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ABSTRACT: Moniliophthora perniciosa, a basidiomycete fungus, has multiple hosts and 
has been identified as a significant pathogen affecting cacao and cupuassu trees in Brazil. 
In this study, M. perniciosa was detected on unidentified wood debris in the Parque Estadual 
Chandless (PEC), located in the state of Acre in northern Brazil. To provide more information 
about this fungus in Acre, it was characterized both micro and macro-morphologically, and 
molecularly identified based on two DNA regions: ribosomal internal transcribed spacer 
(ITS) and ribosomal large subunit (LSU). The phylogenetic and morphological analysis of 
the collected fungal isolates PEC11 and PECT1 revealed that both belonged to species M. 
perniciosa and shared similarities with fungal isolates from the host Heteropterys acutifolia. 
This constitutes the first report of M. perniciosa on unidentified wood debris in Acre, thereby 
broadening our understanding of the pathogen’s distribution and ecological niche. Further 
studies are necessary to ascertain the geographical distribution of M. perniciosa within the 
country.
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Moniliophthora perniciosa (Stahel) Aime and Phillips 
Mora is the causal agent of witches’ broom disease in 
cacao (Theobroma cacao L.) and cupuassu (Theobroma 
grandiflorum (Willd. ex Spreng.) K.Schum.) trees 
(Mournet et al., 2020). This fungus belongs to the order 
Agaricales and the family Marasmiaceae (Aime and 
Phillips-Mora, 2005; Seifert and Gams, 2011). Various 
biotypes of M. perniciosa have been identified and 
delimited based on their adaptations to different hosts 
(Lisboa et al., 2020). For instance, the C-biotype infects 
plants in the Malvaceae family (e.g., cacao) (Evans et 
al., 2013); S-biotype colonizes plants of the Solanaceae 
family (e.g., tomato) (Bastos and Evans, 1985; Evans and 
Barreto, 1996); L-biotype has been found to be associated 
with members of the Bignoniaceae family (e.g., liana) 
(Evans, 1978; Griffith and Hedger, 1994) and B-biotype 
colonizes Bixa orellana L. (Bastos and Anderbrhan, 
1986). Furthermore, a non-pathogenic biotype has been 
isolated from Allophylus edulis (A.St.-Hil., A.Juss. & 
Cambess.) Radlk. (Sapindaceae), thereby establishing a 
new host family record (Lisboa et al., 2020).

The H-biotype corresponds to M. perniciosa, a 
fungus infecting Malpighiaceae plants (Bastos et al., 1998). 
Initially, this fungus was identified on the host Mascagnia 
cf. sepium (A. Juss) Griseb in the Brazilian Amazon (Bastos 
et al., 1998). Subsequent research identified M. perniciosa 
in Heteropterys acutifolia A.Juss., a woody vine commonly 
found in gallery forests in Southeast Brazil (Resende et 
al., 2000). Furthermore, M. perniciosa basidiospores 
from brooms of H. acutifolia were inoculated into cacao 
seedlings, inducing witches’ broom symptoms (Resende 
et al., 2000). Recently, in Southeast Brazil, M. perniciosa 
was found on a woody vine from H. acutifolia and 
unidentified wood debris (Lisboa et al., 2020). 

The broad array of hosts of M. perniciosa 
underscores its adaptive and specialized lifestyle, 
intricately linked to its host plants. This fungus can 
exhibit both a pathogenic and a non-pathogenic lifestyle 
(Lisboa et al., 2020). Specifically, C-, S- and H-biotypes 
have been regarded as pathogenic and may potentially 
employ analogous pathogenicity mechanisms to infect 
their hosts (Teixeira et al., 2015). In contrast, the 
L-biotype exhibits a non-pathogenic lifestyle (Lisboa et 
al., 2020). However, the mechanisms associated with the 
adaptation of M. perniciosa to different hosts are poorly 
understood (Santos et al., 2023).

In the southwestern Amazon, particularly in the 
state of Acre in Brazil, only the C-biotype has been 
detected in cacao and cupuassu trees cultivated in both 
agroforestry systems and monocultures or under natural 
conditions (Artero et al., 2017). This is the first report 
of M. perniciosa collected from unknown wood debris 
in Acre state. The objective of this study was twofold: 
first, to expand knowledge about the geographic 
distribution of this species and its hosts, and second, 
to show a morphological description and molecular 
characterization of this fungal species. 

Basidiomata of two fungi were collected from 
unidentified wood debris (thin and dry stems) in a 
primary forest in the Parque Estadual Chandless (PEC), 
located in the center-south of the Acre state, Brazil 
(9°55’07” S, 70°09’27” W, 320 m altitude) (Figure 
1A). The collection of basidiomata was conducted on 
different days during the rainy season in May 2021, 
with a distance of approximately 12 km between 
the two locations. The PEC is an Integral Protection 
Conservation Unit with 695,303 ha, encompassing parts 
of the municipalities of Sena Madureira and Santa Rosa 
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do Purus (Cabral et al., 2021). The Park is the largest 
conservation unit in the state, and its location is part 
of the border between Brazil and Peru, with an open 
rainforest as the dominant vegetation (Cabral et al., 
2021). Bamboo is the predominant species in this forest 
ecosystem, and the climate at PEC is characterized by 
high temperatures and humidity levels, with average 
temperatures between 24 and 25 °C (Cabral et al., 2021).

The DNA extraction process of the basidiomata 
was performed using the method established by 
Doyle and Doyle (1987). The integrity of the extracted 
DNA was subsequently assessed through 1 % agarose 
gel electrophoresis, a technique that allows for the 
visualization of DNA fragments in an electric field. The 
purity and quantity of the extracted total DNA were 
determined using a NanoDrop instrument (Thermo 
Scientific). This device quantifies the concentration of 
nucleic acids based on their absorption spectra. The 
sequences obtained were focused on two genetic regions: 
the ribosomal internal transcribed spacer (ITS) and the 
ribosomal large subunit (LSU). The sets of primers ITS1 
and ITS4 (White et al., 1990); LR0R (Rehner and Samuels, 
1994) and LR5 (Vilgalys and Hester, 1990) were used for 
amplification and sequencing for ITS and LSU regions, 
respectively. The reactions involved the utilization of 2 
μL of DNA template (10 ng), 1.5 mM MgCl2, 0.4 μM 
of each primer, 2 mM dNTPs, 5 μL of Taq buffer, and 
1.25 U of Taq DNA polymerase (Ludwig). Polymerase 
Chain Reaction (PCR) amplification was initiated with 
an initial denaturation at 95 °C for 3 min, followed by 35 
amplification cycles (95 °C for 30 s, 55 °C for 30 s, and 
72 °C for 1 min), concluding with an extension step at 
72 °C for 5 min. The PCR products were then purified 
using the QIAquick PCR Purification Kit (Qiagen) 
and quantified with a NanoDrop (Thermo Scientific). 
Subsequently, the forward and reverse sequencing of 
this ITS and LSU region was conducted by ACT Gene 
Molecular Analyses Ltd., using the AB 3500 Genetic 
Analyzer (Applied Biosystems).

Nucleotide sequences were  manipulated using 
the Chromas software (http://www.technelysium.com.
au/chromas.html, version 2.6.6). The sequences were 
thoroughly reviewed, and nucleotides with uncertain 
positions were manually edited. The consensus sequences 
were then assembled using the Bioedit software (version 
7.2). The newly generated sequences were submitted 
to the NCBI GenBank database, while sequences from 
previous studies on M. perniciosa and closely related 
species were obtained from the same database (Table 1). 

The results of BLAST analyses of the sequences 
PEC11 and PECT1, obtained from the two basidiomata 
collected, indicated that the fungi belong to M. 
perniciosa. The sequences were deposited in GenBank 
with the following accession numbers: OP937176 (ITS) 
and OP937981 (LSU) for PEC11, and OP937177 (ITS) 
and OP937982 (LSU) for PECT1 (Table 1). Subsequently, 
a phylogenetic tree was constructed to compare the 
nucleotide sequences of this fungus with M. perniciosa 

isolated from other hosts and with fungi from other 
species and families. These sequences were selected 
from diverse hosts, species, and genera of M. perniciosa 
to represent the taxonomic diversity. The dataset for each 
locus was aligned using MUSCLE (Edgar, 2004), and the 
alignments were concatenated in the software MEGA 
X (version 11) (Kumar et al., 2018). The phylogenetic 
tree was performed using Bayesian inference analysis 
based on the Markov chain Monte Carlo method. The 
MrMODELTEST v. 3.04 software (Posada and Buckley, 
2004) was employed to determine the appropriate 
nucleotide substitution model for Bayesian inference 
analysis (Posada and Buckley, 2004). The models for 
phylogenetic analyses were selected independently for 
each locus (ITS and LSU). Likelihood values were then 
calculated, and the model was chosen based on the 
Akaike information criterion. The evolutionary models 
selected for each gene region were GTR + I + G for ITS 
and HKY + G for LSU. The Bayesian inference analysis 
used MrBayes version 3.1.1 (Ronquist and Huelsenbeck, 
2003). The consensus tree was derived following 10 
million generations of a Markov chain, implemented 
across two independent runs, each with four chains, and 
discarding the initial 25 % as burnin. The convergence 
of likelihood logs was assessed using TRACER version 
1.4.1 software, and the tree was displayed using FigTree 
version 1.4.4. Chaetocalathus liliputianus (Mont.) Singer 
(MCA485) was employed as the outgroup taxon.

Basidiomata were photographed in situ and 
subsequently removed from the substrate with the 
assistance of a penknife. They were then placed in 
a paper bag and sent to the laboratory for further 
analysis. The macromorphological examination of the 
basidiomata included the following characteristics: 
lamellae color, stipe color and size, color and diameter, 
and pileus shape). For microscopic analysis, small 
portions of the hymenium were freehanded sectioned 
with a steel blade, and the glass slide was mounted 
with 3 % potassium hydroxide and 1 % phloxine dye. 
Spores were visualized and measured using TCapture 
software (version 3.9) (NOVEL BM2100 microscope). 
Width and length measurements of at least 20 individual 
basidiospore structures were carried out for PEC11 
and PECT1. The material studied is deposited at the 
Laboratório de Botânica Aplicada of the Universidade 
Federal do Acre (UFAC), Rio Branco, Acre, Brazil.

In the present study, the fungi PEC11 and PECT1 
were identified on unidentified wood debris in an area 
of primary forest in Acre state, Brazil (Figure 1A). The 
DNA sequences of both fungi were generated, with 
the PEC11 isolate having amplified regions of 867 base 
pairs (bp) at the ITS locus and 699 bp at the LSU locus. 
The amplified regions for the fungal isolate PECT1 
were 868 bp (ITS) and 698 bp (LSU). Based on the ITS 
locus, the PEC11 and PECT1 isolates shared 99.15 and 
100 % identity, respectively, with M. perniciosa isolated 
from H. acutifolia collected in Minas Gerais state, Brazil 
(Lisboa et al., 2020). Furthermore, the LSU sequences 
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demonstrated that the fungi from Acre state, PEC11 and 
PECT1, exhibited 100 and 99.8 % identity, respectively, 
with M. perniciosa isolated from unidentified wood 
debris, which was also collected in Minas Gerais state, 
Brazil (Lisboa et al., 2020). 

The phylogenetic analysis results demonstrated 
that both fungi PEC11 and PECT1 were closely related 
to M. perniciosa isolates, exhibiting a high posterior 
probability value (pp) = 1 (Figure 1B). Furthermore, 
the results indicated the emergence of a subclade 
comprising PEC11 and PECT1, along with fungi isolated 
from H. acutifolia (COAD2614, COAD2615, RWB1267 
and UB2553), exhibiting a high value of pp = 0.99 

(Figure 1B). According to the phylogenetic analysis 
and the original host, the ITS and LSU sequences are 
grouped according to the host. In this case, our results 
indicate that PEC11 and PECT1 isolates were potentially 
growing in H. acutifolia debris.

A variety of biotypes of M. perniciosa, including 
both pathogenic and non-pathogenic forms, have been 
identified in a range of hosts distributed across various 
biomes in Brazil (Andebrhan and Furtek, 1994; Arruda 
et al., 2003; Rincones et al., 2006; Lisboa et al., 2020). 
For instance, L- and H-biotypes were identified in plants 
from the Cerrado, Atlantic Forest, and Amazon biomes, 
while S-biotype was recovered from hosts present in all 

Figure 1 – Geographical distribution and phylogenetic tree of Moniliophthora perniciosa isolates PEC11 and PECT1. A) Collection site of 
M. perniciosa isolates PEC11 and PECT1 in Acre state, Brazil (Parque Estadual Chandless = PEC), indicated by the red triangle. Black 
triangles represent M. perniciosa isolates belonging to the L and H-biotypes, according to the data from Lisboa et al. (2020). L-biotype 
corresponds to fungal isolates from plants of the Bignoniaceae family, while H-biotype refers to isolates from plants of the Malpighiaceae 
family. B) Phylogenetic tree based on the Bayesian Inference using two combined sequences: ribosomal internal transcribed spacer and 
ribosomal large subunit of M. perniciosa isolates associated with different hosts. The posterior probability is indicated near the branch 
nodes. The tree was rooted with Chaetocalathus liliputianus (MCA485). The fungi PEC11 and PECT1 were recovered from unidentified 
wood debris.
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biomes (Arruda et al., 2005; Rincones et al., 2006; Lisboa 
et al., 2020). In Acre state, only the C-biotype had been 
previously reported in cacao and cupuassu (Artero et al., 
2017). Notably, populations of M. perniciosa obtained 
from cacao hosts in the states of Acre and Amazonas 
(located in the southwestern and western Brazilian 

Amazon, respectively) exhibited the most extensive 
genotypic diversity compared to populations from other 
regions of Brazil. This finding suggests that the states of 
Acre and Amazonas may serve as a center of diversity 
for this fungus (Artero et al., 2017). The observed 
diversity across biomes underscores the capacity of 

Table 1 – Collection details and GenBank accession numbers of isolates included in the present study. The accession numbers correspond 
to sequences from two loci: the ribosomal internal transcribed spacer (ITS) and the ribosomal large subunit (LSU).

Taxon Fungi ID* Locality/Country Host ITS LSU References

Chaetocalathus liliputianus MCA 485 Puerto Rico Saprotroph AY916682 AY916680 Aime and Phillips-
Mora, 2005Marasmius sp. MCA1708 Guyana Saprotroph AY916720 AY916718

Marasmius rotula PBM2563 USA - DQ182506 DQ457686
Matheny et al. (2006a) 
(ITS); Matheny et al. 
(2006b) (LSU)

Marasmius sp. MCA1506 Guyana Saprotroph AY916733 AY916731

Aime and Phillips-
Mora, 2005

Marasmius sp. MCA1611 Guyana Saprotroph AY916725 AY916723
Marasmius sp. MCA1577 Guyana Saprotroph AY916711 AY91679
Marasmius cladophyllus MCA1837 Guyana Saprotroph AY916705 AY916704
Crinipellis sp. OKM26890 Thailand Saprotroph AY916698 AY916696
Crinipellis sp. MCA1527 Guyana Saprotroph AY916701 AY916699
Crinipellis zonata OKM25450 USA AY916692 AY916690
Moniliophthora roreri MCA2521 Ecuador Theobroma cacao AY916750
M. roreri C22 Costa Rica Theobroma cacao AY916749
M. roreri C21 Costa Rica Theobroma cacao AY916746 AY916744
Moniliophthora mayarum DJLBZ511 Belize Ceiba pentandra MT162718 MT162714

Niveiro et al., 2020Moniliophthora ticoi Niveiro 2249 Argentina Myrcianthes pungens MT162720 MT162716
M. ticoi NY00511157 Bolivia MT162721 MT162717
Moniliophtora perniciosa PEC11 PEC - Acre, Brazil Unknown host OP937176 OP937981 This study
M. perniciosa PECT1 PEC - Acre, Brazil Unknown host OP937177 OP937982
M. perniciosa UB2053 Itumirim - Mato Grosso, Brazil Heteropterys acutifolia AY317137 Arruda et al., 2005
M. perniciosa RWB1267 Itumirim - Mato Grosso, Brazil H. acutifolia MK785161

Lisboa et al., 2020

M. perniciosa COAD2615 Itumirim - Mato Grosso, Brazil H. acutifolia MK785157 MK785253
M. perniciosa COAD2614 Itumirim - Mato Grosso, Brazil H.acutifolia MK785156 MK785252

M. perniciosa RWB1065 Rio de Janeiro - Rio de Janeiro, 
Brazil Solanum swartzianum MK785159

M. perniciosa COAD2612 Ponta Grossa - Paraná, Brazil Solanum gemellum MK785154 MK785250

M. perniciosa COAD540 Rio de Janeiro - Rio de Janeiro, 
Brazil S. swartzianum MK785139

M. perniciosa COAD2613 Rio de Janeiro - Rio de Janeiro, 
Brazil S. swartzianum MK785155 MK785251

M. perniciosa COAD2605 Viçosa - Minas Gerais, Brazil Solanum cernuum MK785147 MK785243

M. perniciosa COAD2616 Linhares - Espírito Santo, Brazil Theobroma cacao MK785158 MK785254

M. perniciosa COAD2611 Viçosa - Minas Gerais, Brazil Solanum lycocarpum MK785153 MK785249

M. perniciosa COAD2603 Viçosa - Minas Gerais, Brazil Allophyllus edulis MK785145 MK785241

M. perniciosa COAD2602 Viçosa - Minas Gerais, Brazil A. edulis MK785144 MK785240

M. perniciosa COAD2601 Viçosa - Minas Gerais, Brazil A. edulis MK785143 MK785239

M. perniciosa COAD2600 Viçosa - Minas Gerais, Brazil A. edulis MK785142 MK785238

M. perniciosa COAD2599 Viçosa - Minas Gerais, Brazil A. edulis MK785141 MK785237

M. perniciosa COAD2609 Viçosa - Minas Gerais, Brazil Unknown host MK785151 MK785247

M. perniciosa COAD2598 Viçosa - Minas Gerais, Brazil Liana MK785140 MK785236

M. perniciosa COAD2610 Viçosa - Minas Gerais, Brazil Unknown host MK785152 MK785248

M. perniciosa COAD2608 Viçosa - Minas Gerais, Brazil Unknown host MK785150 MK785246

M. perniciosa COAD2606 Viçosa - Minas Gerais, Brazil Liana (Bignoniaceae) MK785148 MK785244

*Identification code of fungal isolate
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environmental conditions to influence the adaptive 
traits of M. perniciosa biotypes, thereby impacting both 
their pathogenicity and interactions with diverse hosts. 
Notably, this study documents the first report of M. 
perniciosa on unidentified wood debris in the Acre state 
(Figure 1A and B). This finding suggests the potential 
for the fungus to persist in forest debris, functioning as 
a latent reservoir of inoculum in natural environments.

Regarding morphology, PEC11 and PECT1 were 
classified within the Marasmiaceae Singer’s system 
(Singer, 1976). The PEC11 basidiomata resembled 
M. perniciosa isolated from H. acutifolia, as described 
by Lisboa et al. (2020). The pileus measured 13 mm 
diameter × 1 mm height, exhibiting a pink center and 
clear margins, convex, with a morphologically depressed 
center, a rough surface, striate furrowed, membranous 
consistency, and an irregular margin (Figure 2A). The 
fungus in question had lamellae free, wide apart, with 
lamellulae (1-3 lamellulae), membranose, concolor to 
pileus, stipe 7-8 × 1 mm, central, cylindrical, slender, 
fragile, wine color with the apex concolor to the 
lamellae, rigid texture, smooth surface, no ring, volva, 
and basal mycelium. The basidiospores size ranged from 
9-11 × 5-6 µm, ellipsoid, hyaline, with slightly thickened 

walls (Figure 2B). Cheilocystidia had 22-34 × 5-6-8 µm, 
clavate, hyaline, thin-walled (Figure 2C and Table 2). 

In contrast to fungus PEC11, fungus PECT1 
exhibited a distinct coloration of the pileus, a 
characteristic that differentiates it from M. perniciosa 
isolates derived from H. acutifolia found in Minas Gerais 
state, Brazil (Lisboa et al., 2020). Furthermore, the cream 
color of the pileus in this fungus is different from the 
crimson shades exhibited by other M. perniciosa isolates 
(Figure 2D) (Lisboa et al., 2020), suggesting a potential 
for distinguishing this species based on the coloration 
of the pileus. However, the other morphological 
characteristics are similar to M. perniciosa from H. 
acutifolia. The fungus PECT1 showed the following 
characteristics: pileus 6-10-20 mm diameter × 1 mm 
height, pale cream, plano-convex, with umboned 
center, a rough surface, striate furrowed, membranous 
consistency, and an irregular margin. Lamellae exhibited 
a subdecurrent orientation, wide apart, with lamellulae 
(3-5 lamellulae), membranose, concolor to pileus. Stipe 
5-6-9 × 1 mm, central, cylindrical, equal, fragile, 
brownish, with the apex concolor to the lamellae, 
rigid texture, ribbed surface, no ring, volva and basal 
mycelium. The basidiospores exhibited a size range of 

Figure 2 – Moniliophthora perniciosa isolates PEC11 and PECT1 on unidentified wood debris. A) Basidiomata from M. perniciosa (PEC11). 
B) Elliptical and apiculate basidiospores (PEC11). C) Clavate cheylocystidia (PEC11). D) Basidiomata from M. perniciosa (PECT1). E) 
Elliptical and apiculate basidiospores (PECT1). F) Clavate cheylocystidia (PECT1). Panels B, C, E, and F are micrographs obtained with 
an optical microscope (NOVEL BM2100) at 400× magnification and stained with 1 % phloxine dye. Scale bar: 20 µm.

Table 2 – Morphology of Moniliophthora perniciosa isolates PEC11 and PECT1 identified on unidentified wood debris collected at the 
Parque Estadual Chandless (PEC), Acre state, Brazil.

Code Isolate PEC11 PECT1
Morphology of cheilocystidia Clavate Clavate 
Basidiospores shape and size Elliptical, apiculate/9-11 × 5-6 µm Elliptical, apiculate/ 9-11 × 5-6 µm

Pileus shape, color and diameter Convex, with depressed center/pink center and clear 
margins/13 mm Convex, with umboned center/pale cream/6-10-20 mm

Stipe color and size crimson with the apex concolor with the lamellae/7 mm Brownish/apex concolor with lamellae/6-9 mm
Lamellae color and size Light pink/ 4-6 (5) mm Cream/ 5-10 (7) mm
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9-11 × 5-6 µm, with an ellipsoid shape and a hyaline 
appearance, featuring slightly thickened walls (Figure 
2E). the cheilocystidia demonstrated dimensions of 24-
30 × 6-9 µm, exhibiting a clavate morphology, a hyaline 
appearance, and thin-walled characteristics (Figure 2F) 
(Table 2). 

The analysis of cheilocystidia morphology has 
also facilitated the classification of M. perniciosa isolates 
from H. acutifolia. A previous study indicated that 
these isolates from H. acutifolia produced lageniform 
cheilocystidia (Arruda et al., 2005). However, more 
recent studies have reported variations in morphology, 
describing the cheilocystidia as clavate to pyriform 
(Lisboa et al., 2020). In the present study, PEC11 and 
PECT1 produced clavate cheilocystidia. Therefore, based 
on the combined analysis of morphology and molecular 
data, as well as the findings of Lisboa et al. (2020), it 
is proposed that the PEC11 basidiomata is analogous to 
M. perniciosa isolates from H. acutifolia (H-biotype). The 
results obtained for the PECT1 fungus also suggest that 
it shares similarities with the H-biotype (H. acutifolia). 
Furthermore, the presence of H. acutifolia in the Acre 
state has been documented (Anderson, 1981). 

The H-biotype of M. perniciosa has been 
identified as a pathogenic fungus due to the presence of 
basidiospores in plants exhibiting symptoms of witches’ 
broom disease in cacao seedlings (Resende et al., 2000). 
Consequently, it is hypothesized that the presence of 
this fungus in wood debris may serve as a potential 
inoculum for cacao and cupuassu plants, contributing 
to the dissemination of M. perniciosa with a pathogenic 
lifestyle. However, further research is necessary 
to broaden our understanding of the geographical 
distribution of hosts in the Amazon and further 
characterize M. perniciosa from various host plants. This 
will facilitate the development of hypotheses concerning 
the evolution and pathogenicity of this species.
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