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Abstract

A new cell line, KMITL-HA-EI, was established from the embryonic tissue of the American
cotton bollworm, Helicoverpa armigera (Hubner). The tissues were seeded in Grace’s medium
supplemented with 20 % fetal bovine serum and incubated at 28 °C. The first subcultures was
obtained after explanting for 107 days and 80 passages have been made to date (May 2003).
However, the subcultures from the 7" to the 33" passage, were adapted to Grace’s medium with
10% fetal bovine serum. After the 33" passage, the subcultures were seeded in TC-100 medium
with 10% fetal bovine serum. Primary culture consisted of four major morphologic types of
fibroblast-like cells, epithelial-like cells, myoblast-like cells and companion cells. However, the
second passage consisted of two morphologic types of fibroblast-like cells and epithelial-like cells.
The continuous cell line of KMITL-HA-E1 at the 49“1, 60" and 79" passages showed population
doubling time at 55.43, 60.92 and 40.82 hours, respectively. The chromosome number of cultured
cells ranged fiom 48 o 228. The cell line isozymatic profiles were deteimined by esterase, malate
dehydrogenase and glucose-6-phosphate dehydrogenase systems, coinciding with the larvae of the
species taken from the same colony. The cell line was found to be susceptible to some insect viruses
such as Euxoa scandens cytoplasmic polyhedrosis virus (EsCPV), Autographa californica multiple
nucleopolyhedrovirus (4cMNPV) and Galleria mellonella multiple nucleopolyhedrovirus
(GmMNPV). The cytotoxicity of solubilized crystal delta-endotoxins from different Bacillus
thuringiensis formulations (’Ihuricide®, Teknar—HPD® and Trident®), destruxins (mycotoxins
from Metarrhizium anisopliae) and actinomycin-D antibiotic was tested on this cell line. The result

showed that the cell line was highly sensitive to actinomycin-D (TCTD,, = 0.013 lg/ml) and fungal



®
toxin (TCTD,, = 0.287 [lg/ml) and high significantly different to Thuricide (TCTD,, = 2.987

®
LLg/ml), Teknar-HPD (TCTD,, = 13.060 Llg/ml) and Trident (TCTD,, = 26.753 Jlg/ml).
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ADNIWU MU ABLIANTY 500 FHA  NEMUITOEINAIIUATUMUADEITHILLAIAILA
A oy ] r T Ly ar o ar
nilarianionnnd (Croft. 1990)  ilegtiunntheldaseminfwansuesnisldmsaiimie
d'. a ow o ] 1 9 =8 nﬁ‘ ao [
uasnanuNYpd lasas ez dewansenudeanminaden SalmsAny oIS msileeiu
[} 3
AdauuasAagiauuue q wilseygndldmeaatSuamsidmaniiditaumas dalums
o d? = A da 3 a o EY o [ A = =) & :l.'o w
Wusegaunidnne Iina lsanuuuasn1slumssriauuasdagiadiudamadonnilsniias
Tasvarwaulvesuninynddudsemandanuds  msduitilaesdvredlduaz dawa
nsENURDENINIIABUTBELIN uaziduismshidealaneduionSsuiennumsni
i [ "
vennnilisasilgmiTeamasidiumudemsiaild  (nsudmnmsinuas. 2534 ; DeBach
and Rosen. 1991)

¥
WUOWNLaWBFNY Helicoverpa armigera (Hubner) lufiifonatefiudnegluasd Noctuidae

H
-] a A A

v w & s =1 o a £ 4 Y
dUAL Lepidoptera uuunsdagiaidvgyrianihlulssmelne iflesnnuuasaiiniiiine

v
=) g

oI enn  uashdwgdeths  vuswezauethelidnuaemsidhaeiendl @2
BuSenslvuSnusentou NAUABN HIoNABRUYRINY WarusuRnesnmnlyezdniaiu

AIUBBUYDIRYDIMNIT 1TU BATOU AIABN ADARN ABALIU aUB HR WA uasdidu szoe



wueuifamun 5 szer Taoialivuouszesd 4 uas s A NMUTOHIBADNTTULTINT
wueusTesd 1 uaz 2 uenvIRENUIMUBUIE auet s s e A UAe s IAf
Miauuneldedisings Tufluilgmdenstlestumiaediann  luilegiiuiimsl4iinale
waglaslasa  (Nucleopolyhedrovirus, NPV)  lumisaavquilssminsveanusuneaveihy
uamswioudeais NPV ‘L%‘Llﬁﬂ’a’ll}fjw'lﬂiumiiLElﬂN’Sﬂll‘J%fBBﬂiﬂﬂ"ﬁ”lﬂﬂuauﬁﬂ’w
iesnnlasasiad (970, 2539) sohifearumeeitedulinalife Tneldms
mz@vahuad imiveuias (APITIN  (WETUAT. 2542) uﬂﬂmnﬁuﬁewewmmgﬁuﬂ?ﬁ
ﬂfﬁﬂﬁ"uu'l"l.%lﬁﬂﬂ'mﬂuﬂuﬂuw1:ﬁua?1w wu 'l Tananaiia Inag lns@alaSa (Cytoplasmic
polyhedrosis virus, CPV) #aermnsoiransda1dlumad lafvsauuas (Belloncik. 1996) e
WUANGY  Bacillus thuringiensis (Bt.) Llﬁztgﬂﬂ Metarrhizium  anisopliae G‘l’é\‘iﬁm‘l'ﬁﬂﬁ’l
wad lavhmageumsnouauesAemsRBYBMUATTomeR Ui 9 wazashufindasn
#o3118 (Belloncik ef al. 1997) wethunsegnduaz1duse Temflunsauguuuasiag iy
wiinfidolyl

o v
e o =Y

dmsuaddeil lasimsasenguisadisunsn (primary culture) Hazad lav (cell line)
¥ 5 o L] ‘!' L] T A L5
nnieweaisounagnieluly  (embryonated egg) vosmusumizawerhy  daldTuanu
oyAT I lvesnueweaduofhonn  asganssn wovues  thodfidnsiteuazifou
UgnNsnAnes WMTInedunyasmaai Munaad uastgy uag quee ngyd nsuin
v A A 3 fo Ay ad o A A A da
msineas  ms Midleiodseuieaduwad lmiviuidedfemwadn Idnnsitesiiatiinim
L= J A P Yt =4 1 7 A
nannae  uazdSuaveuiiewenldlinnuneesrenistgnadisunsn  (Sato. 1989 ;
3/ b4
Vaughn. 1994) daviudeiitse Temilumanaaeuanussuevaasad lavisemsanye 1a5a
Tiauwas  MINAdaUMIRBUAUDIUBILAT laiADmIRENAIUATEY B MInaTauMs
9
ADUAUDIVDUYAR IUADAITNYNNGOT) M. anisoplie  HAZMINATOLMIADUAUDIVD

3 a a v oa A . & ' o
wad loddemsUfFuzuend Tuledu-d (actinomycin-D) Fafluilss Tomidemarinwadlarl
Tseyndlddela)

v v d =
1.2 ANNarNaLaz IngUszasnveImIsAnY
A =Y A L .:.y {1 a& . 9
1. efAnyunalafmueauAsMIINZIRNNGULAdsuNSN  (primary culture)  Iagld
A T .
iewefsouniogluly (embryonated egg) YpsMUBMINZAUDEhY
2. teWaLwad 1yl (cell line) ¥iinlnivssnuswazausthe
A af =) 1) 1] o ) =
3. ieAnyIguanyagInlszmsveusad lavwilalnyl 1wy dnwazgding msesy

wule whavesns lolnw dludu



4. emaspuaMuseutedsmsaAnide hialsauuaneiia Wy Helicoverpa armigera
nucleopolyhedrovirus (HaSNPV), Spodoptera exigua nucleopolyhedrovirus (SeMNPV), Galleria
mellonella nucleopolyhedrovirus (GmMNPV),  Autographa californica nucleopolyhedrovirus
(AcMNPV), Helicoverpa armigera cytoplasmic polyhedrosis virus (HaCPV), Euxoa scandens
cytoplasmic polyhedrosis virus (EsCPV), Choristoneura fumiferana cytoplasmic polyhedrosis
virus (CfCPV), Bombyx mori cytoplasmic polyhedrosis virus (BmCPV) Wa¥ Dendrolimus
punctatus cytoplasmic polyhedrosis virus (DpCPV)

5. NENAABUAISABYAUBIRDAIITRYLNFIAH IENNUUATIED Bacillus thuringiensis (Bt.)
Lmzl‘%@’i‘l Metarrhizium anisopliae

6. NenATRUMIABYAUBIARMTU T IERA TuTodu-A

=
1.3 UBUIYAYRINIFANYI
' i v J i ¥
1. iNefnuinuanyuzyeuwad lavhaseiun lannsze: ldvesfiiifonusunz auethe
DINTAU
A T o = et o N a
2. WofnwINIRouaupAeiiing Io Inddlas 1a5a (nucleopolyhedrovirus) 'l Tawaneriin
¥
wadlasdala¥a  (cytoplasmic polyhedrosis virus) — eIRUINGBUUANGY  Bacillus
»
thuringiensis (Bt.) TINNNTOT Metarrhizium anisopliae Woza15UfTuziond Tutlodu-a
e lFlumsmugurusug auefhvemsiu
ae ﬂl’l A U S a o df A o a
mAdeiifsfnyumaiinnsadenguadisuusauazirad lminnidlebedseuiiogmo
Tuldvemuemezauethy Anvgudnyuzusemsvoausad lavestialud nasasudnin
- b4
anueouusaemsanie ia Isauuasuieyiia FWINIABLUAUBIADENIAHINTD

= oA J -, =3
BUATIEY 13031 LozasURFIUZ NN

1.4 Yszamiimadies iy
1. lewannmIndawad lafvsmusumzauethelutlszmalng
2. weldlumsnudineweusaduuasiivss lemlsemsilosiumia
3. weldluauinSina e lsauuaslunasanaass
4. envanlFlumsnaseuanuiufivves Isnuuasuazanaadsnuyawsing1a 9

4 [ ) (Y] a
5. e lddnwnna lnnmsduniudemswlsiuyaslusaumad
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NHHHUASNHIVENING IV

2.1 FIInsvesruemzanethaausiu

fidovioumzauothuenify Helicoverpa armigera (Hubner) iufidenmafiu ey
Tuef Noctuidae SUND Lepidoptera inuvnsfagisidiyaiianisvesdszmainelu
Pogiu  wazfiwn Iuhezfudagioidioussluownn (@i 1ngya. 2534) nuoune
auethveusMuiideInmmansatausnd Noctua obsoleta #ouEHMI19aeou 9 19y
Heliothis obsoleta, Chloridea armigera, Helicoverpa armigera (Mabbett. 1983) ilwﬂ'u“l%’%a
Innmandae  Helicoverpa armigera dnseaiyfildiden 14Ul American bollworm,
cotton bollworm, corn earworm A% tomato budworm (3TN B©1INA HASANE. 2509 ;
Mabbett. 1983)

2.1.1 anvudnguazdnyuzmsiiaiene

nuouzaNefuomsiU  H  armigera L‘éni’%ﬂ‘luﬂixmﬁ"l.wué'?quﬁ'?mmﬁnmf 2503
wazadeanudemeliustholudelnoluggugnanenn Whumasiifimsunsnszneial
Tunitiedy pomas@y  faduaud neseuldvesylsy uazluuenim dnwagmsih
Faitssmantheie damueusdaAumeen son uazauefhy usnnmiudeiulusaz
sondndis (33ani deazen. 2539)  tieanindamusuaunsoduesidFinaann 3
Tuihfudagiiddaiigauesthelulszmeing 'I'umiﬂmﬁuﬁﬁmfmzé’mﬂﬁﬁﬁmwﬁ'n
S9ms wu desldasiiafimuzauturinveswns sanmsldmanil uazgaeszeznm
fonanzay (e Swygaa. 2536)

2.1.2 W0y

nuewzauethoead Suiifiremsniuannrafisls  Awaau  (Mabbett, 1983 ;
1nes1 5235, 2530) An uazldaen (nast Fszessen. 2530) Fend Wedzein (2539)
s e msndnveuwasinfiae the dnne nszioy il d1avhe damdes
gy wEiome usanntimueuzauethefimnsaldirniuiioriudsdiadmgg
TAonAae (g1 ingYA. 2534)

2.1.3 Flszdaunzgiinadnume

Suduudhuidenmean fulddedls  werlinnuemnsefisziuldifhuszeslna q
(Wl @oazein. 2539) Hgdiedutlon emlszinm 18 Jadwas FifimhmasuiFe
Lmnﬁiwﬁ'uﬁ’mﬁﬂf‘ﬁqﬁnfjﬂﬁnﬁﬁym*mﬂuum (@3 Saygas. 2536) vinannadlngnitiee

3 14
Hypfheradugadn 9 1 90 vulnudazduezias@ihmaniavneuinudidasves



b ¥ 9
Unguimaaesdn Ungudalitmmhaaseu  dawdardlnfiaemavineiimamilon

v EY v d w oA a s @ A v a U
g1 Audndeliogmdelsznm 7-12 Ju dadiensldduesfinn q meealugou

md

)

nsemuauesonvedthe lilidnyuenauadiord lvue 0405 Hadwas daudlenelald
Uiz 5262270 Wes szezld 2-3 Fu wuswwzawethelms@ulaluszeenueu 5
svee damueuiefl 1 Sunadnun ddaduouse ddenlszun 14 Tadwas desen
nnldezdniunden lvesiues unzduiuems wigduTnsunseieeyld 34 Su S
aonastunfausn Gamueuded 2 Sdandsznm 3.8 Tadwas ﬁ'fmuau"i’ﬂf‘rﬁmqﬂizmm
13 Su  Swzasnaruadiices  dmuewded 3 szueadumsdvwem A
aneae 2 dhavesdidn éumuﬂ:ﬁﬁﬁ’mﬁu (@M 1nAYA. 2534) Sdenlszum 8.4
indwas a"lqmmwuau’iﬂf‘:ﬂssmm 2 %u Fevenasmadeiiam (@99 TYQNY. 2536)
Fmuouion 4 @dneiivinalady tidszin 2025 wuRwes  Saetedidasany
snzRrfumsdiuuvesddesimeihmania leaeadids  vSnariemslaudazaios
wwsdatesnziimeiihmaduyaienis 2 fuvesdi @iy inauR. 2534 Tudeiierld
nm 23 5u Seazasnasuaieia #T'muﬁui'ﬂfrﬂzéuﬁummsq Fanoldifasuasoudthe
(@39 JYyyna. 2536) Fvuewieh 5 damuousliviialasu  eleinawents 3.5
wuAmes  weneniidanuidmuenluivilidvesddunzmededdauandeiily
@ vhana wuy wozdr udu Faiidesnnfivemsuazanmuiadon @i InqYA.
2534) damueuszezd 5 Wiussusiiaamidemousthepuuseiiqa damususzeziiee1fiom
57 $u dewddizezdnud  Fedouszdidnudimuoussngaiuomsunznailsza
23 Fu dmivdnudesfithivnandl daGou avhonan ndhalszinn 456 Sodwas o1
Usganm 1775 fafwes ewganuddszana 10-12 Ju Seezflududnds (@i Saygns.
2536)

2 v da .
2.2 MIIMWICIAENNQUIBAALIINNTN (primary culture)
] J A ﬂ‘.o «:l.N 1 u‘-ﬁ'\ 9/ '
unaaileweMiwuwizideailunquiradisuusn Taun
22.1 594 (ovary)
Y 4 o i 4 &
Grace (1962) szauanuduirlumamizeasaasaininaiiodovewwassinn
4 v’ é o 1 -y H o/ 1] W o
i 1Aun Antheraea eucalypti Futuiihumad lmirdlausni 1dnndadhifinszqndunds
é d = Ju d, d{ 9/ y.; d [ v [ 9/ dr é
Faaad ladsiatinaumnnnmsmzasaiesdu lasldilodonnie ldvesdnug ledonn
) v v d? A A 9 t:it:l o [ ¥ 1 o‘a'. o [~
Felfunndewesioosuduinmunedmivadunguadiuusn  wadianuuisuas
9 [
wiguTalad uennnilwadn lAeelizyiramatonuy (Stanley and Vaughn. 1968 ; Vaughn.

1994)



a 9 o oo 9/
A1l wewNed uozane (2542) adaed lovlvesnuownzavetheewsiu Tasld
3 A Q L] o o L q' s L] 1
weitese lyvesdnnuindlunquiradisuusn woad laviaialnunldfe GLGC-HA-52
222 wadiaidien (hemocyte)
Mitsuhashi (1966) laa1anquisadizuusnnnadiiafonvesfnudniounsdn Chilo
suppressalis WUNQUITARIuLIATadanMZuAnANAMINY 7 Fiin uaifounme
¥ ] 1
Tus8 Tl (prohemocytes) uagwaneun Ia'lad (plasmatocytes) winiufianuns adameiaziiiy
v ¥ y 9 ) ¥
Fruaml@lunaugfimnz@es ndanmiu 1 duaw wadis 2 wilaszSuusimdennifog
cl’ o q.vw [ v 7 a = y; d o
Tuemsmz@esawad wenwnilfsnonuhnquisadsuusni tawnsafusou 1 1dum
24 12 weulaemsiuwadRaeiBmsyamad (scrape) Chao and Ball (1971) ldvhmsfn
1y
TudnvauzwuRenuil lnolSuuas Samia cynthia wagldrnaminaassluiesforiu
r ¥ Ed
Arnold and Sohi (1974) wuwwaatafieandssluemsmz@eusad (n virro) TW150
1 Y dd A A A ’ . Jw ' o o
oy lduune q fMueddladeafioglhudoavomas (in vive) wennniidanudusad lafves
WNDY  Malacosoma disstria  Nadunaradiiadonsenuwadenuatia fe 11531 ad
(prohemocyte) warerun la lod (plasmatocytes) LLﬂxuﬂiHﬁﬁmuimﬁ (granular hemocytes) Y
dnuaiggliniuandniu  unzdusadasndnedluifeavesumas (in vive)  Anpmzgiig
v 1 [y u’a{d’ ﬂ’.’ o o
liuandei  vezwadn@osluemsmne@oauaad  (nviro) T8l TuTaanilu
=) '4 . & = R B . A & o o
Inamaeen (polyploid) Feszflvualngniufladesfiogludeaneludumns dnumzuss
ol = ) v d =
wad lmin 1Al prohemocytes-plasmatocytes complex gy msusiseaduan luTadany
=] v v e A :l.’ Aly (. =1 ‘!y 4
awnsamu ldedusudadiofourad luemsmzifies udedelsfamunismeifoased
a Py &4 sd A A o ¢ > ¢ a
uuaertadn q Ngaadndunnwaddadoannosluomsfouyad  vesuraduewiia
) .c: a = 9 A ] s a A 1
arvenusamnzies lauazinig laameldanzimungay  udwadunyiiadedumsain
(4] ~ & '3
pradnNBIalMIgYMIIYIowadasasla
2.2.3 #2994 (embryo)
y 9 o o o a1 '
Miltenburger ef al. (1984) lAWanwad lavinindsoudiognislule (embryos) ag 2-3
Hd
U W83 Cydia pomonella Tnvldiwadandiseu 200 drluudazmsmiziBes uazwudil 32
I Ed ¥ v ) td
MIM@EnNeee 35 msmnzdsieiydnnmunszneaaniousnlUifesluan
noaosInild dwmivwadlodiiad e idluszezusneziiptiefuanmefunmeguuy 1dun
3Un3ga (spindie-shaped) adioidule (fibroblast-like) USNNANUULIBARYAY (epithelial-
4
. ar ' . - o " ' A
like) uaziduloauiuiduamyie (net-like fibroblast) HenMNTgInLIIEMstumadiiomas
a ] g a ﬂy =1 1 v o J A 3
I YIANNUFINBUZINIZIAEY 9z UnaAngli9voaad UM Iaae (passage) @o 11l F3sae
wadlinaeds 1Aun msidh (shaking) MsTilad (pipetting) MIYA (scraping) wazmsly

o ¥ 9 g dy a c:‘
(N3)1] 1"31!65]011’1 FFaangAaanNANHMIYDINIYTUSINIZIAN



g v
Dwyer et al. (1988) Uszauaudis alumsmz@ossunsenaiannsad lativeayas
¥ + ] J
WA Pieris rapae 1nuldiiloionndaseu (embryos) Hiognivlulieny 24 4 Tug
Lee and Hou (1992) laWaunaad lavfvesnusulednluiuldniuldd S e lnosudu
cr .g & LY c; (] (] [ 9/ ay A o
wziRsnaisbevesfiisauniegmelulieny 2 fu wazldemsmizidsenidiulyannn
Q95 Hink’s medium 132noudae Grace’s medium 75 faAnns 1@3uA98 lactalbumin
hydrolysate 0.3 NS TC-yeastolate 0.3 NFY lhnsosudr 4 Jaddas &Sy (Fetal bovine
_y _a = =Y _a d o0 =
serum) 20 UadoAs uazasUfFIue 1 Toddes FalszneudiemuiiFadus (pennicillin G)
s Tadedu od (Streptomycin S) waLHaAAY (nystatin)  ldasluemisdSias 100
iaddes YSumanuiunsa-a1e (pH) vesemsimiify 6.4 wadlaivowmuoulofinil4s
A Al A o ‘!’ Qr A =
¥ PX-1187 deiagiszasanadasad lmiveanusulodniednuntead innveawad
Anwdnyazmeaiugnssutazdund mevse TemidemsAnulsaveuwas uazthsdnves
wwariladl FadudimemunulTinasennsveaunsTne$233
¥ d|l 1
2.2.4 \{oltpdu 9
o o ¥ P A A a & .
Lynn et al. (1982) Uszavanudusslumsadiawad lavinndisweilnuesnusununznd
Ed
Trichoplusia ni (IAL-TNDI) funSausn @ou1 Lynn and Oberlander (1983) 1msfnyume
b
A a
adrawad lavinnilomelnuewnnssiln Spodoprera frugiperda (IAL-SFD1) uag Plodia
interpunctella (IAL-PID2) 15!.{]1194?!’5']5‘9
v
WONNMN Mitsuhashi (1981 wag 1983) ansoadramad lavinnead lvriu (fat body)
YDUNNNUDUNIEYNENT1WHN  Mamestra  brassicae  UAY  MUBUNIENBUA  Leucania
separata 011 Inoue and Mitsuhashi (1985) 18¥msAausnsiinvesrad lavfnadenruey

B v ¥ i ¥
nsgfnzndr 1At 5 e fewnsomwzifosliiniyldluems@sarad luvanaass

2.3 vtiavedwad laviasmasaNNs sz ved h¥alsanuag

= o A‘.:ﬂ‘. Y

dmivamdseninmdesuarudiFilumsadurad lmiveswaiinde 9 uaziinmsg
¥ Ed
nageumsanwetiang 1o ndalas lhimdumadusy Fail
s 4 o ¥ 4
Grace (1962)  iszauanudiuialumamziBoasaddninnnniledevemasinon
¥ r A W 1 ﬂ‘. s 1 r o
wiite Aun Antheraea eucalypri Fniuindumad lmfaiiausnii Idvndaslisinseqndunds
& d a d’w :l.’ ‘; 9 wdf A [ ) Y]
Fuad lavdstaiRaunnnamswizi@eaudsdu lneldiilomonnd s svedinud
Miltenburger ef al. (1984) 'lAWaaA 101101AAI180U (embryos) V8 Cydia pomonella
I ¥
Tavlddageuiiognieluldony 23 Ju Tavldwadnndsou 200 1 Tuudazmsmizidos
¥

b4 Ed ] "
HASAUIN 32 MIMZRMINANIMYA 35 msimnziResiinigaunaunignsausouen

1
woaluranaansluyla



¥ v
Dwyer ef al. (1988) UszauanudiuSalumsmzineasunsenaiauiead lavvoamad
¥ ¥ v v
¥l Pieris rapae Tauldilioboindaeeu (embryos) Nognioluliery 24 ¥alu
Lee and Hou (1992) lawanwad lavivesnueulodnluduldaniulddusalaosudu
dy d{ di Y ] a U ' s Y t:i’ Ty
zi@sannieibevesdisouniegmeluliong 2 Ju wazldemsmeidosidfulgamnna
QA3 Hink’s medium Us2nOUMIY Grace’s medium 75 Tadaes idSudouannialyiiv
lelaslawen (lactalbumin hydrolysate) 0.3 n3u Md-verlaan (TC-yeastolate) 0.3 nsy laifi
nsodd 4 Taddns 5 (Fetal bovine serum) 20 ilndans wazensUfdaug 1 Hadaas
2 aa a a ’ o o a a
F91l52noURWNUTFAAUT (pennicillin G) tasLl Tadedu 10a (Streptomycin S) UaziimadAy
(nystatin) ldasluemsySuins 100 Haddas dYSusanudlunsa-ane (pH) vesemsld
1 o Q/ i A 1 A - ‘—"-’.r
Wiy 6.4 wad lavivesnuoulednildtzen Px-1187 deiaguszasanadiumadlatives
o d'l = A oa o ar Qs = ~ A a
nueulsAnmefnEddiTIncvoawed Anydnuagmeanugnssutazdual telse Tom
v =Y _ J é At g
aomsinunlsaveauas  wazthsdavesuuasriiall  FufhiiminiunulSinalszanns
YIRS 1ABF7F
¥ v
Baines ef al. (1994) INIZIABINQUINORISUNTANINIBAAYAD (epithelial cells) YBINUAU
DIMISAUNA N (midgut) venmuoufide 3 i o Bombyx mori, Choristoneura
14
fumiferana VWY Lymantria dispar 1ABIWIZI009IUDIMISYHA MM (Mitsuhashi  and
Maramorosh medium) @3uA20350 10 wesidud wovfuuaiedu 50 Tlulasniude
danans
Hara et al. (1995) Usgauanudiislumsinau (clone) wad lmivemusunsiney
i 24 v v P g
(Spodoptera exigua) Se3FH laowad lmin laau'ldfe Se301 dslinnuseuuedemsaniae
Spodoptera exigua nucleopolyhedrovirus (SeNPV) 1AAnT1 Se3FH 99 10 i1 uawanlusiu
Y03 SeNPV nuluiiandoaveswad lavd se301 TuSummdniinuly Se3FH owmnsnld
¥ b b
giRsawad lmimdril Ae IPL-41 1udedSu 10 nlefidud  waz@sa 1 udniugu
UMl 27 DA vaFue
= 4 A o L] o ¥ =
Wang ef al. (1996) af1uwad laviytia NTU-PN-HH ninileitesslyvesdnudrdesiia
. d’ a A Y aw s d o Y
Perina nuda Taowz@ssluemisetn TNM-FH w3udaediy 10 wlesidud Tugaivgy
gungil 28 evrwwaiBed Anvagglinveuradivalonuy 1y wadgUnszaly (spindle-
shaped cells) 1%ad31/519nAY (round cells) wazirAATLEMAN (squamous cells) ©¥ad larin
¥ v 4
Tiiuhdhused ladsiiausnicounedensfn®e 1159 PIMNPY  (Perina nuda multiple
nucleopolyhedrovirus)
p ¥ o 4 A ooy o 9 9 o
Shih et al. (1997) adwad lavinnilebesslyvesanuanusunsefin  (Spodoptera

o 4 P T 4 oy o & w
litura) WATAIYOIAA 11N 14 A9l IBL-SLOIA 81159 14w ziasefo TNM-FH 1a5ua 035y



10 wesidud mz@sdludniunueamgil 28 samaFon wuhnaRsumadiy
@091 (population doubling time) WAL 21.9 $alue dovhmsnageumsanide lada
SINPV (Spodoptera litura nucleopolyhedrovirus) #91491nn1sazaionan Tusananslasadae
asazmemane Weymaveslafangaeonn wudiwadlayl IBL-SLOIA mendsnnms
‘qum%”;amu 24 Falus Snwazveusadivan/Gounladly ‘Imﬂfsmﬁuﬁﬁa}mﬂimﬁu
m'ammtmﬁamﬂmsﬁqnﬁyﬂmu 120 $2Tue  wadeuaneenuazilonildosndnTisfuves
Tiaeenun

Lynn and Shapiro (1998) awnsaaiawad tavlla 7 siinnnioibodseu (embryos)
YOS Heliothis virescens WUTINBY 3 ﬂnﬁﬂﬁmminmw:fﬁ?ﬂﬂuqmﬂqﬁ% o 17 99
walier  MnMINATIUANLSULDABMIAREE 1S aTiads a9 1w Autographa
californica  nucleopolyhedrovirus (4cMNPV), Autographa  falcifera  nucleopolyhedrovirus
(4/MNPV), Anticarsa gemmatalis  nucleopolyhedrovirus (4gNPV),  Rachoplusia ou
nucleopolyhedrovirus (RoMNPV), Lymantria dispar nucleopolyhedrovirus (LdMNPV), Orgyia
pseudotsugata nucleopolyhedrovirus (OIMNPV) 0% Helicoverpa zea nucleopolyhedrovirus
(HSNPV) yuhwwadlaiie 7 wiiefinowsounedensanie hiavamun  uasnansdn
Tsiulhnage  suhidlseTonffeshmadladte 7 silalunswaandnlusauves
¥ weldlumsauguunnsdagiisde 1

qAMITA IBowNeS navane (2542) afamadlml GLGC-HA-52 (huwad lariaiialmi
dnnmaneRsuiiotevesisIvidenueumzauefheeniu  (Helicoverpa  armigera)
TﬂmmsL?;mﬂduz«naﬁa?maasniuﬂun15ﬁsﬁﬂ TC100 ia5uidiu 10 wesidud uazidon
UNae (hemolymph) 3 wledidud  ilevhmsdnyinarfisuwadiududeui Taold
wad lolnicae (passage) 71 5 Sy 40 alus dlevhmsnageuanudeunedems
Wiaevesdoiiond To nds Tas Ifanuoumz austhoosssiu (Helicoverpa  armigera
nucleopolyhedrovirus, HaNPV) Tag 7 u niann135uide wuhadignlasmdhasuas
atawdnTsin 80 weddud wazdnusdnTusiui lainadaluiundvaveaadinde
39 wanlUsAuderad

Arod1aurad lavdvsaasmzanud iz ssves idlsaunawstiadn q  aglsw

ALIDIANIAT N 2.1
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4; =Y o a =Y p=1 P=v=1 [V d'. o 9 o
MINN 2.1 wievsawad Imiuuasuazyiinueatiing le Indg Tas lasanaunsori wad

LURIAAIED (Granados and McKenna. 1995)

Cell line designation Baculovirus family / species

and/ or species of origin

Lymantria dispar : Lymantridae Saturnidae

Antheraea pernyi MNPV

BTI-EAA Noctuidae
Estigmene acrea : Arctidae Autographa californica MNPV
1ZD-MB503

Mamestra brassicae : Noctuidae

Manduca sexta : Sphingidae
IPLB-SF1254

Spodoptera littoralis : Noctuidae
TN368, IPLB-TN-R, BTI-TN5B1-4

Trichoplusia ni : Noctuidae
UIV-SL-573, SPC-S1-48, SPC-81-52

Spodoptera littoralis : Noctuidae
NIAS-LeSe-11

Leucania separata : Noctuidae
IPRI-MD-108

Malacosoma disstria : Lasiocampidae
IPLB-LD64BA

Lymantria dispar : Lymantridae
UCR-SE-1

Spodoptera exigua : Noctuidae

IPLB-SF-21
Spodoptera frugiperda : Noctuidae Spodoptera frugiperda MNPV
UIV-8L-573 Spodoptera exemta MNPV

Spodoptera littoralis : Noctuidae
IPLB-SF-21

Spodoptera frugiperda : Noctuidae
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Cell line designation

and / or species of origin

Baculovirus family / species

IPLB-SF-21

Spodoptera frugiperda : Noctuidae
UIV-SL-573, SPC-81-52

Spodoptera littoralis : Noctuidae
UCR-SE-1

Spodoptera exigua : Noctuidae
IPLB-SF-21

Spodoptera frugiperda : Noctuidae
IPLB-SF-21

Spodoptera frugiperda : Noctuidae
TN368

Trichoplusia ni : Noctuidae
TN368

Trichoplusia ni : Noctuidae
Hz-AM

Heliothis zea : Noctuidae
IPLB-SF

Spodoptera frugiperda : Noctuidae
IAL-PiD

Plodis interpunctella : Noctuidae
IPLB-SF21 AEII

Spodoptera littoralis : Noctuidae
CLS-79

Spodoptera littoralis : Noctuidae
BM-5

Bombyx mori : Bombycidae

Spodoptera littoralis MNPV

Spodoptera exigua MNPV

Trichoplusia ni MNPV

Anticarsia gemmatalis MNPV

Bombycidae
Bombyx mori MNPV
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Cell line designation

and / or species of origin

Baculovirus family / species

IPRI-01-12

Orgyia leucostigma : Lymantridae
TN368

Trichoplusia ni : Noctuidae
IPRI-CF-124

Choristoneura fumiferana : Tortricidae
IPRI-108

Malacosoma disstria : Lasiocampidae
1ZD-Cp58

Cydia pomonella : Olethreutidae
IMC-HZ-1

Heliothis zea : Noctuidae
BCIRL-HV-AMI

Heliothis virescens : Noctuidae
BCIRL-HZ-AM1, BCIRL-HZ-AM2,
BCIRL-HZ-AM3

Heliothis zea ; Noctuidae
SIE-HA, SIE-HAH

Heliothis armigera : Noctuidae
IPRI-01-12

Orgyia leucostigma : Lymantridae
BTI-TN5B1-4

Trichoplusia ni : Noctuidae

Lymantridae
Orgyia leucostigma MNPV

Pyralidae

Galleria mellonella MNPV

Choristoneura fumiferana MNPV

Choristoneura murinana MNPV

Noctuidae

Heliothis zea SNPV

Orgyia leucostigma SNPV

Trichoplusia ni SNPV
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= d
2.4 9I1v1IMIzIaglYaanNay

¥ L L4
o s = o 1 o d‘i r
pmsd MUz Boaaduuasiimsiaugasan  waue Reile iz autums
Ed
wzRsuraduuasAasyiin Wyatt (1956) IdimsfAnundedaudseneuidon (hemolymph)
J =y i L
Tuszozmupuveanuoulny (Bombyx mori) Hulsznoudlsmsemisviade g U nsa
a A o A A ) o o 9/ a N
ezl Iu 1n0BBUNSY indoatiunid wardsaAudeauunaslion
ABN Grace (1962) UTuigegasemisues Wyatt Ias@ndanduismuaslugasomns
3 4 el " A hod Ll o
YDY Wyatt UAZAITOOIMISYIAINUT Grace’s medium Fetedpumtonuuausuiu gas
< ¥ < ¢ @ oy 1 ) @ ¥y (\1 ¢ a
IMIYBUNTHHT NN M IzRsuaavesdadn lulinsegndundsld uazwoad laviatiausn
Mnswai19fe Australian emperor gum moth (Antheraea eucalypti) Tﬂuﬁmﬁﬂqﬂwaﬁﬁn
¥
usnnndeluvesssezanud  HegliuemsveansatonlFlumsmzfoavadunaslusudy

¥
@NWABUINBS1 (Order Lepidoptera) dmiusmsmzisuyaduuanieendu 2 dszian

E 4
o

asil
2.4.1 DIMTNANETY (serum-containing medium)
a d.yv -:f o 91.4’ oA o
pIMIFHANNATUIN [Ase AR NUINUF TUNRATIINOIVOWNA  Hazednilsznou
g =) Vet o ot o o = a a
wugHveuteauuas  uozldaSuvosdaidnsegndundaunuitonvesuny  AnTisAu
i A a ) '3 ar
lolaslawm (protein hydrolysate) iWeruMIIIYueasaauUauas Ifalsauuas M3
v 3
NAUIGATOIMISITUIN Hink (1970) Hﬁmmqmmmﬁ TNM-FH 91ngATIMISNUT LYY
05y TaoSudlouwaantayin lelaslaam  (lactalbumin  hydrolysate)  uazBerTaan
1 o 1 “a A 1 a s =) d,w = = o
(veastolate) ®6MAz 33 niudedas edluumdiadiuiison  wenniiiuasudedsy
t 4 v
(fetal bovine serum, FBS) 10 wlesifud unudoauuns uennniidiligasemisunerianls
id
gasemsveunswduiugu 1dus TC-100 3o BML-TC/10 (Gardiner and Stockdale.
] 14
1975) ugasemsi@mbanaien e (hexose) itasiinfer Ao nglad (glucose) Ay
nIAduNsd uAALESuuazmatansyled (tryptose extract) (Cameron et al. 1989) ©IM13
Y da o & : <4
izhsuraduuasiinoylddnsianiisio 1PL-41 (Weiss ef ol 1981) FNAURNNNGAST
a . A o '
2IMTEUAUAD IPL (Goodwin. 1975) iieifiougaseMs IPL-41 AUBIMITUBUNTY WU
IPL-41 Heaudsenouvensnezily (amino acid) ¥HAA1 9 ImTu wazdiulsenoudy q
1 A é’ a’: a ' .
nlSnamunndu msufeufieugasemisne 3 wia  1AuA Grace’s medium, IPL-

41 wag TC-100 AIAITNN 2.2
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v 3 ]
Maaf 2.2 uisuiisuduilseneuvesemsmizisaadiuag (MU : O'Reilly ef al. 1992)

dmlsgneu Grace’s IPL-41 TC-100
{adnsu/ dng) ({adnfu/Aas) | (Uadniu/aas)
Inorganic salts
CaCl, (anhydrous) 750.00 500.00 996.49
CoCl,.6H,0 0.05
CuCl,2H.0 0.20
FeSO,.7H,0 0.55
KCl 4,100.00 1,200.00 2,870.00
MgCl,.6H,0 2,280.00
MgCl, 1,067.95
MgS0,.7H,0 2,780.00
MgSO, 918.00 1,357.67
MnClL,.4H;0 0.02
NaCl 2,850.00 500.00
NaHCO, 350.00 350.00
NaH,PO,.1,0 1,013.00 1,160.00 1,008.36
(NH,)(Mo,0,,.4H,0) 0.04
ZnCl, 0.04
Sugars, Other
D(-)-Fructose 400.00
Fumaric acid, free acid 55.00 4.40
D(+)-Glucose 700.00 2,500.00 1,100.00
Ol-Ketoglutaric acid 370.00 29.60
L(-)-Malic acid 670.00 53.60
Maltose 1,000.00
Succinic acid 60.00 4.80
Sucrose 26,680.00 1,650.00




A1 2.2 (d0)
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dlsznen Grace’s IPL-41 TC-100
(Hadniy / ans) ({Jodnsu/aas) | (Wadniu/aas)

Amino acids
[3-Alanine 200.00 300.00
L-Alanine 225.00 225.00
L-Arginine HCI 700.00 800.00 665.11
L-Asparagine 350.00 1,300.00 350.00
L-Aspartic acid 330.00 1,300.00 350.00
L-Cystine 22.00
L-Cysteine.2Na 119.40.00 28.68
L-Glutamic acid 600.00 1,500.00 600.00
L-Glutamine 600.00 1,000.00 600.00
Glycine, free base 650.00 200.00 650.00
L-Histidine 2,500.00 200.00
L-Histidine HCLH,O 3,697.89
L-Isoleucine 50.00 750.00 50.00
L-Leucine 75.00 250.00 75.00
L-Lysine.HCl 625.00 700.00 625.00
L-Methionine 50.00 1,000.00 50.00
L-Phenylalanine 150.00 1,000.00 150.00
L-Proline 350.00 500.00 350.00
Hydroxy-L-Proline 800.00
DL-Serine 1,100.00 400.00
L-Serine 550.00
L-Threonine 175.00 200.00 175.00
L-Tryptophan Llf).O.OV() 100.00 100.00
L-Tyrosine 50.00
L-Tyrosine.2Na.2H,0 360.40 72.08
L-Valine 100.00 500.00 100.00




19199 2.2 (1)
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dmilszney Grace’s IPL-41 TC-100
(Ladniu/ ans) aaniu/aas) | (Wadniu/aas)
Vitamins
[P-Aminobenzoic acid 0.02 0.32 0.02
Biotin 0.01 0.16 0.01
D-Ca Pantothenate 0.02 0.008 0.11
Choline chloride 0.20 20.00
Folic acid 0.02 0.08 0.02
Isoinositol 0.02 0.04 0.02
Niacin 0.02 0.16 0.02
Pyridoxine HCI 0.02 0.40 0.02
Riboflavin 0.02 0.08 0.02
Thiamine.HCl 0.02 0.08 0.52
Vitamin B,, 0.24 0.01
Undefined Ingredients

Tryptose 2,000.00
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242 mmsﬁ"lﬁtﬁw‘ﬁ%’u (serum-free medium)

Tagiuemismz AvuradiadntimudinSnantoouas WRudy  omsiliiay
FrudalFlumwz@oasadundl§us Mitsuhashi and Maramorosch’s MM medium Sai)
druilsenoudanIsed 2.3 (Mitsuhashi. 1994)

e LTk FH N COPF. I TN b CRP P, B ISFM
(Inlow et al. 1989) TaednBalman (yeastolate) wazluiuasluomis PL-41 e lusiuiile
Usznevdag cholesterol, Ol-tocopherol acetate, cod liver oil, fatty acid methylester Taedl
Tween 80 UAY Pluronic F-68 WU emulsifying agent asuvavassluiugendnfismielu
2ﬂﬂ‘h’ﬁ1 WY Inserum I (J.R.H. Bioscience), chemical defined lipid concentrate (CDLC)
(GIBCO) flufu

Hagtiuoms i WiAuSufiSmitonanewiia 18Us Ex-Cell 400, Ex-Cell 401, SF900 a2
s£900 11 fudu emmsmaiuemsilsrmn lsaunefidnalszneuitith Tusaudios
@mios Taeildauyseneusuifeniuems IPL-41 dmivemisinsaldimssaulauield
Fuemsi lRudusuiu Taeyiims@y Pluronic F-68 Ay low-protein lipid supplement
(Ex-Cyte VLE) asluomsinsafuasudaeuanmayiulelaslomm uoBalamn omns

3
FANAD SFM-LP (17350 1003, 2543)

MI1N 2.3 dMY52NeVYDILIMIS¥HA  Mitsuhashi and Maramorosch’s MM medium

(M1 : Mitsuhashi. 1994)

dnnlsznou AU daulsenou AN
(Hadnsw/100000043) (Uadniu/100i000a5)

NaCl 700.00 CaCl,.2H,0 20.00

NaH,PO,.H,0 20.00 D-Glucose 400.00

NaHCO, 12.00 Lactalbumin hydrolysate 650.00

KCl1 20.00 TC-Yeastolate 500.00

MgCl,.6H,0 10.00 Fetal bovine serum 0-20 WARAAT

Note : pH:6.5, Osmolarity : 413 mOsm/kg.

49617
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Aas A’ d
2.5 IsMINslasNIganuuag

nsnzdsamadiuasinsenszld 2wy 1l nmesdsumadiuuEseiadiy
S (monolayer culture) WaE MM EsULUIAILAEY (suspension culture) laeld
nMeuzmzBowanieiy  nedifdumemeefousaduunisdaihiduien  meueild
wzdserviuvaudmioranaaind1d miﬁmﬁﬁruﬁ'ssﬁﬂawaﬁamm?iyuaxnmms
Anvosmad  Taoaluiionlvamedoddaifiud 25 mmemidoes oz 75 M
wuRns USuasvesemsilgfurIam @iy 46 Toddns uag 15 Hadaas an
&y daumsneAsusaduuunyivasshiSnadliinmin Wy s0-500 Sadans 1
doulnglduiaudaginn (Erermeyer flask) Insmevuindoavdriiiunnudasenlums
wiwhfy 135150 seudewd  wenwniifieumiz@suvaduiuasslauldvaaudaii
luwenderuramimin Gunvaamnz@esiiafii spinner flask Hadoaldmugiuinieaniu
asfinauquanuEaseuld (stiming platform) dm3uanuiseuil¥sy  spinner flask
whify 90-100 seudewd Feluudazanzezdeniimsatuguiledeldmmzauiunsiody
YOUFATUNAWADL FiiA ﬁm%’uwafﬂﬁﬁﬂmuum‘lundu?uﬁyaé’mﬁnwaﬁmmﬁym‘lﬂué'
AUANENUNNNUITIIA 25-30 BerrwRIFd ﬁaﬁﬁuaﬂﬁn%ﬁmmwﬁsmm 19U Mitsuhashi
(1982) swanidegunginlglunsmnzBoavadlariues Papilio xuthus (NIAS-AeAD) Wiy
25 eammaidon Vaughn (1976) 19gamgd 26 esmwadur lumsmnz@ousadlan
Spodoptera frugiperda (IPLB 21 1 IPI.B-1254) @2u Hara et al. (1995) ﬁ']ﬂ'l?l.ﬂ?%ﬂgm
1wad 1oyl Spodoptera exigua (Se3FH) ﬁqquﬁ 27 DIAIAIFBYA WA Gelernter and Federici
(1986) emnsoadwad 1ot Spodoptera exigua (UCR-SE-1) amzmmﬁ’uaﬁqmnnﬁ 28
pefIBAIUT  9I1NA13TI4IUYBY  Hink and Strauss (1976) naMTIQuMalfmngausents
m‘%‘nﬂamaﬁuum’luﬂduﬁaﬁ‘ymﬁwﬁu 28-30 eeruwaiiua dauanmzauiiunia-Ae (pH)
LAZAIYBY osmolarity tummmnmzz?;uufuﬁwaﬁaumﬂﬁ'amsagjﬁaﬂwwﬂaﬁlmzms{nam
fauesves ialsauuag uﬁ'ﬁwmmrfluﬂ'sﬂ-d"lwmmms'?;mn"lzﬁmiﬂmm?msmmmﬁ
uuae9zeglurae  pH 6.0-67 UAA1 osmolarity AU 290-360 mOsm/kg (Goodman and
Mclntosh. 1994) ﬁﬁﬁﬁuﬂﬁﬁﬂt‘ﬁﬁﬁlmﬁﬁuﬁﬂzﬁ)‘ﬁﬂ W nsmzEsusadlodues Spodoptera
frugiperda 33 O°Reilly et al. (1992) w0l Aedpatfumnrmuiiunse-aeueee1mis
Wz @swinf 62 oz osmolarity WAL 350 mOsm/kg @2 Lee and Hua (1992)

b o
mzifousad lavveanueulodn (Plutella xylostella) ¥ila PX-1187 lasmnzdeslueims

v
o~ o 1

mlsumanudiunsa-aaiiiy 6.4 Seezisylda
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o oy d
2.6 Msswunviaveavad las
o o o b4 ot ' ) a = ar
mstunnwadladvewmash ldvawds  wu  msldEmedutnen  nsesiniy
L] . < a a n’; v a aaa
saulasIulan uag isozyme pattern #ensl3smeduyuineniumuh RalfAsendi
(cross reaction) s¥MIuwad lavnnuuasdeiinty daumsduunyiisvessaduuaslnolsy
o 5 o Y a o 3 A a f a = & oo
1 las Ty Tgwiwi I ifannuduau 1dd1ofissninmad ladsiadeafuil§ 1uu
Tas TuTan vy (McKenna ef al. 1998) 91AN155169T4984 Tabachnick and Knudson (1980)
(AU isozyme pattern vouwAd ImiuuasAsiafuiinuuana1afu ud isozyme pattern
a ; df 4 v a a o o & Y] o n’: Ad;d L
vound ImiNmizidssnniiodederiaveumasiaferiuizmiontu  Sondiitels
asvdreumad lavveswas lRedugadowaz Wraisuda  Tuilegiiuinslfinaiiams
Polymerase Chain Reaction (PCR) lumsasisasustiauazaienuiuesdaliiiafuoe
' & o a @ Y adg
unsvae aalimaruewnatia PCR w1ldlumsaslsaouad larivowunadiedd Random
: . P aa {da ao £ & Y
Amplified Polymorphic DNA (RAPD) #uilu3inisfindnismonilsdaldluilegiu
) 4 Pl o a 1 o 1 cs’.’ v o A 1
Taova lwad lmfvesmasszisadnarosiinleiiueg  wadmartiuandefufigylie
uagdaIMeeTy  Awiums Inaumadaandneennafuluiiudunounilidiiy  ms
PuunTrauveuwad lasih 18 T e nuaemadaugminouazdnyaemadisinen @
Suunwad lavdvea lmuth Untheraea eucalypri) aansasuunldas 10 Taau Tagldanu
uandeA e Ui Sasmsnsy  uazmsaeuaueseaadan laiavesmueu Tny
v & o 4 ! A o w
aniumanaie 19 14 Tnaundveusad lavfudusuiuguddguas s Tosiun

TMTVUINY (McKenna et al. 1998)

2.7 Wnalelnaslas i sa (Nucleopolyhedrovirus)

tandleIndglashia Saeglureding1a3sa (Family Baculoviridae) u'lafefianunse
aswoynald 2 guuuy e eyma'li¥adase (budded virus, BV 130 extracellular virus,
ECY) uazeymalainfiegnieluninTusfiu (polyhedra-derived virus, PDV 30 occluded
virus, OV 138 nonoccluded virus, NOV) (Vialard ef al. 1995) anuaizdifguesiiongle
naglaslisa Ao eymaveshianieindlountda (nucleocapsid) Hguirailuviounsa
(rod-shaped) Usgnaudensaindonyiianwuedeganyuzifiulnay  (circular  double-
stranded DNA) 11292 lountldalivuin 40-60 X 250- 300 wluwas dandnllsdvves
Tnfailyliunmemaoudondn Twdsas (polyhedra) Tvwntszane 05-15 lulaswas §
TusAufiBond1 asaSu (polyhedrin) Hupeisenoundn moluwdn TdsAudeynnlsa

o ] & A -~ o
(virion) mmumﬂmi\]ﬂgmﬂiu (Adams and McClintock. 1991) WDNIITUIATNANHULUDY



20

oynn laSafiogiu Inddns mmmuﬁm1@,’la”l'4%'ﬁ°lunzjuﬁ”aami‘]u 2 QY fafl (Adams
and McClintock. 1991 ; Murphy et al. 1995)

- Single-embedded nucleopolyhedrovirus (SNPV) A©973300U (virion) ‘ﬁﬂ‘i:ﬁﬂﬂuﬁ‘}ﬂ
ﬁfmﬁ‘Immﬂf‘?ﬂLﬁuwummﬁmmnfu nszdansgnwegmelumin TsAunse Indaas 1dun
Helicoverpa armigera SNPV  (HaSNPV), Helicoverpa zea SNPV  (HzSNPV), Orgyia
psudosugata SNPV (OpSNPV) Wa Trichoplusia ni SNPV (TnSNPV) Hudu

- Multiple-embedded nucleopolyhedrovirus (MNPV) AvIoRY (virion) ﬁﬂiﬁﬂﬂ‘uﬁ’w
fnd Tound@adaud 2 mgmﬂ%u"lﬂ mmﬂmmﬁaauﬁuagjﬁuﬁwmuaqmﬂmmﬁoﬂﬁI'a
untda  laun Autographa californica MNPV~ (4eMNPV), Galleria mellonella MNPV
(GmMNPV),  Spodoptera frugiperda MNPV  (SMNPV), Orgyia pseudosugata MNPV
(OpMNPV), Trichoplusia ni MNPV (TsMNPV) WQ% Spodoptera exigua MNPV (SeMNPV)
Hudu

2.7.1 Inssadvesihnalelnaslashsa

ad lo Inda las hiniiiand Toundldadiuginsanszuen yuaduiuguina
szana 40-50 wTuwas anuerlszanm 200-400 W luwas (Harrap. 19722) § 3y
amuemvesnldatiuszdaoenly 8o IMmnz aufuanurmvesiigiue wulunsding

¥
msInpudiuuuidssudufidueyinlng (Fraser. 1986)

dmivlassaiwvesing loundadszneudis 2 diwu  fe  ThedlelisAunes
(nucleoprotein core) WazuAlda ludiuvesiang lolusAuneswwlsenoudisd Tunveslase
FufudiBuomoguaelaunsiidauazdiunay Uaue0gIug9 80-200 kbp. (Burgess.
1977) ¥ATIBYNY basic DNA binding protein t’?mi"uIﬂsﬁuﬁLi'lﬂﬂﬁﬁ?'mﬁﬁwﬁ'rgmm
dndalolusAuaes Ao protaminelike protein YEY) p 6.9 (basic protein H3® core protein
30 vpl2) (Tweeten ef al. 1980 ; Wilson ef al. 1987)

tnd Tn Indd las hinfiqumniafimuandnnn daaiaouiivida lsaludad  de
thndTo ndaTas afailoymaade 2 wuy Wanmdl 2.1) (Volkman. 1986) guuvwusnie
oymali¥aiiogaolundnTusiu (polyhedra-derived virus, PDV 39 occluded virus, OV)
h%"ﬂ;ﬂuwifazwnaq’muim-aﬁn'lfﬁ'ﬁ uazihu T saivhIfRamsunsnszaeveaTsasening
Usgnsuuas gliviiaes aymAlaSaBasy (budded virus, BV M58 extracellular virus,
ECV %30 nonoccluded virus, NOV) hulsafimIfifamsnouaussdeszuyudis 9 e
nsdaidemulufauunaunemstonoaide i lumndmneidss ndlounild@aves PDV
war BV Hesilszneumaniiuneiugnssundiendstuin  ilesnngnadisiunely

1 -4
‘H?Lﬂﬁﬂﬂ‘l}ﬂ‘uuﬂﬁﬁﬂﬁﬂ!‘gﬂﬁ'}ulﬂﬂ'ﬁ?{u (Cochran et al. 1986 ; Volkman. 1986) UATIMSY
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envelope Fuiluduiiveruilng louml@aseiinnuuandraiu Taoh BV ezl envelope

=h.

{a J v { A 1 ] - H
Tnnammnuuusuveuradnangenounwinaouiieeng extracellular fluid  fidau

' 4 ' &£ Y -J
Uaoves envelope Hdamtupenuzenin peplomers Faamiidseneudanlnalalusaun

¥
neasHauInniuveslafa (gps4) waznuimwizlu BV winiu dmiu envelope ¥8d9 PDV

z as ' L i J 1 =i 4 ﬂy|
1 delinnunidadignadniunnindaula SaSendauiid de novo (Stoltz et al. 1973)

Virion Envelope——a=

-« Virion Envelope

Budded Virus Occlusion Derived Virus
(BV) (ODV)
BV specific Common Virion ODV specific
Components WLz, Components \ Components
N fi W .
~ : = Envelope proteins
gp6a Envelopﬁ""—?: R) - Virus DhA ----.._.,_.__LQ @ ) 'l'( (ODV £18/35; E25:
Fusion Protein 208 i I EC27°; E35; E56; E66)
(gpb4 EFP) & Basic DNA Binding oo fi-{ .2
Protein (p6.9) X - gpd1
3 (tegument)
5 Major Capsid Proteins >
(vp39; p80; p24)
. ~C p74
3
\/

Ligid Composition () | —— Capsid End Structure —— !

Lipid C iti ‘e
(ORF 1629 [pp76/83)) \ = Wl el Comperilanii

LPC 5.9 7 LPC 0.8

SPH 13.2 SPH 1.5

PC 10.7 pPC 38.0

Pl 123 Pt 8.2

PS 50.2 PS 20.5

PE 16 PE 30.1
— Polyhedrin

Occlusion

TS~ PEP (pp34)

“also presentin ODV cags:c

A 21 Tassrdneesiind o Inadlas laSaguuulafadase (budded virus, BV) uay

stwuhiafegmeluniinTusdiu  (polyhedra-derived virus, PDV) (fixn

Cochran et al. 1986)
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2.7.2 msharetiandleInadlashfaluuuas
Hand le naa las afad Idunaufa lsa ldfdeounasfuemsitnin T siulo e
¥ 1
(occluded virus) Yuitfouegidh lulunszmnzemsdiunasvosuuns (midgu) Anammisiu
ANgaIN (pH 9.5-11.5) wdesarmenanlusAueenly wazoynnlafaeengaoenannin
9
TasAu  (Harrap and Longworth. 1974)  smiuszidhgimadnszimzemsdaunans lasms
o o ¥ 4 a . A o
swdnihfudioboveslulns3la (microvill) (Granados and Williams. 1986) iieeynin’afa
¥ A o o A ' ' L) @
Wl manluadigeynszmizemisdaunaaudiszuns naznodgszuunieluga
L] ¥ A e J A 1
wvas  Taodumaisaiion (hemocoel) uaggnindsudne landiaden luSuiledods q molu
ki ¥ ¥ v
AWNAY Yoo szuvdszam szuundunile waailomemisdidn Tasladees Ik
[ 1
Pumegeme luduvesiuafoayoasadndudwinmeminiy (Keddie e al. 1989)
a dv a = et [Y o 3 9 g
nsAneing le Twdalas lafavesuwasluszeedmuetiuey Woanlszna 57 Su
Holuszeziidmususzivnsiuemsld  wdinmiudmusussiiomadesduinzngaiu
a3 wleddliadans endimishiduiiuby Sidudoududuguniedasy luszes
LY o IJ 1 -] 'ﬂr
gavheveseimsveslsn dmuoulinmmonldiudseavesiduily Taumeedi  nyn
oMy uazezmeludnuozlduiiion 1 g meduiineld Tasdoriuazdiufesaaiiu
o A o s A o YR Y v = o v =1 Y
Wahndy  Wedmueumemisdiwssuandenazdoudiudmedesiags  msfimi
' ¥
Sdmvssimusuoududdniunannmsiauveusu laiiusasendiaa (phenol-
W o, [ a Af o A a Y 1 a at o A
oxidase) TMFVOIMIVBIMIANTD IaTaunameludmusuy diuvesiiundsdveusaanse
4 A 4 o 4 e P ¥ o 4 4 .
eweiignihasezuinlain  wozwadszusneenluiiga  hldmsmhauveatistiosn q
¥ 1
@l szeztieswundnlafaegiumesludidvesimuouiidiulsn Mldueaudtugamien
1] = A o o e o 1
ifvnqunielinin  Wedmuoumemisdrzuanoen  wanldsiuliafssunsnszan
PONYAUINGOUNIBUBN (Hughes and Wood. 1981 ; O'Reilly ef al. 1992)
2.1.3 msfauveinaleindalashhFalusadimzi@ssveaumaa
- df [ o q’ 1] =)
nszIUMIvesmsAawe Lialumadinzfowsumasssenn @iy 3 sze Ao carly
;4 g " 4
phase, late phase U0 very late phase lasluszezinilasziferdestunmswsousadineld
wioudmsumsnesdveslda szeriansszdumsadivoyninlade (Budded virus, BY)
uazszeznawezilumsadunin1asa (Occluded virus, OV)
- Early phase
a éy a 4’ [ A a J a J o ad
mIaaremelumadmizifotuouun 13U wadwahen NMAMTEILRATUTUAN
euymahia (BY) Whgad 1ne3Ems adsorptive endocytosis (Volkman and Goldsmith. 1985
1 o A { : ] o s L]
Volkman. 1986) dauvesiand leundldaszindounrmu laTananady lufilundoa laerim

W nuclear pore (Granados and Williams. 1986) nwlutinndeaaiuvesiiinglolisdunes
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wngevennNndIulavvenlda (capsid) Tasfimsngasenuivesiiond le lilsAunes
o A o ; g - " - a
Wfioannamsiauveseu el capsid - associated protein kinase @4vzvildiianmsidy
Y
niywommHalu basic p 6.9 (Wilson and Consigli. 1986) HeAMAHEINUN MendannmsLgn
g s 4 J 1 - d s
w9 1aFras T luwadmiziesvosuassammnsanudnvesddueves 15a ldaeluna
30w s mswihddueves himedgiunfoaveusaduazisudunseuiumsiine
b
aneeldluszeznanoudu (Chisholm and Henner. 1988)
a d’lJ S A J ¥ ) q’w c:'
msanweveuradminatulugn 6 ¥ luusniisailuszey early phase lavluszuziies
=\ of o e«i’ [ A =) o [ v a J
fimsdniseeaives Inseaunaelumadvulninouigiinisdaesduesves fmnety 1w
; a Vo A =1 2% =l u; P
sroztiozwu lasuAunsz neeginmindsrveswadrsesivinangay  msndouulasiu
1 = =) = dg o 9 a a oo u’::.o T o f [V
dauves o lanaadunaziundoaiszi iiifandaduainiuiudemssranedves o 5e
(Charlton and Volkman. 1991)

- Late phase

v v

=

14
sroztiziimyiianedives iSadennszes early phase WuFNimsuaaIvenyoBuUn
¢ 4 a4 :
Wy late gene uazduenimsadweymnlafa (BV) seve late phase Hozidadulugae
v 14 ¥ ¥ k4
6-24 ¥ luamenasnsaade  lusendedalued 1224 wasmsaae szlimsadueynma
¥
Tda BV) qega uandsningasii ldudamsadweymalaia (BV) wwanas (Knudson and
9 ¥ 1
Harrap. 1976) luszv late phase 1 vzifalassaduiiluganiimssiudinuyesdonasou
4 Aa ' . . a 4 a A
(electron-dense structure) WIDVITUNIT  virogenic stroma watumelutundve (Harrap.
"y o 2

1972b ; Kelly. 1981) Ipsaziimsasrunldaiuiaiutaioves virogenic stroma 910U
namssuiuyesiing le lusAusesfuualdanaiuiind Tountda  (Fraser. 1986) #ow
a = a d 4 ] o .
Wnd louaddanszindeusennniiundeariiulalanaiaduldds  cytoplasmic  membrane
wagifamssanufumuusuih i 1adl envelope il Inseadenilidnuaizinniza? (Raghow
and Grace. 1974)

- Very late phase

= “ & n' 9 c;:n': d' @ o

%8¢ Very late phase H3® occlusion - specific phase WITUAUNTI TSN 20 Aendauna

a g A da ] d’r = 9/ A 9/
nmsAnbe  Weasiegalendesganssmidimaaseunud  luszezfivslimsadaboiueyma

J r o o & o
hSatuinetwilsiiia (Harrap. 1972b) dmsunalnvesmsadrutedueynma’lia vie de

¥ ¥

novo membrane Yufiluifuinswmida  dauvesiind Teunddase lusauiumuiusu

v A o ar = L 1
asnarmeRaniiueymalfa  Tastind lounddasniSosegines q lu envelope (SNPV)

¥
wioervEsailunguegnielu envelope (MNPV) (Fraser. 1986) lutunsumsvodulasadae
yé A ' { W Qr o o b

envelope e iidnufmdestuanunsdivesnan ldsaulfade  anuddgdalszms

& ot A 9 = a o o & a a %
HNUHIVDITTUTURD L‘ﬂ HIZHTNUNITATNAD ﬂiﬂiﬂuvhiﬁ‘i]']u?uﬂ']ﬂ‘ﬂuﬂ'] ﬂ"luu’nﬂmﬁm DILEAD
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] 3
LA PUNITS 1’]\311—1‘5’30 Q'ﬂ‘ﬁ'lﬂ‘llﬂ\‘l ﬂ']‘iﬂﬂl%ﬂ ‘ilSW‘lJ’J'lﬂ']Elsluu'JLﬂﬂUfﬁl mmaﬁuum il::imﬁﬂ

TsAulasa (polyhedra) ussgognteTudiuauuin

2.8 llanaadinlngdlasdal o (Cytoplasmic polyhedrosis virus)

TaTanwaradnnaddlnsdalofe  Snofluaedi1035a  (Family Reoviridae) iilosind
oynn hyediuginsanay 20 w1 (icosahedral) tagilsynouaiansailnddnrilaeiiidue
o0g  (double-stranded RNA) uAnandns Tolhawiinou 9 asednuue Tnsendiaves
oymala¥auazmsadendn lsiuluwadiignias o Tawaradia Indslasde lasoee
gnsaduiouldinwme s Tananaduveasadwiniu (Andd essassay. 2539)

o TananadnTnaslasdalode  cwsewunazusnide ldnuuasunani 250 wila
(Hukuhara and Bonomi. 1992) #51891uuae ludUAL@AADWNDIIHNINAI 200 FHA i
gnihaead ls Tanaeiin Indg Tnsdala5a wennnfismuluiasusuinmes
H25onmes1 uag lawunuewmos1 7o (Hunter-Fujita ef al. 1998) 1o Tawanaiin Inddlasda
T hivhBwasmeiufidorade lhdauiiad Saelufinmsndadeiioondiunsdidluns
fdauuny (AindiR 0330533, 2539)

2.8.1 Inssadavedlalanaafinlnddlnsdala

Ty Tanaaiiaindélasdalafa Soymalfmduginssnanduduguinars 60 - 70
wTuwas Ysznoudaednuyinianun 20 4 (icosahedral W39 isometric) U3¥nOUAIINTA
Thnaddariiao1fdumans (double-stranded RNA) Hiuviou q 10 viou Lwiﬂ::ﬁauﬁﬁmﬁ'ﬂ
Tuenadszana 0.34-2.59 X 10° a1adu €1ﬂﬁﬂ1nxaqaﬂumﬁ'ﬂﬂizn1m 15 X 10° anAu
nsatn@dalyine q fu Wy e viodhuduglmdsdurimated (Gindad
83305550, 2539)  upldadiuTdsAumiaoten o ﬂizﬂauﬁ’u%mﬁugﬂmqnan DYNINUBY
Ty Tananadin Tnds lasda lhiadefidnuasmiounlden (shell) 2 31 Foufy suluduuny
NN (central core) Fuueniuumldn (Hunter-Fujita et o. 1998) Iazaniadiuenysieynin
‘lfa%’ﬁﬁ'luﬁuﬁgﬂﬁmm?;ﬂn%uMﬁﬁué’uﬂszﬂauﬁufu UOZATILBA  (vertice) ﬁﬁfuﬁzﬂ
Aty 5 8u mwuﬁmmﬂuﬁuﬁ;ﬂﬁwmgan il Taseardrafiumnuumanemlszan
17-20 wluwas Busenudund1 spike M8 projection Sefivtamun 12 Su (Lewandowski
and Traynor. 1972 ; Payne and Kalmakoff, 1974) mmmmanfinelunawazifdiatunnn

" ¥ 3 v
upunalsndwaznureusznINlionisaestuveseymalafa (Aanmil 2.2n)
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inclusion body (polyhedra)

virus particie

virug

2
o
-
<
.
a

Internal structure

surface structure

Cytoplasmic polyhedrosis virus

”«. v}

3]
i3

W ANGaR

oY

aglasaalas

¢ e lungulaTanaradn

$aua

anvue Insear

ar

NN 22

DITNHITY. 2539)

==

nouved o lanaaiin Inad lasdea l3a

NazaIulsy

k4

PAGPRL

N. ANy

Tasaalasa

NG

v, wanTusAuvesla lanae

A. oymaved la Tanaraiia nddlasdalsa
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< =11 =1 s 1 s llﬂ’ "]
aymaves Ly Tawaraiia Twdd lasda laTaez hillmisdonsey wwogine o nszianszane
Tula Tenmaduvousad (Awdd o3305355. 2539) Fanwi 2.2 ) wanldsaudsznou
¥
AawIndull Indatiaies Thiwninluagayszunm 27,000- 31,000 anadu TadsAuTuana
WIFBIAINULUY dot pattern %50 line pattern (Payne and Kalmakoff. 1974 ; Arella et al. 1988
; Fossiezet al. 1989 ; Mori efal 1989, 1993 ; Galinski eral 1994)  oymialaeglu
4 " w 8 o :
win TalsAunuu@es 9 visfualseunm 50-100 wilumwas S8 oudaud 1-10,000 eynIAdD
. a e = A a ]
Wan (Kobayashi. 1971) wiinlus@uveslalawaraiia Inddlasdalafmieniyiuizdiving
Uszanm 1-1.5 luaseu Tguindn g iy wu givaemdendumi gifmdey sinsanay
v3o3d 1y uae liflmisdousouninlusiu (Andad 03505550, 2539) (Fenmwh 2.2 )
2.8.2 msfae lalanaadininddlasdalraluiag
las Tanaraiin Indd lasda lafaseiiarommzmad nszmizemsvesuuasuag iy
¥
PnalulyTanaraduveusadwiniu  wdnlusAuggndesaailuviess  wazildos
[ 3 o o 1 o 9 o ¥ = o
ayma hiimdhmomadseurioems dhlvesdsynousia q TulsTanaaduveawadgn
10 (AINGIR 0330537, 2539) Kobayashi (1971) 3169131 8YMA viral core WLHNIAY
o . &
w1l Tanaaduvessad Tavenfioaduves spike Fareilozldantszana 3 $alu
ayna himwzd iy l@lumadawly 24 $lus Teomwizeds@s  rought
e i ‘i o a 2 3 o IJ LY o ]
endoplasmic reticulum 19 Ia¥anvSuamnniu  wadszvoolngiusumiaradunnilasy
= = -; o ] 2 o =) =) v
ran lsAuvesse liimeanulurisemsvesunns  Fezgnudaeendiomasifeunsedis
PNV DUYDAUTUDU 9 MINMIMIA Miyajima and Kawase (1968) a1 1i18991nuuad
' p ' { 4
AN 0aF1EaAIoUNER M NAUNUTWININNIN  regenerative cell  VBuTIBEHONTZING
pmsveanuns e lieimsveslsadwinon o lawarada IndalasdalaFa luquusann
UN WAz AUNAIIUAILILAIZATY

A o =1 1 1 o

ioeann lo Tanaaiia mdd TasdalhFaiina Tnvassdeszuudesomsvesuuns  aild
maws Ay Tnvewwasiiadnd  wuasiidluTsaedivnadnnindun  Auemsiseasu

a 1 A 9/ o A L] A aa J [} L= | ] [
Mgay  Bgme q Wwoedn Aulteatu FFae 2995FImzentu  lunelinse 4 luin
Wudu ((nedd 0550535, 2539)

Neilson (1965) laswanuniumases lalanarain Indd lasdalfaluuuas 4 ¥ila
1Aun Alsophila pometaria (Harris), Nymphalis antiopa (Linnaeus), Operophtera brumata
(Linnaeus) W0Y Paleacrita vernata (Peck) wuuwasiitiulsasunannlelanateain
aglasdalhfaelivwneddinanas  luszozdmususzamisawuwan byaldnmadu

9
1 a o o
AITINEBIMITAIUNAN UBNNINTIUINANYTR 4. pometaria W O. brumata ANANIUNAR



27

o o = lﬂ'q = 1, F=1 - o f 'ﬂ;n = r o =
wlanyazvostnidadnd daulumendiosinauimsvessalanfadnd tazwunhSaeed
1
w1 Ianwansarenmsduiug lududuSoveunama 4 siinaaas
Smith and Rivers (1956) 1aanuneddy laTanaradia Inad lasdaldaiuen 1dauuas
Vanessa cardui WU s Iawanain Inad lasaa lSafiven ldauisosaoes 18 luuwas
& o o "
Bupalus piniarius W% Operophtera brumata Waziid® Neilson (1964) léi1livimsAnuide
w1l Tananaia Inaa lasga lSadenaniawisasaesdma 1§ luiuassusuafinenmes
11 wia wazuuassusy ladunenmes 2 wila
1 o dr, = =) =
Cunningham and Longworth (1968) 51897471 lavinmsuenide o Tawaraia Inad las e
"h%’ﬁmmmm 7 ¥tia  lAun Aglais urticae, Nymphalis io, Vanessa cardui, Arctia caja,
Porthetria dispar, Phalera bucephala \W0% Euproctis chrysorrhoea
iy 9
UBNINY  Anagnou-Veroniki ef al. (1997) laswaunannsoneniae ly lanaaidaIna
#lasdalTalannuuag Olive fly, Dacus oleae
[ 1 ¥
dmsuomamelunwuluusasiimsdade lslanarainnddlasdalaa  fe 7o
At = a ' A o ' <@ a
pmsvesvaselidvniuununetiuviels 9 Weowadseuvioomisuan  wanldsau
e Inadh 1y luveomsveanuas sihlduuaseBusuazmoegaaeanm sudumsuins
b4 )
nszNenmenende lguuasdidu q (Wnd1d 0350533, 2539 ; Kobayashi. 1971)
2.8.3 msnne lalanaatinlnadlasaahialugsadmzaesvounas
Y 9
Tos Tananaiia Indd lasza I Saaus o Iwadmiz@eanamsande 1daemsinan
Tianldnnnszmzomsdiunansveauvaslilvmsdesdisasazasds  eynn’lasad
] 9/ o 9 o Ay -y =Y Af o s A 9 a
gngesudezi Idsadmizifouiansdnie Tasoynia lasaee ldame Aulbeduad
} 4
(cell membrane) WaguNUdgisad lay viropexis nalu 15 WA ndsmsAniye (Belloncik.
' v oA J a 2 p (Y a
1989) Aewvznuoyma himAaduluinfilewas lysosomelike vesicle MENAININAANTT
o d%' 9/ ~ =Y A‘l‘ Y o J =1 s A::A = J
AAFoLA? 30 N gUuuuvesmsaade Lialuwadmizifesssmilounuinanmsaaie u
ar fa a a d? R @ o 't = o =
auas  adninamsaaeziingn hiaswnumnnegn lo lanamaduveusad  wanves
ar A = o c‘ 9 v q’ ) J - df ar =
ayn1n Lifadedidnynzmasumumifaiussulasvesnsaase  dmiylylanarain
¥ v
=t o - 1 o é
nag lasda lafrunmeiuigluuuvesmsatandnevdeen 1y natlouilasuinn
aan v =y r o -.1’ 3 - 1 ]
Ugnsesznind luvveseymalfauasannveswadmzioniulisninadegilineves
win1a5a (Belloncik and Mori. 1998)
=S 3 v a d’l’ = A =1 w = g a = 1
faudimsande Lo Tanaadia Indd lasda Ifaezfaduinmafiue misaunaleues
v v 4 [ » 1]
wwasnniu s luadunasiadenniiodeisuduiiuanarsfuieiimsaeuaussdenisin
& o et a @ 1w o o e - v a
o lo Tananaiia ndd lasga lhadniulumadmizifes  Tuadimig@oaniuorawuiil

- g o A o { " g o ;d L]
msane 1o Tanaradia Inds lasda o ldauysel 1dminde lhSaiilianuguuseglu
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Y & 9 3 A v 9/ 4 - ‘; v c;
sgaud  avenadesldszeznannunaiodeunieiliwaduagasoimsande  uAduie

o n:a’q =] o E 7 .:? o a a .g a8 v o U
Tasaidanuguusanniwilfwadmiz@esiifamsdadeiingn lhfadwammnegnialu
uazyhisaduanldlunga  (Belloncik. 1996) udeg linuhiimsdantlasseymala¥ann

] b4 ¥
wadnAnegoMIsNZIAourad ld (Belloncik. 1989 ; Belloncik ef al. 1996)

2.9 WouuAR3Y Bacillus thuringiensis

Bacillus thuringiensis (Bt) YailunuafiGeunsuuIn ¥ia facultative anaerobic bacteria
wSydu Tnldluanminadeniifiomafieudndes ualuvasiiddeadualeddosnisann
fiflommAuA (Aronson er al. 1986) JU5nvBuwadTUTiENAsY (rod shape) YHIAYsEIM
07 % 35 'laswas  wdeui B laverduudnioam  (flagella) adeadedognioluwad
(endospore) Feazeguinmumushaniliwourad Gindad essnsssw. 2539) (Fanmii 2.3 n,
v luvnsiuueiGeriieiioiemled iz adandn TsiuiiGonh parasporal  inclusion
(Aronson ef al. 1986) 30 crystal toxin BgMNBNMUMTsveamad daulngwy 18U Sonn
Audlaan. 2534) gﬂ%Nﬁ'ﬂymmmNﬁnﬁ’%zLmﬂmaﬁuuﬁquﬁmﬂﬁuﬁmml,mﬂﬁﬁa )
doulngjeziigUiamieudlsilia 2 duilszauii (bipyramidal shape) (ANdIA ©3505ITN.
2539) (F90 A 23 A) wanlUsAuMTe crystal protein i VUsznoudan Tuanaves TsAnfis
suU5r9funuy  dumb-bell shaped ¥wRlszanm 15 wiluwes  uazdidudugudna
Usznm 5 wiluwas ﬁﬁy'mﬁ'ﬂ'lfumf)ﬁ 230,000 AU (ANGIA BITOFITU. 2539 ; DINTT
fualean. 2539) nuathendnlusauilezqniiy nenanadindidue  dldmsfivves 5
udazeewuiszAnsnm limilousu (Sans #ualvan. 2534) wanTilsAudionnsanued
Tuiwioluanmuniaude1dumn: (Fast and Milne. 1979) u,ﬁil.ﬁaLi’fﬂﬂ"luﬁ"atmmﬂzgﬂ%dau
proteolytic enzyme lunszimgemsvesumasdesaaoiiulisduluanades q FafuRvde
wne  wanlUsiuSaiummaddy e idiudeunafiGeifulsame  Gindad
DIINETTY. 2539 ; Tojo and Aizawa. 1983 ; Aronson et al. 1986)

o B uanoneemTuaeRUg (subspecies N30 varieties) 1AWIAATT 20 dewuf ms
ﬁ‘huuﬂﬁ';ﬂ"luﬁﬁamﬂ'l'%ﬁ'ﬂnmzmqé‘r’mgmﬁnm (morphology) HAZAMANLAMUAVUNFHA
dounlidl .. 1902 WninemandyIrSausa Dr.de Barjac uag Dr.Bomnefoi lAie3zms
§UUNNN serology technique lasoHuMANTIAYDY H-antigen (flagella) Feannsoutieenn

1A% 21H serotype (A9A15197 2.4) (83031 AUA l¥AN. 2534)
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v Y v
PN 23 ¥ Bacillus thuringiensis N Wina Isaluuyas
o Y 7 7 A A Y ¢

. wersnneue Inssaanazenlsenovvousasuuaise  Weadiemlesuas
nanTuswaSoouysel (M : Aindad ossnsssy. 2539)

¥, pInnedlnasouLaalasearvvearaduUAnSe (W1  Boucias and
Pendland. 1998)

A, NINOWDAAATOU shadow cast YBIWANTUTAY (W1 - NINEIR ©I50FITY.

2539)



v E Y
M3 2.4 @wNUTAN 9 veudeuuaiise Be. uonlasld H-antigen

(Y7 : 09INTT AUA TyAn. 2534)
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H Serotype Subspecics
| thuringiensis
2 Jfinitimus
3 3a alesti

3a : 3b kurstaki
4 4da: 4b sotto
4a : 4b dendrolimus
4a : 4c kenyae
5 5a:5b galleriae
5a : 5c canadensis
6 entomocidus
subtoxicus
7 aizawai
8 8a:8b morrisoni
8a : 8¢ ostriniae
9 tolworthi
10 darmstadiensis
11 1la: 11b toumanoffii
11a : llc kyushuensis
12 thompsoni
13 pakistani
14 israelensis
15 dakota
16 indiana
17 tohokuensis
18 kumamotoensis

19

tochigiensis




31

M519N 2.4 (7D)

H Serotype Subspecies
20 VURNAnensis
21 colmeri
U wuhanensis
ND tenebrionis

1AMTIN 2.4 wiliunlu 5 serotype Av H3, H4, H5, H8 way HIl wilsoseaniy
v ¥
a, b, ¢ HBIINH antigen subfacter WANANAU MsSwuUNFe Br. Jsdesorfumeauiang
Funilaae T serotype H6 923 2 @18WUE AD entomocidus UAY subtoxicus LHIDINANANI
Funla19nu (B9nI1 AUA laan. 2534)
v ' b
AN 23305350 (2539) ladadmunmsnunadelaede B, sonidlu 5 vila dail
v ¥
a . a a A o A
1) waf-BuTaNenTu (delta-endotoxin) NsNHFTATINLATININIAY Hannay el ..
1953 Tunueulny fixeiSonae g TSN crystal protein YEL) parasporal body (ﬁwz‘hﬁ
BITOFITN. 2539) vaueMadlmsadnatestvzaduninllsaulunaufierny (@1 aud
v v ¥V
Tyan. 2534) @ MN 24)  waswuanGoezaaedi lunszmzematioanmiideslu
¥ ] 4 = = 24 = = v
AIZINIZEIMISVRLNNY  uanlamlaesmilesuaywanTilsAueenut  dewdn lilsAuszgneas
v
aoudhumiiedes o M ldiAadluesiy  (Tanada and Kaya. 1993) Tasensutiozyinld
epithelial cell ¥oINTTIMITOIMSIAAMsIAsuLaY adzUUNBILBRTANENAMULAZHYA
9OAIIN basement membrane AN IBAGVLUANYI I EIA4 9 Tunszmzemisuas lurpaing
Tufuvaufamsmauluiy  Gndd 03505550, 2539)  lunnenstiansiisiinadondu
s = ] 9/ ' 9/ v =1 =
AMITOUDINITINTINIZOIMIT IMTFUAUITI9DNVDIENTAN 9 tauA Inuaditoy loesudy
[ ¥ =) =) [] 1 Y] o Y A =
FuInnIzmze s b ludeanseresineludlrve wuas Ml Sue Inuaasew
2 : o
Tooouluiiongadu (Blankemeyer. 1981) msulasuuaslossulunszmzamsuaziioni
N v
Tannutunsa-analudmuaaldeuly (Knowles er ol 1992) wsnnniidednadan1sds
uazsuanuidniaonearusoode lauull (synapse) ¥0sszunlszam uasiludumianada
9 1 9
aiyriailnamnizinzwnuuway Jepiiuwuiiinamwiziurusuidouisata gs 5u

14
uag blackflies 11U (NNEIA 8ITOTITV. 2539)
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Vegatative cet

Plasma membrane nvaginates
to form spore septum

Free spore
Exozporwum
E ] Spore septum 'o_
Qrows around =
protop'llﬂ Inner coat is lormed:; - Fraze Vi
(eng o) ) outer and inner

Lyus of mother

cortscal Ryeors develop el A~ redeasa

Exosporium appears; pamordial
cortex i3 lormed; outer
membrane disappears

MNA 24 LaAAIIZoZAN 9 veansasaales u Bacillus (11 : Brock and Madigan. 1988)
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b T
) wérSnlaRendu (beta-exotoxin) tsnbwiiationiidoSond q du ldun fy-
toxin, heat-stable exotoxin, thuringiensis (99R71 AUA lwAn. 2534), thermostable exotoxin LAY
fly factory Slumsdsznouwiniandlelnd dsznoudiwezdtiv, lslua, nqlae wae
¥
nsavloaTvian Salaydn (phosphorelated allomucic acid) nnAI3euldd azawhld i
b ' a
vmrinTuanad Susuasedeuuas TaveeiinadessuvgesTuu  nszuaumsma luddy
uazmsadiaeuleiae q (Fndhd essosssy. 2539)  Nanwiluivgedenuaslugudy
finenmnesT, Anmes), ladeenines), lemuuonmes) (89R31 AUAI¥AN. 2534) WO
v ¥
nnisasiuivdeunaslususueinmes, lowenmes uazesisotinesn sauveldidon
v 9
dov wazls Bndaw (Levinson er al. 1990) unasi lduensiuyiiatidlsslinai vy
aBeunlas Tasmmzdiuthn vuae wagiln mswdsuudaszifiuluszozasnnsu Anua
Aa a a v 3 wa ' ' ¢ AL e A ' v o
oz luvneiifnmsisaiu e Fuduiotizdieliauysel 2995F3adn wio ludusiug (Faust.
1974)
ar o a R ) :iydd'l v o ' Vg
3) Saw-Bnluiondu (alpha-exotoxin) m1spiiiFeiSund1a  fu 1Aun lecithinase C,
phospholipase C, Toumanoff’s factor, Mouse factor, thermosensitive exotoxin (ﬁws‘hﬁ 2370
] ¥
5353, 2539) LA heat-labile exotoxin {uash liinudeanudon azaehla (8wt dud
Twan. 2534) DanautianiruAediu hemolysin Avymumadifiaten wazlinalumsdavig
mavemluszuuadsinemaeesaluduwas (AindIR 930535, 2539)
=] 24 a . a Ay o 1 3/ v 1
4) uANL-On I¥ONTU  (gamma-exotoxin) Wuesiun lunudeanudou  soulede
9 ¥
919t Maeendiou uazudernad fagiuiidslinswmidadonunalamsdwiaieuwas
14
voaasnEstatl
3 :é ) =y H
5) Louse factor Wulng Gingrich il a1, 1974 Fanudidimde 4 wia Auaaeeins
=Y _y 3 o 1 l:& d' T _ 1
Aadnddle 185uide Br. var. kurstaki (HD-1) duflu B #liaddalavendu waznuh
A an M ¥ a 3 & A = ' Aa A a & A A 3
o1msAntnd il lafannsulanendy  SeesnuhaadiumsiednsdanieniuanGenine
4
u
o [ Y =i g = = 3 g " 9
gmivasRugnssufinauqumsadunanTils@uiu  Chilcott and Wigley (1993) 14
s HaguimsswunTusdundioglundnlyshiuves B aoniiiu 6 ngulvg ley

odeanuiufivasuyaarsUiuRnawnaetu @ea1s1en 2.5 wag 2.6) laun
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r
U =

agquil 1 TusAu Cryl Usgnoudao 8 subclasses (A-H) iiumangilieilsriiag Uszneu
ﬁ";ﬂ’lﬂ‘iﬁuﬁi‘hfwﬁ'ﬂiumqa“lmhq 130- 140 Alasadu WuRudedsounyaslusudy
ANADWINDT

nqudt 2 Tusfu Coil (A, B uaz ©) Wuningufimdeugnuad Yszneudaelusiu
walsgas 70 Alaanadu  danudiufivdemsouuuaslududuainonmesuag
ANNDI

nquit 3 TUsAu Cryl ﬁ't{"mﬁﬂiumqa‘lmiaa 72-75 dlasadu danudluivawe
fseunaslusus Indeonmes i

nquit 4 Tdsiu coytv wulu B ﬁ'mmsﬂﬁu'mquwqa"lﬁ' 152n8UAW 4 subclasses
(CrylVA, B, C uag D) ﬁﬁymﬁﬂimaqa 135, 128, 74 uag 72 nlaa1adu AuaIAL

nqudt 5 TusAu cyv Sanudiufisdediseuumaslususuniinenmes oz lndoon
031

nqun 6 TUsau CytA uoy B wulu Br. Nahwwaslududuanmes
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a o A 3 ] a A @ g
AN 2.5 H'ﬂ'ﬂQUuﬂﬂ'JUﬂiJﬂ’ﬁﬁﬁ’]\‘iﬂﬁﬂiﬂiﬂ“ﬂﬂﬂiﬂ Bacillus thuringiensis ﬁ’]ﬂ“ﬂuﬁﬁnq 9

(M1 : Hofte and Whiteley. 1989)

BuharugumsadandnTusau AWWUTVOY Bacillus thuringiensis

crvld(a) kurstaki HD-1, aizawai
sotto, entomocidus
crylA(b) berliner 1715, kurstaki NRD-12

aizawai 1C-1, aizawai I[PL-7

kurstaki HD-1
crvld(c) kurstaki HD-73
crylB thuringiensis HD-2, entomocidus HD-110
crylC entomocidus 601, aizawai HD-173

entomocidus HD-110

crylC(b) galleriae

crylD aizawai HD-68

crylE kenyae

crylF aizawai EG6346

eryllA kurstaki HD-263, kurstaki HD-1
crylIB kurstaki HD-1

erylliA san diego, tenebrionis EG2158
cryllIB pakistani, tolworthi

cryllIC kurstaki

eryIlID kurstaki

crylVA israelensis

crylVB israelensis

crylVC israelensis

crylVD israelensis

cryV kurstaki

cytd israelensis, morrisoni PG-14
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a wa a A a 9 = o A A
MINNN 2.6 Llﬂ'ﬂ*ﬁﬂmﬁﬁuﬂllﬁzﬁfuﬂmﬂqﬂuﬂﬂ']ﬂﬂuﬂ15ﬁ51QWﬁﬂIﬂ'§ﬂuﬂLﬂuwyﬁauﬂﬁqmaq

Bacillus thuringiensis (ﬁi.l'l : Lereclus et al. 1993)

Predicted
Gene type' molecular weight Host ra.ngeb Examples of target insects
(kDa)

crvid(a) 132.2 L Manduca sexta, Bombyx mori, Pieris brassicae,
Plutella xylostella,

crvid(b) 131 L Pieris brassicae, Manduca sexta, Heliothis virescens

crvlA(c) 130 L/D Pieris brassicae, Aedes aegypti

133.3 L Heliothis virescens, Manduca sexta, Trichoplusia ni,

Ostrinia nubilalis, Pieris brassicae

cryvlB 138 L, Pieris brassicae

cryviC 134.8 L Spodoptera lituralis, Spodoptera exigua, Mamesyra
bassicae, Pieris brassicae

crylD 132.5 L Manduca sexta, Spodoptera exigua

crvE 130 L Manduca sexta,Spodoptera lituralis,Spodopter
exigue

crvF 133.6 L Ostrinia nubilalis, Heliothis virescens, Spodoptera
exigue

cryllA 70.9 L/D Heliothis virescens,Lymantria dispar, Manduca sexta,
Aedes aegypti

crvilB 70.8 L Manduca sexta, Lymantria dispar, Heliothis virescens,
Trichoplusia ni

cryllC 69.5 L Manduca sexta, Lymantria dispar, Trichoplusia ni

cryliiA4 73.1 '8 Leptinotarsa decemlineata, Phaedon cochleariae

crylllB 74.2 C Leptinotarsa decemlineata

crylVA 134.4 D Aedes aegypti, Anopheles stephensi, Culex pipiens

crylVB 127.8 D Aedes aegypti, Anopheles stephensi

crlVC 77.8 D Aedes aegypti

*According to Hofte and Whiteley (1989)

"L: lepidopteran, D : diptera, C : coleoptera




37

M9 2.6 (dD)

Predicted
Gene type' molecular weight Host r::mge:b Examples of target insects
(kDa)
CrylVD 724 D Aedes aegypti, Culex pipiens
CryVA 81.2 Ll Diabrotica spp., Leptinotarsa decemlineata,
Ostrinia nubilalis
Cytd 27.2 non-specific

*According to Hofte and Whiteley (1989)

i lepidopteran, D : diptera, C : coleoptera

2 - 4
Charpentier ef al. (1995) laari1awad lavidu 3 ¥iin Ao 4LGRIP-1,2 wag 3 Feadnld
nnArgouieglusze: lanaz@muounnailnon livesunas  dedes triseriatus  (Diptera :
L. ° o vl ud o ' a y o o a
Culicidae) uaziisad lminadwiniinaaeumsnouaussremsiymad-ou lanenduann
Bacillus thuringiensis var. israelensis \W3tueuiuwad 1o ATCI0 90 Aedes aegypti WU
‘u’ 3 z _y \J _y =1 o L] =1 : 2
ad lainadedunis 3 ¥ila aunsosevaussdemsnyNaLuafiSsRena 1 1dandiuwad lavl
ATC10
Gill and Hornung (1987) lavhasfinuufenumsazansndn lusAuvesuuaiiSe B var.
israelensis Tuasazavdnyiiady oz ldronudnead lain1dnn dedes albopictus, Culex
tarsalis W% Spodoptera frugiperda ANNTOADLAUDIADAIIANYIN B eeWUFAINa1 1A
UMt Goldberg and Margalit (1977) a2 Undeen and Berl (1979) 1A351897U71 a15NyY09
Bt. var. israelensis t‘f‘lil’!‘iﬂl%i‘“ﬂ'liﬂ?ﬂﬂﬂﬂﬂﬁﬂﬁ'ﬁ‘l‘:lﬂglﬁ 1RuR dedes waz Culex 59UD9
| = a a P ¥ a a
Blackfly 1@ogefitlse@ninm $9 Amstrong ef al (1985) 1A3109mM a1sRy Br. aowug
b v
sananiinadegmiguezirad lavdves1aa TagldvimsAnundwavesasivildnn B
o
var. israelensis ARIBAA lAVVDY dedes albopictus WUIIENIRYNN Br. siintilnadomad layl
fhumaaeu
. ¥ ¥ ¢ A A A . .
Charpentier et al. (2002) lAa$awad lavdnnifledieviind1e  Youuas  Leptinotarsa
° Y] a @ v o o
decemlineata Wazriwwad lavl lUnaaeuduasiynn B moWuiae 9 wuduwad ladn
9 9/ d’l’ d; a ] ar =1 ] a Sy 1 s [ 4
a1 lanndieeuand iz imsaevaussdomsnenn B 1aadeiu  Tasnuduwad
o 9 d{ A v v v v = ydd'
lavinadennidiotods 9 daulvajaeuauesdemsiuen B var. tenebrionis lAANEA

dyw g ~ 9/ ci’ Y] =Y 2 2 ﬂ
u'ﬂﬂ‘ﬂ'lﬂuElﬂﬁﬂiﬂfﬂ'iﬂ@ﬂﬁuﬂﬂ‘ﬂﬂdl%ﬁﬁﬁuﬂ]ﬁ q NATNUUAUNTIINE  destruxin B9
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=) ¥ T et J =Y ] =y
AIRUNNYDI Metarrhizium anisopliae WUIIHad lminadaiunnstinnouausedodsny
2:’ Y] v g/ 1) =
nnessanan ladlueded
Gibson et al. (1995) 1Y MsAAYUNEINUAITNYUDY Br. subsp. kurstaki WUTIAIWITON
SIMUDUVDINAS  Heliothis virescens 19HOA  MaZIMIUINYYS AN TN INUDIENTNHAY
o a A a IR a a 2
NIALUNUIN (tannic acid) AagvhliensnynnuuaGoriatillsednsnwgaiu
9 ¥
F9ns1 AuAlyan (2534) nann e B wdlszdnsnmlumsdidauuasdionuasniu
3 v I v
wanveudenly  thdesludldvesuuasnanmanuiilunsa-aanmanzaulssunm 8.9
=] ' n’: AQ & . 9 . = Y =4 & a
¥souINAINIY sazanewandaily protoxin Wi true toxin Ap wad-BU IaNiondueon
v
a a o [] Y o < a
W msneytatee laeszuudesemisuazeioazunamas Mg lasudie  Au
" 1) ¥ v L
s W18 wdeulnadnassunseimeamandonina uaziliuuasmeluinge daiums
A [ -] =1 A 9 | ] 43 " aor o |
NuuasfagiyezaIosIMedn nie luae Yuegnuiledenarelszms Ae
- anudlunsa-aremelud i dvosunas uuasdazytinssanmanudiunsa-aanielu
] v ¥
ald limilouiu Mmuzaungade 8.9 niagandiii
3
-] A o 4 =Y
- sheeenelud 1 Fvesuuas oz lilazanondnaisiny
a = o A P 0o q¥a Y A
- yipveawas 019 vwm Aanuudass Jeimnzauiisgdihidina lsa laienessey
A90U
9 Y =) d? & 9
- anmaadon 1AuA gangi Anudu udwen Nvems Whidu
a A A A A A A Y w Yt v o
- yiipvesdeuuaiie ioenmd¥e B Tnaiwenewug uazfen ladnnaiemenug

800 (strain) 29AITIMINagoUfaunYit 1145
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3
2.10 %991 Metarrhizium anisopliae
£ 9y
1¥951 M. anisopliae 99g1UDIWIINT Mycota YUY Eumycotina ¥ Deuteromycetes
v W g P 14 Aa A dq ¥ & v dal
®UA1  Hyphomycetes ilwigns i lifiaeesdianasuduysei ifiu - womwigszerduiuin
v s a 3/ (o’: " &
Taioenet (asexual stage) Tapaziimsers19alos iUy motile spore 13® zoospore LY
v b4 v ¥ H
111U  nonmotile spore 1II8NAT  conidia wumsmsEIanatuuitiusende 1ina Tsa
9
(pathogenic) Hazilufdosaay (saprophytic) (AWHIR ©350FTTN. 2539) 10351 M. anisopliae
o J a A del o @ o W s A Aa a a a oA P2 =]
Tadhudgegaunsdminnldlumsilestumiauuasdagisilse@ninmdsiianis il
f.7. 1879 Metchnikoff %11§ﬂlﬂ§ULﬁuf§ﬁdlﬂﬂwviiﬂ green muscardine fungus TulNae Wheat
) 9 9
cockchafer, Anisoplia austriaca Hbst. 9A4¥01¥031519 M. anisopliae (Nd3ad lussau.
¥ ¥
1 ' A r é L] ¥
2534) ARNIMUNUIIYRTIY 2 aeRug Fanlamuuevesades 1AUA M anisopliae var.
‘é J::.d @ l‘-‘ly r
anisoplice  Favzaduadosiinnuoszun 9 lulaswas  amowufi ldfianummwe
mizwssenwautmine  awsoiliialse ldluunasdusuInfioonmes)  laNaeWINGs
¥ £
pOiNoNMBIT leinmes1  waz lewuuewnesr uennnfifamuiiianugunseegnig
N = ar & At
Ua2n uaz spittlebug A28 DNANBRUTHILS AD M. anisopliae var. major a3 1verlostianuy
J ar d.yﬁ 1 =1 '
o 18 luTaswesiuly  sewugidanumwnzinnzwdousauthrnegs  T5wvauhls
AUAUUNAY  scarabeid beetle LAZ rhinoceros beetle THUZWIMUSHINUAULAUADUTAYDY
WAYNSUUTAN (McCoy ef al. 1988) wddad Tuesqu (2534) s1wamd Buwasnn
1 1 ¥
200 ¥1in NAA15ANNTOIT M. anisoplice MIANHIANUUANANVDUFOIWAZUA (species)
Tudnmowug  (strain  wuddifssmowuiiderhannseilfinalsaundausangn,
Orycles rhinoceros L. lumsnaassnnvats q aowuf wuihdifissmoiuifoafiannse
-o Y a 19/ 9 9
M lvine lsaunalausauzninla
¥ ¥
851 M. anisopliae ziha0uas Invelosvoudozsondunzgmisdiveunal
1A ' g - 1 EY ' A w oW ¥
uanilsrvauiuseiiannsodudmahauaz silavesvieomanmisvesdiaumas ladan
b4
adad fluensyu. 2534)  Schabel (1976) 510U 13931 M. anisoplice H11MA29929
EY
Hylobius pales INAMIAAYD IAUMIUNIG buccal cavity Uag Lacey ef al (1988) $I8971UN
4 a doaqy & a a 4 S ; s
weswHati ngmigananisAade Tnerud1m19 siphon tip
. ) N A A4 a4 )
Charpentier et al. (2002) @3 19umwad ladvntobosting 1y o YOWaY  Leptinotarsa
o s a @ d v ol
decemlineata WazVuwad lmi lnaaoudesiivnn B meoiufan 9 wuduwad loid
9 9 d? A A v o A v a et 1 o v 4
afelannileibeiuandsiussimsnouaussaoasnynn B laaaliu  laswudnsad
o 9/ di, d'l t 1 ] 1 = 9}4:1:{
Tavhadunnidiemeas q daulvgaouaussaeasiban  Br var. tenebrionis l9aNga

Ao v P 43 o = . A
DN INTENANHINMIADUAUDIVDULAS TarTa1e o NadNIUAVANITRY  destruxin - GuTluens
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b4 ¥ ¥
WHVINGOI1 Metarrhizium anisopliae WU¥AS laviNa19unnyiinaouauoIAodISABIIN
g as ' 3 a L=
Wos1nena1 A usded
4 s
Roberts (1970) na1nd1  nszuaumsveades lumsiivuuasfamsfn@oaiuisoi
¥
Wuszeelaneil
1. szezNanfURIS ALY (cutice) WoRuIwsamaatuazusana hadaiidiusu
aan v 1 a . a 4
a1 Ufnsesawmszninasdsznovulallinga (Lipopylic compound) uMAIveIAYRIUAL
Tufupufiagwvesmasnfooeiianudnydemsenvoseailes
v d [
2. szzmssenvesaed  Tasm ladesveaseniifluaungueslsauuasazilndalu
v ¥
anmunadeungavauysal wu uau dudu fwdhanususazguuglesnemnznums
=] o 3 :Iy 9o A [ Aa Y o o o ~
sonfey  alesimartazeen ldvuiimendannians lfumladdrveaumas orudumsied
a o w a A v o o
msnszdumanail lavasuuiididuwasuagmsnIgqunedisine  Fedunusiunszuiu
4:1‘.0 Y a a :3 @ o w =] = o ; a [} s
nsimidiRanmsfaeuumisdidvemas viadumizmsiadesveutosianaguumis
o o o g 4 o a ﬁ!‘g =
Sduuasi iigesaduasimdinamssen 1dadu woznszquldifamsenvesales
Sosa-Gomez et al. (1997) 316974731 91AMITNAADI LAY stinkbug, Nezara viridula WU
4 A’ . = a o o = Aa 1 ] Yt
aUes VeI M. anisopliae aNTRBAINEAIGIAIvBINAILTNUNTIdUIIgHUIIL 4G
AUShadwezen  9InmInaassasnah iU IUS N IANee  stinkbug 1N
9 1 ] r o A o Y a 9/ A o Es] 1 £
Wusuegnuuniunusnudu  enwildiiamsnszqumaniiiivinademstame ves
4 ad
CRERGE
v ¥ 4 9
3. 53D MNIAUMITIZIAIUDILNAY 19D M. anisopliae 923} germ tube U 9 990
Y] AL 4 v 4 e a o w 9
20011 118214 germ tube M5B injection peg NadUUNNADs unInzgrdIRNauT
. v ¥ ¥ ¥
Moy 1aed appressorium iHudmigsiaRaddmnasld @i 2.5) luszeziisosiee
fimyadraeu lrivstesaarsiididivesunas (Boucias and Pendland. 1998) 14U sub-tilisin-
like protease, metalloprotease, trypsin, aminopeptidase, dipeptidyl peptidase i€ chitinase
(St.Leger. 1995, 1998 ; St.Leger et al. 1987, 1989,1992)
Ed y ¥
4. szezmswannludiuuas Mmsfndelussesiiaes) M. anisopliae 92d3519 penetration
) Ed ¥ ¥
peg INDUNIMTIEEIHUUDN  (epicuticle) VoILNAY  ounaudgyu  procuticle  Udd
d91/a18uD9 penetration peg 9L VBRI 38AT1 penetration plate  TaBazvEAIvUIU LAY
¥ 9
dduas @i 2.5)  waziauiduidulovssde@sn  (Boucias and Pendland. 1998)
Hd
Fuloflazdn IS yaumaduTafauazvmedwanluden  Taadulsszuaminesnilu
¥ v
vioudu q uazidhlihmeedeazdas 9 wu wad lvdiu Wudu mendenniuuasmense
1 =] 9 9/ 3 o o o o & o 9/ r_"i‘
ApumBIaNtion wnudulsvearoswenslummeludduassudwuan luaodes

H A L] @ o W J
numuazude  (Robert. 1970)  euuamuduloszseanzgrumisdidaduwiedeiiu
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"
=

P " ar ] 9 A v v A 9/ ' 3 &
gailosdavzogsamnumuiuiy uazadalesiiBendt conidia NMlmeimumaniu lasazoy
v [~ @ - ¢ A 4
gdooon lhifume (G mf 2.6) alediweusnadivtliudyy uazsz/fuudludies
A 1 =« o~ ¥y A ° P ¥ a A 8w vk A A Ao
Woudinoudsd@oududoud Tufigaennuuaszuisns e nquiduds Tl gaunsd

yhadudzlu (HWEIR 9530535V, 2539)
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Appressorium

r
Conidium i
f i
Infection
peg

Penetration plate

] ¥ "
MNA 2.5 waadulsEneuueEeI M. anisopliae TumMsIaouas (M : Boucias

and Pendland. 1998)

Py
e &
»

lfr
7 ,3

1 1Y v
NN 2.6 meﬂdwm conidia “H‘ENL%E}'H M. anisopliae (NW1 : Boucias and Pendland.

1998)
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Hanel (1982) 516931 1831 M. anisoplice 9213 yuazItgMaAu Taftaveanuou
Elateridze 190001 6 $u ndenn 185030 dmiluls Nasusitermis n3guaunssandezifn
Fumely 48 dalwe wdenmussnudmveadulodeonludenvedls wazduloezidh
hmemadlatunely 72 2T ndennldiudendalsfeme Taoft 96 42lue ndann

¥ ¥
185ue sznuduloveusesuesgognunuiumelugesineuesdfn

v
o

=) = a a a A Y g ) '
HONINUHENUITIBNUNYINUTITHENTITNNYDI M. anisopliae ulﬂl!.ﬂ NQUIUBN

. . T % é -] o o
depsipeptides NFEAT destruxin A tag B Beiimar Ifszezdmuonveanuasiluduma uay

o

sldRamsAouulaswessdunnadeulundwiiovouuas (Dumas ef o 1996) AN
figenuansfiy destruxin (C, E) faduTnodoswiail MAMINATEUMIIAY destruxin E 12
MaduSnunszmzemsaunae  (midget)  vosumasluduAUIORABNNDI RS
cytopathic effect taziinarldRamsnAoumlasluszdumadi lulansoude, endoplasmic
reticulum WA AARA F10NAINAAEUMIREITIARABINAY Galleria mellonella uazlu
wadnzEs HANINATOUASRY destruxin B AULMASwiAT wuhisasie mulpighian
tubule HAzAEpAYBILLAY BUBTITUATNARB IR AINIIA LB MU (Cerenius ef dl.
1990) HONIINTIIDI M. anisopliae Heanunsaranasiyaiindu 9 80 14uA hydropholein
Fauasiufim1¥ifalsn Dutch elm discase Avtzuewia ualiifufvfunuas wozds
HARTISHENIN cytochalasins é»ﬂﬁﬂﬂﬁiﬂ actin filament elongation 0¥ swainsonine ﬁﬁué‘fa

& v o ) .
myadruoulan] Of-mannosidase @eimalumsdiuda tumor growth Uag metastasis (Patrick et

al. 1995 ; Sim and Perry. 1997)

2.11 wavesmsU T nzuendluiaBu-A (Actinomycin-D) donsioayveawaad
uond Tudedu-f HumsUfFruzsidanilalumanuend Tuiodu (actinomycins) Waksman
and Woodruff (1940) laanauend ludedu-annuuaiSeninuend luleBind (actinomycetes)
(qasTassardrevesuend Tudodu-Azudasianmil 2.7) Foley (1956) 18tiufinduend Tusiy
Suamnsofuiimsdunsei Tty SeaeandedfunIAnyI9eq Helmsing (1970)  Guidice
and Novelli (1963) I8 anidanend Tusiodu-Aamnsadufemsdunsevasue Indwesd
Kirk (1960) uag Shafer and Worton (1973) l4na1 wond Tusiesu-aamnsodusams
Funszinsailindsn uenomiu Samuels (1964) WU mstusaveauend Tusiodu-Aded

g do a . " s A v oy sd 2
1BU1e NA9IU (guanine) 92y 1: 1 Tuand wioewisadugela 100 wWesidua
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L-N-Meval . L-N-Meval \
| I
Sar Sar
| (
f
D-val D-val
1 |
L-thr J L- thr
|
CO
/"\ / \ - NI{

!|

k\\\w,//"\\\

L-thr = L - threonine Sar = Sarcosine
‘D-val = D - valine L-N-Meval = L-N-methylvaline
L-pro = L - proline

MAA 2.7 udnagas Inseerdsuouenad lulioBu-a (Mt : Goldberg. 1965)
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" 9

HaURILenA Iusosu-antae 1ns luTautiu  Ostertag and Kersten (1965) lAfnu1famaves
wond udedu-Alumunduamevesmsuaninveaumialasuifa  (chromatids) ITuwadiia
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3.1 unaanaziyelsnuag

3.0 szozlWvesnuewnzawethvoniiu dSuanueymeinn qugis gy
ﬂiu%‘ﬁ"]ﬂ'lﬁlﬂ‘};lﬂi ﬂixﬂ‘i]ﬁtﬂl}ﬂiuﬁgﬂﬂﬂﬁﬁ

312 falsaunasyiiad 9 1Aun Helicoverpa armigera nucleopolyhedrovirus
(HaSNPV),  Autographa californica nucleopolyhedrovirus (4eMNPV), Galleria mellonella
nucleopolyhedrovirus (GmMNPYV), Spodoptera exigua nucleopolyhedrovirus (SeMNPV) Liag
Helicoverpa armigera cytoplasmic polyhedrosis virus (HaCPV), Euxoa scandens cytoplasmic
polyhedrosis virus (EsCPV), Choristoneura fumiferana cytoplasmic polyhedrosis virus
(CfCPV), Bombyx mori cytoplasmic polyhedrosis virus (BmCPV) W% Dendrolimus punctatus
cytoplasmic polyhedrosis virus (DpCPV) IA5unueynsiein augiy nqud nsuin
ANTINHAT ﬂizﬂ‘)’?\nﬂyﬂﬂtﬂgﬁﬂﬂiﬂi uag Prof. Dr. Serge Belloncik

3.1.3 aSWYNNUUATNISY Bacillus thuringiensis ﬁui‘lqusmamsﬁ"l 8 Thricide fva,
kurstaki) 910 Thermo Ecotek Corporation (Ontario, HAU1A1), Teknar—HPD® (var. israelensis)
910 Zoecon Canada Inc. (Mississauga. Ontario, LAUIA), Trident® (var. tenebrionis) 910
Sandoz Agro Canada Inc. (Mississauga, Ontario, 4AMIAT) LAZ blank 91sznEURY
Thuricide > 910 Thermo Ecotek Corporation (Ontario, AWIAY) ANgnIMey #eldsuany
91N5121 910 Prof. Dr. Serge Belloncik

3.1.4 o3y destruxins VINGOTY Matarrhizium anisopliae TasuaueyAs LRI Prof.
Dr. Serge Belloncik
3.2 ginsal

3.2.1 mfﬂaaﬂﬁ;mfﬁﬂﬁmm (larminar flow hood) 9IAUTHN International Scientific
Supply Co. Ltd., dsznalng

322 é’ﬁm%mﬁamuquqmmﬁﬁ (incubator) ~ 9INUSEN  Sheldon Manufacturing,
US.A.

323 ﬂﬁﬂﬁi}ﬂﬂ‘ﬁﬁﬁ inverted light microscope (Diaphot ; phase - contrast objectives : 4,
10, 20 Lne 40X ; eyepieces : 10X, Nikon : model Phase - contrast - 2ZELWD) INVTEN Nikon,

Japan
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32.4 ndpaganIsmi light microscope (Optihot ; objectives : 4, 10, 40 LAY 100X ;
eyepieces : 10X, Olympus : model UFX-DX) NVTHN Olympus Optical Co. Ltd., Japan

3.2.5 Lﬂé‘&)ﬂﬁ’mﬁh’ﬂf{ (cell counter) VINUTHN Gemmy Industrial Co.

32.6 3lulaladimey (haemocytometer) 91IAUTHN Boeco, Germany

52y 'eiwiiywmuﬂuqmﬂgﬁ (waterbath) 91NUT¥N Memmert, Germany

3.2.8 ﬁﬁﬂﬁ&ﬁﬂiﬂdﬁ (autoclave, Tomy : model autoclave SS-325) PMAVTEN Tomy
kogyo Co. Ltd., Janpan

329 A3eeUYiiAaNdsY (hot - air oven, Memmert : model 600) 9AUTEN Memmert,
Germany

3.2.10 ganTo@TIALLTUYWIA - 02, 045 lulAswas  9nUTEM  Gelman
Laboratory

32,11 wseathunyunisesiiaaiuaugungiild (centrifuge, HERMLE : model Z383K)
NUTEN Electric Service Device Co. Lid., szma’lng

32.12 uiudiagaingil 20 semnaidoa nnuiEm niainenistvih $iie, Yszmalne
wazAusudegungil -70 serwalod 9INU3EM Sanyo electric treading Co. Ltd.

32.13 AU gamgll 4 esmwades nauitn dule gineswa Bloansa $ia
W), Ysemalne

32.14 1n3psiannuiiiunsa-ma (pH meter, CyberScan : model pH2000) INUTEN
Eutech Cybernetics, singapore

3215 VANLECUFAININAN VU 25 MINEUANIAT UAT 75 AITIBUANAT
MNUSEN Gibthai Co. Ltd., Uszmellny

3.2.16 Lﬂ%‘ﬁ)dﬂ,ﬂﬁ‘mmuﬁﬂuﬁa (automated pro pipet, Jencon : Powerpette plus) 910
UTEN Jencons Scientific Ltd., U.S.A.

3.2.17 vasanAaoIdunded AuIn 10 NadaAs NUTEN Pyrex, U.S.A.

3.2.18 uladuda vuim 1, 5, 10 uag 25 Janans 91AUTEN Schott, Germany

3.2.19 MTUNQUIHA 96 MQW (96 well Tissue culture plate, Corning) 9INUTHN Corning
Incoporated, U.S.A.

3220 viauMdmSuusIgens vum 50, 100, 250, 500 uaz 1,000 Nadans (DURAN)
9INUTEN Schott, Germany

3221 wiaudagdauy] vwe 250 adaas (Sterile ecrlenmayer flask, DURAN) 910

USEN Schott, Germany
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3.2.22 Haaﬂwamﬁﬂnuqmﬂgﬁé‘h (Cryovial) 91nUSYN  Aktiengesellschaft & Co.,
Germany

3.2.23 Lﬂ?mwﬁﬂﬁm’?qw? (water - purification equipment, FiSteam Cyclon : model
WSC901.PDC.5, WSCo44. MH3.4 (tag WSC900. RIB.9) 9INUSEN Jencons (Scientific) Ltd.

3224 (A30981 (Orbital shaker, Gemmy : model VRN-200) 9NUSEM Gemmy
Industrial Co., Taiwan

3225 Tnseua

3.2.26 yadidn Ins IWSFauuDUUIAY 10U5EM Bio-rad labulatory, U.S.A.

3.3 MmNl

33.1 emsmzEsuadiasTianY (Grace’s) uag TC 100 AUSHY Life
Technology, U.S.A.

332 uaamayiiv  lalaslawm  (lactalbumin  hydrolysate 50X) 9InUSEW  Life
Technology, U.S.A.

333 Balaman (yeastolate 50X) 91AUSHN Life Technology, U.S.A.

33.4 WUAMYTU (gentamycin) 1A DIAMIINTBATIN, Yszmelny

33.5 @5 (Fetal bovine serum, FBS) 91AUSHM Life Technology, U.S.A.

336 Wquﬁﬂ Tndona oA 68 (pluronic polyol F-68) 91AUSHN Life Technology,
U.S.A.

3.3.7 NIUUWUVYQ (Trypan blue) 9IAUTEN Sigma, US.A.

338 ImAouTawdadamn (sodium dodesyl sulfate) 91AUTHN Merck, Germany

33.9 Twidouleasonlud (sodium hydroxide) 91NUTEN Merck, Germany

33.10 nin'lalasnassn (hydrochloric acid) 91AU3EN Baker Analyzed, U.S.A.

3.3.11 I%Lﬁﬂﬂﬂﬁﬂ‘liﬁ (sodium chloride) 91M3HN Carlo Frba Reagenti

33.12 70 wWeddud waz 95 wlefidud oA (ethanol) 11N BIAMIYIN NIUATIN
aila, Uszmalneg

33.13 lawnasanenlued (dimethylsulfoxide, DMSQ) INUTEN Amresco, U.S.A.

33.14 uoA-FAADU (L-Cystein) 91NUTEN Fluka, Switzerland

3.3.15 WN1U0A (methanol) IALTEN Merk, Germany

3.3.16 NSADLHAN (acetic acid) NAUTEN Merk, Germany

33.17 d1sazaisladin (colcemid® solution) 9INVTEN Life technology, U.S.A.

33.18 @80y Giemsa’s stain 9UTEN Merk, Germany



33.19
33.20
3.3.21
3322
3323
3.3.24
3.3.25
3.3.26
Canada
3.3.27
3.3.28
3329
Sweden
3.3.30
3331
3382
4333
3.3.34
33.35
3.3.36
3337
3.3.38
2339
3.3.40
3341
3.3.42

50

Tris-HCl 91AUSEN Sigma, Germany

ASAYATA (citric acid) 9INUTEN Baker analyzed, U.S.A.

9 1Asa (sucrose) INUTEN shmansefiasea 39, Yszmalng

U59UWUBA UY (Bromphenol blue) 91AUTEN Fluka, Switzerland

lasnsou ©Bnd 100 (Triton X-100) 1AUSEN Sigma, Germany
Tnfoun1suein (sodium carbonate) MNUIEN Merk, Germany
3;ﬂ3Lﬂi1zﬁﬂ§U1mTﬂiau Bradford dye INUTEN Bio-Rad Laboratory, Canada

Tuﬂtﬁﬁiﬁ‘ﬁuﬁu (bovine serum albumin) 91AUSEN Bio-Rad Laboratory,

LOAA IuVeFU-A (actinomycin-D) NNUTEN Sigma, Germany
GIERERT (glycerol) 9MNUIHN Pharmacia Biotech., Sweden

wou Tudlsunlesdama (ammonium persulfate) NUTUN  Pharmacia Biotech,

wnszmnanlae1liy (tetramethylenediamine) MAVUSHN Sigma, Germany
fi7muea (butanol) MNUSTEN Merk, Germany

Tris-base 91NUTHN Promega Corporation, U.S.A.

Inadu (glycine) MAVSEN Promega Corporation, U.S.A.

Fast blue RR salt 91ALTEN Sigma, Germany

danuulNaseHian (Ol-napthyl acetate) NAVTEN Sigma, Germany
ASANIAN (malic acid) 91INUTEN Sigma, Germany

uunfliFounno 154 (magnesium chloride) MIAVSEM Fuka, Switzerland
Hunlasd winssamia (phenazine methosulphate) NAUTEN Sigma, Germany
uTas ug wwseIxdon (nitro blue tetrazolium) MNUTEN Sigma, Germany
wnse don BURA (tetrazolium MTT) 1AUSHN Sigma, Germany
ﬂgiﬂﬂ'?ﬂﬂ'ﬂﬂmﬂﬂ (glucose-6-phosphate) 1NUTEN Sigma, Germany

AlaAwne ezAtiu lawoaa (nicotinamide adenine diphosphate) 91AUTHN

Sigma, Germany

3.3.43
33.44
Australia
3.345
3.3.46

0% [@Y (acetone) VINVTHN Sharlau Chemie S.A., Spain

ﬂg‘i’l’ﬁﬂﬁﬁ‘laﬁ’ (glutaraldehyde) NAUTEN Asia Pacific Specialty Chemicals Ltd.,

pzadan lud (acrylamide) 9I1NUSEN Amersham International, England

ﬁﬁ-ﬂ%ﬂﬁﬂ‘l‘lﬂﬁ (bis-acrylamide) 91NUSYN Amersham International, England
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3347 Tw@eulelasiumivemn (sodium hydrogen carbonate) INUTEN  Merk,
Germany

3348 Tnuaadounaslsa (potassium chloride) 91AUTEN Merk, Germany
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wvauaeelu 150 ‘luTnsBasveq lysis buffer (0.15M Tris-HCI 7 pH7.1, 46mM Citric acid,
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3.4.8 MInareuRMENTAYBIYDE Ininon1seUANBIARMITY
3.4.8.1 MIWHNNUATNISY Bacillus thuringiensis

manageuiier msRvnnuuaiite 5. dafugesmemsdh Ao Thusicide® {vat.
kurstaki) 910 Thermo Ecotek Corporation (Ontario, LAUIAT), Teknar-HPD® (var. israelensis)
910 Zoecon Canada Inc. (Mississauga. Ontario, HAUIAT), Trident® (var. tenebrionis) 90N
Sandoz Agro Canada Inc. (Mississauga, Ontario, HAUIAT) LAY  blank Farlsznoudae
Thuricide® 911 Thermo Ecotek Corporation ﬁﬁqﬁ'&ﬁ"aﬂ

dmsundnTilsAuveuwaiie B Fufugasmansf uag blank whimsnaaosay
7515¥99  Thomas and Ellar (1983) °‘1§ﬁ§ﬂ1si’fﬂsgﬂﬁ1n1ﬂizQﬂﬁﬁlﬂu Charpentier et al.
(1995) Tamhwdneesves B 1S 05 fHadaas wldlu 45 Haddasves incomplete
medium WAUAN 0.5M Na,CO, (pH10.5) asly) 5 daddas smfuni Uiy Bieamgd 37
perpaied dunm 24 $alue wdnhumSuanmanuiiunsa-ae Widwhiy 7 Taold
IN HCI mmfuﬁﬂﬂﬁmﬁmum%mﬁ 12,000 seudewIf Wunm 30 wiit figangd 4
perusadon 1dnhdees supematent lUnTesdMLAUNTRIENSVIIA 045 luTaswas
msansenlTunm lusduilaoldgadnseiuSumlysAuves  BioRad  (Bio-Rad
Laboratories. Mississauga. Ontario, #tA197) 19814 bovine serum albumin uanasgu uag
wimsmdSuiullsAulaedl Bradford (Bradford. 1976) (33msansizviaglunianun)

lunsmageumMsaUauBYBITATABmsRvewmuAfiGy B, hlavgnadiisedy
ANUNULY 35,000 WadAelaaaAT aslumannzdasad 96 nau ITavldansazae
wadiBaumIiuganamquae 150 luTastas nnuldmsazaensivveuwaiise
fszdunnuBenad q dud 12 i 1/1024 luSmamquaz 50 Tulasas fiszdu
ANUIDNAY 8 naqu UM 3 ﬁff’l wdadana cytopathic effect (CPE) mmwaﬁﬁ 24, 48
waz 72 $alus anddy udanhlumier Tissue Culture Toxicity Dose (TCTD,,)

3.482 M3AY destruxins 9NOT) Metarrhizium anisopliae

Ynaden M anisopliae W11 2 Vaaniu wazawluezdlaudsuin 29 Jadans
Ry incomplete medium a91U8n 10 Taddas wudnilinsesrunszaunsaauia
045 Tulaswas  wdnhlinegeunisaevaussveausad lavinuswnzauetheewsiuly
mMyuznzEsawad 96 QU Tasmsmageuiisdunamidensvesmsivnnidestszsy
A 9 Sudftszduanufens 12 s V1024 amddy szauanuieeay 4 QU
S 3 g1 Teovmalgnmadissduaaummiy 35,000 addedadans acluusas

¥ i v
ngua az 150 lulasdas nniulnhasazawasizveudoriszauanuitesnan q ld
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adluudazngu 9 oz 50 Tulastas udaduna cytopathic effect (CPE) vodiadn 72 42 1u9
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E4 ]
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9
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Wuoen uaqldemamizifsasadnilszAuaUITe9NYBIMSNYNNYDS M. anisopliae T
E »
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Al 41 udasdnumeglinvesndundiunsn (explany iy 107 Hu

n. nquwadGuusnTTigU Ndnyazan q fu (hidaves 100 W)
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L ﬂ‘ A L 1 L] L
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Al 42 ueresdnpagjinveswad larl KMITL-HA-E1 Wiateredi 2

n. wad lavery 22 u HgUinuuunszain (fibroblast-like cells) ($1d9ve18 200
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v. wodladey 22 Yu  guivdmingiiiuuuunssady  (fibroblast-like cells)
(fdaveny 400 i)
A, ad Taiong 73U iwaddIngiliglitenaw (epithelial-like cells) (f1Asvens
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A, wad lado1y 7 Ju wuwadduIngjligiienan (epithelial-like cells) (f189

Yoo 200 W)
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4.4 MInnzy ol

1nmsinsed 1o Taladdaemai lutevdluasavadumasnveseulsd 3 wila
1AuA esterase (EST), malate dehydrogenase (MDH) L% glucose-6-phosphate dehydrogenase
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18910 Spodoptera exigua, 1588 lar] AFKM-ON-H #1890 Ostrinia nubilalis uazioite Y
Fmuouszezi 3 vemueunzauethvoniiu  (ame 47)  wuhgduoylelxludves
wodlasl KMITL-HA-EL Suflumadlmisialnifiodnld e lvbendlumisazas
Fumasnvououlay  EST  azfigtunylellwifadetuguuyle Ty luiveuiiodenn
Amusuinzauerhsems fuuazivad lal HA-831  udvelinauanarenugiuun o Tyl
vouwad lol SE-1 waziwad lowd AFKM-ON-H aaugdunnle Talafvoamad lard kMITL-
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