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Abstract: The fungus Puccinia striiformis f. sp. tritici (Pst) is an important threat to wheat production because it can
cause wheat stripe rust. The present study aimed to identify new stripe rust resistance genes and to provide a theoretical
and practical basis for breeding wheat varieties with broad spectrum, stable, and durable resistance. Wheat leaves ino-
culated with wheat stripe rust fungus Chinese yellow rust 34 were collected at different time points for transcriptomic
analysis based on the wheat stripe rust susceptible varieties AVOCET S (AVS) and AVSYr15NIL [near-isogenic line
(NIL) derived from AVS]. The results showed that the number of upregulated genes in the two varieties was 294, 364,
398, and 604, and the number of downregulated genes was 520, 178, 570, and 345 on the 1%, 3%, 5% and 7% days post
inoculation, respectively. Gene Ontology and Kyoto Encyclopedia of Gene and Genomes enrichment analyses found en-
richment of differentially expressed genes in the peroxisome proliferators-activated receptor signaling pathways, plant—
pathogen interaction, and styrene acrylic acid biosynthesis that encoded protein kinases, signal transduction, transcrip-
tion factors, and functional protein components. Differentially expressed genes were randomly selected for quantitative
reverse transcription PCR analysis, and the change trend was the same as in the transcriptome data. The results of this
study suggest that genes in AVSYr15NIL related to the stripe rust response could be valuable for understanding the me-
chanisms involved in stripe rust resistance.
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Wheat (Triticum aestivum L) is the most widely
planted crop in the world due to its high nutri-
tional value and common use (Ebeed 2022). Rust
fungal diseases, commonly known as “jaundice”
in China, are divided into stripe rust, stem rust,
and leaf rust. Wheat rust is an important plant
disease characterised by rapid spreading, which
damages large areas of the wheat crop globally.

Wheat stripe rust, the most serious among rust
types (Chen 2005), occurs in many countries and
regions around the world, including northern Eu-
rope, the northwestern United States, China, South
America, Africa, India, the Middle East, the Medi-
terranean, Australia, and New Zealand (Wellings
2011). The disease is airborne, and thus it is dif-
ficult to control and prevent. At present, the plant-
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ing of resistant cultivars and the application of fun-
gicides are the main means of controlling stripe
rust (Chen 2014). However, the large-scale popu-
larisation and use of wheat disease-resistant varie-
ties have led to selective pressure on wheat stripe
rust groups, causing the formation of new patho-
genic varieties of wheat stripe rust and resulting
in the loss of disease resistance in wheat varieties.
According to production practice and research,
under normal circumstances, wheat varieties have
disease resistance against specific pathogens, and
they lose resistance to the pathogenicity of stripe
rust fungi after 3-5 years of planting before new
resistant varieties have been popularised and
planted (Wan & Chen 2012). In addition, chemical
control is widely used; although it has an imme-
diate effect and can effectively control large-scale
diseases in a short period, it can have serious im-
plications for human health and the environment
(Chen 2013). Cultivating wheat varieties with
broad-spectrum, stable, and long-lasting disease
resistance is the most economical and effective
way to control wheat stripe rust.

Understanding the interactions between plants
and pathogens and monitoring gene expression
during this interaction are important for reveal-
ing the pathogenic mechanism of pathogens and
the resistance mechanism of hosts (Colgan et
al. 2017). Due to the large and complex genome
of wheat, its genetic analysis is difficult, and stripe
rust of wheat involves the entire life cycle of the
main parasitic fungus. The complete life cycle in-
volves two different families and genera of plants
and comprises an asexual stage and a sexual stage.
In the asexual stage, summer spores are produced
and repeatedly infect wheat crops, while the sexual
stage occurs in the transfer to Berberis, Mahonia,
and other alternative hosts of Puccinia striifor-
mis f. sp. tritici (Pst) (Zhao et al. 2016). Therefore,
the cloning and functional study of wheat rust re-
sistance genes have proceeded relatively slowly.

RNA sequencing (RNA-Seq) technology can be
used to comprehensively study the gene function
and specific biological processes of species at the
transcriptional level (Xu et al. 2011). Using this
technology, the gene expression level of the re-
search object under a stressful environment can
be examined. Thus, the technology can be used
to explore the mechanism of the regulatory net-
work of genes related to an organism’s response
and tolerance to stress (Haider et al. 2017). RNA-
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seq technology was first applied to growth and
development in wheat research, and initial studies
confirmed that the grain protein content (GPC)
gene is an early regulator that can not only induce
senescence but also redirect nutrients from leaves
to fruit in a complex regulatory network (Cantu
et al. 2011). RNA-seq technology has been widely
used in wheat to cope with stress (Ma et al. 2021;
Zhang et al. 2021; Lee et al. 2022; Vranic et al.
2022). At present, many candidate genes induced
by stripe rust have been cloned and preliminar-
ily analysed using RNA-seq, including TaWRKY,
TaBCAT1, TaNAC30, TaEIL1, and TaSGT1 (Duan
et al. 2013; Wang et al. 2018; Corredor-Moreno et
al. 2021; Wang et al. 2022; Zhao et al. 2022). These
results have provided a foundation for further
analysis of the interaction between stripe rust and
wheat’s resistance to rust at the molecular level.
Yr15 shows broad-spectrum action against Pst
variants. It was originally identified from wild em-
mer wheat and transferred into hexaploid com-
mon wheat using a chromosome 1BS translocation
line (Klymiuk et al. 2018). AVSYr15NIL is a near-
isogenic line in the common wheat AVOCET S
background (Qie et al. 2019). To better under-
stand the resistance mechanism of this gene, AVS
and the AVS-dependent stripe rust-resistant near-
isogenic line AVSYr15NIL, which contains the re-
sistance gene Yr15, were used as the experimental
materials, and RNA-seq technology was employed
to screen differentially expressed genes after inocu-
lation of CYR34 in this experiment. Using these two
wheat varieties with different susceptibilities, this
study aimed to reveal the mechanism of stripe rust
resistance in wheat and explore additional resist-
ance genes. The results provide a theoretical and
practical basis for breeding wheat varieties with
broad spectrum, stable, and durable resistance.

MATERIAL AND METHODS

Material handling and collection. Uredinio-
spore multiplication: The wheat stripe rust race
CYR34 preserved in liquid nitrogen was activated
at 50 °C for 2 min, then mixed with talc (1:20)
and inoculated into seedlings of the wheat cultivar
AVS. Inoculated plants were placed in a dew cham-
ber for 24 h at 10 °C without light and then moved
to a growth chamber with a diurnal temperature
cycle, gradually changing from 4 °C at 2:00 am
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to 20 °C at 2:00 pm, and with a 16 h light and 8 h
dark cycle. After 17-20 days, the fresh uredinio-
spores were collected.

Wheat cultivation and sample collection:
The seeds of the wheat susceptible cultivar AVS (A)
and the resistance cultivar AVSYr15NIL (Y) were
sown in 7 cm x 7 cm x 7 cm plastic pots. When
the seedlings reached the two-leaf one-minded
stage, the fresh urediniospores of CYR34 were
used to inoculate the seedlings. The inoculated
plants were incubated in a dew chamber for 24 h
and then in a growth chamber with the same con-
ditions mentioned above. Samples were taken on
the 1%, 3%, 5t and 7% days after inoculation and
were named Y1, Y3, Y5, Y7, Al, A3, A5, and A7,
respectively. The plants were preserved in liquid
nitrogen for subsequent experiments. Each experi-
ment was repeated three times.

RNA extraction, cDNA library construction,
and sequencing. Total RNA was extracted from
the wheat leaves with TriZol (Invitrogen, USA) fol-
lowing the manufacturer’s instructions. The rRNA
removal method was used to treat the total RNA.
A DNA probe was hybridised to the rRNA, and
then RNaseH was used to digest the DNA/RNA
hybrid chain selectively. The DNA probe was di-
gested with DNasel, and the required RNA was ob-
tained after purification. RNA was qualified us-
ing a NanoDrop 2000 UV-Vis spectrophotometer
(NanoDrop, USA). RNA integrity was tested using
an Agilent 2100 bioanalyser (Agilent Technologies,
USA). Three replicates for each time point were
performed for the RNA-seq.

The cDNA library construction used the chain-
specific library building method. The first strand
of cDNA was synthesised in an M-MuLV reverse
transcriptase system using fragmented mRNA
as a template and random oligonucleotides as prim-
ers, and then the first RNA strand was degraded by
RNaseH while the second strand was synthesised
by dNTPs in a DNA polymerase I system. The pu-
rified double-stranded cDNA was repaired at the
end; a tail was added, and a sequencing adaptor
was connected. AMPure XP beads were then used
to screen 250—300 bp cDNA for PCR amplification,
and AMPure XP beads were used to purify the PCR
products and finally obtain the cDNA library. After
construction, the library was initially quantified us-
ing a Qubit2.0 Fluorometer (Thermo Fisher Scien-
tific, USA), diluted to 1.5 ng/uL, and then the insert
size of the library was detected using an Agilent
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2100 bioanalyser. qRT-PCR was used to accurately
quantify the effective concentration of the library
(library effective concentration higher than 2 nM)
to ensure the quality of the library. After passing in-
spection, different libraries were pooled according
to the requirements of effective concentration and
targeting the off-machine data volume for Illumina
sequencing.

The reads with low quality, contaminated joints,
and high N content of unknown bases were de-
leted from the raw data to obtain clean data (clean
reads). During the sequencing process, each cycle
was monitored in real time, and the quality score of
the original reading was higher than the ratio of the
Q30 high-quality reading. Quality control was per-
formed by calculating the guanine-cytosine (GC)
content.

Differential expression analysis and differen-
tially expressed genes. The software Bowtie2 (ver-
sion 2.2.5) was used to align clean reads to the ref-
erence gene sequence. Then, RSEM (version 1.26.2)
was used to calculate the gene expression level
of each sample expressed as fragments per kilobase
per million mapped to estimate gene expression
levels. Clean reads were aligned to the reference ge-
nome (www.ncbi.nlm.nih.gov/dbEST/dbEST _sum-
mary.html) using HISAT (version 2.1.0). DESeq
was used to perform differential expression analysis
of duplicate biological samples. To designate chang-
es in gene expression, a false discovery rate of 0.001
and log2 fold change were set as the threshold crite-
ria for differential expression.

Functional annotation. Getorf (version EM-
BOSS:6.5.7.0) was used to detect the open reading
frames (ORFs) of unigenes, and Hmmsearch (ver-
sion 3.0) was used to align the ORFs to the tran-
scription factor protein domains, and then an-
notate unigenes according to the characteristics
of the transcription factor family described by Plant
TEDB (http://planttfdb.gao-lab.org/). GO enrich-
ment of differentially expressed genes was realised
to determine gene functions. The Cluster of Orthol-
ogous Groups of proteins (COG) database was used
to classify orthologous genes. KOBAS software
(version 2.0) was used to analyse the enrichment
of DEGs in KEGG (InterPro scan and the Kyoto En-
cyclopedia of Genes and Genomes) pathways to un-
derstand the functions and utilities of DEGs. Blast
searches against the COG, GO, KEGG pathway,
Swiss-Prot, and Non-redundant protein databases
were employed to analyse the functions of DEGs.
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Gene expression level validation by qRT-
PCR. Total RNA was used for library construc-
tion to synthesise cDNA. The first strand cDNA
synthesis was performed using the Maxima® First
cDNA Synthesis Kit (Fermentas, USA). A SYBR®
Green [ kit (TOYOBO, Japan) was used to perform
quantitative PCR (qRT-PCR) in a CFX96 real-time
PCR detection system (Bio-Rad, USA). The prim-
ers were designed based on randomly selected
differentially expressed gene sequences. The pro-
cedure of the PCR reactions comprised a denatur-
ing step for 10 min at 95 °C followed by 50 cycles
of 15 s at 95 °C and a primer extension reaction
at 55 °C for 1 minute. The TaRP15 gene was used
as an internal control. All qRT-PCR tests were run
in duplicate, each with three biological replicates.
The primer information is listed in Table S1 in elec-
tronic supplementary material (ESM; for the ESM
see the electronic version). The data were analysed
using CFX96 software.

RESULTS

Transcriptome assembly analysis. Based on Se-
quencing by Synthesis (SBS) technology, the Illumi-
na high-throughput sequencing platform was em-
ployed to construct mRNA-seq libraries to obtain
clean reads, and a total of 302.474 Gb of clean data
was obtained. The average amount of clean data for
each sample was 9.42 Gb from the control and
treatment libraries. The Q30 base percentage was
above 92.19%, and the GC content was between
53.17% and 55.82%, indicating high sequencing
accuracy (Table 1, Table S2 in ESM). The raw data
of transcriptome sequencing have been submitted
to NCBI under accession number PRJNA909039.

https://doi.org/10.17221/125/2022-PPS

The reference genomic source was http://www.
wheatgenome.org/project/IWGSC-Bread-wheat-
projects/reference-genome. The sequence com-
parison of the post-quality control sequencing
data of each sample with the specified reference
genome ranged from 89.036% to 93.291%, of which
the unique alignment ratio was between 76.578%
and 84.404%, and the contrast ratio was high.
These results indicated that the data of transcrip-
tome assembly were qualified for downstream
analysis. The above data were analysed for expres-
sion; the analysis involved a total of 106 914 genes,
of which 106 914 were known (78 755 expression
levels). There were 132 624 transcripts, of which
132 624 (98 463 expression levels) were known.

Differentially expressed genes. Screening for dif-
ferentially expressed genes (DEGs) was performed
according to the gene difference multiple (fold
change), and log2 fold change > 1, P-value < 0.05
were the criteria for being defined as an upregu-
lated gene, while log2 fold change < —1 was defined
as a downregulated gene. Figure 1A shows that after
inoculating CYR34 for different days, the numbers
of upregulated genes of the two varieties were 294,
364, 398, and 604, and the numbers of downregulat-
ed genes were 520, 178, 570, and 345.

After inoculation with CYR34, the specific num-
bers of DEGs in different inoculation periods were
498, 479, 477, and 238 (Figure 1B), and the com-
mon response to wheat stripe rust stress genes
in the four time periods was 119.

Differential gene GO enrichment. The func-
tions of the DEGs were divided into three cat-
egories in the GO enrichment analysis: biological
processes, cellular components, and molecular
functions (Figure 2, Table S3 in ESM). On the first
day of inoculation with wheat stripe rust, AVS

Table 1. Summary statistics of clean data from the leaf tissue transcriptomes of two wheat varieties

Sample ReadSum (Gb) GC (%) Error (%) Q20 (%) Q30 (%)
Al 9.71 53.51 0.026 97.56 93.70
A3 9.28 55.16 0.025 97.65 93.93
A5 9.21 53.50 0.026 97.45 93.48
A7 9.29 54.53 0.026 97.56 93.69
Y1 9.50 54.02 0.026 97.47 93.55
Y3 10.03 55.08 0.026 97.63 93.84
Y5 8.85 53.77 0.026 97.27 93.14
Y7 9.23 54.65 0.026 97.58 93.73

GC - guanine-cytosine
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Figure 1. Statistical chart and Venn diagram of the differ-
entially expressed genes (DEGs) at the four time points

(A) Statistical chart of the DEGs. DEGs were identified
by filtering the two-fold up-regulated and down-regulated
genes with false discovery rate < 0.01. (B) Venn diagram
of the DEGs. DEGs were identified by filtering the two-fold

genes with false discovery rate < 0.01

and AVSYr15NIL were compared, and the num-
bers of DEGs in biological processes and response
to stress and defence were higher, involving 73 and
48 DEGs, respectively. Among the cell compo-
nents, the numbers of genes in the periphery and
plasma membrane were the largest, 79 and 73, re-
spectively. Among molecular functions, 145 DEGs
were involved in ion binding, and this was the most
diverse group of genes in the GO classification.
On the third day, biological regulation, intracel-
lular and molecular function were the dominant
categories. Defence response, cell periphery, and
molecular function were the three dominant cat-
egories on the fifth day. The biosynthetic process,
anchored component of membrane, and molecu-
lar function were the three highest categories on
the seventh day.

Differentially expressed gene KEGG enrich-
ment. The DEGs were analysed for KEGG en-
richment, and on the first day of inoculation with
wheat stripe rust, the results for AVS and Avs-
Yr15NIL were compared. The main gene enrich-
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ment pathways were phenylpropanoid biosynthe-
sis, the mitogen-activated protein kinase (MAPK)
signalling pathway-plant, plant—pathogen inter-
actions, and phenyl propionic acid biosynthesis.
On the third day of inoculation with wheat stripe
rust, the two groups of genes were enriched in car-
bon metabolism, the MAPK signalling pathway—
plant and plant—pathogen interactions. On the fifth
day of inoculation with wheat stripe rust, the two
sets of genes were enriched in the biosynthesis
of secondary metabolites, phenylpropanoid bio-
synthesis, and starch and sucrose metabolism; on
day 7, the enriched metabolic pathways included
plant-pathogen interactions, plant hormone signal
transduction, and the MAPK signalling pathway—
plant. The detailed information is listed in Table S4
in ESM.

Identification of candidate genes relat-
ed to wheat stripe rust resistance. A total of
203 DEGs were screened from the KEGG pathway
analysis. Nineteen DEGs involved in plant—patho-
gen interactions were identified, which involved
several processes, including the response to stress,
defence response, and response to biotic stimuli.
DEGs were mapped to the MAPK signalling path-
way-plant (19), plant hormone signal transduction
(19), and phenyl propionic acid biosynthesis (12)
in the KEGG database.

In the plant—pathogen interaction pathway for the
response to stripe rust infection, the hypersensitive
response, PAMP-triggered immunity (PTI), and
effector-triggered immunity (ETI) were activated.
PTI was activated via a calcium-dependent pro-
tein kinase (CDPK), calmodulin/calmodulin-like
proteins (CaM/CMLs), respiratory burst oxidase
homolog (Rboh), flagellin sensitive 2 (FLS2), and
WRKY25/33. CDPK, CaM/CML, and Rboh belong
to the Ca®>* pathway genes. The genes’ resistance
to Pseudomonas syringae pv. maculicola 1 (RPM1I),
PTI1, and heat shock protein 90 (HSP90) triggered
ETI (Figure 3).

Validation of gene expression level by qRT-
PCR. To identify and verify the genes associated
with wheat stripe rust resistance, 12 DEGs that may
be involved in stripe rust resistance were select-
ed, including those associated with plant patho-
gen interactions, the MAPK signalling pathway,
the Ras signaling pathway, and the Ca ion signalling
pathway. The expression of transcriptional levels
was verified using qRT-PCR. The qRT-PCR results
for the DEGs were all consistent with the RNA-Seq
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Figure 2. Gene Ontology annotation of the differentially expressed genes

Gene Ontology terms were identified by filtering with Q-value < 0.05. The top 10 most significantly enriched biological
processes (blue), cellular components (red), and molecular functions (green) were obtained from the A1-VS-Y1, A3-VS-
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Figure 3. Annotated diagram of differentially expressed genes (DEGs) on the plant—pathogen interaction KEGG

pathway

Red indicates that the DEGs encoding corresponding proteins were upregulated in comparison with mock-inoculation,

blue indicates downregulation, and green indicates that the DEGs showed mixed expression

data, although the fold change had some inaccu-
racies. The relative expression levels of qRT-PCR
for four DEGs were upregulated, namely TraesCS-
7B03G1204400.3 (HSP90B), TraesCS7D03G1221800
(HSP90B), TraesCS2B03G1346400 (tyrosine protein
kinase) and TraesCS3D03G0735400 (UDP-glycosyl-
transferase-related gene). Eight DEGs with relative
expression levels by qRT-PCR were down-regulated,
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namely TraesCS5B03G0981200 (RPS3), TraesCS-
3D03G0761900 (WRKY33), TraesCS3B03G1335600
(CML), TraesCS3D03G0074700 (CML), TraesCS-
5B03G0599000 (CALM), TraesCS6A03G0264300
(ubiquitinated family gene), TraesCS7A03G0146600
(GH3), and TraesCS7B03G0773900 (CML). The re-
sults suggested that the transcriptome data were reli-
able for analysis (Figure 4). These genes underwent
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expression changes induced by wheat stripe rust, in-
dicating that they may be involved in the resistance
to stripe rust.

DISCUSSION

Plant disease resistance is the result of mutual
adaptation and selection between plants and their
pathogens in long-term co-evolution. In the pro-
cess of pathogen evolution, different forms and
degrees of parasitism and pathogenicity affect
host plants, and the plants accordingly develop
different forms and degrees of disease resistance
via a variety of genes and proteins (Andersen et al.
2018). In this study, transcriptomics technology
was used to screen for differentially expressed
genes after inoculation of CYR34 in the wheat sus-
ceptible stripe rust cultivar AVS and the AVS-
dependent stripe rust-resistant near-genetic line
AVSYr15NIL to identify mRNAs specific to the
stripe rust response.

The results showed that the pathways of phenyl
propionic acid biosynthesis, plant-pathogen inter-
action, and plant PPAR signalling were significantly
enriched in the two cultivars at four time points.
Most of the significantly differentially expressed
genes contained in plant-pathogen interactions
had EF-hand domains or protein kinase binding
sites, and the basic modular structure of EF-hand
proteins is helix-loop-helix, which enables this
type of protein to recognise and transmit special
calcium ion signals. Studies have shown that EF-
hand calcitonin affects plant defence, aging, and
response to environmental adversity. For example,
the introduction of this gene from amoeba into to-
matoes improved the tolerance of tomato plants
to high salt stress (Pandey et al. 2002). In vegetative
tissues, the EFA27 gene in rice (Oryza sativa L.).
can be induced by exogenous abscisic acid and
osmotic stress (Frandsen et al. 1996). In addition,
the resistance to pathogenic bacteria conferred
by this protein has also been reported, and calci-
um-binding protein products may be important
factors leading to allergic necrosis pathways (Ja-
kobek et al. 1999). The EF hand module encoded
by the EFA27 gene in rice is induced by abscisic
acid and osmotic pressure in vegetative tissues
(Zeng et al. 2017). Further screening of such genes
finally selected four calmodulin (CML) genes con-
taining EF-hand: TraesCS3B03G1335600, TraesC-
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S3D03G0074700, TraesCS5B03G0599000, and
TraesCS7B03G0773900. The proteins expressed
by this type of gene bind calcium ions in plant cells.
This process has an important function in the sig-
nal transduction of plant growth and development
and stress. TaCAM2-D acts as a positive regula-
tor in response to drought and is involved in salt
tolerance in wheat (Li et al. 2022); the ShCML44
gene was used to improve abiotic stress tolerance
in tomato (Munir et al. 2016). A large amount
of evidence has demonstrated that CML plays
an important role in the regulation of plant disease
resistance. For example, in Arabidopsis thaliana,
the gene CML9 is induced by pathogenic bacte-
ria, flagellin, and salicylic acid and plays a posi-
tive regulatory role in immune regulation (Leba et
al. 2012). In plants, CaM/CML antagonists have
been shown to affect pathogen-related nitric ox-
ide (NO) generation and plant defence responses
(Ma et al. 2008). The level of expression of the CML
gene in beans was induced by pathogenic bacteria.
Furthermore, the transcription level of CML gene
in beans is related to initial symptoms of infection
by non-pathogenic bacteria, and related to cell
death caused by disease that is related to infection
by pathogenic bacteria (Jakobek et al. 1999).

In addition, two heat shock protein genes were
screened, TraesCS7B03G1204400 and TraesCS-
7D03G1221800. The transcriptome showed that both
genes were present in the endoplasmic reticulum
cavity, and a literature search showed that such pro-
teins often participate in various metabolic pathways
in the form of chaperones in the process of plant
growth. In addition, these proteins play important
roles in the growth and development process as well
as in metabolic regulation and biotic and abiotic
stress responses of plants. For example, the Hsp26
gene is involved in seed maturation and germina-
tion and imparts tolerance to heat stress (Chauhan
et al. 2012), and heat-shock proteins are involved
in the powdery mildew and stripe rust resistance
mechanisms of wheat (Guo et al. 2021). Twelve DEGs
that may be involved in stripe rust resistance have
been verified, and the trends are consistent with those
shown by transcriptome data. Interestingly, TraesCS-
2B03G1346400, which belong to tyrosine protein ki-
nase gene family, was found by qRT-PCR, and its ex-
pression was significantly increased in AVSYr15NIL
on the first day after inoculation. Most research on
this gene has focused on animals, and the results have
shown that it plays an important role in several forms
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of cancer (Sun & Ayrapetov 2023); however, little re-
search on this gene has been carried out in plants.
This gene may be key to disease resistance, and its
specific function requires further study.

This study provides a theoretical and practical ba-
sis for the cultivation of wheat varieties with broad-
spectrum, stable, and durable disease resistance.

CONCLUSION

In this study, we performed transcriptome analy-
ses of the stripe rust susceptible cultivar AVS and
AVS-dependent stripe rust-resistant near-genetic
line AVSYr15NIL. Seedlings were inoculated with
CYR34 and sampled at four time points. Candidate
genes related to stripe rust resistance were iden-
tified and involved in defence response, response
to stress, biological regulation, regulation of re-
sponse to stimulus, and response to a biotic stim-
ulus. KEGG analysis showed that the DEGs were
most enriched in plant—pathogen interactions,
phenylpropanoid biosynthesis, the MAPK signal-
ling pathway-plant, and plant hormone signal
transduction. Further functional analysis of impor-
tant candidate genes related to stripe rust provided
crucial clues regarding the mechanisms underlying
stripe rust resistance in wheat.
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