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Abstract 
Rust is one of the most serious fungal diseases that 

hamper the world's’ wheat productivity, with potential 

yield losses of 20 to 30% globally. Several rust 

resistance genes (~80) have been identified and 

introgressed into wheat to develop resistant cultivars. 

However, validation of these genes using 

flanking/linked markers in wheat varieties would be of 

utmost importance for widely used in future breeding 

programs. In the present study, wheat cultivars; 

HD2967, PBW800 and PBW723 were previously 

introgressed for rust resistance genes. HUW234 and 

HUW468 were previously enhanced for grain protein 

content (Gpc-B1). 

 

Therefore, these cultivars were validated for rust 

resistance genes using linked molecular markers and 

phenotypic screening in natural hot spots. The genes 

examined included leaf rust resistance (Lr19, Lr34, 

Lr37 and Lr76), stripe rust resistance (Yr10, Yr15, 

Yr17 and Yr70), stem rust resistance (Sr25 and Sr38) 

and grain protein content linked genes. Analysis of 

marker validation showed that HD2967 and PBW723 

carried all three types of rust resistance genes whereas 

PBW800 possessed only stripe rust resistance genes 

Yr10 and Yr15. These wheat genotypes, with different 

combinations of rust resistance genes were 

subsequently used in resistance breeding. The 

validation of linked markers for rust resistance 

suggested that these prospective lines could be further 

utilised in marker assisted breeding program. 
 

Keywords: Wheat, Rust resistance, Molecular marker, Rust 

pathogens. 

 

Introduction 
Wheat is one of the most crucial cereal crops worldwide and 

serves as a staple food in many regions. It belongs to the 

‘genus, Triticum’ and is cultivated in several forms, 

primarily Triticum aestivum L. (common wheat), T. 
turgidum L. (durum wheat) and T. spelta L. (spelt wheat). 

Wheat accounts for over 21% of the total calories and nearly 

55% of the carbohydrates in the human diet26. Therefore, its 
role in global food security is indispensable, feeding 

approximately 40% of the global population42. In terms of 

production, India ranks second after China, with an average 

productivity of 3.52 tonnes per hectare36. However, 

numerous biotic and abiotic stresses limit the complete 

genetic potential of modern day cultivars, especially in north 

eastern plains of India where wheat output is lower as 

compared to other regions of India.  

 

Among the biotic stresses, diseases caused by rust (stripe, 

leaf and stem) have been major concern for breeders, farmers 

and commercial seed producers for more than a decade20. In 

summary, yellow (stripe) rust is caused by Puccinia 

striiformis f.sp. tritici, stem (black) rust by P. graminis f.sp. 

tritici and brown (leaf) rust by P. triticina21. According to 

Singh et al32, rust infection results in 10 to 30% yield losses 

globally. Puccinia species require favorable environment to 

produce inoculums before rust is dispersed by the wind30. 

The stem rust pathogen best thrives in warm and humid 

(~30oC) environments. The leaf rust pathogens best grow at 

low humidity and temperatures 20–24°C while temperature 

ranging from 12 to 20oC is best suited for stripe rust 

growth31.  

 

Using conventional breeding approach, it generally takes 

seven to twelve years to develop a wheat cultivar that is 

resistant to rust whereas with marker-assisted selection 

(MAS), breeding can significantly shorten this timeframe9. 

Several crops including rice, wheat, maize, tea and peanuts, 

have greatly benefited from the use of the MAS7-9. In MAS, 

various marker such as SSRs (Simple Sequence Repeats) 

and KASP (Kompetitive Allele Specific PCR) can be used 

to identify a resistant plant in the early generations.  

 

Nevertheless, owing to their repeatability, robust 

amplification, co-dominant inheritance, multi-allelic nature, 

broad genome coverage and ease of accessibility, SSR 

markers are still famous among plant breeders for MAS and 

molecular mapping studies14. For example, traits like grain 

weight and grain protein content of popular varieties have 

been successfully improved using SSR markers38. In other 

studies, several traits including grain quality and rust 

resistance have been improved using SSR markers19,41. Gene 

pyramiding, which involves introducing many resistance 

genes into a single cultivar, is another practical method for 

improving rust resistance. The development of molecular 

markers that flank or are linked to resistance genes and their 

application in breeding may expedite the gene pyramiding 

process as well as reducing costs at the same time7.  

 

Gene-specific flanking markers are used for the 

introgression or pyramiding of resistance genes and have 
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been validated in parental genotypes to enhance the 

reliability of target gene10. Molecular markers are also 

effective for the introgression of desirable genes into 

susceptible cultivars and for the detection of desirable genes 

targeting specific traits during early seedling stage and are 

useful in introgression. Validation of previously reported 

molecular markers in our parental genotypes is also required 

to measure their usefulness in the target breeding program.  

 

Accordingly, in the present study, we have validated known 

linked markers for rust resistance and grain protein content 

gene in the parental genotypes for the presence or absence of 

the genes and its phenotypic expression. The major 

advantage of this validation is to detect their presence in 

agronomical superior wheat genotypes, which can be used in 

future breeding program. 

 

Material and Methods 
Plant materials: Seed of improved variety HD2967 were 

provided by Chaudhary Charan Singh University, Meerut, 

Uttar Pradesh, India while PBW800 and PBW723 were 

obtained from Punjab Agricultural University, Ludhiana, 

Punjab, India, for validation of introgressed genes. The 

improved wheat lines (HUW234 and HUW468) with 

enhanced grain protein content (Gpc-B1) and high grain 

weight (HGW), popular in the Eastern Gangetic plains were 

collected from the Institute of Agricultural Sciences, BHU, 

Varanasi, Uttar Pradesh, India. These cultivars were 

validated for their inrogressed gene of rust resistance/grain 

protein content in the present study (Table 1).  

 

Seeds were grown during the Rabi season of 2017-18 at the 

Agricultural Research Farm, Banaras Hindu University, 

Varanasi, for gene validation using specific markers. Here a 

number of improved genotypes (HD2967, HUW234 

HUW468, PBW800 and PBW723,) were identified positive 

using previously linked markers. The same set was 

subsequently grown in the off-season/summer nursery at 

PAU Regional Research Station, Keylong, Lahaul Spiti, 

H.P., for stripe rust screening and at the ICAR-IARI 

Regional Station, Wellington (T.N.) for leaf and stem rust 

pathogen screening. The Agra local was used as susceptible 

check for all three rusts.  

 

Phenotyping for rust infection: Disease evaluation was 

performed using modified Cobb's scale of 0–100%24. This 

scale was developed to estimate proportion of the area of a 

stripe or leaf or stem infection by rust pustules. The rust 

severity percentages were individually calculated for all 

three rusts24. The infection type (IT) was recorded as part of 

assessment of the host response27. The final disease severity 

score for each individual plant was calculated by multiplying 

their IT estimation by the corresponding numerical value 

(Tr-0.1, R-0.2, MR-0.4, M-0.6, MS-0.8 and S-1.0). The 

scores for each genotype were then averaged to produce the 

average coefficient of infection (ACI) 27. 

 

DNA extractions and PCR Protocol: A modified CTAB 

method28 was employed to extract DNA from 21-day-young 

leaves of wheat seedlings. The extracted DNA was stored at 

–20°C for subsequent use. Molecular markers strongly 

linked to specific genes were selected from previous 

literature related with leaf rust (Lr24 and Lr34), leaf 

rust/stripe rust/stem rust (Lr37/Yr17/Sr38), stripe rust (Yr10 

and Yr15), leaf/stripe rust (Lr76/Yr70), leaf/stem rust 

(Lr19/Sr25) and grain protein content (Gpc-B1). 

 

The PCR reaction mixture was prepared using 1-2µL of 

100ng DNA template, 1.5µL of 10X PCR buffer (MBI 

Fermentas, Germany), 1µL primers (20 mM) of each 

forward and reverse primer (Metabion, Germany), 0.2µL 

of 10 mM dNTPs (MBI Fermentas, Germany), 0.2µL of 

25 mM MgCl2 (MBI Fermentas, Germany), 0.2 µL Taq 

polymerase (3 U/µl) (MBI Fermentas, Germany) and 9.9µL 

of double-distilled water. PCR reactions were performed in 

a thermal cycler (Bio-Rad) with the following PCR 

conditions: initial denaturation at 94°C for 4 minutes 

followed by 35 cycles of 94°C for 1 minute, ~55-60°C 

(depending on marker) for 1 minute, extension at 72°C for 

2 minutes and a final extension at 72°C carried out for 10 

minutes. The PCR conditions varied for diverse primers, 

mostly with the variation in annealing temperature for 

each primer (Table 2). 

 

The amplified PCR products were resolved on agarose gel 

(2.0-2.5%), prepared by adding agarose (6.0-7.5 gm) to 300 

ml TAE buffer (1X) in a flask (1000 ml capacity) and boiled 

carefully till agarose melted completely and finally 9µl (10 

mg/ml) ethidium bromide was added to the gel. For each 

DNA sample, 2 µl of 10X loading dye (MBI, fermentas) was 

added and the complete mixture was loaded in the agarose 

gel. Amplified fragments were observed under UV light and 

gel photographed was taken using gel documentation system 

(UVP, GelDoc-It®Imager). 

 

Table 1 

Description of plant materials 

Improved variety Introgressed gene Characteristic features 

HD2967 Lr19-Sr25, Yr10 and Lr34 Resistant to all three rust 

PBW723 Lr37/Yr17/Sr38, Lr76/Yr70 and  

CRE5 

PBW800 Yr10 and Yr15 Resistant to stripe rust 

HUW234  

Gpc-B1 and HGW (HGW=High 

Grain Weight) 

HUW234 and HUW468 have been improved for high 

grain protein (>3% more) and 20% higher grain weight 

than original variety22,38. HUW468 
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Table 2 

PCR conditions for primer pairs used to validate molecular markers for different rust-resistant genes 
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GPC- B1 Gpc-B1 Xucw108 6BS F-

AGCCAGGGATAGAGGA

GGAA 

R-

AGCTGTGAGCTGGTGTC

CTT 

217 (P) 60.5°C, 

1 min 

Dominant35 

 

 

Leaf 

/stem rust 

Lr19/Sr25 Xwmc221 7DL F-

ACGATAATGCAGCGGG

GAAT 

R-

GCTGGGATCAAGGGATC

AAT 

190 bp 

(P), 230 

bp (A) 

57°C, 

1 min 

Co-

dominant12 

Sr25 STS-GB 7DL F-CATCCTTGGGGACCTC  

R-

CCAGCTCGCATACATCC

A 

130 bp 

(P) 

60°C, 

1 min 

Dominant18 

Leaf rust Lr34 STS 

(CsLV34) 

7DS F-

GTTGGTTAAGACTGGTG

ATGG 

R-

TGCTTGCTATTGCTGAA

TAGT 

150 (P), 

229 (A) 

55°C, 

1 min 

Co-

dominant17 

Yellow 

rust 

Yr10 Psp3000 1BS F-

GCAGACCTGTGTCATTG

GTC 

R-

GATATAGTGGCAGCAGG

ATACG 

260 (P), 

240 (A) 

59°C, 

1 min 

Co-

dominant39 

Yellow 

rust 

Yr15 Xbarc8 1BS F-

GCGGGAATCATGCATAG

GAAAACAGAA 

R-

GCGGGGGCGAAACATA

CACATAAAAACA 

185 (P), 

230 (A) 

64°C, 

1 min 

Co-

dominant23 

Yellow 

/leaf rust 

Yr70/Lr76 Xgwm190 5DS F-

GTGCTTGCTGAGCTATG

AGTC 

R-

GTGCCACGTGGTACCTT

TG 

190 bp 

(P), 208 

bp (A) 

59°C, 

1 min 

Co-

dominant3 

Leaf / stem 

/yellow 

rust 

Lr37/Sr38 

/Yr17 

Xcmwg682/ 

VENTRIUP

-LN-2 

2NS/ 

2AS 

F-

AGGGGCTACTGACCAAG

GCT 

R-

TGCAGCTACAGCAGTAT

GTACACAAAA 

262-285 

(P) 

60.5°C, 

1 min 

Dominant13 

*P-Present, A-Absent 
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Results and Discussion 
At an early stage of growth, molecular markers with a 

tight linked with the resistance genes can aid in the 

selection of lines carrying one or more such genes6,33. A 

pathogen finds it very difficult to defeat a combination of 

race-specific and non-race-specific resistance genes. In the 

present investigation, three Indian wheat cultivars HD2967, 

PBW800 and PBW723 previously improved for rust 

resistance, were validated and can be utilised for the gene 

pyramiding. The cultivars HUW234 and HUW468 were 

validated for the presence of Gpc-B1 and HGW genes along 

with rust resistance genes. All five wheat cultivars were 

validated for the presence or absence of various gene 

combinations using gene-specific markers (Table 3). Three 

rust-resistant genes, namely Lr19/Sr25, Yr10 and Lr34, were 

confirmed in the HD2967 genotype.  

 

The Lr19/Sr25 gene linked SSR marker Xwmc221 and GB, 

produced amplified band sizes of 190 bp and 130 bp 

respectively. The Yr10 gene, linked to the SSR marker 

PSP3000 was amplified with band size 260 bp, The Lr34 

gene linked SSR marker CsLv34 was amplified with band 

size 150 bp. The wheat cultivar PBW800 was found to carry 

two yellow rust genes Yr10 and Yr15, where Yr10 gene was 

indicated by the SSR marker PSP3000 (260 bp) and the Yr15 

gene was detected by the marker Xbarc8 (185 bp).  

 

The wheat cultivar PBW723 carries several linked genes 

Lr37/Yr17/Sr38/CRE5, as indicated by the marker 

Xcmwg682/VENTRIUP-LN-2 which amplified 262-285 bp 

band and the Lr76/Yr70 gene by Xgwm190 marker, with a 

band size of 190 bp. Hence, three wheat cultivars (HD2967, 

PBW800 and PBW723) possessed different rust resistance 

genes in their background except for the quality trait gene 

Gpc-B1.  

 

However, only the Gpc-B1 gene, responsible for grain 

protein content, was present in improved HUW234 and 

HUW468 genotypes linked to Xucw108 marker and 

amplified at a band size 217 bp. These validated wheat 

cultivars for different rust resistant gene and grain protein 

content can be used for the development of pyramided lines 

in future wheat improvement programs. Disease severity 

was assessed at the adult stage in all five wheat varieties for 

leaf, stem and stripe rusts using the Modified Cobb's 

method24 at ICAR-IIWBR, Dalang Maidan, Keylong, 

Himachal Pradesh. Agra local, well known widely used 

susceptible cultivar of wheat for all three rust was included 

in current study as an infector line.

 

Table 3 

The presence or absence of the grain protein content gene (Gpc-B1) and all three rust resistance genes based on 

molecular markers in wheat genotypes. 

Genes/QTL Improved 

HUW234  

Improved 

HUW468  

Improved 

HD2967 

Improved 

PBW800 

Improved 

PBW723 

Gpc-B1 + + - - - 

Lr19/Sr25 - - + - - 

Lr34 - - + - - 

Yr10 - - + + - 

Yr15 - - - + - 

Yr70/Lr76 - - - - + 

Lr37/Sr38/Yr17 - - - - + 

 

Table 4 

Results of phenotypic screening of 5 genotypes and a check cv., Agra local under glass-house conditions against 

several pathotypes of the leaf and stripe rusts 

Wheat 

rust 

Pathotypes Distribution 

of wheat 

growing zone 

of India 

Status HUW 

234 

HUW 

468 

HD 

2967 

PBW723 PBW800  

Agra 

local 

 

Stripe 

rust 

46S119 

78S84 

NWPZ and 

NHZ 

Predominant 

Predominant 

S 

S 

S 

S 

R 

R 

 

R 

R 

 

R 

R 

S 

S 

Leaf 

rust 

77-5 

77-8 104-2 

12-1 

Present in 

uniformly in 

all zones 

High virulence 

Predominant 

Predominant 

Predominant 

S 

S 

S 

S 

S 

S 

S 

S 

R 

R 

R 

R 

MR 

R 

R 

R 

MR 

R 

R 

R 

S 

S 

S 

S 

Stem 

Rust 

40A 

40-1 117-6 

CZ, PZ and 

SHZ 

Predominant 

Predominant 
Predominant 

S 

S 
S 

S 

S 
S 

R 

R 
R 

R 

R 
R 

S 

MR 
S 

S 

S 
S 

*R-Resistant, MR-Moderately Resistant, S-Susceptible, NHZ-Northern Hills Zone, NWPZ-North Western Plain Zone, PZ-

Peninsular Zone, CZ-Central Zone, SHZ-Southern Hills Zone. 
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Phenotypic disease screening revealed that HD2967 and 

PBW723 were rust-free (0%) while HUW234 and 

HUW468 showed susceptibility (80%) to leaf and stripe 

rust. PBW800 exhibited resistance to stripe rust and 

moderate resistance to leaf rust (15%). Seedling tests with 

rust pathotypes were conducted at the IIWBR Regional 

Station, Flowerdale, Shimla. However, in recent years, new 

virulent races targeting some of these resistance genes have 

emerged25. In the present experiment, the HD2967 was 

resistant to four leaf rust pathotypes (77-5, 77-8, 104-2 and 

12-1), three pathotypes of stem rust (40A, 40-1 and 117-6) 

and also two stripe rust pathotypes (46S119 and 78S84). 

Among the leaf rust groups, pathotypes 77-5, 77-8, 104-2 

and 12-1 were identified as the most significant emerging 

races, with pathotype 77-5 being the most predominant12. 

Phenotypic screening across all pathotypes of leaf, stem and 

stripe rust revealed that genotypes showed different 

combinations of susceptibility and resistance (Table 4). 

 

Molecular markers for gene validation 

Developing rust-resistant cultivars remains the primary 

method for battling the leaf, stem and stripe rust diseases in 

wheat; however, the traditional breeding methods are often 

inefficient and time consuming. To evaluate the potential 

donor lines, MAS is currently being employed, increasing 

the effectiveness and efficiency of selection for passing 

along and tracing genes in later generations through the 

selection process40. In the current study, several rust-

resistant genes were validated in improved lines, namely 

HD2967, PBW800 and PBW723 and for grain protein 

content in HUW234 and HUW468. Therefore, identified 

tightly linked markers to the leaf, stripe and stem rust 

resistance and high grain protein genes were highly 

recommended for use in future wheat breeding programs. 

 

Lr19/Sr25 Gene: The efficacy against pathotypes of leaf 

rust, Agropyron elongatum - derived 7DL translocation 

harbouring the Lr19/Sr25 rust gene has also shown 

effectiveness against stem rust race Ug99 and its variants. 

Consequently, breeding lines of wheat carrying the 

Lr19/Sr25 translocation segment have been developed 

worldwide. The objective of the present study was to identify 

wheat genotypes carrying the Lr19/Sr25 gene linked to the 

Xwmc221 marker. Additionally, the Gb marker was 

employed to detect the presence of the Sr25 gene. The co-

dominant Xwmc221 marker yields a 190 bp fragment, 

indicating the presence of the resistance gene, while a 230 

bp band signifies its absence [Figure 1(i)]. Conversely, the 

GB marker, being dominant in nature, exhibits a single band 

of 130 bp, confirming the presence of the Sr25 gene [Figure 

1(ii)]. 

 

Lr34 gene: The development of a gene-specific DNA 

marker for Lr34 provides a powerful tool for MAS in wheat 

breeding, enabling the introduction of slow-rusting 

resistance to leaf rust17. In the present study, presence of the 

Lr34 gene, was confirmed using STS marker CsLv34 and 

validated in the chosen wheat genotypes. Among the five 

wheat genotypes, only HD2967 exhibited 150 bp fragment, 

indicating the presence of the Lr34 gene, while the other 

genotypes displayed a 229 bp fragment, indicating the 

absence of the Lr34 gene (Figure 2). The association of the 

Lr34 gene with Yr18 was referred by Lagudah et al17. To 

reduce future losses from leaf rust epidemics, rapid 

incorporation of Lr34gene into adapted wheat cultivars is 

crucial29. 

 

Yr10 gene: The presence of the stripe rust resistance gene 

Yr10 was confirmed in two donors genotypes, HD2967 and 

PBW800 using the linked marker Xpsp3000. This dominant 

gene, located on the short arm of chromosome 1B, was 

initially discovered in the PI178383 wheat line. Reports 

from China34, Iran1, Pakistan and the United States8 

indicated that Yr10 is present in race-specific populations 

and confers resistance against all races of stripe rust. The 

Xpsp3000 marker, tightly linked with Yr10, can also be 

utilized to detect resistant genotypes at various stages of 

plant development39. According to Bariana et al4, cultivars 

possessing the Yr10 gene amplified a 260–285 bp fragment, 

whereas genotypes lacking the gene amplified only a 240 bp 

fragment (Figure 3). 

 

Yr15 gene: Among the assessed lines, only PBW800 was 

found to possess the stripe rust resistance gene Yr15. This 

gene is located on 1BS chromosome derived from T. 
dicoccoides. 

 

  
Figure 1: Amplification for (i). Lr19/Sr25-linked marker Xwmc221, 190bp(P), 230bp(A) (ii). Sr25-linked marker GB, 

130bp(P), Ladder-100bp, P1-HUW234, P2-HD2967, P3-PBW800, P4-HUW468 and P5-PBW723 
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Figure 2: Amplification for Lr34-linked marker CsLv34, 150bp(P),229bp(A), Ladder-100bp, P1-PBW800,  

P2-HD2967, P3-PBW723, P4-HUW234 and P5-HUW468 

 

 
Figure 3: Amplification for Yr10-linked marker Psp3000, 260-285bp(P), 240bp(A), Ladder-100bp, P1-PBW723,  

P2-HD2967, P3-PBW800, P4-HUW234 and P5-HUW468 

 

Recent genetic mapping conducted by Murphy et al23 

revealed that two SSR markers, Xbarc8 and Xgwm413, are 

tightly linked with Yr15 within the studied population. The 

perfect linkage observed between Yr15 and markers may be 

attributed to the fact that Yr15 is an introgression from the 

wild wheat species T. dicoccoides and recombination is 

limited in the surrounding genomic region4. In the current 

investigation, the Xbarc8 marker, indicative of the presence 

of the Yr15 gene at 185 bp and lack at 230 bp, was employed 

(Figure 4). 

 

Lr76/Yr70 gene: The Lr76 and Yr70 genes, derived from 

Aegilops umbellulata, are located on chromosome 5D of 

wheat. The location of the alien introgression has been 

identified as the 9.47 Mb regions on the short arm of wheat 

chromosome 5D3. Rust resistance genes, both for stem and 

leaf rust, from A. umbellulata were transferred to susceptible 

wheat cultivar WL711 through induced homoeologous 

pairing. In the present study, the presence of the Lr76/Yr70 

gene was assessed using the Xgwm190 primer3. In this 

investigation, the amplification of Xgwm190 marker is 

indicative of the presence of the Yr70/Lr76 gene at 190 bp 

and its lack at 208 bp (Figure 5). 

 

Lr37/Sr38/Yr17 gene: The Lr37/Sr38/Yr17 rust resistance 

gene cluster was successfully transferred to the short arm of 

bread wheat chromosome 2AS using a segment of T. 
ventricosum (Tausch) Cess. chromosome 2NS13. Initially, 

this cluster gene Lr37/Sr38/Yr17 was originally introduced 

into the winter bread wheat line 'VPM1'4. Specific primers, 

Xcmwg682/VENTRIUP-LN-2 and SCAR marker SC-372 

were designed to locate this rust resistance gene cluster in 

commercial wheat cultivars. In wheat lines containing 

Lr37/Sr38/Yr17, PCR products were amplified at 262-285 

bp and 300-500 bp respectively while none of the bands were 

detected in the negative control. PCR amplification using the 

marker Xcmwg682 resulted in band sizes ranging from 262 

to 285 bp, indicating the presence of the Sr38 gene, while 

using SCAR marker, SC-372 resulted in band sizes ranging 

from 300 to 500 bp, indicating the presence of the Yr17 gene 

(Figure 6 (i) and (ii)). 

 

Gpc-B1 gene: The increase in gpc can be achieved by 

transferring the Gpc-B1 gene from T. turgidum sp. 

dicoccoides into durum wheat15. The genotype Glu269 has 

been utilised as the donor parent for the introgression of the 

Gpc-B1 gene, which confers high GPC in the recipient 

varieties HUW234 and HUW46822,37. Breeding for the Gpc-

B1 gene can be difficult because it is inversely correlated 

with grain yield, however, some findings suggest that this 

gene has minimal or no impact on grain yield, protein 

quality, plant height, or heading date across different genetic 

backgrounds11,15.  

 

In the present study, Gpc-B1 gene was detected in improved 

HUW234 and HUW468 genotypes, linked to the Xucw108 



Research Journal of Biotechnology                                                                                                        Vol. 21 (1) January (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/211rjbt2390248      245 

marker and amplified at a band size 217 bp. Additionally, 

the GPC locus and the stripe rust resistance gene Yr36 were 

closely related and it can be tagged using the same Gpc-B1 

markers (https://maswheat.ucdavis.edu/protocols/HGPC) 

(Figure 7). 

 

 
Figure 4: Amplification for Yr15-linked marker Xbarc8, 185bp(P),230bp(A), Ladder-100bp, P1-PBW723,  

P2-PBW800, P3-HD2967, P4-HUW234 and P5-HUW468 

 

 
Figure 5: Amplification for Lr76/Yr70-linked marker Xgwm190, 190bp(P),208bp(A), Ladder-100bp, P1-HUW234, 

P2-HD2967, P3-PBW800, P4-HUW468 and P5-PBW723 

 

 
Figure 6: (i) Amplification for Sr38-linked marker Xcmwg682/VENTRIUP-LN-2, 262-285bp(P)  

P1-HUW234/HUW468, P2- PBW723 (ii) Amplification for Yr17-linked marker SC-372, 300-500bp(P)  

P1-HUW234/HUW468, P2-PBW723; Ladder-100bp 

https://maswheat.ucdavis.edu/protocols/HGPC
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Figure 7: Amplification for Gpc-B1-linked marker Xucw108, 217bp(P), Ladder-100bp, P1-PBW800, P2-PBW723,  

P3-HD2967, P4-HUW234 and P5-HUW468 

 

Conclusion 
The identified wheat resistant lines with known genes found 

in present work can be helpful in marker-assisted breeding 

programs for multiple genes stacking. The present 

experiment reveals the presence of Lr19/Sr25+Lr34+Yr10 
in HD2967, Yr10 + Yr15 in PBW800, Lr76/Yr70 + 

Lr37/Yr17/Sr38 in PBW723, Gpc-B1 + HGW in both 

HUW234 and HUW468 respectively. These wheat 

genotypes contain rust resistance genes for leaf rust (Lr34), 

stripe rust (Yr10 and Yr15) and combination of rust 

resistance genes like Lr19/Sr25 (leaf/stem rust), 

Lr76/Yr70 (leaf/stripe rust) and Lr37/Yr17/Sr38 

(leaf/stripe/stem rust).  

 

These genotypes can be used as potential donors for leaf, 

stem and stripe rust resistance in marker-assisted breeding. 

The knowledge gained in the present investigation about 

linked molecular markers with rust resistance genes and high 

grain protein content gene will be highly useful to develop 

cultivar for rust resistance with enhanced grain protein 

content. 

 

Acknowledgement 
Department of Biotechnology, Government of India, is duly 

acknowledged for financial support to conduct present 

investigation. Additionally, authors would like to 

acknowledge Regional Station, ICAR-IIWBR Dalang 

Maidan and Flowerdale, Shimla (H.P.), ICAR-IARI, RS, 

Wellington (T.N.) and BISA Ludhiana (Punjab), for off-

season trial facilities and rust screening under field and 

epiphytotic conditions. 

 

References 
1. Afshari F., Prevalent Pathotypes of Puccinia striiformis f. sp. 

tritici in Iran, J. Agric. Sci. Technol., 10, 67-78 (2008) 
 

2. Bansal M. et al, Aegilops umbellulata introgression carrying leaf 

rust and stripe rust resistance genes Lr76 and Yr70 located to 9.47-

Mb region on 5DS telomeric end through a combination of 

chromosome sorting and sequencing, Theor. Appl. Genet., 133, 

903-915 (2020) 

3. Bansal M., Kaur S., Dhaliwal H.S., Bains N.S., Bariana H.S., 

Chhuneja P. and Bansal U.K., Mapping of Aegilops umbellulata-

derived leaf rust and stripe rust resistance loci in wheat, Plant 

Pathol., 66, 38-44 (2017) 

 

4. Bariana H.S. and McIntosh R.A., Cytogenetic studies in wheat. 

XV. Location of rust resistance genes in VPM1 and their genetic 

linkage with other disease resistance genes in chromosome 2A, 

Genome, 36, 476-482 (1993) 

 

5. Bariana H.S., Brown G.N., Ahmed N.U., Khatkar S., Conner 

R.L., Wellings C.R. and Laroche A., Characterization of Triticum 

vavilovii-derived stripe rust resistance using genetic, cytogenetic 

and molecular analyses and its marker-assisted selection, Theor. 

Appl. Genet., 104, 315-320 (2002) 

 

6. Bhawar K.B., Sharma J.B., Singh A.K., Sivasamy M., Singh M., 

Prabhu K.V. and Singh B., Molecular marker assisted pyramiding 

of leaf rust resistance genes Lr19 and Lr28 in bread wheat 

(Triticum aestivum L.) variety HD2687, Indian J. Genet. Plant 

Breed., 71, 304-311 (2011) 

 

7. Bipinraj A., Honrao B., Prashar M., Bhardwaj S., Rao S. and 

Tamhankar S., Validation and identification of molecular markers 

linked to the leaf rust resistance gene Lr28 in wheat, J. Appl. 

Genet., 52, 171-175 (2011) 

 

8. Bux H., Rasheed A., Siyal M.A., Kazi A.G., Napar A.A. and 

Mujeeb-Kazi A., An overview of stripe rust of wheat (Puccinia 

striiformis f.sp. tritici) in Pakistan, Arch. Phytopathol. Plant Prot., 

45, 2278-2289 (2012) 

 

9. Collard B.C. and Mackill D.J., Marker-assisted selection: an 

approach for precision plant breeding in the twenty-first century, 

Philos. Trans. R. Soc. B Biol. Sci., 363, 557-572 (2007) 

 

10. Datta D., Prashar M., Bhardwaj S.C. and Singh S., Alternate 

schemes for combining leaf rust resistance genes through 

molecular marker, Indian J. Agric. Sci., 81, 602-605 (2011) 
 

11. Gautam T., Dhillon G.S., Saripalli G., Singh V.P., Prasad P., 

Kaur S., Chhuneja P., Sharma P.K., Balyan H.S. and Gupta P.K., 

Marker-assisted pyramiding of genes/QTL for grain quality and 

rust resistance in wheat (Triticum aestivum L.), Mol. Breed., 40, 1-

4 (2020) 



Research Journal of Biotechnology                                                                                                        Vol. 21 (1) January (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/211rjbt2390248      247 

12. Gupta S.K., Charpe A., Prabhu K.V. and Haque Q.M.R., 

Identification and validation of molecular markers linked to the 

leaf rust resistance gene Lr19 in wheat, Theor. Appl. Genet., 113, 

1027-1036 (2006) 

 

13. Jeeffin Blessikha R. and Isac Sobana Raj C., Green 

Amalgamation of Copper Nanoparticles of Assorted Size 

exploiting Lawsonia inermis Leaf: Biological Assay and 

Photocatalytic Activity, Res. J. Chem. Environ., 27(6), 8-17 (2023) 

 

14. Kalia R.K., Rai M.K., Kalia S., Singh R. and Dhawan A.K., 

Microsatellite markers: an overview of the recent progress in 

plants, Euphytica, 177, 309-334 (2011) 

 

15. Khan M.A., Shah M.D. and Saini R.G., Multiple disease 

resistance of an Australian bread wheat cultivar Cook, Australas. 

Plant Pathol., 41, 131-137 (2012) 

 

16. Lagudah E.S., Krattinger S.G., Herrera-Foessel S., Singh R.P., 

Huerta-Espino J., Spielmeyer W. and Keller B., Gene-specific 

markers for the wheat gene Lr34/Yr18/Pm38 which confers 

resistance to multiple fungal pathogens, Theor. Appl. Genet., 119, 

889-898 (2009) 

 

17. Lagudah E.S., McFadden H., Singh R.P., Huerta-Espino J., 

Bariana H.S. and Spielmeyer W., Molecular genetic 

characterization of the Lr34/Yr18 slow rusting resistance gene 

region in wheat, Theor. Appl. Genet., 114, 21-30 (2006) 

 

18. Liu S., Yu L.X., Singh R.P., Jin Y., Sorrells M.E. and Anderson 

J.A., Diagnostic and co-dominant PCR markers for wheat stem rust 

resistance genes Sr25 and Sr26, Theor. Appl. Genet., 120, 691-697 

(2010) 

 

19. Mallick N., Vinod, Sharma J.B., Tomar R.S., Sivasamy M. and 

Prabhu K.V., Marker-assisted backcross breeding to combine 

multiple rust resistance in wheat, Plant Breed, 134, 172-177 (2015) 

 

20. Marsalis M.A. and Goldberg N.P., Leaf, stem and stripe rust 

diseases of wheat, New Mexico State Univ., College of Agriculture 

and Home Economics, Guide A-415 (2006) 

 

21. McIntosh R.A., Wellings C.R. and Park R.F., Wheat rusts: an 

atlas of resistance genes, CSIRO Publishing, Australia (1995) 

 

22. Mishra V.K., Gupta P.K., Balasubramaniam A., Chand R., 

Vasistha N.K., Vishwakarma M.K. and Joshi A.K., Introgression 

of a gene for high grain protein content (Gpc-B1) into two leading 

cultivars of wheat in Eastern Gangetic Plains of India through 

marker assisted backcross breeding, J. Plant Breed. Crop Sci., 7, 

292-300 (2015) 

 

23. Murphy L.R., Santra D., Kidwell K., Yan G., Chen X. and 

Campbell K.G., Linkage maps of wheat stripe rust resistance genes 

Yr5 and Yr15 for use in marker-assisted selection, Crop Sci., 49, 

1786-1790 (2009) 

 

24. Peterson R.F., Campbell A.B. and Hannah A.E., A 

diagrammatic scale for estimating rust intensity on leaves and 

stems of cereals, Can. J. Res., 26, 496-500 (1948) 

 

25. Prasad P., Gangwar O.P., Bharadwaj S.C. and Kumar S., 

Monitoring pathotype distribution of Puccinia species on wheat 

and barley, Mehtaensis, 39, 5-9 (2019) 

26. Riaz M.W., Yang L., Yousaf M.I., Sami A., Mei X.D., Shah L., 

Rehman S., Xue L., Si H. and Ma C., Effects of heat stress on 

growth, physiology of plants, yield and grain quality of different 

spring wheat (Triticum aestivum L.) genotypes, Sustainability, 13, 

2972 (2021) 

 

27. Roelfs A.P., Singh R.P. and Saari E.E., Rust diseases of wheat: 

concepts and methods of disease management, 2nd ed., CIMMYT, 

Mexico, 25 (1992) 

 

28. Saghai-Maroof M.A., Soliman K.M., Jorgensen R.A. and 

Allard R., Ribosomal DNA spacer-length polymorphisms in 

barley: Mendelian inheritance, chromosomal location and 

population dynamics, Proc. Natl. Acad. Sci., 81, 8014-8018 (1984) 

 

29. Saharan M.S. and Tiwari R., Durable resistance in wheat, Int. 

J. Genet. Mol. Biol., 3, 108-114 (2011) 

 

30. Singh R.P. and Rajaram S., Genetics of adult plant resistance 

to stripe rust in ten spring bread wheat, Euphytica, 72, 1-7 (1993) 

 

31. Singh S.S., Sharma R.K., Singh G., Tyagi B.S. and Saharan 

M.S., 100 years of wheat research in India: a saga of distinguished 

achievements, CIMMYT, Mexico (2011) 

 

32. Singh R.P., Huerta-Espino J. and Rajaram S., Achieving near-

immunity to leaf and stripe rusts in wheat by combining slow 

rusting resistance genes, Acta Phytopathol. Entomol. Hung., 35, 

133-139 (2000) 

 

33. Suresh S. and Malathi D., Gene pyramiding for biotic stress 

tolerance in crop plants, Wkly. Sci. Res. J., 1, 1-14 (2013) 

 

34. Temel A., Sentürk-Akfirat F., Ertugrul F., Yumurtaci A., Aydın 

Y., Talas-Ogras T. and Uncuoglu A.A., Yr10 gene polymorphism 

in bread wheat varieties, Afr. J. Biotechnol., 7, 2328-2332 (2008) 

 

35. Uauy C., Distelfeld A., Fahima T., Blechl A. and Dubcovsky 

J., A NAC gene regulating senescence improves grain protein, zinc 

and iron content in wheat, Science, 314, 1298-1301 (2006) 

 

36. USDA Circular Series, World Agriculture Production, July, 

USDA, Washington D.C. (2024) 

 

37. Vishwakarma M.K., Arun B., Mishra V.K., Yadav P.S., Kumar 

H. and Joshi A.K., Marker-assisted improvement of grain protein 

content and grain weight in Indian bread wheat, Euphytica, 208, 

313-321 (2016) 

 

38. Vishwakarma M.K., Mishra V.K., Gupta P.K., Yadav P.S., 

Kumar H. and Joshi A.K., Introgression of the high grain protein 

gene Gpc-B1 in an elite wheat variety of Indo-Gangetic Plains 

through marker assisted backcross breeding, Curr. Plant Biol., 1, 

60-67 (2014) 

 

39. Wang L., Ma J., Zhou R., Wang X. and Jia J., Molecular 

tagging of the yellow rust resistance gene Yr10 in common wheat, 

PI 178383 (Triticum aestivum L.), Euphytica, 124, 71-73 (2002) 
 

40. William H.M., Trethowan R. and Crosby-Galvan E.M., Wheat 

breeding assisted by markers: CIMMYT’s experience, Euphytica, 

157, 307-319 (2007) 

 

41. Yaniv E., Raats D., Ronin Y., Korol A.B., Grama A., Bariana 

H. and Fahima T., Evaluation of marker-assisted selection for the 



Research Journal of Biotechnology                                                                                                        Vol. 21 (1) January (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/211rjbt2390248      248 

stripe rust resistance gene Yr15, introgressed from wild emmer 

wheat, Mol. Breed., 35, 1-12 (2015) 

 

42. Zhao L., Zheng Y., Wang Y., Wang S., Wang T., Wang C. and 

Chen F., AHST1-like gene controls tiller angle through regulating 

endogenous auxin in common wheat, Plant Biotechnol. J., 21, 122-

135 (2023). 

 

(Received 20th August 2025, accepted 19th September 2025)

 

 

 

 

 


