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Abstract—Hymenoscyphus conscriptus and Hymenoscyphus fucatus are described as 
new records from Turkey based on morphological characters and DNA sequence data. 
Phylogenetic analyses of internal transcribed spacer nuclear ribosomal DNA sequences 
(nrITS) show that H. conscriptus and H. fucatus form well-supported clades. Hymenoscyphus 
conscriptus and H. fucatus cluster as a highly supported group, closely related to H. yui and 
H. serotinus, but represent independent species in the phylogenetic tree; the synonymy of 
H. conscriptus under H. calyculus is not supported phylogenetically. Detailed descriptions, 
illustrations, and discussions concerning morphologically similar and phylogenetically 
closely related species are provided for each species. 
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Introduction

The current classification of fungi is still largely based on morphological 
characters, but DNA sequence analyses of a specific region also help to identify 
species correctly and determine phylogenetic relationships. Morphological 
characters (such as apothecial shape and color) are important for distinguishing 
the families in Helotiales (Korf 1973; Wang & al. 2006). However, classifications 
based on apothecial morphology are not always sufficient, so more studies are 
required for specifying the taxonomy within the Helotiales. 
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Hymenoscyphus, one of the largest genera of Helotiaceae, encompasses 
some saprotrophic and parasitic species with highly divergent morphological, 
ecological, and biological characters (Wang & al. 2006; Kirk & al. 2008). 
Hymenoscyphus was established by Gray (1821) and lectotypified with  
H. fructigenus (Bull.) Gray (Dennis 1964). Most Hymenoscyphus species 
have been reported from Europe (Phillips 1887, Dennis 1956, Lizoň 1992), 
America (White 1943; Dumont 1981a,b; Dumont & Carpenter 1982), and 
Asia (Thind & Sharma 1980; Sharma 1991; Zhang & Zhuang 2002a,b). About 
155 species have been identified in the genus (Kirk & al. 2008) with numerous 
species recently added (Queloz & al. 2011; Baral & Bemmann 2013; Zheng 
& Zhuang 2013a,b,c, 2014; Gross & Han 2015; Gross & al. 2015; Kowalski & 
Bilański 2019; Baral 2019). Hymenoscyphus species are normally saprophytic 
on plant debris, such as wood, twigs, fruits, leaves, and herbaceous stems. 
They are morphologically characterized by stipitate-cupulate to discoid 
apothecia; white to yellowish or light-colored hymenial surfaces; more or 
less long stipes; ectal excipulum typically of textura prismatica (sometimes 
mixed with textura angularis); fusoid, ellipsoid to scutuloid or ciboroid 
ascospores; with or without setulae and existence of the remarkable refractive 
vacuolar bodies in the paraphyses (Dennis 1964, Lizoň 1992, Sharma 1991,  
Zhang 2002, Kowalski & Bilański 2019).

Some Hymenoscyphus species are morphologically difficult to distinguish. 
making molecular approaches often necessary for taxonomic identification. 
The internal transcribed spacer of nuclear ribosomal DNA (nrITS) region 
and a few additional useful regions have been widely used as reliable 
phylogenetic approaches to determine Hymenoscyphus at the species level 
(Han & Shin 2008; Queloz & al. 2011; Zheng & Zhuang 2013a, 2014, 2015; 
Baral & Bemmann 2014; Gross & Han 2015; Gross & al. 2015; Kowalski & 
Bilański 2019; Pastirčáková & al. 2020). For the current study, the ITS region 
was selected because of availability of universal primers, high PCR success 
rate, a high percent of correct identification, the considerable number of 
sequences available in GenBank, and its superior resolution at the infrageneric 
classification level for the genus. After a macro- and micro-morphological 
study of the collections and our molecular phylogenetic analyses based on 
ITS sequences, we concluded that the specimens represent new records for 
Turkish mycobiota. Sesli & al. (2020) and Çetinkaya & Uzun (2021) reported 
14 Hymenoscyphus species from Turkey, and H. conscriptus and H. fucatus 
are new Turkish records.
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Materials & methods

Sampling, macroscopic, microscopic studies
Fresh Hymenoscyphus ascomata were sampled from the Bingöl province of Turkey 

in 2019. The samples were photographed in the field with a Canon (EOS 60D) camera 
equipped with Tokina 100 mm macro lens. Microscopic characters were observed in 
both distilled water and IKI solution with a Leica DM500 research microscope under 
oil immersion. At least 20 ascospores, 20 paraphyses and 15 asci from each studied 
sample were measured using the Leica Application Suite (version 3.4.0) programme 
and described based on Hengstmengel (1996), Baral & Bemmann (2013), and 
Anonymous (2021). The specimens are stored in the Fungarium of Van Yüzüncü Yıl 
University, Van, Turkey (VANF).

Molecular studies
Fungal genomic DNA was extracted from dried apothecia by following a slightly 

modified CTAB protocol (Doyle & Doyle 1987). Total genomes were isolated from 
two specimens as representatives for species H. conscriptus and H. fucatus. The primer 
pair N-nc18S10(F) / C26A(R) was used to amplify the ITS region (Wen & Zimmer 
1996). All PCR reactions were performed with Thermalcycler (ThermoScientific) 
under a program consisting of a hot start at 95°C for 4 min, followed by 30 cycles of 
denaturation at 94 for 1 min, annealing at 54°C for 50 sec, and extension at 72°C for 
1 min, with a final elongation step for 5 min. Every reaction was conducted with a 
negative control containing the mix without template DNA. After checking amplicons 
in 1% TAE agarose gels staining with Gelred dye, positive reactions were sequenced 
with forward and reverse primers. The PCR was purified and DNA sequenced in an 
Applied Biosystems ABI 3730XL automated sequencer. The sequences generated in 
the study were uploaded to NCBI GenBank Sequence Database. 

Finch TV software was used to observe sequence chromatograms. Forward and 
reverse sequences were aligned to get the correct and reliable sequence for each studied 
sample. The ITS sequences were trimmed and edited using Molecular Evolutionary 
Genetics Analysis (MEGA v. 6; Tamura & al. 2013). The obtained DNA sequences 
were compared by Basic Local Alignment Search Tool (BLAST, https://blast.ncbi.
nlm.nih.gov/Blast.cgi) against ITS sequences in the NCBI. Then a combined dataset 
was prepared comprising the sequences based on the highest scored hits of BLAST 
search. The ITS sequences of our four Hymenoscyphus strains were compared with 
ITS sequences of 34 other Hymenoscyphus strains (from GenBank), which allowed 
the exact positioning of the new records within the genus Hymenoscyphus. The tree 
was rooted with Hyaloscypha fuckelii Nannf. (EU940230) and Hyaloscypha aureliella 
(Nyl.) Huhtinen (EU940228).

The dataset containing multiple sequences was aligned using MEGA. The 
appropriate model of nucleotide evolution for phylogenetic analyses was determined 
using the same program, and the model with the lowest BIC (Bayesian Information 
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Fıg. 1. Hymenoscyphus conscriptus (VANF – Acar 1138). a, b. Ascocarp; c. Ascospores in distilled 
water; d. Asci in distilled water; e. Asci and paraphyses in IKI; f. Ectal excipulum in distilled 
water. All in dead state, except for apothecia. Scale bars: a, b = 5 mm; c = 20 μm; d–f = 50 μm.

Criterion) score was used to describe the best substitution model. Phylogenetic 
analyses were performed using Maximum Parsimony (MP) in MEGA, and Bayesian 
Inference (BI) in MrBayes v.3.2 (Ronquist & al. 2012). All positions containing 
gaps and missing data were eliminated. Initial tree(s) for the heuristic search were 
automatically obtained by Neighbor-Joining and BioNJ algorithms to a matrix of 
pairwise distances estimated using the Maximum Composite Likelihood (MCL) 
approach. After analysis, the tree with superior log likelihood value was selected. The 
Tree-Bisection-Reconnection (TBR) search method was employed with 100 random 
addition replications to construct the MP trees and the consensus tree was inferred 
from the 5 most parsimonious trees. Bootstrap analysis with 1000 repetitions was 
included to test branch topology (Felsenstein 1985). Bootstrap values lower than  
50 % were not given in phylogenetic trees. 

The model test implemented in MEGA showed that the K2+G was the most 
suitable analysis method. MrBayes was employed to conduct Bayesian phylogenetic 
analysis using the Markov chain Monte Carlo (MCMC) method under a K2+G 
model with all the remaining settings set to default (incremental heating scheme of 
chains, unconstrained branch length, and uninformative topology priors). Markov 
chains were run for 1,000,000 generations, saving one tree each 1000 generations. 
A conservative burn-in (25%) was applied after checking for stability on the log-
likelihood curves and split variances being <0.01. A majority rule consensus tree 
of the remaining trees was calculated. Branch support was determined by Bayesian 
Posterior Probabilities (BPP). The trees were viewed in Figtree v1.3.1. (Rambaut 
2010).

Taxonomy

Hymenoscyphus conscriptus (P. Karst.) Korf ex Kobayasi & al.,  
Ann. Rep. Inst. Ferment. Res., 1965-66, 3: 55 (1967)	 Fıg. 1

Apothecia 2–3 mm wide, disc or saucer-shaped, individually or in 
clusters, whitish to yellowish, sometimes blackened at the base. Stıpe 2–6 
mm long when rehydrated, cylindrical to obconical. Asci [n:15] 110–150 ×  
7.3–10 µm, cylindric-clavate to cylindric-obconical, 8 spored, apex truncated 
conical; annulus turning medium blue in IKI, ascus base with croziers. 
Ascospores [n:20] 13–17 × 4.4–6.2 µm, ellipsoid-cylindrical to obovoid-
fusiform, without septa, with several small drops near each end when alive, in dead 
state with 1-2 large drops due to confluence, without setulae. Paraphyses [n:20]  
1.5–4.3 µm wide, cylindrical, uninflated, or slightly lanceolate, never septate 
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Fıg. 2. Hymenoscyphus fucatus (VANF – Acar 1149). a, b. Ascocarp; c. Ascospores in distilled 
water; d. Asci in distilled water; e. Asci and paraphyses in IKI; f. Ectal excipulum in distilled water. 
All in dead state, except for apothecia. Scale bars: a, b = 5 mm; c = 20 μm; d–f = 50 μm.

at the apex but are always septate downwards. Ectal excipulum consisting of 
textura prismatica; hyphae 4–12 µm wide. 

Specimen examined: —TURKEY, Bingöl, Çapakçur stream, 38.8942°N 40.4792°E, 
1150 m, garden area, on branches of Salix and Populus spp., 24.10.2019, I. Acar 1138 
(VANF; GenBank MW959789, MW959790).

Hymenoscyphus fucatus (Cooke & W. Phillips) Baral,  
Beih. Z. Mykol. 6: 128 (1985)	 Fıg. 2

Apothecia 1–2 mm wide, stipitate-cupulate, saucer-shaped, slightly 
clustered, sparsely mutually grown together at the base, whitish to yellowish, 
erumpent through (sometimes blackened) epidermis or superficial on 
delaminated parts of the substratum. Stıpe 2–7 mm long when rehydrated, 
cylindrical to obconical. Asci [n:15] 120–150 × 7–12 µm, cylindric-clavate 
to cylindric-obconical, 8 spored, ascus base with croziers, apex truncated 
conical; annulus turning medium blue in IKI. Ascospores [n:20] 19–30 × 
4–6.2 µm, ellipsoid-fusiform to obovoid-fusiform, sometimes cylindrical, 
smooth or slightly curved, guttulate, obliquely biseriate, at apex and base 
mostly provided with 1–2(–3) µm long, straight or slightly curved setulae. 
Paraphyses [n:20] 1.5–3 µm diam (slightly wider at the apex), subcylindrical. 
Ectal excipulum a textura prismatica, hyphae 4–l0 µm diam.

Specimen examined—TURKEY, Bingöl, Haserek village, 38.9139°N 40.3133°E, 
1624 m, garden area, on stem of plant, 6.11.2019, I. Acar 1149 (VANF; GenBank 
MW959791, MW959792).

Phylogenetic analysis
The ITS alignment included 40 sequences with 502 nucleotides 

representing our four new Hymenoscyphus strains and 34 Hymenoscyphus 
strains downloaded from GenBank, with two Hyaloscypha strains as outgroup. 
After deleting the unaligned and ambiguously aligned sites, 493 characters 
remained for analyses, including 92 variants and 72 parsimony informative 
characters. The MP and BI analyses inferred from the ITS dataset produced 
similar tree topologies except for minor differences in the arrangement of a 
few terminal branches. The MP analysis produced five most parsimonious 
trees (tree length: 294; consistency index: 0.61; retention index: 0.81; rescaled 
consistency index: 0.53). The phylogram inferred from MP analysis is shown 
in Fig. 3. Statistical supporting values >50% or >0.50 were shown at the nodes. 
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The phylogenetic tree was divided into three main clades (A, B, C) 
with moderate bootstrap support and few scattered species. In the tree, 
our sequences of Hymenoscyphus conscriptus and Hymenoscyphus fucatus 
formed moderately supported clusters in clade C with their representatives 
downloaded from NCBI database (Fıg. 3). The DNA sequences from our 
Hymenoscyphus conscriptus specimen showed very high homology with 
the sequence of MK163877 (an unidentified Hymenoscyphus sp.; Pedersen 
& al. 2020), so that they clustered together without any genetic distance in 
the phylogenetic tree with 100% bootstrap value (Fig. 3). Hymenoscyphus 
conscriptus appeared to be sister to H. yui (KJ472303, KJ472304; Zheng & 
Zhuang 2015) and H. serotinus (DQ431168; Baral & al. 2006, and KM114541; 
Gross & al. 2015). No nucleotide substitution or indel was detected between 
H. conscriptus and MK163877, but more than twenty-five substitutions were 
seen among H. conscriptus, H. yui, and H. serotinus. All of these nucleotide 
variations were observed in ITS1 and ITS2 subregions. DNA sequences of 
our Hymenoscyphus fucatus specimen presented high homology with the 
sequence of Hymenoscyphus fucatus (JX977147, JX977148; Zheng & Zhuang 
2013a). Turkish sequences clustered together with moderate bootstrap 
and posterior probability values (Fig. 3). Nine nucleotide variations (ITS1 
and ITS2) were detected between the Turkish and downloaded H. fucatus 
sequences. 

Discussion
Our study shows that combining morphological characters with 

molecular data is important in identifying a fungus sample to species. The 
samples collected from Bingöl, Turkey, were determined as Hymenoscyphus 
conscriptus and Hymenoscyphus fucatus based on both morphological and 
molecular characters.

Hymenoscyphus conscriptus and H. yui H.D. Zheng & W.Y. Zhuang share 
very similar macroscopic/microscopic characteristics and sequence data. 
Apothecia are similar in shape, color, size, asci arising from croziers, the size 
of its spores. Even though they have very similar characters these two species 
can be morphologically distinguished the non-guttulate (eguttulate) spores 
and the ascus apex that is nonamyloid in IKI in H. yui (Zheng & Zhuang 
2015). Hymenoscyphus conscriptus bears guttulate spores, and the apices of 
its asci are amyloid in IKI. These two species were separated, therefore, based 
on both macroscopic/microscopic characteristics and sequence data. 
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Fıg. 3. Maximum Parsimony tree inferred from internal transcribed spacer nuclear ribosomal 
DNA sequences showing the relationships among Hymenoscyphus conscriptus, Hymenoscyphus 
fucatus and related Hymenoscyphus species. Statistical support values at nodes are bootstrap values 
>50% and Bayesian Posterior Probabilities >0.50. Turkish sequences are marked with *. 

Hymenoscyphus fucatus shares some similar morphological and molecular 
characters with H. serotinus (Pers.) W. Phillips. Both have similar apothecial 
shape and color and excipulum structure, but their distinctive stipe and 
spore structures distinguish them: Hymenoscyphus serotinus has an overall 
pubescent stipe and more scutuloid-curved spores that lack setulae (Baral & 
Bemmann 2013) while H. fucatus lacks pubescence and has setulate spores.
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Hymenoscyphus calyculus (Fr.) W. Phillips and H. scutula (Pers.) W. Phillips 
macroscopically similar species could not be easily distinguished when 
only apothecia and stipe structures were examined. However, paraphyses, 
habitat, and ascospores are useful and distinctive characters to differentiate 
them. Hymenoscyphus calyculus has septate paraphyses, spores 15–24 ×  
3–4 µm and it is saprobic on sticks, twigs of hardwoods and broadleaves 
trees (Breitenbach & Kränzlin 1984; Kuo 2008) while H. conscriptus has non-
septate paraphyses and smaller spores and grows exclusively on branches and 
trunks of Salix species. Hymenoscyphus conscriptus and H. calyculus were 
also distinguished by their ITS sequences and lie within different clades in 
the phylogenetic tree (Fıg. 3). 

Hymenoscyphus fucatus and H. scutula (Pers.) W. Phillips were considered 
separate species by Baral (Baral & Krieglsteiner 1985) and Hengstmengel 
(1996). Hymenoscyphus fucatus and H. scutula are microscopically similar 
in apothecial shape and color and ascospore morphology. However, 
dimensions of apothecia and asci can be used to distinguish the two species. 
Hymenoscyphus scutula has apothecia that are 1–4 mm diam and asci that 
measure 90–110 × 8–10 µm and lack croziers (Breitenbach & Kränzlin 1984; 
Uzun & al. 2010); H. fucatus has apothecia 1–2 mm and asci measuring 
120–150 × 7–12 µm and arising from croziers. The phylogenetic distance 
Hymenoscyphus fucatus is phylogenetically quite distant from H. scutula so 
these species cannot be accepted as synonyms. 

Determination of fungi at the species level is still a matter of intensive 
debate. Limited morphological features and inaccurate description or 
identification of some taxa are, as in other fungal groups, main problems in 
the taxonomic studies of Hymenoscyphus genus. Future work will improve 
our knowledge of fungal species diversity and firmly establish a logical 
generic circumscription. With the aid of integrated studies combining 
morphology and sequence data, Hymenoscyphus conscriptus is supported as 
an independent species, and it and H. fucatus have been confirmed as new 
records for Turkey.
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