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Abstract  A new species of the yeast genus Blas-
tobotrys was discovered on ancient ship timbers in 
the Netherlands. The species had developed on the 
wood of a river barge dating to the Roman period. 
The growth occurred after the preservative polyethyl-
ene glycol (PEG 4000) was washed out of some of 
the timbers due to an undetected leak in the storage 
unit. Mycological analysis of various timber sam-
ples revealed the presence of Microascus melano-
sporus (predominant), Microascus paisii, a member 
of the Acremonium chrysogenum-clade, and a new 

Blastrobotrys species. The new species produced 
sporothrix-like conidiophores with clavate blastoco-
nidia (3–7 × 1–3.5 μm) and were found to be osmotol-
erant, capable of growth on low water activity media 
like malt yeast 50% glucose agar (MY50G). In this 
article we formally describe and introduce Blastro-
botrys nigripullensis (CBS 17879 T) based on its mor-
phology, physiology and phylogenetic placement.

Keywords  Yeasts phylogeny · Buried river barge · 
Oak wood preservation · Polyethylene glycol · 
Trichomonascaceae · Trichomonascus
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Introduction

In the early 1970s, three large wooden river barges 
and three smaller Roman-era vessels were discovered 
during construction work in the village of Zwammer-
dam in the Netherlands. At the time, the care facility 
‘Ipse de Bruggen’ was being built in Zwammerdam 
on the Hooge Burch estate and by chance the work-
ers came across the Zwammerdam vessels. The ves-
sels were all made of oak and the river barges were 

exceptionally large, ranging from 20 to 34 m in length 
(De Weerd 1988).

In the years leading up to the discovery, the Uni-
versity of Amsterdam conducted archaeological 
research in the area and investigated a Roman fort 
that was marked on a Roman road map as the military 
point Nigrum Pullum (De Weerd 1988). This fort was 
part of the Roman Limes, a border where a series of 
forts along the river Rhine formed a defensive line in 
the Lower Germanic region (Fig.  1A). This defence 

Fig. 1   A The Roman Limes 
with the fort of Nigrum 
Pullum situated in today’s 
Zwammerdam, the Nether-
lands (drawing by T. Hazen-
berg). B The position of the 
vessels of Zwammerdam, 
the Netherlands, in front of 
the fort of Nigrum Pullum. 
C The Zwammerdam 6 
ship during the excavation 
(photo by G. Verkuyl, col-
lection ACASA, University 
of Amsterdam, the Nether-
lands). D Fungal growth of 
Microascus melanosporus 
(dominant) and Acremo-
nium species on wood from 
an L-shaped chine girder. 
E. White patches with Blas-
tobotrys nigripullensis and 
Microascus paisii on wood 
from a portside wale
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line also functioned as a transport corridor, a strictly 
controlled long-distance waterway from the interior 
regions inland towards the coast.

The vessels found near the site of Nigrum Pullum 
were scattered along a section of timber shoring in 
front of the fort, where the Rhine once flowed, and 
were located at various depths (Fig. 1B). They were 
essentially found in the riparian zone of a silted 
up  river bed. To document and salvage the ships, 
construction work had to be halted and, under great 
time pressure, only the ships were properly examined. 
At that time, the relationship to the fort could not be 
further explored (De Weerd 1988). Why the ships 
sank or were scuttled in the vicinity of the fort thus 
remains unknown.

An early form of crowdfunding, supported by for-
mer Queen Juliana of the Netherlands, allowed the 
vessels to be salvaged and conserved to enable future 
display in a museum. The conservation of the wood 
with polyethylene glycol (PEG, 4000 g/mol), a water-
soluble waxy solid, was carried out in batches starting 
in 1976 and took an average of two years per load of 
timbers. When heated, high-molecular weight PEG 
can penetrate wood tissues and replace water mole-
cules. The PEG also bulks the deteriorated wood cells 
and thus reinforces the structure of the wood, improv-
ing dimensional stability. After PEG treatment, the 
wood was stored stacked in shipping containers. 
Decades later in 2017, a project started, organized by 
Hazenberg Archeologie and Museumpark Archeon 
in the Netherlands, that enabled the restoration of the 
vessels.

Unfortunately, an undetected leak in one of the 
shipping containers with remains of the sixth ship of 
Zwammerdam (Fig. 1C) had resulted in the preserva-
tive being washed out of some of the timbers. These 
timbers had started to dry out, crack and warp in 
some areas and had developed visible fungal growth 
(Fig. 1D, E). To seek advice for the removal of this 
growth, the project staff contacted the Westerdijk 
Fungal Biodiversity Institute (WI) in Utrecht and 
send in some samples to investigate further.

During the study of the fungal diversity present, 
a putative new Blastobotrys species was isolated. In 
the dual nomenclature era, Blastobotrys was con-
sidered the asexual genus (or anamorph) associated 
with the sexual genus (or teleomorph) Trichomonas-
cus. This relationship was confirmed by Smith et al. 
(2011a, b). Following the abandonment of dual 

nomenclature for fungi (Hawksworth et  al. 2011; 
McNeill et  al. 2012), a decision on what generic 
name to apply to the Blastobotrys/Trichomonascus 
lineage remains to be made. This was discussed in 
a recent revision published for the lineage by Vis-
agie et al. (2023) in which B. davinci was described, 
a species that has been detected from house dust 
and other historically important artifacts including 
the self‐portrait of Leonardo da Vinci which dates 
from ca 1512. The goal of the current study is to 
report on the fungi isolated from Zwammerdam ves-
sel wood samples, to compare the putative new spe-
cies with known Blastobotrys and Trichomonascus 
species and to formally introduce B. nigripullensis 
sp. nov. For this, we provide a phylogenetic analy-
sis based on the internal transcribed spacer (ITS1-
5.8S-ITS2) rDNA region (ITS) and D1/D2 region 
of the large subunit (LSU), and describe the new 
species based on morphological and physiological 
characters.

Materials and methods

Sampling and isolations

A large oak knee detached from a floor timber with 
fungal growth as well as small pieces of a few cen-
timetres of oak from hull planks with small white 
patches of suspected fungal growth on the surface 
were sent from Archeon (Alphen aan den Rijn, the 
Netherlands) to the Westerdijk Fungal Biodiversity 
Institute (WI, Utrecht, the Netherlands). Here, the 
suspected fungal material was plated directly on 
dichloran 18% glycerol agar (DG18), malt yeast 
50% glucose agar (MY50G) and malt extract agar 
(MEA, Oxoid) supplemented with the antibiot-
ics penicillin (6600 U per plate) and streptomycin 
(20,000 U per plate) to inhibit bacterial growth. The 
plates were incubated for 10–14 days at 25 °C in the 
dark. After incubation, colonies were transferred to 
fresh agar media. The strains were preserved in 30% 
glycerol, stored at − 80  °C and accessioned in the 
working culture collection of the Food and Indoor 
Mycology research group (DTO) housed at WI. 
Some of these strains were also preserved in the 
CBS culture collection and fungarium of WI.
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DNA extraction, sequencing and phylogenetic 
analysis

DNA was extracted from 7 d old colonies grown on 
MEA using the UltracleanTM Microbial DNA iso-
lation Kit (MoBio Laboratories Inc., Solana Beach, 
USA). The ITS was amplified for all strains using the 
primer pair V9G and LS266 and used to make initial 
identifications to genus level. For species level identi-
fications, additional regions were amplified as needed. 
These included LSU, translation elongation factor 1-α 
(TEF) and beta-tubulin (BenA) using primer pairs 
LR5 and LROR, EF1 and EF2 and Bt2a and Bt2b, 
respectively. All PCR amplifications were made fol-
lowing Samson et  al. (2019). Amplification profiles 
were as follow: initial denaturing 94 °C for 5 min, 36 
cycles of 94  °C for 45  s, 55  °C for 45  s, 72  °C for 
1  min, followed by a final elongation step of 72  °C 
for 10 min. Sequencing reactions were prepared using 
the BigDye Terminator Cycle Premix Kit (Applied 
Biosystems, Waltham, USA) and were run on an ABI 
PRISM 3730xl genetic analyser with the same primer 
pairs used for PCR amplification. Sequence contigs 
were assembled in SeqMan Pro v.15.0.0 (DNASTAR) 
and newly generated sequences deposited in GenBank 
(https://​www.​ncbi.​nlm.​nih.​gov/​genba​nk/) (accessions 
OQ876811–OQ876820, OQ876860, OQ876861 
and OQ918213). Initial identifications were made 
by performing similarity searches using BLAST 
against the nucleotide sequence database. To compare 
the putative new Blastobotrys strains with known 
Blastobotrys/Trichomonascus species, the same DNA 
sequence reference dataset (Table  1) and phyloge-
netic approaches published by Visagie et  al. (2023) 
were used. Alignments and treefiles were uploaded to 
the University of Pretoria’s research data repository 
hosted on Figshare (https://​doi.​org/https://​doi.​org/​10.​
25403/​UPres​earch​data.​23815​032).

Morphological and physiological characterization of 
the yeast isolates

Two strains (CBS 17879 and CBS 17880) were mor-
phologically and physiologically characterised as 
described by Visagie et al. (2023) using MEA, yeast 
morphology agar (YMA), potato dextrose agar (PDA) 
and glucose yeast peptone agar (GYPA), 5% glucose 
in yeast nitrogen broth and Dalmau plates on yeast 
morphology agar. The physiological growth profile 

of the strains was assessed using methods commonly 
used in yeast taxonomy (Kurtzman et al. 2011).

Results

Isolations and identifications

Three wood samples with visible fungal growth were 
studied and isolations made from these resulted in 
five strains representing four species. Light brown to 
beige fungal spots were present on the wood from an 
L-shaped chine girder sample (a combined bottom/
side timber in the hull of a Roman river barge) on 
port side (timber code ZW6-K2 bb), and isolations 
revealed the presence of Microascus melanosporus 
(DTO 457-E5: ITS = OQ876812, LSU = OQ876817, 
BenA = OQ876861) and a member of the Acremonium 
chrysogenum-clade (DTO 457-E6: ITS = OQ876813, 
LSU = OQ876818). The other two samples (knee of 
a floor timber [timber code ZW6-S18] and part of a 
wale on port side [timber code ZW6-BE2 bb]) showed 
white spots (Fig. 1E) and direct microscopic analysis 
of these spots showed (pseudo)hyphae and yeast cells. 
Initial isolations only showed growth of yeast-like 
colonies on the MY50G plates; however, subculturing 
on MEA/PS and DG18 showed that these colonies 
could also grow on these media. A Blastobotrys spe-
cies (CBS17879 = DTO 457-E3: ITS = OQ876814, 
LSU = OQ876819; CBS17880 = DTO 455-G9: 
ITS = OQ876815, LSU = OQ876820) was grow-
ing on the two investigated wood samples, and the 
new species B. nigripullensis is introduced below. 
Besides B. nigripullensis, also Microascus paisii 
(DTO 457-E4: ITS = OQ876811, LSU = OQ876816, 
BenA = OQ876860, TEF = OQ918213) was isolated 
from wood sample ZW6-BE2 bb, but no structures of 
this species were observed during the direct examina-
tion of the material.

Microascus species are both widespread and pre-
fer substrates with cellulose, the Acremonium species 
occurs in soils and on decaying plant matter (Barron 
et  al. 1961, Domsch et  al. 1993; Hou et  al. 2023). 
Considering the context of archaeological wood taken 
from the ground and then decomposed in parts, the 
occurrences of these species fit the picture. The sur-
faces of samples ZW6-K2 bb and ZW6-BE2 bb were 
steam cleaned and seven months later no regrowth 
was evident. However, the knee of the  floor timber 
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(ZW6-S18) was steam cleaned twice after Blastro-
botrys reappeared after the first cleaning attempt, but 
seven months later the fungus again formed visible 
growth on the wood surface. Next, a treatment with 
70% alcohol is planned in the hope that this will be 
sufficient in the long term.

Species delineation and phylogenetic placement of B. 
nigripullensis sp. nov

Phylogenetic analyses based on ITS and LSU 
included all species currently accepted in 
Blastobotrys/Trichomonascus (Visagie et  al. 2023). 

The ITS and LSU alignments were 669 and 576  bp 
long, respectively, with TVM + I + G being the 
best model for the ITS partition and GTR + G the 
best for the LSU partition. Blastobotrys nigripul-
lensis resolved on a fully supported branch distinct 
of all other species (Fig.  2). The tree had a general 
lack of backbone support, and its closest relative(s) 
could not be determined as a result. Two DNA reads 
in Genbank, namely clones CMH114 (KF800205) 
and S23T-59 (KU164259), represent the same spe-
cies. KF800205 originates from house dust and/or 
indoor air collected from Kansas City (USA) (Rit-
tenour et  al. 2014), and KU164259 originate from 

Fig. 2   Combined phylogenetic tree of described Blastobotrys 
and Trichomonascus species based on ITS and LSU, indicat-
ing the phylogenetic placement of Blastobotrys nigropullensis. 
The tree is rooted to Wickerhamiella domercqiae CBS 3451 T. 
Posterior probabilities (≥ 0.95) and Bootstrap support values 

(≥ 80%) are given above branches. The new species is indi-
cated in bold text and grey box, T = ex‐type strain, c = sequence 
from cloned DNA fragment, and GenBank accession numbers 
are shown in a smaller font (ITS = green; LSU = blue)
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sea water collected from an unknown locality. Simi-
larities between B. nigripullensis (CBS 17879 T) and 
other species were low with LSU that differed by 42nt 
or more (based on alignment from 5’-ATT​GCC​CTA​
GTA​ACG​GCG​AGCG-3’) and ITS by 130nt or more 
(based on alignment from 5’-AAG​GAT​CAT​TAC​
CGAA-3’) nucleotide substitutions, thus warranting 
recognition as a distinct species.

The new species lacks the typical morphology of 
most Blastobotrys as it did not form the branched 

conidiophores ending in conidiogenous cells produc-
ing blastoconidia as seen in e.g., B. davincii and other 
Blastobotrys (and those formerly classified in Tricho-
monascus) species (Smith et  al. 2011a, b, Visagie 
et al. 2023). It does, however, resemble conidiophores 
produced by most Sporothrix species (Fig.  3). The 
nutritional growth requirements of strains CBS 17879 
and CBS 17880 are presented in Table 2 and can be 
summarized as follows: the strains ferment glucose, 
but no other sugars tested; they utilize many of the 

Fig. 3   Blastobotrys nigrip-
ullensis (CBS 17879 T). A 
Colonies on, from left to 
right, YMA and GYPA. 
Colony close‐ups on MYA 
B, PDA C, MEA D and 
YMA E. F–O. Conidi-
ophores and conidia from 
YMA observed under light 
microscope. Scale bars 
10 µm
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Table 2   Growth characteristics of two isolates of Blastobotrys nigripullensis 

CBS 17879 CBS 17880 CBS 17879 CBS 17880

Growth on carbon compounds Fermentation
D-Glucose  +   + ̀ D-Glucose d d
D-Galactose  +   +  Galactose – –
L-Sorbose  +   +  Maltose – –
D-Glucosamine  +   +  Sucrose – –
D-Ribose  +   +  Trehalose – –
D-Xylose  +   +  Lactose – –
L-Arabinose  +   +  Raffinose –
D-Arabinose w,d w Xylose – –
L-Rhamnose –,w,d w,d
Sucrose  +   +  Growth on nitrogen compounds
Maltose – – Nitrate – –
α, α Trehalose  +   +  Nitrite – v [inhibition zone]
Methyl α-glucoside – – Ethylamine  +   + 
Cellobiose  +   +  L-Lysine  +   + 
Salicin  +   +  Cadaverine  +   + 
Arbutin  +   +  Creatine – –
Melibiose –,w – Creatinine – –
Lactose  +   +  Glucosamine – –
Raffinose – – Imidazole – –
Melezitose – – Proline – –
Inuline w w Tryptophane – –
Soluble starch – w
Glycerol  +   +  Growth without vitamins: not done
meso Erythritol  +   + 
Ribitol  +   +  Other tests
Xylitol – – Growth with 0,01% cycloheximide  +   + 
L-Arabinitol w w Growth with 0,1% cycloheximide  +   + 
D-Glucitol  + ,d  +  Growth on 50% glucose  +   + 
D-Mannitol  +   +  Growth on 60% glucose – –
Galactitol  +   +  Starch production – –
myo-Inositol  +   +  Urea test – –
Glucono d-lactone – – DBB reaction – –
2-Keto-D-gluconate – w MYA 30% glucose  +   + ̀
D-Gluconate – – MYA 50% glucose  +   + 
D-Glucuronate d d MEA 20% sucrose  +   + 
D-Galacturonate – – MEA 40% sucrose  +   + 
DL-Lactate – – MEA 12,5% NaCl  +   + 
Succinate – – CMA 18% NaCl  +   + 
Citrate – – CMA 36% NaCl  +   + 
Methanol – w
Ethanol d d,w Growth at various temperatures
Propane 1,2 diol d,w d,w 4 °C – –
Butane 2,3 diol w,- d 10 °C w w
Quinic acid – – 18 °C  +   + 
Saccharate – – 30 °C  +   + 
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tested carbon sources, but no maltose, and do not 
utilize nitrate and nitrite; the species is mesophilic 
and able to grow from 18 to 30 °C, but not at 35 °C; 
no growth in 0.1% cycloheximide, no production of 
starch or starch-like compounds; growth in substrates 
with elevated sugar (50%) and NaCl (36%) concentra-
tions. Salient growth characteristics of the new spe-
cies, and species that belong to the two most closely 
related clades are given in Supplemental Table 1. Like 
B. baotianmenensis the species does not utilize malt-
ose, but can be separated from this species by growth 
on L-sorbose, D-xylose, L-arabinose, D-ribose, etha-
nol, galactitol, mannitol, glucitol, and myo-inositol.

Here we adopt a phylogenetic species concept to 
delineate our new species and formally describe it 
below as B. nigripullensis.

Taxonomy

Blastobotrys nigripullensis Boekhout, M. Groe-
new., Meijer, and Visagie, sp. nov.—MycoBank MB 
847655; Fig. 3.

Etymology: Latin, nigripullensis, after Nigrum 
Pullum, the Roman fort located at Zwammerdam, 
province Zuid-Holland, the Netherlands, along the 
Rhine River [now Old Rhine River].

Type specimen: The Netherlands, Zwammerdam, 
isolated from wood of Roman shipwreck, 15 Sep-
tember 2021, collected by Y. Vorst, (holotype CBS 
H-25194 (preserved in a metabolically inactive state 
in the fungarium), culture ex-type CBS 17879 = DTO 
457-E3).

DNA barcodes: ITS = OQ876815, 
LSU = OQ876820.

UNITE species hypothesis: https://​unite.​ut.​ee/​bl_​
forw_​sh.​php?​sh_​name=​SH227​9294.​08FU.

Description: Sporothrix-like. After two weeks at 
25  °C in 5% glucose in yeast nitrogen broth, white 
floating flocks and white sediment occur with short 
hyphal cells, 6–16 × 2.5–3.5  μm, with sympodial 
and lateral budding. After two weeks at 25  °C on 
yeast morphology agar, colonies ca. 7 mm wide, flat, 

dry, and tough, dull white to cream, under lens sur-
face venose, with entire margin. Hyphae branched, 
hyaline, 1.5–3 μm wide, with lateral, clavate blasto-
conida, 3–7 × 1–3.5 μm, on short to longer denticles 
forming a sympodial rachis of blastoconidia; thicker, 
inflated regions, 7–130 × 7–20  μm, may be present 
with finger-like outgrowths. Dalmau plate on yeast 
morphology agar with short adhering filaments. Simi-
lar growth on GYPA, YMA, PDA and MEA. Fermen-
tation, assimilation, results from other growth and 
biochemical tests, and growth at different tempera-
tures are listed in Table 2.

Additional strains examined: The Netherlands, 
Zwammerdam, isolated from wood of Roman ship-
wreck, 15 September 2021, collected by Y. Vorst, 
CBS 17880 = DTO 455-G9.

Discussion

The morphology of B. nigripullensis resembles that 
of the genus Sporothrix, more than that of Blastobot-
rys/Trichomonascus (Smith et  al. 2011a, b, Visagie 
et al. 2023) as the typical inflated conidiogenous cells 
of the latter are absent. The molecular phylogeny, 
however, clearly shows that B. nigripullensis belongs 
to the core clade of Blastobotrys/Trichomonascus that 
include the generic type species, Blastobotrys nivea.

Blastobotrys species are common and previously 
found on straw, rotting/dead wood, mushrooms, on 
nuts and black pepper; in soil compost, the indoor 
environment (dust and air), the Antarctic Ocean and 
open waters. Species of the genus are usually osmo-
tolerant, xerotolerant and thermotolerant, and some 
are applied in biotechnology (Visagie et  al. 2023). 
Blastrobotrys nigripullensis was isolated from wood 
of a Roman shipwreck that was preserved in alluvial 
clay deposits near the former Roman fort of Nigrum 
Pullum, located in the present-day village of Zwam-
merdam, province Zuid-Holland, the Netherlands. 
The oak of the shipwreck was preserved with PEG 
4000, but in this case, due to an undetected leak, the  
preservative washed out and, consequently, the wood 

Abbreviations and symbols: + , growth; − , no growth; d, delayed growth; w, weak growth

Table 2   (continued)

CBS 17879 CBS 17880 CBS 17879 CBS 17880

Galactonic acid – – 35 °C – –
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slowly dried. This resulted in some visual growth of 
fungi that may be tolerant to high PEG concentra-
tions. Two DNA clones that originated from house 
dust in the USA and seawater, had the same ITS 
sequences and might indicate the presence of B. 
nigripullensis in those samples as well. It indicates a 
rather broad ecological and, likely, also a broad geo-
graphical preference. The new Blastobotrys species 
was isolated together with Microascus melanosporus 
(predominant), Microascus paisii and a member of 
the Acremonium chrysogenum-clade. Both Microas-
cus species are widespread and prefer substrates with 
cellulose, while Acremonium species occurs in soils 
and on decaying plant matter (Samson et  al. 2019). 
It will therefore be interesting to investigate further 
whether the novel species is also able to assimilate 
substrates such as cellulose. Preliminary experiments 
did not observe growth of B. nigripullensis strains on 
agar media with lignin and ferulic acid (R.P. de Vries, 
unpubl. observations).

Blastobotrys davincii was recently described from 
house dust collected in Canada and has previously 
been detected in environmental DNA from several 
historically important artifacts, including a mummy 
(Palermo, Italy), Leonardo da Vinci’s self-portrait 
and cave paintings (Maijishan Grottoes, China) (Vis-
agie et al. 2023). Together with B. nigripullensis iso-
lated from a Roman shipwreck, albeit treated with 
PEG, it seems that Blastobotrys can occur on histori-
cal artefacts and may be more common than previ-
ously thought when dealing with such substrates. The 
discovery of B. nigripullensis raised the question of 
whether the yeast was already present when the wood 
was processed and is therefore a species from Roman 
times or whether it arrived via infiltration of ground-
water into the archaeological site or after excavation, 
entering the conservation process. Since it is a spe-
cies of a genus with representatives that has also been 
found on other historical and ancient objects, might 
a contemporary origin not be as likely as later con-
tamination? Could B. nigripullensis have flourished 
again under the right circumstances, in this case 
pieces of PEG-washed out degrading wood? More 
research is needed to answer this question. The ini-
tial isolation of B. nigripullensis from the wooden 
remains was done on MY50G, an agar medium con-
taining 50% glucose, which is only used to isolate 
extremely xerophilic fungi. However, this medium 
is not routinely used by most laboratories dealing 

with fungi on archaeological remains. Extreme xero-
philes, such as Aspergillus halophilicus that grows 
on climate-controlled stored heritage artefacts, can 
only be detected and grown on media with low water 
activity (e.g. MY50G) (Bastholm et al. 2022), while 
B. nigripullensis can also grow on media with higher 
water activity. The species was able to grow on agar 
media with up to 36% NaCl, indicating salt tolerance. 
Further investigations are needed to understand why 
this yeast grew on PEG-contaminated remains of 
a Roman shipwreck.

Acknowledgements  The authors want to thank Ronald de 
Vries (Westerdijk Fungal Biodiversity Institute, Utrecht) for 
performing some preliminary growth tests using media with 
lignin and ferulic acid.

Author contributions  All authors collected and/or generated 
data for this project, and also reviewed the manuscript.

Funding  The restoration project in Museumpark Archeon is 
made possible through the efforts of many dedicated volunteers 
and by financial support of the Province of South Holland, 
Municipality of Alphen aan den Rijn, Mondriaan Fund, VSB 
Fund, EDBA, Fund Alphen aan den Rijn and the Friends Lot-
tery. Verena Schulze is thanked for assistance with the Latin 
name  and Maarten de Weerd for valuable comments on the 
manuscript. TB wants to acknowledge funding from the Distin-
guished Scientist Fellow Programme of King Saud University, 
Riyadh, Saudi Arabia. CMV wants to acknowledge funding 
from the European Union’s Horizon 2020 research and innova-
tion program (RISE) under the Marie Skłodowska-Curie grant 
agreement No. 101008129, project acronym “Mycobiomics”. 

Declarations 

Conflict of interests  The authors declare no conflict of in-
terests.

References

Barretto DA, Avchar R, Carvalho C, Sampaio JP, Vootla SK, 
Baghela A (2018) Blastobotrys bombycis sp. nov., a 
d-xylose-fermenting yeast isolated from the gut of the 
silkworm larva Bombyx mori. Int J Syst Evol Microbiol 
68:2638–2643. https://​doi.​org/​10.​1099/​ijsem.0.​002890

Barron GL, Cain RF, Gilman JC (1961) The genus Microascus. 
Can J Bot 39:1609–1631. https://​doi.​org/​10.​1139/​b61-​143

Bastholm CJ, Madsen AM, Andersen B, Frisvad JC, Richter J 
(2022) The mysterious mould outbreak—a comprehensive 
fungal colonisation in a climate-controlled museum repos-
itory challenges the environmental guidelines for heritage 
collections. J Cult Herit 55:78–87

Chai CY, Jia RR, Chen CY, Hui FL (2020) Blastobotrys baoti-
anmanensis sp. nov. and Blastobotrys xishuangbannaensis 

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418
419
420
421

422
423

424
425
426
427
428
429
430
431
432
433
434
435
436

437

438
439

440

441
442
443
444
445
446
447
448
449
450
451
452
453
454

https://doi.org/10.1099/ijsem.0.002890
https://doi.org/10.1139/b61-143
general
Inserted Text
species 



    
    

 R
EVISED PROOF

Journal : Medium 10482 Article No : 1898 Pages : 13 MS Code : 1898 Dispatch : 7-1-2024

Antonie van Leeuwenhoek _#####################_	

1 3

Page 13 of 13  _####_

Vol.: (0123456789)

f.a., sp. nov., two novel yeast species associated with 
insects and rotting wood. Int J Syst Evol Microbiol 
70:4217–4223

de Hoog GS, Rantio-Lehtimäki AH, Smith MT (1985) Blas-
tobotrys, Sporothrix and Trichosporiella: generic delimi-
tation, new species, and a Stephanoascus teleomorph. 
Antonie Van Leeuwenhoek 51:79–109

De Weerd MD (1988) Schepen voor Zwammerdam. Bouwwi-
jze en herkomst van enkele vaartuigen in West- en Mid-
deneuropa uit de Romeinse tijd en de Middeleeuwen in 
archeologisch perspectief. University of Amsterdam, 
Amsterdam

Domsch KH, Gams W, Anderson T-H (1993) Compendium of 
soil fungi. IHW-Verlag, Braunschweig

Hawksworth DL, Crous PW, Redhead SA, Reynolds DR, Sam-
son RA, Seifert KA, Taylor JW, Wingfield MJ (2011) The 
Amsterdam declaration on fungal nomenclature. IMA 
Fungus 2:105–112

Hou LW, Giraldo A, Groenewald JW, Rämä T, Summerbell 
RC, Huang GZ, Cai L, Crous PW (2023) Redisposition 
of acremonium-like fungi in Hypocreales. Stud Mycol 
105:23–203

Kurtzman CP, Fell JW, Boekhout T, Robert V (2011) Methods 
for isolation, phenotypic characterization and maintenance 
of yeasts. The Yeasts, a Taxonomic Study, vol 2, 5th edn. 
Elsevier, Amsterdam, pp 87–110

McNeill J, Barrie FR, Buck WR, Demoulin V, Greuter W, 
Hawksworth DL, Herendeen PS, Knapp S, Marhold K, 
Prado J, Prudhomme Van Reine WF, Smith GF, Wiersema 
JH, Turland NJ (2012) International Code of Nomen-
clature for algae, fungi and plants (Melbourne Code). 
In: McNeill J (ed) Königstein. Koeltz Scientific Books, 
Königstein

Palma M, Vieira E, Pataco M, Sa-Correia I (2022) Characteri-
zation of a new Blastobotrys navarrensis strain indicates 
that it is not a later synonym of Blastobotrys proliferans. 
Int J Syst Evol Microbiol 72:5388. https://​doi.​org/​10.​
1099/​ijsem.0.​005388

Rittenour WR, Ciaccio CE, Barnes CS, Kashon ML, Lemons 
AR, Beezhold DH, Green BJ (2014) Internal transcribed 
spacer rRNA gene sequencing analysis of fungal diversity 

in Kansas City indoor environments. Environ Sci Process 
Impacts 16(3):3–43. https://​doi.​org/​10.​1039/​c3em0​0441d

Samson RA, Houbraken J, Thrane U, Frisvad JC, Andersen 
B (eds) (2019) Food and indoor fungi. Westerdijk Labo-
ratory Manual series. Westerdijk Institute, Utrecht, pp 
1–390

Sesma B, Ramirez C (1978) A new species of Blastobotrys: 
Blastobotrys navarrensis sp. nov. (Hyphomycetes). Myco-
pathologia 63:41–45

Smith MTH, De Hoog GS, Malloch D, Kurtzman CP (2011) 
Trichomonascus H. S. Jackson emend. Kurtzman and 
Robnett (2007). In: Kurtzman CP, Fell JW, Boekhout T 
(eds) The Yeasts, a Taxonomic Study. Elsevier, Amster-
dam, pp 875–881

Smith MTH, De Hoog GS, Statzell-Tallman A, Kurtzman CP 
(2011b) Blastobotrys von Klopotek (1967). In: Kurtzman 
CP, Fell JW, Boekhout T (eds) The Yeasts, a Taxonomic 
Study. Elsevier, Amsterdam, pp 959–977

Sylvester K, Wang QM, James B, Mendez R, Hulfachor AB, 
Hittinger CT (2015) Temperature and host preferences 
drive the diversification of Saccharomyces and other 
yeasts: a survey and the discovery of eight new yeast spe-
cies. FEMS Yeast Res 15:fov002. https://​doi.​org/​10.​1093/​
femsyr/​fov002

Visagie CM, Boekhout T, Theelen B, Dijksterhuis J, Yilmaz N, 
Seifert KA (2023) Da Vinci’s yeast: Blastobotrys davincii 
f.a., sp. nov. Yeast 40:7–31. https://​doi.​org/​10.​1002/​yea.​
3816

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.

455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495

496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523

524
525
526

527
528
529
530
531
532

https://doi.org/10.1099/ijsem.0.005388
https://doi.org/10.1099/ijsem.0.005388
https://doi.org/10.1039/c3em00441d
https://doi.org/10.1093/femsyr/fov002
https://doi.org/10.1093/femsyr/fov002
https://doi.org/10.1002/yea.3816
https://doi.org/10.1002/yea.3816

	Blastobotrys nigripullensis, a new yeast species isolated from a fungal outbreak on an ancient Roman shipwreck in the Netherlands
	Abstract 
	Introduction
	Materials and methods
	Sampling and isolations
	DNA extraction, sequencing and phylogenetic analysis
	Morphological and physiological characterization of the yeast isolates

	Results
	Isolations and identifications
	Species delineation and phylogenetic placement of B. nigripullensis sp. nov

	Taxonomy
	Discussion
	Acknowledgements 
	Anchor 14
	References




