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 Molecular and Phenotypic screening of Wheat cultivars against stripe rust caused by Puccinia striiformis f. sp. tritici

Abstract
Stripe rust is a devastating foliar disease of wheat threatening its productivity. During field screening, conducted in the Division of Plant Pathology, P.G. Department of Agriculture, Khalsa College Amritsar, cultivars were categorized into resistance and susceptible on the basis disease severity was noted at 10 intervals, Final Rust Severity (FRS) is observed using modified Cobb’s scale. Out of 34 cultivars, 5 cultivars were resistant, whereas 8 cultivars were susceptible including PBW343 as check. PBW621, PBW660 and PBW766 cultivars were resistant and showed presence of both genes Yr10 and Yr15. Further, SSR marker Xpsp3000 revealed 260 bp fragment in 12 cultivars which signifies presence of Yr10 gene and 240 bp fragment in 22 varieties which depicts absence.  Likewise, Xbarc8 marker showed PCR fragment of 250 bp in 10 cultivars which marks the presence of Yr15 gene, while 24 varieties showed the amplification of 280 bp fragments which signifies the absence of Yr15 gene. The resistance genes Yr10 and Yr15 provide all-stage resistance along with few other genes are still effective against most predominant pathotypes in North India viz., 46S119, 110S119, 238S119, 78S84 for durable disease resistance to wheat crop.
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1. [bookmark: _Hlk179100341]Introduction
[bookmark: _Hlk183878256]Wheat (Triticum aestivum L.) is the most extensively cultivated cereal crop globally, serving as a staple food source for a significant portion of the world’s population. Despite its agricultural importance, wheat productivity is severely constrained by a multitude of biotic and abiotic stressors, which persistently compromise yield potential (Hafez et al., 2020; Alnusairi et al., 2021; Kushnirenko et al., 2021). Among the various phytopathogenic threats, stripe rust (yellow rust), caused by the obligate biotrophic fungus Puccinia striiformis f. sp. tritici (Pst), has emerged as one of the most devastating wheat diseases, posing a major threat to global food security (Figuerosa et al., 2018; Rani et al., 2025). Epidemiological studies indicate that stripe rust is particularly prevalent in key wheat-growing regions, including the Northwest Plain Zone (NWPZ) and the Northern Hills Zone (NHZ) of India, where it significantly reduces grain quality and yield (Singh, 2020). The susceptibility of wheat cultivars to rust diseases is primarily attributed to their narrow genetic base, coupled with frequent pathogen evolution driven by mutations, recombination, migration, and selection pressure. This necessitates the continuous exploration of novel resistance sources to combat emerging virulent strains (Ali et al., 2017; Chawla et al., 2019). Most predominant pathotypes in North India are 46S119, 110S119, 238S119, 78S84 which are drastically affecting disease severity. Correspondingly, the resistance genes Yr5, Yr10, Yr15, Yr18, Yr24/Yr26, Yr32 and YrSp are still effective against all the prevalent pathotypes and were identified imparting resistance alone or in combination with other Yr genes in India (Sandhu, 2024), Conversely, genes including Yr2, Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yr17, Yr18, Yr19, Yr21, Yr22, Yr23, Yr25, Yr27, and YrA have been rendered ineffective against current and newly evolved pathotypes (Haider et al., 2023). The development of wheat genotypes incorporating effective disease-resistance genes represents a sustainable and eco-friendly approach to disease management (Pourkhorshid et al., 2014). Current research has identified 83 formally designated Yr genes (Yr1-Yr83) along with over 100 provisionally named Yr genes and quantitative trait loci (QTL) conferring stripe rust resistance (Li et al., 2020; McIntosh, 2022). These genetic resources comprise 24 all-stage resistance (ASR) and 59 adult-plant resistance (APR) genes (Gessese et al., 2019). 
[bookmark: _Hlk176703868]Molecular marker-assisted selection for stripe rust resistance genes has become an integral component of wheat improvement programs globally, including in India (Tanguy et al., 2005; Zeng et al., 2014). Microsatellites, which covers all 21 wheat chromosomes, are simple sequence repeats (SSR) of 1-6 nucleotides and are frequently employed in research due to their high polymorphism, ease of use, locus specificity, convenient and reliable requiring low amounts of DNA and technical support (Roder et al., 1998; Landjeva et al 2007; Pourkhorshid et al 2014). The Yr10 gene, located on chromosome 1BS (2 cM from the Rg1 locus), was initially identified in wheat lines PI 178383 and Moro (Wang et al., 2002). This dominant resistance gene remains effective against stripe rust in multiple global regions. Similarly, the Yr15 gene, derived from Triticum dicoccoides accession G-25, is also situated on chromosome 1BS. Yr15 confers broad-spectrum resistance, demonstrating efficacy against over 3000 genetically diverse Puccinia striiformis pathotypes worldwide (Chen et al., 2017). Molecular markers for Yr gene allow to screen the wheat germplasm for the presence and absence of Yr genes. Different parameters are used for assessing field resistance of genetic resources and to quantify the severity of stripe rust infection in the evaluated wheat genotypes, parameters such as Final Disease Severity (FDS) and Coefficient of Infection (CI) are used (Ali et al., 2009). Field resistance can be assessed through single scoring using the Coefficient of Infection (CI) and Average Coefficient of Infection (ACI). However, since field resistance is affected by environmental factors and existing pathogen populations, these phenotypic evaluations should be combined with molecular analysis of resistance genes for comprehensive assessment (Hammer et al., 2000). Therefore, present study was carried out to assess the field resistance response of 34 wheat cultivars including check and to screen effective stripe rust resistance genes in wheat cultivars with selected SSR markers in Majha region of Punjab.
2. Material and methods
Research was carried out during (2022-24) at the research farm and in Plant Pathology laboratories of P.G. Department of Agriculture, Khalsa College, Amritsar.
2.1 Plant material and experimental site
The experimental locations are at 31.6335° N latitude and 74.8358° E longitude, with an elevation of 218 metres above sea level. A total of 34 cultivars including susceptible cultivar obtained from the Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana were screened out during, Rabi 2023-24 against stripe rust were sown in the research farm of Khalsa College, Amritsar during second fortnight of October by Pora method using seed dibbler with row to row spacing of 22.5 cm and plant to plant was 10 cm. Details about the origin/pedigree of these cultivars are provided in Table 1.

Table-1 Description of Wheat cultivars and their pedigree 
	S.no.

	Wheat Cultivars
	Pedigree Description

	1.
	DBW-17
	CMH79A.95/3*CNO79//RAJ3777

	2.
	DBW-187
	NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/KACHU/6/KACHU

	3.
	DBW-222
	KACHU/SAUAL/8/ATTILA*2/PBW65/6/PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/YU/4/TRAP#1/7/ATTILA/2*PASTOR

	4.
	DBW-327
	NELOKI//SOKOLL /EXCALIBUR

	5.
	DBW-332
	MUTUS/ROLF07/MUCUY

	6.
	HD-2967
	ALD/COC//URES/HD216OM/HD2278

	7.
	HD-3086
	DBW14/HD2733//HUW468

	8.
	PBW-175
	HD 2160/WG 1025

	9.
	PBW 343
	ND/VG9144//KAL/BB/3/YACO’S’/4/VEE#5’S’

	10.
	PBW-502
	W 485/PBW 343//RAJ 1482

	11.
	PBW-509
	W 1634/PBW 381

	12.
	PBW-550
	WH594/RAJ 3858//W485

	13.
	PBW- 590
	WH594/RAJ3814/W485

	14.
	PBW-621
	KAUZ//ALTAR84/AOS/3/MILAN/KAUZ/4/HUITES

	15.
	PBW-644
	PBW175/HD2643

	16.
	PBW-660
	WG 6761/ WG 6798

	17.
	PBW-677
	PFAU/MILAN/5/CHEN/ AE. SQUAROSSA //BCN/3/VEE#7/BOW/4/PASTOR

	18.
	PBW-723
	PBW343/Aegilops umbellulate and A. vertricosa

	19.
	PBW-725
	PBW 621//GLUPRO/3*PBW 568/3/PBW 621

	20.
	PBW-752
	PBW 621/4/PBW343//YR10/6*AVOCET/3/3* PBW343/5/PBW 621

	21.
	PBW-757
	PBW 550/YR 15/6*AVOCET/3/2*PBW550/4/PBW568+YR36/3*PBW 550

	22.
	PBW-761
	PBW 550/AVOCET

	23.
	PBW-766
	NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/ KACHU/6/KACHU

	24.
	PBW-771
	BW 9246/2*DBW17

	25.
	PBW-803
	BWL0762/PBW621//HD3086

	26.
	PBW-824
	WAXWING//INQALAB91*2/KUKUNA/3/WBLL1*2/TUKURU/8/2*NG8201/KAUZ/4/SHA7//PRL/VEE#6/3/FASAN/5/MILAN/KAUZ/6/ACHYUTA/7/PBW343*2/KUKUNA

	27.
	PBW-826
	WBLL1*2/KKTS//PASTOR/KUKANA/3/KINGBIRD#1//INQALAB91*2/TUKURU/5/KAUZ//ALTAR84/AOS/3/MILAN/KAUZ/4/SAUAL

	28.
	PBW-833
	BWL0762/PBW62 1//HD3086

	29.
	PBW-869
	QUAIU #1//2*WHEAR/KRONSTAD F2004

	30.
	PBW-872
	MULTUS*2/MUU//2*MUCUY

	31.
	PBW-Zn 1
	T. DICOCCON CI9309/ AE. SQUARROSA (409)/3/MILAN/S87230/BAV92/42*MILAN/ S87230//BAV92

	32.
	PBW- Zn 2
	N/A

	33.
	PBW-Ch 1
	WL711- Ae. ovata/CS(S)//WL711 NN/3/3*PBW 175

	34.
	WH-1105
	MILAN/S87230//BABAX


2.2 Multiplication and Inoculation 
Inoculum of the prevalent stripe rust pathotypes in North India (78S84, 46S119, 110S119 & 238S119) sourced from Regional Station, Indian Institute of wheat and Barley Research (IIWBR) Flowerdale, Shimla. These pathotypes multiplied initially multiplied on PBW-343 under protected conditions. Artificial inoculation of pathotype inoculum was done by preparing a spore suspension i.e., mixing spore dust of pathotypes mixture in double distilled water and three to four fine mist sprays of water consisting of uredeospores @1g/litre in the suspension were carried out in evening between 45-55 days after sowing. The spore suspension was sprayed with the help of small hand sprayer evenly on the wheat germplasm at border lines to create natural epiphytotic conditions and repeated if rainfall incidence occur.
2.3 Coefficient of Infection (CI): The determination of the (CI) was executed by applying specific multiplication factors to the severity values. This approach, as outlined by (Pathan and Park 2006), enabled the classification of wheat genotypes into distinct groups based on their observed disease responses. The value of Coefficient of Infection was determined using formulae given by Stubbs,1986; Akhtar et al 2002; Bhardwaj et al., 2016.
CI= Disease severity × Response value
2.4 Final Rust Severity: FRS represents the severity of the disease at its final stage or at a specific endpoint in each genotype. It reflects the overall disease impact and is conducted at a point when the check PBW 343 cultivar exhibited disease severity levels ranging from 90 to 100%. It is a assessed 60-80 days after the onset of disease. The Modified Cobb scale is primarily used to determine the Disease Severity Percentage (Table 2).
Table-2 Host response of Stripe rust on basis of rust severity
	Host Response
	Observation
	Severity
Range
	Response Value

	No Disease
	O
	0
	0.0

	Resistant 
	R
	1-10
	0.2

	Resistant to Moderately Resistant 
	RMR
	10.1-20
	0.3

	Moderately Resistant 
	MR
	20.1-30
	0.4

	Moderately Resistant to Moderately Susceptible (MRMS)
	MRMS
	30.1-40
	0.6

	Moderately Susceptible 
	MS
	40.1-50
	0.8

	Moderately Susceptible to Susceptible 
	MSS
	50.1-60
	0.9

	Susceptible 
	S
	More than 60
	1.0


[bookmark: _Hlk180332653]2.5 DNA Extraction and Quantification: Thirty-four wheat cultivars were screened for the presence of the resistance genes Yr10 and Yr15. Fresh leaves were harvested from two-week old seedlings, and their DNA was extracted using CTAB method (Murray and Thompson, 1980 as modified by Saghai-Maroof et al 1984 and Xu et al 1994) and isolated DNA was diluted in 1× TBE buffer. Both purity and concentration of extracted DNA were checked using a spectrophotometer and it was also quantified using 0.8% agarose gel electrophoresis. Finally, DNA was stored at −20 °C for further polymerase chain reaction (PCR) analysis.
 	2.6 Molecular markers: The presence of stripe rust genes Yr10 and Yr15 was assayed using SSR markers Xpsp3000 and Xbarc8 respectively. SSR markers and their sequences used for screening were based on published results as given in Table 3. The fresh primers were first dissolved in water/TE 10X volume of its concentration.
Table-3 List showing genes, chromosome number, Primer used, Primer sequence, annealing (0C) and base pair 
	Resistant genes for stripe rust
	Chromosome no.
	Primer
	Detail of primer sequence
	Annealing (° C)
	Allele size (bp)
	Reference

	Yr 10
	1B- S
	Xpsp3000
	F 5′GCAGACCTGTGTCATTGGGTC 3′
R 5′GATATAGTCGGCAGCAGGATACG 3′
	55
	+260/
-240
	Wang et al (2002)

	Yr 15
	1B- S
	Xbarc8
	F5′GCGGGAATCATGCATAGGAAAACAGAA3′
R 5′ GATATAGTCGGCAGCAGGATACG 3′
	60
	+250/
-280
	Murphy et al (2009)


[bookmark: _Hlk180332733]2.7 PCR Amplification. Yr10 and Yr15 genes linked with stripe rust resistance were analysed through PCR using specific primers. Amplification reaction using 0.2 ml thin-walled PCR tubes was carried out and reaction components used in amplification reaction are listed in Table 4 with a final reaction volume was set to 25µl. PCR tubes containing master mix and DNA sample were subjected to the thermal profile given in Table 5. The same reaction mixture without genomic DNA was run for each reaction to serve as a negative control. The PCR products were then stored at 40C, until the gel was cast.
Table-4 Concentration of different ingredients used in master mix for PCR amplification 
	S. no.
	Components
	Volume (µl/reaction)

	1.
	PCR 10X buffer (with MgCl2)
	2.5

	2.
	dNTPs mix (2.5 mM)
	2.0

	3.
	Template DNA (50µg/ml)
	2.0

	4.
	Primer (2.5 pmoles/µl)
	2.5 each F and R

	5.
	Taq DNA polymerase (5 units/µl) 
	0.2

	6.
	Sterile Distilled water
	13.3

	
	Total volume
	25


Table-5 Thermal profile for PCR amplification
	Sr. no.
	Step
	Temperature (o C)
	Duration
	No. of Cycle

	1.
	Pre heating
	94
	5 minutes
	1

	2.
	Denaturation
	94
	30 seconds
	
40

	3.
	Annealing (Xpsp3000)
               (Xbarc8)
	55
60
	30 seconds
	

	4.
	Elongation
	72
	30 seconds
	

	5.
	Final extension
	72
	5 minutes
	1

	6.
	Hold
	4
	Infinity
	


2.8 Visualization of PCR products (Gel Electrophoresis)
 After PCR reactions, the amplified product was checked on 1.5% Agarose gel (1.5g of agarose powder to conical flask containing 100ml of 1X TBE buffer). The size in base pair (bp) of the PCR products was estimated using 1000 bp DNA ladder and finally compared with the described sizes in original papers reporting development of the markers. A total of 10 µl PCR amplified product of each sample was mixed with 4µl 6X gel loading buffer to bring the final concentration of loading buffer in reaction sample to 1X and loaded into each well. 
2.9 Molecular analysis and scoring
Both Xpsp3000 and Xbarc8 are Co-dominant SSR markers. The amplified products were scored for primers for their expected size. The amplified profiles of both primers were compared with each other, and the bands of DNA fragment were scored as “+” for the presence and “-” for the absence generating the “-”, “+” matrices. In case of Xpsp3000, the existence of 260 bp will depict the presence of Yr10 gene in wheat varieties, however in case of Xbarc8, amplification product of 250 bp will show the presence of the Yr15 gene. The presence of the gene depicts resistance against yellow rust in the cultivars whereas, the varieties can be prone to prevalent pathotypes of stripe rust if gene is absent.
3. Results
[bookmark: _Hlk184031375]3.1 Field screening for yellow/stripe rust
3.1.1 Disease severity and Host response
[bookmark: _Hlk180317038][bookmark: _Hlk179386977]During cropping season 2023-24, total 34 wheat cultivars were evaluated in the research (Table 6). During the first observation, disease severity ranges from 0-25%. Out of 34 Wheat lines, 11 lines showed 0 to Trace response (TR), whereas maximum stripe rust severity i.e., 25% was observed in PBW343 with moderately resistant reaction (MR) while the remaining 22 cultivars showed severity range from 1-10%. The second observation recorded showed stripe rust severity ranged from 0-30%. 16 varieties showed rust resistant reaction with severity from 0-10%, whereas maximum rust severity was shown by PBW343 (30MR) and trace response was shown by 2 cultivars (PBW 725 and PBW 766) and remaining 16 lines shows severity range from 15-25%. During third observation, disease severity ranges from 0-45%, 13 lines having reaction type Moderately resistant to moderately susceptible showed disease severity ranges from 25- 35% However, 8 lines showed rust resistant reaction with severity from 0-10% and 2 wheat lines showed 0 to trace response. 10 lines showed resistant to moderately resistant response. The fourth observation showed rust severity ranges from 0-65% with susceptible reaction type. Highest severity (45-65%) was recorded in 4 wheat lines (PBW 343, HD 2967, DBW 332, PBW 833) with susceptible host response, whereas 6 varieties showed immune to resistant reaction with rust severity ranges from 0-10% whereas, 24 varieties showed Moderately resistant to moderately susceptible (MRMS) host response ranging 15-40 %. During fifth observation, stripe rust severity varied from 0-80% under which Maximum disease severity with susceptible host response was shown by 18 lines and 13 showed resistant to moderately resistant response ranges (15-30%) while lowest disease severity (0-10%) was observed in 3 cultivars viz., PBW 725, PBW752 and PBW 766 with immune to resistant host reaction.
3.1.2 Final rust severity (FRS)
Final rust severity (FRS) show severity varied from 0-95%. Out of 34 cultivars, eight showed susceptible host response, two lines showed moderately susceptible to susceptible response, four lines showed moderately susceptible response, eleven lines came out to be moderately resistant to moderately susceptible, three varieties showed moderately resistant response, three lines showed resistant to moderately resistant response and three cultivars with disease severity ranges 0-10%, showed resistant response during field screening. PBW343 as check showed the highest disease severity of 95%. 
[bookmark: _Hlk188388960][bookmark: _Hlk188389022]Table-6 Host evaluation of wheat cultivars against stripe rust during, Rabi 2023-24
	HOST RESPONSE
	WHEAT CULTIVARS

	Resistant (R) 
	PBW 725 (2.0), PBW 752 (2.0), PBW 766 (1.0)

	Resistant to Moderately Resistant (RMR)
	PBW 621 (6), PBW 660 (4.5), PBW 677(6)

	Moderately Resistant (MR)
	PBW 826(10), PBW 771 (10), PBW Zn-1(12)

	Moderately Resistant to Moderately Susceptible (MRMS)
	DBW 187 (24), PBW 502 (24), PBW 550 (21), PBW 590 (24), PBW 723 (21), PBW 761 (21), PBW 824 (21), PBW 869 (21), PBW 872 (24), PBW Zn-2 (21), WH 1105 (24)

	Moderately Susceptible (MS)
	DBW 17 (36), PBW 509 (40), HD 3086 (36), PBW 803 (36)

	Moderately Susceptible to Susceptible (MSS)
	DBW 222 (54), PBW 644 (49.5)

	Susceptible (S)
	DBW 327 (65.0), DBW 332 (70.0), HD 2967 (85.0), PBW 175 (65.0), PBW 833 (75.0), PBW Ch 1 (65.0), PBW 757 (65.0) and PBW 343 (95.0) check.


Figures in Parenthesis is coefficient of infection (CI)
[bookmark: _Hlk188389116]

Figure-1 Field-based assessment of 34 wheat cultivars based on FRS and CI

3.2 Molecular validation of effective stripe rust genes in Wheat cultivar with associated SSR markers (Xpsp3000 and Xbarc8)
3.2.1 Molecular screening of cultivars for Yr10 gene
[bookmark: _Hlk170913361]The molecular characterization was carried out to validate the efficacy of stripe rust resistance genes in Thirty-four cultivars. By using marker Xpsp3000 primer pairs for Yr10, PCR amplification product produced a fragment of 260 bp in resistant lines and 240 bps in the susceptible lines. Results indicated that amplification product of 260 bp showing presence of Yr10 in 12 cultivars viz., PBW502, PBW509, PBW590, PBW621, PBW660, PBW677, PBW752, PBW766, PBW803, PBW824, PBWZn-2, WH 1105 Whereas, remaining 22 varieties produced a fragment of 240 bp viz., DBW17, DBW187, DBW222, DBW327, DBW332, HD2967, HD3086, PBW175, PBW343, PBW550, PBW644, PBW723, PBW725, PBW757, PBW761, PBW771, PBW826, PBW833, PBW869, PBW872, PBWZn1, PBWCh1 marks the absence of Yr10 gene Table 7 and Fig 2
3.2.2 Molecular screening of cultivars for Yr15 gene
In order to validate the stripe rust resistance gene Yr15 at molecular level, SSR marker Xbarc8 was used. After PCR amplification of resistant and susceptible cultivars, two types of amplification products were produced viz., 250 bp in the wheat cultivars having Yr15 and 280 bp in those varieties that were lacking Yr15. The gene was confirmed based on the presence of 250bp fragment, obtained in 10 entries i.e., DBW17, PBW621, PBW660, PBW725, PBW761, PBW766, PBW771, PBW826, PBW869, HD3086 and remaining 24 varieties DBW187, DBW222, DBW327, DBW332, HD2967, PBW175, PBW343, PBW502, PBW509, PBW550, PBW590, PBW644, PBW677, PBW723, PBW752, PBW757, PBW803, PBW824, PBW833, PBW872, PBW Zn1, PBW Zn2, PBW Ch1, WH1105 showed amplified product of 280bp were devoid of Yr15 gene Table 8 and Fig 3. Three wheat varieties PBW621, PBW660 and PBW766 showed the presence of both Yr10 and Yr15 genes while, 15 cultivars DBW187, DBW222, DBW327, DBW332, HD2967, PBW175, PBW343, PBW550, PBW644, PBW723, PBW757, PBW833, PBW 872, PBW Zn1, PBW Ch1 does not amplified both of the genes. 16 cultivars showed either Yr10 or Yr15 gene. Out of which 9 cultivars (PBW 502, PBW 509, PBW 550, PBW 667, PBW 752, PBW 803, PBW 824, PBW Zn 2, WH 1105) depicts the presence of Yr10 gene which amplified 260 bp, whereas, 7 cultivars (DBW 17, HD 3086, PBW 725, PBW 761, PBW 771, PBW 826 and PBW 869) depicts the presence of Yr15 gene which amplified 250bp (Fig 4).
[bookmark: _Hlk188389035]Table-7 Screening of Wheat cultivars for presence or absence of Yr gene using SSR markers (Xpsp3000 and Xbarc8)
	Sr. No.
	Wheat cultivars
	Yr10
	Yr15

	
	
	260(+), 240(-)
	250(+), 280(-)

	1. 
	DBW-17
	-
	+

	2. 
	DBW-187
	-
	-

	3. 
	DBW-222
	-
	-

	4. 
	DBW-327
	-
	-

	5. 
	DBW-332
	-
	-

	6. 
	HD-2967
	-
	-

	7. 
	HD-3086
	-
	+

	8. 
	PBW-175
	-
	-

	9. 
	PBW-343
	-
	-

	10. 
	PBW-502
	+
	-

	11. 
	PBW-509
	+
	-

	12. 
	PBW-550
	-
	-

	13. 
	PBW-590
	+
	-

	14. 
	PBW-621
	+
	+

	15. 
	PBW-644
	-
	-

	16. 
	PBW-660
	+
	+

	17. 
	PBW-677
	+
	-

	18. 
	PBW-723
	-
	-

	19. 
	PBW-725
	-
	+

	20. 
	PBW-752
	+
	-

	21. 
	PBW-757
	-
	-

	22. 
	PBW- 761
	 -
	+

	23. 
	PBW-766
	+
	+

	24. 
	PBW-771
	-
	+

	25. 
	PBW-803
	+
	-

	26. 
	PBW-824
	+
	-

	27. 
	PBW-826
	-
	+

	28. 
	PBW-833
	-
	-

	29. 
	PBW-869
	-
	+

	30. 
	PBW-872
	-
	-

	31. 
	PBW- Zn 1
	-
	-

	32. 
	PBW- Zn 2
	+
	-

	33. 
	PBW-Ch 1
	-
	-

	34. 
	WH-1105
	+
	-


"+" refers to the resistant band and "-" refers to the susceptible band
[image: ][image: ]
Fig 2 PCR amplification of Yr10 gene using markers Xpsp3000, yielded two types of fragments viz., 260 bp as resistant and 240 bp as susceptible
[image: ][image: ]
Fig 3 PCR amplification of Yr15 gene using specific markers Xbarc8, yielded two types of fragments viz., 250 bp as resistant and 280 bp as susceptible
4. [bookmark: _Hlk184491010]Discussion
The wheat cultivars were assessed in field conditions by analysing host responses and different epidemiological parameters, including Final Rust Severity (FRS) and Coefficient of Infection (CI) (Fig. 2). The screened germplasm exhibited a range of phenotypic reactions, spanning from Resistant (R) to Moderately Resistant (MR) to Susceptible (S). According to Parlevliet (1979), the FRS value serves as an indicator of the cumulative effect of various resistance factors throughout the epidemic’s progression. The evaluation of 34 wheat germplasm lines, including a susceptible check, revealed that six entries (2.04%) exhibited final rust severity (FRS) below 20%, indicating a high level of partial resistance. Numerous studies have employed final rust severity (FRS) as a key metric to evaluate slow-rusting characteristics in wheat varieties, consistently finding that genotypes with adult plant resistance demonstrate significantly lower FRS scores than susceptible controls (Singh et al., 2015; Shahin et al., 2021).
Wheat genotypes displaying MS or MR infection types at adult growth stages likely harbour functional APR genes (Singh et al., 2005). Cultivars exhibiting both low CI values and favourable quantitative resistance traits are strongly associated with presence of APR gene, typically conferring durable resistance (Dehghani and Moghaddam, 2004). Wheat varieties exhibiting varying degrees of slow-rusting resistance demonstrate enhanced durability. Cultivars displaying MS or MR infection types likely possess durable resistance genes (Singh et al., 2005), with FRS and CI serving as robust phenotypic indicators for such resistance (Singh et al., 2015). An integrated screening approach—combining field-based evaluation of partial resistance with molecular marker-assisted selection—can effectively identify superior lines for breeding disease-resistant cultivars. For long-term resistance sustainability, a pyramiding strategy incorporating race-specific seedling resistance genes alongside race-nonspecific adult-plant resistance genes (APR) is recommended (Yang et al., 2003). The findings aligned with previous studies, which signifies the presence of all stage resistance genes Yr10 and Yr15 in advanced generation breeding lines as detected by SSR markers (Xpsp3000 and Xbarc8) (Pourkhorshid et al 2014; Ullah et al 2016; Rani et al 2019; Din et al 2023; Haider et al 2023). Our results are in line with Mukhtar et al (2015) evaluated stripe rust resistance genes (Yr5, Yr10, Yr15 and Yr18) and depicted that Yr5 gene was found in 14 cultivars Yr10 in 29 cultivars and Yr15 in 25 cultivars. Sandhu (2024) also validated different resistance genes against stripe rust and obtained PCR fragments of 260 bp in 16 wheat lines and 250 bp fragment in 18 entries which is in line with the present investigation. Haider et al (2023) marked the presence of one, two, or more than two gene combinations in 441 advanced wheat germplasm lines/ cultivars/ landraces for identification of resistant genes (Yr5, Yr10, Yr15, Yr24/Yr26) using thirteen known Yr gene-associated markers, under field conditions at two locations in Punjab, India against stripe rust. Yr10 was detected in ten lines with the marker Xpsp3000 and Yr15 was detected in fourteen lines with two linked markers Xgwm413 and Xgwm273. Din et al (2023) used Gene specific molecular markers Xpsp3000 and Xbarc8-1B for Yr10 and Yr15 respectively in a set of 93 lines including 90 advanced wheat lines and revealed that both genes are still effective in providing adequate resistance to wheat against prevalent races of stripe rust. 
[image: ]
Fig 4 Dendrogram depicting the relationship between Yr10 and Yr15 genes in different Wheat cultivars

Conclusion
Purpose of research was evaluation of field resistance response of 34 wheat cultivars along with one check and to molecularly characterize already known stripe rust resistance genes Yr10 and Yr15 in wheat varieties and correlate their presence with field testing. Cultivars lacking detectable Yr10 and Yr15 resistance genes likely carry either undetected combinations of ASR and APR genes, other effective resistance genes not identified by the markers employed, or recombinant alleles missing the target sequences due to genetic recombination. The novelty of the research conducted to know the extent of these resistance patterns further helpful for the development of the resistant varieties against the stripe rust pathotypes under North-Indian conditions.
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