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A sample of isolates from Talaromyces pinophilus (55 isolates) and closely related species (76 isolates) was
sequenced at four loci, the data were analyzed using maximum likelihood analysis and the GCPSR. The
isolates were subjected to growth studies on the recommended media for description of Talaromyces
species. On the basis of the combined data, five new species were segregated out of T. pinophilus and
placed in newly described species. The T. pinophilus species complex contains ten species. The three other
new species, Talaromyces argentinensis, T. californicus and T. louisianensis were not a part of the
T. pinophilus species complex but occurred in Talaromyces sect. Talaromyces. T. argentinensis produces a
teleomorphic state and is phylogenetically and morphologically distinct from other Talaromyces species.

Published by Elsevier Ltd on behalf of British Mycological Society.
1. Introduction

The number of species in Talaromyces sect. Talaromyces has
rapidly increased in recent years (Raper and Thom,1949; Pitt, 1979;
Samson et al., 2011; Yilmaz et al., 2014; Barbosa et al., 2018; Cerullo
et al., 2018; Jiang et al., 2018; Su and Niu, 2018; Varriale et al., 2018)
leading to a new understanding of the diversity of the genus (Tsang
et al., 2018). The treatments of the new species have not included
Talaromyces pinophilus and closely related species with one
exception (Jiang et al., 2018).

In addition to the inherent interest in knowing the diversity of
these fungi, there are useful aspects of some Talaromyces species in
plant protection (Abdel-Rahim and Abo-Elyousr, 2018), pharma-
cology (Salvatore et al., 2018; Xu et al., 2018) and an ongoing in-
terest in human infection caused by Talaromyces marneffei (Castro-
Lainez et al., 2018; Lei et al., 2018; Ellett et al., 2018).

Over the past several years we have been collecting Talaromyces
isolates from different substrates including air from the built
environment, maize seeds and various soils. We have worked on
understanding the species identity and phylogenetic placement of
.gov, swpete53@gmail.com

ish Mycological Society.
the species (Peterson and Jurjevi�c, 2013). Sequences were obtained
for BenA, CaM, ITS, and RPB2 gene sequences and were analyzed in
light of the genealogical concordance phylogenetic species recog-
nition model (GCPSR) (Taylor et al., 2000; Dettman et al., 2003).
We amassed a sampling of T. pinophilus and other related Talar-
omyces spp., and provide our interpretation of the species in the
T. pinophilus species complex.
2. Materials and methods

2.1. Cultures and growth

The cultures used here are available from the ARS Culture
Collection (https://nrrl.ncaur.usda.gov), or the sequences may be
downloaded from GenBank. The provenance of the individual iso-
lates is given in Table 1. Culture were grown for diagnostics on CYA,
MEAbl, CY20, PDA, OA, DG18, CYAS, and CREA. Media formulations
followed Visagie et al. (2014) or Pitt (1979). Seven d old MEA cul-
tures were used for microscopic examination. Bits of mycelium
were teased apart in a small drop of lactic acid (85 %) and viewed
using a Zeiss axioskope fittedwith a Nikon D7100 camera, or a Leica
250 microscope and camera. Other preparations were made by
touching a 15� 5mm piece of clear tape to the culture to lift spores
and associated structures. Individual photographs were optimized
for contrast and fitted into composite plates using Photoshop
Elements 10.
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2.2. DNA techniques

Fungal isolates were grown in 125mL flasks containing 25mL of
ME broth kept on a rotary shaker (200 rpm) at 25 �C. Myceliumwas
separated from medium using filter paper and a vacuum funnel.
The mycelium was freeze-dried and was ground to a powder in a
1.5 mL centrifuge tube. DNA was isolated using the CTAB method
(Peterson et al., 2015) or using a DNeasy Ultraclean Microbial kit
(Qiagen). DNA was stored in distilled water at �20 �C until used.

Individual gene locus amplification used the primers and con-
ditions listed by Peterson (2008). The loci were the partial b-tubulin
sequence BenA, the partial calmodulin sequence CaM, the nuclear
ITS1-5.8S rDNA-ITS2 repeat ITS, and the partial sequence of DNA
dependent RNA polymerase RPB2. Sequencing the genes was
accomplished using the techniques and reagents of Peterson et al.
(2015). Amplicons were sequenced in both directions and were
viewed and harmonize using Sequencher 5.1 (Gene Codes, Ann
Arbor, MI).

Homologous sequences were aligned using MAFFT 7.217 (Katoh
and Standley, 2013) and the alignments were analyzed using IQtree
1.6.10 (Nguyen et al., 2015), SH-alrt (Guindon et al., 2010) and ul-
trafast bootstrap (Hoang et al., 2018). Trees were viewed using
TREEVIEW (Page, 1996) and redrawn for publication using Corel-
Draw. Sequences were deposited in GenBank and accession
numbers are provided in Supplementary Table 1.

The data sets were analysed using the model finding function in
IQtree (Kalyaanamoorthy et al., 2017). The data were partitioned
essentially by separating the intron from the exon data for CaM and
BenA, the ITS regions from the 5.8s sequence in the ITS locus and
positions 1, 2, and 3were treated as separate data sets in the data for
the RPB2 data. Best-fit model according to BIC: K2PþG4:part1(BenA
intron), TNe þ G4:part2 (BenA exon), TIM3e þ G4:part3 (CaM
intron), TNe þ G4:part4 (CaM exon), TN þ F þ R2:part5 (ITS1 and
ITS2), K2P:part6 (5.8s rRNA), TIM þ F þ R2:part7 (RPB2 first posi-
tion), K2P:part8 (RPB2 second position), and TN þ F þ G4:part9
(RPB2 third position). For Fig. 1 IQtree was run using partitions and
the preferred models in an edge-linked analysis (Chernomor et al.,
2016). The combined data set included 79 taxa, 2474 character-
sites and were partitioned into 9 rate categories. The ultrafast
bootstrap and SH-alrt tests were run for 1000 iterations.

3. Results

3.1. Phylogeny of Talaromyces sect. Talaromyces

The phylogenetic relationships of the species from Talaromyces
sect. Talaromyces were determined using IQtree, sequences pro-
duced in this study, and a set of sequences fromGenBank. To reduce
the number of species in the tree, Talaromyces beijingensis was
chosen as a suitable outgroup on the basis on the initial analysis of
all sect. Talaromyces spp. (tree not shown). The phylogenetic anal-
ysis was performed using the smaller group of species with mul-
tiple isolates of each (Fig. 1). The individual locus trees
(Supplemental Figs. 1e4) do not have the resolution afforded by the
composite tree and resolve little of the deeper branching but show
the grouping of isolates into putative species.

3.2. Talaromyces pinophilus

The set of 55 T. pinophilus isolates spanned collection dates from
1928 to 2009 and geographically the isolates came from SE Asia and
the Indian subcontinent, Africa, North America, South America, and
Europe, with the greatest proportion coming from maize in the
central U.S. The isolates are variable at the four loci sampled dis-
playing 8 haplotypes at BenA, 19 haplotypes at CaM, 3 haplotypes at
ITS, and 13 haplotypes at RPB2 (Fig. 2, Supplementary Figs. 5e7).
By comparisonwith the closely related Talaromyces mae, Talaromyces
adpressus and Talaromyces lentulus there is a substantial gap between
the intraspecific variation inT. pinophilus and the other three species.
The T. pinophilus species complex includes the new species T. soli, T.
tumuli, T. malicola, T. domesticus and T. pratensis and the described
species T. mae, T. lentulus, T. adpressus and T. pinophilus sensu stricto.

3.3. GCPSR

At the BT2 locus (Supplemental Fig. 1) Talaromyces sayulitensis, T.
lentulus, T. adpressus, T. tumuli, T. domesticus, T. soli, T. malicola, T.
californicus, T. louisianensis and T. argentinensis were supported in
species clades. Talaromyces pratensis isolates formed two groups.
Many groups were statistically supported but no statistically sup-
ported clade united these species with T. pinophilus. At the CaM
locus (Supplemental Fig. 2) all of the isolates grouped into species
clades with T. sayulitensis and T. domesticus distinct from the
T. pinophilus clade and no statistically supported clade showing the
relationship between the two. At the ITS locus (Supplemental Fig. 3)
there was little statistical support but the isolates of T. sayulitensis,
T. domesticus, T. adpressus and T. californicus all displayed a single ITS
genotype. Talaromyces tumuli, T. louisianensis, T. soli, T. pratensis and
T. pinophilus all showed mixed, sometimes overlapping ITS se-
quences. At the RPB2 locus (Supplemental Fig. 4) clades that contain
T. soli, T. pratensis, T. lentulus, T. tumuli, T adprssus, T. sayulitensis, T.
domesticus, T. pinophilus, T. mae and T. malicola and those species are
statistically part of a larger group defining the T. pinophilus clade.
Talaromyces californicus, T. louisianensis and T. argentinensis isolates
are united into species clades.

3.4. Other Talaromyces species

Talaromyces argentinensis, T. louisianensis and T. californicus are
located in a clade that is distinct from T. pinophilus but is within the
larger clade defined by T. beijingensis (Fig. 1). In addition to the
previously mentioned species, T. sayulitensis was a common and
abundant species, often isolated from maize. Talaromyces domes-
ticus was separated from isolates of T. sayulitensis by small consis-
tent differences. Talaromyces fuscoviridis and Talaromyces
veerkampiiwere identified based on the sequence identity of the ex
type isolate and the isolates used in this study.

Concordance of the gene trees was established fromviewing the
trees (Supplemental Figs. 1e4). Isolates assigned to a species were
so assigned because of their placement into a branch with or
without significant support. Only when the isolates were placed
in the same branch of all three protein coding loci they were
considered to be a species.

3.5. Taxonomy

Colony descriptions are made from colonies grown 7d at 25 �C
except where noted.

Talaromyces pinophilus Mycobank MB560662. Fig. 3.
Medium dependent growth, in mm. CYA 16e31, MEA 37e45,

PDA 38e43, CY20S 12e35, DG18 8e17, OA 30e40, CYAS 0e4, CREA
22e31.

Temperatures dependent growth in mm: CYA/MEA 20 �C
10e20/20e31; 30 �C 26e41/50e61; 35 �C 30e45/41e54; 37 �C
24e40/39e48. On CYA at 20 �C, resembles colony at 25 �C, at 30 �C,
poor to moderate sporulation, conidial area deep green-blue gray



Table 1
Provenance of the isolates used in this study.

NRRL Provenance

Talaromyces adpressus
6014 USA, Georgia, isol ex peanut, RJ Cole, 1974.
62299 USA, Oklahoma, isol ex peanut, P Jatala, 1991.
62466 USA, Georgia, isol ex peanut, BW Horn, 2001.
Talaromyces argentinensis
28750 Ghana, isol ex soil, 1950.
28758 Argentina, isol ex soil, RW Jackson, 1956.
Talaromyces californicus
58168 USA, Calilfornia, isol ex air sampler, Z Jurjevic, April 2008.
58207 USA, Calilfornia, isol ex air sampler, Z Jurjevic, April 2008.
58221 USA, Calilfornia, isol ex air sampler, Z Jurjevic, April 2008.
58661 USA, Calilfornia, isol ex air sampler, Z Jurjevic, April 2008.
Talaromyces domesticus
58121 USA, Pennsylvania, isol ex floor swab, Z Jurjevic, July 2008
62132 USA, New Mexico, isol ex untreated cotton cloth, WD Gray, 1953.
Talaromyces lentulus
62119 Portugal, Canary Is., isol ex volcanic soil, F Bustinza, 1950.
62143 unknown provenance, RD Goos, 1959.
Talaromyces liani
1009 derived from Biourge 368
1014 ¼1009
1015 ¼1009
1019 USA, Arizona, isol ignotae, KD Butler, 1936.
3380 China, isol ex soil, ¼CBS 225.66
28759 USA, Illinois, isol ex waste-water, WB Cooke, 1956
28771 USA, Illinois, isol ex amoniated corn, 1974
28778 Brazil, isol ex soil, RW Jackson, 1956.
28834 India, isol ignotae.
Talaromyces louisianensis
35823 USA, Louisiana, isol ex air sample, Z Jurjevic, Sep 2007
35826 USA, California, isol ex air sampler, Z Jurjevic, Oct 2007
35928 USA, Louisiana, isol ex air sampler, Z Jurjevic, Feb 2008
58410 USA, New York, isol ex air sampler, Z Jurjevic, June 2008.
Talaromyces malicola
3724 Italy, Milan, isol ex apple rhizosphere, R. Locci, 1967.
Talaromyces pinophilus
1060 Malaysia, isol ex seed, JR Weir, 1928.
2126 USA, Maryland, isol ex mercury treated cloth, WL White, 1945.
3503 Papua New Guinea, isol ex radio, M Downing, 1953.
3647 USA, Maryland, isol ex mercury treated cloth, WL White, 1945.
5200 ex type isolate Penicillium korosum
5837 India, isol ignotae, SM Batrabet, 1973.
13016 USA, Texas, isol ex dung ball, DT Wicklow, 1982.
13037 Egypt, isol ex sugar cane baggasse, 1979
13038 Egypt, isol ex sugar cane baggasse, 1979
13039 Egypt, isol ex sugar cane baggasse, 1979
13040 Egypt, isol ex sugar cane baggasse, 1979
13041 Egypt, isol ex sugar cane baggasse, 1979
13042 Egypt, isol ex sugar cane baggasse, 1979
13043 Egypt, isol ex sugar cane baggasse, 1979
22961 USA, Illinois, isol ex A. flavus sclerotium, DT Wicklow, 1994.
25743 USA, Illinois, isol ex soil, DT Wicklow, 1996.
29068 India, AK Sarbhoy, 1975.
31483 Mexico, Chiapas, isol ex coffee borer feces, F Infante, 2001.
35251 USA, Colorado, isol ex house dust, SP Abbott, 2003.
58022 USA, NJ, isol ex air sampler, Z Jurjevic, May 2008.
58422 USA, Virgin Is., isol ex air sampler, Z Jurjevic, June 2008.
58691 USA, Illinois, isol ex corn, DT Wicklow, 2009
62103 New Guinea, isol ex cloth, EA Kostopoulus, 1944
62107 USA, Florida, isol ex nylon cloth on ground, WH Weston, 1946
62118 Ghana, isol ex soil, 1950.
62135 USA, Ohio, isol ex sewage scum, WB Cooke, 1954.
62136 India, isol ignotae, BK Bakshi, 1955.
62140 USA, Alabama, isol ignotae, U Diener, 1957.
62144 Peru, Clipperton Is., isol ex soil, 1959.
62145 Peru, Clipperton Is., isol ex soil, 1959.
62153 USA, Georgia, isol ignotae, CR Jackson, 1964.
62162 USA, Georgia, isol ex peanut, RT Hanlin, 1968.
62167 Canada, Quebec, isol ex buried electrical cables, 1969
62168 Canada, Quebec, isol ex buried electrical cables, 1969
62172 USA, isol ex wheat seed, DI Fennell, 1971.
62173 USA, isol ex wheat sample, DI Fennell, 1971.
62176 SE Asia, isol ex paper product, GF Orr, 1973.

(continued on next page)
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Table 1 (continued )

NRRL Provenance

62178 India, isol ignotae, Kamal, 1973
62182 USA, SC, isol ex corn, 1973.
62183 USA, SC, isol ex corn, CW Hesseltine, 1974
62195 USA, SC, isol ex corn, CW Hesseltine, 1974.
62197 India, isol ignotae, KS Bhargana, 1974.
62200 USA, Missouri, isol ex corn, RJ Bothast, 1974.
62201 USA, Missouri, isol ex corn, RJ Bothast, 1974.
62233 USA, NC, isol ex corn, R Rogers, 1978
62251 USA, Arizona, isol ex Larea tridentata seed, GL Adams, 1978.
62256 USA, Georgia, isol ex peanut soldier, RJ Cole, 1979.
62267 USA, Texas, isol ex beetle dung ball, WT Chan, 1981.
62275 USA, Texas, isol ex rodent burrow seed, G Melaik, 1982.
62281 Jamaica, isol ex corn, D Johns, 1984.
62282 Jamaica, isol ex corn, D Johns, 1984.
62285 USA, isol ex corn, RF Vesonder, 1988.
62287 USA, Oklahoma, isol ex wheat, P Jatala, 1991.
62288 USA, Oklahoma, isol ex peanut, P Jatala, 1991.
62297 USA, Georgia, isol ex A. flavus sclerotium, DT Wicklow, 1990.
62415 ex neotype isolate ¼ CBS 631.66
62461 USA, Georgia, isol ex peanut seed, BW Horn, 1999.
Talaromyces pratensis
13548 USA, NC, isol ex corn seed, R Rogers, 1978.
62126 USA, Ohio, isol ex river water, WB Cooke, 1952.
62170 ignotae, WB Cooke, 1969.
62240 USA, Illinois, isol ex Bouteloua seed, 1978.
Talaromyces sayulitensis
1064 USA, Virginia, isol ex corn, C Thom, 1912, type isolate of P. purpurogenum var rubrisclerotium.
6420 USA, NC, isol ex corn, DT Wicklow, 1978.
25074 USA, Georgia, isol ex corn, DT Wicklow, 1995.
35430 USA, Illinois, isol ex corn, DT Wicklow, 2004.
35431 USA, Illinois, isol ex corn, DT Wicklow, 2004.
35432 USA, Illinois, isol ex corn, DT Wicklow, 2004.
58690 USA, Arizona, isol ex corn, DT Wicklow, 2009.
62120 USA, Colorado, isol ex soil, JG Zoril, 1950.
62139 Brazil, isol ex sandy soil, RW Jackson, 1956.
62166 USA, Georgia, isol ex corn, 1969.
62174 USA, Missouri, isol ex white corn, 1972.
62184 USA, SC, isol ex corn, CW Hesseltine, 1974.
62185 USA, SC, isol ex corn, CW Hesseltine, 1974.
62194 USA, SC, isol ex corn, CW Hesseltine, 1974.
62202 USA, SC, isol ex weavil bored corn seed, 1975.
62203 USA, SC, isol ex weavil bored corn seed, 1975.
62204 USA, SC, isol ex weavil bored corn seed, 1975.
62205 USA, SC, isol ex weavil bored corn seed, 1975.
62206 USA, SC, isol ex corn, 1975.
62220 USA, NC, isol ex corn, R Rogers, 1978.
62265 USA, Georgia, isol ex corn, BW Horn, 1981.
62266 USA, Georgia, isol ex corn, BW Horn, 1981.
62269 USA, Georgia, isol ex lodged corn, BW Horn, 1981.
62272 USA, Texas, isol ex seed from rodent burrow, G. Melaik, 1982
Talaromyces soli
1768 Unknown, isol ex soil, CW Hesseltine, 1941.
62104 Nicaragua, isol ex soil, 1945.
62122 USA, Loiusiana, isol ignotae, HH Luke, 1952.
62142 USA, NH, isol ignotae, RA Kilpatrick, 1958.
62152 USA, Indiana, isol ex sand dune soil, RW Tuveson, 1963.
62160 USA, Indiana, P Mislivec, 1967.
62163 USA, Georgia, isol ignotae, RT Hanlin, 1968.
62165 USA, Michigan, isol ignotae, G Rall, 1969.
62171 USA, NC, Ignotae, isol CS Hodges, 1971.
62221 USA, NC, isol ex corn, R. Rodgers, Apr 1978.
62227 USA, NC, isol ex corn seed, R Rogers, 1978.
62237 USA, Illinois, isol ex Andropogon sp. seed, 1978.
62261 USA, Michigan, isol ex cow dung, S Crabtree, 1980.
62298 USA, Oklahoma, isol ex peanut seed, P Jatala, 1991.
62470 USA, Georgia, isol ex peanut seed, BW Horn, 2010.
Talaromyces tumuli
6013 USA, Georgia, isol ignotae, RJ Cole, 1974.
62151 USA, Indiana, isol ex Andropogon sp. rhizosphere, RW Tuveson, 1963.
62459 USA, Georgia, isol ex peanut, BW Horn, 1999.
62469 USA, Georgia, isol ex peanut, BW Horn, 2010.
62471 USA, Georgia, isol ex peanut, BW Horn, 2010.
62693 USA, Georgia, isol ex peanut solder, R J Cole, Jan 1979.
Talaromyces veerkampii
6095 Japan.
62286 USA, Oklahoma, isol ex wheat flour, P Jatala, 1991.
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Fig. 1. Phylogram of part of section Talaromyces based on maximum likelihood analysis of concatenated BenA, CaM and RPB2 and using multiple isolates of each species where
possible. The polytomy of T. soli, T. tumuli, T. adpressus, T. pinophilus, T. mae, T. pratensis, T. lentulus, T. domesticus, T. sayulitensis, T. malicola and T. mae make the informal group the
T. pinophilus species complex. Numbers on nodes are SH-alrt value/ultrafast bootstrap values greater than 80 % SH-alrt and greater than 95 % UF bootstrap.
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(R48; Ridgway, 1912), resembles colony at 25, at 35 and 37 �C, re-
sembles colony at 25 �C; On MEA at 20, 30, 35 and 37 �C resembles
colony at 25 �C.

CYA colonies floccose to funiculose, mycelium white, to amber
yellow, primuline yellow (R16) near yellow ocher (R15),
subsurface at margins ca 2e5 mm, rising ca 3e4 mm, occasionally
lightly radially sulcate, poor sporulation, inconspicuous, exudate
when present clear to mustard yellow, abundant to sparse, no
soluble pigments, reverse cream-buff to chamois (R30), yellow
ocher, Mars yellow (R3), occasionally with deep red shades; MEA



Fig. 2. Phylogram of Talaromyces pinophilus, using T. mae as outgroup and based on maximum likelihood analysis of BenA, CaM, ITS and RPB2 sequences concatenated into a single
file. Nodes supported by >80 % SH-alrt and >95 % UF bootstrap value are shown in bold lines.
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colonies plane, floccose to funiculose, moderate sporulation,
conidial area artemisia green (R47) to deep green-blue gray (R48),
commonly overgrown with mycelium white to antimony yellow
near yellow ocher (R15), amber yellow (R16), occasionally with
pale vinaceous pink shades, occasionally radially sulcate, exudate
when present, clear to orange-yellow, embedded in the mycelium,
no soluble pigments, reverse apricot orange (R14), antimony
yellow near yellow ocher (R15), to colonial buff (R30); PDA
colonies floccose to funiculose, mycelium white to antimony
yellow (R15), amber yellow, mustard yellow (R16), occasionally
with pale vinaceous pink shades, occasionally radially sulcate,
poor to moderate sporulation, conidial area artemisia green (R47)
to deep green-blue gray (R48), exudate when present capucine
yellow to clear, no soluble pigments, reverse cadmium orange to
pale orange yellow (R4), antimony yellow (R15), colonial buff to
cr�eme-buff (R30); CY20S colonies low, mycelium white, with pale



Fig. 3. Talaromyces pinophilus NRRL 62415. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) OA. (G) CY20S. (H) DG18. (I) CERA. (J, K) Conidiophores and phialides. (L)
Conidia. Bar ¼ 10 mm.
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buff-yellow shades, largely subsurface, poor to moderate sporu-
lation, sporulating area artemisia green (R47) to deep green-blue
gray (R48); reverse uncolored to pale yellow shades; DG18
colonies loose, floccose to funiculose, mycelium white to primu-
line yellow, amber yellow (R16), occasionally with pale purplish
shades, occasionally radially sulcate, poor to moderate sporula-
tion, conidial area indistinct to artemisia green (R47) to deep
green-blue gray (R48), no exudate, no soluble pigments, reverse
cartridge buff to cream-buff to chamois (R30), mustard yellow
(R16); OA colonies floccose to lightly funiculose, mycelium white
to primuline yellow or wax yellow (R16), poor to moderate
sporulation, conidial area indistinct to artemisia green (R47) to
deep green-blue gray (R48), exudate clear to cadmium yellow
(R3), no soluble pigments, reverse uncolored occasionally English
red; CREA colonies thin, hyphae largely submerged, very weak to
moderate acid production.

Conidiophores commonly borne from aerial hyphae, occasionally
rope like hyphal aggregations (10e)40e200(e300) � 2.5e4(e5)
mm, smooth, rarely finely roughened with age, bearing terminal
biverticillate, occasionally monoverticillate, or more complex
penicilli (Fig. 3J, K), metulae 8e12(e14) � 2.5e3.5(e4) mm, in ver-
ticils of 4e11(e14), phialides 9e11(e16) � 2e3(e4) mm, acerose
with gradually tapering collula, (3e)5e7(e9), per metula; conidia
(Fig. 3L) subglobose, occasionally broadly ellipsoidal or ellipsoidal
(large spore), 2.5e3.5(e9) � 2.5e3(e5) mm, with smooth to finely
roughened walls, born in short disordered chains or loose columns.

Talaromyces argentinensis Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827826. Fig. 4.
Etym.: The species is named for Argentina where it was once
isolated.

Holotype: Ghana, Tafo, West Africa Cacao Research Institute,
isolated from soil, 1950, culture dried and deposited in the U.S.
National Herbarium, Beltsville, MD, under accession number BPI-
910716. Culture ex type NRRL 28750; ITS barcode ¼ MH793045;
alternative markers BenA ¼ MH792917; CaM ¼ MH792981;
RPB2 ¼ MH793108.

Medium dependent growth in mm: CYA 24e31, MEA 50e52,
PDA 47e52, CY20S 20e25, DG18 11e14, OA 38e40, CYAS 0, CREA
43e58.

Temperature dependent growth inmm: On CYA/MEA 20 �C 6e9.
30 �C 31e40/50e62, 35 �C 12e34/13e33, 37 �C 7e25/0e32. On CYA
at 20 �C,moderate sporulation, conidial area artemisia green (R47),
resembles colony at 25 �C, at 30, 35 and 37 �C, light to moderately
deep sulci, no sporulation, mycelium predominately white,
resemble colonies grown at 25 �C. On MEA at 20 �C moderate
sporulation, conidial area artemisia green (R47), resembles colony
at 25 �C, at 30, 35 and 37 �C light to moderately deep sulci,
resembles colony at 25 �C.

CYA colonies floccose to funiculose, myceliumwhite, to mustard
yellow (R16), to vinaceous pink (R28), subsurface at margins ca
3mm, rising ca 3mm, very poor sporulation, no exudate, no soluble
pigments, reverse cream-buff to chamois near honey yellow (R30);
MEA colonies plane, floccose to funiculose, mycelium white to
amber yellow, wax yellow (R16), poor sporulation, no exudate, no
soluble pigments; reverse colonial buff to deep colonial buff (R30),
with pale orange-reddish shades; PDA colonies floccose to



Fig. 4. Talaromyces argentinensis NRRL 28758. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) OA. (G) CY20S. (H) CREA. (I) Ascoma. (J) Conidiophores, phialides and
conidia. (K) Ascus and ascospores. (L) Slightly roughened ascospores. Bar ¼ 10 mm.
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funiculose, mycelium white to mustard yellow (R16), pinkish
vinaceous (R27) shades, poor sporulation, no exudate, no soluble
pigments, reverse colonial buff (R15), to deep colonial buff (R30);
CY20S colonies ropy, low, mycelium white to pale buff-yellow
shades, largely subsurface, poor to moderate sporulation, not
strongly colored to celandine green color (R47), reverse uncolored
to pale buff shades; DG18 colonies loose, plane, funiculose to floc-
cose, mycelium white to mustard yellow (R16), poor to moderate
sporulation, not strongly colored to celandine green color (R47),
exudate when present apricot yellow (R4), no soluble pigments;
reverse light buff to warm yellow (R15); OA colonies funiculose to
floccose, mycelium white to mustard yellow (R16), with pinkish
vinaceous (R27) shades centrally, very poor sporulation, ascomata,
abundant, yellow, not fully mature after 7 d, exudate clear to apricot
yellow (R4), no soluble pigments; CYAS no growth; CREA colonies
thin, hyphae submerged, moderate acid production.

Ascomata on MEA and OA abundant, covering almost entire
colony, globose to subglobose, commonly 250e500 mm diam
(Fig. 4I), maturing in 20 d; asci globose to subglobose, 10e12 mm
uncolored; ascospores ellipsoidal, occasionally subglobose, pale
yellow, (4e)5e7 � 4e5 mm, with spinose walls; Conidiophores
(Fig. 4J) commonly borne from aerial rope like hyphal aggregations
(8e)15e65(e130) � (2e)2.5e3.5(e4) mm, smooth, occasionally
finely roughened, bearing terminal biverticillate, monoverticillate,
or occasionally more complex penicilli, occasionally irregular
branching, metulae 7e12(e18) � 2.5e3.5(e4.5) mm, phialides
9e12(e16)� 2.5e3(e3.5) mm, acerosewith long gradually tapering
collula, in whorls of 2e7 per metula; conidia (Fig. 4J) subglobose to
ellipsoidal, occasionally fusiform, 2.5e3(e4.5) � 2.5e3.5 mm, with
smooth to finely roughened walls, born in short disordered chains
or loose columns.

Comments. Other isolate examined: NRRL 28758. The DNA
sequences of T. argentinensis show a high similarity to the unde-
scribed species #12 MGS-2017 (GenBank), with little high similar-
ity to other Talaromyces species. On the basis of morphology
T. argentinensis stands apart from other described species on the
basis of ascospore production and the growth characteristics.

Talaromyces californicus Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827827. Fig. 5.
Etym.: named for California where the type was isolated.
Holotype: USA, California, isol ex air sampler, �Zeljko Jurjevi�c, Apr

2008, culture dried down and deposited in the U.S. National Her-
barium, Beltsville, MD as BPI 910714. Culture ex type NRRL 58168;
ITS barcode ¼ MH793056, alternative markers BenA ¼ MH792928;
CaM ¼ MH792992; RPB2 ¼ MH793119.

Medium dependent growth in mm: CYA 25e40, MEA 40e51,
PDA 32e50, CY20S 17e28, DG18 13e19, OA 29e60, CYAS 0, CREA
28e40.

Temperatures dependent growth in mm: CYA/MEA 20 �C
19e25/29e35; 30 �C 39e53/44e67; 35 �C 38e48/39e59; 37 �C
30e40/26e50.

On CYA at 20 �C resembles colony at 25 �C but no sulcation, at
30, 35 and 37 �C resemble colonies grown at 25 �C; On MEA at 20,
30, 35 and 37 �C resembles colony at 25 �C.

CYA colonies floccose to funiculose, mycelium white to primu-
line yellow (R16) to dark vinaceous (R27), radially sulcate in some



Fig. 5. Talaromyces californicus NRRL 58168. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) PDA reverse. (G) DG18. (H) OA. (I) CREA. (J, K) Conidiophores phialides
and conidia. (L) Conidia. Bar ¼ 10 mm.
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isolates, sporulation varies from none (NRRL58661), to very poor
(NRRL58207), to very good (NRRL58168 and NRRL58221), conidial
area artemisia green (R47); exudate clear to buff to dark vinaceous
near hydrangea red (R27), sparse tomoderate, no soluble pigments,
reverse warm buff (R30), cinnamon-buff to vinaceous-cinnamon
(R29) or chamois to near honey yellow (R30); MEA colonies floc-
cose to funiculose, mycelium white, mustard yellow to strontian
yellow (R16) occasionally with vinaceous shades, occasionally
subsurface at margins ca 5e10 mm (NRRL58661); occasionally
fermentation-like odor (NRRL58661), very poor to heavy sporula-
tion, conidial area not strongly colored to artemisia green (R47), no
exudate, no soluble pigments, reverse warm buff (R30), to chamois
to near honey yellow (R30), occasionally with vinaceous shades;
PDA colonies floccose to funiculose, mycelium white with Naples
yellow (R16) to orange vinaceous near dark vinaceous shades (R27),
or pinkish vinaceous (R27) to yellow ocher to ochraceous-orange
(R15), white at margins (NRRL58661), poor to heavy sporulation,
conidial area not strongly colored, puritan gray to andover green
(R47), no exudate, soluble pigments carrot red (NRRL58661);
reverse cream-buff (R30), naples yellow to straw yellow (R16), or
brick red, apricot yellow to salmon-buff at margins (R8); CY20S
colonies thin, low, mycelium white, submerged, occasionally poor
sporulation, reverse uncolored; DG18 colonies loose, floccose to
funiculose, rising ca 3e4 mm, mycelium white to apricot yellow
(R4), to amber yellow (R16), poor to moderate sporulation, occa-
sionally inconspicuous, not strongly colored to artemisia green
(R47), exudate clear to apricot yellow (R4), no soluble pigments,
reversemaize yellow to apricot yellow (R4) to orange (R3) centrally,
or cream color to straw yellow (R16); OA colonies floccose to
funiculose, mycelium myceliumwhite to primuline yellow (R16) to
dark vinaceous (R27), occasionally submerged at margins ca
5e16 mm, poor (NRRL58661) to very good sporulation, conidial
area puritan gray, tea green to andover green (R47), exudate clear to
reddish-pink, small droplets, embedded into mycelium, no soluble
pigments; reverse in brownish shades, mustard yellow NRRL
58207; CYAS no growth; CREA colonies thin, hyphae submerged in
agar, poor growth, week acid production.

Conidiophores (Fig. 5J) borne from aerial hyphae, or rope like hy-
phal aggregations (5e)10e50(e85)� (2.5e)3e4(e5) mm, smooth to
finely roughened walls, bearing irregular terminal to subterminal
monoverticillate or biverticillate penicilli (Fig. Fig. 5J, K), occasionally
more complex structures, occasionally pigmented, reddish-orange;
metulae 8e14(e22) � 2.5e4 mm, phialides 9e12(e17) � 3e4(e5)
mm, (2e)3e7(e9) per metula, acerose with long gradually tapering
collula, occasionally mono-phialides up to 22 � 4 mm; conidia
(Fig. 5L) globose to subglobose, occasionally broadly ellipsoidal or
pyriform (large spores), 4e6 (�11)� 4e7(e8) mm, with finely rough
to rough walls, born in short columns to disordered chains.

Comments. The five isolates of T. californicus are identical in
sequence at the Bena, CaM and ITS sequences with small variation
in the RPB2 locus. High similarity (98e99 %) was observed toward
two non-type isolates of T. veerkampii. There is a high proportion of
monoverticillate penicilli that range from single phialides sessile on
vegetative hyphae to vesiculate monoverticillate conidial struc-
tures. This feature is unusual among the species of T. sect. Talar-
omyces and is diagnostic of the species.
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Talaromyces domesticus Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827828. Fig. 6.
Etym.: isolated from the home environment.
Holotype: USA, Pennsylvania, isol ex a floor swab, �Z. Jurjevi�c, Feb

2008, dried down and deposited in the U.S. National Herbarium,
Beltsville, MD, as BPI 910711. Culture ex type NRRL 58121; ITS
barcode ¼ MH793055; alternative markers BenA ¼ MH792927;
CaM ¼ MH792991; RPB2 ¼ MH793118.

Medium dependent growth in mm: CYA 22e25, MEA 43e49,
PDA 41e48, CY20S 22e25, DG18 7e14, OA 30e38, CYAS 0, CREA
28e31.

Temperature dependent growth in mm: on CYA/MEA 20 �C
15e18/29e30, 30 �C32e37/49e62, 35 �C 30e38/47e51, 37 �C
30e38/35e42. On CYA at 20 �C resembles colony at 25 �C, at 30 �C
moderate to heavy sporulation, conidial area celandine green (R47)
to grayish blue-green (R48), radially sulcate, resembles colony at
25 �C, at 35 and 37 �C similar to 30�C, exudate clear to Apricot
yellow (R4), large droplets; reverse orange vinaceous (R27), walnut
brown, to pale greenish yellow (R5) at margins. On MEA at 20 �C
resembles colony at 25 �C, at 30, 35 and 37 �C occasional exudate at
35 �C and 37 �C, apricot yellow (R4); reverse occasionally dark In-
dian red near black, ocher red centrally, resembles colony at 25 �C.

CYA colonies floccose to funiculose, mycelium white to anti-
mony yellow, ochraceous-buff (R15), occasionally with light vina-
ceous shades, subsurface at margins ca 3e4 mm; rising ca 4 mm,
lightly to moderate sulcate, poor sporulation, mainly at margins;
exudate when present clear, sparse, no soluble pigments; reverse
yellow ocher, ochraceous-tawny to warm buff at margins (R15);
Fig. 6. Talaromyces domesticus NRRL 58121. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E
phialides. (L) Conidia. Bar ¼ 10 mm.
MEA colonies funiculose to floccose, myceliumwhite to wax yellow
or mustard yellow (R16), subsurface at margins ca 3e5 mm;
moderate to heavy sporulation, conidial area celandine green (R47)
to grayish blue-green (R48), no exudate, no soluble pigments;
reverse warm buff (R15), to chamois near honey yellow (R30),
occasionally centrally vinaceous-brown; PDA colonies floccose to
funiculose, occasionally radially sulcate, mycelium white to wax
yellow to primuline yellow (R16), subsurface at margins ca
3e5 mm; centrally rising ca 3 mm, moderate to abundant sporu-
lation, conidial area celandine green to artemisia green (R47), no
exudate, no soluble pigments; reverse variable straw yellow to
amber yellow (R16) or deep colonial buff (R30) to dark Maroon-
purple near black (R26) centrally; CY20S colonies thin, low,
mycelium white to Ivory yellow (R30), largely subsurface, poor
sporulation, reverse uncolored to pale buff shades (R15); DG18
colonies loose, floccose to funiculose, rising ca 2e3 mm, mycelium
white to mustard yellow (R16), moderate sporulation, no exudate,
no soluble pigments, reverse warm buff (R15), to primuline yellow
(R16); OA colonies funiculose to floccose, myceliumwhite to amber
yellow to primuline yellow (R16), moderate sporulation, conidial
area artemisia green (R47), to pale green-blue gray (R48), exudate
variable clear to apricot-yellow (R4), to orange-vinaceous (R27), no
soluble pigments; CYAS no growth; CREA colonies thin, hyphae
submerged, moderate acid production.

Conidiophores (Fig. 6J, K) commonly borne from aerial rope like
hyphal aggregations (20e)50e300(e450) � (2.5e)3e4 mm,
smooth, occasionally finely roughened, bearing terminal
biverticillate, occasionally more complex penicilli, metulae
) MEA reverse. (F) PDA reverse. (G) CY20S. (H) OA. (I) CREA. (J, K) Conidiophores and
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8e12(e18) � 2.5e3.5(e4) mm, in verticils of (3e)5e11(e13), phia-
lides 9e11(e16) � 2.5e3(e4) mm, acerose with long gradually
tapering collula, (3e)5e9(e11) per metula; conidia (Fig. 6L) sub-
globose to broadly ellipsoidal, 2.5e3.5(e5) � 2.5e3(e3.5) mm, with
smooth to finely rough walls, born in short disordered chains or
loose columns.

Comments. The DNA sequences at each locus are distinct from
T. sayulitensis. The BenA locus is 98 % similar to non-type isolates of
T. sayulitensis; the CaM locus is 99 % similar to T. sayulitensis DTO
245-H1; and the RPB2 locus is 99 % similar to T. pinophilus ex type.
The difference is consistent and sufficient to call T. domesticus a
distinct species. The growth on MEA is higher, on DG18 is higher,
and CREA is significantly higher making the species identifiable.

Talaromyces louisianensis Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827829. Fig. 7.
Etym.: named for the state of Louisiana where it was isolated.
Holotype: USA, Louisiana, isol ex air sampler, �Zeljko Jurjevi�c,

Sept 2007, culture dried down and deposited in the U.S. National
Herbarium, Beltsville, MD as BPI 910715. Culture ex type
NRRL 35823; ITS barcode ¼ MH793052; alternative markers
BenA ¼ MH792924; CaM ¼ MH792988; RPB2 ¼ MH793115.

Medium dependent growth in mm. CYA 35e39, MEA 45e55,
PDA 47e52, CY20S 17e29, DG18 15e19, OA 38e42, CYAS 0e3, CREA
39e42.

Temperature dependent growth in mm. Colonies on CYA/MEA
20 �C 21e26/30e40; 30 �C 47e51/60e73; 35 �C 41e57/40e67;
37 �C 37e43/39e55. On CYA at 20C, 30C, 35C and 37 �C resembles
colony at 25 �C, exudate pale brown (orange-buff R3) to red-orange
Fig. 7. Talaromyces louisianensis NRRL 35823. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (
conidia. (L) Conidia. Bar ¼ 10 mm.
(Marseorange R2) at 30 �C and moderately abundant, at 35 �C
occasionally clear, sparse, no exudate observe on 20 �C and 37 �C;
On MEA at 20, 30, 35 and 37 �C resembles colony at 25 �C, at 37 �C
exudate clear, moderately abundant.

CYA colonies floccose to funiculose rudiments, low, sporulation
heavy, conidial area grayish-blue green (light medici blue to deep
green-blue gray R48), mycelium amber yellow to primuline yellow
(R16), white at margins ca 3e6mm, rising ca 3mm, radially sulcate,
no exudate, no soluble pigments; reverse brown (yellow ocher to
Dresden brown R15); MEA colonies floccose to funiculose, sporu-
lation heavy, conidial area artemisia green (R47) to colonial buff
(R30) centrally, mycelium mustard yellow to primuline yellow
(R16), white at margins, no exudate, no soluble pigments, reverse
warm buff to Dresden brown (R15) or ochraceous tawny (R15); PDA
colonies floccose to funiculose, low, mycelium white to mustard
yellow near primuline yellow (R16), subsurface at margins ca
3e4 mm, heavy sporulation, conidial area celandine green to
artemisia green (R47), exudate clear to brown (ochraceous-tawny
R15) or red-orange (Marseorange R2), largely embedded in the
mycelium, no soluble pigments; reverse reddish-orange
(Marseorange near burnt sienna (R2)), to capucine buff (R3);
CY20S colonies low, mycelium white, largely subsurface or sub-
merged in agar, thin, poor sporulation in artemisia green (R47);
reverse uncolored; DG18 colonies loose, floccose to funiculose,
myceliumwhite towarm buff, antimony yellow (R15), subsurface at
margins ca 3e5 mm, occasionally lightly sulcate, moderate sporu-
lation, conidial area artemisia green (R47), no exudate, no soluble
pigments, reverse uncolored at margins to colonial buff, to olive
E) MEA reverse. (F) PDA reverse. (G) DG18. (H) OA. (I) CREA. (J, K) Conidiophores and
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yellow (R30); OA colonies floccose to lightly funiculose, mycelium
white to mustard yellow near primuline yellow (R16), heavy
sporulation, conidial area celandine green to artemisia green (R47),
exudate clear to brown, small droplets embedded in mycelium, no
soluble pigments; reverse in brownish shades; CYAS no growth to
3mm; CREA colonies thin, poor growth, hyphae largely submerged,
weak acid production.

Conidiophores (Fig. 7J, K) commonly borne from aerial
hyphae, occasionally rope-like hyphal aggregations (3e)
10e75(e120) � (2.5e)3e4(e5) mm, smooth, occasionally finely
roughened with age, bearing terminal biverticillate, occasionally
mono-verticillate, or more complex penicilli, metulae (8e)
9e12(e18) � (2.5e)3e4(e5) mm, in verticils of (2e)5e9(e11),
phialides 9e12(e24) � (2.5e)3e4(e5) mm, acerose with gradually
tapering in long collula, (2e)5e9(e11), per metula; conidia (Fig. 7L)
globose to subglobose, to broadly ellipsoidal, occasionally nearly
pyriform or fusiform (large spore), (3e)3.5e5 (�11) � (3e)
3.5e5(e8.5) mm, with smooth to finely roughened to rough walls,
born in short disordered chains.

Comments. Talaromyces louisianensis is 98 % similar to
T. veerkampii at the BenA locus, with similar values for CaM and
RPB2. The cultures differ in the growth rates and in the grayish color
of T. veerkampii versus the white to yellow color of T. louisianensis.
Also T. louisianensis produces acid on CREA and has relatively longer
metulae and T. veerkampii does not make acid and has short
metulae.

Talaromyces malicola Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827830. Fig. 8.
Etym.: isolated from the rhizosphere of apple tree.
Holotype: Italy, isol ex rhizosphere of an apple tree, R. Locci,

April 1970, culture dried down and deposited in the U.S. National
Herbarium, Beltsville, MD as BPI 910712. Culture ex type NRRL
3724; ITS barcode ¼ MH909513; alternative markers
BenA ¼ MH909406; CaM ¼ MH909459; RPB2 ¼ MH909567.

Medium dependent growth in mm. CYA 24e25, MEA 29e31,
PDA 34e35, CY20S 15e16, DG18 3e4, OA 37e39, CYAS 0, CREA
25e26.

Temperature dependent growth in mm. On CYA/MEA at 20 �C
9e11/19e20, 30 �C 29e30/29e30, 35 �C18e19/22e24, 37 �C 9e10/
6e7. On CYA at 20 �C, mycelium white to amber yellow (R16), very
poor sporulation, at 30 �C, moderately sulcate, reverse warm buff
(R15), resembles colony at 25C, at 35 and 37 �C colonies white,
sulcate, no sporulation. On MEA at 20 and 30 �C resembles colonies
at 25 �C, at 35 �C mycelium white with pale orange-yellow shades,
radially moderate or deeply sulcate, no sporulation, at 37 �C,
mycelium white.

CYA colonies floccose to lightly funiculose, myceliumwhite with
pale vinaceous-lilac to light vinaceous purple (R44) shades cen-
trally, ivory yellow to deep colonial buff (R30) marginally, radial
sulcate, poor sporulation, inconspicuous, no exudate, no soluble
pigments, reverse vinaceous to orange vinaceous (R27), or vina-
ceous purple (R28), cream-buff to chamois (R30) marginally; MEA
colonies floccose to funiculose, myceliumwhite to light vinaceous-
cinnamon (R29), to deep colonial buff near chamois (R30), mod-
erate sporulation, conidial area gnaphalium green (R47), no
exudate, no soluble pigments, reverse light ochraceousebuff to
ochraceous-orange (R15); PDA colonies floccose to funiculose,
mycelium white to mustard yellow (R16), to vinaceous shades
(R27), centrally rising ca 3 mm, moderate sporulation, conidial area
artemisia green (R47), overgrown with hyphae, no exudate, no
soluble pigments; reverse deep vinaceous (R27), to light
ochraceous-buff to ochraceous-buff (R15); CY20S colonies ropy,
thin, low, mycelium white to Naples yellow (R16), occasionally
subsurface, moderate sporulation in celandine green color (R47),
reverse uncolored or light buff shades (R15); DG18 colonies loose,
floccose to lightly funiculose, mycelium white to pale buff shades,
moderate sporulation, no exudate, no soluble pigments; reverse
light (R15); OA colonies floccose to funiculose, mycelium white to
antimony yellow (R15), moderate sporulation, conidial area buff to
gnaphalium green (R47), centrally rising ca 3 mm, exudate clear,
sparse, no soluble pigments; CYAS no growth; CREA colonies
hyphae largely submerged, weak to moderate acid production.

Conidiophores commonly borne from aerial rope-like hyphal
aggregations (15e)25e100(e130) � 3e4 mm, smooth, occasionally
finely roughened, bearing terminal biverticillate, rarely mono-
verticillate penicilli (Fig. 8J, K), metulae 8e12(e14) � 2.5e4 mm,
in appressed verticils of (2e)5e9(e11), phialides
9e11(e16)� 2.5e3(e3.5) mm, acerose with long gradually tapering
collula, (2e)5e7(e9) per metula; conidia (Fig. 8L) globose to ellip-
soidal 2.5e3(e4) � 2e5.5 mm, with walls thick and finely rough-
ened, occasionally pyriform to elongate large conidia, 9 � 5.5 mm,
born in short columns.

Comments. T. malicola BenA is 97 % similar to T. sayulitensis, CaM
is 98 % similar to T. adpressus and T. pinophilus, and RPB2 is 99 %
similar to T. pinophilus and T. lentulus. T. malicola makes acid on
CREA which T. adpressus does not. The colors of T. malicola tend to
be white or brownish while T. lentulus is a definite yellow. Growth
on CYA is much less for T. malicola than T. pinophilus.

Talaromyces pratensis Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827831. Fig. 9.
Etym.: named for the prairie meadowlands wheremany isolates

originated.
Holotype: USA, Ohio, isolated from effluent of water treatment

plant near Cincinnati, W. B. Cooke, date unknown, dried down and
deposited in the U.S. National Herbarium, Beltsville, MD, as BPI
910710. Culture ex type NRRL 62170; ITS barcode ¼ MH793075;
alternative markers BenA ¼ MH792948; CaM ¼ MH793012;
RPB2 ¼ MH793139.

Medium dependent growth in mm. CYA 20e22, MEA 34e36,
PDA 34e35, CY20S 16e17, DG18 7e8, OA 30e31, CYAS 3e4, CREA
24e25.

Temperature dependent growth in mm. On CYA/MEA 20 �C
11e16/14e27, 30 �C30e34/45e55, 35 �C 30e35/44e51, 37 �C
25e30/34e40. On CYA at 20 �C mycelium more yellow than at
25 �C, on 30 �C, exudate clear, sparse resembles colony at 25 �C, at
35 �C colony funiculose, exudate clear, on 37 �C, colony funiculose,
mycelium white, exudate clear; On MEA at 20 �C resembles colony
at 25 �C, on 30 �C, funiculose, exudate clear to apricot yellow re-
sembles colony at 25 �C, at 35 �C colony nearly white, funiculose,
radially moderate deep sulcate, exudate clear to pale yellow,
abundant, at 37 �C, no sulci, resembles colony at 25 �C.

CYA colonies funiculose to floccose, mycelium white to apricot
yellow (R4), cadmium yellow (R3), radially and concentrically sul-
cate, poor sporulation, exudate clear to apricot yellow (R4), sparse,
no soluble pigments, reverse honey yellow to cr�eme-buff (R30);
MEA colonies floccose to funiculose, centrally lightly sulcate,
mycelium white to amber-yellow near mustard yellow (R16), sub-
surface at margins ca 3e4 mm, moderate sporulation, conidial area
artemisia green (R47), no exudate, no soluble pigments; reverse
warm buff to yellow-ocher (R15); PDA colonies funiculose to floc-
cose, centrally lightly sulcate, mycelium white to amber-yellow
(R16), to strontian-yellow (R16), subsurface at margins ca 4 mm,
moderate to abundant sporulation, conidial area artemisia green
(R47), no exudate, no soluble pigments, reverse colonial buff to
deep colonial buff (R30); CY20S colonies thin, low, myceliumwhite
to buff-yellow (R4), largely subsurface, very poor to moderate
sporulation not strongly colored to celandine green (R47), reverse
uncolored to pale buff shades (R15); DG18 colonies loose, floccose
to funiculose, moderately deeply sulcate, commonly masked with
white to amber yellow, near mustard yellow (R16) mycelium,



Fig. 8. Talaromyces malicola NRRL 3724. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) PDA reverse. (G) CY20S. (H) OA. (I) CREA. (J, K) Conidiophores and phialides.
(L) Conidia. Bar ¼ 10 mm.
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conidial area artemisia green (R47), no exudate, no soluble pig-
ments, reverse warm buff to antimony yellow (R15); OA colonies
funiculose, mycelium pale lemon yellow to empire-yellow (R4),
white at margins, sporulation heavy, conidial area artemisia green
(R47) to pale green-blue gray (R48), exudate variable clear to
orange-buff (R3), sparse, no soluble pigments; CYAS colonies lightly
floccose, mycelium white, very poor sporulation; CREA colonies
thin, hyphae submerged, moderate acid production.

Conidiophores commonly borne from aerial rope like hyphal
aggregations (5e)25e250(e420 rare) � 2.5e4(e4.5) mm, smooth,
occasionally finely roughened, bearing terminal biverticillate, oc-
casionally monoverticillate penicilli (Fig. 9J, K), metulae
8e12(e16) � 2.5e4 mm, in verticils of (3e)5e11(e14), phialides
9e11(e18) � 2.5e3(e4) mm, acerose with long tapering collula,
(3e)5e9(e13) per metula; conidia (Fig. 9L, M) globose to
subglobose, occasionally broadly ellipsoidal, 2.5e3
(�7) � 2.5e3.5(e4.5) mm, with smooth to finely roughened walls,
born in short columns to disordered chains.

Comments. T. pratensis BenA is 98 % similar to T. adpressus, the
CaM locus is 98 % similar to T. adpressus and T. pinophilus, RPB2 is
99 % similar to T. pinophilus and T. lentulus. T. pratensis makes acid
on CREA which distinguishes it from T. adpressus. Sporulation of
T. lentulus on MEA is grayish olive, while T. pratensis makes arte-
misia green conidia. T. pinophilus cultures are not funiculose on OA
medium while T. pratensis cultures are intensely funiculose.

Talaromyces soli Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827832. Fig. 10.
Etym.: isolated from soil.
Holotype: USA, Michigan, isol ex soil, Gloria Rall, 1969, culture
dried down and deposited in the U. S. National Herbarium, Belts-
ville, MD, as BPI 910709. Culture ex type NRRL 62165; ITS
barcode ¼ MH793074; alternative markers BenA ¼ MH792947;
CaM ¼ MH793011; RPB2 ¼ MH793138.

Medium dependent growth in mm. CYA 20e26, MEA 37e42,
PDA 34e45, CY20S 14e26, DG18 7e14, OA 23e43, CYAS 0e3, CREA
21e31.

Temperature dependent growth in mm. On CYA/MEA 20 �C
12e18/21e29, 30 �C 25e35/39e56, 35 �C 25e36/41e50, 37 �C
23e38/25e43. On CYA at 20 �C resembles colony at 25 �C, but
smaller, at 30 �C colony is slightly darker, commonly soluble
pigment in yellowish-orange to brown shades, or brown, very
intense, exudate when present, clear to mustard yellow (R16) to
ochraceous-tawny (R15), moderate to abundant, at 35 and 37 �C
colonies in some isolates are more white and resemble colonies
grown at 25 �C, exudate clear to pale yellow, sparse to abundant,
soluble pigments when present in shades of brown; On MEA at
20 �C hyphae straw yellow to white, resembles colony at 25 �C, at
30, 35 and 37 �C sporulation is abundant, exudate clear to apricot
yellow (R4), or brown, colony is mealy, buff-yellow (R4) to
Capucine-orange (R3), nearly white in some isolates, resemble
colonies grown at 25 �C, occasionally produce odor similar to grape
fermentation (NRRL 1768).

CYA colonies funiculose to floccose, mycelium white to Apricot
yellow (R4) or cadmium yellow (R3), occasionally with vinaceous
shades, subsurface at margins ca 2e4 mm, rising ca 3 mm, radially
sulcate, poor to moderate sporulation, conidial area celandine



Fig. 9. Talaromyces pratensis NRRL 62170. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) PDA reverse. (G) CY20S. (H) OA. (I) CREA. (J, K) Conidiophores, and
phialides. (L, M) Conidia. Bar ¼ 10 mm.
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green to artemisia green (R47), or deep bluish grayegreen (R42),
occasionally with vinaceous shades, exudate clear to apricot yellow
(R4) sparse, no soluble pigments, reverse honey yellow (R30), light
ochraceous-salmon to ochraceous-tawny (R15), or sayal brown
(R29); MEA colonies funiculose to floccose makes appearance
mealy, occasionally radially sulcate, mycelium white to straw yel-
low near mustard yellow (R16), subsurface at margins ca 3e5 mm,
moderate sporulation, conidial area pea-green to artemisia green
(R47) or near light Medici blue (R48), exudate clear to apricot yel-
low (R4) sparse, no soluble pigments, reverse warm buff to buck-
thorn brown (R15) or orange rufous (R2); PDA colonies funiculose
to floccose, lightly radially sulcate, myceliumwhite to straw yellow
(R16) or antimony yellow (R15), occasionally with deep vinaceous-
lavender shades (R44), subsurface at margins ca 3e5 mm, centrally
rising ca 3 mm, moderate to abundant sporulation, conidial area
artemisia green (R47), exudate clear to deep orange, or vinaceous-
orange, sometime embedded in hyphae, no soluble pigments,
reverse deep colonial buff (R30) to warm buff (R15) or orange
rufous (R2) occasionally with rusty spots; CY20S colonies ropy, thin,
low,myceliumwhite to buff-yellow (R4), largely subsurface, poor to
moderate sporulation, not strongly colored to celandine green
(R47), reverse uncolored to pale buff shades (R15); DG18 colonies
loose, funiculose to floccose, occasionally lightly sulcate, rising ca
2e3 mm, mycelium white to amber yellow, to mustard yellow
(R16), poor sporulation, exudate when present clear to orange,
commonly embedded in mycelium, no soluble pigments, reverse
warm buff to antimony yellow (R15); OA colonies funiculose to
floccose, mycelium amber yellow near mustard yellow (R16), white
and subsurface at margins ca 3e4 mm, heavy sporulation, conidial
area artemisia green (R47), to pale green-blue gray (R48), exudate
variable clear to pale yellow, to orange-buff (R3), no soluble pig-
ments; CYAS no growth to 3 mm; CREA colonies thin, hyphae
submerged, moderate acid production.

Conidiophores commonly borne from aerial rope like hyphal
aggregations (5e)30e200(e320 rare) � (2.5e)3e4(e4.5) mm,
smooth, occasionally finely roughened, bearing terminal biverti-
cillate, rarely monoverticillate penicilli (Fig. 10J, K), metulae
8e12(e14) � 2.5e4 mm, in verticils of (3e)5e9(e11), phialides
9e11(e20)� 2.5e3(e3.5) mm, acerosewith long gradually tapering
collula, in verticils of (3e)5e9(e11); conidia (Fig. 10L) subglobose to
broadly ellipsoidal, 2.5e3.5(e5.5) � 2.5e3.5(e4.5) mm, with walls
thick, and finely roughened to roughened, born in short disordered
chains or loose columns.

Comments: On the basis of 100 % ITS match to sequences in
GenBank, Talaromyces soli been isolated from ant nest in Texas
(Rodrigues et al., 2011), endophytes of beans in Columbia (Parsa
et al., 2016), Elodia bifoliata in China (Wang and Shang, GenBank)
and aquatic macrophytes in Arizona (Sandberg et al., 2014). The
BenA of T. soli 98 % similar to T. adpressus, the CaM is 97 % similar to
T. adpressus, and the RPB2 locus is 98 % similar to T. adpressus and
T. pinophilus. T. soli makes acid on CREA and the cultures have a
yellow green colorationwhereas T. adpressus does not make acid on
CREA and the culture coloration is bluish green. T. soli is muchmore
funiculose on all media than T. pinophilus.

Talaromyces tumuli Jurjevi�c & S. W. Peterson sp. nov.
Mycobank MB827833 Fig. 11.



Fig. 10. Talaromyces soli NRRL 62165. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) PDA reverse. (G) CY20S. (H) OA. (I) CREA. (J, K) Conidiophores and phialides. (L)
Conidia. Bar ¼ 10 mm.
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Etym.: commemorates the rolling hills of the prairie where
many isolates originated.

Holotype: USA, Indiana, Dunes State Park, isol ex soil from the
big bluestem prairie, Apr 1963, R. W. Tuveson, culture dried down
and deposited in the U.S. National Herbarium, Beltsville, MD as BPI
910713. Culture ex type NRRL 62151; ITS barcode ¼ MH793071;
alternative markers BenA ¼ MH792944; CaM ¼ MH793008;
RPB2 ¼ MH793135.

Medium dependent growth in mm. CYA 19e27, MEA 36e42,
PDA 35e43, CY20S 12e25, DG18 10e15, OA 30e37, CYAS 0e3, CREA
19e29.

Temperature dependent growth in mm. On CYA/MEA 20 �C
9e15/21e30, 30 �C 28e41/35e52, 35 �C 24e45/35e43, 37 �C
21e35/34e50. On CYA at 20 �C resembles colony at 25 �C, but
smaller, at 30 �C colony is darker, commonly heavy sporulation,
exudate when present clear to apricot yellow (R4), reverse warm
buff to yellow-ocher (R15), to primuline yellow (R16), to walnut
brown (R28), at 35 and 37 �C colony resembles colonies grown at
30 �C; On MEA at 20, 30, 35 and 37 �C resembles colony at 25 �C.

CYA colonies funiculose to floccose, myceliumwhite to mustard
yellow near primuline yellow, to wax yellow (R16), rising ca
3e4 mm, occasionally radially sulcate, moderate to abundant
sporulation, conidial area artemisia green (R47), near light Medici
blue (R48); exudate clear to apricot yellow (R4), sparse, no soluble
pigments, reverse honey yellow to deep colonial buff (R30); MEA
colonies funiculose to floccose, occasionally radially sulcate,
myceliumwhite to mustard yellow or wax yellow (R16), subsurface
at margins ca 5 mm, moderate to abundant sporulation, conidial
area artemisia green (R47), to lightMedici blue (R48), exudate, clear
to buff, no soluble pigments, reverse colonial buff to olive-ocher
(R30); PDA colonies funiculose to floccose, occasionally radially
sulcate, mycelium white to Naples yellow near mustard yellow
(R16), occasionally with very pale pinkish shades, subsurface at
margins ca 5 mm, centrally rising ca 3 mm, abundant sporulation,
conidial area artemisia green (R47), to light Medici blue (R48),
exudate clear occasionally in pale yellow to vinaceous shades, no
soluble pigments, reverse colonial buff to olive-ocher (R30); CY20S
colonies ropy, thin, low, mycelium white to pale-buff, largely sub-
surface, poor to moderate sporulation, celandine green (R47),
reverse uncolored to pale buff shades (R15); DG18 colonies funi-
culose to floccose, occasionally lightly sulcate, mycelium white to
mustard yellow shades (R16), moderate sporulation, conidial area
artemisia green (R47), to light Medici blue (R48), exudate sparse,
clear to pale yellow, commonly embedded in mycelium, no soluble
pigments, reverse cream color to primuline yellow (R16); OA col-
onies funiculose to floccose, mycelium white, occasionally with
pale yellowish or purplish shades, white at margins, subsurface at
margins ca 3e4 mm, heavy sporulation, conidial area green-blue
gray to dark green-blue gray (R48), exudate variable clear to
vinaceous (R27), commonly abundant, no soluble pigments; CYAS
no growth to 3mm; CREA colonies thin, hyphae largely submerged,
weak to moderate acid production.

Conidiophores commonly borne from aerial rope like hyphal
aggregations (8e)30e250(e300) � (2.5e)3e4(e4.5) mm, smooth,
occasionally finely roughened, bearing terminal biverticillate,
occasionally monoverticillate penicilli (Fig. 11J, K), metulae



Fig. 11. Talaromyces tumuli NRRL 62151. (A) CYA. (B) MEA. (C) PDA. (D) CYA reverse. (E) MEA reverse. (F) PDA reverse. (G) CY20S. (H) OA. (I) CREA. (J, K) Conidiophores and phialides.
(L) Conidia. Bar ¼ 10 mm.
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8e12 � 2.5e3.5(e 4) mm, in verticils of (3e)5e11(e13), phialides
9e11(e16) � 2.5e3 mm, acerose with gradually tapering collula,
(2e)5e9(e11) per metula; conidia (Fig. 11L) subglobose to broadly
ellipsoidal, 2.5e3.5(e7) � 2.5e3.5(e4.5) mm, with smooth to finely
rough walls, born in short columns or short disordered chains.

Comments. T. tumuli BenA is 98 % similar to T. adpressus and
T. sayulitensis. At the CaM locus T. tumuli is 97 % related to
T. adpressus and T. pinophilus. At the RPB2 locus the similarity is 99 %
to T. pinophilus, and 98 % to T. adpressus, T. lentulus and T. mae.
T. tumuli produces acid on CREA while T. adpressus does not.
T. tumuli makes smaller colonies on CYA and MEA than does
T. lentulus. T. maemakes smaller colonies on CYA than does T. tumuli
and while T. tumuli makes colony colors in blue-green shades,
T. mae produces yellow-green colors. T. pinophilus colonies are
yellowish, the CYA reverse is an orange shade, while T. tumuli forms
bluish-green colony colors and the CYA reverse is a shade of brown.

Other comments. T. adpressus isolates were also found in the
survey. The three isolates were all from peanuts in Oklahoma and
Georgia. All three isolates had the adpressed penicilli that Chen
et al. (2016) noted in the species description. One isolate (NRRL
6014) made acid on CREA medium. Two isolates of T.lentulus were
found in this study. The growth was similar, the reverse color on
CYA was close to cinnamon cited by Jiang et al. (2018) and in other
respects fit the description of T. lentulus. T. veerkampii isolates in this
study produced weak acid on CREA, produced the blue-green to
gray green colony color characteristic of the species. In other re-
spects our isolates fit well with the species description (Visagie
et al., 2015).
4. Discussion

T. pinophilus sensu lato is a broad and difficult concept to put
into practice. In the ongoing study of Talaromyces species from
maize, most isolates were placed in Talaromyces funiculosus for
consistency because Raper and Thom (1949) believed that
T. pinophilus was a synonym of T. funiculosus. The characters that
were applied to species identification were the characters that
unite large numbers of species rather than those that separate. It is
clear at first glance that T. funiculosus and T. pinophilus are phylo-
genetically distinct species in Talaromyces section Talaromyces
(Fig. 1). In looking at more detailed level there are a number of
other distinct species around T. pinophilus. The analysis of the four
loci by GCPSR (Taylor et al., 2000) maps out the species phyloge-
netically and the morphological features are such that the groups
can be distinguished by appearance of the cultures and micro-
morphology. Thus the descriptions of the new species is acceptable
under the ICN (Turland et al., 2018) rules.

Fifty-five isolates of T. pinophilus sensu stricto were sequenced
for this study (results shown as Supplementary Figs. 5e7). There
are a number of polymorphisms in the data (BenA 8 haplotypes,
CaM 19 haplotypes, ITS 3 haplotypes, RPB2 13 haplotypes), sug-
gesting that the array of haplotype arose as a result of mixis because
the haplotypes do not co-vary. There are also a number of geno-
types repeated in the data set that suggests that there is a pro-
portion of clonal reproduction involved in this species. This species
is not known to have a teleomorphic state, but the data suggest that
it does or did have a teleomorph (Lopez-Villavicencio et al., 2010)
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with infertile ascospores being formed in the cross of two
T. pinophilus isolates. This is much the same situation as found by
Geiser et al. (1998) for the plant pathogenic Aspergillus flavus. That
study found evidence of clonality and cryptic mictic reproduction.
Later (Horn et al., 2009), discovered a teleomorph in A. flavus and
showed that it occurs naturally in maize (Horn et al., 2014). They
also found complete incongruence of some isolates from the typical
A. flavus pattern of genes that they argued was evidence of a
separate species among the morphologically similar isolates.

In examining the T. pinophilus species complex we find that it
consists of ten species. These species are shown to be distinct by the
complete non-concordance of the haplotypes at each of the loci
examined (Supplemental Figs. 1e4).

Sampling of the isolates from a wide geographical range can
make the difference between describing new species (Sugui et al.,
2014) and understanding the level of intraspecific variation
present in the species (O'Donnell et al., 1998; Hubka et al., 2018).
The largest sample of isolates possible always is more informative
than a limited sample. However, an infinitely large sample size is
not possible but using a diversity of techniques can lead to the
description of novel species represented by one or only a few iso-
lates (Sugui et al., 2012; Peterson and Jurjevic, 2015; Jurjevic and
Peterson, 2016). The four loci used in this study have been used
in successful studies previously (Peterson, 2008; Yilmaz et al.,
2014). It is possible that the four genes will by random chance
not pick up on all the variation present and lead to an under
appreciation of the species present or interpreted in a limited data
set lead to over interpretation of the species present (Sugui et al.,
2014). When whole genomes are sampled and the number of
genes is increased we will have a more stable and reliable
taxonomy.
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