(&3 MycoKeys

MycoKeys 113: 337-358 (2025)
DOI: 10.3897/mycokeys.113.140446

Research Article

Resin outpourings on conifers are inhabited by more
members of Nectriaceae (Hypocreales, Sordariomycetes)
than previously thought

Pawet Czachura™, Paulina Janik’

1 W. Szafer Institute of Botany, Polish Academy of Sciences, Lubicz 46, PL-31-512 Krakéw, Poland
Corresponding author: Pawet Czachura (p.czachura@botany.pl)

OPEN aACCESS

Academic editor: Imke Schmitt
Received: 28 October 2024
Accepted: 16 December 2024
Published: 12 February 2025

Citation: Czachura P, Janik P (2025)
Resin outpourings on conifers

are inhabited by more members

of Nectriaceae (Hypocreales,
Sordariomycetes) than previously
thought. MycoKeys 113: 337-

358. https://doi.org/10.3897/
mycokeys.113.140446

Copyright: © Pawet Czachura & Paulina Janik.
This is an open access article distributed under
terms of the Creative Commons Attribution

License (Attribution 4.0 International - CC BY 4.0).

Abstract

Resin outpourings on conifers are a quite unique habitat occurring in nature. Coni-
fer resins are composed mainly from monoterpenes, sesquiterpenes and resin acids
which are recalcitrant to microbial decomposition. Moreover, resins exhibit antimicro-
bial properties. Despite that, they are colonised by different microorganisms including
fungi. They are called resinicolous fungi. They constitute a poorly explored group of
the fungal kingdom. In this study, during investigation of resinicolous fungi in Po-
land, seven strains were assigned to the family Nectriaceae. Phylogenetic analyses
of combined ITS, LSU, rpb2, tef1 and tub2 sequence data were used for molecular
identification. As a result, two new species (including a new genus) and two known
species were identified. Pulchrospora resinae gen. et sp. nov. and Cosmospora el-
egans sp. nov. were described, characterised and proposed herein. Known species
such as Cosmospora viridescens and Cosmosporella pruni were isolated from resin
substrate for the first time.
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Introduction

Resin outpourings arise as a consequence of physical damage or as response
to infection of pathogens (Langenheim 2003; Cabrita 2018; Seyfullah et al.
2018). Resins play a major defensive role, they seal wounds and protect plants
against external dangers such as insects, microbial infections, and others
(Langenheim 2003; Cabrita 2018). Resins are also a quite unique substrate oc-
curring in the natural environment. In conifers, resins are primarily composed
of monoterpenes, sesquiterpenes and resin acids, as well as with addition of
fatty acids, esters, sterols, alcohols, waxes and resenes (Langenheim 2003;
Cabrita 2018). Moreover, due to their protective role against microorganisms,
resins have toxic antifungal chemicals (Langenheim 2003; Cabrita 2018). All
things considered, resin outpourings seem to be a harsh environment for mi-
croorganisms and recalcitrant to microbial decomposition. However, it is worth
noting that there are some fungal taxa which can actively live on resins and
are even specialised to such a substrate. They are called resinicolous fungi.
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Fungi reported from resin belong to many different lineages within the king-
dom Fungi, best known are from orders: Helotiales, Leotiales, Mycocaliciales,
Orbiliales and Xylonales (Tuovila et al. 2013; Beimforde et al. 2017; Baral et al.
2020; Beimforde et al. 2020; Hashimoto et al. 2021; Mitchell 2021; Mitchell et
al. 2021). Interestingly, in spite of that, resinicolous fungi are highly scattered
within the phylum Ascomycota, to date there are approximately 50 known spe-
cies. Some of them belong to the family Nectriaceae (Hypocreales, Sordario-
mycetes) (Mitchell 2021). Nectriaceae was introduced by Tulasne and Tulasne
(1865). Based on recent knowledge, the family consists of 77 genera (Perera
et al. 2023) and includes fungi reported from terrestrial and aquatic habitats
with diverse ecological lifestyles, mainly plant-associated species such as
saprobes on plant material, endophytes, plant pathogens, as well as fungic-
olous, lichenicolous, entomogenous species and animal pathogens (Lombard
et al. 2015; Perera et al. 2023). There are also vague reports about resinicolous
taxa (Corda 1837; Booth 1959; Mitchell 2021).

During broader research on resinicolous fungi in Poland, seven fungal strains
were assigned to the family Nectriaceae based on preliminary molecular stud-
ies. The aim of this study is a detailed identification of analysed species based
on morphology and multilocus phylogeny.

Materials and methods
Strains isolation

Resin samples were collected in three different locations in Poland - the
Modrzyna Reserve, the Swietokrzyski National Park and the Tatra National
Park. Samples were placed in sterile containers and secured. Strains analysed
in this study were isolated in two different ways. Two strains (CBS 152413
and CBS 152414) were isolated from resin samples which were densely cov-
ered by an unknown fungus (Fig. 1). Mycelium visible to the naked-eye was
isolated using a dissecting needle under a dissecting microscope. The five
remaining strains were isolated in a different way. In a laboratory, resin sam-
ples were treated for removing external contaminants. The washing process
was conducted using an orbital shaker operating at 200 rpm. Samples were
washed in a sterile 0.1% solution of Tween 20 (Sigma - Aldrich, Munich, Ger-
many) in physiological saline for 15 min. Then, resin samples were washed
in sterile saline solution for 3 min. This process was repeated three times.
Subsequently, the outer layer of resin was scratched using razor blades. Resin
particles were spread on Petri dishes (@ 90 mm) with four different media:
dichloran — 18% glycerol agar (DG18), dichloran rose bengal chloramphenicol
agar (DRBC), rose bengal chloramphenicol agar (RBC), potato dextrose agar
(PDA). Mycological media were prepared accordingly with Crous et al. (2019)
and Corry et al. (1995). Cultures with particles of resins had been incubated
in the dark at 15 °C or 25 °C until fungal colonies appeared. Representatives
of morphotypes were transferred to malt extract agar (MEA). One-month-old
cultures were selected for a molecular analysis. Among numerous fungal taxa
isolated by this method only members of the family Nectriaceae were select-
ed for this study.
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Figure 1. Fungal mycelium on resins A-E the specimen on a resin sample from which the strain CBS 152413 was
isolated F-J the specimen on a resin sample from which the strain CBS 152414 was isolated A mycelium growing on
resin B, C monophialidic conidiogenous cells with arising microconidia D, E microconidia F mycelium growing on resin
G, H monophialidic conidiogenous cells with arising microconidia I monophialidic conidiogenous cells and microconidia
J microconidia. Scale bars: T mm (A, F); 10 um (B-E, G-J).

Morphological analyses

Macroscopic features of cultures were studied on malt extract agar (MEA), oat-
meal agar (OA), potato dextrose agar (PDA) and synthetic nutrient-poor agar (SNA)
after 14 days at 15 °C and 25 °C in the dark. Mycological media for morphological
characteristics were prepared accordingly with Crous et al. (2019). Colour nota-
tions were supported by the colour charts of Rayner (1970). The observations of
fungal mycelia on resin samples were examined under a Nikon SMZ1500 dissect-
ing microscope (Tokyo, Japan) equipped with a Nikon DS-Fi1 digital camera head.

Micromorphological features were examined from colonies after 14 days at
25 °C in darkness using slides or slide cultures, which were prepared accord-
ingly with Crous et al. (2019). Cosmospora elegans was examined on PDA and
verified on MEA, OA and SNA. Pulchrospora resinae was examined on SNA and
verified on MEA, OA and PDA. Micromorphological features of fungal struc-
tures were examined by light microscopy using Nikon Eclipse E-600 compound
light microscope equipped with a Nikon DS-Fi1 digital camera head. The mea-
surements and photographs of fungal structures were conducted using imag-
ing software NIS D-Elements v. 4.30 (Nikon).
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DNA extraction, amplification and sequencing

DNA was extracted from colonies grown on MEA medium after approximately
1 month. Extraction was performed using the CTAB method similarly to Ger-
rits van den Ende and de Hoog (1999) with minor modifications. About 1 cm?
of mycelium was scrapped and transferred to 1.5 ml tubes containing glass
bulbs. The mycelium was disrupted by shaking on 1.5 Hz for 90 s. After first
shaking, 500 pl CTAB isolation buffer was added (prepared accordingly with
Doyle and Doyle (1987): 100 mM Tris-HCI, pH 8.0, 1.4 M NaCl, 20 mM EDTA,
2% CTAB, 0.2% 2-mercaptoethanol). Shaking on 1.5 Hz for 90 s was repeated
twice. Between second and third shaking the tubes were incubated for 60 s on
ice. Subsequently, samples were incubated in a water bath 65 °C for 10 min. Af-
ter a water bath, 500 pl mixture of phenol, chloroform and isoamyl alcohol (at a
ratio of 25:24:1) (Carl Roth GmbH + Co. KG, Germany) was added and vigorous-
ly vortexed. Tubes were centrifuged at 14000 rpm for 5 min. The supernatant
of each sample was transferred to a new tube and 800 pl of 70% cold ethanol
(stored at -20 °C) was added and mixed gently. Samples were stored at -20° for
30 min. After incubation, tubes were centrifuged at 14000 rpm for 5 min. Arisen
pellets were rinsed with 500 pl of 70% cold ethanol (stored at -20 °C) and dried
at 50 °C for 30 min. Finally, samples were suspended in 75 pl cell culture grade
water (Sigma Aldrich, USA) and stored at -20 °C.

Five partial loci were amplified: the internal transcribed spacer 1 and 2
regions and intervening 5.8S rRNA gene (ITS), the 28S rRNA gene (LSU), the
RNA polymerase Il second largest subunit (rpb2) gene, the translation elon-
gation factor 1-a (tef7) gene and the B-tubulin (tub2) gene. Amplification
mixture for each sample contains: 17.5 pl cell culture grade water (Sigma
Aldrich, USA), 2.5 pl of 10x PCR Buffer (Sigma Aldrich, USA), 2.5 pl of 25 mM
MgCl, (Sigma Aldrich, USA), 0.5 pl of 10 mM dNTPs (EURx, Poland), 0.5 pl
of each 10 pM primers (Sigma Aldrich, USA), 0.25 pl of 5 U/ul Taqg DNA Poly-
merase (Sigma Aldrich, USA) and 1 pl of isolated DNA. Amplifications were
conducted using primers ITS1 and LR5 for a fragment containing ITS and
LSU (White et al. 1990; Vilgalys and Hester 1990), fRPB2-5F and fRPB2-7cR
forrpb2 (Liu et al. 1999), EF1-728F and EF1-986R for tef1 (Carbone and Kohn
1999), and T1 and T22 for tub2 (O’Donnell and Cigelnik 1997). Amplification
conditions for the fragment containing ITS and LSU were set as follows: an
initial denaturation at 94 °C for 3 min, followed by 35 cycles of amplification
(denaturation at 94 °C for 45 s; annealing at 50 °C for 45 s; elongation at 72
°C for 2 min), and a final elongation step at 72 °C for 10 min. Amplification
conditions for parts of protein-coding genes were conducted as described
by Piagtek et al. (2024), Bensch et al. (2012), Nosratabadi et al. (2018) for
rpb2, tef1 and tub2, respectively. Amplification products were visualised on
agarose gel electrophoresis. Finally, amplicons were enzymatically purified
using Exo-BAP Mix (EURx, Poland) according to manufacturer protocol and
prepared for bidirectional sequencing by Macrogen Europe B.V. (Amster-
dam, The Netherlands). The ITS region was sequenced using primers ITS1
and ITS4 (White et al. 1990), whereas the LSU region was sequenced using
primers LSU1Fd and LR5 (Vilgalys and Hester 1990; Crous et al. 2009). The
remaining three loci — rpb2, tef1 and tub2 were sequenced with the same
primer pairs that were used for their amplification.
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Phylogenetic analyses

Chromatograms were manually checked, then assembled and trimmed using
Geneious Prime 2020.0.4. All newly obtained sequences were compared with
sequences of other species existing in GenBank nucleotide database using the
megablast search tool (Zhang et al. 2000) to reveal phylogenetic affinity of inves-
tigated fungal strains. Accession numbers for all sequences determined for this
study and sequences retrieved from GenBank are listed in Table 1. The single-lo-
cus datasets were individually assembled and automatically aligned with the
E-INS-i strategy in MAFFT v. 7.490 (Katoh et al. 2002; Katoh and Standley 2013).
To detect phylogenetic concordance, single-gene trees were visually compared.
With congruence, individual alignments of the ITS, LSU, tub2, rpb2, tef1 were
concatenated to build a multilocus matrix with SeaView (Gouy et al. 2010).
Maximum likelihood (ML) and Bayesian inference (Bl) analyses were used for
estimating phylogenetic relationships. For both analyses, the best substitution
models for each partition were determined with ModelTest-NG v. 0.2.0 (Flouri et
al. 2014; Darriba et al. 2020) using the Akaike information criterion (AIC, Akaike
1974). Partitions were specified for ITS, LSU, tef1, as well as for the first, second
and third codon positions of the tub2 and rpb2 exons, and for each of three
non-coding regions of tub2. Substitution models selected for each partition for
ML analysis were as follows: GTR+I+G4 for ITS and LSU; F81, F81+I, GTR+G4
for the first, second and third codon positions of tub2, respectively, as well as
GTR+1+G4, HKY+I+G4, HKY+I+G4 for the first, second and third non-coding re-
gions of tub2, respectively. Substitution models such as GTR+I+G4, HKY+I+G4,
GTR+I+G4 were used for the first, second and third codon positions of rpb2,
respectively, and the substitution model HKY+I+G4 was used for non-coding re-
gion of tef1. The Bl analysis was performed with the following substitution mod-
els: GTR+I+G4 for ITS and LSU; F81, JC+|, GTR+G4 for the first, second and third
codon positions of tub2, respectively, and SYM+I+G4, K80+I+G4, HKY+|+G4 for
the first, second and third non-coding region of tub2, respectively. Substitution
models such as GTR+I+G4, HKY+I+G4, GTR+I+G4 were used for the first, sec-
ond and third codon positions of rpb2, respectively, and the substitution model
HKY+I+G4 was used for non-coding region of tef71. ML analysis was conducted
with RAXML-NG v. 1.2.2 (Kozlov et al. 2019) using non-parametric bootstrap-
ping with 1 000 replicates. Bl was performed using Metropolis-coupled Mar-
kov chain Monte Carlo (MCMCMC) method as implemented in MrBayes v. 3.2.3
(Ronquist et al. 2012) with the partitioning scheme and best-fit substitution
model for each partition as described above. The phylogenetic analysis was
run twice, each with four Metropolis chains for 10 million generations (sampling
every 1000) under the best-fit substitution models with parameters unlinked
across partitions. The first 25% of the sampled trees were discarded as a burn-
in. Additionally, to reveal the phylogenetic position of the type of “Cosmospora
rishbethii” (CBS 496.67) among the analysed group of species, a single-locus
alignment of rpb2 sequences with the sequence of “Cosmospora rishbethii” was
also subjected to phylogenetic analyses (ML and BI). Both analyses followed
the same settings used for multigene analyses. The best substitution model
was GTR+I+G4 and SYM+I+G4 for ML and BI, respectively. The resulting trees
were visualised with FigTree v. 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/)
and graphically edited in CoreIDRAW X7 (Ottawa, Canada).
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Table 1. GenBank accession numbers and details of strains used in the phylogenetic analyses.

Species Strain
Cosmospora arxii CBS748.69T
Cosmospora butyri CBS 301.38

T =MUCL 9950
Cosmospora coccinea CBS 341.70
Cosmospora cylindricospora | KUNCC 22-12662
T=CGMCC
3.24270
Cosmospora cymosa CBS 762.69 IT
Cosmospora elegans CBS 152410T
,Cosmospora flavoviridis” IMI 338173
Cosmospora fomiticola CBS 137813
T=G.J.S. 83194
Cosmospora inonoticola HMAS 248723 T
Cosmospora khandalensis CBS 356.65
IT=1MI 112790
Cosmospora lavitskiae CBS 530.68 T = IMI
133984
,Cosmospora obscura” MAFF 241484
.Cosmospora stegonsporii” CBS 122305 1T =
AR. 4385
,Cosmospora stilbosporae” CBS 125509
,Cosmospora stilbosporae” CBS 125512
Cosmospora viridescens IMI 73377a PT
Cosmospora viridescens AR.2783
Cosmospora viridescens CBS 152411
,Cosmospora viridescens” CBS 102430
,Cosmospora viridescens” CBS 102433
,Cosmospora rishbethii” CBS 496.67 T

Cosmosporella cavisperma CBS172.31 ET =

NRRL 13996
Cosmosporella olivacea KUMCC 17-0321 T
Cosmosporella olivacea KUMCC 18-0016
Cosmosporella pruni MFLUCC 17-

2579T
Cosmosporella pruni CBS 152412
Dialonectria episphaeria CBS 125494
Dialonectria favaceae BRFM 2935 T
Dialonectria magnusiana BRFM 1591
Dialonectria volutella CBS 125493
JFusarium melanochlorum” CBS 202.65
Fusicolla aquaeductuum CBS 837.85ET
= BBA 64559 =
NRRL 20865

Country

Germany

Denmark

Germany

China

Germany
Poland

United
Kingdom

New
Zealand

China

India

Ukraine

Japan

Ukraine

Austria

Austria

Wales
Denmark
Poland

Czech
Republic

Czech
Republic

United
Kingdom

Norway

China
China
Italy

Poland
Canada

France

France
USA

Austria

Germany

Isolation source

Hypoxylon sp.
Butter

Inonotus nodulosus

Submerged decaying
wood in a stream

Inonotus radiatus
Resin of Picea abies

Branch partially
submerged in stream

Fomes fomentarius

Inonotus sp.

Decaying stem of
Bambusa sp.

Plant debris from
rhizosphere soil

Twig

Stegonsporium
pyriforme

Teleomorph of
Prosthecium
ellipsosporum

Teleomorph of
Prosthecium
ellipsosporum

Ruzenia spermoides
Bone
Resin of Abies alba

Standing trunk of
Picea abies

Tilia sp., dead tree

Pinus sylvestris, stump
covered by resin

Pinus sylvestris

Dead wood
Dead wood

Dead branch of Prunus
avium

Resin of Picea abies
Ascomycete stromata

Dead stromata of
Diatrypella cf. favacea

Diatrypella cf. favacea

Ascomycete on Fagus
americana

Fagus sylvatica

Plug in water tap
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ITS
KM231819
MW827605

HQ897827

0P876700

HQ897828
PQ484119
KC291747

KJ676158

KU563625
KJ676166

KJ676167

KC291719
KC291718

MH863670

MH863673

KJ676171

KJ676142
PQ484120
KJ676147

KJ676148

MW827606

MH087212
MH087213
ON361570

PQ484121
MH863609
MW198213

MW198212
KM231821

MH858541
KM231823

GenBank accession numbers

LSU rpb2 tef1
KM231694 | HQ897725 | KM231950
MW827644 = HQ897729 -
KM231692 | HQ897777 | KM231947
0P872570 | 0Q077584 -
KM231693 | HQ897778 | KM231948
PQ484126 | PQ474165 | PQ474171
KC291785 - -
KJ676195 - KJ676355
KJ676203 H MW833997 | KJ676368
KJ676204 H MW833998 | KJ676369
KC291788 - KC291858
KC291755 - KC291828
MH875134 - -
MH875137 - -
KJ676208 - KJ676373
KJ676179 - KJ676336
PQ484127 | PQ474166 PQ474172
KJ676184 - KJ676342
KJ676185 H MW833999 | KJ676343

- HQ897714 -
MW827645 A MW834000 -
MH087214 - -
MH087215 - -
ON352628 | ON364492 & ON364467
PQ484128 - PQ474147
MH875085 | HQ897756 | KM231953
MW198211 | MW558054 -
MW198210 - -
KM231696 | HQ897782 | KM231952
MH870179 | HQ728162 -
KM231699 | HQ897744 | KM231955

tub2
KM232089

KM232086
0Q025193

KM232087
PQ474173
KC291902

KJ676274

KU563621
KJ676287

KJ676288

KC291903
KC291901

KJ676292
KJ676253
PQ474174
KJ676260

KJ676261

MH087216
MH087217
ON364480

PQ474175
KM232092

KM232091

KM232094

342


http://www.ncbi.nlm.nih.gov/nuccore/KM231819
http://www.ncbi.nlm.nih.gov/nuccore/KM231694
http://www.ncbi.nlm.nih.gov/nuccore/HQ897725
http://www.ncbi.nlm.nih.gov/nuccore/KM231950
http://www.ncbi.nlm.nih.gov/nuccore/KM232089
http://www.ncbi.nlm.nih.gov/nuccore/MW827605
http://www.ncbi.nlm.nih.gov/nuccore/MW827644
http://www.ncbi.nlm.nih.gov/nuccore/HQ897729
http://www.ncbi.nlm.nih.gov/nuccore/HQ897827
http://www.ncbi.nlm.nih.gov/nuccore/KM231692
http://www.ncbi.nlm.nih.gov/nuccore/HQ897777
http://www.ncbi.nlm.nih.gov/nuccore/KM231947
http://www.ncbi.nlm.nih.gov/nuccore/KM232086
http://www.ncbi.nlm.nih.gov/nuccore/OP876700
http://www.ncbi.nlm.nih.gov/nuccore/OP872570
http://www.ncbi.nlm.nih.gov/nuccore/OQ077584
http://www.ncbi.nlm.nih.gov/nuccore/OQ025193
http://www.ncbi.nlm.nih.gov/nuccore/HQ897828
http://www.ncbi.nlm.nih.gov/nuccore/KM231693
http://www.ncbi.nlm.nih.gov/nuccore/HQ897778
http://www.ncbi.nlm.nih.gov/nuccore/KM231948
http://www.ncbi.nlm.nih.gov/nuccore/KM232087
http://www.ncbi.nlm.nih.gov/nuccore/PQ484119
http://www.ncbi.nlm.nih.gov/nuccore/PQ484126
http://www.ncbi.nlm.nih.gov/nuccore/PQ474165
http://www.ncbi.nlm.nih.gov/nuccore/PQ474171
http://www.ncbi.nlm.nih.gov/nuccore/PQ474173
http://www.ncbi.nlm.nih.gov/nuccore/KC291747
http://www.ncbi.nlm.nih.gov/nuccore/KC291785
http://www.ncbi.nlm.nih.gov/nuccore/KC291902
http://www.ncbi.nlm.nih.gov/nuccore/KJ676158
http://www.ncbi.nlm.nih.gov/nuccore/KJ676195
http://www.ncbi.nlm.nih.gov/nuccore/KJ676355
http://www.ncbi.nlm.nih.gov/nuccore/KJ676274
http://www.ncbi.nlm.nih.gov/nuccore/KU563625
http://www.ncbi.nlm.nih.gov/nuccore/KU563621
http://www.ncbi.nlm.nih.gov/nuccore/KJ676166
http://www.ncbi.nlm.nih.gov/nuccore/KJ676203
http://www.ncbi.nlm.nih.gov/nuccore/MW833997
http://www.ncbi.nlm.nih.gov/nuccore/KJ676368
http://www.ncbi.nlm.nih.gov/nuccore/KJ676287
http://www.ncbi.nlm.nih.gov/nuccore/KJ676167
http://www.ncbi.nlm.nih.gov/nuccore/KJ676204
http://www.ncbi.nlm.nih.gov/nuccore/MW833998
http://www.ncbi.nlm.nih.gov/nuccore/KJ676369
http://www.ncbi.nlm.nih.gov/nuccore/KJ676288
http://www.ncbi.nlm.nih.gov/nuccore/KC291719
http://www.ncbi.nlm.nih.gov/nuccore/KC291788
http://www.ncbi.nlm.nih.gov/nuccore/KC291858
http://www.ncbi.nlm.nih.gov/nuccore/KC291903
http://www.ncbi.nlm.nih.gov/nuccore/KC291718
http://www.ncbi.nlm.nih.gov/nuccore/KC291755
http://www.ncbi.nlm.nih.gov/nuccore/KC291828
http://www.ncbi.nlm.nih.gov/nuccore/KC291901
http://www.ncbi.nlm.nih.gov/nuccore/MH863670
http://www.ncbi.nlm.nih.gov/nuccore/MH875134
http://www.ncbi.nlm.nih.gov/nuccore/MH863673
http://www.ncbi.nlm.nih.gov/nuccore/MH875137
http://www.ncbi.nlm.nih.gov/nuccore/KJ676171
http://www.ncbi.nlm.nih.gov/nuccore/KJ676208
http://www.ncbi.nlm.nih.gov/nuccore/KJ676373
http://www.ncbi.nlm.nih.gov/nuccore/KJ676292
http://www.ncbi.nlm.nih.gov/nuccore/KJ676142
http://www.ncbi.nlm.nih.gov/nuccore/KJ676179
http://www.ncbi.nlm.nih.gov/nuccore/KJ676336
http://www.ncbi.nlm.nih.gov/nuccore/KJ676253
http://www.ncbi.nlm.nih.gov/nuccore/PQ484120
http://www.ncbi.nlm.nih.gov/nuccore/PQ484127
http://www.ncbi.nlm.nih.gov/nuccore/PQ474166
http://www.ncbi.nlm.nih.gov/nuccore/PQ474172
http://www.ncbi.nlm.nih.gov/nuccore/PQ474174
http://www.ncbi.nlm.nih.gov/nuccore/KJ676147
http://www.ncbi.nlm.nih.gov/nuccore/KJ676184
http://www.ncbi.nlm.nih.gov/nuccore/KJ676342
http://www.ncbi.nlm.nih.gov/nuccore/KJ676260
http://www.ncbi.nlm.nih.gov/nuccore/KJ676148
http://www.ncbi.nlm.nih.gov/nuccore/KJ676185
http://www.ncbi.nlm.nih.gov/nuccore/MW833999
http://www.ncbi.nlm.nih.gov/nuccore/KJ676343
http://www.ncbi.nlm.nih.gov/nuccore/KJ676261
http://www.ncbi.nlm.nih.gov/nuccore/HQ897714
http://www.ncbi.nlm.nih.gov/nuccore/MW827606
http://www.ncbi.nlm.nih.gov/nuccore/MW827645
http://www.ncbi.nlm.nih.gov/nuccore/MW834000
http://www.ncbi.nlm.nih.gov/nuccore/MH087212
http://www.ncbi.nlm.nih.gov/nuccore/MH087214
http://www.ncbi.nlm.nih.gov/nuccore/MH087216
http://www.ncbi.nlm.nih.gov/nuccore/MH087213
http://www.ncbi.nlm.nih.gov/nuccore/MH087215
http://www.ncbi.nlm.nih.gov/nuccore/MH087217
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GenBank accession numbers

Species Strain Country Isolation source
ITS LSuU rpb2 tef1 tub2
Fusicolla matuoi CBS 581.78 = Japan Albizzia julibrissin KM231822 | KM231698 | HQ897720 | KM231954 | KM232093
ATCC 18694 =
NRRL 20427
Fusicolla quarantenae CBS 141541 T= Brazil Melocactus zehntneri | MW553789 | MW553788 | MW556626 | MW556625 | MW556624
URM 8367
Fusicolla violacea CBS634.76 T Iran Quadraspidiotus KM231824 | KM231700 | HQ897696 | KM231956 | KM232095
=BBA 62461 = perniciosus
NRRL 20896
Macroconia bulbipes CBS 146679T = South Erica sp. associated | MW827617 | MW827657 | MW834018 - MW834310
CPC 37138 Africa with Dimerosporiopsis
engleriana
Macroconia papilionacearum CBS 125495 = USA Ascomycete on HQ897826 | KM231704 | HQ897776 | KM231958 | KM232096
DAOM 238119 Fabaceae
Macroconia phlogioides CBS 146501 T = South Leaf of Encephalartos A MW827620 MW827660 = MW834020 - MW834313
CPC 35389 Africa sp.
Macroconia sphaeriae CBS717.74 France Stromata of KM231827 | KM231707 | KM232390 = JF735695 | KM232099
pyrenomycete
Microcera coccophila CBS310.34 = Italy Scale insect HQ897794 | KM231703 | HQ897705 | JF740692 -
NRRL 13962
Microcera larvarum CBS 738.79 ET Iran Quadraspidiotus KM231825 | KM231701 | KM232387 | KM231957 -
=BBA 62239 = perniciosus
MUCL 19033 =
NRRL 20473
Microcera lichenicola CBS 149169 T= | Netherlands Parmelia sulcata ON811502 | ON811561 - - ONB803591
CPC 41114
Microcera rubra CBS638.76 T Iran Quadraspidiotus HQ897820 | KM231702 | HQ897767 | JF740696 | EU860019
=BBA 62460 = perniciosus
NRRL 20475
Nectria cinnabarina CBS 125165 =AR. France Dead twigs of HM484548 | HM484562 | KM232402 | HM484527 | HM484606
4477 ET Aesculus sp.
.Nectria flavoviridis” CBS 124353 = USA Decorticated wood HQ897791 | MW827664 | HQ897702 - -
BBA 65542
Nectria mariae CBS 125294 = AR. France Buxus sempervirens | JF832629 | JF832684 @ KM232404 = JF832542 = JF832899
4274T
Pseudocosmospora CGMCC3.24131T China Rotten bark, 0P223438 | 0P223434 - - 0P272862
beijingensis associated with other
fungi
Pseudocosmospora eutypae | CBS 133961 T = France Eutypa sp. KC291735 | KC291766 - KC291837 | KC291925
C.H.11-01
Pseudocosmospora CBS 133966 T = USA Eutypella sp. KC291721 | KC291757 - KC291830 | KC291912
eutypellae AR. 4562
Pseudocosmospora CBS 133981 T= USA Eutypella sp. KC291729 | KC291780 - KC291852 | KC291915
rogersonii G.J.S.90-56
Pseudocosmospora vilior CBS133971ET= | Argentina Eutypella sp. KC291737 | KC291763 - KC291834 | KC291928
AR. 4810
Pulchrospora resinae CBS 152413 T Poland Resin of Abies alba | PQ484122 PQ484129 @ PQ474167 @ PQ474148 | PQ474176
Pulchrospora resinae CBS 152414 Poland Resin of Abies alba | PQ484123 | PQ484130 PQ474168 PQ474149 PQ474177
Pulchrospora resinae CBS 152415 Poland Resin of Picea abies | PQ484124 | PQ484131 | PQ474169 PQ474150 PQ474178
Pulchrospora resinae CBS 152416 Poland Resin of Picea abies | PQ484125 | PQ484132 | PQ474170 | PQ474151 | PQ474179

Sequences and details of strains obtained in this study are shown in bold. Abbreviations: A.R.: Collection of Amy Y. Rossman, USDA-ARS, MD, USA; ATCC:
American Type Culture Collection, Manassas, VA, USA; BBA: Biologische Bundesanstalt fiir Land- und Forstwirtschaft, Institut fiir Mikrobiologie, Berlin,
Germany; BRFM: Bank of Fungal Resources of Marseille, Marseille, France; C.H.: Collection of Cesar S. Herrera, University of Maryland, MD, USA; CBS: West-
erdijk Fungal Biodiverity Institute, Utrecht, The Netherlands; CGMCC: China General Microbiological Culture Collection Center, Beijing, China; CPC: Culture
collection of Pedro Crous, housed at the Westerdijk Fungal Biodiversity Institute, Utrecht, Netherlands; DAOM: Canadian National Mycological Herbarium
and Culture Collection, AAFC, Ottawa, Ontario, Canada; G.J.S.: Collection of G.J. Samuels, USDA-ARS, MD, USA; HMAS: Herbarium Mycologicum Academiae
Sinicae, Chinese Academy of Sciences, Beijing, China; IMI: CABI Bioscience, Egham, UK; KUMCC: Kunming Institute of Botany Culture Collection, Kunming,
China; KUNCC: Kunming Institute of Botany Culture Collection, Kunming, China; MAFF: Ministry of Agriculture, Forestry and Fisheries, Tsukuba, Ibaraki,
Japan; MFLUCC: Mae Fah Luang University Culture Collection, Chiang Rai, Thailand; MUCL: Mycotheque delUniversite Catholique de Louvain, Louvain-la-
Neuve, Belgium; NRRL: Agricultural Research Service Culture Collection, National Center for Agricultural Utilization Research, USDA, Peoria, IL, USA; URM:
Micoteca do Departmento de Micologia, Universidade Federal de Pernambuco, Recife, Brazil; ET: ex-epitype; IT: ex-isotype; PT: ex-paratype; T: ex-holotype;
- indicates unavailable data or sequence. A name inside quotation marks refers to the misidentified taxonomic affiliation.
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Results
Phylogenetic analyses

The multi-gene alignment length was 3 508 bp including gaps, for five gene re-
gions. The phylogenetic analyses included 52 ingroup taxa, with Nectria mariae
(CBS 125294) and Nectria cinnabarina (CBS 125165) as outgroup taxa. The
phylogenetic placement of analysed strains was performed by multilocus anal-
ysis of ITS, LSU, tub2, rpb2 and tef1 and presented in Fig. 2. The tree topology
obtained from the ML analysis was confirmed by the Bayesian phylogenetic
tree. Maximum likelihood bootstrap (MLB) support values above 70% and
Bayesian posterior probabilities (BPP) above 0.9 were given above branches.

In general, both phylogenies are characterised by mostly strong statistical
support for external branches and poor supporting values for internal branch-
es, and therefore the relationships between analysed genera are mostly not
resolved. Sequences of the strain CBS 152411 clustered with the paratype
specimen of Cosmospora viridescens (IMI 73377a) with fully support (MLB =
100%, BPP = 1), whereas sequences of the strain CBS 152412 clustered with
fully support (MLB = 100%, BPP = 1) with the type specimen of Cosmosporella
pruni. Sequences of remaining strains did not cluster with any of the known
type species, and therefore they are considered as novel taxa.

Taxonomy

Cosmospora elegans Czachura & Janik, sp. nov.
MycoBank No: 856972
Figs 3,4

Etymology. The name refers to the visually attractive appearance of cultures of
this species.

Typus. Poland, Matopolskie Province, Tatra County, the Tatra National Park,
Dolina Biatego, isolated from the resin of Picea abies, 16. Jul. 2021, leg. P.
Czachura (holotype: KRAM F-60000; culture ex-type: CBS 152410).

Description. Mycelium consisting of branched, septate, hyaline to subhya-
line or yellowish orange in mass, smooth hyphae, 1.7-4.2 ym diam., with oc-
casional anastomoses. Chlamydospores rarely formed, subglobose to broadly
ellipsoidal, hyaline to subhyaline, smooth, aseptate, 8.1-13.1 x 6.1-9.5 pm, in-
tercalary or terminal, single. Conidiophores arising laterally or terminally from
somatic hyphae, 20.2-74.7 um long, unbranched or branched, hyaline, smooth-
and thin-walled, bearing terminal and lateral conidiogenous cells, or reduced to
single conidiogenous cells borne laterally or terminally on aerial hyphae. Conid-
iogenous cells monophialidic, subulate or subcylindrical, hyaline, smooth- and
thin-walled, 20.2-55.4 pm long, at the base 2.0-3.3 um wide and at the apex
1.2-1.9 ym wide, without noticeable periclinal thickening, collarettes absent or
sometimes a minute apical collarette can be present. Microconidia ellipsoidal,
cylindrical, slightly allantoid or obovoid to clavate, hyaline, smooth- and thin-
walled, aseptate, 3.5-14.7 x 2.3-3.8 um.

Culture characteristics. Colony on MEA umbonate with fimbriate mar-
gin, slightly radially folded from the colony centre toward margin, yellow with
white margin, reaching 21 mm diam. after 2 weeks at 15 °C and 35 mm diam.
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Figure 2. Maximum likelihood consensus tree inferred from the combined ITS, LSU, tub2, rpb2 and tef1 multiple sequence
alignment of selected members of Nectriaceae. Maximum likelihood bootstrap (MLB) support values > 70% and Bayesian
posterior probabilities (BPP) > 0.9 are given above branches (MLB/BPP). The positions of studied strains are indicated in
bold. Ex-type, ex-epitype, ex-isotype, ex-paratype strains are indicated with T, ET, IT, PT respectively. A name inside quotation
marks refers to the misidentified taxonomic affiliation. The scale bar represents the average number of substitutions per site.
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Figure 3. Morphology of cultures of Cosmospora elegans (CBS 152410) after 2 weeks of growth at 25 °C A, B colony on
MEA C, D colony on OAE, F colony on PDA G, H colony on SNA.

after 2 weeks at 25 °C, reverse luteous. Colony on OA flat with slightly fimbriate
margin, whitish to creamy with yellowish margin, reaching 21 mm diam. after
2 weeks at 15 °C and 39 mm diam. after 2 weeks at 25 °C, reverse fuscous
black to pale brown at margin. Colony on PDA umbonate with fimbriate margin,
radially folded from the colony centre toward margin, creamy at centre becom-
ing yellow toward the outer part of colony with white margin, reaching 20 mm
diam. after 2 weeks at 15 °C and 34 mm diam. after 2 weeks at 25 °C, reverse
bright luteous with whitish margin. Colony on SNA flat with slightly undulate
and slightly fimbriate margin, whitish, reaching 22 mm diam. after 2 weeks at
15 °C and 40 mm diam. after 2 weeks at 25 °C, reverse whitish.

Notes. Cosmospora elegans clusters as a fully-supported lineage (MLB =
100%, BPP = 1) to the closest phylogenetic relative — Cosmospora viridescens
(Fig. 2), from which it can be differentiated mainly by the size and the shape of
conidia. C. elegans has more elongated conidia in shape (mostly ellipsoidal and
cylindrical) and larger in size (3.5-14.7 pm) in contrast to C. viridescens whose
conidia are globose or reniform and reaching 4-8 um long (Booth 1959). Ad-
ditionally, C. elegans has smaller conidiophores which reach 74.7 pm in length
in the type specimen whereas conidiophores of C. viridescens reach 500 pm
(Booth 1959). Moreover, C. elegans rarely forms single chlamydospores in con-
trast to C. viridescens in which chlamydospores are absent (Booth 1959).

Pulchrospora Czachura & Janik, gen. nov.
MycoBank No: 856973

Etymology. The name refers to the beautiful shape of macroconidia of this genus.

Description. Mycelium consisting of branched, septate, hyaline, smooth
hyphae. Aerial conidiophores unbranched or branched, hyaline, bearing termi-
nal and lateral conidiogenous cells, or reduced to single conidiogenous cells

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 346


http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=856973

Pawet Czachura & Paulina Janik: Nectriaceae inhabiting resin outpourings on conifers

-
- E v

Figure 4. Morphology of Cosmospora elegans (CBS 152410) A hyphae B anastomosing hyphae C, D chlamydospores
E-K conidiophores and monophialidic conidiogenous cells with arising microconidia L-R microconidia. Scale bars:
10 pm (A-R).

borne laterally or terminally on aerial hyphae. Conidiogenous cells monophi-
alidic, subcylindrical, cylindrical or slightly subulate, hyaline, often with a con-
spicuous flared collarettes, without noticeable periclinal thickening. Micro-
conidia ellipsoidal, cylindrical, slightly reniform or obovoid, hyaline, smooth,
aseptate or septate. Sporodochial conidiophores irregularly and verticillately
branched, bearing lateral and terminal solitary monophialides. Sporodochial
conidiogenous cells monophialidic, slightly subulate to subcylindrical, hyaline,
collarettes absent or inconspicuous, without noticeable periclinal thickening.
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Sporodochial macroconidia falcate, slightly curved to curved with parallel
walls, regularly wide along almost the entire length, tapering in apical cell to-
ward the apex (rarely tapering towards both ends), apical cell slightly curved
to curved, basal cell obtuse, non foot-shaped, aseptate or septate, hyaline,
smooth. Chlamydospores unknown.

Type species. Pulchrospora resinae Czachura & Janik.

Pulchrospora resinae Czachura & Janik, sp. nov.
MycoBank No: 856974
Figs 5,6

Etymology. The name refers to the habitat of this species.

Typus. Poland, Podkarpackie Province, Krosno County, the Modrzyna Re-
serve, isolated from the resin of Abies alba, 21. Jun. 2021, leg. P. Czachura
(holotype: KRAM F-60003; culture ex-type: CBS 152413).

Description. Mycelium consisting of branched, septate, hyaline, smooth
hyphae, 1.5-5.5 pm diam., with frequent anastomoses. Aerial conidiophores
arising laterally or terminally from somatic hyphae, 16.8-68.4 ym long, un-
branched or branched, hyaline, smooth- and thin-walled, bearing terminal and
lateral conidiogenous cells, or more commonly reduced to single conidioge-
nous cells borne laterally or terminally on aerial hyphae. Conidiogenous cells
monophialidic, subcylindrical, cylindrical or slightly subulate, hyaline, smooth-
and thin-walled, 16.8-48.5 pm long, at the base 2.2-3.6 ym wide and at the
apex 1.3-2.0 ym wide, often with conspicuous flared collarettes, without
noticeable periclinal thickening. Microconidia forming small false heads, el-
lipsoidal, cylindrical, slightly reniform or obovoid, hyaline, smooth- and thin-
walled, aseptate or rarely 1-septate, 3.8-21.6 x 2.4-4.5 pm. Sporodochial
conidiophores densely packed, irregularly and verticillately branched, bearing
lateral and terminal solitary monophialides. Sporodochial conidiogenous cells
monophialidic, slightly subulate to subcylindrical, hyaline, smooth-walled,
17.2-32.2 ym long, at the base 2.4-3.3 ym wide and at the apex 1.5-2.2 ym
wide, collarettes absent or inconspicuous, without noticeable periclinal thick-
ening. Sporodochial macroconidia falcate, slightly curved to curved with par-
allel walls, regularly wide along almost the entire length, tapering in apical cell
toward the apex (rarely tapering towards both ends), apical cell slightly curved
to curved, basal cell obtuse, non-foot-shaped, 1-5-septate (rarely aseptate or
6—7-septate), hyaline, smooth, 14.3-44.8 x 3.1-4.8 ym.

Culture characteristics. Colony on MEA umbonate with slightly undulate
margin, rosy buff with white aerial mycelium, reaching 12 mm diam. after 2
weeks at 15 °C and 19 mm diam. after 2 weeks at 25 °C, reverse pale buff. Colo-
ny on OA flat with crenate margin, whitish, reaching 18 mm diam. after 2 weeks
at 15 °C and 25 mm diam. after 2 weeks at 25 °C, reverse whitish to slightly
pale yellow. Colony on PDA umbonate with slightly undulate margin, pale buff
to pale rosy buff, reaching 11 mm diam. after 2 weeks at 15 °C and 22 mm
diam. after 2 weeks at 25 °C, reverse pale buff. Colony on SNA flat with crenate
margin, whitish, reaching 11 mm diam. after 2 weeks at 15 °C and 21 mm diam.
after 2 weeks at 25 °C, reverse whitish.
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Figure 5. Morphology of cultures of Pulchrospora resinae (CBS 152413) after 2 weeks of growth at 25 °C A, B colony on
MEA C, D colony on OAE, F colony on PDA G, H colony on SNA.

Additional specimens examined. Poland, Podkarpackie Province, Krosno
County, the Modrzyna Reserve, isolated from the resin of Abies alba, 22. Jun.
2021, leg. P. Czachura (KRAM F-60004; culture CBS 152414); Poland, Pod-
karpackie Province, Krosno County, the Modrzyna Reserve, isolated from
the resin of Picea abies, 23. Oct. 2020, leg. P. Czachura (KRAM F-60005;
culture CBS 152415); Poland, Swietokrzyskie Province, Kielce County, the
Swietokrzyski National Park, the strict protection area Psarski Dét, isolat-
ed from the resin of Picea abies, 16. Oct. 2020, leg. P. Czachura (KRAM
F-60006; culture CBS 152416).

Notes. Pulchrospora resinae gen. et sp. nov. is phylogenetically closest
to the genera Cosmospora, Cosmosporella, Dialonectria and Pseudocos-
mospora. All these genera formed the highly supported clade (MLB = 99%,
BPP = 1) but with unresolved relationship between genera in this group
(Fig. 2). Pulchrospora resinae produces micro- and macroconidia similarly to
Dialonectria and Cosmosporella. However, P. resinae produces microconid-
ia on aerial conidiophores and macroconidia are produced on sporodochial
conidiophores, like in the genus Dialonectria, but differently from the genus
Cosmosporella whose members produce micro- and macroconidia on aerial
conidiophores (Huang et al. 2018; Crous et al. 2021; Perera et al. 2023). More-
over, the general morphology of macroconidia between these genera differs
significantly. Macroconidia of P. resinae are characterised by being regularly
wide along almost the entire length, tapering toward the apex (mostly) and
obtuse, non-foot-shaped base, in contrast to members of Dialonectria and
Cosmosporella, whose macroconidia are characterised by slightly tapering
towards both ends and having foot-shaped basal cells (Crous et al. 2021).
Additionally, macroconidia of Cosmosporella are commonly irregularly wide
and longer (50-90 pm) than macroconidia of P. resinae which measured
14.3-44.8 ym (Gerlach and Nirenberg 1982; Crous et al. 2021).
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Figure 6. Morphology of Pulchrospora resinae (CBS 152413). A hyphae B anastomosing hyphae C—E conidiophores and
monophialidic conidiogenous cells with arising microconidia F~H microconidia I, J sporodochial conidiophores and
conidiogenous cells with arising macroconidia K macroconidia. Scale bars: 10 pm (A-K).

Discussion

In this study seven strains represented by four species were identified as belonging
to three genera of Nectriaceae: Cosmospora, Cosmosporella and the newly estab-
lished Pulchrospora. The genus Cosmospora was erected by Rabenhorst (1862).
In the past, the genus was treated in a broad sense (Rossman et al. 1999) without
molecular data and to date accumulated 84 “Cosmospora” names (www.myco-
bank.org; www.indexfungorum.org). However, during further, more accurate mo-
lecular studies, most of them were transferred to other genera. In recent years,
based on molecular analyses the genus concept was restricted to species closely
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related with the type species Cosmospora coccinea (later named Cosmospora sen-
su stricto). Based on studies conducted by authors in recent years (Gréfenhan et
al. 2011; Herrera et al. 2015; Zeng and Zhuang 2016; Luo et al. 2019; Lechat and
Fournier 2021; Bao et al. 2023), 20 species are considered as reliable species of
Cosmospora in Cosmospora sensu stricto genus concept. Species belonging to
Cosmospora sensu stricto are characterised by acremonium-like asexual morphs
(producing microconidia) and live mostly on other fungi (Gréfenhan et al. 2011).
Other species such as C. khandalensis, C. lavitskiae, C. ustulinae and C. virides-
cens were also reported from fungi but also as saprobes on plants, wood, decay-
ing wood, rhizosphere soil and even bone (Teng 1934; Booth 1959; Sukapure and
Thirumalachar 1966; Zhdanova 1966; Grafenhan et al. 2011; Herrera et al. 2015).
Moreover, two recently discovered species of Cosmospora: C. cylindricospora and
C. aquatica are only known on decaying wood submerged in water (Luo et al. 2019;
Bao et al. 2023). These examples show that members of this genus are not exclu-
sively specialised for living on other fungi. In this study, C. viridescens and a new
species C. elegans were isolated from conifer resins. It is a new niche for mem-
bers of Cosmospora sensu stricto. Interestingly, both species belong to a small
group of Cosmospora members which are saprobes on different substrates, most-
ly plant material. To date, C. viridescens was known from occurring on another
fungus Ruzenia spermoides and from bone (Grafenhan et al. 2011; Herrera et al.
2015), and in this study, we found a specimen of C. viridescens from a new habitat
for this species. It is worth mentioning that there are two additional strains in the
CBS culture collection (CBS 102430 and CBS 102433) previously considered as C.
viridescens. However, in a study conducted by Herrera et al. (2015) authors used
these strains for a phylogenetic analysis and mentioned that these strains may
represent a different species closely related to C. viridescens. Our study confirmed
that suggestion. In the present study, the strain from resin (CBS 152410) and the
strain CBS 102430 clustered together (Fig. 2). The phylogenetic and morphological
analyses revealed that strain CBS 152410 from resin is morphologically and phylo-
genetically distinct from the type of C. viridescens. Based on phylogenetic analyses
conducted in this study (Fig. 2), the strain CBS 102430 presumably represents an-
other strain of C. elegans, which was isolated from a standing trunk of Picea abies.

Apart from members of Cosmospora, we found a member of the genus Cos-
mosporella in this study. The genus Cosmosporella was introduced by Huang
et al. (2018) and currently it comprises three formally described species -
Cosmosporella olivacea, Cosmosporella cavisperma and Cosmosporella pruni
(Huang et al. 2018; Crous et al. 2021; Perera et al. 2023). However, phylogenetic
analyses indicate that the genus may consist of more species which need a
formal description, which was shown on Fig. 2 and in the study conducted by
Perera et al. (2023). Nevertheless, all strains clustered within the lineage of
the genus Cosmosporella, which were isolated from plant materials (Table 1).
Interestingly, the type specimen of C. cavisperma (described as Fusarium cav-
ispermum) was found on resin by Corda (1837). However, molecular data from
the type specimen was not available and, therefore, the species was epitypified
by Crous et al. (2021). The isolation of C. pruni in our study shows that living on
resin is a wider adaptation within the genus Cosmosporella to this ecological
niche. C. pruni was previously found only on a fallen dead branch of Prunus avi-
um (Perera et al. 2023). This study extends the knowledge about this species
that it may be also associated with conifers.
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Analysed sequences of Pulchrospora resinae formed a distinct lineage within
the family Nectriaceae (Fig. 2). Moreover, the lineage of P. resinae did not clus-
ter with sufficient support to any of the known genera. Additionally, the species
differs from closest relatives by morphological features and ecology. All things
considered, P. resinae is here recognised as the novel genus within the fami-
ly Nectriaceae. Based on phylogenetic inference P. resinae clustered together
with genera Cosmospora, Cosmosporella, Dialonectria and Pseudocosmospora
in a highly supported clade (MLB = 99%, BPP = 1). However, the phylogenetic
relationship between these genera remains unresolved (Fig. 2), which corre-
sponds with other studies conducted in this group (Herrera et al. 2013; Huang
et al. 2018; Crous et al. 2021; Perera et al. 2023). However, it is worth mention-
ing that each genus in this branch formed a well-supported genus clade (MLB
=99%, BPP =1 for Cosmospora; MLB = 97%, BPP =1 for Cosmosporella; MLB =
100%, BPP =1 for Dialonectria; MLB = 95%, BPP = 1 for Pseudocosmospora). To
sum up, an unresolved position of P. resinae corresponds to a general scheme
observed in this group that phylogenetic relationships between genera are un-
resolved but generic clades are well-supported. Additionally, morphological dif-
ferences between P. resinae and the remaining genera in this clade have proved
that Pulchrospora is a distinct genus. In this clade, Cosmospora and Pseudo-
cosmospora represent acremonium-like asexual morph in contrast to Cosmo-
sporella, Dialonectria and Pulchrospora which represent fusarium-like asexual
morphs (Herrera et al. 2013; Crous et al. 2021). Moreover, there are morpholog-
ical differences between fusarioid genera (see notes under P. resinae). In addi-
tion to these morphological differences, the genera Cosmospora, Dialonectria
and Pseudocosmospora differ from P. resinae by a great phylogenetic distance
and ecology - their members are mainly fungicolous, even highly host specific
(Herrera et al. 2013, 2015, 2016; Sun et al. 2019; Zeng and Zhuang 2022). De-
spite the lack of stability in the phylogenetic position of P. resinae, multilocus
sequence analysis showed that the genus is closely related to Cosmosporella.
It corresponds to the biology of both genera whose members are saprobes on
plant material, mainly on dead wood, trees and resin of conifers, in contrast to
the rest of genera in this clade which members are mainly fungicolous. Howev-
er, both genera exhibit different morphology (see notes under P. resinae), which
is another argument for recognising P. resinae as a new genus.

To date, two members of Nectriaceae were well documented from resins —
Cosmosporella cavisperma and “Cosmospora rishbethii” (Corda 1837; Cappel-
letti 1927; Booth 1959; Rossman et al. 1999; Crous et al. 2021; Mitchell 2021).
Comparing Pulchrospora resinae with Cosmosporella cavisperma (described as
Fusarium cavispermum), it is worth noting that C. cavisperma produced macro-
conidia on resin (Corda 1837). It differs this species from the newly erected P.
resinae which produced exclusively phialides and microconidia in two separate
resin samples (Fig. 1). The second species reported from resin was “Cosmos-
pora rishbethii”. The species was isolated from a Pinus sylvestris stump, having
perithecia immersed in secreted resin (Booth 1959). In a study conducted by
Gréfenhan et al. (2011), the type specimen of “Cosmospora rishbethii” clus-
tered near the group analysed in this study but with weak support. To exclude
a phylogenetic relationship between P. resinae and “Cosmospora rishbethii”,
we included the ex-type strain of “Cosmospora rishbethii” (CBS 496.67) in our
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preliminary phylogenetic analysis. However, the strain clustered outside of our
analysed clade, therefore it was excluded from the final phylogenetic analy-
sis. For visualisation that both species are phylogenetically different taxa, a
phylogenetic tree inferred from rpb2 sequences is given (Suppl. material 1).
Based on this analysis, “Cosmospora rishbethii” constitutes a new phylogenetic
lineage in Nectriaceae.

In this study, two new species of Nectriaceae were described based on its
asexual morph. It is worth mentioning that the morphology of asexual morphs
is often crucial for distinguishing taxa in this group (Lombard et al. 2015).
Finally, based on multilocus phylogenetic analysis, four species of Nectriaceae
are reported from resin for the first time. This study extends our knowledge
about the ecology of Nectriaceae and the diversity of resinicolous fungi as
well. Plant resins undoubtedly seem to be a unique habitat occurring in na-
ture and therefore scientific interest in microorganisms living on them should
be increased. Detecting and describing new species of resinicolous fungi is
important to understand these intriguing organisms.

Acknowledgements

The authors thank Anna Ronikier for providing microscopes to make measurements
and photographs and Adam Flakus for valuable discussion on the manuscript.

Additional information

Conflict of interest

The authors have declared that no competing interests exist.

Ethical statement

No ethical statement was reported.

Funding

This study was funded by the National Science Centre, Poland, under the project
2019/35/N/NZ9/04173.

Author contributions

Pawet Czachura: conceptualization, investigation, formal analyses, visualisation, writing
- original draft preparation; Paulina Janik: formal analyses, visualisation, writing —
description of phylogenetic analyses, general review and editing. All authors have read
and approved the final version of the manuscript.

Author ORCIDs
Pawet Czachura @ https://orcid.org/0000-0002-3562-8776
Paulina Janik @ https://orcid.org/0000-0002-4106-636X

Data availability

All of the data that support the findings of this study are available in GenBank nucleotide
database (https://www.ncbi.nlm.nih.gov/genbank/), the culture collection and the
fungal herbarium, as shown in Table 1 and the main text.

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 353


https://orcid.org/0000-0002-3562-8776
https://orcid.org/0000-0002-4106-636X
https://www.ncbi.nlm.nih.gov/genbank/

Pawet Czachura & Paulina Janik: Nectriaceae inhabiting resin outpourings on conifers

References

Akaike H (1974) A new look at the statistical model identification. IEEE Transactions
on Automatic Control 19(6): 716-723. https://doi.org/10.1109/TAC.1974.1100705

Bao DF, Hyde KD, Maharachchikumbura SSN, Perera RH, Thiyagaraja V, Hongsanan S,
Wanasinghe DN, Shen HW, Tian XG, Yang LQ, Nalumpang S, Luo ZL (2023) Taxonomy,
phylogeny and evolution of freshwater Hypocreomycetidae (Sordariomycetes). Fun-
gal Diversity 121(1): 1-94. https://doi.org/10.1007/s13225-023-00521-8

Baral HO, Weber E, Marson G (2020) Monograph of Orbiliomycetes (Ascomycota) based
onvitaltaxonomy. Part|+1l. National Museum of Natural History, Luxembourg, 1752 pp.

Beimforde C, Seyfullah LJ, Perrichot V, Schmidt K, Rikkinen J, Schmidt AR (2017) Res-
in exudation and resinicolous communities on Araucaria humboldtensis in New
Caledonia. Arthropod-Plant Interactions 11(4): 495-505. https://doi.org/10.1007/
s$11829-016-9475-3

Beimforde C, Mitchell JK, Rikkinen J, Schmidt AR (2020) Sareomycetes cl. nov.: A new
proposal for placement of the resinicolous genus Sarea (Ascomycota, Pezizomy-
cotina). Fungal Systematics and Evolution 6(1): 25-37. https://doi.org/10.3114/
fuse.2020.06.02

Bensch K, Braun U, Groenewald JZ, Crous PW (2012) The genus Cladosporium. Studies
in Mycology 72: 1-401. https://doi.org/10.3114/sim0003

Booth C (1959) Studies of Pyrenomycetes. IV. Nectria. Mycological Papers 73: 1-115.

Cabrita P (2018) Resin flow in conifers. Journal of Theoretical Biology 453: 48-57.
https://doi.org/10.1016/j.jtbi.2018.05.020

Cappelletti C (1927) Nuove osservazioni sulla flora fungina della resina. Annali di Botan-
ica 17(4): 202-207.

Carbone |, Kohn LM (1999) A method for designing primer sets for speciation studies in
flamentous ascomycetes. Mycologia 91(3): 553-556. https://doi.org/10.1080/0027
5514.1999.12061051

Corda ACJ (1837) Icones fungorum hucusque cognitorum. Annals of Natural History 1:
1-32.

Corry JEL, Curtis GDW, Baird RM (1995) Culture Media for Food Microbiology. Progress
in Industrial Microbiology, vol. 34. Elsevier, Amsterdam, 490 pp.

Crous PW, Schoch CL, Hyde KD, Wood AR, Gueidan C, de Hoog GS, Groenewald JZ
(2009) Phylogenetic lineages in the Capnodiales. Studies in Mycology 64: 17-47S7.
https://doi.org/10.3114/sim.2009.64.02

Crous PW, Verkley GJM, Groenewald JZ, Houbraken J (2019) Fungal biodiversity, 2™
edn. [Westerdijk Laboratory Manual Series No. 1]. Westerdijk Fungal Biodiversity
Institute, Utrecht, 425 pp.

Crous PW, Lombard L, Sandoval-Denis M, Seifert KA, Schroers HJ, Chaverri P, Gené J,
Guarro J, Hirooka Y, Bensch K, Kema GHJ, Lamprecht SC, Cai L, Rossman AY, Stadler
M, Summerbell RC, Taylor JW, Ploch S, Visagie CM, Yilmaz N, Frisvad JC, Abdel-Azeem
AM, Abdollahzadeh J, Abdolrasouli A, Akulov A, Alberts JF, Araljo JPM, Ariyawansa
HA, Bakhshi M, Bendiksby M, Ben Hadj Amor A, Bezerra JDP, Boekhout T, Camara MPS,
Carbia M, Cardinali G, Castafieda-Ruiz RF, Celis A, Chaturvedi V, Collemare J, Croll D,
Damm U, Decock CA, de Vries RP, Ezekiel CN, Fan XL, Fernandez NB, Gaya E, Gonzalez
CD, Gramaje D, Groenewald JZ, Grube M, Guevara-Suarez M, Gupta VK, Guarnaccia
V, Haddaji A, Hagen F, Haelewaters D, Hansen K, Hashimoto A, Hernandez-Restrepo
M, Houbraken J, Hubka V, Hyde KD, lturriaga T, Jeewon R, Johnston PR, Jurjevié Z,
Karalti |, Korsten L, Kuramae EE, Kusan |, Labuda R, Lawrence DP, Lee HB, Lechat

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 354


https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1007/s13225-023-00521-8
https://doi.org/10.1007/s11829-016-9475-3
https://doi.org/10.1007/s11829-016-9475-3
https://doi.org/10.3114/fuse.2020.06.02
https://doi.org/10.3114/fuse.2020.06.02
https://doi.org/10.3114/sim0003
https://doi.org/10.1016/j.jtbi.2018.05.020
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.3114/sim.2009.64.02

Pawet Czachura & Paulina Janik: Nectriaceae inhabiting resin outpourings on conifers

C, Li HY, Litovka YA, Maharachchikumbura SSN, Marin-Felix Y, Matio Kemkuignou B,
Matocec N, McTaggart AR, MICoch P, Mugnai L, Nakashima C, Nilsson RH, Noumeur
SR, Pavlov IN, Peralta MP, Phillips AJL, Pitt JI, Polizzi G, Quaedvlieg W, Rajeshkumar
KC, Restrepo S, Rhaiem A, Robert J, Robert V, Rodrigues AM, Salgado-Salazar C,
Samson RA, Santos ACS, Shivas RG, Souza-Motta CM, Sun GY, Swart WJ, Szoke S,
Tan YP, Taylor JE, Taylor PWJ, Tiago PV, Vaczy KZ, van de Wiele N, van der Merwe
NA, Verkley GJM, Vieira WAS, Vizzini A, Weir BS, Wijayawardene NN, Xia JW, Yafez-
Morales MJ, Yurkov A, Zamora JC, Zare R, Zhang CL, Thines M (2021) Fusarium: More
than a node or a foot-shaped basal cell. Studies in Mycology 98(100116): 1-184.
https://doi.org/10.1016/j.simyco0.2021.100116

Darriba D, Posada D, Kozlov AM, Stamatakis A, Morel B, Flouri T (2020) ModelTest-NG: A
new and scalable tool for the selection of DNA and protein evolutionary models. Molec-
ular Biology and Evolution 37(1): 291-294. https://doi.org/10.1093/molbev/msz189

Doyle JJ, Doyle JL (1987) A rapid DNA isolation procedure for small quantities of fresh
leaf tissue. Phytochemical Bulletin 19: 11-15.

Flouri T, Izquierdo-Carrasco F, Darriba D, Aberer AJ, Nguyen LT, Minh BQ, von Haeseler A,
Stamatakis A (2014) The Phylogenetic Likelihood Library. Systematic Biology 64(2):
356-362. https://doi.org/10.1093/sysbio/syu084

Gerlach W, Nirenberg H (1982) The genus Fusarium — a pictorial atlas. Mitteilungen aus der
Biologischen Bundesanstalt fiir Land- und Forstwirtschaft Berlin-Dahlem 209: 1-406.

Gerrits van den Ende AHG, de Hoog GS (1999) Variability and molecular diagnostics
of the neurotropic species Cladophialophora bantiana. Studies in Mycology 43:
151-162.

Gouy M, Guindon S, Gascuel O (2010) SeaView version 4: A multiplatform graphical user
interface for sequence alignment and phylogenetic tree building. Molecular Biology
and Evolution 27(2): 221-224. https://doi.org/10.1093/molbev/msp259

Gréfenhan T, Schroers HJ, Nirenberg HI, Seifert KA (2011) An overview of the taxono-
my, phylogeny and typification of nectriaceous fungi in Cosmospora, Acremonium,
Fusarium, Stilbella and Volutella. Studies in Mycology 68: 79-113. https://doi.
org/10.3114/sim.2011.68.04

Hashimoto A, Masumoto H, Endoh R, Degawa Y, Ohkuma M (2021) Revision of Xylona-
ceae (Xylonales, Xylonomycetes) to include Sarea and Tromera. Mycoscience 62(1):
47-63. https://doi.org/10.47371/mycosci.2020.11.001

Herrera CS, Rossman AY, Samuels GJ, Chaverri P (2013) Pseudocosmospora, a new
genus to accommodate Cosmospora vilior and related species. Mycologia 105(5):
1287-1305. https://doi.org/10.3852/12-395

Herrera CS, Rossman AY, Samuels GJ, Pereira OL, Chaverri P (2015) Systematics of
the Cosmospora viliuscula species complex. Mycologia 107(3): 532-557. https://doi.
org/10.3852/14-122

Herrera CS, Hirooka Y, Chaverri P (2016) Pseudocospeciation of the mycoparasite Cos-
mospora with their fungal hosts. Ecology and Evolution 6(5): 1504-1514. https://doi.
org/10.1002/ece3.1967

Huang SK, Jeewon R, Hyde KD, Bhat DJ, Wen TC (2018) Novel taxa within Nectriace-
ae: Cosmosporella gen. nov. and Aquanectria sp. nov. from freshwater habitats in
China. Cryptogamie. Mycologie 39(2): 169—-192. https://doi.org/10.7872/crym/v39.
iss2.2018.169

Katoh K, Standley DM (2013) MAFFT Multiple Sequence Alignment Software Version 7:
Improvements in Performance and Usability. Molecular Biology and Evolution 30(4):
772-780. https://doi.org/10.1093/molbev/mst010

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 355


https://doi.org/10.1016/j.simyco.2021.100116
https://doi.org/10.1093/molbev/msz189
https://doi.org/10.1093/sysbio/syu084
https://doi.org/10.1093/molbev/msp259
https://doi.org/10.3114/sim.2011.68.04
https://doi.org/10.3114/sim.2011.68.04
https://doi.org/10.47371/mycosci.2020.11.001
https://doi.org/10.3852/12-395
https://doi.org/10.3852/14-122
https://doi.org/10.3852/14-122
https://doi.org/10.1002/ece3.1967
https://doi.org/10.1002/ece3.1967
https://doi.org/10.7872/crym/v39.iss2.2018.169
https://doi.org/10.7872/crym/v39.iss2.2018.169
https://doi.org/10.1093/molbev/mst010

Pawet Czachura & Paulina Janik: Nectriaceae inhabiting resin outpourings on conifers

Katoh K, Misawa K, Kuma K, Miyata T (2002) MAFFT: A novel method for rapid multi-
ple sequence alignment based on fast Fourier transform. Nucleic Acids Research
30(14): 3059-3066. https://doi.org/10.1093/nar/gkf436

Kozlov AM, Darriba D, Flouri T, Morel B, Stamatakis A (2019) RAXML-NG: A fast, scalable
and user-friendly tool for maximum likelihood phylogenetic inference. Bioinformat-
ics (Oxford, England) 35(21): 4453-4455. https://doi.org/10.1093/bioinformatics/
btz305

Langenheim JH (2003) Plant Resins: Chemistry, Evolution, Ecology, and Ethnobotany.
Cambridge: Timber Press, Portland, 586 pp.

Lechat C, Fournier J (2021) Cosmospora xylariae (Nectriaceae), a new species from
France, Germany and U.K., with notes on C. berkeleyana, now Sphaerostilbella berke-
leyana, and C. scruposae. Ascomycete.Org : Revue Internationale pour la Taxinomie
des Ascomycota 13(5): 189-196. https://doi.org/10.25664/ART-0336

Liu YJ, Whelen S, Hall BD (1999) Phylogenetic relationships among ascomycetes: Evi-
dence from an RNA polymerase Il subunit. Molecular Biology and Evolution 16(12):
1799-1808. https://doi.org/10.1093/oxfordjournals.molbev.a026092

Lombard L, van der Merwe NA, Groenewald JZ, Crous PW (2015) Generic concepts in
Nectriaceae. Studies in Mycology 80(1): 189-245. https://doi.org/10.1016/j.simy-
€0.2014.12.002

Luo ZL, Hyde KD, Liu JK, Maharachchikumbura SSN, Jeewon R, Bao DF, Bhat DJ, Lin
CG, Li WL, Yang J, Liu NG, Lu YZ, Jayawardena RS, Li JF, Su HY (2019) Freshwater
Sordariomycetes. Fungal Diversity 99(1): 451-660. https://doi.org/10.1007/s13225-
019-00438-1

Mitchell JK (2021) Investigations into Resinicolous Fungi. PhD Thesis. Harvard Universi-
ty Graduate School of Arts and Sciences, Cambridge, USA.

Mitchell JK, Garrido-Benavent |, Quijada L, Pfister DH (2021) Sareomycetes: More diverse
than meets the eye. IMA Fungus 12(1): 1-36. https://doi.org/10.1186/s43008-021-
00056-0

Nosratabadi M, Kachuei R, Rezaie S, Harchegani AB (2018) Beta-tubulin gene in the dif-
ferentiation of Fusarium species by PCR-RFLP analysis. Le Infezioni in Medicina 26:
52-60.

O’Donnell K, Cigelnik E (1997) Two divergent intragenomic rDNA ITS2 types within a
monophyletic lineage of the fungus Fusarium are nonorthologous. Molecular Phylo-
genetics and Evolution 7(1): 103-116. https://doi.org/10.1006/mpev.1996.0376

Perera RH, Hyde KD, Jones EBG, Maharachchikumbura SSN, Bundhun D, Camporesi E,
Akulov A, Liu JK, Liu ZY (2023) Profile of Bionectriaceae, Calcarisporiaceae, Hypocre-
aceae, Nectriaceae, Tilachlidiaceae, ljuhyaceae fam. nov., Stromatonectriaceae fam.
nov. and Xanthonectriaceae fam. nov. Fungal Diversity 118(1): 95-271. https://doi.
org/10.1007/s13225-022-00512-1

Pigtek M, Stryjak-Bogacka M, Czachura P (2024) Arthrocatenales, a new order of ex-
tremophilic fungi in the Dothideomycetes. MycoKeys 108: 47-74. https://doi.
org/10.3897/mycokeys.108.128033

Rabenhorst GL (1862) Cosmospora coccinea Rabenh. Hedwigia 2: 59.

Rayner RW (1970) A mycological colour chart. CMI and British Mycological Society, Kew,
Surrey, UK, 34 pp.

Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Hohna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: Efficient Bayesian phylogenetic

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 356


https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1093/bioinformatics/btz305
https://doi.org/10.1093/bioinformatics/btz305
https://doi.org/10.25664/ART-0336
https://doi.org/10.1093/oxfordjournals.molbev.a026092
https://doi.org/10.1016/j.simyco.2014.12.002
https://doi.org/10.1016/j.simyco.2014.12.002
https://doi.org/10.1007/s13225-019-00438-1
https://doi.org/10.1007/s13225-019-00438-1
https://doi.org/10.1186/s43008-021-00056-0
https://doi.org/10.1186/s43008-021-00056-0
https://doi.org/10.1006/mpev.1996.0376
https://doi.org/10.1007/s13225-022-00512-1
https://doi.org/10.1007/s13225-022-00512-1
https://doi.org/10.3897/mycokeys.108.128033
https://doi.org/10.3897/mycokeys.108.128033

Pawet Czachura & Paulina Janik: Nectriaceae inhabiting resin outpourings on conifers

inference and model choice across a large model space. Systematic Biology 61(3):
539-542. https://doi.org/10.1093/sysbio/sys029

Rossman AY, Samuels GJ, Rogerson CT, Lowen R (1999) Genera of Bionectriaceae,
Hypocreaceae and Nectriaceae (Hypocreales, Ascomycetes). Studies in Mycology
42:1-248.

Seyfullah LJ, Beimforde C, Dal Corso J, Perrichot V, Rikkinen J, Schmidt AR (2018) Pro-
duction and preservation of resins — past and present. Biological Reviews of the Cam-
bridge Philosophical Society 93(3): 1684-1714. https://doi.org/10.1111/brv.12414

Sukapure RS, Thirumalachar MJ (1966) Conspectus of species of Cephalosporium with
particular reference to Indian species. Mycologia 58(3): 351-361. https://doi.org/10
.1080/00275514.1966.12018326

Sun JZ, Liu XZ, McKenzie EHC, Jeewon R, Liu JK, Zhang XL, Zhao Q, Hyde KD (2019)
Fungicolous fungi: Terminology, diversity, distribution, evolution, and species check-
list. Fungal Diversity 95(1): 337-430. https://doi.org/10.1007/s13225-019-00422-9

Teng SJ (1934) Notes on Hypocreales from China. Sinensia 4: 269-298.

Tulasne LR, Tulasne C (1865) Selecta Fungorum Carpologia: Nectriei- Phacidiei- Pezizei.
3

Tuovila H, Schmidt AR, Beimforde C, Dorfelt H, Grabenhorst H, Rikkinen J (2013) Stuck
in time — a new Chaenothecopsis species with proliferating ascomata from Cun-
ninghamia resin and its fossil ancestors in European amber. Fungal Diversity 58(1):
199-213. https://doi.org/10.1007/s13225-012-0210-9

Vilgalys R, Hester M (1990) Rapid genetic identification and mapping of enzymatically
amplified ribosomal DNA from several Cryptococcus species. Journal of Bacteriology
171(8): 4238-4246. https://doi.org/10.1128/jb.172.8.4238-4246.1990

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fun-
gal ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ,
White TJ (Eds) PCR protocols, a guide to methods and applications. Academic Press
Inc., San Diego, CA, and London, UK, 315-322. https://doi.org/10.1016/B978-0-12-
372180-8.50042-1

Zeng ZQ, Zhuang WY (2016) A new species of Cosmospora and the first record of sex-
ual state of C. lavitskiae. Mycological Progress 15(6): 59. https://doi.org/10.1007/
s11557-016-1201-0

Zeng ZQ, Zhuang WY (2022) New Species of Nectriaceae (Hypocreales) from China.
Journal of Fungi (Basel, Switzerland) 8(10, no. 1075): 1-15. https://doi.org/10.3390/
jof8101075

Zhang Z, Schwartz S, Wagner L, Miller W (2000) A greedy algorithm for aligning
DNA sequences. Journal of Computational Biology 7(1-2): 203-214. https://doi.
org/10.1089/10665270050081478

Zhdanova NN (1966) Rare and new species of Dematiaceae isolated from maize
rhizosphere of various climatic belts of the Ukrainian SSR. Mykrobiologichnyi Zhur-
nal 28(1): 36—-40.

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 357


https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1111/brv.12414
https://doi.org/10.1080/00275514.1966.12018326
https://doi.org/10.1080/00275514.1966.12018326
https://doi.org/10.1007/s13225-019-00422-9
https://doi.org/10.1007/s13225-012-0210-9
https://doi.org/10.1128/jb.172.8.4238-4246.1990
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1007/s11557-016-1201-0
https://doi.org/10.1007/s11557-016-1201-0
https://doi.org/10.3390/jof8101075
https://doi.org/10.3390/jof8101075
https://doi.org/10.1089/10665270050081478
https://doi.org/10.1089/10665270050081478

Pawet Czachura & Paulina Janik: Nectriaceae inhabiting resin outpourings on conifers

Supplementary material 1

Maximum likelihood consensus tree inferred from rpb2 sequence alignment
of selected members of Nectriaceae

Authors: Pawet Czachura, Paulina Janik

Data type: pdf

Explanation note: Maximum likelihood bootstrap (MLB) support values = 70% and
Bayesian posterior probabilities (BPP) = 0.9 are given above branches (MLB/BPP).
The position of studied strains are indicated in bold. Ex-type, ex-epitype, ex-isotype,
ex-paratype strains are indicated with T, ET, IT, PT respectively. A name inside quota-
tion marks refers to the misidentified taxonomic affiliation. The scale bar represents
the average number of substitutions per site.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODbL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.113.140446.suppl1

MycoKeys 113: 337-358 (2025), DOI: 10.3897/mycokeys.113.140446 358


http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.113.140446.suppl1

	Resin outpourings on conifers are inhabited by more members of Nectriaceae (Hypocreales, Sordariomycetes) than previously thought
	Abstract
	Introduction
	Materials and methods
	Strains isolation
	Morphological analyses
	DNA extraction, amplification and sequencing
	Phylogenetic analyses

	Results
	Phylogenetic analyses
	Taxonomy
	Cosmospora elegans Czachura & Janik, sp. nov.
	Pulchrospora Czachura & Janik, gen. nov.
	Pulchrospora resinae Czachura & Janik, sp. nov.

	Discussion
	Acknowledgements
	Additional information
	References

