DOI10.12905/0380.sydowia75-2022-0075 Published online 29 November 2022
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During a survey on the diversity of Mucoromycota in Atlantic Forest soils from northeastern Brazil, one strain belonging to
Absidia that was morphologically and genetically [internal transcribed spacer (ITS) and large subunit (LSU) rDNA] distinct
from other species was isolated. The new species produces simple or repeatedly branched (up to five times) sporangiophores that
arise single or in whorls of up to eight from stolons, and hemispherical, globose, and fig-shaped columellae with no projections
or with up to two projections on its surface. Sporangiospores are exclusively cylindrical and slightly constricted in the center.The
specimen grew better at 25 and 30 °C, with no development at 40 °C. Based on the evidence of the analyzed datasets, a new species
of Absidia is proposed. A table with the morphological characteristics of Absidia species from America (North, Central, and

South) and species that are phylogenetically closest to the new species is provided.
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Absidia Tiegh. species are saprobic and com-
monly isolated from soil and herbivore dung (Benny
2009). Morphologically, species of this genus are
characterized by the production of erect, simple or
branched sporangiophores that arise singly or in
whorls from stolons. A septum below the apo-
physate pyriform sporangia is always present, and
rhizoids are never arranged opposite the sporangio-
phores (Hesseltine & Ellis 1964). Columellae are
commonly subglobose and hemispherical, without
or with up to three projections on their surface
(Lima et al. 2020). The sporangiospores are hyaline,
smooth-walled, and cylindrical or globose to sub-
globose. Sexual reproduction, when observed, forms
a zygospore in a zygosporangium, and the suspen-
sion cells that support the zygosporangium have
appendages (Hoffmann et al. 2007).

Absidia species have traditionally been grouped
according to the shape of the sporangiospores, be-
ing cylindrical, globose, and ovoid (Hesseltine &
Ellis 1964, 1966; Ellis & Hesseltine 1965). This ge-
nus received special attention by Hoffmann et al.
(2007), who reclassified the species of the genus

based on phylogenetic, morphological, and physi-
ological studies, into thermotolerant species, later
transferred to Mycocladus and then to Lichtheimia
(Hoffmann et al. 2007, 2009); mesophilic species
(currently Absidia spp.), and mycoparasites spe-
cies, later transferred to Lentamyces Kerst. Hoffm.
& K. Voigt (Hoffmann et al. 2009). Currently, Ab-
sidia comprises 44 species (www.speciesfungorum.
org) of which 15 have been isolated in Brazil (Flo-
ra e Funga do Brasil 2022), including eight new
species: A. aguabelensis J.D. Leitao, T.R.L. Cordei-
ro, H.B. Lee & A.L. Santiago (Leitao et al. 2021), A.
bonitoensis C.L. Lima, D.X. Lima, Hyang B. Lee &
A.L. Santiago (Lima et al. 2021), A. caatingaensis
D.X. Lima & A.L. Santiago (as A. caatinguensis,
Ariyawansa et al. 2015), A. cornuta D.X. Lima, C.A.
de Souza, H.B. Lee & A.L. Santiago, A. pernambu-
coensis D.X. Lima, C.M. Souza-Motta & A.L. San-
tiago (Lima et al. 2020), A. montepascoalis L.W.S.
Freitas, Hyang B. Lee, T.T.T. Nguyen, M.O. Cruz &
A.L. Santiago (Crous et al. 2021), A. multispora
T.R.L. Cordeiro, D.X. Lima, Hyang B. Lee & A.L.
Santiago, and A. saloaensis T.R.L. Cordeiro, D.X.
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Lima, Hyang B. Lee & A.L. Santiago (Cordeiro et
al. 2020).

During a survey on Mucoralean diversity in soil
from the Atlantic Rainforest in Northeastern Brazil,
one specimen of Absidia that differs morphologi-
cally and genetically from others was identified.
Based on morphological, physiological, and molec-
ular (ITS and LSU rDNA regions) analyses, a new
species of Absidia is proposed. We present a de-
scription and illustration of the new species, and
aspects of its morphology are discussed. We also
provide a table with morphological characteristics
of Absidia species from America (North, Central,
and South) and species that are phylogenetically
closest to the new species.

Materials and methods

Collection site

Soil samples were collected in August 2019, at
the biological Reserve Parque Nacional e Histérico
do Monte Pascoal (PARNAH) (16° 55’ 14”W, 39° 30’
20”S), a conservation unit of Atlantic Forest located
in the State of Bahia, Brazil (Fig. 1). The climate is
super-humid, with rainfall ranging between 1,400
and 1,800 mm/year. The average annual tempera-
ture of PARNAH is around 24 °C (ICMBio 2022).

Isolation, purification, and identification

Five milligrams of soil were added to wheat
germ agar (Wg) medium (Benny 2008) containing
chloramphenicol (80 mg/1), in Petri dishes, in qua-
druplicate. Colony growth was monitored for
72 hours at room temperature (28 = 2 °C), in alter-
nating periods of light and dark. For the culture pu-
rification, fragments of the colonies were separately
transferred to malt extract agar (MEA) (Benny
2008) containing chloramphenicol (80 mg/1) in Petri
dishes and then transferred to test tubes containing
potato dextrose agar (PDA) (Benny 2008). The spec-
imen was identified by observing the macroscopic
(color, appearance, and diameter of the colony) and
microscopic (e.g., shape and size of sporangio-
phores, sporangia, columellae, and sporangiospores)
characteristics and confirmed by molecular analysis
(ITS and LSU regions of rDNA). A slide correspond-
ing to the holotype of the new species (URM 94648)
is deposited in the Herbarium URM of the Univer-
sidade Federal de Pernambuco. Ex-type living cul-
tures of the new species are deposited in the URM
culture collection, Universidade Federal de Per-
nambuco (URM 8216), as well as in the culture col-
lection (CNUFC) of the Environmental Microbiolo-

gy Laboratory Fungarium, Chonnam National Uni-
versity, Gwangju, Korea (CNUFC B190023).

Morphological study

Pure cultures were grown in triplicates on MEA
and PDA and incubated at 15, 20, 25, 28, 30, 35 and
40 °C for 15 days. For morphological identification,
fragments of selected fertile areas of the colonies
were removed from the plates to examine fungal
structures. These were placed on microscope slides
with a drop of KOH (3 %) or lactophenol blue and
observed daily under a light microscope (Carl Zeiss
Axioscope 40). Photomicrographs were taken using
the Leica DM 500 microscope (Leica, Heerbrugg,
Switzerland) combined with the Leica ICC50 cam-
era and the Leica Application Suite software.

Genomic DNA extraction

Fungal biomass was obtained from MEA cul-
tures and kept in test tubes at 28 °C for a maximum
of six days. The material was transferred to 2 ml
microtubes with screw caps. We added 0.5 g of acid-
washed glass beads with two different diameters
(150-212 pm and 425-600 pm, 1:1; Sigma, USA) to
each test tube. The material was crushed by stirring
in a FastPrep homogenizer at high speed. The
genomic DNA extraction procedure was conducted
as described in Oliveira et al. (2014). Briefly, homog-
enized mycelia were transferred into 1.5 mL tube.
CTAB lysis buffer (2 % cetyltrimethylammonium
bromide, 20 mM EDTA, 0.1 M Tris-HCl pH 8.0,
1.4 M NaCl) was added and incubated at 65 °C. Af-
ter incubation, chloroform:isoamyl alcohol (24:1)
was added. Afterwards, the supernatant that con-
tained the DNA from the hyphal residues was sepa-
rated and mixed with an equal volume of isopro-
panol followed by DNA precipitation after incuba-
tion at —20 °C for 30 min. After centrifugation at
13,000 rpm for 15 min, the DNA pellet obtained was
washed with 70 % ethanol and resuspended in 50 pl
of ultrapure water.

PCR amplification, cloning and sequencing

Two genomic regions were amplified, the inter-
nal transcribed spacer (ITS) region using primers
ITS1 and ITS4 (White et al. 1990) and the large sub-
unit rDNA region using primers LROR and LR5
(Vilgalys & Hester 1990, Vilgalys & Sun 1994). The
PCR reactions and conditions for PCR were per-
formed as previously described (Nguyen et al. 2021).
Amplifed fragments were purified using an Accu-
prep PCR Purification Kit (Bioneer Corp., Daejeon,
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Fig. 1. Map of sample collection sites.

Korea). The amplicons of the LSU were sequenced
with the same PCR primer using an ABI PRISM
3730XL Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA) at Macrogen (Daejeon, Ko-
rea). Since direct sequencing of the ITS region from
PCR products failed, PCR products were cloned us-
ing the pGEM-T Easy Vector (Promega, Madison,
WI, USA), following the manufacturer’s instruc-
tions. These clones were sequenced using primers
M13F forward (5-GTAAAACGACGGCCAGT-3’)
and M13R-pUC reverse (5’-CAGGAAACAGCTAT-
GAC-3).

Phylogenetic analyses

Each sequence was checked for ambiguous bas-
es and were assembled using SeqMan v.7 (DNAS-
TAR Inc., Madison, WI, USA). All sequences data of

closely related Absidia spp. used in this study were
obtained from GenBank (https://www.ncbi.nlm.
nih.gov/genbank/) (Tab. 1). Sequences of each lo-
cus were aligned using MAFFT v.7 with the algo-
rithm L-INS-I (http://mafft.cbrc.jp/alignment/
server) (Katoh et al. 2019) and the resulting align-
ment was trimmed using trimAl (Capella-Gutiér-
rez et al. 2009). The aligned sequences of multiple
loci were concatenated using MEGA 7 (Kumar et
al. 2016). The data were converted from a FASTA
format to nexus and phylip formats using the on-
line tool “ALTER” (https://sing.ei.uvigo.es/AL-
TER/). The most suitable substitution model was
determined using jModelTest v.2.1.10 software
(Guindon & Gascuel 2003, Darriba et al. 2012). The
best-fit model GTR+G+I was selected for the ML
and BI analyses. Phylogenetic trees were construct-
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ed using maximum likelihood analyses (ML) in
PhyML 3.0 (Guindon et al. 2010) with 1,000 boot-
strap replicates. Bayesian inference (BI) analysis
was performed in MrBayes 3.2.2 (Ronquist &
Huelsenbeck 2003). Four Markov chain Monte Car-
lo (MCMC) chains were run from a random start-
ing tree for five million generations and trees were
sampled every 100th generation. The first 25 % of

trees were removed as burn-in and the remaining
trees were used to calculate the posterior probabil-
ities. Bayesian posterior probabilities (BPP) > 0.70
and bootstrap (BS) > 70 % values are indicated
above and under the nodes. The newly obtained
sequences were deposited in the GenBank data-
base as MZ331545 (ITS), MZ331546 (ITS clone),
and MZ331547 (LSU) (Tab. 1).

Tab. 1. Culture collection accession numbers and voucher numbers of sequences used for the phylogenetic analysis.

GenBank accession No.

Species name

Collection No.

ITS LSU

Absidia anomala CBS 125.68" JN205815 JN206593
Absidia aguabelensis URM 8213" MW763074 MW762874
Absidia variicolumellata URM 8216" MZ331545 MZ331547
Absidia bonitoensis URM 178897 MN977786 MN977805
Absidia caatingaensis URM 7156" KT308168 KT308170
Absidia californica CBS 126 68 AY944872.1 -
Absidia californica CBS 314.78 JN205816 JN206582
Absidia coerulea CBS 102.28 JN205821 JN206584
Absidia coerulea CBS 104.08 JN205811 HM849703
Absidia cornuta URM 6100" NR_172976.1 MN625255.1
Absidia cuneospora CBS 101.59" EF030524 JN206580
Absidia cuneospora CBS 102.59 JN205819 JN206579
Absidia cylindrospora var. cylindrospora CBS 100.08 JN205822 JN2065838
Absidia cylindrospora var. nigra CBS 127.68" - JN206589
Absidia cylindrospora var. rhizomorpha CBS 153.63" - JN206594
Absidia edaphica MFLUCC 20-0088" NR_172305.1 NG_075367.1
Absidia fusca CBS 346.97 JN205817 -
Absidia fusca CBS 102.35" JN205814 HM849707
Absidia glauca CBS 101.08" JN205810 JN206581
Absidia glauca CBS 100.48 JN205820 HM849705
Absidia globospora CGMCC 3.16031* MW671537.1 MW671544.1
Absidia healeyae UOMAU1* MT436027.1 MT436028.1
Absidia heterospora CBS 101.297 - JN206595
Absidia jindoensis CNUFC-PTI1-1" MF926622 MF926616
Absidia koreana EML-IFS45-1" KR030062 KR030056
Absidia macrospora CBS 697.68" AY944883 HM3849704
Absidia medulla CGMCC 3.16034* MW671542.1 MW671549.1
Absidia montepascoalis URM 8218T NR_172995.1 MW561560.1
Absidia multispora URM 82107 MN953780 MN953782
Absidia ovalispora CGMCC 3.16018" MW264071.1 MW264130.1
Absidia panacisoli CBS 140959* NR_159563.1 NG_063948.1
Absidia pararepens CCF 6352 MT193669.1 MT192308.1
Absidia pernambucoensis URM 72197 MN635568 MN635569
Absidia pseudocylindrospora CBS 100.627 NR_145276 JN206591
Absidia psychrophilia CBS128.68T AY944874.1 -
Absidia repens CBS 115583™ JN205813 HM849706
Absidia saloaensis URM 8209" MN953781 MN953783
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Species name

Collection No.

GenBank accession No.

ITS LSU
Absidia spinosa var. spinosa CBS 106.08 JN205809 JN206590
Absidia soli MFLU 20-0413 MT394046.1 MT393985.1
Absidia stercoraria EML-DG8-17 KU168828 KT921998
Absidia terrestris FMR:14989" LT795003 LT795005
Absidia turgida CGMCC 3.16032% MW671540.1 MW671547.1
Absidia zonata CGMCC 3.16034* MW671542.1 MW671549.1
Chlamydoabsidia padenii CBS 172.67* - JN206586
Cunninghamella phaeospora CBS 692.68N" JN205864 HM849697
Cunninghamella vesiculosa CBS 989.96" JN205897 HM849693
Halteromyces radiatus CBS 162.75" - JN206596

CBS, Culture Collection of the Westerdijk Fungal Biodiversity Institute, The Netherlands; URM, Culture Collection, Universidade
Federal de Pernambuco, Recife, Brazil; MFLU, Mae Fah Luang University Culture Collection, Chiang Rai, Thailand; CGMCC,
China General Microbiological Culture Collection Center, Beijing, China; U0MAU, National Herbarium of Victoria, Australia;
CNUFC, Chonnam National University Fungal Collection, Gwangju, South Korea; EML, Environmental Microbiology Labora-
tory (Fungarium, Chonnam National University, Gwangju, South Korea); CCF, Culture Collection of Fungi, Charles University,
Prague, Czech Republic; FMR, Facultat de Medicina i Ciencies de la Salut, Reus, Spain.

Results
Phylogenetic analyses

Topologies of the best phylogenetic tree of strain
URM 8216 and related species were based on maxi-
mum likelihood (ML) analysis of combined ITS and
LSU rDNA. The concatenated alignment consisted
of 1,244 characters including gaps (544 for ITS; 700
for LSU). The substitution model GTR+I+G was se-
lected for the ML and BI analyses. The ML tree with
bootstrap support values for both the ML and BI
analyses is presented in Fig. 2. The phylogenetic
analysis showed that URM 8216 is related to A. hea-
leyae (UoMAU1, ex-type strain), A. cylindrospora
var. cylindrospora (CBS 100.08), and A. terrestris
(FMR:14989, ex-type strain).

Taxonomy

Absidia variicolumellata 1.W.S. Freitas, M.O. Cruz,
Hyang B. Lee & A.L. Santiago, sp. nov. — Fig 3.
MycoBank no.: MB 844363

Holotypus.- URM 94648.

Description. - Colony initially white,
becoming light brown after seven days at 25 °C on
PDA; reverse light gray with a wave edge. Stolons
brown, 4-12 pm in diam., irregularly septate after
9 days, some with two septa near the place of origin
of the sporangiophore. Rhizoids brown, poorly
branched, filiform, some with lobed ends (12)60-
140 x 8-25(35) pm. Sporangiophores brown, short or

long, emerging along the stolon, single or in whorls
of 2-6(8), simple, monopodially or sympodially
branched up to four times (12)25-700 x 2.5-5 pm,
with slightly incrusted wall, rarely with a swelling;
one septum below the sporangium is always pres-
ent.—Sporangia brown, pyriform, 25-65 x 12.5—
35 pym, with a funnel shaped apophysis, 5-12 x 5.5—
17 pm, smooth-walled. Columellae brownish, hemi-
spherical, 4.5-7.5 x 7-9 pm, subglobose, 7-15 x 9.5—
17 pm and fig-shaped, 5-19.5 x 7.5-25 pm, smooth-
walled, with up to two filiform (majority), some
bulbous at distal end, or conical projections, 2.5-6 x
1.2-3.5 pm. Projections not always present. Collar
sometimes evident.-Sporangiospores brown,
cylindrical and slightly constricted in the center,
3.5-7.2 x 2.5-4.5 pm, smooth-walled.-Chlamyd -
ospores andzygospores not observed.

Etymology. - wvariicolumellata. Referring to
the varied-shaped columellae formed.

Habitat.- Soil

Distribution. - Atlantic Forest area, Porto
Seguro, Bahia, Brazil.

Material examined. - Absidia variicolumellata
L.W.S. Freitas, M.O. Cruz, Hyang B. Lee, and A.L. Santiago:
BRAZIL. Bahia, Porto Seguro (16° 51’20.2” S, 39° 24’ 40.6 W),
soil., 7 August 2018, leg. L.W.S. Freitas (Holotype: URM 94648.
Ex-type: URM 8216).

Media and temperature test. — On
MEA: at 10 °C lack of growth. 15 °C slow growth
(0.3 cm in 96 h), poor sporulation; at 20 °C good
growth, good sporulation (7.8 cm in 96 h); at 25 °C
good growth, excellent sporulation (8.7 cm in 120 h);
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Fig. 2. Phylogenetic tree of Absidia variicolumellata URM 8216 and related species based on maximum likelihood (ML) analysis
of combined ITS and LSU rDNA using sequence data. Bayesian posterior probabilities (BPP) > 0.70 (right) and bootstrap (BS) >
70% (left) values are placed above and under the branches. Bootstrap values lower than 0.70 and 70% are marked with “*”. The
bar indicates the number of substitutions per position. Ex-type, ex-isotype, and ex-neotype strains are marked with “T”, “IT”,
and “NT”, respectively. Strain in the current study is shown in bold blue. Cunninghamella phaeospora CBS 692.68 and Cunning-
hamella vesiculosa CBS 989.96 were used as outgroups.
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Fig. 3. Absidia variicolumellata URM 8216, ex-type. A-D. Branched sporangiophore with columellae; E. Unbranched sporangio-
phore with sporangium; F. Two sporangiophores with columellae showing two projections each; G, H. Sporangiophore with col-
umella showing one projection; I. Sporangiospores. Bars: 25 pm.
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at 30 °C better growth, excellent sporulation (9 cm
in 120 h); at 35 °C slow growth (2.3 cm in 120 h),
good sporulation; at 40 °C lack of growth. On PDA:
at 10 °Clack of growth; at 15 °C slow growth (0.3 cm
in 96 h), poor sporulation; at 20 °C good growth
(5.9 cm in 96 h), good sporulation; at 25 °C good
growth, excellent sporulation (8.2 cm in 120 h);
at 30 °C better growth (8.9 cm in 120 h), excellent
sporulation; at 35 °C slow growth (2 cm in 120 h),
good sporulation; at 40 °C lack of growth.

Discussion

The concatenated ITS/LSU trees showed that
Absidia variicolumellata is phylogenetically closest
to A. healeyae and close to A. cylindrospora var. cy-
lindrospora and A. terrestris (Fig. 2). The main mor-
phological features of species of Absidia from
America and species genetically closer to A. varii-
columellata are shown in Tab. 2. Morphological
similarities between A. wvariicolumellata and A.
healeyae are minimal, with both forming sporangi-
ophores with short branches. However, A. healeyae
colonies are initially white with visible purple pig-
mentation, and it does not grow at temperatures
above 30 °C. In contrast, colonies from the new spe-
cies are initially white, turning light brown, and
grow at 35 °C. Sporangia of A. healeyae are 25.7—
30.4 x 32-39.1 pm, smaller than those of the new
species. Finally, sporangiospores of A. healeyae are
spherical (Urquhart & Idnurm 2021), differing from
the ones of A. variicolumellata that are cylindrical
and slightly constricted in the center.

Absidia variicolumellata can be easily differen-
tiated from A. cylindrospora var. cylindrospora as
the latter forms sporangiophores 36-300 pm long,
arising singly or up to 4(-5) in a whorl. Columellae
are hemispherical with one projection each (Hes-
seltine & Ellis 1964), whereas A. variicolumellata
forms longer sporangiophores, arising singly or in
whorls of 2-6 (8). Columellae are hemispherical,
globose, and fig-shaped, often with one or two pro-
jections.

Absidia terrestris initially forms white colonies
that turn greyish brown. The sporangiophores
measure 25-215 x 2.5-5 pm, and columellae are glo-
bose with one projection (Crous et al. 2018). In con-
trast, A. variicolumellata initially forms white colo-
nies, turning light brown, with (12)25-700 x 2.5-
5 pm sporangiophores, and hemispherical, globose,
fig-shaped columellae with one or two projections.

Morphologically, A. variicolumellata is relative-
ly similar to A. aguabelensis D. Leitao, T.R.L. Cord-
eiro, H.B. Lee & A.L. Santiago (Leitao et al. 2021),
A. cornuta D.X. Lima, C.A. de Souza, H.B. Lee &
A.L. Santiago (Lima et al. 2020), and A. montepas-
coalis L.W.S. Freitas, Hyang B. Lee, T.T.T. Nguyen,
M.O. Cruz & A.L. Santiago (Crous et al. 2021). All
these species form single or branched sporangio-
phores, with at least seven in a whorl; the columel-
lae vary in shape, some are fig-shaped (described as
conical in A. cornuta) with up to two (rarely three in
A. cornuta) projections on its surface, and the spo-
rangiospores are cylindrical (Leitdo et al. 2021,
Lima et al. 2020, Crous et al. 2021). However, A.
variicolumellata can be morphologically differenti-
ated from A. aguabelensis as the latter forms short
or long branched or unbranched rhizoids, while
rhizoids of the former are elongated, some termi-
nally bulbous, and slightly branched. Sporangia of
A. aguabelensis are 13-26.5 x 9.5-30 pm, smaller
than the ones of A. variicolumellata. The sporangio-
spores of A. aguabelensis are globose, subglobose,
and cylindrical, differing from the ones of the new
species that are cylindrical and slightly constricted
in the center. Lastly, chlamydospores are well evi-
denced in A. aguabelensis on PDA at 25 °C but ab-
sent in the new species using the same medium and
temperature (Leitdo et al. 2021). The main differ-
ences between A. cornuta and A. variicolumellata
are that both sporangiophores [(65)70-250(300) x
2.5-5 pm] and sporangia (20-35 pm diam.) of the
former (Lima et al. 2020) are smaller than those of
the new species. Absidia montepascoalis may be
differentiated from A. variicolumellata by produc-
ing sporangiophores up to 400 pum long, solitary or
in whorls of up to seven. In contrast, sporangio-
phores of A. variicolumellata are bigger, solitary, or
in whorls up to eight. Sporangiospores of A. varii-
columellata are bigger than those of A. montepas-
coalis which are 3-5 x 1.5-3 pm (Crous et al. 2021).
Chlamydospores are common in the latter species
on PDA at 25 °C, but not observed in the new spe-
cies using the same medium and temperature.

Even with those abovementioned morphological
differences, in our opinion, differentiation among A.
variicolumellata, A. aguabelensis, A. cornuta, and
A. montepascoalis, may be challenging, especially if
done by untrained taxonomists. Therefore, the se-
quencing of at least the LSU and ITS rDNA regions
is highly recommended as both are efficient for the
differentiation of Absidia species (Walther et al.
2013, Lima et al. 2020, Leitao et al. 2021).

82

Sydowia 75 (2023)



Freitas et al.: Absidia variicolumellata, sp. nov, a mucoralean fungus from Brazil

“wrerp “urerp urd g7-8
‘urerp ut wil ¢-6° ‘9s0qo[H pajutod moxreu puQ  wil 0¢-¢')g ‘Teotoydstuey  wid 69-6°gg ‘wojq  x (0001)06L-00€(S€T) pordn AT[O 0} AIYM Dol mipisqy
guor
wd ¢'g-9'T ur ¢'g 03 dn ‘ATreuTuLIa} “WETp “WeIp wd 9'g-¢
X ¢p-¢'¢ ‘[eOLIpUIA)  papunox pue snoqng PuQ Wil ¢'1z-9°g ‘TedtoydsIual wit 9g-¢1 ‘wiroglifq x (067)7€2-84(c8) goydn  Aexs-aarfo ared 03 oyrym wosnf mpisqy
um ¢g-gg X
¢'G—¢'¢ ‘PUD AUO JE JdPLOIQ A
-)YST[S SUIOS I9JURD UL PAJOLL)S xade 9y} e UdT[oMS “werp “werp
-u0d AQjuss o) poupurid)  Apysis o JyStens ug  wirl 9g-¢°g ‘TeottoydstuRy wrd ¢g-(T ‘WI0jLILg wd - x 00¢-9¢ (95 03 dn jng-eatoared  (paodsospufio 'y
guop url ¢'g-¢' wrl g-gg  wetp ut wil ¢*61-6 ‘9s0qo[3 “wrerp
‘padeys-aSpam 0} PIOWLIET X /-9 ‘Xade Je UI[[OMS dUQ A[1eaul 03 [eoLIAYdSTWAL] ur wrl gg-¢71 9s0qoH wl -7 X 06T-0¢ ¢oydn  Aeid pread 03 Aexs ysSTT +D40dS02UNd MPISqY
und ¢1-9
wd (¢g)g-¢'T  wd g x ¢ 0} dn (¢ Apred) g x LT-) Teoruod ‘wid ¢'7g  urerp um gg-G7 ‘asoq wd ¢-¢'g
X (6')9-¢'#(¢) ‘Teotpuric)  pue‘wnt ¢gx ¢’y 03dnioug -7’ x 6g-¢'6 ‘9s0qordqng -or8qns oy waojukd  x(00€) 092-0(69)  (®)90rdn  Aeal ystumorq o3 Sy (DINUL0D DPISqY
"UIetp
wlggx¢pop  urwm ¢'9z-¢FT ‘Teondiqp ‘uretp urum 0g-(1 pawIo} 9AT[O
‘werp ur wid 3-¢'¢ ‘9soqorn  dn {(umouy jou adeys) suQ)  IWLY dWIOS ‘TeILIBYASTWH ‘Teao 039s0qory  w TT-L X 0GZ-0GT JON ysiels 03 Aexs STy DONLLOfDO DIPISQY
wrl )'¢-Gg X ¢'4¢ ‘werp
‘votjiod [BI3US Y} 3B PA wrl ¢'g x gLgopdn  wrd gg-07 ‘9soqordqns awos “Werp (S1SUIDBULIDDO
-1011}5100 AYSTs ‘TedLIpuric) - ‘pud TeISIp Je snoqrng auQ ‘Teoneydstuay Apsopy  wid ¢'Lg-¢ LT wopdg  urd ¢-ggx 0¢T-0%  (4)9 03 dn A3 ystumorg ISy
il ¢-6'g x L~ [eonIpury
-£5 310Us Aforex “werp wm (1) wrl T Ueyy ssof {(umouy ‘werp wil ¢'7z-¢'6 “Werp
¢-F'g ‘9s0qo[Sqns pue asoqor) jou adeys) suo Ajorey  ‘esoqorSqns ‘Teotoydstwey  wil ¢'gg-¢ 9T ‘oA wid ¢-7 X (049)08e-09  (9)g 03 dn ARIS-UMOIQ 0} AU (SISUIONUOQ DIPISQY
wl ¢'¢ wr 6g-¢'L X G'61-C
i ¢p-ggx  —gTx9-¢g pudfeisip e ‘padeys-gy pue wil L1-¢'6
7'L-G'¢ 193U AU} UL PAJOLI}S SO WLIOFII JO ULIOHIY X GT— ‘9soqorqns ‘wrl -, wt ¢g DID])OUNI0NIDA,
-u0d A[yyStis pue [eLPUIA)  ‘Tedruod (¢ Apaer) ‘g oydn X ¢L-GF TedURYASIWOH  ~C¢'gT X 69-67 ‘Waofidd  wid (6)G°g X 00LCE 90ydp umoxq 43Iy 0} NTYM DpiSqy
snonotds
-UOJUT JSOWE dWOS ‘SU0[
urd g5, 03 dn “dry snoqrng
wrl 9- X ¢°6-G'¢ ‘TEOLIPUI] B JNOYILM JO YHm Padeys ‘werp it 41—
-£0 ‘urtl 6-9'¢ X 9-G'F 9s0qO[8  -apadu 1o ‘Suof wrr ¢'F 0} X ¢'GT-G'g ‘TeonaydsTay wl (-G X ¢'97-¢T <S18Ud2QUNHD
-qns “wetp wil ¢-¢'g ‘9s0qo1H dn ‘Teotuoo ¢z Aprex‘ouQ ‘wil ,1-6 x ¢'¢7-¢ ‘padeys-S1y  ‘wuroguiAd ‘esoqordqng wil ¢')-6'g X 0FF 03 ) gojdn  Ad18 ystumoiq 0} TYM DIPISQY
wrl 7°g X ¢ ‘Teno
110YS 0} J9JUID Y} UT PIJILI}S Suop ur g 03 “Wetp “WeIp
-U0D JeYMAWOS 0} [edLIPUIA)  dn {(umouy jou adeys)suQ  wm (g-¢'9 ‘TeoteydsIwal] wil 9z-7 1 ‘WIojLIAg wrl 6-¢ X ¢OT-0% zordn 197014 JY31] 03 ABID) (DIDUWOUD DIPISQY
sazodsorguerodg uonaloig 9B[[AUIN]0) e1gueiodg sazoydorSuerodg S[IOYA 10702 £U010D) sa10adg

-1depy vip70wWN)001ADA

"(020%) 'T& 19 0I1dPIO) WOI} Pd
"V 03 1595070 A[TeoreueSo1Ayd setoads pue (YINog pue ‘[eIjuUs)) ‘YRION) BILISWY WOIJ S910ads 11p1sqyy JO SOTISLIS}ORIBYD [BIT1S0T0YdIOIN "Z "qRl,

83

Sydowia 75 (2023)



Freitas et al.: Absidia variicolumellata, sp. nov, a mucoralean fungus from Brazil

¢

(810%) Te 30 SNOID ; (996 T) SI[[H 28 SUIISSOH 4 -(0G0T) T€ 12 OIIOPIOD ¢
((120%) e 30 snoxd , (020%) T8 12 BWIT 4 (G961) SUNESSOH 2 SHIH « ((CT0%) T8 1° BSUBMBALIY ; (1Z0%) T8 12 BWIT ¢ (1202) T8 32 OB} ; ($96T) SIIH 2 SUN[SSOH ,

wird
¢ ¢ GeC-GLI X GLEGLT pawLIo}
wrl -7 X 6§ ‘TeorpuriA) {(umouy jou adeys) auQ “wetp w ¢')-G ‘950qoD ‘WI0JIIA] il ¢-¢'g X 61g-Cg 10N uMOIq YSIARID) iSLgsaLLa) Y
wd 1-¢0 X §F-¢'T
w66 X ¢ ‘spud pa ‘[eOLIPUI[AD PapuUNOI I0 “WETp “WeTp
-PUnoI YjIm [BOLIPUI[Ad J10YS  pajutod o3 sutds 310ys ouQ  urwrl 7z-¢ ‘Teoteydstwey  urwid 0g-g1 ‘wuojiAg  wid ¢0T-¢ x 06Z2-00T  (8)F 03 dn qeIp 0} LIS 9¥0WS sourds 'y
wit ¢'g-¢'g X G ‘193uad ay} wrl ¢'g wrt 0g-¢'8
Ul PajoLIsu0d ATJySI[S swos x ¢ 0} dn ‘padeys-s[peau  x gg-), ‘padeys-A1pqmen)s “Werp
‘reonydIq[e pue [BALIPUTAD) IO ‘[BOTU0D ‘TeonydI[d DUQ)  PUE 8S0GOTSqNS 0} [BOTUO)  Ur il G¢—(7 ‘WLIOJLIA] w9 xgzordn  (9)co3dn uMmoIq ysikers) (SISUIDOIDS MPISQY
“urerp w65 X
‘wetp ut urd ¢'g 03 dn utwi ¢'9z-67 ‘9s0qod  §)-g1 ‘sezoydorSuer
950q078 ma] ‘wil g-g x ¢'¢-g'g  Suop unl 6 03 dn ‘puw je Sur ‘wetp - Suruwang ‘wid 67—, x 9¢ -ods Jtoys ‘wrd 9-¢'g pauLIO} K18 aaT[0
‘eA0 JBINSALIT 0F [BAO JIOYS  -[[os SNOQING B yyim BUQ  urwirl gg-¢ ‘[eormoydstiey -7 ‘[eondi[p o} [BAQ X (06F)0SZ-0%1(09) JON 0} 3AT[0 ysTAeIs JysrT oSuadal Dipisqyy
‘UIeTp
wr 5z x¢-¢'¢  Suopund g 03 dn ‘TeotzByds ut wirl 9z-6 ‘Teotzeyds “Werp (TT)L-¢ iod
03 dn ‘0s A[TBaU J0 [ROLIPUI[AD -TwRY 0} 850018 BUQ -TWRY A[IBaU 0} 950G0[H)  ur Wirl Ge-GT ‘WI0JIIA] wrl 9-¢ X ZLT-CF oy dn Ke15-aAT[0 YIep 0} (R -So4puyyfivopnasd 'y
(umou{ jou adeys)
urd ¢'g-6'T X (T g x ¢ 03 dn) g 10 wrd ¢g—01 “wretp urd ¢g—0g ‘9soq il ¢-¢'g (S18U00mQUIDUIAA
6-C'¢ ‘UIOeUND ‘OLpuIA) (Wil gz -g'Tx ¢'9-¢'g)oup  [RoMeydsIIRY ‘2s0qo[Sqng -0[3qns o) wojIsg  x (0%2)0ge-¢8(c9)  (8)g 03 dn Ae18 3[1ep 0} AYTYM mpIsqy
ur (6)6L
-6(¢'¢) x (21)¢'6-¢ Te[ndaz
-1t ‘[eprosdife-ATpeoiq ‘Tedtrp wrtggxgoy  w (0g)eT-0T(L) X 9T-0T(L)
-urg4d aoys ‘Teprosdip ‘(6)g,  dn ‘xI[-a[pasu ‘pajesuord ‘padeys-A1raqmerns pue ‘werp ut wrd (¢ 03 dn Ke1s yyxep
-6(6'g) ‘9soqorSqns ‘9s0qoTH) J0 ‘TedTU0d ATJSOW DU ‘950q0[3qNS ‘TeotIaydsSTUR ‘3504 078qNS ‘WLIOJIIA] urdgxgLzordn  (F)zordn Suruny ‘Kexd ystumorg (Diodsymu mpsqy
ur ¢-¢'T x ¢'¢-¢'g ‘notyiod
Teo1de s}1 U0 UOT}OLIISUOD B
wrl -G’ MOUS ABW SWIOS "PUS [BISIP “wetp wrd gg—01
X G—¢ T9JU0 S} UI Pa JB Snoqnq ‘7eaTuod ‘Ted X ¢g—G'6 ‘Podeys-Sy “wetp wl ¢e-¢'1g wrl g Sypodsvdaguou
-}oLrsu0d A[ySis ‘Teotpurid) - -Liputffo :(¢ Aprer) g 0y dp  ‘Teorseydstuay ‘asoqorsgng X 0p-Gg ‘waojkd % (00%)96€ -051(¢h) (L9 03 dn K313 ared 0} 9y1y pisqy
sazodsorguerodg uonaloig 9B[[AUIN]0) e1guerodg sazoydorSuerodg S[IOYA 10702 AU070D) saroadg

Sydowia 75 (2023)

84



Freitas et al.: Absidia variicolumellata, sp. nov, a mucoralean fungus from Brazil

Acknowledgements

The authors express their gratitude to Conselho
NacionaldeDesenvolvimento CientificoeTecnolégico
(CNPq) for the scholarship provided to Leslie Freitas
and the research grant provided to André Luiz San-
tiago. This manuscript was financed by the projects
‘Diversity of Mucoromycotina in the different eco-
systems of the Atlantic Rainforest of Pernambuco’
(FACEPE —First Projects Program PPP/FACEPE/
CNPq—APQ—0842-2.12/14) and ‘Biology of conser-
vation of fungi s.l. in areas of Atlantic Forest of
Northeast Brazil’ (CNPq/ICMBio 421241/2017-9).
This work was also supported in part by the Basic
Science Research Program through the National Re-
search Foundation of Korea (NRF) funded by the
Ministry of Education (2022R111A3068645).

References

Ariyawansa H.A., Hyde K.D., Jayasir S. C., Buyck B., Chethan
K. W.T.,, Dai D.Q., et al. (2015) Fungal diversity notes 111-
252 taxonomic and phylogenetic contributions to fungal
taxa. Fungal Diversity 75: 27-274.

Benny G.L. (2008) The methods used by Dr. R.K. Benjamin,
and other Mycologists, to isolate Zygomycetes. Aliso 26:
37-61.

Benny G.L. (2009) Zygomycetes. Published on the internet at:
http://zygomycetes.org/index.php?id=84 (Accessed 20"
October 2019).

Capella-Gutiérrez S., Silla-Martinez J.M., Gabaldén T. (2009)
TrimAl: A tool for automated alignment trimming in
large-scale phylogenetic analyses. Bioinformatics 25:
1972-1973.

Cordeiro T.R.L., Nguyen T.T.T., Lima D.X., Silva S.B.G., Lima
C.F, Leitdao JD.A., Gurgel L.M.S., Lee H.B., Santiago
A.L.C.M.A. (2020) Two new species of the industrially rel-
evant genus Absidia (Mucorales) from soil of the Brazilian
Atlantic Forest. Acta Botanica Brasilica 34: 549-558.

Crous PW., Luangsaard J.J., Wingfield M.J., Carnegie A.J.,
Hernandez-Restrepo M., Lombard L., et al. (2018) Fungal
Planet description sheets: 785-867. Persoonia 41: 238-4117.

Crous PW., Cowan D.A., Maggs-Kolling G., Yilmaz N.,
Thangavel R., Wingfield M.J.,, et al. (2021) Fungal Planet
description sheets: 1182-1283. Persoonia 46: 313-528.

Darriba D.,Taboada G.L., Doallo R., Posada D. (2012) jModel-
Test 2: more models, new heuristics and parallel comput-
ing. Nature Methods 9:772.

Ellis J.J., Hesseltine C.W. (1965) The genus Absidia: globose-
spored species. Mycologia 57: 222-235.

Flora e Funga do Brasil (2022) Jardim Botéanico do Rio de Ja-
neiro. Published on the internet at https://floradobrasil.
jbrj.gov.br/FB120276 (Accessed 8™ July 2022).

Guindon S., Dufayard J.F., Lefort V., Anisimova M., Hordijk W.,
Gascuel O. (2010) New algorithms and methods to esti-
mate maximum-likelihood phylogenies: assessing the per-
formance of PhyML 3.0. Systematic Biology 59: 307-321.

Guindon S., Gascuel O. (2003) A simple, fast, and accurate al-
gorithm to estimate large phylogenies by maximum likeli-
hood. Systematic Biology 52: 696-704.

Hesseltine C.W, Ellis J.J. (1964) The genus Absidia: Gongronel-
la and cylindrical-spored species of Absidia. Mycologia
56: 563-601.

Hesseltine C.W.,, Ellis J.J. (1966) Species of Absidia with ovoid
sporangiospores I. Mycologia 58: 761-785.

Hoffmann K., Discher S.,Voigt K. (2007) Revision of the genus
Absidia (Mucorales, Zygomycetes): based on physiological,
phylogenetic and morphological characters: thermotoler-
ant Absidia spp. form a coherent group, the Mycocladi-
aceae fam nov. Mycologycal Research 111: 1169-1183.

Hoffmann K., Walther G.,Voigt K. (2009) Mycocladus vs. Lich-
theimia: a correction (Lichtheimiaceae fam. nov., Mucor-
ales, Mucoromycotina). Mycologycal Research 113: 275-
278.

ICMBIO (2022) Instituto Chico Mendes de Conservacdao da
Biodiversidade. Ministério do Meio Ambiente. Published
on the internet at: http://www.icmbio.gov.br/portal/uni
dadesdeconservacao/biomas-brasileiros/mata-atlantica/
unidades-de-conservacao-mata-atlantica/2154-rebio-de-
pedratalhada. (Accessed 15t February 2022).

Katoh K., Rozewicki J., Yamada K.D. (2019) MAFFT online
service: multiple sequence alignment, interactive sequence
choice and visualization. Briefings Bioinformatics 20:
1160-1166.

Kumar S., Stecher G., Tamura K. (2016) MEGAT7: Molecular
Evolutionary Genetics Analysis version 7.0 for bigger
datasets. Molecular Biology and Evolution 33: 1870-1874.

Leitdao J.D., Cordeiro T.R., Nguyen T.T., Lee H.B., Gurgel
L.M.S., Santiago A.L.C.M.A. (2021) Absidia aguabelensis
sp. nov.: A new mucoralean fungi isolated from a semiarid
region in Brazil. Phytotaxa 516: 83-91.

Lima D.X., Cordeiro T.R., De Souza C.A., Oliveira R.J.V., Lee
H.B., Souza-Motta C.M., Santiago A.L.C.M.A. (2020) Mor-
phological and molecular evidence for two new species of
Absidia from Neotropic soil. Phytotaxa 446: 61-71.

Lima C.L.F, Lima D.X., Cordeiro T.R.L., Lee H.B., Nguyen
T.T.T., Gurgel L.M.S., Santiago A.L.C.M.A. (2021) Absidia
bonitoensis (Mucorales, Mucoromycota), a new species
isolated from the soil of an upland Atlantic forest in
Northeastern Brazil. Nova Hedwigia4 112: 241-251.

Nguyen T.T.T., Voigt K., Santiago A.L.S., Kirk PM., Lee H.B.
(2021) Discovery of novel Backusella (Backusellaceae,
Mucorales) isolated from invertebrates and toads in
Cheongyang, Korea. Journal of Fungi 7(7): 513.

Oliveira R.J.V,, Lima T.E.F., Cunha I.B., Coimbra V.R.M., Silva
G.A., Bezerra J.L., Cavalcanti M.A.Q. (2014): Corniculari-
ella brasiliensis, a new species of coelomycetes in the
rhizosphere of Caesalpinia echinata (Fabaceae, Caesalpin-
ioideae) in Brazil. Phytotaxa 178: 197-204.

Ronquist F,, Huelsenbeck J.P. (2003) MrBayes 3: Bayesian phy-
logenetic inference under mixed models. Bioinformatics
19: 1572-1574.

Santiago A.L.C.M.de A., Hoffmann K., Lima D.X., Oliveira
R.J.V, Vieira H.E.E., Malosso E., Maia L.C., Silva G.A.
(2014) A new species of Lichtheimia (Mucoromycotina,
Mucorales) isolated from Brazilian soil. Mycological Pro-
gress 13: 343-352.

Urquhart A.S., Idnurm A. (2021) Absidia healeyae: a new spe-
cies of Absidia (Mucorales) isolated from Victoria, Aus-
tralia. Mycoscience 62: 331-335.

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.

Sydowia 75 (2023)

85



Freitas et al.: Absidia variicolumellata, sp. nov, a mucoralean fungus from Brazil

Vilgalys R., Sun B.L. (1994) Ancient and recent patterns of
geographic speciation in the oyster mushroom Pleurotus
revealed by phylogenetic analysis of ribosomal DNA se-
quences. Proceedings of the National Academy of Sciences of
the United States of America 91: 4599-4603.

Walther G., Pawlowska J., Alastruey-Izquierdo A., Wrzosek
M., Rodriguez-Tudela J.L., Dolatabadi S., Chakrabarti A.,
de Hoog G.S. (2013) DNA barcoding in Mucorales: an in-
ventory of biodiversity. Persoonia 30: 11-417.

White T. J., Bruns T., Lee S., Taylor J. (1990) Amplification and
direct sequencing of fungal ribosomal RNA genes for phy-
logenetics, In: Innis M.A., Gelfand D.H., Sninsky J.J., White
T.J. (eds.) PCR protocols: a guide to methods and applica-
tions. Academic Press, Inc., New York.

(Manuscript accepted 8 June 2022; Corresponding Editor:
1. Krisai-Greilhuber)

86

Sydowia 75 (2023)



