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ABSTRACT

The objective of this Work was to isolate and identify species and varieties of Metarhizfum
mainly based on it is morphological and molecular characteristics, genetic diversity and phylogenetic
relationships within this fungus has been investigated. We investigated 32 Metarhizium isolates which
were collected from different inséct hosts and soil from different sites i Thailand and one isolate
collected from the Philippines. These isolates have been partially characterized using colony features
and tht;y can be classified into five groups. The length/width ratio of the conidia was calculated and
generated into three groups: low ratio group (< 2.18), medium ratio group (2.33-2.87) and high ratio
group (= 2.91). ITS1-5.8S-ITS2 region sequence analysis was employed to identify genotypes. This.
region was amplified using the ITS 1 and ITS 4 primers to obtain a unique fragment of approximately
550 bp. Twenty-eight sequences were aligned using the ClustalX program and compared v.vith 19
isolates of Metarhizium available in the GenBank database and 2 isolates of Beauveria bassiana as
outgroup. Phylogenetic tree w as constructed using the Neighbor-joining algorithm in the Phylip
package. Our study showed that M. anisopliae, M. album, M. anisopliae var. acridum and M.
Sflavoviride can be clearly differentiated and generated the 28 isolates into four main groups (clade B,
C, E and F). However, there was no clear relationship between M. am‘lsopliae var. anisoplide and M.
anisopliae var. majus and most of them are related to M. anisopliae var. anisopliae. Most isolates are
highlyr divergent, nevertheless, most of M. anisopliae isolates from Thailand distantly related to M.
anisopliae from other countries. Based on the Vsp I PCR-RFLP patterns, the isolates were divided
into two distinct groups that were in clade B and C were successfully distinguished from clade E and
F. Some of M. anisopliae were pathogenic to termites and showed épo'rulation in 1 week after

inoculation with 10° conidia/ml. Major factor influencing efficacy of termites control is moisture.
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Chaetomium = sp. memum@ﬂmﬂummmaﬂiﬂimmm (entomopathogenic fungi) ¥
2 ' @ ~ o ﬁy 0w 9 1 ya’i’ R
msaayldinndn Taofiseaumsih@esnnddauuasld wn mslises1 dschersonia
aleyrodis, Paecilomyces fumosoroseus, Hirsutella thompsonii, Beauveria sp. 1% Metarhizium
sp. 1uduy
g =) dy =1 A S dy A R
Fo3100 Metarhizium M3 0158511302 (green muscardine fungi) 1ups1Neylusses
v d 1 @ ) Ao o
s Ao e /o (asexual reproductive stage) 1305282 anamorph Niflszuzduiiug
v e
HUUDIFINA (sexual reproductive stage) N300z teleomorph Aeiosilud f10 Cordyceps spp.
%’ﬂmi“lu'lﬂﬁu Ascomycota 9UAY Hypocreals (Bidochka LaizANE, 2005 LAy Bugeme Lmvﬂmz,
2009) mmmwu"lﬂm"lﬂ“luﬁﬁmsm Tagnunse maaam‘luﬂu HNDINT DM UDUNE mm
osudhiany Lu'eNmﬂm)ﬁmﬂﬂunJuﬂamlmmasmm“lmﬂﬁﬂ'iﬂ”lmmm (Bridge Ua%
U, 1997; Milner LazAME, 1998 L Iskandarov HasnNe, 2006)
gl’ ~ u.a J_ o [ -~ v =
15051900 Metarhizium Anuauialumsdiiaeuuasdagieldnarsile uaz
b4 F
a a @ o [ @ o
AnPANNIZUZMINs YA lnvoauag squmana lnlumsidiasuuasdagisiutuuyul
o . . . & a A 1 [ 1 s d
AU UNIZI91 99 (species-specificity) nazdszaniamuanairenu ld luudazadad
(species) (Bridge linsAME, 1997; Hughes UaZAME, 2004 11ag Iskandarov UAZANE, 2006)
M anisopliae Banuansaidieidonuaslanaiodudy 191 Coleoptera, Dermaptera,

R . . . S|
Orthoptera, Homoptera, Diptera, Lepidoptera, Hemiptera Ili¥ Hymenoptera Wudu (Goettel 11Dz



. 1990; Rombach 11azANE, 1986 1Ay Bidochka 1% Small, 2005) Iﬂﬂummmmm“lu
msnnmmﬂauﬂu Coleoptera 1Ailudulng Lmiuﬁﬂmmm~ﬁwwuﬁ‘umwaﬂana
Metarhizium 1) Fufinnusumedouuasiidiondoiumzianzand M anisopliae Tag
WU M. anisopliae var. majus Wag M. flavoviride var. flavovirid ﬁmmﬁnmzﬁuunaqé’uﬁu
Coleoptera a1 M. flavoviride finnus iz UINasguAD Orthoptera ‘lummzﬁ M.ﬂc}'ﬁoviride
var. minus HAMUIUWIZAUUUAIOUAY Homoptera Ling M. album SAMIS WA UL UL
Hemiptera (Rombach HazAME, 1986 14a® Bidochka LY Small' 2005) %1ﬂﬂ15516\11uﬂ13
'ﬂﬂ'daummmmmlumﬂwmﬂmﬂmfm’mﬂmmm"lmmauﬂi L anEnIndalu
Zoananos uasluduinsinuas gy Wlszmelnofionld M. anisopliae Aru7uAMUIA
o191 1AudoY  (Dorysthenes buguetz Guerin) (http -//wwrw . newswit.com/news/2005-05-31)
Baausauzwé 17 (hinoceros beetle) (WATa0 HAgAML; 2544) Falumretlszmeionld M
flavoviride (Lomer LagAE, 1997 Uae Shah UASANS, 1998) 11a% M. ‘anisopliae var. acridum
(Peng LnzANIY, 2008) muqumsizmmmgﬂuﬂu _(érassﬁopper 1ag locust) LAZHINNIAY
1}a7 (termite) (Mllner IUagAMe, 1998 Luz unzne, 1998; Donguﬁ“’ﬂm” 2007 {ing Maketon
uagnme, 2007) ‘i’JiJ‘VNEN (mosquitoes: Anopheles gamblae 1Az 4. arabiensis) (Mnyone LD
AME, 2009) m‘luﬂ%ﬁ;uuwmﬂﬂizmﬂflﬂumsNam%aimqa Metarbizium Tugaliuun1sf
19 Bio-Path 4a Bio-Blast 1115 inAav3§0iu3n1 Biogreen, Green Guard 1i0i¢ Bio-Cane Tu
Uszineoadinsian n5o Cobican Tuilszmealugioa) (Zimmermann, 2007) ez 15
Tualszmerlng (http://swww.thai-greenagro.com) 1111

Lﬁm%1ﬂs§aﬂﬁﬂa Metarhizium ﬂiwmm’{awawﬁ%ﬁ HasVauEEWLT (varicties)
m51fmuwﬁﬂmmﬂ'm‘umifﬂﬂauﬂimﬁmmmwaﬁﬁﬂa Metarhizium 196 Tulloch (1976)
’e)il’i‘]Jmi"uﬂﬂamWUQ 2 ﬁﬂ%ﬁ o M. amsoplzae uag M. flavoviride LLﬁ“’bl‘uﬂmJ M. amsoplzae

o

ﬁ'ammsmma"lﬂ@ﬂz fﬂfj‘wu‘ﬁ Ao M. anisopliae var. anisopliae ‘Vl‘JJﬁlu’lﬂ conidia ’r?f‘u 1oy

q

M. anisopliae var. major Alvma conidia EJ’I’J mm"lmﬂaﬂu% var. major L‘]J‘Ll var. majus

(Rombach LtAZATE, 1986) ﬁﬁa%mumiuumsﬁﬂm 1oz %ﬂﬂﬁum“lu'i saualad uazay

o o2& ' 1 LY r @ .o

wug dalignnsauiaenduldediedaou (cryptic varieties) IaglFdny sz naduguine
}4 ]

(morphology) 1 411iF93uB3I1A 1Az 31319984 phialide, phialophore inig phialospore (W30
. a A A A a ar a P @ ] 9
conidia) nvaznTodveslaladl ilosnndnuazniedugiuinem fannsodunamulaly
' Al d A v A o 3 dy .. PRy 3 A [
unazailadniolumeiugReaduiuveulos 1ena Metarhizium NIANUANLAAINU LAZOT

o o P = o = 4 o 1
Famsuldounasidnmanznadeniinlasunlag wldmsszyadddniomeiug lild
[ o 2 ) o o ' J Al o v o 4
Fau uazduay Feinansenudamsiaduun nazladaslsduiemenuivouiosea

=

Metarhizium uaziielfiaass Tewigegalunmsit 114 Safimslduaziauunaiadien



P a - - v o v A Ay d
53Uﬂ\uﬂﬂuﬂ1’l1@1ulaf‘}ﬂ (molecular genetlc) LWﬂ‘If’JEﬂUﬂ'ﬁ%ﬂ%'llluﬂ Llﬁgll\'i‘lfﬁﬂ‘lfﬁ nazaey

ﬁuﬁ:ﬁ?@iﬂuﬂqa Metarhizium “lﬁ’ﬁﬂd1ugﬂ$fam1ﬂ?}ﬂﬂd7u“lﬁ'uﬁ mafinMsAAI 1 isoenzyme
(St. Leger MagA™E, 1992; Rakotonirainy LasAMS , 1994; Bidochka laznMe, 2001 ua~ Dong
pzAMe, 2007) AN restriction fragment length polymorphism (RFLP) 7 'mmmﬂuﬂ
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) (Bridge LaS
g, 1993; Neuvéglise LasAUL, 1994; Pipe HacAMS, 1995;»Mavridou 1ay Typas, 1998;.
Bidochka ILDZAMY, 2001; Srﬁall agauy, 2004 10 Enkerli UogaAme, 2009) AN random
amplified polymorphic DNA (RAPD) (Fegan HogAY, 1993; Bidochka LASAMS, 1994, 2001;
Leal la¥AE, 1994, Tlgano-Mllam agAML, 1995; Fungaro liasnme, 1996; De Cavalho Freire
HozAE, 2001 UAZ Velisquez UAzANE, 2007) matn simple sequence repeat (SSR) 30
microsatellites (Enkerli ua‘zﬂmz, 2005 uae Velasquez uazﬂfuz, 2007) INAHA  amplified
fragment length polymorphism (AFLP) (Inglis azAwE, 2008)5 118 amsngdutianalelnd
(DNA sequencing) (Curran UasAME, 1994; Rakotonirainy H0EADE, 1994; Driver HasAMS,

2000; Pantou LaZfs 2003 " Small tlagauy, 2004; Destéfano HazAMY, 2004 LA Bischoff

v
=1

HagAME, 2009) Tﬂamtmuw”lmummuuu“lﬂumiﬁﬂm uaw%ﬂmuuﬂmﬂwu‘ﬁﬁmqwaﬂ
&5 111114 internal transeribed spacer (ITS) Tﬂﬂmmumﬂaie“lm“luumm ITS1-5.8S-ITS2
(Driver HagfAME, 2000; Liu itazndls, 2002; Pantou LIAZ AN, 2003; Destéfano agang, 2004,
Inglis LHAgANY, 2008 Lig Velasquez LA ame, 2007) #1UM9 intergenic spacer (IGS) %m
swuiiaadleInaluuSa 1GS1-58 DNA-IGS2 (Pantou HAZABLE, 2003 U Hughes 1402
ANy, 2004) ﬂmﬁmmtmmaﬂlumnm nbosomal DNA (IDNA) mummwmﬂﬂma
(varlatlon) ‘VIN‘W‘L!‘ﬁﬂ‘S JUG (Kennedy Llﬂ“‘ Cllpson 2003 uag Mitchell (182 Zuccaro, 2006) oR
(mmmisﬂum;muuﬂmmuﬂﬂmasvmmﬁﬂ%ﬁ nasmoluailFdidoaiula Tavnsda
muuﬂaummmummmmﬂm umnﬂumuanumﬂw‘lumﬂﬂsﬂuwmuaﬂmﬂmwaﬂ
ﬁﬂﬁ Metarhizium ﬂ’e) ﬂ’lﬁﬂﬂ‘HW@\‘l Driver LagAtg (2000) “lﬂﬁmumwmmﬂa Metarhizium
Fanun 123 "laimaw”lﬂmmawuwmm #2an @detrandszimalnedios 1 lolwan)
Taslddnuasneduguinet uazmaiin polymerase chain reaction (PCR) TunSiam ITS uaz
D3 lusuvnis 288 rDNA LSz aguiinglond saufamaiin RAPD aunsaus
L*T;’eimﬂa Metarhizium 803y 10 Nqy (Clade) A8 M. album, M. flavoviride Type E,
M. ﬂavovzrzde var. novazealandzcum M. flavoviride var. pemphigum, M. flavoviride var. minus,
M. flavoviride var. flavovirid, M. anisopliae var. acridum, M. anisopliae var. lepidiotum,
M. anisopliae var. anisopliae 0% M. anisopliae var. majus a1 lull f.4. 2009 N1551UNS

1 3 ]
ar a . . S o 1 . . w & A
%ﬂf)‘lgﬂiﬂ’l‘mﬂ‘ll@ﬂ BlschoffLlﬁ‘éﬁﬂﬁl&’%ﬂﬂﬂqm‘dﬁ@‘ﬂ M.  anisopliae ~ TIYNUTANC Ny



aruduiusinddatu sadeiguildifunnuduiuives M. i, M pingshaense LAz
M. guizhouense detRanuA 57 e Tanan Tnelddnymzmedugninnswiumain
myinsierdduiiong loIndludwinia EF-1d, RPB 1, RPB 2, Bt uagdmnii IGS 01n3n
LLUGﬂﬁl!llﬁNvlﬂL‘ﬂu 9 aUFd Ao M. acrldum M. majus, M anisopliae, M lepzdzotae
M. pingshaense 1ng M guzzhouense (’cT‘lJ‘lffﬂﬂll A9 M. taii) UDSIIW 2 ffﬂ‘lfﬂiﬂilmmmll’] fo
M. globosum Wag M. robertsii s M brunneum wuwamuﬂaumiﬂﬁu
inﬂi1emuﬂws%ﬂauﬂmﬁmﬂnanmumuum%imqa Metarhizium 9032l
Tnoes 1 1o Tmanlus1e91uves Driver agaaiz (2000) Fusivlghidecas oo
i1 lunisiinyianumainyan uei‘lui']%i}ﬂ’uﬂivmﬁ"lmﬁﬂﬁﬁm;ﬁ ungldideslu
ﬁﬂﬁ Metarhzzzum Tasmwizs M. anisopliae MWﬂiluﬁluLﬂ‘Hﬂiﬂi i]dﬂ’)ill‘llﬂilaﬁluﬂﬁilﬂmlmﬂ
uas uwmﬂwu‘ﬁ s'mmmiﬂﬂmmmﬂmﬂﬁmamawu5ﬂimmmﬂumauawumuﬂaumi

11414 uaznﬁﬂmmwa"luamﬂma‘lﬂ

LY d oAy
1.2 Jagilazaanvesniudae -

& Aao ¢ A
1uﬂ1j~ﬁﬂ91ﬂiﬁu11’3ﬂqﬂi:,’ﬁxiﬂm’e)
o

' Y @ o v o ¥ . { a
121 desnasdniumneeiuiivoslisana Metarhizium Tiion 1A 1nusas wazaui
nndnyaemMIFugIuIng: wazmailamaluana
L A ¥ '
122 AAMIANUMAINNAIBNISRUEATINVRNFRANa Metarhizium Wy Tuilszing

Ina

3

4 o - @ o a v
123 dunweiosnnemaiugnssulunmsiasuunuazfanumoiuiivesiana

9

Metarhizium

¥

v o ] o eq
124 swsmmeRuiifes luana Metarhizium fiomsviunlflssTonilung

q

AnguuunsiagiiylaeTaitee ld

y
125  nadevlszAntamveuderiana Merarhizium somsminlain



unii 2

w d ad
Jaq gUnsal uazisnInaasy

2.1 Yaq qinssi
2.1.1 maeinveiiedis

meé'aimfga Metarhizium Mnf061UNDIAA1E nazdat 19U lufinATm
a1 Tudszmalng sauﬁw@mmamﬂswﬁvﬁaﬂ Metarhizium 9I0gUEFIUNI IUr99A gy
MATelnufagien1edInm nsuimmsineas uazaaiuiseinemaasiazinalulad
urstlszimsalng (TISTR)

212 3o gunsel unzindesile
2.1 21 ﬁ'ﬂma? (beaker)

.2.1.2.2 NIEVINAN (cylinder)

2123 mmgﬂ%mﬁ (erlenmeyer flask)

2124 1A (bottle) VIR

2125 mumm?;le (petri dish)

2.1.2.6  L19UA298 (spreader)

2127  WuSedolarumay (needle)

2.12.8 L%uﬁ]w‘f':aﬂmmmama,(hook)

2129 ¥aBuedaenay (loop)

2.1.2.10 ﬂﬂﬂﬁﬂi‘.ﬁ@;(cock borer)

2.1.2.11 1hndu (forcept)

2.1.2.12 “a9anAaol (tube) Y11 0.2,0.5, 1.5, 15 11ag 50 aanns

2.1.2.13  gn819 (rubber bulb)

2.1.2.14 Foudnaisail (spatular)

2.1.2.15 Insq uazﬁm (mortar and pestle)

2.12.16 m3alesiindnluia (digital caliper)

2.1.2.17 ﬂlﬂﬂﬁf(pipette)

2.12.18 lulasduad (micropipette)

2.1.2.19 N1 (tip) YU AR89

2.1.2.20 @ziNe9 (burner)

2.1.2.21 ﬁa;"m (cuvette)



2.1.2.22
2.1.2.23
2.1.2.24

2.1.2.25

2.1.2.26
2.1.2.27
2.1.2.28
2.1.2.29
2.1.2.30
2.1.2.31
2.1.2.32
21233
2.1.2.34
2.12.35
2.12.36
2.1.2.37
21238
2.1.2.39
2.1.240
2.1.2.41

a'laduda (glass slide)
nszantaelad (cover slip)
é’anau%’au (hot air oven)

v .
g’fﬂaam% (laminar air flow cabinet)

\]

¥y
SIVG ) (incubator)

e a3

g . [
10U (refrigerator) ﬂ?asﬁ'zmm (deep freeze)

O. 3

v
NHINIVANYUN U (water bath)

Y ' 4 .
a839aNIIAY (microscope)

: ’ 'd a
ndpaganssAian3 1o (stereo microscope)
150993 (balance)

A A dy Y [ 4 :,
in3esiisaiienloussan 10111 (autoclave)

&L
IATDITIWHTY (vortex)
1nToel1MI09 (centrifuge)

A @ 1 o t
1AT093AA AN UNTA-A (pH meter)
nFouU (shaker or rotator)

4 ~ 4
wnsosamnlng Tﬂimumm (spectrophotometer)
(ATOUNNLSMUSWUFNIIV (thermal cycler)

¥ ao =
nFosezn 1 lsanadian Ins N33 (agarose gel electrophoresis)

A 1 ad o A
IATDINDUDUADULD (UV transilluminator)

AADIUNNIA (gel document)

2.13 Jaq uagaisiall

2.1.3.1 mﬂﬁ%au: ans Tn ludu Famla (streptomyein sulphate) lasTaaten-an

ludl (cycloheximide) azaaousMiiaoa (chloramphenicol)

2.1.3.2

v 3
DINISINIZIR DU D potato dextrose agar (PDA), potato dextrose broth

(PDB), dichloran-glycerin-(DG18)-agar iil¥ sabouraud dextrose agar (SDA) MAUAADUTY-

wilneaduSegy
2.133
2.13.4
2.135
2.1.3.6
2137
2138

UeaNDI0a (alcohol)

W5 MU (paraffin liquid)

filmfc?u (distilled water)

Afounan Infuoaneaneaug (lactophenol cotton blue)
TuTns91Ma7 (liquid nitrogen)

o =] =] R Qo .
qﬂﬁﬂﬂﬁmmammgﬂm DNeasy plant mini kit ¥931U5H%N Qiagen



2139 Wiwles (buffer) LYY ethylenediaminetetraacetic acid (EDTA) l1ag
tris borate EDTA (TBE) iifudu o
2.1.3.10 Apendiiandlolna (deoxynucleotide, dNTPs) YOIUTEN Rocﬁge
2.13.11 apue Indwed (Taq DNA polymerase) 1587 New England Biolébs '
2.1.3.12 'Iw51wes (primen 2 wiaARITS 1 (5 -TCGGTAGGTGAACCTGC
GG-3") Uag ITS 4 (5>-TCCTCCGCTTATTGATATGC-3") ‘UEN‘LIS B‘Vl Inv1trogen Corporation
21313 o1 lwIRA M (restriction enzyme) 15 ¥ilA A0 dec T (FbI I), Alu 1,
BamH 1, Bsn 1 (Hae 111), Dra 1 (4ha 1), EcoR 1, EcoR V, Eco 311 (Bso 3_1 I), Hind 111, Hpa 11,
Hph 1 (4su HP 1), Pvu 11, Sfi- 274 1 (Xho 1), Tag 1 4% Vsp 1 ¥94UTHN Vivantis Technologies
2.13.14 maumﬁuuuu (DNA template)
213.15 19apemlsd (agarose gel)

2.1.3.16 Tiaeulus lua (ethidium bromind)

=
2.2 AEMSnAaed
3 o ' ) 1
221 MINUAIDENIFOINAND Metarhizium
' P V. \Y/ e
22.1.1  FI0819unasimeR 0150 1e0a Metarhizium

(=1 s 1 3 a 3 g | B d” a

Budletaiasimedudes luana Mewarhizium NARUNNYATOTIY
a ] ¥ { g 1
flaeamniiviosiuwas uasiuithgauauysainieludssmalne ssnanedl wa. 2550-

= w LYl 4 =
2552 Tﬂmnmmawmwuaﬂymuummuauuuu wiennsnuazidulsadani-audiden fe
o w ~ as 3w T
uasiidulodaniumnanzqeenyiuondifa lagl et Filoroguuanuad NUAITILR
1 1 = A =1 oy ] a di’ Iy ¥ Asl’r o Q( 9
Jdngeanaraanniemanziidita dunhinuendeli Ao 10T gNT (pure culture) WION
3' =3 @ o [ = o o f a Y
Nafusayadioorunadlunirusid1dangurgines (2530
=2
DIAUHDIHOIE)
2212 @70079AU

mumﬂmqﬂumﬂwumnymﬂﬁiuﬂaeﬂmimwsammmum uazwuw
T 4 1. v a a
thigavauysalludszme Inosen i w.et. 2550-2552 Tagdnfamthaudndszun 2-3

a ay 1 o Y] 1 o 3 o Y 1 o 1 o
ruRNAsReneuAUF10819 ndanatuTsyanudedRAuLUYguYTENI 50 niulungu
=S 1 a a a Y o 1 = o o Ay Iy ¥ d’i’
mmaﬂ”lumu 20 uANAsINAMIIAY Talugananaan Pruinisueniye i 1dies
usﬂm wseummmﬂmﬂummwm 4 DA AL e
2213 mamm%smﬂa Metarhizium mammaumﬂvw
aa ad

"U’é]ﬂ’J'llJ’E)uLﬂ'i'l ﬂﬂ?@ﬂ'l%t‘]fﬂi'lﬁﬂﬁ Metarhizium ‘D'Iﬂﬂﬂﬂ“]f'lu‘ﬂ’iﬂ

ude1d 1nnguaIuITedsudagianiedinin nsudrinisinyas LagINdn1TuITY
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a . d v, 4 [y 0 ° -1 4 a
Innmaasuazma TuTadursdszmelne e ldsvudniwrhnmauenideId 185 es 105 qn’
a 2
9NATY
=Y tﬂ' S e dy
222 asfinvwilavesensiielslunmsaauen¥esana Metarhizium -

o

4
wimsiiasudouuuusssuA Taoih conidia Y¥0UFI1ANA Metarhizium T2AY

a

sl. 9 6 L. A Aan ] a ad () 3 Y Y w
ANUENTU 10° conidiafiadansldasluAunnuINsssumA 100 NIN Agmaa iy

v
1ed o

k4 [
NAUUFITIINAUAINA T 10 nw‘lﬁm“luma;ﬂwwumm 40 finAans AL tween
o ¥ e . . kY4 )
80 AnuANduSosas 0.1 Mrumssugeuda wiagdsunauTfidiuiussozina 3o
a A s [} a 9 ¥ Y 9 [ -1 -2 -3 1 o
il Wornmsazaediotnean i laanududumidu 107, 10° uaz 10° e INEIAD uazge
[ 1 3 ¥
msazanei I8 luudazanududuun 1 Taddasnieildindede (spread plate) UNDINIT 5
¥iia 1AuA 913 dichloran-glycerin-(DG18)-agar, 81¥13 SDA fidiunasusuiinea, 01m13
a a =) A ad ° a o Y
SDA MiAunasusuiinea uasnefFiuzmasdInludu daaiosas 0.1, 811135 PDA
a A aa a 9 o9 R
uageMs PDA fiinefFusnasusuliinendovas 0.1 uas 14 Tadieny1 Iuadevas 0.05
b4 E H
Tngvhnsnanssnnududuvesmsazmodiodiafinedieag 2 1 tndosfigungives uag
Y -} : '
Funansesauesdeiiana Metarkizium niunieluszezinn 7 Ju unzifionwiinonish
b 1 v ] k4
AnNsonaenies1Ena Metarhizium nangaieri 14 uduaelyl
223 Pasausne uaum“lmammﬂa Metarhizium ‘Uiﬁw%
114ﬂsmmﬂum'omquumwmammmsmﬂa Metarhizium ‘lﬁmmemq WIAALYN
Taol#aeSudo conidia ttaz i 1u13nR28IMATIA cross streak AUNTUZA B AT oM
! A a ~ o
PDA NiRveUFFuzaasusutiineaiovas 0.1 uazlalnmenanluadosas 0.05 wazlunsil
v v ; / '
mmﬂm%mnﬁaam\mu ﬁwﬂwff’qﬁaammumﬁsmm 10 asuldasluvrngisuying 1§ 40
Y =]
faaaasHe tween 80 ANt SooAz 0.1 AFIUMIAITD wervaglynwan i munJu
52021701 30 17 mamamammu“lﬁ"lﬂmmmmsuumm'u 10", 107 tag 10 MMUdIAY ag
aacsazaeiildluudazanududiuan 1 fndaasfte iindudounenmsenns ppA Tay
¥ ]
#1135 nAa0IAIMId N TuesIIay 2 61 Mmaverlgriusnaousuididaea
fovaz 0.1 uoz Iy Taaena luasooaz 0.05 uReINUAIBENINLNA
o dy VoA a Y a = p=% Y [~
Cdnumizifestungungines dunanisieigyes Ialadinaiuilussezim
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7 5u dmuhdnvaiz InTafifiduledun vtumdes wSemane uaz conidia nioaeseylu
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Fuly uaz conidia nvuuurua'lad fou conidia Audfounan Infuen-nonneaug Yadae
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10

4 o i a 4 = @
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N'Iuﬁuf]ﬂﬂ'm 3 ian AUAT) Lo uwmuﬂm%mmﬂa Metarhizium 1MUNY LﬂEN‘IJHEﬂ‘Hﬁ PDA

v

uazm"lﬂuu‘n@mn U L‘fluswmnm 28 U Lﬂ‘U‘iJu‘V]ﬂNﬁﬂ1ﬁ’lﬂﬁ’fJ\‘1°v’lﬂ 4 M IﬂfJ‘Uu‘nﬂ

9 9
]

Aeafiudnyazaieg Adunainld Wy FvoaTaTaiifsdunihuuimionns uazdunds
d” X d [ . . o kY ] w a A w
YDINUINILIDOT LATAITATLIWAIVDI conidia ITUAN TUNNERIINI51ITRYvee InTalinda
EY v 4 - . . - Ty a a da o
vadurugudnatsveslalafiaifunu X uagunu Y Tumiseiiofwns Tagldmsainles
) a W wa o ! ) Ty 4 - a Y 1 os.-’ ¥ a
-yiladn Tuild thanduruguinani laluudazasanmisunae
2.2.42 Anendnynizz1919904 conidia |
ipSonaladifioAnuidnyazune conidia n1oldndesyanssa
“Hn03 10 TﬂU“lafﬂmmamwmﬁu”lﬂmsw conidia Tutiurive ladfindaddeouanlativoa-
aeanoaug uaztladaonszantanlad vh lifnmdnuazginss wezdavmannunti uaz
v
ATINE1IVB conidia JHlAazA188193 113 40 FhdaeTasunsuaenIN ACT 2U tiuiinwn uaz
denw ihdeymnmmmasluusazdundeudronidrdasidiuvesnamenneanunin
Y09 conidia
=& 1 a
225 msAnmsemadamslunna .
v adg g
22.51 MSANAADUID
; . g0 :; . . 3 1 LY 1
INIZI88Y conidia LAY7 (single spores isolation) Lmazmamﬂumsﬂgﬂ

1l 1 < N a 1A a9 [~
FUWNUDINT PDB 1087719313433 150-200 58 UADUIN VNNGUNHUN D Lﬂu‘i%ﬂ&’m'lﬂ'i%iﬂﬂl

9
[

. Y] a w [=~{ o y =1 [~1 ]
57 Ju aunadnyazlumalan (pellet) nonmaan Tagwi 1 unng1mwis7 8,000-9,000 seus0 |
= o = 9 Y w '3 ] [~ ]
Wil Wuszoznnn 20 Wi wosdanamealsmsagaigiwes EDTA AMANTUNTA-A19

¥ 9 v ] 1) k)
s 8 anududu 25 TadTuadwau 2 a5 ndesnniudredrvinauidiumsduged iy
3 v
12 seu unaaavivaa el lnswnuman wiounednmanldldaclunasanaass vuia 1.5
a an - 9y v o o e Yac A
findans uasadaAduedwyaaind 15931 DNeasy plant mini kit lagl435msmugiievesya
AfnRouD
o a o a 'd = ad kY = 3/
hadwennneimysnaRewenedugunmuazdsin Tasly

a a g 4 a A
matinezn lsanadidnIns W3 3a fanududuveiuezmisaiovaz 1 lumsazme
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@ 4 v -4 3 o o
e TBE anududu 1 i1 nszualid 100 Taed wiounaSeuiiouvuindwueiu
<1 N 1 [ 3 Q ]
fA1DUIBIATEIN Y (DNA marker) ¥11A 10,000 fsue ¥30 A Hind I M0 INTH1 MHUAIN
9 ) aa o ' ) P & ' ad ° o
foudoedidonTuslud uazquinmaniedduasgInimasesdoanvfduie dmiuns
a ' = o o ] 4 =Y St
Sinneimed e ldTasms Tamnsganiuuasdianissmiln as I Tndinesnn
gnAuLae 260 W lwuas uaz 280 w1 luwwas hndiamdsusanududuves
ad $ o o v A d 9o a a A 9 3
fdue Hushmfmedsddue igamgl 4 osmwadvarive 19 Iudusde
oA = a a
2.2.5.2 Msudsuaaeue
a g Y o ] A a a g a
A UIBYO UKD I1ANA Metarhizium  Y)NRIBE1IGAARNYTUIUAIDMIDN
a o 1 1 4 I'4 =
ySha ITS Tudumiis :rDNA fog Insiwes ITS 1 uag ITS 4 (White uagang, 1990) UTuns
3 a9 9 A a e~ o 1w a 9 a g
a1snanuailFlumaindsuatidwemidu 2s  lulasdas Ysznouale@due 500
@ 4 o ’ . - a a o
wlundu Indwes 1T 1 uaz ITS 4 anudndu 0.8 #lalua foondiling 1o Indanududu
o o ' o LY 4 . ] a’{ -
200 TuTasTua Adwe Indweisanddudu 1 gila diles Per anmdudi 1 vir uagih

= <

sl fan11z/ef 4 initiation denaturing flgungf 05 osmuwaIFun
547 1 509 93 denaturing figungdl 94 sariaiFua 1177 30 Sund {11 annealing figangd
60 BamIBIT YR 2 it $U elongation figangdl 72 sasuaiGoa 3 w1l FauanYA 35 T0U
Lmzmuﬁ"aaﬁfu final elongation ﬁ@mwgﬁ 72 eeraitod 5 N 1 50U ASITADY PCR product
i1l §aserlaelfinndnesnilsmaadidains IWida ifaamduduiy
pzmlsadovas 1 lugsozmoilied TBE anududu 1 wiuaznfSenifouivdidue
93 0eMIIUIIA 100 rua 1HuFnE PCR product figaingil 4 samusaiFee
2253 manumanuduRusMaiugassY

o o o

o .. o ¥ 1A ' sl A w
1#1°PCR product #3nd11 daFinsizmsiauiiang lo InafuTem Tech
Dragon Limited 13auSn1smiangasnsursmsisusslszansulu dinadeyadidy
a A o [ [y 1 a ' = P=3 9 = [
fanalelnaudazaredrandnsizmids sumfsumaivadienasniulldsunsy BLAST
[ @ o 1 a I'd
(Altschul UazANE, 1990) WSsuHeuAUgIUToYD GenBank LazTATIUNNGN TATITHINT
o 4 3 . [ @ o
 phiylogenetic  tree ¥ 03100 Metarhizium NS suifisunianuduiuiateluana
. | (d' o ) J o A dy . 3
Metarhizium ﬁﬂﬂm’auq HAZANINFAUNWUTNY outgroup 19 LYDIEAND Beauveria NI 1UUDYD
GenBank (13137 2.1) Taeld 1151031 BioEdit version 7.0.5.2 Tun1sasiaaouudzud luaau
9 o @ Aa = S 0o o0 w A o Sy ¥ ° =3 =) A
adpsrednuiinilelng hidduiiand Tolnadh lduinsdSounesuanumienves

[y

9
0 a J ' R ' .
&reuiind To'lnaszninele Tsanuiy multiple alignment A28 15105y ClustalX version 1.83

a v o ar A Ada . . .
LLﬁ%Lﬂ?U‘UmE}‘Uﬂ’Jmﬁllwuﬁ‘ﬂ‘]\iw‘L!‘Qﬂiiuﬂlﬂﬁﬁdn%ﬁﬂiﬂﬂjﬂiuﬂiu Phylip package version 3.6

- P & : . 2 2. A9y
fiswmsI¥aunaeTlsunsy A Seqboot, Dnadist, Neighbor 1482 Consense &4 1unsenyiily
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1 Bootstrap N 1,000 uaz 143 Neighbor-joining o 'ld phylogenetic tree ‘%’qﬁmuﬂgﬂuuu
uauniA8TU51UNTY Tree view version 1.6.6
'22.5.4 MmIfnyMIAMIMAINHEIENNRUENSudwTamseme
_ ummumﬂaTa‘lwﬂﬂmuuf’{"lwsnaaummammmmﬂsummu”lqm
mmmw‘lumamaummniﬂmﬂsn Webcutter 2.0 (http:/ma. lundberg gu.se/cutter2/) Hiodnun
141mm14ajnwawmawuqﬂﬁﬁumUmmiﬁumﬁ ﬁm%muumwaumﬂﬂw azhaidon
dow o d' o dy .. 4 @ by Ié -0
U lanidaduwizRamnsadwun¥eana Metarhizium seniemenus lameii lunanes
: :
Tusio 11)
2.2.5.5 MIANHINIAVIMAINNNENNRUENITY IABIMALA PCR-RFLP
111 PCR prodict 'ﬂ"lﬂmﬂmnwnﬂ3mmﬂmmammﬁﬂmmmwmﬂﬁmﬂ
Y99N15NAY TﬂU“lﬁmaublmmﬂmmu’nﬂmaaﬂmmmﬁmmiﬁumﬁmwuﬂ 15 ¥1ia A9 dec 1
(Fbl1), Alu1,BamH 1, Bsn 1 (Hae 11D, Dra 1 (Aha III), EcoR 1, EcoR V, Eco 31 1 (Bso 31 1), Hind
' YIL, Hpa 11, Hph 1 (Asu HP 1), Pvu 1L, §f 274 1 (Xho 1), Tag 1uag Vsp 1 laviidumisendn
adq Y @ o v Aa ) (4 ° do o v A
’gmﬂgu‘w‘lﬂﬂumimmﬂuumah“lm wagngamsihauyeusy lelAadumgAsnITei 2.2
: = 3 i o 3 = Q )
TeedSuiasarsvanueildlunsny PCR-RELP nanuailSuias 15 lulasans dsenounde
: @ cow o Y 4 A 9/ ¢ o
© PCR product 2 11 In5n5u ouladdadumse 'lewlaimuﬂuemiﬁlmmmmzau"tmmmawuﬂ
a 4 a a d =Y 4
uammﬁwwaTﬂU”l%’mﬂuﬂazﬂﬂiﬁ-mamaﬂT‘mTﬂ?mﬂﬁﬁﬂ'smm’fﬁ'uaznﬂsmfuaﬁ”avaz 2

Tuiiirled TBE anududy 1 o uazilSouisudufidweniesmneuiig 50 gl
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v

) gi o v i o Y
mIun 21 swaziduad081991031udeYa GenBank Ml lunlSewmoumanuduius

maugna Ty

Locus alid 91994
AB027382 B. bassiana Nikoh #8¢ Fukatsu, 2000 _
DQ287238 B. bassiana Vega lInZANE, 2008 o
AB027383 M. anisopliae Nikoh 4t Fukatsu, 2000
AY646373 M. anisopliae Kwong LagAMg, 2005 (Unpublished)
AB099510 M. anisopliae var. anisopliae Yokoyama Uaznts 2006 '
AF516302 M. anisopliae var. anisopliae Pantou LIRzANIE, 2003

hd -

AY 635456 M. anisopliae var. anisoplia Small 118 Bidochka, 2604
AY646397 M. anisopliae var. anisopliae Kwong tiagaMe, 2005 (Upp_ublished)
DQ177431 M. anisopliae var. anisopliae = | Huang Lm:ﬂmz,_2066 (Unpublished)
DQ679899 M. anisopliae var. anisopliae Flor LiazAM, 2006 (Unpublished) -

EU307887 M. anisopliae var. anisopliae | Inglis uéwﬂmz, 2008

AF137063 M. anisopliae var. acridum -Driver Lzazﬁmz,. 2600 .

EU307907 M. anisopliae var. acridum - Inglis tingaAME, 2008

AY387580 M. anisopliae var. majus " | Bidochka itagand Small, 2007 (Unpublished)
1 AY781690 M. anisoplige var. majus Fagundes Iagffg, 2007 (Unpublished)

EF051725 M. anisopliae var. majus Lubeck (i0sAME, 2008

EF051714 M. majus Lubeck tlngntis, 2008

AFI37067 | M. album Driver (1A2A0IZ, 2000

AY375446 M. album Destéfano UagAME, 2004

AF138267 M. flavoviride var. flavoviride | Driver LiagANY, 2000

AF138271 M. flavoviride var. minus °| Driver Lazame, 2000

nu: http://www.ncbi.nlm.nih.gov/
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=

y 4 o o . .0 ] ° { o aan
m3n 2.2 uaasiiorou leddasuwiz dumiseas uazgamginldluns g

o gamgivnlinzen | qumgiingalgnsen
ey lvinndume Munnsaad . Tt
(A NBATIA) (O3 ALBEE)
Acc 1 (FbIT) GT/MKAC* 55 -
Alu1 AGCT 37 65
BamH 1 GIGATCC 37 65
. Bs:z I (Hae 111) GG/CC . 37 : 65
I'Dra 1 (4ha 11I) TTT/AAA. 37 . .65
| EcoR 1 GIAATTC . - 37 : 65
EcoRV . |eaTaTC 37 -
Eco311(Bso311) GGTCTC 55 N\
Hind 111 AAGCTT 37 65
Hpall cecs - 37 - \\ -
Hph1 (4su HP ) GGTGA 37 65
P11 CAGICTG. . 37 . |
52741 (Xho 1) C/TCGAG 50 65
Tag1 T/ICGA 65 :
Vsp 1 AT/TAAT 37 65

*M: A/C; K: G/T (U35 Vivantis); - nuneds lissygamgi
a A ﬁy (-3 . Qv
2.2.6 minageudszaninmueure lumsidatain
dy & d‘ b [ [ d a da

mnzidestadind ldnnudasnyas Sendamymsaeas lundesnaradniiichila
a g4 A g9 ' 9 v =t & )
afin mzgvunadnieIfeimassaiudionn]d uaslvinaveskumyuzilssinaudy
i 4 . = 9 v A a 'u'd' 1 v g kY o dy A
iuguina1s 10 wuRias sesdaonszmemisdeRuifidiunissinends hldedunda
~ a Y .Y 1 g o :’ t
figaumngides ndeufumeSoumsuuiunsevesdaediuFerinarlos il 1% Tween 20 14

¥
18aududy 10°, 10%, 10" uaz 10° conidia/ml. hdet19¥sMEARIUUNIZMBYTINAT 1
faddns Taonszaeliinsea uasddesnizay Iiminan Wodanlagldyiuazenlda
¥
Tundosnmaugsan 20 ddemruz 1 lu Tasluudozanududuiminanss 3 drlaeliye
b4 ] ] v 9

away 1 ga thlddesdunde figamgives szidlildasnuiiesnlivniihes duna
o Y] Yy 9 4 [ =~
Snuaizuudiainmoldndesganssmi  wazdasimsmevestanifluszoznanlszne 2

Flai




15

UNN 3

Wa taze nUenansnaaog

3.1 unasiin uazmMsRANENTe1ana Metarhizium
y ¥ 4

v '
fot1adesnlFlunsinuinaasenssiiiglesiananua 33 o lananlaouonldain
o ) o l& ] L% 10
unassuan 18 lelwan uazldvinausiuau 15 lolaman Fauvadudauenlniismom 16
o = a A
Tolman uazvoanuoyns 1z w17 lolmanlaviiswazidva Ao
) @ o ] i % dy [ s
dmsumsaauonIniuvaiufausaesiluana Metarhizium 31 3 loTmannn

srothaunasmeldus MA 018 uas MA 019 Adauenldaninuuasluszozdnud taznueudals

v W o w =3 1 @ @ §
Tududy Coleptera - arudrdy Mnvanulaslidesdanianiganys (U 3.1 A-B) uaz

— HaizR -2 - o
lol9an MA029 9101LAI8 U Diptera Tuituint 3andauassivdu (314 3.1 ©) uaznn
! g Ay a tﬂy ‘:' - h = A ' ) dy d’ 1
myguianoniges ludusniiuinyasnssmlaoaisiaiiniosisiuwns uagWuiithen 24
T G 1) ' v
fanTalulsemaInoavua 150 s (13197 3.1 tazgU 3.2) WU IANA Metarhizium
vy

nanuas iy 13 1o Tmaa 1Ain SCB 04, SEC 04, SEC 07, SED 07, SNA 01, SNB 02, SNB 03,

SNB 07, SNB 08, SNEB 17, SNEB 18, SWA 19 tiag SWC 03

v ] 4
517 3.1 Meodreunaaiaud 10150 Metarhizium;, A: MA 018; B: MA 019 18z C: MA 029

n’: Y @ Y d o T A o 9 @ A 3
uaﬂmnuuumm'1ﬂ=uammmgmswwmmwu1"1ﬂ1‘v“luﬂﬁﬂaﬂﬂmmmﬁﬂgw‘ﬂu

dy d' R - @ A Y a wa ]
#uiinuasns uazinnyimaasslunismuguuuasdagiylurieslgianisvinnuisau
[ Ad o Af 1 A @ oA d s ad a
IV UASNNUINBUTDIIN 3HUIVIU AD mamwmmmgmiwﬂmﬂquumummmwm

° =% @ 4 vy ' 1< v @
s lelwian Fayn'lolasaadausniiestlAninuuas Tasutseaniduduay Isoptera
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$wau 1 loTwan (MA 011) SUAY Coleoptera 311U 3 'lolaian (MA 012, MA 014 uag
MAO15) 128U Dermaptera $1171 1 loTwian (MA 017) nazdietisiinaueynszian
9y
nquaitelsiudagiamadinm asuixmsinuas vanuadwan 10 Telwian 1dun
MA 001, MA 002, MA 003, MA 004, MA 007, MA 021, MA 022, MA 024, MA 025 L2 MA 026
= @ 9y v W 3 o g
Fannlo Tmansdauon 189 1nunasdudy Coleoptera  52uMlo TaaafinnueynsIziaIn
v av a 4 = ' ° A
aonfuIseinemaniuazima luladursdszima’lne (TISTR) $1w9u 2 lolwian fie TISTR

3158 11ag TISTR 3607 Muon 1dvnauludszmadadiud uaz Inoauddy

wn Phanom

Motk Da Han
SNEB17, 18

~ A _seoor_ |

i 1 Chai Nat

an 2 SuPan Buri
3 Sing Buri

4 Ang Thong

5 Nakorn Pathom

~

15 Amnath Jaren

THAILAND

i North
£ Central
8 South
{8 West
8 NonhEast
&3 Easnt

v

y a 1 4 o T a [ (v @
s 32 uaasiuimsquidudiediadunin 24 Sandaludszmeng nagsiaves

o

ToTxmandauonainay 13 lolsan
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@

1 ] v v
M3aN 3.1 undsinvesiietisuiazsnle Inaaveusesiana Merarhizium Nfiauon 14

dvudt | e M0 Fnudedeiu snleTvianveutesiana Metarhizium
1 |SNA |uigosaou 6 1
2 |sNB | imualni 13 4
3 |sca amf 11 Tainy
4 | SCB | aynsdaniy 5 1
5 |.scc | mysysol 1 Taiwy
6 |scp |Wwglan 3 Taiwy
7 | SCF | qussmy3 3 Tainy
8 | SNEA | upame 7 Tainu
9. | SNEB | unsswimn 23 2
10 | SNEC | vouunu 5 Tainy
11 | SNED | q5uns 1 Taiw
12 | SNEE | ¥iansny 1 Taimy
13 | SNEF | Souidn ! Tainp
14 | SNEG | 15508 i Tain
15 | SNEH | Fogil 4 Taiw
16 | SNEI | QUasI¥51il 2 Tainy
17 | SNEJ | gas51H 1 Taiwy
18 | SEC | 3umiys 20 2
19 |SED |@szuda 8 1
20 | SEE | 352099 3 Tainy
21 | SWA .| Mayans 19 1
22 | SWB | 91913 3 Tainy
23 |swc | Uszewdidus 6 1
24 | ssA | qifa 2 Tainy
ﬁ;ﬂﬁywuﬂ 24 Yania 150 AIDU19 13 lolaman

116120
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%1ﬂt§ai1ﬁqa Metarhizium 3nsutanua 33 Tolmaantelddudndidauonainau
$1uu 15 ToTaan uazarnuuasioy 18 ToTman Aeagulsra undsiinn uazdandaluains
# 3.2 Tasmsusnidenindusiuan 150 redn 24 SmialusemdInsdadudsoazves
mafanon’d 867 vessmauiedeRutanua Fenuiniudon anisopliae 38U 100
Tﬂﬂﬂ'auiwajwm%ﬂ M. anisoplice  uanwanluifu 20 wuAwasvinAmtay
(Zimmermann, 2007) c?a%uﬁuﬁaéiu%uA (A-horizone) ‘ﬁrﬂu‘fuﬁﬁuw‘fﬁéﬁ’ﬂqﬁﬁﬁidﬁmé’a
unziifenssuvesqiunifinniiga Tneny3ndes1 M. anisopliae A1U150N52 9100y IUAUR1ISY

walan (Iskandarov  uazAme, 2006) azfiauon 1av1niederry (habitat) vieunasiney

(geographical origin) T5IAYINUANAISY (St. Leger LiagABIZ, 1992; Zimmermann, 2007) ANTHEN
4 b4 ¥
15951 M. anisopliae 1INAUTIOARRBIAUMITIBNUMINUIGET) M. anisopliae FEERITE

' ;'uﬂﬂmaﬂumﬂﬂuﬂlmmmmdﬁﬁﬂmmmnmﬂuLmayﬂﬁumﬂmu Hughes ttazAaie (2004) 19

L'

LY

" wnfin plating 1DINAA baiting IﬂfJLﬂ‘lJGI’J’E)EJ‘IW]N‘IJiL"Jiui't]‘UNﬂJﬂﬂﬂﬁhJ‘lSJ (leaf cuttmg "ant)

Tuthunifufithanuuanma fe 1111)gn (secondary forest) Ay (If}auam) Unlgn

- piiAuue ua~1J1‘1Jaﬂv11JamJu“lw insnuasdluemghuazaunmd Tudsgmenunm Ha.
MINABBIWLINNIL M. anisopliae var. anisopliae Fanuas iy 58 "lahmgiﬂa‘lajﬁmiwimﬂ '
Fdouq Tuena Metarhizium TauSiarumuaiuYese Meiarhizium ogluaai 1 x 10 Ha s x
10° CFU siansuupany lasmaiin plating tag ludo81au 1 ﬁ'meim‘fuwuﬁ;’aiﬁﬁa“lﬁtﬁﬂ“lu
unasatlFdou fie L‘?;J’t']ﬂ B. bassiana Taefinnunuiidualseuim 7.5 x 10° CFU Aoniuveddu
mws‘umsﬂmwﬂmaﬂ Metarhizium A1 imaiin baiting Fuslfifudmwatnud wila
Tenebrio molitor 1TUOUAL Coleoptera uﬂﬁ‘"ﬁmmwiummsmmwa M. anisopliae var.
anisopliae ﬂmmuaumﬁa%m (Galleria .mellonella) Tududu Lepldoptera wazluMsngans
994 Sun 1A Liu (2008) Aifud10619A13 112U 425 et fihSnuse 10 vama
Tutsemeiudaussl a.a. 2003 54 2005 nudesiidelfife Tsaluuasimuady 236 e
Tanantuovas 55.5 “ANWUL%@ Paecilomyces - farinosus mﬂ‘ﬁ’sﬁ 509091179 B. bassiana

UBY M. anisopliae var. anisopliae amiluevay 19.6, 14:1 unz 10.6 A1u[1AU Gl‘lﬁj 71.71.2008

v
Y

a Y [} a o @ v 3 v 4 y
Inglis uazART AUAIOEALTINIL 100 Freg1enInsianun 83 unaeflidnyazvesiun
' Y
uana1eluysar Tnduons uanineald Tnsmnila baiting WUINUY0I1 M. anisopliae var.
. . Y _ v ‘g’ ' g & 3 a 3
anisopliae gn3nnsz1eldednenieuns Tnowuides1an 46 unaenniuivamuafmiy

v v
Zowaz 55.4 uazamisauonidoes ldnanuadiuiu 63 lolasan
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A LY 3 1 [ 1 A g .. Aq 9 2
AN 3.2 THALYD UNDIDIAY LUASUNDININIVBUY BN Metarhizium Vlcl‘b'ﬁluﬂ'liﬁﬂ‘ﬂ"l

Yoluian | mwaserds | unasiiin lolwian | umaserde |  umdedian

MA 001 | Coleoptera | UASSIFANT | MA 029 Diptera UATIIFEIN

MA 002 | Coleoptera | AFUMNA TISTR 3158 | @u Waud

MA 003 | Coleoptera | aymatlsims | TISTR 3607 | Au e
MA 004 | Coleoptera | Uvus1H SCB 04 Au AYNTAINTIY
MA 007+ | Coleoptera | UASHITSA SEC 04 au TUNY3
MAOI1 |Isoptera | quasaiy  |SEC 07 au N3

MA 012 | Coleoptera | ¥BMIIAY SED 07 | Au aszuf

MA 014 | Coleoptera | Meyou1)3 SNA 01 fu 11l goanrew. o N
MA 015 | Coleoptera | / SNB 02 A Foslmi™ |
MA 017 | Dermaptera | UA551%@N1 | SNB 03 Ay woelnd

MA 018 | Coleoptera | 1IN SNB 07 au (Boa ln

MA 019 | Coleoptera | MgyaHYy3 SNB 08 au (Feoa v

MA 021 | Coleoptera |/ SNEB 17 | fin uAsIIFEIN

MA 022 | Coleoptera | Uns1lgu SNEB 18 | AU UATTIHAN

MA 024 | Coleoptera | 51%1J3 SWA19 | Au RIS

MA 025 | Coleoptera | Yszauasaus | Swc 03 A aJs:muﬁ‘s'aTuﬁ
MA 026 | Coleoptera | szaaidus | / linsuumasfian

ar 1 ° Aq &' Ay 1 o Ay
fregannunassuu 18 loTsmanldlunsnanesasefinuhausofauenldain
v W 2 d' A o 3 A v
Llﬂﬁﬂ‘luﬂuﬂ‘ﬂ Coleoptera vlﬂll'lﬂ'ﬂ’c]'ﬂ A9IUIU 15 Ilf'JT“]flﬁ?"l HUBNVINUU FID uuaﬂuﬂuﬂu
. 1 . o . d' 1 gy d [ '
Isoptera, Dermaptera (1012  Diptera 8890 1 loTwan dasrv1unnay isuwiaadud

. .

M. anisopliae Wulinnuamsadiefouvasldedinisunsluiunimaiududy vatosiia
(Goettel ttazAME, 1990; Rombach agAMy, 1986 oy Bidochka 8% Small, 2005) 154
Coleoptera, Diptera, Hymenoptera, Isoptera, Homoptera, Orthoptera, Hemiptera, Dermaptera,
. ' : . g 9 . P
Lepidoptera, Symphyla 1ing Siphonaptera Wudu Taelus10911999 Zimmermann  (2007) $
2 t dy Y o Y 2 v @
FIUNMTANEIVDL Veen (1968) WUIUFDI M. anisopliae mnmmmmm"lﬂumm 7 dUAD

[ 4 o o .
30 204 a13d Taetianuainisalumsitiiiaisuin 3 §19uusn Ao Coleoptera, Lepidoptera
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. o o 1 ° [V Y] - = 4 1 g

(1az Hemiptera MudAy Taonwudud1ianedudy Coleoptera WD 134 913 ualudos
., a 4 S a o : Ao w1

aNa Metarhizium FUADUC FUTANUIUNIZIDIZIIADUNRINVIDIFVINN M. anisopliae Tag
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funiodurhugudna (admas) « S.E.
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Tun 4 Suits | Wiz | Tuii1s Sufizo | Fufiza | Tuiizg

MAGOL | 13.124037 | 28.36+039 | 45.66:0.72 | 57.1420.39 | 69.9920.40 | 78.65£0.33 | 83.87+0.33

C MAO002 | 15.8340.25 | 33.26x034 | 52.5240.40 | 67.82:0.63 70724061 | 85334046 | 87.63£0.40
MA003 | 1351202 | 21.072038 | 43.89£0.56 | 68.071.22 | 75.75+0.54 | 83.08:0.57 | 86102069
MAQO4 | 551021 | 18942061 | 27.534067 44784092 | 55.69+1.01 | 66.59+1.10 | 74.63£1:06
MA Q0T | 15.96£030 | 31.9450.60 | 46.06£122 | 59.8+1.77 | 75.96+1.08 | 81.40£128 | 84.52:0.96
MA Ol | 14.4820.21 | 29.27+0.22 | 45.85£0.48 61.0420.71 | 71.85£0.66 | 80.09:0.52 | 84.05%0.27
MAO12- | 15785035 | 33.0120.48 | 49.7920.72 | 65.3720.96 | 75.45+0.63 | 82.18%0.32 | 84.9720.53
MAOI4 . | 14.5320.14 | 20.16$0.16 | 44.62£0.33 | 59.180.64 | 69372072 79.02+0.59 | 8395037 |

MAOLS | 14805031 | 30.38£040 | 47.32£0.60 | 62.690.77 | 73.30+0.78 | 80.05:046 86.8240.50

MAOIT | 10774032 | 24574045 | 40.13£0.29 | 55.4440.40 | 65.8820.63 | 73.1950.50 | 78932045
VA OIS | 15274020 | 20956024 | 45.56£0.25 | 60.40£0.29 | 71464040 | 80.084035 | 84.6140.36
VAOLS | 167550.11 | 34642020 | 53.1520.36 | 69.32£0.58 | 78.6040.42 | 83.974040 | 85.9420.46
VA2l | 9498062 | 22.6340.66 | 34732042 | 48332063 | 60.8£0.54 | 73.3040.55 | §1.274046
VA2 | 15.514023 | 30732020 | 452740.34 | 62128043 | 74204036 | 81284025 | §1.924027
VA2 | 1126£023 | 22.2450.56 | 33.3340.66 | 44962074 | 5S.15£0.78 | 64.832057 | 72.90+0.33
MA 025 | 90246027 | 13.904027 | 24.8940.40 | 33.9040.40 | 40.8420.39 | 49.0920.46 56.1140.70
MA 026 | 1536£0.12 | 24374036 | 45.28+1.96 | 58.811.73 | 71.06+1.63 81334101 | 85.05:0.76
VA2 | 16215028 | 36274029 | 48332029 | 64762031 | 77954037 | 84494031 | 86.914048

TISTR 3158 | 18.2540.25 | 40.040.17 | 54.5320.32 | 72352042 | 79.5040.54 | 83.6840.66 | 84461064

TISTR 3607 | 13.44£0.25 | 29.890.36 | 39.41:1.02 | 54.43£1.90 | 69.52+1.95 77.1341.88 | 81.8841.29
sCBoa | 10774018 | 17.192024 | 35.442058 | 52.0220.52 | 65.56+0.62 | 78.08:0.38 | 82612034
SECO4 | 17.83:027 | 42.042024 | 56732021 | T2.08+0.16 | 80.5:0.69 | 84.58:025 | 85424024
SECOT | 9264035 | 25674102 | 37.2141.08 | 67.70+1.50 | 677154 | 78.89£1.03 83.0340.61
SEDOT | 14.92:0.14 | 30.97:020 | 48.1520.19 | 79.57:0.43 | 79572033 | 83.812024 | 84692032
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SNAOI 14'55i°'2é, 32312028 | 44.532024 | 59732028 | 74.0040.35 | 81.7940.48 | 84.5620.52
SNBO2 | 9.82£0.38 | 22.88+0.83 | 31.85+1.02 | 43.25+1.12 | 58.024127 | 68.3741.25 | 79.09+1.70
SNBO3 | 163040.57 { 34564051 | 45.5020.62 | 59.0120.61 | 70.5440:64 | 76312048 | 78376029
SNBO7 | 14074016 | 27.856029 | 40.0320.17 | 53.1620.40 | 63.582033 | 73376055 | 80.150.53
SNBO8 | 15.7540.26 | 31.4520.53 | 41.140.42 | 52.69+0.51 | 64.530.82 | 70.93£0.92 | 77.70£0.67
SNEBI7 | 21356027 | 42144035 | 62334018 | 74.34+0:63 | 82.05:039 | 84.512021 | 86.2040:18
SNEBIS - 1930:021 | 406620.64 | 58.75H025 | 74255047 | 82734032 | 85452027 | 85.9020.32
SWAIL9 | 14.66:043 | 35.66£0.41 | 48.87+0.56 | 65.03£0.56 | 78.3620.35 | 83.2740.37 | 84.4840.23
SWC03 | 13362021 | 30234027 | 46.0040.19 | 62.85:058 | 74.66:0.44 | 83.05:0.42 | 84.78+0.40
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i34 uagqiiizea11  Tenui'leTmanfinnuniaiisidesfigadefisuify 1.9
Tulnswns uazandiqa Aefiduviiy 4.52 TuTasmas 18U MA 029 ez MA 021 mudidy
dauleTaaaiifianaue129e4 conidia Tovfiqaiiauiiy 4.88 ulnswns uazuniigaiian
(A 16.87 "luiﬂimm 18un SEC 07 uaz MA 024 mmmﬂ‘u |

FafuanIuIAR 1Y conidia aunsasanguidest M. anisopliae 10619714

lumsfinyutseenily 2 ﬂijullﬂ’e)ﬂ%‘]‘lfﬂﬁlu 1D M. anisopliae var. anisopliae {0 M. anisopliae
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var. majus Iﬂﬂﬁ’)‘uiﬁmlﬂu var. amsoplzae u Irua 30 ﬂaimaﬂ mENiHﬂZJ conidia wmau flo -
finnuunegiznin 4.88-1026 lulasiuas uag var. majus $1171 3 JoTmanldun MA 004,
MA 021 118 MA 024 1fipd9103 conidia“l]u”‘lﬂtﬂ’?l Tﬁaﬁmmmamﬁ'mmﬁu 15.89, 16.70 102
16.87 luTaswasaudidy fesr0auveq Tulloch (1976) 'mwﬂ M. anisopliae ponITi 2 fmu
AIUYUIA conidia AD var. anisopliae i conidia wmﬁu Taulin11u817321319 3.59.0
Tulnswas uafiny1dyeofinuen 5.0-8.0 'hJTflsmm AU var. major 3 conidia YH1AH7
Uszmn 0.0-18.0 lulnswas lnefinyldves Ao anmenivuia 10.0-140 lulaswas ud
Rombach uazAMe (1987) wiiangulv conidia ﬁﬁmummmﬂnﬁaﬂniuﬁﬁy7 TuTasuas
n3elvUIATENIN 7-9 TuTaswarsadummiu i anisopliae var. azzisopliﬁe uﬁ'isﬁ conidia 1)
YUIANNNL1INN A9 Dunamanduiinu 11 lulaswasdasuundu M anisoplice
var. 53 3 o Taanfuon T8nndadsavendniidumas gy Coleoptera A9ANABINY
SWNUANG1IIT M. anisopliae var. majus FRIMNEUMIZ1912 99 RIS U Coleoptera
Tﬂﬂmwwﬁ’ammww%’nmﬂﬂimﬂ%ﬁéuq (Radha LAY, 1956; Latch, 1976; Rombach 148
v, 1986 L1 Bidochka L81% Small, 2005)

' ﬁnﬂmsﬁﬂy1wm1mmsmmwm1mummanmemmmwmm conidia 11U
3 Agufe n ﬂqmmjmummmammmmwwm'conidia Hou (< 2.18) (g‘ﬂw 3.9 A-C) Nqu
thunaiifisasdaniiaregszning 2.33-2.87 G 3.10 A-0) UAZOATIEIUNIN (2 2.91) (qUf
- 3.11 A-0) Tnengudns1d8IuANe1IA0A 1NN T19U84 conidia Toufismau 3 Telman 1dun
MA 001, TISTR 3607 118z SEC 07 #4lo Toiam SEC 07 ufivuinname1iuos conidia mied

Y 1 Y

fian i ldnvazadrogsvinadn GUA 39 © dmsundusasdauaumadena
rhafidnhunans uaganiiedisas 15 ToTwian Tasnguiisasdautiunataldus MA 007,
MA 014, MA 015, MA 017, MA 018, MA 019, MA 022, TISTR 3158, SCB 04, SEC 04, SED 07,
SNB 02, SNB 03, SNEB 17 (1ag SWA 19 uaﬂﬁ"uﬁmﬂuﬂduﬁmwdaummandammn"s’nﬁfh

v v
VINNINUARIAITIN 3.5
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m9191 3.5 Aundoanuniauazanuen Sasidauanuendenun e uazamsianguay

R519IUANNINOANUNIVDI conidia.

4516 0.087 3.110 5.930

YeTnan A0 319904 conidia ClulAsng) mmmwée'cqnid;a Chilasuns) .t‘)’mm"m NRUAN
iy 4SE viﬁm qga min  4SE i :v"hqm Qaga | 87V ¥ | Sasidu
MA 001 3340 0072 2670 4280 | 7289 0.108 5940  8.80 218 | 1les
TISTR3607 | 2354 0042 1980 3080 | 5125 0070 #4100 6160 218 | oy
SEC 07 2741 0055 2280  3.880 4877 0067 3.660 5.770 178 . |- 1low
MA 007 3729 0080 2670 4750 | 10264 0150 7820 12180 | 275 | dhunan
MA 014 3329 0055 2750 4150 | 9.105 0083 7970 9980 | 273 | thunans
MA 015 3.561 | 0.064 2950 4550 | 9.501  0.105 7.930 10950 | 2.67 | Yhunans
MAOI7 | 3500 0067 2460 4300 | 9225 0.8 5990 12030 | 264 | thunms
| Ma 018 3488 0070 2200  4.170 19.149 0.100 7710 10950 | 287 | thunan
MA 019 3387 - 0.062 2700. 4270 91'726 0161 6800 12590 | 287 | thunan
MA 022 3369 0068 | 2420 4140 | 9260 0.115 7.070 10680 | 275 | dhunan
TISTR 3158 | 2277  0.043 1.400. 2930 | 6209 0.083 5020 7.530 273 | thunans
SCB 04 2322 0036 1900 3.020 | 6278 0081 5480  7.320 270 | thunaa
SEC 04 2259 0043  1.830 2930 | 6367 0080 548  7.760 | 282 | 1unai
SED 07 2288 0043  1.800 2910 | 5325 0.069 4420 6.420 233 | thuna
SNB 02 3850 0061 3040 4620 | 10774 0.132 8890 12540 | 2.80 | thunas
SNB 03 2419 0056 1760  3.160 5848 0095 4240 7.600 242 | dhunas
SNEB 17 2388 0062 1360 3.080 | 6304 0080 5320 7.89 | 264 | 1unan
SWA 19 2565 0.046 2040 3210 | 6.841 0106 5700 8.170 267 | thunan
MA 002 2959 0067 2060 3640 | 8618 0.140 7.070 10330 | 291 1N
MA 003 2604 0051 1940  3.170 9.100 0.154 7670 11460 |  3.49 N
MA 004 4124 0077 3120 5010 | 15894 0.145 14230 17.860 | 3.85 N
MAOII | 3216 0066 2490 4590 | 9360 0108 7.990 10450 | 291 R
MA 012 3.096 0.065 2.190 4.140 | 9.755 0.106 8380 11290 | 3.15 N
MA 021 16698 0224 13650 21220 | 3.70 aly

o
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3190 3.5 (@) ANRAUANUNINEZANVL a5 1dIUANVIIRBANNNS uazmsiangu

ﬂ1”5?15'!(‘7"3“ﬂ')TiJUTWiGﬂ'JnJﬂ%‘NiJfN conidia

%l ANUN 119984 conidia (IulAsiAs) | AIMEIV0A conidia (lulasiums) | Sadm |  ngu
plaian : : . : s
mdy  4SE Mg quge | wAs  +SE  sga  gega | 1/ndn | dhsidau
MA 024 3952 0.072 2500 4860 | 16.873 0242 14250 20.280 4.27 un
MA 025 2918 0.074  2.000 4.380 9.423  0.120 8.070  11.490 3.23 un
MA026 | 2896 0055 2240 3710 | 9171 0180 7290 11720 | 3.17 nn
MA 029 1.903 0.030 1.500 2310 6.126  0.085 5.020 7.240 3.22 un
SNAOI | 2252 0051 1710 2930 | 6748 0.091 5850 8190 | 3.00 nn
SNB 07 3.044 0.067 2240 3.980 9.012 0082 7.960  9.990 2.96 unn
SNBO08 | 3.501 ~ 0.055 . 2.830 4240 {10235 0.137 8120 12.030 | 2.92 1N
SNEB 18 | 2.062  0.044 1.700 2.666 6.406 0100 4950 7.710 3.11 un
SWC 03 2995 © 0.049 2430 3.610 8.804 0.144 6.220 10.510 2.94 un
. 7 W
g ¥
R N 1000 6m’ 1Y ;
=R oo, i 247
\T\ ) et "]
1000 um \4»’& o
% 3
St
*5*”)( ‘},"r\}q X
«,pu A *; "‘i,‘

3N 3.9 udnIdnYUZY09 conidia NoglungudATIFIUAINIIIADANNT 19D conidia

flfhﬁh; A: MA 001; B: TISTR 3607 ttag C: SEC 07
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¥ N
0" A, .
V3
w
£ 3
Cal
W un 5%
A : B ...
%8
'
W00 um
10.00 um
10 00 um
p &
Y,
Ras ~
; :
i
W0L0um
; 4oy
-

M

31]?; 3.10 uARIENYAIZYDA conidia oG lungusATIAINAIMIIIABAILN1IVDS conidia
fifnhunas; A: MA 007; B: MA 014; C: MA 015; D: MA 017; E: MA 01;
F: MA 019; G: MA 022; H: TISTR 3158; I: SCB 04; J: SEC 04; K: SED 07;
L: SNB 02; M: SNB 03; N: SNEB 17 1oz O: SWA 19
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W80 um

100 um

1060 it

31]"7; 311 LAAENYIZYBA conidia fieglungusasdiunnuenidenanuniiawes conidia
UA1g9; A: MA 002; B: MA 003; C: MA 004; D: MA 011; E: MA 012; F: MA 021;
G: MA 024; H: MA 025;‘ I MA 026; T: MA 029; K: SNA 01; L: SNB 07;
M: SNB 08; N: SNEB 18 ilag O: SWC 03
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= 3/ o)
34 Namiﬂﬂ‘H'Iﬂ’JEJ!‘nﬂHﬂ‘nNIN!ﬁQfI

3.4.1 namaivdSunafidueusng ITS d2emailn PCR

%mmsﬁﬁaé‘umﬁaﬁﬂ‘lé’fmm«fmmqa Metarhizium §1171 28 loTwian wfin
Usmnafiduiediog nswes ITS 11TS 4 (Intemal Transcribed Spacers 1 and 4) AWATOIY
USinaRdueluusion 1TS1-5.85-1TS2 "lsa’fLfiaﬁmmn%ﬁamumTﬂU“l?ff'wmﬁﬂaznﬂSﬁ
wadiia Tns IWsgafitaududuezm lsanadosas 1 anmeﬂUﬂumamamﬁmﬂmwum
100 frue nufvesudiEuedsena 550 Aiuannlo lnan muﬁﬂﬂusﬂw 3.12 A uaz
3.12 B 991410489 PCR product mmﬂu“lu‘vgﬂ'laTcmamu“lummsmwﬂmmmﬂmwmwaﬁ

~

v v ]
* usaz ToTananeenaindu'ld s ldamisoiesaeseduailddlditiosninivuinves PCR

¥

product TaifiAuuAn19iu Taewu1nves PCR product luanidseifvualndiduisusony

s a Y T ¥ =] 4 @
. 84 Destéfano uazanie (2004) Al¥ lndeswiladorfuasionou uazara s duaz aewug

Hjéw'l%aﬂﬁﬂa Metarhizium 1§ifi0e 10910909 S wOUANA 19 Y Tﬂﬂwudwu1ﬂmm§u
ABUIDUO M. anisoplice AETUFANINIMIsZIMAIUSFA (@6%iuF E9, B/Vi uaz C) Suurai
usafwmmnmawuﬁmu1mﬂ1l'5~mﬁaaamsma (@187u3,.14) fio wmmawumam@ﬂi S3701
540 119 600 IUAMINRIND wazdiEnsnNE s sedUatlTdung M. ﬂavovzrzde Uae M. album
1§ TneTlunavosiiudisueysznn 600 uag 650 A mud1ay et lsinwda lidanudd

o A

k4 5 : ¥
mi“l%’ﬂlumma%uﬁ@umiuu?nm ITS1-5.8S-1TS2 Lﬁam%ﬁwwumummmjmﬂsum

9
Ry

@ Qy (] V@ o 4
M. anisopliae 88WUT 14 NUVUIAVDITURDUBIIINUNY M. flavoviride T8 0IHUA5DINLINS

[

a A& 3 ' 0w a = o =Y
‘Llﬁﬂﬁ5N%uﬂﬁuiﬁﬂé’hﬂ‘ﬂﬂﬂﬁﬂ'lﬁ'lﬂﬂujﬂﬂi'ﬂvh"lﬂ iagmaun RFLP

% ] [ ° '\ Aa ) ln:iy v o o @ d
Hagliudwniie IS Whudwmdeniion g lumsissmenus uasmanuduius
u dy A [~ = PRy @ ] 4 o
MIRUENIsu udes Lummmﬂumnmmmmuﬂswuwsammwmﬂﬂmﬂmqwuqﬂsmqa
’ ) VA ° ° ¥ 1 Y4 '
wnnddwnisdulu dNA hldanseldfwunanuueadiesgninmeiug wazaely
@ 7 Y " .
a@wWURIAITU 1A (Curran uazABl, 1994; Rakotonirainy UALAME, 1994; Mavridou UAZAME,
2000; Pantou HazAME, 2003; Hughes HasnMe, 2004; Destéfano UagAnie, 2004 11ng Bidochka
HaTAME, 2005) lasyusiaal ITS uu‘lwsmaswmﬂﬂmﬂﬂmﬂwmmsmmwﬂumaummnmm
a 1 A T @ ) LY 9 4 Sl
A9 uaﬂwvumumaumwmmmmnmqnu u»'eﬂfnmuummmm”lm"lwnuasmn
ANUIUNIZAVVUTIIN small subunit coding (SSU) uag large subunit coding (LSU) Mwmmmm
wﬂmummmamnmumﬂ‘mmmsmwmum“lumuﬂum 16S rDNA Uag 28S rDNA #38 Iag
Tnswesfinon1dlunsinm Ao Infesaiia ITS 1 uaz ITS 4 (Destéfano UAZAMY, 2004 LiAZ
- . ( a N .
Bidochka Uagame, 2005), wfiwesyiia TW 81 (5’-GTTTCCGTAGGTGAACCTGC-3’) iy

AB 28 (5’-ATATGCTTAAGTTCAGCGGGT-3") (Curran UAEANY, 1994; Driver Hagaue, 2000
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(8 Entz 1azAnE, 2005) uaz wsweseiia NS 3 (5-GCAAGTCTGGTGCCAGCAGCC-3°) 1Ay
NS 6 (5-GCATCACAGACCTGTTATTGCCTC-3’) (388 uazane, 2551) MnilSnafduie

luusu ssu .

Tae Curran azame (1994) ﬁﬂmmmwmﬂﬁmﬂmaﬁuqﬂssmlm Metarhizium

$wau 31 lelanan 310 3 o134 Ae M. anisopliae, M. flavoviride W0¥ M. album Taoly

‘I‘W’ill}ﬂi‘]mﬂ TW 81 Loz AB 28 mwnﬂlummjﬂwmm 16S-1TS1-5. SS-ITSZ 285 ‘lﬂ‘llu'lﬂ"]m A

AdurerlszInl 600 g aunsavas e Idetedany uasdutiudos s anisoplice 14
ooty 2 ndu Ao M. anisopliae var. anisopliae wagdnngunilsfiuand1alyl Galideyaiilnd
9 ° =2 A a 3 . 9/ 3 d a dy (Y] a
ApaMIMsANYUNLAN 39015% Driver wazanie (2000) 19 Insweoswiiaii lunsineynsuis
4 .. LIS P o Al & yﬂ 1
YOUYO Metarhizium dUFdA199 Navun 123 Tolwan Teeamnsouenalidoanlditlu 10 ngw

ﬂ?JM album (ﬂ’ﬁil 1), M. flavoviride (ﬂmJ 2-6) Llag M. anisopliae (ﬂmJ 7-10) Ly °lumtmm

ITSl 5 SS ITSZ Iﬂﬂﬂﬁll M. album Mﬂlu'lﬂ‘ifuﬂl'ﬂul'ﬂﬂiuiﬂﬂ! 570 ﬂL‘Uﬁ ﬂﬁﬂJ M. _ﬂavovmde i

wmwmamaﬂsxmm 530-550 QL‘U’d Wag M. anisopliae var. anisopliae F1-1029 N‘Uu'lﬂ‘lfuﬂ
[~3 3§ 1 @ 8 g a u. .l
U210 500 U ADNI Entz LOSAUL (2005) ‘H’wmuﬂwsmmmﬂmnmmnmﬂﬁltﬂu

¥iie Mac-ITS-spF (5’-CTGTCACTGTTGCTTCGGCGGTAC-3’) LL’ﬁ"’ Mac-ITS- spR (5-CECGT

TGCGAGTGAGTTACTACTGC-3’ )TﬂammimwwumauL'o"lmnmwmwmeJ M amsoplzae

var, acrtdum WO¥ M. anisopliae var. minus Iﬂﬁﬁ’l%mﬂ’liﬁﬂ%ﬂ"vﬂd Driver iazaAUE (2000) %ﬂﬂﬁn;.

¥ M anisopliae var. minus ’ﬂﬁlﬂluﬂm.lM amsophae var. acridum: Lm"lummsmwwumaum"lﬂ
3’

Tum. anisopliae var. anisopliae 1103 M. - flavoviride 39NN B. bassiana, Isaria fumosorosea,

L farinosa, Verticillium alboatrum, Colletotrichum gloeosporioides, Emericella nidulans,

Trichoderma reesei, Fusarzum - oxysporum, Clonostachys rosea f. catenulata, Pemczllzum bilaii,

Hydropisphaera pezzza uag Rhizopus  sp. iNL'H1J’I°’uﬂﬂ"0§u’lll’)ﬂﬂu8ﬂ!‘lfﬂM. anisopliae

. 3 9 a a ) b 1T A & Y d"

var. acridum HONINUULAIVITIN ITS U\i’dW”ﬁﬂumﬂ‘ﬂuﬂ’li‘]N‘lﬁzEJ::‘lJENL‘lﬂ’J’i’l‘lﬂ Taolio
.. Ay a A A & ' o P

1990 Metarhizium Lflm%ﬂmghnw anamorph ﬁ'i’e)‘i:&l:ﬁﬂ']iﬁ‘ljwu‘lj‘uU‘]Jvlllil’lﬂtlmﬁ GiR

o . A v ¢ v 4 = A Ao o
20170 conidia IWONITUVNWWUT umwmmqauag“lmzsz teleomorph MIQITYSNUANHUS

nsAuRuguuUeRwassgninegluana Cordyeeps Aty Liv uazamy (2001, 2002) 19 1nd

woswiia ITS 4 wagITs 5 Tunsted i anisopliae  var. majus SvuIAveIY
ABweiiy 636 gua unsidduiandTelndmeusuiu ¢ brivtebankisoides Tifiauunu
nnidesluszes teleomorph IFUIRUIRY Yang UATAME (2009) FUad M i, SRy
ihnalelnamiloususiu ¢ chonggingensis TuAUNUI ITS Uz 26S rDNA UM D 1-D 2

¥
a =1 ’ ! o w
TaslvuavesFuAuodszuIM 553 Wog 601 gudmuday
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@@cac"ﬂooooooogqé

1,000 giue>

500 Jrun> R e R ot g

1,000 fiuer> =
500@:1U’:T—> e e Ll N e el God B b o e S G i

ﬂ‘?; 3.12 WAAIYUIAYDY PCR product 11134284 ITS1-5.8S-1TS2 ‘vmwaimna Metarhizium
Taoldg Inswes ITS 1/1TS 4, A: Lane M Ao @i5W192nAT1M91IA 100 §IUd, Lane
1-14 fin 1o Imian MA 001, MA 002, MA 003, MA 007, MA 011, MA 012, MA 014,
MAO15, MA 017, MA 018, MA 019, MA 022, MA 025 {ta¢ MA 026; B: Lane 16-29
Ao loTaan MA 029, TISTR 3158, TISTR 3607, SEC 04, SED 07, SNA 01, SNB 02,
SNB 03, SNB 07, SNEB 17, SNEB 18, SWA 19 {lag SWC 03 1(a¢ Lane 15 iag 30 fin

§ 0y o1q 1a g Y
negative control (11 la@@IduIDAULVY)

»

v 1
TS IGS 11 (DNA nansadhunldfnyinamainnaemasiugnssy
Y o 1 N Y= g A )
18 sy Hughes tazaaie (2004) 1adnpnnumainvaisveusesiine Isaluuuasludaua
- 4 v
Anlu 1 vinathluedeuvestlszmathunn Taofnundos Mewarhizium Vanua 58 1o T
v a Hq v s s 42 2 2 aa !
[@AAIUMATA PCR N 1% IW51005 Ma-IGSspF 182 Ma-IGSspR dunuFuddueluuisdiuves
v v
AN IGS IRWIZIF051 M. anisopliae var. anisopliae 59434 Pantou tazang (2003) 1@fnu1
a Qy adg g ' " @
VTN IGS WUVUIAFUADUIDVDUFDI M. anisopliae var. anisopliae HYUIA 380 PV (PUNU
b4 ¥ ' v
wennudeidwmiaduag M lslulumsasiveaon U uazfnyinay
MAINUAWNNWUENITY 13U Rakotonirainy Hazame (1994) MimsAnpIdumainnsmidny
a = d a @ ] @
11700 1o 1nAvoa 28S rRNA Aa 150160 M. flavoviride 1102 M. anisopliae 99na1nfu I uiy
. @ o A
UALANNITONUN M. anisopliae var. majus 0ONVINTIWWUE0U 1A 130 Bidochka LinzAME (2005)

nlFuradauvestuluusing ITS, calmodulin (CAL), chitin synthase 1 (CHS), subtilisin-like
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protease (PR1), neutral trehalase (VTL) U2 actin (4CT) Tums3ad munnguaes M. anisopliae #

a

fauenldnndszmmauuin filanwannsalunsniydula18aiqungdi 37 eem-

L]

[aiBun (heat-active) uazfinsauiuTn18ATigung il 8 saruwaIFon (cold-active) Hag Bischoft
lagaue (2006) Anu1ludunisves intron 182 exon UD4 EF-1a intron region It8% EF-1a exon,
RPBI 0200913190448 RPB 2a liag RPB 2b 1auiifiesu512al EF-1a intron fiannsaudin 1§y
nnlolaan

342 HamsfnEInuannansRugnIsudeTusunsudransaume

Y

° a co = 4 .3' o 9 3
M INIWAIINMTART AR UG T Indvsuses i ldlunisnaasevianua
° ¥ ° a [ doi o 9 3/
31w 28 o TaaadenssiassvSnadaveaen laiaas umzdron15 191151051 Webcutter
o W a et %) g o W A
2.0 Tagwuiadinuiing le'lnan landannmslseuifeu wazud luie 1A 188 18uilnaTe-
d 1 o 1 ’ 0o w. Aa o1 1w 1 .. c o
Indnidu wudundesrduiiang e lnddewdr Tsunsuiniu 460 giue Taefiew laida -
o o ) i l""". uo @ a d N
Tuwedanund higwnsodadauiiand Ing 19y BamH 1, Bs'SN I, EcoRV, FauND L
Fokl, Hind1ll, Hpal, Mlul, Nhel, Nrul, Pst1, Pvul, Sf2741, Sacl, Sall, Smal, Ssp 1, Xbal
o 1 do o i v ' v
uag Xko 1t Yudu ludweulmidadumigidgeudma ldauisousnanuuana 9 lussuing
1oTmian'l8un dcc 16 1, Ban 101, Bbv I, BsrD 1, BsuR 1, Dde 1, Hae 111, Eco31 1, Hga 1, SfaN 1,
I~ ¥ 9 3 v do o a v ad 9 Blay 1
Sph110¢ Hae ILitludu wiounedsliou laddadumshannsadanduweondl 185udmuuin
g &y 0 o > ) ) o
ande limurzuanisin 119939 18uA AspLE L, Mal 1, Tag Tuaz 7m0 Tiludn uaziowladsa
TumzidaiInaadiluudes TeTwasudawunnuuande 1un dse 1, EcoR 1, 87303 1 uas
R T o [ a ' T o [}
vsp 1 3atueu laimuguansdadenun1dlumsiiasizd PCR-RFLP do 11 Tavundaed1e

. o o =] Qy ad A o Y o o
lﬂuvlclfllﬂﬂ’l]']LW']x Llﬁg,’i']Uag.«'l't‘)f.lﬂ‘Uu’]ﬂ‘ﬂu@mum'ﬂﬂﬂﬂ']ﬂilliuﬂillvlﬂﬂqllﬁﬂ\iﬂ']i']\ﬁ'ﬂ 3.6
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\iie1i1 PCR product U519 ITS1-5.8S-ITS2 ﬂmﬁaatim‘?:aimqa Metarhizium
$1u7u 28 lelman winasoeu laiaasume 15 siia 1Aun dcc 1 (Fbl D, Alu 1, BamH 1,
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(dsu HP 1), Pvu 11, Sfr 274 1 (Xho 1), Tag 1 uag Vsp 1 odnamuIAnd 19183 1061015951
uaaz loTyian Tﬂama%ﬁauwamamﬂuﬂmaamﬂimiﬂwﬁ wudew luwaid lida PCR
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'laimamaﬂmnnu% mmﬂﬂamnmmnﬂ Pipe HAZAME (1995) L1AY Mavridou LAZAME
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M. album mni’uwmmmmﬂmamu"lmu Hind 111 4619679 15A71301nn157nH1999 Mavridou
uazAue (1998) axilifine 1 Tolman UTALY-12) fiidaumisansidoienlmsl Bami 1 59T
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Sumlseainoienlmy Eeo R 11 sumisiennnsada uae 185uaiEuevinatszua 250
waz 300 g Feornduldimsnlfeunlasosdiduiind 1o lndves M anisoplie Tu
Sumafiunndefy tazdaumainnaematugnssufivandiadu i fesninmsinm
Y04 Velasquez  UDEAMUE (2007) 5u’dﬂﬂﬁtﬁuﬁammwmﬂwmﬂmajﬁuqnismm
M. anisoplize 11783 15 3TuIn{lindretradan 39 lelsan vindume ITs 2 il

° | o <
ﬂqllﬂu\fluﬂ’liﬂﬂﬂ’lmﬂ\ﬂ@unl“]fll Alu T 14ng Hae 111

o (Y ny 1 1 1 v
ol fiau1s0da%u PCR product1d ud liugasdounndraluudaz 1o Taan .

A ’ v Y - a o A I o o kY v
HiensradounamIgadlomaianadian 1ns 1WSde wudswiu s wila 1dun Bsn 1
(Hae T1I), EcoR 1, Eco 31 1 (Bso 31 1), Hpa 11 uag Taq 1 TaslunnloTmanfinamsaadae
4 [ Y 9 ° ] y: aa 1
wou 'l Bsnl (Haelll) wudald 1 dumdslasudiduevuiadsziim 150 uaz 400 gud
3
wouled EcorR 1 wumsdald 1 dwmide1dFuiduevminilszuna 250 waz 300 gud
8
tou'lowsl Eco 311 (Bso 31 ) wumsaa id 1 dwmueldsufidwevunailszunes 150 uag 400 4
war eu'led Hpa 1 wumsdald 1 S 8T A ue Az 150 uaz 400 e
waziowlay Tag 1 Hamnsedald 4 Sume 18T EueuIATEang 50, 50, 100, 150 Lag
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Hpall #14mniia RELP TuvSia0: ITS1-5.8S-ITS2 ATNEBUIRT NS TS g AR UR YD
L‘?yaﬂﬁqa Metarhizium Tvuineu lsifadumeyiin Al 1, Hae I 102 Hpa I Aaudald5y
ABUIBIUIA 100-650, 100-450 1Az 100-370 gt a1y oncuiowland 417 lignsa
&R M. anisoplice 010WUT E9, BVi uoz € Huinnvszmstusida’ld Swwavinmsinm
AWITOULAAIMLANAITEN 19 M. anisopliae TovuE R0 IAszmAeRmAsEY (@0RT
14), M. anisopliae mﬂﬁufﬁmmﬂﬂszmﬁmﬁa (E9, B/Vi, C), M. flavoviride Wag M. album
18 nazanmsdnurlundeiinuion e an 1 Biswnsodasuiiue luuSo ITs1-5.85-
1ms2 Tuynlelzian wwiRedfu M. anisopliae w1eWuf E9, B/Vi uas C finanyszmet
vi13a Tsorudlu'ly1dd0d19 M anisopliae fmsnaeiusninnuduiuslndsany
M. anisopliae ﬁm%m115zm,ﬁu'sﬁamﬂﬂhﬁmmnﬂixmﬁaﬂﬁmsxﬁﬂ

iou'laificuasaida PCR product uaﬂﬁ'gﬂu‘unms_ﬁ'mogﬁg%’umﬁuﬁnﬁhaﬁu
luusiaslo Tman iensavaoudiomainnadiiaTns TWsae 1 1 ¥iia 4o Vsp 1 Taswain
msﬁﬂﬁamau‘lmﬁwm'wﬁﬁmzjuﬁmu‘lw”lﬁmmmﬁ'ﬂ'lﬁ' 18un loTaan MA 002, MA 003,
MA 017, MA 025, MA 026, MA 029, TISTR 3158, SNA 01, SNB 03, SNB 07, SNB 08,
SNEB 17, SNEB 18, SWA 19 ia2 SWC 03 uagnguiten'lsiifald 1 fruvnie 185uadue
vuadszanal 150 waz 400 guua laudlelwan MA 001, MA 007, MA 011, MA 012,
MA 014, MA 015, MA 022, TISTR 3607 SED 07 1{ag SNB 02 wamsanasiagUi 3.13 A
Az 3.13 B
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31]‘7'1 3.13 uanananisaaaoeu laiRasung Fsp I lusios ITS1-5.85-1TS2 A: Lane 1-14
Ao lolwan MA 001, MA 002, MA 003, MA 007, MA 011, MA 012, MA 014,
MAO15, MA 017, MA 018, MA 019, MA 022, MA 025 tiaz MA 026; B: Lane 16-29
A0 loTeian MA 029, TISTR 3158, TISTR 3607, SEC 04, SED 07, SNA 01, SNB 02,
SNB 03, SNB 07, SNEB.17, SNEB 18, SWA 19 uag SWC 03; 1A Lane M i

ad ' 1 '
ADUIBNIATFINUUIA 50 FIVT, Lane 15 11ag 30 7D Uncut Claileoulad)
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v o d Y
344 fniWWﬂ')TllﬁlJW‘LlﬁWWQWNEﬂiiﬂJS\J@QL‘%@SWﬁQﬂ Metarhizium

a o w a = o o [ o c:’ ' a
HAINNIS AT ILHAIFVHAT 19 INANAIDEINIIUIUNIYUA 28 1o liaah

v a

a do . a 4 o ' °
ﬁ']iﬂ'iﬂ')!ﬂ'ﬂxﬁﬁTﬂ‘Uu’]ﬂaI@ll'ﬂGﬂu‘Uil'Jm ITS1-5.8S-1TS2 "lﬁ'tﬁmmﬂmamwmm 5

§206719 fio MA 004, MA 021, MA 024, SCB 04 1az SEC 07 N1A2118179BA conidia 114

o W
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o W a

P a ' ' a 9 a [~ ° A
iinsnnmsiinaed immsasmdrduiindToInd ldennisaa N iusouun uaziiio
P 9 9y a Qy 1 a g A '
fimsasnaoudoyaudivziivinasudrudoueluyn leTaaamaslszum 500 gua uaz
° = ) o w Aa a o ) ' @ ' o dy
1l BLAST ulSsuiisudrduiiong Te Indlugiudeya GenBank wunmnddetnauiluiies,

' 4 »
ANA Metarhizium 79AAADIRVANHULNNTUFIWINIANAINABUNTIT Haziiiotin

=1 =1 A o v a = J ' . .
wSsueuanumileuvesmduiinng 1e lnasgraelolasaauyy multiple alignment 1Az
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v @ do o ] qs:
319 phylogenetic tree 1S vufivumanuduiuiAudIet1angmdoya GenBank Hianua
-] e | ‘& 3y o Qo \)
UIU 21 AIDUN “ﬁﬁl‘ﬂut‘dﬁﬂﬁ'lﬂ'lﬂiuﬁf}ﬁ Metarhizium 37UIU 19 AIDYIN LAY outgroup ﬁﬂ

B. bassiana $117U 2 A29819 A151waziden lums1ei 2.1 uag phylogenetic tree f931/% 3.14

mmsmmﬂmﬂu 5 nqu Ao nqu A-F Taundu A Usznoudie B. bassiana cm“l‘mflu'

outgroup ua‘vwasmﬂa Metarhlzzum ﬁll‘lf’s’fﬂu“] AD M. flavoviride s M. album S'Jll‘VN
M. anisopliae var. acridum mwﬂﬂquaanmn M. anisopliae 2819 FAY TAB9INNISANEIVEY
Driver UAZAMS (2000) t4ag Brischoff HazAME (2009) WUITANYULNINTUTIUING 1V

] o 1
Mﬂavovzrzde ‘vm conidia H1ALI0UHDD aﬂym:rﬂuiﬂmﬁﬁ‘?amﬂwummmmnmqinﬂ

S

4
[V 4
M. anisopliae 7 conidia umﬂumwummﬂumwmﬂymwnJugﬂmaﬂizzuaﬂ uaziFosaenug

4 o 4

M. anisopliae var. acridum ﬂ'u:Jmﬂumﬂaia"lmummq%m M. anisopliae WINN A WONUT

9

4 3 T 4 ° I -3 -& :
6‘14“] S'JMA‘VNﬂ’J'llILmﬂﬂ’]\ﬂuﬁﬂﬁ%ﬂdﬂ’nﬂ%TLWWSGI?Jﬂ”IiL‘i’J)'W]'mTEJLHJa\‘i“]N M anisopliae'@“lsf'!

0 [ Y {1 3 v A ’ g
Wawunas ldna1eduavesnevNeAeing 19 WA M. anisopliae var. acridum 05, -

anusumizlumsdiiatouuasludusy Orthoptera (Bridge LiazAie, 1997 14ae Alston LAz
2 @ N u i <
Aniz, 2005) a4 luilaqiiu Brischoff uazaniz (2009) 1ATANEN M. anisopliae var. acridum 111y

[ 1 2 3 @ ] ! o @ a o
afad v A9 M. acridum stat. nov. e lumsnaassiadvayulditiuiidrduinilolndly

4 .
~ UTW ITS1-5.85-1TS2 AN DNA aansonenauduiusnedfaamsluiesana

[ 5 3 = @ [ v 3 '

Metarhizium |8 #4949 phylogenetic  tree ¥ 191 uF AU NG 0819 IMUATIH I 28
1o Taanfildlumsfnndadi a0 anisopliae $an3g1100g11uNgY B, C,E 1 F liaznuh
lunqu B, C uaz F fuonsenumiuiimmis 1o Tuanvinlszme lne Tuvaizfingu D uas E
Usznoulldqele Tmanfisneiniidi Walan uazlungu E filszneudaele Taan swc 03,
MA 029, SNEB 18, TISTR 3158 uag MA 017 uaasnulndsaduiule Isnanfininniiou
1 .Y L) d U a = n:. 4 n’: 3 =}
wnnnludseindlne uaedrslsnmuai Bootstrap Mseiiiua1nnisimsies 1,000 asaiudl

A 3 1 1 é Q ) :l’
wauaaelu phylogenetic tree Yongu E uiiaiosndt 50 Galuduimile 1TS1-5.85-1TS2 Wu
SN AR LN THITEnARBIUN15NATBIVES Fegan UnzamE (1993) 7119

MAiA RAPD Gl‘umiH1ﬂ’313.l‘ﬂmﬂﬂmEJ‘I’INW‘uﬁﬂ‘S‘ﬁJ‘UENL‘D’?)ﬁ M. anisopliae var. anisopliae
mmﬂ'mgﬂimﬁmmamaﬁmqa Metarhizium Tﬂﬂ Tulloch (1976) k¥ Rombach
' < ¢ a
uogAne (1986) uuseonilu 3 al%d Ao M flavoviride, M. album Uae M. anisopliae N

v v IA . . £ 1 1 v o
UseNoUAIY 2 UWUT A var. anisopliae UAS var. majus FINTULINGUADANADIAUHD
4 .

MIANYINININAIUTUAT (biochemical) HAIMATIANIITUIAND (Fegan UazAmME, 1993;
Mavridou Uiag Typas, 1998 118 Diver UaLANY, 2000) N13ANYIVBY Diver LAZAME (2000) 7

Qs

W a Y @ a v Y = o ¢ o = a
‘i]ﬂ'f]‘léﬂ'ilnﬁ']uIﬂUﬁﬂy']’t]']ﬂﬂﬂ‘HleV]Nﬁ‘l«lj']u?‘ﬂﬂ']'i?uﬂﬁn’lﬂuﬂﬂ']ﬁ')&ﬂﬁ'l&’ﬁﬁ'lﬂﬁuﬂﬂa-

To'lna luuSias ITS1-5.8S-1TS2 1az 288 tDNA D3 uazinaiin RAPD 1&utls Metarhizium
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ﬂ T I T4 . . e ' o ) &
peniilu 10 nqu §9al¥T M. anisoplice HUNTZI0RYNINNA 4 AR (Clade 7-10) Ao M.
anisopliae var. anisopliae, var. majus , var. acridum W2 var. lepidiotum
] 1 @ v d o . ] o 9) 1
msulanguaduRuineiugnssusenin e Tnaai1dlunisdne wuh
' s S aw ) ’ v A E] VA w

nqu B fueneen lihinufidnyas Taaduuand1sninaquau ilesnnilunguiifidnuuzna
Fugmine o oATIEIUAINEIADANNNIISVBIVUIA conidia Hvurathunans anyme
nduguinewesInTafleglungu 1 uay ngu 2 uazfedudiungdauen Idenuuasly
VY Y o o 9 e e @
BUAY Coleptera ontiu'loTan MA 011 Afauon Idvnuuadlududy Isoptera uag lo Tman

=Y

Y 0 o = Y o A ) A
SWA 19 wﬂmmmﬁnesﬂﬂmnﬂuuu f1euiianale Iwﬂmuauﬂu"laimmm MA 019 lasiial

o
ﬂ’ﬂllﬂﬂ"lﬂﬂﬁ\i ldentlty L‘VHﬂ‘lJ 100 Lu’f)\ii]'lﬂtlluF]’J@EJ'NﬂN‘mmﬁﬂil'lﬂ'ijil’JmLﬂU’JﬂUHllﬁ\'i

lunqu c susereulidrodaadisimou 4 laimawnﬁ'ﬂymzmmugm
= ’ ' ~ 1 = [ | 1 oA %, . o] v o &
Invwengu InTalinguidensiu fie oglungui 3 uaz leTaan MA 001 Nuaasnnuduiug
. Y 4
IndifvsivleTaas TISTR 3607 winn31leTwaa SED 07 uaz SNB 02 Wunuiviaes
To Taantfufiningasdaunanueninenann 1eveaa conidia ou Taolunisinyn
ﬂNmumwﬂmﬂmaﬂamwm 2 "laTcmammuu‘ﬂuaﬂsmaummmmammmwweq
YA conidia 1108 11az11n phylogenetic tree YBINGY D 1Az E s liensoienaa i
1 Qr '. . A
IdedreaFaausening i anisopliae var. anisopliae 108 M. apisgpliae var. majus ¥4 var. majus
im0 ' [ [} 3 ' ’ = H =4 1 ]
ﬁﬁmam\mmuﬁaﬂmmuﬂzzmiﬂagiuﬂqmm M. anisopliae var. anisopliae Bl
) T a a 3 d 1 @ P g v d 3

IanuuanaRiumeiugnssuvesaeeardedtegany Falunsueniaeseewugiiv

1 3
Hou 19211817004 conidia ANV var. anisopliae WANNBIIUDY conidia FUNI var. majus
) LA YaVi ' & o LA
9 var. majus 11927118717 conidia 119N 10 luTnsiwasvse laesia ldwun21%817 conidia A
12-13 'lulAsmwnAs (Rombach WazAMe, 1986 Liag Brischoff” LagAnLY, 2009) meluﬂmuu -
muJummmﬁﬂmﬂuﬂmﬂmaﬂaiumsﬂmmﬂﬁumw var. anisopliae W% var. major (Yoon

¢ &

uazANE, 1998 1Ay Diver LlazAnLY, 2000) 190190812 IdTIMsAauenaeWuiyoInedosay

o id” [ 3 a :l, 1] Qs
WugHeonenAuiueIfefisand1ue1I9es  conidia 1y liifvane Aesefodoyanisdiu

as v o 1 a . a
Tumnadhaiuayuisennsossyaoiugosisdan Taelo Toan MA 017 Milnnuen
. g0 ' < 1 s
conidia 321314 5.99-12.03 luInswas nananisnaasuaasifiun MA 017 01w
0o @ a a [ a
conidia Ma1nnaw uaznndeyadrduiiond leInaluuSim 1Ts1-5.85-1TS2 veele loian
v
% 1 1 -7 A a/ o Qs Y
- Ma 017 $aldeglungu B 1iu delinnuduiusmeiugnssunddn M anisopliae var. majus -
1 . . . . s 1 £ g A1 R

(AY781690) WINNI M. anisopliae var. anisopliae wagma“lmqu E gailuilyminuidnyilu
tunTodumusdune llueuran dmsuleTman TISTR 3158 Aitauon ldnnaululszma

ara |a -4 g 1=t 1 [ T ci P=} [ ] c; [V 9
Aaddudiu luianuenareaindlegranunaindszme lne wsenndredrenaauen ldan
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Abstract: Metarhizium anisopliae is an important entomopathogenic fungus, disn'ibu;réd.'_- L
worldwide in the soil and exhibiting a wide range of insect host species. It is largely used

for the biological control of agricultural pests. The objectives of this work were to isolate
and identify variety of Metarhizium anisopliae mainly based on the morphological and
molecular characteristics. We investigated 25 Metarhizium anisopliae isolates collected .
from different insect hosts and soil from forests or mountains of different sites in Thailand
and one isolate collected from Philippines. These isolates have been partially
characterized using morphological traits such as conidial size, colony or in conidial
pigmentation and formation and color change media on Potato-dextrose-agar (PDA) -at
room temperature. Including, the ratio of width/height of the conidia for each isolate of
measurements was calculated that were generated into three groups (low; 1: 2.1, medium;
1:2.3-1: 2.9, height; > 1: 2.9). Molecular characterization, genomic DNA tvas extracted
from fungal mycelium. Internal transcribed spacer (ITS) sequence analysis was employed
to identify genotypes. The ITS regions were amplified using the ITS] and ITS4 ‘primers
that was a unique fragment of approximately 550 bp. The sequences were aligned using
the ClustalW program and compared with those availahle in the' GenBarik/NCBI database
for M. anisoplice, M anisopliae var, anisopliae, M. anisopliae var. majus, other
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Metarhizium anisopliae is an 1mportant entomopathogenic fungus that mainly used for the

biological control. The objectives of this work were to isolate and identify’ varieties of
Metarhizium anisopliae mainly based on the morphological and molecular characteristics. We

investigated 24, Metarhizium isolates which collected from different insect hosts and soil from

different sites in Thailand and one isolate was collected from the Philippines. These isolates

have been partially characterized using morphological traits such as features of colony

morphology, size and shape of conidia that were grown on Potato-dextrose-agar (PDA) at room

temperature. Colony features could be separated into five groups. The length/width ratio of the

conidia were calculated and generated into three groups: < 2.18 is low ratio group, between -
2.33 and 2.87 is medium ratio group and > 2.91 is high ratio group. Internal transcribed spacer

(ITS) and 5.8S DNA sequences analysis was employed to identify genotypes. The ITS regions- .
were amplified using the ITS1 and ITS4 primers that was a unique fragment of approximately
550 bp. The sequences were aligned using the ClustalX program and compared with 19 isolates
of Metarhizium available in the GenBank/NCBI database and 2 isolates Beauveria bassiana
sequences as outgroup. Phylogenetic trees constructed using the Neighbor-joining algorithm in
the Phylip package. Our study showed that M. anisopliae, M. album, M. anisopliae var.

acridum and M. flavoviride can be clearly differentiated and generated the 25 isolates into four
main groups (Clade B, C, E and F). However, it is not clearly difference between M. anisopliae
var. anisopliae and M. anisopliae var. majus and most of them are related to M. anisopliae var.

anisopliae. This study indicated that M. anisopliae are highly divergent. Nevertheless, most of
M. anisopliae isolates from Thailand distantly related to M. anisopliae from other countries. It
would be interesting to compare them using other molecular technique in the future.

Key words: Metarhizium anisopliae, Internal Transcribed Spacers (ITS) Regions -
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Introduction

An entomopathogenic fungus, Metarhizium is a genus of asexual stage
(anamorph) which produces sexual stage (telomorph) namely Cordycep sp.
belongs to phylum Ascomycota. Metarhizium anisopliae is a well known as
biological control agents of insect pests. M. anisopliae infects a wide range of -
insect orders and a broad geographical distribution (St. Leger et al., 1992;
Bidochka. et al.; 1994; Bridge et al., 1997; Leal et al., 1997; Driver et al., 2000;
Dong et al:,2007). Traditionally, Metarhizium spp. has been classified based on
its phenofcjrpic characteristics as M. anisopliae 'and M. flavoviride (Tulloch,
. 1976). Including, M. anisopliae has been .subdivided into two varieties =
(M. anisopliae var. anisopliae and var. major) based on the length of conidia.

. M. anisopliae var. anisopliae has smaller conidia (5.0 to 8.0 pm in length) than R
" var. magjor (10.0 to 14.0 um) (Tulloch, 1976), now referred to as majus -

(Rombach et al., 1986).

Yip et al. (1992) used the ability to germinate. at low temperatures (i.e.
" 5°C) of M. anisopliae var. anisopliae as M. anisoplie var. frigidum. Therefore,
it is difficult to identify species or varieties based only on morphological
characteristics that affected by environmental conditions. In recent years,
molecular techniques have provided valuable insights into genetic relationships
within and among species. So, morphological and molecular methods were used
to identify and characterized Metarhizium species. For example, allozyme
* analysis (St. Leger et al., 1992; Rakotonirainy et al., 1994; Bridge et al., 1993),
Restriction Fragment Length Polymorphisms: RFLP (Bridge et al., 1997; Pipe
et al., 1995; Mavridou and Typas, 1998), the nuclear ribosomal DNA (rDNA)
sequence data comparisons (Rakotonirainy et al., 1994; Curran et al., 1994),
Random Amplified Polymorphic DNA: RAPD (Cobb and Clarkson, 1993;
Bidochka et al., 1994; Leal ef al.,, 1994) and restriction analysis of.the protease
PrI gene (Leal et al., 1997). In the taxonomic revision of the Metarhizium spp.,
Driver et al. (2000) recognized ten distinct clades or lineage of organisms from
123 isolates based on internal transcribed spacer (ITS) regions, 5.8S rDNA and
the D3 region of 28S (LSU) of rDNA. This study was divided into three
species; M. album, M. anisopliae and M. flavoviride that represent nine
varieties; M. flavoviride type E, M. flavoviride var. flavoviride, M. flavoviride
var.minus, M. flavoviride var. novazealandicum, M. flavoviride var.
pemphigum, M. anisopliae var. anisopliae, M. anisopliae var. majus,
M. anisopliae var. lepidiotum and M. anisopliae var. acridum. However, it is
not yet clearly understood because they did not comment on the positions and
validity of M. pingshaense, M. cylindrosporae, M. guizhouense and M. taii taxa
from china. Furthermore, they were studied only one isolate from Thailand.
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In the most recent with the advent of genetic profile, Bischoff er al.
- (2009) recognized nine distinct species, M. anisopliae that described as
M. anisopliae var. anisopliae, M. guizhouense (syn. M. taii), M. pingshaense,
M. acridum stat. nov. (M. anisopliae var. acridum), M. lepidiotae stat. nov.
(M. anisopliae var. lepidiotae), M. majus stat. nov. (M. anisopliae var. major),
- M. globosum sp. nov., M. robertsii sp. nov. and M. brunneum. However, there
were non isolate from Thailand had been studied. In this study, we investigated
both morphological -and molecular analyses that based on ITS regions and 5.8S
rDNA for Metarhizium that have been isolated and collected in Thailand.

Material and methbd

Fungal isolation and morphological characteristics

The 25 isolates of Metarhizium spp. were studied, 13 isolates from insects
- and 11 isolates from soils in different regions in Thailand, except TISTR 3158
isolate was obtained from soil in the Philippines. All fungal isolates studied are
listed in Table 1. The fungi from insects were isolated from samples by
incubating or streaking a sub-sample on surface of selective media (potato
.dextrose agar: PDA, Criterion, USA with 0.1% chloramphenicol and 0.05%
cyclohexamind). Soil samples were processed by diluting 10 g in 100 ml of
sterile water that was added 0.01% Tween-80. One milliliter of the soil dilution
was spread over those selective media. Then, single colony of Metarhizium spp.
was transferred to PDA for purification. All were propagated and maintained
with a 5 mm diameter mycelial plug taken from the growing edge of a 7 days
old culture grown on PDA plates for 28 days at room temperature. The
identification was done by observation of con1d1a colony and mycelia
morphology.

DNA extraction and amplifications
_ Mycelia and conidia from each isolate were plated on potato dextrose

agar (PDA) and single spore colony was grown on potato dextrose broth (PDB),
incubated on shaker (150 rpm) at room temperature for 5-7 days. Mycelium
was recovered by centrifugation and filtration through Whatman No. 1 filter
paper, washed twice with sterilized water, adding liquid nitrogen and ground
until a powder mycelium was obtained. The powder was extracted by DNeasy
Plant Mini Kit® (QIAGEN) following the manufacture’s instructions and
stored genomic DNA at 4 *C. The ITS1-5.8s-ITS2 region of rDNA was

amplified using the universal primers, ITS 1 (5’-TCGGTAGGTGAACCTGC
GG-37) and ITS 4 (5>-TCCTCCGCTTATTGATATGC-3") (White ef al., 1990).



- Amplification reactions were performed at a total volume 25 pl, consisted of

‘template DNA, 200 pMol dNTPs, 0.8 pMol each primer, 10X PCR buffer and
1U Tag DNA polymerase (Biolabs, England). The condition of temperature in
thermal cycling was one cycle of initial denaturation at 95°C for 5 -minutes,

followed by 35 cycles with denaturation at 94 °C for 1 minute 30 seconds,
annealing at 55°C for 2 minutes, and extension at 72°C for 3 minutes and a final
extension at 72 'C for 5 minutes. PCR products were separated by

electrophoresis in 1% agarose. gels by comparison with 100 bp DNA Ladder.
The PCR products were pur1ﬁed and then used directly forrDNA sequencing.

Phylogenetic analysis

All sequences were compared to others in GenBank using BLASTN and
the best match recorded and selected. Two sequences of Beauveria bassiana
were used as an outgroup. The entire DNA sequences of 25 Metarhizium spp.
isolates from this study, 19 public sequences of Metarhizium Spp- and
B. bassiana from the GenBank database were edited within Bioedit version
7.0.5.2. The sequences were aligned using the ClustalX 1.83 software. The
consensus trees were constructed using Consense program in the Phylip
package version 3.6 with Neighbor-joining method by 1000 bootstrap
resembling. Phylogenetic inferences were performed and exposed using
TreeView 1.6.6. -

Results and discussion

Identification of Metarhizium was done by observation of colony
morphology, size and shape of conidia. The conidia are cylindrical with round
ends which vary color from light green to dark green and the conidiophores are
simple and branch by apical phialides produce conidia. Twenty-five isolates in
this study, most common isolates were identified as M. anisopliae. Conidia color
may differ in colony size and condition (Latch, 1964). The growth of colony was
observed on PDA at room temperature (25-30°C) for 28 days. Fungal colonies are

initially white or creamy mycelium, becoming shades of yellow, shades of

green/yellow to shades of dark green during sporulation. Most isolates are. . -

brightly dark green colony, except MA 017 is duller dark green.
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Table 1. ‘M'orphological and phylogenetic clade of Metarhizium spp.

' Conidia size (qum)
Isolates Ho'_st Geg%‘;g; hic W Lengmidth CROZi?;a Mo(l;ggzl:gy Clade
Mean Mean o

MA001 Coleoptera  Nakhonratchasima  3.34 7.29 2.18 Low 3 C
- M:AOOZ Coleoptera  Bangkok 296 - 8.62 _ 2.91 High 5 F
MAOQ03 Coleoptera  Samutprakan 260, 9.10 3.49 High =5 F

- MAQ07 Coleoptera  Nakhonsawan 3.73 10.26 2.75 Medium 1 - B
MAQ!1 Isoptera Suphanburi 322 9.36 291 . High 2 B
MAO12 Coleoptera  Khonkaen 310 9.75 3.15 - High 1 B
MAO14 Coleoptera  Kanchanaburi 333 9.10 2.73 Medium 1 B
MAO15 Coleoptera  Not available 3.56 9.50 2.67 Medijum 2 B
MAO17 Dermar.)tera Nakhonratchasima ~ 3.50 - 9.22 2.64 Medium 4 E
K 'M.AOIS-_ Coleoptera  Kanchanaburi 3.18 - 9.15 2.87 Medium 2 B
MA61-9 Coleoptera  Kanchanaburi 3.39 9.72 2.87 Medium 1 B
MA025 Coleoptera  Prachuapkhirikhan =~ 2.92 9.42 3.23 High' 3 ’ ) F
MA026 Coleoptera  Prachuapkhirikhan ~ 2.90 9.17 3.17 High 3. . F
TISTR3158  Soil Philippins 4 2.28 6.21 275 Medijum 3 E
TISTR3607  Soil Thailand 2.35 512 2.18 Low 3 C
SEC04 Soil Chanthaburi 226 6.37 2.82 Medium 3 F
SEDQ7 Soil Sakaeo 2.29 532 2.33 Medium 3 C
SNAO! Soil Maehongson 225 6.75 3.00 High 5 F
SNB02 Soil Chiangmai 3.85 10.77 2.80 Medium 3 C
SNBO03 Soil Chiangmai 242 5.85 242 Medium 5 F
SNBO07 Soil Chiangmai 3.04 9.01 2.96 High 5 F
SNBO08 Soil - Chiangmai 3.50 10.23 2.92 High 5 F
SNEB17 Soil Nakhonratchasima ~ 2.39 6.30 2.64 Medium 3 F
SNEB18 Soil Nakhonratchasima ~ 2.06 6.41 311 High © 3 E
SWC03 Soil Prachuapkhirikhan ~ 3.00 8.80 2.94 High 3 E

Morphological features of colonies were studied and could be separated
into five groups on the basic of colony color and surface. The surface layer of
the group 1 (MA 007, MA 012, MA 014, MA 019 and SWC 03) colony is flat
and mycelium is smooth. Colonies have green/yellow pigmented within 4-5



days and came to brighter dark green and conidia showing zonation (Fig. 1A).
Group 2 (MA 011, MA 015 and MA 018) colony is similar to group 1 except
the color of media is shades of light yellow (Fig. 1B). The most common are
group 3 (MA 001, MA 026, SEC 04, SED 07, SNEB 17, SNEB 18, SNB 02,
TISTR 3158 and TISTR 3607) that colony is flat, conidia are medium size and
showing both zonation and non-zonation (Fig. 1C). Group 4 are MA 017 and
MA 025 similarity to group 3 but conidia mass like a mat (Fig. 1D). The last
group (MA 002, MA 003, SNA 01, SNB 03, SNB 07 and SNB 08) showed
differ from the others, because the colonies are not smooth, but mycelia upright
as aerial mycelia, and the media color is yellow to orange (Fig. 1E).

Morphology of* conidia in PDA under bright field light microscope
showed cylindrical shapes and usually light green in color and string together
(Fig. 2A-C). Those demonstrate overlap in ranges of conidia sizes; length and
width of 40 conidia per isolate were measured and presented in table 1. Conidia
sizes were varied from the width of 1.40 pm (TISTR 3158) to 4.75 pm (MA
007) and length 4.10 um (TISTR 3607) to 12.59 pm (MA 019). The width of
conidia ranged from 2.06 to 3.73 pum and the length of conidia ranged from 5.12
to 10.77 pm. This is similar to Riba et al. (1986) and Yip et al. (1992) who
reported conidia dimension of M. anisopliae. Length/width ratio of the conidia
was calculated and divided into three groups: isolates with length/width ratio <
- 2.18 is low ratio group (Example; MA 001: Fig. 2A); isolates with length/width
ratio between 2.33 and 2.87 is medium ratio group (Ex.; MA 018: Fig. 2B), and
isolates with length/width ratio > 2.91 is high ratio group (Ex.; MA 026: Fig. 2
C, Table 1).

Fig. 1. Metarhizium colonies were grown on PDA at room temperature. Colony from group 1;
MA 012 (A), group 2; MA 011 (B), group 3; SNEB 17 (C), group 4; MA 017 (D) and
group 5; SNA 01 (E).
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Fig. 2. The morphology of conidia under bright field light microscope (40X). Example image in
low ratio group: MAOOl (A), medium ratio group: MAO18 (B) and high ratio group:
MAO026 (C). A

The ITS regions and 5.88 tDNA of Metarhizium were amphﬁed using the
ITS] and ITS4 primers that was a unique fragmént of approximately 550 bp for
all isolates. Destéfano et al. (2004) analyzed at thé same region with 540 bp
fragment for M. anisopliae var. anisopliae strain E9, B/Vi and C isolated in

Brazil and 600 bp for M. anisopliae strain 14 isolates in Australia. The PCR

- products were sequenced and compared to others in GenBank . .using BlastN.

Sequencing data conformed that all sample isolates are M anzsoplzae This
study indicates that it is very similar that M. amisopliae is the predominant
variety in this part of the world as stated by Roberts ez al. (2004). Genetic
distances between isolates are presented by branch length. Phylogenetic
analysis showed other Metarhizium species or varieties and outgroup
(B. bassiana) from GenBank can be separated clearly differentiated in clade A.
The data support the monophyly of the M. anisopliae group except
M. anisopliae var. acridum, and recognize five clades (clades B-F) within it.
The isolates within clade A were subdivided into four groups with B. bassiana,
M. album, M. flavoviride and M. anisopliae var. acridum. M. album and
M. flavoviride are clearly distinguished from M. anisopliae. In this study,
M. anisopliae var. acridum sequences were different from other M. anisopliae
that was significantly supported by Diver et~al. (2000) and Bischoff et al.
(2009). Based on the results of morphological and molecular data, this study
was confirmed by Bischoff et al. (2009) that the 5° region of EF-16 is to date

-the most informative region to use for routine species identification with this

genus. M. anisopliae var. amisoplice is pathogenic of innumerable insect
variety. Whereas, M. anisopliae var. acridum is much more host specific only
Orthoptera insects (Bridge et al., 1997; Goettel and Jaronski, 1997; Milner et
al., 2002; Alston er al., 2005). So, Bischoff and coworker (2009) were
introduced M. anisopliae var. acridum to M. acridum stat. nov. species. This
study confirms that rDNA sequence data can be used to resolve evolutionary

relationships within Metarhizium that M. anisopliae separate evolutionary lines.

The dendrogram can be generated the 25 isolates into four main clades
(clade B, C, E and F) (Fig 3). These works confirm the high variability of ITSs



and 5.8S TDNA within M. anisopliae. These results agree with Fegan er al.
-(1993) who found that M. anisopliae to be extremely diverse using RAPD. This
study indicated that M. anmisopliae are highly divergent, whereas MA 017,

SNEB 18, SWC 03 and TISTR. 3158 are closely related to isolates from other
world regions than isolates from Thailand. Clade D and E contained-isolates
from elsewhere in the world, while the clade B, C and F contained only isolates
from Thailand. However, Bootstrap resampling that used to estimate reliability
of the tree shows less than 50% frequency. Despite their origin, the isolates.
collected from soil do not correlate together

The most important taxonomic reviews of Metarhizium are the revisions

by Tulloch (1976) and Rombach et gl. (1986) that contains threé species,
M. anisopliae, M. flavoviride and M. album. M. anisopliae that was separated
into two varieties;~ M. anisopliae var. anisopliae; the short spored and
M. anisopliae var. major; the long spored (Tulloch, 1976). Great diversity in
M. anisopliae supports those of other workers using both biochemical and
molecular markers (Fegan et al., 1993; Mavridou and Typas, 1998; Diver et.al.,

- 2000). Using biochemical profiles, Rombach et al. (1987) could distinguish
- groups of var. anmisopliae more divergent than var. majus. Using allozyme

- profiles, St. Leger and coworker (1992) propose that M. anisopliae may be
composed of at least five varieties. Howevery, M. anisopliae was separated into
4 clades by RAPD-PCR method and sequence data from the ITS, 5.8S rDNA
and 285 tDNA D3 regions: M. anisopliae var. anisopliae, var. major, var.
acridum and var. lepidiotum (Diver et al., 2000).

Among these groups in this study, most of the isolates in clade B perfectly
homogeneous group were highly differed from other M. anisopliae. Those differ
from the others by their biological origin and colony pattern. The most isolates in
clade B included of both of group 1 and 2 according to morphological
characterization and showed medium conidia ratio. which isolated from insect
hosts in order Coleoptera except MA 011 that host is order Isoptera (Table 1).
Our result indicates that this group may correlate with insect host.

The four isolates in clade C was characterized only in group 3 according
to morphological characterization. TISTR 3607 isolate was more closely related
to MA 001 than the other, and clustered to SNB 02 and SED 07 that showed
low conidia ratio.

The phylogenetic tree, clade D and E do not show a clear relatlonshlp .

between M. anisopliae var. anisopliae and M. anisopliae var. majus (major).
"M anisopliae var. majus fell within range of genetic diversity of M. anisopliae
var. anisopliae indicated that genetic relationship does not differences.
M. anisopliae was divided into two varieties based on conidia size, short
conidia (M. anisopliae var. anisopliae) and long conidia (M. anisopliae var.
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"majus). In general the conidia of M. anisopliae var. majus are rarely less than
10 um long and are usually 12-13 pm (Rombach et al., 1986; Boucias and
- Pendland, 1998; Bischoff et al., 2009). Nevertheless, DNA-based studies were
placed M. majus separate group from M. .anisopliae (Yoon et al., 1999; Driver

et al., 2000). The delimitation of M. majus only conidia size without molecular . .

data is difficult. However, ITS regions data can be divided the MA 017 isolate
into clade E that more closely related to M. anisopliae var. majus (AY781690)
in clade E than M. anisopliae var. anisopliae: So, that problem warrants further
1nvest1gat10n Additionally, clade E were obtained the samples from various .
regions. TISTR 3158 isolate originating in Philippines was distinguished from -
isolates from Thailand but closely zelated to isolate from the other worldwide. -
There was not clear by associaed between, the genetic and geographlcal distance -
separating the isolates.

Clade F, most isolates from soil were subdivided into two well-supported
groups. The isclates in this clade were high conidia ratio as morphology in
group 5. This clade was more closely related to M. anisopliae var. anisopliae in
clade E-than other clade which were remaining samples of M. anisopliae var.
anisopliae. Pantou et al., 2003 indicated that IGS region using primers Ma-
IGSspF and Ma-IGSspR could be identified. These primers amplified only a
_ partial sequence of' the IGS region in M. anisopliae var. anisopliae, but which
did not amplify in other species or varieties of Metarhizium spp. (Hughes et al.,
» 2004). From those data indicating that M anisopliae may compose of at least
five varieties (clade B-F). Clade B, C and F from Thailand were
phylogenetically distantly related when compared to M. anisopliae from
another country. Nevertheless, based on ITS regions, data did not provide
sufficient resolution to clarify the relationships within isolate or variety.

Many researchers were interested in this fungus and many taxonomic
studies were made because of their importance and potential in the biclogical
control of pests. As the use of M. anisopliae as a biological control increases, a
more adequate and accurate identification and separation of variety of
M. anisopliae or genus Metarhizium become important to confirm species and
to specify this fungus to colonize a specific insect host. Our data were revealed
fundamental similarities between morphological and molecular groupings by
morphological feature groups that correlated strongly with ITS and 5.8StDNA
sequence identity groups. The occurrence of M. anmisopliae in Thailand is
indicated that this fungus is an ubiquitous organism with a worldwide
distribution and most of them more distantly related to M. anisopliae from other
countries. For any line of M. anisopliae may include a variety of potential host
insect species, sporulation, secondary metabolite as well as origin or source of .
collection. However, genetic materials may express distinguishing between the



isolates even similar in morphology. In contrast, morphological characteristic
are generally complex and many involve genome expression. It is suggested
" that morphology and molecular phylogeny would be studied together to confirm
identification of this fungus and their biological properties.
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Fig. 3. Phylogenetic-analysis on ITS regions and 5.8S, of rDNA, 25 isolates of Metarhizium
comparative with other isolates from GenBank using Neighbour-joining algorithm.
Number on the branches represent 1,000 replicates of Bootstrap values.
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ABSTRACT

Genetic diversity and phylogenetic. relationships within 14 isolates of the entomopathogenic
fungus, Metarhizium spp. has been investigated by PCR and nucleotide sequencing technique based on
nuclear ribosomal DNA {rDNA). Amplification and sequencing of the internal transcribed spacer (ITS) E
regions of rDNA {ITS1-5:85-1TS2) was performed using universal primers (ITS1 and ITS4). The PCR
amplification of this region was detected a unique fragment of approximately 550 bp. The nucleotide

sequences were analyzed against those of Metarhizium spp. and- Beauveria spp. sequences from

GenBank database using the ClustalX program and PHYLIP software for phylogenetic analysis. The

neighbour-joining dendrogram was generated which provided more information on polymorphism. These
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data demonstrate the level of genetic diversity of Metarhizium anisopliae that related with morphological

data and ITS sequences are useful for the identification of Metarhizium spp. at the species level.
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Length Polymorphlsm RFLP (Bridge et al., 1993; Pipe et a/ 1995 uaz Bidochka et al. 2001) uazinAlla
DNA Sequencing ‘flusiu 1agl ibosomal DNA (rDNA) Lﬂum‘nmwuﬂu'l‘i‘lum?mLmnawwuﬁ‘ﬂawnm'x
Taean1zuTand Intemnal Transcribed Spacer: ITS (ITS1-5.85-ITS2) (Curran et al., 1994; Driver et al.,
2000: Pantou et al., 2003; Ricardo et al. 2004; Inglis et al., 2008 Wtaz Vivana et al., 2007) %uﬂuummwu
ANNHURINVANE (Variation) mqﬁuﬁnﬁum (Mitchell and Zuccaro, 2006) Aausn i lunisanuunAu
WANFNNTEUTNANENUG URS mmmqwuunmwuﬂnmqmulumawuﬁ mumiﬂhmmmq fifiaanu
umnmwa\ummmamﬂa (Host) manuwaamm (Geographic Origin) 14 Tmmmﬂﬁvmﬂ"lummmmutw'a
Anw uazuFeuiaumauANTUSTBaan TN AUgUAnen LLa:anwm:mawu@nﬁmmL*ﬁﬂimqﬂ
Metarhizium

gUnsnluazIENg
NSINUARENT MTARLEN u,a~msmnmanﬁmvmmmmqum

mmwmm’mqa Metarhizium AMNUNAIFN] Fauandlumsnad 1 sauviavus 14 lalmamaunann

NIATININERS AUTAdEAIANARINT I8 TIUYTELNTIR us sAnuan v mmﬂm"mm Single Spore
wrazlalslanuueiung Potato Dextrose Agar (PDA) Hiannslalaam MA 018 waz MA 019 mmwn'luuuu
mum?ﬁmmnuumutmztz’im"“”ﬁm?ﬁmﬁﬂn (PDA, Chloramphenicol 0.1 % waz Cyclohexamind 0.05

% U?JL"ILJ\WVBM"L JPVTN 5'25-30 C) LW}JLE‘JJ’I"‘AL‘D?J waziiuin ’WL‘TTO‘J'}ﬂf‘ﬂ Metarhizium Luuﬁﬂﬂ‘ﬂﬂﬂﬂ\‘m
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Table 1. Detail and approximate conidial size of Metarhizium spp. isolates from 14 isolates in this study.

FRTIT ) WLy ey

A o Ly %

Mean of conidia + SE (um)
Isolate Source Host Province — Color of media
Wide Long

MA 001 - - 3.34:0.07 | 7.34%0.12 wRaaudy
MA002 | NTNATINITINMAT | uNAIA MUY . 2.96:0.07 | 8.62:0.14 | ABIBNdy

MA 007 AamiaRengen | uATAIsTA | 3.73:0.08 | 10.29:0.15 719

MA 010 Uaan A 3.37:0.07 | 9.530.13 1M '
MA 011 Uaon ANWTIOULT | 3.2240.07 | 9.38£0.11 wanandy

MA 012 A Frawwasenodes | weuuriu | 3.10:0.06 | 9.98£0.26 119

AUEARBAIAN e : : -
MA 013 » Aranandn - 3.1940.08 | 9.26+0.15 masvaNdN
Angiaing -
MAO14 | _JL 2 3 FONUUIAED NITYAuL3 | 3.33:0.06 | 9.10+0.08 279
TIUVTEUMITA : —

MA 015 - - 3.52+0.07 | 9.50+0.10 wAasaNgy

MA 016 - 2 3.41£0.08 | 1 9,12+0.12 waasandy

MA 017 ey | uAsafRan | 3.52¢0.07 | 922:018 | wAevandu

MA 018 - dNuanegey | nyauld | 3.18£0.07 | (9.32:0.32 LRERGHT

utlaveay - \ —

MA 019 ARNVUIAENIERE | MMTUSUYT | 3.39%0.06 | 9.72+0.16 7717 ,
MA 022 | NTNATINISINEAS ) \ 3.37+0.07 |~ 9.26+0.11 winsendy |

waNEA - = Tinsuung i

NMSENARALEULE
ANA Metarhizium W8 W13 Potato Dextrose Broth (PDB)

vl

v
YMANsMAz@EE Single Spore 18417837

a

rwngmm fivias WweRAE 150 FRUADUIN (TUTTETI0E .Ui.,mru:s 5 U uanwaLan (Pellet)
WAERiATLG 8,000-9,000 saufauiiunan 20 wh a"‘am;nf»wm 2 SAUAIEANTAZANE 25 mM EDTA,

oH 8 AuAIELNAUREUNIEES unaaauualaslulasiauwmas (Liquid Nitrogen) uazaiamsule

v ar ° 3 i
AULAANAAIUTITY

DNeasy Plant Mini Kit (L3¥% Qiagen®) Tnalfisnmemuaiissasgaadiafifuia 1w

ﬁLﬁutﬂm'f’:Lﬂm:ﬁ?’nmmmu?mmﬁvﬁuvamaﬁﬂuammw wazSund Tneldinalla Agarose
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Electrophoresis uawmmﬂmmmﬂnauummmmm Spectrophotometer wmwm'mauu.m 260 nm uay
280 nm mmmmmmmmLﬂlumwmﬂmum mmnmm@mqﬂmummmunu 4 C

wAlla PCR uaznisitasiedainuiopalelng
Lﬁuu?mmﬁlﬁummﬂﬂana Metarhizium ynlalmasluniinns ONA- Arumd ITS FaugInfiuaf

ITS1 (5-TCCGTAGGTGAACCTGCGG- -3') uge ITS4 (5'—TCCTCCGC1TATTGATATGC -3Y) (Whlte et al,
1990) ﬁunmmsmmﬂw’l,%”lumﬂwmﬁmmmﬂumm'mu 25 yl ﬂ?unaummtaum 500 ng Insiwef ITS1

waz ITS4  (Invitrogen) 1 pl (0.8 pM) Deoxynucleotide, dNTPs (Roche) 0.5. pl (200 uM) Taq DNA

polymerase (Blolabs) 0.2 pi (1 U) ttaz 10 X PCR Buffer (Blolabs) 25 u (1 X) uﬂmﬂmuwmﬁmmmi o

WugnsIN wmiﬂmmmmuiﬁ ”umw] o) ﬂu Initiation Denaturing 9wy 95°C 5 wA#t 1 sau UUNE

a

94°C 1 w1 30 B30aki BLUNN 60°C 2 u#l @muqu 72 C, 3 ety ﬁ"JﬁJVI\WiEJﬂ 35 78U Lmzmumwu Final

Y

Elongation geun)il 72°C 5 w1¥i 1 781 AzaRanUiTentneldinalla Agarose Gel Electrophoresis th

NARATUN PCR ﬁNﬂ@’WSJ"]’JLﬂ?’lzﬂﬂqﬂ’]ﬂﬂuﬂﬂﬂiﬂiﬂﬂ ws@umuw@mﬂmumﬁaumﬂumqmuwuﬁnu

ﬁ'}‘wnfam GenBank Tmﬂl‘n Basic Local Alignment Search Tool (BLAST) (http:/Mwv.ncbi.nim.nih.gov/blast/

Blast. ch) LL@JJLﬂﬁ"]“’HW’ILLNuﬂNﬂ’J’mﬂNWUﬁ (Phylogenetic Tree) Lﬂ?ﬂumaunummmna Metarhizium

-Lmvvn@mma Beauveria Tmﬂfﬂmﬂiu BloEdlt CIustalX 183 Uz PHYLIP Software (Nelghborjomlng ‘

method, NJ) #1A1 Bootstrap (vinAw 1,000 _ :

NANTNARBINATIANTD]
Iumiﬁnma”‘nwmzmaﬁmgﬁu?mmmmﬁ@mqh Metarhizium 189% 14 lalnmninziasady

sz 1 Weunddnlailifudunsenssnenviendnemdadnags Saumedesuantlumnnmed 1 wudn

TatidefiAefssn (NF19xenn) WAL 3.33£0.02 x 9.26+0.05 um AMNNTRLLNIEN AR NENTa AT A LA

aanulu 3 ngnluni Ae ngudi 1 RAatuenalrsunn 7 pm lgund MA 001 (gﬂ"?m A) Hrunafuyingu
7.3420.12 pm ngud 2 daouenatlszunn 8 um 393l 1 lalaias Aa MA 002 (517 1 B) Hrunmadswvinbu

8.62:0.14 ym uwazlalziandu dadungud 3 PRIUAAIINEAININNTT O um 1 MA 007 (3Un1 C)
MA 010, MA 011 husiu Tnsflaumpaanaalafidevienimadsmudssunn 9.47+0.10 pm duAnmsd
vaslalalifid A daoduiiadendsi aanndesiutesdnme (2526) wazfiuans (2545) uazdnuouzduad

'
=

awnsiieinszasiamuansine a2 ngu As devnsldwlAeuuasiaiudons (gUnizC)

MA 001, MA 002, MA 011, MA 013, MA 015, MA 016, MA 017, MA 0 018 Uaz MA 022 uazdalanuusrau 7

La

unnansathaiuldaginednianlu 2 lelaian Ae MA 002 Alduloviinn (U7 2 A) was MA 017 7iGae

Talatifudderduinizuiusunuusuien (17 2 D)
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Figure 1. Size of conidia of Metarhizium spp. (4OX); A: MA 001, B: MA 002 and C: MA 007

Figure 2. Morphological characterized of colony and media color of Metarhizium spp.; A: MA 002, B:' -

MA 011, C: MA 014 and D: MA 017

mmmmvumqwuﬁmam??:muimana Iaematia PCR lusiumi ITS1-5.85-1TS2 Tuusazlalaian :

WUINHTURL autmwawmmmmﬂsvmm 550 Alua aaAARANNU Ricardo  WaTALY (2004) Fiwudn

M. anisopliae mmmmmum&umﬂrmm 540 Aiud mem'amevummumﬂaiﬂlwmua snFuuguiy 3

mmmna Me[arhIZ/um LLawn@mﬂna Beauyveria w'L'uLUu Qutgroup Mﬂﬁm*‘n@m GenBank wa :Lmunu
C ANdNAUsa o nNean ey 6 ngu (Clade) (?Uw 3) Tmtmmw 1-3 Lﬂuwmmm Metarhizium 14
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& % \121- o a3e
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a " =2 ¥ o Egil DAY
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TalFe AT nnadnuansreasnlisaen pRaviuLLLTiANANTUSEN AL MA 017 Aunmaa ug 98l

4 B a & 14

Atay g:iv‘inmﬂl@imam'iungnﬁ 1 uaz 2 wilidnpouziatadidudiGoadunizuiumudiueguigowand

?,

v
< o

gana1nlals, BARUT AIHUR N UEN, \mu UINEINIE9998 977 dnrzeaalala v ?”?J"”Q‘L""“'W“U”

400



Y - ~ ¢ S 4 -
n‘lsﬂt’qume'zmmmawuﬂnmaummﬁmaas an 47 mmmmmaﬂ;
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Figure 3. Phylogenetic trees is show the relationship of 14 isolates Metarhizium spp. in this study
compared with other database of Metarhizium spp. and outgroup (Beaiveria spp.) from

GenBank. Bootstrap indexes are indicated above each branch node
- d9duanisnares
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