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The current study was conducted to screen 12 Pakistani wheat varieties in order to detect the presence 
and absence of resistance genes against stripe and leaf rust such as Yr9, Lr60, Yr19, Yr16, Yr6, Lr34, 
Yr5, Yr17, Yr29 andYr15.The main methodology employed for screening was PCR using SSR (simple 
sequence repeat) markers. The SSR markers were used including Iag95, Xwmc159, Xwmc3, Xwmc3, 
Xbarc101, Xgwm29, Xgwm120, S19M93, and S23M41. The amplification was observed in PCR results 
of only 5 markers. The markers band was detected for Yr19, Lr60, Yr29, Yr17, Yr15 genes. From the 
experiment, those varieties which showed positive result had resistance genes against leaf and stripe 
rust.  While remaining marker which was used did not amplify DNA in PCR reaction. No bands were 
detected for Yr16, Yr6, Lr34, Yr5 andYr9 genes. The reason was behind that these varieties had not 
been crossbred properly so the desirable trait is not present in these varieties. Those varieties which 
contained resistance gene breeder can have used these varieties as donor parent plants for further 
hybridization to decrease wheat rust.  
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INTRODUCTION 

Wheat is a cereal grain belonging to kingdom 
Plantae (angiosperms) and scientifically named as 
Triticum aestivum L. The world population is 
increasing day by day and will nearly be 10billion 
by the year of 2050. Limited resources of water, 
arable land and deteriorating rate of crop yield 
become an enormous challenge of food security 
in the 21st century. (Ismail cakmak 2002). There 

are three types of rust diseases which affect crop 
production are leaf rust (named as brown rust), 
stripe rust (names as yellow rust) and stem rust 
(named as black rust) causative agent for leaf rust 
is pucciniatriticina f.sptritici: causative agent for 
stripe rust is pucciniastriiformisf.sp.tritici (pst), 
causative agent for stem rust is 
pucciniagraminisf.sptritici.. Nearly 63% and 46% 
of wheat yield are harshly lessened by leaf and 
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yellow rust all over the world (Singh et al.2004; 
Shuaib et al., 2018). 

Wheat crop face many challenges which are 
responsible for yield declines among them most 
constraints are mass of abiotic and biotic stress, 
unusual warming throughout a substantial period. 
Wheat rust is one of the epidemic challenges in 
the last decade (Chatrath, 2007; Shuaib et al., 
2019). Leaf rust has commonly spread the 
disease of wheat. Globally leaf rust damaged the 
wheat quality and caused a major loss in wheat 
yield (Dubin and Brennan 2009: Kolmer et al. 
2009). Wheat rust is one of the major lessening 
wheat production factors worldwide, especially in 
Asia. Approximately 3000 rust species are 
responsible for causing wheat rust all over the 
world (Laudon, 1973; Jan et al. 2018). 

Screened 59 SSR and EST-SSR primer pairs 
specific to chromosome 2A on 152 F2 plants 
derived from a cross between Thatcher and its 
near-isogenic line (NIL) for Lr45. They identified 
four SSR markers that co-segregated with Lr45. 
SSR markers Xgwm372 and Xgwm122 were 
closely linked with leaf rust resistance gene 
derived from Secale Cereale, the original parent 
of Lr45. Qamar et al. 2008 identified Yr17 
resistance gene in Australian spring wheat by 
using primer ventriup against stripe rust and also 
their response to temperature. The primer 
ventriup had amplified PCR fragment of 252bp in 
Australian spring wheat. All seedling growth stage 
cultivars having Yr17 gene expressed a high level 
of resistance at high temperature (15-200

c)   while 
under low temperature (15-200c) it showed that 
cultivar having Yr17 compatible or near 
compatible reaction to pathotype134E16A+(A 
virulent to Yr17). Bernoux et al. (2011) studied 
DNA sequencing of L6 and L7 indicated that they 
encode proteins that differ by 11 amino acid 
differences in the TIR domain which was recently 
shown to be the domain involved in signaling to 
the host defense machinery. McCallum et al. 
(2012) characterized leaf rust resistance genes 
named Lr1 to Lr68 in bread wheat, durum wheat, 
and diploid wheat species. These genes are 
located on 20 of the 21 chromosomes of 
hexaploid wheat. Singh et al. 2014 designed a 
process to assemble in a single genotype multiple 
so-called “minor” APR genes, has produced 
breeding lines and varieties with near immunity to 
rust diseases in the absence of R genes effective 
against the pathogen races used in the screens. 
The wheat lines often also carry genes such as 
Sr2, Lr34, and Lr46, combined with unidentified 
minor genes in adapted high yielding 

backgrounds. The assembly of “near immunity” 
levels of resistance to the respective rusts is 
presumed to depend on the additively of some of 
the genes. ( Sania Begum et al. 2014) identified 
Allelic variation at loci controlling stripe rust 
resistance genes in spring wheat. 

The development and cultivation of genetically 
diverse and resistant varieties is the most 
sustainable way to overcome wheat disease in 
most part of the world. Many control measure for 
wheat rust has been identified, as well as wheat 
varieties with resistance to this disease. However, 
wheat rust occasionally develops new strains 
which are capable of causing disease in varieties 
that were previously resistant. When a sudden 
mutation occurs in this asexually reproducing 
fungus it gives rise to new strains. Widespread 
agronomy of the resistant varieties reduces the 
level of rust in the environment and decreases the 
existence of new strains. It is necessary that 
farmer must have knowledge of wheat varieties 
and their response to wheat disease. The 
varieties which are resistant to wheat rust are 
created after extensive physiological and 
morphological studies; this includes conventional 
breeding at the seeding stage and adult plant 
stage. These methods of conventional breeding 
are dependent on the environment and plant 
stage. Advancements in GMOs and plant genetics 
have allowed the researcher to classify and 
integrate the gene of desirable characteristics in 
numerous crops. Different types of molecular 
marker systems are used to identify and 
categorize rust resistance genes. These 
molecular methods include RAPD (Random 
Amplified Polymorphic DNA), RFLP (Restriction 
Fragment Length Polymorphism), AFLP 
(Amplified Fragment Length Polymorphism) and 
SSR (Simple Sequence Repeat). 
  
MATERIALS AND METHODS 

Plant samples  
Leaf tissues of 12 lines were collected from 

the field area of Crop Disease Research Program 
(CDRP) at the National Agriculture Research 
Center Islamabad, Pakistan in plastic bags and 
kept at 80 oC.  

DNA extraction  
The DNA extraction was done using fresh 

leaves. 2-3ml of the 2xcTAB buffer with the 
addition of mercaptoethanol 1% of CTAB was 
added. The samples were incubated at 65 0C for 
30 minutes in a water bath. About 750ml of 
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chloroform: isoamyl alcohol (24:1) was added to 
the tube and centrifuged at 1000 rpm at 4oC for10 
minutes.  About 480 µl ice chilled 2-propanol was 
added to the tubes and incubated at 40c for 
10minutes to precipitate DNA. The mixture was 
centrifuged at 12000 rpm for 10 minutes. DNA 
pellet was washed with 70% ethanol. The mixture 
was centrifuged at 12000 rpm for 10 minutes and 
placed the pellet for drying in air or vacuum 
overnight. Next day added 60µl TE buffer and for 
the quantification of extracted DNA, 1 % agarose 
gel was used.  

Primers design  
Using NCBI for design the various primers 

shown in the tables 1 for the molecular screening 
for leaf and yellow rust resistance genes of 12 
wheat varieties. 

Table 1: Selected wheat verities 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 

PCR  
Polymerase chain reaction (PCR) was 

performed in a volume of 20 µl. The reaction 
mixture contained 1x PCR buffer with (NH4) 2SO4, 

3 Mm MgCl2, 0.2m dNTPs mix, 10 pmol each of 
the reverse and forward primers, one unit of Taq 
DNA polymerase (Ferments, life sciences) and 
DNA template of 10-20ng. PCR amplification was 
carried out in an automated Applied Biosystems 
Thermal Cycler (verity 96 well) at 94°C for 5 
minutes, followed by 35 cycles each consisting of 
three steps; denaturation at 94°C for 40 seconds, 
annealing at 58°C for 40 seconds and an 
extension for 1 minute at 72°C.The final extension 
of 10 minutes at 72°C. Amplified products were 
electroporated on 1.5% agarose gel stained with 
Ethidium Bromide and subsequently visualized 
using the Gel Documentation system.  
 
RESULTS  

Amplification of genomic DNA (wheat) of 12 
Pakistani crop disease research program varieties 
were used to study the resistance gene by using 
11 simple sequence repeat (SSR) markers (table 
2). DNA marker used were Iag95, xwmc159, 
xwmc3, Xbarc101, xgwm296, xgwm120, xcdf, 
S23M, S19, wmc 367 and ventriup/LN2. Some of 
the markers like xwmc159, xcdf19, xwmc159, 
wmc367, ventriup\LN2 indicated the presence of a 
resistance gene. While remaining marker did not 
amplify PCR product of the wheat crop.   

The primer ventriup \LN2 was used to indicate 
presence and absence of Yr17 gene in 12 wheat 
varieties of Pakistani crop. Ventriup and LN2 had 
amplified PCR fragment of 253bp only in two 
varieties NIFA Liam and Pakhtunkhawa_15 out of 
12 varieties at 580c. This indicates that 2 varieties 
of Pakistani crop carried stripe rust resistance 
gene whereas other 10 varieties did not show 
band of 253bp. The primer xwmc367 was used to 
identify the presence and absence of Yr29 gene in 
12 wheat varieties of Pakistani crop. The marker 
xwmc367 had amplified PCR fragment of 175bp 
at 55oc in all varieties of wheat crop. This marker 
indicated that 12 varieties of Pakistani crop 
carried resistance gene against stripe rust. The 
marker xwmc3 was used to detect the presence 
and absence of Yr19 gene in 12 varieties of 
Pakistani wheat crop. The marker xwmc3 had 
amplified PCR fragment of 300bp at 580c in 7 
varieties. This show that these varieties of 
Pakistani crop carried resistance gene against 
stripe rust. No band was detected in other 
varieties for Yr19 indicating the absence of Yr19 
gene in other varieties. The marker xwmc159 was 
used to detect the presence and absence of Lr60 
gene in 12 varieties of Pakistani wheat crop. The 
marker xwmc159 had amplified PCR fragment of 
200 to 400bp at 580c in five varieties Hamal 
Faqur, Galaxy_13, Pir shak_15, Ujala and 
Prolong_15 out of 12 varieties.This indicating that 
these 5 varieties carried resistance gene against 
leaf rust.  No band was detected for Lr19 gene in 
other varieties of wheat crop. The marker Xcfd19 

was used for diagnostic purposes for the gene in 
12 varieties of Pakistani wheat crop. The marker 
xcfd19 had amplified PCR fragment of 200bp at 
58 in NIFA Liam variety Research on this market 
is still going on in order to identify it is linked to 
which gene. 

 
 
 
 
 

1 Shahkar_13 108 

2 Pirshabaq__ab 109 

3 Hamal Faqur 112 

4 NIFA Liam 116 

5 Galaxy_13 119 

6 Shailkot_13 120 

7 Pakhtunkhawa_15 122 

8 Pir shak_15 123 

9 Zincool 124 

10 Prolong_15 125 

11 Ujala 126 
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Table 2: The SSR markers used in this experiment.  
 

SSR Marker 
Resistance 

genes 
Product 

size 
Annealing 

temperature 
Primers 

Iag95 Yr9 1100bp 55oc 
F-CTCTGTGGATAGTTACTTGATCGA 
R-CCTAGAACATGCATGGCTGTTACA 

XWmc159 Lr60 200bp 58oc 
F-GGGCCAACACTGGAACACG 

R-GCAGAAGCTTGTTGGTAGGC 

Wmc349   58oc  

Xwmc3 Yr19 100bp 58oc  

Xbarc101 Yr16 120bp 55oc 
F-GCTCCTCTCTCTCACGATCACGCAAAG 
R-GCGAGTCGATCACACTATGAGCCAATG 

 

Xgwm296 Lr34  58oc 
F-AATATCGCATCACTATCCCA 
F-GCAGCGGCACTGGTACATT 

Xgwm120 Yr5 120bp 620c  

Ventriup/LN2 Yr17 253bp 55oc 
F-AGGGGCTACTGACCAAGGCT 

R-TGCAGCTACAGCAGTATGTACACAAAA 

Wmc367 Yr29 175bp 55oc 
F-CTGACGTTGATGGGCCACTATT 

R-GTGGTGGAAGAGGAAGGAGAGG 

S19M Yr5 100bp 62OC 
F-TAATTGGGACCGAGAGACG 
R-TTCTTGCAGCTCCAAAACCT 

S23M1 Yr5 275bp 580c 
F-TCAACGGAACCTCCAATTTC 
R-AGGTAGGTGTTCCAGCTTGC 

Xcfd19 Yr15 200bp 58oc 
F-TACGCAGGTTTGCTGCTTCT 
R-GGAGTTCACAAGCATGGGTT 

       M            1        2       3       4         5       6       7       8        9         10       11      12 

 
 

Fig 1:  Marker Ventriup/LN2 Yr17 100bp   Product size 253 
 

         M      1        2          3        4       5      6       7          8       9         10        11       12      

 
Fig 2: Marker Wmc367 Yr29 175bp 100bp ladder 

 
      M             1      2       3         4         5         6         7       8       9        10          11        12       

 
Fig 3: Marker Xgwm-3 100bp Ladder 1-12 samples 
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Fig: 4 Marker Xgwm159 100bp Ladder 1-12 sample 

 
 

M          1        2        3        4       5        6       7        8            9          10          11            12 

 
 

Fig 5: Marker for Xcfd19 
 
  

DISCUSSION 
The 12 Pakistani wheat varieties were 

screened in order to detect the presence and 
absence of stripe and leaf rust resistance gene. 
Amplification was observed in PCR results of only 
5 markers while remaining markers did not give 
positive results. Those markers which give 
positive results were ventriup\LN2, xgwm159, 
xcfd19, xgwm3, xwmc367.  

The ventriup\LN2 is linked to Yr17 resistance 
gene. This marker was applied to all the Pakistani 
wheat varieties but PCR amplification was 
observed in varieties NIFA Liam and 
Pakhtunkhawa_15 as compared to the ladder 
both bands were of 253bp.The Yr17 gene is a 
resistance gene against stripe rust.The primer 
ventriup \LN2 were used in project because its 
linkage to Yr17 gene has been proven by past 
experiments done by the researcher using 
Pakistani and Australian varieties (Ejaz et al. 
(2012), Qamar et al. (2008).  

The marker xcfd19 was used for diagnosis of 
stripe rust. Xcfd19 marker was applied to 12 the 
Pakistani wheat varieties but amplification was 
observed in only NIFA Liam variety as compared 
to the ladder band was 200bp. The marker xcfd19 
was used in experiment because in past this 
marker was used for detecting the inheritance of 
resistance gene in N9738 wheat variety. In order 
to get desirable improved wheat trait xcfd19 is 

linked with Yr24, Yr26, YrH52; YrcH42 can be 
used as a donor parent in breeding process for 
diagnosis of stripe rust in future (Baoju Yang. 
(2012). 

The marker wmc367 is linked to Yr29 
resistance gene. This marker was applied to 12 of 
the Pakistani wheat varieties and amplification 
was observed in all varieties as compared to the 
ladder band was 175bp. The Yr29 was a 
resistance gene against stripe rust. Marker 
wmc367 was used in spring wheat varieties of 
Pakistani to identify Yr29 resistance gene. Those 
lines which contained such gene was used as 
donor parents against stripe rust (Begum et al., 
(2014; Naeem et al. 2020; Sarah et al. 2019). 

The marker xwmc159 is linked to Yr60 
resistance gene. The marker was applied to all 12 
of the Pakistani wheat varieties but amplification 
was observed in only five varieties Hamal Faqur, 
Galaxy_13, Pir shak_15, Ujala and Prolong_15 as 
compared to the ladder band was between 200-
400bp.Yr60 is a resistance gene against leaf rust. 
The marker xwmc159 was chosen for the analysis 
because Lr60 is a novel resistance gene and was 
beneficial for the development of wheat lines 
against leaf rust (Colin Hiebert, 2007; Muhammad 
el al, 2020). The marker xwmc3 is linked to Yr19 
resistance gene. This marker was applied to all 12 
of the Pakistani wheat varieties but amplification 
was observed in seven varieties except Ujala as 
compared to the ladder band was 300bp. The 
Yr19 is a resistance gene against stripe rust 
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Shuaib et al. 2020. 

CONCLUSION 
Three types of wheat rust are responsible for 

causing loss of wheat production because each 
type of wheat rust varies from each other. The 
characterization of wheat rust resistance gene is 
necessary to control the disease. It can be 
concluded from the experiment that those 
varieties which did not show positive results to 
have resistance genes against wheat rust. The 
reason behind this is that these varieties have not 
been bred accurately so the desirable trait is not 
present in these varieties.The breeder must 
introduce desirable resistant genes in these 
varieties in order to control wheat rust. Those 
varieties which contained resistance gene breeder 
can have used these varieties as donor parent for 
further hybridization to decrease wheat rust. 
Approval of these 12 lines as commercial varieties 
will increase the genetic diversity in term of the 
rust resistance gene. The release of wheat 
varieties with improved rust resistance gene in the 
future will ensure improved wheat production and 
will avoid any future rust epidemic. 
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