Phenotypic and molecular characterization of Colletotrichum siamense causing onion twister disease in India




Abstract
Onion twister disease, caused by diverse Colletotrichum species worldwide, is a major constraint to onion production, leading to severe yield and post-harvest losses. Accurate identification within this diverse genus is crucial for establishing the dominant pathogen in India. Thus, in the present study, four fungal isolates (Cs-1, Cs-2, Cs-3, and Cs-4) were obtained from symptomatic onion tissues and characterized using morphological, cultural, pathogenic, and molecular approaches. Morpho-cultural evaluation revealed circular colonies with floccose to velvety texture, shifting from creamy white to light grey, with mean mycelial growth rates ranging from. Conidia were hyaline, unicellular, guttulate, and cylindrical to oblong, producing globose to clavate appressoria. Molecular characterization targeting the internal transcribed spacer (ITS) rDNA region yielded ~550 bp amplicons with 97.54-100% sequence identity to Colletotrichum siamense. Neighbor-Joining phylogenetic analysis confirmed that all isolates clustered tightly within the C. siamense clade. Pathogenicity tests of C. siamense isolates produced the twister disease symptoms characterized by anthracnose lesions, leaf twisting, abnormal neck elongation, dieback, and plant death. Symptom onset began with anthracnose lesions at 3-10 days post-inoculation (DAI), followed by leaf twisting at 5-12 DAI. Across isolates, disease incidence varied from 40% to 100%, disease severity from 33.33% to 79.36% and leaf twisting from 10% to 50%. Re-isolation from symptomatic tissues successfully fulfilled Koch's postulates. These findings conclusively establish C. siamense as a primary causal agent of onion twister disease in India, providing a crucial framework for disease epidemiology and management strategies. However, protein-coding genes can serve as secondary barcodes for accurate species identification within the C. gloeosporioides species complex.
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INTRODUCTION
Onion (Allium cepa L, family Alliaceae) is the third most important horticultural crop, after potato and tomato, consumed throughout the world for its distinct flavour and nutritional value. Central Asia is the primary centre of origin, and the Near-East and the Mediterranean regions are the secondary centres of origin (Vavilov, 1951).
[bookmark: _Hlk218087865] 	Given that Kharif onion is pivotal for price stability and market supply, its production is often severely affected by various biotic and abiotic factors. Several fungal diseases, including anthracnose-twister, purple blotch, downy mildew and Stemphylium blight, pose serious challenges for onion production and storage (Ramjegathash et al., 2011; Gupta et al., 2012; Sibi et al., 2013; Alberto, 2014), reducing both seed and bulb quality as well as quantity (Nisha, 2013). Among them, twister disease (anthracnose) poses a major threat to global onion production, especially during the Kharif season, causing yield loss to an extent of 80-100% (Alberto and Aquino, 2010). Leaf infection can also result in a yield reduction of 100% both before and after storage (Panday et al., 2012). 
[bookmark: _Hlk218087948]The disease, predominantly caused by Colletotrichum gloeosporioides, was first documented by Ebenebe (1980). Characteristic symptoms include anthracnose, leaf twisting, abnormal neck elongation and leaf curling. Under severe conditions, dieback symptoms are prominent, leading to drying and death of the plant. In advanced stages, infected bulbs become slender and exhibit rotting.
The genus Colletotrichum is the eighth most important plant-pathogenic fungus (Dean et al., 2012), causing anthracnose on a wide range of fruits, vegetables, cereals, grasses and ornamental plants (Hyde et al., 2009; Wikee et al., 2011; Cannon et al., 2012). In Allium, twister disease is mainly caused by C. gloeosporioides, C. acutatum, C. siamense, C. truncatum and C. coccodes (Alberto and Aquino, 2010; Rodriguez-Salamanca et al., 2012; Alberto et al., 2004; Panday et al., 2012). Historically, species identification within Colletotrichum relied on descriptive morphometric criteria, such as conidial size and shape, appressorial morphology, colony characteristics, and the presence or absence of setae (Sutton 1980; Cannon et al., 2012). While morphological criteria serve as preliminary criteria for identification and differentiation, species differentiation based solely on phenotypic traits is unreliable due to overlapping characters and plasticity (Hyde et al., 2009; Cai et al., 2009).   
Consequently, integration of morphological data with pathogenic and molecular characterization is indispensable for precise taxonomic resolution within this complex genus and to address the critical knowledge gap regarding the etiology of onion twister disease in India.
2. MATERIAL AND METHODS
2.1 Sample Collection and Pathogen Isolation
Symptomatic onion tissues (leaves, neck and bulbs) exhibiting characteristic twister symptoms were collected from onion production fields in Karnataka, India during Kharif 2024. Diseased specimens were packed separately in brown paper bags, transported to the laboratory at the Department of Plant Pathology, University of Agricultural Sciences, Raichur, and then preserved at 4 °C for further studies. 
Fungal isolation was performed using a standard tissue isolation technique. Symptomatic tissue segments (0.5 cm) were rinsed under running tap water to eliminate any adhering soil particles and debris, surface-sterilized in 1% (v/v) sodium hypochlorite solution (NaOCl) for 2 min, rinsed thrice in sterile distilled water and air-dried. The sterilized explants were aseptically placed onto potato dextrose agar (PDA) medium supplemented with streptomycin sulfate (50 μg mL−1) and incubated at 25 ± 2 °C under a 12 h alternate light/dark period for 10 days. Plant tissues producing spore masses were purified by the single spore isolation technique (Cai et al., 2009). Pure stock cultures were maintained on PDA slants at 4 °C for subsequent studies.  
2.2 Morphological and cultural characterization of the causal agent
In this study, the morphological and cultural characteristics of four representative Colletotrichum isolates were evaluated on PDA media, including colony colour, margin, texture, elevation and mycelial growth rate. Colony colour was standardized by referencing Rayner’s mycological colour chart (Rayner, 1970). To characterize microscopic features, conidial concentration of the filtered suspension was quantified using a haemocytometer. Appressoria were formed following a modified slide culture technique (Johnston and Jones, 1997). For each isolate, the dimensions (length and width) of 20 randomly selected conidia and mature appressoria were measured using a calibrated ocular micrometer mounted on a Zeiss bright-field microscope equipped with Gryphax software. The experiment was conducted in a Completely Randomized Design (CRD) with four replications per isolate, each comprising three Petri dishes.
2.3 Pathogenicity assay 
All four isolates were used in the pathogenicity study. Conidial suspensions from 14-day-old PDA cultures were harvested by flooding with 20 mL of sterile distilled water and gently scraping the surface with a sterile loop. The resulting suspension was homogenized using a magnetic stirrer for 15 min and filtered through a double layer of muslin cloth. The final conidial concentration was adjusted to approximately 1 × 106 conidia mL-1 using a haemocytometer and amended with 0.1% (v/v) Tween-20. Pathogenicity was evaluated on 45-day-old onion plants under controlled greenhouse conditions using a spray inoculation method with three replications (n=10). Control plants were sprayed with sterile distilled water. All plants were immediately covered with polyethylene bags for 48 h to maintain high relative humidity. 
Symptom development and disease progression were monitored regularly. Disease severity was scored on a 1-9 rating scale described by Dutta et al. (2022) in Table 1. Further, the percent disease index (PDI) was calculated using the formula given by McKinney (1923). 


Table 1: Disease rating scale for assessment of onion twister disease 
	Rating Scale
	Description
	Corresponding damage (%)

	1
	Slight twisting of the neck
	<10

	2
	Slight abnormal elongation of the neck and twisting
	11 - 20

	3
	Twisting of the leaves with abnormal neck elongation
	21 - 30

	4
	Twisting with severe neck elongation, with leaf curling
	31 - 40

	5
	Severe stage of twisting, falling of plants on the ground, and the neck and foliage becoming slender
	41 - 50

	6
	Leaf twisting and initial anthracnose lesions
	51 - 60

	7
	Lesion advancement with fruiting body formation, along with twisting
	61 - 70

	8
	Twister anthracnose complex leading to the death of old and young leaves
	71 - 80

	9
	Twister anthracnose complex leading to severe neck and foliage drying and defoliation, or wilting
	> 81


2.4 Molecular identification of the causal agent 
2.4.1 DNA extraction 
Total genomic DNA was extracted using a modified cetyltrimethylammonium bromide (CTAB) protocol. Fungal mycelia harvested from 10-day-old PDA cultures (25 ± 2 °C) were freeze-dried and homogenized in 1mL of extraction buffer. The homogenate was transferred to 2 mL microcentrifuge tubes, mixed with 140 µL of 5M NaCl and 280 µL of 1% CTAB buffer, and incubated in a hot water bath at 60 °C for 30 min. Subsequently, 10 µL of Proteinase K (10 mg mL-1) was added, and the mixture was incubated at 60 °C for 10 min. Phase separation was achieved by addition of an equal volume of phenol: chloroform: isoamyl alcohol (25:24:1). The upper aqueous phase was precipitated with 0.1 volume of sodium acetate and 0.9 volume of chilled isopropanol. The mixture was centrifuged at 10,000 rpm for 10 min at 4 °C. The DNA pellet was washed with ice-cold 70% ethanol, air-dried, dissolved in 40 µL of 1x TE buffer (pH 8.0), and stored at -20 °C. Finally, the quality and quantity of DNA were assessed on a 1% (w/v) agarose gel alongside a 100-bp DNA ladder. 
2.4.2 PCR amplification 
The extracted genomic DNA served as the template for PCR amplification of the internal transcribed spacer (ITS) region using the universal primer pair ITS-1 (Gardes and Bruns, 1993) and ITS-4 (White et al., 1990) (Eurofins Genomics India Pvt. Ltd., Bengaluru, India). PCR amplifications were performed in a final reaction volume of 30 µL containing 15 µL of master mix, 2.4 µL of each forward and reverse primer (Eurofins, Bengaluru, India), 7.2 µL of nuclease-free water, and 3 µL of template DNA in a thermal cycler (HiMedia Prima Duo-LA948). Thermal cycling conditions consisted of an initial denaturation at 95 °C for 5 min, followed by 40 cycles of denaturation at 94 °C for 1 min, annealing at 58 °C for 1 min, extension at 72 °C for 2 min, and final extension at 72 °C for 8 min.
Amplified PCR products were separated on a 1.5% (w/v) low EEO agarose gel (SRL, India) prepared in 1x TAE buffer containing ethidium bromide (0.5 μg mL-1). Electrophoresis was run at a constant voltage of 80V for 90 min. Following separation, DNA bands were visualized under UV transillumination and documented using a gel documentation system.
2.4.3 Sequence alignment and phylogenetic analysis
Consensus sequences from forward and reverse primers were assembled using BioEdit Sequence Alignment Editor (Hall, 1999). Homology searches were performed against reference sequences of closely related Colletotrichum taxa in the National Center for Biotechnology Information (NCBI) GenBank database using BLASTn. Consensus sequences were uploaded to NCBI GenBank and corresponding accession numbers were obtained. 



Multiple sequence alignments were performed with Clustal W, as implemented in MEGA 12 (Kumar et al., 2024). An evolutionary history was inferred via the Neighbor-Joining method (Saitou and Nei, 1987) based on the Maximum Composite Likelihood Method (Tamura et al., 2004). The General Time Reversible (GTR) substitution model with gamma-distributed rates and invariant sites (G + I), across five discrete categories, was adopted. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches (Felsenstein, 1985). The phylogenetic tree includes both the reference sequences and those obtained in the present study, along with their corresponding isolate or taxon information (Table 2). 



Table 2. Details of Colletotrichum species and reference strains retrieved from NCBI GenBank used for ITS-based phylogenetic analysis.
	Species
	Culture accession number
	Host
	Geographical origin
	GenBank accession number

	C. coccodes
	CBS164.49
	-
	China
	HM171678

	C. coccodes
	CPOS1
	Solanum tuberosum
	China
	GQ485588

	C. fructicola
	LJTJ2
	Capsicum sp.
	China
	KP748192

	C. fructicola
	LJTJ10
	Capsicum sp.
	China
	KP748201

	C. fructicola
	LJTJ20
	Capsicum sp.
	China
	KP748211

	C. fructicola
	BPDI16
	Coffea arabica
	Thailand
	FJ972603

	C. gloeosporioides
	VPRI43076
	Citrus sinensis
	Australia
	MG572139

	C. gloeosporioides
	IMI 356878
	Citrus sinensis
	Italy
	JX010152

	C. gloeosporioides
	CBS 95397
	Citrus sinensis
	Italy
	FJ972609

	C. gloeosporioides
	LJTJ13
	Capsicum sp.
	China
	KP748204

	C. gloeosporioides
	LJTJ15
	Capsicum sp.
	China
	KP748206

	C. kahawae subsp. kahawae
	ICMP 17816
	Coffea arabica
	Kenya
	JX010231

	C. siamense
	ICMP 12567
	Persea americana
	Australia
	JX010250

	C. siamense
	OOC18
	Allium cepa
	India
	KJ486114

	C. siamense
	OOC19
	Allium cepa
	India
	KJ486115

	C. siamense
	OOC20
	Allium cepa
	India
	KJ486116

	C. siamense
	OOC22
	Allium cepa
	India
	KJ486117

	C. siamense
	OOC23
	Allium cepa
	India
	KJ486118

	C. siamense
	OOC24
	Allium cepa
	India
	KJ486119

	C. siamense
	OOC30
	Allium cepa
	India
	KJ486124

	C. siamense
	OOC32
	Allium cepa
	India
	KJ486125

	C. siamense
	OOC33
	Allium cepa
	India
	KJ486126

	C. siamense
	OOC37
	Allium cepa
	India
	KJ486127

	C. siamense
	OOC38
	Allium cepa
	India
	KJ486128

	C. siamense
	 Cs-1
	Allium cepa
	India
	PX920970

	C. siamense
	 Cs-2
	Allium cepa
	India
	PX920971

	C. siamense
	 Cs-3
	Allium cepa
	India
	PX920972

	C. siamense
	 Cs-4
	Allium cepa
	India
	PX920973

	C. theobromicola
	ICMP 17927
	Fragaria ananassa
	USA
	JX010286

	C. theobromicola
	C12PA
	Coffea arabica
	USA
	MK790646

	C. theobromicola
	CBS 124945 
	Theobroma cacao
	Panama
	JX010294

	C. theobromicola
	C67PP
	Coffea arabica
	USA
	 MK790662

	C. truncatum
	CBS 151.35
	Phaseolus lunatus
	USA
	GU227862

	C. truncatum
	OOC21
	Allium cepa
	India
	KJ486140

	C. truncatum
	OOC35
	Allium cepa
	India
	KJ486141

	C. truncatum
	CBP002
	Brassica parachinensis 
	China
	KF030677

	Monilochaetes infuscans*
	CBS:869.96
	Ipomoea batatas
	South Africa
	JQ005780


*Isolates from the present study and their corresponding GenBank accession numbers are shown in bold. 
Monilochaetes infuscans (CBS 869.96) was used as the outgroup.
3. Results
3.1 Cultural and morphological identification of the pathogen
Pure cultures of four Colletotrichum isolates obtained from the twister disease-infected onion tissues were examined for key macroscopic (colony colour, colony margin, and mycelial growth rate) and microscopic features (conidial morphology, appressorial morphology, and sporulation intensity) summarized in Table 3. 
[bookmark: _Hlk215665625]Colonies were circular with a floccose to velvety texture and flat to raised elevations. Mycelial growth rate varied significantly from 8.17 ± 0.65 to 18.00 ± 0.54 mm day-1 (n=4) among isolates. Colony colour shifted from an initial creamy white to mature greyish white or light grey, while the reverse colouration ranged from salmon to occasional dark brown, with prominent regular to irregular margins Sporulation intensity ranged from high (+++) to very high (++++). Mature cultures produced abundant salmon-orange conidial masses, followed by formation of dark acervuli predominantly along the distal periphery (Fig. 1A, B). 
[bookmark: _Hlk213574081]Microscopically, conidia were hyaline, unicellular, straight, cylindrical to oblong, with distinct oil globules (guttulate) borne on specialized unbranched, hyaline conidiophores (Fig. 2A, B). Mean conidial dimensions varied from 7.59-17.29 x 4.67-6.41 µm. Meanwhile, conidial appressoria exhibited relatively limited variation in size and shape, being smooth-walled, dark brown to black and predominantly globose, with occasional clavate to irregularly lobed structures (Fig. 2C). Mean appressorial size ranged from 7.48-11.44 x 5.49-7.51 µm. Mature cultures produced prominent black acervuli, predominantly along the distal margin of the fungal colony (Fig. 2D).
3.2 Pathogenicity test
A pathogenicity test was conducted on healthy onion plants under controlled greenhouse conditions. All four Colletotrichum isolates evaluated were pathogenic, exhibiting significant variation in incubation period, disease incidence, disease severity, and leaf twisting effect. Inoculated plants developed symptoms characteristic of the twister disease, including anthracnose lesions, leaf twisting, abnormal neck elongation, dieback, and plant death (Fig. 3). Symptom onset for anthracnose appeared at 3-10 days post-inoculation (DAI), followed by twister symptoms at 5-12 DAI. Mean disease incidence varied significantly (P ≤ 0.05) among isolates. Isolate Cs-1 recorded the highest disease incidence (100%), followed by Cs-3 (90%), Cs-4 (60%), and Cs-2 (40%). Further disease severity ranged from 33.33% (Cs-5) to 79.36% (Cs-1). Furthermore, the leaf twisting effect ranged from 10% (Cs-5) to 50% (Cs-24) (Table 4). To satisfy Koch's postulates, the pathogen was re-isolated from symptomatic tissues and cultured on potato dextrose agar (PDA) medium. Microscopic examination confirmed that the re-isolated fungus was morphologically identical to the original inoculated isolate.  



Table 3. Morpho-cultural characteristics of Colletotrichum siamense isolates causing onion twister disease.
	Isolate code
	Conidial morphology
	Appressorial morphology
	Colony morphology

	
	Shape
	Conidial dimensions
	Length (μm)
	Width (μm)
	Colony colour
	Colony margin
	Colony texture
	Colony elevation
	Growth rate (mm/day) *
	Sporulation**

	
	
	Length
(μm)
	Width (μm)
	
	
	Front view
	Reverse view
	
	
	
	
	

	Cs-1
	Cylindrical
	7.59
	6.41
	8.54
	6.23
	Light grey
	White
	Regular
	Floccose
	Flat
	9.00 ± 0.45ef
	++++

	Cs-2
	Oblong
	17.29
	5.44
	9.96
	7.51
	Greyish white
	Creamy white
	Regular
	Floccose
	Raised
	18.00 ± 0.54a
	+++

	Cs-3
	Cylindrical
	14.6
	6.07
	7.48
	5.49
	Light brown
	Dark brown
	Regular
	Velvety
	Raised
	12.85 ± 0.77c
	++++

	Cs-4
	Oblong
	16.4
	4.82
	11.44
	6.03
	Light grey
	Light brown
	Regular
	Floccose
	Flat
	8.17 ± 0.65fg
	++++


**++++ (very high sporulation); +++ (high sporulation); ++ (moderate sporulation); + (low sporulation)
  * Values represent mean ± standard deviation (n=4); Means with the same letter are not significantly different (DMRT; P ≤ 0.05)



[image: ]
Fig 1. Cultural characteristics of Colletotrichum siamense isolated from twister disease-infected onion tissues on PDA medium. (A) Front colony morphology; (B) Reverse colony morphology.

[image: ]
Fig 2. Morphological characteristics of Colletotrichum siamense. (A) Conidia (20x); (B) Conidia (40x); (C) Conidial appressoria (20x); (D) Clusters of acervuli (10x)

Table 4. Pathogenicity and disease reaction parameters of Colletotrichum siamense isolates inoculated on healthy onion plants.
	Isolates
	Incubation period (DAI)
	Disease incidence (%)
	Disease severity (%)
	Twisting effect (%)

	
	Anthracnose symptom
	Twister symptom
	
	
	

	
	
	
	
	
	
	

	Cs-1
	5
	7
	100.00 ± 2.64a
	79.36 ± 2.83a
	14.29
	

	Cs-2
	6
	10
	40.00 ± 2.12d
	33.33 ± 2.04d
	10.00
	

	Cs-3
	7
	12
	60.00 ± 2.87c
	53.33 ± 2.37b
	30.00
	

	Cs-4
	6
	6
	90.00 ± 1.95b
	46.91 ± 1.42c
	50.00
	


Values represent mean ± standard deviation (n=4); Means with the same letter are not significantly different (DMRT; P ≤ 0.05).

[image: ]
Fig 3. Pathogenicity test of four isolates showing characteristic twisting symptoms on healthy onion plants (45-day-old)
3.3 Molecular identification of the pathogen
Molecular identification of four Colletotrichum isolates was performed by PCR amplification and sequencing of the internal transcribed spacer (ITS) rDNA region, yielding expected amplicons of approximately 550 bp. BLAST sequence analysis demonstrated high nucleotide identity (97.54-100%) with reference sequences of Colletotrichum siamense. The generated ITS sequences were deposited in GenBank under accession numbers PX920970 (Cs-1), PX920971 (Cs-2), PX920972 (Cs-3), and PX920973 (Cs-4).
Phylogenetic inference using the Neighbor-Joining method further confirmed species identity. The four isolates clustered tightly into a distinct clade alongside reference C. siamense strains, forming a well-supported branch clearly separated from closely related species within the Colletotrichum gloeosporioides species complex. The phylogenetic tree was rooted with Monilochaetes infuscans (CBS 869.96) as an outgroup (Fig. 4).
[image: ]
Fig. 4 Phylogenetic tree based on ITS-rDNA sequence showing the evolutionary relationship between Colletotrichum isolates obtained in the present study and reference sequences retrieved from GenBank. 
            The tree was constructed using the Neighbor-Joining method with 1000 bootstrap replicates and bootstrap values (>50%) are indicated at the nodes. The isolates generated in the present study are highlighted in red, whereas the remaining taxa represent reference sequences retrieved from the NCBI GenBank database. Monilochaetes infuscans was used as an outgroup. 

4. Discussion
The genus Colletotrichum comprises over 189 species distributed across tropical and temperate regions, causing substantial economic losses to various crops worldwide [Weir et al., 2012; Freeman and Rodriguez, 1999; Jayawardena et al., 2016]. While several Colletotrichum species within the Colletotrichum gloeosporioides complex cause onion anthracnose globally, C. siamense has specifically been implicated in onion twister disease in India (Chowdappa et al., 2015) and Sri Lanka (Herath et al., 2021). Originally described from coffee in Thailand (Prihastuti et al., 2009), the occurrence of C. siamense on onion in India has remained largely confined to an initial report by Chowdappa et al. (2015). The present study substantially expands upon this baseline knowledge by providing a comprehensive characterization of C. siamense as a primary causal agent of onion twister disease in India. In addition to molecular and phenotypic identification, our pathogenicity assay confirmed that C. siamense is indeed the causal agent responsible for onion twister disease in India, producing the complete symptom complex characterized by anthracnose lesions, leaf twisting, abnormal neck elongation, dieback, and plant death.
Traditionally, species identification within Colletotrichum has relied on phenotypic traits, including conidial dimensions, colony texture, colour, growth rate, and the presence or morphology of setae and appressoria (Sutton, 1980). In this study, isolates exhibited significant variation in colony growth rate and conidial dimensions, whereas appressorial morphology showed limited differentiation. Although the dimensions of conidia and appressoria aligned with previous descriptions of C. siamense (Chowdappa et al., 2015; Prihastuti et al., 2009; Herath et al., 2021), overlapping morphological results render these traits taxonomically uninformative (Crouch et al., 2009; Cai et al., 2009). Nevertheless, cultural characteristics such as significant variation in mycelial growth rate reflect the heterogeneous nature of the pathogen and remain a limited but useful preliminary criterion (Zakaria and Bailey, 2000; Abera et al., 2016; Amare et al., 2021).
However, phenotypic characters vary in response to environmental conditions, growth media, host factors, and prolonged subculturing (Hyde et al., 2009; Weir et al., 2012; Hu et al., 2015). Because many species within Colletotrichum lack distinct diagnostic morphological features, phenotypic characterization alone cannot unequivocally resolve species identity (Cannon et al., 2012; Liu et al., 2016). To overcome these diagnostic limitations, molecular tools specifically targeting the internal transcribed spacer (ITS) region, designated as the official fungal barcode (Schoch et al., 2012), are critical for resolving taxa at the species-complex level. The C. gloeosporioides species complex encompasses at least 22 phylogenetically distinct species (Weir et al., 2012), underscoring its taxonomic complexity and diversity. In the present study, phylogenetic analysis of the ITS region successfully resolved all four isolates as C. siamense, validating our cultural and morphological observations and confirming its broad host range and global distribution.
5. CONCLUSION
This study provides conclusive evidence identifying Colletotrichum siamense as a predominant pathogen associated with onion twister/anthracnose disease in India. Although ITS rDNA markers delineate the species complex, incorporating secondary protein-coding barcodes is essential to resolve intra-complex species boundaries with certainty. Accurate identification of the causal agent serves as a crucial foundation for the development of targeted and sustainable management strategies, including epidemiological aspects, as well as the identification of resistant onion cultivars. 
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