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ABSTRACT KEYWORDS
Inthiswork, theisolation, morphological and molecular identification of Biological control;
new entomopathogenic fungal strainswere performed. Thefungal strains 18SrRNA sequencing;
wereisolated from 12 soils samples collected at three agricultural Mexican Tenebrio molitor;
regions. Sdltillo and Torreon, Coahuila and Mexico City using Tenebrio Cordyceps brongniartii.

molitor larvae as host. Only four of all isolates strains were identified as
entomophatogenic according to the morphological characterization. In
addition, 11 entomopathogenic fungal strainswereisolated directly from
dead insects, in addition as control were used 5 fungal strains belonging
totheApplied Microbiology Center (CEMAP) GreenCorp Biorganiksde
México SAde CV. All fungal strains were identified through the 18S rRNA
sequencing and comparing with those deposited in the NCBI database
through BLAST tool. Three 3 strainsfrom agricultural soilswereidentified
as Metarhizium anisopliae and only one as Cordyceps brongniartii.
From dead insects, 7 strains were identified as Beauveria bassiana, 2 as
C. brongniartii and 2 more as M. anisopliae. The phylogenetic analyses
confirmed the close rel ationship among the strainsidentified as B. bassiana
and among those M. anisopliae strains and shows that some of these
entomopathogenic fungi are novel strains which may have potential as
biological insecticides for different insect pests.
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INTRODUCTION level, considering aspectslikefood safety, sustainable

production systems and fair compensation for produc-

Actudly, food production, in particularly vegetables  erg™. Therefore, synthetic chemical pesticidesare ap-
production hasthe problemto preserveahighquality  pliedinorder to protecting crops but thispractice pro-
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motesenvironment pollution. Also someof these pesti-
cides can contaminate soil and water and can betoxic
to other organismsincluding human. InMexican agri-
cultureiscommon and important, the plant and fruit
damage for some pests like Spodoptera frugiperda
(Smith), the most important pest for maize®; Bemisia
tabaci (Gennadius) which attacks cotton, melon, wa-
termel on and soybean crops and Anthonomusgrandis
(Boheman), considering themajor pest of cotton®. For
thisreason, the agricultura production systemshave
tended to theuse of methodsfor pest control whichare
morerationa and friendly with theenvironment’®. Ag-
riculturd producersarereplacing syntheticinsecticides
for moreadvantageousdternativesusing an Integrated
Pest Management (IPM). ThelPM isbased in cultural
practices aimed to controlling pests, plant capacity to
resist pest damage and pest mortality by natural fac-
tors, like parasitoids, predators and pathogend”.

Biological control asafundamental part of IPM
has extended the use of microorganismsfor pest con-
trol. Themicroorganismsused for thistarget arevirus,
bacteriaand fungi®. Thesemicroorganisms may cause
thedirect death of the attacked insect species. Par-
ticularly, fungi are one of the best alternativesfor pest
control. Morethan 750 fungd specieshave been docu-
mented infectinginsects(Nationa Academy of Sciences,
1979). Thefunga speciesmoreused ashiological in-
secticides include Beauveria bassiana (Balsamo)
Vuillemin and Metarhizumanisopliae (M etchnikoff)
Sorokin®1%, Beauveria bassiana attacksover 200in-
sect species, including pestsof agricultura importance
like Hypothenemus hamperi®¥, Plutella xylostella
(Linnaeus)™ and Cosmopolitessordidus (Germar)™.,
On the other hand, Metarrizium anisopliae attacks
naturally more than 300 insect species, for example
Aeneolamiavaria(Fabricius), which atackssugar cane
plantationg¥, dthough, fungd virulenceand infection
level may vary among fungal strains, by thisreasonis
important to have different strains of each of the
entomopathogenic fungd species.

Useof microorganismsasbio-insecticidesinvolves
numerouslaboratory and field teststo confirmtheir natu-
ra presenceintheenvironment, virulence, environmental
factorseffect and their correct identification®. Actu-
adly, fungi identificationismadeusngmorphol ogicd traits
aswell DNA sequencing to establish phylogeneticrea

tionshipsamong organisms*4. Themaost common mor-
phological characteristicsused for fungi identification
are: growth type, shape and size of spore and repro-
ductive structurestype, aswell asextracdlular protein
profilesand growth nutrient requirements, which some-
timesareinsufficient for an accurateidentification to
specieleve ™™, Themolecular characterization consist
specificdly indifferentiateindividuasof interestin ac-
cordancetotheir genetic variationsor DNA polymor-
phismsthough anaysis of their sequencesand nucle-
otide combinationg*®. The present work wascarried
out to performed morphol ogical and molecular identifi-
cation of new entomopathogenicfungd strainsisolated
from soil samplesand dead insectsand to determine
the phylogeneti c relationshipsamong theisolated fun-
gal in order to identify new and more effective
entomopathogenic strainsthan current aternativesfor
useinthebiologica control of pest insect.

MATERIALSAND METHODS

Soil sampling

Thefungd strainswereisolated from 12 soil samples
collected at threeagriculturd Mexicanregions. twolo-
cdizedinthe Sate of Coahuila(Sdltilloy Torreon) and
another one, near to Mexico City (TABLE 1). Thesam-
pling was performed at random based on the proce-
dure described by Sanchez et al.!*"; for this, /3 kg of
soil wastaken from threedifferent placesof each agri-
cultura plot. Then, thethree soil sampleswere mixed
and 1 kg of total weight was taken. This procedure
was repeated for each agricultural soil sampling. The
collected samples were moistening with water and
placed in hermetic plastic containers, where 10 fresh
larvae of Tenebrio molitor were placed. These con-
tainerswere maintai ned closed during 7 daysto 25°C.
Theinfected |larvaewere placed in aPetri steriledish
onfilter moistening paper to 25°C. The fungal growth
on thelarvae was monitored. The sporulated fungal
strainsisolated on thelarvae wereinocul ated on Perti
dish with PDA medium and incubated to 25 °C during
oneweek approximately. Thefungal isolateswere pu-
rified by monospore cultureson water-agar (AA: 189
agar in1000mL distilled water), andincreased on PDA.
Later, thefungal strainswere spread onliquid medium
(Pontecorvo) in order to obtain sporesand mycelium
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productionfor DNA isolation. Thisbiologica materia
was conserved in asolution of skim milk and glycerol
(9:1) at-17°C.

TABLE 1: Soil samplestested, plant associated, origin and
code

Plant associated to

Code the sampleor soil code

Origin of the sample

Mez Prosopis laevigata Buenavista Coahuila
HV  Vegetables crops Buenavista Coahuila

M Zeamays Buenavista Coahuila
Nop Opuntiaficusindica Buenavista Coahuila
Pin  Pinussylvestris Buenavista Coahuila
HJ  Garden soil Saltillo Coahuila

S1 Sail 1 Distrito Federal Mexico
S2 Sail 2 Distrito Federal Mexico
S3 Sail 3 Distrito Federal Mexico
A Soil 4 Distrito Federal Mexico
ST1 Torreon Soil 1 Torreon Coahuila

ST2  Torreon Soil 2 Torreon Coahuila

I nsect sampling

Amphidees|atifrons and Muscadomesticadead
adultinsectswerecollected indifferent locationsof The
State of Sinaloa, Mexico. In addition, dead adult in-
sects belongingto the Coreidae family from Arteaga
Coahuila, Mexicowerecollected (TABLE 2). Thein-
sectswere sectioning into head, thorax and abdomen.
Each section wasdisinfected used sodium hypochlorite
(1.5%) by immersionfor 3 min, after thoseinsect sec-
tionswerewashed with steriledistilled water for 1 min
and dried on sterile paper towels. Insect sectionswere
placed on Petri dishes contai ning potato dextrose agar
(PDA: 20 g potato, 20 g of dextrose, 18 g agar and
1000 mL distilled water) as culturemedium, placing 4
pieces per plate. The Petri disheswere incubated to
25+1 °C and a continuous black light lamp 40 W was
using during theday. Thefungal isolateswere purified
by monospore cultures on water-agar (AA: 18 gagar
in 1000 mL distilled water), andincreased on PDA. In
addition, for obtaining biomassfor DNA isolation, the
fungi wereinoculated in 150 mL of liquid medium
(Pontecorvo), whichwasincubated in agitation during
5-10daysat 25 °C. The biomass generated was sepa-
rated from the culture medium by filtration using a
vacuum system. The sampleswerefrozenat -17°C.

In addition, as control were used 5 microbial iso-

|atesidentified asentomopathogenicfungd strainsfrom
themicroorganismshbank bel onging to theApplied Mi-
crobiology Center (CEMAP) GreenCorp Biorganiks
de México SA de CV. Saltillo, Coahuila, México
(TABLEQJ).

TABLE 2: Fungal strainsisolated from insects pest adult
dead and their codeand origin

Code I nsect host Origin of theisolate
Col Coreidae family Sinaloa

Co2 Coreidae family Sinaloa

Co3 Coreidae family Sinaloa

Co5 Coreidae family Sinaloa

Mel  AmphideesLatifrons  Arteaga Coahuila
Me3  AmphideesLatifrons  Arteaga Coahuila
Bb3 Amphidees Latifrons  Arteaga Coahuila
Bb4 Amphidees Latifrons  Arteaga Coahuila
Bb6 Amphidees Latifrons  Arteaga Coahuila
MD4  Musca domestica Sinaloa

MD5  Musca domestica Sinaloa

TABLE 3: Fungal strainsused ascontrol, code, insect host
and origin

Code I nsect host Origin of theisolate
Ma  Tettigoniaviridissima Cuba
Pf Bemisia tabaci México
Pl Unknown México
Nr  Spodopterafrugiperda México
VI Unknown México

M or phological characterization

Themacrascopic characterization of funga strains
was performed on the monospore cultures. The ob-
served traitswere: colony growth, appearance, texture
and coloration in both faces of the Petri dish. Themi-
croscopi ¢ description was performed by staining the
fungal spores and reproductive structures with
lactophenol blueand then observed under acomposed
microscope and i dentified by morphol ogy using taxo-
nomic keysfor the principa reproductivestructures of
fungi. Also, it was measured thelength and diameter of
these structureg®l,

18SrRNA sequencing

To confirmthemorphologica identification of those
fungi coloniesand identify novel entomopathogenic
strainsthat grown oninsect larvae, DNA wasisolated
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using the methodology proposed by Ahrens and
Seemiiller™. Amplification of 18S rRNA was per-
formed by PCR using theprimersPN3 (5’-CCG TTG
GTGAAC CAG CGGAGG GAT C-3’) and PN10
(5°-TTC GCT TAT TGATAT GCTTAA G-3"). PCR
reactionwascomposed of serileultrapurewater (14.5
u L), 10X TBE buffer (2.5 p L), MgCl, at 2.5 mM
(2.08 p L), dNTPs at 0.2 mM (2 p L), primers PN3
and PN10 to 20 pmol (2 p L of each), DNA poly-
merase (Biogenic®) 1U (0.2 u L) and 80 ng of DNA
sample (1 uL). PCR program consisted of aninitia
denaturing step of 95° C for 5 min, followed by 35
cyclesof thefollowing steps. 1 minat 94 °C for dena-
turing, 1 min at 54° C for primers annealing and 1 min
at 72° C for polymerization. Once the reactions were
finished, the PCR productswereresolvedin agarose
(1%) gdl dectrophoresis. Theamplified productswere
sequenced in Perkin Elmer equipment by the Tag FS
Dye Terminator Cycle Sequencing Huorescence-Based
Sequencing method. The sequencesfrom theNationa
Gene Bank Center for Biotechnology Information
(NCBI) with the highest value of similarity were con-
Sdered for comparison with the sequencesobtainedin
this study. The 18SrRNA sequences obtained were
alignedinthedatabase of NCBI by the BLAST pro-
gram (Basic Local Alignment Search Tool) (http://
www.ncbi.nlm.nih.gov/BLASTY/). In order to recon-
struct the phylogeny of the analyzed sequences, the
MEGA 4.0 softwarewith the UPGMA aignment op-
tionwasused.

RESULTS

| solation of entomopathogenicfungi strains

From the 12 soil sampleswereisolated 48 infected
T. molitor larvae. For fungi isol ation were chosenthose
larvae which presented an increased mycelial growth
according with the morphology described for
entomopathogenicfungi. Inat least 5 soil swas present
morethan onetype of fungal growth. Inthe pine soil
wasfound agreater number of infected larvae (TABLE
4). Funga morphological characterization of theiso-
lated and purified fungal strains from soil samples
(TABLE 1) and dead insects (TABLE 2) were done
accordingto thefungal taxonomica keysproposed by

————, FyurL PAPER

Domsch et al.?™. Fungal strains isolated from soil
sampleswere coded asfollow; samplecodeplusinitia
of generous and specie per example: MezMa,
Metarhiziumanisopliae strainisolated from the M ez
sample. Tenfunga strainswereisolated from the soil
samples, however only 4 out of 10 were selected
(TABLEYS) for later anayses becausethe other 6 fun-
gd strainswere entomopathogenic but also have been
identified as plant pathogens by thisreason they were
discarded.

TABLE 4: Number of larvaeinfected (NIL) and number of
larvaeselected (NSL) of fungi isolation per sample

Sail NIL NSL Sail NIL NSL
Mez 5 2 Soil 1 6 1
HV 5 1 Sail 2 4 1
M 3 1 Sail 3 2 0
Nop 3 0 Soil 4 3 0
Pin 8 2 ST1 3 1
HJ 4 1 ST2 2 0

TABLE 5 : Isolated fungal strains from cultivated soil
samples

Origin of theisolate

Code (Saltillo, Coahuila, M éxico)

I nsect host

MezMa Tenebrio molitor Mesquite soil
PinMa Tenebrio molitor Pine tree soil
MezBb Tenebrio molitor Mesquite soil
HJMa Tenebrio molitor Garden soil

Beauveria bassiana (Bals.-Criv.) vuill

The Pf and Nr control strains; Col, Co2, Co3,
Co5, Bb3, Bb4, Bb6, MD4 and MD5 strainsisolated
from dead insect aswell asMezBbisolated from soil
sampleswere characterized asBeauveriabassanain
accordancewith thefollowing description: Macroscopic
characterigtics: flat cottony consistence, largegrowth,
the colorsvary between white and creamy whitewith
the creamy yellow reverse. Microscopic characteris-
tics: branched conidiophores, conglomerated
conidiogenouscells, the conidiawas observed rounded
measuring at 1-2 p of diameter and present septate
andthin hyphae(Figure 1).

Metarhizium anisopliae (M etschnikoff) sorokin

TheMacontrol strain; Mel and Me3 strainsiso-
|ated from dead insectsand HIM a, PinMaand MezMa
strainsisolated from soil sampleswere characterized
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asMetarhiziumanisopliaeaccordingwith thefollow-
ing description: Macroscopic characteristics: cottony
and powdery consistence, radial and planegrowth, the
color vary between olive green, yellow and whiteand
present areverseof color opaqueyellow tolight brown.
Microscopic characteristics: branched conidiophores
withcylindrical phidideswhichbecomethintowardthe
tip, the conidiaare ovoid measuring 4-6 p long and 1-
2 nwidth formed achain and present septate hyphae
(Figure2).

Figurel: Morphological characteristicsof the Beauveria
bassiana strains

Figure2: Morphological characterization of theMetarhizum
anisopliae strains

Paecilomyceslilacinus (T hom) samson

Only the Pl control strain was identified as
Paecilomyceslilacinusaccording to thefollowing de-
scription: Macroscopic characteristics: flat powdery
consistence, extended radial growth, violet color and
thereversewas observed from whiteto pink. Micro-
scopic characteristics: verticillate branching conidio-
phoreswith broom form, the phialidesaretapering to-
wardsthetip, theconidiaaredliptical measuring2.5-4
u of diameter and observed septate hyphae (Figure 3).

\.ﬂ("
Figure 3 : Morphologlcal characterlzatlon of the
Paecilomyces lilacinus strain

Verticillium lecanii (Zimmer man) viegas

TheV!I control strainwas characterized as\erticil-
lium lecanii according to the following description:
Macroscopic characteristics: flat cottony consi stence,
extended radial growth and white color aswell asre-
verse. Microscopic characteristics: the conidiophores
present of 3to 4 whorls of branching and growth of
form gpical on thehyphae. The conidiawere observed
elipsoidal measuring 3to 5 p of diameter, and present
septate hyphaewiththinwall (Figure4).

Figre4 : Morphological characterization of Verticillium
lecanii strain

18SrRNA sequences analysis

Most of DNA bandsin the agarose gel were ob-
served as defined and presented a high molecular
weight. Some samples were treated with 15 pL of
RNAsa (10 pg/ml) at 37 °C for 30 min to eliminate
RNA contamination. The DNA concentrationsobtained
in most of the cases were higher than those required
concentrationsfor PCR amplification according to that
described by Valadez y Kahl?Y, therefore some
sampleswerediluted in the proportions 1:10 and 1:20.
The smal subunit (SSU) 18SrRNA hasrepetitive ar-
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rangement within the genome, providing excessive
amountsof templaeDNA for PCRZ, Ingenerd, rRNA
gene sequences are easy to access dueto highly con-
served flanking regionsalowing for theuseof universa
primers. Inthisstudy, thisregionwasamplified using
the PN3 and PN 10 primerswhich alowed obtaining
uniform and defined bands of approximately 600 bp
according to molecular marker of 100 bp used asref-
erence (Figureb).

The DNA sequences from the isolated
entomopathogenicfungd strainswereanayzed using
the BioEdit program, where these sequences were
aigned and compared with those depositedinthe NCBI
database. Thefungal sequences must had a percent of
maximum identity higher than 97 % according to de-
scribed by Kruger et al.[?¥, so that these sequences
wereaccepted asbd onging to thesame species. There-
fore, according to theresultsshowninthe TABLE 6,
most of theanayzed sequenceswereidentified similar
to some sequence of the NCBI database.

TABLE 6 : Fungal DNA sequencesanalysisfor all fungal
strainstested in thisstudy

Strains from dead insects

Code Description Coverage vaFTLJe | dMer?g'l[y
Col Beauveria bassiana 100% 0.0 99%
Co2 Beauveria bassiana 96% 0.0 100%
Co3 Beauveria bassiana 99% 0.0 100%
Co5 Beauveria bassiana 100% 0.0 99%
Bb3 Isaria farinosa 68%  5e-100 92%
Bb4 Cordyceps bassiana 100% 0.0 100%
Bb6 Cordyceps brongniartii 98% 0.0 99%
Mel Metarhizium anisopliae 49% 0.0 99%
Me3 Metarhizium anisopliae 99% 0.0 99%
MD4  Cordyceps bassiana 100% 0.0 99%
MD5  Cordyceps brongniartii 99% 0.0 100%

Strains from soil samples
MezMa Metarhizium anisopliae 100% 0.0 100%
MezBb Cordyceps brongniartii 99% 0.0 100%
PinMa Metarhizium anisopliae 100% 0.0 100%
HJMa Metarhizium anisopliae 96% 0.0 99%
Control strains
Ma Metarhizium anisopliae 100% 0.0 100%
Pl Paecilomyces lilacinus 100% 0.0 100%
VI Beauveria bassiana 100% 0.0 100%
Pf Nomuraea rileyi 100% 0.0 100%
Nr Cordyceps bassiana 100% 0.0 97%

e, Fyurr PAPER

8 6 7

8 9 10 11

Figure 5 : 18S rRNA amplification from different
entomopathogenicfungal strains: lane 1 molecular marker
100 bp, lines2-7, PinM aisolate; lanes8-9, Bb4 isolate; lane
10, MD4isolate; and lane 11, M ezBb isolate

C.bassiana GenBank EU673355.1 (B) |
MezBb:C.brongniartii

Bb4:C bassiana

MD5:C.brongniarti

Bb6:C.brongniartii

B.bassiana GenBank:GU365572.1 ()
Co1:B.bassiana

Co5:B.bassiana

Co2:B.bassiana

Co3:B.hassiana

B .bassiana GenBank:EU334677.1 (Ca)
B.brongniarti GenBank:AY 334545.1 (Co)
Bb3:\.farinosa

! B bassiana GenBank:JF429894 1 (Ch)

| MD4.C.bassiana

DTS 0.4 0.3 0.2 []‘.1 0
Figure 6 : Phylogenetic tree of DNA sequences from the
fungal strains identified as belonging to the beauveria
(Cordyceps) generous compared with those sequences
reported in GenBank of NCBI (Brazil, India, Canada,
Colombiaand China)

Phylogenetic analyses

Phylogenetic analyses To analyzethedegree of ge-
netic rel ativenessamong the identified fungal strains
belonging to the two most common species (B.
bassiana and M. anisopliae) found in this study, a
phylogenetic treeusing the MEGA 4.0 program with
UPGMA dignment option and performing 1000 rep-
etitions per aignment wasbuilt. Accordingtothe Fig-
ure7, most of thestrainsidentified asbelonging tothe
Beauveria generous are rel ated because these liein
the samegroup of the phylogenetictree. However, ac-
cording the compari son between sequences of fungi
insolated and sequences reported in the GenBank of
NCBI from several countriescan beobserved thedif-
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ferencesinthe genetic distancesinto the phylogentic
tree. Inthe Figure 8isshown the phylogenetic tree of
the samples identified as Metarhizium anisopliae,
which belongto samegroup and arehighly related, but
some of them presented differencesinthe phylogenetic
distances.

{ Me3: M. anisopliae
PinMe: M. anisopliae
o MezMe: M. anisopliae
13 I—l M.anisopliae GenBank: JFT92884.1(G) |

— HJMe ; M, anisoplias
o7 [W.anisopias GenBankGQsBs737.1(Ch) |

Ma: M. anisopliae

—
0l § w.anisopliae GenBank HQ722915.1 (C) |

Met: M. anisopliae
]

T T T 1
0.015 0.010 0.005 0.000

Figure 7 : Phylogenetic tree of DNA sequences from the
fungal strainsidentified as belonging to the Metarhizium
anisopliae specie compar ed with those sequencesreported
in GenBank of NCBI (Greece, Chinaand Colombia)

DISCUSSION

Isolation of entomopathogenic funga strainsfrom
agricultura soilsisaprocesswhich may beinfluenced
by different factors, among them, environmental fac-
tors. Thesemicroorgani smscan liveforming part of the
natura floraof the ecosystem, asunwanted contamina:
tion or acting as antagonists of others harmful organ-
ismsfor the ecosystemi?!. According to the morpho-
logical and molecular characterization, theisolated
grainsfrom agricultura soilsusing T. molitor larvaeas
host, HIMa, PinMaand MezMastrainswereidenti-
fied asMetarhiziumanisopliaeand MezBb strain was
identified as Cordycepsbassiana.

Metar hiziumanisopliaeisan entomopathogenic
fungusthat naturaly attacks more than 200 insect-pest
species®!, Thisisafunguswith asexua reproduction.
Infections of arthropods by Metarhizium speciesare
eadly recogni zed few daysafter insect death, whenthe
fungusgrowsout of thearthropod integument and form
reproductive structures. Initialy, one only seesfungal
hyphae that appear white, but, as conidiaform and
maturethem oftentakeacharacterigticolivegreen color.
However, depending on the species and strain of
Metar hizium, spores can rangein color fromwhiteto
yellow to brown and green(?l,

Onthe other hand, the Cordyceps generousisthe

anamorph (sexud form) of Beauveriainagreement with
that reported by Zheng et d.27; therefore, itisthesame
generous and speciethan B. bassiana. Theremaining
isolated strains presented morphol ogic characteristics
according to the entomophthoralesand mucoraesor-
ders, whichdso aredass fied asentomopathogenic fungi
according to Tanadaand Kayd?. However, theuse of
thesetypesof fungi for biological control hasbeen con-
troversid because some of them also are phytopatho-
gens? by thisreason these strainswerediscarded in
thisstudy.

Theisolated strainsfrom dead insect and coded as
Col, Co2, Co3, Co5, Bb4 and MD4 wereidentified
asBeauveriabassana. Inthiscase, thesefungd strains
wereisolated from different insect hostswhich were
collected in different M exican regions, which suggest
that the place of collect and the host insect were not
determinants for B. bassiana isolation. When B.
bassiana spores come in contact with the cuticle of
susceptibleinsects, they germinate and grow to thein-
ner body of their host and may producetoxing®!. Also,
the Bb6 and M D5 strainswereidentified asbelonging
to the Beauveria generous according to their 18S
rRNA sequence. However, these strainswereidenti-
fied as Cordyceps (Beauveria) brogniartii. Although,
thisspecieismoresmilar to B. bassana, present some
microscopic differences in shape and size of
conidiogenous cellg®. Inthiscase, it isnecessary to
performance amore specific biochemical analysisto
determinethedifferencesof thisstrain with those be-
longing to B. bassiana. The Bb3 strain was morpho-
logicaly smilar tothe B. bassiana strains, but molecu-
lar identification was not entirely specific becausethe
identity percent was|ower than 93%. For thisreason,
itissuggested that this strain belong to the Beauveria
generous, but, it maybe a specie non-previously re-
ported in the NCBI data base. Finally, the Mel and
Me3 strainswereidentified asMetar hizumanisopliae
according with themorphologica and molecular char-
acterizaion.

The control strains proportionated by CEMARP,
were morphological and molecularly identified as
entomopathogenic strainsaccording to the characteris-
tics reported by Badiit®. However, only Ma and Pl
strains agreed with the previously identification as
Metar hizium anisopliae and Paecilomyceslilacinus.

BioTechnology —

Hn Tudian Jounual



BTAIJ, 6(12) 2012

Rautl Rodriguez Herrera et al.

393

TheVI, Pf and Nr strainswereidentified according to
their 18S rDNA sequences as Beauveria bassina,
Nomuraearileyi and Cordycepsbassanarespectively.
Thesedifferencesmay be attributed to cross contami-
nation by thehandling of samples.

Thesmall subunit (SSU) 18SrRNA ribosomal is
highly conserved presenting commonregionsinall mi-
croorganisms, but hasvariationswhich are concentrated
in specific areas?; by thisreason, thissequenceisone
of themost frequently used genesin phylogenetic stud-
ies. Thisregionisexposed to similar selectiveforcesin
al livingbeingd®. Inthisstudy, aphylogeneticandysis
was performance based in the 18SrRNA sequences
of B. bassanaand M. anisopliae. Only thesetwo gen-
erouswereused becausethey werethe principa fungal
groupsisolated and considering that they aretwo of the
most important entomopathogenic fungi usedin bio-
logical control, and these fungal species seem not to
infect humansor other animal sand are considered safe
asaninsecticide®!. All samplesidentified asbelonging
to the Beauveriagenerous arerelated, in particularly
Col, Co2, Co3 and Co5 samples(Figure7), although
they have genetic differencesto beconsidered asdis-
tinct. However, it is interesting to test the
entomopathogenic potential of some Beauveriastrain
likeBb3, Bb4, Bb6, MD4, MD5 and MezBb because
these strainsaremoredifferent, and it haslong been
recognized that many entomopathogenic isolatesare
insect-specific. Lessgenetic variation wasfoundin the
phylogenetic analysisof theM. anisopliaestrains, itis
interesting also test these strains for their
entomopathogenic potential. A large number of M.
anisopliaeisolatesthat are adapted to certain groups
of insects have been isolated, but they have now been
assigned as new Metarhizium species, such as M.
anisopliae, M. majusand M. acridum. For example
Metarhizium taii was placed as M. anisopliae var.
anisopliag®. Thedifferencesbetween theinsolated
strainswere corroborated with the comparison of se-
guencesreported in GenBank of NCBI. Althoughthe
strainsinsolated in thisstudy and strainsinsolated in
others countries belong to the same speciesthese are
differentiated inthenud ectidesarrangement evenwhen
they haveacommon ancestor, sincethesehave adapted
to different ecosystemsand environmental factorsmay
determinatether characteristics. Theisolated andiden-
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tified new strainsin this study can be used inthe bio-
logical control of insect pest, accordingwith theisola
tion criteria; however, beforeincluding these microor-
ganismsincommercid preparationsasinsecticides, dif-
ferent pathogenic and field test must be performed.

CONCLUSIONS

In this work, we were able to isolated 10
entomopathogenic fungi strainsfrom cultivated soilsof
threedifferent regionsof Mexico, however only four of
them wereidentified asentomopathogenicfungi. The
15fungal strainsisolated from dead i nsects and soil
sampleswereidentified asfollow: six fungd strainsas
B. bassiana (C. bassiana), three as C. brongniartii,
fiveasM. anisopliaeand only onewaswasnot identi-
fied at the specielevel but belongingto the Beauveria
generous according tothemolecular identification. The
phylogenetic analysisconfirmed the closerdationship
between Col, Co2, Co3and Co4 strainsidentified as
B. bassiana as well as all strains identified as M.
anisopliae. Thisinformation showsthat someof these
entomopathogenic fungi are novel strainswhich may
have potentia asbiologica insecticidesfor differentin-
Sect pests.
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