LTSA 1884 Exobasidium vaccinii
Discussion paper prepared by DEFRA in the context of the RNQP Project part 2

As part of the EPPO RNQP project, there has been an assessment of whether EU RNQPs still meet the RNQP criteria. One of the outstanding questions is whether Exobasidium vaccinii is limited to Vaccinium spp. or whether data on Azalea and Rhododendron should also be considered.

Information provided includes:
• On the website from Plant parasites Europe, the host range is described as: Hosts Ericaceae, narrowly monophagous: Vaccinium vitis-idaea. So, this could indicate that Vaccinium myrtillus should not be included; Index Fungorum reports on a different species Exobasidium myrtilli Siegm. (Mitt. Ver. Nat. Reich: 19, 1879). On the plant parasites Europe website common names are cowberry redleaf, azalea leaf and flower gall are mentioned, but no data on Rhododendron or Azalea are included in the literature references.
• In Compendium of blueberry, cranberry, lingonberry diseases and pests, it is indicated that the host range of E. vaccinii is broad including Rhododendron and Camellia (is it correct?)
• On Azalea, Exobasidium japonicum is reported; however, isolates of E. vaccinii (from Vaccinium vitis-idaea) and E. japonicum (from azalea) in cross-inoculations could not infect the other host (Graafland, 1960).
• A new disease is emerging in the South-East USA: Exobasidium maculosum (Brewer et al., 2014; Ingram et al., 2019). This is a different species from Exobasidium vaccinii. Losses mainly occur because the fungus infects the fruits – symptoms are distinct from red leaf disease.
Many websites & publications indicated that Exobasidium vaccinii is also causing galls on Azalea & Rhododendron. Some authors indicate Exobasidium vaccinii a species complex (Ingram et al., 2015), however without a literature reference.

Please would you be able to investigate this by looking at recent papers.
Brewer et al (2014) states that “Host ranges and species limits for Exobasidium are not clearly defined, especially outside Europe (Nannfeldt 1981, Nickerson and Vander Kloet 1997, Piątek et al. 2012). Although Burt (1915) and Savile (1959) proposed broad morphological species concepts within the genus and considered most species to be confined to E. vaccinii (Fuckel) Woronin, Nannfeldt (1981) postulated that species of Exobasidium are symptom specific and specialized to one or a few closely related hosts and, therefore, defined E. vaccinii as restricted to V. vitis-idaea L. (lingonberry). Molecular phylogenetic studies have supported Nannfeldt’s species concept (Begerow et al. 2002, Kennedy et al. 2012, Piątek et al. 2012)” 
Brewer et al (2014) also stated that “The fungus that causes the systemic and perennial red leaf disease of lowbush blueberry (referred to as Exobasidium sp. B in Fig. 1) is clearly different from E. maculosum and the Exobasidium sp. that causes Exobasidium leaf spot on lowbush blueberry. In addition, we determined that it is phylogenetically distinct from E. vaccinii, the name used for the cause of red leaf disease in most studies (CitationHilborn and Hyland 1956, CitationLockhart 1958, CitationMims and Nickerson 1986, CitationCaruso and Ramsdell 1995) based on the broad species concept of E. vaccinii proposed by CitationBurt (1915) and CitationSavile (1959). CitationSundström (1964) determined that many members of E. vaccinii from different hosts had narrow host ranges and consequently were later classified as belonging to different species (CitationNannfeldt 1981). According to CitationNannfeldt (1981), E. vaccinii refers to the species that causes concave leaf galls, or less often, spots or galls of shoot tips or flower buds, on V. vitis-idaea. Thus, the cause of red leaf disease on lowbush blueberry needs revision. Highbush blueberry is reportedly susceptible to red leaf disease as well, but in contrast to the disease on lowbush blueberry it is rare (CitationCaruso and Ramsdell 1995). Studies to determine whether it too is caused by a different, but closely related species of Exobasidium may be warranted.
The Exobasidium isolates from cranberry, E. rostrupii and E. perenne, were clearly different from isolates from blueberry. Of note, the different Exobasidium spp. from blueberry and cranberry clustered based on disease symptom rather than original host species (Fig. 1). For example, E. rostrupii that causes a leaf spot on cranberry and the Exobasidium spp. that cause leaf spots on blueberry are more closely related to each other and to other leaf-spot isolates from different hosts than to E. perenne that causes red shoot on cranberry or the Exobasidium sp. that causes red leaf disease on lowbush blueberry. Similarly the species causing red leaf or red shoot are more closely related to each other and to another red shoot disease caused by E. myrtilli than to the spot isolates on the same host. Our results support an earlier hypothesis that there is independent evolution of Exobasidium lineages based on infection mode, such as local galls, or systemic shoot infections, in addition to cospeciation of pathogen and host within lineages (CitationBegerow et al. 2002).”
Kennedy et al (2012) shows a phylogenetic tree with E. vaccinii as a distinct species from E. japonica based on combined ITS/nLSU data. This data also showed that Exobasidium ferugineae on Lyonia ferruginea, that some mycologists thought was conspecific with E. vaccinii was as separate species.  It also stated that “Exobasidium vaccinii has been shown to be restricted to Vaccinium, likely just Vaccinium vitis-idaea (Nannfeldt 1981, Begerow et al. 2002, Piątek et al. 2012).”
The paper also discussed the possibility that a lack of sequence data on some species could create an artificial closeness between species. “We suggest that this geographic isolation has led to reproductive isolation and that the relationship between E. ferrugineae and E. pieridis is a product of the tendency for host specificity in Exobasidium, in this case with Lyonia, and divergence in host range relative to their recent common ancestor. Therefore, their well-supported sister-relationship found here suggests recent common ancestry, but not conspecificity. Unfortunately, ITS data were unavailable for E. pieridis, resulting in missing data for combined analysis. This is significant because the ITS region is more informative than nLSU primarily because it more rapidly accumulates substitutions among species. This is evidenced by the fact that the Exobasidium ferrugineae sp. nov. (USA) ... 459 ITS region contains twice the number of variable and informative characters among Exobasidium species. Therefore, support for this relationship may be artificially high in this combined analysis due to missing ITS data for E. pieridis. Further sampling will be needed to address the complex patterns of speciation including potential co-speciation in Exobasidium as discussed by Begerow et al. (2002) and Piątek et al. (2012).”
CMI Descriptions of Pathogenic fungi and bacteria No. 780 Exobasidium japonicum (1983) and CMI Descriptions of Pathogenic fungi and bacteria No. 778 Exobasidium vaccinii (1983) only list Rhododendron and Vaccinium as the respective hosts for E. japonicum and E. vaccinii.
The USDA grin fungal database fungus/host indicates that most of the E. vaccinii on Rhododendron records are from the USA with a few from Australia, Canada, Belgium and the Netherlands. Most diagnoses would be done using a combination of host and symptoms as the spore sizes overlap, without molecular back up to the records.
Accessions for E. vaccinii on Genbank were checked to see if Rhododendron was listed as a host but not many accessions list the host.  The only one pulled up was E. vaccinii f. rhododendri which is now a synonym of E. rhododendri.
Based on the papers and websites consulted, it confirms the opinion that Fera already had in 2017 that E. vaccinii is restricted to Vaccinium and should not include Rhododendron as a host. This can be corrected if molecular sequencing data is available where E. vaccinii is confirmed on Rhododendron. 
There appears to be multiple species of Exobasidum on both Vaccinium species and Rhododendron species. However, the symptoms appear to be different for each Exobasidium species.
Most of the papers published since 2021 mention new species and are not particularly useful for the original question. They did have some nice phylogenetic trees but did not list the hosts the E. vaccinii ref data came from.
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