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Abstract 
 

Genetic characterization of wheat genotypes and their response to the pathogen is necessary for devising suitable disease 

management strategies. In this study, 42 wheat genotypes were screened during Rabi season of 2015–2016 and 2016–2017, to 

explore the existence of Karnal bunt (KB) resistance using seventeen SSR markers followed by their phenotypic response 

against the virulent isolate (PB-25) of Tilletia indica reported earlier from Faisalabad, Pakistan. Among 42 wheat genotypes, 

14 exhibited highly resistant (HR), six showed resistant (R) while 22 showed moderately susceptible (MS) reaction during 

Rabi season of 2015–2016. Second year (Rabi 2016–2017) results showed the same reactions with few exceptions that 

showed depletion in the resistance. Out of seventeen SSR markers, thirteen were able to amplify bands linked with KB 

resistance in different wheat genotypes. A total of 40 alleles were detected for the 42 genotypes with an average of 3.1 alleles 

per SSR. The maximum number of polymorphic bands (8 amplicons) were generated by the SSR primer Xgwm174 followed 

by Xgwm340 (7 amplicons). The present study showed a strong association between the genotypic and phenotypic response 

of different wheat genotypes. However, these genotypes (99172, DN-102, NRL-1130, V-11160, V-11005-2013, 12266, 

11098, 11C023, PR-111, PR-112, PR-113, NR-423, NR-429, NR-436, 9459-1, KT-338, FSD-08, TW1150, ESW-9525, NIA-

CIM-04-10) were found consistently resistant in both years and can be utilized in the breeding program for the incorporation 

of high yields. © 2021 Friends Science Publishers 
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Introduction 

 

Wheat (Triticum aestivum L.) is a staple diet of many 

countries and extensively grown in the world (Huang and 

Roder 2004). It is an important source of fiber, fat, sugar, 

minerals, protein, and carbohydrates that can partially meet 

human energy needs (Topping 2007). Various biotic and 

abiotic factors affect the wheat production quantitatively 

and qualitatively (Carris et al. 2006; Farooq et al. 2011, 

2014; Kumar et al. 2016). Fungal diseases are one of the 

major biotic factors which affect the wheat yield by causing 

diseases such as rust, powdery mildew, loose smut and 

karnal bunt (Bonde et al. 1997). Karnal bunt (KB), caused 

by a fungus Tilletia indica (T. indica), is a floret infecting 

fungus belonging to order Ustilaginales. It is also known as 

partial bunt as it typically infects the part of kernels and 

replaced it by powdery black teliospores masses (Carris et 

al. 2006). The infected kernels emit fishy odor due to the 

production of trimethylamine and affects the quality (Kumar 

et al. 2016). It is a concern because 1 to 4% infection in 

kernels makes wheat grain unpalatable whereas 5% 

infection in grain seed lot caused chemical changes in flour 

quality and gluten content (Rush et al. 2005). 

The T. indica differs from other pathogens as it infects 

plant during anthesis and sporulates on the same generation 

of that infected host (Carris et al. 2006). Infected sori of KB 

infected seeds are broken easily during harvesting which 

further contaminates the healthy seeds, soil and machinery 

and are the major source of inoculum. These spores can 

blow by the wind to the long distances contaminating the 

healthy fields (Bonde et al. 2004). The thick-walled, 

dormant T. indica spores can survive in warm, dry and harsh 

summer conditions during post-harvest period in the soil up 

to 5 years and germinate at the optimum temperature of 20 
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to 25°C (Gill et al. 1993). 
The KB is a highly alarming issue to wheat grain 

industry not only in terms of yield losses but also limited 
international trade due to quarantine regulations (Brar et al. 
2018). The loss of export market due to KB in any country 
would lead to a reduction in production, price and ultimately 
farmer’s income (Gupta et al. 2019). Total loss due to KB 
was estimated in North West Mexico to be 7.02 million 
dollar/year and was 27 million dollars reported in USA 
(Brennan et al. 1990; Vocke et al. 2002). In Pakistan, KB 
prevalence has been increased over time in Punjab and 
Khyber Pakhtunkhwa (Aasma et al. 2012) and has posed a 
threat to wheat production even in the dry and hot region of 
Punjab (Khan et al. 2010). Raees et al. (2013) reported 39% 
yield losses from Rawalpindi and Chakwal of Punjab. 
Maximum disease prevalence was observed in Chakwal 
(50%) as compared to Rawalpindi (35%). Sajjad et al. 
(2018) observed 91.7% KB prevalence in district Lodhran 
while lowest in Rahimyar Khan (68.2%). 

Aasma et al. (2019a) surveyed different districts of 
Punjab and KP and reported the prevalence of KB in Jehlum 
(18.5%), Chakwal (15.9%), Kohat (40.0%), Charsadda 
(33.3%) and Mansehra (13.3%) whereas samples from 
Haripur, Malakand, and Mingora showed no visual infection 
during 2013. While in another survey conducted during 
2014, recorded the prevalence from the samples collected 
from Gujranwala (70.4%), Muzfarghar (46.7%), Jhelum 
(35.3%), Peshawar (43.2%), Charsadda (33.3%), Nowshera 
(25.0%) and Buner (11.57%) which shows an increasing 
trend of the disease. 

Effective management approaches are necessary to 
reduce crop damage. Being the seed, soil and air-borne 
sporidial disease, its control is limited through the fungicidal 
application (Gupta et al. 2019); therefore, host plant 
resistance is considered to be the paramount choice for KB 
pathogen management. The use of resistant varieties is the 
most practical and economical method (Sharma et al. 2008). 

Jafari et al. (2000) worked for the exploration of the 

sources of resistance against KB by inoculating the spikes 

using the injection method on 26 wheat advanced cultivars/ 

genotypes at the booting stage. Coefficient of infection and 

the percentage of infected grains for each genotype were 

estimated. They found most of the cultivars showed a 

susceptible reaction; however, the two cultivars exhibited 

partial resistance to KB. A significant correlation was found 

between the coefficient of infection and the percentage of 

infected grain for each genotype. Kumar et al. (2014) 

screened 150 genotypes of wheat for KB resistance by 

artificial inoculations under field conditions during the 

consecutive 2009–2010 seasons. The results showed 

variability in the incidence of disease among the genotypes. 

The disease incidence ranged from 0.2–63.1 and 12 

genotypes exhibited highly resistant (HR) while 6 showed 

resistant, 6 as moderately resistant reaction, whereas the rest 

of genotypes were found moderately susceptible to highly 

susceptible. Several genotypes (HD29, W485, KB 2012–03 

(in PBW343 background), ALDAN "S"/IAS 58, and H 

567.71/3∗PAR) were screened and it was identified that 

these genotypes carry stable resistance in multiple 

environments in India (Sharma et al. 2005). Intensive 

breeding has been carried out for KB resistance. However, 

breeding is often hindered by the lack of a simple, rapid and 

environment independent methods of screening host 

genotypes against pathogens. Moreover, transfer of genes 

through conventional breeding is laborious and time-

consuming. Alternately molecular tools provide a better 

understanding of the existing genetic variability needed to 

be considered for further progress in breeding programmes 

(Fischer and Edmeodes 2010). Simple identification of 

PCR-based markers associated with KB resistance provides 

the possibility of using a marker-assisted selection scheme 

in the development of resistant wheat cultivars (Kumar et al. 

2007). Hence, detection of disease resistance genes coupled 

with screening could be helpful in different molecular 

breeding programs. 

Kumar et al. (2015) discovered SSR markers linked 

with KB resistance during the year 2010 and 2011. They 

tested different inbred genotypes by crossing of resistant and 

susceptible parent and found a lot of variation among these 

genotypes based on the coefficient of infection. Out of 70 

markers, 42 were polymorphic. They detected, with an 

average of 2.09 alleles per locus. In addition to the already 

identified KB resistant primers, they found a new marker 

Xgwm 6 that was linked with KB resistance. 

The purpose of this study was to analyze different 

Pakistani wheat genotypes to detect KB resistance genes, 

identify the reproducible SSR markers associated with KB 

resistance and infer the association of wheat genotypes with 

their phenotypic response against the virulent isolate of T. 

indica. Thus, it could be effectively utilized in the breeding 

program to combat the disease. 

 

Materials and Methods 
 

Plant material 
 

Forty-two wheat genotypes were used in this study (Table 

1). The seeds were collected from the National Coordinated 

Wheat Program, National Agriculture Research Center, 

Islamabad, Pakistan. 
 

Phenotypic screening of wheat 
 

Forty-two wheat genotypes (Table 1) were sown in the pots 

during November 2015 and the same set of genotypes were 

repeated for screening during November 2016 to confirm the 

disease resistance sustainability in the glasshouse at NARC 

using CRD design. Each genotype was replicated thrice in 

different pots. These pots were kept under controlled 

condition i.e. temperature 18–20ºC and misting system of 

automatic sprinkling water 5 times per day to maintain 

humidity (approx. 80%); (Brar et al. 2018). Recommended 

agronomic practices of fertilizers and irrigation were 

followed as and when required (Tandon and Sethi 1991). 

https://www.frontiersin.org/articles/10.3389/fpls.2018.01497/full#B33
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Inoculum preparation 

 

Fresh sporidial suspension derived from teliospores of an 

aggressive isolate PB-25 found to be aggressive in a 

previous study conducted by Aasma et al. (2019b) was used 

as a reference isolate, and inoculum was prepared according 

to the method of (Brar et al. 2018). The concentration of 

inoculum was adjusted to 4–5 × 10
4 

spores mL
-1

 with a 

haemocytometer (Tandon et al. 1994). 

 

Boot inoculation 

 

The plants were inoculated by boot inoculation method at 

booting stage following the procedure of Singh and Krishna 

(1982) and Aujla et al. (1983). Three spikes per genotype 

were inoculated just before the emergence of awns. 1 mL of 

T. indica inoculum (Prepared above) was injected into the 

boot with the aid of a hypodermic syringe. The inoculated 

spikes were covered with glycine bags to maintain the 

maximum moisture content for fungus proliferation and 

later were tagged and labelled (Aujla et al. 1989). 

 

Harvesting and scoring 

 

The harvesting of the individually inoculated spikes was 

done at maturity (58–60 days) after inoculation. Each spike 

was collected in paper bags and then threshed manually. 

The infected seeds were divided into different degrees of 

infection depending on the extent of the damage on the 

severity/scoring scale 0–5 (Aujla et al. 1989; Aasma et al. 

2019b); (Table 2; Fig. 1). These infection grades have 

numerical values (Table 2) therefore to obtain a *gross total; 

the numeric value was multiplied with the number of grains 

present in each grade (Warham 1986; Aujla et al. 1989; 

Riccioni et al. 2008; Aasma et al. 2019b). The CI was 

calculated as follows: 
 

 
 

Percent infection of each genotype was calculated by using 

the following formula (Jafari et al. 2000). 
 

 
 

Molecular genotyping/ screening for KB resistance 
 

Seeds of 42 wheat genotypes (Table 1) were surface 

sterilized with 1% Clorox (Giri et al. 2001) and sown in test 

tubes containing moist cotton swab at the bottom. The tubes 

were incubated at 22
o
C until the seedlings established with 

2–3 leaves (Giri et al. 2001). These leaves were harvested 

for DNA extraction. 
 

Extraction of DNA 
 

Genomic DNA was extracted from fresh leaves of wheat 

using the CTAB method as described by Doyle and Doyle 

(1987). Fresh leaves (200 mg) of each genotype were 

ground with a mortar and pestle having 2–3 mL of CTAB 

2% solution. Then, 750 μL of the leaf tissue was placed in a 

1.5 mL Eppendorf tube and incubated in a water bath for 30 

min at 65°C. Subsequently, 750 μL of a chloroform mixture: 

isoamyl alcohol was added in 24:1 ratio. The supernatant 

was placed in a new Eppendorf tube after it was centrifuged 

at 12000 rpm, 4°C for 10 min. For DNA precipitation, 600 

μL of ice-cold isopropanol was added and incubated at 4°C 

for 20 min. To discard the supernatant, the tubes were 

centrifuged at 12,000 rpm for 10 min. The DNA pellet was 

washed with ethanol (70%). After adding ethanol (70%), the 

tube was centrifuged at 12,000 rpm for 10 min at room 

temperature. The DNA pellet was then dried overnight and 

then dissolved in 50–100 μL ddH2O. Next, 1 μL of RNase 

(10 mg/mL) was added to remove RNA and stored at -20°C 

for further use. The DNA was electrophoresed on agarose 

gel (1%) by applying 100 volts for 40–50 min and observed 

under UV light using a gel documentation system 

(Biometra). Seventeen SSR markers (Table 5) linked with 

KB used to amplify the resistance genes. 

A PCR reaction consisted of buffer (1X), primers (2 

µM), dNTPs (0.4 µM) Taq polymerase (0.2 U), MgCl2 (2.4 

mM), DNA (20–25ng) was amplified on automated Thermal 

Cycler (Applied Biosystems) with the following cycling 

conditions; initial Denaturation at 94°C for 3 min followed 

by 40 cycles of 94°C for 40 sec, 50–55°C for 40 sec, 

extension at 72°C for 1 min, and a final extension at 72°C for 

10 min. The amplified products were electrophoresed on 

1.8% Agarose gel at a constant voltage of 100V for 1hr. The 

gel was visualized under UV light to observe the presence 

and absence of bands (Kumar et al. 2015). 
 

Statistical Analysis 
 

The incidence of disease and the coefficient of infection 

(CI) were calculated to verify the level of resistance and 

susceptibility of the genotypes (Bonde et al. 1996). The 

data for both years was calculated and all the genotypes 

were categorized as highly resistant, resistant, moderately 

susceptible, susceptible and highly susceptible based on 

their coefficient of infection means (Aujla et al. 1989; 

Aasma et al. 2019b). Analysis of variance for CI and PI 

were calculated. LSD was applied on all pairwise 

comparisons of CI and PI and was calculated by using 

Statistix software. Design of the experiments was 

completely randomized with three replications. Band 

frequency was calculated based on the presence (1) and 

 
 

Fig. 1: Disease severity rating scale of Karnal Bunt (Warham 

1986; Aujla et al. 1989)
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absence (0) (Ghosh et al. 1997). Polymorphic information 

content (PIC) was calculated as follows PIC= 1-(p/q) 2 

where p is total alleles detected at a given marker locus, q is 

a collection of genotypes studied. Cluster analysis was done 

to estimate the genetic similarity between wheat genotypes 

using R software. Minitab 16 software was used for cluster 

analysis of combined data of percent infection and marker 

data. The association between percent infection and wheat 

genotypic marker data was estimated using R software. 

Results 

 

Screening of wheat germplasms for resistance against T. 

indica 

 

A total of 42 genotypes were screened during the years 2015 

and 2016 (Table 1). The results during the year 2015 

revealed, thirteen genotypes (NRL-1130, V-11160, 12266, 

11C023, TW1150, ESW-9525, NIA-CIM-04-10, PR-111, 

Table 1: List of wheat genotypes and their pedigrees used in this study 
 

Code Genotypes Pedigree 

V-1 99172 KAUZ/PASTOR//V.3009 

V-2 99346 MH-97/FAREED-06 

V-3 112802 NOT AVAILABLE 
V-4 DN-102 CHAM6/ATTILA//PASTOR  

V-5 CT 09137 SERI.1B*2/3/KAUZ-2/BOW//KAUZ/4/  

V-6 SRN 09111 PRL/2*PASTOR//PBW343*2/KUKUNA/3/ROLF07 

V-7 NRL-1123 PSN/BOW//MILAN/3/2*BERKUT 

V-8 NRL-1130 SOKOLL/EXCLAIBUR 

V-9 V-12001 WAXWING/4/SNI/TRAP#1/3/KAUZ/*/TRAP//KAUZ                         

V-10 V-10110 KAUZ/CMH77A-308////BAU/3/INQ-91                                                 
V-11 V-11160 KAUZ//ALTAR 84/AOS/3/MILAN/KAUZ/4/HUITES/5/ T.DICOCCON P194624/AE.SQUARROSA(409)// BCN /6 /2*KAUZ// ALTAR84 

/ AOS/3/MILAN/KAUZ/4/HUITE  

V-12 12266 ATTILA/3*BCN//BAV92/3/TILHI/5/BAV92/3/PRL/SARA//TSI/VEE#5/5/CROC_1/AE.SQUARROSA(224)//2*OPATA                                                   

V-13 11098 BABAX/LR43//BABAX/6/MOR/VEE#//DUCULA/3/DUCCULA/4/MILAN/5/BAU/MILAN/7/SKAUZ/BAV92 

V-14 11138 WHEAR/KRONSTAD F2004 

V-15 12304 WAXWING/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ/5/TECUE#1           

V-16 11C022 SOKOLL//SUNCO/2*PASTOR 

V-17 11C023 SOKOLL/EXCALIBER 
V-18 AUR-08010 WBLL1*2/4/YACO/PBW65/3/KAUZ*2/TRAP/KAUZ                                

V-19 TW11510 93T347/V94105 

V-20 HD-29 NOT AVAILABLE 

V-21 ESW-9525 KAUZ/Gen 

V-22 DANI-1313 Kiran/Khirman/Bhittai 

V-23 NIA-CIM-04-10 PBW343*2/KONK 

V-24 PR-106 MTRWA92.161/PRINIA/5/SERI*3//RL06010/4*YR/3/PASTOR/4/              
V-25 PR-110 KAUZ//ALTAR0B84/AOS/3/MILA/KAUZ/4/HUITIES/7/CAL/NH/H567.71/3/SERI/4/CAL/NH//H567.71/5/5*KAUZ/6/PASTOR  

V-26 PR-111 TOB/ERA//TOB/CN067/3/PLO/4/VEE#5/5/KAUZ/6/                          

V-27 PR-112 KAUZ//ALTAR 84/AOS/3/MILAN/KAUZ/4/HUITES/7/ CAL/NH//H657.71/3/SERI/4/CAL/NH//H567.71/5/5*KAUZ/6/PASTOR 

V-28 PR-113 WHEAR//INQLAB91*2/TUKURU                                     

V-29 NR-423 MTRWA92.161/PRINIA/5/SERI*3//RL6010/4*YR/3/PASTOR/4/BAV92       

V-30 NR-429 CNO79//PF70354/MUS/3/PASTOR/4/BAV92/5/FRET2/KUKUNA//FRET2/6/MILAN/KAUZ//PRINIA/3/BAV92                                                        

V-31 NR-436 NAC/TH.AC//3*PVN/3/MIRLO/BUC/4/2*PASTOR/5/T.DICOCCON PI94624 / AE.SQUARROSA (409)// BCN/6/ WBLL4// 

BABAX.1B.1B*2 /PRL/3/PASTOR                        
V-32 NR-449 SOKOLL//FRTL/2*PIFED                                                

V-33 9459-1  LU26S x 8120 

V-34 KT-338 SOKOLL/WBLLI                                                          

V-35 09-FJ-34 ERAF 2000/4/ FONCHAN#3/ TRT" S"// VEE# 9/3/COOK/VEES// DOVE"S/ SERI              

V-36 SKD-11 Pb96/V87094//MH-97 

V-37 V-11005-2013  NOT AVAILABLE 

V-38 FSD-08 PBW-65/2*PASTOR 

V-39 WL-711 S308/CHRIS//KAL 
V-40 Aas-11 KHP/D31708//CM74A370/3/CIAN079/4/RL6043/*4NAC 

V-41 TW96018 BK2002 X LU26S/AE. cylindricaD/PAK-81 

V-42 Pak-13  MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN                                         

V= variety, KT= Kohat, Pak-Pakistan, FSD= Faisalabad, NR= NARC, PR= Pir Sabak, SKD= Sarkand, AUR= University of Arid agriculture, FJ= Fateh Jang, TW= Thal wheat, 

DN= Dera Ismail Khan, Aas = Released variety, WL-711= Susceptible variety, HD-29= Resistant variety, NRL= NIFA Rain fed lines, NIA= Nuclear institute of Agriculture, 

ESW= Elite Spring Wheat  

 

Table 2: Rating scale used to assess wheat genotypes for Karnal bunt (T. indica) 
 

Infection Category/Grade Symptoms The assigned numerical value for the calculation (CI) 

0 Healthy 0 
1* Inconspicuous point infection (trace), (5% seed bunted). 0.25* 
2* Well-developed point infection (25% seed bunted) 0.25* 
3 Infection spreading along the groove (50% seed bunted) 0.5 
4 Three-quarters of seed converted to sorus (75% seed bunted) 0.75 
5 Seed completely converted to sorus (100% seed bunted) 1.0 
*Categories combined to calculate Coefficient of Infections for comparison 



 

Aasma et al. / Intl J Agric Biol, Vol 25, No 1, 2021 

 264 

PR-112, NR-423, NR-429, KT-338 and FSD-08) exhibited 

HR reaction. Seven genotypes (99172, DN-102, 11098, PR-

113, 9459-1 NR-436 and V-11005-2013) showed R reaction 

while, twenty two genotypes (99346, 112802, CT 09137, 

SRN 09111, NRL-1123, V-12001, V-10110, 11138, 12304, 

11C022, AUR-08010, TW96018, DANI-1313, PR-106, PR-

110, NR-449, 09-09-FJ-34and SKD-11, Pak-13, Aas-11, 

WL-711 and HD-29) showed MS reaction. The screening of 

the same set of genotypes was repeated during 2016, the 

results revealed almost the similar reactions except for few 

genotypes that showed the trend of depletion in the 

resistance. These genotypes included, SRN09111, NRL-

1130, V-12001, V10110, 12266, 11C023, TW1150 PR-106, 

PR-111 and FSD-08, WL-711 (Table 3). 

 

Amplification of Karnal bunt resistant genes in wheat 

genotypes 

 

13 out of 17 SSR primers were selected based on their 

reproducibility, level of polymorphism and numbers of the 

amplicons (Table 5). A total of 40 alleles were detected for 

the 42 genotypes with an average of 3.07 alleles per primer. 

PIC value ranged from 0.14–0.99. Results of this study 

revealed that the size of the amplified DNA product ranged 

from 100–1000 base pairs (bp). The maximum number of 

polymorphic bands was generated by primers Xgwm174 

resulting in 8 amplicons followed by Xgwm340 that gave 7 

amplicons (Table 6). Banding patterns of 42 wheat 

genotypes generated by primers Xgwm149, Xgwm174 are 

presented in Fig. 2 and 3. 

 

Cluster analysis of wheat genotypes based on SSR markers 

 

The Euclidean similarity coefficient was calculated using 

data from 13 SSR primers. The value of the similarity 

coefficient (Sm) ranged from 1.0–4.5. A phylogenetic tree 

generated using UPGMA cluster analysis showed all the 42 

wheat genotypes were separated. Wheat genotypes were 

clustered into two major groups (I & II). These groups were 

further classified into sub-groups, (the genotypes showing 

further minor similarities within the group). Group, I was 

further divided into two groups (IA & IB). The group, IA 

comprised of 6 genotypes whereas Group I B has 12 

genotypes. Group II was subdivided into three groups (IIA, 

IIB and IIC). IIA comprised of 9 genotypes whereas IIB was 

comprised of 4 genotypes. Group IIC carried 11 genotypes 

that were split into many small groups and showed varying 

degrees of similarity (Fig. 4). 

 

Infection of wheat genotypes against T. indica PB-25 

 
Wheat genotypes were screened with an aggressive isolate 
PB-25 (Aasma et al. 2019b) during the years 2015 and 
2016. The results revealed that in 2015, Pak-13 showed 
maximum PI (78.9%) while NRL-1130 (V-8), V-11160 (V-
11), 12266 (V-12), 11C023 (V-17), TW11510 (V-19), 
ESW-9525 (V-21), NIA-CIM-04-10 (V-23), PR-112 (V-
27), NR-423(V-29), NR-429 (V-30), KT-338 (V-34), FSD-
08 showed least percent infection (10%). During the year 
2016, WL-711 showed maximum PI (90.4%) followed by 
AUR-08010 (86.6%) whereas TW11510 (V-19), ESW-
9525 (V-21), NIA-CIM-04-10 (V-23), PR-111 (V-26), PR-
112 (V-27), NR-423(V-29), NR-429 (V-30), KT-338 (V-
34) showed minimum PI (10%); (Table 4). Analysis of 
variance of the means of PI of these 42 genotypes was 
found statistically significant. 
 

Cluster analysis based on infection and marker data 

 

Based on PI during 2015 and 2016, marker data analysis of 

UPGMA clustering tree of 42 wheat genotypes using 

Minitab-16 was performed (Fig. 5). PI ranged from 80.6–

100% in 2015 and 85.9–100% in 2016. While the 

coefficient ranged from 77.4–100% respectively. Wheat 

genotypes were clustered into 2 groups I & II. Group, I 

consisted of 21 genotypes while Group II was further 

divided into three major groups II A, II B and II C. Group II 

A comprised of 8, while Group II B comprised of 5 and II C 

represented 8 genotypes respectively (Fig. 5). 

 
 

Fig. 2: PCR amplification of Pakistani wheat genotypes 

associated with Karnal bunt resistance in Wheat using Xgwm-149 

marker: lane 20- HD-29 (resistant): lane 39- Wl-711 (susceptible); 

Lane M-100 bp ladder 

 

 
 

Fig. 3: PCR amplification of Pakistani wheat genotypes 

associated with Karnal bunt resistance in Wheat using Xgwm-174 

marker: lane 20- HD-29 (resistant): lane 39- Wl-711 (susceptible); 

Lane M-100 b ladder
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Association of genetic data with percent infection of 42 

wheat genotypes 
 

PI of wheat genotypes was found significantly associated 

with genetic bands data. Out of 40 bands, 21 bands showed 

association with the PI of wheat genotypes calculated in 

2015. The total association was found at 52.5%. Eighteen 

bands were highly significant with percent infection at 

p<0.001, while two were significant at P < 0.01 and one at 

Table 3: Mean value of aggressiveness analysis and disease response of 42 wheat genotypes based on the coefficient of infection during 

2015 and 2016 

 
LSD and Reaction of 42 wheat genotypes based on mean CI during 2015-16 LSD and Reaction of 42 wheat genotypes based on mean CI during 2016-17 

Wheat genotypes Mean Reaction Wheat genotypes Mean Reaction 

Aas-11  19.57
A 

MS WL-711 21.31
A 

S 

112802 19.137
AB 

MS PR-106  22.06
AB 

S 

11C022 19.007
ABC 

MS SRN-09111  21.61
ABC 

S 

TW96018  18.883
A-D 

MS V-10110  20.82
A-D 

S 
NR-449  18.717

A-D 
MS V-12001  20.51

A-D 
S 

09-FJ-34  18.673
A-E 

MS Pak-13 19.727
A-E 

MS 

Pak-13  18.65
A-E 

MS Aas-11  18.643
A-F 

MS 

HD-29  18.627
A-E 

MS AUR-08010  18.547
A-F 

MS 

99346 18.617
A-E 

MS CT 09137  18.333
A-F 

MS 

12304 18.497
A-E 

MS PR-110  18.037
A-G 

MS 

SKD-11  18.347
A-E 

MS NR-449  17.83
A-H 

MS 

WL-711  18.22
A-E 

MS 09-FJ-34  17.763
A-H 

MS 
DANI-1313  18.21

A-E 
MS SKD-11 17.433

A-H 
MS 

NRL-1123  18.063
A-E 

MS TW96018  16.667
A-I 

MS 

SRN-09111  17.183
A-F 

MS 99346 16.49
A-I 

MS 

PR-106  16.86
A-F 

MS 12304 16.41
A-I 

MS 

V-10110  16.712
A-F 

MS 11C022 16.32
A-I 

MS 

AUR-08010  16.603
A-G 

MS 11138 16.25
A-I 

MS 

PR-110  15.953
A-G 

MS DANI-1313  16.207
A-I 

MS 
V-12001  15.902

A-H 
MS 112802 16.09

B-J 
MS 

CT 09137  15.66
B-H 

MS HD-29  15.38
B-K 

MS 

11138 15.143
B-H 

MS NRL-1123  15.157
B-K 

MS 

DN-102 15.07
C-H 

R 12266 14.487
C-K 

R 

99172 14.427
D-H 

R FSD-08 13.703
D-K 

R 

NR-436  14.387
D-H 

R 11098 13.41
D-K 

R 

11098 13.993
E-H 

R V-11005-2013 12.72
E-K 

R 

PR-113  13.653
E-H 

R 99172 12.5
E-K 

R 
V-11005-2013  12.02

F-H 
R PR-113  12.477

E-K 
R 

9459-1  12.00
GH 

R NRL-1130  12.43
E-K 

R 

PR-111  10.00
H 

HR PR-111 12.08
F-K 

R 

NRL-1130  10.00
H 

HR 9459-1  11.923
G-K 

R 

V-11160  10.00
H 

HR 11C023 11.597
H-K 

R 

12266 10.00
H 

HR DN-102 10.927
I-K 

R 

11C023  10.00
H 

HR NR-436  10.52
JK 

R 

TW1150  10.00
H 

HR V-11160 10
K 

HR 
ESW-9525  10.00

H 
HR TW1150 10

K
 HR 

NIA-CIM-04-10 10.00
H 

HR ESW-9525  10
K
 HR 

PR-112 10.00
H 

HR NIA-CIM-04-10 10
K
 HR 

NR-423 10.00
H 

HR PR-112 10
K
 HR 

NR-429 10.00
H 

HR NR-423 10
K
 HR 

KT-338 10.00
H 

HR NR-429 10
K
 HR 

FSD-08 10.00
H 

HR KT-338 10
K
 HR 

LSD value at 0.05= 6.10  LSD value at 0.05= 5.39  

Column means followed by a common letter are not statistically different from each other at 5% level of probability 

 
 

Fig. 4: Dendrogram of 42 wheat genotypes on the basis of 13 SSR 

markers linked to Karnal bunt resistance 

 
 

Fig. 5: Dendrogram distributions of 42 genotypes in groups on the 

basis of combined percent Incidence of both years (2015 & 2016) 

and marker data of 13 SSR markers linked to Karnal bunt 

resistance 
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p<0.05. In the present study, the statistical t-value is 

relatively far from zero and is relatively large to the standard 

error, which indicated a relationship between molecular 

results and percent infection of 42 wheat genotypes (Table 7). 

Significant association of band data with a PI of wheat 

calculated in 2016 was also observed. Out of 40 bands, 20 

bands were found to be associated with the PI. Fifty percent 

association was found and the coefficients were not equal to 

zero. Seventeen bands showed high significance at P < 

0.001, one was at P < 0.01 while two were significant at P 

< 0.05. It was further observed that t-values were also high 

in the association of bands and PI (2016) (Table 8). In the 

present study, we found two models 33~ aa and 1~ bb 

(Table 8 and 9) with statistically significant model P < 

0.05 and relatively high R-square (0.10, 0.099) and adjusted 

R-square (0.0796, 0.077) value respectively. While other 

models were not fit model as p values of model were higher 

than the predetermined value. 
 

Discussion 
 

Karnal bunt is a very important disease in Pakistan; 

however, relatively very little work is done. The major work 

in Pakistan is focused on a few surveys, disease screening 

for resistance and chemical control. The current study was 

designed to identify the resistance in wheat genotypes and 

their association with percent infection of T. indica isolate. 

For this study, an aggressive isolate PB-25 was used for 

screening which was previously studied by Aasma et al. 

(2019a, b). 

Table 4: Mean value of aggressiveness analysis of 42 wheat genotypes based on Seed infestation (PI) during 2015 and 2016 

 
LSD and PI of 42 wheat genotypes (2015-16) LSD and PI of 42 wheat genotypes (2016-17) 

Wheat genotypes Mean (PI*) Wheat genotypes Mean (PI*) 

PR-106  78.55A WL-711 90.42 A 

WL-711 76.87AB AUR-08010  86.58 AB 
Aas-11  76.06AB PR-110  81.61 ABC 

Pak-13 70.88ABC 11138 78.81 A-C 

V-12001 69.95 A-C V-10110  76.67 A-C 
09-FJ-34  69.85 A-C 09-FJ-34  76.08 A-C 

V-10110  68.98 A-C TW96018  75.20 A-C 

11C022 68.24 A-C 11C022 74.82 A-C 
TW96018  66.59 A-D CT 09137 74.17 A-C 

HD-29  66.14 A-D Pak-13 74.05 A-C 

DN-102 64.47 A-D V-12001 72.10 A-D 
99346 64.22 A-E SRN-09111  70.65 A-D 

DANI-1313 64.17 A-E DANI-1313 69.35 A-E 

NR-449 63.89 A-E NRL-1123 66.55 A-F 
112802 60.95 A-F PR-106  65.98 A-F 

12304 60.85 A-F 99346 65.56 A-F 

NRL-1123 59.90 A-F SKD-11 65.47 A-F 
PR-110  57.41 A-G 12304 64.06 A-G 

AUR-08010  57.14 A-G NR-449 63.19 A-H 

SKD-11 56.72 A-G 112802 61.03 B-H 
SRN-09111  54.42 A-G Aas-11  58.41 C-I 

11138 53.14 B-G FSD-08 53.98 C-J 
99172 49 C-G 12266 45.34 D-K 

CT 09137 46.35 C-H 11098 41.94 E-L 

9459-1  43.33 D-H HD-29  41.30 F-L 
11098 42.52 D-H PR-113  37.03 G-M 

NR-436  39.52 E-H NRL-1130 35.83 H-M 

PR-113  38.67 F-H 99172 33.33 I-M 
V-11005-2013 35.05 GH 11C023 32.99 I-M 

PR-111 10.00 I V-11160 30.22 J-M 

NRL-1130 10.00 I NR-436  24.29 K-M 
V-11160 10.00 I 9459-1  23.33 K-M 

12266 10.00 I DN-102 21.11 K-M 

11C023 10.00 I V-11005-2013 14.67 LM 
TW1150 10.00 I TW1150 10.00 M 

ESW-9525  10.00 I ESW-9525  10.00 M 

NIA-CIM-04-10 10.00 I NIA-CIM-04-10 10.00 M 
PR-112 10.00 I PR-111 10.00 M 

NR-423 10.00 I PR-112 10.00 M 

NR-429 10.00 I NR-423 10.00 M 
KT-338 10.00 I NR-429 10.00 M 

FSD-08 10.00 I KT-338 10.00 M 

    
LSD value at 0.05= 24.8 LSD value at 0.05= 27.6  
Column means followed by a common letter are not statistically different from each other at 5% level of probability 
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Among total 42 wheat genotypes tested, thirteen 

genotypes showed HR reaction, seven genotypes showed R 

reaction while twenty-two showed MS reaction during 

2015–2016. Same pattern of resistance and susceptibility 

was observed during 2016–2017 with few exceptions. 

However, few genotypes lost resistance in 2016 which 

indicated the complication in managing this disease even 

with the resistance sources. This advocated that a 

continuous screening program at the national level needed 

to be initiated as it is being followed in the case of rusts 

(Nagarajan et al. 1997). Results on percent seed infection 

revealed that Pak-13 showed a high percentage of infection. 

In comparison during 2016, WL-711 exhibited high percent 

of infection (90.42%). Results of a few genotypes showed 

inconsistency in the reaction even though the same isolate 

was used for inoculation. Aujla et al. (1989) recorded a 

similar trend in genotype HD 2967 which showed 1S 

reaction, was found to be 3S against a particularly virulent 

isolate. This may be attributed to these genotypes do not 

confer stable resistance against the pathogen and such 

genotypes should be discouraged in the breeding program 

for KB resistance. A similar trend of resistance of some of 

the genotypes has been reported by Ullah et al. (2012). 

Synthetic genotypes showed resistance and few tend 

towards moderate susceptibility similar findings were 

reported by Villareal et al. (1995, 1996). 

Table 5: List of SSR markers linked to Karnal Bunt resistance in wheat genotype 

 
Primer 

 Name 

Sequence 5´…….3´ Ann 

Temp °C 

Expected  

Size 

Chromosomal  

Location 

Reference 

 

Xgwm469 

5'CAA CTC AGT GCT CAC ACA ACG 3' 

5'CGATAACCACTCATCCACACC 3' 

60 168,176 6D Kumar et al. (2007) 

 

Xgwm666 

5'GCA CCC ACA TCT TCG ACC 3' 

5' TGCTGCTGGTCTCTGTGC 3' 

58 195 1A 

 

Xgwm425 

5'GAG CCC ACA AGC TGG CA 3' 

5' TCGTTCTCCCAAGGCTTG 3' 

58 120 2A 

 

Xgwm99 

5'AAG ATG GAC GTA TGC ATC ACA 3' 

5' GCCATATTTGATGACGCATA 3' 

60 112,122, 

136 

1AL Sehgal et al. (2008) 

 

Xgwm149 

5'CAT TGT TTT CTG CCT CTA GCC 3' 

5' CTAGCATCGAACCTGAACAAG 3' 

58 185 4BL 

 

Xgwm174 

5'GGG TTC CTA TCT GGT AAA TCC C 3' 

5' GACACACATGTTCCTGCCAC 3' 

58 180,370 5DL 

 

Xgwm340 

5'GCA ATC TTT TTT CTG ACC ACG 3' 

5' ACGAGGCAAGAACACACATG 3' 

58 110 3BL 

 

Xgwm6 

5 CGT ATC ACC TCC TAG CTA AAC TAG3' 

5' AGCCTTATCATGACCCTACCTT 3' 

60 290 4B  

 

 

 

 

 

 

 

Kumar et al. (2015) 

 

 

 

 

Xwmc235 

 5‘-ACTGTTCCTATCCGTGCACTGG-3‘  

 5‘-GAGGCAAAGTTCTGGAGGTCTG-3‘ 

 

58 

225 bp 5B 

 

Xgwm604 

5‘-TATATAGTTCAATATGACCCG-3‘ ;  

5‘- ATCTTTTGAACCAAATGTG-3‘ 

 

50 

160 bp 1B/5B 

 

Xbarc140 

5‘-CGCCAACACCTACCATT -3‘;  

 5‘-TTCTCCGCACTCACAAAC-3‘ 

 

52 

140 bp 2B/5B/5D 

 

Xbarc 59 

 5‘-GCGTTGGCTAATCATCGTTCCTTC-3‘ 

 5‘-AGCACCCTACCCAGCGTCAGTCAAT-3‘ 

 

55 

180 bp 2D/5B 

 

Xbarc232 

5‘-CGCATCCAACCATCCCCACCCAACA-3‘ 

 5‘ CGCAGTAGATCCACCACCCCGCCAGA-3‘ 

 

58 

200 bp 5A/5B/5D 

 

Xgwm499 

5‘-ACTTGTATGCTCCATTGATTGG-3‘ 

5‘-GGGGAGTGGAAACTGCATAA-3‘) 

 

60 

120 bp 5B 

 

Xgwm637 

5'AAA GAG GTC TGC CGC TAA CA 3' 

5' TATACGGTTTTGTGAGGGGG 3' 

 

58 

 

120 

 

4A 

 

Xgwm538 

5'GCA TTT CGG GTG AAC CC 3' 

5' GTTGCATGTATACGTTAAGCGG 3' 

 

60 

 

250 

 

4B 

 

Xgwm337 

5'CCT CTT CCT CCC TCA CTT AGC 3' 

5' TGCTAACTGGCCTTTGCC 3' 

 

60 

 

175 

 

1D  

 

Table 6: Number of alleles generated by using 13 SSR markers 

 
Sr. No. Marker No. of alleles generated Size range bp PIC 

1 Xgwm-637 1 120 0.70 

2 Xgwm-469 2 100-140 0.55 

3 Xgwm-538 1 120 0.14 
4 Xgwm-337 4 100-600 0.78 

5 Xgwm-99 2 112-120 0.89 

6 Xgwm-149 1 165 0.52 
7 Xgwm-174 8 150-1000 0.89 

8 Xgwm-340 7 100-600 0.99 

9 Xgwm-425 1 120 0.18 
10 Xwmc-235 3 100-350 0.59 

11 Xgwm-604 2 100-140 0.77 

12 Xbarc-59 2 200-500 0.53 
13 Xbarc-232 6 200-500 0.84 
PIC: Polymorphic information content: The highest and lowest PIC values are indicated by bold, underlining 
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Molecular markers have been a very powerful tool for 

characterizing and assessing the genetic diversity of wheat 

genotypes (Edwards and Caskey 1991). It is important to 

know the usefulness of the markers before they can be used 

extensively for crop improvement programs. However, it is 

not guaranteed that the markers identified in the population 

will be suitable in another group (Kumar et al. 2015). In this 

study, 17 SSR markers were tested for the presence of KB 

resistance genes on 42 wheat genotypes. Among 17 SSR 

markers, 13 markers gave the amplified product in the 

present study, 9 SSRs (Xgwm 469, Xgwm-337, Xgwm-99, 

Xgwm174, Xgwm-340, Xgwm- 235, Xgwm-604, Xbarc 59 

and Xbarc-232) were found to be multi-allelic. Since micro-

satellite primers are locus-specific, each pair of primers must 

amplify one locus. In previous studies, many scientists 

reported relatively higher numbers of alleles per locus in 

bread wheat (Roder et al. 1998; Stephenson et al. 1998; 

Vasu et al. 2000). Prasad et al. (2000) also observed multiple 

loci for each pair of primers. Ahmed (2002) identified 156 

allelic variations at 43 SSR loci, ranging from 2 to 8 alleles 

per locus with an average of 3.6 alleles per locus. Kumar et 

al. (2007) found 179 alleles at 46 SSR loci with an average 

of 3.9 alleles per locus with a range of 1 to 8 alleles on each 

locus. The results of the present study and other studies 

clearly showed that SSR markers are very informative and 

confirmed the presence of multiple alleles per locus (Roder 

et al. 1995; Singh et al. 2003; Kumar et al. 2007). 

In the present study, the microsatellite markers Xgwm-

637, Xgwm-469, Xgwm-538, Xgwm 337, Xgwm-99, 

Xgwm-149, Xgwm-174, Xgwm-340, Xgwm- 425, Xgwm-

Table 7: Association of wheat genotypes bands with percent infection of wheat inoculated with T. indica inoculum during 2015-2016 
 

Sr. No.  Model Multiple R Squared Adjusted R square Std. Error (Estimate)  Std. Error t-value P-value 

1 1 ~ aa 0.080 0.06 0.81 0.15 5.29 4.38×10-06*** 
2 2~ aa 0.004 -0.02 0.72 0.15 4.82 1.98×10-05*** 

3 3~ aa 0.007 -0.02 0.95 0.09 10.24 7.31×10-13*** 

4 4~ aa 0.005 -0.02 0.60 0.16 3.74 0.000567 *** 
5 5~ aa 0.004 -0.02 0.82 0.11 7.40 4.59×10-09*** 

6 6~ aa 0.001 -0.02 0.87 0.10 8.43 1.72×10-10*** 

7 7~ aa 0.024 0.00 0.96 0.11 8.70 7.37×10-11*** 
8 9~ aa 0.045 0.02 1.03 0.05 21.84 < 2×10-16*** 

9 10~ aa 0.001 -0.02 0.86 0.12 7.22 8.06×10-09*** 

10 11~ aa 0.019 -0.01 0.56 0.15 3.75 0.000551*** 
11 13~ aa 0.004 -0.02 0.72 0.14 5.30 4.22×10-06*** 

12 14~ aa 0.045 0.02 1.03 0.05 21.84 < 2×10-16*** 

13 15~ aa 0.010 -0.01 0.96 0.09 10.33 5.56×10-13*** 
14 17~ aa 0.024 0.00 0.96 0.11 8.70 7.37×10-11*** 

15 19~ aa 0.000 -0.02 0.59 0.16 3.74 0.000572*** 

16 22~ aa 0.024 0.00 0.40 0.16 2.51 0.0163* 
17 28~ aa 0.011 -0.01 0.72 0.13 5.50 2.21×10-06*** 

18 32~ aa 0.001 -0.02 0.72 0.14 5.17 6.46×10-06*** 

19 33~ aa 0.102 0.08 0.34 0.11 3.20 0.00263** 
20 35~ aa 0.005 -0.02 0.59 0.15 3.87 0.00038*** 

21 37~ aa 0.026 0.00 0.30 0.12 2.43 0.0197* 

        
***= Significant at 0.001, **= Significant at 0.01, *= Significant at 0.05  

 

Table 8: Association of wheat genotypes bands with Percent infection of wheat inoculated with T. indica inoculum during the Year 2016 
 

Sr. no.  Model Multiple R Squared Adjusted R square Std. Error (Estimate) Std. Error t-value P-value 

1 1~ bb 0.10 0.08 0.86 0.16 5.42 2.93×10-06*** 
2 2~ bb 0.00 -0.02 0.74 0.16 4.69 3.03×10-05*** 

3 3~ bb 0.00 -0.02 0.91 0.10 9.37 9.56×10-12*** 

4 4~ bb 0.01 -0.01 0.64 0.17 3.83 0.000431*** 
5 5~ bb 0.01 -0.02 0.81 0.12 6.95 1.91×10-08*** 

6 6~ bb 0.01 -0.02 0.94 0.11 8.76 6.19×10-11*** 

7 7~ bb 0.02 0.00 0.96 0.11 8.39 1.95×10-10*** 
8 9~ bb 0.07 0.04 1.05 0.05 21.49 < 2×10-16*** 

9 10~ bb 0.01 -0.02 0.78 0.12 6.35 1.39×10-07*** 

10 11~ bb 0.01 -0.02 0.59 0.16 3.78 0.000502*** 
11 13~ bb 0.02 0.00 0.66 0.14 4.68 3.16×10-05*** 

12 14~ bb 0.07 0.04 1.05 0.05 21.49 < 2×10-16*** 

13 15~ bb 0.01 -0.02 0.95 0.10 9.78 2.79×10-12*** 
14 17~ bb 0.02 0.00 0.96 0.11 8.39 1.95×10-10*** 

15 19~ bb 0.02 -0.01 0.73 0.16 4.49 5.74×10-05*** 

16 28~ bb 0.00 -0.02 0.78 0.14 5.70 1.14×10-06*** 
17 32~ bb 0.01 -0.01 0.65 0.15 4.49 5.78×10-05*** 

18 33~ bb 0.05 0.02 0.28 0.11 2.50 0.0165* 

19 34~ bb 0.07 0.05 0.24 0.09 2.53 0.0153* 
20 35~ bb 0.03 0.00 0.50 0.16 3.17 0.0029** 
***= Significant at 0.001, **= Significant at 0.01, *= Significant at 0.05 
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235, Xgwm-604, Xbarc-59 and Xbarc-232 were found to be 

associated with resistance. In earlier studies, similar findings 

were reported by Sehgal et al. (2008) that these four 

markers Xgwm99 (1AL), Xgwm149 (4BL), Xgwm174 

(5DL) and Xgwm340 (3BL) are associated with resistance 

genes in BC5F4 progenies. On the contrary, Kumar et al. 

(2007) reported two markers (Xgwm 337-1D and Xgwm 

637-4A) had an association with the resistance of wheat 

against KB. In another study, Kumar et al. (2015) also 

confirmed the association of the primers Xgwm 337, Xgwm 

637, Xgwm 538, Xgwm-469 and Xgwm-425 with the 

resistance of KB in different populations. Vasu et al. 

(2000) discovered a microsatellite locus associated with 

the gene of KB resistance, Xgwm637 that has been 

assigned to 4AL. Recently, Brar et al. (2018) identified 

QTL for KB resistance and some QTL on chromosomes 

4A, 7A and 6A are likely to be associated with SSR 

markers used in this study. 

In this study, DNA fragments ranged in size from 

about 100 bp to 1000 bp compared to Manifesto et al. 

(2001) reported amplified DNA fragments ranging in size 

from 115 bp to 285 bp, whereas Abbas et al. (2008) 

detected amplified DNA fragments ranging in size from 250 

bp to 1000 bp while Kumar et al. (2015) observed range 

from 100 bp to 300 bp. It has been previously reported that 

KB resistance was controlled by major and minor genes 

(Singh et al. 1996) and DNA polymorphism between 

genotypes has been achieved from microsatellite marker 

amplification. It is a useful application for assessing genetic 

diversity and polymorphism (Lang et al. 2001). 

Development of resistant varieties was difficult due to 

the confusing impact of the environment and limited 

sustainable genetic sources to the nature of quarantine 

resistance to KB. Therefore, the identification of markers 

associated with KB resistance using marker-assisted 

selection (MAS) could help in complementing phenotypic 

selection. Kumar et al. (2016) reported SSR markers 

Xbarc59, Xgwm232, Xgwm235, and Xgwm604 were 

linked with KB resistance gene. Similar results were found 

in our study. A dendrogram was constructed using allelic 

diversity based on SSR marker data, to determine the 

genetic relationship between selected wheat genotypes. The 

dendrogram revealed that all genotypes fall into two main 

categories with a similarity factor of 4.5. Genetic diversity 

and population structure information of breeding genotypes 

of wheat will benefit breeders to make improved usage of 

their genetic resources and management of genetic variation 

in their breeding programs. In the present study, the 

significant genetic divergence of wheat genotypes was 

observed with SSR markers. 

Association of genetics data and percent infection of 

two years of 42 wheat genotypes were found to be highly 

significant. An association of 52.5% was recorded in 2015–

16 while 50% in 2016–2017. Furthermore, R-square and 

adjusted R were found to have low value. R-square reflects 

the goodness of fit of the model to the population taking into 

account the sample size and the number of predictors used. 

As we were looking for the association not for prediction, so 

R-square was not importantly considerable in our 

results. The sample size was small in our study as 42 

wheat genotypes were studied for the molecular and 

field data. The small sample size was also affected by 

the model goodness fit. 
 

Conclusion 
 

Results suggested that molecular markers can explain the 

phenotypic variations for KB resistance in wheat. The use of 

SSR markers in these populations showed significant results 

and had the potential for detecting resistance in wheat. 

Further work is needed to narrow down the environmental 

factors (i.e., humidity and temperature) along with PI as 

predictors to estimate the KB status on wheat. 
 

Acknowledgements 
 

The authors would acknowledge the lab members of Plant 

Genomics Laboratory of the National Institute for Genomics 

and Advanced Biotechnology (NIGAB), National 

Agricultural Research Center, Islamabad) for their support 

and facilities. 
 

Author Contributions 
 

AA and SA, MF planned the experiments, AA interpreted 

the results and did write-up of the manuscript, and MA 

statistically analyzed the data. SA, MN, US, SB checked 

and improved the write-up of manuscript. 

 

References 

 
Aasma, S Asad, M Fayyaz, A Munir (2019a). Prevalence, incidence, 

severity and morphological characterization among isolates of 

Karnal bunt (Tilletia indica) in Punjab and Khyber Pakhtunkhwa 
(Pakistan). Intl J Biol 15:106‒117 

Aasma, M Zakria, S Asad, A Jamal, M Fayyaz, A Munir (2019b). 

Pathogenic variation among isolates of Tilletia indica the causal 
organism of Karnal bunt of wheat. J Biol Environ Sci 14:71‒77 

Aasma, M Zakria, S Asad, A Jamal, M Fayyaz, AR Rattu, A Munir, S 

Iftikhar, Y Ahmad (2012). Morphological and physiological 
characterization of Tilletia indica isolates from Punjab and Khyber 

Pakhtunkhwa. Pak J Phytopathol 24:106‒111 
Abbas SJ, SRU Shah, G Rasool, A Iqbal (2008). Analysis of genetic 

diversity in Pakistani wheat varieties by using randomly amplified 

polymorphic DNA (RAPD) primers. Amer Eur J Sustain Agric 
2:29‒33 

Ahmed M (2002). Assessment of genomic diversity among wheat genotypes 

as determined by simple sequence repeats. Genome 45:646‒51 
Aujla SS, I Sharma, VB Singh (1989). Rating scale for identifying wheat 

varieties resistant to Neovossia indica, Short communication. Ind 

Phytopathol 42:161‒162 
Aujla SS, AS Grewal, I Sharma (1983). Relative efficiency of karnal bunt 

inoculation techniques. Ind J Mycol Plant Pathol 13:99‒100 

Bonde MR, DK Berner, SE Nester, GL Peterson, MW Olsen, BM Cunfer, T 
Sim (2004). Survival of Tilletia indica teliospores in different soils. 

Plant Dis 88:316‒324 

Bonde MR, GL Peterson, NW Schaad, JL Smilanick (1997). Karnal bunt of 
wheat. Plant Dis 81:1370‒1377 



 

Aasma et al. / Intl J Agric Biol, Vol 25, No 1, 2021 

 270 

Bonde MR, GL Peterson, SS Aujla, GS Nanda, JG Phillips (1996). 

Comparison of the virulence of isolates of Tilletia indica, causal 
agent of karnal bunt of wheat, from India, Pakistan, and Mexico. 

Plant Dis 80:1071‒1074 

Brar GS, G Fuentes-Dávila, X He, CP Sansaloni, RP Singh, PK Singh 
(2018). Genetic mapping of resistance in hexaploid wheat for a 

quarantine disease: Karnal bunt. Front Plant Sci 9; Article 1497 

Brennan JP, EJ Warham, J Hernandez, D Byerlee, F Doronel (1990). 
Economic Losses from Karnal Bunt of Wheat in Mexico 90/02. 

CIMMYT, Mexico 

Carris LM, LA Castlebury, BJ Goates (2006). Nonsystemic bunt fungi—
Tilletia indica and T. horrida: A review of history, systematics, and 

biology. Annu Rev Phytopathol 44:113‒133 

Doyle JJ, JL Doyle (1987). A rapid DNA isolation procedure for small 
quantities of fresh leaf tissue. Phytochem Bull 19:11‒15 

Edwards A, CT Caskey (1991). Genetic marker technology. Curr Opin 

Biotechnol 2:818‒822 
Farooq M, Bramley H, Palta JA, Siddique KHM (2011). Heat stress in 

wheat during reproductive and grain filling phases. Crit Rev Plant 

Sci 30:491–507. 

Farooq M, Hussain M, Siddique KHM (2014). Drought stress in wheat during 

flowering and grain-filling periods. Crit Rev Plant Sci 33:331–349 

Fischer RA, GO Edmeades (2010). Breeding and cereal yield progress. 
Crop Sci 50:85‒98 

Ghosh S, ZE Karanjawala, ER Hauser, D Ally, JI Knapp, JB Rayman, A 

Musick, J Tannenbaum, C Te, S Shapiro, W Eldridge (1997). 
Methods for precise sizing, automated binning of alleles, and 

reduction of error rates in large-scale genotyping using fluorescently 
labeled dinucleotide markers: FUSION (Finland-U.S. Investigation 

of NIDDM Genetics) Study Group. Genome Res 7:165‒178 

Gill KS, I Sharma, SS Aujla (1993). Karnal bunt and wheat production, 
pp:1‒153. Punjab Agricultural University, Ludhiana, India 

Giri GK, RM Gade, CU Patil (2001). Seed borne Bipolaris sorokiniana in 

wheat and its chemical control. J Soil Crop 11:109‒112 
Gupta V, X He, N Kumar, G Fuentes-Davila, RK Sharma, S Dreisigacker, P 

Juliana, N Ataei, PK Singh (2019). Genome wide association study 

of karnal bunt resistance in a wheat germplasm collection from 
Afghanistan. Intl J Mol Sci 20:3124–3138 

Huang XQ, MS Roder (2004). Molecular mapping of powdery mildew 

resistance genes in wheat: A review. Euphytica 137:203‒223 
Jafari H, M Torabi, A Alizadeh (2000). Evaluation of resistance of some 

advanced cultivars/lines of wheat to Tilletia indica, the causal 

organism of Karnal bunt. Seed Plant 15:296‒312 
Khan MA, MA Shakoor, N Javed, MJ Arif, M Hussain (2010). A disease 

predictive model for karnal bunt of wheat based on two years 

environmental conditions. Pak J Phytopathol 22:108‒112 
Kumar M, OP Luthra, NR Yadav, L Chaudhary, N Saini, R Kumar, I 

Sharma, V Chawla (2007). Identification of microsatellite markers 

on chromosomes of bread wheat showing an association with karnal 
bunt resistance. Afr J Biotechnol 6:1617‒1622 

Kumar S, CN Mishra, V Gupta, R Singh, I Sharma (2016). Molecular 

characterization and yield evaluation of near isogenic line (NIL) of 
wheat cultivar PBW 343 developed for Karnal bunt resistance. Ind 

Phytopathol 69:119‒123 

Kumar S, V Chawla, NR Yadav, I Sharma, K Pawan, S Kumar and RK 
Behl (2015). Identification and validation of SSR markers for Karnal 

bunt (Neovossia indica) resistance in wheat (Triticum aestivum). Ind 

J Agric Sci 85:712‒717 

Kumar S, D Singh, VK Pandey (2014). Research Note Field screening of 

wheat genotypes against Karnal bunt caused by Neovossia indica 

(Mitra) Mund. Electr J Plant Breed 5:602‒604 
Lang NT, S Yanagihara, BC Buu (2001). A microsatellite marker for a gene 

conferring salt tolerance on rice at the vegetative and reproductive 

stages. J Breed Genet 33:1‒10 
Manifesto MM, AR Schlatter, HE Hopp, EY Suare, J Dubcovsky (2001). 

Quantitative evaluation of genetic diversity in wheat germplasm 

using molecular markers. Crop Sci 41:682‒690 
Nagarajan S, SS Aujla, GS Nanda, I Sharma, LB Goel, J Kumar, DV Singh 

(1997). Karnal bunt (Tilletia indica) of wheat–a review. Rev Plant 

Pathol 76:1207‒1214 

Prasad M, RK Varshney, JK Roy, HS Balyan, PK Gupta (2000). The use of 

microsatellites for detecting DNA polymorphism, genotype 

identification and genetic diversity in wheat. Theor Appl Genet 

100:584‒592 

Raees A, A Riaz, M Zakria, F Naz (2013). Incidence of Karnal bunt 
(Tilletia indica Mitra) of wheat (Triticum aestivum L.) in two 

districts of Punjab (Pakistan) and identification of resistance sources. 

Pak J Phytopathol 1:1‒6 
Riccioni L, A Inman, HA Magnus, M Valvassori, A Porta-Puglia, G Conca, 

G Di Giambattista, K Hughes, M Coates, R Bowyer, A Barnes 

(2008). Susceptibility of European bread and durum wheat cultivars 
to Tilletia indica. Plant Pathol 57:612‒622 

Roder MS, V Korzun, SB Gill, MW Ganal (1998). The physical mapping of 

microsatellite markers in wheat. Genome 41:278‒283 
Roder MS, J Plaschke, SU Konig, A Borner, ME Sorrells, SD Tanksley, 

MW Ganal (1995). Abundance, variability and chromosomal 

location of microsatellite loci in wheat. Mol Gen Genet 246:327‒333 
Rush CM, JM Stein, RL Bowden, R Riemenschneider, T Boratynski, MH 

Royer (2005). Status of Karnal bunt of wheat in the United States 

1996–2004. Plant Dis 89:212‒223 

Sajjad M, S Ahmad, MA Hussain, HMZU Ghazali, M Nasir, M Fayyaz, M 

Hussain (2018). Incidence of Karnal bunt (Tilletia indica Mitra) of 

wheat in southern Punjab, Pakistan. Intl J Biosci 12:280‒285 
Sehgal SK, G Kaur, I Sharma NS Bains (2008). Development and 

molecular marker analysis of Karnal bunt resistant near isogenic 

lines in bread wheat variety PBW 343. Ind J Genet 68:21‒25 
Sharma AK, J Kumar, D Singh, BK Sharma, K Kumar (2008). Biological 

control of Karnal bunt of wheat and its evaluation at hot spot location 
in North West India. J Wheat Res 2:48‒51 

Sharma I, NS Bains, K Singh, GS Nanda (2005). Additive genes at nine loci 

govern Karnal bunt resistance in a set of common wheat cultivars. 
Euphytica 142:301‒307 

Singh RA, A Krishna (1982). Susceptible stage for inoculation and effect of 

Karnal bunt on viability of wheat seed (virus disease). CIMMYT 
No. 83-843701,  El Batán, CIMMYT, Mexico 

Singh S, GL Brown-Gudiera, TS Grewal, HS Dhaliwal, JC Nelson, H 

Singh, BS Gill (2003). Mapping of a resistant gene effecting against 
karnal bunt pathogen of wheat. Theor Appl Genet 106:287‒292 

Singh T, SS Aujla, I Sharma (1996). Karnal bunt resistance in wheat genetic 

studies. Plant Dis Res 11:35‒42 
Stephenson P, G Bryan, J Kirby, A Collins, K Devos, C Busso, M Gale 

(1998). Fifty new microsatellites loci for the wheat genetic map. 

Theor Appl Genet 97:946‒949 
Tandon JP, AP Sethi (1991). Wheat Production Technology, p:10. 

Directorate of Wheat Research, Karnal, India 

Tandon JP, DA Saunders, GP Hettel (1994). Wheat cultivation, research 
organization and production technology in the hot dry regions of 

India, pp:17‒23. Wheat in Heat-Stressed Environments: Irrigated, 

Dry Areas and Rice-Wheat Farming Systems, CIMMYT, Mexico 
Topping D (2007). Cereal complex carbohydrates and their contribution to 

human health. J Cereal Sci 46:220‒229 

Ullah HMZ, MI Haque, CA Rauf, LH Akhtar, M Munir (2012). Comparative 
virulence in isolates of Tilletia indica and host resistance against 

Karnal bunt of wheat. J Anim Plant Sci 22:467‒447 

Vasu K, H Singh, C Parveen, S Singh, HS Dhaliwal (2000). Molecular 
tagging of karnal bunt resistance genes of Triticum monococcum L. 

transferred to Triticum aestivum L. Crop Improv 27:33‒42 

Villareal RL, A Mujeeb-Kazi, DG Fluentes, S Rajaram (1996). Resistance to 

Karnal bunt in synthetic hexaploid wheat derived from Triticum 

turgidum x T. tauschiii crosses and resistant to Karnal bunt. Crop Sci 

36:218 

Villareal RL, G Fuentes‐Davila, A Mujeeb‐Kazi, S Rajaram (1995). Inheritance 
of resistance to Tilletia indica (Mitra) in synthetic hexaploid wheat× 

Triticum aestivum crosses. Plant Breed 114:547‒548 

Vocke G, EW Allen, JM Price (2002). Economic Analysis of Ending the 
Issuance of Karnal Bunt Phytosanitary Wheat Export Certificates; 

Wheat Yearbook/WHS-2002. USDA Economic Research Service, 

Washington, DC, USA 
Warham EJ (1986). Karnal bunt disease of wheat: A literature review. Intl J 

Pest Manage 32:229‒242 


