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				Based on barcoding (ITS nrDNA) and morphological studies of specimens deposited in H and OULU, basidiomycetes Rhizopogon evadens and R. ochroleucoides are recorded for the first time for Europe, R. graveolens and R. verii for Finland, and R. mohelnensis for Estonia.

			

		

		
			
				Introduction

				Species of the genus Rhizopogon (Boletales, Basidiomycota) form basidiomes of rather simple structure. They have an angiocarpic develop-ment and can be distinguished from other hypo-geous basidiomycetes by their smooth elliptical spores and the lacunose gleba without columella (Martín 1996, Sulzbacher et al. 2016). Based on morphological features, Smith and Zeller (1966) recognized 130 species in North America, and Martín (1996) 21 in Europe. Rhizopogon species are of great importance at the ecosystem level, since they form ectomycorrhizae mainly with conifers (Molina & Trappe 1994, Beiler et al. 2010, Birch et al. 2021). Mycorrhizae promote forest regeneration and stability (Beiler et al. 2010), mitigating the stress caused by environ-mental changes and enhancing the development of adult trees (Birch et al. 2021). In the context of global change, knowledge and inventory of the Rhizopogon species present in a region is important for conservation biology.

			

		

		
			
				Martín (1996) examined 219 specimens of Rhizopogon from Finland and identified four species: R. luteolus (26 specimens), R. marchii (1), R. occidentalis (6), and R. roseolus (186). Later, Martín (2001) examined 22 more speci-mens from Finland sent by the OULU her-barium. Based on morphological analyses, the majority were R. roseolus, but three specimens belonged to two species rare in Europe, R. abi-etis and R. ochraceorubens. Those specimens were cited by Martín (2001) as the first records for Finland, but this information is missing from Funga Nordica (Martín 2012, 2018).

				Molecular biology and DNA analyses (mainly using ITS nrDNA sequences) of fungi have recently become essential in species iden-tification (Grubisha et al. 2002, Martín & García 2009, Sulzbacher et al. 2016).

				Our objective was to identify the Rhizopogon specimens located in H and OULU herbaria, based on morphological studies and barcoding analyses.
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				Material and methods

				Thirty-eight collections from OULU and H her-baria were morphologically examined follow-ing Smith and Zeller (1966) and Martín (1996). DNA was extracted from all collections follow-ing Martín and García (2009). From those speci-mens that ITS nrDNA sequences were obtained, first identifications were made through GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and the UNITE database (http://unite.ut.ee), using spe-cies hypothesis (SH) search as described in Kõl-jalg et al. (2013). Later, the main morphological characters, such as peridium types and spores, were reviewed. The herbarium acronyms follow Index Herbariorum (https://sweetgum.nybg.org/science/ih/).

				Results

				ITS nrDNA sequences were obtained from 11 collections only. Five species were identified using both molecular (species hypothesis search in UNITE database) and morphological charac-ters.

				Rhizopogon evadens A.H. Sm.

				Specimens examined: Finland. Keski-Pohjanmaa, Kalajoki, Hiihtomajan maasto, lähellä Kalajoen Hiekkasärkkiä, män-nikkökankaalla, 19 September 1997 O. Kaattari (OULU, GenBank accession number ITS ON072211). Kittilän Lappi, Kolari, Äkäslompolo, Nilivaaran talon pihan laita, männikön reuna, 11 July 1998 E. Ohenoja (OULU, GenBank accession number ITS ON072206). Koillismaa, Salla commune, Saija, by the small road to Pulkkaviita, Aukiaselkä, 210 m, partly half-open, dry pine heath forest, grazed by reindeers, fairly young trees, 30 August 1992 I. Kytövuori 92-1382 (H, Gen-Bank accession number ITS ON072202). Rovaniemen mlk., Tennilä, Veitsikangas, in Lapland Forest Damage Project Experimental plots, CIT-type Scots pine forest with mosaic lichen moss vegetation extensively grazed by reindeer, 100 m a.s.l., 26 August 1992 H. Väre 73031:3933 (OULU, GenBank accession number ITS ON072205).

				In the UNITE database at both 0.5% and 1.5% dissimilarity, sequences from the Finnish specimens grouped with the reference sequence of R. evadens (SH1524114.08FU) from USA, obtained from the holotype (AHS65484) located at MICH (99.06%–99.07% base identity). 

			

		

		
			
				The R. evadens SH1524114.08FU includes 19 sequences from Mexico, Canada and USA, but also includes sequences from Estonia (1), Fin-land (1), France,(1), Spain (2), Sweden (1) and UK (2), not named R. evadens.

				Rhizopogon evadens is reported for the first time from Europe. As mentioned by Smith and Zeller (1966), basidiomes of R. evadens have very few rhizomorphs, and the peridium (roseo-lus-type) separates easily from the gleba. Spores from the Finnish specimens measure (2)2.5–3.5(4) × 6–9(9.5) µm.

				Rhizopogon graveolens (Vittad.) Tul. &C. Tul.

				Specimens examined: Finland. Nurmijärvi, S side of the abandoned railway station in Kiljava, E of the railway, on dry meadow, on sandy soil, 5 September 1998 U. Nummela-Salo & P. Salo 5603 (H, GenBank accession number ITS ON072203). Oulun Pohjanmaa, Muhos, Kylmälä, in grassy margin of the mixed forest by the Muhosjoki (Picea abies, Betula, Pinus, etc.), 9 August 1998 E. Ohenoja & M. Ohe-noja (OULU, GenBank accession number ITS ON072212). Sompion Lappi, Pelkosenniemi commune, Suvanto, N side of the Kitinen river, Korteniva, SE end of Kalkkivaara, fairly steep SW slope, half-open dry pine forest with Juniperus, Betula, Populus tremula, Alnus incana, Athyllis, dolomite rock, 160–180 m a.s.l., 26 August 1992 I. Kytövuori 92-1122 (H, GenBank accession number ITS ON072210).

				The sequences from Finnish specimens had 100% base identity with sequence AJ810037 obtained from voucher PRM619028 (Martín & García 2009), isotype of R. graveolens f. poma-ceus. The species was described for the first time from Italy (Vittadini 1844) as Hysteromyces graveolens. Lloyd (1923) regarded R. graveo-lens as a rare species, and mentioned that it was probably the same species as R. luteolus. How-ever, in R. graveolens the rhizomorphs are in the base of the basidiome and the peridium is of the roseolus-type. Velenovský (1931) reported a spore length of 6–9 µm which agrees with spore lengths of the Finnish specimens studied here: (2.5)3–4 (4.5) × (6.5)7–9(9.5) µm.

				Previously reported in Europe from Italy (Vittadini 1844) and Czechoslovakia (Velenov-ský 1931), this is the first report for Finland. Many sequences of R. graveolens are included in molecular databases under R. roseolus, R. rube-scens, and Rhizopogon sp.
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				Rhizopogon mohelnensis Velen.

				Specimen examined: Estonia. Tallinn, Mustamäe, around the Tehnikaülikool sport hall, on sandy soil, Salix sp., 19 Octo-ber 1997 U. Nummela-Salo & P. Salo 4599 (H, GenBank accession number ITS ON072209).

				This species was described from Czechoslo-vakia by Velenovský (1931). Based on morpho-logical characters, Martín (1996) considered it synonymous with R. roseolus. However, in the UNITE database at 0.5%, this collection from Estonia did not group with the R. roseolus refer-ence sequence. The sequence from the Estonian specimen had 100% base identity with sequence AJ810039 obtained from voucher PRM 154616 (Martín & García 2009), type of R. mohelnensis. The spore length 8.0–11.0 µm is the same as reported by Velenovský (1931); the spore width is 4.0–5.0 µm.

				This is the first record for Estonia. According to available sequences in GenBank, this species was found in Estonia twice in Pärnu County (ITS sequence accession numbers LR872814 and LR872815; unpublished, direct submissions to GenBank), as well as in Poland (ITS accession numbers KX610701 and KX610702; Kałucka et al. 2016). Moreover, there are a number of ITS sequences in GenBank obtained from root tips of Pinus sylvestris var. mongolica from China that belong to R. mohelnensis.

				Rhizopogon ochroleucoides A.H. Sm.

				Specimens examined: Estonia. Saaremaa, NW part, Kihelkonna, Pidula, the end of Tagalaht, ca. 3 km on the Veere road, sandy heath pine woods with scattered bushes of Betula sp., Alnus incana, Populus tremula and Salix are-naria, 58°25’N 22°06’E, 12 September 1993 I. Kytövuori 93-964 (H, GenBank accession number ITS ON072208). France. Rhône-Alpes, Drôme, S part, NEE of Bollène, N of Suze-la-Rousse, in dry pine forest with P. pinaster, P. halepensis, P. pinea, Quercus ilex and some deciduous Quercus sp., 100 m a.s.l., 7 November 1988 P. Kytövuori & I. Kytövuori 88-2181 (H, GenBank accession number ITS ON072207).

				Rhizopogon ochroleucoides is one of the 128 Rhizopogon species described as new by Smith and Zeller (1966) from USA. Martín (1996) did not mention this species for Europe. Sequences obtained from Estonian and French specimens 

			

		

		
			
				grouped in UNITE SH1935312.08FU with other R. ochroleucoides sequences.

				The basidiomes with rhizomorphs at the base, the peridium that maintains vinaceous red colour as dried, and the oblong to subfusoid spores (3.0–5.5 × 8.0–9.0(10.0) µm) as described by Smith and Zeller (1966) confirm the identifica-tion of the Estonian and French specimens as R. ochroleucoides, in the complex of R. roseolus. Thus, R. ochroleucoides is recorded for the first time for Europe.

				Rhizopogon verii Pacioni

				Specimen examined: Finland. Uusimaa, Espoo, Nuuksio, Nuuksionpää, N side of Haukkalampi, on sandy shore with abundant Alnus glutinosa, 60 m a.s.l., 27 August 1986 T. Ahti 45449 (H, GenBank accession number ITS ON072204).

				This species was described by Pacioni (1984) from Tunisia, where it was found under Pinus pinaster. Martín (1996) cited specimens from Italy and Spain. Later Sulzbacher et al. (2016) cited collections from Germany (under Pinus sylvestris), and from Brazil (State of Rio Grande do Sul, under Pinus taeda) as R. verii. Moreo-ver, Sulzbacher et al. (2016) showed that this species, a sister to R. luteolus, is well defined and common in Europe, although many of the collections in molecular databases appear as uncultured fungus or misidentified as R. luteolus. Based on the literature cited above, R. verii is distributed in Belgium, Czech Republic, Ger-many, Italy, Lithuania, Poland, Portugal, Spain, Tunisia, UK, as well as in Brazil and New Zealand. It is here recorded for the first time for Finland.

				The main morphological characters to iden-tify R. verii are the basidiomes covered by red to reddish-yellow rhizomorphs, the luteolus-type peridium with brown-pigmented bodies, and the lageniform basidia with a thick-walled ventri-cose base. Moreover, with 5% KOH the orange pigments of peridium become visible even in dried specimens.
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Based on barcoding (ITS nrDNA) and morphological studies of specimens deposited
in H and OULU, basidiomycetes Rhizopogon evadens and R. ochroleucoides are
recorded for the first time for Europe, R. graveolens and R. verii for Finland, and R.

mohelnensis for Estonia.

Introduction

Species of the genus Rhizopogon (Boletales,
Basidiomycota) form basidiomes of rather simple
structure. They have an angiocarpic develop-
ment and can be distinguished from other hypo-
geous basidiomycetes by their smooth elliptical
spores and the lacunose gleba without columella
(Martin 1996, Sulzbacher et al. 2016). Based on
morphological features, Smith and Zeller (1966)
recognized 130 species in North America, and
Martin (1996) 21 in Europe. Rhizopogon species
are of great importance at the ecosystem level,
since they form ectomycorrhizae mainly with
conifers (Molina & Trappe 1994, Beiler et al.
2010, Birch ef al. 2021). Mycorrhizae promote
forest regeneration and stability (Beiler et al.
2010), mitigating the stress caused by environ-
mental changes and enhancing the development
of adult trees (Birch ef al. 2021). In the context
of global change, knowledge and inventory of
the Rhizopogon species present in a region is
important for conservation biology.

Martin (1996) examined 219 specimens of
Rhizopogon from Finland and identified four
species: R. luteolus (26 specimens), R. marchii
(1), R. occidentalis (6), and R. roseolus (186).
Later, Martin (2001) examined 22 more speci-
mens from Finland sent by the OULU her-
barium. Based on morphological analyses, the
majority were R. roseolus, but three specimens
belonged to two species rare in Europe, R. abi-
etis and R. ochraceorubens. Those specimens
were cited by Martin (2001) as the first records
for Finland, but this information is missing from
Funga Nordica (Martin 2012, 2018).

Molecular biology and DNA analyses
(mainly using ITS nrDNA sequences) of fungi
have recently become essential in species iden-
tification (Grubisha et al. 2002, Martin & Garcia
2009, Sulzbacher et al. 2016).

Our objective was to identify the Rhizopogon
specimens located in H and OULU herbaria,
based on morphological studies and barcoding
analyses.
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