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Abstract Tulasnella spp. are the main fungal symbionts of
Brazilian Epidendrum orchids. The taxonomy of these fungi is
largely based on ITS rDNA similarity, but culture dependent
techniques are still essential to establish the true biological
entity of the mycobiont. The aim of this study was to charac-
terize morphologically and molecularly 16 Tulasnella spp.
fungi isolated from three different populations of E. secundum
and to test the coincidences between morphological and mo-
lecular characterization. Two uninucleate rhizoctonia fungi,
obtained from Oncidium barbaceniae, and two phytopatho-
genic isolates were included as outgroups. Qualitative and
quantitative morphological characteristics were analyzed
using multivariate statistics and were able to distinguish
Ceratobasidium, Tulasnella and Thanatephorus genera and
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separate the isolates of Tulasnella spp. into two groups. Anal-
ysis of RAPD (Random Amplified Polymorphic DNA) and
ITS rDNA sequences validated the morphological data. Sym-
bionts of O. barbaceniae presented identity to ITS sequences
of Ceratobasidium genus, while E. secundum isolates present-
ed identity to two species of Tulasnella. We observed homo-
geneity among Tulasnella spp. obtained from a single popu-
lation and from neighboring populations, but there was higher
variability among isolates obtained from populations of re-
gions that were farther apart. Morphological data associated
with multivariate statistics proved to be a useful tool in the
multi-level taxonomy of these orchid-associated fungi and in
estimating the diversity of orchid mycorrhizal fungi.

Keywords Orchidaceae - Symbiosis - Orchid mycorrhiza -
Ceratobasidium

1 Introduction

The Tulasnella genus belongs to the rhizoctonia alliance
(Roberts 1999; Dearnaley et al. 2012), a polyphyletic group-
ing of filamentous fungi that share common features in their
anamorphic states (Garcia et al. 20006). Tulasnella comprises
cosmopolitan fungi, also often described as saprophytic and
orchid mycorrhizal fungi (Roberts 1999). In Brazil, many
orchid mycorrhizal fungi are described as Epulorhiza
(Nogueira et al. 2005; Pereira et al. 2005a, 2009; Pereira and
Valadares 2012), the anamorphic stage of Tulasnella. Some
Tulasnella isolates have the ability to promote germination of
orchid seeds and some of the isolates have been used in the
symbiotic propagation of orchids (Zettler 1997; Pereira et al.
2005b, 2011). Moreover, the dependency of lithophytic and
epiphytic orchids on mycorrhizal fungi throughout their life
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cycle is not surprising as the mycobionts may improve access
to water and minerals, which can be extremely limiting in
these niches, by expanding their surface of nutrient exchange
(Osorio-Gil et al. 2008; Dearnaley et al. 2012; Nurfadilah et al.
2013).

The mycorrhizal fungi isolated from Epidendrum
secundum Jacq., a very common species in different habitats
of the Serra do Brigadeiro State Park (Araponga/MG, Brazil),
have also been characterized morphologically and identified
as Tulasnella spp. (Pereira et al. 2009). In the previous work,
morphological features were assessed from in vitro cultures
and successfully used to separate the isolates into three
groups. The authors observed low quantitative variability
among fungal isolates from the same location but high vari-
ability among isolates from different sites.

Isolates discerned by ITS sequences can be different in
functional traits. Pereira et al. (2011) selected isolates
representing three groups observed by Pereira et al. (2009)
and evaluated the ability of different Tulasnella spp. to pro-
mote the germination of E. secundum seeds. All isolates of
Tulasnella promoted seed germination, but displayed different
percentages of seed germination and protocorm development.
One isolate was more efficient, even considering others that
were grouped together in the morphological analysis (25 % of
seed germination and 11 % of seedlings with first leave and
root after 44 days of inoculation). It is thus necessary to
validate the extent to which different morphological groups
truly represent different species and to determine the taxo-
nomic relationship between groups based on fungal multi-
level taxonomy. Thus, we need to correlate seed germination
data, morphological traits and molecular features to discuss
ecological interactions between the orchid and Tulasnella.

Molecular techniques based on DNA sequences are often
used to evaluate the variability among isolates of rhizoctonias,
both pathogenic and mycorrhizal (Rasmussen 2002; Sharon
et al. 2006; Dearnaley 2007; Oliveira et al. 2014). The RAPD
technique (Random Amplified Polymorphic DNA) enables
revealing a genome-scale polymorphism between isolates,
without prior knowledge of the genome sequence (Shan
et al. 2002). This technique makes it possible to determine
the variability at the species level and at the population level
(Horton and Bruns 2001; Shan et al. 2002). Sequence analysis
of the ITS region, in turn, has been used for the identification
and diversity discovery of rhizoctonia fungi in several studies
(Chutima et al. 2011; Cruz et al. 2011; Chen et al. 2012;
Martos et al. 2012; Okayama et al. 2012; Valadares et al.
2012; Oliveira et al. 2014). Finally; integration of morpholog-
ical characterization and ITS analysis has been used to present
more accurate identification of fungi (Cruz et al. 2011;
Valadares et al. 2012).

The objective of the present study was to characterize
morphologically and molecularly (by combining RAPD and
ITS sequence analysis), 16 Tulasnella spp. fungi isolated from
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different populations of E. secundum, and to test the coinci-
dences between morphological and molecular characteriza-
tion. Two uninucleate rhizoctonia fungi, obtained from On-
cidium barbaceniae Lindl., and two phytopathogenic isolates,
Ceratobasidium sp. AGC and Thanatephorus cucumeris
(A.B. Frank) Donk AG1IA, were included as outgroups.

2 Materials and methods
2.1 Fungal isolation

Twenty rhizoctonia fungi were used in this work. Sixteen are
Tulasnella spp. isolates and two are uninucleate rhizoctonia
species, all belonging to the Orchids Mycorrhizal Fungi Col-
lection from the Mycorrhizal Associations Laboratory (De-
partment of Microbiology/BIOAGRO—Institute of Research
Applied to Agriculture/Federal University of Vigosa, Brazil).
The other two fungi belong to the Phytopathogenic Fungi
Collection (Department of Phytopathology, Federal Universi-
ty of Vigosa, Brazil), one being classified as Thanatephorus
cucumeris AG1IA (AG1) and the other as Ceratobasidium sp.
AGC.

The 16 Tulasnella spp. isolates were isolated from three
distinct E. secundum populations, ES1, ES2 and ES3 (Pereira
et al. 2009). The two uninucleate rhizoctonia fungi were
isolated from O. barbaceniae population OBI1. The orchid
populations were located at the same high altitude rocky
terrain, located in the Serra do Brigadeiro State Park, MG,
Brazil (Caiafa and Silva 2005, 2007). The ES1, ES2 and OB1
populations grow in grasslands (Caiafa and Silva 2007) at
geographic coordinates S20°42'11.1"/W042°28'32",
S20°42'10.8"/W042°28'31.8" and S20°42'8.38"/W042°28’
30.53", respectively. The ES3 population grows in grasslands
close to shrubs (Caiafa and Silva 2007) at geographic coordi-
nates S20°42'6.5"/W042°28'30.1". Isolates were reactivated
in Petri dishes containing 25 mL of PDA medium (Potato
Dextrose Agar—ACUMEDIA, Neogen Corporation, Lan-
sing, Michigan/MI, USA) from cultures stored at 4 °C in tubes
containing 10 mL of PDA medium.

2.2 Morphological characterization

For the morphological characterization, qualitative and quan-
titative characteristics were evaluated as described by Pereira
et al. (2009). Quantitative characteristic data were statistically
analyzed using the GENES program version 2007.0.0 (Cruz
2008). The variance was analyzed taking into account the
completely randomized design. The averages were compared
using the Scott Knott test (P<0.05). Colony diameter and
growth rates were evaluated 48 h after inoculation on both
PDA and CMA media (three replicates, obtaining six mea-
surements for each variable). The width (WMC) and length
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(LMC) of monilioid cells and hyphae diameter (HD) were
obtained from 20 replicate cells for each trait. All quantitative
measures were arranged in ascending order to select four
values: the highest, lowest and two intermediate values to
include the entire range of variation. Quantitative and quali-
tative morphological characteristics were analyzed by biomet-
ric techniques to generate distance values and to cluster the
isolates using the GENES software (Cruz 2008; Pereira et al.
2009). Qualitative characteristics were analyzed through
multi-categorical analyses to calculate the dissimilarity (D)
matrix, i.e., 1-similarity, to subsequent clustering of isolates
by the UPGMA method (Unweighted Pair Group Method
using Arithmetic Averages) (Cruz 2008). Quantitative charac-
teristics were analyzed using canonical variables for graphic
dispersion of the isolates based on the first two canonical
variables (Cruz 2008). The Mahalanobis distance (D,) was
also calculated, generating a distance matrix used for the
clustering of isolates by the UPGMA method (Cruz 2008).
The quantitative characteristics were subsequently tested
using the Singh (1981) criterion, based on D,, to assess the
relative contribution of these characteristics in the analysis of
diversity and to generate suggestions for disposal (Cruz 2008).
The correlation between D and D, matrices was analyzed
using the Mantel test (Mantel 1967).

2.3 Biological material and DNA extraction

Fungal mycelia were cultivated for DNA extraction. Disks
(9 mm in diameter) containing an active growing mycelium of
each isolate were inoculated into 50 mL Erlenmeyer flasks
containing 10 mL of PDB medium (Potato Dextrose Broth—
ACUMEDIA, Neogen Corporation, Lansing, Michigan/MI,
USA) and incubated at 28 °C for 5 to 10 days, depending on
fungal growth rate.. Obtained mycelia were transferred to
1.5 mL microtubes, frozen at —86 °C and lyophilized prior
to DNA isolation, according to Schifer and Wdostemeyer
(1992). DNA samples were suspended in 20 pL of ultra-
pure water (MilliQ water) and quantified by electrophoresis
on a 0.8 % agarose gel (Promega Corporation, Madison,
USA) stained with 0.5 mg mL™" ethidium bromide. Different
concentrations of A vector were used as a standard. DNA
samples were stored at —20 °C.

2.4 Molecular analysis by RAPD

RAPD reactions were carried out as described by Junghans
etal. (1998). The amplification products were electrophoresed
through a 1.5 % agarose gel containing 0.5 mg mL ™" ethidium
bromide. The gels were scanned using an image processing
system (Eagle Eye II - Stratagene, La Jolla, USA). Scanned
images were analyzed by the Gel-Pro Analyzer (version
3.1.00.00; NIPPON ROPER Co., Ltd., Tokyo, Japan) to con-
struct tables showing the presence or absence of bands.

Thereafter, the data were analyzed using GENES software
for construction of the Jaccard distance (J) matrix (Cruz
2008) and grouping of the isolates using the UPGMA tech-
nique (Cruz 2008). The Mantel test (Mantel 1967) was applied
to compare J matrix against the D and D, matrices.

2.5 Amplification, sequencing and analysis of the ITS region

PCR was carried out using primers ITS1-ITS4 (White et al.
1990) and the reaction conditions described by Gardes and
Bruns (1993). PCR products were purified using Exo-Sap
(USB Corporation, Cleveland, Ohio), as recommended by
the manufacturer. Both strands (forward and reverse) were
sequenced by the Macrogen Inc. company (South Korea).
Amplified ITS sequences were assembled and edited with
the software Sequencher version 4.5 (GeneCodes, Ann Arbor,
USA). Subsequently, the sequences were aligned and
forwarded to Mega software 4.0 (Tamura et al. 2007). Den-
drograms were constructed using the neighbor-joining method
with two-parameter Kimura nucleotide analysis and bootstrap
with 5,000 repetitions, excluding gaps and missing data
(Sharon et al. 2008). Random representative sequences from
each clade were selected and searched with the algorithm
BLASTn (Altschul et al. 1997) to select sequences from the
NCBI database (GenBank, http://www.ncbi.nlm.nih.gov).
Tulasnellaceae sequences obtained from the database and the
Tulasnella spp. isolate sequences were then included in the
alignment. Clustering of these organisms was performed as
described above. The same procedure was performed for the
T. cucumeris AG11A, Ceratobasidium sp. AGC and
uninucleate rhizoctonia sequences, as well as for their most
similar sequences obtained from the Genbank database.
Fungal sequences from this work were deposited in the
NCBI database with the accession numbers HQ127084,
HQ127085, HQ127086 and JX456553 to JX456569.

3 Results
3.1 Morphological characterization

The morphological characteristics analyzed showed variability
among the isolates, making it possible to assign them to different
genera of thizoctonia fungi (Table 1). “Aerial mycelium” was the
qualitative characteristic that displayed the most variability
among the 16 isolates of E. secundum (Table 1), but there was
no clear variation between the two uninucleate rhizoctonias
obtained from O. barbaceniae with respect to this morphological
characteristic. Additionally, pathogenic isolates Ceratobasidium
sp. AGC and T cucumeris AGIIA showed similarities with
respect to qualitative features, but Ceratobasidium sp. AGC
was more similar to the uninucleate rhizoctonias when compar-
ing quantitative characteristics (Table 1).
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Multi-categorical analysis of qualitative characteristics re-
vealed low dissimilarity (D) between mycorrhizal fungi isolat-
ed from the same E. secundum population and from
O. barbaceniae isolates. After analyzing these distances by
the UPGMA method, we observed clustering of isolates be-
longing to each of the different rhizoctonia fungi genera
(Fig. 1a). Symbionts of E. secundum were then distributed into
two neighboring groups, with one group represented by isolates
from populations very far apart from the other (Fig. 1a).

ES3.1A
ES3.1D
ES3.1G
ES3.3F
ES2.2B
ES1.2A
ES1.2B
ES1.2D

Concerning the quantitative parameters, the largest calcu-
lated Mahalanobis distances (D,) were observed among iso-
lates of Tulasnella spp. and T. cucumeris AG1IA. Among the
isolates of Tulasnella spp. from different populations, the D,
values ranged from 1.01 to 353.69, whereas the D, values
were less than 64.00 among the isolates from the same pop-
ulation. An exception was observed for isolate ES2.2B, which
presented D, values greater than 149.00 when compared to
isolates from the same population and was closer to isolates

a

ES1.3A
ES1.3E
ES1.3F
ES2.2C
ES2.2D
ES2.2F
ES2.3B
ES2.3C
0B1.2G |

0OB1.3H
AG1

AGC ]

% 0 10 20 30 40
d 0 0,08 0,17 0,25 0,34

ES2.3B
ES2.3C
ES1.2D
ES2.2D
ES1.2A
ES1.3F
ES1.3E
ES1.2B
ES1.3A
ES2.2F
ES2.2C

50 60 70 80 90 100
0,43 0,52 0,61 0,69 0,78 087

b

ES3.1D
ES3.1G
ES2.2B
ES3.1A
ES3.3F
AGC
0B1.2G

OB1.3H -
AG1

% 0 10 20 30 40
d 0 1236 2572 385,8 514,4

Fig. 1 Cluster analysis of rhizoctonia fungal isolates based on qualitative
(a) and quantitative (b) characteristics. a Qualitative data were converted
to a matrix of dissimilarity using a multi-categorical technique, and the
grouping was generated by the UPGMA method. b Quantitative data
were converted to a matrix of Mahalanobis distance and the grouping was
generated using the UPGMA method. Codes presented in the dendro-

50 60 70 80 90 100
643,0

71,7 900,3 10289 11575  1286,1

gram correspond to the following: AG1, T. cucumeris AG1IA; AGC,
Ceratobasidium sp. AGC; the other codes are related to strains of
E. secundum as shown in Table 1. D, dissimilarity; D?, Mahalanobis
distance; %, percentage relative to the maximum dissimilarity or
Mahalanobis distance
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Table 2 Relative contribution percentage of quantitative morphological
characteristics to estimate diversity among the isolates. The percentage
was calculated according to the Singh criterion (1981) based on the
Mahalanobis distance

Variable® Percentage
DPDA 18.55
DCMA 13.15
RPDA 25.50
RCMA 38.74
WMC 2.48
LMC 1.45
HD 0.13

#DPDA colony diameter determined on PDA medium; DCMA colony
diameter determined on CMA medium; RPDA growth rate determined on
PDA medium; RCMA growth rate determined on CMA medium; WMC
width of monilioid cell; LMC length of monilioid cell; HD hyphae
diameter

from the population ES3. The Mantel test shows that the
correlation between D and D, matrices was significant at
1 % of probability, with value of 0.81.

The dendrogram constructed using the UPGMA method
based on Mahalanobis distances (Fig. 1b) and graphic disper-
sion of canonical variables separated the isolates into four
groups. Isolates of Tulasnella spp. formed a group clearly
distinct from the others and two sub-groups could also be
distinguished. We also observed great similarity between the
two rhizoctonia uninucleate fungi and Ceratobasidium sp.
(Fig. 1b).

ES2.2C
ES2.2F :'—F
ES2.3C

ES2.2D

Using the Singh criterion (1981) based on the Mahalanobis
distances, we observed that the quantitative characteristic
RCMA (growth rate determined on CMA medium) contrib-
uted more to the estimation of diversity among the isolates,
followed by the RPDA (growth rate determined on PDA
medium) feature (Table 2). HD was the trait with the smallest
contribution to the determination of this diversity. HD dispos-
al was suggested by the Singh criterion (1981) (Table 2).

3.2 Molecular analysis by RAPD

From the comparison of rhizoctonia fungi using the RAPD
technique, which was performed with nine random primers
and 140 loci, the shortest distance in the dissimilarity matrix
was observed between isolates of Tulasnella sp. The longest
distance was between Tulasnella sp. ES1.2B and the uninu-
cleate rhizoctonia OB1.3H isolate. Isolates from the same
population of orchid had distances lower than 0.387, except
for isolate ES2.2B, which showed a distance greater than
0.723 when compared to isolates from the ES2 population.
By grouping the isolates using the dissimilarity matrix and the
UPGMA method, seven groups were formed with a cut-off at
50 % dissimilarity (Fig. 2). Fungal isolates from the same
orchid were placed in the same group, except for the ES2.2B
isolate, which was not grouped with isolates from population
2 (Fig. 2). The ES2.2B, T cucumeris AG1IA (AGl) and
Ceratobasidium sp. AGC isolates showed no similarity to
any other isolate, so each one of these isolates formed a
distinct group (Fig. 2).

ES2.3B
ES1.2B
ES1.3A
ES1.2D

ES1.3F :I—|7
ES1.2A

ES1.3E
AG1

AGC

ES3.1A
ES3 D 1

ES3.1G
ES3.3F
ES2.2B

0B1.2G

OB1.3H I

% 0 10 20 30 40
d 0 0,03 0,16 0,25 0,33

Fig. 2 Cluster analysis of rhizoctonia fungal isolates based on RAPD
results. The pattern of RAPD bands was converted to a dissimilarity
matrix based on Jaccard distance to group isolates using the UPGMA
method. Codes presented in the dendrogram correspond to the following:
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50 60 70 80 90 100

0,42 0,50 0,58 0,67 0,75 0,84

AG]1, T. cucumeris AG1IA; AGC, Ceratobasidium sp. AGC; the other
codes are related to strains of E. secundum as shown in Table 1. D,
dissimilarity; %, percentage relative to the maximum dissimilarity



Morphological and molecular characterization of Tulasnella

117

We observed significance, at 1 % of probability, after
comparison between D against J (D x J) and D, against J
(D5 x J) matrices. When we compare the matrices generated
with data obtained from the 20 isolates, the correlation of D x J
was 0.60 and the correlation D, x J was 0.37. However, the
correlations between the matrices comprising data only from
Tulasnella isolates were 0.81 to D x J and 0.72 to D, x J.

3.3 ITS analysis

The ITS fragments of the 20 rhizoctonia fungi studied were
approximately 600 bp long. The analysis of the Kimura 2-
parameter based matrix led to the identification of two groups
among isolates of Tulasnella spp.: the first group included
isolates from the ES1 and ES2 populations, except for isolate
ES2.2B, and the second group included ES2.2B with the
isolates from the ES3 population (Fig. 3).

A comparison of the ITS sequences of our Tulasnella spp.
with those in the NCBI database of Tulasnella showed that the
isolates from the ES1 and ES2 populations, except for isolate
ES2.2B, grouped with Tulasnella calospora Aut (Fig. 4). In
contrast, the sequences of isolates from the ES3 population
and ES2.2B were closer to Tulasnella albida Bourdot &
Galzin, Tulasnella pruinosa Bourdot & Galzin and Tulasnella

57-| ES2.2D
1fles2.2F
YEs1.28
JEs1.3E
JEes1.2D
JEs2.3c
" Est1.2a
Bl Es1.3a
100 5238
ES1.3F
ES3.1G
ES3.1D
ES2.2B
- { ES3.1A
85| ES3.3F

38 ,7 AG1
AGC

100 0OB1.2G

9510B1.3H

0.05

Fig. 3 Cluster analysis of rhizoctonia fungal isolates based on ITS
sequence. The sequence alignment was analyzed using the Kimura 2-
parameter distance, the neighbor-joining method and bootstraps with
5,000 repetitions. Codes presented in the dendrogram correspond to the
following: AG1, T cucumeris AG11A; AGC, Ceratobasidium sp. AGC;
the other codes are related to strains of E. secundum as shown in Table 1

violea (Quél.) Bourdot & Galzin (Fig. 4). Sequences of uni-
nucleate isolates and T. cucumeris AG11A were grouped into a
larger group (Fig. 5) that comprises sequences from R. solani
(AF472512) and Thanatephorus cucumeris (Frank) Donk
(EU244843). Uninucleate isolates showed identity to the se-
quences of the Ceratobasidium genus.

4 Discussion

The Tulasnella strains studied in this work had already been
characterized morphologically by Pereira et al. (2009), but the
authors did not conclude whether the observed variability was
due to variation at population level or if each group of isolates
represented different species. Based on morphological and
molecular characterization, it was possible to confirm that
there is variability among the fungi obtained from different
populations of E. secundum and that the fungal isolates belong
to two species of the genus 7Tulasnella. The morphological
characteristics allowed the distinction of Tulasnella,
Ceratobasidium and Thanatephorus (Table 1, Fig. 1) and
molecular techniques further corroborated the morphological
differences among the genera (Figs. 2 and 3).

The quantitative traits evaluated in this study had different
relative contributions to our estimation of the diversity be-
tween rhizoctonia fungi (Table 2). Growth rates (RPDA and
RCMA) followed by colony diameter (DPDA and DCMA)
were the characteristics that contributed most to the observed
variability. HD contributed less than 1 % to the variability
observed and the Singh criterion suggested that HD be
discarded. We can therefore suggest that HD is not useful in
the estimation of variability in studies that aim to analyze
diversity. However, HD and the monilioid cell dimensions
(WMC and LMC) are important features in the screening
between rhizoctonia genera and these features should be con-
sidered during the description of fungal species (Currah and
Zelmer 1992; Pereira et al. 2003).

Morphological characteristics, such as the vegetative and
reproductive structures, are widely used in the identification of
fungal isolates (Currah and Zelmer 1992; Cruz et al. 2011).
Given the existence of variation between the characteristics of
cultures of the same species and the great difficulty of induc-
ing the formation of reproductive structures of rhizoctonia
fungi, the application of molecular techniques to aid in iden-
tification has been seen as essential (Horton and Bruns 2001;
Dearnaley et al. 2012).

The 16 E. secundum symbionts showed the typical mor-
phology described for the Tulasnella genus (Table 1) (Currah
and Zelmer 1992; Pereira et al. 2003, 2005a, 2009; Garcia
et al. 2006). Morphological features and ITS analysis allowed
for the separation of Tulasnella isolates into two sub-groups
(Figs. 1, 3,4 and 5) and these results showed that these isolates
represent two species: Tulasnella sp.1 and Tulasnella sp.2.
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Fig. 4 Cluster analysis of
Tulasnella spp. isolates based on
ITS sequence. The sequence
alignment was analyzed using the
Kimura 2-parameter distance, the
neighbor-joining method and
bootstraps with 5,000 repetitions.
Codes in bold are related to strains
of E. secundum as shown in
Table 1

67 + ES2.2D

11 'ES2.2F

4ES1.2A

4Es1.3E

ES1.2B

ES2.3C

73| ES1.3A

ES1.2D

- ES1.3F

— ES2.3B

74| L AB369939 Tulasnella calospora

AY373291 Tulasnella deliquescens

97 = AM040890 Epulorhiza sp.
AY373288 Tulasnella sp.

40

86

92

99

92 - AJ313449 Epulorhiza sp.

I: AY373297 Tulasnella danica
75

EU218891 Epulorhiza anaticula
99 F AY373294 Tulasnella albida
58| DQ457643 Tulasnella violea
DQ457642 Tulasnella pruinosa
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The Tulasnella sp.1 comprises ES1 and ES2 population
isolates, except for ES2.2B. The Tulasnella sp.1 ITS se-
quences showed identity to 7. calospora (Fig. 4), which is a
teleomorph without a corresponding anamorph. This species
was proposed by Hadley (1970) to be a universal orchid
symbiont due to its ability to establish in vitro symbiotic
associations with a wide diversity of orchid species. The
Tulasnella sp.2 are represented by the ES2.2B isolate and
isolates of the ES3 population. The ITS sequence of
Tulasnella sp.2 isolates did not show any identity to
sequences of Tulasnella species in the NCBI database
(Fig. 4).

Pereira et al. (2011) observed that different isolates of
Tulasnella sp.1 and sp.2 are able to promote the germination
of E. secundum seeds. However, the protocorms germinated
in the presence of Tulasnella sp.1 developed much faster than
in the presence of Tulasnella sp.2. In addition, Tulasnella sp.1
grows three times faster than that Tulasnella sp.2 in culture
medium (Table 1). These two factors may be related to higher
root colonisation of ES1 and ES2 populations by Tulasnella
sp.1. Furthermore, factors linked to the interaction between
fungus and adult plants in situ, which were not assessed in this
study, may also contribute to the observed pattern. Indeed, in
nature, orchid seed germination and root colonization are
affected by factors related to orchid habitat and abiotic
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conditions, which influence the variation of mycorrhizal di-
versity, specificity and functioning (Martos et al. 2012).

Isolates with similar ITS sequences display different po-
tential to promote seed germination. Eight isolates of
Tulasnella sp.1 and five isolates of Tulasnella sp.2 promoted
seed germination of E. secundum (Pereira et al. 2011). How-
ever, isolates from the same “species” were not similar in the
percentage of total germination, development stage of
protocorm and growth index. ITS similarity does not reflect
the ability to promote seed germination; i.e., it is not obvious
that isolates from the same ITS clade display the same germi-
nation potential. If morphological features reflect intraspecific
variability, it would be possible to select different isolates
from the same fungal species to test in orchid germination
experiments based on its morphological variability.

We observed significant correlation between morphological
and RAPD data. Nevertheless, the RAPD clusters were slightly
different from morphological grouping. For example, the
ES2.2B isolate showed great dissimilarity to the others
Tulasnella isolates in RAPD grouping (Fig. 2) but grouped with
isolates from ES3 population when considering morphological
parameters. This discrepancy can be explained by the sensitiv-
ity of RAPD technique to variations between populations and
between species (Shan et al. 2002; Sharon et al. 2006). Thus, it
is likely that the ES2.2B isolate was not grouped together with
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Fig. 5 Cluster analysis of uninucleate rhizoctonia fungi (OB1.2G,
OBI1.3H), Ceratobasidium sp. AGC and T. cucumeris AG1IA (AG1)
based on ITS sequence. The sequence alignment was analyzed using a

the isolates from its population because it belongs to a different
species. Additionally, ES2.2B and ES3 isolates, despite belong-
ing to the same species, do not group together, most likely
because they were obtained from different populations.
Uninucleate isolates of thizoctonia fungi have been obtain-
ed from orchids in Brazil and Puerto Rico (Otero et al. 2002;
Valadares et al. 2012). The isolates obtained from
O. barbaceniae showed similar qualitative morphological
features to the Ceratobasidium sp. obtained from Brazilian
orchids (Table 1; Nogueira et al. 2005; Pereira et al. 2005a, c).
These features suggest that these isolates belong to the genus
Ceratobasidium. Uninucleate rhizoctonia isolates were also
seen as aggressive pathogens in roots of Pinus sylvestris L.
and showed growth characteristics and appearance similar to
Ceratobasidium genera (Lilja et al. 1992; Garcia et al. 2006).
As Ceratobasidium fungi are more commonly binucleate
(Currah and Zelmer 1992), ITS analysis was essential to
confirm the identification of uninucleate isolates as
Ceratobasidium sp. (Fig. 5). Nonetheless, the uninucleate
fungi isolated from O. barbaceniae are mycorrhizal fungi,

AF345556 Ceratorhiza goodyerae-repentis

Kimura 2-parameter distance, the neighbor-joining method and boot-
straps with 5,000 repetitions

because they were able to induce germination of seeds from
their host (data not published).

Analysis of the conserved regions of DNA by nucleotide
sequencing agrees and adds significant information to the mor-
phological identification (Pereira et al. 2005a; Chen et al. 2012;
Valadares et al. 2012). Other studies have eliminated morpho-
logical characterization, and even isolation, using ITS sequence
analysis to identify orchid mycorrhizal fungi (Chutima et al.
2011; Cruz et al. 2011; Okayama et al. 2012). As Tulasnella
taxonomy is unclear, a multi-method approach should be ap-
plied to increase identification reliability. Species identification
of isolates using only molecular techniques can be limited by
the absence of identified reference cultures. Thus, in the pos-
session of pure cultures of Tulasnella sp.1 and Tulasnella sp.2,
the isolates can be used for species description and the culture
can be stored for further applications.

Qualitative and quantitative morphological data made it
possible to distinguish between the three genera of rhizoctonia
fungi studied. The biometric analysis of quantitative features
detected variability among isolates with similar ITS sequences
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and corroborated RAPD data. Thus, the integration of mor-
phological traits with ITS sequences in a multilevel taxonomy
can improve the understanding of the diversity and ecology of
cultivable orchid mycorrhizal fungi and is useful for fungal
selection for germination tests. This understanding allows a
better comprehension of the specificity in orchid mycorrhizal
association, which is essential to establish conservation strat-
egies based on the symbiotic propagation of orchids (Zettler
1997; Dearnaley et al. 2012).
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