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INTERACCION DEL TIPO DE CULTIVO CON LA DIVERSIDAD DE ESPECIES DE
HONGOS ENTOMOPATOGENOS

José Alfredo Cabrera Mora, M. en C.
Colegio de Postgraduados, 2018

RESUMEN

Beauveria y Metarhizium fueron aislados de suelo y larvas de gallina ciega de una variedad de
cultivos en Puebla y Guanajuato, México. Los aislamientos se identificaron a nivel de especie
usando la informacion de secuencia de Bloc y Factor de elongacién 1-o. Aunque Se encuentra
ampliamente dispersa, B. bassiana solo se aisl6 del suelo y no de larvas de gallina ciega
infectadas. Por el contrario, B. pseudobassiana se aislé6 predominantemente de larvas de gallina
ciega (solo un aislamiento de suelo). El andlisis de haplotipos de B. bassiana s.s. identifico 25
haplotipos que indican diversidad genética sustancial; ni el origen geogréfico ni el tipo de cultivo
explicaron esta variacion genética. Metarhizium brunneum y M. robertsii también se aislaron
solo de suelo, mientras que M. anisopliae s.s. y M. pingshaense solo se aislaron de larvas de
gallina ciega. Metarhizium anisopliae s.s. solo se encontrd infectando especies de Paranomala
mientras que M. pingshaense solo se encontrd infectando especies de Phyllophaga. La diversidad
de especies en Metarhizium fue influenciada por el tipo de cultivo. Se discuten los roles

ecologicos potenciales de estas especies.

Palabras clave: Especies cripticas, diversidad de especies, taxonomia molecular, rizosfera-

competente, endofito



INTERACTIONS BETWEEN CROP TYPE AND SPECIES DIVERSITY OF
ENTOMOPATHOGENIC FUNGI
José Alfredo Cabrera Mora, M. en C.
Colegio de Postgraduados, 2018

ABSTRACT

Beauveria and Metarhizium were isolated from soils and white grub larvae from a range of crops
in Puebla and Guanajuato, Mexico. Isolates were identified to species level using Bloc and
Elongation Factor 1-a sequence information. Although widespread, B. bassiana was only
isolated from soil and not from infected white grubs. In contrast, B. pseudobassiana was
predominantly isolated from white grub larvae (only one isolate from soil). Haplotype analysis of
B. bassiana s.s. identified 25 haplotypes indicating substantial genetic diversity; neither
geographical origin nor crop type explained this genetic variation. Metarhizium brunneum and
M. robertsii were also only isolated from soil, while M. anisopliae s.s. and M. pingshaense were
only isolated from white grub larvae. Metarhizium anisopliae s.s. was only found infecting
Paranomala species while M. pingshaense was only found infecting Phyllophaga species.
Species diversity in Metarhizium was influenced by crop type. The potential ecological roles of

these species is discussed.

Key words: Cryptic species, species diversity, molecular taxonomy, rhizosphere-competent,
endophyte



DEDICATORIA

A Dios por escucharme, orientarme y ayudarme a cumplir mis metas.

A mis padres Salomon y Maria de Lourdez por apoyarme sin importar el enorme sacrificio que

han realizado y siguen haciendo por mis estudios.

A mi esposa Carolina por su apoyo, comprension y amor incondicional.

A mi hermano Javier por ser un ejemplo de superacién para mi.

A mi hermano Yosser por demostrarme una gran fortaleza para triunfar.

Vi



AGRADECIMIENTOS

A Dios por escuchar mis plegarias enfocadas a mi vida personal y académica. Gracias por

guiarme a un futuro placentero en compafiia de mis seres queridos.

Al Consejo Nacional de Ciencia y Tecnologia (CONACYT) por el apoyo econdémico brindado para
la realizacion de mis estudios de postgrado.

Al Colegio de Postgraduados y a la planta docente por contribuir con mi aprendizaje en sus

diferentes instalaciones.

Al Dr. Ariel W. Guzman Franco por su voto de confianza, dirigir esta investigacion, compartir

sus conocimientos y experiencia.

A la Dra. Ma. Teresa Santillan Galicia por su apoyo, disponibilidad y revision del trabajo de

investigacion.

Al Dr. Fernando Tamayo Mejia por su tiempo Yy revision de la investigacion.

Al Mc. Jorge M. Valdez Carrasco por su apoyo en la toma de fotografias empleadas en esta

investigacion.

A mis padres Salomon y Maria de Lourdez que gracias a Sus correcciones, ensefianzas,
paciencia, sacrificios, amor y consejos han hecho de mi una persona integra y de beneficio, capaz

de explorar nuevos horizontes.
A mi esposa Carolina por su amor, fortaleza y ser un pilar de vida indispensable para mi.
A mis hermanos Javier y Yosser por su apoyo incondicional en esta etapa de mi vida.

A mis comparfieros del laboratorio de patologia de insectos por su amistad, observaciones y

consejos.

A los administrativos y directivos del Colegio de Postgraduados que de alguna manera

contribuyeron para lograr mi objetivo.

vii



CONTENIDO

RESUMEN ..ottt ettt e e ab e e et e e e se e e e se e e ateeeanseeeanseeeannes iv
F N S 2 ¥ N SR URPRI v
LISTA DE CUADROS ..ottt ettt nns iX
LISTA DE FIGURAS ...ttt bbb bbbttt X
INTRODUCCION GENERAL ....ooveie ettt n sttt 1
OBJEBEIVO ..t b bbbttt b Rt R Rttt b bt e ne e 4

[ 1T 0T 1 (=TS PSP 4
CAPITULO 1. CONTRASTING ROLES FOR GEOGRAPHICAL SEPARATION AND CROP
TYPE ON SPECIES DIVERSITY IN Metarhizium AND Beauverial............c.cccccocovvevvevecverennnns 5
ORI N = 1 I N O TSRS 5
1.2 INTRODUCGTION ...ttt bbb bbbttt 6
1.3 MATERIAL AND METHODS.......octiiiiiiiiete ettt 8
1.3.1 Collection of SOIl SAMPIES ......c.eoiiiiiie e 8
1.3.2 Isolation of entomopathogeniC fUNGI .........cooviiiiiiiee e 8
1.3.3 Collection of white grub larvae and fungal isolation ...............ccccooveieiiieiiecce e 10
1.3.4 Mycelium production and DNA eXtraCtion............cccuevveieeieeiieiie e 10
1.3.5 Phylogenetic placement O iSOIALES ..........couiiiiiiiiie e 11

1.3.6 Analysis of genetic variation amongst B. bassiana isolates based on Bloc sequences. 12

LA RESULTS ..ottt bbbt b bbbt b bbbttt 13
1.4.1 Occurrence of entomopathogenic fUNGi..........cocovvviiiciiiicie e 13
1.4.2 Phylogenetic placement O iSOIALES ..........coviiiiiiiiee e 13
1.4.3 Genetic variation amongst B. bassiana iSolates............cccccovriiiiiiiiiiien e 14

1.5 DISCUSSION ...ttt ettt et e et e eb e e s nbe e st e e e nteenneeenes 15

1.6 ACKNOWLEDGEMENTS......ccoitiiiiiiieieiee ettt 19

1.7 REFERENCES ..ottt ettt bbb 19

TADIE LEOENAS. ...cveeeeiee et bbbttt bbb s 24

FIQUIE LEOBINAS ...ttt bbb bbbt b et et bbbt be e 29

DISCUSION GENERAL.........ouovieieieeeeeeeeesetee et tes s sasssasas et es sttt sae st 32
LITERATURA CITADA .ottt b et 36

viii



LISTA DE CUADROS

Table 1. Sites in Guanajuato and Puebla states, Mexico, where soil was collected for
isolation of entomopathogenic fungi. ** = zucchini (Cucurbita pepo L.),
cucumber (Cucumis sativus L.) and beans (Phaseoulus vulgaris L.). ......ccccccccevvnnnene 24

Table 2. Sites (all maize crops) in Guanajuato and Puebla states, Mexico, where white grub
larvae were collected for subsequent isolation of entomopathogenic fungi. The
number of white grubs collected (No), and the number of isolates from the genera
Beauveria and Metarhizium, are shown. Ma = M. anisopliae s.s., Mp = M.
pingshaense, Bp = B. pSEUAODASSIANA. ........ccviirieieieiieniesicsie e 24

Table 3. Isolates of Beauveria species obtained and sequenced for phylogenetic analysis.

GenBank accession numbers and haplotype assignment (only for B. bassiana)

following Haplotype Network Analysis are Shown. ..........cccccooviiiiiinine 25
Table 4. Isolates of Metarhizium species obtained and sequenced for phylogenetic analysis.

GenBank accession NUMDErS are SNOWN. ........cccuoviiiiiienene e 27
Table 5. Results of AMOVA analysis of Bloc sequences from B. bassiana isolates. ................. 28



LISTA DE FIGURAS

Figure 1. Phylogeny of Beauveria species and isolates inferred from Maximum Likelihood
(ML) analysis of the Bloc sequence data. Isolates used as references are labelled
according to their GenBank accession numbers. Only bootstrap values above 80%
£ 1011V SR UR PRSPPSO 29

Figure 2. Phylogeny of Metarhizium species and isolates inferred from Maximum
Likelihood (ML) analysis of the EF1-a sequence data. Isolates used as references
are labelled according to their ARSEF accession numbers. Only bootstrap values
ADOVE 800 re SNOWN. ....eiiieiiee et 30

Figure 3. Most parsimonious haplotype network for the 25 haplotypes found in B. bassiana
isolates from Mexico. Haplotypes are connected with a 95% confidence limit.
Each line in the network represents a single mutational change. Small white
circles indicate missing haplotypes. Numbers of samples per haplotype are shown

TN PATENTNESES. ...ttt e st e et e e et e et e s re e reeteereers 31



INTRODUCCION GENERAL

El suelo es considerado un recurso natural extremadamente complejo que involucra
factores como textura, capacidad de intercambio cationico, materia orgénica, pH, temperatura y
humedad que inciden en la diversidad y comportamiento de microorganismos como Vvirus,
bacterias, protozoos, nematodos y hongos (Inglis et al., 2001). Estos ultimos pertenecen al reino
Fungi, el cual consiste de alrededor de 1.5 millones de especies con 110 000 descritas, de este
registro 90 géneros y 700 especies son patdgenos de insectos (Roy et al., 2010). Se consideran
asi porque estos microorganismos establecen una simbiosis parasitaria con su hospedero,

provocan su muerte y desarrollan a partir de éste (Raffel et al., 2008).

Los hongos entomopatégenos son filogenéticamente diversos con reproduccion sexual y
asexual, se consideran hongos verdaderos y pertenecen a cuatro divisiones: Chytridiomycota,
Basidiomycota, Zygomycota y Ascomycota, en esta Ultima se encuentran los géneros de hongos
entomopatégenos mas comunes Yy abundantes como Beauveria, Metarhizium, Isaria,
Lecanicillium y Tolypocladium; en otras divisiones también tenemos a Hirsutella y Nomuraea

con capacidad de controlar insectos plaga (Inglis et al., 2001).

Los habitats comunes de estas especies fungicas entomopatégenas son areas no
perturbadas, bosques y cultivos agricolas; estos enemigos naturales se encuentran en el suelo
como micelio saproéfito o propagulos inactivos hasta su adhesion a un hospedero apropiado y
compatible con su microambiente (Goettel et al., 2005). Se ha documentado que en
agroecosistemas con produccion anual se afectan las poblaciones de hongos mediante labores de

labranza con remocién de suelo y exposicion a rayos ultravioleta; estas acciones pueden



ocasionar que las comunidades fungicas de estos agroecosistemas sean diferentes a la de habitats
menos perturbados; es probable que la presion de seleccion por diversas circunstancias promueva

la diversidad (Meyling y Eilenberg, 2006).

En el medio ambiente, bajo condiciones ideales los hongos entomopatégenos se
encuentran infectando una amplia gama de hospederos de forma natural; la especie Metarhizium
anisopliae se ha encontrado asociada mas a cultivos agricolas (Meyling y Eilenberg, 2007)
mientras que Beauveria bassiana es mas cosmopolita prosperando en mas de 700 especies

hospederas (Inglis et al., 2001).

Para recuperar, registrar y evaluar la diversidad de hongos entomopatogenos en suelo se
utiliza la técnica denominada “trampa cebo™, en esta se usan inmaduros de Tenebrio molitor
(Coleoptera: Tenebrionidae) o Galleria mellonella (Meyling y Eilenberg, 2007). Wakil et al.
(2013) usando esta técnica con G. mellonella en suelos cultivados y no perturbados, identificaron
las especies B. bassiana, B. brongniartii, M. anisopliae, Isaria lilacinus, I. chlamydosporia y
Lecanicillium attenuatum. Por su parte, Saleh et al. (2016) en suelo de huertos frutales
identificaron M. anisopliae, L. lecanii y B. bassiana, siendo esta Gltima la mas abundante.
NouriAiin et al. (2014) y Tkaczuk et al. (2014) registraron B. bassiana, I. farinosa, I.
fumosorosea, Lecanicillium sp y M. anisopliae en suelo de areas no perturbadas, cultivos
organicos y convencionales con siembra de cereales. Asimismo, Pérez-Gonzalez et al. (2014)
documentaron a B. bassiana, B. pseudobassiana y M. robertsii en suelo de maiz del estado de
Guanajuato, México. Por el habitat donde desarrollan estos microorganismos, algunos trabajos se
han dirigido a entender los factores que favorecen o influencian la infeccién de hongos

entomopatdgenos sobre plagas de suelo, para considerar su posible uso como agentes potenciales



de control bioldgico. Tal es el caso de algunas especies de escarabajos, cuyas larvas desarrollan
en el suelo y se alimentan de materia organica y raices de varios cultivos, por lo que representan
un serio problema como plaga en muchos agroecosistemas del mundo. En México se han
identificado los géneros Phyllophaga, Paranomala (= Anomala) y Cyclocephala (Moro6n, 2007).
Las especies de Phyllophaga son las mas comunes, destructivas y ampliamente distribuidas
(Aragoén et al., 2005). Su importancia radica en que son plagas rizéfagas y causan pérdidas
econOmicas en maiz (Zea mays), papa (Solanum tuberosum), trigo (Triticum aestivum), tomate

(Lycopersicon esculentum), frutales y pastizales (Ruiz et al., 2012).

En el estudio realizado por Carrillo-Benitez et al. (2013) se demostro la infeccion por B.
pseudobassiana y M. pingshaense en larvas de Phyllophaga procedentes de parcelas de maiz. Lo
que demuestra que el uso de hongos entomopatdgenos en el sector agricola es una alternativa
potencial a los productos quimicos. Sin embargo, debe tomarse en cuenta que la relacién entre
hospedante-parasito es un proceso coevolutivo, el cual implica cambios genéticos adaptativos
por ambos organismos (Woolhouse et al., 2002). Dicho en otras palabras, la resistencia del
huésped atribuye la adaptacion de virulencia del patégeno y viceversa (Joop y Vilcinskas, 2016).
La alta susceptibilidad del insecto en conjunto con la alta capacidad infectiva y virulencia de un
hongo entomopatdgeno son las causas que dan origen a epizootias, y se presentan naturalmente
cuando la mayor parte de la poblacién de insectos se infectan en la misma unidad de superficie y

tiempo (Aguilera et al., 2017).

La apariencia fisica de esta infeccion en el ambiente es el micelio, considerado materia
vegetativa y que en su entorno natural parece ser una sola unidad fisiolégica y ecoldgica, pero en

realidad es un mosaico genético (Roberts y St. Leger, 2004). En este contexto se sabe que



diferentes cepas de la misma especie muestran una variabilidad intraespecifica con respecto al
tipo de hospedero, patogenicidad, morfologia, produccion de enzimas y toxinas; sin embargo,
para tener una mejor comprension sobre la filogenia de cepas silvestres es necesario uniformizar
su genoma a través de cultivos monospdricos, ademas de tener un mejor control de su
patogenicidad, virulencia y evitar posibles contaminantes en el aislamiento; en estudios
realizados con aislamientos monosporicos y polispéricos para el control de insectos plaga se ha
registrado que con estos Ultimos se obtiene mayor mortalidad, posiblemente por su amplia
diversidad de genes virulentos (Aguilera et al., 2017). Con este conocimiento algunos
investigadores estan implementando control bioldgico por conservacion, con la finalidad de
mantener y/o mejorar las condiciones bioticas y abidticas que favorecen el desarrollo de especies
fangicas como B. bassiana y M. anisopliae para el control de plagas en agroecosistemas
(Meyling y Eilenberg, 2007). La naturaleza dinamica de las poblaciones fingicas esta cambiando
constantemente, es por ello que el estudio ecoldgico de estos microorganismos es la base para

mejorar su manejo (Woolhouse et al., 2002).

Objetivo
Estudiar el efecto que tiene el tipo de cultivo, insecto hospedante y origen geografico en

la diversidad de especies de hongos entomopatdgenos de los géneros Beauveria y Metarhizium.

Hipotesis
La diversidad de especies de hongos entomopatdgenos de los géneros Beauveria y
Metarhizium, sera mayor al estudiar diferentes regiones geogréaficas, insecto hospedante y tipo de

cultivo.



CAPITULO 1. CONTRASTING ROLES FOR GEOGRAPHICAL SEPARATION AND

CROP TYPE ON SPECIES DIVERSITY IN Metarhizium AND Beauveria®

1.1 ABSTRACT

Beauveria and Metarhizium were isolated from soils and white grub larvae from a range
of crops in Puebla and Guanajuato, Mexico. Isolates were identified to species level using Bloc
and Elongation Factor 1-o sequence information. Although widespread, B. bassiana was only
isolated from soil and not from infected white grubs. In contrast, B. pseudobassiana was
predominantly isolated from white grub larvae (only one isolate from soil). Haplotype analysis of
B. bassiana s.s. identified 25 haplotypes indicating substantial genetic diversity; neither
geographical origin nor crop type explained this genetic variation. Metarhizium brunneum and
M. robertsii were also only isolated from soil, while M. anisopliae s.s. and M. pingshaense were
only isolated from white grub larvae. Metarhizium anisopliae s.s. was only found infecting
Paranomala species while M. pingshaense was only found infecting Phyllophaga species.
Species diversity in Metarhizium was influenced by crop type. The potential ecological roles of

these species is discussed.

Key words: Cryptic species, species diversity, molecular taxonomy, rhizosphere-competent,

endophyte

1Cabrera-Mora, J.A., Guzman-Franco, A.W., Santillan-Galicia, M.T and Tamayo-Mejia, F. 2018.
Contrasting roles for geographical separation and crop type on species diversity in Metarhizium and
Beauveria. Fungal Ecology (submitted).



1.2 INTRODUCTION

Soil harbours a diverse community of macro and microorganisms that provide essential
ecosystem services (Barrios, 2007). In particular, soil contains arthropods, plants and
microorganisms such as bacteria, viruses, nematodes and fungi; the majority of microorganisms
have yet to be studied (Orgiazzi et al., 2015). While some authors consider the soil microbial
community as a ‘black box’ (Mommer et al., 2018), we do know that it is highly diverse and
varies depending of soil type, climatic conditions, and how the soil is used (e.g. for agriculture)
(Orgiazzi et al., 2015). Despite the great abundance of some microorganisms, such as fungi,
knowledge about their diversity and ecology is still very scarce; from the potential 1.5 million
fungal species in soil, only 10% have been studied (Hawksworth and Rossman, 1997;
Hawksworth, 2001), and this includes fungi that are edible, saprophytic, endophytic and

entomopathogenic (Hirsch et al., 2013).

It is difficult to be certain about the exact number of entomopathogenic fungi, but some
authors suggest that there are approximately 90 genera with more than 700 species (Onofre et al.,
2001). Entomopathogenic fungi have a worldwide distribution and can be found in both
agricultural and forest systems including in decaying trees, leaves, insects and soil (Wakil et al.,
2013; Sanjuan et al., 2015). Using molecular techniques, recent taxonomic studies have
identified a number of cryptic species of Beauveria and Metarhizium that were previously all
identified morphologically as Beauveria bassiana and Metarhizium anisopliae (Bischoff et al.,
2009; Rehner et al., 2011). Since then there have only been a few studies done in the North
America region on the occurrence of the full range of cryptic Beauveria and Metarhizium

species, in soil. There are reports of Beauveria bassiana s.s., Beauveria pseudobassiana and



Metarhizium robertsii in soil from maize crops (Pérez-Gonzélez et al., 2014), and soil from
tejocote (Crataegus mexicana) orchards (Mufiiz-Reyes et al., 2014). Both of these studies used
the Galleria mellonella L. baiting method for isolation. In the United States, Kepler et al. (2015)
also isolated M. anisopliae s.s., Metarhizium pingshaense, Metarhizium lepidiotae and

Metarhizium brunneum from soil using selective media.

Before the identification of cryptic Beauveria and Metarhizium species, genetically
different lineages in M. anisopliae s.I. and B. bassiana s.l. had been reported and were associated
with specific habitats rather than different insect hosts (Bidochka et al., 2001, 2002). It is likely
that the different genetic lineages reported by these authors, were indeed the different cryptic
species subsequently reported by Bischoff et al. (2009) for Metarhizium, and by Rehner et al.
(2011) for Beauveria. This could be confirmed by sequence information from mitochondrial and
nuclear markers. A better understanding of the natural occurrence and ecology of
entomopathogenic fungi, especially the cryptic species within the genera Beauveria and

Metarhizium, will help us target these microorganisms better as biological control agents.

White grubs are a complex of species within the family Scarabaeidae, subfamilies
Melolonthinae, Rutelinae and Dynastinae (Cock and Allard, 2013). White grubs are a serious
problem in Mexico affecting the roots of many crops (Moron, 2010). Carrillo-Benitez et al.
(2013) collected field-infected white grub larvae in maize crops from the central region of

Mexico, and isolated B. pseudobassiana, M. pingshaense, M. anisopliae s.s. and M. robertsii.

Based on the research of Carrillo-Benitez et al. (2013) and Pérez-Gonzalez et al. (2014)

in the central region of Mexico on maize crops, we hypothesized that, if soil from regions that



were geographically separated were compared (including soil from different crops within each
region), that the species diversity of Beauveria and Metarhizium within them would be greater
than when soil from only one region or crop was studied. To test this hypothesis, we
systematically sampled soil in two states in the central region of Mexico: Puebla and Guanajuato.
In each state, we sampled soil from different crops, and compared the fungal diversity isolated

from soil with the fungal diversity from infected white grub larvae from nearby sites.

1.3 MATERIAL AND METHODS

1.3.1 Collection of soil samples

Soil samples were collected from three crops in Puebla and four crops in Guanajuato (i.e.
at a total of seven sampling sites; Table 1). Puebla and Guanajuato are 329 km apart, and the
distance between crops within each state was circa 2 km. Samples from each location were taken
as described by Pérez-Gonzalez et al. (2014). Briefly, 15 soil samples, each weighing 1 kg, were
taken over an area of approximately 1 ha at each site. Samples were taken from soil surrounding
the roots of plants using a hand shovel that was disinfected with 70% ethanol between each
sample. In the laboratory, soil samples were sieved through a 2-mm pore sieve to remove clumps

and stones and maintained at 4 °C until required but never longer than six months.

1.3.2 Isolation of entomopathogenic fungi

Entomopathogenic fungi were isolated from soil using G. mellonella larvae as bait, and
following the methods of Pérez-Gonzalez et al. (2014). Briefly, the soil in each sample was

moistened with sterile distilled water and three subsamples (80 g each) taken. Sub-samples were



each placed inside 100 mL capacity plastic containers that had previously been surface-sterilized
using 70% ethanol. Three third instar G. mellonella larvae (PETMMAL S.A. de C.V., Cuatitlan
Izcalli, Mexico) were placed onto the soil in each container. Prior to soil exposure, all larvae had
been immersed in warm distilled water (56 °C) for 12 seconds, to prevent cocoon formation. All
containers were sealed with a lid and incubated at 25 °C in complete darkness. During the first
three days, all containers were inverted every 24 h to induce larval movement and maximise their
exposure to any fungi that may have been present in the soil. A total of 945 G. mellonella larvae
were used for the complete experiment. Larval mortality was recorded every 48 hours over three

weeks.

Dead larvae were removed and surface sterilized by submerging them in 70% ethanol for
ten seconds, followed by 1% sodium hypochlorite for three minutes and rinsing twice with sterile
distilled water. Surface-sterilized larvae were placed in Petri dishes containing moistened filter
paper and incubated at 25 °C until sporulation was evident. Under sterile conditions, a sample of
conidia was taken from each sporulating larva using a bacteriological loop and transferred to
Sabouraud dextrose agar (SDA) in a 90-mm Petri dish (BIOXON®, Becton Dickinson de
Mexico S.A. de C.V. Cuautitlan Izcalli, Mexico) and incubated at 25 °C. A monosporic isolate
was produced from each clean isolation, as described by Pérez-Gonzélez et al. (2014). Mycelium
and conidia from all the monosporic isolates were viewed under a stereomicroscope and
identified to genus level based on morphological characteristics described in the taxonomic keys
of Humber, (2012). Original and monosporic isolates were stored in 10% sterile glycerol at -80
°C in 2 mL cryovials (Nalgen, Thermo Fisher Scientific, Rochester, NY, USA) prior to

molecular evaluation.



1.3.3 Collection of white grub larvae and fungal isolation

White grub larvae were collected in Puebla and Guanajuato. Despite previous reports
from farmers that white grubs were present at the sites where we had sampled soil, we were
unable to find any white grub larvae. For this reason, we identified sites with abundant white
grub larvae at the time of the collection and sampled white grubs there; all were maize crops
(Table 2). Methods for sampling third-instar larvae were as described by Guzméan-Franco et al.
(2012). In the field, larvae were collected manually and placed in damp peat moss (Growing
Mix®, Canada) contained within 70x40%x20 cm lidded plastic trays prior to transportation to the
laboratory. In the laboratory each larva was identified to genus level based on the presence of
palidia in the last abdominal segment (raster) and anal aperture morphology (Morén, 1986;
Ritcher, 1966), and placed individually in 100-mL plastic containers with 80 g of damp peat
moss. Larval mortality was recorded every three days for 30 days. Dead larvae were handled as
described previously for G. mellonella larvae (section 2.2). Fungal isolation and handling of

isolates was also the same as described previously (section 2.2).

1.3.4 Mycelium production and DNA extraction

Conidia from monosporic isolates were sub-cultured onto SDA in 90 mm Petri dishes and
incubated at 25 °C in complete darkness for five days. Using a sterile metallic spatula, mycelium
from each isolate was removed and deposited into a sterile 20 mL glass vial. Sterile cellophane
sheets had been placed on top of the agar prior to subculture making it easier to harvest the
mycelium without collecting any of the agar. All vials were frozen at -20 °C overnight and

lyophilised for 24 h.
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For DNA extraction, 0.025 g of lyophilised mycelium was placed into a 1.5 mL
Eppendorf tube and plunged into liquid nitrogen for five minutes. The frozen mycelium was then
ground using a pellet pestle rod (Daigger and Company Inc., Vernon Hills. Il, USA) and DNA
extracted using a DNeasy® Plant Minikit following the manufacturer’s instructions (with the
modifications suggested by Fargues et al. [2002]). Specifically, 20 uL of proteinase K (supplied
with the kit) was added to each sample and the tubes were incubated at 65 °C for one and six
hours for Metarhizium and Beauveria, respectively. The concentration of DNA was estimated
using a NanoDrop (Thermo Fisher Scientific, Inc. Waltham, MA, USA) and stored at -20 °C

until required.

1.3.5 Phylogenetic placement of isolates

For phylogenetic placement of the Metarhizium isolates, a fragment of the 5’ end of the
Elongation Factor 1-a (EF1-a) was amplified using the primers EF1T and EF2T (Bischoff et al.,
2009). PCR amplifications were done as described by Hernandez-Dominguez and Guzman-
Franco (2017). For the Beauveria isolates, partial sequences of the nuclear intergenic region Bloc
(Rehner et al., 2011) were amplified using the primers B22U and B822L (Rehner et al., 20086,
2011). PCR amplifications were made as described by Pérez-Gonzalez et al. (2014). All PCR
products were visualized on a 2% agarose gel in 1X TAE buffer. The gels were stained with
ethidium bromide (0.1 pg mL™?) and photographed. PCR products from isolates were sent to

Macrogen Inc. (Geumchen-gu, Seoul, Korea) for sequencing.

Sequence traces were edited using BioEdit v 7.1.9. (Hall, 1999). Multiple sequence

alignments were made using the Clustal W. program (Thompson et al., 1994) implemented in
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BioEdit. After alignment and trimming, the final length of the TEF sequences were 582 bp for
the Metarhizium isolates (31 sequences), 746 bp for the B. bassiana isolates (41 sequences) and
743 bp for the B. pseudobassiana (five sequences). GenBank accession numbers are listed in
Table 2. Maximum Likelihood (ML) analysis, based on the Tamura-Nei model, was done using
Mega v. 5 (Tamura et al., 2011). The robustness of branches was estimated by bootstrap analysis
with 1000 repeated samples from the data (Felsenstein, 1985). In addition, sequences from
related species within the genus Metarhizium and Beauveria were retrieved from GenBank and

used for comparison (Table 2).

1.3.6 Analysis of genetic variation amongst B. bassiana isolates based on Bloc sequences

Two analyses were done using only the sequence information for the B. bassiana isolates
as they were the most abundant. A Haplotype Network Analysis was done using TCS v. 1.21
(Clement et al., 2000), with a connection limit amongst haplotypes set to a value of 95%. Using
analysis of molecular variance (AMOVA) we obtained partition of genetic variation: between
isolates from the two states (Puebla and Guanajuato); amongst isolates obtained from soil around
different host plants; and amongst all isolates regardless of state or crop soil type., was
determined by analysis of molecular variance (AMOVA), estimated by computing F-statistics

using Arlequin v. 3.5 (Excoffier and Lischer 2015) with 10,000 permutations.
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1.4 RESULTS

1.4.1 Occurrence of entomopathogenic fungi

A total of 63 isolates were recovered from soil; 42 were identified morphologically as
belonging to the genus Beauveria and 21 to the genus Metarhizium. No Metarhizium isolates
were recovered from soil sampled in Guanajuato, and no isolates were recovered from soil
sampled from chilli crops in Puebla. In total we collected 539 larvae in Guanajuato and 779
larvae in Puebla. The number of larvae collected from the different genera at each sampling site
is shown in Table 2. From these, 15 isolates were recovered from infected white grub larvae; five
were identified morphologically as belonging to the genus Beauveria and ten to the genus

Metarhizium (Table 2).

1.4.2 Phylogenetic placement of isolates

For the Beauveria isolates, GenBank accession numbers for all sequence data generated
are listed in Table 3. Phylogenetic analysis of all isolates showed that 41 isolates were Beauveria
bassiana s.s., (Fig. 1). All B. bassiana isolates were obtained from soil and the majority (32)
were from Puebla (only nine from Guanajuato) (Table 3). Six isolates of B. pseudobassiana were
recovered (Table 3, Fig. 1); five of these isolates were obtained from infected white grubs (four

from Puebla and one from Guanajuato) (Table 3).

For the Metarhizium isolates, GenBank accession numbers for all sequences are listed in
Table 4. Phylogenetic analysis of all isolates showed that the most abundant species was M.

robertsii, with 17 isolates (Fig. 2), all from soils collected in Puebla and all from maize (Table
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4). Four isolates were M. pingshaense (Table 2; Fig. 2), all of which were obtained from infected
white grubs (three from Guanajuato and one from Puebla) (Table 4). Three isolates were M.
brunneum (Fig. 2), all of which were from soils collected in Puebla (all from bean) (Table 4).
Seven isolates were M. anisopliae s.s. (Fig 2), six of which were from infected white grubs (five
from Puebla and one from Guanajuato), and only one obtained from soil collected in Puebla

(Table 4).

1.4.3 Genetic variation amongst B. bassiana isolates

The haplotype network analysis of B. bassiana isolates showed the existence of 25
haplotypes. Three haplotypes were independent and had only one sequence each. The remaining
haplotypes were distributed in seven networks. Five networks had two haplotypes, one network
had three haplotypes, and one network had nine haplotypes (Fig. 3). The most common
haplotype was H4, comprising 11 isolates from soil collected in maize and bean crops in Puebla.
This was followed by haplotype H7 (four isolates) and haplotype H8 (three isolates), which were
also from soil collected from maize and bean crops in Puebla (Table 3). There was no clear
pattern in the distribution of haplotypes, except that all isolates from Guanajuato fell into

haplotypes that were independent from the other networks.

The AMOVA analysis showed that 19.6% of the genetic variation could be explained by
the state of origin (Puebla or Guanajuato) (Table 5). The host plant associated with the soil
explained only 3.69% of the total genetic variation. However, 76.70% of the total variation was
explained by comparisons amongst isolate sequences regardless of the host plant soil or state of

origin (Table 5).
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1.5 DISCUSSION

We studied the diversity of entomopathogenic fungi in soil from two different regions
and from different crops. Despite the fact that the genera Beauveria and Metarhizium have a
worldwide distribution (Meyling and Eilenberg, 2007), there are gaps in our knowledge about
their distribution and ecology which requires more research. For example, many reports
describing the distribution of Beauveria and Metarhizium species were done before the cryptic
species within the complex of B. bassiana s.l. and M. anisopliae s.l. were described (Bischoff et

al., 2009; Rehner et al., 2011).

From the genus Beauveria we found both B. bassiana s.s. and B. pseudobassiana. These
species had already been reported from Guanajuato (Carrillo-Benitez et al., 2013; Pérez-
Gonzélez et al., 2014). In the current study we found that B. bassiana s.s. was only found in soil
(using G. mellonella larvae as bait) and not infecting white grub larvae in the field, regardless of
the region or the crop (Table 3). In contrast, B. pseudobassiana was predominantly found
infecting white grub larvae (only one isolate was from soil), regardless of region. This represents
clear niche separation between these two species. However, the role that each species plays in
regulating insect populations is unclear. Preliminary experiments (data not shown) showed that
selected isolates from B. bassiana (AP1, AP2, AG4, AG2 and AG6) and B. psuedobassiana
(AG10) (Table 3) collected in this study, were not pathogenic to Phyllophaga spp. larvae, which
confirms previous reports for other isolates from the same species when evaluated against
Phyllophaga and Paranomala (=Anomala) (Guzman-Franco et al., 2012; Carrillo-Benitez et al.,

2013).
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Many plant species overcome nutrient deficiencies by associating themselves
symbiotically with bacteria, mycorrhiza and/or endophytic fungi (Clark and Zeto, 2000).
Entomopathogenic fungi have also developed endophytic relationships with plants to acquire
carbohydrates necessary for their survival (Bonfonte and Genre, 2010; Barelli et al., 2016). It is
possible that insect pathogenicity is an adaptation of endophytic fungi to provide the plant with
complex nitrogen sources from herbivores (Behie and Bidochka, 2014; Barelli et al., 2016).
Although we did not look for B. pseudobassiana within plant tissues, we believe that this species
has potential to be endophytic, spending part of its life cycle within the plant and, under certain
(as yet unclear) circumstances, also infect white grub larvae, providing nitrogen sources to maize
plants. Our findings, and others reported previously (Carrillo-Benitez et al., 2013; Pérez-
Gonzalez et al., 2014), suggest that a specific tritrophic relationship between maize roots, white
grub larvae and B. pseudobassiana could exist because this fungal species has only been found
infecting white grub larvae and not G. mellonella larvae. This tritrophic relationship suggested
for B. pseudobassiana is not shared with isolates of B. bassiana s.s., which were never found
infecting white grub larvae. However, B. bassiana s.s. is a much more widely distributed species
than B. pseudobassiana being found in both regions and in the soils from all crops studied except
chilli (Table 3). It is likely that B. bassiana s.s may survive in soil because it is rizhosphere-
competent, as previously reported for some isolates of M. anisopliae s.I. (Hu and St. Leger,
2002; St. Leger, 2008). Rhizospere competence means that these fungi can survive around the

roots using the nutrients available to them in the root exudates (de Weert and Bloemberg, 2006).

Whether the B. bassiana s.s. isolates we obtained in this study can infect above-ground
insects is unknown and currently under evaluation. The fact that the B. bassiana s.s. isolates we

obtained in this study could infect G. mellonella larvae suggests that this might be possible. We

16



found substantial genetic variation amongst B. bassiana s.s. isolates which could not be related
to geographical origin or crop type. We suggest this genetic variation may allow B. bassiana to
survive in different environments, adapting to changes in biotic or abiotic conditions through a
series of local extinctions and resurgences of particular genotypes. These phenomena have
recently been reported for M. anisopliae s.s. (Herndndez-Dominguez and Guzméan-Franco,

2017).

Although a combination of B. bassiana and B. pseudobassiana could, together, favour the
growth of maize plants, it does not appear to contribute to reducing white grub populations in the
field. Overall, few infected field-collected larvae were found and only six isolates were obtained.
Most importantly, no infection was achieved by artificially inoculating white grub larvae in the
genera Phyllophaga or Paranomala (data not shown; Guzméan-Franco et al., 2012), which are

important insect pests in Mexico (Marin-Jarillo and Bujanos-Muiiis, 2003).

Greater species diversity was found in the genus Metarhizium; there were four
Metarhizium species compared with only two Beauveria species. No Metarhizium isolates were
found in soil from Guanajuato, but 21 isolates were found in the soil from Puebla. Amongst the
isolates from Puebla there was a very clear separation between crops. Metarhizium brunneum
was isolated from bean soil and M. robertsii from maize soil. Wyrebek et al. (2011) reported an
effect of plant species on Metarhizium diversity; M. robertsii, M. brunneum and M. guizhouense
were associated with the soil around grasses, shrubs and trees, respectively, which was in line

with our findings.
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In our study a different set of species were found infecting white grub larvae, and the
genus of the white grub larvae affected the diversity (Table 3). We only isolated M. anisopliae
s.s. from white grubs in the genus Paranomala, and M. pingshaense only from white grubs in the
genus Phyllophaga. This suggests that M. robertsii and M. brunneum may have a partially
endophytic life cycle as previously suggested by Sasan and Bidochka, (2012). Furthermore,
given that the soil samples were taken from the area surrounding the roots, it is possible that M.
brunneum and M. robertsii could also be rhizosphere-competent. We believe M. anisopliae and
M. pingshaense are predominantly insect regulators and use white grub larvae as their primary
nitrogen source (Barelli et al., 2016). Despite low levels of infection in the field, M. pingshaense
is known to be highly virulent against larvae of Paranomala (= Anomala) cincta in the
laboratory (Guzman-Franco et al., 2012). It is unclear why P. (= A.) cincta is so susceptible to M.
pingshaense in the laboratory while Ph. polyphylla is not (Guzman-Franco et al., 2012). We
suggest that species within the genus Phyllophaga are co-evolved to survive in the soil
environment and have developed mechanisms to avoid infection in the field. However, as
mentioned earlier, under specific, but currently unknown circumstances, some larvae might
become infected, possibly to fulfil a nutriment requirement of the plant. While M. pingshaense
and M. anisopliae seem to have an insect-regulation role, the reason for differential susceptibility
between Paranomala and Phyllophaga species is unclear, despite white grubs from both genera
co-existing in the same areas (Marin-Jarillo and Bujanos-Muiiis, 2003) and presumably under the

same selection pressure from the microbial community.

We believe that, in the white grub ecosystem, entomopathogenic fungi may have evolved
into a more endophytic or rhizosphere-competent relationship with plants rather than relying

exclusively on infecting insects for their survival. This change in behaviour is most likely to be
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because it requires a lower energy investment compared with infecting white grubs, which may
have evolved a more complex defence system against infection as a result of continuous

exposure to the soil microbiota. This needs experimental confirmation.

In conclusion, Metarhizium had a higher species diversity than Beauveria in the regions
studied. We found no effect of geographical separation, but species diversity in Metarhizium was
influenced by crop type. The host used for isolation (i.e. G. mellonella as a soil bait or direct
from white grubs) strongly influenced which species would be isolated. We believe all species
found could have some sort of endophytic relationship with plants, and that niche separation
suggests that each species has a different role and relationship with particular plants. Our results
contribute to testing the hypothesis that these fungal species have more complex roles in the

ecosystem than just as insect regulations.
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Table Legends

Table 1. Sites in Guanajuato and Puebla states, Mexico, where soil was collected for isolation of

entomopathogenic fungi. ** = zucchini (Cucurbita pepo L.), cucumber (Cucumis sativus L.) and beans
(Phaseoulus vulgaris L.).

State Municipality Locality Crop
Puebla  Tetela de Ocampo San Nicolas Maize (Zea mays L.)
Tonalapa Bean (Phaseoulus vulgaris L.)
Cuapancingo Chilli (Capsicum annuum L.)
Guanajuato Salvatierra Urireo mixed **
Comonfort 5 de Febrero Maize
Comonfort 5de Febrero  Sorghum (Sorghum bicolor (L.) Moench)
Comonfort Morales Jicama (Pachyrhizus erosus (L.) Urb.)

Table 2. Sites (all maize crops) in Guanajuato and Puebla states, Mexico, where white grub larvae were
collected for subsequent isolation of entomopathogenic fungi. The number of white grubs collected (No),
and the number of isolates from the genera Beauveria and Metarhizium, are shown. Ma = M. anisopliae
s.s., Mp = M. pingshaense, Bp = B. pseudobassiana.

o ) No. isolates

State Municipality Locality Genus No : _
Beauveria Metarhizium
Puebla Paranomala 230 0 4 (Ma)
Tetela de San Phyllophaga 122 1 (Bp) 1 (Mp)
Ocampo Nicolas

Cyclocephala 9 2 (Bp) 0
Paranomala 13 0 1 (Ma)

Acatlan Phyllophaga 350 1 (Bp) 0

Cyclocephala 4 0 0
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Guanajuato

Jerecuaro

Paranomala 69 0 1 (Ma)

S8 “phyliophaga 282 1 (Bp) 3 (Mp)

Lorenzo

Cyclocephala 44 0 0

Table 3. Isolates of Beauveria species obtained and sequenced for phylogenetic analysis. GenBank
accession numbers and haplotype assignment (only for B. bassiana) following Haplotype Network
Analysis are shown.

State Isolate Crop Species GenBank Haplotype
Isolates obtained from soil

Puebla AP1 bean B. bassiana MH374233 H19
AP9 bean B. bassiana MH374216 H4
AP20 bean B. bassiana MH374219 H8
AP26 bean B. bassiana MH374231 H3
AP27 bean B. bassiana MH374223 H4
AP39 bean B. bassiana MH374226 H8
AP40 bean B. bassiana MH374227 H7
AP2 maize B. bassiana MH374211 H7
AP3 maize B. bassiana MH374213 H4
AP4 maize B. bassiana MH374251 H18
AP5 maize B. bassiana MH374214 H4
AP6 maize B. bassiana MH374246 H17
AP7 maize B. bassiana MH374215 H7
AP8 maize B. bassiana MH374232 H16
AP10 maize B. bassiana MH374239 H15
AP11 maize B. bassiana MH374217 H4
AP12 maize B. bassiana MH374248 H14
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AP18 maize B. bassiana MH374218 H4
AP19 maize B. bassiana MH374244 H13
AP21 maize B. bassiana MH374220 H12
AP22 maize B. bassiana MH374238 H11
AP23 maize B. bassiana MH374221 H7
AP25 maize B. bassiana MH374222 H8
AP28 maize B. bassiana MH374250 H10
AP29 maize B. bassiana MH374249 H9
AP30 maize B. bassiana MH374224 H4
AP38 maize B. bassiana MH374225 H4
AP41 maize B. bassiana MH374228 H4
AP42 maize B. bassiana MH374229 H6
AP43 maize B. bassiana MH374247 HS5
AP44 maize B. bassiana MH374230 H4
AP45 maize B. bassiana MH374234 H1
Guanajuato AGl maize B. bassiana MH374212 H4
AG3 maize B. bassiana MH374243 H24
AG5 maize B. bassiana MH374242 H22
AG6 maize B. bassiana MH374236 H20
AGS8 maize B. bassiana MH374245 H2
AG9 maize B. bassiana MH374235 H20
AG2 sorghum B. bassiana MH374241 H25
AG4 sorghum B. bassiana MH374237 H23
AG7 jicama B. bassiana MH374240 H21
AG10 bean B. pseudobassiana MH374254 -

Isolates obtained from infected white grubs
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Puebla GP3 maize  B. pseudobassiana MH374255 @ -----

GP9 maize  B. pseudobassiana MH374252 @ -----
GP10 maize  B. pseudobassiana MH374256 @ -----
GP11 maize  B. pseudobassiana MH374253 = -----
Guanajuato GG4 maize  B. pseudobassiana MH422574 -

Table 4. Isolates of Metarhizium species obtained and sequenced for phylogenetic analysis. GenBank
accession numbers are shown.

State Isolate Crop Species GenBank

Isolates obtained from soil

Puebla AP13 bean M. brunneum MH374191
AP14 bean M. brunneum MH374192
AP34 bean M. brunneum MH374193
AP47 bean M. anisopliae MH374190
AP15 maize M. robertsii MH374208
AP17 maize M. robertsii MH374209
AP24 maize M. robertsii MH374205
AP31 maize M. robertsii MH374199
AP32 maize M. robertsii MH374198
AP33 maize M. robertsii MH374197
AP35 maize M. robertsii MH374203
AP36 maize M. robertsii MH374196
AP37 maize M. robertsii MH374207
AP46 maize M. robertsii MH374194
APA48 maize M. robertsii MH374204
AP49 maize M. robertsii MH374210

27



AP50 maize M. robertsii MH374195

AP51 maize M. robertsii MH374200
AP52 maize M. robertsii MH374201
AP53 maize M. robertsii MH374206
AP54 maize M. robertsii MH374202

Isolates obtained from infected white grubs

Puebla GP1 maize M. anisopliae MH374186
GP2 maize M. anisopliae MH374187

GP4 maize M. anisopliae MH374188

GP5 maize M. anisopliae MH374189

GP8 maize M. anisopliae MH374185

GP7 maize M. pingshaense MH374183

Guanajuato GG1 maize M. pingshaense MH374180
GG2 maize M. pingshaense MH374181

GG3 maize M. pingshaense MH374182

GG5 maize M. anisopliae MH374184

Table 5. Results of AMOVA analysis of Bloc sequences from B. bassiana isolates.

Source of variation df. Sum of Variance  Variation F statistic P value

sguares  components (%)

Amongst groups (states) 1 58.429 2.9887 19.61 0.1960 0.09

Amongst populations

(host plant soil) within 4 43.063 0.5626 3.69 0.0459 0.40
groups (states)
Within populations 36  420.92 11.692 76.70 0.2329 0.01
Total 40 52241 15.243
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Figure Legends
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Figure 1. Phylogeny of Beauveria species and isolates inferred from Maximum Likelihood (ML) analysis
of the Bloc sequence data. Isolates used as references are labelled according to their GenBank accession
numbers. Only bootstrap values above 80% are shown.

29



AP46

APS50
AP36
AP33
AP32
— AP31
AP51
— AP52
M. robertsii EU248848
94| AP54
AP35
AP48
AP24
— AP53
— AP37
M. robertsii  DQ463994
— AP15
1 |api7
AP49
M. pingshaense KX419476
M. pingshaense KX419477
GG1
GG2
GG3
— GP7
M. brunneum EU248853
[ M. brunneum EU248854
ag| |AP13
T|AP14
AP34
87| M. anisopliae  KX419554
_< M. anisopliae  KX419555
AP47
— GG5
|| GP8
GP1
GP2
GP4
GP5

94 | M. guizhouense EU248860
M. guizhouense KX419478
M. majus EU248866
100 ' M. majus EU248868
M. lepidiotae EU248864
£M. lepidiotae  EU248865
 E— M. frigidum DQ463978
100 —— M. flavoviride DQ463988

0.0100
Figure 2. Phylogeny of Metarhizium species and isolates inferred from Maximum Likelihood (ML)

analysis of the EF1-a sequence data. Isolates used as references are labelled according to their ARSEF
accession numbers. Only bootstrap values above 80% are shown.
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Figure 3. Most parsimonious haplotype network for the 25 haplotypes found in B. bassiana isolates from
Mexico. Haplotypes are connected with a 95% confidence limit. Each line in the network represents a
single mutational change. Small white circles indicate missing haplotypes. Numbers of samples per
haplotype are shown in parentheses.
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DISCUSION GENERAL

En esta investigacion se utilizaron larvas de G. mellonella para realizar el trampeo de
hongos entomopatogenos en suelo de diferentes cultivos de las entidades federativas Puebla y
Guanajuato. En total se obtuvieron 63 aislamientos de Beauveria y Metarhizium. B. bassiana fue
la especie mas abundante en ambos estados, seguido de M. robertsii, M. brunneum, B.
pseudobassiana, y M. anisopliae. EI mayor registro de Beauveria y Metarhizium se obtuvo en el
cultivo de maiz en la localidad de San Nicolas, en el estado de Puebla y Ejido 5 de Febrero, en el
estado de Guanajuato. Lo cual coincide con lo reportado por Pérez-Gonzalez et al. (2014)
quienes colectaron muestras de suelo en parcelas de maiz de 11 localidades de Guanajuato e
identificaron B. pseudobassiana, M. robertsii y B. bassiana, este ultimo con el mayor registro de
aislamientos. Igualmente, Meyling y Eilenberg (2006) reportaron la especie B. bassiana en suelo
de un campo cultivado organicamente e I. fumosoroseus en suelo de setos vivos que rodeaban el
campo agricola. En un estudio realizado en Isparta, Turquia se tomaron 196 muestras de suelo y
se utilizaron 1080 larvas de G. mellonella; los géneros registrados fueron Beauveria spp (164
aislamientos) y Metarhizium spp (40 aislamientos) (Baydar et al., 2016). Por otra parte, Saleh et
al. (2016) con una metodologia similar a la nuestra, al remover y obtener suelo lo méas préximo
al tallo de la planta de huertas frutales y utilizar larvas de G. mellonella identificaron B.
bassiana, M. anisopliae y L. lecanii. Medo y Cagéan (2011) tomaron 430 muestras de suelo y
mediante el trampeo de hongos obtuvieron cuatro especies siendo B. bassiana la mas abundante
en habitats diversos, pero principalmente en bosques, M. anisopliae se presentd en campos
cultivados y praderas, 1. farinosa en bosques e I. fumosorosea en setos vivos. Con los resultados

de estos trabajos que desarrollaron metodologias similares, incluyendo las nuestras se pudo
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indicar que los géneros de hongos con mayor abundancia y distribucién geografica fueron

Beauveria y Metarhizium.

El andlisis de variacion genética de los aislamientos de B. bassiana en este estudio revel6
la existencia de 25 haplotipos distribuidos en siete redes y tres haplotipos independientes, hubo
mas variabilidad genética en aislamientos obtenidos del cultivo de maiz seguido de frijol, ambos
de Puebla, posiblemente por contar con un mayor registro de hongos. El andlisis de varianza
molecular (AMOVA) revel6 que ni origen geogréfico (Puebla y Guanajuato) o cultivos fueron
factores importantes en la diversidad genética. Medo et al. (2016) obtuvieron 15 haplotipos de
aislamientos de B. bassiana, mientras que Coates et al. (2002) obtuvieron 24 haplotipos de 96
aislamientos de B. bassiana procedentes de diferentes érdenes de insectos; el analisis AMOVA
indicd que no existe correlacién significativa entre los haplotipos y el orden taxonémico al que
pertenece el hospedante u origen geografico de donde fueron aislados los hongos. Carrillo-
Benitez et al. (2013) reportaron 17 aislamientos infectando inmaduros de escarabajos (= gallina
ciega), todos identificados como B. pseudobassiana y pertenecientes a un solo haplotipo. Goble
et al. (2015) al hacer bioensayos con el hongo entomopatdégeno B. brongniartii infectando
Schizonycha affinis y T. molitor sefialaron que los aislamientos que comparten el mismo
haplotipo no varian en virulencia, pero si entre haplotipos a pesar de obtenerse en la misma

epizootia o area de estudio.

Los insectos son los hospedantes naturales de muchas especies de estos hongos, los
cuales pueden ser dispersados de forma forética en algunas de sus estructuras morfolégicas, se
encuentran dentro y sobre estos ya sea en una asociacion mutualista, de comensalismo o paréasita

(Blackwell, 2010). En este estudio se realizaron colectas de larvas de gallina ciega en parcelas de
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maiz ubicadas en localidades del estado de Puebla y Guanajuato; tras un mes de monitoreo se
obtuvo un total de 10 aislamientos de Metarhizium y seis de Beauveria; todos los aislamientos
del género Beauveria fueron identificados molecularmente como B. pseudobassiana,
curiosamente no se registrd B. bassiana, por lo cual se considera que existe especificidad de esta
especie de hongo con larvas de gallina ciega. En el género Metarhizium se identifico la especie
M. pingshaense en la mayoria de los aislamientos obtenidos de larvas de escarabajos en
Guanajuato, mientras que en Puebla fue M. anisopliae; el mayor registro de hongos se aislé de
Phyllophaga, seguido de Paranomala y Cyclocephala. Al muestrear suelo y colectar larvas de
gallina ciega en maiz, Solis et al. (2016) reportaron siete aislamientos como M. anisopliae y 20
como B. bassiana obtenidos de Phyllophaga sp. y G. mellonella, lo cual coincide con este
trabajo. Los mismos autores, al realizar bioensayos con 27 aislamientos aplicados a Phyllophaga
vetula determinaron que existia mayor patogenicidad por parte de los aislamientos de M.
anisopliae aislados de Phyllophaga sp. (46.6 a 73.3%) que los de B. bassiana, y mayor aun que
los hongos obtenidos de suelo con el insecto cebo G. mellonella (0 a 20%). En cafia de azUcar se
ha identificado B. brongniartii y B. bassiana causando epizootias en larvas, pupas y adultos del

escarabeido Hypopholis sommeri (Goble et al., 2012) y S. affinis (Goble et al., 2015).

Los resultados de experimentos preliminares que se realizaron en el transcurso de este
trabajo, asi como los reportados por Carrillo-Benitez et al. (2013) revelaron que algunos de los
aislamientos obtenidos no fueron patogénicos a larvas del género Phyllophaga, ya que las
mortalidades nunca excedieron el 20%. Es probable que estos aislamientos estén jugando otro
papel ecoldgico en los sistemas estudiados, y no precisamente el de regulador de poblaciones de
insectos. Existen reportes de que estas especies de hongos podrian estar jugando un papel de

asociacion simbiotica con las plantas, donde la planta le provee carbohidratos esenciales al
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hongo para su desarrollo, y el hongo le da acceso a fuentes complejas de nitrégeno (p.e. insectos)

(Barelli et al., 2016).

En conclusion, las especies B. bassiana, B. pseudobassiana, M. robertsii, M. brunneum y
M. anisopliae se aislaron de suelo procedente de diferentes cultivos agricolas; por otro lado, B.
pseudobassiana, M. pingshaense y M. anisopliae se encontraron infectando larvas de gallina
ciega en parcelas de maiz de las entidades federativas Puebla y Guanajuato. Los resultados de
este trabajo sugieren que el area geogréafica y el tipo de cultivo no influyeron en la diversidad
poblacional de B. bassiana. Esta investigacion refuerza la necesidad de realizar mas estudios que
permitan comprender la ecologia de estos microorganismos y sus hospederos, y determinar que
otros papeles podrian estar jugando en el ecosistema, ademas de posibles reguladores de

poblaciones de insectos.
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