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Extended abstract

Introduction

Saffron (Crocus sativus L.) is not only one of the most expensive food products in Iran and globally but also holds
a special place among Iran's export commodities and industrial goods. Since saffron is propagated only through
corms, preventing corms from fungal infections and other devastating pathogens is crucial to maintaining corms
quality and increasing the saffron yield. Hence, investigating the genetic mechanisms associated with the response
of the saffron plant to fungal pathogens such as fusarium corm rot (Fusarium oxysporum) is of great importance.
Given that plants express a wide range of resistance genes to respond to pathogens, studying the role of genes
associated with the Pattern-Triggered Immunity (PTI) pathway, such as LysM-RLKs genes, is crucial. To this end,
studying the transcriptome of saffron corms infected with the pathogen Fusarium oxysporum may help identify
genes belonging to the RLP and RLK gene families. In the present study, the transcriptome of saffron corms
infected with the Fusarium oxysporum was analyzed to identify genes within PTI pathway. This study aimed to
analyze the expression of key genes exhibiting differential expression, as identified through RNA-seq analysis,
using real-time RT-qPCR.

Material and methods

In this study, transcriptome sequencing data were analyzed to examine the gene expression profiles across various
saffron tissues, including the pistil, leaf, petal, stamen, stigma, apical and lateral buds, as well as corms infected
with Fusarium oxysporum. Next, following quality control of the raw sequence data, reads were processed using
CLC Genomics Workbench software with default parameters. This involved trimming to remove adapter
sequences, filtering out low-quality reads, and eliminating low-quality base pairs from the reads. To identify the
members of the RLK and RLK gene families, first, the nucleotide sequences of such genes from Arabidopsis
thaliana were retrieved and used to BLAST+ local transcriptomic data. Recovered BLAST hits were manually
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examined and checked by the Pfam database to ensure the family membership of identified genes. Plus, CDD
database was also used to find conserved domains. The expression values of genes were calculated on the
Transcripts Per Million scale in different tissues and differential expression analysis was performed. Finally, cluster
analysis and heat map graphs were generated to group the genes for different treatments. Following visual and
expert evaluations of infected saffron corms with Fusarium oxysporum, RNA was extracted from Fusarium-
infected and control corms. Quantitative analysis of total RNA was conducted by measuring optical density at 260/
280 nm using a Nanodrop Ultraviolet Spectrophotometer. RNA integrity was evaluated by electrophoresis on 1%
(w/v) agarose gel and visualization under UV light. Additionally, two genes from the RLP and RLK families were
selected to validate transcript RNA-seq deferentially expressed genes using qRT-PCR.

Result and discussion

A total of 45 genes encoding PTI pathway receptors were identified in the saffron transcriptome, with 40 and 5 sequences
belonging to the RLPs and RLKs families, respectively. Also, the highest (15 motifs) and the lowest (2 motifs) number of
conserved motifs was found in contig_58591 and seven different contigs, respectively. The heat map generated from the in
silico expression profiling of differentially expressed genes (DEGs) demonstrated that the identified genes were categorized
into two distinct groups. Contig 41583 and contig 61879 were clustered together in one group, while the remaining
sequences were distributed across different groups. The expression analysis of main RLPs and RLKs genes showed that
contig 41583 from RLK and contig 61879 from RLK families exhibited the highest expression in the saffron stigma and
corms, respectively. Furthermore, the expression of the selected genes in the infected corms significantly increased
compared to that of the control healthy corms. Additionally, qRT-PCR analysis involving genes encoded by contig 41583
and contig 61879 indicated that a higher expression in corms was found after 72 hours post-infection. Overall, the results
of the present study suggest that RLK proteins play a crucial role in response to fungal infections, particularly due to the
presence of the LysM motifs.

Conclusion

Since LysM motif binds to chitin oligomers of fungal cell walls of certain fungi and oomycetes, it triggers plant immune
responses. The findings of this study imply that RLPs and RLKs expression analysis provide important insights into the
specific nature of the plant-pathogen interaction and offer a deeper understanding of the PTI pathway.
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Figure 1. Frequency distribution of species with high homology to saffron corm transcriptome
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Table 3. RLP sequences identified in the saffron corm transcriptome

ft’ awls ¢ lacdise slaas E 535 Ladsl ! sluss wlid e sl
Name 1D Type No. of motifs  Value E No. of amino acids  No. of the membrane domain
CsRLP1 contig 40963 RLP 5 5.78E-61 539 1
CsRLP2 contig 35098 RLP 6 1.96E-60 360 0
CsRLP3 contig 44279 RLP 5 2.27E-57 595 2
CsRLP4 contig 11034 RLP 2 3.01E-56 410 0
CsRLP5 contig 2435 RLP 3 5.05E-53 309 0
CsRLP6 contig 59494 RLP 4 1.04E-45 455 2
CsRLP7 contig 45995 RLP 6 6.94E-39 755 1
CsRLP8 contig 10774 RLP 6 8.73E-39 394 0
CsRLP9 contig 18234 RLP 6 2.11E-35 540 0
CsRLP10 contig 58963 RLP 6 2.78E-35 593 1
CsRLP11 contig 15305 RLP 2 5.23E-33 424 0
CsRLP12 contig 41583 RLP 3 1.23E-56 182 0
CsRLP13 contig 15305 RLP 2 4.70E-43 424 0
CsRLP14 contig 19084 RLP 2 2.05E-40 246 0
CsRLP15 contig 27718 RLP 3 1.65E-39 655 3
CsRLP16 contig 53132 RLP 5 2.50E-39 369 0
CsRLP17 contig 2020 RLP 5 3.25E-39 791 2
CsRLP18 contig 9727 RLP 3 7.17E-39 295 0
CsRLP29 contig 19524 RLP 2 1.27E-60 409 0
CsRLP20 contig 53712 RLP 3 5.18E-57 394 0
CsRLP21 contig 20691 RLP 3 1.23E-57 416 0
CsRLP22 contig 36392 RLP 5 9.14E-59 319 0
CsRLP23 contig 61125 RLP 2 4.40E-11 194 0
CsRLP24 contig 9819 RLP 4 9.43E-59 461 0
CsRLP25 contig 33077 RLP 2 5.74E-30 307 0
CsRLP26 contig 64283 RLP 8 3.65E-29 847 1
CsRLP27 contig 20408 RLP 5 9.13E-29 427 1
CsRLP28 contig 18033 RLP 4 7.34E-56 393 1
CsRLP39 contig 64168 RLP 4 4.90E-55 386 0
CsRLP30 contig 42453 RLP 4 7.60E-55 456 1
CsRLP31 contig 2664 RLP 8 4.09E-51 537 2
CsRLP32 contig 58591 RLP 15 1.59E-54 570 1
CsRLP33 contig 43722 RLP 5 1.65E-47 673 2
CsRLP34 contig 14217 RLP 4 2.84E-47 401 0
CsRLP35 contig 40478 RLP 8 5.61E-47 718 1
CsRLP36 contig 19408 RLP 2 8.56E-46 299 0
CsRLP37 contig 63302 RLP 4 1.58E-45 207 0
CsRLP38 contig 40963 RLP 5 1.91E-69 539 1
CsRLP49 contig 58064 RLP 4 1.31E-38 311 0
CsRLP40 contig 44981 RLP 6 2.48E-28 691 1
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Table 4. RLK protein sequences identified in the saffron corm transcriptome

i 2 I R S el ad sl LySM e dina] ol 310005
ID Type No. (.)f E Value No. of amino acids No. of amino acids with LysM domain
domains
contig 34545  RLK 5 6.95E-86 581 37
contig_34544  RLK 5 1.74E-85 571 37
contig 61879  RLK 3 2.06E-62 623 47
contig 32609  RLK 4 1.67E-57 624 26
contig_64527  RLK 4 2.60E-64 447 26
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Figure 2. The expression patterns of RLK genes in various tissues of the saffron plant are illustrated. The colored
boxes represent the expression levels according to the provided map guide.
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Figure 3. The expression patterns of RLP genes in various tissues of the saffron plant are shown. The colored
boxes indicate the expression levels based on the map guide.
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Figure 5. Relative expression of RLP and RLK genes in saffron corms 48 hours post-inoculation with Fusarium oxysporum
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