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Saffron (Crocus sativus L.) is a triploid (2n = 3x = 24) and self-incompatible;
it is unable to produce seeds and hence propagates exclusively through
corms. Since corms remain in the field soil for several years, various
diseases, including saffron corm rot, cause significant reductions in yield
and quality. MicroRNAs (miRNAs), small non-coding RNA molecules,
play an important role in regulating plant responses to pathogens. In this
study, a computational approach was applied using BLASTx to compare the
transcriptome of saffron corms infected with Fusarium oxysporum against
the miRBase database, to identify miRNAs and their target genes. Fourteen
miRNAs were identified, among which three miRNAs including miR160,
miR393, and miR11108 showed significant differential expression.
Functional analysis indicated that the target genes of miR160 are involved
in key metabolic processes, including carbohydrate biosynthesis, stomatal
opening and closure, drought response, biotic stress response, and
phytohormone transport. Expression analysis further revealed that the genes
Mpgl, RabEIc, and AbcG were differentially regulated upon infection with
F. oxysporum. Among these, Mpgl and AbcG showed the highest and the
lowest expression after infection, respectively. Overall, the findings
demonstrate that target genes of regulatory miRNAs in the saffron
transcriptome undergo expression changes in response to corm rot disease.
These results provide valuable insights that may support breeding strategies
aimed at developing resistance to saffron corm rot.
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Introduction

Saftron (Crocus sativus L.), a sterile triploid (2n = 3x = 24) of the Iridaceae family, is among
the most valuable medicinal and aromatic crops worldwide. Cultivated mainly in arid and semi-
arid regions of Iran and beyond, its economic importance derives from the stigmas that produce
the spice. Propagation depends exclusively on corms due to the species’ self-incompatibility
and triploid nature, which preclude seed formation. Since corms remain in the field soil for
several years, they are highly susceptible to soil-borne diseases, with Fusarium oxysporum
induced corm rot being the most destructive, severely reducing yield and quality. MicroRNAs
(miRNAs), small endogenous non-coding RNAs (2024 nt), have emerged as crucial regulators
in plant-pathogen interactions. Through mRNA cleavage or translational inhibition, miRNAs
fine-tune resistance (R) genes, transcription factors, and hormone signaling pathways, thereby
coordinating multilayered defense networks that shape the outcome of infection.

Materials and Methods

In this study, the transcriptome of saffron corms infected with Fusarium oxysporum was
analyzed to identify and characterize microRNAs (miRNAs) and their target genes. Conserved
miRNAs were predicted from mature miRNA sequences of saffron using publicly available
databases transcriptome data generated by our Biotechnology Laboratory. Bioinformatics
pipelines were applied to predict and analyze candidate miRNAs and their putative targets. Key
target genes were then identified, and their expression levels were validated and compared
through quantitative real-time PCR (qPCR).

Results and Discussion

Comprehensive transcriptomic analysis identified 69 conserved miRNAs in the saffron corm
transcriptome. Comparative expression profiling between infected and healthy samples
revealed that 14 of these miRNAs were significantly differentially expressed (DEGs),
suggesting their involvement in the host immune response. Notably, three miRNAs displayed
highly pronounced expression changes, indicating their potential role as key regulators in
defense against Fusarium. Bioinformatic prediction and functional annotation of DEGs
miRNAs target genes indicated roles in diverse biological processes, including carbohydrate
biosynthesis and metabolism, regulation of stomatal closure, responses to abiotic stresses such
as drought, general biotic stress responses, and phytohormone transport and signaling pathways
involving jasmonic acid (JA) and salicylic acid (SA) pathways. qRT-PCR validation further
supported the regulatory roles of these miRNAs. Expression analysis of three key target genes
including Mpgl, RabElc, and AbcG revealed marked transcriptional changes following
infection. Mpg1, associated with fungal penetration and plant recognition, showed the strongest
upregulation, suggesting an active defensive response. RabElc, a small GTPase linked to
vesicle trafficking and hormone-mediated signaling, was also significantly modulated. In
contrast, AbcG, an ATP-binding transporter implicated in antimicrobial compound transport,
displayed the weakest induction, possibly reflecting pathogen-mediated suppression or
temporal regulation. Together, these findings highlight a complex miRNA-mediated regulatory
network that fine-tunes the expression of defense-related genes, enabling saffron to mount an
effective response against Fusarium oxysporum.
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Conclusions

In conclusion, this study presents the first comprehensive analysis of miRNAs involved in the
defense response of saffron corms against corm rot caused by F. oxysporum. We identified a set
of DEG miRNAs and functionally characterized their target genes, highlighting their central
roles in critical defense pathways. The validated expression changes in Mpgl, RabElc, and
AbcG emphasize the importance of post-transcriptional regulation in saffron immunity.
Collectively, these findings provide new insights into the molecular basis of saffron’s defense
mechanisms and establish a valuable foundation of miRNA-based genetic resources.
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Table 2. Characteristics of miRNAs identified in the saffron corm transcriptome

AMFE
MFE %5"" l\ffi
i () () H . E
Name LARET;S)E:Z\)S E-value Aji( A;) Gf: /2) u}ﬁ b sl g5 s
el - 33 7 sl St T
53 AU GC Rt
Pt e g
ol
Cs-miR393 UUGGACUGAAGGAGCUCCCU 1.29E-05 5593 44.07 298  50.51 1.15
Cs-miR160 UGGCAUACAGGAGCACGCGA 489E-05 4634 5366 487 5939 1.1l
Cs-miR319  UUGGACUGAAGGAGCUCCCU 4.89E-05 41.18 5882 197 3863 0.6
Cs-miR7829 ACACAGAAACUCCAAGCCACC  0.000186 6438 3562 172 2356  0.66
Cs-miR11108 ACAUUGGAGAUAGUGAGUUGG  0.000703  65.00  35.00 24 3000  0.86
Cs-miR399 UGCCAAAAGAAUUUGCCCUG 0.000704 6047  39.53 8.8 2047  0.52
Cs-miR6117 GGUUAGGUUGAUCGGGUUGAAGAC  0.001 4808 51.92 126 2423 047
Cs-miR482 UCUUGCCUACUCCUCCCAUU 0.002 5275 4725 236 2593  0.55
Cs-miR11592 GAACCGACCCGAACCGAAA 0.002 4878 5122 211 5146  1.00
Cs-miR414 UCAUCUUCAUCAUCAUCGUCA 0.003 5570 4430 204 2582  0.58
Cs-miR3630 UGUGGGAAUCCUCCUGAUGCUU 0.003  61.67 3833 209 3483 091
Cs-miR5240 ACCUGGCUCCUGAUACCAUJACC  0.003  50.00 50.00 143 2648 053
Cs-miR7124 CACCAAUAUCCAACUUUAUUUG 0.003 5974 4026 116 1506  0.37

MFE: Minimum Free Energy, AMFE: Corrected Minimum Free Energy, and MFEIL: Minimum Free Energy Index
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Table 3. Characteristics of miRNAs identified in the saffron corm transcriptome with differential expression

Name ;fjwm;wfipf ;{1:5\5.,\5
et Closest homolog species Contig code
Cs-miR393 Aegilops ovata Trinity_out_dir.trinity conting 47658
Cs-miR160 Ambrosia artemisiifolia Trinity_out_dir.trinity conting 47803

Cs-miR11108

Lotus japonicus

Trinity out dir.trinity conting 3217
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Figure 1. Secondary structure of the precursor
miRNAs identified in saffron corm. The mature
miRNA sequence is highlighted in purple
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Table 3. Characteristics of Cs-miR160-3p target genes

miRNA Gene Target protein Function
aRNA 05 Gda S > Shos
Cs-miR160-3p Mpgl Mannose-1-phosphate Carbohydrate Biosynthesis
guanyltransferase
Cs-miR160-3p AbcG ABC transporter G Response to biotic stresses

Phytohormones transport
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Figure 2. Relative expression of miR160 target genes in
saffron corms inoculated with Fusarium oxysporum.
Values are means + SD of biological replicates.
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