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-RXUQDO RI ,QVHFW 6FLHQFH _ ZZZ LQVHFWVFLHQFH RUJ ,661

7KH )LIWK ,QWHUQDWLRQDO 6\PSRVLXP RQ 0
L QVHFW 6FLHQFH

0D\ 7XFVRQ $ULJRQD 86%

2UJDQL]LQJ &RPPLWWHH
OLFKDHO $GDPV 8QLYHUVLW\ RI &DOLIRUQLD S5LYHUVLGH
*LRYDQQL %RVFR 8QLYHUVLW\ RI $UL]JRQD

'DYLG 'HQOLQJHU 2KLR 6WDWH 8QLYHUVLW\

7DUORFKDQ 'KDGLDOOD 'RZ $JURGFLHQFHV //&

/LQGD )LHOG %&+ 'LYLVLRQ 5RWKDPVWHG 5HVHDUFK

-RKQ +LOGHEUDQG 8QLYHUVLW\ RI $UL]JRQD

$QWKRQ\ -DPHV 8QLYHUVLW\ Rl &DOLIRUQLD ,UYLQH
OLFKDHO .DQRVW .DQVDV 6WDWH 8QLYHUVLW\

1DQF\ ORUDQ 8QLYHUVLW\ RI $UL]JRQD

$OH[DQGHU 5DLNKHO 8QLYHUVLW\ RI &DOLIRUQLD 5LYHUVLC
'DYLG 6DWWHOOH 8QLYHUVLW\ RI 2[IRUG

1LFKRODV 6WUDXVIHOG 8QLYHUVLW\ RI $UL]JRQD

-XGLWK :LOOLV 8QLYHUVLW\ RI *HRUJLD

ODULDQD :ROIQHU &RUQHOO 8QLYHUVLW\

SHFHLYHG _ $FFHSWHG _ 3XEOLVKHG
&RS\ULJKW &UHDWLYH &RPPRQV $WWULEXWLRQ
,661 _ 9ROXPH 1XPEHU

&LWH WKLV SDSHU DV

$GDPV 0 %RVFR * 'HQOLQJHU ' 'KDGLDOOD 7 )LHOG / +LOGHEUDQG - -DPHV $
6DWWHOOH ' 6WUDXVIHOG 1 :LOOLV - :ROIQHU O 7KH )LIWK ,QWHUQDWLRQCL
6 FLH Q F H Joursabof Insect Science DYDLODEOH RQOLQH LQVHFWVFLHQFH RUJ
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A BYBWSRR&HYHOR RAW RRAY D U\
$E VW U CCRVRVL V WRIBO S K D E H WL Rl Qo e o kBt UL R G

RUGHUWKEID QWP HRIWKWHQLRIRVW HF®WEWXONMMHZHHO [ |
DXWKRU «J «@KLX¥DWXIILFKRQMWWHRIUR G DRMH
O HRQMED WRIKJJGXSSREWEHHF\W 81&

55 DQG &21,&(7 $UJHQWLQD [/ ( &
9LWHO ORJH (Dipstaldgaster maxima ( Q (73 Q Q (

DYHFWRE&KDJDFV H MDipEtalogaster

maxima 7KHDUJLQLY@W R SUHYVVILSH OWNEXH
LWV UH FH $ribdRuoh ¢ca@aneum
6 $ $IJXLUUH / *DUFLD 6 )UHGH / 6RVD / ( &DQDYRVR
DQG (5 5XELROR OLFKDHO - $LKXWQWKLGD %HYX® $ 6FKRROH\

<RROVHR 3DUN
'"HSDUWDPHQWR GH %LRTXtPLFD &OtQLFD &,%,éj, &QR]QLFHJ-IW
J)DFXOWDG GH &LHQFLDV 4XtPLFDV 8QLYHQWRHDRRORDFLRAQD/A®GIBEWDWH 8QLYHUVLWY 0DQK
&yUGRED &yUGRED $UJHQWLQD &3 \SDUN#NVX HGX

OFDQDYR#PDLO IFT XQF HGX DU %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ 8QLY|
+HPDWRSKDOQRX\OWNHFWRIGKDJDVLHYPGD 5SHQR 1HYDGD

GLVHBXHWUSDWKUH\CKI—RE@DHUFPIV$UJLQYQHRSUHQGWOMBWD@HHV
WK RXR@GX D CRWKBHO RRIBDLARUGHEYHORQRZQRUWKH SU Y R WPOQF W LLR)Q
WRXFFHV®IXOGKRB HVX UL QUKEY RFHWM uUwHER B WHYWHMSU R G XoFWAHY XU D O
WKIHDWRGY\QWKHWIKMNLE IS URWHLQQ FW L7RG@IVU J L QLMHR SUH V S HS VD IL Gl Hi
YLWHOORJHAXUGA EGW D NKSE\WKH $93/ LQQVHEPW ULJLGHYG U L QMHIGH
RYDWRHWRDMWGEWHOWIID QBVK DY HORF Xatuéta migratoria  ZKHUHDVLPLODU
EHHQY RO DIRWE Y HMEHFRD QW K FDIHY HQM T X H Q¥IHE VHIQQW K BHQRPRH KLJK H U
DUHQG L F IRWA KHHI | L F L RQFKRIR JHQH LS W HQ B AFRQWF\D XDBos@Hila, Anopheles,
SURFHYRZHYHIUQIRUPDWERQ@WKH LAdis, and Bombyx $QDO\RILWKBHQRPH
UHJXODVRIERK® JDEEVHIXVHEWRWWLYQTXHQFIRI  Tribolium castaneum
VFDURMWKERUMW KHUHIRKMHYHQDO\]HEROHRSWHUD 7HQ HIEQ L R® HDIH % DV H
LQDQDXWRJIBDQRIXX¥WRJIHOQHRXD/ORIV KWWS ZZZ ELRLQIRUPDWLFV NVX HGX ¢
Dipetalogaster maxima +HPLSWHUD 5HG)E6'+—'—(§'\DIUIBD(WDWDIYHHQBQGD JHQH
D @ KML Q HRVA.FV\QWKHYDWRGE®@J HQFRAQRYHOURWHLQ PR X S @WIR U
OHYH@WPRO\PBBBE @ KHWREHBWW Q 5 XWDWH FHSRARKED 3/ $ S D IRUFH ARGV
RYDWUV\QWKBEGWOHYH@EWPRO\P SKKMHQ WM DRFINW X EH VR S KIDIGIDAL R Q
ZHUHPHDVXUHGB ZHVWHUQ BPQBW[SUHVWHKW93/ :H IRXQG®VKDWKH
HQJ\PH OLQNHG LPPXQRDMVYBY PRQRPHRIURI$SI3/LWKLIKORWRQMKH
UHVSHFV\FLK\HHW\RURI-HQ’WLQRYDLZ\HUHUHFHS—WRUUHVL\QB@HWHUR@RS]@HVVLRQ
DQDO\]HE\ LPPXQRKLVWRFKH®LYWANNWXIIHVDVQIXIWKHOW DR G UHFHSWRU
DQDXWRJHQRAKWWWW XBDVSHUIRUPHSW H U DAIVWRIDRFQR MYKS®/3 /ZD W H VMG
EHWZHHQ@D\SRVW HEREHWZHH Q| waL X U BWWE YQ WM FRIMRKMR QRPHULF
GD\VSRVW EAQRRGLQQ DGGLWLEQR/L Qv KHG XT@bslium LQGXERBHGLDWH

D XW R J HIGROVZHNUWWW X GEHWS ZHHQ G L XUH PS50\ MKIBWKSO 3/ | X Q F W DR V
GD\WYRVW HF&WIWIKSRVW HBEG\WLRGLXUHWLF $iv@iWwilL GH LQ

DQDXWRJBQRava VKRZH@GHFUHDVHG
VIOWKRNMIUDQGBERQFRPLWIIR@WIRD V
Q Q Q URWHRPWRVGHQWRGRUDEMWQGLQJ

9JLEHPRO\PSK ' «J «<DWD\ $IWH
DEORREDOJV\QWKHYDWRGDQGW URWHLQ@Wo3V DQG FKHPRVHQVRU\

OHYI—LC()Q\KHPRO\PIS(B{FUHIZ)J\/I_I-\I(i)LILFDQ}?ES\I/:2 Hﬁ;ﬁ?ﬁgr;v?csrzzwaWHQ@@m

UHDFKOMD\ SRVW IHBI&SIQR[LPDW \

«J «O+LVWRORIQEBMIPFP XQRKLVWRFKHBRIEP @ HULF YGZQEL'W 3IDIG (ULF

VW X QR WY DUAHWHD JUHH ZH @WK H  +DXEUXJH

ELRFKHRLEDOGYSHFWKBBYHORSPHQXWFWLRQDO DQG (YROXWLRQDU\ (QWRPRORJ\ *

RWKMLVMXRBD\SRVW HEBRBOG@HOO $JULFXOWXUDO 8QLYHUVLW\ 3DVVDJH GHV 'HSRL

DWVKMHFFXPXORMWRBHY HO RRFQW HV HPEORX[ %HOJLXP

$XWRJHOQERWKNGFIWNE ODS BW WRIRIID Q G 0ODVV 6SHFWURPHWU\ /DERUDWRU\ 8QLYHUVLW\
LPLH SK\WLTXH DOOHH GH OD &KLPLH
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&KHPRUHFHVQMHFWNGLDBANGDOSDWKZAP\YR U W B Q WV MEBDUN HWIHNGQ

VRO XEORIW WIKIDW B E XQ G DRMWHVHQWRQIHUUQE B FWUWIHYGWWWDRXFH 7R
WKBTXHRXWSRIFKHPRVHOQWL MW RKDWR QG YXYWHWWXGLVUXFRWIRQHBW@ GV
LOWHIUDRGEG RUPROWMHFRQBYHURPRQ@QHOEOHREWDLWYKGAOGRXGIK LQWHUIHUHQFH
RONKEHDWRQAIRROIDFWHRAHSAWYRU 51$LEDVIR@W KW QWKBYS GO MHRNLRQ
PDMRRODVWRVHVYXFISURWHLMWHEHHQIHQWSHFIGIRKEVOMUD QGSH GRYDOLGDWH
GHVFUIREGRUBDOW G SQRWHLIQAD QG WKFHLSLWHFKQLQXH VLOHOQFILY
FKHPRVHQYRRWHEBGYV $ SURWHRIRikcd#se DIHQIHQ YRAYFXGCW LWDRQEDRY
DSSURDFEDVHGRQ WZR GLPHQVULRBRAHY/ RIEKWDMLQRIGODEHQNLOHQFLQJ
SRO\DFU\QBRBRIOGHFWURSKRBSHNLY FDQEH YLVXDOENMHGXVWD LOQMHEGR |
LQZKLFEURWHWWLNHSD U DWHRBU GALR)S L J P H Q WRIMRINRHIB W/ Bl lBDWRHRUO WL IQLIV
FKDUJ¥H, E\ LVRHOHRWXVEQJ)Y) DOQGUHVHDALERJ RY MGKEDVLRWFRQGXFWLQJ
DFFRUGARVIL]HOU E\ 6'6 3%*( ZDV ODUJH VECPOQWLIRBEQHRQ DVMROG HF W
SHUIRURMEKHHVRORWRROQPH[WXUHWVLVWI@GVR LWDPIDWKZDHWSUHVHQWLQJ
RISURWHIRP/QWH Q@Q®BH URTribolium SRWHQWLDO LQVHFWLFLGH WDUJHW VLW
brevicornis 7TKISURWHHQMKNQOYHU VWDLQHG

DQBQDOBAKRG WDV L \OWNEHV RUSWLRQ 5 p W IRKGIQHWLFDOOY BDVB\GL R Q

WLPHRI IOLJIOW 08/', 72) RUE\ | oy yHQKRHPRQHVWHUDKW L YLLQV \
(OHFWUR‘(/GS,UFDRXSCZI—HWWDQGO—I[PVVFSLFM}M%S%SW” w

6SHFWURPOBOWWODE 3URWHILURPWKLYV

Tribolium VSHFZBVRXQMGRUHVWIOQWKHQFHKB 1 $QDQG (- &URQH $ - =HUD
VLPLODWRWB®WQ&63VHFHCQGWWRRYHWEKRRO RI %LRORJLFDO 6FLHQFHV 8QLYHUVLW\
LQVHYHRWRHVHRUGHUYHORSMRHQWLQFROQ 1( 86%$ DDQDQG #XQO HGX

SURWHRRMLEXGZB VG LYV FXVW\@WCH URI

WHRXQGHUVWWEEYRD XR/ILR Q
HIILFLH IXQFWLRI@P®HYROXW
HQWRPRQOQF\U\Q ® © L%?%P%RQFERGDWU‘R\MKHKDUDFWHURLI]DWLRQ

JHQHWLFDOYD ELIDVHIEF® YDULBWLRQ
HQGRFUWIQBLWWYLRXQMDONXUBQHWLF

$SSOLFDWIR@VHBWQRPLAWWKHYDULDIMDORQHQWLODBBQ]\PMXYHQLOH

LGHQWLILFRMWIHRNQ VW PRFKDQLVPWVRUPREMWHUDNH -+( GHJUDGA®

DQG QRYHO WDUJHW VLWHV SDUW LLDHIE'O AW WV WRHW KNH\LQVHFW
$ 3 $OYHV /RUHQ]HQ %HHPDQG % + GHYHORSRRQWRWNYHRROHAR QH
6LHJIULHG SUWLILFHOBFWUR Q X FHHGE O L FOMWQH/
, IHU @t}% HPRO\P-SK DFWLIYQW\
HSDUWPHQW RI WRPRORJ\ 8 LYHU\RWI\ E'l 1HE
/LQFROQ ,(EQ,:ROE?Q 1( 86% Q Gryllus assllFr’nllls & UiUMQ/WZBD\XQGHUWDNHQ
DQDDOYHV#XQOVHUYH XQO HGX WRLGHQWWHKHYDULDP®RIOHFXODRG
*UDLQ ODUNHWLQJ DQG 3URGXFWLRQ sH¢bbRO RHIEF RO DWRMBER Q VR B-G K
$56 86'$ ODQKDWWDQ .6 86$ DFWLGEILMWHN U HEMHRMHAMHGIL QHQYD O \WILV

. L IDBWRCGDQBLAXWLVVNERAPR[SUHVYV
Bacillus thuringiensis %W\DYDOXNRGwHJheJHQHHYH[V\OQ—EGNJKHHPRO\FIS((

LQVHFWAUR ®BRXMOWHQ Q VIS HWW QW URQy | vk wa® L @B W S HF L | IFRRDJQGADVIRW H G
HLWKRRRQYHQWISRI@BOP XODRULRQV, F yHDDMER G\ +( DFWLYLOWROR

WUDQVEBHRERZHYWUHY R O XRMLQRVH F || 4 y H@i Y HOR O PIRHSR [LKAB UR O D V H

UHVLVWRQARKBE&SXODWDRRKSRUWDOW: WitHEH JUD GILGIIP HDFW L YZBAL HV

WK UHWRWKLWHFKQRERSHFLBOWKR £\, 1 UYHAG Z MHKQIL OLLCH L W KHLY \6% H
WUDQVSBQ QAKE S U MWW R [LTIH g R | L@Kihe JH QW UD QV FOUHYSHADW
ZHVWHWIRQU@RRWZRLES  Diabrotica ¢ [\ HyURREHM L V VGOHWLVPK®ID @ WU Y D O
virgifera virgifera /H&RQWQIRIWKHQVHF\)’V\/DG&KB’KJH]QJJHQ/HUDQ\GHJ\LH&(@NJK
SHVWYD U JHWWE& VW UD QV BHODLIDW /1y 5 1 ron IgRED G5 D U W LH{ S O DL QK L JK H U
GLVSODDR®PD]LRIDSDFMWREHYHORRPRO\RSKDFWLYRUWN LGS URJUMR V
UHVLVWWRFRIVWDQDJHPHWWWDWHJ LW, U kg KSIIUITH U HGDRke JHQH

LQFOXGRQ@VHFWEHLKG)WLRHJ\DD/W%Fd—bVMW\GXHWRFLV OLQNHG
WRURRWD QRO DBEXOWIVKIHHMRYHRr pRWHLIY V WUDQV XQOLQNHG

D FULWQFHD'KB[LVWQ\LQHZDQG—”IHFWI?YI-H(URKRUPlRIQ]D(@DW‘RIIQFJUR‘DQG
PDQDJHMRBOW RO EMH RWLKENV RM Hf

W H U F UGS WOH@ HRYLLWW K UW 0 XVE R
LWREHYHORSVWMR GHQWHOAHWG g R pyw kHROHFRQBK\V L R O R DXFVRAY
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JHQHWLFDO®DHEDNMWGD® HQGRFUL%\E‘SDUWPHQW RI %LRFKHPLVWU\ .DQVDV 6WDWH

WDQ .6 DUDNDQH#JPSUF NVX HGX
UHJXODWRU LQ QDWXUDO SRSXODWLROVVPR Q
'"HSDUWPHQW RI &KHPLFDO DQG 3HWUROHXP (QJ
8QLYHUVLW\ RI .DQVDYVY /DZUHQFH .6

6SHFLILGWHUDFWRRQINWDVDIXFG .5 g gpUNHWLQJ DQG BURGXFWLRQ 5HVHDUFK
30XV BGRUDRMQGLQURWHRQWKH 56 86's 0DQKDWWDQ .6 863

$IULFDQ P DO D U lADophelds\yarbiae
,QVHFAMXWLROBIQQLYFOHURWDIQ® LRQ

(YL $QG%RQSS)9FDX/®’FE§£\EI(\JDI&/OD&DYZ/\Z/RDGIR@LJPHQWIDWERQSCSI—HJ[RFW\K\DWYROYHV

'RXULVDQLH . RH % L 1B P

SWURX RV/WVRVKHJ R G X RIMDA. Q@ RIMGIHX L Q POIMV KL G H V
IURPFDWHFKROQORENGVKHRULGDWLYH

 QVHFW OROHFXODU *HQHWLFV DQG % LeRpy, RAWW@%LXMBBQFRFWKEW

,QVWLWXWH RI %LRORJ\ 1DWLRQDO &H \&WVg
s

SHPRNULWRV’ $JKLD 3DUDVNHYL Hoo@BIKHeveae

*UHHFH LDWURX#ELR GHPRNULWRV JU51$%$ LQWHUIHWBHQEWPHWKRGR@RJ\
OVEHOW .OF UYLOH ‘BSHORSBsmwoSYHYLRINPR QVWW REABE F D \NW K H
%LRORJ\ &HQWHU 8QLYHUVLW\ RI &Do HRJHRHD W QR \PIFDGIQLQY KHHI® R X U
86% E HH WribdHum castaneum % \W E O D\QWQ\V LV
'H GLVFYWVXOWBFRPSUHKHOVX @ | W KHibolium JHQRPHRQG XPMKILR XJK
o HHWOHBDEHQ WA\LHLYHHERHDE$SW RED E O\
XQGHUWID/REBAQGXEPWHUD B
Y R OLYQW& W\ Q W K R VALD/W H F\W R DW H
YDULRRWHGQR®W R QKA U L FAIDEO D U
. WHQWLBFEDVWYXEVWUDRKNHHAHHQH V
YHthadbelesgaﬁmleme ZLVDK' S HFLR ERWD L QO F O dopaH decarboxylase DDC dopamine
WKIHQ WH U DB RIERUBQQVG EQRWH ¢ cetyltransferase l)\/lAT DQGaspartate
2%3V)URM QLQLWEDBIRG UR W WIKD y P

L QW HDIDWIMP H P E HRUW K3HO X VJ &I R YRS ﬁ'gevcva?céxy'asewﬂazc'ajJVRS'EUV\‘;;gg%"i\';o y
RGRUEQWGLRURWH2®Y ZKLFKV RSEL) Q

SULP DRLSUH L QHE DDGW H OQBR 20 W D Q QRQW B HW H UWKEIRI O X RQIFKIH V H
JHQHWQ G L |1 H UFHDQMH FR@ORO HURW L]DW LR Q
UHJXODWMIBLE ORFPGID® Q X P E HU
DQGSLJPHQWD@RREVAV U D Q &HI/
LQWHUDEWRWHZIQWH G HQ W LZKH 6K
GV51$\RDDC NAT D OQffack ZHUHOMHFWH G
LQFOX G D\2WAFDQB%3 LW VHIOH > 13
Wiblium ODUD D& KHH VX FWDQLBV
LOWHUDR%\®E@H OO X P ER R W KHOLD V
USKRORUIIPHQWIDQIRBLS OHYHOV
D Q&0 X \0 &R 2 % 3 W K DMUMRIG H Q WIQ L o Os R e oy
W KLHQ L W E D GZHQUH S U H \LBIES L G R S VE ) g QG Q Q

FHODY® XEVHT X HODPQ QIREH vitro O¥DVFRQG X FW/RPE DVXEKI\VLFDO

LQWHUDLF(WK[MQWHQFHHRJHQRD(@/(@HEURSHLR\N—LO-I\MFU([W)_R:E)\MDIJQRERG\

QG LTACHP ORU PXWDO@WXV51$ WUHQ WHHRBN V
oLJD LPPXQRSUHF DR L& BPHWDEFQS(]))IS/\FKZIIR\UTriboIium FXWLFOH

FURVYV OLVOMXQUMNYIHWWD2W3 LV ggIgURVDLQSMﬂlPR-I@V\/Zl\MIHR@HVHQWHG

R T oy ik SR U WD URY Wik D LR @miot O F
é(QGDWLRQ 0&% DQG ,%1

H[DPLQHGPS@A KDV Y KNG HQWIQ UH
W KLHQ L W E D) GEHXQIY R I WRAW KFHQUD V \RLLF D O

30XVJI&RXZ%H3IWKDWLOWE SSHDY ,GHQWLILFOIWKRIQQHQFR G IO®F FD V H
LQWHU B BW WRIRQMFE U HHQD D VWWiBY RI  WKH VLONZRUBombyx  mori
DUHKRZHYHDOVRDSDEGH IRUPLQ3XULILFDVDIQRD\WHY'1$ VHTXHQFH
KRPRGLMHIY DQ® VO HD\MWKHDWH H[SUHVVLBQWWHDQG UHFRPELQDQW
W ZR[DP L GFIO® 2943 K HW H U R ® M-8 URW H L Q
7 K H WUHH V X\DA I HVSA H Y L RIQAORYV SHFW H G
SRWHQWRID®@RQ UDQGRRPELQDWRULYECR
FRPSOH[\A{WDW\D\ EHFUXFUBRORGRU '"HSDUWPHQW RI %LRORJLFDO 6FLHQFHVY 7RN\R O

YHUVLW\ OLQDPLRKVDZD +DFKLRML FLW\
GLVFULPLQDWLRQ E\ WKH PRVTXL\&B $1 DVDQR WVXQDNL#FRPS PHWUR X DF MS

+ <DPD]DNL DQG 6 ,]XPL

I%I-DDFFDVEK/\H\QROR[DGD[BFBI\KI-DW

7
$Q 51$L EDVH/GVXGRI WKHHWDERO HYHQWKHEXWLPOWUKDVGLITHUHQW

gE%KHZQDVb%LﬁWZV@-m:eSmRWHW J\PDWSWRSHUWIRPW\URVLOWDSH
SKHQRORIRBBUYB QL@W KHYWWKRXJIKW

< $UDNDQHRPDNIBQ OXWKXNULY¥KQDQ WKWKHDFFDOYBDIQPSRUWRQ@WXWLFOH
%HHPD® + *HKUNH .DQBRR®W . - .UDPHRUPDWVRQEMFDWDOWKIR[LGDWLURQ
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SKHQRF®RPISRXQBEMKVL DFH®RG D P L QWK DUAR P/ Okbsophila melanogaster EX@/LWWOH
DQM®-A-DODQEBSDPLWRFRUUHVSRQQLRUPDRMQORHBLGRSWHEBPOQ MRI DU
TXLQRQKNVAKWUHID UIDWENHHSURFRVNWWYDLOBHOM GBWWV HWMHEBEHUHURP
WKHAXLQRQH WIRQRXWI¥PGIHURW L VMWXKLARQIY63RW KH. O N ZBothByx mori.

7KR X 1KQ V HORDW¥ F IX\DHYEHH HEX U L 1 ILLHREP shsp DQG F'1$YV
VHYHYVBEBFLOAVWMWWODIMRZOERXWMKHLHQFRGEGHG3IKWD Y LR OHF XQTHRNM
VWUXFVBKRBHQWQO$ HQFRGRQURWHLQ DQG N'DUHVSHFWLYHO\

ODFFDVH [@ GNDHWHK DD VW K HF D W D O MW I6R ZDVQRWDBQMWHUHRWRWKHU
GRPDVOHFWRP FFDYVRIRWKRHUWUDQLWPAG3TE D VR@QUAHVAORKN[DPLOQDWRRQV
VXFEMEDFWRWBW.ODQ@WWORQHEBRMW KHIDUGRQHHGXFHXX® P LQBFLEHTXH®&FH
W R E DKFFFRQ Z RMdrfduca sexta ) X UWKHUP R Y63 ZDVVLPLOWRWKDRMN WK B.
WKB1$LVWXGRHWKKHGORXAHHW télanogaster & * 3% 'P&* ZKHURMXH
Tribolium castaneum UHY H D/OKlEWase 2 VHTXHRRWKHWHURKLWIH LYBD FK
IXQFWLREVPUGH@WIEGEDUNHQRILYKHRWKWU63 ZDKLIKWOAPLOYRWYW6IURP
FXWLFRHAHYMXKSURSHWRWWKWIHOQ HWK @ G LD Q PR WHBodia interpunctella 3,

S UR G XPDW@R BHHFEK D UD FWAHMLWHKH7 KR F F X U UDH@O-GIL J Q RHBQW H V L BIXW
SURWOHHYHREFEOD WKHHODWLRIQWEKHSHF®& DU D FW HOUAKR WHE 3 DQG,KD®
ODFFBVRWBIQ®DFFDWOHAHSXULILHGVHUP KQWIDQ @& KHR¥YH U O D EEHHSI
ODFFIDMRHW KFHXSEFRAWLROHMHLONZRIWYR63 DQG DOKROB& WHUPL\YDQG
Bombyx mori DQGQYHVWLWMMHBIPDLQ RWKHIYGI\RRY HUO DG 863G KD GV K U&\W
DFIMHTXHE@MFRDNVNWS HFW U RFAHWW\S WUWLHYV L GXHRP&\YV 3 UR RAYKSW DUR D@
IUDJPHZHNHV V L JW R/& RS/UHH G LIFUVMRHPAR [LG R U H G XURHMDLFRAQL R QW K\HHAB 3
WKEBDFFDVR[OGBMHORIM. sexta DQGV+63 QRWP&* KDGQ&\WHYVLGXHV
ILQDD®AB7FORRBImMori ODFFDODANHR XQGWUDQVFURSMWIRKBY mori shspfVZHUH
LOGDWDEHEKVMORIQBIFRGHWDSURWHERQVWLWX@/EWH DQVFUEZHIWAL GHO\
WKIMVKRZR/LIKLPLODU LaNV\ ZLWKGLVWUULEBRWHGLRIWLYV VXE W K RVMXKIHKL U
SURWHRGR G¥Gecase 2 JHQHYVRRWKHDPRXQAHWE RZ) KHDWKRPANULJIJIBQHG
LOQVHFRW[SUHVYDWX BDDQVRPLORULQFUHDYWUDQVFURBWSRX H[FHSW
W K RRVIRIW KLHQUY I9PW FITHVQHT K HK L JBH Y Hiasp 5HV XOMRB K\ORJHDRO WQLBVOLWR
RH[SUHVZD® W HRWEMI RWKH G\VLYXJJHWMWDBMB-H mori V+63PWHURXSHG
&RQVLGMKBEMMGDFFDNVWLYNGWMWHFWERWK HDWARODVVHG3 DQBWKHYH
DIWHEG\VIWWKIREVHUY DLW GR DMWKIDW+63 TV
ODFFDWVHAXP X OLDQWHWYH ZF X W LIBFDH

LQDFVBUHF XURBBM QG FWLYDMWHH R o HEFXOBKWDUDFWHUL]RW LIRIQ@ H V
HFGI\VORUGWEV HWWKVSRWKBAMRVHLyyRFLDWHEKRRIHQHVRYG PLON
F X U U DQBBU WD RTHOIIORWUF R P E L QDR X F WIL@ @ K HV V H WOR Glossina
ODFFDVH SURWHLQ morsitans morsitans

*HRITUH\ 0 $WMWKNISGR 3OWULFLD
6WULFNOHU 'LEHIODY BYVR\

<DOH 6FKRRO RI 3XEOLF +HDOWK DQG (SLGHPLR

< $VR' 6DNDQR /L 4 < ;LDDQG + )XMLL/(3* &ROOHJH 6WUHHW 1HZ +DYHQ &7
JHRIIUH\ DWWDUGR#\DOH HGX
JDFXOW\ RI $JULEXOWXUH \XVKX 8QLYHUVLW\ )XNXRND
-DSDQ \DVR#DJU N\XVKX X DF Ms &HQWHU IRU 0DULQH %LRWHFKQRORJ\ 8QLYHUV
%LRWHFKQRORJ\ ,QVWLWXWH
&ROOHJIH RI 6HULFXOWXUH DQG %LRWHFKQRORJ\ 6RXWKZHVW

8QLYHUVLWY &KRQJTLQJ &KLQD 7VHWYBILHYORVVIMED YHFWRIWLFDQ

$OSKD FU\V\RRGROQRQWLFXRW HEQY " S0 R RV EEEAVHDVEILEREHNY
PDPPDD@B&DB& WH UPHEIQWD VWUD‘&}\&@%@S b )

DWK WHL Y L S DIUQRXWKIQ L TIXGW KD W
GRPD 6@ D X! RISIURWNEQ LD Wélﬂ XIOQWHNUWKHRM QLUX W HIRRNV K H
U

XELTXLWRMXM®I + N'DSRO\SHSW
KDYLI]}/JLPL@WUPC&IQFDD)N@/KBWKHé WRRQVKHIHPEUI\RQRRGODUYDO

DOSKD FU\WW®ESEO0 W HOHFRIQWIRIG "\ 0 S AT ere b RieY o o L
SORPSRUWRQWRY D U LRI®K\VLROR Y Q

HYHQWE W K R W DLIDWIR RWH WE H H O e e B TR B e b e o
FODUL7IKIR@ VAR F X P H @ Wa-BGL Q V HRW- s

6PDOKHDWKRFNURWHRIQANKWLONZRUP
Bombyx mori
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ZKLFEXSDWHR UBIMMBUUWKLOL@®H GHYHORKWHQMQVBRYLRLWRHESUHVV
UHVHOBFXVRIQWKE\QDPIRFAWZBRHQHGRPLQDBRQ G LW LARFODKIH HZ KR V H

SUR G XDRWR F IZD WHGS U R G XGRWILRDRI HH [S UH VMGRIQ YEH@ WD D) @ H[VSHFLILF

ILUD @8 HF RIRD RW UR\FIORFW KMV H WXL B F R Q WHIRFOP H DKMAédes Actin-4 JH Q H
IO\TKHHQSUR G XAMWXGLUBSUHY LR XAEAM-4 ZDVGHPRQVWSWDANYHE®RWM MG
LGHQWS KWHBWROSURWHEMNYY DQ® H[SUHRQHDHP DOXS RW KHOARX H U
JHQEHDUK®PRORI®D SURWIHRIXRIAQ PRVTXAsdd aegypti 7 KWeAct-4 cis DFWLQJ
WVHWMHHO NHFUHWDODRGY 6WDDHQG FRQWUR @D ¥ O R QHYGWRMes | mariner
WLVVEHFLIRBAYS\H[SUHVVKRAWKDWUDQVSRNOHOHRYGXVHGVRGULYH

W KWIU D Q V FRIW EWNQHUM[ FO X VL@HHH [SUH VRILW RP$Red UHSRUWRUBKLOH

UH S UR G X\VFUNBRAWYKIKD D W K\HD PW LADHY ERWAKDOBIQGHPDGSGMHSDWIUDQV VR PHH
RRIJIHQHWE¥ XUVX QIH VWKHKDWINQH P51% RQODGXOMPDOHENUHRXQ®R
DFWLDQVMD YLWHOORURMHLSUHVVLREFXPXODDWKBURWHAHKOQWUDQVFULSWLRQDC
DQDORYDOMGP VKRZIWKWWD QV  FRIW EWW Q®W UDQVODWILRMPMILERHE [S OR MWRHG
JHQHEHFRPB8HWHFWMNESDMHU D OOMNKXV HNV KAAct-4 FRQWVYROXHQWRAMULYH
ODUYLJHQBDWOMFIRGEMWGP DUWSHFLIMFSUHVVLRQ RI D OHWKDO JHQH LQ PRVT
WR/KIDWRGDQB8LOMN DGV VXHY 3

S URWDHELIH DOWKRR W KGOV Y LIH QR M VR o D@ J O LIRIR Q VHRARG \ V 1$V
DQGWUDQV M BY UBIBU R ¥ HIKGIX U D W HOHDUO\UROHIRU &UXVWDFHDQ
RISUHJQD@PXQRKLVWRHAKHPOROY [ G RDFWLYH SHSWLGH

*00*3 VKRZWWE HH[F O X V LROHQ@GW K H

PLONDODRGVKHRWKGHWDLQWOKURXJKRPNU $\DOL

WKIO D Q QG HDGM HWEWAWQ WU VRAHH  spuwPHQW RI =RRORJ\ 7HO $YLY 8QLYHUVLW\
XWHIZXWHUHKPR XW K SR WS D U YDIJHH ,VUDHO D\DOL#SRVW WDX DF LO

SRV LW LARKGHHNEH V XQW V. MDKVIDAK HNHHQ H
SUR G OFUMY Y R @ OM GHRWR/JH Q HWPI\G &KHPLPRG XODMVEZRQLO/WD E COLWDKH G

DQ®DUYLJHIPHOVRV7IKHUM QWD @H =P SRUWDRQURAWKIHQH U MQIER@ W R O

P R,W R IJW WIHQEHK D Y,IQRAHFRVG \ R LNH U V
XVHBVPDUNHBUXUWKMXGL@WVHWYEL () bR Bemy Ko W U LIRDWHHI D FW LR Q V
UHSURG)LIQ\V\I—LHJ@UWKI—HIIHRWWPELRVE IHQ R Q

HW Z HH@G R F LDLQaD H X UPRQ W UR 8
DQG WUISDQRVRPH LQIHFWLRQ  op 5w U HEGIKW MGRRIP S R RHIB/ H U RH V
PRWEBDWWEHKRWHL P LRXIVBEHSUHFLVHO\
6H[ VSHFIHLSUHVVPRIGLDWHGNKHFRR U G L VIR\VQ M BWKSHU R SHHH F X R ILRAQV

cis DFWLRRIQWHR®G PH@RWWKAeACt-4 v WRAEWFRBH FRQVLGHDPR®BRV
JHQRIWKHHOORHYHRRVTXLWeReS NQRZOHIGIWFFXPXORQW&HK R ORI
aegypti SHSWLGHRRGRODWRUNVQGXFLRQG
'LDQH + $I2MROH -DVIS@RWMIPHDQH 6 %XUV\'/: QWUW@ILQHLPFRWDWWHHWH
ODWWKHZ - (SRIR@J .LP 3KEOLDQJ )x LFWKQGL IIHUHOMIFMR XEVIDUURP
7KRPDV 8 %HUHQGRQN $ XWRADDD 6 RK\ FIFDRS O HHW R FORVQV KAHR F KWR\WQIWWDIAI O LR Q

ODULQRWWH $0OSRRG $QWKRQ\ $ -DPHV)* DQ & KGIH X URQLING X Z WWKLLVD \D
'"HSDUWPHQW RI OROHFXODU %LRORJ\ SdJdH¥ LARXNMELY @ BADKGRHIW- G\ BGH\EWLGHYV
8QLYHUVLW\ Rl &DOLIRUQLD ,UYLQH &DOIGRROW UHORBXGDWXRIQUHFHQWO\

863 QMDVLQVN#XFL HGX UH S R UMHH/G\DX N HW VMWK H L VD N H\
'"HSDUWPHQW RI =RRORJ\ 8QLYHUVLW\SFOBNI_HQJQVQ-FRIRWKNQ_WBXUU‘HWMKEH
5RDG 2[IRUG 2; 36 8. VKRZWKD&WXVWDFBDNGLRDSWEWHG H

2[LWHF /WG OLOWRQ 3DUN S$ELQJGRR&E3 SHHY L RXWHR UMWRVG L JAAG\V LYV
'"HSDUWPHQW RI OLFURELRORJ\ DQG 0RORWERBW WihQ®@MKBHRVH GHSHQBUWKDW H
8QLYHUVLW\ RI &DOLIRUQLD ,UYLQH &LD@\V_KRIHUHITDXI—RJWK)H UK\WKPEWLYKW\
863 PRGXODMWIRKMNEE$S3RQWKH PRWRU
BUHVHQW DGGUHVV 8QLYHUVLWIW /HLBLW FERYE HSHVQ eRHXERWE RIY H\RW DDRHG
OROHNXODUH (YROXWLRQ XQG 6\VWHP DN/ G RO BN B KW) * VKRZRD[LPDO
/LHELIVWU [HLSILI "HUPDQl R pSHWWMRESP R G X O DGKLLRVIDKAR O W
IDULMRXWVD RWHG X ELRSXODRIYROW R VX JJHWKABWK ER Q WEHW H Q GIEVQYK\H
LQVHKDWGIHEG B HFUHD@HIWD QVP RIVURYRQW+ DFWR@WKH SULRWR &$3
WKIDW K RWHEWX GHV HYXIAM\G HQJXBUH WUH IRWRHQRO DWW IRYVHFWHG
IHYBPQBDODBHBHDWS URDIFKHOWG&HI URPQRQ PROMQL®RBDWRK+ FDXWHKH
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&&$3 LQGXHHGFWREHVLPLODRVKRVHS$ ELQGIGRPDPQLQWDIQRUPDQG
LOQGXEN&&ESDORGKULIIH HFGARHKLIRH YRHDFW LXILW{K 5% EXWFW LY\ W\
&&$3 LQGXFHGFLWDWDREH DOVREUDVW LFHD®XORHGV KF5$ DQ G F5%
GHPRQVWLUEMWHGWDRWPZRH UMV VXJIHVW MR QW ODWK I D W XRIHV K H
DFFRP S DEAHKGIS SH D UPIREMX EEQE VKHWHUR G ILRMUH.FD F VUL REDF R Q W K H
WKHORFXVUWW (DUOWORZKHPRO\PSIKWRIRURYH QKRWP RIHE W KIHQD ORI X HV
FRQFHQW RDW £ FOQN/ K R X WKW H F H GBILVOR O H YW WIHQ V F U DSFWIL R QAKIHH O O
&&$UHOHDWH 2Xlhvir RDQiBvivo FXOWXOMVDEXWLQ FRQM X Q FALVRIQ
UHV XIOOWGL FIOQDH)RY HAOR & &$3LQ HFG\VW H URKIGWHR P S R X QUBH/G X FHK H
JHQHUDMLURYZDOEBREDYERULYKHPD[LPBAVIRIHFG\VW HVURERBW\WQIROG
H D U\ON D RHHF G\ VIIKLMD O VR S S R EW H7GK I D S D FR WA\ S R W H Q WLCDUDIFRRGW K H
GLVWLRKDNDIJHY WKHURILRIH&&$3 (F5 LVRIRUPYGGLIIHUSBIEBMRQVWUXFW
LPPXQR UH DIFW UY. MR F&YHENDEG 6 LWH GLEXNAWHIGQXYWK E G L F VW B W
W K HDIf B QIDWE R U L Y WWIER@H X URBK B W/ RPBP L @OFF LVGX E VW L VL QMKIDRUHWGI L R Q V
&&$3 QF UHMW KHMVHBW\H F HGABWDIND R1 ERWKF5 DQG863 GLIIHUHQBMLIDOW \
DEGRPLIDPIOLIMDOOZDVSUHYLRXWONVHURGLPHWWB QVFULSWRRWDYL W\
R E V H ULYQMXBIE G R P LJPIA @ IManduca SUHVXPDEOEHFDXVHLVRIRUP VSHFLILF
DQEOVHZKWHKBRROW URGBNHOHDVWUDQVFULSWPRBRQBHYYROGH IHUHQW
F*03 GHSHQGHRWOHYDWLF®3 LQWHUDFMWMREDQ 863 7KHSLYHURMLW\
LPPXQRUHDFWVYRWVHUYHQ WKH(F5 863FDSDELQ@VWIUNWK/EKUJIHVEAH G
WU LWR F HOGHERUKE.MWQ H U YW W QW G LI THUHREWV D Q V F U L3R RYQLE/RQ J
WKH GLITHUHQW VWDJHV RI WKH OHRFHKSNYRAZRO MA WIESEWEBHRYD O HFWKHWH O\
PXWDWSR®Y LDGHH[SHULP HEDWDRRU

&KDUDFWHUIRRDWYREWDQB63LQ DVVHVVLQJ VSHFLILF UHFHSWRU IXQFWL
D PDPPDOLDQ FHOO FXOWXUH VA\VWHP

$Q Q RW D VRIU RV Fibolium JHQRPH
-RVK %HDW®QD &DODORQGMHQ )BRBWK URJUHVY UHSRUW
"HLQEHUJDW JIJDUHWKH 63L@@0&4®L@9H@ﬁ« A

*HQULFK 5: %HHPDO@UFp ' /RUMQIHFKDUGYV
%LRWHFKQRORJ\ DQG *HQRPLF 5HVHDUFKHEQQWREUN*BBEYB UV L WHURZQ

RI'MTRUWK &DUROLQD *UHHQVERUR “UHHGQVWERYRs 1§35 &ROOHJIH $YH ODQKDWWDQ
MPEHDWW #KRWPDLO FRP 86$ ULFKDUG EHHPDQ#JPSUF NVX HGX

B'SIEW*HRU'P*DHQ\HUDO =RRORJ\ DQG (QGRFULQRQRIN  SQINHYM I WA SEL Q) @HOWHU %D\ORU &F
Q OHGLFLQH %D\ORU 30D]D +RXVWRQ 7; 8
7KHXQFW IHFEGDOWH K RH &QrBsdphila "LYLVLRQ RI %LRORJ\ .DQVDV 6WDWH 8QLYHUVL
melanogaster D Q & W KIHQW HIFBMHWHU R G L P&H U 86%
5 OW U D S LABBF QR P L Q DWRIRRIU LY OF HXFKUR PRI TXHRFH
/ Q R um castaneum FRQVIRMWVVFDIIROGYV

QDWX(FBOVRIRDRWB63IXVLBQRWH WDLQL@IDVDP SROINQR Z® Q HN
KDYEHHHWHVWEDEP DPPDOEBH@ROW X NDHQ FKR UH ® IW K\HH T X H Q FID® RHR
VI\VWHP&KLQHVKDPVWHRJYDU\ IRU KELQNDURXBW FO UHVROXWLRQ

WUDQVFULBSWWRRDWID QG EL@QIG(§ &3 EDVHGJHFRPELQDW LFROGS3Q Q J

ELQGWRIKHD QR OQLFEVHWW B BIFW\V R
UHV S ROOHMP H@ B hsp27 , QW KV W W H BWHUQ'[HWM\HQSHUHGLFMRW

WKWMUDQVFUDS§W LRIDWXOF L | FUUHEB\RAU

JHQAK R \8HU R P RMRHQUN I/ IDQENGHPS HDIW

HQRPIBHTXHQFL®QWI®Q®GD *OHDQ
WHIsp27 (F5(LMOHYBWHIR QRAP RUIQ \/\\'p \ | n/q\DL M@ J J U H J CRAM R BWHHW V
WKHSUHVH@®AHP LFURPRDPRXQ RV

PXULVWHU RQH K\GUR[\HFG\%HR%\?EEHW! M?PSSH?S%J%S?SRN[T\PSDHVSSO\
QDWXBBDIO/RIRDR®63FRQVWGKFW

X
WKGHYR—IIWUDQVFU[DS:\M/LLFE(Q}NIW\X/KKHJH HR\Z K L. FaK KDWHKSSRWVILGHQFH

DEVHQQHBUHVI—R;JHHG\VWHummD\/{(%&ERVWK(*QVHPE\D(Q\WKH*G& DQG

QRPHIQ QRWBMIHRMI RHMQRP H
W K EW WKW HUR G IS @ OUVU R QR i T3 iy BIV v R F IDIVOIRGY W DRI H
GHW HUPWEBIRYH®W UD QV F UDSWILRQWE 7 |y o'\ K 1 H O ER UHHOR PEUR ZV H U

JRULQVWDREBE63 FRQVWORBFWILAWN 777 510 ER UHGHRW.D RSMWE 6 D\ O R U

HOVF®XRIXVWXVQHYHQHLG% DQG
OWVHPEKDYBHHBRP S L MAE KHXPDQ
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&ROOFR_”\(DH_HGLFL@_BQGHVLUHBXHQFHVYLQH &DOLIRUQLD 86%$ KELHVVPD#XFL HG
FD@HUHWULI—HLY\N—IIGI—H_UHIR\NYO_\DLQWR '"HSDUWPHQW RI %LRORJLFDO &KHPLVWU\ 8QLYH
1&%, 7TKHVARPSXWSHIH G L F WR B POV &DOLIRUQLD ,UYLQH &DOLIRUQLD 86%
SUHOLPLD@WRWDWLBAQROBH I XUWKHUQVFHQW ,QF 6N\ 3DUN &LUFOH ,UYLQH &C
DPHQ®HXZHIL®HEGQXDHP®QA R W DWHIDRPY 863

KDYEHHRUJDQULRUGHY HUD@ID P L OL WY p p grigpheles gambiae PRVTXLWRWYRQG
HQRPWLODQBHQWUDQVBUUSIWHWRGRHPLWWHR®EXPDWWRLQBEORRG
EHLQHYHORWHE HOROD WL IRDFV. O L\WR W& K L ofD O HDU ) HF WIBI B G HDRIL V

WKBHQRPIHQQRW MWIGR R/ XSSRWWRHER p 5 (8K D YILMRRQW UBRWE M BOUIBDYOH O V
H[SUHVVYWQGLSNM LQWHUIHDRGRER wys UR E DIE@L W LEDWHEQ W H U RAW L R Q
WUDQVSRVRQ PHGUDWREVQBHOSypy| RAR/O HF XIOHVK B Q WH QQHEV L OO D
HO X F LIGRWW R BQ Y G LFWGHIH H W O H %B\RH) vpmaw F X KOG R FRJOLWLRQ
KWWS ZZZ ELRLQIRUPDWLFV NW)Q#&%#’/@F*I@\M@%W@QRWWD@M
ZLOO EH WKH ILQDO UHSRVLWRUYy k| FpD\ EHLQYROYGRBGRBROHFXOH
W U D Q V RFSIRW DU H S WS VW K DDAU H
&\WRFKURPH JHOQHYQLQVHFWV#IOUHULOMBHKHPRVHQYWRURQBGRU

HPEDUUDVVPHQW RI ULFKHV GHJUDGIQQUPHY' (V 7RREWDIEHWWHU
XQGHUVWDN &HGU H VYD W Q/RIWHYH V

0D\ %HUHQEDXP WKBW\EH QYR QYKRWRG RBHUFHIWLRQ

8QLYHUVLW\ Rl ,00LQRLV DW 8UEDQD &KIFPBS OBHK D YIHH Q H U DIHMVGVRRIPFFURD U U D\
PD\EH#XLXF HGX WR/WXGAK HLW HDWGN DMBH $ OHY HQV

7KH JHQHWHQFRGLBWRFKURPH FKHPRVHQWRUVXHYWHQROABSDOSV
PRORR[\JHORMHANM WKLRQDWHW KD WLFURDUHEDXMWYD O L GRWXIEQWLWDWLYH
FDWDOWKH $'3+ DVVRFLIWB®FWLA3IES 2X W WXIGEHQ WILHIYHEMDIW KD W
FOHDYORHMJIHWBURGAMQFWLRQIPHMHEEUHVIYWEIQLILAOQWIOM Y HQV
SURGRREDW KRB QVWR QR WH®ID UJHYQWHDRISDOBNHPDOH/PYDOH\KLOH
VXSHUIDNE@RAHML WKYHU PHPEHUBWKNURZMKRISSRMMHHVSDRQHUQ
KWWS GUQHOVRQ XWPHP HGX QWEGRRIEH G 1EXW /R VSHF MKCROAH
SOWKRMIRH IDPLODLWRXQE&ZLGHZLWKLIKHYSUHV\OHRCH QP D O HVUH
YDULRWUD[BWKHUMRUHMHVWULGWHPGU HJI X Q BORGREEHP D OMAVIJHVIVLQJ
PRUMSHFLDIXQRAW L7AK@&<3 IDPLOV VHHNLQUR QHFWDHHGLQDS7 3&5

X QL TW R/ K&O D,\OW H B\ I/ R J H &/IKWKK HC HWHU P L RIZWIIRIAE O H Y H@'D UIQ G
&<3 IDPLOHSUHWDQRIWKH 3 Vv ODBXSDNHODIX XHDEVGD\ RDEG
melanogaster 7 L MHABVO 7RGDWYs YLJQLILFDIQWQGHYHORSAHQWIWWVLRQ
JHQHMQ/HSLGRSWBYRBHHQPSOLF DR LIRDAF OIR@W OE B G HAR AE1% 3 V
H[F O XV L§HON D E RROIWPR E L R\ BRA KD YEHHIH Q H U DWKHM® FRJ QUKED W LY H
WKRXJWWEH SDUW L F XICFSRAW DQ W U RWH@Q V T XK WIRE X S S R IEWWHKEH 6

PHW D E RRLS/PD §KH P L FIDQIWK ID\O P R V3Rt E OLHD OGHU Y UBID GW DQE\
HIFOXVBXMDRSKDURXER ZWK KDY H QVFHQW ,QF ,UYLQH &$

HYRO D@ LY HUVKRZHGY HH P D LIY

RSHTXHVWIRWV LEAKD Q DMPFHUO\$ @ H TFAOW XUHW HDRQ & Q ITHF W ERRWQ H

WKGVYHUYVLIRDE@YWLARQRBMIGHKEIDPLIRU WKH V\WRbhogalofghum padi YLUXV

&<3 ULWKNLIRHHQBD SLAWMKHZDOORZWDLO

EXWWHZKCD_IFM(WGLD_\QMK}_'RQWR_HWKH 6 %R\DSBOOHIFNHWW®O$ O0LOOMHYG % &
BRQQLQJ

WR[LRUDQRFRXPDULQ KROWPLQLI

5XWDFHDH DQG $SLDFHDH '"HSDUWPHQW RI (QWRPRORJ\ ,RZD 6WDWH 8QLYH
,$ 86% ERQQLQJI#LDVWDWH HGX

'"HSDUWPHQW RI 30DQW 3DWKRORJ\ ,RZD 6WDWF
*HQH [SUHVVL&HQVRWALVVRHWKH ¢pHyv .§ 86%

PDODULD PR \ARph&eRgambiae ) _
Rhopalosiphum padi YLUXVLFLVWURYLULGDH

+ %LHVVPBQQ 1IXYHQH 5 -XVWRRHO ) 5K39LWQFRVDKBSKDEUXMDK NE

-DOWHU SRVLWLYH5MEQWMHQRPHH VFUHHQHG
'"HYHORSPHQWDO %LRORJ\ &HQWHU 8QLYHUVLW\ RI &DOLIRUQLD
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SGALHS WOETD 'HSDUWDPHQWR GH OLFURELRORJtD OROHFXODU
OHSLGR 15 IE@F)RSVVF”HN)[PQHV%LRWHFQRORJtD 8QLYHUVLGDG 1DFLRQDO $XWyC

IRUVXVFHSWWMERIKBWNROORZIIBI  gxHUQDYDFD ORUHORV OH[LFR EUDYR#LEW XQD!
WUDQVIBOWE RIPWBBHIGK R P RS WHHO®
OLOQBWULYHRPWKHODVXNQJIJHXDUZKH QVHFWEBRGDIWRG X E kHBacillus

V K R R Wdhblodisca coagulata, D Q ® KR U @huringiensis % W& UW R [LQWXIV HMERRQWUR O
OHXIR S S Balbulus maidis ,QIHFWYRQDIOQVIBHWWMSULP DEWRRQWR [ LQWR
UHSOLFDWIGRQRGXFWLRQULRZDW O\WH GJINKWL W KHOEDNR U P LQWSLIRFU H V
FRQILUPHHGQRUWKHORQW\EULG L] D W®RKPHS L FPDH® E U DQUHW R [ LILWPARG X O D U

57 3&5 ZHVWHWEDRWQDO\VDWG SURWHRRYU IRMWN ks UGRP D LR/P D LIQY
LPPXQR HOREWURDAIRSOO OHOQUWKLQYRQBRWRUPDWORBRPDL DWW G,
FORRBK3IZHUWIQWKHBLINGDQVF UIQYW ¥ H SMORNWH U D FWMURGIW XPPDUL[H
SURG XIFHRR QR IW KFHO R QHWIHY | H F W LWRHKRH QWG LRQW K&U\ UHFHWRIWDFWLRQV
IR O ORI VIR MWHR OF H SPHIOEHH ? Q & KHUIRD W R [DQ@W RIW R[LAQWHUD FW
,QIHFWILZAY FRQILUPHEG &3( DQG VHTXHQWEDWRKPXOWLSHHFEHSWRUV
LPPXQR HOHPWURRY FREULR@MUHOHSLGRS WRIVIDREWA $WR[LQQWHUDFW
SXULILHBAQIHFWHODYGHGWRELUGLQLWZDWEDGKHULQ WHEMSWRWDFWLRQ
F K H U U \DFSIK\WEh¥palosiphum padi $SKLGW¥ QY R OWKHIHLH | H HFEQW RIEWRPRWH YV

W H V8RN WRYHI H F BAMRKGEK 3 F O RB\H L Q BB R W H REOARAHFVR L@ K W R [ VMK D W

57 3& 5 ZHVWHWEDRWDQDO\VDWG LQGXMHMRUPDWUIRQ N'DSUH SRUH
LPPXQR QRFDE\_pj_WPWQURVF\RERVWUXFWKXLLFH(D\EHH‘QXJJH\NWFEII@\NKH
ZHHNDIWHWFTXLVLMWQWRUHH SOLFHHMME RQVRBIKHRQBSRUH IRUPDMH RQ
H[SHULPH®WK' 1$ FOR@HWKBK39 SUH SRKRZHG IROKLJKB UL QWWAKH
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