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ABSTRACT 
The mitogen-activated protein kinase (MAPK) pathway is a key pathway in plant defense. The main Objective is that our work may 

contribute to the development of strategy to manipulate Wheat disease resistance.  Gene array analysis indicated that a particular MAP 
kinase kinase kinase (MAPKKK), tFLR, was transcriptionally up-regulated during the early interactions of wheat and leaf rust pathgens; 

moreover, infection with Fusarium head blight also activated this kinase gene. Analysis of the background transcript levels in sixteen 

different wheat cultivars showed no correlation to their resistance or susceptibility to Fusarium head blight. Transient expression of 
tFLR in tomato protoplast activated pathogenesis-related (PR) genes β-1,3-glucanase and chitinase. Our findings suggest that TaFLR 

mediates defense response pathways. 
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INTRODUCTION 
 

Plants encounter a vast array of pathogenic micro-organisms in their natural environment, and these diverse 

pathogens deliver virulence factors into the plant cell to promote virulence and cause disease [7]. Plants protect 

themselves against microbes and disease through defense mechanisms, which are usually complex and 

composed of multiple layers of defense [7].  The wheat-leaf rust interaction, which generally follows the gene-

for-gene model,  remains an excellent system to study fungal diseases of plants, and many of the Lr genes are 

studied for this reason [18]; [20]. Fusarium head blight (FHB) is also a serious disease of wheat worldwide that 

may cause substantial yield and quality losses [12]. However, the nature of resistance to this disease is complex 

and involves several types of resistance [12]. 

Protein phosphorylation plays an important role in regulating and coordinating pathways in plants that 

sense and respond to environmental stresses and pathogen attacks, and it is one of the best understood processes 

involved in the regulation of protein functions in plant cells [10].  The phosphorylation of a protein can change 

its behaviour in almost every conceivable way, including its intrinsic biological activity, half life, subcellular 

location and docking with other proteins or DNAs [37].Therefore, phosphorylation is essential for the 

integration of signals within the cell. The collective effect of the complex phosphorylation machinery can 

determine the final effectiveness of defense mechanisms. 

http://www.aensiweb.com/aeb.html
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The mitogen-activated protein kinase (MAPK) pathway is identified as one of the key phosphorylation 

pathways. MAPK cascade is a signaling system that plays essential roles in signal transduction processes 

involving cell proliferation, differentiation, death and stress responses in almost all eukaryotes. This cascade is 

formed by MAP kinase (MAPKs), MAPKkinase (MAPKKs) and MAPKK kinase (MAPKKKs). The 

MAPKKK-MAPKK-MAPK module is linked in various ways to upstream receptors and downstream targets. 

MAPKKK activation is mediated by receptor through physical interaction and/or phosphorylation by either 

receptor itself, intermediate bridging factors or interlinking MAPKKKs [26]. Studies have shown that both race- 

and non-race-specific pathogen-related elicitation activate MAPK cascades [38]. MAPKKs are activated by 

MAPKKKs through phosphorylation on two serine/threonine residues in a conserved S/T-X3-5-S/T motif. 

MAPKKs are dual-specificity kinases that phosphorylate MAPKs on threonine and tyrosine residues in the T-

X-Y motif. MAPKs phosphorylate a variety of substrates including transcription factors, protein kinases and 

cytoskeleton-associated proteins [26]. In general, MAPK pathways bring together transduction pathways 

initiated by different types of signals and also deliver messages to diversified streams to evoke the transcription 

of different genes and to affect the effectiveness of downstream proteins [32];[34];[37];[38]. Marcel et al. 

(2007) showed that a MAPKKK in barley contributes to partial resistance to barley leaf rust. In a previous 

study, we identified the wheat TaFLRS MAPKinase (Fusarium and Leaf Rust Sensitive) gene that was 

transcriptionally upregulated in incompatible interactions involving wheat and leaf rust and Fusarium 

graminearum, suggesting that this MAPK is involved in defense responses to these wheat pathogens. 

Salicylic acid (SA) is known to play a major role in plant defense and is generally involved in the activation 

of defense responses [14].  Alteration of SA level 

in plant results in the change in the expression of defense related genes and activation of defense response 

[7]. In our previous TaFLRS work, RT-PCR revealed that TaFLRS transcript levels were not altered by SA 

treatment. However, immunoprecipitation and western blotting analysis showed that phosphorylation of 

TaFLRS at the TEY motif was enhanced by SA in the Fusarium head blight (FHB) resistant cultivar Frontana 

following challenge with the FHB pathogen. 

Fumonisin B1, a cell death-eliciting mycotoxin, has been used in model systems for the study of plant cell 

death in pathogen response pathways [13];[30]. Also, it has been suggested that Fumonisin B1 (FB1) induces 

MAPK activity [29], and the activation of MAPK induced some effects, including transcription, modulation and 

activation of enzymes involved in cell signal transduction. Therefore, studies on TaFLR using SA and FB1 may 

provide us with more information of defense response pathways in wheat. 

In this study, we have found that TaFLR, a wheat MAPKKK is activated when plants are challenged by 

leaf rust or Fusarium graminearum, the causal agent of Fusarium head blight. Tomato protoplast transient 

expression analysis suggests that tFLR activates key defense components. 

 

MATERIAL AND METHODS 
 

2.1. Bioinformatics analysis:  

The catalytic domains of TaFLR protein were searched by querying protein sequences against InterProScan 

(http://www.ebi.ac.uk/Tools/InterProScan/). 

 

2.2. Leaf rust inoculation: 

Wheat seeds were surface sterilized for 2 min in 70% ethanol and then soaked for 8 min in sterilization 

solution (25% Bleach v/v and 0.01% Triton X-100 v/v). Seeds were then rinsed 10 times with autoclaved water. 

After sterilization, seeds were sowed directly to autoclaved soil (BM1, Montreal, Quebec, Canada). Each pot of 

wheat was fertilized with 7-9 mL granular 14:14:14 slow release fertilizer. They were grown in the greenhouse 

with supplemented lighting using high pressure sodium light bulbs, 16 h daylight, 18-22°C. Nine-day old plants 

were inoculated with wheat leaf rust Puccinia recondita race BBB (avirulent) and race TJB (virulent), 

suspended in a light mineral oil, Bayol (Esso, Canada). The leaf rust culture was originally derived from a 

single spore isolate, which was increased, vacuum dried and stored at 4°C. 

 

2.3. FHB inoculation:  

Wheat seeds were planted in plastic cones with Metro Mix, one seed per cone, 54 plants per wheat line.  

Plants were grown in a controlled environment with a 16 h photoperiod and 15/13°C day/night temperature 

regime to promote tillering. The cones were placed in trays of water then transferred to Nutri-Bloom 

hydroponic solution after seedling emergence. They were grown in 16 h of light at 17°C and 8 h of dark at 15°C 

in growth chambers (ENCONAIR Technologies Inc, Winnipeg, Manitoba). The wheat spikes were inoculated at 

anthesis (7-8 weeks after germination). Isolate EEI 20/6 of Fusarium graminearum was used as the inoculum 

source. A standard conidial spore suspension was prepared in a carboxymethyl cellulose media.  Spore 

concentration was adjusted to 50,000 conidia/µL. A spray bottle was used to apply 3-5mL of spore suspension 

to wheat spikes. The control plants were treated with water and Tween 20.  The plants were placed in a 

http://www.ebi.ac.uk/Tools/InterProScan/
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humidity chamber equipped with a timer set to shut off after 6 hours.  The plants remained in the chamber 18 

hours post inoculation.  Percent infection was determined 21 days post inoculation based on the number of 

infected spikelets compared to the total number. 

 

2.4. SA or FB1 treatment: 

Frontana and Roblin leaves were collected and treated with SA and FB1 for indicated period of times. 

Three to four leaves harvested from the 3-week-old plants were cut to ~2cm segments and incubated in 100µM 

SA or 5µM FB1 solution under the same growth conditions after infiltration. Leaf segments were placed 

upward on the filter paper in Petri dishes so that they were just covered by the solution. Leaf segments treated in 

the same way with an equal volume of distilled water served as controls. Samples after 24 h, 48 h and 72 h 

incubation were collected. All of the leaf segments were collected in Falcon tubes and snap- frozen in liquid 

nitrogen. They were stored at -80°C and used for RNA extraction within 3 months. 

 

2.5. Northern blotting: 

Fifteen mg of RNA per lane was separated on a denaturing formaldehyde gel. Following transfer to nylon 

membranes, the blot was hybridized with radiolabelled fragment of TaFLR and FLRS coding regions and 

hybridization signals were visualized by autoradiography [33]. 

 

2.6. PCR amplification of TaFLR for cloning: 

Total DNA was isolated from 3-week-old seedlings using Sigma Extract-N-Amp
TM 

Plant PCR kit 

following the manufacturer’s instruction. Five separate PCR amplifications were carried out to obtain the 

TaFLR gene. The reaction mixtures were performed as 1 min at 94°C, followed by 1min at 94°C, 1 min at 55°C 

to 65°C (depending on the primers’ melting temperatures), 1min 30s at 72°C for 34 cycles, and then 72°C for 

10min. All of the five sets of primers are listed in Table 2-2. The first pair of primers, TaFLR_F and TaFLR_R, 

was designed from the beginning and the end of TaFLR open reading frame (ORF). The second pair of primers, 

TaFLR_F_gDNA and TaFLR_R, is designed to amplify genomic DNA. TaFLR_F_gDNA was designed from 

the upstream of the coding region. To amplify the full length cDNA, the third pair of primers, 

TaFLR_F_bp_change and TaFLR_R, was used. New forward PCR primer (TaFLR_F_bp change) was designed 

by changing five base pairs (underlined in Table 1) but keeping the same amino acids identity. The fourth set of 

primers is TaFLR_F_mid with TaFLR_R, and TaFLR_F with TaFLR_R_mid. TaFLR_F_mid and 

TaFLR_R_mid were designed from the middle part of TaFLR gene. Two parts of TaFLR gene were amplified, 

and then these PCR products were used as primers to obtain the full length DNA. The last set of primers is 

TaFLR_F_Mut and TaFLR_R. The N-terminal non-catalytic domain (first 87 base pairs) was eliminated in 

order to mimic the active protein kinase. TaFLR_F_Mut was designed from the 90th base pairs of TaFLR gene. 

Primers were listed in Table 1. 

 

2.7. RT-PCR of TaFLR, β-1,3-glucanase and chitinase genes: 

Primers were designed for PCR according to sequences for tomato β-1,3-glucanase gene (GenBank 

accession no. M80604) and chitinase gene (GenBank accession no. Q05539). Primers used for the amplification 

of β-1,3- glucanase were 5'-GTCCCAAATCAAGATCTTGAAGCCC TAGCC-3' (forward primer) and 5'-

GCTATCTCTAGGTGGGTAGGTGTTGGTT-3' (reverse primer), and for chitinase were 5'- 

CTAACTACGAACGAGCTGGACAAGG-3' (forward primer) and 5'-CTGGAACTCTATTAGCTGCTG-3' 

(reverse primer). The RT-PCR was run as described previously [38]. Primers were listed in Table 1. 

 

2.8. Protoplast isolation and transient expression of tFLR: 

Tomato protoplasts were isolated and transiently transformed with tFLR [36]. Quantitative RT-PCR with 

22-26 PCR cycles were applied for semi-quantification of transcripts according to Xing et al. (2001). 

 

3. Results: 

3.1 Identification of TaFLR: 

TaFLR was first identified when we found it responded to wheat leaf rust challenge in a preliminary wheat 

(Triticum aestivum) expressed sequence tag (EST) array analysis (He and Xing. unpublished).  The sequence 

was deposited to GenBank in 2002. Full-length cDNA sequence and the deduced amino acid sequence of 

TaFLR are showed in Figure 1. TaFLR has the signature motif ‘GTPEFMAPE’, which is for one of the 

MAPKKK classes (ZIK1 class) [6] and amino acid residues 30 through to 301 are identified as catalytic 

domains of protein kinases. This sequence is also identified to be serine/threonine protein kinase-related by 

using InterProScan Sequence Search tool. 
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3.2. Up-regulation of TaFLR transcript by leaf rust challenge: 

Wheat near isogenic line Thatcher Lr16 was inoculated with the leaf rust pathogen, race BBB or race TJB. 

The activation of plant defense responses is initiated upon plant-pathogen recognition, mediated either by a 

gene-for- gene interaction between a plant resistance (R) gene and pathogen avirulence (Avr) gene, or by the 

binding of a non race-specific elicitor to the receptor  [4];[7];[15]. Race BBB, an incompatible leaf rust 

challenge, has the Avr gene to react with the product of Lr16 R gene. Race TJB, a compatible leaf rust 

challenge, does not have Avr gene that can be recognized by Lr16, so there is no gene-for-gene interaction. 

In order to verify if TaFLR is involved in pathogen resistance, Northern blotting was performed to detect 

the transcript levels of these two genes upon leaf rust challenge. Northern blot results have shown that both 

TaFLR is transcriptionally up-regulated upon Lr16-BBB incompatible interaction by comparing with Lr16 

control and Lr16-TJB compatible interaction at 1.5 hours. At 4 hours, there is no change on TaFLR 

transcriptional level comparing to control. 25S rRNA exhibited most stable expression in plants grown under 

various environmental conditions [17], so 25S rRNA is chosen as the control gene for equal RNA loading. 

 

3.3. Up-regulation of TaFLR transcript by Fusarium graminearum challenge: 

Susceptible and resistant wheat cultivars were challenged by Fusarium graminearum the causal agent of 

fusarium head blight. The transcriptional levels of TaFLR and FLRS were detected by Northern blot. Upon 

fusarium head blight, TaFLR gene is activated in Frontana (a resistant cultivar) but not in Roblin (a susceptible 

cultivar). However, the background level of TaFLR in Roblin was high (Figure 1). 

In order to find out the correlation between the mRNA level of TaFLR and resistance/susceptibility, 

Northern blotting was performed to detect background transcriptional levels of TaFLR gene in different 

resistant and susceptible cultivars (Figure 2). The result has suggested that there is no clear correlation between 

TaFLR transcript level and resistance or susceptibility to FHB (Figure 2). 

 

3.4. No change of TaFLR transcript level with SA or FB1 treatment: 

It has been known that SA is a crucial signal molecule leading to systemic acquired resistance (SAR) and 

PR gene induction, and also plays a role in regulation of gene expression in the course of defense response [23]. 

FB1 is naturally produced by Fusarium spp, including F. moniliforme that may play a role in virulence [3];[30], 

and elicits an apoptotic form of PCD in both plants and animal tissue culture cells [30];[35]. Therefore, we use 

FB1 as a biotic stress in this project. To determine whether TaFLR is associated with SA-dependent pathway, 

and if the gene plays a role in response to biotic stress FB1, we carried out RT-PCR to monitor the 

transcriptional changes of TaFLR and FLRS genes upon SA and FB1 treatments. As MAPK cascades mediate 

plant innate immune responses [2], it is expected the signalling events in leaves may also represent those in 

wheat head during FHB attack. Therefore, leaf tissues were used in this study. 

RT-PCR analysis has revealed that there is no change of TaFLR transcript level when wheat plants 

(Frontana and Roblin) were treated with SA and FB1 (Figure 3). 

 

3.5. Activation of PR genes in tomato protoplast transient expression system: 

As shown in section 2.2.3 and 2.2.4, TaFLR is activated by leaf rust and FHB challenges, so it would be 

interesting to see if transgenic plants overexpressing TaFLR have different disease resistant properties 

compared to wild type wheat plants. 

The first step of cloning is to amplify TaFLR by PCR. The TaFLR_F and TaFLR_R primers were 

designed for PCR on both genomic DNA and cDNA. Due to the high GC content at the 5' end, it was difficult 

to design forward and reverse primers with a similar melting temperature. In the initial attempts, there was 

no PCR result even when a gradient PCR was used. 

Then the forward PCR primer upstream of the coding region of TaFLR in genomic sequence was designed 

for PCR with genomic DNA. The same TaFLR_R PCR primer was also used here, and the new forward primer 

and the reverse primer have almost the same melting temperature. New forward PCR primer (TaFLR_F_bp 

change) for cDNA was also designed by changing some base pairs but without changing the amino acid 

identity. The TaFLR_R primer was also used with this forward primer, and they had very close melting 

temperatures. PCR experiments were repeated with these primers on both genomic DNA and cDNA, but no 

PCR products were detected even when different PCR conditions were tested. 

Moreover, the primers from the middle of the gene were designed (TaFLR_F_mid and TaFLR_R_mid), 

and they were used with the end primer (TaFLR_R) and the beginning primer (TaFLR_F) respectively. In this 

way, we tried to amplify two parts of DNA for TaFLR gene, and then to use these PCR products as primers to 

obtain the full length DNA. But, no PCR products were obtained by using these mid-primers. 

Finally, the primers for PCR-mediated mutagenesis were designed. For TaFLR, the N- terminal non-

catalytic domain (first 87 base pairs) was eliminated. This primer (TaFLR_F_Mut) was designed from the 90th 

base pair. PCR was carried out with TaFLR_F_Mut primer and the TaFLR_R primer. PCR products were 
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purified and ligated into pGEM-T Easy vector. Four PCR clones were examined and the fidelity were 

confirmed by DNA sequencing. The inserts were then cloned into pTZ19 tCUPΔ  (Figure 4) [36]. 

All of the primers mentioned above are listed in Table 1. 

After electroporation, transcription of potential target genes was detected by RT-PCR. The genes analysed 

included β-1,3-glucanase and chitinase. Our results indicated that both genes were activated by tFLR . 

 

Discussion: 

4.1. TaFLR is identified as MAPK pathway components: 

The family of MAPKKKs forms the largest group of MAPK pathway components. Arabidopsis contains 80 

MAPKKKs [19], which can be subdivided into three major subtypes, Raf, MEKK and ZIK [31].  

‘GTPEFMAPE’ is the conserved signature motif of ZIK subfamily [31] . This conserved signature motif is 

found in TaFLR sequence, suggesting TaFLR belongs to ZIK family. In MAPK cascade, MAPKKs are 

activated when serine and serine/threonine residues in the S/TXXXXXS/T motif are phosphorylated by 

MAPKKKs [6]. Amino acids residues from 30 to 301 of TaFLR are identified as catalytic domains of protein 

kinases, which are also identified as the domain of serine/threonine protein kinase. Moreover, alignment 

between TaFLR protein and putative MAPKKK protein from Homo sapiens shows certain similarity, and both 

of them contain ZIK signature motif (data not shown). Therefore, all of these bioinformatics analysis has 

suggested that TaFLR is a MAPKKK in wheat. 

 

4.2. Transcriptional changes of TaFLR gene in response to leaf rust challenge and Fusarium graminearum 

challenge: 

Wheat near isogenic line Thatcher Lr16 was inoculated with the leaf rust pathogen, race BBB or race TJB. 

Race BBB, an incompatible leaf rust challenge, has the Avr gene that can be recognized by the Lr16 R gene 

product, leading to plant defense responses. Race TJB, a compatible leaf rust to Thatcher Lr16, doesn’t have a 

corresponding Avr gene that can be recognized by Lr16, so TJB challenge causes disease symptom in Thatcher 

Lr16. TaFLR was transcriptionally up-regulated upon Lr16-BBB incompatible interaction at 1.5 hours 

compared to Lr16 control and Lr16-TJB compatible interaction, suggesting TaFLR is involved in wheat defense 

response to leaf rust. 

Susceptible and resistant wheat cultivars were challenged by Fusarium graminearum. Upon this fusarium 

head blight challenge, TaFLR gene was activated in resistant cultivar Frontana (Figure 2). In order to find out if 

there is a correlation between the mRNA level of TaFLR and resistance or susceptibility, Northern blotting was 

performed to detect background transcriptional levels of TaFLR gene in different resistant and susceptible 

cultivars. The result has indicated that there is no clear correlation between TaFLR transcript level and 

resistance or susceptibility. Therefore, TaFLR activation in FHB resistant cultivars Frontana suggests that it is 

the enhanced level (above the background level in each cultivar) that may contribute to the resistance to FHB. 

Work on other resistant and susceptible cultivars may further evaluate the role of TaFLR gene in wheat-FHB 

interaction. 

Many studies showed that MAPK pathway plays a role in defense response to pathogen attacks. MPK6-

silenced Arabidopsis plants are compromised in resistance to different pathogens (Menke et al., 2004). Dóczi et 

al. (2007) revealed that the Arabidopsis MKK3 pathway plays a role in pathogen defense. Also, Marcel et al. 

(2007) showed that mitogen-activated protein 

kinase kinase kinase (MAP3K) in barley contributes to partial resistance to barley leaf rust. Our recent 

study also showed that tMEK2 (LeMKK2) from tomato (Solanum lycopersicum) is a key component in the 

defense pathways against pathogen attacks, because tMEK2-transgenic wheat (Triticum aestivum) has partial 

resistance to wheat leaf rust (caused by Puccinia triticina) [9]. 

 

4.3. No change of TaFLR transcript levels upon SA or FB1 treatment: 

Salicylic acid has been identified as a key signaling component in numerous plant responses to both biotic 

and abiotic stresses [7];[14]. Although it has been suggested that SA is essential for many plant defense 

responses, under other circumstances SA did not seem to be required. Figure 3 shows that mRNA levels of 

TaFLR were not changed after SA treatment, indicating that it may not be involved in SA-mediated pathway. 

FB1 is used as a biotic stress in this work. The result shows that FB1 did not induce TaFLR change at mRNA 

level (Figure 3), suggesting transcriptional regulation of TaFLR may not play a role in wheat response to FB1. 

However, the MAPK cascade components are regulated at multiple levels, which include transcriptional, 

translational and post-translational levels [39]. In a study of a variety of stresses, Ichimura et al. (2000) showed 

that low temperature, low humidity, hyper-osmolarity, touch and wounding induce rapid and transient activation 

of the Arabidopsis MAP kinases ATMPK4 and ATMPK6. Activation of ATMPK4 and ATMPK6 was 

associated with tyrosine phosphorylation but not with the amounts of mRNA or protein. Also, in the 

examination of proteins that were phosphorylated in Arabidopsis upon treatment with flagellin, a bacterial 

elicitor, only a few of the phosphoproteins were found to be regulated at the transcriptional level [27];[28]. 
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Since transcript levels do not necessarily reflect the amount of final active protein product [11];[37], TaFLR 

kinase will be further analyzed at translational and post-translational levels in our future work. 

 

4.4. Expression of a partial TaFLR enhanced PR gene activities: 

PR proteins are intra- and extracellular molecules that accumulate in plant tissues or cultured cells upon 

pathogen attack or elicitor treatment and a number of PR proteins, such as glucanases (PR2) and chitinases 

(PR3) possess antifungal or antibacterial properties and are often taken as markers of plant defense responses 

[38]. Dynamic changes in the localization of MAP kinase cascade components have been related to the 

regulation of pathogenesis-related (PR) gene expression during innate immunity in parsley [22].  In our study, 

by using PR gene expression as a marker for the plant defense response we observed that β 1,3-glucanase and 

chitinase genes were activated by the partial TaFLR . Our observation has confirmed that activation of MAPK 

pathways ultimately up-regulated PR2 and PR3 genes using the signaling components upstream of these genes. 

 

4.5. Data from microarray analysis and our results: 

Many studies have shown that some MAPKs are activated at the transcriptional level while others are 

activated post-translationally when exposed to drought stress, and sometime the same kinase is able to mediate 

the response to multiple stresses [10]; Xing and Laroche 2011). When we examined TaFLR response to 

drought, there was no change at transcriptional level (data not shown). Further bioinformatics analysis of wheat 

microarray data seems to indicate that there is no obvious change with drought treatment. Further more, the 

transcriptional level of TaFLR seems to remain relatively stable during wheat development and upon all the 

tested abiotic and biotic stresses including FHB and leaf rust challenge [1]; Albaraky and Xing, unpublished). 

This result from data mining does not agree to our result. Our data clearly indicate the responsiveness of TaFLR 

to FHB and wheat leaf rust challenge. Our work may pave a way for disease resistance enhancement through 

the manipulation of an upstream protein kinase.  

 

Conclusion and Future work: 

Plants encounter a vast array of pathogenic micro-organisms in their natural environment, and these diverse 

pathogens deliver virulence factors into the plant cell to promote virulence and cause disease [7]. This study 

focused on response of TaFLR MAPKKK to wheat leaf rust and Fusarium head blight.   TaFLR is identified 

as MAPK pathway components.  Wheat near isogenic line Thatcher Lr16 was inoculated with the leaf rust 

pathogen, race BBB or race TJB. Race BBB, an incompatible leaf rust challenge, has the Avr gene that can be 

recognized by the Lr16 R gene product, leading to plant defense responses. Our recent study also showed that 

tMEK2 (LeMKK2) from tomato (Solanum lycopersicum) is a key component in the defense pathways against 

pathogen attacks, because tMEK2-transgenic wheat (Triticum aestivum) has partial resistance to wheat leaf rust 

(caused by Puccinia triticina) [9]. 

Moreover, there is no change of TaFLR transcript level upon SA or FB1 treatment. Moreover, by using PR 

gene expression as a marker for the plant defense response we observed that β 1,3-glucanase and chitinase 

genes were activated by the partial TaFLR, indicating that that activation of MAPK pathways ultimately up-

regulated PR2 and PR3 genes using the signaling components upstream of these genes. 

When we examined TaFLR response to drough, there was no change at transcriptional level (data not 

shown). Further bioinformatics analysis of wheat microarray data seems to indicate that there is no obvious 

change with drought treatment. 

It would be helpful if TaFLR gene is used to protein-protein interaction analysis.  Identification of  the 

interaction protein may lead to further understanding of the wheat signaling pathways. 

 

Figure Legend: 
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Fig. 1: Northern analysis of TaFLR transcripts after leaf rust and Fusarium head blight treatment. Fifteen g of 

RNA per lane was separated on a denaturing formaldehyde gel. Following transfer to nylon membranes, 

the blot was hybridized with a radiolabeled fragment (200 to 800 bp) of the 5’-end of the coding regions 

of TaFLR. Hybridization signals were visualized by autoradiography. 25S rRNA was used as internal 

standard.  The experiments were repeated three times with similar results. 

 

 
 

Fig. 2: Northern analysis of TaFLR transcripts in different wheat cultivars. Fifteen g of RNA per lane was 

separated on a denaturing formaldehyde gel. Following transfer to nylon membranes, the blot was 

hybridized with a radiolabeled fragment (200 to 800 bp) of the 5’-end of the coding regions of TaFLR. 

Hybridization signals were visualized by autoradiography. 25S rRNA was used as internal standard.  

The experiments were repeated three times with similar results. 

 

 
 

Fig. 3: RT-PCR analysis of TaFLR upon SA and FB1 treatment. Actin was used as the internal control for RNA 

levels. 
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Fig. 4: Activation of pathogenesis-related genes by TaFLR. The effect was analysed by RT- PCR following 

transient expression of tFLR in protoplasts. Control, electroporation of control plasmid; TaFLR, 

electroporation of plasmid with TaFLR driven by the tCUPΔ promoter. Actin was used as internal 

standard.igure 5. Activation of pathogenesis-related genes by TaFLR. The effect was analysed by RT- 

PCR following transient expression of tFLR in protoplasts. Control, electroporation of control plasmid; 

TaFLR, electroporation of plasmid with TaFLR driven by the tCUPΔ promoter. Actin was used as 

internal standard. 
 
Table 1: PCR primers for TaFLR cloning. F: forward; and R: reverse; gDNA: genomic DNA; bp:base pair. 

Primer name Primer sequence 

TaFLR_F_rt 5’- GGCCATTCGAGGAACATCTA -3' 

TaFLR_R_rt 5’- TTGTCGTCATTATCGGCGTA - 3' 

TaFLR _F 5’- TTTATAGGATCCATGTCGAGCCCGCGGCGG - 3’ 

TaFLR _R 5’- TTTATAGGATCCTCAGAACATGAAGAACTGGTGCTTGTCC 
- 3’ 

FLR_F_g DNA 5’- TTTATAGGATCCCCTCCTCTCTGGCGTCTTCTG  - 3’ 

TaFLR_F_bp_change 5’- TTT ATA GGA TCC ATG TCG AGT CCA CGT CGT CCA -3’ 

TaFLR_F_mid 5’- TATTGGGCCTCCTCCGACTCG - 3’ 

TaFLR_R_mid 5’- TCAAGTCGAGTCGGAGGAGGCCCAATA - 3’ 

TaFLR_F_Mut 5’- TTTATAGGATCCGGCCGGTTCGACGAGCTC -3 ’ 

Glucanase_F 5' - GTCCCAAATCAAGATCTTGAAGCCCTAGCC - 3' 

Glucanase_R 5'- GCTATCTCTAGGTGGGTAGGTGTTGGTT - 3' 

Chitinase_F 5'- CTAACTACGAACGAGCTGGACAAGG - 3' 

Chitinase_R 5'- CTGGAACTCTATTAGCTGCTG - 3' 

Actin_F 5'- GCCACACTGTTCCAATCTATGA - 3' 

Actin_R 5'- TGATGGAATTGTATGTCGCTTC - 3' 
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