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ABSTRACT

Mycorrhizal associations can be considered required for orchids, which depend on the fungi for germination and

establishment in natural conditions. Knowledge of the mycorrhizal fungi is important for programs aimed at the

reintroduction, conservation and management of orchid species. The objective of this study was the molecular
characterization of Rhizoctonia-like fungi from orchids in the Quadrildtero Ferrifero (“Iron Quadrangle”) and Zona
da Mata (“Forest Zone”) regions of the state of Minas Gerais, Brazil. The affinities of these fungi were studied by

comparing the rRNA internal transcribed spacer region with that of other isolates and sequences in GenBank. Three

isolates had an affinity for Epulorhiza repens, and one was the holotype of E. epiphytica.
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Orchidaceae, one of the largest families of angio-
sperms, presents significant morphological and reproduc-
tive diversity. Production of small seeds that, as a general
rule, are associated with symbiotic mycorrhizal fungi is a
character seen in all members of the family (Rasmussen
1995). Another unique feature is the protocorm, a paren-
chymatous structure that develops from the embryo and
subsequently becomes the seedling, later differentiating
into the apical meristem and roots. Fungi associated with
orchids are capable of degrading complex carbohydrates,
thus providing the heterotrophic protocorms with simple
sugars that are used in their growth and differentiation
(Peterson et al. 1998).

Many fungi that have been isolated from orchid roots
have been identified as Rhizoctonia-like (Leake 1994).
Members of that group do not form asexual spores and
all share certain distinctive vegetative characters. Moore
(1987) proposed the division of the Rhizoctonia-like fungi

into Epulorhiza, Ceratorhiza, and Moniliopsis based on the
number of nuclei per hyphal segment and the ultrastructure
of the hyphal septum.

Six Epulorhiza species have been described based on
the shape and the dimensions of monilioid cells: E. repens
(Moore 1987); E. albertensis (Currah et al. 1989); E. anat-
icula (Currah et al. 1989); E. calendulina (Zelmer & Currah
1995); E. inquilina (Currah et al. 1997); and E. epiphytica
(Pereira et al. 2003). In addition, six Tulasnella species with
Rhizoctonia-like anamorphs have been described as orchid
mycorrhiza (Warcup & Talbot 1971): Tulasnella allantos-
pora; T. asymmetrica; T. calospora (anamorph = E. repens);
T. cruciata; T. irregularis; and T. violea.

In the present study we isolated Rhizoctonia-like fungi
from the roots of adult orchids, sequenced the internal
transcribed spacer (ITS) region of the rRNA and com-
pared these sequences with other sequences found in the
database of the National Center for Biotechnology Infor-
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mation (GenBank). We collected two rupicolous species
of orchids from rocky fields in the municipalities of Nova
Lima (Epidendrum secundum Jacq.; fungal isolate OM16)
and Ouro Preto (Acianthera limae (Porto & Brade) Pridgeon
& M.W. Chase; fungal isolates OM23 and OM24), as well
as one epiphytic species in the municipality of Sdo Miguel
do Anta (Polystachya concreta (Jacq.) Garay & H.R. Sweet;
fungal isolate OMS6), all within the state of Minas Gerais,
Brazil. Isolation, as well as morphological and biochemical
characterization, followed Nogueira et al. (2005).

We extracted DNA according to Specht et al. (1982).
The ITS region (ITS1, 5.85 rRNA and ITS2) was ampli-
fied through polymerase chain reaction (PCR) with the
primers ITS-1 and ITS-4 (TCCGTAGGTGAACCTGCGG
and TCCTCCGCTTATTGATGC, White et al. 1990) After
purification with ExoSap (GE Healthcare, Piscataway, NJ,
USA), we sequenced the DNA fragments bidirectionally,
with BigDye Terminator Kit v3.1 (Applied Biosystems, Fos-
ter City, CA, USA) and a SpectruMedix SCE2410 sequencer
(SpectruMedix LLC, State College, PA, USA), using the
same primers employed in the PCR. The sequences were
edited and superimposed with the program STADEN 1.6
(Staden et al. 1998) and then compared with accessions in
GenBank using the Basic Local Alignment Search Tool. The
six sequences with the highest similarities were selected for
phylogenetic analysis. Three sequences belonging to the
Cantharellales, namely Cantharellus sp. (GenBank accession
no. FR852285), Botryobasidium botryosum (GenBank acces-
sion no. DQ267124) and Craterellus tubaeformis (GenBank
accession no. HM468494), were selected as outgroups.
We detected ITS1, 5.8S and ITS2 using the software ITSx
(Bengtsson-Palme et al. 2013). We then excluded ITS1
and ITS2 from the outgroups, because the level of diver-
gence rendered them indistinguishable from Epulorhiza.
We constructed a matrix by automatic alignment with
MUSCLE (Edgar, 2004) followed by manual adjustments.
Analyses of maximum parsimony were run using PAUP 4.0
(Swofford, 1998) and Mr Bayes 3.2.1 (Ronquist et al. 2012).
For Bayesian analyses, separate models of evolution were
selected for ITS1, 5.85 and ITS2 with MRMODELTEST 2.3
(Nylander 2008).

In culture, the isolates showed similar characters, such
as the sparse, white aerial mycelium, the submerged colony
margin, the lack of polyphenol oxidase production and the
binucleate vegetative hyphae with diameter < 4.0 um. Those
characters allowed us, using the Currah & Zelmer (1992)
key, to identify them as belonging to the genus Epulorhiza.

Because maximum parsimony and Bayesian analyses
presented similar topology in the resolved part of the
tree, we present in Fig. 1 the Bayesian analyses consensus
in which we added the maximum parsimony bootstrap
support. The fungal isolates obtained in the present study
belong to two distinct lineages. The OM23, OM24 and
OML16 isolates group with high support to Epulorhiza
repens (teleomorph = Tulasnella calospora). However, the
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OMB6 isolate belongs to a different lineage. In fact it cor-
responds to the holotype of E. epiphytica (holotype: colony
desiccated in cornmeal agar, isolated from P. concreta
collected in Sdo Miguel do Anta, Minas Gerais, Brazil,
November 15, 1999 and deposited in the Federal Univer-
sity of Vigosa Herbarium (code, VIC; voucher 22190).
This confirms the differences of this species in relation to
E. repens. In addition, OM6 clustered with the sequence
from Epulorhiza sp. AJ313438. The latter was identified
as E. epiphytica upon clustering with 10 different acces-
sions of this species extracted from Encyclia ghillanyi
Pabst (Almeida 2009). The results obtained by Almeida
(2009) also show that accession AJ313443, isolated in
Asia from the Vanda Miss Joaquim hybrid, and accession
EF127682, isolated from Cymbidium goeringii in China, are
also closely related to this group. Although E. epiphytica
was only recently described as an isolate from Brazilian
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Figure 1. Bayesian consensus of 5000 trees after a Bayesian analysis with 6
million generations, sampling one tree in every 1000 and discarding the first
1000 as burning. Values above the branches correspond to posterior probabilities
obtained from this tree set. Values below the branches correspond to bootstrap
support values from a maximum parsimony analysis with 1000 bootstrap
pseudoreplicates, simple addition, and tree-bisection-reconnection algorithm,
limited to < 10 trees per replication. Arrows indicate branches that collapse in
the parsimony strict consensus.

*Bootstrap support < 50%.
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plants, this result indicates that the species is associated
with a much larger number of orchids worldwide, which is
similar to the case of E. repens. Within the clade in which
the OMBG6 isolate clusters, there is an accession identified
as Tulasnella calospora, although the latter was most likely
identified erroneously in GenBank or is an artifact due to
the limited number of sequences included in the matrix.
Almeida (2009) showed that Epulorhiza sp. AJ313438 is
associated with another sequence of E. epiphytica (OM6),
which is, obviously, another sequence of its holotype.

Epulorhiza repens has been identified by the characteris-
tics of its colonies and hyphae, as described by Moore (1987),
and Zelmer & Currah (1997). Tulasnella deliquescens (syn.
T. calospora), the teleomorph of E. repens, has been reported
in a wide variety of hosts (Leake 1994). Epulorhiza repens
was isolated from adult plants of Spiranthes sinensis (Hadley
1982) and Spiranthes lacera (Zelmer & Currah 1997). More
recently, molecular tools for identifying fungi isolated from
the Orchidaceae protocorm and adult plants have confirmed
the wide distribution of E. repens in Asia (Yuan et al. 2010),
Europe (Girlanda et al. 2011) and South America (Pereira
et al. 2011). To date, E. epiphytica has been reported only
in Brazil, although data from Almeida (2009) indicate that
accessions from Ecuador also belong to this species.

The wide distribution and large number of hosts of
Epulorhiza repens indicates that the patterns of specificity
for the mycorrhizal relationships of this species occur at
the population level. Therefore, in addition to molecular
characterization using markers similar to those employed in
the present study, future studies should be aimed at defining
detailed patterns of specificity, which will require tools that
address the allelic diversity in the population, such as the
use of microsatellites as markers of that diversity.
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