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Fig 1. Healthy and bunted (T. controversa).
（B.J. Goates）
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Significance of wheat dwarf bunt



• Tilletia controversa Kühn (TCK) is the causal organism of wheat 
dwarf bunt (Duran and Fischer, 1961)

• Wheat yield reduction due to bunt are nearly equal to the 
percentage of infected spikes, and can reach 75% during severe 
disease epidemics (Goates, 1996)

• Wheat crops are affected by many fungal diseases, among which 
dwarf bunt of wheat (DB) caused by Tilletia controversa Kühn is 
considered to be very dangerous in wheat-cultivating regions 
worldwide. However, few studies have investigated the molecular 
mechanism governing the interactions of wheat and T. controversa.  

Significance of wheat dwarf bunt



 In this study, RNA-Seq was performed to analyse
the changes in gene expression and signal 
transduction in response to T. controversa infection. 

 Differentially expressed genes (DEGs) involved in 
resistance to DB were investigated after successful 
infection with T. controversa. 

 This approach has led to a greater understanding of 
the cellular and complex molecular events 
associated with DB and provided a basis for further 
studies on biotechnology and breeding for resistance 
to DB disease.



Materials and Methods

 Inoculation of wheat plants with T. controversa.

 Extraction and purification of RNA.

 Library preparation for RNA-Seq and sequencing.

 Data analysis. 

 Validation of RNA-Seq results by quantitative 

real-time PCR analysis.



Inoculation of wheat plants with T. controversa

• Dongxuan 3, the susceptible wheat cultivar 
was used in this study. 

• At the early boot stage, the spikes were 
injected with 1 ml inoculum suspensions of T. 
controversa . Inoculation was repeated 3 
times with a one-day interval. 

• The samples (spikes measuring 6.0 ± 0.5 cm 
in length) were collected from both T. 
controversa- and mock-infected plants, with 
three biological replicates for each treatment. 
Six samples were collected and stored at -80 
℃ for further use.

Spikes whth mock-
infection

Spike with T. controversa-
infection



Extraction and purification of RNA

 Total RNA was extracted based on the protocol of
the mirVana miRNA Isolation Kit (Ambion, TX, 
USA). 

 The samples that exhibited an A260/A280 of 1.8 to 
2.1 and an A260/A230 > 2.0 were chosen for 
further analysis. 

 Furthermore, the integrity of each sample was 
assessed using an Agilent 2100 Bioanalyzer 
(Agilent Technologies, Santa Clara, CA, USA).



Library preparation for RNA-Seq and 
sequencing

Total RNA (1 μg) of each sample of mock- and T. controversa-
infected plants was analysed for library construction. 

The constructed cDNA library was validated by using the Qubit
RNA Assay Kit in Qubit 3.0 for initial quantification。

The clustering of every sample was performed on Generation 
systems (Illumina, USA) following a previously described 
protocol. 

The prepared library was loaded onto an Illumina HiSeq X Ten 
platform with 150-bp paired-end technology.



Quality control and mapping

 The reads containing adapter sequences and reads with 
low quality (those in which more than 50% of bases 
presented quality of ≤ 10) and poly-N (unrecognized
bases) were removed to obtain clean reads. Every 
downstream analysis was performed based on clear
data with significantly high quality.

 The clean reads were mapped to the reference genome 
(https ://www.ebi.ac.uk/ena/ data/view/GCA_90051 
9105.1) using hisat2 with the parameters set by the 
system.



Data analysis

 Gene-level quantification and identification of DEGs: the 
FDR ˂ 0.05, and at least a two-fold change (> 1 or < − 1 
in log2 ratio value) was set as the threshold for DEGs.

 KEGG (https ://www.kegg.jp/kegg/kegg1.html) pathway 
analysis was performed by using GPSeq

 GO enrichment analysis was performed, with FDR < 
0.05 representing the significantly expressed genes.



Validation of RNA-Seq results by 
quantitative real-time PCR

• Eight transcripts with various expression levels 
demonstrated by RNA sequencing were randomly 
selected for proof by qRT-PCR. 

• Actin was used as an internal control in this experiment. 

• Three technical replicates were employed for every gene. 
The 2− ΔΔCt method was employed to calculate the 
expression level of every gene.



The primers were listed for validation of genes in this 
experiment



Results

 Confirmation of T. controversa infection in wheat plants.

 Transcriptomic analysis of RNA-Seq data.

 Identification of differentially expressed genes (DEGs).

 Gene ontology (GO) enrichment analysis of DEGs.

 KEGG enrichment analysis of DEGs.

 Differential expression of pathogenesis-related genes after T. controversa

infection.

 Differential expression of WRKY transcription factors after T. controversa

infection.

 Differential expression of protein kinase genes after T. controversa infection.

 Quantitative real-time PCR.



Transcriptomic analysis of RNA-Seq data

Based on RNA-Seq, we identified alterations in wheat genes when the spike was 
infected by T. controversa. Six cDNA libraries (three T. controversa-infected and three 
mock-infected) were sequenced. 



For CK-1 DEGs, 9496 (FPKM ˃ = 10), 
33,690 (FPKM 1–10), 6827 (FPKM 0.5–1), 
and 57,532 (FPKM 0.–0.5) genes were 
differentially expressed. An approximately 
similar response was observed in CK-2 and 
CK-3 samples. 

For Inoculated-1 DEGs, 5150 (FPKM ˃ = 
10), 27,077 (FPKM 1–10), 8799 (FPKM 
0.5–1), and 66,499 (FPKM 0.-0.5) genes 
were differentially expressed. The 
differential expression of genes indicates the 
genetic difference between mock and 
infected plants. 

DEGs were recognized based on FPKM value 



Biological replicates of
every sample were 
clustered together. 

Sample-to-sample 
clustering analysis 
demonstrated that the gene 
expression level between 
replicates was reproducible 
and that batch effects were 
controlled. 

Biological Replicates 



Indicating that there is 
good reproducibility 
among the biological 
replicates of the same 
treatments but 
differences between the 
treatments.

Principal Component Analysis (PCA)



Identification of differentially expressed genes (DEGs) 

The differentially expressed genes 
were recognized in T. 
controversa- and mock-infected 
libraries. In this comparison, 
10,867 (up-regulated) and 10,487 
(down-regulated) genes were 
expresse. 





To elucidate the transcriptional changes
occurring after T. controversa infection, 
we demonstrated the expression pattern 
by using hierarchical clustering analysis. 

On behalf of the analysis, the expression 
levels of T. controversa-infected and 
mock-infected plants were different from 
each other but were similar in the 
replication of T. controversa-infected and 
mock-infected plants. 

Hierarchical clustering analysis



GO enrichment analysis of DEGs 

GO was mainly 
associated with cellular 
process, metabolic 
process and single-
organism process. 

Meanwhile, in the 
cellular component 
category, DEGs were 
primarily associated with 
cell, cell part, and 
organelle.



For DEGs, 205 different 
pathways were identified. 
However, the top 20 KEGG 
enrichment pathways were 
primarily activated.

The pathway of biosynthesis of 
siderophore group nonribosomal
peptides was activated slightly 
during the interaction

KEGG pathway analysis 



KEGG pathway analysis



Identification of DEGs related to disease resistance

Differential expression of disease resistance genes, including 
pathogenesis-related (PR) genes, WRKY transcription factors and 
protein kinase genes (PRRs) were then identified. 

215 PR genes were chaged (135 up-regulated, 80 down-regulated)

57 WRKY transcription factors were identified (44 up-regulated. 
13 down regulated）

761protein kinase genes were identified (found 50 MAPK genes).









Quantitative real-time PCR

To verify the DEGs obtained by RNA-seq, the expression levels of eight genes were examined by 
quantitative real-time PCR (qPCR). The expression pattern of validated genes was similar to the 
results obtained from RNA-Seq. The qPCR results showed that seven genes were up-regulated and 
Lipase was determined to be down-regulated by both RNA-Seq and qRT-PCR analyses. Hence, the 
qRT-PCR results confirmed the RNA-Seq data.

Gene ID Genes annotation FDR FPKM qRT-PCR Validated

TraesCS3A02G525700 Pathogenesis-related protein-1 2.67E-03 Inf (Verr low) 1.26 ± 0.21 up Yes

TraesCS7D02G351300 Chitinase 1 4.35E-09 5.93 up 4.78 ± 0.32 up Yes

TraesCS1D02G249600 Chitinase 2 3.48E-04 5.26 up 3.21 ± 0.11 up Yes

TraesCS2B02G369000 Chitinase 4 2.62E-07 5.26 up 2.34 ± 0.10 up Yes

TraesCS3D02G227400 WRKY22 4.09E-02 5.26 up 2.33 ± 0.60 up Yes

TraesCS1A02G348600 WRKY24 4.29E-03 Inf (Verr low) 0.96 ± 0.07 up Yes

TraesCS1A02G094700 Lipase 3.10E-02 -3.08 down −2.02 ± 0.02 down Yes

TraesCS1A02G249600 Endo-1,4-beta-glucanase 5.37E-03 1.09 up 0.94 ± 0.14 up Yes



Discussion
 In this experiment, we employed RNA-Seq to perform a 

transcriptomic study of wheat following T. controversa
infection and identified the DGEs. 

 The identification of DGEs of PR genes, WRKY 
transcription factors and PRRs will help the breeding of 
disease-resistant varieties.

 Overall, our findings provide a genome-wide gene 
expression profile for wheat plants infected with T. 
controversa and may help to elucidate the regulatory 
mechanisms governing the response of wheat to this 
pathogen.



Thanks you for your attention!
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