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UNANED

fyvangqdaiinalnlunislesiudesainuuasdng lnenisadnaisnis il (secondary
metabolite) Fsansanaliinasenisymiiniisnsguesssuvaissineluwias uenaninuitansly
ﬂdmﬁiuU’]ﬂﬁ?ﬁIﬂNﬁ%’NWNLﬂﬁ LLazﬂﬁaaﬂqméﬁﬂﬁwaﬂﬁaﬁuaaﬁuugilué (phytojuvenoid) 21n1S
naaedlvisesluu phytojuvenoid fiadnldainuninges (Lantana camera) Tuu3anas 0.1 0.5 1.0 5.0
10.0 50.0 wag 100.0 lulasn3uuvueudels (Omphisa fuscidentalis) lussoglapzwea nuimnns
naassdualunismienilifimusulasunvassuiadngssozdnudlagenitluyamuauegisdl
dod1Aey (P<0.05) lng phytojuvenoid Usnial 0.5 iuiﬂiﬂ%'ﬂﬁﬂiz?mﬁmwﬁaﬁqm \fiosarnaunse
il imusuAnmsudsuulassuhatigszesdnudlaluiui 14 wagdmueudrdnuiasu 100
Wesifurnelu 44 Su Bu Ofkr-h1 Uszneuluse 1,050 Saedlelng Sawlaswasenundulusiuiil
AuEs 350 nsmezily Wethdsunsaezilures Ofkr-h1 WUifleufu Kr-hl vesuuassinduq ludiiu
Lepidoptera wuinilwesidunminumilou (Identity) iU Amyelois transitella Kr-h1 (85.8%) mﬂﬁq@
s0989uLALLN Helicoverpa armigera Kr-h1 (84.8%) Bombyx mori Kr-h1 (82.5%) wag Papilio xuthus
Kr-h1 (80.6%) auddiu Bu Ofkr-h1 wansoengefignluanss uaziilednwifesziunisuanioonues
Ofkr-h1mRNA luasesluszninesnisiaiey nuindssfunisuansesngefigalutiausnvesszeglaeyned
1nduanaslugaslaesnea uasifingedulusrosdnud dmsunisinuinases methoprene uas
ohytojuvenoid flan15¥nyinisuantoenvasiu Ofkr-hl uandliiiuin sedluuiasriinauisa
wiTle1IN15uanIeeNYaY Ofkr-h1 MRNA IalugUuuuieafiu nd1ke sedU Ofkr-hl mMRNA AgAay?
dugetunendsnntisesluy wdufinduisszdugeiigalussoednug mnnsAnviadaluandiifiudn
a15ain phytojuvenoid MNKNINTBY aXnsadUlEluNIAIVANNTTAS Y VBIUNAIHIY OfK-h1 MRNA
Tuidtnisvinnuvessesluugiludld aasnauaiusaimuinislddy okrh1 Wdududmungluns
AuALLasdmsuNsIansAngiivlagBraunauluanmuUasseld

AE" Uzy,: bamboo borer, juvenile hormone analog, phytojuvenoid, Kr-h1, L. camera
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ABSTRACT

Many plants defend themselves against insect herbivory by way of the production of
secondary metabolites which interfere with insect physiological functions. These may include
compounds which mimic juvenile hormones (JHs) and may interfere with their biosynthesis. In
this study, Topical application of phytojuvenoid extracted from Lantana camera at dose of 0.1,
0.5, 1.0, 5.0, 10.0, 50.0 and 100.0 png were evaluated against Omphisa fuscidentalis diapausing-
larvae. Percent pupation and the day of pupation were recorded. The results showed all dose
induced pupation in this insects and were significantly different than those of control group (P
<0.05) especially in 0.5 ug of extract showed high efficiency by induced pupation at day 14 after
application and reached 100% of pupation within 44 days. We also cloned and sequenced
Omphisa Krippel-homolog 1 (OfKr-h1). The full sequence of OfKr-hl is comprised of 1,050
nucleotides in length encoding 305 amino acids. The deduced protein sequence of OfKr-hl
showed high homology with lepidopteran, Amyelois transitella Kr-h1 (85.8%), Helicoverpa
armigera Kr-h1 (84.8%), Bombyx mori Kr-h1 (82.5%) and Papilio xuthus Kr-h1 (80.6%). The OfKr-
h1 was expressed mainly in the brain. OfKr-h1 transcripts in the brain showed the maximum in
early diapause, followed by the significant decreased to low level when the larvae entered
diapause in October. Expression then remained low until March, after which expression
dramatically increased in the papal stage. Both juvenile hormone analog (JHA), methoprene,
phytojuvenoid exhibited a similar stimulatory pattern in OfKr-h1 expression of diapausing larvae.
OfKr-h1 mRNA levels gradually increased after hormone application and showed a peak of gene
expression in the pupal stage. These preliminary study may help us to provide the possibility
for searching new chemical means in natural product e.g. phytojuvenoid extracted from L.
camera to control insects by interrupting its development. Therefore, this work will not only
deepen our understanding of the functions of OfKr-h1 in the JH-signaling pathway in the
molecular level, but also make it possible to use OfKr-h1 as a new target gene for integrated

pest management in the field.

Keywords: bamboo borer, juvenile hormone analog, phytojuvenoid, Kr-h1, L. camera
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1.1 aAnuddyuaziunvasim

ga3luugilud (Juvenile hormone; JH) Tuwuasdaluaislungu wamimoeniuoua
(sesquiterpeniod) é’ﬁmiwﬁmmﬂﬁiammmLé‘ﬂﬁ@g}é’wuﬁwaamaﬁﬁL'%aﬂdw soumald daafy
(corpus allatum gland) (Dewick, 2009) lagl JH fuv‘i'mﬁﬂﬁmu@:uﬂizmumimda%‘sz%mmemﬂ
VYBIUUAY LU WYFNTIU N15WNN19LAT8Y (diapause) waz n15vangy (polyphenism) Ineluszezda
seuvoskLasIluty JH szauanlliuasimundududuislaenisaavnunisiantoanvosu
e iAeatosiunsasy dudududnte JH musunsasyYeszuUdURUS anmsAnu LN
WuIALnslY JH d1asizet 1u winuiu (methoprene) wag twsluslaimu (pyriproxyfen) u1ldg
Tunismiuauuuasdngratssila Uindra et al, 2013) naununisidarsiadidauuas 3adama
Hrafeseuyud wavdsundey

Tusyiumadiu nui JH avvhoususuiulusiunarsgsiln Wsiu afuida leludon wnils
(Krtippel homolog 1 (Kr-h1)) Lfluiﬂﬁauﬁv‘imﬂwﬁiumimuqummamaaﬂmaﬁu (transcription
factor) fiflunasnnisdarulag JH lnonisuanteonvesBy Kr-hi %ag}'maﬁlé’fmimﬁmﬁwaa JH
uenanianuin Bu Kr-h1 Tumdsnselandiinia (Min-na et al., 2014) fduddylunisemugy
nsiaiuestn wazszuvdviuslusrezduiute anssauidediunlifigaiudiin k-hi
anunseiannlnduluanadmnelunsiossuniunsvinues JH luuuasdngle

fnareia dnalnlunisdesiumiesanuuasdng lngnisasraansniegil (secondary
metabolite) G?famsé’qﬂmﬂﬂﬁwaﬁiamsﬁmﬁﬁﬁﬁmﬂmaaizuua%‘sﬁwaﬂml,maﬂ (Chaitanya et al.,
2012) wenanimui arslunguilluusaillassadamanad wagniseengvisfiedeadefusasluug
Fud lramsadildsunutuneunsdaased JH luwuadld 91nnsfnvinavesnIsnenans
afnAdne JH anfvludinazaiefiuunzan (phytojuvenoid) fiauuas nuininnswasuulas
voslushu ladu anslulawmsn wazla@u (Gopakumar et al., 1977; Slama, 1979; Ajami and
Riddiford, 1973, Grenir and Grenir, 1983; Khyade et al., 2002)

Nn1N594 (Lantana camera L.) aduSaiiafinszaresailuieusnanoniouty wazanis
Youiu (lvens et al., 1978) maamummﬂi@aﬁaﬁwﬁﬂmﬂgﬂLﬁulﬂﬂizéﬁ’u (Ghizalberti, 2000)
Khyade et al. (2011) las1eauitaunsaainasadng JH andruudenvudinuveiuninges lag
dletnlunaaeunenasluusnniundmemueulvy (Bombyx mon) wuitSunalafuiiianiave
uuAIanaY uenandtaisenunsfnuiesdussneunanil auautinisdesiugadn wasilsle
v99a1seongnindnuantindis JH luwninses Ingnuin arsuszneudingtn eglungu
sesquiterpenoid W gyau (humulene) way Fa-LasloNadu (cis-cartyophyllene) Snataded
N13ANEININATDY phytojuvenoid MﬂﬁmmuLLmaQﬁ'mgiiQLﬁumaw%ﬁm (Zandi-Sohani et al.,
2012, Mohamed and abdelgaleil, 2008, Zoubiri and Baaliouamer, 2011) %dﬁm’lmﬁulﬂiéfﬁ%
denldarsaia phytojuveniod 31nuninsaslunisimunduarsddgyluaivaudnsiialneds
NelneaU (Integrated Pest Management : IPM)
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msewdoli 3o Snfeniudenit vueusamu iussesfmuewvesiidienaiiu Afidens
Aneenansin Omphisa fuscidentalis nusuidalidaifu holometabolous insect 715wy u
wrun1siasglusuuanysal (complete metamorphosis) Usznauluseszagla davuou dnud
waziLAnde reT3nuiuuszanu 1 Y (Singtripop et al., 1999) 'ﬁwzﬁmuﬁqﬂmﬁim Ao Sreya
wuey Bunszeviin a15%a- lnozwed (arval diapause) wuovluszeziaylifiuemsuaviidns
Nnueddusn eeslsfnumuindimueuansawdsududnudld Wedadmusudie 20E Tag
svpznandildlunsdadnud %uagjﬁ’uwsmﬁ'fu%wumaaﬂmu uenNiSInUIINITen JH dunsed
%iln w3y (methoprene) asuusnueuszeglaoswed awsatnihliiueuasudusnug
¥iduiy (Singtripop et al., 2000) wlasUndudnsireesluusinilusyerfusuvosasiln
du aviliFusuianisaenasufuimueudnads uderliinisesyivinfiewdouudas
sUsaludnug vise fdute wanslimiiui JH dauddgedrsunnlunisaivaunisasylusses
fuauvesueubels

MnuaRafindnduiy shlmAauuAsuesnsRananfaeiNss I ATAMEuTR
Aane JH ‘Lumi'ﬁ'%L“fﬁJumimuaumsLﬁ@Lauimﬁuaumaa (insect growth regulators) 48
madenlmilunsmuauuuasdngnaununmsldasieddnameyt imseasmai Tiuathadesde
AdiTieuiindugeh andamutaadeniuiuniy uarlidegrdnnndudauinden F3zsanani
Iadunldluntsauauuaasdaguadtudagiu Tnenuin JHA agludnvinansviauvesssuudssam
wazdeulfviolunuas dwmaliiAnnnsiaiyfiiaunily sunseiaiflissosfavusuneluluiige
(Slama and William, 1965) ag1elsAnu deldnwunisAnuifsnaves phytojuveniod fafmann
NNNTBIRDNNTHTS Ve MUELTD NI

suitelunded Seflauaulafies@nuinaves phytojuveniod flafnainuninsessanis
wigvewmuswiold anduszinisfnufiwaves a1satafindn way methoprene sants
LAnIRBNYBIEY Kr-h! Maandu Anwideguuuunsuanteenvesdufinailuseninenisiasyves
vuewdoln ammmﬁmmmﬂumﬂﬂjmiaﬂm phytojuvenoid 11nKNNTBS TunsmuANn1saTeY
vesvuaudeld dunsasainsyiunsuanseenvesdu Krhl Juavausassuienalnnisiie
LAZNITATUANNITAS YUakuaslay JH H1ulushu Kr-ht L mamlmmﬂmm%mqu%L‘Uuﬂuazﬂa
ﬁugméﬁzﬁumsﬁmm phytojuvenoid Mnxmnsesifieidumsmunuuiasdnsyiinduy naenau
anunsaldruoudeoliluiuuuuvesnisinyinavesarsatnuindus luuuasdudu Lepidoptera
ueninileluanuuenluengu (Manduca sexta) wazwuoula (Bombyx mori) Aiflfanlafinuiiiu
atraunsnareludasuine uidedeziilinisdneiTenisdeuldveinervesuuas (Insect
endocrinology) Tulsznalnadufiveusulussduana

1.2 IngUszaiAvalasams
1.2.1 diefinwinaves phytojuvenoid fiafnanuninsessenisiasyvemusudels
1.2.2 Lﬁaﬁﬂwmmé’ﬂwmLawwmﬂmaqa LaYNITUANIDDNURIEU Kr-h1 TusenInen1sasey
vomuaudeli
1.2.3 iefnwinaves JHAs Taun methoprene Lay phytojuvenoid AN15LEAIDDNYDIBU
Kr-h1 Tuszminesnsiasauesueudels
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2.1 Fugninervamusudol

muawdoliiduszorfmuouvesiidonarsiu feineneansie Omphisa fuscidentalis
Hampson dneelulad Pyralidae §usiu Lepidoptera inmsanwidnuazlagilivesueudels
WU dnwazivueuidunuy eruciform laefidiuimiasyd AUrnwuuiniu (chewing type) i
A (antennae) dusnn 14 diutseenduiomn 13 Udes dauenil 3 Udes dauvies 10 Udea
UdpsenusazUaedilvnass (true leg) Udnsay 1 A diuviien (proleg) qenufidrntiosUdesdi 6 7 8
9 uay 10 Udesar 1 ¢ lasrniioudnsainenaisde dndunideuinniuasassuaeudngvoibing
S 1380 crochets Maiuesiianvazluvensieninaond wiadumaiuemsdiuiu
(foregut) @1unany (midgut) wagdiuving (hindgut) L‘“TJmaaﬂ'cjjnwuaﬂﬁﬂa”aqﬁwqmaqﬁwﬁa SEUU
melausenauigniaainie (trachea) uar3niela (spiracle) sruuvyuIsulaiawuing dorsal
blood vessel agyfanatsfuuuvesdIfii diuszuulszamilanes 1 g egudnudiui wazdl
duuszamegmafanansiuasmasnm L a (3ian, 2539)

2.2 29IAATNITANTIVINVBIVIUDULED LA
nusulolioduegneludulinasnszuzinainisiludmueu (e 1) Winuandnis
WiiulavesrueuBoliogniely wu leius Tigne livn Wudu wudnfinnsunsnszaneuiniign

o
a =]

Usunamiensuuuveslsemalnelaun damdauiu a1 S Weslnd uldesasy uag
Feoese uenanifmulilussmelndifos wu Ussmenadn Usseinaan Usenaiu wazUszine
ALY Lﬁaamﬂu%LamﬁqﬂéfnﬁamwﬁuﬁLLazé’ﬂwszﬁmmm?‘iﬂé’wmﬁaffu Tnedadudfayfifing
sonnssuaiuoiferesueubelide fonduuinuifanutuuasfvmadduluutasdge
amareutiaudy Uilidesdiaumuuiuneaumsuazdsuaunnnsgnueudeliduuuail
gauuas Maudnvazveddzdoduliiififonuuariidesinaielulugneauns msenuou
odiuRwdeliiluoms v, 2535) annsfinunueubelililunareiiui Feiliddeson
uansnafuoonly wu auiudodunamiednlvgiFon uinieuny visnguiden udvdoddlil
dreiFen anluda newvidsaiFen AduAdy winGon 211 dawduseiFen gue (Ingsd, 2538)

i 1 sansuaudelannunelunszusnldli (i : Aindssa, 2554)



MnnsAnysTinvesueudeld (nMndl 2) nuifidedudisaznalsdrnguiiviinulau
yuiplufilnaiufuudiuszana 10-15 Yu Jsanansanvlaludrsfuifieudoman szegldldina
Uszanas 4-6 Tu Jeiladusvueuudigmiuaznzguislilidugifieiiilvendoegnielu Udes
11l dnwauzliflsifgnuuesudafuilodunaannsusnaznuivassenazinuaziiuldeg ey
sudradosiidng suastieliormaniemuazidunisesnvesdniuie fnueuaziinig
wigiulanelunszuenlsiliuazegiudundulasaz fnudevosliflifiyegnelulueims
iwdwﬁuuauw‘%m@dmLLazw%amﬁ'uﬁ?uéfuiciﬁqﬁuL‘%@&Jﬂ NUDUILNIN UL NEATENI VDA
wasuietmiudoliduluiden mssvusuariuansdoldiidisourinty dlnamueuasiu
vinnilauufesteuFesluaudnatsudes udsaniidmuoudneiuluegudesdundraenuinias
Fudednvuzmiiounoni dhnafnrognuntiwesdes uenandudinvesliflinglutdosay
Wasududthmadueendiung wnssluandnunsmeluresdosilifivueuendeogosaday
TulsidwisgnumusuoidvogUssun 100-250 6 Tnesozdmusuildinaiuiuyssan 280-304
fu vidoUszana 9 ou pniudssdndssasdnug (ol 3) Tnsaenulddaustadioutueneuly
JuiiUanefoungunAuveslinly

Sosmususigpiulafufindiavindeudioriugsznidesiineany Bluneuusnasneg
suiilndudosudsiiagduluseuusniiosoddnudlutdosiu dlussriiisadrinudsn
puoulrmrfuaiadonuiiimadousouuinaiisunduiuey iotlestunissuniuaindng
595UV 19U 1A drugingaszvineUdesiazgnlalfifletdosdiudngivuiu lusisateiiou
ngunAuLeuazaidle AT ILIAEN LI NIANLLLAT TR UABI N Favuauasisy
veuiaslaslidiuringvesadignfniuntdiresldesldliseduledenaduaimessasnasiu
nanendiusnud Inesnudasdiimaseuluszezusnuazaes Wutulunasoun ssozdnudldina
Uszanad 30-40 Fu Fsaznulutiafouiiguisuiisningiay msuvausesinudivsslovilunng
sonidusiiue TnsendoussiagavedantislunsasnastuiasmalnudirarusenangiisSesl’
dmsuiduisanmsonuldlutsiuieudonay fadutsiivislideurdunentu wifideis
ywogslaldely FustuisvesmouBoliduiiionarfuauiadn Tahaaduish Snvasdy
AovmeTngninilsendniduduldsdmamsadiuldogistaau (1md 3) vuinadonistnudn
aziale 30-60 NadnAs ﬁuagﬁ’mwm Tnedudefvuinltngningal ssesdufuieldiaaniies 15-20
Fuwiidu



30-40 days 15-20 days
r:.' . / .'S‘
Adult™
(Early August)
Egg (September)
Pupa (June) l o
A : Sep
1* instar (September)
Larval diapause
~ @
5% instar

(September-May)
A 2 LAn99TInveILa LD LA
1w : AW, 2549)

AT 3 LARISN UL ANLALASAILALI BV UL LA
(An : Awas5eu, 2554)

2.3 gasluuuasnsiufsuuUaguinevauuas

2.3.1 gasluuanlalau (ecdysone, Ec)

gosluniealalaugnAunulunsausnaindnudves 8. mori lnenuindawmesesd 2 luanand
AU ulaz dunumlunistndiliianisasnasiulauagliiedn “a-ecdysone” way “p-
ecdysone” (Butenand and Karlson, 1954) seunlaannuengasluusenuiannuuadla Ae o-

= S ! « 9 [d = & ' a a v
ecdysone @alutlagiuizenit “woalalon” WWugasluunvaunandeulusnousndn lagunfiud,
walalouaregluaninies (inactive) ¥38138n31 “prohormone” eaunsaiudeulegluaning
v ° . & a & oA @ & ) P

n¥ouagyingu (active form) Ao 20-lansendionlalaudafioindugesluuasnasiudusniinuly
wuaadudiuann (Gilbert, 1989)



gosluuonlalvuifusesluuiidniudenisaiyuaznisiuasundasgusisvesuaas
Tneflunumdrdnlunisnszfuisaddinesiia (epidermis) imdsansiAadostunisaonasuves
wuatuazanslaiu (chitin) Sadusaduseneundnvesdifidariliwaddfimesiialinisasywas
wisfofiudiuend uenanideesluuealalsuddsmanszdunshaurenouleifiisites
funismuaunsetyiulnvesualasdinafon ST LN TILNUBATI NsdenusDTEITd U
F1301@87M1 (regeneration) warnsiasuuUasddfueauuasdneie udunumiiddnfianiae
nsnseduliliasinnsaenas v (aus, 2535) 3nmsanymuingesiau 20E awnsatndilivueu
olsiAinmsdsuulanirgsrordnudiounamusssundld nswasundasdngszoginusiay
Swiedtusgiuuinuaududuressesluu 208 Alud fvuou Ssosluunnuidudugaasiii
TinusuiAnnisiasuudaadigszozanudldisininguilisesluuanuiduduii dednvuzves
snuditldannsautanunisudsunUasiimaadd Tussey GO Fudasdidvnunfuasivuouas
ngansiadeulym seer G1 aziFuiiugaddunszaenudd stey G2 Advnasdsududduin
§15h uazszey G3 fdfezdewlu Mmfdedina audu (Singtripop et al., 2002)

2.3.2 gasluulusnausadnlalnsia (prothoracicotropic hormone, PTTH)

fvtfirrugunisuavenlaamesesd (ecdysteroid) Wugosluudusniigniunuly

wuas waziduinlsdninedsesluuiusniigndunuludnidng unumvesseslundgnéunulng
Kopec (1917) 9nansvhmauenuiavistiiomanunzianzvossesluuionvueulusguuasvuou
v (Bombyx mori) wuigesluuiil 2 wesuie Waﬁmﬁﬁimaqaimgﬁaﬂ’h big PTTH waznasudid
uEn3end1 small PTTH tnenesufifivumdniildanmueuluuasiiondt bombyxin daduln
Awlndiadofudugduludnifinssgndu-vas (insulin like growth factor) (§1slae fiwasns, 2555)

2.3.3 aaﬁuug%‘l‘ua‘ (juvenile hormone, JH)

gosluugiludfusesluuinvuinluomidnsdnifanun dunumdidydenis

Wasuulasgusnuaymsadyiauivesuuas msduiug nisuenissazluuiasdsnu n1sniuau
nginssu nsegifulaladvesis anumaingulumanmissouuasdnuau nsnuaunain larval
diapause ag adult diapause N3d1ATIEY vitellogenin N154A3YNMUIVBILY WALNITAIUANLY
unueATaImany a81e sosluugiludazndsnandounsives saam Tudl 1956 Williams 1Huay
wsnflanunsaatasesluugiludldandurodlussesdusutovesiidedndmag (Hyalophora
cecropia) waziilovansasaiildudadilulussesdnug lddnusiinnisasnasuluidusnug
szeziiand (second pupae) wnufiarnanesdusaiiuTe lassaframaniiveseasluuyiludlaiinig
Aunulae Roller et al. (1967) Fedmduarsusenauuszinn sesquiterpenoid fdsuu1an
fameseric acid il epoxide group 7iduUate waz methyl ester 98ANINU NMENAILANNITAUNYI
sosluugiludlusssumiiivanevosy Ssilassaiomanaiiviloufufouiommn wiuanmsiuany
ethyl side chain a3luugludi Roller Aunudutiagiiuiide JH1 (C18H) waznioudanudn 4
Tolevasy syudu 5 Telawasy (@199niinissey, 2554)

gosluugiluddunsevidesesluugiludiignldluriesujiinns esansosluugi-ludly
sssumilifinnunmusiegumniiviosuazuadld aimsdunsesiansfitinuantfndiososluugilud

¢

Fuunln InggesluugiludduassidusniignAunufie juvabione diugesluugiluadunsieni



[

Houldd 3 Wesu laun (1) Kinoprene iﬁﬂﬂuiu%a Enstar (ZR777), (2) methoprene 331

[y

Alrosid (ZR515) wag (3) hydroprene iﬁfﬂﬂuiu%a ZR512 (Nijhout, 1994)
degesluugiludlivsinagiludluduiesilidinssnuusednvazvesnisiduddouel]

[y

Aulute

LdliaswduduinTe wideszaugesluuludluduiandasasnszduliminnisdigssesdnug
wazdngesluugiludnualufsznssiuliidigssezduiule (@nan, 2536) (§lay inassa, 2549)
31nn1sAnyinavessasluugiludlunuewgslinudn nslvisesluugiluddunsien

Y

uAnueudoliszerlnoznedluliinaiivngauaunsadnilivmeudeliiinnsdsuulaadng
szordnudld Tasauanunsalunisimirdastuegfuuimnumuduturessesluuifliloongui
susesluuuiinngnsldinalunaddsssdnudiSaninguiildsuseslunluliinas venaind
famuisesluugiludausanssduliviinusesluuenlalsuludluduiviugedu Sedwmaliuey
Felriingsrozdnudld Tnsdaunpanmaisuulawesdindu Sinadesninisaiuimida
YaIRANLA (pupal cuticle) nanslFnLABESANYTal (complete pupa) delwsesluululzunad

Wilngau (Singtripop et al., 2002)

2.4 lpazwadluwuag

lnozwea Wuszezinmsadyinuluunamansvin weusuiilegsenluanneilyl
winnzau (Delinger, 1985) 1@833szﬁLLmawwqmﬁamsmmm vassameiieldmdsauiiazan sl
toviiandainarilrisnsnumuedduansasluse lnevweatieg 2 wuuldud seudinves laszwea
(obligatory diapause) L“fJuﬂ’]iVQ\lJﬂéf’JLLUUﬁlﬂéf“ﬁuaE_LJ:ﬁUﬂ’]iLiJgEJuLLUaQ“UEN?\‘iLL’méjEm Tnedadeiis
unumddnylunisauaunsinglusUuuuiliud nssutus druaninuandeuasiiunumiAedu
AYINENIUIUTRINITRN dmsunisinadslusuuiigenionin uiadamiin lnesnea (facultative
diapause) lagilunisindaignnssfuannanzwindeudilivangay 1wy mnudusmvssisuas
(photoperiod) ANLTuveI0INA dnnazyalaTunIs wavgamnifigavizesauiuly

ﬂ’]il,%’wgimiﬁﬂé‘fwaqLLmaﬂuiz&Jzéffmuamfu wudnAeafesiuseduves JH ms1zann
n13@nw1lu southem corn borer (Diatraea grandiosella) 1a e Yin and Chippendale (1979)
e ludlufuivesiivususvetlaogneoa agnsiany JH TuyuSuiuaa Singtripop et al. (1999)
Igvhnnsfnsnisiasayuazsreglnesnedlunuoudell wui szezveinisiia larval diapause lu
yuoudeliazuruuszin 9 Wou Feanansanuldluvueuyniu uasifsluszozgnanilndidsstunn
3 Iﬂwuau@ialmzGf:uLSﬁﬂ,ﬂazwaawé’ammﬁﬁmm’%agLﬁuﬁmuau%uzjﬂﬁw (Buaniil 5) wazoy
Turaanvinevesssen1siue1s (feeding period) Fandaninidtlassnea vueuideliazvgaiu

(%
=

9113 JsfeFrueuiinsaiyAulafuiug uiddliinsasuuvaningszozdaly Tuszesil
aududuvevenlaanesesdludluduivewuewdeliazan (Singtripop et al., 2002) F1814
Bululin ansialneznealunueudelr enafiauduiusiuliunawes JH Inilivueudelieg
luszeriidunaiuniuud 9 ey

foN1Asdinsfinundsunuinues JHA (methoprene) don1sAuanvesszeylnoznaalumuou
Falsl wuirn sl methoprene Usunausiaust 0.05 lulasndusied nadninlilimuewioluid
fnudld Tnedaunaldainnisasuwlasduasifdasendusefudsneg Lﬁ@ﬁﬂﬂﬁiﬁhﬁﬂ@jﬁﬂwmz
Tassadenslunuit efezaslufndnuazvessnudiu uenaninisli methoprene winuewd



HRALeNELDI00n WuItaNasatninlinueudeliisnualailuiy Jeladin1s@neniudunuin
methoprene azlunszAulvmaulusnusadalviinisasisuasassesluuenlalouiiudu wagyinli
seeglnognoaalunueuboliduanas (Singtripop et al., 2000)

2.4 anudunusszuingasiuuenalalyunaraaslaugilualunisaruaunisilasundasgusi
VBIUUAY
mMadsunUasgusnvesdadl@iadumnnisalddydmnsunsasgdulaludnd wunsludad

o
' (%
o v =

finszgndunds uazdmifilifinsgnaunds Fsnalnmanilduudusrgneruaslassesluuaindesls
viviedu dwmivluuadadudnilifnszgndundeliseluudusmuaunalnninudsuslasguins
wuiu Tnedissnunisinviunuineessesluilunsmugunsdsuuasgusislutasmassia
yusvlugnguindunuasiinswdsuudasgussuvvanysal msdnwnisiesadulslunuouly
818U (Manduca sexta) Iaw Nijhout (1999) wuiilszfuvessesluugiludlusluduianasieudias
Annsaenasiurasiavuey Mntuazinisdsesluulumeusadalalnsannuadialdaives
(neurosecretory cells) luauas lnggasluulusnansadalalnsUaaslunsegudoulusnouwsadalid
nsvdssesluuenlalrusaninnszduliinueuinnisaenasuiaidngvuoutudall videidans
aonanuitnginue uazilesesluugiluddszduiinunniemellagilidnusidngsyosdudinse
nmsanulunuevlu 6. mor) wulufvueudud 1 fsesluugiludegludluduives
fhvueuguiielisumednsanimmadusmuouegls udiilesesluugiludandias  uazsesluy
20-lansondionlaleuiingstu Snalunsedulivuouiansasnasiu dedhdiaasvesszerin
susu wuheesluugiludansiasogien dldsmueutuduinisefondufioddeeorinug Tu
sreriioasnnevemusuaziinaneuaussiosesluy 20-lensendionlalyy osandeundiius
iinvidseesluu 20-lonsenfionlalsuasnin wifgneesluugiludiusudslilivoulummousnin
yhau udislesesluugiludlisunismevaussandevaiisluudiusutiosas agsihlisesluu 20-len
sendionalaleuaninsaviauviendsesninaindenlusmousadald silismusuinnsidganud

dleaenasiungiifuionds nuingesluugiludnualuanduuaud (Sakurai et al, 1998)

2.5 UNUMYa3 Kriippel homolog 1 (Kr-h1) Tun1satuaNn1saSgyvasuas

Kr-h1 Wulusfuiiilassaduadeinfefiinansndensd (zinc-finger) wiin CH, Tsfiu
wilndrunuadausnluuiamd (Pecasse et al,, 2000; Beck et al., 2004) Tnglukuaawisu Krht §
nanglelavesy Inslolenady Krhl B sznunisuanseenluwaduszavlusewinanisiaSydusu
Imaﬁmmﬁﬁ@uﬂmﬁmuazmuqumiv‘mm%ﬁuﬁLﬁlmsﬁaqﬁ’umiﬁwmu%waﬁuu 20-E (Beck
et al., 2004) 13U Kr-hl o Wulelevesumdniinulusuaswilnd lnsvzuanseonlutisiuveinis
Wasuulasgusins wazdimnudndusonszurunsidsundassudlsiauysal uanaNtl Kr-hl o 8
Retesiuiinsmuaunisialyvesuuasiugeslay 20-E (Pecasse et al., 2000)

91NN15ANYINTINUYES Kr-h1 wudgnauaslag JH luszuinanisia3yveuua’
uonaniinsuansesniiinuniluves Krhl dwalfiinauiadndfiianuuadldsu JHA Tu
sgrnaduniaasuilassusng uenanddmud Keh o aunsagnnszdulifimauanseantdlng
JHA dwidueuddsluseaudsdy Wdnmaaeauasfigaiudrin kehl shaoulueadlasduiads



o

dryaauwed JH Igalusiudsudyan (signaling molecules) fdusluwaduuas dsaliiinns

A7)
1%
Y

EJUE“J’aLLmaﬂiuizﬂzﬁwuaﬂﬂﬁLﬁmmnﬂﬁammmgﬂiw (Minakuchi et al., 2008, Minakuchi et al.,
2009)

uaNN# Kayukawa et al. (2012) Ssfnuniannusnunsianemsluanavesdu kr-h1 Ty B
mori Wngnuin da1suiandlelng (F1uin 141 gluaegusiaunauunievegy Krhl Ussuin
2000 Avua) fiamnsaduiu JH UH response element; JHRE) 18 (0l 4) naenauldiauanalnlu
seduadues JH Tun1smuauNsuARIenYes Kr-hl Weflazduduuadlussezdmueulaliiie
mswAsuLasgUssldiduszerdnud (ami 5)

Min-na et al. (2014) Anwinislaaudunasunumwiniivesdu K-h1 Tun1sarugunisiaie
veandensylandiinia (Vilaparvata lugens) wiewaunlidusiatidund duudmunevesns
WAIUIAIAIUALLNAIIUNTITTAVINNITYINNUVEY JH Naununsigasiadl lnenuinBudananddl
PN 1,833 gua Auanseenundulusiuiitinsnozily 611 6 Tnsaneluluanaveslusiu wu
zinc finger 8 ALY N1THAAIDBNTDITUNUINITUANIBONARDANTITLATYVBILUAY LAENUTEAUNTT
uansoanvesdugeianluszozinseuiilony 4 u eghslsfnunilofnufinsnanisuanioonvesdu
Tnewadia RNAI Tugufiute wuduuasdidngg uasdnumzvasetorduiuineuanvesisaosined
AuRaUNR (Nl 6) annsAnwiaseiluanddiiiiuindu Krh1 Wendestunisiesyvesdnuay
svvvdviuglussesdusnfovesuuas e liusdedannsadududmunevesnisiauias
AuRuiaselUluawA
2165 _-2025 i Kr-h1 gene

j@ ____________ jC

e e
)‘ e
_——
———

-2'165 CAAGTGTGGGGAGACGGCGAGAGGAGTTGAGTCTACGCAC
-2125 GCGCTCTGTTGTTGAGAGTTCACACGCGCGCTTCGAAACC
-2085 GCGGTGGGCCTCCACGTGTCGAACGCTACCGCTTGCCCCA
-2045 CCCCATCTCCTTCACACCGCA

. indispensable DNA sequence for JH response (E-box: CACGTG)
Blue :important DNA sequence for JH response

Black : necessary DNA sequence for maximum JH response
AW 4 s JH response element UHRE) 409 Bmkr-h1 JHRE, 141 Sedleld) ﬁé’qagjﬂ'au

AUeNEY BmKr-h1 azi5unansya lnsazUsznaulumediunus E-box dadunduwes
transcription factor wia bHLH (Kayukawa et al., 2012)



repression of
metamorphosis

AW 5 wrunnuansnalnnismeniinisuantesntesdy Bmkr-h1 tneisuann (1) Met Sufu JH
(USsuadioudu ligand) (2) JH/Met Tuiu SRC (3) Tassas1aBisdou JH/Met/SRC Juffu JHRE 909
fu BmKkr-h1 (4) Bu Bmki-h1 gnnszduliuansonn (5) Wi Bmkr-h1 Tushmihiilunséudslails

G'hvmaul,ﬁ@ﬂmﬂﬁammmgﬂﬁwﬂﬂLﬂuizazﬁﬂLLﬁ (Kayukawa et al., 2012)

2.5 aAnuddguasasaaneydludsasiuy JHA) Tumseaiuguuuas
3 n3189ufiduu nuiinasld JHA vanesi gy Famasol Methyl Ether (FME)
methoprene hydroprene isoprene kinoprene Wag pyriproxyfen WJusu Iumimt@mmaﬂﬁmgm
1nnaud Uindra et al, 2013) Tag JHA wandildunainnsdauasgsdsunuy JH luuuadlae
WBNIaLeil
fiy dodnduundsdrdgudniinu JHA USurauindmSvunasfinufndueinns
(phytophagous insects) Tngazi3en JHA Tufiwin Tnlngiuesd (phytojuvenoid) 91nauAdsdikiu
1NV @uns0aiia phytojuveniod afin juvabione 91niBeldveslifminay Adedn Taduwles
(balsam fir, Abies balsamea) Inginumaasulasnisnenaisasadingns vuuuadania
(European linden bug, Pyrrhocoris apterus) Wuin a@unsansgdulininueuveskuasivunlng
nind wazaneluneufazivdsuudasgusslddudadude (Slama and William, 1966) uonni
g98l51891UN1INAdBUEITARR phytojuvenoid ¥1in juvadecene Wag juvocimenes AAAIUTINLAS
voswsnlny (Macropiper excelsum Mig) waglungins (Ocimum basilicum L) $ 18100 solias
TnoazdssaliAnnsnszduliinisaenasuluss szdmusuiiinniiuninng (Nichida et al., 1983;
Bowers and Nishida, 1980) aaanduai1sanaainlinandataelsgu (Ageratum houstonianum)
oA precocenes | waz Il Tnalasn 157 lUSUNIUATEUIUNITHUATIEE JH dmaliuuaainnig
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[V 7
Y o

WaguwUasgusrasuiuninung awiliuuaslussezdunuiadumiu (Bowers et al., 1976) Miailds
$I891UN1TNU phytojuvenoid Tuiwdnunateuiin Ain15199 1 (Khyad et al., 2012)

000 1 "
] um 1 000 pm 1 000 pm

200 um

awd 6 uansdnvardaguineinisuenveanasnselandinalusrezdaudiute mevdninnis
nALERIEBNTBIEU NIK-h1 Tnan13dm double strand RNA (dsRNA) Tushgauszezi 3 Tngnim A,
A’B, B’ nansnmaesdniund ¢, ¢ uansnmdniidauniluniendsainfiansae dsRNA A D, E
uansdnuaizveseivIzduiugmeusniiundvesuuaswadls uazgamddu uaz D' E’ uansdnuny
voseazduiugasueniilayAauniluniendaninfidndie dsRNA vesusaneiily uazy

Aua1eu (Min-na et al. 2014)
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A5197t 1 silavesfinfifinissneaiuinny phytojuveniod (Khyad et al., 2012)

No Plant Juvenoid Content (FME)
1 | Acalypha hispida (L) 61
2 | Anacardium occidentale (L) 20
3 Bauhinia accuminata (L) 61
a Bougainvilla glabra (L) 31
5 Cocos nucifera (L) 61
6 Hibiscus rosasinesis (L) 20
7 Lantana camera (L) 132
8 Malvaviscus populinus (L) 31
9 Morinda tinctoria (L) 61
10 Morus alba (L) 102
11 Nycanthus arbor (L) 61
12 | Pterocarpus marsupium (L) 82
13 Santalum album (L) 184
14 Tectona grandis (L) 128
15 | Terminalia paniculata (L) 60
16 Verteria indica (L) a4
17 Vitis vinifera (L) 367
18 Sesamum indicum (L) 92

Khyade et al. (2012) l@iafia phytojuveniod a0y 4 wllalawn agu (Vitis vinifera) wiu
Juns (Santalum album) #1n589 (Lantana camera) wagdn (Tectona grandis) IMgWUINETENA
oﬁ’qmﬂ'nmmmé’ué’jﬂﬂmﬂﬁauLLﬂaagﬂéwiu B. mori Inglugudanszurunmsduasgilafudady
aqﬁﬂizﬂawm%uﬁaﬁLﬁaﬁUﬂﬂqmﬁwéfumm yonanighiinsvadey phytojunoid fiafnléann au
(Pinus longifolia) Uaduino$ (A balsamea) Ingusal (Psoralea corylifolia) hasasian
(Azadirachta indica) sennsuaaluwyas 8. mori wun phytojuvenoid annsawideiiliuuased
Tussordmuoundouqiu wavegluszerivuouundy naesaudswansenurenszuunsaial
dwaliifiunisairslmluuiasedaily fanuidedduvssloniodddugnamnssunisudnl
(Srivastava and Upadhyay, 2013)

Tuauiseaded I6denlduninses Wuileiegredmiunisaia phytojuveniod lne
un1nsestiy Wufinluad Verbenaceae wuiludiwiudiosluniveing deddufisesuieden
dnaniduliiusea sunanedufiggnsuluandou (Ghizalberti, 2000) dnvuzduldvuniold
wufados (nmil 7) angluuvan seuludniluies Wulufudusesdaau aondugensean &
vaned nondosidunssinues aenfindugu vumudduidegniamisinlidu d3udseniu sl
Uanties oudeu néundeseunss weladn vunad (eswauuns, 2552) unnseaduTuiivdinuly
vty Snegidusiust Aosvesrniusuaziaeamatnratensdinwlufiuii
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unnsestdiivlneg Wewuvowmninseafulpuuiuinntuldwanssnuiesn :in1svenefaves
Ulsifaganasluiiiosnndunninsesaslududinissydvlnvesiivelindu uenanidmusienuy
nsliusglominnuninseswesilesadad lussises Ussmauiade Taglsilulusuiud deld
Aanudmiulauwuas (Samuel et al., 2010)

AN 7 LEASAN YL NNYUBNYBINNINTY (Ghizalberti, 2000)

PnudteTidnuniesdussnounaaiives phytojuvenoid fiadaldainuninses wuindu
mﬂumju sesquiterpenes lakn humulene Lag cis-caryophyllene Wuesruszneunan (Zandi-
Sohani et al., 2012) wnnseadadgnilunisdediugadn (antimicrobial) wagilsla (antifungal)
(Deena and Thoppil, 2000; Kruade et al., 2010; Saraf et al., 2011; Saikia and Sahoo, 2011)
ilasatnituneussmeiiataldanumnsosiamsaligydlunsiidn warlduasdmslsaiy
lavangwda (Zandi-Sohani et al., 2012, Mohamed and abdelgaleil, 2008, Zoubiri and
Baaliouamer, 2011) 3MNUaYaT9AU AMEAIIEIIAANITINATaIsaNRIUIENTaRR phytojuvenoid
NnNANsesiethinAmUANLIAIRgTiY naununsldasiad SaielhAnsunsiesoddTinuiindus
nsnndsludanndon wasiinnmzanuiunusomaeivesuuasdngrolulueuan Snvidaiadn
Junmsliusslonianisiivdneie
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https://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B1%E0%B8%90%E0%B9%80%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%81%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B9%80%E0%B8%97%E0%B8%A8%E0%B8%A1%E0%B8%B2%E0%B9%80%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2

3.1 989 gunsal uaza1sLAd
3.1.1 dnINAAB9
yuaudali 910Ul 9.130719 2.3 el

3.1.2 gunsalifldidesdninaans
1) naeswananwieusilaiiangs
2) Bonssmumuime g
3) fiwpiAeaunas gumil 25 psriwalya

3.1.3 gunsaluazansiaiilunslvizaslau
1) az@leu (acetone)
2) aaﬁuug%‘luéé’qmiwzﬁ (S-methoprene), Zoecou, USA

3.1.4 gUnsainaly
1) quaﬁ'mszjaﬂﬁl,am (Soxhlet extraction apparatus)
2) Lﬂ%a\i{jumfjmﬂd’mL%’JQQ@?UQNQNV@? (refrigerated centrifuge)
3) Lﬂ%qq’uwaawmam (Heating Block)
4) ipdRaiANEYeIRFIELSId (Sonicator)
5) grgUnsaldmsunisiieadianlnslnlisda (gel electrophoresis)
6) \3eadsiminuuuAIasSen 2 Fumt
7) yonaesilonidin Lo n1nsndn n3slns AuAvsuiaidn
8) wanadnlaludluiwes (plastic homogenizer)
9) Unines
10) Wudnuuasiued 3 (insect pin No.3)
11) Foudinansuaznszaudeans
12) n3gA1¥nIog
13) lulasUiUn (micropipette)
14) viaaawana®n (microcentrifuge tube) VUM 1.5 Hadans
15) 1A309ENEATNLAZIATIZNEI WA (Biodoc-it ® imaging system)
16) LAToNALLUEN (vortex mixture)
17) Autuds (freezer) anungil -20 uaz -30 oeAwaLTed
18) éﬂqﬁ'}ﬂausﬂuqmmﬁ (water bath)
19) ultraviolet-visible spectrophotometer (UV-1601)
20) nffeflarusu (Autoclave)
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21) ﬁﬂaam%@ (Laminar air flow)

22) Wiy parafilm

23) 13oeTanudu n3a-ans (pH meter)

24) Lﬂ%qné"uimaa’ml,uwyu (Rotary Evaporator)

3.1.5 asiainaly
1) ¥ndu (Distilled Water)
2) ansazangsanes (Ringer’s solution)
3) 100 mM MgCl, (Magnesium chloride)
4) PBS (phosphate buffer saline)
5) 100 mM CaCl, (Calcium chloride)
6) 75% wag 99.5% ethanol
7) 0.5X TAE buffer
8) Agarose S
9) DEPC-H,0O

3.1.6 asadifildlunisafin RNA uaznisiaSes cDNA
1) Ribozol (Amresco, USA)
2) Deoxyribonuclease (DNase |)
3) Isopropanol
4) Chloroform
5) 25 mM Ethylenediaminetetraacetic acid (EDTA)
6) 3M Sodium acetate (NaoAc) pH 4.0, 5.2, 6.0
7) Tris-EDTA (TE buffer)
8) 10X DNase buffer
9) 5X Reverse transcriptase buffer (RT buffer)
10) 10M deoxyribonucleotide triphosphate (dNTPs)
11) Molony Murine Leukemia Virus Reverse Transcriptase (MMLV-RT)
12) Oligo dT

3.1.7 @15afilun159n polymerase chain reaction (PCR) uaz gPCR

1) T100™ Thermal Cycler from BIO-RAD

2) iCycler iQ5" Real-Time PCR Detection System (Bio-Rad, USA)

3) fllauUeLInlNslues (Degenerated primers) dmsulpaudu Ofkr-h1
forward primer (20 base) : 5’- ACNACNCGNAGYGCNCTNAC -3’
reverse primer (20 base) : 5’- RTGNAGYTTNCCRGARTGYT -3’

a) Iwswes (primers) dususi gPCR

dmIu OfKr-h1 vua 240 Avd (bp)

15


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjw4_2qzqbVAhUIvbwKHfEoBmwQFggiMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEthylenediaminetetraacetic_acid&usg=AFQjCNFcDRb2RuoFju_Oiw_hf4Zx4zoldA

forward primer (24 base) : 5’- TGTTCCAAACAATTAAAGGTTCAC -3’
reverse primer (24 base) : 5’- TTTAGTGTTAAATGTTCCACTACA -3’
&3y Of Ribosomal Protein L 3 (OfRpL3) wunm 299 Avud (bp)

Faal48u internal standard \flesansedunsuanteanves OfRpL3 mRNA

Tuileidovomusuioliaylifinsiasundadlussevsneg vosimuou
forward primer (22 base) : 5’-TCTACCCCAAGAAGAGGTCTCG-3’
reverse primer (22 base) : 5’-ACGACAGTCCTCAGACATGTGC-3’

5) Taqg polymerase

6) 10X PCR buffer

7) 2 mM dNTPs

8) 25 mM MgCl,

9) Nuclease free water

10) RACE cDNA amplification kit

11) SensiFAST™ SYBR® No-ROX Kit

12) osiisuluslus (ethidium bromide)

3.1.8 aswaidfildlunislaaudu Ofkr-h1

1) GEL/PCR Purification Mini Kit

2) GeneJET" Plasmid MiniPrep Kit

3) Promega pGEM-T Easy Cloning kit

4) Competent cell (E. coli DH5QL)

5) S.0.C medium

6) LB medium wag LB agar plate

7) Ampicillin

8) IPTG (isopropyl-B-D-thiogalactoside)

9) X-gal (5-bromo-4-chloro-3-iodyl-®-D-thiogalactoside)

10) ABI PRISM® Bigdye® Terminator (version 3.1) cycle Sequencing Kit

3.1.9 Wsunsuitldlunisiesesing
1) TUsuAsH SPSS (one-way ANOVA) d@5uatAT1eRAImMINED A

3.1.10 aounnldlunisaniiunsideuassivsindaya

WeoaUfuAanisidedouliviainen (Endocrinology research laboratory)
AAIVITINET AEINYIFERT LAINETRBLTEll
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3.2 M36fA phytojuvenoid INHAINTDY

Aueenafiy udiundsieiinduliazern mndueuduiudeniudiuliuislugou
gauvigd 37 °C udadinlidudurunfidnas diegsludududdailvatndognatn soxlet
Tnglderdlaudufvhazary vinisndudunaium 20-90 $lus nevdsnadaiata tansadnd
#lussmeionininazaesnlaelfirdondussimearsuuumyy (Rotary Evaporator) 9ntuazany
asaftillédeerdlaufowioudumsaraeieiudmiulilunmeassisly

3.3 n3AnwNavas phytojuvenoid Aenisiaiayuawiuauidelilusterlnozwos

lunisAnwnaves phytojuveniod Aenisia3yvesuouisliluszerlneyneaiiu 330157
Seiignfefnnumaudsunlamisdugiuine uasfiving 1w mImevesiuas n1sasullag
Juszozdnuavesivueu usu lasdmuswdeliluszorlaeynoa wuvseanidu 8 ngunis
NnaDs Kl

nauil 1 nguenuen vienerdlauiieagufen 5 lulasansres

ﬂ?jmﬁ 2 vnasana phytojuvenoid anuitadu 0.1 lulasnsuse 5 lulasansresy
mjmﬁ 3 yeadsana phytojuvenoid anutudu 0.5 lulasniuse 5 lulasansres
mjmﬁ 4 veeasana phytojuvenoid mnudntu 1 llasnsuse 5 lulasdnsren
mjmﬁ 5  venasana phytojuvenoid mnudntu 5 lulasnsuse 5 lulasdnspon
nguil 6 vemansaia phytojuvenoid mnutdiu 10 lalasnsusie 5 laulasansres
nguil 7 vemansaia phytojuvenoid iy 50 lalasniusie 5 laulasansres
naufl 8 wmemansana phytojuvenoid Aandidiu 100 lulasnsusio 5 lalasanssod

deutsvuaulifunguing ud Tldlulastidaveaansatn phytojuvenoid Aaadudu
see) Mavanelu ezdlailiiunuewdeld InoveauinasuuuvesUdeanasainauisdesanineg
vosvuauBeli Woneasesluuudsuduiindeya n13me waznsasundasgusisvesimuey
Tneufutunsn (day 0; DO) Mniufudeyaluuiasngunismeaeang fuduszerina 6 dai
viounszvimusudoliasunaandudnudasulunnndunismeass msifadnudiigndniiilag
sosluuil szhliivueuiamsivsuulamsduguinenisenvesdii fianusadunaldine
auszRuNIsIUAsuLUasdmfiiaiisyfiu Go (éf’muawqmﬂ’ﬁmﬁauim) wag Brown pupa (BP)
(Fnuddthana) (nmdl 8) il

GO BP

dl ‘NI a o o U
AN 8 LAPINITIURYUEVBIANT 2 TEAU
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3.4 msmaauiianalalnduaznmsinligu Kr-h1 uSgns

MN1599nLUU degenerated primer laetUTautNguaIAULUATDIEU Kr-h1 Tuluasluduay
Lepidoptera niuld primer firenuuulduiinsuiuBulagds polymerase chain reaction lag
¥ogn ONA aniilerdoauewommeudeli aevdsanvhnismensesluu JHA mnududu 0.5
lulasnsuse 5 lulasanserdlau uinueudeliszeylnozneaduna 10 Su Pufdueduiuy win
11 PCR product #11#1U load uu 2% agarose S gel Ingldnszualfin 200 Traduay 180 fiad
wouuUs Wuan 25 undl uddeuaamiaesifeulusluaanududu 0.1 lulasnsunediadns 1Ju
syezian 25 Wit enuruinvesuaufidulefifesnisudiSsdauay DNA wsiliusans andy
111U insert Tu plasmid DNA Tnensideusetu DNA funmmes (ligation) 9Nt plasmid DNA
fananlusinssuaunstamesgnuandiguwadlu £ coli (transformation) wdaaindusinis
n379v plasmid DNA Aifisudruduiidenis densranuudavinisada plasmid DNA wetlum
s1duiandlelndaes krh! wazidlelddrfuinndlelnduisdiunds Feeenuuulnsiwedid
ANz UBU (gene specific primers) WiavnisiinsuIuiy wasmdvuianalelndves full
length Kr-h1 Ine cDNA 76U template &1A512911910 MRNA 10833 5°/3’ RACE (57/3’ Rapid
Amplification cDNA ends) @utanenisniu 5° wag 3’ agldimatin RACE ( Rapid Amplification
cDNA ends) lumsmaduinadlelnsvestuiivde Tnefisnsmaasdlutunousiie fasoluil

1. nM5afn RNA 91niilerfeaussvewiuauidelilagld Ribozol
1.1) unawaslyasiSenlunasanana@iniiiy Ribozol Usuas 300
Lilpsansiagldwanaminlsludluwe? lnevlududaiednwanmiedels
1.2) Ynshegnsuuiuds unu 10 undl
1.3) 1fu chloroform U3ues 100 lulasans
1.4) thlutuegndng vortex Wuran 15 Jundl
1.5) Ynshegnsuuiuds Wune 5 undl
1.6) ildufinnudseu 14,000 rpm ﬁqmmﬁ 4 psawadya Wuan 15 undl
1.7) 9a supernatant Iﬁwaamiwﬂﬁlﬁmmﬁqm WEIMNAZNBUAIY isopropanol Usuing
150 lulpsans 1Wwnan 10 undl
1.8) uﬂﬂﬂuwmmmiau 14,000 rpm maamm 4 psawadya Wuan 10 undl
1.9) 9A supernatant e ntudnznoudeLosIuea 75% U3ins 300 Tulasans
1.10) uanagiitnnulagnisnaunasnluun (inverting mix)
1.11) lududfinnugaseu 10,000 rpm ﬁqam{]ﬁ 4 e ALy [Wual 5 ui
1.12) guasusasenivivun udniisliliuisfigamafivos Wuna 15 uril
1.13) azanenznouiildsng DEPC-H,0 Usums 11 lulasans
1.14) gaansazane RNA fildUSanas 1 lalasans Beanase Milli Q Usums 99
1alnsans thlutar OD 7 260/280 Wioruramu3unames RNA
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2. N15911 DNase treatment
2.1) \fiu 10X DNase buffer Usunu 1 lulasans aslu RNA Usues 10 lulaséns
2.2) \fiul DEPC-H20 U311e1s 7 lulasans
2.3) i DNase | U3uns 1 lulasans
2.0) Unilgamndl 37 ssmwaldea unan 30 unil
2.5) 1@u 25 mM EDTA Usuas 1 lulasans
2.6) Unftgaungi 65 ssrniwaidioa WWunan 10 wiit einduiiluansuuiuds
2.7) HULes1UDa 99.5% USU105 2 11 wag 3M NaOAc pH 5.2 USuaad 0.1 V1 994

ansazanefiwseuldlude 2.5

2.8) Unflgamgil -20 esmwaldoa iunaneeses 1 4alu nuiluvinms
d4LAT129 cDNA Tpen15vin reverse transcription skl

3. N15911 reverse transcription
3.1) 1ansaza1891nn1591 DNase treatment untufieuigaseu 14,000 rpm i
goumndl 4 esmwaidea Juvan 5 widl
3.2) gALesueaRaN VLA ULdIANEsUea 75% USins 300 lulasdns
3.3) thlutuiinnuidiseu 14,000 rpm figumail 4 ssrwadea Wunan 5 uii
3.4) gatosusanenlsivue udnaildlifigumgiivies Wunan 15 i
3.5) azanonznauiilasne DEPC-H,0 U3uns 11 lulasans
3.6) gaansavans RNA 7ilsUsuns 1 lulasans 130919808 Milli Q USums 99
lulasansudniluind OD 1 260/280 Llefuaamu3anas RNA il
3.7) Amnas 0.5 TalasnSues RNA il udrusuusunmslidu 11 lalasdnssne DEPC-
H20
3.8) 1A oligo dT Usums 2 lulasdns
3.9) Unftgaumgdl 65 ssrisaidoa Wuian 5 unilagldiades PCR a1ntutiluansuy
thudaviud
3.10) Wiyl 5x RT buffer Usunns 4 lulasing
3.11) i#igl 10mM dNTPs Usues 2 lulasdns
3.12) ifisl DEPC-H20 U3ums 0.8 lulasing
3.13) 1@ MMLV Reverse Transcriptase U3n195 0.2 lulasans
3.16) Unilgamnfuasiiansne il
gl 37 esriwaidea e 60 wiil
gamndl 70 esrwaidua Wua 5 wdl
9ouuNN 4 s YAlTYd
3.15) 1fin TE U3 80 lulasdns wdnfulifigamgll 20 ssmwaidua ilevluld
U1 template dmsuiih PCR sialy
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4. M9 polymerase chain reaction (PCR) way quantitave PCR (gPCR)
4.1) Reaction volume U3uns 10 lulasans Useneumeaisaasnoludl

10X Taq buffer 1 lulasans
2mM dNTPs 1 lulasans
25 mM MgCl2 1 lulasans

10 uM forward primer 0.2 lulpsans
10 uM reverse primer 0.2 lulpsans

Taq polymerase 0.05 lulpsans
milli Q water 1 lulasédng
template 1 lalnsang

4.2) PCR condition
PCR condition Alg@usuiiaudnuIu OfRpL3

QaUUNN 94 BeA LAYy Junan 5 wiil
QaUUNN 94 BeA LAYy Juaan 30 Jwndl
9ol 60 DIFLTALTEE Juan 30 Junil
gaunil 72 Der AL Juan 30 Junil
gl 72 asriales Junan 2w

9 Y

AUNNT 4 BIALYALTYE

9 Y
[

U 40 F8U

PCR condition 7ild@msusiinsuau Ofkr-h1

QaunQil 94 BeA LAY Dunan 5w
Qouni 94 Ber LAY Duan 30 3wndl
Qouni 60 BIFLTATY Duan 30 il
QUi 72 aerLAlYd uaan 30 Jwndl
N0l 72 esralTeE Wunan 2 undl

9 Y

20N 4 DIALALTYE

q Y
o

U 40 T8

4.3) Ymawdaiildainnisiin PCR 10 lulasansuauiu loading dye U3u1ms 1
lulasdnsun load U 1.2% agarose S gel laglunszualniin 200 Taas 180 Jad-
wouuys 1Wuan 25 il

4.4) douaame ethidium bromide 0.1 lulasnSurediaaans \Wusvegiian 30 w1l
4.5) zhagﬂwaﬁlé’ﬁ’m Biodoc-it®imaging system Laiu1lUiAasIziANNYeuay
DNA ifingulaeldlusunsy NIH image niewiluiiasnes relative expression maids
984 Livak and Schmittgen (2001)
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5. psvinlu3guivasdiBuie (DNA purification)
5.1) fiauau DNA #iléuu agarose gel 9annsvi PCR laaslunasnudadaimineadily
5.2) LU FADF buffer Usu1as 500 lulasans waulmandulagly vortex Ussunal 1
U9
5.3) tnlUus (incubate) figaumadl 55 ssmisaidea iunan 10-15 unit waslviidniu
lag vortex N9 2-3 WIH IUNTNIAGLANLIUNLA
5.4) vheenumsiigumaiiviendunaszana 15-20 uni
5.5) 274 FADF column Tunaen collection tube 1@ 2 Jaddns
5.6) Wuasavaeiildainte 3 Usuas 800 lulasans asly FADF colurmnn
5.7) Wlutufieudaseu 13,000 rpm ﬁqmmﬁ 4 psangadea Wual 30 Jud
5.8) 11 FADF column Taaalulu collection tube
5.9) fiu wash buffer Usuns 700 lulasansasiulu FADF
5.10) W lutufianmisaseu 13,000 rpm ﬁqm‘wqﬁ 4 pamwalda Wunan 30 3w
5.11) 11 FADF column ldaslulu collection tube 8nads
5.12) Wilutufienudaseu 13,000 rpm ﬁqmmﬁ 4 parmiwaled [Wuaan 3 widl
5.13) id@uwas FADF column Taaslunaan microcentrifuge tube
5.14) \@x elution buffer U3u1ms 20-40 lulasdng Ushiaumsananswes FADF column
5.15) ma"l:’iﬂ‘?iqmwgﬁﬁaqL“f]unmﬂismm 3 w17 AuaAITAZANY elution buffer gnanTy
AUNUA
5.16) Wilutufieudaseu 13,000 rpm ﬁqmmﬁ 4 e ALy [Wunal 2 ui
5.17) \iuansazansande 16 Liguvgamail -20 ssmwadea wiotluldlunisvi
ligation sialy

6. M3 TausauSuaiuaames (ligation)

&7l DNA fiudaviuda Suhlunmaaeudnads lnsnisvin electrophoresis 709
fhogadinanmugiuiuiiognaves DNA insiudiunm iedianAiuiamiuIuiaues DNA 7
Foansldlunisideudetu DNA Aunawmed Tngerfonisiasiziuau DNA daelusunsy NIH image
Tnetunounsih ligation fifadl

6.1) AWIUMIUILIUID DNA ﬁé]’aamimﬂqm

DNA fifieanis = plasmid DNA (ng) x PCR product size (bp) x fold of PCR product
(ng) plasmid size (bp)

** 3310009 plasmid DNA 7ldRe 50-500 wilunsu

U311m589 PCR product fileuldfie 4-10 i
6.2) 1d plasmid DNA Ml dunnmesie pGEM T Usuas 100 wiluniu ady
asazanefildainnsvils DNA U3 Uuns 1.0 lulasans
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6.3) LAx 5x ligation buffer Usuns 2.0 lulasans

6.4) LA T4 DNA ligase Usuns 1.0 lulasans

6.5) 1Au Nuclease free H20 Tviasud3nng 10.0 lulasdns
6.6) waulndnulaelglulastiun

6.7) Unilgaumndl 4 earmiwaldea 1uan 12-16 2l

7. msdamasanuauiigiuad £ coli (transformation)

7.1) azay competent cell (E. coli DH5QY) U3uas 50 lulasans RIGIER

7.2) \Ruansazane ligation mixture Usuns 5 lulasans waslianiuy

7.3) Mevuiudaduna 20 wifl

7.0) Unitgamgil 42 ssrwaidoa 1uan 50 Iuni

7.5) Mavuiudaduna 90 Jund

7.6) Wuasazane LB Usuns 350 lulasdng

7.7) wehilgamgil 37 ssmiwaiua s 150 seusioundt idunan 60 wf

7.8) gransaganeiildanda 7.7 neaasluluaiumizides (LB agar plate) #ifl IPTG, X-
cal 88198z 40 Wlasdns wag amplicillin 20 lulasdns

7.9) Unilgamndl 37 ssmiwaidoa Wunan 12-16 Hilus

8. msfadenlalaiffivuduvasdu (positive colony selection)
8.1) I¥lsRuiluiivasnide uwnelaladifiendvn Tdasluly microcentrifuge tube
w0 1.5 Taddns Ainduey 60 lulasins
8.2) unislsRuiluilelimsvadlaladfiinogvanoonin ndsniudailuwseasmuay
nziEes LB plate wdenlilu master plate
8.3) Uy LB plate figaumgdl 37 ssmwaidva 1unan 12-16 Falus
8.4) dwiuiegrsveusazlalaiiiogluvaon 1.5 Tadans thluuniigamndl 95 aem
wadea Juna 3 wiit vinduaudluhudeiui
8.5) thiegnedildainde 4 duiirinusaseu 14,000 rpm Agungdl 4 ssmiwaldoa
Juvian 3 wndt Tne supernatant Aldazldidu template Tun1391 PCR ilensa9d0U

aaa

laladnfeinis dausunaeasilglunisi PCR Tuufizen 10 lulasans dead

10x Taq buffer 1 lulasans
2 mM dNTPs 1 lulasdng
25 mM MgCl2 0.6 lulpsans
10 uM forward primer 0.5  lulpsans
10 UM reverse primer 0.5  lulpsans
Taq polymerase 0.05 lulpsang
template 50  lulasang
milli Q water 135  lulasans
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PCR condition #l4e

gounil 94 Ber LAY Dunan 5wl
RaUNNN 94 BeALTALTYA Juan 30 Junil
aungdl 58 eeriwaTua uan 30 il
gl 72 esriwaidua Duan 30 il
gaunnll 72 e e Junan 5 wiil

9uMYH 4 BeFLYALTeE

9
o

71U 30 S8U
8.6) 111 PCR product filéiu3unay 10 lulasans wauriy loading dye Usaa 1
lulasans waa load VU 1.2% agarose S gel Tgnszualwin 100 Taaa 200 fad-
wauuUs Wuaan 30 wf
8.7) Saudiaame ethidium bromide 1Juian 30 U9 LaIIUINTIFEBULAUVES DNA
fewp3ed Biodoc-it® imaging system \iensIagdoUm positive cloned

9. ﬂ’]'sﬁ’lu%qwé plasmid DNA lagld GeneJET™ Plasmid MiniPerp Kit
9.1) Benlalaiidvn thumwzdsddunasanaassuianans Taeld LB medium
Usias 1-5 lailasdng Migaumndl 37 earmiwaidea unan 16-18 dalus
9.2) iloAsunanfimiziass dheaduaoanana@inaun 1.5 Jaaans
9.3) Wludufiauisaseu 8,000 rom ﬁqmwgﬁ 4 pamwalea Wunan 2 widl
9.4) |y resuspention solution Usuns 250 lulasans waulmannulaeld vortex
9.5) 1yl lysis solution Usues 250 lulasans wadlmaniuaglaasasanamieitu
9.6) L@y neutralization solution Usuas 350 lulasans waulidnduazlaansazane
willentu Tngnougudend
9.7) thlutuianuigiseu 14,000 rpm figainy

Y

a

§1 4 osrwaldua Wuna 5 wndl
9.8) gM supernatant sanuIgAIaRA LM

9.9) thlutiufimnuifiseu 14,000 rpm flgamndl 4 esmwaldea iunan 1 uni
9.10) A supernatant sanuaildasliy spin column U3ums 450 lulasans

9.11) thluduiimuidasey 14,000 rpm figaumgil 4 ssaieaidea Wutia 1 uni
9.12) 11 spin column vanudldlunasalnl ga supernatant dasludnada U3uns
450 lalasans

9.13) thluduiimuidasey 14,000 rpm figaumgil 4 ssriwaidea Wuia 1 uni
9.14) 11 spin column sanuadldlunasalal

9.15) LAy wash solution U3u1m35 500 lﬂmam

9.16) thludufinuisiseu 14,000 rpm wam‘wﬂu 4 ppnwadea Wuan 1w
9.17) 11 spin column 98N mﬂuumsuaqmaamaamﬂwaamm

9.18) 1iu wash solution Usums 500 lulasdng

23



a

9.19) thluduiimnuidasey 14,000 rpm figaumgil 4 ssreaidea Wuan 1 unil
9.20) 11 spin column ldaslunaonlul

9.21) 1w elution buffer Usuns 50 lulasans

9.22) Mailifigamgivies iuaan 2

9.23) thluduiiauidasey 14,000 rpm figaumgil 4 ssmwaidea e 2 uni

9.24) iivansazarelalilugududs aamall -20 earaded

10. NISUIAINULUEVDIEU Kr-h1

Unanalin pGEM-T-Kr-h1 fanalaunmaisuiuadu Kr-hl lnewssunanalniiainlaliining
Wudulaidosnin 200 ng/ml uardslumanduiuaniusem FirstBase Usvimaniade uwalumoules
lpuwssuiieuiugiudeyamidueainsuinsdu (Genbank)

3.5 NSANYINSHANIDBNYBIBY OfKrh-1 Tuseninen1sia3syvadiuaubaln

a]uwmﬁiﬂﬂmﬂmmmaaﬂsmaqaru OfKrh-1 Iuaamwjummaf]suamuauwalmiui mi@]auwaa
ileflazidone oasdiflszfunisuanseenvosdugsiigaidudunuesss Funisuanseonvasiuil
Foualuuiamuewioln ImsJLaaﬂLﬂumamammmawuauwalw Ten auos (brain, Br) Yu
Uszamldnanne1nns (sub-esophageal ganglion, Sg) UnUszamdauen (thoracic ganglion, Tg)
JnUszamduvios (abdominal ganglion, Ag) 1 e lusfu(fat body, Fb) way esfafitie
(malpighian tubule, Mt) INTuLtF10819a08 U aTA RNA WA111 RNA A1d11%1 DNase
treatment Wag reverse transcription fialilé cONA aug1du W Tmsatnsefunisuantosn
299 Kr-h1 mRNA Iagadewaila gPCR

deldfunueteizuds wvinisfneinisuanseenvesdu Ofkh-1 Tuseninanisiadayves
nuswdelnre Tnelunisfiufedvazuunduauszozudng Laun szezlnoznoanaudu (early
diapause period wulutieuiueieu) svuglaegwed (diapause period WUTuLﬁau@mﬂm-mmme)
szezlnoznaanoulay (late diapause period wuluifounun1ius-Huiaw) uasszezanue (pupal
stage) 91N YULIRI081901@FA RNA LE211 RNA #l#31951 DNase treatment way reverse
transcription WialWile cCONA mud1diu wdi3emsiatnsedunsuanseanteas Kr-hl mRNA lagande
wAlA gPCR

3.6 N15ANEINAYDY JHA (methoprene) wag phytojuvenoid fiUsunal 0.5 lulasniu fanis
WHnIRaNVBIBY OfKrh-1 vawiusudalulussuzlnaznaaludaniaz in vivo

azsinsAnwInITwanseenaoBu Ofkrh-1 vasuewdeoliiildsusesluuiiusuin 0.5
lulasnsu Inensutsmueudelkoandu 3 ndunismnaes fail
nauil 1 nongesla methoprene midudu 0.5 lulasnsuse 5 lulasanssios
ﬂ&jm‘ffi 2 vepgesluu phytojuvenoid Asdudy 0.5 lulasnsuse 5 lulasansneda
nauil 3 venezdlau Uiines 5 lulasanssod (ynmua)
Bnsneagedluy gl micropipette nengasluuiiazarsluosdlau Inenenusasumnas
maaﬂé’aaﬂmﬂﬁwﬁwuﬁwé’aaqmﬁﬂUmaauuauﬁam (Topical application method) a7ndusinnng
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Auseduauesesuouboliuiazndus as 5§ $1uau 3 91 99 3 Tu AunsziaueudoliiAn
nMaAsunlamisduguinenlaeniaiudsuntasgUinadngssesdnud nduiiiiogisauen
afm RNA w&211 RNA il#u1911 DNase treatment was reverse transcription vl 81914 cDNA
AUARU LANFINTIVIATLAUNTUENID8ATDY K-h1 mRNA lagendeimatia gPCR

3.7 Mynseidayan1eatia (Statistical analysis)

ANLANANB IR RRsT LA nssuisuluAdeaded Wy Aedsvessuauiunis
[idinus Aadevessziumsuanseenvestu lunnnisnaassariiasgyiriulusunsa SPSS estu
20 Tng91@un1531A51E R AU LUSUSIURUUNIUFE (One way ANOVA) fisziuminuidaty 95
wWasifud
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uni 4
NAN157¢

4.1 wavas phytojuvenoid fansiasyvawusudelilussezlaazwos

dlevinisveaadlyl phytojuvenoid Usunas 0.1 0.5 1.0 5.0 10.0 50.0 waz 100.0 hulasn3y
uivuouBold MnduhnsdanensalivAsuuasguiadigssesdnud wududlonsu 7 fundenis
nagey Felinuniswasuuvasluynnismaaes easu 14 Ju wufnudlunisneasaiili
phytojuvenoid U3una 0.1 0.5 5.0 50.0 uag 100.0 lulasnsu Andu 4.44 1.11 3.33 uay 6.67
Woedldud auddu ensu 22 Yu nudnudluynnismeaesiily phytojuvenoid Aailiu 1.1 18.89
8.89 10.00 7.78 28.89 uay 24.45 Wedldud awddy ilensu 30 Su wusnudlunnnismeaaesdils
phytojuvenoid Anidu 12.22 55.56 45.56 71.11 20.00 52.22 uag 34.44 Wasidud mudwv e
AU 38 Tu Wué’mwﬂuwﬂmimammﬁ phytojuvenoid laeAnly 17.78 67.81 67.78 94.44 33.33
62.22 Wag 50.00 Wesidusd muddiu uagiilensu 45 u wunisddnudasy 100 Weddudlunis
naaasfilit phytojuvenoid U3uias 0.5 1.0 way 5.0 lulasnsu dauuSuia 0.1 10.0 50.0 was
100.0 lulasniu wunsidndnusidnidu 3334 38.89 77.78 uay 77.78 Wedidus mudiu Tuvne
mannaesymeuAy linunsidsuuasesiimuesuingszesdnud fauanslunmi o

defnuifanavesuInimves phytojuvenoid fedadsvesdiuruiuinusulinnis
Wasuwlandnszesdnug wuin phytojuvenoid Aiusuias 0.1 0.5 1.0 5.0 10.0 50.0 wa 100.0
lulasn$u annsadniliivueuasundaseaingssogdnudnielussoginaiade 22.27+0.58
14.00+0.00 16.67+01.15 18.00+1.10 19.33+1.15 14.67+1.15 hay 14.67+1.15 A1UA1AU (ﬂ’]‘Wﬁ

10)

100 Doses of phytojuvenoid (1.g) -

= Control =01 0.5 1 L L] =10
90
80
70
60
50

40

Percent pupation

30
20 T

10 T
0 Lo ol

7 14 22 30 38 45

Days after phytojuvenoid treatment
AT 9 nawes phytojuvenoid AiUSuaeA199 (Doses of phytojuvenoid, pe) Aisvueulusyes
TnagnealdsurailosiGuinisidnanug (Percent pupation) nMendsannisnaasadusyesiian 7
14 22 30 38 waz 45 U (Days after phytojuvenoid treatment)
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20

a
b b
bc
C C
C
15
10
)
0
0.1 0.5 1 L) 10 50 100

Doses of phytojuvenoid (pg)

Day of pupation

AW 10 Nave9 phytojuvenoid NUTUaUA199 (Doses of phytojuvenoid, pg) NAusuluszyy
lpegnealnsudodnuiniuidmususuinnswWisunlasgusiadngssesdnug (Day of pupation)

4.2 msmaauiinadlalnavesdu OfKr-h1

o v a

drdudndlelvduesiu Ofkr-h1 Usznaulddne 1,050 damdlelng Jaulasiassnuniy
TWsfiufifanuen 350 nsaeedlu (nndl 11) detddunsnesiiluves Ofkr-hl lUfisuu Kr-hl
Yoswuaviinduludisu Lepidoptera nuinfiiesifudarumiiou (dentity) ffu Atkr-h1 (85.8%)
1ndign 59989 THLA Hakr-h1 (84.8%) BmKr-h1 (82.5%) Wwag PxKi-h1 (80.6%) Amd1sy (m1319
7t 2) uonanidmuinadunsaeszilures Ofkr-h1 Uszneudediudiiy CoHo-type zinc- fingers
Fanun 8 sunislagynadumisiianuniioutufigunndeFeudsufunislusiaddududy
Lepidoptera Snanuwiin (nmil 12) Tneddudndlelndvestu k-h1 leeglugnudeyavessunms
fu (GenBank) ifl accession number fe KY400007

A15197 2 wanaUasidud homology wesddunsAziluves OfKr-h1 WelUSeudisuiu Kr-hl veq
unastinaue) Tusunu Lepidoptera

Amyelois transitella (AtKr-hl) 85.8 90.1
Helicoverpa armigera (HaKr-k1) 84.8 88.0
Bombyx mori (BmKrh-1) 82.5 86.2
Papilio xuthus (PxKr-hl) 80.6 84.4
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4.3 N3UEN90BNYRIEY OfKrh-1 Tuseninamsvsgyuasiusubali

nNsFneInIsuanteanesdy Ofkrh-1 luatuizaequeamusudeolnluszeslneznoa
deflaridene Tonziifissdunisuaneanvesdugeiianidusiunuy sasedunisuanioanvasduilly
wuawdold Insidoniiusnegiseorzvesmuoudeld 19un aues (brain, Br) Yuuszawldnaon
91117 (sub-esophageal ganglion, Sg) YnUszamaluan (thoracic ganglion, Te) Yuuszamaiu
194 (abdominal ganglion, Ag) edeluty (fat body, Fb) waviaianitAsu (malpighian tubule,
Mt) FINUTEAUNITHARNIBONVDY OfKrh-1 mRNA qﬂﬁqm‘luﬁa@aamm wagnuNITuansenlusyAu
mlududszamildnaenorms Vuusvamdauen dudszameurios iedolusunazedafiiion
(g 13) :nnsmaaesisadendedoauanlufunaesysunisuansesnvosduiilusewing
MsSeyvesueuioln

Tngluszninanisadyuuasiueudold WuseiunIsLanIeana8s OfKh-1 MRNA gqﬁqm
agaileddny (P<0.01) luieufueneu (szeslaszwoanoudu) antusziunsuantesnazanadiy
Founaau-flurau (svarlaoynoa) ndsniusedu Ofkrh-1 mRNA agtiiutudnassluszesdnud
(Wil 14)

4.4 §avae JHA (methoprene) wag phytojuvenoid fian1sianI@anNVa98U OfKrh-1 Va9nRuaU
waliluszezlaazwadaluaniig in vivo

lTun1snmaeslid methoprene 0.5 pg uavuawdoliluszorlnerned wazifiviograilode
aueann 3 Ju Aefuil 3, 6, uag 9 AunszvisimusuvganisiadeulmuazasnasuLdufnud
Wisuiisuiuyamuauiivenssdlau 5 lulasang udninnfAnuisefunisuanieanves Ofkrh-1
MRNA WUTn3EsU w89 OfKrh-1 mRNA azifintususfuiisaldeosluy andunisuanseandes
diudulutudl 3 89 9 whufvauissedugefianlussozdnug (amdl 15 n)

TunisveasafieAnuiianaes phytojuvenoid Aan1SILEAIeNYBI8U OfKrh-1 lagnyn
phytojuvenoid Uumuwawaamwuau USure 0.5 pe winweudeliluszezlaovnea lnaifiu
mamuuawaauawm 3 fu Aofudl 3, 6, 9 uag 12 WisuilsuiuyaauANvenozdlau 5
1ulAsans Fenan1snnaanudn sEdunsuantesnvedy Ofkh-1 Aeeq Wnduduaiuilsuls
gofluu audeTud 12 mﬂﬁ?ummamaaﬂ%Lﬁmqﬁuﬁaisﬁuqaﬁqﬂmsazéﬁ’mLéf (AWl 15 )

28



CCGTCGCTTGAGCGAGCGTTTGTTTTGTTRAATCCGGCTTCTGTGCGCAA —120

CCTACAACATCATCGCCATTACACCTATTGACTTCTACCGAGARAAGTGATCAATCACTGTCATCACGCAAC =71
ATG ATA GGT GAA GAT GAG CGEC AAC CAT CAA TGC GGG GAG TGC GGT CTG ACA CTT 54
M I G E D E R N H Q C G E C G L T L 18
ACC ACG CGA AGT GCA CTA AEG GCT CAC GCG CGET TCA CAT GAT AAA ACT TTT GCC 108
T T = o L T o H o R 5 H R v n o D 36
sTG CCA GCG CGGE CTC CGA GTT GCT GCA GAT GCT CAT CGT TGC GAC GTC TGC GTG lez
n H R D ' C D K T F n i E n R L v 54
CGT CAT TAC AGG ACC CAT ACT GGA GAA CGA CCC TTC GAA TGC GAA TAT TGC CAC Zle
R R T H T = E R P F E c E Y C H 72
ADNG ATG TTC AGT GTC AARA GRAR RAAT TTA CAG GTGE CAT CGC CGC ATA CAC ACC AMR 270
K M =1 v K E M L Q W a0

A
oy
H
[l
4
A

F
GARA AGA CCT TAT CGT TeC AAT GTA TGC AAT GCT GCA TTT GAG

CAC TCT GGT AAA 324
E =] ¥ R cC N Vv > N A A F E 5} = G K 108
CTG CAT CGG CAT GCA CGA ATC CAT ACT GGA GAL AGA CCT CAT GCG TGT CCT CAT 378
L 5 R H A R I 51 T G E R = n A cC =] H 126
TGT CAC AAR ACT TTT ATT CAG TCT GGT CAA CTA GTG ATA CAT CTC AGA ACA CAC 432
c H K T F I Q G 0 L v I H L R 144
ACA GGC GBRA AAR CCA TAT CGT TGT CCT GCA CCG GGT TGC GGT BAAG GGT TTT ACT 486
T G E K P ¥ R C P A P G c e K G F T 162
TGT TCC AAR CAA TTA AAG GTT CAC TCT

CGC ACT CAT ACC GGA GAR AGG CCG TAC 540
P

C 5 K Q L K A" H s R T H T G E R Y 180
LCC TGT GAC ATA TGT CTA CGT GAT TTT GGA TAC AAT CAT GTT CTA ARA CTA CAT 594
T z D I = L R D F G Y ™ H v L K L H 198
CGT TTT CARh CAT TAC GGC GAA CGC TCT TAT CGC TCGT ACT GTG TGT GAT GGA ACLH 648
R F Q H Y G E R C Y R C T v C D G T 2le

TTT RAAC ACT ALK AAGC CAR ATC GARA GCT CAT ATA TAC AAGC GRA CAT GGA GCT GAR J0z

¥ N T K K Q M E H T Y K E H G n E 234
ACRA CCT CGC ATA GCA TCT GTA CAR TCT GCG GTA CCT ATA CCA GTG GGA GRAA RAT 756
T P R I o 5 v Q s n \'4 P I P v G E N 252
SGA AAT GTT ATG TGT GAC TTA GTG GAA GCA GCA TTG CAR CAG TTG CCT CCA ACG 810
= N v M c D v E N A L Q Q L P P T 270
CCA CCA AGC TCT CCT CCA TCG CCC CCT TGC CCG GCT CCA CAG ACT GCT TCT AAA Se4d
P P S S P b= P P C P P2y = Q T A K zZgs
sTA GTG CCG TCG ACT CCA CCT CTT TCA ACC TCT CCA TCT CCC ACA GTG TCG AGT 918
v v = = T P s T 5 P = P T v = 306
CTA CAA TAT ATA TTG GCA CCT TCA TCA CTT CCA CCG CGC AAA CGT AAA CTT ACC 972
L Q b I L P = = L P P R K R K L T 324
CCe CAA CCA GAA ACT AGC AAT GTT GTC GTA CGC CAC ACA TCG GTT ATT CAL TTC 1026
P Q P E T S N v v v R H T S v I Q F 34z
sCC CCA GUG GCA GCT GAC GTA GTG TAG AGCGTTATTAGTGTTATATTATTAARAGGTTTTGCC lo88

O
5]
b

o i D i v 350
ATAGCTTTGTTCTATGTARAGGAATATGCTATTTTAGTTCTGATCCAGTTTCTGTGAGGTGATTATGGATTC 1159
TAGCTTARAGATGTAGATGTAGTGAATATGATACC TATGTAGTTTARAAGAATTGAGTARARAGACTAANTAT 1230
ATTAAGCTGTCTARAATGCGTTTGTGCTGTCATCGATGTARGTTTTACATTTATGGTTCCTATCCATCTATT 1301

TTRATTAATGATGTACAAATTACATAAATACARACGTTTAAATCARAAAAA AL AALAAL DAL 1370

A A 11 uansanduiiiadlolng uagnsnesiiluves Ofkr-hl; gneasuanssiuvis uasienieanldly
N13599NLUU degenerated primers, (*) LaAMIFL1US stop codon (GenBank accession number:
KY400007)
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PXKr hl
OfKr hl
AtKr hl

BmKr_ hl

PxXKr_hl
OfKr hil
AtKr hl
BmKr hl

PxKr hl
OfKr_hl
AtKr hl
BmKr hl

PxKr hl
OfKr_hl
AtKr_hl
BmKr hl

PxKr_hl
OfKr_hl
AtKr hl
BmKr_ hl

PxXKr_hl
OfKr hil
AtKr hl
BmKr hl

PxKr hl
OfKr_hl
AtKr hl
BmKr hl

Znl Zn2

MIGEDERMHQCGECGLTLSTRSALTAHARSHEVAADAHRCDVCHETFAVPARLVRHYRTH
MIGEDERNHQCGECGLTLTTRSALTAHARSHEVAADAHRCDVCDKTFAVPARLVRHYRTH
MIGEEERVHQCGECGLTLSTRSALTAHARSHEVSADAHRCDVCHKTFAVPARLVEHYRTH
MIGDEERVHOQCGECGLTLSTRSALTAHARSHRSTADAHRCDVCHKTFAVPARLVRHYRTH

ﬂctt::'k'k *t*ﬂct****t:t****‘k**‘ktt*‘k :****ttt‘k*'****ttt*******t*

Zn3 Zn4

EGERPFECEYCHKMFSVKENLQVHRRIHTKERPYRCSVCGARFEHSGKLHRHBRIHTGER
TGERPFECEYCHEKMFE SVEKENLOVHRREIHTKERPYRCNVCNAAFEHSGKLHRHARTHTGER
TGERPFECEYCHEKMF SVEKENLOVHREIHTKERPYRCNVCDAAFEHSGKLHEHARTHTGER
TGERPFECEYCHEMFE SVKENLOVHRETIHTEERPYRCNVCDAAFEHSGKLHEHARTHTGER

AEAXAA A AKX XA XA AEA A A A AAA A A AL A A AN AR OO A LK 't*'tkﬂ(***ttkit*‘k'k'k*ttk‘k

Zn5 Zné
PHACQHCHKTEFIQSGOLVIHMRTHTGEKPYRCPAPGCGREGETCSKQLEKVHSRTHTGERPY

PHACPHCHETFIQSGOLVIHLRTHTGEKPYRCPAPGCGRGEF TCSKQLKVHSRTHTGERPY
PHACPHCDKTFIQSGOQLVIHLRTHTGEKPYRCPAPGCGRGEF TCSKQLKVHSRTHTGERFPY

PHACPHCHETFIQSGQLVIHLRTHTGEKPYRCPAPGCGEGE TCSKQLKVHSRTHTGERPY

kkEkhk kk KAk kkAk A A A A AAX AL LA A A A A LA A A b A A A A A A bbb kA A Aok hhwd

Zn7 Zn8
TCDICLRDEFGYNHVLELHRFOHYGERCYRCTVCDGTFNTEEOMEAHTIYEEHGAETPRAADL

TCDICLRDEGYNHVLELHRFQHYGERCYRCTVCDGTEFNTEEQMEAHIYKEHGAETPRIAS
TCDICLRDEFGYNHVLKLHRFOHYGERCYRCTVCDGTEFNTKEKOMEAHIYKEHGAETPRTQT

TCEICLRDEGYNHVLEKLHRFQHFGERCYRCTVCDGTENTKEQMEAHIYRKEHGAEAPRTAP

EE SRR SRR EEE R R R R R e R R R R R R e

ALSTVP-—VASNGNPMCDLVEVALQOMPPTPPSSPPSPPCTITAVPAARASPALIPAADPA
VQSAVPIPVGENGNVMCDLVEAATLQQLPPTPPSSPPSPPCPAPQTASKVVPSTEP ——————
LOSSVPL--VVNGNVMCDLVEAALDQLPPTPPSSPPSPQCQSTEVVEVAPSSS———————
LOSTTPM--AADGEVMCDLVEAALOQLPPTPPSSPPSPRCPSISVASMMPSSTQO——————

£ * :t: **ttt:-*ﬂc')f*:‘ktt*‘kt‘k**** s -

PAPLITPIPASTPSPSPSPPTTNLQFTLAPSSLPPRERELIPYHDSLSASATVSVPAVEH

——————————— PLSTSPSPTVSSLOYILAPSSLPPRKEKLTPQPET ——————-5-NVVVEH
77777777777 LSHVPLPSQVIPLOYTTVHSTLPPREKEEKFIPQPEP ——————-APVPVVERH
——————————— VNDTPTSLAAVEVHYISLPSDLPPREKEKFIPHINE ——————-EITPAVEH

- . * :’('k'k')«'tt‘k: * - * Ak A

TSVIQFAPPRAAGLS 373
TSVIQFAPARAADVV-— 350
TSVIQFAPAVVDAS— 348
TSVIQFAPPATES—— 348

dd od Aok ok

60
60
60
el

120
120
120
120

180
180
180
180

240
240
240
240

258
254
291

292

358
336
334
335

AT 12 Lang alignment s¥ri9adunTAozdlluYey OfKr-hl Wsuduluaswindue) Tududu

Lepidoptera; Inadgyanual (*) wand identity, (:) kaz () wand similarity wag () WAAIFIWAUIVDY
zinc-finger motif 919 8 AWMLY (Zn1-Zn8)
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S 15
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-

E b

S s ' bc c

o C c

O m . B B

Br Sg Tg Fb Mt

Ag
Tissue
AR 13 Nsuanean (relative expression) U8 OfKr-h1 MRNA TueTeizsingg vosmusubelily
sveglnoyned
300 .
C
a 6
1=
S5
(7]
250 4
o il
o c C
23 ¢
= C
2 2
a
200 = c
c
=l
w
(7]
E Dec Jan Feb Mar
Q Month or stage
o 150
o
2 b
-t
0
Q
[
100
50
C C ¢
0 — i i
Sep Oct Nov Dec Jan Feb Mar Pupa

Month or stage
AN 14 N15uaRI9N (relative expression) 183 OfKr-h1 MRNA luanesvesrusudolisienou

LAY SLULANLA
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()
30

25
20
15

10

Relative expression

control DO D3 D6 D9 Pupa

()

bc
[ c c i
ol s mm s H m
control DO D3 D6 D9 D12 Pupa
Stage

Relative expression

A 15 nsuanseen (relative expression) 189 Ofkr-h1 mRNA Tuasssvasnueudelulusyes
Iapznoandsanlasu methoprene (n) wag phytojuvenoid (¥) Usunu 0.5 lulasnsunadi
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uni 5
2AUs18INaAN15IAY

5.1 Wa¥a4 phytojuvenoid fansiasyvasruaudslilusserlnazwos

nn1snnasslgssluu phytojuvenoid Tuusuial 0.1 0.5 1.0 5.0 10.0 50.0 waz 100.0
lulasn3u unvuowdeliluszerlaegwea nuitmnnimaaes dualunsmisrilidvuey
Waruulaadngszeednuald wansliiiuin phytojuvenoid anumnsesansnsavanldlunsiamn
Humsmuguuasingviingduld Jsaenadosiunuisdsves Knyade et al. (2012) AifnwHaves
a15a1n phytojuveniod 91ANAINTOIRDAITLATYVOS B. mori Ingnunansanafina awisald
sumumsiaiaveswadldlag WUiidnsyuiunsauazavaulafudaduesdussnoundnuesiof
PavestuRamilmwesuuas %ﬁﬁLﬁ@iﬁﬂ’ﬁaﬂw’lﬁﬂﬁMLLﬂUE?WNWﬂéQ%u Asinasadafananluniu
mumumwﬂmmams miivummiaaﬂqmwmmﬂvLm 29 thag N151IUTUIUYee phytojuvenoid
fiuviass mummmummnawu loun solid phase extraction (SPE), high performance liquid
chromatography (HPLC) uag mass spectrometry (MS) (Jufu

5.2 n1suianauiiandleinavesdu Kr-h1

deflnuiduanafizthufaulfdulnanadmanglunisemuauuuadlaedisdu
Faflmudnduivedesinuidnvazianemsluanavesluanadsnariunislaaudu Tasdu ofkr-
h1 Sulpausnanidoiboauesvesmueubelufignnientiilaseesluu methoprene ilo@nunis
§ruransneszilu Feazdunandnvesdudengn nuirUsenausie Sunds zincfinger 89 8
Funila (Zn1-Zn8) Faflotnduendnualidfyveddusiuaiiniluwas Inesiunsnozdluiinuly
#a 8 dunsiifaumioufugunnideynlisuisuiulusiusiaferfuluuiadududy
Lepidoptera wagduq vilveyunuldin WWsiu Ofkr-h1 fagvimiiadioadeiu Feannisfnu
WU31 OfKr-h1 agviutiiisaniusu JH waglusAusidsdyaiadus Gignaling molecules) luiwad
vo3lulluad WU methoprene (Met) wag steroid receptor coactivator (SCR) tJudu Iumimmu
Tuwasdansaglussevdmusuluniamaiegviln (Kayukawa et al., 2012) ARBAIUYILAIUANNS
Lﬁigsuml,maﬂﬁlﬂuﬂﬂa (Beck et al., 2004; Fussnecker and Grozinger, 2008; Minakuchi et al.,
2008; Minakuchi et al., 2009)

5.3 N15UEN908NYRIEY OfKrh-1 Tuseninamsvsgyuasiuauiali

ilesananesiisziunisuansesnyes Ofkrh-1 mRNA geflgnainsograueubelnluszes
lnoywea Jadenauondumunureailodennueudelilumsfinufimsuansoonvesdusna
Tusgninsnsiadauesmusuidoli annan1sAasUsERuNsIARseanYesiy Ofkrh-1 gefianly
Frausnitmueuidudngszeylaoswoa Mntunisuanseonavanadlussnitsoglaognoa wiuii
astudnadiluszozdnud annisnaaosiuanddiiiudn sefunisuanseanyas OfKmh-1 mRNA
anvvzaenAdasfuYsuIe JH Tuunainun1smnaedves Yin and Chippendale (1989) fiuanin
sefuves JH Migsluszordmusuveauuasazmilsniliuvanirgssorlnozneald waznisfidans
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nsranuszdves JH Tudlududiuasdis Snwinmainlaeznealinsedsioly dsaonadoatueuide
289 Minakuchi et al. (2009) Tneuanslifiuin 13l Kr-h1 Sansinnsuanseenluszesfmusuves
veauils (7. castaneum) Tuagsiiliimueudnsnuduszozfmueudell uenandu JH o
unumlunistestuldiiunasinnisasaydvladuinewnaisuaisludieneusyosdnug
(Riddiford, 2012) 3afumauainunsuanseenyes Ofkra-1 mANA Tuszezdnudvosvueudels
agtlsfmudsfinsinwiniindives krh-1 Tusuassyezdufintolusuamwiadug wuin Krh-1 S
AIUANNTASYVRIUN UavseuUdUNugHIY JH (Zera and Cisper, 2001; Zera et al., 2007; Min-na
et al., 2014)

5.4 §ava9 JHA (methoprene) taz phytojuvenoid fan1silanI0anvas8u OfKrh-1 YInRUDU
waliluszezlaazweadaluaniig in vivo

MneAdeinwiReafunalnnismuauvinees krh-1 luuuaselindug wuil Kra-1 2y
Qﬂmﬁmﬁﬂﬁuamaaﬂima JH (Minukuchi et al., 2009; Lozano and Belles, 2001; Minukuchi et
al, 2011) TngannnisanwAsadinuin wa methoprene wag phytojuvenoid a1unsawiieatiinis
Lantaanyes Krh-1 mRNA lélaesefunisuantoonizdes ) Wutunendmnldsusesluu udas
figaluszozanue deaziiuldinguuvunisuanseenvesiuazadioadsiunisdnuiinszdunns
wanseonvestuluseninensasyneuntil wanmetuiiowdiienadeuiesesluuidewin
svevnalumsmiloniliinnsdsuwlasssdunidvueulusssumi nansinulutuandld
i kr-h1 annsagnivileatlinanseantd Wels JH anmeuen wenani k-1 Ssiwiehiflu
nsdsdyaanelids signaling molecules é’h?jmLﬁaﬁ%muammmﬁaﬂaumaﬂﬁlﬂuﬂﬂa
981915AM11 81998 ADINNISANWINAVDI8D5LUU methoprene Wag phytojuvenoid #BN1S
wanseanvesBu Ofkrh-1 veanuswdslluszeglneznealuaniig in vitro Wudylueuianiiie
Budunan1IMAae19mU

=) = =

muddeadsitoinfunuitetuiu Woflas@nwiemudululdlunsmuvdiwesansiid
gn3adie JH Tusssuwd Ing phytojuvenoid fiadnldainaninses uansliifiudtaiuisaun
Anwnide waviawdesanlun1sdnduasmiuauwtasdng lnen1sidiludnvinanszuiunisasey
yosuuatld nan19idelunsdl lifoswsaginliane iAo latsunum wifuagnnshaiuses
Krh-1 $2uffu JH Tumsmuaunsiasgyvesueudeluué udthanansavenlddn Sanudululdias
14 krh-1 \Jududmnglunsdanisdngiivlaeisnaunai (integrated Pest Management : IPM)

TuannUagldlusunan
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unil 6
#3UNan153e

asaia phytojuvenoid 31nenINTes annsanszdulvueudeliluszoslnoznoaminnis
WasuwUasguiadigsresdnudld Saudunavesansdailiuszansamafian fe Usuia 0.5
Lulasnsu Tnganunsadniibidivmueudndssuganualaniglussezian 14 Ju uagarunsatnuili
Ansnualansu 100 wWesidudldnigluszesiian 44 Junendiainnismegeu

suATeluadsdlgvihnnsmssuiindlelnduosiu Ofkr-h1 Fsnuidivunm 1,050 ALUa Azl
AaumiloudAnduiuasifus (% Identity) guilerfiouriuuasiususiu Lepidoptera léiA navel
orangeworm (Amyelois transitella) “u®ULI1gd@ud N8 (Helicoverpa armigera) citrus
swallowtail (Papilio xuthus) wagnueulnu (B. mor) A1M5IATANISTLENI00NYOIEU OfKr-h1 Tu
nusubeliszezlnorneasenitnfeusueisuiaioufiunay vilinsiuin ofkrh1 Ssedunis
uansoongaianlutisusnvesszerlnerwea anadludislaoznea wayifiugedulussoednud uandli
wiud Ofkr-h1 fiunuwdglumsdigsseglaasnoa warlusvesdnusvosuasiod

N13ANYINAVDYI methoprene Way phytojuvenoid AaN1STNINNISLENIDDAVDIEY OfKI-h1
wansliiiiudn sofluuiiasssiaaunsamieninisuanioonses Ofkrhi mRNA Tiluguuuy
ety nanafle sedu Ofk-h1 mRNA agAes ifiugatunendsanlfsesluy uduiuduisiugs
farlusrogdnud n1smeaaosinandiiiudn anunsaimunnisldou ofkr-h1 WiduBudwanegluns
AIUANLUAINUNTTYINUYRS JH Ta

nsenwaSstiuansliifiuinansanin phytojuvenoid 91nHAINTBS mmaaavé’ﬂﬁmau@ia
LiluszezlaszwoaAnnaudsuutasguhaingssosdnudiunavilenimsuanseenves Ofkr-
h1 mRNA Iwmsuuléﬂ,usﬂqummaﬂmﬂuLmamaauma methoprene
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Abstract

Many plants defend themselves against insect herbivory by way of the production of
secondary metabolites which interfere with insect physiological functions. These may include
compounds which mimic juvenile hormones (JHs) and may interfere with their biosynthesis.
In this study, Topical application of phytojuvenoid extracted from Lantana camera at dose of
0.1, 0.5, 1.0, 5.0, 10.0, 50.0 and 100.0 pug were evaluated against Omphisa fuscidentalis
diapausing-larvae. Percent pupation and the day of pupation were recorded. The results
showed all dose induced pupation in this insects and were significantly different than those of
control group (P <0.05) especially in 0.5 ug of extract showed high efficiency by induced
pupation at day 14 after application and reached 100% of pupation within 44 days. We also
cloned and sequenced Omphisa Kriippel-homolog 1 (OfKr-h1). The full sequence of OfKr-h1
is comprised of 1,050 nucleotides in length encoding 305 amino acids. The deduced protein
sequence of OfKr-h1 showed high homology with lepidopteran, Amyelois transitella Kr-h1
(85.8%), Helicoverpa armigera Kr-hl (84.8%), Bombyx mori Kr-hl (82.5%) and Papilio
xuthus Kr-h1 (80.6%). The OfKr-h1 was expressed mainly in the brain. OfKr-h1 transcripts in
the brain showed the maximum in early diapause, followed by the significant decreased to
low level when the larvae entered diapause in October. Expression then remained low until
March, after which expression dramatically increased in the papal stage. Both juvenile
hormone analog (JHA), methoprene, phytojuvenoid exhibited a similar stimulatory pattern in
OfKr-h1 expression of diapausing larvae. OfKr-h1 mRNA levels gradually increased after
hormone application and showed a peak of gene expression in the pupal stage. These
preliminary study may help us to provide the possibility for searching new chemical means in
natural product e.g. phytojuvenoid extracted from L. camera to control insects by interrupting

its development. Therefore, this work will not only deepen our understanding of the functions



of OfKr-h1 in the JH-signaling pathway in the molecular level, but also make it possible to

use OfKr-h1 as a new target gene for integrated pest management in the field.

Keywords: bamboo borer, phytojuvenoid, Kr-h1, L. camera



1. Introduction

Juvenile hormones (JHs) in most insect species are a family of acyclic sesquiterpenoid
molecules synthesized via the mevalonate pathway in the corpora allata (CA), a small pair of
glands located posterior to the brain (Dewick, 2009). JH regulates a number of physiological
processes in insect development for example; behavior, caste determination, diapause and
various polyphenisms. In larval stages, JH regulates metamorphosis to the adult stage by way
of specific gene up regulation and down regulation (Riddiford, 1994; Truman and Riddiford,
1999; Gilbert et al., 2000). In adults, JH is prerequisite for reproduction (Wyatt and Davey,
1996). However, how JH is able to regulate metamorphosis is poorly understood and the

existence of a JH receptor and other relevant proteins remain uncertain.

Many plants defend themselves against insect herbivory by way of the production of
secondary metabolites which interfere with insect physiological functions (Chitanya et al.,
2012). These may include compounds which mimic JHs or interfere with their biosynthesis.
Application of phytojuvenoid extract with proper solvent exhibited massive changes of
metabolites including proteins , lipids, carbohydrates, amino acid, fatty acid and chitin
(Gopakumar et al., 1977; Slama, 1979; Ajami and Riddiford, 1973; Grenir and Grenir, 1983;

Khyade et al., 2002).

Lantana camera L. (Verbrnaceae) is a common widespread weed pest found in
subtropical and tropical crops (lvens et al., 1978) and it is very popular as ornamental plant
(Ghizalberti, 2000). Khyade et al. (2011) demonstrated that the extract of dried stem bark
from L. camera had a plant derived insect juvenoid activity by interrupting metamorphosis
via some of biochemical reactions including reduce in chitin deposition in the larval body
wall of silkworm, Bombyx mori. Chemical composition, antimicrobial, antifungal properties

of L. camera have been studied in previous researches Deena and Thoppil, 2000; Kruade et



al., 2010; Saraf et al., 2011; Sakai and Sahoo, 2011). High amount of some sesquiterpenes,
mainly humelene and cis-caryophyllene were detected from essential oil extract by using gas
chromatography/mass spectrometry (GC/MS) (Zandi-Sohani et al., 2012). Moreover,
Insecticidal and repellent activities of L. camera have also been reported on many stored-
product insects (Zandi-Sohani et al., 2012, Mohamed and abdelgaleil, 2008, Zoubiri and
Baaliouamer, 2011). A possible use of this plant as a pesticide would open out the avenue for

their exploitation as agents of integrated pest management.

The bamboo borer, Omphisa fuscidentalis Hampson, is a moth belonging to the
family Pyralidae which is found in northern Thailand, Laos and Myanmar. The fifth instar
larvae enter diapause and remain inside the internode of bamboo culm for 9 months from
September until the following June (Singtripop et al., 1999). During the long larval diapause
in O. fuscidentalis, the hemolymph ecdysteroid concentration is low (Singtripop et al., 1999).
Application of the juvenile hormone analog (JHA), methoprene, to larval diapause larvae
induces pupation and an increase in ecdysteroid titer (Singtripop et al., 2000). These results
indicated that the JHA might be involved in the termination of larval diapause of O.
fuscidentalis. Recently, Knowledge of using natural product with JH activity as an insect
growth regulators (IGRs) became more applicable as the new alternative pest control in the
further development of such agents since they possess low side-target toxicity and minimal
environmental danger, in contrast to some synthetic pesticide and have been used to control
pest for decades. There have been many reports suggest that JHAs disrupt insect endocrine
regulation, causing abnormal development and larval mortality (Slama and William, 1965).
Furthermore, the knowing the structure and function of these is important for understanding
JH mode of action at the molecular level. Theoretically, JHAs especially from plant extract

could be used as a powerful alternative IGRs in the future. However, the effects of some



plant-derived juvenile hormone analog on the development of the bamboo borer have not

been studied.

Juvenile hormone and ecdysone (molting hormone) play essential signaling roles
during insect growth and metamorphosis (Liu et al., 2008; Jindra et al, 2013) including
normal reproductive development in the adult insects (Jindra et al, 2013). JH modulates or
suppresses the ecdysone signal during insect development and metamorphosis. In the cricket
Gryllus firmus, JH is the key factor in the development of wing dimorphism. JH mimics such
as methoprene and pyriproxyfen have been used to control insect pests for decades, but the

molecular mechanism of the JH signaling pathway is not well understood.

Recently, it has been demonstrated that the gene Kruppel homolog 1 (Kr-hl), a
transcription factor containing eight CoH»- type zinc finger (DNA binding motiff) is a key
player in JH signaling pathway. Kr-h1 was originally identified in Drosophila melanogaster
as a JH early-inducible gene. It is required for insect development and metamorphosis as well
as for maintaining normal physiological function during the adult stage.in the past decade,
Kr-hl has been extensively studied in the range of holometabolous and hemimetabolous
insects. Kr-hl is clearly a key element of the JH signaling pathway and may therefore present

a promising target for chemical disruption of JH signaling for insect pest management.

In this research, we propose to examine the effects of phytojuvenoid extracted from L.
camera on the development of O. fuscidentalis. In addition, OfKr-h1 will be cloned and
characterized by rapid amplification of cDNA ends (RACE) and reverse transcription PCR
(RT-PCR). The spatial and temporal mMRNA expression profiled were examined by real-time
quantitative PCR. Thereafter, the effects of juvenile hormone analogs on OfKr-h1 mRNA

expression in in vivo experiments also will be investigated in the molecular level.



2. Materials and methods
2.1 Animals

O. fuscidentalis were obtained from bamboo forests in Amphur Maewang, Chiang
Mai Province, Thailand. Diapausing larvae were collected from September to March, and
pupae were collected in June. Larvae were kept in containers (12x14x8 cm) lined with sheets
of wet paper towel. The containers were maintained at 25 °C in continuous dark (Singtripop

etal., 1999).
2.2 Extraction of phytojuvenoid from Lantana camera

Plants were collected and washed thoroughly with distilled water and then dried in
incubator at 37 °C. The dried materials were powdered using mechanical electric mixture.
Known quantity of each plant powder was subjected to extraction separately by soxlet
apparatus with acetone for 20-40 hour. After extraction, each extracts were evaporated to
dryness. Known quantity of plant extract was dissolved in acetone to desire concentrations
for further experiments, a 1 uL of solution was used to treat diapausing larvae by topical

application method.
2.3 Hormonal treatments

JHA (S-methoprene, >95% stereochemically pure; SDS Bio-tech, Tokyo) was
dissolved in acetone (final concentration 5 mg/ml) and stored at -35°C as a stock solution.
The stock solution was diluted to 0.5 ug/5ul with acetone, and a 5ul aliquot was applied to
the dorsal abdomen of individual diapausing larvae using a 50 ul microsyringe. Individuals
in the control were treated with 5 ul acetone. After JHA treatment, larvae (designated as GO)
become motionless, then their epidermis turned brown and formed a hard, pigmented cuticle.

Phytojuvenoid extract was dissolved in acetone to final concentration 1.0 g/mL and kept at



-35°C as a stock solution. The stock was diluted with acetone, and diapausing larvae were

treated by topical application method according to Singtripop et al. (2000).
2.3 RNA isolation and reverse transcription polymerase chain reaction (RT-PCR)

Total RNA was isolated from larval brain using RiboZol™ RNA Extraction reagent
(Amresco, Solon, OH) following to the manufacturer’s instructions. Prior to cDNA synthesis,
the RNA was treated with RNase-free DNasel (Thermo Fisher Scientific, Waltham, MA). 0.5
ug of total RNA was used to generate first-strand cDNA by an oligo-dT primer and M-
MuLV-Reverse Transcriptase (Thermo Fisher Scientific, Waltham, MA). Degenerated
primers were designed base on conserved regions found in Kr-hl of other lepidopteran
species (Bombyx mori Kr-hl, GenBank accession no. NM_001177861.1;
Helicoverpa armigera Kr-h1l KJ825896; Agrotis ipsilon Kr-h1 AEL97587.1; Papilio xuthus
Kr-hl XP_013168278.1). Conservation was estimated from sequence alignments using
Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/).The first round of PCR was
performed using the following degenerate primers: OfKr-h1lF: 5’-ACN ACN CGN AGY
GCN CTN AC-3’ and OfKr-h1R: 5’-RTG NAG YTT NCC RGA RTG YT-3".The thermal
cycling condition were as follows: 1 cycle for 5 min at 94°C, follow by 30 s at 94°C, 30 s at

56°C and 40 s at 72°C for 40 cycles, and then a final extension step for 2 min at 72°C.
2.4 Rapid amplification of cDNA ends (5’ and 3’ RACE)

To obtain a full-length ¢cDNA, 3’ and 5° RACE were conducted using a SMART "™
RACE cDNA amplification kit (Clonetech, Palo Alto, CA) according to manufacturer’s
manual instruction. For the 5’ region, a nested universal primer (5’-AAG CAG TGG TAT
CAA CGC AGA GT-3’) and a gene-specific primer (5’- TAT GTC ACA GGT GTA CGG
CCT-3’) were used for PCR under the following conditions: an initial denaturation at 94°C

for 5 min, followed by 38 cycles of 94°C for 30 s, 60°C for 30 s and 72°C for 40 s, and a final



extension at 72°C for 5 min. A nested PCR was performed under the same conditions using
the first PCR product as template, the same nested universal primer and another gene-specific
primer, 5’-ACC AGA GTG CTC AAA TGC AGC-3’. The 3’ region was amplified using
gene specific primer (5’-TGT TAT CGC TGT ACT GTG TGT GAT-3’) and the same nested
universal primer. The 3’RACE PCR was performed with the same conditions as described

above.
2.5 Cloning

The PCR products were separated by electrophoresis on a 2% agarose gel, and the
cDNA fragments of interest were purified using a GEL/PCR Purification Mini Kit (Favor-gen
Biotech, Taiwan). Purified DNA fragments were ligated into pGEM®-T Easy vector
(Promega, Madison, WI) and transformed into Escherichia coli DH5a competent cells, and
plasmid DNA was extracted and purified using a GeneJET"" Plasmid MiniPrep Kit (Thermo
Fisher Scientific, Waltham, MA). DNA sequencing was performed by an ABI PRISM®
Bigdye® Terminator (version 3.1) cycle Sequencing Kit (Applied Biosystems, Foster city,
CA) and an automated DNA sequencer (ABI PRISM® 3100 Genetic Analyzer; Applied
Biosystems).The cDNA sequences of Kr-h1l were submitted to search against the GenBank

database by using FASTA.
2.6 Sequence analysis

The deduced amino acid sequence OfJHBP was translated using ExPASYy translate
tool (http://web.expasy.org/translate/). PROSITE (http://prosite.expasy.org/) was used to
predict the putative zinc finger region. A multiple sequence alignment of OfKr-h1 and other
lepidopteran Kr-hls was constructed using Clustal Omega

(http://www.ebi.ac.uk/Tools/msa/clustalo/).



2.7 Quantitative real-time PCR (Q-RT-PCR)

Total RNA was isolated from the fat bodies using RiboZol™ RNA Extraction reagent
(Amresco, Solon, OH) according to the manufacturer’s instructions, then reverse transcribed
(500 ng) using oligo (dT)i21s and M-MuLV-Reverse Transcriptase (Thermo Fisher
Scientific, Waltham, MA). The primers used for amplifying the OfKr-h1l were as follows:
forward primer (5’-TGT TCC AAA CAA TTA AAG GTT CAC-3’) and reverse primer (5’-
TTT AGT GTT AAA TGT TCC ACT ACA-3’) while for OfRpL3 (O. fuscidentalis
ribosomal protein L3, GenBank accession no. EF453378), forward primer (5’-TCT ACC
CCA AGA AGA GGT CTC G-3’) and reverse primer (5’-ACG ACA GTC CTC AGA CAT
GTG C-3”). OfRpL3 was used as an endogenous control. Serial five-fold dilutions of the
cDNA samples were prepared. Standard curves were generated using five serial cDNA
dilutions and three technical replications for each gene (Larionov et al., 2005). Quantitative
real-time PCR (real-time Q-PCR) was conducted using a SensiFAST™ SYBR® No-ROX Kit
(Bioline, Foster City, CA) and a iCycler iQ5™ Real-Time PCR Detection System (Bio-Rad,
Hercules, CA). Each reaction was run in triplicate containing 1 ul of template cDNA or the
standard and 0.2 uM primers in a final reaction volume of 20 ul. The thermal cycling
parameters were 94°C for 5 min, followed by 40 cycles at 94°C for 20 s, 60°C for 30 s, and
72°C for 40 s. After Q-RT-PCR, the absence of undesired byproducts was confirmed by an
automated melting curve analysis and agarose gel electrophoresis of the PCR product. The
relative expression level of OfKr-h1 from samples with different treatments was estimated by
a comparative Ct method (AACT) for relative quantitation of gene expression. The Ct (cycle
threshold) is defined as the number of cycles required for the fluorescent signal to cross the
background level. The dynamic range of both target (OfKr-h1l) and normalizer (OfRpL3)
were determined. After normalization with OfRpL3 (i.e. ACt = Crotkr-hy) - Cr(ofrpL3)), the

ACt value of the treatment group was further compared with that of the control group (i.e.



AACv). The relative expression level was determined by the formula: 224¢; (Livak and
Schmittgen, 2001). Relative expression was calculated separately for each replicate (n=3).
Data were subjected to one-way analysis of variance (ANOVA) followed by Tukey’s test for
multiple comparisons, where differences were considered significant at P <0.01. Data are

presented as meanz SE.

3. Results
3.1 Effects of phytojuvenoid extract on O. fuscidentalis development

The effects of plant-derived juvenile hormone analog extracted from Lantana camera
L. were evaluated against Omphisa fuscidentalis diapausing-larvae collected in January.
Soxlet extraction of plant was used in 7 experimental groups (n=30) at doses of 0.1, 0.5, 1.0,
5.0, 10.0, 50.0 and 100.0 ug by topical application method. Percent pupation and day of
pupation were recorded for six weeks. After the diapausing larvae were topically treated with
all dose of extract, they become inactive before formation of the brown cuticle, which
indicated pupation of these larvae. Interestingly, 0.5 ug of extract showed high efficiency by
induced pupation at 14 days after application and reached 100% of pupation within 44 + 1.00

days. (Fig. 1, Fig. 2)
3.1 OfKr-h1l cDNA and sequence alignment

Fig. 3 shows the full-length cDNA sequence and the deduced amino acid sequence
below the nucleotide sequence (GenBank accession number KY400007). The open reading
frame of 1,050 nucleotides, encoding a protein of 350 amino acids, followed by a stop codon
and 3’- untranslated region. The deduced protein sequence of OfKr-hl (Table. 1) shows

85.8% identity to the lepidopterans, Amyelois transitella Kr-hl, 84.8% identity to the



Helicoverpa armigera Kr-h1, 82.5% identity to the Bombyx mori Kr-h1, and 80.6% identity
to the Papilio xuthus Kr-hl. The OfKr-hl amino acid sequence comprised eight highly
conserved CyH»-type zinc- fingers present at analogous positions in the three other
lepidopteran Kr-h1 proteins (Fig. 4). The full length OfKr-h1 coding sequence was submitted

in Genbank with accession no. of KY400007.

3.2 Spatial and temporal expression of the OfKr-h1 mRNA during diapause and post-

diapause

Fig. 5 shows the tissue distribution of the OfJHBP transcript of diapausing larvae.
High levels of the transcript were detected in the brain and low levels in sub-esophageal

ganglion, thoracic ganglion, abdominal ganglion, fat body and mulpighian tubule.

Since O. fuscidentalis larval brain showed the highest OfKr-h1 mRNA expression
level (Fig. 5), we collected the brain as the representative RNA source of the following
experiments. The developmental expression of the OfKr-h1 mRNA during diapause and the
pupal stage were determined (Fig. 6). The expression of OfKr-hl showed the maximum in
September (early diapause), followed by the significant decreased to the minimum when the
larvae entered diapause in October. Expression then remained low until March, after which

expression dramatically increased in the papal stage.

3.3 Effects of JHAs on OfKr-h1 gene expression

We induced pupation by treating diapausing larvae with JHA. After the application of
0.5 ng JHA (Fig. 7A), OfKr-h1 mRNA levels gradually increased from day O to day 9 and

peaked on the pupal stage.

We also examined the effects of phytojuvenoid extracted from L. camera on the gene

expression of OfKr-h1. In larvae applied with 0.5 pg extract (Fig. 7B), OfKr-h1 mRNA levels



were low from day O to day 3, and then increased gradually until day 12. Thereafter, it

decreased dramatically to the highest in pupal stage.

4. Discussion

Juvenile hormone analog have been used to control insect growth and development
for years (Nichida et al., 1983; Bowers and Nishida, 1980; Rosenthan and Berenbaum, 1991).
In B. mori, the application of phytojuvenoid on larvae exhibited synchronized maturation of
larvae and simultaneous spinning of cocoon which is very important in the sericulture
industry (Khyade et al., 2002). Furthermore, phytojuveniod extracted from some non-
mulberry plants (e.g. L. camera, Santalum album, Tectona grandis and etc.) showed some
inhibitory effect on chitin deposition in the in tegument of fifth instar larvae of B. mori
(Khyade et al., 2012). On the contrary to other insects, application of JHA (methoprene) to

diapausing lavae of O. fuscidentalis induced pupation (Singtripop et al., 2000).

Based on the availability and intensity of juveniod content (Khyade et al., 2012), we
examined the effects of phytojuveniod extracted from L. camera on the O. fuscidentalis
development. After topical application of the extracts to diapausing larvae, the results showed
all concentration also induced pupation especially in 0.5 pg of extracted show high efficacy
by induced pupation in Day 14 after treatment and reached 100% of pupation rate within 44
days. This preliminary study supports the idea that phytojuveniod can be used to control other

insect pests by interfering their post-embryonic development.

In order to identify novel physiological and developmental targets to control insect
pest, we need to understand how this molecules function in the molecular level. Recently, Kr-

h1 has been identify to be induced by JH and to mediate the JH function during the larval



stage in several insect species (Minukuchi et al., 2009; Lozano and Belles, 2001; Minukuchi
et al., 2011). In holometabolous insects, Kr-hl is a transcriptional factor containing C2H.-
type zinc finger and acts as early JH-response gene in D. melanogaster (Minaguchi et al.,
2008) and the red flour beetle (Tribolium castaneum)(Minaguchi et al., 2009). In T.
castaneum, the TcKr-hl expression profile correlated well with that of JH titer, suggesting

that the amount of Kr-h1 transcript is depend on the JH level (Minaguchi et al., 2009).

We cloned the OfKr-h1 gene from the brain of diapauing larvae after treatment with
methoprene. The deduced amino acid sequence alignment indicated that Kr-hl is highly
conserved among lepidopteran insects. High conservation was found in zinc finger (Zn1-Zn8)
domains, showing a possible conserved role of the zinc fingers. Similar to previously
identified Kr-hl homologues (), OfKr-h1l appears to play a crucial role in the normal

development of this insect.

Since OfKr-n1 mRNA was abundant in the brain of diapausing larvae. Then, we
chose this tissue representing the whole OfKr-h1 mRNA levels of this insect. Developmental
expression of OfKr-h1 mRNA may provide the role of Kr-hl in O. fuscidetalis development.
The mRNA level was maximum during the early diapause in September. Expression
remained low during diapause from October to March, and then increased dramatically in the
pupal stage. The level of OfKr-h1 mRNA expression may correspond to JH titer in agreement
with the study of Yin and Chippendale (1989). In insects that experiences the larval diapause,
high JH titer during the early diapause period would signal any downstream genes eg. Kr-h1l
in order to maintain the larval diapause. Additionally, JH is required for preventing premature
development of imaginal structures at the prepupal stage (Riddiford, 2012). This explains
why the OfKr-h1l gene expression was high in the pupal stage in this insect. However, since

Kr-h1 in other insects plays an important roles in wing and reproductive development in the



adult (Zera and Cisper, 2001; Zera et al., 2007; Min-na et al., 2014), the functions of Kr-h1 in

adult O. fuscidentalis still have not been clarified.

It has been shown that Kr-h1 expression is induced by JH (Minukuchi et al., 2009;
Lozano and Belles, 2001; Minukuchi et al., 2011). Since both synthesized (methoprene) and
plant extracted (phytojuveniod) JHA can induce pupation in diapausing larvae of O.
fuscidentalis, these treatment also results in similar pattern of stimulation of OfKr-h1 mRNA
expression. After application of hormones, mMRNA levels increased and remains at low level.
Thereafter, expression increase reaching a maximum in the pupal stage (Fig. 5). This time
course almost coincides with the previous study on developmental OfKr-hl mRNA
expression. The finding in this study may support the recent studies in other insects that Kr-
h1 is inducible by exogenous JHA and appears to mediate JH function to other downstream
signaling molecules in order to maintain the normal development in insects. Furthermore, the
in vitro experiment on regulation of gene expression should be further investigated for

confirmation.

These preliminary study may help us to provide the possibility for searching new
chemical means in natural product e.g. phytojuvenoid extracted from L. camera to control
other insect pests by interrupting its development. Therefore, this work will not only deepen
our understanding of the functions of OfKr-h1 in the JH-signaling pathway in the molecular
level, but also make it possible to use OfKr-hl as a new target gene for integrated pest

management in the field.
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Figure legends

Fig. 1 Effects of phytojuvenoid on percent pupation within 45 days after application

Fig. 2 Effect of doses of phytojuvenoid on day of pupation

Fig. 3 Induction of pupation by various doses of phytojuvenoid in the diapausing larvae of O.

fuscidentalis in January 2016.

Fig. 4 Effect of doses of phytojuvenoid on day of pupation of Omphisa diapause larvae

Fig. 5 OfKr-h1 nucleotide and deduced amino acid sequences.

Fig.6 Alignment of deduced amino acid sequence of OfKr-hl with the sequence other

lepidopteran Kr-h1s

Fig. 7 Tissues distribution of OfKr-h1 mRNA expression

Fig. 8 Kr-h1 mRNA expression in O. fuscidentalis development

Fig. 9 OfKr-h1 response to JHAs (A) methoprene (B) phytojuvenoid

Table legend

Table 1 homology of deduced amino acid sequences of OfKr-h1 to other Kr-hls
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Table 1
Amyelois transitella (AtKr-hl1) 85.8 90.1
Helicoverpa armigera (HaKr-k1) 84.8 88.0
Bombyx morvi (BmKrh-1) 82.5 86.2
Papilio xuthus (PxKr-hl) 80.6 84.4
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