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ABSTRACT

In this study, we studied the diversity of Penicillium occurring in soil collected along the Woodville
Big Tree Forest Trail situated close to the coastal town of Wilderness in South Africa. Strains were
accessioned into a collection and then identified to species based on B-tubulin DNA sequences,
which is the recommended DNA barcode for the genus. The 74 strains were found to represent 18
species, including six we consider undescribed. Here we introduce them as Penicillium claroviride,
P. kalander, P. mattheeae, P. outeniquaense, P. subfuscum, and P. umkhoba. Phylogenetic
comparisons were made and genealogical concordance was demonstrated for these new species
using DNA sequences from nuc rDNA ITS1-5.85-ITS2 (ITS barcode), R-tubulin, calmodulin and RNA
polymerase Il second largest subunit. Notes on morphological characters distinguishing the new

species from their close relatives are provided.
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INTRODUCTION

Soil typically contains diverse fungal communities which play important ecological roles like the
decomposing of organic materials, recycling of nutrients and many more. Worldwide, surveys
exploring fungal diversity in soil often report Penicillium as one of the dominant genera
(Christensen and others 2000), while many species were described from soil historically
(Biourge 1923; Pitt 1980; Ramirez 1982; Raper and Thom 1949; Thom 1930). However, not all
fungi isolated from this complex matrix are considered soil-borne with a high proportion of
species most probably transients (Barron 1968; Domsch and others 1980). A survey conducted
in the fynbos region of South Africa that included soil, found the region to be a hotspot for
Penicillium diversity and subsequently introduced 29 new species among the 61 identified
(Visagie and others 2021). It also hinted that South Africa with its species-rich and diverse
vegetation types (Mucina and Rutherford 2006) still has many new Penicillium species awaiting
discovery.

Penicillium is a speciose genus with 513 species currently accepted (Houbraken and
others 2020; updated by 2022/09/05). Identifications based on morphology have, however,
been greatly problematic and the literature is strewn with misidentifications (Frisvad 1989).
Sequence-based identifications in theory should have prevented incorrect identifications. In
practice, however, it still occurs, which led to a large collaborative effort in the last decade to
standardize Penicillium taxonomy (Houbraken and others 2020; Houbraken and others 2021;
Visagie and others 2014). The key component of these efforts was the updated ‘accepted
species list” with each entry linked to important data, including MycoBank numbers, collection

numbers of both type and ex-type cultures, its mode of reproduction, and GenBank accession



numbers of the nuc rDNA ITS1-5.8S-ITS2 (ITS barcode), B-tubulin (BenA), calmodulin (CaM) and
RNA polymerase Il second largest subunit (RPB2) sequences (Houbraken and others 2020).
Species were classified into a hierarchical infrageneric structure at subgenus, section, and series
level based on a multigene phylogeny of ITS, BenA, CaM and RPB2, that where appropriate was
supported by morphological characters or ecological traits. This classification has proven helpful
when working with such a species rich genus (Houbraken and others 2020; Houbraken and
Samson 2011). Efforts were also made to standardize working methods of Penicillium, with
Visagie and others (2014) recommending growth media and incubation conditions for
morphological characterization and subsequent descriptions.

In our latest efforts to expand knowledge on Penicillium species diversity, soil samples
were collected during a hike along the Woodville Big Tree walking path that forms part of the
Wilderness section of the Garden Route National Park. This park is home to the historic and
affectionally named ‘Big Tree’, a 31-meter high, +850-year-old Outeniqua Yellowwood
(Afrocarpus falcatus). The park, situated in the greater fynbos region, forms a pocket of
Southern Afrotemperate forest with a warm and moist climate. Fungal isolations from collected
soil resulted in 18 Penicillium species identified, including the discovery of the six new

Penicillium species described below.

MATERIALS AND METHODS
Sampling, Isolations, and Preservations
Six soil samples were collected in 2018 along the Woodville Big Tree Forest Trail. Plant debris

was removed from the surface and soil was collected to a depth of 5 cm using a sterile spatula.



Samples were kept at cool temperatures in resealable plastic storage bags until processing. For
isolations, 5 g soil was added to 100 ml sterile dH,0. This suspension was serially diluted to
1:1000. Each dilution (1 ml) was plated onto potato dextrose agar (PDA) containing
streptomycin (100 ppm) and chloramphenicol (50 ppm). Plates were incubated at 25 C for 57
d, after which colonies of interest were purified onto Czapek yeast autolysate agar (CYA). After
incubating plates at 25 C for 7 d, strains were grouped based on colony appearance and
conidiophore characteristics.

Strains were accessioned into the CN working collection housed at FABI (Forestry and
Agricultural Biotechnology Institute, University of Pretoria, South Africa) and preserved as spore
suspensions in 10% glycerol at -80 C. Strains belonging to new species were deposited into the
CMW (FABI, University of Pretoria, Pretoria, South Africa) and CBS (Westerdijk Institute,

Utrecht, the Netherlands) culture collections. Accession numbers are provided in TABLE 1.



Table 1: Penicillium strains isolated from the Woodville Big Tree Forest Trail, Wilderness, South Africa

GenBank accession numbers

Species Strains Section Series ITs BenA Cam RPB2

F. adametzif CNO014B7 Sclerotiorum  Adametziorum MT949901 MTO57401 MTO57447 MT957473

FP. adametzii CN014B8 Sclerotiorum  Adametziorum MT949002 MT957402 MT957448 MTO57474

P. adametzii CNO14F7 Sclerotiorum  Adametziorum MT949920 MT957430 MT957467 MT957493

F. adametzii CNO14F8 Sclerotiorum  Adamelziorum MT949921 MT957431 na. MT957494

P. adametzii CNO14F9 Sclerotiorum  Adametziorum n.a. MT957432 na. na.

P. adametzii CNO14G1 Sclerotiorum  Adamefziorum n.a. MT957433 na. na.

F. cairnsense CNOT4H2 Citrina Westlingiorum n.a. MT957435 na. na.

P. claroviride CMW 56197 = CBS 147458 = CNO14D2  Canescentia  Afroveneta MT9490009 MTO57414 MTO57456 MT957482
{ex-type)

P. claroviride CMW 56198 = CBS 147418 = CNO14D3  Canescentia  Atrovenela MT949910 MTO57415 MT957457 MT957483

FP. crocicola CN014G9 Aspergilloides  Thomiorum n.a. MTO57434 MTO57468 MTO57495

F. glabrum CNO14F4 Aspergllloides  Glabra n.a. MT957429 na. n.a.

F. Jacksonil CNO014D1 Sclerotiorum  Sclerotforum ~ MT940008 MTO57413  MTO57455 MT957481

P. jacksomif CNO14E8 Sclerotiorum  Sclerotforum ~ MT949910  MT957426 MTO57466 MTO57492

FP. janczewskii CMW 56632 = CBS 147413 = CNO14B9 Canescentia  Canescentia n.a. MT957403 MT957449 MT957475

P. janczewskii CN014C1 Canescentia  Canescentia n.a. MT957404 na. n.a.

P. kalander CMW 56202 = CND14E1 (ex-type) Sclerotiorum  Sclerotiorum  MT949914  MTO57421 MT957461 MT957487

P. kalander CMW 56203 = CND14E2 Sclerotiorum  Sclerofiorum  MT949915 MT957422 MT957462 MT957488

P. kalander CMW 56204 = CNOT4E3 Sclerotiorum  Sclerotiorum  MT949916  MT957423  MT957463  MTO957489

P. kalander CMW 56205 = CBS 147422 = CNO14E4  Sclerotiorum  Sclerotiorum  MT949917  MT957424  MT957464 MT957490

P. kalander CMW 56390 = CBS 147423 = CNOV4ES  Scleroliorum  Sclerotiorum  MT949918  MTO57425  MT957465  MT957491

F. mattheeae CMW 56388 = CBS 147415 = CN014C5  Aspergilloides  Saturniformia  MT949904 MTO57408 MT957451 MT957477
{ex-type)

F. mattheeae CMW 56195 = CBS 147416 = CN014C6  Aspergilloides  Saturniformia  MT949905 MT957400 MT957452 MT957478

P. mattheeae CMW 56633 = CBS 147417 = CND14C7  Aspergiiloldes  Saturniformia MT940006 MTO57410 MT957453 MT957479

F. melfinii CNO14l6 Exilicaulis Lapldasa n.a. MTO57440 na. n.a.

P. melfinii CNO14I7 Exilicaulis Lapldosa n.a. MTO57441 na. n.a.

FP. mefinii CNO14I8 Exilicaulis Lapidosa n.a. MTO57442 na. n.a.

F. onobense CNO14H3 Lanata- Simplicissima  n.a. MT957436 MT957460 MT957496

Divaricata

F. outeniquaense CMW 56387 = CB5 147414 = CNO14C2 Citrina Westlingiorum MT949903 MT957405 MT957450 MT957476
{ex-type)

FP. subfuscum CNO14A6 Lanata- Simplicissima  MW329997 MW340969 MW340970 MW340971

Divaricata

P. subfuscum CMW 56196 = CBS 147455 = CNO14C9  Lanata- Simplicissima ~ MT949007  MT957412  MT957454  MTO57480
(ex-type) Divaricata

P. subspinulosum  CNO14D7 Aspergilloides  Spinulosa n.a. MT957419 na. na.

P. subspinulosum CN0O14D8 Aspergilloides  Spinulosa n.a. MT957420 na. n.a.

P. subspinulosum CNO14E9 Aspergilloides  Spinulosa n.a. MTO957427 na. n.a.

FP. subspinulosum CNO14F1 Aspergllloides  Spinulosa n.a. MTO57428 na. n.a.

P. umkhoba CMW 56199 = CBS 147456 = CN014D4  Sclerotiorum  Hergueorum — MT949911 MT957416 MT957458 MTO57484

F. umkhoba CMW 56200 = CBS 147457 = CN014D5  Sclerotiorum  Herqueorum — MT949912  MT957417 MT957450 MTA57485
(ex-type)

P. umkhoba CMW 56201 = CBS 147419 = CN014D6  Sclerotiorum ~ Herqueorum — MT949913  MT957418 MT957460 MTO57486

F. vagum CNO14C4 Aspergilloides  Longicatenata n.a. MTO57407 na. n.a.

F. vagum CNO14H5 Aspergilloides Longicatenafa n.a. MT957438 na. n.a.

F. vancouverense CNO14C8 Citrina Westlingiorum n.a. MT957411 na. na.

P. vancouverense CNO14H4 Citrina Westlingiorum n.a. MT957437 na. n.a.

F. vancouverense CNO14H6 Citrina Westlingiorum na. MT957439 na. n.a.

P. westlingii CNOT4C3 Citrina Westlingiorum n.a. MT957406 n.a. n.a.



DNA extraction, sequencing, identifications and phylogenetic analyses

DNA was extracted from colonies grown on CYA for 7 d using the Quick-DNA™ Fungal/Bacterial
Miniprep Kit (Zymo Research, California, USA). DNA was accessioned into the CN-DNA collection
and stored at -20 C.

All strains were identified based on BenA sequences. For new or rare species, the ITS,
CaM and RPB2 were also sequenced. Gene regions were amplified using PCR conditions and
primer pairs (V9G & LS266 for ITS; Bt2a & Bt2b for BenA; cmd5 & cmd6 for CaM; and RPB2-
RPB2F1 & RPB27CRa for RPB2) as suggested by Visagie and others (2014) and Houbraken and
others (2020). PCRs were prepared in 25 pl volumes containing 0.15 ul MyTag™ DNA
polymerase (Bioline, Meridian Bioscience, USA), 5 pl 5X MyTaq™ Reaction Buffer (BioLine), 0.5
ul of each primer (10 uM), 0.5 ul template DNA and 18.35 ul MilliQ H,O.

Bidirectional sequencing reactions were set up using the BigDye Terminator 3.1 ready
reaction mix (Perkin-Elmer, Warrington, United Kingdom). Sequencing reactions were analyzed
at the University of Pretoria sequencing facility on an ABI PRISM™ 3500x| Auto-sequencer
(Applied Biosystems, Foster City, CA, USA). Sequences were assembled into contigs and edited
in Geneious Prime 2022 (BioMatter Ltd., Auckland, New Zealand). Obtained sequences were
compared to a locally curated reference sequence dataset based on ex-type sequences listed by
Houbraken and others (2020) and expanded using sequences of additional reference strains
published in various taxonomic revisions. Based on these identifications, a subset of sequences
was extracted and used for phylogenetic comparisons (SUPPLEMENTARY TABLE 1). Newly
generated sequences were deposited in GenBank (www.ncbi.nlm.nih.gov/genbank/), with

accession numbers listed in TABLE 1. All alighnments were uploaded to the University of



Pretoria's research data repository hosted on Figshare
(https://doi.org/10.25403/UPresearchdata.21115984).

Datasets were aligned in MAFFT 7.490 (Katoh and Standley 2013) using the G-INS-|
option. Alignments were trimmed and adjusted in Geneious Prime. Datasets were partitioned
based on gene regions, as well as introns and exons. The most appropriate nucleotide
substitution model for each partition was selected based on the Akaike information criterion
(Akaike 1974) using PartitionFinder 2.1 (Lanfear and others 2017). Phylogenies were performed
using Maximum Likelihood (ML) and Bayesian tree Inference (BI). ML was performed using
IQtree 2.1.3 (Nguyen and others 2015) with support in nodes calculated using a bootstrap
analysis with 1000 replicates. Bl analyses were performed in MrBayes 3.2.7a (Ronquist and
others 2012) using three sets of four chains (one cold and three heated) and were stopped
using the stoprule option at an average standard deviation for split frequencies of 0.01. Trees
were visualized using Treeviewer 2.0.1 (https://treeviewer.org/) and edited in Affinity Publisher
1.10.4 (Serif (Europe) Ltd, Nottingham, UK). ML and Bl tree topologies did not differ and thus
ML trees were used to present results with both bootstrap values and posterior probabilities
shown for supported branches.

Morphology

New species were characterized using the standardized protocols recommended in Visagie and
others (2014). Briefly, characters were recorded on CYA, CYA with 5 % NaCl (CYAS), Dichloran-
Glycerol agar (DG18: Oxoid CM0729), malt extract agar (MEA; Oxoid CM0059), oatmeal agar
(OA), yeast extract sucrose agar (YES) and creatine sucrose agar (CREA), prepared in 90 mm

Petri dishes. Inoculations were made in a three-point fashion and incubated in the dark for 7 d



at 25 C, with additional CYA plates incubated at 5, 10, 15, 20, 30 and 37 C. Colour names and
codes used in descriptions follow Kornerup and Wanscher (1967). Colonies were captured with
a Sony a6400 camera equipped with a Sony FE 90mm /2.8 Macro G 0SS lens. Microscopic
observations were made using Zeiss AXIO Imager.A2 compound and AXIO Zoom.V16
microscopes equipped with an AxioCaM 512 color camera driven by Zen Blue 3.2 software (Carl
Zeiss CMP GmbH, Gottingen, Germany). Extended Depth of Field analysis and stacking of colony
texture micrographs were performed using Helicon Focus 7.5.4 (HeliconSoft, Kharkiv, Ukraine).
Plates were prepared in Affinity Photo 1.10.4 (Serif (Europe) Ltd, Nottingham, UK). For aesthetic
purposes, some micrographs were edited using the "inpainting brush tool" without altering

areas of scientific significance.

RESULTS

Identifications and phylogenetic analyses

Isolations from six soil samples resulted in the recovery of 95 strains. These were identified as
Clonostachys rosea (n = 1), llyonectria cyclaminicola (n = 2), a putative new Metarhizium species
(n=9), a new Talaromyces (n = 9), and a putative new genus (n = 6) closely related to
Monascus. The remaining 74 strains were identified as Penicillium, representing 18 species,
namely P. adametzii (n = 13), P. cairnsense (n = 1), P. crocicola (n = 2), P. glabrum (n = 1), P.
jacksonii (n = 2), P. janczewskii (n = 2), P. melinii (n = 13), P. onobense (n = 1), P. subspinulosum
(n=9), P.vagum (n = 2), P. vancouverense (n = 11), P. westlingii (n = 1) and the six new species
described below. Culture accessions, their identities and GenBank accession numbers are

summarized in TABLE 1.



For the new species, ITS performed poorly as an identification marker in contrast to BenA,
CaM and RPB2 that distinguished our new species from all other known species. Phylogenies
were calculated for each new species based on its series classification (FIGS. 1-6), with
SUPPLEMENTARY TABLE 2 summarizing dataset characteristics, partitioning schemes and
substitution models applied during data processing. Phylogenies resolved the new species in
distinct, well supported clades, and demonstrated genealogical concordance. An exception was
observed in the CaM phylogeny for series Westlingiorum (FIG. 4) where CBS: 126422 resolved
distinct from other strains of P. godlewskii. A similar result was found by Houbraken and others
(2011), but based on a multigene phylogeny, morphology and extrolite profiles, CBS: 126422
adhered to their concept of P. godlewskii. Here we use a phylogenetic species concept to
delineate our new species. We formally describe them below and provide additional notes on

their phylogenetic relationships and compare their morphologies with known species.
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Figure 1. Phylogenetic trees of Penicillium section Canescentia series Atroveneta based on a concatenated dataset, BenA, CaM and RPB2. Strains of the new species, P.

claroviride, are shown in colored bold text. Trees were rooted to P. canescens. Branch support in nodes higher than 80 % bs and/or 0.95 pp are indicated at relevant branches

(T = ex-type; * = 100 % bs or 1.00 pp; - = support lower than 80 % bs and/or 0.95 pp).
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Figure 2. Phylogenetic trees of Penicillium section Sclerotiorum series Sclerotiorum based on a concatenated dataset, BenA, CaM and RPB2. Strains of the new species, P.

kalander, are shown in colored bold text. Trees were rooted to P. herquei. Branch support in nodes higher than 80 % bs and/or 0.95 pp are indicated at relevant branches (T =

ex-type; * =100 % bs or 1.00 pp; - = support lower than 80 % bs and/or 0.95 pp).

P. mattheeas CMWS6195
'-‘i P. mattheeae CMW563887

2 | B mattheeae CMW56633
P satumniforme CBS12227T67
p————— P ranomafanaense CBS1379537

P. mattheeas CMWS56195
»| P matthesae CMWS56388"
| B mattheeae CMW56633

P salurniforme CBS122276"
spp—————— P ranomafanaense CBS1379537

e

P malmesbuniense CBS137744"
EF P. sublactaticum CBS1381637
P infra-aurantiscum CBS1377477

P thiersii CBS117503"

©
g
g
e
5
S
b
=
S
%]
o
«
=
@
wm

~_{'f | B mattheeac CMW56633
" P satumiforme CBS122276"
Bar P ranomafanasnse CBS1379537
P verhagenii CBS137959" RPB2

e —
]

e P verhagenii CBS137958" BenA Y P verhagenii CB5137958"
P. malmesburignse CBS1377447 P malmesburionse CBS1377447
o P. sub icum CBS1381637 4{«;— E P sublectaticurn CBS138163"
L— P infra-aurantiacum CBS137747T B infra-aurantiacum CBS1377477
i P thiersii CBS117503" e P thiersii CBS117503"

0058 P. mattheeac CMW56195 o P. matthoeae CMWS6195
'-'| P. mattheeas CMWSE388" '-‘I P. mattheeas CMWS6388"
I orr | P. mattheeae CMWS56633
B saturniforme CBS1222767

ssr— P infra-aurantiacum CBS137747
‘E‘_L B malmasburiense CBS1377447
P sublectaticum CBS138163°

L e P ranomafanaense CBS137953°
R varhagenii CBS137958"

% F. thiarsii CBS1175037

0.077

0,052

Figure 3. Phylogenetic trees of Penicillium section Aspergilloides series Saturniformia and closely related series, based on a concatenated dataset, BenA, CaM and RPB2.

Strains of the new species, P. mattheeae, are shown in colored bold text. Trees were rooted to P. thiersii. Branch support in nodes higher than 80 % bs and/or 0.95 pp are

indicated at relevant branches (T = ex-type; * = 100 % bs or 1.00 pp; - = support lower than 80 % bs and/or 0.95 pp).
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Figure 4. Phylogenetic trees of Penicillium section Citrina series Westlingiorum based on a concatenated dataset, BenA, CaM and RPB2. The strain of the new species, P.
outeniquaense, is shown in colored bold text. Trees were rooted to P. citrinum. Branch support in nodes higher than 80 % bs and/or 0.95 pp are indicated at relevant branches

(T = ex-type; * = 100 % bs or 1.00 pp; - = support lower than 80 % bs and/or 0.95 pp).
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Figure 5. Phylogenetic trees of Penicillium section Lanata-Divaricata series Simplicissima based on a concatenated dataset, BenA, CaM and RPB2. Strains of the new

species, P. subfuscum, are shown in colored bold text. Trees were rooted to P. janthinellum. Branch support in nodes higher than 80 % bs and/or 0.95 pp are indicated at

relevant branches (T = ex-type; * = 100 % bs or 1.00 pp; - = support lower than 80 % bs and/or 0.95 pp).
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Figure 6. Phylogenetic trees of Penicillium section Sclerotiorum series Herqueorum based on a concatenated dataset, BenA, CaM and RPB2. Strains of the new species, P.

umkhoba, are shown in colored bold text. Trees were rooted to P. sclerotiorum. Branch support in nodes higher than 80 % bs and/or 0.95 pp are indicated at relevant branches

(T = ex-type; * = 100 % bs or 1.00 pp; - = support lower than 80 % bs and/or 0.95 pp).
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Figure 7. Morphological characters of Penicillium claroviride; A. colonies from left to right on CYA, MEA, YES,
DG18 and OA; B. texture on CYA; C. texture on MEA; D. texture of OA. E-H. conidiophores; I. conidia. Bar = 1

mm (B, C), 250 pm (D), 10 pm (E-I).
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TAXONOMY

Penicillium claroviride Visagie & Yilmaz, sp. nov. FIG. 7

MycoBank: MB844184

In: subgenus Penicillium section Canescentia series Atroveneta (Houbraken and others 2020).
Typification: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155, 22.645636), from soil,
Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz (holotype PREM: 63221 (dried specimen in
metabolically inactive state), culture ex-type CMW: 56197 = CBS: 147458 = CN014D2). DNA
reference sequences: ITS = MT949909, BenA = MT957414, CaM = MT957456, RPB2 =
MT957482.

Additional strains examined: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155,
22.645636), from soil, Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz, culture CMW: 56198
= CBS: 47418 = CN014D3.

Etymology: Latin, claroviride, green = viride; bright = clarus, named after the bright green
soluble pigments produced by colonies on OA.

Description: Colony diam, 7d, in mm: CYA 20-21; CYA10C 13-15; CYA15C 24-26; CYA20C 28-30;
CYA30C no growth; CYA37C no growth; CYAS 22-23; MEA 15-16; YES 32—-34; DG18 25-28; OA
12-14; CREA 7-9.

CYA 25 C, 7 d: Colonies low, radially and concentrically sulcate, crateriform; margins low, entire,
narrow; mycelia white; texture velutinous; sporulation dense; conidia en masse Greyish Green
(25C4-5); soluble pigments yellowish brown; exudates absent; reverse Olive (3D6-F4). MEA 25

C, 7 d: Colonies low, radially sulcate, slightly crateriform; margins low, entire, narrow; mycelia

18



white; texture velutinous; sporulation dense; conidia en masse Greyish Green (25C4-5); soluble
pigments absent; exudates absent; reverse Olive (3F4). YES 25 C, 7 d: Colonies raised, radially
sulcate, crateriform; margins low, entire, narrow; mycelia white; texture velutinous; sporulation
dense; conidia en masse Greyish Green (25C3-5); soluble pigments absent; exudates absent;
reverse Olive Brown (4D5). DG18 25 C, 7 d: Colonies slightly raised, radially and concentrically
sulcate; margins low, entire, narrow; mycelia white and yellow, inconspicuous; texture
velutinous; sporulation moderately dense; conidia en masse Greyish Green (25D5-E5); soluble
pigments yellow; exudates absent; reverse Greyish Yellow (2B5—C5). OA 25 C, 7 d: Colonies low,
plane; margins low, entire, wide; mycelia white; texture velutinous; sporulation moderately
dense; conidia en masse Pale to Greyish Turquoise (24A3—C5); soluble pigments intense, dark
green; exudates clear, minute droplets; reverse Dark Green (27F7), Greyish Green (29D5). CREA
25 C, 7 d: Colonies dense growth, acid produced, weak.

Conidiophores symmetrically biverticillate, terverticillicate rare; stipes rough walled to almost
verrucose, (95-)115-265 x 3—4 um; branches 15-55 um; metulae 4-6 per stipe/branch,
appressed, 10.5-16 x 3.5 um; phialides ampulliform, 610 per metulae, 812 x 2.5—-4 um (X =
9.8+1.0 x 3.1+0.4), average metula:phialide = 1.3; conidia rough walled, globose, some
subglobose, 2.5-3.5 um, (X = 3.0+0.4), average width:length = 0.95, n = 50.

Distinguishing features: Penicillium claroviride is closely related to P. nucicola (FIG. 1), both
producing symmetrically biverticillate and appressed conidiophores that are typical of series
Atroveneta. Similar conidiophores are produced by species classified in section Aspergilloides
series Saturniformia and section Sclerotiorum series Herqueorum. Distinguishing between these

groups are difficult, but series Saturniformia species produce strictly biverticillate

19



conidiophores, series Atroveneta species consistently produce a proportion of terverticillate
conidiophores, while both lack the bright yellow to orange mycelia of series Herqueorum
species. Several characters distinguish P. claroviride and P. nucicola from others in series
Atroveneta, most notably their colonies on OA that produce intense dark green soluble
pigments. Comparing these two species, P. claroviride has darker sporulation, while it grows
slightly slower on YES (32—34 vs 37-40 mm), OA (12—-14 vs 17-20 mm) and CREA (7-9 vs 13-15
mm). Additionally, P. claroviride conidia are slightly larger than those of P. nucicola (2.5-3.5 (X =
3.040.4) vs 2.5-3 (x = 2.84£0.2) um) (Visagie and others 2016).

Penicillium kalander Visagie & Yilmaz, sp. nov. FIG. 8

MycoBank: MB844185

In: subgenus Aspergilloides section Sclerotiorum series Sclerotiorum (Houbraken and others
2020).

Typification: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155, 22.645636), from soil,
Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz (holotype PREM: 63223 (dried specimen in
metabolically inactive state), culture ex-type CMW: 56202 = CNO14E1). DNA reference
sequences: ITS = MT949914, BenA = MT957421, CaM = MT957461, RPB2 = MT957487.
Additional strains examined: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155,
22.645636), from soil, Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz, cultures CMW: 56203
= CNO14E2, CMW: 56204 = CNO14E3, CMW: 56205 = CBS: 147422 = CNO14E4, CMW: 56390 =

CBS: 147423 = CNO14ES.
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Figure 8. Morphological characters of Penicillium kalander; A. colonies from left to right on CYA, MEA, YES,
DG18 and OA; B. texture on CYA; C, D. texture on MEA; E-K. conidiophores; L. conidia. Bar = 1 mm (B, D), 500

pm (C), 20 um (E), 10 um (F-L).
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Etymology: Latin, kalander, from the Afrikaans name for the Outeniqua yellowwood
(Afrocarpus falcatus (= Podocarpus falcatus)).

Description: Colony diam, 7d, in mm: CYA 20-24; CYA10C 7-10; CYA15C 17-22; CYA20C 25-30;
CYA30C no growth; CYA37C no growth; CYAS 18-20; MEA 24-27 (-31); YES 15-20; DG18 18-21;
OA 17-20; CREA 4-5.

CYA 25 C, 7 d: Colonies moderately deep, radially concentrically sulcate, crateriform; margins
low, entire, narrow; mycelia white, becoming orange with time; texture velutinous; sporulation
moderately dense; conidia en masse Greyish to Dull Green (25A3-B3, 25C3-D4); soluble
pigments absent; exudates absent, sometimes yellow; reverse Greyish Yellow (2B3—C4). MEA
25 C, 7 d: Colonies moderately deep, radially sulcate, crateriform; margins low, entire, narrow;
mycelia white, becoming bright orange with time; texture velutinous; sporulation moderately
dense; conidia en masse Greyish to Dull Green (25A3—-B3, 25C3-D4); soluble pigments absent;
exudates absent, sometimes yellow; reverse Greyish Yellow (2B3—C4). YES 25 C, 7 d: Colonies
deep, radially and concentrically sulcate, crateriform; margins low, entire, narrow; mycelia
white; texture velutinous; sporulation moderately dense; conidia en masse Greyish to Dull
Green (25A3-B3, 25C3-D4); soluble pigments absent; exudates absent; reverse Greyish Yellow
(2B3—C4). DG18 25 C, 7 d: Colonies moderately deep, radially and concentrically sulcate;
margins low, entire, narrow; mycelia white, deep yellow to orange centrally; texture floccose;
sporulation moderately dense; conidia en masse Greyish Green (25D5); soluble pigments
absent; exudates absent; reverse Pale Yellow (2A3), Orange to Brownish Orange (6B8—C8). OA
25 C, 7 d: Colonies low, plane; margins low to subsurface, irregular, wide; mycelia orange;

texture velutinous; sporulation moderately dense; conidia en masse Greyish Turquoise to Green
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(24C4-25C4); soluble pigments deep yellow to orange; exudates absent; reverse Greyish
Orange to Reddish Brown (5B5—8D8). CREA 25 C, 7 d: Colonies dense growth, acid produced by
some strains, weak.

Conidiophores monoverticillate, biverticillate rare, non-vesiculate; stipes rough walled, 50-130
x (2—)2.5-3.5(—4) um; vesicles 4-5(—7) um; metulae rarely observed, 2 per stipe, 5.5-33 x 2.5—
3.5 um; phialides ampulliform, 8-16 per stipe, 8.5-11(-12.5) x 2.5-4 um (X = 10.5+1.0 x
3.2+0.3); conidia smooth walled, globose, 2.5-3.5 um, (X = 2.940.3), average width/length =
0.97, n =50.

Distinguishing features: Penicillium kalander is classified in section Sclerotiorium series
Sclerotiorum as a close relative of P. cainii, P. circulare, P. daejeonium, P. ferraniaense, P.
jacksonii and P. viticola (FIG. 2). The new species grows slower on CYA and YES (20—24 mm; 15—
20 mm) than P. circulare (36—41 mm; 33-36 mm), P. daejeonium (36—41 mm; 33—-36 mm), P.
jacksonii (30—33 mm; 30—32 mm) and P. viticola (26—36 mm; 29—33 mm) (Rivera and others
2012; Rivera and Seifert 2011; Sang and others 2013; Visagie and others 2013). Compared to P.
cainii, Penicillium kalander has similar growth rates on CYA but grows slower on YES (15-20 vs
31-24 mm) (Rivera and others 2012; Rivera and Seifert 2011). Penicillium kalander grows
slightly slower than P. ferraniaense (25-28 mm; 21-23 mm) on CYA and YES, but our new
species does not grow on CYA at 30 C and produces only globose conidia, compared to P.
ferraniaense that grows 16—20 mm on CYA at 30 C and produces globose, subglobose to
broadly ellipsoidal conidia (Crous and others 2021). This group of species produces
conidiophores with rough walled stipes, except for P. circulare and P. daejeonium, which have

smooth walled (sometimes finely roughened) stipes.
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Figure 9. Morphological characters of Penicillium mattheeae; A. colonies from left to right on CYA, MEA, YES,
DG18 and OA; B. texture on CYA; C, D. texture on MEA; E-I. conidiophores; J. conidia. Bar = 1 mm (B, C), 250

um (D), 10 pm (E-J).
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Penicillium mattheeae Visagie & Yilmaz, sp. nov. FIG. 9

MycoBank: MB844186

In: subgenus Aspergilloides section Aspergilloides series Saturniformia (Houbraken and others
2020).

Typification: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155, 22.645636), from soil,
Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz (holotype PREM: 63219 (dried specimen in
metabolically inactive state), culture ex-type CMW: 56388 = CBS: 147415 = CN014C5). DNA
reference sequences: ITS = MT949904, BenA = MT957408, CaM = MT957451, RPB2 =
MT957477.

Additional strains examined: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155,
22.645636), from soil, December 2018, Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz,
cultures CMW: 56195 = CBS: 147416 = CN014C6, CMW: 56633 = CBS: 147417 = CNO14C7.
Etymology: Latin, mattheeae, named after Dalene Matthee, authoress of the classical South
African stories ‘Kringe in 'n bos’, ‘Fiela se Kind’, “Toorbos’ and ‘Moerbei Bos’, novels about the
woodcutter’s lives and gold rush set in the Knysna forest area.

Description: Colony diam, 7d, in mm: CYA 15-20; CYA10C 7-9; CYA15C 15-17; CYA20C 21-23;
CYA30C no growth; CYA37C no growth; CYAS microcolonies, 1-2; MEA 15-17; YES 19-24; DG18
15-17; OA 16-19; CREA 4-5.

CYA 25 C, 7 d: Colonies moderately deep, concentrically sulcate; margins low, entire, narrow;
mycelia white; texture velutinous; sporulation moderately dense; conidia en masse Greyish to
Dark Green (26E6—F6); soluble pigments absent; exudates absent; reverse Greyish Yellow (2B3).

MEA 25 C, 7 d: Colonies moderately deep, radially and concentrically slightly sulcate; margins
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low, entire, narrow; mycelia white; texture velutinous; sporulation moderately dense; conidia
en masse Greyish to Dark Green (25E7—F7); soluble pigments absent; exudates absent; reverse
Light Brown to Brown (6D5—E5). YES 25 C, 7 d: Colonies moderately deep, radially slightly
sulcate; margins low, entire, narrow; mycelia white; texture velutinous; sporulation moderately
dense; conidia en masse Dull Green (26D4); soluble pigments absent; exudates absent; reverse
Pale Yellow (3A3), Greyish Yellow (4B3). DG18 25 C, 7 d: Colonies low, radially sulcate; margins
low, entire, narrow; mycelia white; texture floccose; sporulation sparse; conidia en masse
Greenish White (25A2); soluble pigments absent; exudates absent; reverse Pale to Greyish
Yellow (2A3-B4). OA 25 C, 7 d: Colonies low, plane; margins subsurface, entire, wide; mycelia
white; texture floccose and velutinous; sporulation moderately dense; conidia en masse Greyish
to Dark Green (25E7-F7); soluble pigments absent; exudates clear; reverse white to Greyish
Green (1C3). CREA 25 C, 7 d: Colonies weak growth, acid not produced.

Conidiophores symmetrically biverticillate; stipes rough walled, 200660 x 3.5-5 um; metulae
3-5 per stipe, appressed, 11-15(—16) x 3.5-5 um; phialides ampulliform, 5-8 per metula, 8—
11.5 x 2.5-4 uym (X = 9.7+0.9 x 3.440.3), average metula:phialide = 1.4; conidia spirally rough
walled, broadly ellipsoidal, 3—4 x 2.5-3.5 um, (X = 3.7+0.2 x 2.8+0.2), average width/length =
0.77,n =50.

Distinguishing features: Penicillium mattheeae is classified in section Aspergilloides series
Saturniformia (FIG. 3). The only other species in the series is P. saturniforme. Both species
produce symmetrically biverticillate appressed conidiophores, making them morphologically
distinct from all other members of section Aspergilloides which generally produce

monoverticillate conidiophores, noting that divaricate conidiophores are produced by P.
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fortuitum, P. improvisum, P. ranomafanaense and P. verhagenii (Crous and others 2018;
Houbraken and others 2014; Visagie and others 2016). Series Saturniformia conidiophores
resemble those observed in section Canescentia series Atroveneta species and section
Sclerotiorum series Herqueorum species. Distinguishing between these phylogenetically distant
groups are difficult but see comparison provided in the distinguishing features for Penicillium
claroviride above. Penicillium mattheeae can be distinguished from P. saturniforme based on
the new species’ longer stipes (200—660 vs 80—200 um), lack of cleistothecia and slower growth
on CYA (15-20 vs 27-29 mm), MEA (15-17 vs 21-24 mm) and YES (19-24 vs 38—42 mm) (Wang
and Zhuang 2009).

Penicillium outeniquaense Visagie & Yilmaz, sp. nov. FIG. 10

MycoBank: MB844187

In: subgenus Aspergilloides section Citrina series Westlingiorum (Houbraken and others 2020).
Typification: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155, 22.645636), from soil,
Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz (holotype PREM: 63218 (dried specimen in
metabolically inactive state), culture ex-type CMW: 56387 = CBS: 147414 = CN014C2). DNA
reference sequences: ITS = MT949903, BenA = MT957405, CaM = MT957450, RPB2 =
MT957476.

Etymology: Latin, outeniquaense, named after the Outeniqua mountains, location of the
sampling site where this species was found.

Description: Colony diam, 7d, in mm: CYA 25-27; CYA10C 9-10; CYA15C 18-19; CYA20C 25-26;
CYA30C germination; CYA37C no growth; CYAS 25-27; MEA 18-19; YES 28-30; DG18 20-21; OA

18-19; CREA 18-19.
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Figure 10. Morphological characters of Penicillium outeniquaense; A. colonies from left to right on CYA, MEA,
YES, DG18 and OA; B. texture on CYA; C, D. texture on MEA; E-K. conidiophores; 1. conidia. Bar = 1 mm (B—

D), 10 um (E-L).
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CYA 25 C, 7 d: Colonies moderately deep, radially slightly sulcate; margins low, entire, narrow;
mycelia white; texture floccose; sporulation sparse to moderately dense; conidia en masse Pale
Green to Greyish Green (25A3, 25C3—-26C3); soluble pigments absent; exudates absent; reverse
Orange White to Orange Grey (5A2—-B2). MEA 25 C, 7 d: Colonies moderately deep, randomly
sulcate; margins low, entire, narrow; mycelia white; texture floccose; sporulation sparse
moderately dense; conidia en masse Greyish Green (25B4—-D4); soluble pigments absent;
exudates absent; reverse Brownish Orange to Brown (5C6-E8). YES 25 C, 7 d: Colonies
moderately deep, randomly sulcate; margins low, entire, narrow; mycelia white; texture
floccose; sporulation very sparse; conidia en masse not determined; soluble pigments absent;
exudates absent; reverse Pale Yellow to Greyish Yellow (4A3-B6). DG18 25 C, 7 d: Colonies low,
radially sulcate; margins low, entire, narrow; mycelia white; texture floccose; sporulation
moderately dense; conidia en masse Light Green to Greyish Green (25A4-D4); soluble pigments
absent; exudates absent; reverse Pale Yellow to Greyish Yellow (2A3—-B3-4). OA 25 C, 7 d:
Colonies low, plane; margins low, entire, wide; mycelia white; texture floccose; sporulation
moderately dense; conidia en masse Greyish Turquoise (24D3—4); soluble pigments Olive to
Yellow; exudates absent; reverse Pale to Greyish Yellow (1A3—B4). CREA 25 C, 7 d: Colonies
good growth, acid not produced.

Conidiophores biverticillate, mono- or terverticillate rare; stipes smooth walled, 100-350 x 2—3
um; branches 16-25 um; metulae (2—)3-6 per stipe/branch, divergent, 9—20 x 2.5-3.5 um;
phialides ampulliform, 6-12 per metula, 7-8(—8.5) x 2.5-3 um (X = 7.6+0.5 x 2.9+0.1), average
metula:phialide = 1.7; conidia finely rough walled, globose, 2—-2.5 um, (X = 2.5+0.1), average

width/length = 0.96, n = 38.

29



Distinguishing features — Penicillium outeniquaense is closely related to P. chrzaszczii, P.
godlewskii and P. waksmanii in section Citrina series Westlingiorum (FIG. 4). Compared to P.
chrzaszczii, P. outeniquaense grows slightly slower on MEA (18-19 vs 21-28 mm), has a higher
CYAS:CYA ratio (1:1 vs 0.95:1), germinates on CYA30C and lacks the yellow soluble pigments
typical of the former species (Houbraken and others 2011). Compared to P. godlewskii, conidia
of the new species can germinate on CYA30C (no growth in the former) and has a CYAS:CYA
ratio of 1:1 vs 1:1.4 (Houbraken and others 2011). Compared to P. waksmanii, conidia of P.
outeniquaense germinate on CYA30C, colonies generally grow slower on MEA (18-19 vs 18—
24(-30) mm), while its CYA reverse is orange-white to orange grey in contrast to the brown
reverse of P. waksmanii (Houbraken and others 2011).

Penicillium subfuscum Visagie & Yilmaz, sp. nov. FIG. 11

MycoBank: MB844188

In: subgenus Aspergilloides section Lanata-Divaricata series Simplicissima (Houbraken and
others 2020).

Typification: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155, 22.645636), from soil,
Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz (holotype PREM: 63220 (dried specimen in
metabolically inactive state), culture ex-type CMW: 56196 = CBS: 147455 = CN014C9). DNA
reference sequences: ITS = MT949907, BenA = MT957412, CaM = MT957454, RPB2 =

MT957480.
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Figure 11. Morphological characters of Penicillium subfuscum; A. colonies from left to right on CYA, MEA, YES,
DG18 and OA; B. texture on CYA; c. texture on MEA; D. texture on OA; E. soft sclerotia from OA; F-K.

conidiophores; L. conidia. Bar = 1 mm (B-D), 50 pm (E), 10 um (F-L).
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Additional strains examined: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155,
22.645636), from soil, Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz, culture CNO14A6.
Etymology: Latin, subfuscum, ‘sub’' = below; 'fuscum'= brown, named for the brown colony
reverse.

Description: Colony diam, 7d, in mm: CYA 37-40; CYA10C 5-7; CYA15C 20-21; CYA20C 30-33;
CYA30C 24-25; CYA37C no growth; CYAS 29-32; MEA 34-37; YES 42-44; DG18 23-25; OA 30—
32; CREA 32-33.

CYA 25 C, 7 d: Colonies moderately deep, radially slightly sulcate; margins low, entire, wide;
mycelia white; texture floccose; sporulation moderately dense; conidia en masse Greyish to
Dull Green (25B3—C4, 25E3—-26E3); soluble pigments absent; exudates clear; reverse Pale to
Light Yellow (3A3—4). MEA 25 C, 7 d: Colonies moderately deep, radially slightly sulcate,
sclerotia produced after prolonged incubation; margins low, entire, wide; mycelia white;
texture floccose; sporulation moderately dense; conidia en masse Greyish to Dull Green (25B3—
C4, 25E3-26E3); soluble pigments absent; exudates clear; reverse Greyish Orange to Brown
(5B4-D6). YES 25 C, 7 d: Colonies moderately deep, lightly sulcate; margins low, somewhat
irregular, wide; mycelia white; texture floccose; sporulation moderately dense; conidia en
masse Greyish to Dull Green (25E3-26E3); soluble pigments absent; exudates absent; reverse
Pale to Light Yellow (3A3-4). DG18 25 C, 7 d: Colonies low, plane; margins low, entire, narrow;
mycelia white; texture velutinous; sporulation moderately dense; conidia en masse Greyish to
Dull Green (25E3—-26E3); soluble pigments absent; exudates absent; reverse Yellowish White
(1A2), Greenish Grey (1B2). OA 25 C, 7 d: Colonies low, plane, raised centrally, sclerotia

produced after prolonged incubation; margins low, entire, wide; mycelia white; texture
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floccose; sporulation moderately dense; conidia en masse Greyish to Dull Green (26C4—E4);
soluble pigments absent; exudates clear; reverse Yellowish White to Yellowish Grey (3A2—-B2).
CREA 25 C, 7 d: Colonies weak growth, acid produced, weak.

Conidiophores divaricate and biverticillate, monoverticillate rare; stipes rough walled,
sometimes finely rough walled, 120-500 x 2.5-3.5 um; branches 12.5-37 um; metulae 2—4 per
stipe/branch, divergent, 9—18 x 2—4 um; phialides ampulliform, 4—6 per metula, 7-9 x 2.5-3.5
um (X = 8.2+0.5 x 2.9+0.2), average metula:phialide = 1.6; conidia rough walled, globose, 2.5—
3.5 um, (X = 3.4+0.2), average width/length = 0.98, n = 54; sclerotia soft, of interwoven hyphae,
45-145 pm.

Distinguishing features — Penicillium subfuscum is closely related to P. panissanguineum and P.
simplicissimum in series Simplicissima (FIG. 5). Species in this series typically grow quickly on
most media, while conidiophores are divaricate with roughened stipes. Penicillium subfuscum
and P. panissanguineum does not grow on CYA at 37 C, distinguishing them from P.
simplicissimum. The new species produces greyish orange to brown colony reverses on MEA
and soft sclerotia, in contrast to the pinkish red reverse and lack of sclerotia in P.
panissanguineum (Visagie and others 2016).

Penicillium umkhoba Visagie & Yilmaz, sp. nov. FIG. 12

MycoBank: MB844189

In: subgenus Aspergilloides section Sclerotiorum series Herqueorum (Houbraken and others

2020).
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Figure 12. Morphological characters of Penicillium umkhoba; A. colonies from left to right on CYA, MEA, YES,
DG18 and OA; B. texture on CYA; C, D. texture on MEA; E-J. conidiophores; K. conidia. Bar = 1 mm (B, C), 500

pm (D), 10 pm (E-K).
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Typification: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155, 22.645636), from soil,
Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz (holotype PREM: 63222 (dried specimen in
metabolically inactive state), culture ex-type CMW: 56200 = CBS: 147457 = CN014D5). DNA
reference sequences: ITS = MT949912, BenA = MT957417, CaM = MT957459, RPB2 =
MT957485.

Additional strains examined: SOUTH AFRICA, WESTERN CAPE, Wilderness (-33.934155,
22.645636), from soil, Dec 2018, M.J. Wingfield, C.M. Visagie & N. Yilmaz, cultures CMW: 56199
= CBS: 147456 = CN014D4, CMW: 56201 = CBS: 147419 = CN014D6.

Etymology: Latin, umkhoba, from the Xhosa name for the Outeniqua yellowwood (Afrocarpus
falcatus (= Podocarpus falcatus)).

Description: Colony diam, 7d, in mm: CYA 28-31; CYA10C 4-6; CYA15C 15-16; CYA20C 23-25;
CYA30C 3-5; CYA37C no growth; CYAS microcolonies, 1-2; MEA 28-32; YES 24-26; DG18 16—
19; OA 26-30; CREA 14-15.

CYA 25 C, 7 d: Colonies low, radially and concentrically sulcate, slightly crateriform; margins
low, entire, narrow; mycelia yellow; texture velutinous; sporulation dense; conidia en masse
Greyish Turquoise (24D4-5); soluble pigments yellow; exudates absent; reverse Dull Yellow
(3B4), Olive Brown (4F7). MEA 25 C, 7 d: Colonies low, radially sulcate, raised centrally; margins
low, entire, narrow; mycelia white and yellow; texture velutinous; sporulation dense; conidia en
masse Greyish to Dull Green (25D4—F4); soluble pigments absent; exudates absent; reverse
Brownish Orange (5C5), Light Brown (6D6), Dark Brown (6F6). YES 25 C, 7 d: Colonies deep,
radially and concentrically sulcate, crateriform; margins low, entire, narrow; mycelia white,

yellow; texture velutinous; sporulation moderately dense; conidia en masse Greyish Turquoise
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(24D4-5); soluble pigments absent; exudates absent; reverse Light Yellow (4A4), Brown (7E5—
7). DG18 25 C, 7 d: Colonies slightly raised, radially sulcate; margins low, entire, narrow; mycelia
yellow, deep yellow to orange; texture velutinous; sporulation moderately dense; conidia en
masse Olive to Olive Brown (2D5-4D5); soluble pigments absent, sometimes yellow,
inconspicuous; exudates absent; reverse Dull Yellow (3B4), Olive Brown (4F7), Light Brown
(6D7). OA 25 C, 7 d: Colonies low, plane; margins low, entire, wide; mycelia yellow to
inconspicuously orange; texture velutinous; sporulation moderately dense; conidia en masse
Dull to Dark Green (25E5-F5); soluble pigments yellow to orange; exudates clear; reverse Light
Yellow to Greyish Yellow to Brownish Orange (4A4-C6-5C5). CREA 25 C, 7 d: Colonies weak
growth, acid not produced.

Conidiophores symmetrically biverticillate; stipes smooth, sometimes very finely rough walled,
200-600 x 3—4 um; metulae 4—6 per stipe, appressed, 8—11(—13.5) x 3—-5 um; phialides
ampulliform, 4-8 per metula, 8-13 x 2.5-4 um (X = 9.9+1.1 x 3.2+0.3), average metula:phialide
= 1; conidia rough walled, ellipsoidal, slightly ovoid, 3.5-4.5 x 2.5-3 um, (X = 3.94+0.3 x 2.6+0.1),
average width/length = 0.65, n = 50.

Distinguishing features — Penicillium umkhoba is classified in section Sclerotiorum series
Herqueorum together with P. choerospondiatis, P. herquei, P. malachiteum, P. sanshaense and
P. verrucisporum (FIG. 6). Compared to P. choerospondiatis, the new species grows faster on
CYA (28—-31 vs 11-12.5 mm) and YES (24-26 vs 16—19 mm), and produces slightly larger conidia
(3.5-4.5 x 2.5-3 um vs 4.5-6.5 x 3.3—4.5 um) (Wang and others 2017). Compared to P. herquei,
P. umkhoba grows slower on YES (24-26 vs 30—40 mm) and CYAS (microcolonies vs 10-17 mm)

(Visagie and others 2013). Compared to P. malachiteum, P. umkhoba grows slightly faster on
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CYA (28-31 vs 20—-25 mm), slightly slower on YES (24-26 vs 28-32 mm) and does not produce
sclerotia (Visagie and others 2013). Penicillium umkhoba grows faster on CYA (28—31 vs 21-23
mm), slower on YES (24-26 vs 32-34 mm) and produces larger conidia (3.5—4.5 x 2.5-3 um vs
3-3.5 x 2-2.5 um) than P. sanshaense (Wang and others 2017). Compared P. verrucisporum,
the new species grows slower on MEA (28—-32 vs 36—37 mm) and YES (24-26 vs 43—-44 mm), but
produces larger conidia (3.5-4.5 x 2.5-3 um vs 3—3.5 x 2.5-3 um) (Wang and others 2017).
Series Herqueorum species produce symmetrically biverticillate and appressed conidiophores,
similar to species classified in section Canescentia series Atroveneta and section Aspergilloides
series Saturniformia. Distinguishing between these groups are difficult but see comparison

provided in the distinguishing features for Penicillium claroviride above.

DISCUSSION

The fynbos biome covering most of South Africa’s Western Cape is considered a biodiversity
hotspot (Myers and others 2000). The region is also considered a hotspot for Penicillium
diversity with past fynbos surveys recovering many species, of which a high proportion were
described as new species (Visagie and others 2021). This survey collected samples from three
sites and because the fynbos is highly heterogenous (Mucina and Rutherford 2006) we believe
it only started to uncover Penicillium diversity in the region. Very little work has been done to
document Penicillium in the South Cape, but a strain (CBS: 328.71) isolated in the 1960s from
soil collected in the Tsitsikamma Forest (near Knysna and Wilderness) was described as P.
tsitsikammaense [MB 809976] by Houbraken and others (2014). This survey is the first in the

region that used modern taxonomic approaches to characterize communities. In the process,
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74 Penicillium strains were morphologically and phylogenetically characterized and resulted in
12 species identified and six new taxa described. Unpublished surveys made across South Africa
in recent years resulted in the identification of a further £30 new Penicillium species that will be
described in the near future. Considering the large proportion of accepted species that will be
described from South Africa, it has an important role to play in any international inventory of
the genus.

The modernization of Penicillium taxonomy over the past decade has resulted in
identifications that are now heavily reliant on DNA sequence data. This brings the advantage of
relatively quick, robust, and reliable identifications when compared to traditional
morphological approaches. However, this modern approach also led to a more aggressive
species concept. This is not necessarily a bad approach but resulted in about 160 of the 513
currently accepted Penicillium species being monotypic. Even though far from ideal, our push to
describe the missing diversity (Hawksworth and Lucking 2017) partly led to the normalization of
introducing new species even if based only on one strain, as is done in the case of P.
outeniquaense above. During this study, we also managed to isolate a strain of P. onobense
(previously only known from its ex-type strain CBS: 174.81) and we were able to add BenA, CaM
and RPB2 to our knowledge of this species. However, much work is needed to further capture
infraspecies diversity within Penicillium from as many different substrates and geographic
regions as possible. This will help to better define species boundaries and make future
identifications easier, while we will learn more about species distribution and potential

ecological significance.
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