfed to get F3 

population for evaluation and selection of 

superior recombinant lines. 

 

A total of 59 F3 lines along with two parents, 

DWR 162, PBW 343 and five checks viz., 

UAS 304, HI 977, GW 322, UAS 304 and HS 

240 were sown in two replications. 

Observations were recorded on DUS 

characters and also Morpho-physiological 

characters on five randomly selected plants in 

each progeny row line of two replications.  

 

Disease screening 

 

One of the replication of the F3 segregating 

progeny was sown at rust screening nursery 

for screening of leaf rust resistance at the 

seedling stage with leaf rust pathotype 77-5, 

virulent on recurrent parent ‘DWR 162’. On 

the appearance of symptoms, rust severity 

(percentage) and response of the plants to 

disease were assessed using a modified 

Cobb’s scale (Peterson et al., 1948).  

 

The final disease severity data for the leaf rust 

was converted into an Average Coefficient of 

Infection (ACI) by multiplying severity with a 

constant value for field response (Stubbs et 

al., 1986 and Roelf et al., 1992). Leaf rust 

screening along with molecular marker 

analysis was used to follow the genes during 

these selfing generations. 
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DNA isolation, PCR conditions and 

electrophoresis 

 

Based on DUS characters and Morpho-

physiological characters recorded for 59 lines 

of F3 in two replications, only superior lines 

with high productivity and DWR 162 type 

characters were selected and 10 plants per line 

were selected randomly and confirmed for the 

presence of Lr24 and Lr28 genes.  

 

DNA isolation of parental genotypes and 

backcross progenies was carried out from one-

month-old plants using a CTAB method 

(Dellaporta et al., 1983). The PCR 

amplification was carried out in a reaction 

mixture of 20 μl containing 200M dNTPs 

(MBI; Fermentas, Lithuania, USA), 0.75 U 

Taq DNA polymerase (MBI; Fermentas, 

Lithuania, USA), 5 pmole of each primer, 20–

30 ng template DNA and 10 X PCR buffer (10 

mM Tris, pH 8.4, 50 mM KCl, 1.8 mM 

MgCl2). PCR cycle consisted of an initial 

denaturation for 5 min at 94°C, followed by 

40 cycles each with 1 min at 94°C, 1 min at 

annealing temperature (which differs for 

different primers), with a final extension of 7 

min at 72°C. The details of primers sequence 

and the PCR conditions used for amplification 

are presented in Table 1. Amplified PCR 

products were resolved in 2% agarose gel and 

stained with ethidium bromide. 

 

Results and Discussion 
 

Although major resistance genes have many 

disadvantages (Ayliffe et al., 2008), they are 

still widely used in wheat resistance breeding. 

In recent years developments in molecular 

marker techniques and marker identification 

have facilitated the spread of MAS. This is 

particularly true in the field of breeding wheat 

for leaf rust resistance, where PCR-based 

markers are already available for almost half 

of the 60 or more designated resistance genes 

and alleles. Furthermore, all the effective 

resistance genes designated so far can be 

traced in segregating progeny populations by 

means of MAS. 

 

The present work was aimed to identify 

superior lines for yield and leaf rust resistance 

with two major leaf rust resistance genes Lr24 

and Lr28 in F3 population of DWR 162 X 

PBW 343. In F1 to F3 self-generations, 

selection for the leaf rust resistance genes was 

performed with SSR and SCAR markers for 

identifying plants carrying both Lr24 and 

Lr28, followed by visual selection for better 

phenotype among the plants carrying both the 

genes. The homozygous lines were identified 

and evaluated for yield parameters. 

 

Validation of linked molecular markers  
 

The presence of expected desired /genes in the 

parent PBW343 used for transfer of leaf rust 

resistance was verified by studying DNA 

polymorphism or lack of it for the linked 

markers with DWR 162. These markers were 

consistent with amplification of specific 

marker fragment size of 320bp with SSR 

marker Xwmc313, 570bp fragment with 

SCAR marker S421570 for Lr28 and 719bp 

fragment with the SCAR marker SCS719, 

607bp fragment with the SCAR marker 

SCS1302 for Lr24 in PBW 343. This 

confirmed the presence of both resistance 

genes in PBW 343 and their absence in DWR 

162. This proved the efficiency of SCAR 

markers SCS719 and SCS421 in marker 

assisted selection. These markers viz., SCS719 

and SCS421 have been effectively utilized for 

MAS by Revati et al., (2010) and Chhuneja et 

al., (2005). SCAR marker SCS1302607 was 

employed and proved effective for validating 

the presence of Lr24 in HS424 (Pal et al., 

2015). SCAR markers were used for screening 

of Lr24, Lr 25, and Lr 37 genes (Robert et al., 

1999), whereas, STS and RAPD markers were 

used to validate the presence of Lr 9, Lr 35, 

and Lr 29, respectively (Vida et al., 2009) 

(Table 2 and Fig. 3). 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548237/#B157
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548237/#B157
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4548237/#B198
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Fig.1 Screening of F3 lines for the presence of leaf rust resistance genes 

 

Fig.1a Lr28 with SCAR marker SCS 421 

 
 

Fig.1b Lr24 with SCAR marker SCS 719 

 
 

Fig.1c Lr24 with SCAR marker SCS 1302 

 
 

Table.1 Molecular markers for foreground selection of rust resistance  

Genes used in the study 

 

Genes 

tagged 

Molecular 

markers 

Primer sequence 5’---3’ Amplification 

product size. bp) 

References 

Lr24 SCAR:SCS719 F: TCG TCC AGA TCA GAA TGT G  

R: CTC GTC GAT TAG CAG TGA G 

719 Prabhu et 

al., (2004). 

Lr24 SCAR:SCS130

2 

F: CGC AGG TTC CAA TAC TTT TC  

R: CGC AGG TTC TAC CTA ATG CAA 

607 Gupta et al., 

(2006). 

Lr28 SCAR:SCS421 F: ACA AGG TAA GTC TCC AAC CA  

R: AGT CGA CCG AGA TTT TAA CC 

570 Cherukuri et 

al., (2005). 

Lr28 SSR:Xwmc313 F: GCA GTC TAA TTA TCT GCT GGC G  

R: GGG TCC TTG TCT ACT ATG TCT 

320 Bipinraj et 

al., (2011) 
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Table.2 Superior F3 lines with rust resistance and Lr24 and Lr28 genes in the cross of DWR 162 X PBW 343 

 

F3 Line No. Days to fifty 

percent 

flowering 

Plant 

height 

(cm) 

Number 

of tillers 

per plant 

Spike 

length 

(cm) 

Number 

of 

spikelets 

per spike 

Grain 

yield per 

plant (g) 

Yield per 

meter row 

(g) 

Thousand 

grain 

weight (g) 

Protein 

content 

(%) 

ACI for 

leaf rust  

17 67.00 79.00 11.00 9.60 19.00 14.70 73.40 38.63 13.60 8.00 

21 75.00 78.00 14.00 9.50 20.00 16.00 80.00 36.45 13.90 2.00 

25 70.00 81.00 16.00 10.40 22.00 17.80 89.20 43.10 12.90 0.00 

27 71.00 80.00 9.00 10.30 20.00 18.30 91.30 33.90 13.60 2.00 

28 66.00 77.00 11.00 9.70 20.00 17.10 85.60 36.70 12.60 12.00 

29 77.00 83.00 13.00 10.30 19.00 20.10 100.40 37.83 12.80 8.00 

39 71.00 78.00 10.00 9.50 19.00 16.50 82.40 34.03 13.50 4.00 

42 76.00 74.00 15.00 10.30 20.00 16.80 83.80 37.30 12.70 2.00 

59 74.00 73.00 13.00 9.60 20.00 25.90 129.40 35.88 12.90 4.00 

DWR 162 66.00 86.00 20.00 10.60 19.00 23.42 96.50 38.67 14.65 65.00 

Improved 

PBW 343 

(Lr24 + Lr28) 

84.90 66.40 11.70 9.40 18.00 12.30 56.50 31.10 12.15 5.33 

CD at 5% 12.52 10.09 8.81 1.58 2.42 16.16 80.84 8.38 1.30 8.87 

S.Em±  4.43 3.57 3.12 0.56 0.85 5.72 28.62 2.96 0.46 3.14 
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Agronomic evaluation  

 

A total of 66 lines involving 59 F3 families 

along with two parents and five checks for 

yield, quality and rust resistance were 

evaluated for yield and its component traits. 

The analysis of variance for all the F3 lines 

revealed that both the parents and segregating 

lines differed significantly (P ≤ 0.01) for all 

the traits under study, showing the existence 

of abundant genetic variability among the 

genotypes. Similar findings of high variability 

in segregating F3 families of wheat have been 

reported (Yadawad et al., 2015a). 

 

DUS characterization for 26 DUS characters 

was done identification of individual lines 

which have recovered most of the characters 

of DWR 162. Out of fifty nine lines, fifteen F3 

lines in both replications recorded similar 

characters of DWR 162 based on DUS 

indicating high resemblance with DWR 162. 

Selection of BC1F2 plants for the recovery of 

genetic background of recurrent parent 

DWR162 based on twenty Six DUS 

characters has been reported (Yadawad et al., 

2015b). 

 

Screening in leaf rust screening nursery 

 

Fifty nine F3 segregating progeny rows of rust 

screening nursery were screened for leaf rust 

resistance with leaf rust pathotype 77-5, and 

mixture of races. Out of fifty nine lines, 

twenty two lines were found to be 

homozygous resistant, since all the plants 

within the lines were completely resistant, 

whereas twenty nine lines found to be 

segregating with both resistant and 

susceptible plants within the family. Only 

eight lines were found to be homozygous 

susceptible. These twenty two lines which 

were found to be homozygous resistant were 

need to be subjected to molecular marker 

analysis for confirmation of the presence of 

Lr24 and Lr28 leaf rust resistant genes. 

Yadawad et al., (2015b) reported selection of 

nine homozygous resistant lines from 

screening of 59 F3 progeny rows for leaf rust 

incidence in rust screening nursery. 

 

Molecular marker analysis  

 

Molecular marker analysis was performed on 

selected twenty two lines which were found to 

be resistant to identify the homozygous lines 

carrying both the leaf rust resistant genes.  

 

Out of these, 13 lines showed segregation for 

Lr24 or Lr28 genes indicating that these F2 

plants were heterozygous for these two genes. 

Nine lines found to give uniform 

amplification with all the markers indicating 

that these lines are homozygous for both the 

genes.  

 

The alien segment carrying Lr24 does not 

impose any deleterious effect on yield as 

several cultivars carrying Lr24 have been 

released for cultivation in India has been 

reported by Singh et al., (2007). Similar 

report of evaluation of Forty one families of 

F3 generation for three markers, Lr 24, Lr 28, 

and Lr 9 (Charpe et al., 2012) revealed 

segregation for eight families, several families 

were either non-segregating for one or more 

markers and only one family showed no 

segregation for all the three markers 

SCS5550, SCS73719 and SCS421570 

indicating the homozygosity for all the three 

genes.  

 

These nine lines superior for agronomic traits 

with two major leaf rust resistance genes Lr24 

or Lr28 in the desirable background of DWR 

162 were advanced to F4. These lines can be 

used as genetic resource in future wheat 

breeding programs for improving both yield 

and leaf rust resistance. Further Multi-year / 

multilocation trials are planned for these lines 

to evaluate their potential for release for 

commercial cultivation. 
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