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Abstract Stripe rust or yellow rust is a serious threat to wheat production worldwide. This disease 

is caused by the fungus Puccinia striiformis f.sp. tritici (Pst). Currently it is controlled by the 

use of resistant wheat cultivars and fungicides. However, Pst can rapidly mutate to overcome 

the plant resistance while the excessive use of fungicides is not environment friendly. 

Therefore, modern tools and technologies are required to overcome this devastating disease. 

There are increasing evidences about the up-regulation of the fungal genes involved in the 

transport of ammonium and sulfur from the host, thiamine biosynthesis and cytochrome P450 

enzyme are during Pst infection of wheat. Hence, one of the potential strategies to combat 

the stripe rust is to target these genes using RNAi technology to produce Pst resistant 

transgenic wheat. This will increase our understanding about the actual roles of the genes 

involved in ammonium and sulfur transport, thiamine biosynthesis and cytochrome P450 

enzyme. Coupled with RNAi, the use of other novel technologies will be useful in developing 

multi-disease resistant crops. The present review is focused on the recent research 

breakthroughs and future challenges and opportunities towards development of rust 

resistant wheat varieties. 
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Background 

Stripe rust or yellow rust caused by the fungus 
Puccinia striiformis f.sp. tritici (Pst) is one of the most 
devastating agricultural diseases of wheat and a serious 
threat to food security (CHEN [1]). It is a significant 
disease worldwide, including North Africa, Central Asia 
(WELLINGS [2]), China (WAN [3]) and United States 
(CHEN [4]), where epidemics have caused a reduction in 
the yield and quality of grain since year 2000. In many 
countries stripe rust poses serious threat to wheat pro-
duction. For example in Australia, stripe rust is the second 
major threat to wheat production even though it is mainly 
controlled by fungicides with an annual cost of AUD$ 127 
million. The potential annual cost in the absence of control 
measures is around AUD$ 180 million (WELLINGS [5]; 
MURRAY & BRENNAN [6]). In Pakistan almost 70% of 
the wheat cultivated area is prone to stripe rust disease 
causing 10-17% yield loss under favorable conditions in rust 
susceptible cultivars (QAMAR & al [7]; QAMAR & al [8]). 

Breeding of resistant wheat cultivars (WELLINGS 
[2]) and the use of fungicides is considered as the best 
strategies to control stripe rust (CHEN [1]). The applica-
tions of fungicides at proper time may possibly reduce 
losses however the low profitability of wheat production 
cannot sustain such costs in many dry land conditions 
(LOWE & al [9]). Over the years, considerable efforts have 
been done for identification and introduction of resistance 
in the available germplasm through conventional breeding 
approaches. Breeding for resistance cultivars however is a 
difficult task and new races of the pathogens may develop 
to nullify host resistance. Therefore, stripe rust remains  
a threat to wheat production worldwide due to the rapid 
evolution of Pst pathotypes as a result of stepwise 
mutations (WELLINGS [5]). The ability of the pathogen to 
mutate and infect resistant wheat cultivars means that there 
is a need of new strategies to cope with this important 
disease. The use of RNAi technology has shown promising 
effects and might be effective in this regard (NOWARA  
& al [10]; YIN & al [11]). 

Stripe rust, the pathogen and disease: Puccinia 
striiformis f.sp. tritici (Pst), an obligate biotrophic basi-
diomycete fungus, completely dependent on the host living 
tissue for development and reproduction (YIN & al [12]). 
Pst is a macrocyclic and heteroecious pathogen producing 
five different types of spores and requires two hosts to 
complete its life cycle (JIN & al [13]).The urediniospores 
produced by Pst during its asexual cycle are responsible for 
the infection of wheat. Pst may cause multiple infections  
in wheat during a growing season. Being a biotrophic 
pathogen, the Pst relationship with the host is usually 
persistent for weeks to months which has an important 
role in parasitism (FABRO & al [14]). 

Generally, rusts are among the devastating fungal 
disease of wheat. There are two other types of rusts, called 
leaf rust (brown rust) caused by Puccinia triticina and stem 
rust (black rust) caused by Puccinia graminis f.sp. tritici 
(LOWE & al [9]). Leaf rust reduces the grain filling period 
and is responsible for smaller kernel size. Stem rust can 
damage entire wheat fields within a few weeks and leads to 
severe yield losses (WEGULO & BYAMUKAMA [15]). 

Pst infects mainly leaf tissues and stripe rust can develop at 
any point of plant development i.e from the one-leaf stage 
to plant maturity. The symptoms appear about one week 
after infection and sporulation starts two weeks post-
infection. The disease can be recognized by the formation 
of tiny, yellow to orange colored rust pustules called uredia 
on the green tissues of the plant. Each uredium consists of 
thousands of uredinio spores (CHEN [1]). Stripes of uredia 
or necrosis are formed usually after stem elongation on 
the green tissues of adult plants. The extent of chlorosis 
and necrosis depends on the level of plant immunity and 
climate conditions (CHEN [1]) (Figure 1). 

 

 

Figure 1. Stripe rust caused by P. striiformis f. sp. tritici 
on wheat (adapted from University of Georgia). 

http://www.caes.uga.edu/publications/pubDetail.cfm?pk_id=7814 
 

Pst Infection: During the asexual cycle, the uredinio 
spores of Pst germinate on the leaf to produce germ tubes. 
These tubes then develop into appressoria, which form an 
infection peg penetrating the leaf stomata. The infection 
peg develops into a substomatal vesicle, which results in 
the formation of a haustorial mother cell and a specialized 
infectious structure called the haustorium (YIN & al [12]). 
The haustorium is separated from the host cytoplasm by an 
extrahaustorial membrane, which is adjacent to the plasma 
membrane of the host cell (HAHN & MENDGEN [16]; 
Voegele & al [17]). 

The haustorium is an essential structure for the fungus 
to obtain nutrients from its host (SZABO & BUSHNELL 
[18]). The space between the extrahaustorial membrane and 
fungal haustorial wall is known as the extrahaustorial 
matrix (PANSTRUGA [19]) which is enriched in vitamins 
(SOHN & al [20]) and carbohydrates and plays an 
important role in parasitism (SZABO & BUSHNELL [18]). 
Haustoria are not only the sites of nutrient uptake but are 
also responsible for the induction of structural changes in 
the host cell including cytoskeletal rearrangements, nuclear 
migration and chromatin condensation (HEATH [21]). 
Furthermore, there is an evidence that haustoria can alter 
host cell metabolism (VOEGELE & MENDGEN [22]). 

Biotrophic plant pathogens such as Pst secrete an array 

of essential virulence proteins known as effectors into the 

extrahaustorial matrix that are subsequently translocated 

http://www.caes.uga.edu/publications/pubDetail.cfm?pk_id=7814
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into the host cells (KEMEN & al 23; RAFIQI & al [24]). 

The effectors are believed to play an important role in the 

parasitic life style of the fungus. Although very little is 

known about the function of fungal effectors, however it is 

considered that during infection they modulate plant innate 

immunity (PANSTRUGA & DODDS [25]). Conversely, 

the plant immune system has evolved to recognize fungal 

effectors (BENT & MACKEY [26]). The disease resistance 

genes in plants, called R genes, encode immune-receptors 

that recognize the fungal specific effectors, called aviru-

lence (Avr) proteins, by direct or indirect association 

(DODDS & RATHJEN [27]). The Avr proteins act as  

a signal for the plant intracellular immune-receptors  

to induce defense mechanisms against the pathogen  

and often lead to a localized hypersensitive reaction and 

programmed cell death that restricts the pathogen to the 

site of infection (DODDS & RATHJEN [27]; JONES & 

DANGL [28]) (Figure 2). 
 

 

 
Figure 2. The fungal pathogens release some molecules, called pathogen associated molecular patterns (PAMPs), into  
the extracellular spaces, which are recognized by cell surface pattern recognition receptors (PRRs) and activate  
PAMP-triggered immunity (PTI). Fungi and oomycetes secrete effectors from haustoria, which often suppress PTI. 
However, effectors are recognized by intracellular receptors, called nucleotide-binding (NB)-LRR receptors, which 
activates effector triggered immunity (ETI) (Adapted from Dodds and Rathjen [27]). 

 
 

Effector proteins are very diverse and have evolved to 
interfere with different aspects of the plant immune system 
(DODDS & al [29]). In contrast, plant R proteins belong to 
a small number of conserved structural classes. They can 
be broadly divided into two major classes. The first class of 
R proteins consists of an intracellular nucleotide-binding 
leucine-rich repeat (NB-LRR) proteins, with an N-terminal 
Toll / interleukin-1 receptor (TIR) domain or coiled coil 
(CC) motif while the second class of R proteins consists of 
an extracellular leucine rich repeat (eLRR) domain and a 
short transmembrane (TM) domain, either with or without 
an intracellular kinase domain (DODDS & THRALL [30]; 
DODDS & RATHJEN [27]). In general, immune responses 
of effector triggered immunity (ETI) and PAMP-triggered 
immunity (PTI) are similar but differ in intensity, with ETI 
a stronger and faster response than PTI. Moreover, PTI is 
only effective against non-adapted pathogens whereas ETI is 
active against adapted pathogens such as the flax rust fungus 
(Melampsoralini) of flax (DODDS & RATHJEN [27]). 

During infection the bacterial pathogens inject their 
effectors into the cytoplasm of plant cells using a type III 
secretion system that traverses the plant cell wall whereas 
most fungal and oomycete pathogens form a flask like 
structure called  haustorium by penetrating the plant cell 
wall and invaginating the plant plasma membrane. Most 
fungal and oomycete effectors are secreted by the haust-
orium and translocated across the plant plasma membrane 
into the cytoplasm. Many oomycete effectors have a well-
defined RxLR motif near their N-termini which appears to 
act as a signal for translocation (DODDS & al [29]). Fungal 
effectors also appear to have N-terminal translocation 

signals, but do not have a conserved motif like that of 
oomycetes. Nevertheless, the detailed mechanism for trans-
location remains poorly understood for both oomycete and 
fungal pathogens (RAFIQI & al [24]). 

 

Disease Management 

Plant Resistance: The most effective, economical 
and environmentally friendly method to control stripe rust 
is to grow cultivars that are genetically resistant to Pst 
(LINE & CHEN [31]). Various R genes active against 
different Pst races have been incorporated into wheat and 
have efficiently controlled stripe rust (WELLINGS [5]).  
So far seventy genes have been reported that confer 
resistance to different races of Pst (CHEN [1]). However, 
the use of R gene-mediated resistance in wheat is short 
lived as rapid mutations in Pst allow evasion of the R genes, 
which can lead to destructive pandemics (WELLINGS [2]). 

In Australia, many new pathotypes of Pst have been 
detected since the original incursion of fungus in 1979 and 
each new pathotype was reported to be phenotypically 
related to a pre-existing pathotype. It has been concluded 
that the emergence of new pathotypes is the result of single 
gene mutations that are responsible for increased virulence 
(WELLINGS [2]). Despite of the fact that Pst spores need 
cool temperatures to germinate and infect (HOVMØLLER 
& al [32]), the new pathotypes of Pst with increased 
virulence have developed the ability to adapt to warmer 
climates and pose a serious threat to wheat production 
and food security worldwide (MILUS & al [33]). With the 
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instability of R-gene mediated resistance, there is a need for 
new technologies to provide options to combat stripe rust. 

Use of Fungicides: An efficient system, called 
MoreCrop (Managerial option for reasonable economical 
control of rusts and other pathogens) has been developed 
which rely on the use of management practices, fungicides 
and resistant cultivars for the control of stripe rust till date 
(CU & LINE [34]). In recent years fungicides have provided 
an economical option to control stripe rust (CHEN [1]).  
In developing countries the use of fungicides is a burden 
for farmers because of the huge costs. There are some other 
issues concerned with fungicides such as health problems for 
growers, adverse effects on the environment and the emer-
gence of fungicide resistant strains of the pathogen, which 
would be a new threat to wheat production (CHEN [1]). 

RNAi Technology: RNA interference (RNAi) or 
RNA silencing, also called as post-translational gene 
silencing, was first discovered in plants (FIRE & al [35]) 
and exists in a wide range of eukaryotes (TIJSTERMAN  
& al [36]; ULLU & al [37]). Small interfering RNAs 
(siRNAs), with lengths of 21 to 28 bp are processed from 
double stranded RNA of variable size and origin. siRNAs 
are involved in the recognition and degradation of targets 
such as mRNAs and viral RNA genomes. The natural 
RNAi silencing mechanisms in plant and eukaryotes 
regulate developmental programs and provide protection 
against invading viruses (Reviewed by SIDAHMED & 
WILKIE [38]). Several in vitro studies have demonstrated 
that feeding of dsRNA can signal PTGS of target genes in 
disease causing insects (ZHANG & al [39]), fungi (NUNES 
& DEAN [40]) and nematodes (LILLELY & al [41]). This 
mechanism has been deployed in the artificial gene 
silencing both in vitro and in vivo (MEISTER & TUSCHI 
[42]) (Figure 3). Introduction and expression of dsRNA  
in host plants conferred protection against infections. 

 

 

Figure 3. Model of small-RNA-guided post-transcriptional 
regulation of gene expression. siRNA is processed from 
dsRNA precursor and is involved in the formation of RNAi 
Silencing Complex (RISC), which leads to the degradation 
of target mRNA (modified from University of Fribourg. 
http://www.unifr.ch/biochem/index.php?id=138 

In recent years, RNAi has been successfully deployed 

in plants to control viral diseases, using antisense or hairpin 

RNAi constructs against target genes (WATERHOUSE & 

FUSARO [43]; SUDARSHANA & al [44]). Additionally, 

RNAi has been used for the production of resistant plants 

against root-knot nematodes as well as Lepidoptera and 

Coleoptera insects. The uptake of double stranded RNA 

(dsRNA) or small interfering RNA (siRNA) into the mid 

gut of these organisms occurs by sucking or chewing of 

transgenic plants, which results in silencing of  the targeted 

parasitism genes (HUANG & al [45]; BAUM & al [46]; 

MAO & [47]). 

Conversely, in fungal pathogens such as Pst, haus-

torium is the hub of bidirectional transport and executes 

the uptake of nutrients and secretion of effectors. Recent 

studies by (NOWARA & al [10]) led to the finding that 

siRNAs along with other nutrients are transported into the 

obligate fungus B. graminis from transgenic host plants. 

The transgenic host plants contained RNAi constructs 

against fungal effectors that reduced the growth of the 

biotrophic B. graminis. These results suggest that an RNAi-

based crop protection strategy could be deployed against 

fungal pathogens. 

Transgenic development of Host-Induced Gene 

Silencing (HIGS) against fungal diseases: In the last few 

years, several studies have documented results of HIGS 

against a number of pathogens in various transgenic plants. 

Some notable studies also demonstrated effects of HIGS 

against fungal diseases (Table 1). The first report came in 

transgenic wheat that expressed the MLO gene and showed 

resistance against the B. graminis f. sp. Tritici (RIECHEN 

[48]). HERNANDEZ & al [49] demonstrated the gene 

silencing approach by targeting the GST (Glutathione  

S-transferase) gene in tobacco. GST is a negative regulator 

of defense response and its silencing conferred resistance in 

transgenic tobacco plants against Phytophthora parasitica. 

Moreover, the expression of dsRNA constructs targeting 

fungal glucanosyl transferase genes conferred resistance  

in transgenic barley and wheat against powdery mildew 

fungus Blumeria graminis. The resistance in transgenic 

plants was attributed to reduced disease symptoms or 

haustoria formation of B. graminis (NOWARA & al [10]). 

In addition to the above mentioned study, they also 

demonstrated HIGS based resistance to powdery mildew 

disease in susceptible barley cultivar Pallas that lacked the 

Mla10 resistance gene. The gene silencing strategy targeted 

the fungal effector Avra 10 gene that results in reduced 

number of functional haustoria inside epidermal cells in the 

powdery mildew susceptible cultivar. However, no such 

reduction in the number of functional haustoria was 

reported in a nearly isogenic line containing the Mla10 gene 

which is considered to promote virulence. Moreover, 

(TINOCO & al [50]) expressed the b-glucuronidase (GUS) 

gene-interfering cassette in tobacco and the transgenic 

plants showed silencing of the GUS transcripts in a GUS-

expressing strain of necrotrophic Fusarium verticillioides 

during plant colonization. This study provided the evidence 

of concept for HIGS efficacy in phytopathogenic fila-

mentous fungi.  
  

http://www.unifr.ch/biochem/index.php?id=138


The use of modern technologies to combat stripe rust in wheat 

 

 1285 

 

Table 1. Transgenic plants with genes conferring host-induced gene silencing against fungal infection 

Species Host plant Target gene Effects Reference 

Blumeria graminis 
f. sp. tritici 

Triticum 
aestivum 

MLO Resistance RIECHEN [48] 

Phytophthora 
parasitica var. 

nicotianae 

Nicotiana 
tabacum 

GST (glutathione 
S-transferase 

gene) 

Resistance; GST negative 
regulator of defense response 

HERNANDEZ & 
al [49] 

Blumeria 
graminis 

Hordeum vulgare 
and 

Triticum 
aestivum 

Avra10 (effector 
gene) 

Reduced fungal development in the 
absence of the matching resistance gene 

Mla10 

NOWARA & al 
[10] 

Fusarium 
verticillioides 

(= F. moniliforme) 

Nicotiana 
tabacum (cv 

Xanthi) 

GUS (reporter 
gene) 

GUS silencing; proof of concept TINOCO & al 
[50] 

Puccinia 
striiformis f. sp. 

tritici or 
P. graminis 
f. sp. tritici 

Hordeum vulgare 
and Triticum 

Aestivum 

PSTha12J12 
(haustorial Pst 

transcript) 

No obvious reductions in rust development 
or sporulation 

YIN & al [11] 

Phytophthora 
parasitica 

Arabidopsis 
thaliana 

PnPMA1 
(H+-ATPase) 

and GFP 
(reporter gene) 

Not sufficient; No reduction in GFP and 
PnPMA1 transcripts 

ZHANG & al [51] 

P. triticina, 
P. graminis 

and P. striiformis 

Triticum 
Aestivum 

PtMAPK1 (MAP 
kinase), PtCYC1 

(cyclophilin) 
and PtCNB 

(calcineurin B) 

Disease suppression, 
compromising fungal growth 

and sporulation 

PANWAR & al 
[52] 

P. triticina, 
P. graminis 

and P. striiformis 

- - - PANWAR & al 
[52] 

Fusarium 
graminearum 

Arabidopsis 
thaliana and 

Hordeum vulgare 

CYP51A, CYP51B 
and CYP51C 

Resistance KOCH & al [53] 
 

Fusarium oxisporum 
f. sp. conglutinans 

Arabidopsis 
thaliana 

 
FOW2,FRP1,and OPR 

Low mRNA levels of the target genes. 
Transgenic lines showed resistance and 

high survival rates 

HU & al [54] 

 

 

In addition to the above studies, (PANWAR & al 

[52]) demonstrated the expression of hairpin RNA-gene-

rating constructs targeting the P. triticina pathogenicity 

genes Mitogen-Activated Protein Kinase 1 (PtMAPK1), 

Cyclophilin (PtCYC1) or Calcineurin B (PtCNB) in wheat 

leaves. Exposure to super infection with the P. triticina, 

the transgenic wheat leaves showed 51%-68% reduction  

in disease symptoms and a 59%-69% reduction in fungal 

biomass as compared with those of control containing  

the empty vector. Transgenic wheat leaves also showed 

reduced symptoms against exposure to stem rust or stripe 

rust disease. More recently, (KOCH & al [53]) 

demonstrated that the fungal ergosterol biosynthetic genes 

of the CYP51 gene family provide a highly efficient 

strategy for combating growth and development of 

Fusarium species, mycotoxin-producing F. graminearum. 

They showed that the in vitro feeding of CYP3RNA,  

a dsRNA complementary to the three F. graminearum 

genes conferred resistance by inhibition of fungal growth. 

Furthermore, a recent research by (MUMBANZA & al 

[55]) based on the in vitro analysis of antifungal activities 

of a set of synthetic dsRNAs applied to fungal spores of  

F. oxysporum f. sp. Cubense and Mycosphaerella fijiensis 

has also been reported. These fungal pathogens cause 

Fusarium wilt and black sigatoka in bananas. 

More recently, Host-Delivered RNA interference 

(HD-RNAi) to partially silence three different genes 

(FOW2, FRP1, and OPR) of the fungus Fusarium 

oxysporum f. sp. Conglutinans has been reported (HU & al 

[54]). dsRNA molecules targeting the fungal pathogen 

genes were expressed in transgenic Arabidopsis lines.  

The transgenic Arabidopsis lines with the dsRNA mole-

cules showed relatively low mRNA levels of the target 

genes. Upon exposure to fungal infection, the transgenic 

lines showed high survival rates as compared to that of  

the wild control and exhibited enhanced resistance with 

delayed disease symptoms development. 

Unlike the above results, lack of initiation of the 

HIGS-mediated gene silencing in the oomycete of  

the pathogen Pytophthora parasitica upon colonization  

of transgenic Arabidopsis with the dsRNA targeting GFP 

transgene or the P. parasitica PnPMA1 gene has also been 

reported previously (ZHANG & al [51]). This is attributed 

to the failure of HIGS due to the lack of machinery required 

for the uptake of silencing in the oomycetes. On the 

contrary, some other studies showed onset of HIGS-

mediated gene silencing in oomycetes 

 

Future prospects and challenges 

Although numerous studies have been performed to 

investigate the fungal effectors that play essential roles in 

parasitism of wheat however still stripe rust remains a 

threat to wheat production worldwide. (NOWARA & al 

[10]) reported the use of RNAi in wheat and barley to 

control B. graminis by targeting the fungal effector genes 

that worked to reduce fungal growth. Similarly (YIN & al 

[11]) demonstrated the use of RNAi in wheat to control Pst 

by targeting some of the fungal genes that worked to 

overcome the fungal infection. However the application of 
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RNAi in host plants against the fungal effector genes is 

not a good strategy because fungal effectors usually exist 

abundantly and are redundant in nature. Therefore, these 

effectors are individually dispensable without affecting  

the fitness of the pathogen (ZHANG & al [39]). 

The recent availability of rust pathogen genome 

sequences has led to some new discoveries of fungal genes 

other than effectors that are highly expressed during fungal 

infection and seem to play essential roles in the esta-

blishment of infection. For instance, (GARNICA & al 

[56]) used next-generation sequencing (NGS) to sequence 

transcriptome of the wheat stripe rust pathogen and found 

high expression of the genes involved in nitrogen, sulphur 

transport, thiamine biosynthesis and Cytochrome P450 

enzyme in haustoria. 

Nitrogen is an essential component required for the 

synthesis of nitrogenous compounds that are required  

for protein and nucleic acid synthesis. The ammonium 

transported from the host is converted to glutamate and 

glutamine that are subsequently used for the biosynthesis 

of amino acids that are required for the growth and 

development of the fungus. Similarly sulfur is required 

for the synthesis of the amino acids methionine and 

cysteine, Coenzyme A, and iron-sulfur enzymes. Thiamine 

is essential for the vitamin B1 derivative thiamine 

pyrophosphate, which is used as a cofactor for many 

enzymes involved in different metabolic processes 

(GARNICA & al [56]). One of the cytochrome P450s genes 

that is highly expressed in haustoria is a lanosterol 14 

alpha-demethylase, which is involved in the synthesis of 

ergosterol, a fungal cell wall component. This enzyme is 

the target of commonly used antifungal drugs called azolez 

(VANDEN & al [57]; GARNICA & al [56]) (Figure 4). 

 

 

Figure 4. Schematic representation of the genes highly 

expressed during Pst infection in wheat. The plant genes are 

shown in green, while those of the fungus are of blue color. 

 

Therefore, the focus of combating stripe rust should 

be on the RNAi technology using the fungal genes involved 

in transport of nitrogen and sulfur from the wheat, thiamine 

biosynthesis and cytochrome P450 enzyme. The fungus 

structures are shown in blue and plant structures are shown 

green (Figure 4). The genes involved in the transport of 

ammonium i.e PST79_5204 (Gene A) and sulfur i.e cysteine 

synthase PST79_10177 (Gene S), thiamine biosynthesis  

i.e THI1 and TH2 genes (Gene T) and Cytochrome P450 

genes (Gene C) are highly expressed during Pst infection 

(GARNICA & al [56]). The fungus releases effectors 

into the extra haustorial matrix which are subsequently 

translocated into the host cell and nutrients such as nitro-

gen and sulfur enter the haustorium from the host via 

extrahaustorial matrix. Further research efforts are 

required to make use of RNAi technology targeting 

multiple virulence-related genes instead of single genes 

that may confer more durable resistance. 
 

Conclusion 

Worldwide wheat production suffers substantial loses 

due stripe rust disease. The use of conventional metho-

dologies such as the use of fungicides etc to counter stripe 

is not effective as it is a burden over country’s economy 

and also effect the environment adversely. Based on 

updated literature on fungal genes responsible for 

parasitism in wheat can help in developing the resistant 

wheat cultivars against the stripe rust. RNAi technology for 

targeting fungal genes responsible for parasitism provides 

an ecofriendly platform for future combat of the stripe 

rust in wheat. 
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