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Abstract: Cordyceps locustiphila is described, illustrated, and compared with a previous finding.
This species was collected infecting Tropidacris collaris in the Yaboti biosphere reserve, Misiones
province, Argentina. Until mow, this entomopathogenic fungus has not been reported affecting
T. collaris, and it is the first report for Argentina. From the cordyceps-like stromata of C. locustiphila
it was possible to isolate for the first time the acremonium-like anamorph of this fungus. The identity
of both, anamorph and teleomorph, was determined by morphological and molecular taxonomic
studies, which challenges the recent new combination into Beauveria.
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Introduction

Fungi with cordyceps-like teleomorph are most diverse in the family Cordycipitaceae
in terms of both number of known species and host range (Kobayasi 1941, Sung et al.
2007a). There are estimated to be more than 400 species names under Cordyceps (Mains
1958, Stensrud et al. 2005) although this is expected to be an underestimation of the
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extant global diversity (Hawksworth & Rossman 1997). A phylogenetic classification
based on molecular data separated the species across three families, Cordycipitaceae,
Clavicipitaceae and Ophiocordycipitaceae (Sung et al. 2007b, Sanjuan et al. 2014).
Cordyceps-like fungi have the highest species diversity in subtropical and tropical
regions (Samson et al. 1988) such as tropical areas of Brazil (Andrade 1980, Evans &
Samson 1982, Evans et al. 2011), Colombia (Kobayasi 1981, Sanjuan et al. 2001, 2014,
2015) Ecuador (Kobayasi 1981, Evans & Samson 1982), and Bolivia (Mains 1959).
In Argentina, these fungi had been found infecting different insects (Spegazzini 1919,
Marchionatto 1945, Mains 1954, 1959, Yasem de Romero 1984, Lopez Lastra 1989,
Mueller & Rajchenberg 1991). Cordyceps locustiphila was described by Hennings
(1904) as a species with gregarious or solitary, claviform, yellow stromata. The original
illustration shows the fungus emerging from the abdomen and the coxa of an adult
locust (Orthoptera: Acrididae). For molecular phylogenetic and nomenclatural reasons,
this species was transferred to Beauveria (Kepler et al. 2017).

The romaleid Tropidacris collaris (Stoll) (Orthoptera: Acridoidea: Romaleidae), one
of the largest grasshoppers known (4 = 73-101 mm, @ = 92-126 mm), has become in
recent years a recurrent and extended pest in areas of some of the northern provinces
of Argentina (Catamarca, Chaco, Cérdoba, La Rioja,Santiago del Estero), particularly
in olive and jojoba plantations (Cigliano et al. 2014).

Until now, except for an undescribed Gregarina sp. (Bardi et al. 2009), pathogens
have not been reported affecting 7. collaris. Here we first report for Argentina by
morphological and molecular studies an/isolate of C. locustiphila from T. collaris.
Moreover, from stromata of C. locustiphila we were able to isolate for the first time
the asexual phase of this fungus, whose characters, were studied with morphological
observations and molecular techniques.

Materials and methods

FiELD coLLEcTION: The specimen of 7. collaris that was infected by C. locustiphila was found in
the Yaboti biosphere reserve (26°37'S, 53°40'W), a natural protected area that covers parts of the
departments of Guarani and San Pedro in Misiones province, Argentina. The area presents an
extension of 235,959 ha and belongs to the Selva Paranaense (Parana forest) eco-region (Cabrera
& Willink 1973, Morrone 2014). The climate is subtropical without dry season (Cabrera & Willink
1973, Di Bitetti et al. 2003). Average temperatures range from 24°C in summer to 14°C in winter.
The rainfall is 1800 mm annually, concentrated in the summer season. This reserve has an exuberant
jungle, made up of lianas, epiphytic plants, ferns, and tree species such as black laurel [Nectandra
saligna Nees & Mart.], white guatambu [Balfourodendron riedelianum (Engl.) Engl.], yerba mate
(Ilex paraguariensis A. St.-Hil.), and guayubira (Patagonula americana L.), among many others.
The grasshopper 7. collaris was collected in January 2015 in a region within the reserve that was not
altered by human activity, where there are recorded temperatures of 24°C and an ambient humidity
of 90%. The grasshopper 7. collaris infected with C. locustiphila was placed in a plastic box with
silica gel and deposited at the Herbarium of the Spegazzini Institute of Botany of La Plata National
University, with access code LPS 49245.

MORPHOLOGICAL OBSERVATIONS: In the laboratory, fungal stromata were taken from the infected insect.
They were surface-sterilized by dipping them successively in 70% ethanol (10-15 s), 0.5% sodium
hypochlorite solution (1 min), and sterile distilled water (1 min, two consecutive baths) according
to Lacey & Solter (2012). Stromata were allowed to dry at room temperature under a laminar flow



Fig. 1. Stromata of Cordyceps locustiphila growing on Tropidacris collaris grasshopper. Bars: A =
6 mm; B =4 mm.

chamber. Then each stroma was cut longitudinally into two equal halves with a sterile scalpel, and
deposited on a Petri dish containing potato dextrose agar (PDA) plus antibiotics (0.1% stock antibiotics
consisting of 0.02 g each of tetracycline, streptomycin and penicillin) as culture medium. The plates
were then incubated at 25°C for 7 days, after which fungal isolates were transferred to fresh PDA.
A culture was deposited in the living strain collection of LPS under the number LPSc #1218. Some
stromata were fixed with a Bouin's solution and prepared (Becnel 2012) to perform histological
sections for observation of stipes, perithecia, ascospores, and asci under stereoscopic and optical
microscopes with phase contrast to corroborate the taxonomic identification using available keys
and databases (Kobayasi 1941, 1981, Luangsa-ard et al. 2008).

DNA ExTrACTION, PCR, AND SEQUENCING: To confirm the morphological identification, a portion of
the stroma and cultivated mycelium were placed separately in CTAB buffer to perform the extraction
of total DNA following the procedure described by Stenglein & Balatti (2006), then amplifications
were performed by the Polymerase Chain Reaction (PCR). The regions corresponding to the internal
transcriber spacer region (ITS) and to the elongation factor 1a gene (TEF) were amplified according
to Sanjuan et al. (2014), using primers ITS4 / ITS 5 (White et al. 1990) and 983F / 2218R (Rehner
& Buckley 2005), respectively. Finally, the samples obtained were sequenced and deposited at
GenBank (accession numbers: MF185185; MF185186; MF185187; MF185188). The sequences
were submitted to BLAST searches at GenBank.



Fig. 2. A: Perithecia (in cotton blue) of Cordyceps locustiphila. B: Colony on PDA after 15 days at
25°C. Bars: A =150 pm; B = 15 mm.

Results

Taxonomic description

Cordyceps locustiphila Henn., Fungi amazonici II. a cl. Ermesto Ule collecti. Hedwigia
43:246 (1904).

Teleomorph characteristics (LPS#49245): Stromata gregarious, claviform, simple,
bright yellow (Fig. 1A-B);5—10.mm long. Fertile head clavate, slightly echinulate by
protruding perithecial ostioles, bright yellow, 3—5 x 2—4 mm long. Stipe fleshy, terete,
sometimes caespitose, grayish yellow, 1-4 x 1-2 mm. Perithecia semi-immersed,
with perpendicular orientation, ovoid, 358—488 x 138-232 pum (n = 20), wall less
than 50 um wide (Fig. 2A). We did not observe the presence of asci and ascospores,
because stromata of C. locustiphila did not mature, even after placing them in humid
chamber. ITS (accession number: MF185185) and TEF (accession number: MF185186)
sequences obtained from the culture mycelium showed 100% similarity with GenBank
accessions JQ958609 and JQ958619 of C. locustiphila, respectively.

Anamorph characteristic

Colonies obtained from stroma tissue slow-growing, after 15 days on PDA at 25°C 30
mm diam., ocher yellow, white near margin; reverse pale yellow (Fig. 2B). Hyphae
1.5-2.5 (£0.08) (n = 50) um wide. Phialides acremonium-like, simple, awl-shaped,
erect, sessile phialides from the substrate 40.6-56.8 (+5.38) x 1.1-2.1 (+£0.34) pm
(n = 50) wide at the base and 0.71-1.25 (£0.18) um wide at the tip (n = 50) (Fig. 3).
Conidia hyaline, smooth, cylindrical, slightly clavate or allantoid, 1.2-3.1 (+0.63)
x 4.7-9.8 (£1.79) um (n = 100), always arranged in slime drops or solitary (Fig. 3).
Sequences of the anamorph in culture differed only at bp position 391 (C/G) for the



Fig. 3. Hypha, phialides and conidia of Cordyceps locustiphila. Bars = 5 pm.

ITS region, and at bp 213 (A/C) and 221 (T/A) for the TEF region to those derived
from the ascostroma.

SpECIMEN EXAMINED: ARGENTINA. MISIONES, Departamento, Yaboti biosphere reserve: 26°37'S,
54°10'W, 200 to 648 m.s.n.m., on Tropidacris collaris (Orthoptera: Acridoidea: Romaleidae), (LPSC
WDCM1001- La Plata Spegazzini Collection; and www.museo.fcnym.unlp.edu.ar/micologia

colecciones), S. Pelizza, LPS#49245, deposited in the herbarium of the Spegazzini Institute in
November 2015, culture LPSc 1218.

Discussion

Our detection constitutes the first record of C. locustiphila infecting T. collaris. Until
now C. locustiphila was known to occur only in the grasshopper Colpolopha sp., also
among the Romaleidae, the most diversified family of endemic neotropical grasshoppers
(Cigliano et al. 2014). This record of C. locustiphila is the first for Argentina and the
southernmost known one, since the previous records of this entomopathogenic fungus
were carried out in different regions of the Amazon jungle in Brazil, Colombia, Ecuador,
and Pert (Sanjuan et al. 2014).



Our specimen appears related with the one described by Sanjuan et al. (2014)
parasitizing Colpolopha laetipenis due to the gregarious, claviform, simple, and bright
yellow stromata, but differs from it in size. In Sanjuan et al. (2014) the stromata were
12-20 mm long while in our specimen stromata were 5-10 mm long. Differences
between these two specimens of C. locustiphila are also found in perithecia. The
perithecia of C. locustiphila found in Colpolopha measured 550-600 x 250-320 pm,
whereas those found on 7. collaris measured 358488 x 138-232 pum. In summary,
we observed that the different structures measured (stromata and perithecia) were
slightly smaller in C. locustiphila found on 7. collaris than that found in specimens
of the genus Colpolopha., which may be based on the immaturity of our specimen.

Until now, it was speculated that C. locustiphila had a beauveria anamorph (Sanjuan
etal. 2014), but this speculation could not be corroborated. The molecular analysis on
the acremonium-like anamorph obtained in culture strongly confirmed that it belongs
to C. locustiphila. The recent new combination B. locustiphila was made merely to
comply with the 1F = 1N rule without providing new data for this species (Kepler et
al. 2017). Our finding of an acremonium-like anamorph indicates that this combination
might be premature and that more study is necessary in the Beauveria clade before
sound nomenclatural conclusions can be proposed.

Even though further research is necessary in orderto properly describe the anamorph we
think it is important to communicate the detection of thismew isolate. When outbreaks
of T. collaris occur, control measures still'rely exclusively on chemical insecticides
and the eventual development of a biological control alternative would be a significant
environmental-friendly step forward.
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