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ABSTRACT

Twenty-seven Tritirachium strains were present in the URM culture collection originally founded in Brazil by Augusto
Chaves Batista. Fifteen freshly-prepared cultures were obtained from these original strains preserved under mineral
oil. DNA was extracted for analysing phylogenetic relationships using the sequence information available from
Tritirachium type materials and reference strains. Phylogenetic analysis using the internal transcribed spacer (ITS)
ribosomal DNA sequences revealed that eight of these strains belong to the same clade as of T. oryzae and that the
four other strains belong to the same clade as of T. candoliense. The strain URM 38, which was previously identified
as “T. brumptii”, appeared to exist as a single lineage, related to T. roseum and T. candoliense. Based on morphological
features and multi-locus phylogenetic analysis, including the analyses of ITS and LSU rDNA, and rpb2 sequences,
we propose that URM 38 belongs to the new species T. batistae. This novel species exhibited velutinous to cottony
colonies of varying colour, septate hyphae without clamp connections, conidiophores reduced to conidiogenous cells,
conidiogenous cells with a distinct sympodial rachis, and single-cell conidia that was globose to subglobose, obovoid,

smooth, and hyaline. The morphological features of species accepted in Tritirachium are included in this study.
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Introduction

The genus Tritirachium was described by Limber in
1940 to accommodate the fungi with ‘rachis-like or zigzag
form of the fertile portions of the erect conidiophore’
(Beguin et al. 2012). Upon observing the morphology of
the asexual morph, these fungi were first included in the
phylum Ascomycota (Kirk et al. 2008). Later on, several
studies investigated the morphology of these fungi in more

details (Limber 1940; Macleod 1954; Hoog 1972; 1973),
and more recently, phylogenetic analyses based on DNA
sequences were conducted, which placed these fungi in
the phylum Basidiomycota (Schell et al. 2011; Beguin et al.
2012; Manohar et al. 2014).

In the phylum Basidiomycota (subphylum
Pucciniomycotina), Tritirachium was placed in the class
Tritirachiomycetes, order Tritirachiales and family
Tritirachiaceae (Schell et al. 2011; Beguin et al. 2012; He et
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al. 2019). Four species originally placed in Tritirachium were
revisited, and two other unidentified species were recognized
and could be described as new Tritirachium species (Schell
et al. 2011). Manohar et al. (2014) described the species
T. candoliense, which was isolated from a coastal sediment
sample of the Arabian Sea. A similar genus, Paratritirachium,
was introduced in the family Tritirachiaceae, which
currently accommodates two species, P. cylindroconium
and P. curvibasidium (Beguin et al. 2012; Nguyen et al. 2014;
He et al. 2019).

Tritirachium species have already been reported as
saprophytes (Moraes et al. 2010; Schell et al. 2011; Naseri
et al. 2013), biotrophic mycosymbionts (Beguin 2010),
endophytes (Kaneko & Kaneko 2004; Moraes et al. 2010;
Vieiraetal. 2011; Bezerra et al. 2013; Qadyriet al. 2014), and
as opportunists (Rodrigues et al. 1975; Moraes et al. 2010;
Beguin et al. 2012; Naseri et al. 2013; Martinez-Herrera et
al. 2015; Vanam et al. 2018). Tritirachium oryzae is the most
important species of this genus that causes human infections,
and has occasionally been reported to cause corneal ulcers,
otomycosis, onychomycosis, and dermatomycosis of the
scalp (Rodrigues et al. 1975; Moraes et al. 2010; Beguin et
al. 2012; Naseri et al. 2013; Martinez-Herrera et al. 2015;
Vanam et al. 2018). However, other Tritirachium species were
also reported to possess biotechnological potential, which
includes producing enzymes, such as proteases, amylase,
glucanase, xylanase, pectinases, lipase, and proteinase K
(Ebeling et al. 1974; Wang et al. 2016).

The Tritirachium strains that were deposited by Augusto
Chaves Batista and his collaborators in the University
Recife Mycologia (Micoteca URM Profa. Maria Auxiliadora
Cavalcanti, Universidade Federal de Pernambuco — UFPE) in
Brazil were revisited in this study. Augusto Chaves Batista
(Fig. 1) was an important Brazilian researcher, and he
is respected as one of the most reputed mycologists in
Brazil (Singer 1969; Carneiro 1968; Moura & Maia 2013;
Bezerraetal. 2017a). Batista worked in collaboration with
researchers from different fungal groups on projects in
diverse areas such as agriculture, medical, microbiology,
and taxonomy; however, his surveys were mostly related to
phytopathology and soil microbiology (Moura & Maia 2013).
It is estimated that his contribution to science includes
around 700 published articles and five books (Moura &
Maia 2013; Bezerra et al. 2017a). Among the publications of
Batista and his collaborators, three of them are focussed on
T. dependens (Batista et al. 1965; 1966; Luna & Neto 1971).

While searching in the URM database, 27 Tritirachium
strains appeared to be preserved in the collection, and most
of them were deposited when Batista was still working
as the director of the former Instituto de Micologia da
Universidade do Recife (IMUR) (Bezerra et al. 2017a; b).
The main preservation method for these cultures used
back then was mineral oil, as proposed by Sherf (1943),
which was also introduced by Augusto Chaves Batista,
but later, other fungal preservation methods were also
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included in the routine of the URM collection, such as using
distilled water (Castellani 1967), lyophilisation (Raper &
Alexander 1945), and freezing at -80 'C (Kitamoto et al.
2002; Nakasone et al. 2004; Souza-Motta et al. 2015). In
this study, we aimed to revisit the Tritirachium strains that
were previously deposited at the URM culture collection,
to determine their phylogenetic placement using the ITS
rDNA sequences of these available strains, to report species
isolated from new geographical and substrate/host records,
and to provide detailed description of a new species based
on the multi-gene phylogenetic analyses (ITS, LSU, and
rpb2), and its morphological features.

Materials and methods
Fungal strains and morphological studies

The Tritirachium strains used in this study were obtained
from the URM culture collection (WCDM 604) hosted at
the Departmento de Micologia of the Universidade Federal
de Pernambuco, Recife, Brazil. These strains were first
preserved using mineral oil, and fresh cultures were obtained
using these original materials. In Tab. 1, the information

Figure 1. Augusto Chaves Batista (Brazil, 1916-1967) (Photo:
Departamento de Micologia, UFPE, Recife, Brazil).

291



Jadson Diogo Pereira Bezerra, Maria Tamara de Caldas Felipe, Laura Mesquita Paiva, Oliane Maria Correia Magalhaes,
Eliane Barbosa da Silva-Nogueira, Gladstone Alves da Silva and Cristina Maria de Souza-Motta

Table 1. Tritirachium strains deposited in the URM culture collection at the Universidade Federal de Pernambuco, Recife, Brazil.

Substratefhost

URM 38 T. brumptii Atmospheric air Brazil 955
URM 498 T. roseum - England 1957
URM 499 T. album - England 1955
URM 500 T. dependens = England 1955
URM 690 T. dependens - - 1956
URM 1653 T. album - Peru 1960
URM 1689 T. dependens Atmospheric air Brazil 1960
URM 1806 T. dependens Pulmonary secretion Brazil 1961
URM 2379 T. album - Brazil 1974
URM 2886 T. oryzae Atmospheric air Brazil 1986
URM 3561 T. oryzae Oat Brazil 1994
URM 3775 T. album River water Brazil 1997
URM 4088 T. album River water Brazil 1998
URM 4289 T. album Knee biopsy Brazil -
URM 5436 T. oryzae Water from water park Brazil 2007
URM 5442 T. oryzae Pool filter soil Brazil 2007
URM 5452 T. oryzae Water from water park Brazil 2007
URM 6015 T. oryzae Endophytic fungus (Gossypium hirsutum) Brazil 2009
URM 6336 T. oryzae Endophytic fungus (Hancornea speciosa) Brazil 2011
URM 6517 T. oryzae Herbal medicine (artichoke) Brazil 2011
URM 6518 T. oryzae Herbal medicine (Indian chestnut) Brazil 2011
URM 6519 T. oryzae Herbal medicine (artichoke) Brazil 2011
URM 6705 T. dependens Endophytic fungus (Cereus jamacaru) Brazil 2012
URM 6821 T. dependens Endophytic fungus (Cereus jamacaru) Brazil 2012
URM 6822 T. dependens Endophytic fungus (Cereus jamacaru) Brazil 2012
URM 6856 T. oryzae Endophytic fungus (Plantago major) Brazil 2012
URM 8181 T. oryzae Cake Brazil 2019

* Refers to the year that the strain was deposited in the URM culture collection.

about the strains obtained from the URM database is
summarized. The strain URM 38 is also deposited in the
personal collection of Jadson D.P. Bezerra (Fungal Culture
Collection of the Universidade Federal de Goids - FCCUFG),
which is maintained at the Instituto de Patologia Tropical
e Saude Publica (IPTSP) of the Universidade Federal de
Goias (UFG), Brazil.

A fraction of the Tritirachium strains that were preserved
under mineral oil were transferred to glucose broth medium
and incubated for seven days at 25 °C under a natural
day-night cycle. After growth of these strains, they were
transferred to Petri dishes with Malt Extract Agar (MEA),
and were incubated using the conditions described above.
For the morphological study of the strain URM 38 = FCCUFG
01, it was cultured on MEA, Potato Dextrose Agar (PDA),
Czapek Yeast extract Agar (CYA), Czapek yeast autolysate
agar with 5% NaCl (CYAS), Yeast Extract Sucrose agar (YES),
Dichloran-glycerol (DG18), Oatmeal Agar (OA), Malt agar
with 20 % Sucrose (M20S), and Czapek Yeast with 20 %
Sucrose agar (CYA20S), and incubated in dark at 25 °C. The
morphological features of the newly appearing colonies on
different culture medium were visualized after two weeks,
and the reproductive structures were observed on PDA after
four weeks. Slide were prepared and mounted in clear lactic
acid, and culture colours were evaluated using the chart of
Rayner (1970).
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DNA extraction, DNA sequences, and phylogenetic
analyses

Genomic DNA was extracted using the Wizard” Genomic
DNA Purification Kit (Promega, USA), according to the
manufacturer’s instructions. The primer sets LROR/LR5
(Vilgalys & Hester 1990), and ITS5/ITS4 (White et al. 1990)
were used to amplify a part of the nuclear ribosomal large
subunit (LSU) of the rDNA and the ITS region (first and
second internal transcribed spacer regions and intervening
5.8 SnrDNA), respectively. The primer set 5f2/7cr (O’Donnell
etal. 2010) was used to amplify the second largest subunit
of the RNA polymerase II (rpb2) gene. PCR amplification,
sequencing, and consensus sequences were performed and
obtained as described by Bezerra et al. (2017¢) and Silva
etal. (2019).

Sequence analysis using the BLASTn tool of the GenBank
database at NCBI was performed to verify the relationship
between ITS, LSU rDNA, and rpb2 sequences from different
strains that were obtained in this study. Using the sequences
obtained from GenBank, the online MAFFT interface (Katoh
& Standley 2013) was used to perform further sequence
alignment, and MEGA v. 7.0 (Kumar et al. 2016) was used for
sequence adjustments. An initial phylogenetic analysis was
performed using the ITS sequences of all the strains based
on Maximum Likelihood (ML) and Bayesian Inference (BI)
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methods. For the one-gene (ITS) phylogeny analysis, ML
and Bl methods were used in PhyML (Guindon et al. 2010)
and MrBayes (Ronquist & Huelsenbeck 2003), respectively,
which were launched from Topali 2.5 (Milne et al. 2004).
The nucleotide substitution model was also applied by
using Topali 2.5. The BI analysis was conducted using two
subsequent runs over 1 x 10° generations with a burning
value of 25 %, while the ML analysis was performed using
1000 bootstrap replicates.

A second multi-gene (ITS, LSU, and rpb2) sequence
alignment representing the fungal strains placed in
the family Tritirachiaceae, was performed to infer the
phylogenetic position of the strain URM 38 = FCCUFG
01, which was identified as a new species based on the ITS
phylogeny analysis. The three-gene phylogenetic analyses
based on ML and BI methods were conducted in the RAXML-
HPC BlackBox v.8.2.8 (Stamatakis 2008), and MrBayes on

XSEDE, respectively, using the CIPRES Science Gateway
(http://www.phylo.org/). For the combined analysis, the
MrModel Test v.2.3 (Nylander 2004) was used to estimate
the best nucleotide model for the sequence alignment. In
both of these analyses, values less than 0.96 BI posterior
probability (BPP), and 70 % ML bootstrap (ML-BS) were not
considered. The new sequences are deposited in the GenBank
database (Tab. 2), and the alignments are deposited in
TreeBASE (study ID S24520).

Results
Phylogenetic analyses
Out of the 27 Tritirachium strains that were preserved

under mineral oil in the URM culture collection, only 15
strains (55.5 %) were still viable and thus were available for

Table 2. Species used to perform the phylogenetic relationship of Tritirachium strains deposited at the URM culture collection at the
Universidade Federal de Pernambuco, Recife, Brazil. GenBank numbers in bold were generated in this study.

S T S N S

Paratritirachium curvibasidium DAOM 242438"
Paratritirachium curvibasidium DAOM 242437
Paratritirachium curvibasidium DAOM 242439
Paratritirachium cylindroconium CBS 838.71"
Sakaguchia dacryoidea CBS 6353"
Symmetrospora coprosmae CBS 78997
Tritirachium sp. CBS 473.93
Tritirachium sp. CBS 265.96
T. batistae sp. nov. URM 38"
T. candoliense CBS 1231517
T. candoliense URM 3561
T. candoliense URM 5442
T. candoliense URM 6518
T. candoliense URM 6519
T. cinnamomeum CBS 182.42"
T. dependens ITHEM 3497
T. dependens BP1 414589
T. oryzae URM 1689
T. oryzae URM 1806
T. oryzae URM 6821
T. oryzae URM 5452
T. oryzae URM 6856
T. oryzae URM 6015
T. oryzae URM 6336
T. oryzae URM 8181
T. oryzae NRRL 2018
T. oryzae CBS 164.67
T. oryzae NRRL 1210
T. oryzae CBS 896.70
T. oryzae CBS 388.39
T. oryzae CBS 442.70
T. oryzae CBS 837.71
T. oryzae CBS 116300
T. roseum CBS 183.42"

KF258724
KF258723
KF258725
KF258726
AF444597
NR_073317
JE779664
JE779668

KF258728
KF258727 =
KF258729 -
KF258730 =
AF189972 DQ832208
KY109807 =
JE779649 JE779651
JE779652 JE779654
MN496401 MN496416 MN505211
KC879157 KC879158 KC879159
MN496404 = =
MN496405 = =
MN496409 - -
MN496410 = =
JE779667 = =
JE779666 = =
JE779665 = =
MN496402 = =
MN496403 = =
MN496411 = =
MN496406 - -
MN496412 = =
MN496407 = =
MN496408 = =
MN496413 = =
JE779663 = =
GQ329853 GQ329853 JF779648
JE779662 = =
JE779660 = =
JE779661 = S
JE779659 = =
JE779658 = =
JE779657 - =
JE779669 KF258731 JE779656

Strains URM 498, URM 500, URM 690, URM 1653, URM 2379, URM 2886, URM 3775, URM 4088, URM 5436, URM 6517, URM

6705, and URM 6822 were not viable to perform the study.
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morphological and/or phylogenetic studies. The ITS rDNA
was amplified and used to perform phylogenetic analysis
of all the available strains to verify their relationship with
Tritirachium species (Fig. 2). The phylogenetic analysis was
performed using JC+I as the best substitution model for
ML and BI analyses. These analyses revealed that eight
strains grouped in the same clade as of T. oryzae with 80 %
support according to ML analysis. The other four strains
were placed in the same clade of T. candoliense (BPP = one
and ML-BS =100 %), which is a recently described species.
The Tritirachium strain, URM 38 = ECCUFG 01, which was
previously designated as “T. brumpti”, was now identified

URM 6856
URM 6336
T. oryzae CBS 116300
URM 6015
URM 6821
T. oryzae CBS 388.39
T. oryzae CBS 442.70
T. oryzae CBS 837.71
URM 5452
_[URM 8181
0. T. oryzae NRRL 2018
URM 1806
T. oryzae CBS 164.67
T. oryzae NRRL 1210
T. oryzae CBS 896.70
URM 1689

-/80

0.97/-—

-/99-|
-I78

0.96/-{—

as a single lineage related to T. roseum and T. candoliense.
Other two strains including URM 499 and URM 4289, which
were previously identified as “T. album”, were excluded from
this phylogenetic analysis because they were reclassified
as Parengyodontium album (Cordycipitaceae, Ascomycota)
(GenBank accession numbers for ITS URM 499 = MN496414
and URM 4289 = MN496415) via BLASTn analysis.

To further verify the phylogenetic relationship of
the strain URM 38 = FCCUFEG 01, a combined dataset of
ITS, LSU, and rpb2 sequences was constructed, and the
results of ML and BI analyses revealed that URM 38 =
ECCUEG 01 belongs to a single lineage, which is related

Tritirachium sp. CBS 473.93

T. roseum CBS 183.42

1/99

Tritirachium batistae URM 38
URM 5442
1/100 rURM 3561

——
1/100

0.97/70 T. candoliense CBS 123151
URM 6519
0.97/86 | URM 6518
1/100 T. dependens IHEM 3497

L T. dependens BPI 414589
T. cinnamomeum CBS 182.42

17100 |
[

1/100

1/100 [

Tritirachium sp. CBS 265.96

Paratritirachium cylindroconium CBS 838.71

P. curvibasidium DAOM 242438

1/100

0.05

P. curvibasidium DAOM 242437
{P. curvibasidium DAOM 242439

S. coprosmae CBS 7899
S. dacryoidea CBS 6353

Figure 2. Bayesian inference (BI) tree obtained using ITS rDNA sequences from species representing Tritirachium and Paratritirachium
(Tritirachiaceae). The new species and the strains studied are in bold and blue. BPP and ML-BS above 0.95 and 70 %, respectively, are
shown near nodes. Sakaguchia dacryoidea (CBS 6353) and Symmetrospora coprosmae (CBS 7899) were used as outgroup.
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to T. roseum and T. candoliense (Fig. 3). To perform the BI  model in the ML analysis. Based on the morphological

analysis, the nucleotide models GTR+I+G, GTR+G, and  features and the results of phylogenetic analyses, a new

SYM+G, were used for ITS, LSU, and rpb2, respectively.  species is introduced in this study to accommodate the
The nucleotide model GTR+I+G was defined as the best  strain URM 38 = FCCUFG 01.

T. cinnamomeum CBS 182.42
1/100
Tritirachium sp. CBS 265.96
RN T. dependens IHEM 3497
1/100 I
I T. dependens BP| 414589 ~
1/100 =
R
T. oryzae CBS 164.67 g_
§-
Tritirachium sp. CBS 473.93
1/100
T. roseum CBS 183.42
—— Tritirachium batistae URM 38
T. candoliense CBS 123151
Paratritirachium cylindroconium CBS 838.71 -
1/100 Q
P. curvibasidium DAOM 242438 g.-
1/100 §'
P. curvibasidium DAOM 242437 %
E.
1/100 3
P. curvibasidium DAOM 242439
Symmetrospora coprosmae CBS 7899
1D Outgroup
0.08 - Sakaguchia dacryoidea CBS 6353

Figure 3. Bayesian inference (BI) tree obtained using ITS and LSU rDNA and RPB2 sequences from Tritirachium and Paratritirachium
species (Tritirachiaceae). The new species is in bold and blue. BPP and ML-BS above 0.95 and 70 %, respectively, are shown near nodes.
Sakaguchia dacryoidea (CBS 6353) and Symmetrospora coprosmae (CBS 7899) were used as outgroup.
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Taxonomy

Tritirachium batistae J.D.P. Bezerra & C.M. Souza-
Motta sp. nov. (Fig. 4)
MycoBank MB833847

Etymology. Named in the honour of Augusto Chaves
Batista (1916-1967), a brilliant Brazilian mycologist who
founded the former Instituto de Micologia da Universidadede
Recife (IMUR), Brazil.

Holotype. URM 93562

Description. Colonies after seven days at 25 °C: on
PDA, were smooth, velutinous, white to light grey in colour,
reverse luteous, and exhibited lower growth up to 1.2 cm.
On MEA, the colonies were predominantly white similar
to that on PDA, reverse luteous, and were growing up
to 1.5 cm. On CYA, colonies with a cottony appearance
similar to MEA, greyish to green in colour, and growing
up to 1.9 cm. On CYAS, colonies had similar appearance
as on MEA and CYA, were amber in colour, reverse pale
luteous to luteous, and reaching up to 0.8 cm. On YES,
colonies were cottony, honey-like, reverse umber to brown
in colour, reaching up to 1.5 cm, and there was a reddish

Table 3. Morphological features of Tritirachium species.

pigment diffused in the medium near the colonies. On
AO, colonies were apiculate with a cottony appearance as
observed on MEA, CYA, and CYAS, predominantly saffron
coloured, and formed lightly aerial hyaline mycelium,
reverse saffron to umber, and were growing up to 1.7 cm.
On DG18, colonies were cerebriform-like, with a velvety
aspect, pale olivaceous grey in colour, and had a diameter
reaching up to 1.1 cm. On M20S, colonies were cottony,
amber to honey in colour, and had a diameter reaching up
to 1 cm. On CYA 208, colonies were cottony, honey-like,
and had a diameter reaching up to 0.7 cm. Hyphae on
PDA after two weeks of growth in the dark at 25 °C, were
straight to somewhat undulating, septate, changing from
hyaline to light brownish in colour with age, without clamp
connections, and 1-2 um wide. Conidiophores were erect,
ascendent, smooth, lightly tapered, zero(-one)-septate,
reduced to conidiogenous cells, changing from hyaline to
light brownish in colour with age, and were 9-23.5(-52) x
1-2 pm. Conidiogenous cells were slightly tapered towards
the apex, with a distinct sympodial rachis on which conidia
are formed and were 18.5-24.5 x 1-2 pm. Conidia were
single-celled, globose to subglobose, obovoid, smooth,
hyaline, and were 2.5-3.5(-4.5) x 2-2.5(-3) pm. Sexual
morph was not observed.

Tyoe Count Host/ Colony Conidiophores Conidiogenous cells Conidia References
yp v substrate colour (um) (um) ()]

T. batistae J.D.P. From On PDA. white to
Bezerra & Souza-URM 38  Brazil  atmospheric L)
. light grey
Motta air
T. candoliense From anoxic
C.S. Manohar, CBS India marine On MEA,
Boekhout & 123151 . vinaceous
sediment
Stoeck
On flies i
T. cinnamomeum  CBS OmIHIDLY, S
Netherlands  from a yellow-brown
JEH. Beyma 182.42 X
chalk-pit to tan
T. dependens B Pl . Pale yellowish to
. Limber Cuba of Yucca .
Limber brownish yellow
s. . treculeana
At first rosy
T. oryzae . vinaceous to rosy
(Vincens) Hoog Vietnam | On Oryza buff, when older
lilac or cinnamon
Initially purple
or brown, or
Onlitter %€ mix of both
T roseum JEH. CBS Germany from a colours; the
Beyma 183.42 cowshed purple colour

appears with age
against the brown
back
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Reduced to Globose to
conidiogenous Slightly tapered  subglobose, obovoid,
cells 9_2§ 5(-52) towards apex, smooth, hyaline,  This paper
’ N 1_'2 18.5-24.5 x 1-2 2.5-3.5(-4.5) x
2-2.5(-3)
Often terminate Stronely tapered Ellipsoidal to clavate-
in whorls of ﬂask—s}%aye dpl 5_5’ 0 ellipsoidal, pale ~ Manohar et
conidiogenous <0 1:3—2’ 0 brownish, 2.5-3.5 x al. 2014
cells - 1.6-2.5
Terminate s
in whorls of ilhalil’ii:’;d];icr’nor?it:;{ Beyma 1942
conidiogenous 60-80 long 4 § 3 3‘_/"4 7 Schell et al.
cells, up to 100 x IR BLE sl X 2011
13-15 2.7-3.3
Often terminate  Elongate, slightly @l o
in whorls of swollen below the ellipsoidal Limber 1940
conidiogenous  middle, tapering lichtly vell . h Hoog 1973
cells, up to 1000  towards the tip, SHGNLLY YELOWISR, ) fanohar et
long and 3-4.5 geniculate, 13-35 x (2-)2.5-3.5(-4) x al. 2014
wide 2-35 (2-)2-3(-3.5)
Ascendell'xt, Elox}gate basal part, leminaliazssel
often terminate  slightly swollen . .
in whorls of below the middle rarely' B LT
conidiogenous tapering towards the h :ﬁ::l(itglj;;sfé - Schze (l)llelt al.
cells, 200-1500  tip, (7-)9-20(-25) V"] Sl
long, 1.5-3 wide x1.5-3 ’ ’
Erect, rarely Sl mgeied, Subglobose, hyaline, L 112n )
30-50 long, 1.7-2 Schell et al.
branched . 2.3-2.7x2
wide 2011
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Figure 4. Tritirachium batistae (URM 38 = FCCUFG 01, ex-type-living culture). A. Culture on PDA after seven days. B. Culture on
MEA after seven days. C, D. Conidiophores and conidia. E-G. Details of sympodial rachis and conidia. H. Conidia. Scale bars: 10 pm.

Material examined. BRAZIL, Pernambuco: Recife,
isolated from atmospheric air, 1955, A.C. Batista (URM 93562,
holotype), ex-type-living culture URM 38 = FCCUFG 01.

Notes. Tritirachium batistae was described to
accommodate the strain URM 38 = FCCUFG 01, which was
previously designated as “T. brumptii’. Later, “T. brumptii”
was synonymized under Beauveria brumptii (Langeron 1947).
Our BLASTn search showed that the ITS rDNA sequences
of this strain are 80-90 % identical to Tritirachium species
(e.g. MH865598.1, CBS 130019), and had no identity to
Beauveria species. Similar results were obtained using
the analysis of LSU and rpb2 sequences. Based on these
results and the multi-gene phylogenetic analysis (Fig. 3),
we conclude that the strain URM 38 = FCCUFG 01 can be
recognized as a single lineage related to T. roseum and T.
candoliense. Tritirachium batistae differs from T. candoliense
and T. roseum in regard to texture and colour of the colonies,
size, format, and colour of conidiophores, conidiogenous
cells, and conidia (Tab. 3).

Tritirachium candoliense C.S. Manohar, T. Boekhout,
W.H. Muller & T. Stoeck, Fungal Biology 118(2): 143 (2014)

Description and illustration. Manohar et al. (2014).

Material examined. BRAZIL, Pernambuco: isolated
from oats, February 1997, M. Cavalcanti, living culture URM
3561. BRAZIL, Pernambuco: Recife, water park, isolated
from soil from pool filter, February 2007, M.A. Sousa,
living culture URM 5442. BRAZIL, Pernambuco: Recife,
isolated from Indian chestnut (Aesculus hippocastanum)
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capsule (phytotherapeutic medicine), December 2011, A.C.
Regis, living culture URM 6518. BRAZIL, Pernambuco:
Recife, isolated from artichoke (Cynara scolymus) capsule
(phytotherapeutic medicine), December 2011, A.C. Regis,
living culture URM 6519.

Notes. Tritirachium candoliense was described by
Manohar et al. (2014) based on a strain that was isolated
from the marine sediments growing under anoxic conditions
on the Goa coast, in the Arabian Sea. In this study, one of
the strains was isolated from oats (URM 3561), another
from soil of a pool filter from a water park (URM 5442), and
two other strains (URM 6518 and URM 6519) were isolated
from phytotherapeutic medicine. To our knowledge, this is
the first time that this species has been reported after its
original description, and thus it highlights the importance
of studying the lifecycle and geographical distribution of
many more Tritirachium species.

Tritirachium oryzae (Vincens) G.S. de Hoog, Studies
in Mycology 1: 22 (1972).

=Beauveria oryzae Vincens, Revue Path. vég. Ent. agric.
Fr.: 122 (1910).

=Beauveria brumptii Langeron & Lichaa, Bull. Acad. Méd.
Paris: 133 (1934).

=Tritirachium purpureum Saito ex J.E.H. Beyma, Antonie
van Leeuwenhoek 8: 118 (1942).

=Tritirachium violaceum Tatarenko, Notulae Syst. Sect.
Crypt. Inst. Bot. Acad. Sci. U.S.S.R.: 90 (1952).

For more synonyms see Index Fungorum and/or
MycoBank.
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Description and illustration. Hoog (1972).

Material examined. BRAZIL, Pernambuco: Recife,
isolated from atmospheric air of Igreja das Gragas, September
1960, A.C. Batista, living culture URM 1689. BRAZIL,
Ceara: isolated from pulmonary secretion, July 1961,
unknown collector and/or depositor, living culture URM
1806. BRAZIL, Paraiba: Santa Teresina, Tamandua farm,
isolated as endophyte from Cereus jamacaru (Cactaceae),
August 2012, J.D.P. Bezerra, living culture URM 6705.
BRAZIL, Paraiba: Santa Teresina, Tamandua farm, isolated
as endophyte from C. jamacaru, December 2012, J.D.P.
Bezerra, living culture URM 6821. BRAZIL, Paraiba: Santa
Teresina, Tamandud farm, isolated as endophyte from C.
jamacaru, December 2012, J.D.P. Bezerra, living culture
URM 6822. BRAZIL, Pernambuco: Recife, water park,
isolated from water, February 2007, M.A. Sousa, living
culture URM 5452. BRAZIL, Pernambuco: Jaboatio dos
Guararapes, isolated as endophyte from leaves of Plantago
major, December 2012, P. Vieira, living culture URM 6856.
BRAZIL, Pernambuco: Recife, isolated as endophyte from
leaves of Gossypium hirsutum, September 2008, P. Vieira,
living culture URM 6015. BRAZIL, Pernambuco: Recife,
isolated as an endophyte from Hancornia speciosa, March
2011, M.B.O. Chagas, living culture URM 6336. BRAZIL,
Pernambuco: Jaboatio dos Guararapes, isolated from cake,
2017, G.M.R. Albuquerque, living culture URM 8181.

Notes. Tritirachium oryzae was described by de Hoog
(1972) based on Beauveria oryzae that was isolated from
Oryza sp. (Vincens 1923; Hoog 1972). This species has been
reported as an opportunist, causing mycoses in humans
(Silva et al. 1999; Moraes et al. 2010; Martinez-Herrera et
al. 2015), and is also reported from several substrates and
habitats, such as decaying organic matter and plants. It
has also been reported as a symbiont, saprotroph, and an
endophyte. This fungal species was also isolated from the
wood and the ceiling tiles, found associated with leaves,
stems, and twigs of Pinus wallichiana, and was also isolated
from the branches of cotton, nails, cornea, and scalp, causing
infections in humans (Rodrigues et al. 1975; Moraes et al.
2010; Naseri et al. 2013; Qadri et al. 2014; Vanam et al.
2018). In this study, we further expanded the information
on geographical distribution of this species and reported
it from several new substrates/hosts.

Discussion

Tritirachium species are found to be present in various
environments and substrates/hosts, but their ecological
relationships need to be further investigated in order to
better understand their lifecycle. For example, T. oryzae was
isolated from the branches of cotton in Brazil (Vieira et al.
2011), which was later found to be associated with roots,
stems, and leaves of P. wallichiana in the Himalayas (Qadri
et al. 2014), and was also isolated from the wood and the
ceiling tiles (Moraes et al. 2010). Tritirachium sp. was isolated
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from the leaves of Japanese beech trees in Japan (Kaneko
& Kaneko 2004), and T. dependens [here re-evaluated and
classified as T. oryzae] was isolated from cladodes of the
cactus Cereus jamacaru in Brazil (Bezerra et al. 2013). Some
members of this genus were isolated from soil and organic
matter, and they are considered as saprotrophic (Moraes
etal. 2010). Tritirachium candoliense was isolated from the
coastal sediments of the Arabian Sea (Manohar et al. 2014;
Wang et al. 2016), and another Tritirachium sp. was isolated
from a sponge present in the Adriatic Sea (Wang et al. 2016).
Another Tritirachium strain was isolated as a symbiont
associated with Penicillium rugulosum (Beguin 2010).

The clinical importance of Tritirachium was reported
for the first time by Wang and colleagues in 2016. They
described about the representatives of this genus that are
responsible for human infections and also reported that
the species of Tritirachium could be potential airborne
contaminants. Clinical reports are also linked to T. oryzae
and T. roseumn, which have occasionally been isolated from
the patients with corneal ulcers, otomycosis, onychomycosis,
and dermatomycosis of the scalp (Rodrigues et al. 1975;
Moraes et al. 2010; Beguin et al. 2012; Naseri et al.
2013; Martinez-Herrera et al. 2015; Vanam et al. 2018).
Tritirachium species have been demonstrated to possess
biotechnological importance. For example, “Tritirachium
album” was reported as a producer of protease K (Ebeling
etal. 1974), and Tritirachium sp. was reported as a producer
of protease, amylase, glucanase, xylanase, pectinases, and
lipase (Wang et al. 2016).

In this study, a new species was proposed, which was
designated as Tritirachium batistae, and it is based on the
strain URM 38 = FCCUFG 01. The strain URM 38 = FCCUFG
01 was isolated from the atmospheric air in Brazil (1955) and
was deposited in the URM culture collection. Phylogenetic
analyses using the ITS sequences of representative strains
of Tritirachium species that are maintained in the URM
culture collection, along with reference sequences acquired
from the GenBank database, confirmed that the strain URM
38 = FCCUFG 01 could be introduced as a new species,
which is identified to be related to T. candoliense and T.
roseum. These two species mainly differ from T. batistae
in colony colour and texture, their conidiogenous cells
often terminate in verticils, and the size and colour of their
conidia is also different (Tab. 3) (Schell et al. 2011; Manohar
et al. 2014). Another important aspect of this study was
the re-classification of some strains that were previously
identified as T. oryzae, T. dependens, “T. brumptii”, “T. album”
(= Parengyodontium album), and T. candoliense, which further
helped to expand the information about their geographical
distribution, lifecycle, environment, and substrate/host
association of these species.

We resolved the phylogenetic placement of the old
Tritirachium cultures deposited in the URM culture collection
since 1955, and introduced T. batistae as a new species
in the genus. In addition, in this study, we also reported
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species occurring in different regions and/or substrates,
which can further add to the knowledge of global fungal
diversity. The URM culture collection is the most important
fungal collection in Brazil, representing an abundant and
diversified strain collection, which contains about 8,000
fungal names and have preserved 98,000 fungal cultures
belonging to the most diverse groups. Among these cultures,
there are strains deposited by Augusto Chaves Batista and
his collaborators during their work in the former Instituto
de Micologia da Universidade do Recife IMUR), highlighting
this collection as a reservoir of fungal diversity, which is
recently being reviewed based on the modern taxonomic
analyses (morphological and molecular), and is also
being biotechnologically characterized in relation to the
production of enzymes, and other secondary metabolites
(Maciel et al. 2013; 2014; Moreira et al. 2014; Sousa et al.
2015; Bezerra et al. 2017a; b; Cruz et al. 2017; Lisboa et al.
2017; Barbosa et al. 2018; Bezerra et al. 2019).

Acknowledgements

We thank to the Coordenagio de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES - Finance Code 001),
the Conselho Nacional do Desenvolvimento Cientifico e
Tecnolégico (CNPq) and the Fundagio de Amparo a Ciéncia
e Tecnologia de Pernambuco (FACEPE) for financial support
and scholarships. The authors would like to thank Dr. Rafael
José Vilela Oliveira and Leticia Francisca da Silva (MSc) for
their suggestions on the manuscript, and to the contribution
of the anonymous reviewers.

References

Barbosa RN, Bezerra JDP, Souza-Motta CM, et al. 2018. New Penicillium
and Talaromyces species from honey, pollen and nests of stingless
bees. Antonie van Leeuwenhoek 111: 1883-1912.

Batista AC, Falcio RG, Maciel MJP, Maia HS. 1965.
Alguns Dematiaceae amerospéricos. Instituto de Micologia da
Universidade do Recife 447: 1-35.

Batista AC, Fernandes CS, Luna EA. 1966. Fungos auxinogénicos dos solos
do noroeste do Maranhdo. Atas do Instituto de Micologia 3: 396-422.

Beguin H, Pyck N, Detant M. 2012. Tritirachium, a hyphomycetous genus
belonging to the Basidiomycota. Nova Hedwigia 94: 139-152.

Beguin H. 2010. Tritirachium egenum, a thiamine- and siderophore-
auxotrophic fungal species isolated from a Penicillium rugulosum. FEMS
Microbiology Ecology 74: 165-173.

Beyma TKFH. 1942. Beschreibung Einiger Neuer Pilzarten aus dem
Centraalbureau Voor Schimmelcultures, Baarn (Nederland). Antonie
van Leeuwenhoek 8: 105-122.

Bezerra JDP, Maciel MHC, Bezerra JL, Magalhiaes OMC, Souza-Motta CM,
2017a. The contribution of Augusto Chaves Batista (1916-1967) to
Mycology in Brazil. Gaia Scientia 11: 250-273.

Bezerra JDP, Silva-Nogueira EB, Correia ACRBC, et al. 2017b. Micoteca
URM da UFPE: uma fonte de recursos biolégicos do Brasil. Anais da
Academia Pernambucana de Ciéncia Agrondmica 13: 47-56.

Bezerra JDP, Oliveira RJV, Paiva LM, et al. 2017c. Bezerromycetales and
Wiesneriomycetales ord. nov. (class Dothideomycetes), with two
novel genera to accommodate endophytic fungi from Brazilian cactus.
Mycological Progress 16: 297-309.

Acta Botanica Brasilica - 34(2): 290-300. April-June 2020

Bezerra JDP, Padua APSL, Oliveira TGL, et al. 2019. Pseudoplagiostoma
myracrodruonis (Pseudoplagiostomataceae, Diaporthales): a new
endophytic species from Brazil. Mycological Progress 18: 1329-
1339.

Bezerra JDP, Santos MGS, Barbosa RN, et al. 2013. Fungal endophytes
from cactus Cereus jamacaru in Brazilian tropical dry forest: a first
study. Symbiosis 60: 53-63.

Carneiro LS. 1968. Augusto Chaves Batista (1916-1967). Mycologia 60:
1137-1139.

Castellani A. 1967. Maintenance and cultivation of common pathogenic
fungi of man in sterile distilled water. Further researches. Journal
of Tropical Medicine and Hygiene 70: 181-184.

Cruz R, Lima JS, Fonseca JC, et al. 2017. Promising substrates to increase
the production of tannase under solid state fermentation (SSF) by
Penicillium spp. African Journal of Biotechnology 16: 2121-2126.

Ebeling W, Hennrich N, Klockow M, Metz H, Orth HD, Lang H. 1974.
Proteinase K from Tritirachium album Limber. European Journal of
Biochemistry 47: 91-97.

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W, Gascuel O.
2010. New algorithms and methods to estimate maximum-likelihood
phylogenies: assessing the performance of PhyML 3.0. Systematic
Biology 59: 307-321.

He MQ, Zhao RL, Hyde KD, et al. 2019. Notes, outline and divergence
times of Basidiomycota. Fungal Diversity 99: 105-367.

Hoog GS. 1972. The genera Beauveria, Isaria, Tritirachium and Acrodontium.
Studies in Mycology 1: 1-41.

Hoog GS. 1973. Additional notes on Tritirachium. Persoonia-Molecular
Phylogeny and Evolution of Fungi 7: 437-441.

Kaneko R, Kaneko S. 2004. The effect of bagging branches on levels of
endophytic fungal infection in Japanese beech leaves. Forest Pathology
34: 65-78.

Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment software
version 7: improvements in performance and usability. Molecular
Biology and Evolution 30: 772-780.

Kirk PM, Cannon PF, Minter DW, Stalpers JA. 2008. Dictionary of the
Fungi, 10th ed. CABI international, Oxon, UK.

Kitamoto Y, Suzuki A, Shimada S, Yamanaka K. 2002. A new method for the
preservation of fungus stock cultures by deep-freezing. Mycoscience
43:143-149.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: Molecular Evolutionary
Genetics Analysis version 7.0 for bigger datasets. Molecular Biology
and Evolution 33: 1870-1874.

Langeron M. 1947. Tritirachium Brumpti (Langeron et Lichaa 1939),
Langeron 1947 et le genre Tritirachium Limber 1940. Annales de
Parasitologie Humaine et Comparée 22: 94-99.

Limber DP. 1940. A new form genus of the Moniliaceae. Mycologia 32:
23-30.

Lisboa DS, Santos C, Barbosa RN, et al. 2017. Requalification of a Brazilian
Trichoderma collection and screening of its capability to decolourise
real textile effluent. International Journal of Environmental Research
and Public Health 14: 373 doi:10.3390/ijerph14040373

Luna EA, Neto FC. 1971. Observacdes sobre o teste de Went em caldo de
culturas fungicas para assinalamento de auxinas. Instituto de Micologia
da Universidade Federal de Pernambuco 564: 1-16.

Maciel M, Ottoni C, Santos C, Lima N, Moreira K, Souza-Motta C. 2013.
Production of polygalacturonases by Aspergillus section Nigri strains
in a fixed bed reactor. Molecules 18: 1660-1671.

Maciel MHC, Herculano PN, Fernandes MJS, et al. 2014. Pectinolytic
complex prodution by Aspergillus niger URM 4645 using yellow
passion fruit peels in solid state fermentation. African Journal of
Biotechnology 13: 3313-3322.

Macleod DM. 1954. Investigations on the genera Beauveria Vuill. and
Tritirachium Limber. Canadian Journal of Botany 32: 818-890.
Manohar CS, Boekhout T, Muller WH, Stoeck T. 2014. Tritirachium
candoliense sp. nov., a novel basidiomycetous fungus isolated from

the anoxic zone of the Arabian Sea. Fungal Biology 118: 139-149.

Martinez-Herrera EO, Arroyo-Camarena S, Tejada-Garcia DL, Porras-Lopez
CF, Arenas R. 2015. Onychomycosis due to opportunistic molds. Anais
Brasileiros de Dermatologia 90: 334-337.

299



Jadson Diogo Pereira Bezerra, Maria Tamara de Caldas Felipe, Laura Mesquita Paiva, Oliane Maria Correia Magalhaes,
Eliane Barbosa da Silva-Nogueira, Gladstone Alves da Silva and Cristina Maria de Souza-Motta

Milne I, Wright F, Rowe G, Marshall DE, Husmeier D, McGuire G. 2004.
TOPALI: software for automatic identification of recombinant
sequences within DNA multiple alignments. Bioinformatics 20:
1806-1807.

Moraes RNR, Ribeiro MCT, Nogueira MCL, Cunha KC, Soares MMCN,
Almeida G. 2010. First report of Tritirachium oryzae infection of
human scalp. Mycopathologia 169: 257-259.

Moreira KA, Herculano PN, Maciel MHC, et al. 2014. Optimization of
phytase production by Aspergillus japonicus Saito URM 5633 using
cassava bast as substrate in solid state fermentation. African Journal
of Microbiology Research 8: 929-938.

Moura RM, Maia LC. 2013. Professor doutor Augusto Chaves Batista; um
pesquisador micologista 4 frente do seu tempo no Recife. Recife, Brasil.
Anais da Academia Pernambucana de Ciéncia Agronémica 10: 92-98.

Nakasone KK, Peterson SW, Jong S-C. 2004. Preservation and distribution
of fungal cultures. In: Mueller GM, Bills GF, Foster MS. (eds.)
Biodiversity of fungi: inventory and monitoring methods. Amsterdam,
Elsevier Academic Press. p. 35-47.

Naseri A, Fata A, Najafzadeh MJ. 2013. First case of Tritirachium oryzae
as agent of onychomycosis and its susceptibility to antifungal drugs.
Mycopathologia 176: 119-122.

Nguyen HDT, Tanney JB, Chabot D, Nickerson NL, Seifert KA. 2014.
Paratritirachium curvibasidium, a new heat-resistant basidiomycete
from flare pit soils in Alberta, Canada. Mycological Progress 13:
575-587.

Nylander JAA. 2004. MrModeltest 2.2. Computer program and
documentation distributed by the author. Evolutionary Biology Centre,
Uppsala University. https://github.com/nylander/MrModeltest2.
28 Dec. 2019.

O’Donnell K, Sutton DA, Rinaldi MG, et al. 2010. Internet-accessible DNA
sequence database for identifying fusaria from human and animal
infections. Journal of Clinical Microbiology 48: 3708-3718.

Qadri M, Rajput R, Abdin MZ, Vishwakarma RA, Riyaz-Ul-Hassan S.
2014. Diversity, molecular phylogeny, and bioactive potential of
fungal endophytes associated with the Himalayan blue pine (Pinus
wallichiana). Microbial Ecology 67: 877-887.

Raper KB, Alexander DF. 1945. Perservation of molds by lyophil process.
Mycologia 37: 499-525.

Rayner RW. 1970. A mycological colour chart. Kew, UK, CMI and British
Mycological Society.

Rodrigues MM, Laibson P, Kaplan W. 1975. Exogenous corneal ulcer
caused by Tritirachium Roseum. American Journal of Ophthalmology
80: 804-806.

300

Acta Botanica Brasilica - 34(2): 290-300. April-June 2020

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics 19: 1572-1574.
Schell WA, Lee AG, Aime MC. 2011. A new lineage in Pucciniomycotina:
class Tritirachiomycetes, order Tritirachiales, family Tritirachiaceae.

Mycologia 103: 1331-1340.

Sherf AF. 1943. A method for maintaining Phytomonas sepedonica in culture
for long periods without transfer. Phytopathology 33: 330-332.
Silva ENB, Cavalcanti MQ, Souza-Motta CM. 1999. Pathogenicity
characteristics of filamentous fungi strains isolated from processed

oat. Revista de Microbiologia 30: 377-380.

Silva RMF, Oliveira RJV, Bezerra JDP, et al. 2019. Bifusisporella sorghi gen.
et sp. nov. (Magnaporthaceae) to accommodate an endophytic fungus
from Brazil. Mycological Progress 18: 847-854.

Singer R. 1969. Augusto Chaves Batista (1916-1967). Sydowia 22: 343-359.

Sousa M, Souza O, Maciel M, et al. 2015. Keratinolytic potential of fungi
isolated from soil preserved at the Micoteca URM. European Journal
of Biotechnology and Bioscience 3:10-15.

Souza-Motta CM, Neves RP, Santiago A, et al. 2015. Celebrating 60 years
of Mycology and the URM Culture Collection in the Federal University
of Pernambuco, Brazil. World Federation for Culture Collections
Newsletter 53: 9-11.

Stamatakis A, Hoover P, Rougemont J. 2008. A rapid bootstrap algorithm
for the RAXML web servers. Systematic Biology 57: 758-771.

Vanam HP, Rao PN, Mohanram K, Yegneswaran PP, Rudramurthy SPM.
2018. Distal lateral subungual onychomycosis owing to Tritirachium
oryzae: a bystander or invader? Mycopathologia 183: 459-463.

Vieira PDS, Souza-Motta CM, Lima D, et al. 2011. Endophytic fungi
associated with transgenic and non-transgenic cotton. Mycology
2:91-97.

Vilgalys R, Hester M. 1990. Rapid genetic identification and mapping of
enzymatically amplified ribosomal DNA from several Cryptococcus
species. Journal of Bacteriology 172: 4238-4246.

Vincens F. 1923. Observations sur le Sclerotium oryzae faites en Cochinchine.
Revue Pathologie Végétale et d’Entomologie Agricole de France. 10:
112-131.

Wang Y, Barth D, Tamminen A, Wiebe MG. 2016. Growth of marine fungi
on polymeric substrates. BMC Biotechnology 16: 3. doi 10.1186/
512896-016-0233-5.

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In:
Innis MA, Gelfand DH, Sninsky JJ, White TJ. (eds.) PCR Protocols:
A Guide to Methods and Applications. New York, Academic Press,
Inc. p. 315-322.



