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Short Communication

Ciborinia camelliae Kohn is the causal agent of Camellia flower blight. The pathogen
infects only flowers of camellias, causing serious damage to the plant. Seventy-one
strains were collected from six Italian regions and were characterized at the phenotypic
and genetic level. Morphotypes were identified based on their phenotypic differences in
culture media. The Italian population consisted of eleven morphotypes. Internal
transcribed spacer (ITS) regions of twenty-two isolates belonging to the different
morphotypes were sequenced. All morphotypes have identical ITS sequences. The
closest match of the ITS with the strain ICMP 19812 of Ciborinia camelliae from New
Zealand (Massey University Arboretum, Palmerston North, 100 % sequence identity),
and the morphological features confirmed the presence of a variable population of C.
camelliae in six different Italian regions.
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We modified the text to show the current taxonomic definition of the species. No strains
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available in the mycobank directory are fully identical to the Italian strains. We specified
the closest ID in mycobank and we specify that ICMP strain is the reference strain for
C. camelliae genome project. For this reason the 100% ITS identity of the strain
together with peculiar morphological characters of sclerotia formed on camellia petals
and micromorphological characters of reproductive structures (completely different
from those shown by Botrytis and Sclerotinia species) confirms species identity of
Italian strains.

The new sentence is now like this:

Based on the results of ITS sequencing all strains representing the 11 morphotype
patterns detected in Italy had an identical ITS region. Using www.mycobank.org
platform the closest match was with different Botrytis cinerea strains (99.07% identity).
All strains shared 100% identity with strain ICMP 19812 type strain of Ciborinia
camelliae from New Zealand (Massey University Arboretum, Palmerston North) used
for the genome project of Ciborinia camellieae, with sequence accession number
LGKQO00000000.1. The complete identity with a C. camelliae strain together with
peculiar morphological characters of sclerotia formed on camelia petals and
micromorphological description of reproductive structures (Kohn and Nagasawa 1984;
Taylor and Long 2000; Saracchi et al. 2019) confirmed species identity of the
examined strains.
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Morphotypes of Ciborinia camelliae Kohn infecting camellias in Italy
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Summary: Ciborinia camelliae Kohn is the causal agent of Camellia flower blight. The pathogen infects only flowers of
camellias, causing serious damage to the plant. Seventy-one strains were collected from six Italian regions and were
characterized at the phenotypic and genetic level. Morphotypes were identified based on their phenotypic differences in
culture media. The Italian population consisted of eleven morphotypes. Internal transcribed spacer (ITS) regions of
twenty-two isolates belonging to the different morphotypes were sequenced. All morphotypes have identical ITS
sequences. The closest match of the ITS with the strain ICMP 19812 of Ciborinia camelliae from New Zealand (Massey
University Arboretum, Palmerston North, 100 % sequence identity), and the morphological features confirmed the
presence of a variable population of C. camelliae in six different Italian regions.

Keywords: Camellia flower blight; morphological traits; ITS sequences, Sclerotiniaceae.

Ciborinia camelliae Kohn is a pathogenic fungus that affects plants of the genus Camellia. The pathogen infects only
flowers causing a disease called camellia flower blight (CFB) (Taylor and Long 2000; Saracchi et al. 2019). The infection
occurs when the spores land on camellia flowers, where they germinate, penetrate petal tissues and cause extensive
damage to flowers (Taylor 2004). The symptoms first appear as small, irregular brown spots on the petals
(Vingnanasingam 2002). Gradually, the infection spreads to the entire flower, destined to fall prematurely (Kohn and
Nagasawa 1984) (Fig. 1a). A white ring of mycelium at the base of the flower, under the calyx, is a distinctive feature of
the disease (Vingnanasingam 2002) (Fig. 1b). Ciborinia camelliae biological cycle is strongly related to sclerotia,
developing from senescent petals. The mature sclerotium is dark due to accumulation of melanin and discoid (12 x 10 x
2 mm) (Kohn and Nagasawa 1984) (Fig. 1c). According to Whetzel (1945), species belonging to genus Ciborinia
incorporate residue petal tissue into the sclerotial cortex and medulla. Cup-shaped apothecia (5-18 mm in diameter) (Fig.
1d), developed from overwintering sclerotia (Kohn and Nagasawa 1984), contain ascospores that can be spread by the
wind for several kilometers (Saracchi et al. 2019). According to Hansen and Thomas (1940), ascospores are hyaline, one-
celled, ovate, and guttulate (7.5-12.5 x 4.0-5.0 um) (Fig. 1e). Globose conidia, visible as black spots, are produced in
chains on senescent flowers and in in vitro culture (Taylor 2004) (Fig. 1f). Although CFB is widespread in almost all
regions where camellia is grown (Hara 1919; Hansen and Thomas 1940; Stewart and Neilson 1993; Cook 1999; Peper
1999; Mansilla et al. 1999; Garibaldi et al. 2001 and Colombo et al. 2016), data on the pathogen are limited. The first
severe damage of camellia flowers by C. camelliae has been reported in Northern Italy in 2000 and 2001 (Garibaldi et al.
2001; Gullino et al. 2001). The presence of the pathogen in different Italian regions was then reported (Colombo et al.
2016, Saracchi et al. 2019), but studies on the distribution of the pathogen and its variability are lacking, also due to the
difficulties of its isolation from infected tissues, in vitro cultivation and maintaining the collections vital. The main
objective of this study was to investigate the variability among strains collected at different sites in Italy by analyzing
morphological characters and by ITS sequence verification.

Symptomatic flowers and sclerotia (also producing apothecia and ascospores) showing C. camelliae features were
collected from public or private gardens located in six different Italian sites (Table 1). Pathogen strains were isolated into
a pure culture by placing small pieces cut from the base of infected petals and mycelium from the flower receptacle (Fig.
laand 1b) or sclerotium (1c), onto Potato Dextrose Agar (PDA: 800 ml/L of potato extract; 20 g/L glucose, BioFROXX,
Germany; 15 g/L agar, Applichem, Germany) and PDA added with antibiotics (nalidixic acid 25 ppm, Sigma-Aldrich,
Germany; tetracycline 25 ppm, Applichem, Germany; novobiocin 25 ppm, Sigma-Aldrich, Germany) to inhibit bacterial
growth. All isolates listed in Table 1 are maintained in the laboratory of Plant Pathology at the Department of Food,
Environmental and Nutritional Sciences (DeFENS), University of Milan, Italy. The cultural and morphological
characterization was performed for all 71 pathogenic strains. Colonies were grown on four different agar-media: 1)
Czapek-Yeast Extract Agar medium (CYA: 35 g/L Czapek Dox broth, Difco Laboratories, USA; 2 g/L yeast extract,
Difco Laboratories, USA; 15 g/L agar, Applichem, Germany), 2) Malt-Extract Agar medium (MEA: 30 g/L malt extract,
VWR chemicals, Belgium; 15 g/L agar, Applichem, Germany; 20 g/L glucose, BioFROXX, Germany; 1g/L peptone,
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Difco Laboratories, USA), 3) PDA2 medium (39 g/L Potato Dextrose Agar, Applichem, Germany) and 4) Malt Agar
medium (MA: 30 g/L malt extract, VWR chemicals, Belgium; 15 g/L agar, Applichem, Germany). A disc of pathogen
agar-mycelium (6 mm of diameter), taken from the edge of an actively growing colony on PDA medium, was inoculated
upside down in the center of the Petri plate. Mycelial colonies were observed after 7, 14, and 21 days of incubation at
20°C in the dark. Three replicate plates were prepared for each strain and medium. For each colony, a set of parameters
were recorded: (i) shape, (ii) size, (iii) colony’s colour, (iv) mycelium texture, (v) pigment production, and (vi)
morphology of reverse. All isolates were initially classified into ten morphotypes (A-L, Figure 2) based on their
morphocultural characteristics after 21 days of incubation at 20°C. For each strain, a morphotype pattern was then
assessed combining the resulting morphotypes on the four culture media. We defined the morphotype pattern as the
whole morphological features obtained by the pathogen grown on four different substrates. Strains showing comparable
cultural traits were grouped into the same morphotype pattern. To confirm the identification of the investigated strains as
Ciborinia camelliae, ITS1 and ITS2 sequences were obtained from 22 isolates representing all the morphotype patterns
and all the geographical areas investigated. Briefly 6 days potato-dextrose broth cultures were harvested, liophylized and
extracted according to vanToor et al 2005. potato-dextrose broth. The ITS region was amplified with the universal primers
ITS1 (5’- TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5°-TCCTCCGCTTATTGATATGC-3’) (White et al. 1990) as
described in Kamel et al. (2016). The PCR products were sequenced by Eurofins Genomics (Ebersberg, Germany) and
all sequences were aligned using Geneious software (Biomatters, Auckland, New Zealand), version R11.1.4. Sequences
were compared with the ITS sequences deposited in GenBank.

Seventy-one Ciborinia camelliae strains from six Italian sites were categorized into eleven morphotype patterns (Table
1). Among all investigated strains, morphotype pattern 1 was predominant (62%), while patterns 4, 5, 6, 9, 10, and 11 can
be considered sporadic (1.3%). The highest percentage of morphotype pattern 1 was found in Portici strains, where all
isolates exhibited the same morphotype. The presence of pattern 1 was identifiable in all sites, except in Milan (Fig. 3).
Four out of six different regions were strongly dominated by morphotype 1 with a frequency ranging from 69% to 100%.
Some strains, which belong to the same locality showed a clear variability in morphological characteristics. For example,
among the 13 isolates from Tramezzina, 6 morphotype patterns were found. Within the Oggebbio population, the greatest
morphological variability was found (specifically 8 morphotype patterns), although morphotype pattern 1 was observed
in 22 out of 32 strains. Nevertheless, considering each group of strains belonging to the same geographical area, none
exhibited a completely different morphological profile on all agar-media. Although the pathogen exhibits a wide
morphological variability, we can not suppose differentiations due to the geographical origin of the strains.

Based on the results of ITS sequencing all strains representing the 11 morphotype patterns detected in Italy had an
identical ITS region. Using www.mycobank.org platform the closest match was with different Botrytis cinerea strains
(99.07% identity). All strains shared 100% identity with strain ICMP19812 type strain of Ciborinia camelliae from New
Zealand (Massey University Arboretum, Palmerston North) used for the genome project of Ciborinia camellieae, with
sequence accession number LGKQO00000000.1. The complete identity with a C. camelliae strain together with peculiar
morphological characters of sclerotia formed on camelia petals and micromorphological description of reproductive
structures (Kohn and Nagasawa 1984; Taylor and Long 2000; Saracchi et al. 2019) confirmed species identity of the
examined strains.

This study represents the first description of the Italian morphotypes in C. camelliae and confirms the distribution of the
pathogen in different Italian camellia-producing areas. Van Toor and coworkers (2005) found diversity in New Zealand’s
and American strains, therefore, given the restricted information in the literature on this pathogen, a genetic analysis of a
worldwide collection of C. camelliae, comparing Italian collection and worldwide diversity is warranted in order to better
investigate the pathogen evolution. The analysis of morphotype’s pathogenicity and genetic determinants of infection
(Denton-Giles et al 2020) may shed light on the biology of this fascinating pathogen.

Compliance with ethical standards

Conflicts of interest; Authors declare no conflict of interests.

References

Colombo EM, Locati D, Saracchi M (2016) Ciborinia camelliae: descrizione del patogeno. Notiziario Societa lItaliana
della Camelia: 21-25


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4246770/#B63

©CO~NOOOTA~AWNPE

Denton-Giles M, McCarthy H, Sehrish T, Dijkwel Y, Mesarich CH, Bradshaw RE, Cox MP, Dijkwel PP (2020)
Conservation and expansion of a necrosis-inducing small secreted protein family from host-variable phytopathogens of
the Sclerotiniaceae. Molecular Plant Pathology 21:512-526.

Garibaldi A, Gilardi G, Bertetti D, Gullino ML (2001) Proof for the occurrence of flower blight caused by Ciborinia
camelliae in Italy. Plant Dis 85 (8): 924.

Gullino L, Garofalo MC, Moretti F, Mainenti E (2001) Ciborinia camelliae, parassita da quarantena della camellia.
L’Informatore Agrario 2001(46), 69-70.

Hansen HH, Thomas HE (1940) Flower blight of camellias. Phytopathology 30: 166-170.
Hara K (1919) A scleratial disease of camellia (Camellia japonica). Dainppon Sanrin Kaiho 436: 29-31.

Kamel MAM, Cortesi P, Saracchi M (2016) Etiological agents of crown rot of organic bananas in Dominican Republic.
Postharvest Biology and Technology 120: 112-120.

Kohn LM, Nagasawa E (1984) A taxonomic reassessment of Sclerotinia camelliae Hara (=Ciborinia camelliae Kohn),
with observations on flower blight in Japan. Transactions of the Mycological Society of Japan 25: 149-161.

Mansilla JP, Pintos C, Salinero C (1999) Deteccién en Espania de Ciborinia camelliae Kohn. Phytoma 109: 24-27.

Peper K (1999) Die Braunfaulen der Kamelienbliite: Ciborinia camelliae Kohn. Die Kamelie Nr. 1 November 1999. 24
p.

Saracchi M, Locati D, Colombo EM., Pasquali M (2019) Updates on Ciborinia camelliae, the causal agent of camellia
flower blight. Journal of Plant Pathology 101: 215-223.

Stewart TM, Neilson H (1993) Flower blight, a new disease of camellias in New Zealand. New Zealand Camellia Bulletin
116: 29-33.

Taylor CH, Long PG (2000) Review of literature on camellia flower blight caused by Ciborinia camelliae. New Zeal J
Crop Hort 28: 123-138

Taylor CH (2004) Studies of camellia flower blight (Ciborinia camelliae Kohn). Ph.D. thesis. In: Massey University.
Palmerston North, New Zealand.

Van Toor RF, Ridgway HJ, Butler RC, Jaspers MV, Stewart A (2005) Assessment of genetic diversity in isolates
of Ciborinia camelliae Kohn from New Zealand and the United States of America. Australas Plant Path 34:319-325.

Vingnanasingam V (2002) Confocal and light microscopy of infection by, and resistant to, Ciborinia camelliae in
Camellia species and the potential for biocontrol. Ph.D. thesis. In: Massey University. Palmerstorn North, New Zealand.

Whetzel HH (1945) A synopsis of the genera and species of the Sclerotiniaceae, a family of stromatic inoperculate
discomycetes. Mycologia 37: 648- 714.

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for
phylogenetic. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ (eds.) “PCR protocols: a guide to methods and
application”. Academic Press, London, 315-322.

Legend

Table 1 Strain, origin (location with geographic coordinates, and source of isolation), colony morphotypes based on the
description of fungal grown on four different media (CYA, MA, MEA, and PDA) for 21 days at 20°C. ITS GenBank
accession numbers are reported for the sequenced strains

Fig. 1 Ciborinia camelliae symptomatic flower (a), mycelium developed on the receptacle (b), sclerotium (c), apothecium
(d), ascospores (e), and conidia (f)
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Fig. 2 Myceliar morphotypes obtained from the growth of the pathogen for 21 days at 20°C on four different media: CYA
(A, B), MA (C, D), MEA (E-G), and PDA (H-I-L)

Fig. 3 Italian distribution of Ciborinia camelliae morphotype patterns investigated in the present study. Pie charts are
proportional to morphotype patterns frequency in each area
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Table 1 Strain, origin (location with geographic coordinates, and source of isolation), colony morphotypes based on the
description of fungal grown on four different media (CYA, MA, MEA, and PDA) for 21 days at 20°C. ITS GenBank
accession numbers are reported for the sequenced strains

Strain origin Morphotypes
Geographic GenBank
Strain Location coordinates Source CYA | MA | MEA | PDA Morphotype accession
pattern No
Tramezzina | 45°59°10.3186" N Infected B C E | 8
co1 (CO) 09°13'516598"E | Flower MW624701
Tramezzina | 45°59'10.3186" N Infected B C E H 7
CO2 (CO) 09°13'516598"E | Flower
Tramezzina | 45°59'10.3186" N Infected A C E H 1
CO5 | (CO) | O9ISSLESEE | Fiower MW624702
Tramezzina | 45°59710.3186" N Infected A D G | 6
CO6 | (CO) | O9ISSLESEE | Fiower MW624703
Tramezzina | 45°59'103186"N | |nfected A C E I 2
co7 (CO) 09°13'51.6598" E Flower
Tramezzina | 45°59'103186"N | |nfected A c E I 2
cos (CO) 09°13'51.6598" E Flower
Tramezzina | 45°59'103186"N | |nfected A C E I 2
CO9 (CO) | O9MISSLESHE | Flower
Tramezzina | 45°59'10.3186" N Infected A C F I 3
CO10 (CO) 09"135LES%"E |  Flower
Tramezzina | 45°59'10.3186" N Infected B C E I 8
coi1 (CO) 09"135LES%"E |  Flower
Tramezzina | 45°59'10.3186" N Infected A C E I 2
CO12 (CO) 09"135LES%"E | Flower
Tramezzina | 45°59'10.3186" N Infected A C E I 2
CO13 (CO) 09"135LES%"E |  Flower
CO15 | Tramezzina | 45°59°10.3186" N Infected A C E H 1
(CO) 09°1351.6598" E Flower MW624704
44°25'32.8807" N : A C E H 1
GE2 Genoa 08°49°09.0124" £ Sclerotium MW624705
GE6 Genoa 44°25'32.8807" N | Sclerotium A C E H 1
08°49°09.0124" E
GE9 Genoa 44°25'32.8807"N | Sclerotium | A C E H 1
08°49°09.0124" E
GE13 Genoa 44°25'32.8807" N | Sclerotium A C E H 1
08°49°09.0124" E
GE18 Genoa 44°25'32.8807" N | Sclerotium A C E H 1
08°49°09.0124" E
Genoa 44°25'32.8807" N | Sclerotium A C F | 3
GE19 08°3900 0124 E MW624706
GE24 Genoa 44°25'32.8807"N | Sclerotium | A C E H 1
08°49°09.0124" E
GE27 Genoa 44°25'32.8807" N | Sclerotium A C E H 1
08°49°09.0124" E
GE34 Genoa 44°25'32.8807" N | Sclerotium A C E H 1
08°49°09.0124" E
Genoa 44°25'32.8807" N | Sclerotium A C E | 2
GE40 08°49°09.0124" E MW624707
Oggebbio | 45°59'47.5782"N | Sclerotium A C E | 2
ITAB? g(g\]/B) 08°39°05.9659" E MW624708
Oggebbio | 45°59°47.5782"N | Sclerotium A C E | 2
ITAB3 (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A C E H 1
ITACL (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782" N | Sclerotium A C E H 1
ITAC? %Q\J/B) 08°39°05.9659" E MW624709
Oggebbio | 45°59°47.5782"N | Sclerotium A C E H 1
ITAC3 (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A C E H 1
ITAD1 (VB) 08°39°05.9659" E
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Oggebbio | 45°59'47.5782" N | Sclerotium A 4
ITAEL g(%/B) 08°39'05.9659" E MW624710
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAE3 g(g\J/B) 08°39°05.9659" E MW624711
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAG1 (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAG2 g(g\]/B) 08°39°05.9659" E MW624712
Oggebhio | 45°59747.5782"N | Sclerotium A 1
ITAG3 (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAHL (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAH2 (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAH3 g(g\J/B) 08°39°05.9659" E MW624713
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAIL (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 5
ITAI2 g(g/B) 08°39'05.9659" E MW624714
Oggebbio | 45°59'47.5782"N | Sclerotium A 11
ITAIL g(g\]/B) 08°39'05.9659" E MW624715
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAK (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A 1
ITAL (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 2
ITAM (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A 1
ITAN1 g(g\J/B) 08°39°05.9659" E MW624716
Oggebbio | 45°59747.5782"N | Sclerotium A 1
ITAO (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAP (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782" N | Sclerotium A 1
ITAQ (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A 1
ITAR (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A 1
ITAS (VB) 08°39°05.9659" E
Oggebbio | 45°59°47.5782"N | Sclerotium A 1
ITAT (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium A 10
ITAUL g(g/B) 08°39°05.9659" E MW624717
Oggebbio | 45°59'47.5782"N | Sclerotium B 7
ITAV1 g(g\]/B) 08°39'05.9659" E MW624718
Oggebbio | 45°59'47.5782"N | Sclerotium A 1
ITAX (VB) 08°39°05.9659" E
Oggebbio | 45°59'47.5782"N | Sclerotium B 7
ITAY1 (VB) 08°39°05.9659" E
Capannori | 43°47°04.8685"N | Sclerotium | A 1
LU1 (LU) 10°33'47.5693" E
Capannori | 43°47°04.8685"N | Sclerotium A 1
LU2 ?LU) 10°33'47.5693" E MW624719
Capannori | 43°47°04.8685" N | Sclerotium A 9
s | LUy | 10raarseesE MW624720
Capannori | 43°47°04.8685"N | Sclerotium A 1
LU4 (LU) 10°33'47.5693" E
Milan 45°27°52.9056" N Infected B 8
MI1 09°13'27.0905" E Flower




i 45°27°52.9056" N
M2 Milan 09°13'27.0905" E Iglfg\?\f:? A MW624721
Milan 45°2752.9056" N Infected B
MI3 09°13°27.0905" E Flower
Milan 45°2752.9056" N Infected B
M4 09°13°27.0905" E Flower
Portici 40°4845.8813" N Infected A
NA2 (NA) 14°20°10.6897" E Flower
ici 40°48°45.8813" N
Portici 40°48745.8813" N Infected A
NAS (NA) 14°20°10.6897" E Flower
Portici 40°48745.8813" N Infected A
NA10 (NA) 14°2010.6897"E | Flower
Portici 40°48745.8813" N Infected A
NA12 (NA) 14°2010.6897"E | Flower
Portici 40°48745.8813" N Infected A
NAL5 (NA) 14°20710.6897" E Flower
Portici 40°48745.8813" N Infected A
NA18 (NA) 14°20710.6897" E Flower
Portici 40°48745.8813" N Infected A
NA19 (NA) 14°20710.6897" E Flower
NA21 Portici 40°4845.8813" N Infected A
(NA) 14°20710.6897" E Flower
NA23 Portici 40°48745.8813" N Infected A
(NA) 14°20710.6897" E Flower
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Figure 1
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