
114 Journal of Oilseed Brassica, 17 (2) July, 2026Journal of Oilseed Brassica, 17 (2) : 114-122, July 2026

Transcriptomic dissection of cross kingdom crosstalk in Brassica juncea-
Sclerotinia sclerotiorum pathosystem

Kusum Rana1, 2*, Simarjeet Kaur Sra3, Chhaya Atri3, Seema Rana4, Jagtar Singh1 and Surinder S Banga3*

1Department of Biotechnology, Punjab University, Chandigarh-160 014, India
2ICAR-National Institute for Plant Biotechnology, Pusa Campus, New Delhi-110 012, India

3Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana-141 004, India
4Department of Entomology, Texas A&M University, College Station, TX-77843, US

Corresponding author: kusumrana.86@yahoo.com; ssbanga1987@gmail.com
https://doi.org/10.56093/job.v17i2.3

Received date : 20 June 2026; Revised date : 4 July 2026; Accepted date : 7 July 2026

 Abstract

Sclerotinia sclerotiorum is a highly destructive phytopathogen with a broad host range. It causes severe productivity
losses in food and vegetable crops worldwide. Understanding host-pathogen interactions is essential for developing
effective control strategies. In this study, we investigated transcriptomic changes in stem lesions caused by the virulent
isolate PAU (SsLd1-White), of S. sclerotiorum on resistant and susceptible pools derived from Brassica juncea advanced
generation introgression lines, 24 hours post-inoculation (hpi), alongside controls. Gene Ontology enrichment and
KEGG pathway analyses helped to characterize transcriptional dynamics between the two pools. Comparative transcriptome
analysis revealed 3,627 and 10,524 differentially expressed genes (DEGs) uniquely expressed in the resistant and
susceptible pools, respectively, along with 1,807 DEGs commonly expressed in both pools at 24hpi. Several DEGs were
associated with key physiological and metabolic processes, including response to wounding, systemic acquired resistance,
oxidative and osmotic stress, fungal defense, signal transduction, and jasmonic acid signaling. The study provides
novel insights into the molecular basis of the B. juncea-S. Sclerotiorum pathosystem, contributing to a deeper
understanding of host-pathogen interactions and informing future resistance breeding and management strategies.
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Introduction

S. sclerotiorum is a highly destructive necrotrophic
phytopathogen with a broad host range, causing severe
losses in a wide range of economically important crops
(Bolton et al., 2006, Saharan and Mehta 2008, Liang and
Rollins 2018, Derbyshire et al., 2022, Mehta et al., 2023).
Despite extensive research on its pathogenicity, the
infection mechanisms employed by this fungus remain
complex and not fully understood. Furthermore, the
formation of long-lived sclerotia enables the pathogen to
persist in soil over long periods, making disease
management particularly challenging (Willets and Wong
1980, Zhu et al., 2013, Derbyshire and Denton-Giles 2016).
As a result, current control strategies are often
inadequate, highlighting the need for novel and effective
approaches to reduce the impact of S. sclerotiorum. Thus,
a deeper understanding of host-pathogen interactions is
critical for developing improved management strategies
for Sclerotinia stem rot disease.

S. sclerotiorum deploys an array of pathogenicity
mechanisms, including the secretion of plant cell wall-

degrading enzymes (PCWDEs), poly-galacturonases,
cutinase, proteases, oxalic acid (OA), and effectors, to
destroy host cells and manipulate the host’s cellular
processes (Li et al., 2004, Yajima et al., 2009, Amselem et
al., 2011, Bashi et al., 2012, Liang and Rollins 2018, Ding
et al., 2019, Chittem et al., 2020). Recent research has
increasingly elucidated the functional characterization of
genes and their roles in the pathogenesis and/or virulence
of S. sclerotiorum (Rollins 2003, Yarden et al., 2014,
Seifbarghi et al., 2017, Yu et al., 2017, Yang et al., 2018,
Wang et al., 2019, Rana et al., 2021, 2022, Chittem et al.,
2020, Hossain et al., 2023). For instance, Chittem et al.,
(2020) highlighted that peroxisome-related processes, cell
wall degradation, and detoxification of host-derived
metabolites are central to the pathogenicity of S.
sclerotiorum in B. napus. Building on this, Sarfraz et al.,
(2026) employed integrative transcriptomic analysis
across resistant and susceptible B. napus cultivars,
uncovering 1,176 differentially alternatively spliced (DAS)
genes between infection-induced and cultivar-specific
transcriptome groups. Marked induction of genes such
as SEC14-like lipid transfer protein (SFH8), FKBP17, and
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transcription factors including HCA2, VAL2, and WRI4
was indicative of their role in immune signaling and
hormonal pathways. Collectively, these findings
underscore the complex interplay of metabolic regulation,
alternative splicing, and transcriptional control in shaping
host resistance and pathogen adaptation.

We had previously identified sources of resistance to S.
sclerotiorum in wild crucifers such as B. fruticulosa and
Erucastrum cardaminoides, and developed B. juncea-B.
fruticulosa  introgression lines through interspecific
hybridization, followed by backcrossing, selfing for seven
generations, an additional generation of crossing with
commercial checks, and three subsequent cycles of selfing
resulting in the development of tertiary introgression lines
(F

1
→BC

1
→S

7
→BC

2
→S

4
). In this study, resistant (R) and

susceptible (S) sets of these tertiary introgression lines
were challenged with a highly virulent isolate of S.
sclerotiorum (Ss-white), followed by RNA sequencing at
24hpi. Transcriptome analysis revealed distinct
transcriptional dynamics between the two pools, with
GO enrichment and KEGG pointing to several DEGs
involved in key physiological and metabolic pathways.
Importantly, a subset of candidate genes emerged as
putative contributors to pathogenicity in B. juncea-B.
fruticulosa introgression lines. These findings provide
valuable insights into the molecular basis of host-
pathogen interactions and highlight the potential of
advanced approaches such as RNAi, and host-induced
gene silencing (HIGS) to enhance resistance against S.
sclerotiorum.

Materials and Methods
Plant materials and fungal strain

In the previous study (Atri et al., unpublished data), the
stem resistance against S. sclerotiorum was evaluated in
population comprised of 224 lines (F

1
→BC

1
→S

7
→

BC
2
→S

4
) , These lines were developed by backcrossing

an initial interspecific hybrid (Brassica fruticulosa × B.
juncea cv. RLC 1), followed by multiple generations of
selfing to stabilize traits while retaining donor alleles.
Subsequently, selected advanced generation
introgression lines were hybridized with another mustard
genotype, PBR 357, and advanced through three
successive generations using the single seed descent
method. Overall, this approach aimed to stabilize
resistance-related genes within a superior agronomic
background, while reducing linkage drag and
progressively enhancing the recurrent parent genome.
The developed breeding materials were sown in a
randomized complete block design with two replications
and repeated evaluated for three consecutive season’s

viz. 2020-21, 2021-22, and 2022-23. The relative resistance
responses across ILs were evaluated using a modified
stem inoculation method (Buchwaldt et al. 2005, Bradly
et al. 2006). Based on the phenotypic data, three resistant
B. juncea introgression lines IL-R1 (ADJR8*K-57), IL-R2
(ADR16*PBR-357), and IL-R3 (A-825*K-57), having a
consistent lesion length (0-<2.5cm) and susceptible B.
juncea cv. RLC-1, Giriraj and PBR-357 were selected for
transcriptomic analysis. The most virulent fungal strain
of S. sclerotiorum viz.: PAU (Ss-White), was used for
pathogenicity assays.

Disease inoculation and tissue sampling

The sclerotia of S. sclerotiorum isolate Ss-white were
collected from the Punjab Agricultural University (PAU),
Ludhiana, India. They were surface-sterilized in 50% (v/
v) sodium hypochlorite and 70% ethanol for 4 minutes,
followed by two washes in sterile distilled water for 1
minute (Clarkson et al., 2003, Li et al., 2006). The isolates
were cultured on potato dextrose agar medium (potato
infusion 200g, dextrose 20g, agar 20g, H‚ O 1L, pH 5.6 ±
0.2) at 20°C under a 12h light/12h dark cycle (Clarkson et
al., 2003). Daughter sclerotia were harvested from the
incubated plates after four weeks and maintained at 4°C
for subsequent inoculations. Plants were grown in pots
placed in growth chambers at 22°C under light
(fluorescent lamp, 100 lux) and 16°C in the dark. For
inoculation, selected B. juncea ILs were grown at 25°C
with a photoperiod of 10h light/14h dark and used for
infection assays. At the end of flowering, three plants
from each line were inoculated with 6mm mycelial plugs
obtained from actively growing two-day-old S.
sclerotiorum colonies, using a 1ml pipette tip following a
modified stem inoculation method (Buchwaldt et al., 2005,
Li et al., 2006, Rana et al., 2017). The inoculated stem
area, including lesions, was harvested at 24hpi, flash-
frozen in liquid nitrogen, and stored at -80°C until RNA
extraction. Stem tissues collected from three individual
plants across three ILs were pooled to constitute one
biological replicate, yielding four samples: R-water, R-
white, S-water, and S-white. Statistical analyses were
performed using SAS software (SAS Institute Inc., 2013).

RNA extraction, library construction and
Illumina sequencing

Total RNA was extracted from pooled inoculated stem
samples collected at 24 hpi from three individual plants in
each experiment, using the TRIzol reagent kit (Rio et al.,
2010) according to the manufacturer’s instructions
(Invitrogen, Thermo Fisher Scientific, Waltham, MA,
USA). The total RNA quality was assessed using Qubit
RNA HS Assay (Invitrogen) for concentration estimation
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and Agilent TapeStation RNA Screen Tape (Agilent
Technologies, USA) for integrity measurement. Samples
with adequate RNA integrity (RIN e” 7) were taken forward
for cDNA synthesis. For each sample, 200-500 ng of total
RNA was used for library preparation. Libraries were
prepared using the NEBNext Ultra II Directional RNA
Library Preparation Kit for Illumina (New England Biolabs,
Ipswich, MA, USA), following the manufacturer’s
recommended protocol. Sequencing was performed using
150bp paired-end chemistry on the Illumina NovaSeq 6000
platform. Library preparation and sequencing were carried
out by a commercial service provider (NGB Diagnostics
Pvt. Ltd., Noida, India).

Briefly, mRNA was enriched using poly-A selection,
followed by fragmentation to achieve an insert size of
approximately 300-400bp. Fragmented RNA underwent
first- and second-strand cDNA synthesis, after which
the double-stranded cDNA was end-repaired, A-tailed,
and ligated with indexed Illumina adapters. The ligated
products were purified and enriched through PCR to
generate the final RNA-Seq libraries. Library
quantification was performed using a Qubit Fluorometer
(Invitrogen, Life Technologies, Grand Island, NY, USA),
and library size distribution was assessed using the High
Sensitivity D5000 kit on an Agilent TapeStation. The
indexed RNA libraries were pooled in equimolar ratios
and loaded onto the Illumina NovaSeq 6000 system,
where sequencing was conducted using 2×150bp paired-
end chemistry. Post-sequencing, samples were
demultiplexed and indexed adapter sequences were
trimmed using CASAVA v1.8.2 software (Illumina Inc.).

Mapping of reads to the reference genome
and differentially expressed genes (DEGs)

The paired-end RNA-Seq reads from four libraries (two
each from R and S-pools, stems inoculated with S.
sclerotiorum) were processed using Trimmomatic v0.39
(Bolger et al., 2014) to remove adaptor sequences,
duplicates, empty reads, and low-quality sequences, with
the parameters: ILLUMINACLIP:TruSeq3-PE.fa:2:30:10
LEADING:3 SLIDINGWINDOW:4:15 TRAILING:3
MINLEN:40. The clean reads were retained in FASTQ
format. High-quality reads were then mapped to the
reference genome using STAR (Dobin et al., 2013) with
default parameters, except that the mapping quality
threshold (Q) was set to 100. The two-reference genome
were used for this analysis: B. juncea cv. Varuna (Brassica
juncea genome assembly UDSC_Var_1.1-NCBI-NLM)
and S. sclerotiorum (https://fungidb.org/common/
downloads/Current_Release/Ssclerotiorum1980UF-70/).

The featureCounts (Liao et al., 2014) were used to assign
reads to exonic regions of genes. DEGs were identified
using the edgeR package (Robinson et al., 2010), retaining
only those with a detection threshold of e”1 count per
million (CPM). DEGs were filtered using a false discovery
rate (FDR)<0.05 and an absolute log2 fold change
(|log2FC|)>2. Pairwise comparisons were conducted
between R and S pools inoculated with S. sclerotiorum
Ss-white isolate.

GO and KEGG enrichment analysis of DEGs

Functional annotation of the DEGs was performed by
BLASTx against Arabidopsis thaliana protein
sequences. GO enrichment and KEGG analysis was carried
out using DAVID (Sherman et al., 2024), and the results
were visualized with SRplot (Tang et al., 2023).
Additionally, Venn diagrams of upregulated,
downregulated, and shared DEGs in R and S comparisons
across Ss-white isolate were generated using SRplot.

Results and Discussion
Disease development
The ILs, comprising 224 lines including resistant and
susceptible checks, were investigated for their responses
to stem inoculation against S. sclerotiorum over three
consecutive years. Based on stem lesion lengths, the ILs
were categorized into five resistance groups: highly
resistant (HR), resistant (R), moderately resistant (MR),
susceptible (S), and highly susceptible (HS), with lesion
ranges of 0-<2.5 cm, 2.5-<5.0 cm, 5.0-<7.5 cm, 7.5-<10.0
cm, and >10.0 cm, respectively, as described by Garg et
al., (2010) and Rana et al., (2017). The results revealed
significant variation in resistance responses to stem
inoculation among the ILs (P < 0.001; Fig 1A). From these,
three resistant ILs and three susceptible genotypes were
pooled to form the R-pool and S-pool, respectively, which
consistently exhibited HR and S responses across the
three seasons. Across the three seasons, the S-pool-
comprising B. juncea cv. RLC-1, Giriraj, and PBR-357
exhibited mean lesion lengths of 12.1 cm (season I), 12.49
cm (season II), and 12.56 cm (season III). The overall
mean lesion length across seasons was 12.39 ±0.46 cm,
indicating a consistently high level of susceptibility with
minimal variation across environments. In contrast, the
resistant introgression lines IL-R1, IL-R2, and IL-R3
displayed significantly lower mean lesion lengths of 1.08,
0.95, and 0.74 cm, respectively. The overall mean lesion
length across the resistant lines was 0.93±0.22 cm,
reflecting a strong and stable resistance response (Fig
1A and 1B).
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RNA-Seq data and differentially expressed
genes analysis

The libraries of four samples (R-water, R-white, S-water,
and S-white) were sequenced on the Illumina NovaSeq
6000 platform using 2×150bp paired-end chemistry,
generating an average of 18.4 million clean reads per
sample (Table 1). In the Ss-white condition, the total reads
mapped to the reference genome (B. juncea cv. Varuna)
were 82.77% (14,492,191 reads) in the R pool and 70.66%
(13,450,210 reads) in the S pool, while uniquely mapped
reads accounted for 78.53% and 66.18%, respectively. In
contrast, the mapping percentages were 97.01% and
95.34% for the R and S pools under Ss-water conditions,
at 24 hpi, respectively. In Ss-white, the total reads mapped
to S. sclerotiorum were 0.09% (15,770 reads) and 1.48%
(278,906 reads) at 24 hpi (Table 1). Differential expression
analysis identified 3,627 B. juncea DEGs uniquely

expressed in the R pool and 10,524 DEGs uniquely
expressed in the S pool, along with 1,807 DEGs commonly
expressed in both pools at 24 hpi (Fig 2).

GO and KEGG enrichment analysis of DEGs

A total of 3,559 upregulated and 1,875 downregulated DEGs
were identified in the R-pool of B. juncea, whereas the S-
pool exhibited 2,635 upregulated and 9,696 downregulated
DEGs after 24 hpi. GO enrichment analysis revealed that
several biological processes were enriched in the R-pool
(water vs. Ss-white), including response to wounding,
systemic acquired resistance, response to oxidative stress,
response to abscisic acid, defence response to fungus,
signal transduction, regulation of transcription, regulation
of defence response, response to osmotic stress, circadian
rhythm, response to auxin, leaf senescence, and response
to jasmonic acid-all of which were predominantly
upregulated. In the S-pool, processes such as
developmental growth, response to water deprivation,
response to light stimulus, defence response to osmotic
stress, cellular response to oxygen-containing compounds,
salt stress, protein metabolic processes, protein
phosphorylation, and the abscisic acid signalling pathway
were significantly upregulated after 24 hpi (Fig 3A, 3B).
Notably, defence response to osmotic stress, response to
wounding, and cell wall biogenesis were significantly
upregulated in the S-pool (water vs. Ss-white).

The KEGG pathways between the R and S pool includes
metabolic pathways, biosynthesis of secondary
metabolites, pentose phosphate pathway, glyoxylate and
dicarboxylate metabolism, inositol phosphate metabolism,
plant hormone signal transduction, carbon fixation in
photosynthetic organisms, phenylpropanoid
biosynthesis, plant-pathogen interaction, fatty acid

Fig. 1: Resistance response of B. juncea introgression lines against S. sclerotiorum. (A): Hypersensitive resistance (HR)
response with stem lesion size <2.5 cm (B and C): Highly susceptible (HS) with stem lesion size >10.0 cm.

Fig. 2: Venn diagram depicting the number of common
and unique DEGs between R-pool and S-pool of B. juncea
infected with S. sclerotiorum white (Ss-W) at 24hpi
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biosynthesis, sulphur metabolism, steroid biosynthesis,
and carbon metabolism. Several other KEGG pathways
such as photosynthesis-antenna proteins, biosynthesis
of secondary metabolites, phenylalanine, tyrosine and
tryptophan biosynthesis, MAPK signalling pathway,
biosynthesis of cofactors, glutathione metabolism, fatty
acid metabolism and biosynthesis, plant hormone signal
transduction was significantly enriched in S-pool (water
vs Ss-white) after 24hpi (Fig. 4A, 4B).

Recent advances in transcriptomic analyses have enabled
the identification and functional characterization of
numerous pathogenicity-associated genes and effector
proteins contributing to virulence (Seifbarghi et al., 2017,
Ding et al., 2019, Chittem et al., 2020, Rana et al., 2021,
2022, Sarfraz et al., 2026). Furthermore, the availability of
high-quality genome sequences for B. juncea cv. Varuna
and the fungal pathogen S. sclerotiorum has been greatly
enhanced by the advent of cost-effective sequencing

technologies (Amselem et al., 2011, Derbyshire et al.,
2017, Paritosh et al., 2021, Gupta et al., 2022). However,
the utilization of introgressed resistance against this
disease remains limited due to associated linkage drag.
Therefore, there is a need for more targeted approaches,
such as cross-kingdom RNA interference and host-
induced gene silencing (HIGS), to develop broad-
spectrum resistance. These strategies enable precise
manipulation of host resistance genes and targeted
silencing of key pathogenicity or virulence factors in the
pathogen (Baulcombe 2015, Weiberg et al., 2015,
Derbyshire et al., 2019).

In the present study, B. juncea-B. fruticulosa
introgression lines exhibited significant variation in
resistance responses across three seasons. Three
introgression lines viz. IL-R1, IL-R2, and IL-R3 were
categorized as HR, based on their consistently small lesion
lengths, and grouped to form the R-pool. In contrast, B.

Fig. 3: Analysis of specific DEGs: GO biological processes between R-pool and S-pool of B. juncea infected with S.
sclerotiorum white (Ss-W) at 24hpi, (A): R-pool, water vs Ss-white (B): S-pool, water vs Ss-white
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juncea cv. RLC-1, Giriraj, and PBR-357, which showed
susceptible responses, were grouped into the S-pool.
Further, transcriptome analysis was performed to
systematically characterize the transcriptional dynamics
between the R and S pools inoculated with S.
sclerotiorum. RNA sequencing generated an average of
18.4 million clean reads per sample (Table 1).

Under Ss-white inoculation, 82.77% of reads from the R-
pool and 70.66% from the S-pool successfully mapped to

the B. juncea cv. Varuna reference genome. In contrast,
only 0.09% and 1.48% of reads mapped to S. sclerotiorum
at 24 hpi in the R- and S-pools, respectively. When RNA
is extracted from infection sites containing both plant
and fungal tissues, mapping efficiency to the host
reference genome is reduced because pathogen-derived
transcripts fail to align. This lowers overall mapping rates
and diminishes the effective sequencing depth for host
transcripts. To overcome these limitations, a dual RNA-
Seq strategy-either by using a combined host–pathogen

Figure 4: KEGG pathways significantly enriched between R-pool and S-pool of  B. juncea inoculated with S. sclerotiorum
isolate white at 24 hpi, (A): R-pool, water vs Ss-white (B): S-pool, water vs Ss-white

Table 1: Summary of sequence read alignments to the reference genomes of B. juncea cv. Varuna and S. sclerotiorum

                                   R-Pool                                 S-Pool

Sample Ss-White Ss-Water Ss-White Ss-Water

Clean Reads 175,085,28 204,140,27 190,325,45 167,724,57
Total mapped to B. juncea cv. Varuna 14492191 19803763 13450210 15990814

(82.77%) (97.01%) (70.66%) (95.34%)
Uniquely mapped to B. juncea cv. Varuna 13749992 14718651 12596205 12513811

(78.53%) (72.10%) (66.18%) (74.61%)
Total mapped to S. sclerotiorum 15770  (0.09%) 70208  (0.35%) 278906  (1.48%) 86386  (0.52%)
Uniquely mapped to S. sclerotiorum 3453  (0.02%) 131  (0.01%) 222874  (1.18%) 912  (0.01%)
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reference genome or through sequential mapping-can be
employed. This approach enables accurate read
assignment and facilitates clear separation of host and
pathogen transcriptomes. In total 3,559 upregulated and
1,875 downregulated DEGs were identified in the R-pool,
and 2,635 upregulated and 9,696 downregulated DEGs
were observed in the S-pool after 24 hpi.

Functional annotation, including GO enrichment analysis,
identified several key biological processes (BP), cellular
component (CC), and molecular function (MF), that were
actively regulated at 24 hpi. In the R-pool, GO enrichment
analysis identified GO BP terms such as response to
wounding, regulation of defense response, response to
oxidative stress, response to abscisic acid and jasmonic
acid, defense response to fungus, signal transduction,
cellular response to oxygen, metabolic processes and
systemic acquired resistance were predominantly
upregulated, indicating an active and coordinated defense
response at 24 hpi of S. sclerotiorum infection. In contrast,
the S-pool exhibited significant alterations upon
colonization by S. sclerotiorum, including changes in
transcriptional activity, protein metabolic processes,
protein phosphorylation, response to salicylic acid,
ethylene and the abscisic acid signaling pathway. This
was further supported by extensive transcriptional
reprogramming in the S-pool, with significant enrichment
of processes related to, metabolic, cellular catabolic, and
biosynthetic processes, water deprivation, transcriptional
regulation, protein metabolism, cell wall biogenesis, and
leaf senescence during pathogenesis.

Conclusion

Present study identified several DEGs in B. juncea with
potential roles in defense response to fungus, signal
transduction, transcriptional regulation, protein metabolic
processes, and response to abscisic acid and jasmonic
acid. This study provides valuable insights into the
underlying molecular mechanism, t contributing to a better
understanding of B. juncea-S. sclerotiorum interaction.

Data availability statement

The data supporting the findings of this study are
available from the corresponding author upon request.
The transcriptome data set of all the samples has been
deposited in the IBDC-INDA database (Bio project
Accession no. PRJEB110406).

Acknowledgements

This research was financially supported by Dr. DS Kothari
Post-Doctoral Fellowship (No.F.4-2/2006 (BSR)/BL/19-20/
0142) by University Grant Commission, New Delhi, India
awarded to Dr. Kusum Rana.

References
Amselem J, Christina AC and Jan ALVK. 2011. Genomic

analysis of the necrotrophic fungal pathogens
Sclerotinia sclerotiorum and Botrytis cinerea. PLoS
Genet 7: e1002230.

Atri C, Akhatar J, Gupta M, et al., 2019. Molecular-genetic
analysis of defensive responses of Brassica juncea–
B. fruticulosa introgression lines to Sclerotinia
infestation. Sci Rep 9: 1–12.

Bashi ZD, Rimmer SR, Khachatourians GG and Hegedus
DD. 2012. Factors governing the regulation of
Sclerotinia sclerotiorum cutinase A and
polygalacturonase 1 during different stages of
infection. Can J Microbiol 58: 605–616

Baulcombe DC. 2015. VIGS, HIGS and FIGS: small RNA
silencing in the interactions of viruses or filamentous
organisms with their plant hosts. Curr Opin Plant
Biol 26: 141–146.

Bolger AM, Lohse M and Usadel B. 2014. Trimmomatic: a
flexible trimmer for Illumina sequence data.
Bioinformatics 30: 2114–2120.

Bolton MD, Thomma BPHJ and Nelson BD. 2006.
Sclerotinia sclerotiorum (Lib.) de Bary: biology and
molecular traits of a cosmopolitan pathogen. Mol
Plant Pathol 7: 1–16.

Buchwaldt L, Hegedus DD and Rimmer S. 2005.
Pathogenesis of Sclerotinia sclerotiorum in relation
to screening for resistance. In: Proc. 13th Int.
Sclerotinia Workshop, Monterey, CA, USA, p. 22.

Chittem K, Yajima WR, Goswami RS and del Rio Mendoza
LE. 2020. Transcriptome analysis of the plant
pathogen Sclerotinia sclerotiorum interaction with
resistant and susceptible canola (Brassica napus)
lines. PLoS One 15: e0229844.

Clarkson JP, Staveley J, Phelps K, Young CS and Whipps
JM. 2003. Ascospore release and survival in
Sclerotinia sclerotiorum. Mycol Res 107: 213–222.

Derbyshire MC and Denton-Giles M. 2016. The control
of sclerotinia stem rot on oilseed rape (Brassica
napus): current practices and future opportunities.
Plant Pathol 65: 859–877.

Derbyshire MC, Denton-Giles M, Hegedus D, et al., 2017.
The complete genome sequence of the
phytopathogenic fungus Sclerotinia sclerotiorum
reveals insights into the genome architecture of broad
host range pathogens. Genome Biol Evol 9: 593–618.

Derbyshire MC, Mbengue M, Barascud M, Navaud O
and Raffaele S. 2019. Small RNAs from the plant
pathogenic fungus Sclerotinia sclerotiorum
highlight host candidate genes associated with



121Journal of Oilseed Brassica, 17 (2) July, 2026

quantitative disease resistance. Mol Plant Pathol
20: 1279–1297.

Derbyshire MC, Newman TE, Khentry Y and Owolabi
Taiwo A. 2022. The evolutionary and molecular
features of the broad-host-range plant pathogen
Sclerotinia sclerotiorum. Mol Plant Pathol 23:
1075–1090.

Ding Y, Mei J, Chai Y, Yu Y, Shao C, Wu Q, Disi JO, Li Y,
Wan H and Qian W. 2019. Simultaneous
transcriptome analysis of host and pathogen
highlights the interaction between Brassica oleracea
and Sclerotinia sclerotiorum. Phytopathol 109:
542–550.

Dobin A, Davis CA, Schlesinger F, et al., 2013. STAR:
ultrafast universal RNA-seq aligner. Bioinformatics
29: 15–21.

Garg H, Atri C, Sandhu PS, et al., 2010. High level of
resistance to Sclerotinia sclerotiorum in introgression
lines derived from hybridization between wild crucifers
and the crop Brassica species Brassica napus and B.
juncea. Field Crops Res 117: 51–58.

Gupta NC, Yadav S, Arora S et al., 2022. Draft genome
sequencing and secretome profiling of Sclerotinia
sclerotiorum revealed effector repertoire diversity
and allied broad-host range necrotrophy. Sci Rep
12: 21855–21871.

Hossain MM, Sultana F, Li W, Tran LSP and Mostofa
MG. 2023. Sclerotinia sclerotiorum (Lib.) de Bary:
insights into the patho-genomic features of a global
pathogen. Cells 12: 1063.

Jones J and Dangl J. 2006. The plant immune system.
Nature 444: 323–329.

Li C, Li H, Sivasithamparam K, et al., 2006. Expression of
field resistance under Western Australian conditions
to Sclerotinia sclerotiorum in Chinese and
Australian Brassica napus and Brassica juncea
germplasm and its relation with stem diameter. Aust J
Agric Res 57: 1131–1135.

Li R, Rimmer R, Buchwaldt L, Sharpe AG, Se´guin-Swartz
G and Hegedus DD. 2004. Interaction of Sclerotinia
sclerotiorum with Brassica napus: cloning and
characterization of endo and exo polygalacturonases
expressed during saprophytic and parasitic modes.
Fungal Genet Biol 41: 754–765.

Liang X and Rollins JA. 2018. Mechanisms of broad host
range necrotrophic pathogenesis in Sclerotinia
sclerotiorum. Phytopathol 108: 1128–1140.

Liang X, Moomaw EW and Rollins JA. 2015. Fungal
oxalate decarboxylase activity contributes to
Sclerotinia sclerotiorum early infection by affecting

both compound appressoria development and
function. Mol Plant Pathol 16: 825–836.

Liao Y, Smyth GK and Shi W. 2014. Feature Counts: an
efficient general-purpose program for assigning
sequence reads to genomic features. Bioinformatics
30: 923–930.

Mehta N, Meena PD and Saharan GS. 2023. Geographical
distribution and host range of Sclerotinia
sclerotiorum causing stem rot of crucifers. Plant Dis
Res 38: 11–46.

Paritosh K, Yadava SK, Singh P, et al., 2021. A
chromosome-scale assembly of allotetraploid
Brassica juncea (AABB) elucidates comparative
architecture of the A and B genomes. Plant
Biotechnol J 19: 602–614.

Rana K, Atri C, Akhatar J, et al., 2017. Mapping resistance
responses to Sclerotinia infestation in introgression
lines of Brassica juncea carrying genomic segments
from wild Brassicaceae B. fruticulosa. Sci Rep 7:
5904–5916.

Rana K, Atri C, Akhatar J, et al., 2019. Detection of first
marker trait associations for resistance against
Sclerotinia sclerotiorum in Brassica juncea–
Erucastrum cardaminoides introgression lines.
Front Plant Sci 10: 1015–1031.

Rana K, Ding Y, Banga SS, et al., 2021. Sclerotinia
sclerotiorum Thioredoxin1 (SsTrx1) is required for
pathogenicity and oxidative stress tolerance. Mol
Plant Pathol 22: 1413–1426.

Rana K, Yuan J, Liao H, Banga SS, et al., 2022. Host-
induced gene silencing reveals the role of Sclerotinia
sclerotiorum oxaloacetate acetylhydrolase gene in
fungal oxalic acid accumulation and virulence.
Microbiol Res 258: 126981–126989.

Rio DC, Jr AMHGJ and Nilsen TW. 2010. Purification of
RNA using TRIzol (TRI reagent). Cold Spring Harb
Protoc (6): pdb. Prot 5439.

Robinson MD, McCarthy DJ and Smyth GK. 2010. edgeR:
a Bioconductor package for differential expression
analysis of digital gene expression data.
Bioinformatics 26: 139–140.

Rollins JA. 2003. The Sclerotinia sclerotiorum pac1 gene
is required for sclerotial development and virulence.
Mol Plant Microbe Interact 16: 785–795.

Saharan G and Mehta DN. 2008. Sclerotinia Diseases of
Crop Plants: Biology, Ecology and Disease
Management. Springer Science Business Media BV,
Netherlands.

Sarfraz S, Wahid S, Gao F, et al., 2026. Comparative
transcriptomic and transcript-based network



122 Journal of Oilseed Brassica, 17 (2) July, 2026

analyses revealed genotype-specific alternative
splicing induced by Sclerotinia sclerotiorum in
Brassica napus. BMC Plant Biol 26: 304–322.

SAS Institute Inc. [SAS]. 2013. SAS 9.1.3 Help and
Documentation. Cary, NC: SAS Institute Inc.

Seifbarghi S, Borhan MH, Wei Y, Coutu C, Robinson SJ
and Hegedus DD. 2017. Changes in the Sclerotinia
sclerotiorum transcriptome during infection of
Brassica napus. BMC Genomics 18: 266–303.

Sherman BT, Hao M, Qiu J, et al., 2022. DAVID: a web
server for functional enrichment analysis and
functional annotation of gene lists. Nucleic Acids
Res 50: 216–221.

Singh J, Yadav P, Budhlakoti N, et al., 2024. Exploration
of the Sclerotinia sclerotiorum–Brassica
pathosystem: advances and perspectives in omics
studies. Mol Biol Rep 51: 1097–1112.

Tang D, Chen M, Huang X, et al., 2023. SRplot: A free
online platform for data visualization and graphing.
PLoS One 18: e0294236.

Taylor A, Rana K, Handy C and Clarkson JP. 2018.
Resistance to Sclerotinia sclerotiorum in wild
Brassica species and the importance of Sclerotinia
subarctica as a Brassica pathogen. Plant Pathol
67: 433–444.

Wang Z, Ma LY, Cao J, Li YL, Ding LN, Zhu KM, Yang YH
and Tan XL. 2019. Recent advances in mechanisms
of plant defense to Sclerotinia sclerotiorum. Front
Plant Sci 10: 1314–1328.

Weiberg A, Bellinger M and Jin H. 2015. Conversations
between kingdoms: small RNAs. Curr Opin
Biotechnol 32: 207–215.

Willetts HJ and Wong JAL. 1980. The biology of
Sclerotinia sclerotiorum, S. trifoliorum, and S. minor
with emphasis on specific nomenclature. Bot Rev
46: 101–165.

Zhu W, Wei W, Fu Y, et al., 2013. A secretory protein of
necrotrophic fungus Sclerotinia sclerotiorum that
suppresses host resistance. PLoS One 8: e53901.


