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Abstract: Studies related to the diversity of species of genus Penicillium present in Argentina soils focus on eval-
uating the functionality and importance of fungi in ecosystems, but little attention has been focused on the search
for new species. The Chaco dry forest in Argentina is a semiarid region belonging to the subregion of Neotropical
dry forests, characterized by the presence of the plant of the genus Schinopsis Engl. Penicillium is a genus that
belongs to the phylum Ascomycota, species of this are ubiquitous and present in a wide range of environmental
conditions. The aim of this work is to describe a new species of Penicillium, Penicillium schinopsum sp. nov. This
species separates phylogenetically into a new clade that made identification to the species level feasible and allows
the assignment to a possible new section and series. The strain is a novel species of genus Penicillium ser. and
sect. Schinopsiorum sect. nov., we propose the name Penicillium schinopsum sp. nov. This new proposal could
be part of the subgenus Aspergilloides and it is phylogenetically related to sections Aspergilloides, Sclerotiorum,
Charlesia, and Eremophila. The morphology and growth of the colony support phylogenetic separation. The
main morphological characteristic that it showed was the fast growth rates of the colonies on all culture media
tested except on CYA at 37 2C, the green colour of the colony, the monoverticillate conidiophore with a long stipe,
smooth-walled globose conidia and absence of sclerotia. We considered it necessary to continue advancing in the
characterization to assess its biotechnological potential.

Keywords: Fungi, Taxonomy, Neotropical Dry Forest, Soil.

Resumen: Los estudios relacionados con la diversidad de especies del género Penicillium presentes en suelos de
Argentina se centran en evaluar la funcionalidad e importancia de los hongos en los ecosistemas, pero se ha dado
poca atencion en la bisqueda de nuevas especies. El bosque seco chaqueno en Argentina es una regién semiérida
perteneciente a la subregion de los Bosques Secos Neotropicales, caracterizada por la presencia de plantas del gé-
nero Schinopsis Engl. Penicillium es un género que pertenece al filo Ascomycota, las especies son ubicuas y estan
en un amplio rango de condiciones ambientales. El objetivo del trabajo es describir una nueva espécie: Penicillium
schinopsum sp. nov. Esta se separa filogenéticamente en un nuevo clado que hizo factible la identificacién a
nivel de especie y la asignaciéon de una posible nueva seccién y serie. La cepa es una especie nueva del género
Penicillium, ser., sect. Schinopsiorum sect. nov. Esta especie podria formar parte del subgénero Aspergilloides y
esté relacionada filogenéticamente con las secciones Aspergilloides, Sclerotiorum, Charlesia y Eremophila. La
morfologia y el crecimiento de la colonia apoyan la separacion filogenética. Las principales caracteristicas mor-
folégicas que mostraron fueron las rapidas tasas de crecimiento de las colonias en todos los medios de cultivo
probados excepto en CYA (37 2C), el color verde de la colonia, el conidiéforo monoverticilado con un estipite largo,
conidios globosos de paredes lisas y ausencia de esclerocios. Consideramos necesario seguir avanzando en la ca-
racterizacién para evaluar su potencial biotecnolégico.

Palabras claves: Hongos, Taxonomia, Neotropical Dry Forest, Soil.
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INTRODUCTION

Penicillium is a genus of fungi that belongs
to the phylum Ascomycota. The species of this
genus are ubiquitous and present in a wide
range of environmental conditions. The abil-
ity to grow in diverse substrates such as vege-
tation, soil, house samples, and food enables its
wide distribution. The isolates of this genus have
been obtained from a wide variety of soils such
as forest, desert, agricultural, and saline soils
(Visagie et al., 2014 a,b; Houbraken et al., 2020).
The Chaco dry forest in Argentina is a semiarid
region belonging to the subregion of Neotropical
dry forests, characterized by the presence of the
Schinopsis Engl. “Quebrachos”, closed canopy,
subtropical climate with a long dry season and
the presence of a period of rainfall (Merlos et al.,
2018). Research has been focused on the frag-
mentation and deforestation of this tree species
due to the expansion of the agricultural frontier
(Bonino & Araujo, 2005; Gasparri & Grau, 2009;
Vallejos et al., 2015). However, while diversity
studies are mainly focused on amphibians, birds,
insects, mammals, plants, and reptiles, studies
on soil fungal communities are scarce (Godeas,
1972; Kacoliris et al., 2006; Montecchia et al.,
2011; Banda et al., 2016; Diodato & Fuster, 2016;
Merlos et al., 2018). Even though the Penicillium
species of soils in Neotropical forests are nu-
merous, only the high diversity of Caatinga
and Atlantic forests is known (Cruz et al., 2013;
Barbosa do Nascimento et al., 2020). Few studies
have been carried out to evaluate fungal species
in the Chaco dry forest in Argentina (Godeas,
1972; Montecchia et al. 2011), therefore the
aim of this work is to describe a new species of
Penicillium, Penicillium schinopsum sp. nov. and
to promote future work in this area.

MATERIALS AND METHODS

Isolates and morphology

The soil samples were obtained from the
Chaco dry forest (26°93’11” S; 61°62’49” W)
and washed according to Cabello & Arambarri
(2002). The soil particles were placed into Petri
dishes containing Potato Dextrose Agar with
(PDA 2%) amended with chloramphenicol to
suppress bacterial growth. For macroscopic
and morphological identification, Penicillium
colonies were subcultured in Petri dishes with
PDA, Czapek“s Agar (Cz), Yeast Extract Sucrose
Agar (YES), Oatmeal Agar (OA), Czapek Yeast
Autolysate Agar (CYA), Czapek Yeast Autolysate
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agar with 5% NaCl (CYAS), Malt Extract Agar
(MEA), and Synthetic Nutrient-poor Agar (SNA)
(Raper & Thom, 1968; Samson & Frisvad, 2004;
Visagie et al., 2014b). All Petri dishes were incu-
bated for 7 days at 25 °C, with additional CYA
plates incubated at 30 and 37 °C. Mounts were
made from 7 days old colony grown on MEA, ac-
cording to the description shown in Visagie et al.
(2014b). Observations of microscope character-
istics were made using binocular optical micro-
scope Olympus CX31. Colony and morphological
structures photographs were captured using a
KODAK digital camera (Easyhare Z-712). Also,
the structures of the fungal isolates were ex-
amined by scanning electron microscope (JSM-
6390LV). The cultures were preserved and main-
tained on CyA agar and stored for short term
at 4 °C and for the long-term at -80 °C in 15%
glycerol. The type species, metabolically inactive
as holotype, was deposited in the culture collec-
tion of the Instituto Spegazzini, UNLP, La Plata,
Argentina (LPSC (type specie) and LPS (holo-

type).

DNA extractions, PCR, DNA sequencing
and phylogenetic analysis

The species identified morphologically was
cultured as monosporic isolated in Petri dishes
with 2% PDA for 7 days at 25 °C under 12-h light/
dark conditions. The DNA was extracted using
the cetyl trimethyl ammonium bromide (CTAB)
protocol described by Stenglein and Balatti
(2006). The DNA quality was examined by elec-
trophoresis in 0.8% (w/v) agarose gels containing
Gel Red TM (Biotium) at 80 V in 1X Trisborate-
EDTA buffer for 3 h at room temperature. The
DNA was visualized under UV light. DNA con-
centrations were calculated using a fluorometer
(Qubit TM-Invitrogen). The Bt,a/ Bt,b (Partial
B-tubulin gene; Glass & Donaldson, 1995), ITS1/
ITS4 (Internal Transcriber spacer; White et al.,
1990), CMD5/CMD6 (Calmoduline gene; Hong
et al., 2006), and 5F/7CR (RNA polymerase II
second largest subunit; Liu et al., 1999) were
amplified through polymerase chain reaction
(PCR) (XP Termal Cycler). Those fragments am-
plified by PCR were analyzed by electrophoresis
agarose gels (1.5% w/v) containing Gel Red TM
(Biotium) in 1 X Trisborate-EDTA buffer, at 80
V for 1 h at room temperature. The fragments
were purified by AccuPrep® Gel Purification Kit
(Bioneer Corporation). DNA sequencing was car-
ried out using Big Dye Terminator version 3.1
Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) in an Applied Biosystems Sequencer
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(ABI/Hitachi Genetic Analyzer 3130). The se-
quences were compared with the NCBI database
using BLAST (Altschul et al., 1990).

To determine the phylogenetic relationship of
our isolate, a combined of IT'S-BenA-CaM-RPB2
using representative species from 20 sections
was built to distinguish among other species of
Penicillium belonging to sections Alfrediorum,
Aspergilloides, Charlesia, Cinnamopurpurea,
Citrina, Crypta, Eremophila, Exilicaulis,
Gracilenta, Griseola, Inusitata, Lanata-
Divaricata,  Lasseniorum,  Ochrosalmonea,
Paradoxa, Ramigena, Scleriotiorum, Stolkia,
Torulomyces and Thysanophora (Table 1, Fig.
1). The species Aspergillus glaucus CBS 516.65
and Hamigera avellanea CBS 295.48 were select-
ed as outgroups. The sequence alignments and
the maximum-likelihood (ML) and Bayesian-
inference (BI) phylogenetic analyses were per-
formed as described by Valenzuela-Lopez et al.
(2018).

RESULTS

Taxonomy
Morphological analysis

Penicillium schinopsum L.B. Silvestro,
Rodriguez-Andrade, Pelizza, Stchigel, Merlos,
and M.V. Moreno sp. nov.

The ex-type strain is LPSc1424". Holotype
LPS 49247 (dried specimen in metabolically inac-
tive state). Index Fungorum number: IF558048.
Etymology. From Latin Schinopsidis, of main
species of tree native Schinopsis sp. from Chaco
Dry Forest.

Type. Argentina, Chaco Province, “Tres Estacas”
(26°55°27 S; 61°37°36° W) in Charata (district
Chaco - Argentina), from soil samples, isolated
by CSM, January 2013.

Description. The fungus colonies showed pale
green coloration with concentric rings on all cul-
ture media after 7 days of incubation (Fig. 2).
Colonies on all culture media after 7 days of in-
cubation (Fig. 1) tended to be pale green (26D4)
with concentric rings. The species showed good
growth on MEA, YES, SNA, OA, Czapek, APG,
CyAS, CREA at 25 °C, CYA at 25 °C and CYA at
30 °C and did not grow on CYA at 37 °C. The col-
ony diameter was on APG: 34-42 mm, CYA at 25
°C: 41-46 mm, CYA at 30 °C: 30-33 mm, CyAS:
28-30 mm, CREA: 28-31 mm, Czapek: 34-41
mm, MEA: 42-45 mm, SNA: 30-32 mm, OA: 34—
36 mm and YES: 40-42 mm. Colonies morphol-
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ogy, on all culture media, showed circular mar-
gin, entire, white floccose mycelia without pro-
duction of sclerotia and exudates. Sporulation is
abundant, pale green towards the centre (26D4).
Colonies on YES produced conidia greenish grey
towards the edges (25E2) and turning white to-
wards the centre. The bottom view under CYA 30
°C, OA, and CYAS was white in colour; on APG,
CYA 25 °C, MEA, YES pale and yellowish, and on
CZAPEK reddish. Under CREA medium a yellow
halo was formed around the colonies which re-
vealed a good capacity to acid production (Fig. 1).
Conidiophores were monoverticillate, smooth,
unbranched, vesiculated with vesicules (3-6 um),
stipes (20-100 um), phialides ampulliform 6-8
(7,5-10 um) and globose smooth walled conidia
(2-3 um, n= 50) (Fig. 3 and Fig. 4).

DNA sequencing and phylogenetic analysis

The sequences generated were deposited
in the NCBI/GeneBank database under the
accession number: ITS (MN627761), BenA
(MN627762), CaM (MN627760), and RPB2
(MN627763).

Based on a megablast search of NCBIs
GenBank nucleotide database, the closest hit us-
ing the ITS sequence is with the ex-type strain
of Penicillium wisconsinense (CBS 128279,
GenBank NR153225; Identities = 494/515 (96
%), gaps 12/515 (2 %)), using the BenA sequence
is with the strain of Penicillium griseolum
(DTO 216-D2, GenBank MF974920; Identities=
237/293 (81 %), gaps 23/293 (7 %)), using the
CaM sequence is with the strain of Penicillium
magnielliptisporum ~ (CMV007I1, GenBank
MK451665; Identities= 397/398 (99 %), gaps
1/398 (0 %)), and using RPB2 sequence is with
Penicillium fortuitum (DTO 313-A3, GenBank
MN969206; Identities= 853/1004 (85 %), gaps
4/1004 (0 %)).

We carried out individual and combined
analyses with ITS, BenA, CaM and RPB2 loci
to resolve the taxonomical position of our strain
with species of Penicillium sections Alfrediorum,
Aspergilloides, Charlesia, Cinnamopurpurea,
Citrina, Crypta, Eremophila, Exilicaulis,
Gracilenta, Griseola, Inusitata, Lanata-
Divaricata,  Lasseniorum,  Ochrosalmonea,
Paradoxa, Ramigena, Scleriotiorum, Stolkia,
Torulomyces, and Thysanophora, including type
strains of the accepted species (TREEBASE ID:
27313). A concatenated dataset obtained con-
tained 109 sequences with a total of 2,598 char-
acters including gaps (606 of them for ITS, 461
for BenA, 642 for CaM and 889 for RPB2), of
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Fig. 1. ML phylogenetic tree of Penicillium sections Alfrediorum, Aspergilloides, Charlesia, Cinnamopurpurea,
Citrina, Crypta, Eremophila, Exilicaulis, Gracilenta, Griseola, Inusitata, Lanata-Divaricata, Lasseniorum,
Ochrosalmonea, Paradoxa, Ramigena, Scleriotiorum, Stolkia, Torulomyces and Thysanophora and two species
Aspergillus glaucus CBS 516.65 and Hamigera avellanea CBS 295.48 (outgroups) inferred from the combined
ITS, BenA, CaM and RPB2 loci. Support in nodes is indicated above thick branches and is represented by boot-

strap values (ML analysis) of 70 % and higher and/or posterior probabilities (BI analysis) of 0.95 and higher.
Alignment length 2,598 bp.



Silvestro et al.: A new species of the genus Penicillium

277

Fig. 2. Penicillium schinopsum. A. Top view of the colonies, left to right, CYAS, OA, CREA, APG, YES, MEA,
CZAPEK, SNA, CYA 25 °C and CYA 30 °C. B. Bottom view of colony, left to right: CYAS, OA, CREA, APG, YES,
MEA, CZAPEK, SNA, CYA 25 °C and CYA 30 °C.

which 1402 were parsimony informative (237
for ITS, 309 for BenA, 423 for CaM and 433
for RPB2). The sequence datasets did not show
conflict in the tree topologies for the 70 % re-
ciprocal bootstrap trees, which allowed to com-
bine the four genes for the multi-locus analysis.
The ML analysis showed a similar tree topolo-
gy and was congruent with that obtained in the
Bayesian analysis. Phylogenetic analysis re-
solved 21 main clades, 19 of them define all sec-
tions of subgenus Aspergilloides: Aspergilloides
(99/0.97), Scleriotiorum (97/0.95), Charlesia,
Eremophila, Ramigena (73/-), Ochrosalmonea
(99/0.97), Thysanophora (99/0.98), Griseola,
Gracilenta (85/-), Stolkia (99/1), Lanata-
Divaricata (92/0.95), Exicaulis (84/0.95), Crypta
(99/1), Alfrediorum, Lasseniorum, Torulomyces
(99/0.98), Inusitata, Cinnamopurpurea (98/0.97),
and Citrina (98/0.95), moreover, a well-de-
fined clade belonged to the section of subgenus
Penicillium: Paradoxa (99/1). Within these sec-
tions, 63 series have been classified and these

are observed in different subclades. Finally, one
clade includes Penicillium schinopsum sp. nov.
does not belong to any series or section and phy-
logenetically is related to sections Aspergilloides,
Sclerotiorum, Charlesia, and Eremophila (Fig.
1.

DISCUSSION

Studies related to the diversity of fungi pres-
ent in Argentina soils focus on evaluating the
functionality and importance of fungi in eco-
systems, but little attention has been focused
on the search for new species. The discovery
and characterization of species on different sub-
strates offer the possibility to use these species
as potential agents of biocontrol of pathogens,
bioremediation, biotransformation, and produc-
tion of enzymes. Soils have been the source of
many new species of interest to the scientific
community. The identification of new species
of Penicillium from soils in Argentina is scarce.



278

Fig. 3. Penicillium schinopsum. A-D, F. Conidiophores.
E. Conidia. Scales: A-D, F= 2,5 um; E= 1um.

There is only one record in the Tierra del Fuego
Province that mentions two new species of the
genus (Ramirez, 1985); therefore, it is crucial to
consider that the dry forest of Chaco is a good
place to find species that have not been described
yet. Our work shows that Penicillium schinop-
sum separates into a branch that allows assign-
ing it to a new series and a new section, different
from those characterized in Houbraken et al.
(2020) using the same markers (ITS, BenA, CaM,
and RPB2) that made feasible identification to
the specie level and phylogenetic classification.
Furthermore, the morphology and growth of
the colony support phylogenetic separation
and could belong to a new section and series
(Schinopsiorum). This new proposal could be
part of the subgenus Aspergilloides and it is phy-
logenetically related to sections Aspergilloides,
Sclerotiorum, Charlesia and Eremophila.
Penicillum schinopsum sp. nov. have morpho-
logical differences compared to the species in the
sect. Aspergilloides, Sclerotiorum, Charlesia and
Eremophila. The main characteristic in culture
that allowed to distinguished new section and
series was fast growth rates of the colonies on
all culture media tested except on CYA at 37 °C,
and the green color of the colony. The morpho-
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Fig. 4. Detail of the conidiophores and conidia of
Penicillium schinopsum. Conidiophore and conidia.
Scales: A-B= 10 um; C= 25um.

logical characteristics that define the species and
section are the monoverticillate conidiophore
with a smooth long stipe, smooth-walled globose
conidia and absence of sclerotia. The species in
sections Charlesia grow restricted on Czapek
yeast agar; in section Aspergilloides rate of grow-
ing is moderately to fast on CYA and/or MEA; in
section Sclerotiorum colonies grow is restricted
or moderated (and strains have vivid orange to
red colony colours, with colorful sclerotia); and
in section Eremophila (which include xerophilic
species) the asexual morph is not known and col-
onies do not grow on high water activity media
(Rivera & Seifert, 2011; Houbraken et al., 2014;
Houbraken et al., 2020; Sun et al., 2021). The
morphological similarities among all sections of
subgenus Aspergilloides are the monoverticillate
conidiophore with a vesiculate apex or swelling
(Houbraken et al., 2020). The proposal of a new
series and section was informally introduced here
and it is important to be considered in the next
works. For this, we considered it necessary to
continue advancing in the phylogenetic and phys-
iological characterization to assess its biotech-
nological, taxonomic and biochemical potential.
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