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Summary. Genera with cylindrocarpon-like asexual morphs are important pathogens of various herbaceous and
woody plant hosts globally. Recent multi-gene studies of this generic complex indicated that the genus Ilyonectria
is paraphyletic. The present study was therefore initiated to re-evaluate the generic status of Ilyonectria and at the
same time address some taxonomic irregularities in the genera Cylindrodendrum and Neonectria. Using multi-gene
DNA data and morphological comparisons, the genus Dactylonectria is introduced with 10 new combinations,
several of which were previously treated in Ilyonectria. Two new species, D. hordeicola and D. pinicola, are also
described. Furthermore, one new combination is provided in the genus Cylindrodendrum, and three new combina-
tions in the genus Neonectria, for species previously treated in the genera Acremonium, Cylindrocarpon, Nectria and
Neonectria. The aquatic genus Heliscus is reduced to synonymy under Neonectria.
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Introduction

Genera with cylindrocarpon-like asexual morphs
are cosmopolitan fungi and represent important
pathogens associated with cankers, root rots and
black foot disease of various woody plant hosts
(Samuels and Brayford, 1994; Hirooka et al., 2005;
Kobayashi et al., 2005; Castlebury et al., 2006; Halleen
et al., 2006; Chaverri et al., 2011; Cabral et al., 2012b;
Lombard et al., 2013; Salgado-Salazar et al., 2013;
Aiello et al., 2014). Prior to the abolishment of dual
nomenclature for fungi (Hawksworth et al., 2011;
McNeill et al., 2012), the asexual genus Cylindrocar-
pon was linked to the sexual genus Neonectria. Booth
(1966) informally classified the genus Cylindrocar-
pon into four groups based on the absence and/or
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presence of microconidia and chlamydospores. Ad-
ditionally, the genus Neonectria was also informally
divided into five groups based on perithecial mor-
phology (Booth, 1959; Brayford and Samuels, 1993;
Samuels and Brayford, 1994). However, Mantiri et al.
(2001) reduced this informal division to three groups
based on phylogenetic inference of mitrochondrial
small subunit rDNA sequences.

Although several studies (Mantiri et al., 2001; Bray-
ford et al., 2004; Halleen et al., 2004, 2006; Hirooka et
al., 2005; Castlebury et al., 2006) indicated that the ge-
nus Neonectria and its Cylindrocarpon asexual morphs
could represent a generic complex, they refrained
from describing genera in the complex at the time.
The introduction of the asexual morph genus Campy-
locarpon by Halleen ef al. (2004), based on C. fasciculare,
represented the first formal segregation from the ge-
nus Cylindrocarpon. This genus had no sexual morph,
having 3-5-septate, curved macroconidia, chlamydo-
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spores, and lacking microconidia. Following this,
Chaverri et al. (2011) were able to identify a further
three new genera, namely Ilyonectria, Rugonectria and
Thelonectria, within Neonectria/ Cylindrocarpon, based
on multigene phylogenetic analyses, morphological
comparisons and ecological characters.

The genus Ilyonectria, with 1. radicicola as type
species, was introduced to accommodate Neonectria
species belonging to the “N. radicicola” group (Booth,
1959) having asexual morphs and belonging to
Booth’s Group 3 (chlamydospores and microconidia
present, Booth, 1966, Chaverri et al., 2011). Mem-
bers of this genus are characterised by red, globose
to subglobose perithecia having scaly or slightly
warted perithecial walls, and producing ellipsoidal,
1-septate ascospores. The cylindrocarpon-like asex-
ual morphs produce abundant ellipsoidal to ovoid,
0-1-septate microconidia; intercalary, globose chla-
mydospores and almost straight, 1-3-septate macro-
conidia (Chaverri et al., 2011). Rugonectria, a sexual
genus typified with R. rugulosa, includes members
of the “N. rugulosa” group (Samuels and Brayford,
1994) with asexual morphs belonging to Booth’s
Group 4 (lacking chlamydospores, Booth, 1966).
They are characterised by orange to red, globose to
subglobose perithecia with warted perithecial walls
producing ellipsoidal to oblong, striate 1-septate as-
cospores. The cylindrocarpon-like asexual morphs
produce ovoid to cylindrical, aseptate to 1-septate
microconidia and curved, fusiform 3-9-septate mac-
roconidia but lack chlamydospores (Chaverri et al.,
2011). The genus Thelonectria, based on T. discophora,
was established to include members of the “N. mam-
moidea” (Booth, 1959) and “N. wveuillotiana” groups
(Brayford and Samuels, 1993) with their cylindro-
carpon-like asexual morphs belonging to Booth's
Group 2 (microconidia and chlamydospores lacking,
Booth, 1966). Members are characterised by orange
tored, globose, subglobose, or pyriform to elongated
perithecia with prominent, often darkened papilla
and a smooth to warted perithecial wall, produc-
ing fusiform, 1-septate, warted or smooth-walled
ascospores. The asexual morphs rarely produce mi-
croconidia and chlamydospores and have macroco-
nidia that are curved and 3-9-septate (Chaverri et al.,
2011). Chaverri et al. (2011) defined the genus Neonec-
tria as having red, subglobose to broadly obpyriform
perithecia with smooth to scurfy perithecial walls
producing ellipsoidal, 1-septate ascospores. The
cylindrocarpon-like asexual morphs produce either
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ellipsoidal to oblong 0-1-septate microconidia and
sometimes globose to subglobose chlamydospores,
and straight, sometimes slightly curved, cylindrical
3-9-septate macroconidia.

Recent molecular phylogenetic studies revealed
that the genus Ilyonectria is paraphyletic (Cabral et
al., 2012a,c; Lombard et al., 2013). Thus, the aim of
the present study was to use multi-gene phylogeny
and morphological comparisons to re-evaluate gen-
era with cylindrocarpon-like asexual morphs, and
at the same time address the paraphyletic nature of
Ilyonectria.

Materials and methods
Isolates

Fungal strains were obtained from the culture
collection of the CBS-KNAW Fungal Biodiversity
Centre (CBS), Utrecht, The Netherlands and the
working collection of Pedro W. Crous (CPC) housed
at the CBS (Table 1).

DNA isolation, amplification and analyses

Total genomic DNA was extracted from 7-d-old
single-conidial cultures growing on 2% (w/v) potato
dextrose agar (PDA) using the method of Damm et
al. (2008). Partial gene sequences were determined
for the p-tubulin gene (tub2), the internal transcribed
spacer region with intervening 5.85 nrDNA (ITS),
and the translation elongation factor 1-alpha gene
(tefl) using the primers and protocols described by
Cabral et al. (2012a,b). Partial 285 nrRNA gene (LSU)
sequences were generated as described by Lombard
et al. (2010). Integrity of the sequences was ensured
by sequencing the amplicons in both directions us-
ing the same primer pairs used for amplification.
Consensus sequences were assembled in MEGA v. 6
(Tamura et al., 2013), and then compared and added
to representative sequences from Cabral et al. (2012a,
b) and Lombard et al. (2013) (Table 1). Subsequent
alignments for each locus were generated in MAFFT
v. 7 (Katoh and Standley, 2013) and manually correct-
ed where necessary. Phylogenetic congruency of the
four loci was tested using a 70% reciprocal bootstrap
criterion (Mason-Gamer and Kellogg, 1996).

Phylogenetic analyses were based on Bayes-
ian inference (BI), Maximum Likelihood (ML) and
Maximum Parsimony (MP). For both BI and ML,
the evolutionary model for each partition was de-
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termined using MrModeltest (Nylander, 2004) and
incorporated into the analyses. For the BI analysis,
MrBayes v. 3.1.1 (Ronquist and Huelsenbeck, 2003)
was used to generate phylogenetic trees under the
optimal model per partition. A Markov Chain Monte
Carlo (MCMC) algorithm of four chains was started
in parallel from a random tree topology with the
heating parameter set to 0.3. The MCMC analysis
lasted until the average standard deviation of split
frequencies decreased below 0.01 with trees saved
each 1,000 generations. The first 25% of saved trees
were discarded as the “burn-in” phase and posterior
probabilities determined from the remaining trees.

The ML analysis was done using RAXML (ran-
domised axelerated (sic) maximum likelihood for
high performance computing, Stamatakis et al., 2005,
2008) through the CIPRES website (http://www.
phylo.org) to obtain a second measure of branch
support. The robustness of the analysis was evalu-
ated by bootstrap support (BS) analysis with the
bootstrap replicates automatically determined by
the software.

The MP analysis was done using PAUP (Phyloge-
netic Analysis Using Parsimony, v. 4.0b10, Swofford,
2003) with phylogenetic relationships estimated by
heuristic searches with 1,000 random sequence-ad-
ditions. Tree bisection-reconnection was implement-
ed, with the branch swapping option set on “best
tree” only. All characters were weighted equally and
alignment gaps were treated as “fifth state”. Meas-
ures calculated for parsimony included tree length
(TL), consistency index (CI), retention index (RI) and
rescaled consistency index (RC). The bootstrap sup-
port analysis was based on 1,000 replications. Novel
sequences generated in this study were deposited in
GenBank (Table 1) and the alignments and phyloge-
netic tree in TreeBASE (516355).

Presently sterile isolates (see Taxonomy section
below) were characterised using unique fixed single
nucleotide polymorphisms (SNP’s). For each sterile
isolate treated, the closest phylogenetic neighbour
was selected and subjected to SNP analysis using
MEGA v. 6.

Morphology

Axenic cultures were grown on synthetic nu-
trient-poor agar (SNA, Nirenberg, 1981) with two
1-cm?” sterile filter paper pieces and potato-dextrose
agar (PDA) as described by Cabral et al. (2012a). For
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known aquatic isolates, 5-10 mL sterile water was
poured onto plates prior to incubation. Inoculated
plates were incubated at room temperature (22-25
°C) under ambient light conditions and examined
after 1-3 wks. Observations were made with a Zeiss
Axioscope 2 microscope with interference contrast
(DIC) illumination. Morphological descriptions and
taxonomic novelties and metadata were deposited
in MycoBank (http:/ / www.MycoBank.org; Crous et
al., 2004).

Results
Phylogeny

The 70% reciprocal bootstrap tree topologies
showed no conflicts for the tub2, ITS and tefl gene
regions. However, the LSU gene region revealed a
conflicting tree topology (insufficiently resolved the
Neonectria clade as a basal polytomy) compared to
the other three gene regions, which was ignored
based on the argument of Cunningham, (1997) that
combining incongruent partitions could increase
phylogenetic accuracy. Therefore, the four gene re-
gions were combined.

The combined alignment of ITS, LSU, tub2 and
tefl used for BI, ML and MP analyses contained 2,463
characters from 79 taxa (including outgroup). The
number of unique site patterns per data partition,
including alignment gaps, was 145 from 513 charac-
ters for ITS, 72 from 830 characters for LSU, 264 from
552 characters for tub2, and 358 from 568 characters
for tefl. MrModeltest revealed that all four partitions
had dirichlet base frequencies. A GTR+I+G model
with inverse gamma-distributed rates was used
for ITS, LSU and tefl while HKY+I+G with inverse
gamma-distributed rates was implemented for tub2.
The Bayesian analysis lasted 440,000 generations,
and the consensus tree, with posterior probabili-
ties, was calculated from 662 trees left after 220 trees
were discarded as the burn-in phase. For the MP and
ML analyses, the combined alignment consisted of
716 parsimony-informative, 1,529 constant, and 218
parsimony-uninformative characters. MP analysis
yielded 15,062 equally most parsimonious trees (TL
=2,667; CI=0.540; RI=0.876; RC =0.473) and a single
best ML tree with —InL = -13910.342139. The Bayes-
ian consensus tree confirmed the tree topologies ob-
tained from the ML and MP analyses, and therefore
only the Bayesian consensus tree is presented.
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In the phylogenetic tree (Figure 1), strains of the
genera Cylindrodendrum, Ilyonectria, the new Dacty-
lonectria and Neonectria formed four well-supported
clades. The Neonectria clade (ML-bootstrap (ML-BS)
and MP-bootstrap (MP-BS) = 100; posterior prob-
ability (PP) < 0.95) incorporated the ex-type of Acre-
monium tsugae (CBS 788.69) as well as representatives
of Heliscus lugdunensis (as N. lugdunensis in the tree;
CBS 250.58, CBS 251.58, CBS 222.84, CBS 270.53, CBS
125485) which included the ex-type of N. shennongji-
ana (CBS 127475). Two isolates (CBS 183.36 and CPC
13544) so far known as Cylindrocarpon obtusisporum
formed abasal sister clade to N. lugdunensis in the Neo-
nectria clade. The Neonectria clade also includes strains
of the generic type species, N. ramularige (CBS 151.29
and CBS 182.36, authentic for Cylindorcarpon magnu-
sianum, now C. obtusiusculum). Strains of Ilyonectria
clustered into two separate well-supported clades,
indicating that this genus is paraphyletic. The first
Ilyonectria clade (ML-BS and MP-BS = 100; PP = 1.0),
which includes I. macrodidyma (ex-type CBS 112615),
incorporates several important pathogens of grape-
vine (Vitis vinifera) from various localities (Halleen et
al., 2004; Cabral et al., 2012b,c) and is introduced as a
new genus, Dactylonectria, below. The second Ilyonec-
tria clade (ML-BS and MP-BS = 100; PP = 1.0), includes
the type species of the genus, I. radicicola (ex-type CBS
264.65). Strains of the monotypic genus Cylindroden-
drum formed the fourth well-supported clade (ML-BS
and MP-BS = 100; PP = 1.0), nested between Dacty-
lonectria and Ilyonectria. In this clade, two smaller clad-
es could be resolved, one of which (ML-BS and MP-BS
=100; PP = 1.0) represents the generic type species, C.
album (CBS 301.83 and CBS 110655). The other smaller
clade (ML-BS and MP-BS = 100; PP = 1.0) included the
ex-type of Neonectria hubeiensis (CBS 124071), which is
combined into Cylindrodendrum below.

Taxonomy

Based on phylogenetic inference in this study, the
classification and nomenclature of some members in
the genera Cylindrodendrum, Ilyonectria and Neonec-
tria are re-considered. To address the paraphyletic
nature of Ilyonectria, a new genus, Dactylonectria, is
introduced here, with associated new combinations.
Furthermore, two new species in the genus Dacty-
lonectria, which are sterile, are described here based
on DNA sequence data, following the approach of
Gomes et al. (2013) and Lombard et al. (2014).
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Cylindrodendrum hubeiense (W.Y. Zhuang, Y. Nong
& J. Luo) L. Lombard & Crous, comb. nov.
MycoBank MB810141

(Figure 2)

Basionym: Neonectria hubeiensis W.Y. Zhuang, Y.
Nong & J. Luo, Fungal Diversity 24, 351 (2007).

Material examined: France: Dép. Jura, Chatelneuf
near St. Laurent, on Viscum album, 26 Sept. 1996, W.
Gams (CBS H-5723; culture CBS 129.97, previously
as C. album). China: Hubei, Wufeng County, Houhe
Nature reserve, on fruit of Rhododendron sp., 13 Sept.
2004, W.P. Wu, W.Y. Zhuang & Y. Nong (CBS 124071 =
HMAS 98331).

Notes: Zhuang et al. (2007) introduced this new
species, isolated from fruits of a Rhododendron sp., in
the genus Neonectria based on minimal morphologi-
cal similarities with the sexual morph of N. ramular-
iae. Their study did not include any DNA sequence
data of the ex-type (CBS 124071); based on phyloge-
netic inference in this study, this species belongs to
the genus Cylindrodendrum, for which we provide a
new combination.

Dactylonectria L. Lombard & Crous, gen. nowv.
MycoBank MB810142.
(Figure 3)

Etymology: Name refers to “foot” as members of
this genus are associated with black foot disease of
grapevine.

Diagnosis: Perithecia ovoid to obpyriform, smooth
to finely warted, dark-red with papillate ostiolar re-
gion at the apex. Asexual morph producing abun-
dant macro- and microconidia, but rarely chlamydo-
spores in culture.

Type species: Dactylonectria macrodidyma (Halleen,
Schroers & Crous) L. Lombard & Crous.

Description: Ascomata perithecial, superficial, soli-
tary or aggregated in groups, ovoid to obpyriform,
dark red, becoming purple-red in 3% KOH, smooth
to finely warted, with papillate apex; without rec-
ognisable stroma; perithecial wall consisting of two
poorly distinguishable regions; outer region com-
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CBS 112613 Campylocarpon fasciculare

Neonectria

Dactylonectria

Cylindrodendrum

llyonectria

Figure 1. Consensus phylogram of 662 trees resulting from a Bayesian analysis of the combined four-gene sequence align-
ment. Genera are indicated in coloured blocks. Thickened lines represents branches also present in the Maximum Likeli-
hood (ML) and Maximum Parsimony (MP) consensus trees. Blue lines indicate Bayesian posterior probabilities (PP) = 0.95
and bootstrap support (BS) values for both ML and MP = 95% and blue stars indicate ML-BS and MP-BS = 95% and PP <
0.95. The scale bar represents the expected number of changes per site. The tree was rooted to Campylocarpon fasciculare

(CBS 112613).
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Figure 2. Cylindrodendrum hubeiense (CBS 129.97). a—c. Conidiophores on somatic hyphae. d. Conidia. Scale bar: a = 10 um
(apply to b—d).

posed of 1-3 layers of angular to subglobose cells; in-
ner region composed of cells that are flat in transverse
optical section and angular to oval in subsurface op-
tical face view; walls in the outer and inner region
sometimes locally thinning to form pseudopores in
conjunction with matching structures in adjacent
cells. Asci clavate to narrowly clavate, 8-spored; apex
rounded, with a minutely visible ring. Ascospores el-
lipsoidal to oblong-ellipsoidal, somewhat tapering
towards the ends, medianly septate, smooth to finely
warted. Conidiophores simple or aggregated to form
sporodochia; simple conidiophores arising laterally
or terminally from aerial mycelium, solitary to loose-
ly aggregated, unbranched or sparsely branched,
septate, bearing up to three phialides; phialides
monophialidic, more or less cylindrical, tapering
slightly in the upper part towards the apex. Macroco-
nidia cylindrical, hyaline, straight to slightly curved,
1-4-septate, apex or apical cell typically slightly bent
to one side and minutely beaked, base with visible,
centrally located or laterally displaced hilum. Micro-
conidia ellipsoid to ovoid, hyaline, straight, aseptate
to 1-septate, with a minutely or clearly laterally dis-
placed hilum. Chlamydospores rarely formed, globose
to subglobose, smooth but often appearing rough
due to deposits, thick-walled, mostly occurring in
chains.

Notes: Dactylonectria shares several morpho-
logical features with Ilyonectria and Neonectria but
can be distinguished by their characteristic ovoid
to obpyriform, smooth to finely warted, dark-red
perithecia with papillate ostiolar region at the apex.
Members of Ilyonectria have globose to subglobose,
scaly to slightly warted, orange to red perithecia
whereas Neonectria is characterised by globose to
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broadly obpyriform, smooth to scurfy, yellow to
orange to red perithecia (Chaverri et al., 2011). Iso-
lates of Dactylonectria produce abundant macro- and
microconidia, but rarely chlamydospores in culture
(Halleen et al., 2004; Cabral et al., 2012c). Isolates
of Ilyonectria produce abundant macro-, microco-
nidia and chlamydospores in culture (Chaverri et
al., 2011; Cabral et al., 2012a; Lombard et al., 2013),
while those of Neonectria produce abundant macro-
conidia but rarely any chlamydospores (Chaverri et
al., 2011). All members of Dactylonectria, with the ex-
ception of D. anthuriicola and D. hordeicola (Cabral et
al., 2012a), have thus far been associated with black
foot disease of grapevine in Australia, Europe, New
Zealand, South Africa and USA (Halleen et al., 2004;
Cabral et al., 2012a—c).

Dactylonectria alcacerensis (A. Cabral, Oliveira &
Crous) L. Lombard & Crous, comb. nov.
MycoBank MB810143

Basionym:Ilyonectriaalcacerensis A. Cabral, Oliveira
& Crous, Fungal Biology 116, 71 (2012).

Description and illustrations: Cabral et al. (2012c).
Dactylonectria anthuriicola (A. Cabral & Crous) L.
Lombard & Crous, comb. nov.

MycoBank MB810144

Basionym: Ilyonectria anthuriicola A. Cabral &
Crous, Mycological Progress 11, 666 (2012).

Description and illustrations: Cabral et al. (2012a).



Generic status of Ilyonectria and allied genera

Figure 3. Dactylonectria (Adapted from Cabral et al. (2012c) Figs. 4-7). a-d, j-m. D. novozelandica. e—i, n—q. D. torresensis.
a-b, e—f. Perithecial ascomata. c-d. Longitudinal sections of ascomata showing details of the papillate ostiolar region of D.
novozelandica. g. Ostiolar region of D. torresensis. h. Ascus. i. Ascospores. j, n. Complex conidiophore. k, 0. Simple conidi-
ophores. 1, p. Macroconidia. m, q. Microconidia. Bars: a—c, e = 100 um, d, f-g =50 pm, h—i = 10 um, j = 10 um (apply to k-m),
n =10 um (apply to o—q).
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Dactylonectria estremocensis (A. Cabral, Nascimen-
to & Crous) L. Lombard & Crous, comb. nov.
MycoBank MB810145

Basionym: Ilyonectria estremocensis A. Cabral, Nas-
cimento & Crous, Fungal Biology 116, 73 (2012).

Description and illustrations: Cabral et al. (2012¢).

Dactylonectria hordeicola L. Lombard & Crous, sp.
nov.
MycoBank MB810146

Etymology: Name derived from the host, Hordeum
vulgare, from which this fungus was isolated.

Diagnosis: Culture now sterile, differing from
other species in this genus by unique fixed alleles in
three loci based on alignments of the separate loci.

Type: The Netherlands: Flevoland, Noordoost
Polder, Marknesse, Lovinkhoeve, isolated from
washed roots of Hordeum vulgare, 1988, M. Barth (CBS
162.89, as Cylindrocarpon obtusisporum, preserved as
metabolically inactive culture — holotype; CBS 162.89
— ex-type culture).

Description: Dactylonectria hordeicola differs from
the other species in this genus by unique fixed al-
leles in three loci based on alignments of the separate
loci deposited in TreeBASE (S16355): tub2 positions
26(T), 84(T), 113(A), 121(G), 203(A), 205(A), 210(A),
220(A), 237(T), 238(A), 242(C), 250(C), 349(T), 409(T),
434(T), 436(T), 437(T), 451(G), 525(T) and 549(T); ITS
positions 113(T), 124(G), 159(A) and 165(T); tefl posi-
tions 25(T), 34(T), 69(T), 90(A), 112(T), 114(T), 169(C),
199(G), 293(T), 295(T), 332(T), 421(T), 481(A), 488(A),
490(C), 494(C), 506(T), 507(T), 520(C) and 535(C).

Culture characteristics: Colonies covering the me-
dium within 10 d at 24°C. Colonies on PDA with
abundant white aerial mycelium and white in re-
verse. Colonies on SNA with semi-immersed aerial
mycelium and no sporulation on or next to the sterile
filter paper.

Notes: The isolate representing Dactylonectria horde-

icola could not be induced to sporulate on any of the
media used in this study. Phylogenetic inference and
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SNP analysis in this study showed that this species is
clearly distinct from other species in this genus.

Dactylonectria macrodidyma (Halleen, Schroers &
Crous) L. Lombard & Crous, comb. nov.
MycoBank MB810148

Basionym: Neonectria macrodidyma Halleen, Schro-
ers & Crous, Studies in Mycology 50, 445 (2004).

= llyonectrin macrodidyma (Halleen, Schroers &
Crous) P. Chaverri & C. Salgado, Studies in Mycology
68,71 (2011).

= Cylindrocarpon macrodidymum Halleen, Schroers
& Crous, Studies in Mycology 50, 446 (2004).

Description and illustrations: Halleen et al. (2004).

Dactylonectria novozelandica (A. Cabral & Crous)
L. Lombard & Crous, comb. nov.
MycoBank MB810150

Basionym: llyonectria novozelandica A. Cabral &
Crous, Fungal Biology 116, 74 (2012).

Description and illustrations: Cabral et al. (2012c).

Dactylonectria pauciseptata (Schroers & Crous) L.
Lombard & Crous, comb. nov.
MycoBank MB810151

Basionym: Cylindrocarpon pauciseptatum Schroers
& Crous, Mycological Research 112, 86 (2008).

Description and illustrations: Schroers et al. (2008).

Dactylonectria pinicola L. Lombard & Crous, sp.
nov.
MycoBank MB810152

Etymology: Name derived from the host, Pinus la-
ricio, from which the ex-type of this fungus was iso-
lated.

Diagnosis: Culture now sterile, differing from oth-
er species in this genus by unique fixed alleles in two
loci based on alignments of the separate loci.



Type: UK: England, Devon, Haldon, from Pinus
laricio, Feb. 1937, T.R. Peace (CBS 173.37, as Cylin-
dorcarpon obtusisporum, preserved as metabolically
inactive culture — holotype; CBS 173.37 = IMI 090176
— ex-type culture).

Description: Dactylonectria pinicola differs from the
other species in this genus by unique fixed alleles in
two loci based on alignments of the separate loci de-
posited in TreeBASE (S16355): tub2 positions 193(A),
200(T), 202(T), 232(G), 241(C), 298(C), 388(A) and
402(G); tefl positions 60(A), 89(T), 265(C), 266(T),
322(T), 323(C), 487(T), 516(A) and 519(A).

Culture characteristics: Colonies covering the me-
dium within 10 d at 24°C. Colonies on PDA with
abundant white aerial mycelium and white in re-
verse. Colonies on SNA with semi-immersed aerial
mycelium and no sporulation on or next to the sterile
filter paper.

Additional culture sequenced: Germany: details and
host unknown, Oct. 1934, HW. Wollenweber (CBS
159.34 = IMI 113891 = MUCL 4084 — culture).

Notes: The isolates representing Dactylonectria
pinicola could not be induced to sporulate on any of
the media used in this study, nor on sterilised pine
needles placed on both SNA and PDA. This species
is closely related to but distinct from D. estremocensis
based on phylogenetic inference and SNP analysis
done in this study.

Dactylonectria torresensis (A. Cabral, Rego &
Crous) L. Lombard & Crous, comb. nov.
MycoBank MB810153

Basionym: Ilyonectria torresensis A. Cabral, Rego
and Crous, Fungal Biology 116, 75 (2012).

Description and illustrations: Cabral et al. (2012¢).
Dactylonectria vitis (A. Cabral, Rego & Crous) L.
Lombard & Crous, comb. nov.

MycoBank MB810154

Basionym: Ilyonectria vitis A. Cabral, Rego &
Crous, Mycological Progress 11, 684 (2012).

Generic status of Ilyonectria and allied genera

Description and illustrations: Cabral et al. (2012a).

Neonectria lugdunensis (Sacc. & Therry) L. Lombard
& Crous, comb. nowv.

MycoBank MB810155

(Figure 4)

Basionym: Heliscus lugdunensis Sacc. & Therry,
Michelia 2, 132 (1880).

= Heliscus aquaticus Ingold, Transactions of the Brit-
ish Mycological Society 25, 360 (1942).

= Nectria lugdunensis ]. Webster, Transactions of the
British Mycological Society 42, 325 (1959).

= Neonectria shennongjiana J. Luo & W.Y. Zhuang,
Mycologia 102, 145 (2010).

Description and illustrations: Saccardo (1880), In-
gold (1942, 1944), Webster (1959).

Type of teleomorph: UK: England, Sheffield, River
Porter near Forge Dam, on submerged decayed leaf
of Ilex aquifolium, Jun. 1958, J. Webster (IMI 7495 hol-
otype; CBS 250.58 ex-type culture).

Additional cultures examined: China: Hubei, Shen-
nongjia, 1 700 m alt., submerged twig of unknown
dicotyledonous tree, 13 Sept. 2003, X.M. Zhang (CBS
127475 = HMAS 173254); The Netherlands: Flevo-
land, De Schreef, from potato-field soil, Apr. 1984,
unknown (CBS 222.84); USA: Arizona, Huachuca
Mountains, Miller Canyon, on submerged twig of
Populus fremontii, Jan. 2008, T. Grifenhan (CBS 125485
=DAOM 235831 = T.G. 2008-07).

Notes: The genus Heliscus has been used for
aquatic or Ingoldian hyphomycetes with straight,
apically bifurcate phialoconidia. The intensity of this
bifurcation is variable and depends on cultural con-
ditions and age of the isolate. It can be much more
pronounced than shown in Fig. 4f or almost absent,
so that the conidia look like those of Cylindrocarpon.

Based on phylogenetic inference in this study,
all isolates previously known as Heliscus lugdunen-
sis (Webster, 1959; Grafenhan et al., 2011) clustered
together within the Neonectria clade and therefore a
new combination is provided here. The ex-type of N.
shennongjiana (CBS 127475; Luo & Zhuang, 2010) also
grouped with these isolates and therefore we consid-
er this species a synonym of N. lugdunensis.
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Figure 4. Neonectria lugdunensis (ex-type CBS 250.58). a—e. Complex conidiophores. f. Macroconidia. Scale bars: a = 50 pum,
b =20 pm (apply to ¢), d = 10 um (apply to e—f).

Neonectria obtusispora (Cooke & Harkn.) Rossman,
L. Lombard & Crous, comb. nov.
MycoBank MB810156

Basionym: Fusarium obtusisporum Cooke & Harkn.,
Grevillea 12,97 (1884).

= Ramularia obtusispora (Cooke & Harkn.) Wol-
lenw., Fusaria Autographice Delineata 1, 465 (1916).

= Cylindrocarpon obtusisporum (Cooke & Harkn.)
Wollenw., Fusaria Autographice Delineata 1, 465
(1916).

= Nectria tawa Dingley, Transactions of the Royal So-
ciety of New Zealand 79, 199 (1951).

Description and illustrations: Dingley (1951), Booth
(1966).

Notes: Dingley (1956) provided the first link be-
tween Nectria tawa and a cylindrocarpon-like asexual
morph, which Booth (1966) later confirmed as Cylin-
drocarpon obtusisporum. Samuels & Brayford (1990),
however, questioned this link and synonymised N.
tawa along with N. coprosmae under N. radicicola var.
coprosmae (now Ilyonectria coprosmae; Chaverri et al.,

Phytopathologia Mediterranea

2011) even though they recognised morphological
differences between these species. Although there
are no DNA sequence data presently available to
confirm the link between N. tawa and C. obtusisporum,
we elect to provide a new combination for Dingley’s
fungus in the genus Neonectria, pending recollection
of fresh material from the type localities.

Neonectria tsugae (N. Gams) L. Lombard & Crous,
comb. nov.
MycoBank MB810157

Basionym: Acremonium tsugae W. Gams, Cephalo-
sporium-artige Schimmelpilze: 117 (1971).

Description and illustrations: Gams (1971).

Notes: The ex-type of Acremonium tsugae (CBS
788.69; Gams, 1971), so far only known as asexual
morph, clustered within the Neonectria clade, closely
related to but distinct from N. fuckeliana (CBS 239.29
& CBS 119200); therefore a new combination is pro-
vided for this species in the genus Neonectria.



Discussion

This study emerged as a result of taxonomic
discrepancies noted in the genera Cylindrodendrum,
Ilyonectria and Neonectria. The latter two genera
comprise important pathogens associated with ba-
sal stem and root diseases of various woody plant
hosts (see Introduction), whereas little information
is available in the literature on the pathogenicity of
species in the genus Cylindrodendrum.

The genus Cylindrodendrum, first erected by
Bonorden, (1851) with C. album as type species, is
regarded as a semi-aquatic saprobe (Buffin and Hen-
nebert, 1984; Summerbell et al., 1989) able to grow
on decaying plant material in marine, fresh-water
and terrestrial environments. This genus is charac-
terised by conidiomata consisting of lateral phialides
on thick, erect somatic hyphae, sometimes becoming
verticillate, with the terminal part having a swol-
len tip and producing straight, cylindrical, 0-1-sep-
tate conidia (Buffin and Hennebert, 1984; Summer-
bell et al., 1989). Both Buffin and Hennebert (1984)
and Summerbell ef al. (1989) noted the presence of
a cylindrocarpon-like synasexual morph formed
by C. album in culture, which Buffin and Hennebert
(1984) named Cylindrocarpon hydrophilum but which
has since not been used in literature. In their treat-
ment of Cylindrodendrum hubeiense (as Neonectria
hubeiensis), Zhuang et al. (2007) also illustrated a sy-
nasexual morph, which they provisionally indicated
as Cylindrocarpon cf. orthosporum. However, this sy-
nasexual morph was not formally described and no
DNA sequence data were available to confirm their
treatment of this species in the genera Cylindrocarpon
and Neonectria. Although Chaverri et al. (2011) sug-
gested that Cylindrodendrum should be considered a
synonym of Cylindrocarpon | Neonectria, phylogenetic
inference in the current study showed that species of
Cylindrodendrum form a well-supported monophyl-
etic sister clade to the Ilyonectria clade, distant from
the Neonectria clade.

The new genus Dactylonectria is introduced here
for a group of species previously treated in the ge-
nus Ilyonectria (Chaverri et al.,, 2011; Cabral et al.,
2012a,b,c). Multi-gene studies of the genus Ilyonec-
tria, Cabral et al. (2012a,c) and Lombard et al. (2013)
revealed that this genus is paraphyletic, but the au-
thors did not contemplate this fact at that time. This
genus now includes 10 species: D. alcacerensis, D.
anthuriicola, D. estremocensis, D. hordeicola, D. macro-
didyma, D. novozelandica, D. pauciseptata, D. pinicola,

Generic status of Ilyonectria and allied genera

D. torresensis and D. vitis. Of these, only D. anthurii-
cola and D. hordeicola are not associated with black
foot disease of grapevine (Cabral et al., 2012a). Dac-
tylonectria torresensis appears to have the largest host
range, having been reported from plant hosts in the
genera Abies, Fragaria, Quercus and Vitis, whereas
D. alcacerensis, D. macrodidyma, D. novozelandica, D.
pauciseptata and D. vitis are only known from grape-
vines (Halleen et al., 2004, 2006; Cabral et al., 2012a,
c). Dactylonectria estremocensis and D. pinicola are also
known from grapevines in Europe, with the former
also reported from Picea in Canada and the latter
from Pinus in the UK (Cabral et al., 2012a,c).

Species of Ilyonectria are important soil-borne
pathogens of various woody and herbaceous plant
hosts, mostly associated with stem cankers and root
diseases (Seifert et al., 2003; Halleen et al., 2004, 2006;
Chaverri et al., 2011; Cabral et al., 2012a,b,c; Vitale
et al., 2012; Lombard et al., 2013; Aiello et al., 2014).
Presently 18 species (Chaverri et al., 2011; Cabral et
al., 2012a,c; Lombard et al., 2013; Aiello et al., 2014)
are recognised in this genus, all associated with dis-
ease symptoms of their respective plant hosts.

Three new combinations are provided in the ge-
nus Neonectria for species previously treated in the
genera Acremonium, Cylindrocarpon and Heliscus.
Gams (1971) distinguished Neonectria tsugae (as A.
tsugae), isolated from Tsuga heterophylla, from Neonec-
tria fuckeliana (as Nectria fuckeliana) based on its co-
nidial morphology, a distinction that was supported
by DNA sequence data in the present study. Gréfen-
han et al. (2011) also illustrated this close relationship
but did not treat this taxon at that time. The type
species of the aquatic genus Heliscus, H. lugdunen-
sis (Ingold, 1942), is also relocated to the generally
terrestrial genus Neonectria, based on phylogenetic
inference in the present study. The genus Heliscus in-
cluded six aquatic species, four of which were later
placed in the aquatic genus Clavatospora (Nilsson,
1964). The taxonomic status of the only remaining
species in Heliscus, H. submersus, is still uncertain
and needs to be investigated further, and therefore
is left in limbo at present. Following the new Inter-
national Code of Nomenclature for algae, fungi and
plants (ICN; McNeill et al., 2012), the generic name
Heliscus (1880) should take priority over the generic
name Neonectria (1917). However, based on the num-
ber of name changes required and the familiarity of
the generic name Neonectria among plant patholo-
gists and other applied biologists, we agree with the
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decision of Chaverri et al. (2011) to synonymise Helis-
cus under Neonectria.

Black foot rot of grapevines is a well-documented
disease in various countries, now associated with
fungal species in the four genera treated here, name-
ly Campylocarpon, Dactylonectria, Ilyonectria and Neo-
nectria (Halleen et al., 2003, 2004, 2006; Chaverri et al.,
2011; Cabral et al., 2012a,b,c). This finding highlights
the importance of correct fungal pathogen identifi-
cation, which could have significant impact on the
quality of grapevine rootstocks and control measures
implemented for disease control. Morphologically it
is very difficult to distinguish not only between spe-
cies within these genera, but also between genera,
and therefore DNA sequence data are essential when
working with these fungi.
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