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ABSTRACT

Diversity within the entomopathogenic fungi haverbéraditionally analyzed using morphological faas but
morphology alone can lead to ambiguity pertainimg identification at species level. Therefore usitian of
molecular methods to detect the level of polym@mhamong species helps minimize the problem. Notatés of
Metarhizium were morphologically characterized Isg@ssing their colour, media pigmentation, size simape of
conidia. Molecular characterization was carried da random amplified polymorphic DNA analysis. R&PD -
PCR assay for nine isolates were performed by dyipdi random sequences using three RAPD primers. Th
amplification products for the different isolateerne compared with each other and were screeneth®presence
or absence of specific bands. The scored band watasubjected to cluster analysis. A genetic siitylanatrix
was constructed using Jaccard’'s coefficient methodlony colour varied from pale green to blackisteen.
Pigment production was observed for four isolafegerage width of spores ranged from 2.10 - 4.10puchlangth
3.20 - 7.69um. The spores were grouped as either oval, rourelangated. The three primers generated a total of
166 reproducible distinct bands among the 9 isalaad the similarity was estimated on the basiaurhber of
shared bands. The Jaccard’s similarity coefficieatween isolate pairs ranged from 0.00 to 0.70datiing a high
genetic diversity. The maximum similarity was redidbetween isolates MIS13 and MIS18. A dendrogras
generated from RAPD patterns of the Metarhiziuntaies. Grouping of isolates into clusters correthteith
similarities in their RAPD DNA patterns.
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INTRODUCTION

Constraints on the use of chemical pesticides heaeto the development of several biological aardptions and
their implementation in integrated pest manageni&il) programs today. Need to reduce or eliminate use of
conventional chemical pesticides, both in agricgltand forestry, has fostered a search for altematoducts and
strategies that have a much lesser impact on himaalth and the environment. Biological control ilves the use
of one organism to moderate or control the behavfaanother organism and typically involves an\athuman
role. In biological control, attempts are made doate a natural enemy of a pest and augment italgam to
control unacceptable population levels of the p#semploys natural enemies such as predators,sip@ids,
pathogens, or competitors of a pest to help keepumber in check. The entomopathogenic funijusnisopliae,
the agent of green muscardine disease of insectseismong the most exploited hypocrelean fungirfeect pest
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management. This fungus has gained significantntidite as biocontrol agent due to its vast spectmim
pathogenicity and infectivity to wide range of inspests.

Diversity within the entomopathogenic fungal spsdias been traditionally analyzed using morphobideatures
by assessing the phenotypic characteristics. Hewessessing the species diversity by analyzinghotogical
features alone could lead to considerable ambiguitly regard to identification at species leveledo extensive
divergence of morphological characters producedakhigh level of genetic variability. Therefore i#tdltion of
molecular methods to detect the level of polymasphiamong species help minimize the problem. Differe
molecular techniques have been employed to stuelygémetic diversity of entomopathogenic fungi. Sahi¢he
most commonly employed and relatively less compéekniques include RFLP, RAPD-PCR, AFLFSR analysis,
ITS sequence analyséfc. With the employment of these techniques,ynemological and taxonomic complexities
in the species level classification of Metarhizigould be resolvedRAPD analysis has been a very effective and
easy to adopt tool in detecting genetic diversitgeveral species. The objective of this study twatetermine the
level of diversity among some of the isolatesMétarhizium anisopliaecollected from different sources and
regions by phenotypic and genotypic characterinati@thods. The results of this study demonstretediderable
morphological and genetic diversity existed amdmisolates studied.

MATERIALS AND METHODS

Isolation and maintenance of cultures oM. anisopliae

Among the nine fungal isolates (MIS1 to MIS25) usethis study, 6 were isolated either from soifrmm infected
insects and 3 procured from different institutiofise infected larvae were surface-sterilized by tligsequentially

in 70% ethyl alcohol, 1% sodium hypochlorite, andrige distilled water; each for 3 minutes. Thevie were
dissected and placed on PDA/Veen's medium and ategbat 28+1°C and 90% RH to facilitate growth and
sporulation of the fungus.

Soil samples were collected upto a depth of 30ammfdifferent study areasalleria bait method was used to
isolate the fungus from soil samples. After remgvioots and gravel, soil samples were sifted thinoagp mm
sieve. Thereatfter, plastic boxes (10 cm high, 8@meter) were filled with 100 g of soil and &n mellonellaate
instar larvae were introduced. The lids were puddioe making air holes. Boxes were incubated aiC2if dark
conditions. During the first five days, the boxesre turned once daily to make bait insects peteetre much soil
as possible. After 7-10 days, boxes were examinedyeother day and dead larvae were collected. Gadavere
surface-sterilized by dipping sequentially in 708y alcohol, 1% sodium hypochlorite, and steriistiled water;
each for 3 minutes. The larvae were dissected #amk@ on PDA/Veen’'s medium and incubated at 28+4A@
90% RH to facilitate growth and sporulation of fla@gus. Slant cultures were prepared from a singleny and
stored at -20°C. The viability and virulence of thétures were maintained by sub culturing and ggisg through
the host at regular intervals [1] [2].

Morphological characterization of Metarhizium isolates

Morphological features like the colour, media pigiation, size and shape of conidia were recordéeé. [€ngth
and width of spores were measured at 1000 X maguidin using an optical micrometer under phaseraent
objective.

Molecular Characterization of Metarhizium isolates

DNA extraction

Whole-cell DNA was isolated from 7-day-old mycetiallected from cultures grown on PDA media suppleteeé
with 1% (w/v) of yeast extract. For each fungalase, the freeze dried mycelium sample (50mg) wasigd with a
motar and pestle in liquid nitrogen, suspendedd@u DNA extraction buffer (100mM Tris, pH8; 10mMDEA;
2% SDS; 100ug/ml proteinase K; 1f4mercaptoethanol; 1/10 vol. of 10% CTAB and 1.4MONaand incubated
for 10min at 65°C. After incubation, one volume2df1 chloroform: isoamyl alcohol was added, geetiwulsified,
incubated at 0°C for 30 min and centrifuged at 3g@@ for 10 min at 4°C. The top phase was transteto fresh
1.5 ml microfuge tube, ¥z vol. of 5M NBAc was added, mixed gently, incubated in ice fon@n and centrifuged
at 3500 rpm for 10 min at 4°C. The supernatant eiasarded and 10mg/ml stock RNase was added ttubes.
DNA was precipitated with 0.55 vol. isopropanol apdin immediately at 3500 rpm for 50-10 min. Theesoatant
was aspirated and the DNA pellet was washed twitle ¥0% ETOH, air dried for 20 min at room temparatand
re-suspended in 50ul TE buffer pH 8.0 and incubatetfC overnight.
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RAPD - PCR

The nine isolates were analyzed by amplifying randeequences using three RAPD primers - OPD-07 (5'-
TTGGCACGGG-3'), OPD-08 (5'-GTGTGCCCCA-3) and M135~ GTAAAACGACGGCCAGT-3'). The RAPD
-PCR assay was performed with a 25l reactionuméxtontaining 0.5 pl 10mM dNTP<Lul primer (25pmol),
2.5ul 10x PCR buffer, 1.5 pl Mg&{1.5mM) 0.5 pl Taq DNA Polymerase (0.5U), 1 pl DNA templated 17 pl
nuclease free water. For each isolate, PCR-RAPhe@fxtracted DNA was performed in an Applied B&isyn
thermal cycler set at the following profile: antial denaturation at 94°C for 5 min; 42 cycles,leagcle consisting

of a denaturation at 94°C for 1min, annealing &C3ibr 1min and extension at 72°C for 2 min; a fieatension
step at 72°C for 7 min. Amplified products werealged in 1.55 (w/v) agarose gels in 1 x TAE buffédmM Tris
acetate, 1ImM EDTA, pH 8.0) at 100V for 3.5h. A 1lkbd 100bp DNA ladders were used as molecular weight
markers. Gels were stained with ethidium bromidg iamaged with the gel documentation system [3].

Analysis of RAPD data

The amplification products for the different is@atwere compared with each other and were screfenettie
presence or absence of specific bands. Each aethINA fragment was considered a DNA marker anduabyn
scored ‘1’ for presence and ‘0’ for the absencéarids for each primer. The binary data was usedtimate the
levels of polymorphism by dividing the number oflysoorphic bands by the total number of scored bantlke
results were analyzed based on the principle thzral is considered to be ‘polymorphic’ if it isepent in some
individuals and absent in others and ‘monomorplifichresent in all the individuals. All amplificatis were
repeated twice and only reproducible bands wersidered for scoring. The RAPD data (binary datajegated
with the three primers were used for statisticalgsis. The scored band data (presence or abseasejubjected to
cluster analysis using STATISTICA. The dendrogramswconstructed by Ward’'s method of clustering using
minimum variance algorithm [4]. The data from these primers were used to estimate the similaritthe basis of
the number of shared bands. A genetic similarityrix&as constructed using Jaccard’s coefficienthoe.

RESULTS AND DISCUSSION

Isolation of fungal strains

Details of the isolates characterized and theirsand place of collection are furnished in Tdblésolation ofM.
anisopliaefrom dead cadavers on agar mediamna from soil samples §alleria bait assay has been carried out by
various researchers [5]. Baiting soil samples dttvae of G. mellonellais a widely applied tool to screen for
species of entomopathogenic fungi and is therafieeful for isolation of the spectrum of entomopagtic fungi
present in soils. Fungus from the insect cadavers igolated by incubating a part of the cadavexgar medium

2].

Table 1: List of isolates oM. anisopliaecollected from different sources/locations

Isolates | Host insect/source Place Of Collection
MIS1 Unknown larva Mysore, Karnataka
MIS2 Unknown larva Madhurai, Tamil Nadu
MIS3 Unknown larvi Sirsi, Karnatak

MIS7 Eutectona machoera (Lepidoptera | Tirupathi, Andhra Prade
MIS13 soil Bangalore, Karnataka
MIS18 soil Salem, Tamil Nadu
MIS19 Unknown larva NBAII

MIS20 | Unknown larva NBAII

MIS24 | Diatraea saccharali(Lepidoptera ARSEF

Morphological characterization

Morphological characteristics of the isolates wsalied after purifying the cultures. The colodrage and size of
conidia etc are furnished in TableQolony borders of all the isolates were regu@alonies were initially white or
creamy, myceligbearing clumps of conidiophoreBecoming shades gkllow green or olivaceous green to dark
greenduring sporulatiorwith the presence of colorless exudate drdpalony colour varied from pale green to
blackish green. Pigment production was observékeabase of the growth medium for four isolateserage width

of spores ranged from 2.10 - 4.10um and averagghHdrom 3.20 - 7.6Qum. Based on length and width, the spores
were grouped as either oval, round or elongated.
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This observation akins with those made by many exlon this aspect; studies carried out by Ferrsaeidal. [6]
showed that colonies dfletarhiziumspecies and varieties in his study were predomtipaark green, light green,
yellow, white or brownish. The reverses of mostooats were brownish, orange, yellow or not colouitéd also
reported variation in conidia size from 5.62 x 3t880.57 x 4.74 um. The findings of Tangthirasuatal [7] also
supports the observations of the present studgeasdlso reported variation in colouretarhiziumisolates from
light green to dark green, green to yellow pigmeaitaand size of the spores in the range of 2.0&78um (width)
and 5.12 to 10.7am (length). Mythiliet al [8] reported dark herbage green or yellowish greenligaceous
colonies for surface culture ™. anisopliaeafter 7 days of incubation and the spore shapecwylazdrical to oval
measuring 7.5 mm. Colonies Metarhiziumwere described asght green ovoid spores measuring < 9mm [9].
Caston [10feportedyellowish green colonies &fl. anisopliaeon PDA while Bridgeet al [11] recorded dark-green
colour spore mass fddetarhiziumisolates. Kheng Hoet al. [12] reported yellowish green to thick green niyoe
with white to orange pigmentation and round shagmates foMetarhiziumcultures.

Table 2: Morphological characteristics ofMetarhizium isolates

Isolates | Colour Media pigmentation | Shape of spores Mean length of spores(um)| Mean width of spores(um
MIS 1 Dark green Yellow Oval 5.33+ 0.35 3.62+0.21

MIS 2 Dark green Yellow Oval 5.17+0.14 3.72+0.06

MIS 3 Pale green _ Elongated 7.69+0.22 3.23+0.12
MIS 7 Dark green Golden yellow Round 4.14+0.15 40105

MIS 13 | Pale green Yellow Elongated 5.70+0.21 3.0840

MIS 1€ | Blackish gree | _ Rounc 3.20+0.1¢ 2.104£0.1¢

MIS 19 | Dark green _ Round 4.36+0.11 4.00+0.05

MIS 20 | Dark green _ Elongated 6.52+0.14 2.984+0.13

MIS 24 | Green _ Round 3.78+0.19 3.28+0.12

Molecular Characterization

In our preliminary study, various parameters likidyaffect the PCR amplification were optimized atada from
optimum amplification conditions are presented h@mwly well resolved, clear and distinct bandindtgras were
manually scored from the gel profiles and includedfinal analysis. The selected RAPD primers, sege, total
number of bands scored, their size and percentfagelymorphic bands for each primer are summarinetiable 3.

Table 3: Primers employed, their sequence, the siné the fragments and the percentage of polymorphis for each primer

Gel Name Primer Amplicon size No. of . Polymorphism
picture no. | of the primer Sequence range (bp) Total no. of bands | Polymorphic %)
) 5 - 3) bands
A OPD-07 TTGGCACGGG 300-2000 63 16 254
B M13 Frd GTAAAACGACGGCCAGT 400-1700 57 7 12.3
C OPD-08 GTGTGCCCCA 200-1700 46 14 30.4

Out of the 8 RAPD primers screened, 3 primers preduunambiguous, consistently reproducible and well
amplified uniform banding patterns in two indepemidexperiments and were selected for further arglf$g. 1
indicates the banding pattern produced by thraeeys. Three primers generated a total of 166 reibte distinct
bands ranging from 200 to 2000 bp among the 9teslafMetarhizium The number of bands per primer ranged
from 63 for primer OPD-07, 57 for primer M13F an@l f#r primer OPD-08 with an average of 12.3 polypiic
bands per primer. Out of the 166 bands, 129 (77wese monomorphic and 37 bands (22.3%) were polghior
revealing low to moderate degree of polymorphidihe polymorphism per primer ranged from 25.4% f&D207,
12.3% for M13F and 30.4% for OPD-08.
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Fig. 1: RAPD profiles obtained using the primers: @D-07, OPD-08 AND M13F
L1:100 bp ladder. L2:1 kb ladder. M1-M12: RAPD profile of isolatesof M. anisopliae

L1 MIM2M3 M4 MS M6 M7 M8 MO M10 M11 M12 L2

—>-2000 bp

Primer : OPD-07
EE= & L, No. of polymorphic groups : 9

—>250bp
Polymorphicgroup—3= 1 23 445 667869

L1 MI M2 M3 MM M6 M7 M8 MO MIO MIT M12 L2
: L0 PRl s Wl

B
© = 2000 bp
»n LA L] -
e ——-
=

- —>1000bp

L4 Primer: M13-Forward
No. of polymorphic groups : 7

=
SO0Dp M - -

Polymorphicgrop—- 1 23 4 11 145677

LM M2 M3 M4 MS M6 M7MS M9 MI0 MI1 Mi2 L2
c S
—>2000bp
el H-R-E

=1 b . ™ Primer: OPD-08
::—l'."""::- No. of polymorphic groups : 5
500 bp—pam g

—>250bp

Polymorphic gronp o 1RSI RBI WA N MO SRS IS
L1: 100 bp ladder
L2 : 1 kb ladder
M1-M12 : RAPD profile of
Metarhizium isolates(1-12).

The data from the three primers were used to estittee similarity on the basis of the number ofretiabands.
Genetic similarity matrix was calculated on theibad Jaccards algorithm for RAPD data. The Jacsasidhilarity
coefficient between isolate pairs was highly vaeamnd ranged from 0.00 to 0.70 indicating a highagic diversity
(Table 4). The maximum similarity was noticed betweisolates MIS13 and MIS18 with a high similarity
coefficient of 0.70 followed by MIS1 and MIS3, MISland MIS20 and MIS18 and MIS20 with a similarity
coefficient of 0.66. Minimum similarity coefficiemtf 0.01 was recorded for isolates MIS2 and MIS24.

Table 4: Genetic similarity matrix for nine Metarhizium isolates generated using Jaccard’s Similarity coi€ient

Isolates | MIS1 | MIS2 | MIS3 | MIS7 | MIS13 | MIS18 | MIS19 | MIS20 | MIS24
MIS1 1
MIS2 0.14 1
MIS3 0.66 0.16 1
MIS7 0.60 0.11 0.50 1
MIS13 | 0.63 0.12 0.55 0.58 1
MIS18 | 0.4 0.04 0.3¢ 0.57 0.7C 1
MIS19 | 0.1f 0.0¢ 0.12 0.0¢ 0.1C 0.0t 1
MIS20 | 0.35 0.09 0.33 0.35 0.66 0.66 0.03 1
MIS24 | 0.23 0.01 0.20 0.21 0.14 0.18 0.04 0.25 1

A dendrogram or a phylogenetic tree was generated RAPD patterns of thBletarhiziumisolates. Grouping of
isolatesinto cluster/branch correlated with similaritiestieir RAPD DNA patterns. For example, thietarhizium
isolates that produced the same DNA banding pattenre also recognized as being similar from phyhegie
analysis. These isolates belonged to the samelgater in the phylogenetic tree. The whole dendrogwas
distributed between MIS1 to MIS19. The maximum &¢igk distance between the isolates was 45.9 urtigs. T
phenogram for théetarhiziumisolates revealed four clusters, A, B, C and D .(Rg The cluster A included 3
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isolates distributed between MIS1 and MIS7 and wgmmiped into two sub-clusters A1 and A2. Sub-cluste
included 2 isolates, MIS1 and MIS3 while sub-clus#® consisted of only one isolate, MIS7. The cusB
consisted of four isolates and was grouped into $wb-clusters B1 and B2. Sub-cluster B1 consisfethree
isolates, MIS13, MIS18 and MIS20. Isolate MIS24nfied the sub-cluster B2. Cluster C and D were sylita
clusters consisting of only one isolate each. @u&tconsisted of isolate MIS2 and cluster D MIS19.

Fig. 2: Dendrogram depicting genetic diversity oMetarhizium isolates
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Several kinds of molecular techniques have beed tsetudy genetic diversity, for example, labefedbes to
detect restriction fragment length polymorphism (R} and methods based on the polymerase chainiageact
(PCR) such as the use of random amplified polymicrgdNA (RAPD), simple sequences repeat (SSR or
microsatellites) analysis andternal transcribed spacer (ITS) sequence analgsisRAPD markers are important
tools for evaluation of the variability among diféet isolates of a species, the degree of gengtiionship among
isolates and may also be useful to help distingisstates of nonpathogenic and pathogenic fungj.[IBe PCR
technique combined with RAPD analysis has beennsitely used to determine the genetic diversityafious
entomopathogenic fungi. Velasquet al, [3] carried out RAPD analysis of thirty nine @&&n isolates of
Metarhizium anisopliae var anisopliaghich yielded a total of 189 bands with an avera§etl% similarity
between isolates and the thirty nine isolates wésngled into three different clades in the dendemgr Fegaret al.
[14] studied the genetic diversity Metarhiziumisolates using RAPD and observed a great genatiahility in
isolates ofM. anisopliaevar. anisopliae.Genetic diversity among 13 isolatesMf anisopliaevar. anisopliaewas
analysed by Fungaret al [15] and reported less variability among the ase$ collected from insects, suggesting
some degree of host specificity. The capabilityhef RAPD technique to distinguish mutantsvbfanisopliaevar.
anisopliaewas reported by Freiret al [13]. RAPD is a convenient, economical and rapiethod as compared to
other techniques since it requires no probes aiat pequence information. Further, relatively smalimber of
primers can be used to generate a very large nuaflfesgments from different regions of the genoamel hence
multiple loci may be examined very quickly. This kea RAPD a powerful technique for screening thengéasm
for assessing the genetic diversity [16].

CONCLUSION

Based on the morphological studies, average witlfpores ranged from 2.10 - 4.10um and averageHeingm
3.20 - 7.69um. spores were oval, round or elongated and cqbalg green to blackish green. Four isolates showed
pigmentation. RAPD analysis of the nine isolatesated that, among the 166 bands produced by the firimers,
129 bands were monomorphic and 37 bands were pophim The Jaccard’'s similarity coefficients betwebe
isolates ranged from 0.00 to 0.70. Dendrogram skddwar clusters, A, B, C and D. Cluster A had thissdates that
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formed two sub clusters Al and A2 while clusterl&aconsisted of two subclusters B1 and B2 withtal tof four
isolates. One isolate each formed cluster C and D.
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