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Abstract: In a 2023 survey evaluating conifers with Rosellinia infections, five Pestalotiopsis fungal strains were isolated from 
plant samples obtained from Maine, New Hampshire, and Ohio. Based on a multi locus phylogenetic analysis (ITS, TUB, TEF), 
species-specific base pair substitutions, and morphological characterization, the five isolates were determined to constitute 
two novel species within the genus Pestalotiopsis. These two new species are introduced here as Pestalotiopsis maineana 
and Pestalotiopsis neohantoniensis. Pestalotiopsis maineana shares close phylogenetic affinity to P. fusiformis, P. brachiata, 
and P. hispanica, while P. neohantoniensis shares affinity with P. daliensis, P. chamaeropis, and P. hainanensis. Both new 
species described herein differ from close relatives based on various morphological characters including the number of basal 
appendages of the conidia. Further, species-specific base pair substitutions are provided for the TEF locus which had the 
most resolution when compared to the ITS and TUB loci. To our knowledge, P. maineana is the first species of Pestalotiopsis 
to be isolated and reported from white spruce (Picea glauca) while P. neohantoniensis is the first species to be isolated and 
reported from Serbian spruce (Picea omorika) and eastern hemlock (Tsuga canadensis). Overall, this study provides insight 
into the microfungi associated with conifers in the United States.
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INTRODUCTION

In the United States (US) forests are economically and 
ecologically important systems covering approximately 38 % of 
the land in the country, estimated to be 8 % of the world’s total 
forest area (Renwick 2023). Maine (ME) and New Hampshire 
(NH) are the two most heavily wooded states in the US with 89 
and 83 % forest coverage, respectively (USDA FS 2022a, USDA 
FS 2022b). The most common type of forest in ME and NH is 
the maple/beech/birch forest; whereas spruce/fir and white/
red pine are the most common softwood forests (Butler 2017, 
Morin & Lombard 2017). While there are various threats to 
forests in North America, emerging or re-emerging diseases 
remain a concern as they can significantly alter existing 
ecosystem diversity (Guegan et al. 2023). Historically, there has 
been concern for the spread of Rosellinia species from nursery 
planted to naturally regenerative conifers (Shea 1964, Francis 
1986). The shift in community diversity caused by host mortality 
from emerging diseases directly affects forest ecosystems; 
thus, in 2023 concern for the spread of Rosellinia needle blight 
between conifer species prompted creation of a surveillance 
program and the collection of symptomatic plant tissue. The 
collected plant samples usually yield isolates of Pestalotiopsis-

like fungi, as well as the target pathogen Rosellinia.
The genus Pestalotiopsis consists of asexual species 

with appendage-bearing conidia (Stayaert 1949). The genus 
 is currently placed in the family Sporocadaceae, order 
Amphisphaeriales, class Sordariomycetes, in the Ascomycota 
(Wijayawardene et al. 2020). Pestalotiopsis was segregated from 
Pestalotia by Stayaert (1949) based on conidium cell number. 
More recently, Jaklitsch et al. (2016) synonymized Bartaliniaceae, 
Discosiaceae, Pestalotiopsidaceae, and Robillardaceae with 
Sporocadaceae and placed the family within the order Xylariales. 
However, Amphisphaeriales was later resurrected over 
Xylariales for the placement of Sporocadaceae (Hyde et al. 2020, 
Wijayawardene et al. 2020). To date, 445 species of Pestalotiopsis 
have been described (https://www.indexfungorum.org 2025). 
Species of Pestalotiopsis are usually described based on conidial 
morphology (i.e. apical and basal appendages) paired with gene 
sequence data. The length, number, position, and branching 
pattern of the apical or basal appendages are often utilized to 
differentiate between closely related species (Crous et al. 2012, 
Maharachchikumbura et al. 2012). When discerning between 
species of Pestalotiopsis through phylogenetic analyses, current 
studies use the ITS, TUB, and TEF gene regions as these have 
been reported as the most effective in resolving species within 
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the genus. Maharachchikumbura et al. (2012) evaluated 10 
loci including ACT, TUB, CAL, GPDH, GS, ITS, LSU, RPB 1, SSU 
and TEF; they reported ITS, TUB, and TEF as providing the 
most resolution with TEF being the most informative locus.

Species of Pestalotiopsis vary in lifestyle and host 
specificity. They have been reported as saprophytes, 
endophytes, plant pathogens, animal/human pathogens, 
and as parasymbionts (Maharachchikumbura et al. 2011, Li 
et al. 2024, Luo et al. 2024). Although historically reported 
as endophytic and weak/ opportunistic pathogens, some 
studies have shown some species can be aggressive plant 
pathogens in various agricultural and horticultural systems, 
including but not limited to tea (Camellia sinensis), coconut 
(Cocos nucifera), pine (Pinus massoniana) and hardy 
ornamentals such as Calluna vulgaris, Erica carnea, and 
Rhododendron spp. (Hopkins & McQuilken 2000, Sanjay et 
al. 2008, Maharachchikumbura et al. 2013, Chen et al. 2018, 
Bhuiyan et al. 2021, Li et al. 2024). Some species, such as 
P. microspora, have been observed to switch between being 
endophytic and pathogenic depending on physiological and 
environmental factors (Lee 1995, Maharachchikumbura et 
al. 2011). 

The objectives of this study were to identify and 
characterize Pestalotiopsis species isolated from conifer 
samples affected by Rosellinia needle blight. Based on a 
multi locus phylogenetic analysis, species-specific base pair 
substitutions, and spore morphology, we introduce here two 
novel species of Pestalotiopsis from conifers in the US.

MATERIALS AND METHODS

Sampling, isolation, and morphological 
characterization

Trees displaying signs and symptoms of Rosellinia needle 
blight were targeted for collection. Branches were 
collected from eastern hemlock trees (Tsuga canadensis) in 
Hillsborough County, New Hampshire and Hocking County, 
Ohio in December of 2023. Branches from white spruce 
(Picea glauca) and Serbian spruce (Picea omorika) were 
collected in Hancock County, Maine in November of 2023. 
Eleven collected samples were mailed to the Mycology and 
Nematology Genetic Diversity and Biology Laboratory, U.S. 
Department of Agriculture, Agricultural Research Service in 
Beltsville, Maryland, USA, for analysis. Segments of plant 
tissue no larger than 2 cm3 adjacent to Rosellinia perithecia, 

were removed from branches and sterilized with 10   % 
sodium hypochlorite (Clorox™; Oakland, CA, USA) for 3 
min and rinsed with sterile distilled water before being air 
dried. The cut segments included the margin between the 
plant tissue showing Rosellinia symptoms and the adjacent 
asymptomatic plant tissue.  Cut segments were then placed 
on P4083 Penicillin – Streptomycin – Neomycin antibiotic 
microbial solution (Sigma-Aldrich; St. Louis, Missouri, USA) 
supplemented corn meal agar (CMA) (BD Difco; Franklin 
Lakes, NJ, USA) and incubated at 21–25 °C under an 
alternating 12-h light and 12-h dark schedule. Following 
growth of fungi, hyphal tips were transferred to potato 
dextrose agar (PDA) (BD Difco; Franklin Lakes, NJ, USA) and 
incubated at 21–25 °C under the same light regimen. Once 
pure cultures were obtained, agar plugs of isolates were 

transferred to cryogenic tubes with sterile 20 % MB grade 
glycerol (USB Corporation; Cleveland, OH, USA) diluted with 
ultrapure water, for long-term storage. Living cultures were 
deposited at the Westedijk Fungal Biodiversity Institute 
culture collection (CBS), while dried specimens were 
deposited at the US National Fungus Collection (BPI) (Table 
1). 

For morphological observations, the Pestalotiopsis 
cultures were grown for 21 d on PDA and synthetic nutrient 
poor agar (SNA; Nirenberg 1981) at 25 °C with 12 h of light 
and 12 h of darkness. Growth rates and morphological 
characteristics of colonies were evaluated every 7 d for 
3 wk. Colour of the colonies were determined using the 
Rayner (1970) colour chart. Photographs of colonies on 
agar plates were taken with a Canon EOS 5D Mark III digital 
camera (Canon; Tokyo, Japan) in a lighting booth (MK 
Digital Direct). To induce conidiomatal development, twice 
autoclaved pine needles were placed on SNA as described 
by Maharachchikumbura et al. (2014). Morphological 
structures were evaluated on 85 % lactic acid slides after 
incubation on a warming plate at 50 °C for a minimum of 
30 min prior to examination with a Zeiss Axio Imager M2 
compound microscope (Zeiss, Jena, Germany). At least 30 
measurements were taken for each reported structure. 
Descriptive statistics are presented and include minimum-
maximum, mean, and standard deviation.

DNA extraction, PCR amplification, sequencing

In preparation for extraction of DNA, single hyphal-tipped 
isolates were grown on full strength PDA plates for 4 wk at 
25 °C with alternating 12 h of light and 12 h of darkness. The 
hyphal mat was then scraped, and mycelia were transferred 
to 2 mL polypropylene tubes with 500 µm garnet beads and 
a 6-mm-diam. zirconium bead (OPS Diagnostics, Lebanon, 
NJ, USA). The tissue was lysed with a Precellys® Evolution 
homogenizer (Bertin instruments, France). After lysis, 
DNA was extracted using the E.Z.N.A. HP Plant & Fungal 
DNA Kit (OMEGA® Bio-Tek, Norcross, GA, USA) following 
manufacturer’s protocol. 

Three loci were amplified, including the internal 
transcribed spacer (ITS: ITS5/ITS4) (White et al.1990), partial 
beta-tubulin gene (TUB: T1/Bt-2b) (Glass & Donaldson 1995, 
O’Donnell & Cigelnik 1997), and partial translation elongation 
factor 1-alpha gene (TEF: EF1-728/ EF-2) (O’Donnell et 
al. 1998, Carbone & Kohn 1999). Amplification reactions 
were conducted in 25 μL volumes with 12.5 μL of KAPA2G 
Robust Hotstart® (Kapa Biosystems, Inc., Wilmington, MA, 
USA), 1.25 μL of the forward and reverse primers at 10 μM, 
1–1.75 μL of DNA at 10–20 ng, and 8 μL of molecular grade 
H2O. Amplifications were performed following the protocol 
described by Maharachchikumbura et al. (2014) in a C1000 
Touch PCR Thermal Cycler (Bio-Rad, Hercules, CA). The PCR 
products were analysed through capillary electrophoresis 
using the QIAxcel Advanced System instrument and the 
QIAxcel ScreenGel software (Qiagen, Hilden, Germany). The 
PCR products were then purified using ExoSAP-IT Cleanup 
(Affymetrix, Santa Clara, CA) following the manufacturer’s 
protocol. The BigDye™ v. 3.1 Terminator Cycle sequencing 
kit was used to sequence amplicons bi-directionally with the 
Applied Biosystems SeqStudio Genetic Analyzer (Thermo 
Fisher Scientific, Waltham, MA, USA). 
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Alignment and phylogenetic analyses

Electropherograms from forward and reverse reads were 
analysed, edited, and combined with Geneious Prime v. 9 
(https://www.geneious.com). Trimmed sequences were 
aligned with reference sequences obtained from GenBank 
after using the NCBI BLAST search engine and reviewing 
relevant literature (Table 1). MAFFT v. 7.490 (Katoh et 
al. 2002, Katoh & Standley 2013) was used to generate 
alignments for each locus. Alignments for the comparative 
analysis of species-specific base pair substitutions were 
deposited in National Agricultural Library AgData Commons 
(https://doi.org/10.15482/USDA.ADC/28263920) (Tables 2, 
3). The nucleotide substitution model for each alignment 
was estimated using ModelTest-NG (Darriba et al. 2019) 
as implemented by RAxML GUI v. 2.0.10 (Edler et al. 
2021) based on the Akaike Information Criterion (AICc; 
Burnham & Anderson 2002). For ITS, TUB, TEF the best fit 
models were TPM3uf+I+G4, TrN+I+G4, and TIM2+I+G4, 
respectively. Maximum likelihood (ML) and Bayesian 
inference (BI) analyses were generated from the individual 
and combined data sets. Neopestalotiopsis saprophytica 
(MFLUCC12-0282) was chosen as the outgroup taxa for all 
analyses. The BI phylogenies were conducted with MrBayes 
v. 2.24 (Drummond et al. 2012) utilizing the GTR GAMMA I 
(GTR+I+G) model. The ML phylogenies were generated using 
RAxML (Stamatakis 2014) as implemented by Geneious 
Prime v. 9. For the BI analysis, the Markov Chain Monte 
Carlo (BMCMC) was performed with four heated chains for 
1000000 generations with trees being sampled every 200th 
generation. Convergence for each partition was assessed in 
Geneious Prime v. 9; all parameters had effective sample sizes 
(ESS) greater than 200. For the ML trees, support for clades 
were assessed using 1000 nonparametric bootstrap (BS) 
replicates. Phylogenetic trees were edited using Geneious 
Prime v.9 (https://www.geneious.com) and Adobe Illustrator 
CS v.6 (Adobe Systems Inc., USA). 

RESULTS

Sampling and fungal isolation

Five Pestalotiopsis-like strains were isolated from the 11 
conifer plant samples; each strain originating from different 
trees within the United States. Strains C5 (CBS 153149) and 
C10 (CBS 153153) were isolated from two different eastern 
hemlock trees in Hillsborough County, New Hampshire and 
Hocking County, Ohio, respectively. Strain C9 (CBS 153152) 
was isolated from a Serbian spruce tree in Hancock County, 
Maine. Lastly, strains C7 (CBS 153150) and C8 (CBS 153151) 
were obtained from two different white spruce trees located 
at separate sites in Hancock County, Maine.

Phylogenetic analyses

The nucleotide sequences generated in this study were 
deposited in GenBank (Table 1). Alignment data sets were 
generated for ITS, TUB, TEF, and a concatenation of the 
three. The ITS alignment contained 116 taxa and consisted 
of 534 characters, of which 441 were conserved, 91 variable, 
and 24 parsimony informative. The TUB alignment contained 
109 taxa, consisting of 785 characters with 545 being 
conserved, 205 variable, and 117 parsimony informative. 
The TEF alignment contained 102 taxa and consisted of 
925 characters of which 680 were conserved, 221 variable, 
and 137 parsimony informative. For the ITS single gene 
phylogenetic analysis, species of Pestalotiopsis do not 
resolve into the currently recognized species. The TUB 
single gene tree provides more resolution when compared 
to the ITS tree, however various species remain unresolved. 
Comparatively, the TEF single gene tree provides the most 
resolution and is most concordant with the multi-gene 
phylogenetic analysis. The concatenated phylogenetic 
reconstruction using both ML and BI analyses indicated 
that our five isolates belong to two significatively supported 

Table 2. TEF species-specific base pair substitutions between Pestalotiopsis maineana sp. nov. and closely related species. 

Nucleotide position

Species 24 31 32 33 39 40 55 56 57 61 65 68

P. maineana (CBS153150) A — — — C T C C T A G G

P. maineana (CBS153151) A — — — C T C C T A G G

P. brachiata (LC2988) A — — — C T C C T A G G

P. hispanica (CBS115391) A T C A A T C C T A G G

P. fusiformis (LC4365) T — — — T C — — — C A T

Nucleotide position

Species 71 73 80 167 168 236 243 401 421 422 432 440

P. maineana (CBS153150) A A C A T C A C A T T C

P. maineana (CBS153151) A A C A T C A C A T T C

P. brachiata (LC2988) A A G A T C A T T C G T

P. hispanica (CBS115391) A A C A T C A T T C G T

P. fusiformis (LC4365) T C T G C — G C A T T C
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Fig. 1. Phylogenetic tree (ML and BI) based on concatenated sequences of the internal transcribed spacer (ITS), partial beta-tubulin gene 
(TUB), and partial translation elongation factor 1-alpha gene (TEF). Bootstrap support values ≥ 70 % and posterior probability values ≥ 
0.95 are presented above each node (ML/BI). The two new species reported in this study are in red and “T” indicates the type specimen. 
Neopestalotiopsis saprophytica was used as the outgroup. All isolates are listed in Table 1 with corresponding gene identification numbers 
and / or accession numbers.
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Fig. 1. (Continued).
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subclades within the genus of Pestalotiopsis (Fig. 1) and 
are here recognized as Pestalotiopsis maineana sp. nov. 
and P. neohantoniensis sp. nov. Pestalotiopsis maineana 
shares close affinity to P. fusiformis, P. brachiata, and P. 
hispanica. Pestalotiopsis neohantoniensis shares affinity 
with P. daliensis, P. chamaeropis, P. machiliana, and P. 
hainanensis. Species descriptions, genetic identification, 
and a comparative morphological analysis of closely related 
species are presented in the taxonomy section.

TAXONOMY

Pestalotiopsis maineana S.T. Miller & C. Salgado, sp. nov. MB 
857038. Fig. 2.

Etymology: Named after the location where the fungus was 
collected, Maine, United States of America.

Diagnosis: Pestalotiopsis maineana can be diagnosed from 
the closely related species P. brachiata, P. hispanica, P. 
fusiformis by nucleotide characters in the TEF locus (Table 
2). Pestalotiopsis maineana can be distinguished from P. 
brachiata by positions 80 (C:G), 401 (C:T), 421 (A:T), 422 
(T:C), 432 (T:G), 440 (C:T). From P. hispanica by positions 31–

33 (- - -:TCA), 401 (C:T), 421 (A:T), 422 (T:C), 432 (T:G), 440 
(C:T). From P. fusiformis by positions 24 (A:T), 39 (C:T), 40 
(T:C), 55–57 (CCT:- - -), 61 (A:C), 65 (G:A), 68 (G:T), 71 (A:T), 
73(A:C), 80 (C:T), 167 (A:G), 168 (T:C), 236 (C:-), 243 (A:G). 

Description: Sexual morph: Undetermined. Asexual morph: 
Conidiomata forming on pine needles or PDA, globose to 
clavate, scattered or gregarious, exuding black conidial 
masses. Conidiophores indistinct, often reduced to 
conidiogenous cells. Conidiogenous cells discrete, cylindrical 
or subcylindrical, ampulliform, flask shaped, hyaline, thin-
walled, 5.1–18 × 2.1–4.9 μm (av. 10.5 ± 3.69 × 3.1 ± 0.81 
μm). Conidia fusoid, straight to slightly curved, 4-septate and 
usually constricted, 21.8–27.9 × 5.4–7.0 μm (av. 25 ± 1.45 × 
6.3 ± 0.41 μm); basal cell conic with a truncate base, hyaline, 
and thin-walled, 4.0–6.4 μm long (av. 5.1 ± 0.69 μm); three 
median cells doliiform, 14.3–18.4 μm long (av. 15.9 ± 1.08 
μm), concolourous, olivaceous to greenish olivaceous with 
dark septa dividing the cells; apical cell 3.4–6.0 μm long (av. 
4.6 ± 0.58 μm), hyaline, subcylindrical with truncate base, 
thin-walled; with 2–3 tubular apical appendages, arising 
from the apical or subapical crest, unbranched, filiform, 
flexuous, 12.4–25.6 μm long (av. 16.4 ± 3.88 μm); basal 
appendage single, tubular, unbranched 4.4–9.8 μm long (av. 
6.4 ± 1.23 μm) (Fig. 2; Table 4).

Fig. 2. Pestalotiopsis maineana (ex-holotype culture CBS 153151). A–D. Upper and reverse PDA (A, B) and SNA (C, D) cultures after 7 d of 
growth. E. Conidiomata on SNA. F. Conidiomata on PDA. G–J. Conidiogenous cells and conidia. K–N. Conidia. Scale bars: E = 1 mm; F = 500 
μm; G–N = 10 μm.
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Culture characteristics: Colonies on PDA flat, entire at the 
edge, white with flocculent arial mycelia, underside pale 
luteous in the centre transitioning to white along the margin; 
after 7 d at 25 °C colonies reach a diameter of 73–80 mm on 
PDA and 61 mm on SNA. Colonies on SNA flat and colourless 
(Fig. 2). 

Typus: USA, Maine, Hancock County, on Picea glauca 
(Pinaceae), 20 Nov. 2023, A. Bergdahl (holotype BPI 977274, 
culture ex-type CBS 153151; GenBank accession numbers 
PQ568305, PQ573018, PQ573023).

Notes: Pestalotiopsis maineana shares close affinity to 
Pestalotiopsis fusiformis, P. brachiata, and P. hispanica; 
however, P. maineana differs from P. fusiformis and P. 
brachiata based on the number of basal appendages 
(1 vs 1–2 vs 1–4, respectively) and is somewhat similar 
to P. hispanica in basal appendage number (1 vs 0–1, 
respectively). Pestalotiopsis fusiformis has up to five apical 
appendages while P. maineana has up to three. Pestalotiopsis 
mainenana differs from P. hispanica based on the length of 
the basal appendage (4.4–9.8 μm vs 1.4–4.5 μm), the apical 

appendage number (2–3 vs 2–4) and length (12.4–25.6 μm 
vs 2–14 μm), and the width of conidia (5.4–7.0 μm vs 6–9.5 
μm) (Table 4). 

Pestalotiopsis neohantoniensis S.T. Miller & C. Salgado, sp. 
nov. MB 857039. Fig. 3.

Etymology: Named after the location where the fungus was 
collected, New Hampshire, United States of America.

Diagnosis: Pestalotiopsis neohantoniensis can be diagnosed 
from the closely related species P. daliensis, P. hainanensis, 
P. machiliana, P. chamaeropis by nucleotide characters in the 
TEF locus (Table 3). Pestalotiopsis neohantoniensis can be 
distinguished from P. daliensis by positions 11 (G:A), 16 (T:-), 
31 (T:C), 33 (C:T), 40–42 (- - -: TCA), 96 (C:T), 205 (T:C), 224 
(A:T), 418 (-:C), 478 (T:G). From P. hainanensis by positions 16 
(T:C), 40–42 (- - -: TCA), 96 (C:T), 154 (T:A), 205 (T:C), 224 (A:T), 
411 (C:T), 418 (-:C). From P. machiliana by positions 16 (T:C), 
40–42 (- - -: TCA), 96 (C:T), 154 (T:A), 205 (T:C), 224 (A:T), 262 
(A:T). From P. chamaeropis by positions 40–42 (- - -:TCA), 96 
(C:T), 154 (T:A), 205 (T:C), 224 (A:T), 411 (C:T), 418 (-:C).

Fig. 3. Pestalotiopsis neohantoniensis (ex-holotype culture CBS 153149). A–D. Upper and reverse PDA (A, B) and SNA (C, D) cultures after 7 d 
of growth. E, F. Conidiomata on pine needle. G–J. Conidiogenous cells and conidia. K–N. Conidia. Scale bars: E = 200 μm; F = 100 μm; G–N = 
10 μm.
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Description: Sexual morph: Undetermined. Asexual morph: 
Conidiomata forming on pine needles, globose to clavate, 
scattered or gregarious, covered by aerial mycelia, exuding 
dark black conidial masses. Conidiophores indistinct, often 
reduced to conidiogenous cells. Conidiogenous cells discrete, 
cylindrical or subcylindrical, ampulliform, hyaline, 6.2–20 × 
1.9–5.8 μm (av. 12.9 ± 3.470 × 3.71 ± 1.2 μm). Conidia fusoid, 
ellipsoid, usually straight but sometimes curved, 4-septate, 
usually constricted at septa, 19.2–25.5 × 5.1–7.6 μm (av. 22.2 
± 1.43 × 6.6 ± 0.54 μm); basal cell conic with a truncate base, 
hyaline, and thin-walled, 3.1–6.6 μm long (av. 4.2 ± 0.64 μm); 
three median cells doliiform, 12–15.9 μm long (av. 14.1 ± 0.91 
μm), concolourous, olivaceous to olivaceous buff with dark 
septa dividing the cells; apical cell 3.3–6.0 μm long (av. 4.6 
± 0.62 μm) hyaline, subcylindrical with truncate base, thin-
walled; with 1–4 (usually 1–3) tubular apical appendages, 
arising from the apical or subapical crest, unbranched 
(occasionally branched), filiform, flexuous, 10.9–26 μm long 
(av. 17.9 ± 3.9 μm); basal appendage 1–2 (usually 1), tubular, 
centric, unbranched (occasionally branched), 3.8–13.2 μm 
long (av. 7.4 ± 2.4 μm) (Fig. 3; Table 4).

Culture characteristics: Colonies on PDA are flat with round 
edges; white with flocculent aerial mycelia, underside 
luteous to amber with a pure yellow margin on day 7, and 
after 14 d the centre darkens while the outer mycelia remain 
pure yellow with a white margin. Colonies reach a diameter 
of 35 mm after 7 d and 50 mm after 14 d on PDA at 25 °C; on 
SNA colonies are flat and colourless reaching 32 mm after 7d 
and 55.8 mm after 14 d at 25 °C (Fig. 3).

Typus: USA, New Hampshire, Hillsborough County, on Tsuga 
canadensis (Pinaceae), 12 Dec. 2023, W. Davidson (holotype 
BPI 911275, culture ex-type CBS 153149; GenBank accession 
numbers PQ568303, PQ573016, PQ573021).

Notes: Pestalotiopsis neohantoniensis shares close affinity 
to Pestalotiopsis daliensis, P. hainanensis, P. machiliana, 
and P. chamaeropis; however, P. neohantoniensis is the only 
species that has up to 2 basal appendages (usually 1) and up 
to 4 apical appendages (usually 1–3) when compared to P. 

daliensis, P. hainanensis, P. machiliana and P. chamaeropis 
(Table 4). Pestalotiopsis neohantoniensis exhibited two basal 
appendages in 7.5 % of observed spores (n = 40) (Fig. 3M). 
Pestalotiopsis neohantoniensis differs from P. daliensis and P. 
hainanensis based on the length of the basal appendage (3.8–
13.2 μm vs 10–16 μm vs absent, respectively). Pestalotiopsis 
neohantoniensis has wider conidia cells when compared to P. 
daliensis (5.1–7.6 μm vs 4–5 μm). Further, P. neohantoniensis 
has longer apical appendages when compared to P. 
hainanensis (10.9–26 μm vs 1–10 μm) (Table 4). 

DISCUSSION

Historically, species of Pestalotiopsis were often named 
based on the host from which they were isolated; however, 
host association is unreliable for delimiting species of 
Pestalotiopsis when compared to DNA sequence-based 
analyses and morphological characterization (Jeewon et 
al. 2004, Crous et al. 2012, Maharachchikumbura et al. 
2012). When analysing the ITS, TUB, and TEF sequence 
data individually, TEF was the most effective for species 
delimitation within our analysis while ITS and TUB did not 
resolve all the known taxonomic relationships of species. 
Maharachchikumbura et al. (2012) reported TEF and TUB 
to be the most favourable markers when comparing 10 
loci, including ACT, TUB, CAL, GPDH, GS, ITS, LSU, RPB1, 
SSU and TEF. The concatenated phylogenetic analysis 
indicates that our five isolates belong to two well supported 
subclades within Pestalotiopsis. Considering morphological 
characteristics, we found the appendages of the conidia to 
be helpful for discerning between closely related species, 
as has been reported in previous studies (Crous et al. 2012, 
Maharachchikumbura et al. 2012).

When comparing Pestalotiopsis species which have 
historically been reported on spruce or hemlock trees, the 
two new species described herein differ morphologically 
and on DNA sequence data (where available). Pestalotiopsis 
stevensonii, P. gravesii, and P. heterocornis have all been 
reported from either Norway spruce (Picea abies), red 
spruce (Picea rubens), or dragon spruce (Picea asperata) 

Table 3. TEF species-specific base pair substitutions between Pestalotiopsis neohantoniensis sp. nov. and closely related species. 

Nucleotide position

Species 11 16 31 33 40 41 42 96 154 205 224 262 411 418 478

P. neohantoniensis 
(CBS153149)

G T T C — — — C T T A A C — T

P. neohantoniensis 
(CBS153152)

G T T C — — — C T T A A C — T

P. neohantoniensis 
(CBS153153)

G T T C — — — C T T A A C — T

P. daliensisa A — C T T C A T T C T A C C G

P. hainanensis 
(PSHI2004Endo166) 

G C T C T C A T A C T A T C T

P. machiliana 
(HJAUPC1790.221)

G C T C T C A T A C T T N/A N/A N/A

P. chamaeropis 
(CBS186.71) 

G C T C T C A T A C T A T C T

a CGMCC3.23548 = KUNCC22-12403
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while P. linearis was described from Tsuga sp. (Nag Raj 
1993, Kobayashi 2007, Ge et al. 2009, Chandelier et al. 
2010, Maharachikumbura et al. 2012). There is no sequence 
data available for P. stevensonii and P. gravesii; however, 
morphological differences are prominent. In fact, P. 
stevensonii likely does not belong to the Pestalotiopsis genus. 
As discussed by Maharachchikumbura et al. (2014), Nag Raj 
(1993) grouped P. stevensonii within Pestalotiopsis due to his 
broad concept of the genus which included 3-septate, and 
2-central celled conidial forms; therefore, P. stevensonii likely 
belongs in the genus Truncatella (Adrianova & Minter 2012). 
Pestalotiopsis gravesii has been documented as having 3–4 
apical appendages with one located at the apical cell apex 
and the other 2–3 appendages located on the basal part 
of the apical cell pointing horizontally/backwards towards 
the basal cell (Kobayashi 1974). Comparatively, both P. 
maineana and P. neohantoniensis have apical appendages 
which arise from the apical or subapical crest and not on 
the lower portion of the apical cell. Furthermore, the apical 
appendages for P. maineana and P. neohantoniensis do not 
point towards the basal cell. Sequence data is available 
for P. heterocornis and P. linearis and based on the multi-
gene phylogeny, both belong to subclades separate from P. 
maineana and P. neohantoniensis within Pestalotiopsis. 

The host specificity of P. maineana and P. neohantoniensis 
is unclear. If they are specific to conifers or if they occur on 
other hosts is not yet known. To our knowledge, P. maineana 
is the first species to be found associated with white spruce 
(Picea glauca) while P. neohantoniensis is the first species 
of Pestalotiopsis found associated with Serbian spruce 
(Picea omorika) and eastern hemlock (Tsuga canadensis). 
As discussed by Razaghi et al. (2024), it is common for very 
closely related species of Pestalotiopsis to differ in host 
specificity; one species may have a broad host range while 
a close relative can remain specialized. The species closely 
related to P. maineana include P. fusiformis, P. brachiata, and 
P. hispanica. Pestalotiopsis fusiformis and P. brachiata have 
only been reported on one host thus far, Rhododendron sp. 
and Camellia sp., respectively, whereas P. hispanica has been 
reported on Protea sp., Dianthus caryophyllus, Peristrophe 
japonica, and Cryptomeria japonica (Liu et al. 2017, Liu et 
al. 2019, Fan 2023, Sun 2023, Hsu et al. 2024, Razaghi et 
al. 2024). Comparatively, of the species closely related to P. 
neohantoniensis, two (P. daliensis and P. hainanensis) have 
only been reported on one host, Rhododendron decorum 
and Podocarpus macrophyllus var. maki, respectively (Liu et 
al. 2007, Gu et al. 2022). The other closely related species, 
P. chamaeropis, has been reported on over eight hosts 
including Chamaerops humilis, Camellia sinensis, Eurya 
nitida, Prostanthera rotundifolia, Vaccinium corymbosum, 
Vandopsis gigantea, Dianthus caryophyllus, and Vitis vinifera 
(Maharachchikumbura et al. 2014, Moslemi & Taylor 2015, 
Ran et al. 2017, Jayawardena et al. 2018, Chen et al. 2021, 
Qiu et al. 2022, Santos et al. 2022, Hsu et al. 2024). It is 
important to note that the plant samples collected in this 
study, from which the two new species were isolated, were 
collected from conifers with Rosellinia needle blight, which 
may have biased these results. It is uncertain if P. maineana 
and P. neohantoniensis are generalists or specialists; however, 
previous studies have reported that species of Pestalotiopsis 
are usually not specific to one host plant (Liu et al. 2007).
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Pestalotiopsis maineana and P. neohantoniensis were 
asymptomatic when discovered and if they are endophytes 
or if they cause disease is not known. They may be pathogenic 
depending on physiological and environmental triggers like 
P. microspora who Lee et al. (1995) reported as being able 
to switch between endophytic and pathogenic lifestyles 
(Maharachchikumbura et al. 2011). Inoculation assays in 
future studies are needed to help clarify if they pose a threat 
to conifer species. Furthermore, surveys investigating the 
microfungi of different tree species within temperate forests 
of the US would help explain host specificity, distribution, and 
disease severity/ incidence (if any) of the newly described 
species. 
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