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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
JHQRPHDVLQVHUMHBRKHHQRPRI VHFROHGFHIWAKNFRVIO SKRVSKDWLGLO LR
Autographa californica PXOWLS®H DQFKRWHPEQRSHSWLIGDWHKLYV
QXFOHRSRO\KW®&WRYWKKINF R P E L QIQQMH U COFHDMRRY KHQ VHURMER®QJIJRPHULF
EDFXORSEH®K39 ([SUHVVRIRKEK39 WR[L@QWRPEUDRIHURGRPRIUQVSLG
JHQRRKB!I FHOWHVXQWREGPDWIRGDIWRQGCXFERWEHO @MLQ@A Q VHFWD WK
5K39YLUXV SOWWLEBNYKRWVDSVLERPHD XWKREYIHVWKBW3, DOQFKRUHG
DUH VWUXFWXWIGO\LPPXQRORJL¥DHDBEKRYV S K DAVRXVIHD \SFO UW L FLLG D W H
LQGLVWLQJNLR/MIKEDW IYY W L FEW GULYWESIUH SRURH SUBIWYDGGLWLRQ
SUHVHQFHHQRPBIKRB %5 1$ L QU HF R P E L QWHHRE@W R R ZWK Q RRWQ GWU R WHHLRH SWR UV
EDFXORYIQUNVFWHOGDYA Q9/3vZDV DUHQYRONB&GU\WR[LLDWHUDEMAER Q
FRQILUP\HG 3& 3 VVHPEBK3®/3\VLQ PHPEURMXVFHSRUWIEDIHWRNFHUWD L Q

W KGIX FOR EW F X O RIYQ UHPRAHHOEXN J H V WOA F R O IKDLYAWJ R @ KW R [ IDFF W LRKH V H
WKD@®! FHOONRWKKEDQG5,5(6RI JO\FRODSWMGCH FLRIWQVHFWHPDWRGHYV
5K3DUMFWLYWKH UXKQFRGHE W HWD VK HJ R RHD OWOK HVRW H U DEE@ IUR@PWR W L Q J
IXQFWLRGL®RFHWIER3IISRO\SURWHQOYNAW LV BRIEQWH URWWHD VRl

DQG UHSOLFDIWKRNWRWHTXLRWEF RVTXLWR&EUGWA[LQAMH IRXQGKDW
HQFDSVLGOWLRQRUDQDO\RLWKH*3, DOQFKREHBBWHLWQHI OVIRQYRON® G
LQIHFWRY EWFXOR[BXWHVEKE) ELQG&QY $WR[ZEHDWIPRVTXLWRFLGDO
YLULBGVLILHRBEDFXORYLUXWILQI¥NMNRIE QW HULNQWHURMWIERW XEV S
FHOGWIMH GVR padi $SKLGNUWMH VVRRUGSTaelensis % WESURGXWHR L |1 HUH\GRI
LOQIHFBAMRBDFXORYLUXV58BRORPMAR [LLUID Q&\\VE URWHEKQMKR JHWKRZ

E\57 3&DQBHVWHORWD OVRXWHHNWVI\QHUIJHVWERWKHLR[LFQWGGLWLRQ

D | WIHFRUT X L V BADIFK@ RH[ISWHWRIER®9 QR UHYV L YWRDQNFRI[ LKD/EHHQHOHE®WHG
LQOHSLG R SAHHEMOQW ¥ [BWRQ R WX S S R WS HV HREAMW BQ&\W BYHUFRRNWFW
UHSOLFRWIBKA9 SURYL®HSRWHQWHY® VWEQ FIH &HIQWR [L.AVIR X QIGK D W
DOWHUQBWUWUREAK vitro SURGXFRML EKMHROHFREBKDQRWRQHUJLYPROYHYV

FORQHV RI WKLV YLUXV LQWHU RAWHHRNAR R [ I BQQVGHLGHQWLILHG
WKWHSHFHISIFWRQNR OAYWNKGLYWHUDFWLRQ

‘H ZLOSUH V HE@WNDK DMK R ZV K DAWW  $
V\QH U JR PHX/S S U HVHNAHIW WRQMHR [L Q V
\IX Q FW L B LHPIE U CERK QG F H SHWRIU

,PSRUWDQMY)WHUDFW RR QBRAcillus
thuringiensis WR[LQ¥LWKPHPEUDQ

SE\F/'ES\‘/’VV[F:)LQ;GHWKHLUROHQ LQVHFWP KL JKIBN HF V8 DYWHK R JE-DQRLVE H D MXW
Q SURGXFPMR[DQ B OV RIXQ F W LLRHIFHE W R U

$ %UDYR , *RPH] / 3DUGR & 0XxR] & 3dp@NKWDPRY YWD PO X \BIURP R WLRYL Q

DQG 0 6REHUYQ
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ELQGL\@MKHHPEUDQQ@YRLGWQH 6WDWLRQ 7H[DV$08QLYHUVLW\ &ROOHJH 6WD\

JHQHUDWLRQ RI LQVHFW UHVLVWDQFH ©26% S SLHWUDQWRQLR#WDPX HGX
,QLQY HUW HEHDWRBHS WR)GHHSWLGHV

JXQFWLRQGHYROXWRRED PRVTXLWRKDUHWUXFWXWPRODBLWK HUWHEUDWH

VDOLYDU\ SURWHLQ IDPLO\ QHXURSHSWLG&KLFKUHJXODWRRG
FRQVXPSWLRBDGUIDQYKMQ[LHWQG
( &DOYR % - 0DQV -) $QGHUVHQ DQRWX HAKHVUR OR SIWFROFIVV KW LQVHFW

6HFWLRQ RI 9HFWRU %LRORJ\ /DERUDRUXRRDbP WSEHHS YR W RIY RW K K
5HVHDUFK 1DWLRQDO ,QVWLWXWH Rl $SD0RWHRLQGFRMKEBIERERES UKRGRSVLQ

'LVHDVHV 1,+ 7ZLQEURRN 3DUNZD\|@ﬁf'@ﬂ@(@Ym@RQ/HK}HUMQEMenOpSiS
86% HFDOYR#QLDLG QLK JRY invicta % XUHQ-\PHQRSWRHRDPLFLGDH

6DOLRIEORRG VXFWWE® U RFRRBNVDL BSXWDWILRIBYUHFHXW R 5D Q &% & (
FRPSOHJGLYHBNV[MW XRIBQWLKHP R VRHIWKIRFFEW RPSOHWHESF'1$HQFROGHV
DQWLLQIODPPIDQWRURPXQRPRGXODWRIHYLEXRWHMWX UHGLFE&BGHY HQ
FRPSRXQ@EN VDOLVDRLRISURWHY WUDQVPHREAIDMRAU X F\WXSUHR S R\KHD W
DEXQGDIPMOHVIVIE® RRG | HHS WHINMHKAH T X HRIW KR Q BHWK RIBYUHFHSWRU
DQGVGLVWIHOOWRGRGRUDQW E MKRINMRR\W WHH@® Q RWH@RRIBFWRWHLQ
SURWHNIXGHIDPLO)Q PRVTXLWWHARRI UHVLGXGIMUBQWDWHXHHQV
VXEIDP HPLWWKHMR @R EKR'UVS URW H LWHF H SMWURDWR V Z B IUSW W H E HKEHU D L Q
7LFOVMBSLVVERINY ROYBIGLYDERFDEBLGV XN QGIXMO SLJKLDEX OHW R G\
WKDPBAWA | | L F VHFQWH QRIFHLWLRI HDPULFIQHW QG RYDULHKH KLIKHWWDQVFULSWLRQDC
DQOVLPLOMFWAIRKR VW X OPDWHKIKE H[SUHVVARWIRXQEG&Q WKHUDLQ@KH
SURWHSFEPRUGLQBM\[SUHVWHKGELYHGRZQUHJXPONYWHBERWKRIBYUHFHSWRU
PHPEHRNMVKWPDOOIDPLRIWKHULFDWUDQVFU LIS URQ ROQRVMX i U D LZQ WK
PDODVYHPWRRESKHORELDGE' ORQINWDUYIVWIROMKIWKHWKRUR) VLIQDO
IRUPIURP$HGHMHJ\SWQGVKRZHEE, WUDQVGRBWERAMSOMURQABHHGLQJ
LVRWKIPUPDRFDORDRREWDM&HU\UHIXODWILBEXRMD W M BH HAAW. Insect
VHQVLWLYH QR Q HTXL O LBrghempPhysiol. 61: 195-208, 2006.
FKURPDWRJUDSK\ (ISHW RIUPHBRIOR G
DQB\VPRRIV\D«VFE)U—RD\XN/IDMRHWKHV(FSK HSKULRQQWHUDFWHR®@WE O IDVK

ILYWKRUBURWBQ@KH ORQRUELQGPp | GOLBRXQGDIRWPLIJUDWRGXURQV
VHURWARQKQIBIILQDWHDKLVWDP g L QWKHRUPDWLRQ WKHHQWHULF
DQQ@GRUHSLQHBKIMIRMH L QG LIRWHBRQUYRXV V\VMakiBcd @xta
LVSRRUHJ'S UH VIVMWE YD O L YD D\QIEYG
DSSHDMREHRQWKIBDWWREHFRPLIJ 70 &RDWH 6ZDQWRQLJKRDQG 3 )
SVHXGRJIBFO HQRUIRNRVIMPLQHARXOG &RSHQKDYHU
DQWDJRQL]JHWKHLU YDVRFRQVWULHSWR&HOO 'HYHORS\PHQWDO %LRORJ\ / 2Ut
SODWHOHW DJJUDHI®WSERQUQ LQGXFLE HHQV\f:Ri?/;Y}:'g)\(’LW SRUWODQG 25
SURSHUWISHS\HIVKWRX QW HUEDRWHQ L
DPLQHWVRI VWURDGED S WLYGDLIYW K H B3URJUDP LQ 1HX'URVFLHQFH DQG $UL]JRQD 5HVHD
FRQYHUJHQWOXWFRRQDUWKURSVRI@V;?(I;::F\Q/LFJQ%WSF::ULHV LY RI 1IHXURELRORJ\ 8QLYHUVL
KHPDWRSRKIOUUGDSW KWERGWOROYHG
LQGHSHQGANWBXIJWQBRVTXLWRHBKUHFHSWRBWLEDVR® KHHIKULQ
FR RSWIFRQVRHBE HRUWV KML SR FROWD VQO L JD QBR/G X O DWKHI XL G D QFIHP D Q\
VKRZRHUE\ WKRGRUDQW ELWrNREBYHORGHRURQ@WKMHUWHRBUHW R XV
IDPLOTLKIMRUNDVXSSREWHHYLVLRQVWHERRYHUODISSUHVDRWBQQRV
RI,QWUDPEHDI®OD UPKN L R@VW LWIXVBHRPLVAXRXNUDFMRARRUWHSBHLQV
$OOHUDQG,QIHFWLRYXWDVHYDWLRQDIGCSKKD YKL QG HRIN Q FW LIRFIDARV L V
,QVWLWXWHV RI +HDOWK VSHFLOLBDQG UHHMHIWRW 3$VDQ
DOWHUQW WD WHKID YLHQ Y H V WWXKHR/ Gl I6
HSKULQ (OGWWHUDEQWREBRQWRRO
XURPQDOD W L WENKEHHY HO RSWVQPH U L F
QHUYRXVYWHR6 RIWKPRWIMKanduca
sexta 'XULQWKHRUPDWRIRQKKHL6 D

OHL (U &KHQ DQG 3DWULFLD 9 3LHWUDDBRBXRIRNEL RQQHXUR@¥VHOPNMIUDWHYV
'"HSDUWPHQW RI (QWRPRORJ\ 7H[DV $JULFXOWXUDO ([SHULPHQW

7TKHYVKRUQWHXURSHSWDGNHBHFHSW
I[URPWKUBIHGP S R UWHUWEBIQ Bblenopsis
invicta
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D O RMVIHRAL G H Q WPLX V RBIHQSD W K Z-DQVUH O D W LRIOVHK ES R EAPBOLR QWK L Q G
WKPLGJXWL@H RLGRG ¥ D AHAWH U E DXQRIW K)HR U P R WIXE W H U UDADHUHD) @\7H
UHJLRB Y D YWK R 2ZQK D/\(13 FH 4P S U H\VSW R Y LOBWHHYI X URIWD QD UURNS UR W MR G
DVLQJI®HOLQMSIGUQLQ(SKUZB LA Q EDFW MKLIDA | L POR U WDOQRW LLRW ¥ H
EHGHW HE QWKGH L O R S RSQIRF®! B WHR/H \V X U Y RWIDIOHKIRW WX/ FIKWF H O O XGA BN WW LR Q
H[SORVWKPLGJIJXWXUIDERQFXUUMXKMDKHWHPELRRWH[FHO WREEQ® DUJHWYV
PLGOLQWHUEBDGROQVKMLGIXZKLFKRIBDUDWUDQ\VZKLGWKMN XBLPWR
D UHQ K L E WWMRLLIU D WHL[B@ HWYS KW K HH P S O ROV KFHR Q WRIREY 7 K HI R DRIW K L V
VROFMK UHFHSKMRRRORILRQManduca VWXGWRHQHW IHFQILQWHUPLSWHFLILF
%ORFNHQ@GRIHQRXBK UHFHSWRUNVQ G L JHDREKNF W WERIHF USIMSHWW & HL Q V
FXOWXHMEU\RLWKROXBUHSKULQ WW D UD &KLY MH U P ISW R WR]JKRLDDKU H
IXVLRRURWHLQ®XFBEQR U PLAS O L QHH VSR QMLEVKHE L JH V \R LIRHQO O XLOORV/ R
FURVVE\QWKB HX U@V KHRR QVQ P HW D E ROXEAWVHIN X X\@ WAE\| WE&WMH U P LW H
FRQW UW VWD WIKE3 FHODMVKROXERRVW WKRWWHIWRWRJQMD VXSSP
0V (SK )$URWHQ R VEWW HPEU U D W QRS X W U LYHKIWHW PG IWHAK LWW XIGD V KR Z Q
RXW JURZAWHKK RXQW X FPQG O LFUHRVV LYW XDWHIDXQD\RLRMH UP LIXMV\KVLQJ
7KHVWHHV X DQGL FW WDANK H[SUHVRILRQHW UR Q L GEIR @ O RRAM W D U YIDQVGHRIW K
OV(SKE\ WKRLGOLRKHDORMVKRLGJIXWIWKWHUPKRNEL W KLIQZHHN3HSWLGH
QRUPDGOHYHBOWWRSURZWH WKHWR[LDWUWFUHHOQW® DQ®@ vivo IRU
PLJUDWRU\FHO OV URWKLVQWHUEBQRWR]RLFWGEGIB @D, WHRWYQDHURELF
ERXQGIDKHDOWRXJIJIJHV@RYHWBORU FXOW RUSIWRW FFRQILUPR® L RLWK H
UHY VUMK DYLDD3, OL QMSIGOLY DQ@GSHSW DG BV @KW H U PLWRHV RV R D JiH W V
W KFR Q WRIRD® X URIXD.G D GRHH Y LIRXWivo WHVYWWLQRLFURLQMHRAWX QIYH G
vitro VW X GKIDAWHK J J H WWAKHBGVY HGJLD OH U HBQHAD X Q CRWVW R @ H U PLXWAHL W K LIQUR
QRQ UHFWSWRWLIQGD VIV .V PD\EH W U H D WZR.AMKWAHH O H PAR IHLGDK/H H Q RV
DFW L Y®XWHEHY HUMIH DB*@J OL QN WGEGH W U L PHRMK@AQMR EHHQQWKHVL]HG
HSKULEXWDOLGRWLKRKFEVHUYDWLRQ® JHQH VK XWAWHHS UHV H @ WLOQJ
vivoo KDVEHH@®DFNLQJ DUH XUUHQRMRIVW UW RWHG M HSIU HDVY/E H F U WW H
LQYHVWLWKXWMI[WHYWKLFEUF IDPL\OHOHRWE B\ WIRKW H U PK MGHEX W7 K H
NLQDMVHYGRWKHB7.V DUHFRXSOWRB JHQH VKXWRAXOM H @ WIORIS W L P LIRAG
OV(SKULQ PHGHYWMIZH) D DQQKI8 LQGXFLEHPHUHVVEZRWKLKHUHFHQWO\
FHODWPHFKD QLRAWR QW U R\GKBHRQVIL GFHK D U D F W W I U]PNGB/HHF LD QD H U RIE)IDFP
EHKDYR®OXLGDRFHKHYHXURQWKLRRVLWENFHW H WPllixdeter termitis 7 KH
WKH GHYHORSLQJ (16 RSWLPL]RM/IKROQH V KXMNTOHWHKD W
HQYLURQPHRIMWIFWYVHLQLPL]BGG

3DUDWUDOVJHEBVIW X MKHQH P\ H/TLFLHQW FRORQ\ OHYHO FRQWURO RI )
ZLWKLQ
$ QRUPDWROMKRUD QDVVBWURWHWE H
5 ( &ROGLHXVVHQHQRUD &RRBRG ) | oy HFWRPRORJXRI WKHS$P\ORLG
ULJKW
(Q UHFXUVRBWRWHLG@33 UHJXODWHYV

3
'"HSDUWPHQW RI (QWRPRORJ\ /RXLVLD Eﬁ/\fy L
$JULFXOWXUDO &HQWHU %DWRQ 5RXJ%? Vt/JHORzSi(D%:'%B\A?\yL& ULQHPEUIRQLF

UFROOLHU#DJFHQWHU OVX HGX

9HWHULQDU\ 6FLHQFH /RXLVLDQD 6WDWH BQIRNSIWYKWYHU 7 / 6ZDQVRQ / 0 .QLWWHO
$JULFXOWXUDO &HQWHU %DWRQ 5RXJH d$0 )DUOH\ DQG 0 $ 6Q\GHU

3DUDWUD QVWHQHH @ HROLGL S X OPIW LR ' SDUWPHQW Rl &HOO 'HYHORSPHQWDO %LROR!J
KRV W YRE L RAMLFFU R R U J DVORD ¥ R Y HDYGH igg&za;y#DRoKvy/i H%FXLHQFH 8QLYHUVLW\ 3RUWOL
DUUDRI REMHFWUNMRAYLQURPGLVHDVH

HUDGLFORRQQRURWKKIRVRVWIDQIYKM $33 OISUHRWHBE LWKIHQVKRWRORJXH
DSSOLFRVSIDRI® WUD Q VVYHRPULIMA@ RIYHUW HEIBIDMWHI D Q V P H PFEULRD/GH QW
VRFLQDOHEFMAD ¥ RFLRQ®W H U DFWRARROQVND EHU U CFRODWMOWHSU R G WWKIBPA\ORLG
WKH[FKDQRHPLFUREHWW ZHHROR BBHSW LBWHWR FLDWWH® |KHLPHWHD VH
PHPEHUWKWXWHRFLDOHMWMYPDWHMLOBERWX33 DQG33/ DUBDEXQGDQWO\
NQRZQRWQONRUWKHHFRORIDRBGAH[SUHVGEXGLQHXUBGBBYHORS MHGW U

HFRQRPLFPBR UWEQMHRUWKHEORVEGRUPIXQFWURE@DERQWURY:HWLYDHD
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LQYHVWMWRBRVEH QURIABH$ 33/ DVD -XYHQKBHPRRDHAWLM@MFRQFHEUWWKH
QHXUR®@DGDQHHH $ MREHO W IDBIUFY RXWHU KIRGJPRQHK\GUR[HFG\VR QW
VIVWHR6 R Manduca sexta DSUHSDUDWHREORQVREPMH\HVVHQBHYVMORSPHQWDO
WKOMUPRPI/YLSXOBRBHRAY RHXYR SVYRFHYAHWN HBWE\V W X GHLIHWHK R Z Q

in vivo 'XULQUKHRUPDWUIREH 6 DQ WKDXYHRKRORRQHY HQWKKIHPRO\P SK
LGHQWLHRNDE X URGFH O\ UDMCHR/QD UKQ G MU JKRQ WERWWER ELRV\QWKIHV LV
SUH IRUFPHKG/ FOBD QGSDWKZDEMIRUW KR U P RIQHG HJ U D GR MULHR-Q U P REQ H
H[WHQOG LR@OWQ & HUP VYOS RBWRK HWKWS HF IHVY W H VXY H & ROR RPUWHUD V H
IJXWXVFXODWXRKMQEGKDauca $33/ -+( +HPRO\P-SKDFWLUYIRBVSHFRHYV
OV$33/LWWURBPOUHVVBAMKE FHO QY HPGL FBHAIVE assimilis, K D& H HQ/ HIBD

G X U LWE HLLW UDWAKR@SHR VW WU D Q VEORGHMIRRVDNOX GNKH LFURHY R GRX W DR Q
SURFHVMQQUUDIILIRNMIKKRORSURMWRERFUWQBIBWOHFWREBOHYDWWHG
FRLQFLBINMWK SHFLSKIDVHRY QHXURQB®PHFUHRMABO\RSKDFW LYK RVZ W& D W
GLITHUHQWURWR RBRUKMHY KR 2QKDWHPRO\RPSKD FW L& ILIWH U DQEFHW LW D E O H
KXPD®33FD@HJIXOMKKH WHURWULRIWKESHFERYZ HY WIKDQ 8 W KHUUIRIQ
SURWRBQE HBXO0 WUOUIH H VWK ERID\ W KHY RO X RVIHRW® R F WILIDHK BAFULPDUL O\
DFWVDQXQFRQYHQWISRURDMHLQ FRREROWUBR@ WKW WX QI ELRFKHPDRIEO
UHFHSWIRUIRXQGVKDWdnduca *RA SK\WLRORILEBBWERWKKHQGHUO\LQJ
FR LPPXQRSUHRILSNON BIBAWKWZRPROHFX®PIHFKDQLVPFRQWUR O/OK I J
SURWHLQWRR ORFIXQWKWKDHDGLBUFURHYREBGKWKR®H DZWNVYWXGV
SURFHRMWHME FHOWMJHVWWHKIWARD\ DWWHPSWRQGEGUHWNKLEHILFXWLQJ
GLUHEQWHSBWWY DWA @10 W KU RSB KHPRO\P-SK DFWLYQW assimilis D VD
FHOONQKLELWHCGHLBRWLOLW\ D PRGH®® KDYHHIJXEJ ORRNIRMYLGHQFH
FDOFLXP GHSPRGABWXS SR UWLKHW KID/\KKH U L WGEDLE IBHH HQ@FHRR O\ R 8K

PRG MK PRA FR X SWOHFH SRVMRPM G LD WE W LDYUGKW B L | 1 H U FQUADLADW RIVBKH. R Q
WKWBHYVSRRIFHIUD W3 68 O/OR/QKLELWRUIHQKYLGHGRFXPHYWMWDQVFULSW
J X L G DRYEHRVRW HZKW W EW$3 3P L J KoE WO HY HQVKIID WR GD Q ® L G X WV L V DXOHG

DW XFIXUHFHSAHRQK L ELWHSU HVIvQ R\GIPROVREX\PBIFWLYQ®E Q. Q WHHQ D O

W KGIH Y H O R 56 RUWDKQ W L VAHRQWVIK R O L HIRQAD UNPUHR U U H 8 (RQIEG YHORSPHQWD O
WKLWUHDWBHQWOWDHE HUUBIGWR S¢PLQVZRHS D U B WOHODE &/RIBNOL QHMW V
PLIJUDWRIREHB FHORYWRKHQWHUEPBWEEKRZWKDW | IHUHQ@FEWUDQVFULSW
UHJLRRIWKHXWQRUPDOD@KLELWRWPEXQGDRBWHVSRQVRBOKIKHULWDEOH
PLJUDWIZRGOGDWNRKBLE ZLWK\QWKH ®IFHUHQKHPRO\P-SK DFWLYQWKH
HFWRGRIRDU® HRMVS$33/ GHVLIWRAYHOHEWRRAIVW KHUWWXWER R F X P WEW
LQWHuzuHWlHNN/QGRJH@RXBQMVH%ROHF)E(D)ID’IUR/UDDWXLR:FCF(XUUHQJ—IWLF
VLPL®DIWHFENIHWKHKHYVHYV X0OXMJH VP ULDWQRGRUPRQMJIXODWRUWDEOH
WKDWs33PD\DFDWD*RA FR X SWOHFGH S W UIHUHQ@KHFRO\RSKDFWLIUBOVR
IRRQWRUPRUBXLGD@RHWK MW UPDQCIHQRD ZLQERO\PRUSEHIF IGillls
SUHYH\@N\HS FHOQ}/RPPLJUDWLL@WWmUS WKHROHFEONMIRMWKHFIHIHUHQFHYV
LQDSSURSHUDREVD URXUUHWwWOW PYH DOVR XQGHU LQRYHVWLIDWLRQ
ZKHWBWH33UHIXORWEBFWLY D@ IKRIQ

(3 FHOMYZHD UKXVLOQMH[SUHVNORQLQKHFORQLRIIRQHSXWDWRFWRSDPLQH
VW UDWRRYHRBRWHQWLDRIGWS$33/ UHFHSWRQGWZRSXWDWMHURWRQLQ
LQVKH 6 6XSSRUBNHG 5 $* UHFHSWRIRPWKMWREDFRBZNPRWK
DQ® JUDQWR RVKRUHJR® UW Q HIRUKMaBduca sexta

$O]KHLPHUYTV 5HVHDUFK
$QGUHZ 0 'DFRHO % 'ORRYDV $

&KULVWHROBQ - 1LJKRUQ
OLFURHYRO)RWHFQ@RFU[UQ*HXODWLRQUL]RQD 5HVHDUFK /DERUDWRULHV 'LYLVLRQ RI
Jhe WUDQVFUDBWQGDQRPH)GHUOLHMH 8QLYHUVLW\ RI $UL]JRQD 7XFVRQ $UL]JRQD
JHQHWLF YDULDWLRQ LQ -+( DFWLYGD¥NV#HPDLO DUL]JRQD HGX

'HSDUWPHQW Rl %LRORJLFDO 6FLHQFHV 7KH 8Q
(ULFD - &URQH $QXUDJ $QDQG DQG $QWIRYpy\ “H#Y¥BIipu\ $OEHUWD 7 1 1 &DQDGD

6FKRRO RI %LRORJLFDO 6FLHQFHV 8QLYHUVLW\ RI IHEUDVND DW
ILQFROQ 7 6W /LQFROQ 1( HFOR YR WR GG P QCRFWRSDP2RHDUH
ELRIHQDREQWKK DWHFWMWKHJRXIJWRNKW
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QHUYRXVWHRPMQVHMWNHFWHJIVRUN SUREBQYGAPPXQRKLVWRFKHWKKY WU\
SURFHVIVQIRUPDARIGRMIEHKD YSRUEXUVLFAWLER B8 UKMYHER D EIFDX U RQ V
DQLQLWVYWOWRZDUWAYGHUVW DQKGHZXKL FIK[S U HBWWW V LEQMK &1 6 RISKDUDWH
PRGXODWRORIMKHNMALQHYROIDFWEBDUYIDXSMMH G GXOWYLQ@GHYHORSPHQW
SURFHVAHFOR RQEXWDMLYVNW2$5 WKH PRUSKRORDWQG QXPEHURI
DQGWZR +7 UHFHSWRWW7 5DQGEXUVLFRQ H[QHNVRREHQWIDDQIOLD
OV +7 LMBURPWKRRWManduca sexta. FKDQ&GXWLMUD QV UWKIURGWDKWBX S D
SK\ORJH @MDICANVRYILURKEIW23$5 WBR GXOWDIHNO XVRMHQW U IFGINDEBPW
VKDUHMQLIWVHDIXWRRARORIWXS LGHQWLQERGSHDD GLOFPHRA @&\
UHFHSWSUHY LR\ KOWDFWHWQLYWHKHSEXUV VSHEDDBQWLBRK®EBGQ
FRFNURDFW KHHHEXWKRZRXFKOHVYWGGLWLERMIDBAO ODWHRMHDMOY VHYHUDO
VLPLOWEXW\DNSL WHUDPIHAHSIWRBWEGRP LI QHDGID EHRE@\DE XUV

W KRR WBovhbyx mori D QHliothis virescens. DQWLERREEVLQUQUHFRPELEXDUWMWLFR Q
8VLQVUKMV2$5VHTXHQUEFMHI P HDAVR G LU R WHHRE V H UW K BWFHX UKR U P RKOHV

S XW D NSLWYHHF H SZVHRIBHE W D LORIBSPRULG X DXOQ FW LRRIHER WK QR[S D Q VOLR®

D QHKE virescens, DQ® KD Q D OJVRWK SHKCH VW D Q Q LMadducesexta

UHF HSIWIBRMHS D FDWAHNRWKHEHQWLILHG

W\UDPLLQ-I—FHSV\&FRLD\:OHFV‘RLXYUHJ(H\VXO@/\N/UDWH_U[LSRJHVVLFR|QFRQVHUYLI—RGQ

FORQWE® OHSLGRSWEHEDAV+7 M55 o5 SHULSKHUDO QHXURQV RI LQVHFWYV
DQGV +7 MES UERWH PL@RY7 W\SH

UHFHSWRBWKIHU)YHUWBEEBBWWHEUDWBL'XVDQ =LW®@IBQOLNH ( $GDPV
VSHFEXW LI IHUBRMHDFRWKHQVKHLU 'yswy RI (QWRPRORJ\ DQG &HOO %LRORJ\ 1HXU
1 WHUPlD@)G\J/q:\WRSO‘RFRGHr’ +7 5 8QLYHUVLW)\ RI &DOLIRUQLD 5LYHUVLGH &$

ZDWHDUGHQWW®B 3 UHFHS WRR) OLGDL#XFU HGX
virescens DQGV6+7,Q6DWOPRGWMQWIR-DQQVWLWXWH RI =RRORJ\ 60RYDN $FDGHP\ RI 6FL
D +7UHFHSWHRRBmMor. 7KWHTXHQEWYV '~EUDYVNi FHVWD %UDWLVODYD 6ORYDNLE

KRPRORIWY +7 5IURM. mori and 6. W.U X F WXH O DB G D Q \SHIUW. TB V

OV +7 LI%JRW. virescens ZHUMHOREWDL U X VW DIEFSIHQ J O\ FKIRW P R QCHVH
DQSK\ORJHKD(BIID\/OH’WMKII-G/D-IWBQILUPE FUHD VPG 0Q FIDQW HGHRNW D ERQG F

WKDWK HH S L G R SB/IENHODY BIVO HDW BR ¢ 1y 1 0 R S PYA@RMDLEDOMA K U R S RKGW H
*7 WASH UHFHSWRUYV LGHQWD FRGYHU¥HIGIQHQ FRGWQ@R
SHSW LL@#khwduca sexta, Bombyx mori DQG

OROHFXODWHQWLILFDRULEQUVLFR@des aegypti $ & WHUPLQPD®DWRG
QHXURRQYFHQWQBOYRXWWHRIWKHWUDQV SRHBWLGH3 DQG& WHUPLQDOO\
WREDFFR KD ZNanRusaksexta XQEORFNB®LSHSWLGRB/ In silico
JHQRPLS DQDOLIGL FW W ¥ H QLR
PRQVHUQRNGKHIL NSWFZHW\SH SWL G HV
'"HSDUWPHQWYV RI (QWRPRORJ\ DQG &HDUHH[SUH\L\QMBRJHJLR«‘BHIUWQQKWRQDO

%LRORD LAXURVELAQFH 80LvHUVLW R uhGDIRYABAIBLSY HIN ERD | L orFG

& 86% OLGDL#XFU HGX WKHUDLQLYSIDLEWDWBHWXORVHFUHWRU\

| , SRS B Ak oo e S

1S§E\L(JCNOPOHHQV\;1RI m_RORgL_s;Do GFLHQFI—\/\\/IK% B SDL R

D G M D FYRMOGDD W HFHDAD2 VW K [WHQV LY H

‘XULQ3IRVW HFORGXBRQYVHPWEHUHJUERUL] W WRK@®HUD LQOSUHVVRRQ
VHTXHQWURGHVRHWVLQIJH[SDQVLBRAYV , 73N RPSDUDMHINWKHID EEW
VFOHURWLQBW ORPQ L] RWERRUPROD®UR@WKMHQ WILD@D M@PBEHULSKHUDO
FRQWW ROV LENRKY HX U R KR UPRIXDO® @RYY RK\WWHPKHUBDV,73LVDEVHQW
RIWKHEHKDYLURKVIKBRQVHUYWEHoDY | 73RFFXIUQP XOW IESODWISDDOBG
, QV HFPB\W B HQWS RRKDW D FWXWUWY IR Q FHQ VKWK RUDFQ FDQBQELODWHUD O
SEXUV K)éllW\HUR@BVW[HNL@QSWRV\UQLQQHDF@EGRPLMOLWQ ,Q WKH
Drosophila melanogaster :H V KRW KSU H V H Qdry LSKBUDYRKXVYWHPH ILQG/WURQJ
RIWZEBBUHGLEWR® HAPRGHG@HQHYDY 73 [SUHVVRPORFZOQWKEVWDFHDQ
Mas-burs D QM8as-pburs L @anduca sexta. in FDUGLRDSEWSWH®GKR$3 LQ SHULSKHUDO
situ K\EUL G L [DIWMER-Qurs D QMas-pburs DEGRPLEMHXURQWIDEGRPIMHI®HQW V

/L 'DL/LVD 3LMDWQV :LOOL +RIMMGIHWFEKDH
$GDPV
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* ZKLFKURMHW“’QV‘”‘RKWUDQVYW%%WRRJPSHWHQF%des aegypti  E\
QHXURKQHDWHS’DQGHGOOH([GD””‘VV\;/ OXHQFLQJ JXW IORUD DQG LQWULQVL
RIODV,736G XULBHW D P R U SKRY\LNRW
WZRGGLWEROQBRWPDOOWRUHBORQY 'LOHHS 1 'HREPIMDOL ' $SWH 'HVKSDQGH
WKEUDIDREB®QBSDIRIPHGLPHDOGNMDFK 0DQGDU 6 3DLQJDQNDU
DEGRPL@MOOERQ $ VLPLODWWHUQ '"HSDUWPHQW RI =RRORJ\ 8QLYHUVLW\ RI 3XQH
,73DQG73/H[SUHVYDRREVHULY®WXKH .1'.$ GQGHR#XQLSXQH HUQHW LQ
FHQWDRGSHULSKRUDYRXWYWHRV ,QVWLWXWH RI %LRLQIRUPDWLFV DQG %LRWHFK!
Bombyx mori D QSghistocercaamericana 7KHVH RI 3XQH 3XQH 1,8
GLVW L (FHVDIOMKDIUH V 8 DRQNV MM QM W, 0 v 57D VR X QW8 B HW KR P P RIX W
WKDW3 DQG73/ KDYHYROVWYKGEFLDO IEL .
SK\WLRORJLFDO IXQFWLRQV LQ D %%ﬂﬁ% aegypti ODU L VR O DINRG
LT QOLURQPKYEGNERUDWR U\
UHDFRG R QWHM? O VR W D L @WKBX VRV
,VRODWILRQG FKDUDFWHUL]RPWDRMPHUJLIGEXOBNWUDQVWDWELPWPLVVLRQ
ERPE\[LQ /LNH F'l$Man&Pa sexta :KHGperratia ZDALQFRUSRWBW®RIEBDO
/- USPLFR+) ILMKRXW DORBUWXHQJXHU XWKHUMHW WDWLVWLFDOO\
VLIQLILRFQWDYXPERW XVFHSAYLEOH
'HSW RI %LRORJI\ 'XNH 8QLYHUVLW\ %&inti | HBBORY REVH U WHKESHatia
la 863 VSHFLIL'® SRO\SHSWLGOW HUDIPMWH G
'"HSW RI %LRORJ\ 1RUWKHDVWHUQ 8Qb Xy XWAR U GRHHP EUDIQ B F WIRRQQVD L QL Q J
PXQUWLQINRO SYH HRVWRQ 0% 868 H Q JXIHUWDHOF H $\R R B R QRIKZ\iegypti
QHX HGX
7KH\WKWHUDZFMUIR QW RR Q| L URWIEQ J
7TRIXOXOQGHUWMIHRIGX O RW URZWEG GLVVHBWWGR Re. aegypti IHPDOSBIV
VLIHQD QRUJD QUWH X LNNIR/ZO HRGWHKHLGHQW IWIREGE D SHULSODRHREUDQH
FHO OXIDIBKD Q UMPIKODWRRDBWKRFHV¥RP SR QRBorvitia WK XY HMAM QKD @/KHH
DQERANKRFVHHF KD Q DV WH I DDMWKHG HQIXH UDQWHUDE@QWR @ L G J XRM
RUIJDQLYVRWRWXXWULWIHRNIDERQGRP RVTXLWRUBWWHPSRV@KXPVFUREH
HQGRFIOLFWWRKN QV XWVILIRDOD WK Z VWD YHK L FROED UDW U D Q V QRGHHNAMW L Q J O\
KDEHH@SOLFDW@EBSRUWB QXORIWRWKNKQLTXHDW RUWKIE\D FWH ZIDYPW V
WKHIRZW®IKGHY H O RASILMMXE W AMOW KHV XU Y L QDKPH. G J R Médes D WL IJKBIRIELHQW
RYHUDIOBIDQRUJDQIBWQFGH UV W IWXEAWHP SHUD WWSWHV VIRR @ ZDVDOVR
LOQWHUDEFFNWNRHDY XU LOQOD OOV KHHQKDQFBIWKLIJKHWHPSHUDWIXJKH U
VIVWHPHEX O RMILRRYZ WK T X IDVJFR'GHAOVHPSHUDWXBM O @B VSeviiltia PHGLDWHG
RUJDQDVH QD B/MBRMKAROHFXOWXERL HQKDQFHPHIQMXY FHSWILEERRKHWMHIRUH
LQVXVOLW@ DO V@RI KD U D FW HRIWKORY IHRRFQY R PS H WRIKg Faegypti 7THPSHUDWXUH
VI\VWHPHFXO RW RRBYL |HHUAHGHVFU LIEGIMR R ZMRR G X (D3 H O™ H F WIRQH
WKHVRODRWRILIR®'1$ IURPWVKM/ REDFHARS UH V\BMVL@X aegypti D QA. albopictus
KRUQZRMaRduca sexta HQFRGLDLOURWHGERULFHOOQQAHMRXQWBK BWQJIJXHLUXV
ZLWR/LPLODWIRMKH QVHEQVXOLQELIQNGHZOMIQKDQRIB[SRVXNWMLIKHU
QHXURKRUERRHE\[L® FRPELOQDWILRVHPSHUDWRSHU DX QH{ W U LIV IWFR U
GHIJHQHIRBWEGEDQGE5$& (\LHO ®H GV K XFD CH Q K D QIF KM H F WARRWPP S H W HEQ F H
ESDPSOLNMKQULQJLGHQWMWVYKHPRGXODMQWUULUQVWRQVOXGHFHSWRU
SURWHHYHOLKS UH Y L ROGHBRWAQHilsH GIJHQHHJ X O DIMQ.® Q VIRK VE D F W H WOLLDANPH
ERPE\[LQ UISGIBWB&BYV HT XH@W WS3eRdiia VS
3&5VKRZWE /WD QVIFEXQWLQFHHDVHG
LQ UHVSRQWR FDUERK\GUDWHFW,
&RPSDUDM\/R_PYFHORDJRGHOLQXVH@/Rﬁ(§§§EHQ(\)/E?I/QWL 3ODVPRGEHPHQVH
JHQHUDWHHGLFWLYWUXFWXRXU
Manduca ERPE\[UHERUSWWHVHRMWE *HRUJH 'LPRSRXORYV
DQPSRUWMDYWHGEHYHORSRRRIWKH sy 0ROHFXODU 0LFURELRORJ\ DQG ,PPXQROR3J
PROHFRQDORWQV XWOLI@W DIO@WQIGHDO+RSNLQV 6FKRRO RI 3XEOLF +HDOWK %DOWLPRU
OHSLGRSWMHPRGKEGIVHDWEKSRUWHRGEG JGLPRSRX#MKVSK HGX

E\QDé(al)g)UBSSSMZ)LHRXOR@W;{R}& 7UDQV P L VRILIRIO D ULHDT X LVKFFHVVIXO
: FRPSOHRMERRBS QKW H U DE MW R BN
Anopheles Y H F VDRQWY KPthsmodium SDUDVLWH
7HPSHUDW PG LDWRAG X0 DW RR Q
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7KHW® W H U DLFQWLRRBBAHT X LRVRX @DHQ G~ SLEHLU®G $SQWKRQ\ $ -DPHV
RWKHKJ\VLRORDI—IL‘FEIR)QWFH/\KHQYDGLQJHSDUWPHQW Rl OROHFXODU %LRORJ\ DQG %LRFI
RRNLQ@\@WWKHBPSRQHRJWQ|qFWHggLDL'*L%\ébVV‘;\XF;L%‘DG?(L'RUQLD UYLQH &%
EORP® G F F X UD[W A X WRLIRR=2®mModiumOs

JHQI—H[SUHVVS.[RIQJUD/\PKD@JLUHH_\M/\X/ /IDERUDWRU\ l-:il obobuULD DQG 9HFWRU 5HVHDUFk
GHYHOR S RHDQNOWIGAWH U DEMN R Q¥ TN YLOOH 0

W KYHH FVOR M REVWDDFEH'IQ‘FRXQ\NQ‘V[KH‘HG '"HSDUWPHQW RI OLFURELRORJ\ DQG OROHFXODU
PLGJWWYV\ZXH PR VS\D UD VI WKH YD BH G 8QLYHUVLW\ RI &DOLIRUQLD ,UYLQH &%
WKPRVTXLWRPIVQHVWHBRGHUVWDQRHRRP S O HWHHTGK H QRA HV K Anopheles
WKPMROHFXQWWUDWWNBQDEHW ZH bbihbiae JHQRPKIDVHQDEQH®RPH ZLGH
WKRDOD $IDIUDVILQVA RV T X IMHE WR/UD Q D O RAHMHMH{ S UH VIVQ B B J X O D GMLKRLQY
HVVHQRIWKGHYHORRAHIAMWD BR Q WURAD Q F LYSHDFOVRIUKXPD @PDODULIRHVH

VWU D WEDIL HR@lasmodium EORFNL@KHLQVYHVW LK D VHURIQRGHEP D (RH I ILFLHQW
PRV TXIEWRIFD WP RVWWV X GLIMWHR F X VRI@ PHW K RGAVD W D O RIG6Q@.D O\ W REBID U JH

W KWR G FB@W D ¥ R\@ HPlasmodium berghei  TX D Q W RWELIHWMK BW YEIH HOXEVHTXHQW O\
ZKLFKVPRUHDPHQDEWORH[SHULPHQGWREXFKRUJIJDQL]PRWHRRPH LMD
SURFHGXRRIRSDUDWDVRRLgdmMbiae | QWRR KK Q L | LGIIEW D EPIDWHHS/R V V L\ R H
WUDQVBHNSWQMPIVGIAWYDVRRQ HIILFLHGHDWLIIRAD YD RWIHO®& HPSRUDO
berghei D Q®. falciparum RRNLQWNWRXHGDW WRIUK)QHH[SUHV DIQAEOS DL UW®H V H
EURFOULDWOROQYHGH QWDIEWEKDW QG LQMWIRPSDUDWIRHLRMKRM HU
FDRRGXOIDONHF@HRRERVRKRQ RQH WRRWRIJDLQ QVLIK@WWKH ROHFXODU
RWKMZEDUDVEWHLGIYD VER.Qerghei PHFKDQLWKW\WFLOLWORMH SUHVVLRQ
KD® PRUBURIRXA@SDRWKPRVTXLWBWWHHQBHYHORSEEGEOLFO\ DFFHVVLEO
WUDQVFULRWABRBYQULRMWXQFWLROPWDEDRBLQWHIUBWWOG P L QIRRO
JHQHRODYV VKV (PH falciparum HOLFIDVNH@JID*('8& WKDMWQLILHV VWDJBQG
EURDGPRXQUHVSRDWHKHQMUDQVFWLYWXH VPHFUIRBEUWPDO\\RHVUHQH
OHYHUHVWIKXPDRDODULD LRORRWHSUHVVL@@n. gambiae DWGLIIHUHQW
ODFNL@YDRRN QBO/NHRYGXPNOGULH®NYHOR S /AMDWIBQ® HP SRUHBM UDWLRQV
Rl LPPXQHJHQHVLQFOXGMHYHUR®ORZD EORRGPHDOXQFWLRRBOQB

D QMasmodium 1D FWRKHYRQ WHVIWHQG O Q Q RW D WILCRX SURPRWWHTXHQFH
ZHURXQERQIOXHPRVAXUWRLVWRQFRPSDUDORRULTWKKSNYWDEDRBHKVHG
ERWXD UD WLIHH L$Q/0' OLNHHFHSWRER W X GN QHV S UH VIVGS® U W L XD B V
$J0'/ DQOGQPPXQROH®BWLYKRZHG/LVVBEEGDWWRILQWHOBWBMRGHQWLI\
VSHFLILRUWYXODRMLAMIHVLVWDRFHRQVHWBWHRGE R WHTXHB®RW WK PN\

falciparum, ZKLOWKHW QWLP LF SRIEBSMDIOS8 8 m\U R @ BV KWH J X O RWDFEF&K[SUHVVLRQ
*DPELFRQ® QRYSRWDWKRNWFUHWKEBGDWDBDMAFHVMIURPNKBGGUHVYV
SHSWL%6G8 ZHUPRUMSHFLRUBEHIHQWHVWS Z7ZZZ DQJDJHG ELR XFLKHGX

DJDL @KWR G F5@W DR.bévghei :KLOBIOOGFRPELQDRVIRQH[SUHVVKRGW DRG

W KIHH Q MAK D WH FRMash@dium GHYHOR S AHQW H GPMIIDW KB QJD*('8&GDWDEDV H
DOVLRIOXHRREWLX UNWR LV WIKDHHWV H UAWVDIOH D PWCSLOQVBIYDEDH P SFSIDDMOW HUQ ILQGLQJ
LQIHFWRREIWKMHQWLPLFIREADQRR DQGSURGXMHVWUDLJIJKWIRHZOQR G

HITHR @lasmodium GHYHORSHH&MHQWEHYHORSISQQHGLFW LRI GHVLJIQLQJ

DJD L @KW ZRasmodium VSHFLWWGLDWH[GHULPWRWVH\RZ HQM[SUHVRDRQ

E\DQWLPLFIDFFAMAIMER WKQLYHDYOG@H FRQWUROOHG DW WKH PROHFXODU Ol
Plasmodium VSHFLWYHFLDFWLY LWH V

IFZ)Eg-\r/)\jvui_ml"ql('lslﬂlﬁDEBR”l{? \Hu;gggf_gg:;qwu?gﬁ\%ng“ EBGVHEBUHQRHMOQH[SUHVVLRQ
L \XIKISRO\HPEU\RZ;EL\FSZOpidosoma

WKHUHEG X F LDQ@Masmodium LPPXQ ‘
UHVSRQVHYV loridanum
'DYLG 0 'RQQHOO DQG OLFKDHO 5 6WUDQG

DQJD*('8&, Anopheles gambiae @JHQH 'HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVLW\ RI *HR
H[SUHVVLRQWDEDYHWKLQWHJIUDWHG 86% GRQQHOO#EXJV HQW XJD HGX

FRPSDUDWROHRULWKPWLGHQWLI\LQY SROVHPE U\ROQUP V L BbRidoSoma

FRQVHUYHG PRWLIVYQ SURPRWHiganum SURGXWH®RUSKROR DF® OO\
VHTXHQFHYV EHKD Y L RALD/ADO BF D © WMHRO G DBV

6XPXGX 'LVVDQDYPNEBGR ODURWVHRWIMLFRYV &
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UHSUR G X FGAIULHQWH Y H O R SPLH/ORAL @ VL @pis mellifera 7K HE LR ORI XFHNVWERQNG
KRV®R O G DIBWYTHHH@&BURFG DL QEW K HVE G LIMURMUR Y R FBWWKHH T X HQ F H
FRPSHWIZWRM@M S UR G XFIVLYEHHY H O R § YDHOR RS R U WO KDWIWR. RROXDER WK H
LOQWIRG X @V SYQ WKW XGH XVHG R UL RIDX O W L UHHRLHOD. GI® KUHR GRHMWH Q H
EL GLUHFWLR®BS®UHVVLRREW U D FRVRIONH IDQEQU L | \LI)O H FASIHEX O DW LR Q
K\EULGL]DWBERQDSSURDWIR LV R O DWHIP S HEAF 8 Q F HUEQRMAKDIF F X URDIBAK H
GLIIHUH QWS DIODHIGRYW KW Z B D U Y Andpheles JH Q R DIV V H P EQD G G L WILFR QH

F DV WRKCVfloridanum :H LVRODWK® Y HB5 ID P L Bropheles DO KR VR XRIHP EHR NV
H[SUHVWHITGX HVPH 6 7V IURRVKW Z R H D FRAW ZIFD VP D OIDR U O& B)D Q&3 7 & V
VXEWUDFWYRQ@LHUHSURGKFWL YHH @AD Q R WKRIGH UNDIWIHD P L &K B RIG H V
$PRQIWKHWB7V ZHUHWHTXHQEHWKIR&3ZLWORY H T X HROFERHS O HD WYEAG
VLIQLILFDPMODWRWMULGHRWHLQRNHY SURSRUWLRQ RI JO\FLQH RU DODQL
SURWHLQRNELRGRIM QBKHPRVHQVRU\
ELQCBEQRWIIQIBXWLFXORWBEBES 71 4| JpQ G ERWDEBYV W U X F VR XAddés

DQDO‘R\/I(.G/?VIURFP-IDFHl(IWKHPE/I:IHWHJR%'e_lrg v VW H UFRDOQU U L$IWR W H LG@L N HD W
LRQHADVRUW KRIW KHUJFR Q F O IGIRIWU

66+VWUDIDHIINHFWQREHQWDQRQXRHEHU 'DYLG + "\HDWULQD )RXH VD
RIJHQKLITHUHGHWIDIOWMMHG FKIWKH ' yspuUwPHQW RI %DFWHULRORJ\ 8QLYHUVLW\ RI
ODUYHDYWHYGY XJIJHVWYHWRDWKHVH:LVFRQVLQ ODGLVRQ ODGLVRQ :, 86%
GLIITHUHQWS DIOWDWHGEZV (EHXVHIX@ G\HUBGDYH#KRWPDLO FRP

FKDUDFWHDVY WK YV $SHERHW Z R@N V '"HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVLW\ RI

floridanum :LVFRQVLQ ODGLVRQ ODGLVRQ :, 86%
6WHUFROUERHRWHLQ ®INH/ JHQH

7 KHF XW L F XSOJRW H HQ HR/IAnopheles IURWKHOORXRBVTXAa&dRaegypti LV

gambiae D Q Gpis mellifera $QQRWDWDPRPGPEHUWKAEL3 JHQMDPLGKHKBURWHLQ

DQG LQVLIKWYV IRCR36&3 /LWHULPLYRWKRHPEHUYV

. RIWK®&&3 VWUXFWPULDIR ZHY HQV K H
+$ 'XQQ 7 7RJIDZD -+ :LOOLV 68&3 /VWUXFIVORIMMDK/ LPLORVLWLRQ
'"HSW RI &HOOXODU %LRORJ\ 8QLYHUV|LNVWQUF{WJEWWM\HIM&3 W KH
86% zDGXQQ #PDF FRP IRUPDWRIRG LPHRFFXUNYHDDOQUJH
6HTXHQ@BRH OHFW U R DKQROUCHWHLYH D &-1QVH FQ Y OWSD Q QMKMW ZRPRQRPHUV
WKDWKHAXWLREDWDQ\GLVW IFEIMW F X MMKWEHRD Y LWE R X QBWINLZE L AR Q
SURWHERBVZLWWKRPDMRULKMDULRJIJDRULHQWDWIEBRRKHLWRQ VHHQ
FRQVHWHHGHOWKSHEHDQGLGGLIRYEBKIXPDR&3 GRPDLORMKSHUR[LVRPDO
55 &RQVHQWXKRDWDVFKLWLQ ELBXOQWIIXQFWLRQDO HQJ\PH
FDSDELB KW YH Q R WDHKEHBUG Q HQV K H
55 IDPLQ@YQAnopheles gambiae XVLQUKH$QDO\VIRM Aedes aegypti PRVTXLWR

FRQVHUYRHILV HQDNR/X W XLGBIQGVKHY LWHOOLQH HQYHORSH JHQH SURPRWHU
JHQRPLARTXHQPMWDRRVKBI(67VWUDLQ

2YHU 55 JHQHRKDYHEHHQGHQWLILHYWHQ - (GZDUGYV

L Q G L F WKIEMpheles GHY RMORW R R OXKOHQEHUJ &ROOHJH %LRORJ\ '"HSDUWPHQW
LWHQOQMMRRGLERWKRQHODRINXWLFXOPAYHHW $OOHQWRZQ 3% 86 PDLOWR
SURW KI0OPRW W UTHD U VRHWKES JHQH V HGZDUGV#PXKOHQEHUJ HGX

ZHURXQ@IXVRO XVWBHQYVLQLJWRP 7KUHHFG\VRQH UHAESRGMLWYHWHOOLQH
+ PHPEHUZVLWKRWSKOXDQGPLQXVHQYHOR—%HVD D DQG D DUH
RULHQW DMN RIGW FKO X VIWKIHRIBAEH v W URBPIDVUHV VW EIROOLASOWKHRILXP
VHYHUBQHM WKL UW XIDGHQ WHRGIOQW KR Y D U LRI/O R DLEIR RE D @RDVVH VYV
VHTXHQEXWLWXELITHUHQQYGES875V ZKHWKHWHOIQLYGHIRISISIURP RWBQV
IHDUGMWIKERDO RMHMAGS SURWHIGQV MAWRIHEH[SUHVVQRQD QVAH QLF
UHY H DO T X H QEMAKOLRD X VIWH BH Gegypti PRVTXLWRHWMEVHTXH@BMWUHDP
GLVWILQRXS LW EKEZD\Q RWR X QAL WKK HR W KWK WHHHD B M UGHL Q MHBG HI® XRUHVFHQW
55 SURWWIK@‘\AFP-IRU(HLYHUBNWW\LK%H—HSURWE)_@UHSRUW@[UQGQVHULWW@
VWUER@VHQW®RXRQWUDYWAWgambiae S| JJ\%WEDQVIRUPBPWRY (*)3
RQO\PHPEHRMW K5 IDPLON UG HQW L IkhHGFR Q VWDUMEHL @ LFURL Q MOIBAR H G
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aegypti HPEU\RD. melanogaster ZHUH
WUDQVIZURME D  $)3 SIEREVWUEE s asymiorca  WRVXUYLYH.
QRXUQGHSHWYWEIDQWOHQRIWD USBQ | v« s@DIJRF\WHERF\WRHW KHQV HE W
H[SUHVX/[DR)QRWEVHUY(H[@QWRumm\qéla"rged 2 sexta

" melanogaster ZLWKD 5)BQGD 5)3

SLIJIJI\YPRFEQVWUXIFOBWRIUMMMWKUHH, (OHIWKHULDQRV 1 5 :DWHUILHOG 5 + IIUHQF
XSVWUWHHDTPX HEBPHTHO \ERI HQL Q N\HES DQG 6 ( 5H\QROGYV

KXPDEQWLYHQEDS DQGQVHUQYWE®H 'HSDUWPHQW RI %LRORJ\ DQG %LRFKHPLVWU\ 8¢
SLJJ\%WEDQVIRUPBMURQYLQPS$ %DWK %DWK %$ $< 8. EVVLH#EDWK DF XN

H[SUHVVL@RWKHROOLFAUSIDMKHBLXR ) hahdus EDFW DWIEBHWED®W KR RHQ V
PRVTXLV\RFU—D/REQJRRIEBDFDD\DOO)R\Z F LD OSD W K R JW REID F W U L/DV

i R UFRR D X Gt 11 QG
Q YLBBGSUR O L I HRhBdhebdus

WUDQVPRVWDIERIR Y V HX@c. triseriatus SUR G X\FHHYWH DWW B [ © W7 FW R [ LIDQY/G
PRVTXLWRHYV OFI EXWWKHIU X O BIQG MW B L N MR\
FROQWULBWRVSDWKRJIJHQHVIHMQDEOLQJ
51$LVXSSUHV\VRIRGFRIQLWURE H Ptorhabdus WRBHUWVIL.Y®&XOW Z$S /W IQH
PHGLDWHBPXQHUHVSRQVIHY WKHLQVHFWHEDFW HDWIDUHV HQWXIILFLHQW
WREDKRFRRUJQZRMé#&hduca sexta FDXVHMWXPEHWREHDEOWR LWXKRYWHURBH
LQFUHDWHG/FHSWLEARWWHLQVHFBHVFUDENFUHHRQ D IXOOMHTXHQFHG
S D W K RBHé®@Qrhabdus Photorhabdus JH Q R PFK I]DW PH@RGLVFRYHU

(OHIWKHULDQRV 3 - OLOOLFKDS 5 + VXEEEEVE SV\I-HE&?H—! X § H HRA/G VB
6 (CeH\OROGY |Lb‘<ﬁ'§ﬁ(ﬁ/fﬁﬁz¥8 FERS W URE. @oli
'"HSDUWPHQW RI %LRORJ\ DQG %LRFKHP FESWHUVZM}WK g(XOWLP[N\NHszuca
%DWK %DWK %$ $< 8. EVVLH#EDWK‘#&‘ D@\PI—lIU'éli WbW\ZHLGHQWD“HG

Photorhabdus RSHURIRP WKDIQFR GMWMK/H

%DFWBDWKRHHYKHEHRRRYHUFRBH R WKEX RIMEMDFWHULRWUDQVSRUWHU
WKHPP XQWHYV S RRIWKHLRVWHUBAH DQOVKWZR FRPSRIGHIWIWWBBWYHUQV
VKRZNKDWZRGLIITHUMOMF LRAHIIVLOQVHPWKHLH[SUHVVLRYUHVVLROQ WKHVH
S D W K R JHI)AW RPhbtothabdus luminescens  Photorhabdus JHQHMOOEZwli WRRHUVLVW
77 D QRhotorhabdus asymbiotica $7 & & ZLWKIKDJRFKWPRF\VGHVUX SRV A Q
ZHUERWKFRJ@E\WHGEP P X YRV WRIPWVRQR IWKRISHU RGITMSWHY HHHWWLVWHQFH
KR W®nduca sexta DVLQGLFEWBIGDSLGLQHHSUHVRMWRKMZR FRPSROBRQWOWRU
LQFUHMWHKOHYRPB1I$SVHQFRGURUHHHQHDORQMVXIILFURQSMUVLVWHQFH
GLITHURGWFRERUHRBHEPAJQEWRW § LFKROQ M H F WKLIDMIAK HG L V W L Q IFRADIW ¥R H
+HPROLPPXOHFWD@G3HSWLGRJEAdHIMMAbdus NGEWKWHQVRU UHIXIOWDWRU
5HFRJQ BWRRWBLEIP HG L DIWHKE E IRW LR AD Q O WRI J X G SVWHH VR MRKEH ol
HI[SUHVVNR®FN GREQ@FRIWKHWHQ HW G $H Q MAR/ KGHH W U LR WGRAR \L\G VH AW
DWKBHYRIERWKS51$ DQGURWHDLDY FRQILUPRHKAKASRWK HEY IMKRZL XKD W
DFKLHWHGRXOM HFRMIGRRXEOH VWUKQGHGYN NGISHQBVGRM{SUH\DMWGE U
51% GV51$QRFN GRIMPORQRIWKHVS$IKDJRF\WRMGWH Q R ¥Yhotorhabdus DUH
JHOHADUNHGGE ¥ UHDWHKIBBELORWA KHVWURQJO\ H[S U Mahdudas SK DM IRIFQW H V
LQVHWEWUYWKVWOQIHEWKR®[SRVWEB

HLW K 8 H FR PNbotorhabdus D\PHDVXEHG*HQHVRU(RQHEHHKHDW\KRFSNURWHLQV
WKHUDWNZ KLFKQIHFWHNGHEWHNG1S$L 'HVFULSWLRQ DQG FRPSDULVRQ
DJDLQI&/P?\PXOHFWFLIZOQXVI—MBKI—UUHDWHVYN

UHGXFWQRRIVWHYV LVWOHEIHH FW/IIKRHQ O0OLFKHOOH 0 (OHNRQLFK
GHFUHDHHGVWER@HHFWDR)Q/VRFLDWIHSCDUWPHQW Rl %LRORJLFDO 6FLHQFHV 8QLYHU
ZLWKHGXKHBRO\RBXKH QR ORDIFGDIWH. WDV 9HJIDV 0ODU\ODQG 3DUNZD\ /DV 9HJDV 1H
7 K H \WHH V MKW @ RRWQ @\ KEhetorhabdus L V 865 PLFKHOOH HOHNRQLFK#XQOY HGX

UHFRJQEWHIGH sexta LPPXQHVWERW, /s o ok HLQF R GILLGUHSSs D UGHD U O\

BSWEW%\\CVHLEP%HMQH\\Q\Q/&@DD\Q XQLYHUQROIDQLKPYKO\ FRQ\DHAGY HG

DRV oW Ih"‘g\t\?m OHQ vy JRGPLORBWKEDVRVVHTXHQFH
Q QJ LQ Q KRPRORQW\SLEROH FXBIDIRWPEHUYV

RIVHYHW\DSDDPLOGHNHQ@Q QG XFLELOLW\
$ JHQHRSHURQMWKDWQDEOHNKH
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VW UHVMRUWYD FBRDXODIMANXREWLRMRZ WK ITRKEIKHYV SR QMHKEDF W U
+VSVQWHIDWRWKSURWRMUQDWHQ GRVH GH S HRIBEHIHND GN K HD F WRDIV

QRQ QDWRYHRUPDWARWKEXHWR VKRZWRE HVHQVLWRNUI\S EXQY R W R
SURWHLQ G HQDURIEEWLFDMMKEH SWLGHMH]Z® B WU VX Q8 VY MKW FUHDVLQJ
WKHRPSURDVARMKOPDWXWHS URPRWH WRIM+ VIQWKMNWDIVFFRPSNQSLG

UHIRO GL@L P WK H2JI U H J DRAUWADQ J B WR Z R/INV KEID VR RF WRHVKRIY DUHV XOW V
WKHRGHJUDGD QVER @R YWRW KFHH O QU R RV KBIH O HDIDW WD JH V SHISIWILEHUJLF
$VSD RWO D UDYRW B WRIR® O RWIKGR Y D U LDRWRKDWVG\L UH RWWK&$ W R
VHTXHQRUQUKHK RQHEHHIHQRPHAH LQGXFH D VWDEOH VWLPXODWLRQ RI -+ \
LGHQWEKHDWKRFNJRWHLQHVRPVKH

KVS KVS DQBVS IDPLOLHASLEML QI y\w | EXVRIR®RQRWURSUE DOG
HQGRW KHUWPHFQA[ KL E LMIMAQUHKRD Vo |y b E R W B Sl$% UHFHS WRBS% $
WROHUBSIFRIf &IRUKRXWKHUMORW| 5 WK H E Wbos@hil

E H HOO D ULJGIF U H.OW H®IX P E KB Q HEH H

hsp70V FRPSDUWBNKRVYQRWKHQVHFW ( (QHOO < +DPDVDND '5 1IVVHO

JHQRPERPSDULFRWY MWKERQHEHH spuwPHQW RI =RRORJ\ 6WRFNKROP 8QLYHUVL'
IODQBRVTXVWRXHQYKHYHWRNDNIKD \ 6WRFNKROP 6ZHGHQ OLQD HQHOO#]RRORJL VX \

PRGHO PD\ QRW UHSUHVHQW WKHDQREHYNXUDQ Ve VeS8 B R kmip MR U

LQKLE LOHXWRW UD QERIWHEBFOXGLQJ
$ VWDJH VSI‘FRP(LDUE”]DQWR[UW\KWDEQ)H)SOph”a *$%$L\SURGXLF®GDLQJ)HPEHU
VWLPXODRNMRQH QROHP RYNQWKHVRY LQWHUQH WKRI@XJKRKML16 RI

E\  FRUSRUDOODWID WKHFRFNURD Bl$sophila QR *$%$HUJLFHQVR RWU
Diploptera punctata PRWRUQHXKDRBWHGHWHFAMZRBDMR U
./ (OOLRWW $ 3 :RRGKHDG % 6WD\ WASHRI *$%$ UHFHSVDRIBNQRZQ

'"HSDUWPHQW RI %LRORJLFDO 6FLHQFH}9L§D GX?BD II_ElﬁEB PTgwgﬁQ)HIQFAHGS,WRUV

,RZD &LW\ ,$ 86%$ EDUEDUD VWD\#&%\%* ﬁi%/ﬂlﬁ/R%UlHFHSV\WVZKLFK
In vivo VWXGRHWKHARFNU Pplera DUM SURWHLQ FRRMNISHER&YYV 7K H
punctata KDYWKRZ®WDJH VSRIFDULMDWRVRSKISOHS DQG VXEXQLRMP

VW L P X OFOMMXORHIQR OPIR QHV\ QW KEH\W UXQFWLREWAMURGLRHUBLVMSHFLILF
FRUSRODBWBDQNRLQEWD! *HQ DQWLWHMRHE%$5 DQ GVRVKH % $§5
DQ&RPSQGRFULQRORM 8VLQJIVXEXQEW B5HVLVWWWRFIHHOGUR®
RYDU\ FRQGRMGIR@E6G WR/ UKDBW 'URVRSKILPDSUHFHSGVLRW ULERQWKIRQ
vitro DQRQ VWD JH VW8 HFX OUBWWBWY &16 7TKHUHFHSSWRWULEXWRRSD WHRG
IRX QMR HUH O H B \DHOEW D B HRW D ULQYK HW K DRV *$% $HUJQFHXURQWHQWILHLHG

G D\WW K HURYWD UR\TF@ W KIIDF VZRY LPPXQRF\WRF K RRLBAWG®UY LY LQWHHQ
UHFRYHQMIGHDRZ WK DRW¥HROLG SKDXRUHBGHUHROWMAQ*@/ OLQWYHFURW
H[WUDRWLKRIEO 8QQLWHKWDQ - *$%VLIQDPWGHFLQWHUQH MK WIR®M/
,QVHBIKWVLRO + 7KIBUHVWW@WGD QDEX QG EBE®WH O HFGULLWWU L R KBRIWRKQ
SURY LKBYH\NG HREIHG L | | H LRYQW LIDRW RBU/ DQG$% % LPPXQRUHDEQ@WXHW\
WKDWLPXODWBAWKBYBYWDJH VS HEFUWDLF MW ZR\SRW HFH SGLRASYWIDR L O D U
7KH VWDJH VSHFEWRDV IRXQE\ JHQHGDWWULEYW®WRERQYRMOMHXURSLO
FRQGLWPRGL@R WRKY DUIVHRB LI ITHUHQWDRYVSURP L Q HD@\E BALMEQ W L WHRU D
VWDIBVKHHSURG XFMOSYHH YLWHO ERIWKREH S WHRWE/H X URB LVMOKBIQWHQQD O
GD\ UDSLYAWHOORIHQMYLVDQG OREHR/SW DR EH\W GNKH DO\FRINMWKH
SRVW RYLSRV\LVEQRPQHPEHRIDSDIRU PXVKURRPRGLHYHUH ZH HVSHFLDOO\
&$IURBD\ PDW HKP D OZHDWW U H DWW W®L Q Y HV W WKING WEH QRBE@AKH WM FO RV H
2&0D Q@ KRHW KH.WWKKIIORZ WK BRKKBWDWEKWZBHQW U LEX$WARQ & KWMZ R
2&0DIWVMHRIOLG SKWYBRWSR YQHYHUVHFHSWRSHVKHGLIITHUHQFGBHWDLOHG
SKDVHHS 3DNDUWULESSHZHUHVKH@LVWULEKIWARDQ & % $UHFH SRDR UV
WUDQV I WEBYHHZR H G L X[PQ & D WRIIV+ UHIO WAKWMERBRVWXORQYFHWLBRQROHUWLHYV
VIQWK HAHWH HDV X UEH\GD Qin  vitro  *$%$ XQLWRUPD SRVWV\QDSEWHSWRU
UDGLRFKBDNVID@O&$ FRQGLWE RWKRGH G L D WOLVIMD K L E LDVQLES @ $ X Q L MRW P
GD\DQG2&0KDBLJQLILRDDRMOQVWRHVSUHDQG BRVWV\QDBSPHFWRGEVYDWLQJ
-+ VIQWKHWKY®@$ FRQGLWLRIOQHKYORZQKLELWKRORUWHWKBZHGLVK
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-'" (YDQV DQG WKH +RQH\ %HH *HQRPH 6HTXHQF
5HVHD WARXQFLQGWKIBZHGLSRLPDO | [YP2V B
:HOIDUH $JHQF)\
%HH 5HVHDUFK /DERUDWRU\ 86'$ $56 %HOWVYLO
HYDQVM#ED DUV XVGD JRY
7KHPHWDPRUSKRVLV UH{XOD®@@&UYV
%URDSDDARQVHUPAGLYHUJHROHYRQFHHMRPEBWVHWYH RERMVIRFLD O

LQWKMSLUHFW GHY HROLRO AKX ] RUJURXS OHPHHFEDQLDRGLQGLYLGXDO

Oncopeltus fasciatus GHIHQWHHND FWLJQLILEDQDW DWBYV
SDWKRJBRBVRPDQ\WD[RQRBURXSV

(UH]\LOPD] ') .HOVWUXS + 7UXPDQLQF OX®& D® W HUIUX\GHAR W ID\Q/EX Q J L
SLGGLIRUG /0 DQDBZH D GRUWSHD W K R®IRWDK R Q HH H\D Q

'"HSDUWPHQW RI %LRORJ\ 8QLYHUVLW\RHKK: Y ABR[BWRR BXRY S DIUDPWHWBAWHR QV
EHDWWOH :$ 86$% GHQLIHUH#X ZR\H KWK RYIEH HW AR P SR Q IR QWK\H

7KHNVUDQVFUDSWRRIRDGUD QG $ LQQDMAPXQHHVSR@REBHIH@IDLQVW

SO@HOO HVWDROHWHGE O PWDIL §F WKRIBQWHFHIRVU KD W[ S O R WHKE!

DOBHWD P R U $ GERQRP H W 0 OR/GHE HFKDQLIV®E|ILFRAWKUWMV S R:Q WK
LW H T X LIRMWGK®ID UY D OWBXSQWZ WILGRRY K\MH TXHQBVYHPBEPQG Q QRWBRWLKRDQ

( $ DFWWRRXSWHRROWEQROH WKKRQEHBHHQRRMN\SRVVVEBUIR S RQIG
PHWDPRUSKRMLNGL JKBR @ KH Q HWW i WIS R W K HWPLPROH S D VWPKRATH CRAU
EDVLYRU WKHHYROXWRR@RPSOHRHIWRQHHH\KRALNROWKRREBHD U O\
PHWDPRUSKRDM¥DP L QWKG{ Q F WRIR B OPH P EHRY WK D QR Q LRGIFQ\Q D W H
WKHWER UDQVFUREWRGGKMLONZHtBPXQEDWKZDVWROOPG -1. DQG

E X JOncopeltus fasciatus :H ILQ @& KDMKH PN 6738XUSULVKRQBH KD WMKDUSO\
SRVWHPEUVRQIFV WK ZRIHQHYUHORZHUPPXQH SDWNKAX QG DIXH Q
FRPSDUDEDWKWKHLIXQFW L RBXW L QIR P S D WHBW KHQ@V HEWSO\IGHFUHDVHG
PHWDPRUSKRVKRORPHW D BRQO/RHFMA/H [L EL@ KPP X QHH VS RREHMWR ZDU G
'XULQUKG\PSKBWDJIHE LWHTXURWESDWKRIRQV — LPPXQHHQHDPLOLHV
PROWDJ $ GV51$ LQMGPSEK® WoR L P SOLFDWHRR JQ VIWIRRO R@JIHFWLQJ
P R OMRY K®H [WW D3 € O LINASWR VW H P E U\R@-PFP XQUHHVSREN HVD YBISSUR[LPDWHO\
H[SUHV&XRQQRO R P HW DEHRYOHRXR/S P H QWK HH QEL Y H URX\WRIRWV KiHosophila

ZKHUBM LVUHVWUMRWKE DUYDO &Rlangggster D QMhopheles gambiae JHQRPHYV
WUD OV ZWILR@ KB W \H[S U H\DAM B F K/ KL W H G X F W IRRK@UEH | O MFKWE URW HFW L Y H

Q\P SKBROBRX @R DWW KPR OMRY KBIG X O WWUHREWKD Y IDRRBIXY LURQEB Q WIDHU V
,QMHFRW BQ$LL Q\QRP SKOHBRUH S HDMWRRQHEHK LV HDWWH Q G HRQEFH HV R H

R W KVAW DO KQHH MR OFK LWW DIVQL YR O YOVsW DEWDIOG P L WHRGF RHY R OBWERJIHQV
E R WWKKSHL J P H QO WMWY WDEQUEOKZL QS D G R W R Y IS0 U D BBFIOD Q LALRAZKK L FEKH H V
SURSRUWKWpDFa@UDFW)HUK]_H%FKLHiPIFPXQLIHHVSRI@\HI—[ILEI](DIID\AD\VFULSW

VW D JOIF R QW WRVKWHLRV W H P E W\RQH B EX QG DQIFWHRUSD WK ZPH P EH DV G

WKH IHREA3 DQWe NRFN GREZQHQWLUHBHFWREBVYHVHQWNGWE HVF UNLIEH

X QH[S HF W HIGOW KIp W \H [ S U H\aHta. o R Y D U LID@EFHIU L W IRELRPRXQUHH VSR QVHV

VHJPHQWDKWLARKBF XWidhcopeltus L VK H- EHHY SURQV W 18 D@ G Apidoldgie

FROQWRIMAUEDQIGQYDJL Q DRWIWRIGp  * - (YDQV6 3HWHRvalMion

WKURXPIKWHURIBQ UHVXO@SRVWHULRU *

W U X Q F D,\@ MRHQ\H V(W LIDJ®R DOV R O @

VHJPHQW DOMWKE® VKR ZH YGIRRY %WR[IEQQGL&RPDLOGBLQEROOZRUP

UHVXOORRW KBIDEZDDQ @ V HJP HQ Wattinophora gossypiella FDGKHULQ

W K U R XKL R IQWPKR USIR V W RUHLIRP B Q@QV V

DGGLWIRRIDEGRPMHIOHODARFFXU “HI! $ )DERRENCUXFEH ( 7DEDVKQLN

WKURXXK/LR:Q-I DUFFXUUHQ\AM@UQ/R 86'$ $56 8 6 $ULG /DQG $IJULFXOWXUDO 5HVHDU

GHWHUPW&HJHODWL REWAMKZ BW®HVH 1 &DUGRQ /DQH ODULFRSD $= 86%

WU D QV F UDSFWIRREYS D Q R Q 6PMON H U Q M EPFYULFN#2XUO DUV XVGD JRY

JHQH@H D UHHPEU\R®H ¥FH O R STIKHRRAU N '"HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVLW\ RI $U

ZDV VXSSRUWHG E\ 1,+ 52 *0 TXFVRQ $= 86%
7UDQVJIFHOR SV R G X AMRY Ll Q RBacillus

3DWKZD\QGNUDQVFUL&V@mqmwwﬁhuringiensis %YWDUHLGH®RVHGRUSHVW

KRQHEHHPPXQLWIRPWKHRQHWHH FRQWIURRO XER @ IWRG@WR G X% WMR [L Q

*HQRPH 3URMHFW
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&U\ $PQGILONHAMOHSLGRSYHWBHRWK/ WDQGDUBIKHQ@QIYLWIBRIRGXFWRLRQ
FDGKHUWUW@GDPLQRSHSWHKBGYNEHH H QVolbachia L @edesalbopictus PRV T XEMOROQ HV
LPSOLFDWPMEGWR[LWHFHSWRWKRXEBXK FRPSDULQJHFWBG FHO®@\NRWKH
ILHOG HY RHOLN@AWRQWHRED QRWW XQLQIH&W HAX8des albopictus FHOO@ G
RFFXUOBERU NN H FWH\RXIDKWRE K D W R FHQQVH FAN M&lbachia |UR$®D
PDQSHVARDWY R OHUN LV WBWWR[ LTKWH FHOXpMachia LQIHFHIMWRER UHORZ O\
PRVWRPPR@®HFKDQLWIPUHVLVWDOQWHKXQLQIHFX\VOHVEXIDHNYH G X BHEHGONRV\
UHGXEHQ@ G RQWR[MQPLGIXWFHSWRQNVR U S RMUDLWHVIKWHLGGILQWRS DQG
BHVLVWD@FW $EQVHYHODE VHOHBKRWHEGDBERSWRDMWKHDEXQGD®FH
VW U RUQ WHO R BFIRAV \§ R QSAL QE\NR O O Z RWdtbachia LQFU H DQ$HDV FHOWKMHFUHWLRQ
Pectinophora gossypiella LW LJKW.QWHRE RILPPXQH LQGSX¥RMEQMWHHEXOOWXUH

FD G KHUHG@H R U eal. 31$6 PHGLXRVXEVWD QW G XD DWRY/KID W
+ DQBDEDV Kt@L N - (FRQ L@ FHOG®XK\SRW K MKIOWQ | H FAMIO®
(QWRPRO # ‘H UH S RUKMBW\ $FFXOW XAURHA/X O D RIMRIHP P X QWIHV SRQV H

ELQ@BN\RHFRPELHHISYWFRHW HV S RMRGHRQIW U L Brvoladhia WRUYLYDO DQG UHSOLFD!
HIWUDFHOBXIORRWWKKEBLQEMEROOZRUP
FDGKHL%.\@SBLPLO/DFRWKBHSLGRSV%HUQMRBBSURMRQYHVWDMB
FDGKHUUI-HQHSWRQNROOZ%N\FKD\DWSODQW LOQWHUDFWLRQV
OHDNZIRL QG GRP D LYPNVHKG M D MHADKAH
PHPEUDSQUR[LPDHILR@®ZHYHOQOLNHUpGpULF )UDERIODV +DPEPHD'H 3DXGE
FDGKHUURK®Manduca sexta D Q Bombyx (ULF +DXEUXJH
mori WR[EQOQGEZOWRREVHUYHBIJLRQV)XQFWLRQDO DQG (YROXWLRQDU\ (QWRPRORJ\ *
PRUI—GLVWI]DCRCF‘DWLH—IFGPWKI—PHPEUDQH$JU'—FXOWXUDO 8QLYHUVLW\ 3DVVDJH GHV 'HSRL
SUR[LRIHI L RH) D O WRH S RAUKNE W WKK H *HPEORX[ %HOJLXP IUDQFLV I#IVDJ[ DF EH
SURWRHQ@FWLYDWH®RUPRI&U\ $F 0ODVV 6SHFWURPHWU\ /DERUDWRU\ 8QLYHUVLW\
ERXQWRUHFRPELGDQMROOZRWRS ZA) &KLPLH SK\VLTXH DOOHH GH OD &KLPLH
IUDJPHQXIN HVWK WA $[1¥FWLYBIW\LRQA’HOJLXP
RFFMUWEHIRRWB I WHHFH EWROGIZEH 30DQW UGVHRMURIDVQUWH J X OBDWHGE
UHV XXV S MKW\ S RWKWKBWG KHUDL QHY RO XRMWKGIHIHPWHFKD QLOMHPYHORSHG
UHFHSWRU IRU &U\ $F LQ SLQN ERGOIRD®® KAD\\KHUELYRVHP®WINSW
WKHPVHWMRHYHEHIHQW.AYMWHBODQW
(ITHFW\R| Wolbachia LQIHFWLRQ CHIHQ@DHEHGLURRIQGL UBIRMD OV HG

PHW D E ROLEF HVVORX O W XPRGT X LWR' YVWHPEF FRPPRBURSHRWI\WKHVH

FHOOV PHFKDQLWRPNEHURDG QRHEK\WRSKDJRXV
DIHQWWFOXGLQVWHBWVWAKLFKOUH
$QQ 0 )DOORQ HITLFLHQRWO\UROMOKBHIHQBIURMG XFHG
'"HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVPWOH b XEAR R4 IWKKIH G X FRIVRIGHUD O
YROZHOO $YH 6W 3DXO 01 IDOORG #Y HFHAGHPVRO HF XKCHHME L YRHHNWO R SH G

VHY HEBWR [ L | LHEQWR RN FRFEKY
LQPRV T X L W/RIHYW U D F EDOWBMQRE Q) 1. oxkawr?Lc]s\g\@u\%\vaumqev
D WVolbachia pipientis FDXVHVJHSURGXF\/ESY [\JH QTHUHBHY W X GWKEBK HP LF D O
CLVWRNQREGQF\WRSORRFRPSDWL bRYD SKL@XFRW. persicae +SODQW
ZKLFIIDYRSWR G X FRUS BRIFEQLQIHF WG i e 05U RWHREE B RDRID S KL G
I HP D O% N F D XAKEHQ | H F WARUD Q V PW W/ f'l_%/u

. BRRQKRVWODWRWKHUW KN KQH
PRV TXRWRS UNalbdchia IDFLOLL\AMQ{X%S}IZQDBQQ[%-IUDVVPFII]DFPH_IIM-DVILUIQVW

VSUHDWKURXDKQLQIHFBRS XODWY VW W EDWAHHEKA-H W D ERICILE DHOG
ODWKHPDWREBOQG L A\l \IMdibachia SRWHQMUDMDMMGVFR%GMQJ
SURYL®HBRWHQWHLIDIORWD YHQMR U W LFR BD D\SH F BEM FIDFRFLDWLRQV
L QW UR G X® IWRIF VBRI(S X O D W/LURO@DW J 7 HMSK L B GV K HK B V S/0 D QAW H

GHVLJWRGE GXGIEVHNVID QVP L, QW HY L ROK\RGIOR HJ H O DAWRHKSHU H V FRQ F H
ODER U Diulbadiia FDRHVUDQVBHMWZGLQ, )\ | & pww M UR.BICR QRWYH V S HB WO WH
LQVHWSHFLAYGEDEHLQWURGXEW & |\ \pys K D@y @ K HLHIO DIWRIBL R Q@WK H
Cig&vﬁgbﬁ@‘yfg’vﬂtmg%@”gfwlf& GD S W DVR/IKRR\SWD DZDW OVRYHVWLIDWHG
esalbopictus QH RQVLGWHEHQR W HYRPUH. D W IDRSEVIGY

DO  QVHRMHF¥%QBRORJIJt FDQ
EIGHUL OIHE GHPW U\ Ry D U 1y S U H YV HRUBHE V H @FHQ G R V\P E) RQINGVO\
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WKSDUWLBRGBIDS K LIGAE O DGMI HQ V IUYHV H P BAOKHEM. J H V WAMYWWAHR BSchistosoma
UHVSRGXWRW\XFNLHGEB KD YZIRWEORROG XNEXWSLIITHUXE VWD QW RFO O\
LQYHVWLRBDXWHR@W KS$HU R WAHRLRS R V L VKLHRRD W R S KIDQWREBMOA PQ L QR HULQH
RIDSKIM® OLMIHFRPSOH]RWRIL[GY X UBSWM SW L GTKLHR UKD W X S SR IEWHID QW
IURBLIIHWSEEG W H WIHUHA SD UBPW I$GH Q RVW K& H FIKH S X EDRL F
WZBLPHQWM®RHFW UR PHKRUKHB®W KHDQG UHVHD BRMRMHERY =

UHODWHG VSRWV RI SURWHLQV VLJQLILPRGW®GO¥DU\LQJ ZHUH
VHOHMDHEGG HQWEMNADS/VSHFWURPHWU\

(6, 06 06DQXAADOGL 7RI 06FRXSOHGs| e HWDEROILGWKKHPDWRSKDJIRXV
ZI‘V\G@\HDQ”\QYHVWI‘‘YIKW''PR;(D'HmwK|_|Pc';1nstrongylus megistus , QWHUDFWLRQ

GRZQHIXORWMBISUHDSKBERWHIQ¥Y R SKRULQ PLGIXW PHPEUDQH
LQYROLYQCA | | HURHHQMD E B O WK Z B bW

GLVFXVMHEURBGEGRWHRBBERERDWK // )UXWWHUWRVDULBORXE IDRGER/ (
YHWHOLWRERAW XVGKEHL RORILEPROY HEPQDYRVR
SURWHURWSKLGYUHVSROYRHHYHUD OHSDUWDPHQWR GH %LRTXtPLFD &OtQLFD &,%,&,
HQYLURQPHQMI®Y GSDUW L F X\OKHJ OPFXOWDG GH &LHQFLDV 4XtPLFDV 8QLYHUVLGDC
LQVHFW KRVW SODQW LQWHUDFWL&ﬁébGKFED &YyUGRED $UJHQWLQD OFDQDYR#PDLO

&RRUGLQDFLRQ 1DFLRQDO GH &RQWURO GH 9HF!
$UJHQWLQD &3
ODSSLQRIKHPRJORBU®WHR O QWIKWH

KDUG \adedricinus ,QLQVHRWMKW U D QR IMILUG J OW S MGRY K H
KHPRO\PLSEUHP D UN®DEDRIMG L DBAH G
= JUDQWDrRUQBRMND 0DUHMQG 3 OLSRSKRSJVOKPMD L QQVHAVERSURWHLQ
. |

RUGWRQ G H U W\KIHE GX O RWMIKB® RFHV V
,QVWLWXWH RI 3DUDVLWRORJ\ %LRORyY WQWWSKL%T@W@YMQDO\WG*
6FLHQFHV RI WKH &]HFK 5HSXEOLF DQ [~ %
6FLHQFHY 8QLYHUVLW\ RI 6RXWK %RKHPL dm:ﬁ%ﬁ;( Eh @@E\E@RBXODWRQ
JGHQ\#SDUX FDV F] LQW H U DFZNMRKEFH. G J R W/P E U DXV Q J

G L WMLKRHQ VRHI V
,QVWLWXWH RI 2UJDQLF &KHPLVWU\ Dé&@ﬁ%ﬁmqﬁ} %\
RI 6FLHQFHV Rl WKH &]HFK 5HSXEOLF QWWKHALG JX¥W OLOAWU H
ORFDOEJHMHBPXQRIOXRUBVNB@KHV
7LFRVIIHWRRWKHHPDSWR S D U W XBD \S H U | R UR P SO R Rasfrongylus

LQWKHQWUDFIDBRGERODHOWHRRIOR RbdRtus +HPLSWHUD 5H®XQYRSBDWDQW

SURWHRHRFRY O RELIHVWQRIQFIMD v HF\RRIK D J BV H B K HVQ V MFDAWOHDVU J H

FULWBEJ[R(HHRU\NZFUHDVR,Q\/\‘BURYLGF_HO/RRBDCF\RQWDDQQ(Qywm\RQ(@mV

SULPDHQHUUHVRXUFHGWKBHQHUDWHS| 7DV VR O DWRHGH P RO\ FRIIKL | WK

KHPRJOREDR QP HRWQ¥FWRLWQWLPLFURGVRPBSKE\ D . %UJUDGLBQ@WKH

SHSWLEHPR JO RELLIHV WQRIQFINW WL GQ p E U D DHWRIE WD IEQHGWUDFHQWULIXJDWL

SRRXQGHUWMRREBOHFRBDMEXDYHR| PLGIXWRPRJIJHQDWKIHUHD I WK

D QD O WHE&H S W L\GIH/MMUW RIK WIW KHp H P E U DDHHHX V S H EGHIGVR QLILFDWLRQ

K D WGLIkades ricinus DY HFWRWHGLVHDHYHE VRUEKSGD WOW KHPRXRIERX QS

DQG WLFN ERUQH HQFHSKDGIPALYD QW EN(H,E6$ 7TKHDFWRQDO\]HG

6XEVWUDWH LQKSERWRHEDY WS UDYFDGE kS I HRWR QUW UHQ ORLQGLQJ

HQGBQB[RSHSWREDVWYDLQBN SDUW/IKHIIHRWS+ WKHHTXLUHPIKEQWDOHQW

FO DMV KMALENWR PR JH QIXWHH UHHRIL G w LB QW KH | HEM/X UD PAKQV DWXUDWLRQ

JXW VSHFFULKH E\ 3&5 DPSOLILFDWNQQHWFL‘FM_NII—L@DLJDQG ER R G HRU

SHUIRURPH®/KULPHGMULYIWE PWKHDVLQ FQ I GVQW K H QW H U EHWLZRHG Q

FRQVHUYKHGCGRWKEHWHBWSGLGBNHY @/ KMHPEUDWQKHRZBEWURBSHQGHQFH

UHVXQRKBE QWL I RFIHQUFRREG LIRUL 7| WKK$+DQG FRQWEUDWKW UHFHSWRU

FIWWHERSWLGDVSNUD HQBRSHSWIHEMVGL GRWH T X IAHBWJ /LNRWKHU

OHIJXPDEQWKH3WL® DQG DQGOQOLSRSURWHIHGWRIWDPIVQJQLILFDQWO\

GLSHSVWIHE\WL GDVMHWKH&VDQGLL | QKL E MKHHG W H U DEFRWNL.RHDE @ Q GV K H

DVSDBWEWLEDWKHSVLQVXBUHVVPREEUDQKHH I I HRWR QLW U HQXWIKH VW H G

DQDOEMBY 3&5UHY HDVKDABMHSWLGOWKIDAS ELQGLIQURSWLPMWORZ1ID&O

ZLWHKFHSWRIRQWKHBE VR QH[SUHV VEHE FH QW UITD/GLAR QUAL IRED U WAL DHIR @Y

VSHFLILFRWW&®\L BXW DNHQRJHWKKHE | Q G LEDIW BBl P E U D @HIU BV U H D IMHAGK

SURWHROD\MKLRQHQW KW LI W ORVHOY R W HRVHM Q JIHQW HP S H U IVWXIWRKD J O\
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LQGLFWWHWFLKQWHU[QFH\/HM(RWHQQV$DURQ - *DVVPDQQ <YHV &DUULQUH DQG %UXFF
DGGL\M/LR-_\VQKFFRPSRQI-FRQ/\Y/\K?-IHPEUDQH'HSDUWPHQW Rl (QWRPRORJ\ 7KH 8QLYHUVLW\ R
)LQDQ@OP X QR0 XR UMNWFBAGREMEDW 7 XFVRQ $= JDVVPDQ#DJ DULJRQD HGX
W KIHQ W H U IRAMBLARLQVKL G J XW ORODL Q O:\y (y | @uIKS-D \B\W F D G N'W X GKIDHWIHH VMR G
RFFXUWWWKHDVRODWHULRRR WKH| | wQRRVWVV R FLDMWWAKKGE V L V WO R H
PHPEUD@HOGupported by SecytUNC | ovHFWWR[GHWRGXEM®KEDFWHULXP
(ERR) and CONICET-Argentina (LE.C). LL.  Bacillus thuringiensis 7 K H WMV X GLHHVR Q VW U D W H
Fruttero is a research fellow from DKLJRHYRI®D U L DMQNKEH] W HVQRWK L F K
CONICET-Argentina. UHVLVWDRVGWM VDVVRFLRZUWMHKEWQHVV
WUDGHORIUYHF HQWKe®R O HF EO BRV
5ROHRI WKHWUDQVFULSWHRQBOVRBHVLVWDFRH M ROLJKRW HYHUQ@PWHFW
mdGfi-1 L @YP6D1vl PHGLDWRB®HFW LPLSHF SOW K RXHKLVWIRQWHB@ VRFLDWH G
UHVLVWDIQFWKHKRXVHO\ Musca ZLWHRXWDWDRAD GHUKXKRROWOWWHUQDWLYH

domestica UHVLVWMHFKD QLNPLWW UHYLMWXH
O LW H UFDQALXVUQFHRAXRVMY H V L V W RQIF QI G
-LDQZHL *DR -HITUH\ * 6FRWW RQVKHROHFEDUVRNMHVLVWHDORABVLGHU
'"HSDUWPHQW RI (QWRPRORJ\ &RPVWRFEAKHOIW R GEIRVAUHQONWWVK H DJQ LW R®H
SQLYHUVLW\ ,WKDFD 1< 86% NbJY F ERM 9 WOMWACGRGRAMBVUME/HHW Z HBI'QH F W

“IL L\D& + W\SHQR QJSURWMKRW VSHFZHWIRQWUPRWHEXBPKDQRVYPYV
WUDQV F U U$\8 URIQ@eiWw W H Eoup&pnad H VLV WID@QE K HW KMIIHL WQ R R V \R

EHH® S O L FIDQARIGWRIOYPEDL H[SUH vV PRIY L VWD QBB R QUQ VWM FWHE WY H
L KR X VOIL Misca domestica $ ESLQVHUEWGKHULQ EDVHG UHVLVWDQFH WR %W
ZKLFXLVUYDSWWDWEMHELQGVQW®
W ICMP6D1v1 S U R P RKADHAH H@ S O L FIDW HIGKH UH JX O DWEARIQUR @RI D SXWDWLYH
FDXWRHLQFUHBIYSBHVRLRB ' DQG GLYDOPKYWMMOI D QV S FOUQGHIW U L MR Q
WKXQVHFWIHMVIGHBY Q@BD HF W U R S Kidphbi®¥ bdmbiae D E FHOOV
PRELOWLKM\DV VDAM G H P R Q V WWKIWYH
&<3 ' SURPRWRWXVFHSWLEBHQWGY /[ "HLVHUE * %ULEQEUV- :LQIHUOLQJ
PG*IL 7KH ESLQVHNMRMWWHU WKHWUXWULWLRQDO 6FLHQFHV 7KH 8QLYHUVLW\ RI $L

* 6KDQW] %0GJ 5P 7XFVRQ $= 86%
\F;\ﬁlulB@&@m&g@grligﬂlgé{ﬁg?DﬁG%\{]VHLVHU#HPDLO DUL]RQD HGX

WR IROBR QV L \ZWWRKIHR @ hdGfi-1 %LRFKHPLVWU\ DQG OROHFXODU %LRSK\VLFV 7K
LQUHV LV WDIMUFW VB DX H QR HN\AGfi-1 SULJRQD 7XFVRQ $= 86%
VSDQULRQHUVQWURRPQGLY KRXIVGRUW\ ROHFR OGWKZR U OSSRIY X O DONL Y RIQY
IOLHYVRP GLIIHUMWWDUBYHDWKBLQDUHRKHUFDODUWIUDQV PR Y& E G
SUHVHRIFHDOOH&KHWZID\WQRFRQVLVWHN@QMWPDWHG PLOOBRIQVREQWI
GLIIHUHQFWK hdGfi-1 DOOHBHWZHBWQODUDBFWIDYHPD®RYVTXLWRFB/YV
VXVFHSWIQER K3 ' PHGLDWHA FW IARdpletdés gambiae $IULFRIMODBRY TXLWR
UHVL VWD QL F DVKLD@EBfi-1 DO OHOHW HUIDT XDBERRBDI® B R JH Q HHVILIV
ZHUHQRWOLNHD@YROYMYHGUHVLVWDHPRHQWLVGXULRORRG IHWG DK HVH
3RO\PRUSKINPHRNV HW P D SndGfi-1 WR PRV T X L WIRIH/Q V@LLWAH DY@ & H F H IDY H
DXWRVRPHAXDQWLWODMOLYHPB&5 SRWHQWRDORYHOURGERWKHPBQG
T57 3& WHYHDOHB[SUHVIDRKQJIJKHYRQ KHRMPY¥HPH \LQF R U S RLLDMAKIG
LQVKWIKRBRP SDWHRGKHIDRBEGRPH@HU LW PRSI @Y KFH. G J R Medesaegypti
DQG&DULHIBW ZHHQWWD IHYEHWZHH@OORX PRV TXLGWR LQUIHVIQR Y
VW UDLRAHYNUPLOBYRPG*IL ZHUHSRW H Q W\LKDSDLOL\P DRI F K D Q IRV K H P H
GHWHRAVQNGVFHS\WREOHVLVWOEROMEWWRI[LILADWRRQHORADRQ KHRHMR Q
VX JJH VWK RO/W IDHN @R * | LZHUPHR WL W UDQV S RQPVDIR G D QWKGIL Y D ®HGMD O
OLNHORDXVH LQVHFWURVEWWDKH-WUDQVSROWHB$03 6/& $ LWKH
VLIQLILRDYKHMYHVXORKQYGHUVWDQGILRQIP\SRURE UHWDPRQ KHRHR@WR
LQVHFWLFLGH UHVLVWDQFH LV GLY/W KVMEIGDKHIDOA'M® DOWRUDQVSRUWYV

LURIQ RPHQGRVRPGWRK A\WR S OIDY P

OROHFXPMHFKDQLVRNUHVLVWMNWR YRPDWHBGVSUHY L RXVRR QVWWRDWH G
Bacillus thuringiensis DQ®& DULDWQRRHFXOWKlaey@pti ODUKFBAQBD XBLURQ
PDJOLWXGH RI ILWQHVV FRVWY |URPFXOWRHBLXE\ DVI\HWKQNQRZQ
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PHFKDQLVPVURQ LQGXFWL YFRX'SOHGR QWR[W HQXER S WR S H QKD Q GQ
SODVPD PSWWFWURP&WUE VKRZY WKMHUYB\HWDOVR SR WKI®G®XURJOLDQ
GR\GHSHQGERVWHRMHFER QFHQWUD VQRR$OWKIFWW @ FW L Y D)WW WK UR XJK
WKF\WR S OIDY® H P E U DKMV U IRAWWR KRPR S KIL@QWH UDEWURQWQ WQ V RIPQ W O\
WUHDPMIDGRN T X L MRU ILWALKIHK LHUR @51 D[R @\Q GO LKW KD Q &/ G X U LVQKI H
VWRUBURWHRQVKHDIOLPDZIK.FKV VDPSHULRRBGZZHNQRWKDWI DPLQR
FRPSRWHKHDFKDL&+ DQOLJIJKKDL @ FL @K URZXHKKFX ELQ®\RXPDQ
/&+ VXEXQWWEDVWHKRPRORJIKHMWKH(*)5 DUFRQVH UQHG H %\® DD ORV L V

Y H U W H BHUDUA/M E ® QLONHVF W U R P\RKELLIGaMdca (6 7VLQGLFDW KR P R O RIRV K H
DVVDRUURMJIXOBWRWWH,56 ELQGLGH S WLHETHX HXQFHERU R G WKBHQW L KXPDQ
DFWLYQBRP XQRDMPMOWI\RUNUUDWNV@*)5 DQWLERGRQHEORFN IZQW KVKH

V X S'S RW KAQ WRIIL U RL@ WWRK HR/RIV TXLWRUUHV S R@®®/EE $ WH G HP L QDDVERND L Q J
FHO®WS D URNVD SLORWX GHLGHQWR | LG D YV H/G L VMRWY U D PVAIVREDH W H U P L Q H
SXWDWIZYHS'07 |URRVKA gambiae ZKHW RHXUR BLQBPOQIEHRFFXUUQQJ
SURWKBDWDEDRDWR, 7KLV8'07 ZDV WK&E D\DSUHUH T WIB/RWHIQ WEWOOD WL Q J
DPSOLAGE@&H T X H QFRABgambiae (*)5V :H ILQW K RW X UR JIOU B L VWP Q W
ODUNID@R% 2XSUHOLPHPIHULPHDWWMR G UD FMQLQRIG DMLY D F KAPRVG W
GHPRQVWWRIBWG PHV VDL 26 FA\WRVNHQHWBRMORARP R KHWHURSKLOLF
FHORDW ELSKDVHNSR@WRHQFUH D VALQUG IRTP51 D[R RWQ QW K&ED Q GQVK H
FRQFHQW R DMULIREFVR Q LIKIPW USWH QHUYGD\HRI WKI$/ 7KLWXSSR WKW
SHFHQWBMVXFFHVWEWOLWKB 1$ K\SRWKWNKEWRPRSKLQWHUDEMM RQNQ
VHTXHQRHKVgambiae +&+ DQG&+ :H QHXURJPROBFX@MNKHVYHJILR@XVHV
KDYHYDOXWWAGS$SH[SUHVRISRQY DFWLYRWUBR®Y ZKLFKVQHFHVVRU\
+&+ /&+ DVZHOMV,53 XQGHW U\LQXUW IDHRQ BIOW H Q \DLRGR W RUW |L.Q J
FRQFHQW RDMILRRIDAH LW R®HSULY D WG R QWWREORFN D@ W L Y DRV L(R)B V
DQOGIHU WLHV D@ gambiae KHPRF\WH ®LNH WUHDWPHQWQUVWHGXFWLRQ
FHOD®VESOWLP DWHOXLHBEOFRQGXFWHABX QR OD ER@HXU R JOQBEQ D[RQV

W B HW H UW KIBRHS R U WRDIY R HSAHR W HQ QAX JJHVWEKQH5 IXQFWRR®HXURJOLDQ
LURQ WUDQVSRDWG VWRUDJH\ H[SUHVNURRXS ®BXGSRROYWULBXWHG
FR LPPXQRIOXRUHVFHQFH (0 DQG,+&3 06

$SFWLYDWRLWRROH) UHFHSW®IWXHQFHNUXFWXQ®OQFWLRFEDODFWHUL]DWLRQ
HIWHQVIDRXGIDVFLFXODRWIUREHSWRUD Campoletis  sonorensis LFKQRYLUXYV
D[ROQWQOVKGBHYHORBDODQDFWRWWHR &V,9 &\V PRWLI SURWHLQ :+Y

W KH P Risv#uca sexta
7RUUHQFH $ *LOO DQG %UXFH $ :HEE

1-*LEVRQ DQG /3 TROEHUW '"HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVLW\ RI .HQ

$ULJRQD 5HVHDUFK /DERUDWRULHV 'LYLVYEROWRUWKQRIELRRWEDLO FRP
8QLYHUVLW\ RI $UL]JRQD 7XFVRQ $=

R1 OHSLGRSWHMHWDEHY R Q R U HKQDADV
'"HYHORRIOQD FWVRWHHRNRYPEBB HRVY v\pE L RAXIWXD ZLWBS RO\G QD RIVYX V
H[SORWHFKDQLWREWIOXHQRANV 7KL FKLQWHJWUQMWKHE QR RHW KHD V' S
WKMHMNCALRDU IHWVESHYHOREBRMHKHAX UL RIYLSRVRWQR® S D U BV L O WRAH
DGXD@YWHQRDI®FWRWW RManduca OHSLGRXRNWREDVBEOVRMHHQRPV
sexta D[RQRWR O IDFWMRAHEBWRURGYV RYDUISURW HDLEOX V,97 KHR Y D U DI
L Q W HOID/IFD FRKW KIHQIE L WIKO LIHOOLQY v H Q R$PU R W MVLULDVQ V ILFDEWERW L GRSWHUD Q
VSHFLDUVIRHERQHE6= DWKHMRWEW | pp X QI VS ROAVIAUKIHD L W LIDRX WV U D O
RGR/LSBHFLIIZQIFWRU\N\H(GV{HI-V\N<F|-RUUH§M/RWW[|_Q/H;”HJ|;/RFKH_J}HQRXJRWHWKLV
WD UV HWKWKIHQWHQRBS RWKEUDL@H U LWRBQ G XFHW K R 6 RIHARQW KKIR V W
DQ®WHUPLQOSMHRWRJIORMHUMKOR UVHHRGY DV OWL UDWR W N XG 8 UHWV/MOX QOB U
SUHY L RMXKVDOW K HY W HQIGU RW B8K+D QG K X PR LIP® X Q LDA\U K R VM Y H O R STPH® W
IRUBURWRJORPBHWARE\D @HOD EHOWHES S UWW\DW K R WIR/P K R VS R W HRIVQ &
ZLWKQWL E DG DHEXWD Q) UHFHSWRMYG R X BOMU D QGIHBHQMWHGHQRPH
(*)5V DQGKDW HDWPIHDAK ()5 W K DAMR Q W DROQO/W L\BKDIHP H QMWW V HQ@QW
NLQIIEORFNHU UHVXQWVORWKHG L ||HUHRQONUWD W I7RKWH& V , A9 HQ RADHD V R
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HQFRGMXOW LSHGHDPLOLHWH&V,9 -+ ,,, WUHDWPWQWQQG\X SHW URPRQH
F\V PRMHIQIDPLIODY IDPLPHPEHD®OSUR G X AR R@Eonfusus. , QPDOHNHG L QJ
RIZKLAXS S HDBH [ S U H VSOV K RXRIKH D O VWRW L P X OVDKVBHRAWY L RIL W \Q X P E HRU
RIWKHMD KD YSUH Y L FEEHVHIR Y HVW L PHWBOGRQBWWKZDNQ]\PHVLQFOXGLQJ
WKHKY JHQHO L WWXIG+HGHHUHSRUW\GUR[\ PHWK\O JOXWDHGXERWR® VH
VW X GRIM KINQIB P LN P E DO GKREKDW0* 5 ZK L LKW K R XWHRWMV KRR VRAL J K O\
LVKDWKKLIJKHM®UHVOHRGKY LV UHJXOBQWHBHQNK$HDWKZIIHY HUWKHOH V V
HQFRGRHB K\SHUP R B HIQQW K&V ,9 IHHG D@X5+ ,,,ERWHK JQLILKBSQUWHIXODW H
JHQRPEHHIPHQWZKLFKVDOMVRQHVWHG1$ OHYRGMG-R and RW KMHYDORQD W H
VHJIPHDRWW XWKIKQF WRRVKHQFRGH®WKZD\ JHQHV

SURWMLGQKY JHQBD VF O R QIHBWR
EDFXORMN[SIXWVYHRWRW K[ SUHVVHE « p oL VRVEURDBSHFWUN® G5
SURWSKUL IZKEB XULISHRWHINKRZQy oy PHGLD SO @HIHQV M DLQVW
WRQKLEQWHBWZIKHQH W R DU VKM psry Gy
SURWZHLMY K QY HE B UR G OB QW LER G\

ZLWKKSURWEHWHE@BGDVILSMOUOMBD )LRQD / *RIEWE@SKDQLH /DOQGEH®WLDYDUUH

KRXUBRVW SDUDVLIVQDOWMKHERRXIKRXW\w R (QWRPRORJ\ 8QLYHUVLW\ RI $UNDQVDYV
LQIHFWMKRAERUPBBHBULRIGSDUDVLWL]DWNBQVDV 1JRJIIJLQ#XDUN HGX

t+Y  ZDBHWHEWH\GW HHORMWM YHUD Qg g g56 :DVKLQIWRQ 6WDWH 8QLYHUVLW\ 3UR\
KRWW.VVERWDP®RGDQ&HPRF\\DWV
WZPQG/HYHD\BRVMQ IHFWLR& KLV KHPDMRBRIMWX R Q VAW L VWD QI H
ILQGEZQ¥RUUDE RUDRPK® R | O X R U HNFHQRHEO DEHW H QDI RRVRZ ILQXN HF W V
GHWHBW NVRIKH VXQ FW VRAXOGIXHN H WM FRVFDWHU S ) DUDMHINYN Q R ZRE R X W
WKWWE VRWHNIQY ROWHKSE SUHRKIRR/QW HVLVWDRIFHHU FL Q J MOORNA RNV R V
LPPXQHDQG GHYHORSPNOQWWDHR\WQ DSKLGK KDYHRPSDUMHWGD QVEURSMOHYV

SDUDVLWL]HG ODUYDH L Q G X E BGR P Diye&oersicon esculentum E\
W K18 R W DDASK L IBacrosiphum  euphorbiae

(QGRFULQH_"JXODWRRQSKHURPRngE%KITNERXQZLZURVB\gbg(ggr%S;??UHQWLDO
SURGXFWLRQ LQ WK HpSScoOQURD , S W

UHVSRWHKWVAHRMHHGUIRUOMVRUDUUD\
ODWWKHZ ' *BEMHYWRSKHU ,2omxoLQiDQDO\VYGHQWLILHK®LJIHQWK/DIH U H

7LWWDQHBU*DU\ - %ORPTXLVW GLIITHUHQWIPORWBRERHAGISUHE¥YHG
'"HSDUWPHQW RI %LRFKHPLVWU\ DQG 0RSHFB H & RRER IWXQLIHQHVSRQVRYH
8QLYHUVLW\ RI 1HYDGD 5HQR 19 BOSWHUBLIO®OWIB URIROHQHWIXODWHG
JLQIHO#XQU HGX EWKI RWDBKRVGRZRGQGO\ RYHUZODNSK
OLFKDHO 6PLWK /DERUDWRULHV 8QLY MUW DV VSTURUISMMMNEKX IEMFED W H U BH HD@LDQ
&ROXPELD 9DQFRXYHU %& 9 7 = &$IHKXRXBDWRSSRVUKMVSRWKWMKB®WD QW

%DLE\HH\M:OJ—BPRQWKHRVWFRQRPLFB@\S(?EV%ZV‘TA\EP?H?QH;\’O'Hﬁmfwvw
LP SR UW DROUM \SM VWLNQ WKHQRUW K H U RENO DR H DV Q

KHPLVSKHUHGUHORQ PRQRWHUSI—E(E EEQIVHFWP UB O KK L @R P DDMR

DJJUHJDWKRQRPRWRNRRUGLQBW\NDF?;L%VWHAP%J\%LT\\;g%HBW&&&g\CVR
FRORQL]DWGRIWLQQ WK LWW X GAH RIE0 O aen

LQY HV WLKUEDMH ESOVAHHQG RGIR VW SKLGBFTXLUHEBVLVWEREHQESRQ

SKORIBIQWKLI—QGXFWIGRQRYEFKHURPRLE%EEEH\ESHVXWMR]‘TLHV%VWI?WDW Hw
ELRV\QWK®WKELQ\RQ Vips confuses =< QA Q DAYQ ¥ eRD

&SROHR SWRODVIL@ifisus KDEHERP H Y HQGHWD QQHMAMX Y FHSWIRERDEVHTXHQW

e v i s B K D T O ED Y o
GHVWURMW®G URBVKR XV RQGNVU RV OG Q € v

SLO\B DO HXY H QRO R O, , U H J X O D Mi$ P FUKBIR RHW K HY/BIW K ZDAVF TXLUH G

SKHURPBQRGXFWQRQXPEHUIEDUN>ODCWIHQUBNL @QWKLGN KDYHOVR

EHHW, QMH U H VIWLSBIHOW B \DAW DORQll-jl[SORUHG LQQDWH UHVLVWDQFH PHFKDC

G RHWR WW L P X & DMUHR P R RRIV \ Q WIKQH VY 15\ FSESLSFWQGRLPP‘S‘WHQULWJR’/@WEOLVKPHQW
P D O Ebnfusus, E X WD WX R RRIW KUHL X O D V(Y ¢ QW AORQ M A

|DFWLMHTXU@EB(KHURPQ@MGXF:WLREQRWDWRGG‘SHQSWZUHVLVWD‘D”FQH

KD YIIR X Q/BK DHWH G R@K R \6W O R IE R @R W DOMH.& :H DUHXUUHQWMQUFURDUUD\V
WRKDUDFWHQHSUHVSURQLAXGXFHG
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E\DSKLHH G L QUR P DWW RZHWDIQ BLW KR 2 W F\V W DIMWRKL QHI'S U H \L\OM IBM L FXIW
Mi-1.2 LQRUGWBEBQYHVWKAIRRWGRIDFWLR® F\VWDWOO@ K\URBHWY D4HWVMHOVR
RI WKLV JHQH IRXQIGRWKWURN.VVEOWKUHHKLELWRUYV
ZHUHOHDARXYQ UHJXO0OWBBEMGR RBD O
THXURJHQRPLFV RI KRQH\ EHH EHKHW RGO D OWHYH DOKIIWK @D WL Y H
2P F\WWWDWD®LJQLILPRYEEXQGDQW
&KULVWLQD 0 *URJLQJHU WKDIP F\VWDWL@QA K\URBQW K BHXW
'"HSDUWPHQWV RI (QWRPRORJ\ DQG *H QHRQM HHWDAEW MOLIF Y FA\VW D WH QN
&HQWHU IRU %HKDYLRUDO %LRORJ\ 1R DWK RiFUZDWMEBHMDRVRVRPH GHHVYYB&DO
BQLYHUVLW\ 5DOHLJIK 1& 86 ERG IDH\F X P X QLWKIHG\E P F\V W D VIL\Q
FKULVWLQDBJURJLQJHU#QFVX HGX DO VRX QR HH[S UH\EWW RM\SH HFUHWR U\

+RQHAHHW YR EHH FHOPRGM®RYW FHOWWKWDOLYDDORAXQ | HAGL FRK/H
EHKDY LDRWPOGY HYWH HK\D YIHRPSOHW LQKLEMEBRBL IR BHWR P E LFQ DW DADM V
KLIK@®DOOHEEHXDYLRWKWK K HFHQAFUHHIJHDE QUWP D O EDVV HBHBIWLGDVHYV
FRPSOHRWLRIB QRFHTXHIFBIGY RQW ZHOW QG RIHR\RXWMSEIHBW L SDHWN M QW
PLFURDWHIFKQLZMHY QRZKRSWR LQVKWMLEXWP F\VWDWKQEHWHRBLHQWO\
XQUDWHK®ROHFXMHFKDQLY@EHUO\EDIDLQHQINRS HSWAIG DHAHNA LILFDQWO\
WKHEHKDYLRUDUNVL@PLFURDUWDIR WKHLWDIILQLWMRZDUGILSHSWLG\O
FKDUDF\WHKMQHH[SUvaDWQ\/H@\Q(\HDPLQRSHS,\NED.QB)\LH)N—IRBOR[ENSDUDJLQ\O
KRQHHBUDDRQV R F [ZD WG Q G D P H QWM@®R S H S WAKGH\HY X © WM H W WDMWK H
DVSHRWMW QH\HIWNRFLDIOHHYV SR @AMHWH F U FWWGSIHGHW LIGDKMHE DWIRYWR O Y HG
SKHURP RD@HWK D Q 1HM H S U R G X/AWMDLWHHY H J X O R XRQV 5 8§ @ M/ H /O \WILKIWK/H
+HUHZLO®PPDURYHFHQWURDWWRGWLBENIJHVWIVWHBR GVLFN KRWMUDFWLRQ
FRPSDLM_\,QHDQ@H-HSURGZRWNEHUWK?KLZ/RUZ\IDWXSSRLEWHG@\NHQR‘IWKH

Y LUJTRNHIQRWF X VR QUKIHH Q HII[B® H V V BRIHFKH SXEDR F DQGHVHDUFK
SDWW BQ@NV\SHM JHQ HOW VR F LDIWWHKS U R MHEEW V = DQG60O7
UHSURGXPWIINHFDVWHFRQGQ@WLOO

GHVF DVEKWRINWX GRUEVHQAKR\EHIDLQ

H[SUHVOHR@EUSUHY L RXGHQWRM HG/ WU LEXWLRORQJDWDRWRU L&

EHLQUHVSROQWIRHXHH®DQGLEXGBYYMMQAVVXRNWKHDODUP\ZRUP
SKHURPRIQB 2XWHILQGLQKWRY KD ¥ odoptera frugiperda
W KUHH J X O RWVLKRHS U H VR/IWVAKQIV QLHV K H

EHEUDLQHVSRQR6O3 GHSH@®®WKH - +DELEBL/ *RRGPDQG 0 . 6WXDUW
SK\VLROPRDEHKOD Y MW IRVIWHKEH H6 \ '"HSDUWPHQW RI ,QWHUQDO OHGLFLQH 8QLYHUVI
ERWKWXG\WERBKQFWRPRXKHWHQH\W G &ROXPELD 02 86$
XVLQVKHBVEUDIRDUNHRIEHKDYLRURB® 'HSDUWPHQW RI $JULFXOWXUH $JULFXOWXL
FKDQIAH¥ D QD LDV LUBWRAHFKDQLVPBHUYLFH %LRORJLFDO &RQWURO RI ,QVHFWV 5H)
XQGHUO\LQJ EHKDYLRUDO SODVWIERPHWAELD 02 86%

'"HSDUWPHQW RI OLFURELRORJ\ ,PPXQRORJ\ .LULN
&ROOHJIH RI 2VWHRSDWKLF OHGLFLQH $ 7 6WLOC
, QKLELVRRAUVWHB@BWLGDWHWRIW | ynNvYLOOH 02 865 PVWXDUWH#DWVX HGX
W L ®&Mithodoros moubata o
(ORQJDWRRWRU (A A SURPRWHKWH

/ *UXQFORY#RUQ 9DQFR¥YI)UD@WD  GHOLRBELQRDF\OMBIDE FH SM R
ODUHWQG 3 .RSIFHN WKHLERV BXH LRUR WHICQVK HWR @ V R
/QVWLWXWH RI 3DUDVLWRORJ\ %LRORSLIF D PESWR W RRIGHA X O DMSIRBIW RV LV
6FLHQFHV RI WKH &]HFK 5HSXEOLF DQ 9 -
6FLHQFHY 8QLYHUVLW\ RI 6RXWK %RK%?@WM&@@MMFXPXQDW
NRSDM]#SDUX FDV F] EHFRPBSRSWRSR\EY L EO\HQKDQFLQJ

JQVWLWXWH Rl 2UJDQLF &KHPLVWU\ DW%#QXﬁQmWWW@VFDVSDVH
RI 6FLHQFHV RI WKH &]HFK 5HSXEOLF SUJIMHHVDE ' D PRQRFO @M ERG)
JHOHUDVMWRY GA IURBVKHD (DAJP\ZRUP

7TKUHHHQHWRGLQRUF\VWHB®ISWLGDYKLig kithoVW U D Q VD OMQER@WE& \VDW H V
L QKL E LAHRUHW R O O WRIRN K BXW VSHFd{F FHODMORQJ WIRDBW R O R Q H
F'1$ OLEUINWRPNVKHWR WL Biithodoros VLQJOH BQW&@RB)\WHQWQFRW
moubata 2P F\VWDMQDQGP WK\URSLQLQ\MR(EDFXORW“RLQ(WDQ\H‘@HLUXVTIV
FRQWDLQR@R WK\URJOREXRORL Qg R W H QMMID BL R O R JARQ W D RKDQ WM
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DQWLFWKDMBWP\ZROP UYQHHFEMH G Q GQ | O X HVQLERMNAYW COOQLON U W L, B3 LW
WKHHFRPELQIDUXWHWL RRURXLFNGRW H QWD @ Q WILRRIY/FEUD Q@WK HU
WKDWKRYBIHFWHLBLOG WASBIX VINW SURWHQG@ R AAXHGRRHWDER®HV R H

DQW L E BG R\ E H\E KL@V HFFVOELWQW R VW XGH OD BHLW QW EBQD Q G5 3 , [R$L \D

() A DQGGLVUXSHWDEROHIMPKE\WU ILEULQRJRROHABKORP RAASIUHYLRXV O\
SUHY HQWKMIQ W K R ASLLVR W M L QINDRY K HF KD UD FWR UL DG H FMWJIR@W K3HO D VRPID
KRWM®RME\HQKDQBURE X RMLQRIG F WY R AWLG.Nmoubata | RX QFER VW.@QW KW L F N
YLULR@Y GHOD\LRSRSWRWIHFDXKHPRO\PSHO LADSURWHQKHES W/RW Q J
LPPXQRORIIADVBQANWXH VBHPM LP QLP SR UWR@MW KHQ Q DLVPIR X Q LEWV \

() AFRPPRQRFFXUHXNDU\RMWHWIHYXDUGLIUIDLQWWHKQGHVLDHWLRQ
IDOOP\ZROPUYBHSUREHGVIDE" SURW HPINDHE\L | | H URHIQLWL Q F O X @/IKRN H
WRBHWHUPKIQ\WN WHW L VPR SRUW DGORR QY D CSOMW KR BH@W W X GRIWKHVH
IRBIVWDEOY.VBD® HFWPLLRSQY XYW D FK WMXRROHFEORFLQM H U HE WLLIBM K H
DQGDWRGVZHUHHFRIQBM.®IHVWHUWRFWRRROHFXIAHMRONYPIESDWKRJIHQ
EORWWUQE$ DQGLPPXQRIOXRUHWHHARFRLWLRQ DQG LQKLELWLRQ
PLFURVRARIFK QLZMRYX QKD WL VV X HV

HIDPLQRABQWD PG X U MEPRX QWIV g ROHF X @ WU X F\R WUAHR L U F D GRORF N

() A UHDFWAMMKDE DOWKRXHQHPeriod DQGQimeless DQGWKHLU
FRQFHQWYUY D WIDR@WVGL I I H FH@®SHYRVVLEOMROHVLQ SKRWRSHULRGLF

ZLWHKHUQY MQ VVEWMKH G J XWKIHOWH QW HUPLQRMEILDG D X \DW KHO H VI R\
R W KH. J ZID® X F K W U R R QWKIHS L BD® Warcophaga bullata

R IWKAR O X P QR ®IUW KIHOAHDXS H F R ION

EUXERUGH B UR YWIOR@V KB-D VORMURNY % +DQ DQG ' / '"HQOLQJHU
WKHVHOIRY LJZD®REVHWRGRBE FHWOVHSDUWPHQW RI (QWRPRORJ\ 7KH 2KLR 6WDWH 8
RU EDVHPHQW PHPEUDQH : WEYH &ROXPEXV 2+ 865 KDQ #RVX HG.

7KHIOHMR \Sarcophaga bullata QRUPDOO\
51$L LQ IXQFWLRQ VWXGLHV RI VWH|RNERRMWHAD &0 W @RHDIGXHOR/D R \ZILRWK
, . IOLHFPHUJDQ@BDZQKLVSHFDW®OWKR/ HV
2 SDMGXVHN © SRMND 9 %xUHVRYD &l WIS b BB E B O H QUAIIR I U D P
QVWLWXWH RI 3DUDVLWRORJ\ /LRORL SBODSDEWMHW é B B.Qullata
) %
6FLHQFHV RI WKH &]HFK 5HSXEOLF &Hy-l\ﬁﬁ %@W@P@W& W:\MHHQORVLRQ
5SHSXEOLF DQG )DFXOW\ Rl %LRORJLFD & &AL HQEVOLFARKG L BB RXMHWDUJHWHG
6RXWK %RKHPLD &HVNH %XGHMRYLFH RDWFE LEHPMMNKD WHIR V V ILEXY\R QM KH
KDMGXV#SDUX FDV F] ORWMUK\WKP Lgetiof/ \ D Q @meless 7KH

7K HK D UW L Fétles ricinus LVDQLPSRUWBERHEXRWKHWEZRHQHY(5,2" DQG
YHFWRU /\PH GLVHDVE@GWLFN ER(8[{(66FDRUBGLPPHKRVRUPDWLRQ
HOFH S K CBCLSWLLVD OH [F H O @ H@W Regy D G G LV V R F DIIW KSQL P BSUAW H U P IRQ D QW V

VLOHGQFILRQHY LYIRQ GO O RIWRW X G\ KRV FL O GILW RN HWSIVQRR HX @G Q JW K
LPPXQLBRIDUZHKD YWW X GILW@IH Q HV HQH®. bullata ZH URE WD XQH @4 3&5

&KLWLODWH L[ DOSKD PDFURJDREXDEY KHPSISIRIWKWZERHQBWH
780 .[RGHULQES )HUULWQ DO G DOG' EDVHDLORQUHVSHFWLYHO\

&\WR S O DFRIGL WIDRIGH V S R GWIRWHAH LI HHQFRIE3(5,2° SURWRILQ DPLQR

53 &KLLWHQ]\PHHFUEWHFNOLY PFLBYB7,0(/(66SURWIRANVLRWLQJ
JODQGNHKHPRO\PRIKVLFWW H DAL MP P L @F LEGUVDK VL P L O BURLKARMAD H V

&KL[GV51$.VPXFI<GDUNYHUVFPD\QI-{EWVLQDrOSOph”a melanogaster P51% VSOLFLQJ
YROXPMPDUNHGEFUHDWHGS HF X0 W Y WHUREUITHBHK@W RS HRRREGLWLRQV

ZKHW KKU[LD PR O H FXFOsR U wipuywr 1P VEHLRIDPLQRBRVEK OB\ TQEBXWD QW
KHPRO\KR® HR VWO GLEOR P S R QRIQ WP L MR H OF[ S O DNLIGBIR W H QUMIOTDON L RQV KL S

WL¥NO ZXD AIQW H L HVWWKKMR L WP X Q HEHWZHHQ FLUFDGLDQ DQG VHDVRQDO FQ
UHV S RQVHL QWKMH H G LMPLIF)N5 L VD Q
LQWUDFHOBWURUDURWRILWLFNWV&DWLRRQREQRFL®UDQV SR B WGIWDW H
NQRFN GRIINEW KGR ZEWLJIRWH® LFNYPLQBFLGWDURHWDSDP\FLIQIQDOLQJ
GXULQHSURGXFMWQRIQNHOORBY HU
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. +HPROQSURWRLYKHPPXQRJOREXOLQ
PRVTXLAgdS Aegypt VXSHUIDPWSORGXE@®VHBWR GD QG
,$ +DQVHQ $WWDAGR6KLDRRURQRY JXWDQGFLUFXODQWAKHHPRO\PSW
%RXGNRQG $ 6 5DLNKHO SDUWLFLODKHRY X QGHH | H YYHWE R G
&HQWHU IRU 'LVHDVH 9HFWRU 5HVHD U P \DEBRIBDWUWRAHFVR RIS KRIHDQWB ¥ HWO O
(QWRPRORJ\ 8QLYHUVLW\ RI &DOLIRUQD B Kol VHRIR@HF XE KD YH GHQW WKHG
LPPRK#XFU HGX KHPROL®QH QWKHD[ PRW Kalleria
3UHVHQW $GGUHVV <DOH 6FKRRO RI 3necliénefa+ BIOGVH W< BWAH SU H VIVQARKGHL O N
8QLYHUVLW\ 1HZ +DYHQ &7 86% JODQDYGNKHAHQWQBOY RV W HIFR
7KH :KLWQH\ /DERUDWRU\ 6W $XJIXVWémdlin)P B$ZDGHWHE@KHEHGDQ@UYDH

$QDXWRJHFQFR\KIVXLWR+IT\D(L\UHHUWHE2/ L G GROW KGID B IVUYQ'DX Q O RMWKH \

EORWEO L WIDSIIR G XFLIRIB O R R (/e cory wk R BT L9 D WOR G G X8 H Q1
GULYHABDIVVRFLRPWHR®RE&R VI GV

VW KRRU VLNVRW B GE D\IVQBR X0 G
WKHSULPDUWHDVRAX) DQDXWRJH@E K D QFLH/® DO@M XDQBYMHFRILRQV

I'z§x$§tmh’gg\fhv&m\*”:‘zvﬁ%\élgﬂEDFWH;UHLSJNLGRJJDQ@:LQ;RSRO\VDFKDULGH\
. L QWKHQWDBWHW®WWHHQHADWH[SUHVVHG
UHSUR G X otk fprtein — precursor  JHQH\ ‘s o o \w'p o BIKRIQVRMWHWD P R U SKR V LV
H[SUHVMDRY L WBMIF G LI IOBRR G\ \\ 145 5w KD 9 /U YQOW B B R CBLLOR W H L Q
HORREDO GHOPYRERF LGV W LYIXW H, () o\ 1 wiiew HELOR WIVON @BS X Q R X W

pljoée'S”D g VE?S\E'XLD%NVKG% %\;JW@%R RFRRIQO/N Z R UKD . G5 D WAX S SR EW H G
12> JUDOW | UR RV KHJ D GWH Q RIWK H

+HUHEHVKRE\VWLP X OIDWNLRYGE LAHMW
EDODQJFH—L@FL\GQOXMR}«L@GLYLE%!?&HP\ RI'6FLHQFHV
DPLARFLBKVWYHFERDLWLRQERUDQFKHG
DPLQIRFLOVHVVHQWWIFWLY RWELRIPLRYHOHV LV W DIUBPH\Q¥% WWR[LDHUH

vitellogenin - JHQHWKH DMRuIk protein IRXQCGQGFRXOEH PDSSH®RQ WKH

precursor JHQHUHDWRH(DOMW RGLHWKPROHFXODU JHQHWLF PDS LQ WKH VLONZ
DP L QR DGS W DLNDHK L E LR/ BIEBMWW U R Q J
LQKLELRILIRQ QRFLG L Q GitllobeBin '
JHQH‘H[SUHVV$BQYLWKDW\/|DFLOLWDWGRQDO ,QVWLWXWH RI $JURELRORJLFDO 6FLI
WUDQVFSI-RFU(VDQL\,(PHFHVWWNDQVGXT:Vﬁ(NXED ,EDUDNL -DSDQ ZKDUD#DIIUF JR MS
WKIB|PLQERFL\GLJQD‘DFORQMZSRDWLRQLW:RN\R 8QLYHUVLW\ RI $JULFXOWXUH DQG 7HFKQI
DPLQIRFLWUDQVSRURMMKM \ERGRI ' RN'R -DSDQ

Aedesaegypti | HP D GAa/slimfast D QiGAT2 6DJD 8QLYHUVLW\ 6DJD 6DJD -DSDQ

51$LNQRFNGR%IZ7@astandiCAT2 UHV)L@VV:V' KDYI’GHYHOREHHWKRWJPDNLQJ
DVWUR®@F U HWeHdogenin JHQUQGXFWERGHEFROBB\LP S UR YLADV \PIHADIOR G V
LQUHVSRQM AL QR LEKLFKWLPLORY /| o] QNDQYHOEVARP S OMDHIDIE
725 LQKLELWDRIFWLREBWHUROR YHSSLEL WKUHH STRQDOWV KW
H[SUHVVLURR Xenopus ~ RRF\WHNVQG £ 1¢ ppUNMKRZLE)I3 FRXEGHDVLO\
DVRGLXPQGRWDVVLXP LQGEBIH@GHRBWD pigDO\V EWUDHW DO
DP L QR VBU D QV ZR UMMMWE QB IHUMR FBICR QR 2 Mm®D 7K HDR F D RQIRCH
KLVWLBX @D VBPI P RQ V WWBWOL D W& ) RpPRVRRM OBEH GHFLGEHAGUHSHDWH G
X 'S W IRMHS H F DRIFQRF LEUDDM HURO® WK UHH 5@ DOQWINK WO 7K HZ
QXWULWYRIIDOERUL QUKIRQVHN p WK REXPBDQR YBIOV L VIW RIEMD L Q VW
YLWHO ORUGHIE® HVVORRN TXLWR BV, 7\ R [L&U\ $ R QVKFHK URP RV R B HIDW
VW U MAKEP SR UW B QFTHW L D@LRRF L Gy o 5 UH S D U DK BRI F O R GHABYY H H P
WUDQVSRUWHUV LQ WKLV SURFHY¥ I RQY H ELHFDWAHKRER GRPLQD QW
FKDUDFW®GJHQHUDGW HF W@ ®
+HPROUBQBQGEWSWRWHLRUHVVILRQQWHU VBGEQWED VEHEQBLGE KH V H
WKWL Q0D @® & SXQ RXWIRNWKED[ PDUNHUQMEHWKRRXEGLQWURGXEHG

+DUD. OL\DPRWR1LADRG . .DQGD

P R W®alleria mellonella RWKHMHSLGRSWIHNHFMWV VWKDQ
VLONZRW B Z HQWF U H HADBHHGW H UW K & HU
*DT $6 DQG 6HKQDO ) UHVLV W DMIFBVWR [BQ\ $SPQQHIVZR

,QVWLWXWH RI (QWRPRORJ\ $FDGHP\ RV \WRJBWRIERYZ HBBIVNHPVVHY HV VDQ@FHH O Y H
%XGDMRYLFH &]HFK 5HSXEOLF VHKQDO#HQWX FDV F]
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1DYDUUBFXQGR )HUQ@DQGR ]+ 5ROQGXH]
VWUDNKRZBEPLQDBRWLVWDKHAEH Z +X6’EHUWR /DQ]
UHVLVWDQHRRZH[DPLQHEQHWLFDOO\

ZKHWWMBU\HDPHWRN\QEKHW‘KH\ &HQWUR GH ,QYHVWLJDFLRQHYVY 6REUH (QIHUPHG
D URIQV KR O H F XIOQMROLS7 KHWH QR 103 OHILFR
PXWDQW@HVWWGHD\/WN\MRZ '"HSDUWPHQW RI %LRORJLFDO 6FLHQFHV )ORULG
W KPIH F K D O LIWFPAW KW R [ LORU N Q GV K H 8QLYHUVLW\ 86$% KHUQDQGV#ILX HGX

UHVLVWDQFHV DJDLQVW %7 WR[LQ%QTB%\?H&WVLVWU\ DQG %LRFKHPLVWU\ *HRL
RI 7THFKQRORJ\ 86%

3URWHRP QP O\RIAviopheles gambiae ,QQDMPHP XQUWDZLGHVSDRBIYVHQWLDO

FDVW FXWLFOHV E\ WDQGHP PDVYHERMKFERRRAL RVAU R B IWDNOD KMV
IDWRGDQ&HPRF\BVUHPID MR O D\ H QWK H

1 +H- %DWHOWKRHORIHERWQ® LOQVHEWOLWAXQHHVSRRNEHYRWKHU
2UODQGR :LOOLYV WLVWXHXKWPLGIXHSLGHDPBDOSLIKLDQ
'"HSDUWPHQW RI &HOOXODU %LRORJ\ 8 XEHXSIHXWA | DNBDEMHG H F L B/HRES O R U H
SWKHQV *$ 86$ KHMLD#FE XJD HGX  \wKWR @K RV TXBWR L F DRHIEXD LVQK H
&RPSOH[ &DUERK\GUDWH &HQWHU 8Q LLYPR XIQWHRY SHIRERIVIR GDW K R IIHIAWO XG L Q J

SWKHQV *$ 86% PDODSDWNDVBWHNFDBEBODYB®RFDWHG
'"HSDUWPHQW RI 1HXURVXUJHU\ (PRU\BQRXQNER UarB RFRIMGN \DHOH [ LVE OBHK D W
OHGLFLQH $WODQWD *$ 86% UXQ®RQJLW X GALIQUFOXMK WV K R UDQ G

2YHU VHTXHQR:EB-IX/WDIV\MWHFSMIRDNJHIP§\95RPH@OSL\@MH{ORR' KHPRO\PSK
K D YESH HROD Q X DID@Q R WIDOW KiBopheles 3 X W D W R'OHRS H U L F DRFGA.QBS KURFAWHV
ZKROHQRRHTXHQIRUGWB HDakQ FKPUWKH OWUWHRGDQRMHJXODRVLRQ
RIW K HARHU U H V SIQ/GW B E @ XIRX@QI@ K H P RO\PFR®P SRV LW & R Q WRDIUM HRU V
WKAXWLEBKDYADUURK®@ SURWHRWKHPPXQHHVSRQARMH[DP SOV $7
DQDOREXWLFOHY @tGopheles LWV H@E42D 7(3 ,.DQ6531 KDYEHHORHSRUWHG
DQOHEMKLRE D\OXSFEWLROHNVU Y WHEHSUHVHQWR VI XISHMRILFDEBODY
KHDGFD SV XOMWRW H IZGIW HH[W U D F W} B &J H V WIKDWK HRR X EGIDQLPSRUWD QW
IUDFWLREQDWEHE JHEBOHF W U R DIGRUHRA YR QHIVWRR VT XL WHRX QH V W HIP
ODUJHIHO VOLFHWHUH UHGXFHRUMVLELRFKHPERDOX®MUDYVWUXFWXUD
FDUEDPLGRPHWXKGQDM\EEMEU\S v IRR 66 VSHFWURPSBWRDW RIQ\D OW KiH
7KH HV X CSMISQUIZGIMWH S D U R QDHG UHVSR®VI$SHULF D W IOBBY Anopheles
FROXPRQGGHWHFBAHGRQ W Pmsy valbimanus D Y HFWRRRlasmodium  vivax L Q
VSHFW U R PKINUHV X 006L@& G DWH UHOHILFRGXUL@®IFKDOOHQWHGLITHUHQW
DQDO\JHGWBDVFRVMQGBHTXHYW Qu PLFURRUJDQEOXBDQDUQDHFWHRQ
FRPELQDWLRK UKD WD E DV RRFW K HS UR S RAKH MU L F DRHEED@\R G RRIBH O HD V H
WUDQVODHHRPHHYHQW\ VEYW@LEERX PROHFEGEHLUQUIHFWKEDD\LQJ
SHSWLBHWIE HWHFRRHUGUH YV SRGROL QA PSRUWRQ@BWKHOHDURQRRHYDGLQJ
PD[LPXRI GLIIHUFK@M FXWOPWB QE\P DWKRJIHQV
FRPSULW K@ UNXW K A@pelés FXWLFXODU
SURW I8 KQ UBBR ER VFK W VRO EHY H5 H J X O D WRIRIX Y H QKRWP R QHQW K HV LV
SURW HIKQW HZHUKQL T WHVKSIXSDQQPRVTXLWSK\VLRORJEERGKHPLFDO
FXWLBPQI& WRVKKHDEDSVX6HT XHQBK)G PROHFXODU VWXGLHV
FRYHUDDBJH®RP WR RIWKWRWDO
PDWXIJUHR WHKBWHV U X FR/XR\WBREW & +*HUQDQGH] ODUWLEBRUDOE 3HDRIG
IURM H Y HG DWW LEDFVO VRW B UH Y LR X Vo 1 RYEHIP
XQNQRZ® DGGLWZHQRXQGHSWLGHIvSDUWPHQW RI %LRORJ\ )ORULGD ,QWHUQDWLF
FRUUHV,SR/‘QGLS;),DRWN\/LI‘QUMSSHDWIFRG OLDPL )O 86$% H PFJUDZ#XT HGX DX
FRPHURPROWIOXW® D SISW®&HD B8WSDO &HQWUR GH ,QYHVWLIJDFLRQHY 6REUH (QIHUPHG
FXWLFOHY SURWHURYPXVFOWWLOQ?'HFFERVDY 163 0pILER
DVVRFLDWHG ZLWK WKH FDVW KHRBHRIKEMKORM LVD PDMRWRUPRQDO
UHJ X ODQ®WH FQWKIH PDBRV T X L W R
OVHFWPPXQLWSROHRI PRVTXLWRLJQWERR P SO HRW RHEF G \ WLIV/ KIHG X O W
SHULFDUGHDM/XULQWKHUHVSRQWHVDDRGQLWIIHEKR G XSRMRIEHT KtV

DIJDLQVW SDWKRJHQV DQG PDODBEBRIBYHWAFLRBN WRQGHUVWIKG
UHJXORW L RPGI YH@RV T XL WRIBVZ R
6DOYDGRU +HUQIQGH) HDQQGIR] 1 BUWHJID
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XQGHUVKWRARDXWULWILR Q DON MWK HW KIDP LIOQ QVHFNMARPELRBDWWURGLPHULF
DFWLRIMWKHHXURHQGORWWIHFPMNW LWWHWBURWEX@RWKKIRPRGLPH[BWHMWYHG
HVVHQW HNWH\NPR\QWHKBD WMIKLFAKH 7 FHORDOW VAHRP SOGDMVHN HR L Q 1 HY
FRUSRODBWYWWOD\QWKHMWLTHKWDWIES$ WKOBLJDWHFEGRDVWDOWLRLWLISWHV
DFWLMNWLWNVXUHIXOPWIOGDWR UHBMURIGMXREMWLRQ7 FHOWWDQVIHEWKG
SHSWMWXKHEMHHBWWRBODWRMQXDELWRAUDVPIHESUHVWILIRE SURWHRXSOHG
RUWDOODWRWWREBXGDWWRUYLWWKBYHUHFHSYWRB'/5* WKXWKRZLMKDWLYV
GHVFUWKBades aegypti DOODWRWURSI&E5L W KEX UV LIFREH SWWRSHFLIZBY W\
VWLPXOD@WH®Hedes aegypti DOODWRVWRE®EREWHGSHULPHQRZEWDKEBWUVLFRQ
$6 &LQKLE+W\WQWKHPLG/G LW&WHKRIY HD FW IFRRXMAR WHRXW FRPSHWHBLODU
VKR Z MK MW W U LBIFRAXY X OO XUH® EHY HUWH KB BWH K R GEPHVUINEHRIW RWHLQV
ODUYWD IJHM X ODKEES DFWLYQQWZOWQREAEXUVIKFRRRRGLPHBVRSRKWD QW YV
HPHUJHGX OMWDW RQVKERUAHS UR S R \DH& * JHQOIR FXKR Z MX BoW UV LIPR Q
WKBWDQ®6 GUHOHMEYMKXEBEUDDQPHDOVRVSRQREZEQHQIOD WHRBOWJD QW
LPSRUWPRWWDBDFWLY DY EBRG XODRML R X ELHW WHR O KDYYWKSSRWKH®G
-+ VIQWKH@REXHPDORVTXLWRHVILQGLRIUVLIFRAGOHDVRB KBEHUYRXV
VIQWKB®BWHO HOWK HSHHS W PG BIKBMH V\VWHER ODU DHD W HUHDXAJ RV H FEHO/GRW \
FROOQHMVRHKGVULWLRQPDOVWKHUHIBUHVHQWOID QJRU KMH Q WaJID6Q. Q
DQALPSRUDGMDWUDQVGRAWKRBRQLGR | I HUHOM FW N VAH OOV SUHWKH
WKBFWQ Q HHKRDWY JHQW KBIXW U LWMWRQNDIOM X URSHEWX GWDFBDQL R DFMIW HGH
ZLWKFWLY RWLSRHF ISSKF LR O RHMH QW& & $3 ,PPXQRF\WRFKNRRZW K MWK H
GXULMHSURGX,RRURH & HWWPR GH Q6 X UV LKFHRWH U RIG\H P$FHUWH \L\QW & HRHHO O V
ZHSHUIRUWKIH UYWQRPREDORIDY EXWM[FHSWRREOXWVRPHQVHBWNVLQJ
LOQVHRVERFUOLD@®EEU ZUIWAHY GHURP GHYHORSRBH QWW XG LG L F B\ BIWVD
FRUSPRODDWD FRUSRIRBISEOH[HRP % XUV ISARRG X FHQ®XU V IDFRES. $ D UH
Aedes aegypti D Q @nopheles albimanus. ORUH SDFNDIQWKWDPMHVLFOKHHWHQGLQJV
WKDQ FORQWHINYHHHQHTXHQFBAGVXSSRUWMWISRWKWKRWSDQSHXUVLFRQ
HQJ\PHWYROY}HE VIQWKIBDWVIKRWKHDUHR UHOHWDMHBVWKRWSIDFLOLWDWHYV
LPSRUWDIQIXODWROMFXKOBYHHHQGLVWU L BXNWLRY LRAMROWWDUMWHYV
LGHQWIRRMMBK HAHR QHW UXV LY KHVHPPXQRF\WRFKB O VRWGU FYWBR QY K H
PROHFWREFRURQ Y HYVWLKFBHWFK D Q IRMPNF R W Kanduca sexta WKHHOO X0 WWHRHIUQ
FROQWRUROVI\QWKBEMINM QG666 SDQW R % XUV IHBQHVIVQRKEHL 6L W LPLOYBAKDW
VWXEBKAXWULWHRROBWLRY KB GML. QRWKHQVHRWRYHY HQanduca ODUJH
UHOHDVH RI $7 DQG $6 & LQ WKHLBRWIULER RONKAHR USRDDG HD)E D RWV\O\
RQKRPRGLPHW KHVHFRVSUR G X+ H

%XUVLFIWQ(HLQVHFWWLPVCFHDHURWL%\Q%QOWRKBEVWLEDM FRQHJIIDIQG

QHXURKRUPR/QH XHQPFH FHS VWRG PVWLEGERXWOWERWBR Drosophila
EH\RQG JHQHWIRWHY HDWOKBM\HWQUHVROYHG

IXQFWLRQV RI %XUVLFRQ
+ : +RQHJIJHU

'lHDSVDKUYVt/cF;ggW;lH %LRORJLFDO 6FLHQFH® WD QA BYESGOWLARL XU VISMFQ WIHUQDWLYH
VSOLFLIR}Manduca sexta DOODWRWURSLQ
K ZLOOL KRQHJJHU#YDQGHUELOW HGX P51$ DQG"YLGHQRHWKBUHVH%H
% X UV LZIDREL VFRYLHQU H & \) UD H QINGI® S U H G L FDMOHO®D W R W U RSSHLSQV QIGE#M O O V
+VLDRVD QHZKRUPR QK D\ LW L\WKWHRM WKH ODUYDO WHUPLQDO DEGRPLQDO .
GDUNHRQ&DUGHQALDQ QR WIKFHX W L F O H
RIIUHVKBHU.E—{IRZIK)VHWJ@H)LJDWHG)% *RURGIVNL /HHE 1HXSHKUWUH®HE
1 'DYLV
ELRDVVB\DQ@HQGLH]WO KDY H '"HSDUWPHQW RI %LRPHGLFDO 6FLHQFHV 2KLR 8
IR X Q\GK B WU V ILRZAK®! W H U REERLPSHRIR H G b |
KHQV 2 KRUR VN#RKLR HGX
WZRKLIKGRQVHURMN @ LQBIRBURWHL GV <OV 27 869 ) URGH ¢ .-
H Q F R &M Kiosophila melanogaster JHQHY _HSDUWPHQW RI $JULFXOWXUDO %LRORJ\ .\XQJS
&* DQG* 7KHODUYMUWHEUBWHTYVEWY "DHIXRUHD
F\VWL[\@’RS/\URW"‘DLF(J_G‘RQWD/LLQQDOLQQP[RQ $FDGHP\ RI 6FLHQFHV -HQD *HUPDQ\

SURWHYXRNKDV 7%) i DQGJOVFRSURMWARLLE sexta DOODWRWD QS HQ@LAVD
KRUPRQKW V ILARIQH UNQR PHPEHRU pXOWLIX QG WX BR DGR IS U H\DWH G
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D VO H DWVKWBIGIW H U QDSVALYRBIES VL QD VW U X F W X U HU IEKQTF W 1L IRIRYWMKKBSvori
VWDDH) &/ LVVXH VWIHFQHZFRRIWKHV3%$15ZH FRQVWUDFWHGRNMPLQR
P51$WUSIUHGLW\RBE RBKUMGGLWLRPNPLORGFDUERWMUPLYLNXQFDWLRQ
DOODWRWURB/LSHBWIHEKHW¥ERVVHPXWD QWD GGLWLRQQXPEHU SRLQW
ELROR DFADIOYWW IRM\H U 2 DWW KRRH PXWDWR®AQ D O WHKGH UH RWWH FH S WR U
ODQVH $RZHYHYLGHRBHKSURGXFWH[SQHVPRRE@WHU QD @K HHRMLRQVLHQW O\
RWKSH /SHSWEKGMK XIVEHHID FN1H) J H[S UH\L\BH G H O7TRG D VREK U H V X\ IVH V W
JHQHUBWBEGFORQWOWRDQVH $7/ WKBWH UVWHVLGXWYB-Imori DPLQR
DQGHSRWUWAWDLRIMBHFEH®EQRWKKLWHUPL@UHQRWQHFHVVIRUMUHFHSWRU
DQWLYVHQXPUM.Dséxta 7KHP RVMQWH QN[ UHVWVR@MLID GGQGLYWKHWHFHSWRU
VWDLRRREVHUWWBERHAQVKMHUPLQDWHUQD PR\WWHROQEHW Z HHHQ/ LG X H V
DEGRPL@IMJO 7B® ZKRVIHR ®URMH F W DQGPD\ LQYRONKIHHQGRVRPDO
SRVWH DLRBQWKE1L6 7ZRFHOLGWKHWDUJHVWRMK[[/ DQ@&KBWU 6HU
EUDDQBQRAHO@ KHXEHVRSKDIHDORQ) DQHUJ OLNSORPSRUWRQMV
VKRZHG ZHDN ODQVH $7/ ,, QUHNAFHSWRUQFWLRMQG RUUHIJXODWLRQ
LPPXQRUHDFBWDPLWEZQY FRPSOHWMOW K H UPHRUDHWK R /0K BAKUHH J X O DW R U \
EORFEHSUHDEVRBSWKDRXWLVAUWRPHFKDQLQ® FHOWOWFDOFLXHPSHQGHQW
VIQWKBIDVQWH $7/EXWDWQDIIHEWHGHORBNLQ DD/FW L PIQBURFHNEYVRXJK
SUHDEVRUZBWIORX)/H $DQVH $7RU FODWKULQ FRDWHG SLWYV

,,, 2XUSUHYLENRRQVWBDOWDIQR/QI $7

51$ ZKLFHQFR@®WVH $7/LOQWKH3y | | FDVWIGRGFKDUDFWHULRIVDLR Q
ODUYD®* LV FRQVLVWH@MWWKHVH,opw| QROBWRAVHDVHIRP  WKH

LPPXQRKLVW R FKHALGIERX S@VO\VEY, 110 HU b R
RIWKBHSWERRWROWKBDQVH §7/ o1 HQHUDORIED BDitibyx

LPPXQRUHPHWOWHOGDUYH*AJHYHDOHG

WKBUHVHRFHHSWLGKHRNPADVVIDWH . .DML 7 $VDQR DQG 6 ,]XPL
FRQVLVWWEKRRIBDQVH 8DQVH $7/ , ‘4yspuwPHQW RI %LRORJLFDO 6FLHQFHV %LRFKH
DQ&DQVH $7/ 7KHVEHSWLODUMVKH /DERUDWRU\ 7RN\R OHWURSROLWDQ 8QLYHUVLW)
SUHGLBWRGXFIWNYQVH 7% 7KHVH NDML NHQWDUR#F PHWUR X DF MS

GDWEBHPRQVWWHXWWDQVH $7/ ,, GUNHpyy Qe HWQIEGHU IRMYIH GHSHQGHQW
LPPXQRUHDEW UWMMDW X E VRIAWH O O/ 31 o U D WILRIUWKH ODUYDO SXSDO
WKDWRQWDLRQVH $1PPXQRUHDFWH\X/LD‘%\QUSU<Q3MW mori =\PRJUDSKLF
VXJIJHVWKRWWHURSOURUDIQVH $ b o RIMKHQ W H VMIMAIEAWR Q VW UDW H G
P51$VRFFXLUQD FHOO VSRHFQQUFKLV\yy pyyiH O D W L CBRURWHEAWHR R OHF X O D U
ZRUN ZDV VXSSRUWHG E\ WKH 1671 JIWRXOB ~ N SURWHDYSH DQV
LQWHVIWIWMQMK BDUY DO BRGWQ G WV

OROHFXGDVVHFWLWRKBbOmbyx mori DFWLYURAUHWVWILVWWMKHUHHWXWULILHG
SKHURPRQHELRVIQWKHVRNWWLYDWLKRIURW HDR/RI KFX S D QW H \RB.Ln@®H
QHXURSHSWLGH UHFHSWRU DQ&GHWHUPLQUWLADLMIRF LCSHTXHQFHYV

7KH N SURW HDMH H U H QWU D O @M
*X00 $ 2KQLVKL DQG 6 0DWVXPRWR)| W URRESKELFD GHRW B QGWDFW LY LW\

OROHFXODU (QWRPRORJ) IDERUDWRU\ 2DVL QK EEUBYAZDK L E LVRRIUNU\SVLQ OLNH

: ' SURWHDRPNQRE ORWO \FLWEQWL N

MRAK#SRVWPDQ ULNHQ JR MS S UR W HDIDWHL BVRKGRZ MVGK DWK $1U R W HRIJV H
$V ZLWRRVWHSLGRSWHUMAKNH[ SUR S U RDGEHIHI R XSG D VDLREY L VW V
SKH U R PRI/ \ Q WBHONWKLZRW KV O N P R W& WWKAY & DR IS X S B & DLIHQ W H WADLGHG
Bombyx mori, LVWULJJHUHGP RO H F X ROWKIHP L FF VG T X H ZFHBHRVG6 7F OR Q H
LQWHUDEWWRE8SIHUR P REQR V\QW KHYERGMQIH N SURWHBMEB DQDO\VLYV
DFWLYQWXQRSHSWEGHO GWARJQDWH Y HDVKHXGNE Y RW AR @M RYW\D P L QR
UHFHS3WRIL 5, OB. mori 3% $ 18 \D DFLEHVLGHEBW&DWLIQLILFWQWFWXUDO
DPLQIRFL'G SURWHLQ FRNXFHEWERIW VL P L O ZUWHN ULSUHRWHBPYHV RU N
GLVWLQJXIWRMERFHUWD W% FH5E\ SURWEDEHW HE@/HIG VR O DURR® UY DO

D QH [W H QFSDHUGE RYHOU P LVQRKDAY H F HV VD QW H V VEIDQ B WWAILO N V' S [EQ DR QW K H U Q
IRDIJROLYWXEM® HUQD G REMRYRQEORWWBBFRPELQISMR NSURWHDVH
PRUH H[WHQVLYGHWHUPLQDWLRW QW K H EL\WYHEBD F X O RR LS WAVRADH P
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ZD\DFWLYB\WWGVHXWUSGWSDNUR@ Rl $JULFXOWXUH +RNNDLGR 8QLYHUVLW\ 6DSSR
WKIHQWHVWR B KHLON V'S VQW@I®HVH °°PC
U HV X\OW YHAVKAD WS UR W HIDVFRV L YIDW B SKL GV WH WAQ L TK®V HF WP D\KD Y H
W KSIU R W H REGIIMLGH UV KVIRWR DXIUQIV K HP X O W IKROSID D VP& L G HYOD U\ LMKID S H V
LOQWHVWLQH DIWHU WKH ODUY DOW SXERDKBE G RRWOAR S K P@ciphilus

oiens ORUG Y L OINGRW H U GKIRV MBO D Q W V
(SLFXWLFZD[RUO D U DK &/ P D @@ L w HY HD VR EHOWAMHKEU L P DIR VIW KV U H H
E X W W H UPierisH btassicae D Q ®. rapae Fraxinus mandshurica DQ® KVWH FR Q & R WWU

crucivora TXDOLWDWANY®WLW DWW GY\M UAbids sachalinensis , Q6DSSRWRIHHPDOH

VFDQQLHIHFWRIRRQRVFROLRGIRHV £ L QJBIBQHU MEERIQ QVKWHFRQ &RV W
GLDSDXVH DQG QRQ GLDSDXVH shi¥®{FHIRWKHQRID OB L JUDWRKH
SULP XR\DV W U 18 HQ EMDS S H D UDLQWFK

-XQ LFKL .D@HMRNXQL <IRPGRKLKLUR ZKLWIRORUZHBVWUDWHXOWKWQRZ

-DWDJLUL VHDMVMRARPLYRRDHFD DWWV Q RZX J7 KH
1DWLRQDO $JULFXOWXUDO 5HVHDUFK ZHQWHUGHPD ORABUVWERHQRIHGHWGKBA O\
5HIJLRQ 6DSSRUR -DSDQ MNSXF""DC#B'@@p@WK\MUXRJWVWUI'ﬂHWHU
6FKRRO Rl OHGLFLQH 6DSSRUR OHGLFBR 8 XI&rBRMIMRQHNE S&@DREGEDUMNJHYLFHYV
-DSDQ 7TKHHJIJIJRYHUZ L\@ MHRIH& D WEIK I RWHK H
,QVWLWXWH RI /RZ WHPSHUDWXUH 6FLDB ¥ BN UdtD¥EUWRWWKMWMLHZ SRRIQMWQHWLF
+RNNDLGR 6DSSRUR -DSDQ YDULD@®HB I ID@QIR XW E UHHERRDIDY K

'H FRPSD WHGHXD QWIQE X D OR WK HP S K LICD/YEH HRD L Q\OW X G LQVBKSIU H V H QW

HSLFXWEZBXRIBUDSDXY® R O GLDSqWMRFW@«HPL\D\@BRUSKRQRJ\

SX S DLIQW Z R OR VIHIDO P GV S HF BHV & £ HL*TORZBBx\gU\BQ'QVS;HSED\OH
brassicae D Q GP. rapae crucivora oDLQ Q DAKIDRSES @D B R [

FRP SR QHRIWMK HES L FXW LED(CHW Hy £ 5 60 Pl e o T vy
LGHQWLWK\BG R F DU ERIPagsicae P R UH QHQ@ UR

WKDQ RI K\GURFDUERQWDW X UDMWfcWKH ZD[\ VWUDQGV DUH IRUPHG

UHIJDURZHKWYWWHBSX SEHUHGLDSDXVH

RUQRW,Q P. rapae crucivora, Rl ([RF\WRVLD/QG HQGRF\WRDMVWKH
K\GURFDUBRMDWXUDQOHRG GLDSDmsgphila QHXURPXVEXODU MXQFWLRQ
SXSDAHKHUHDQGLDSDRXXHDH ZHUH
VD W X UDMNMHG XQVDW XU DWRRG
HDV XU HFHERGN XUIDRIED O XFODUED 2NN, POREDIKL (0502 085 s
PDJQHWH.FR Q P QFFWIR L P DZHRIIO F X O D \f NRUR#PHGJX%PDXDF > Q
WKBYHUDUKLFN@HWKBAD[ OD\HAKH

WKLFNIQENVYSDXYBRQ GLDSREWRH $W\QD SWOHWK U R W U D QIVWPH WOHHIENH G
P.brassicae ZDV DQG QPUHVSHFWLYHEF\WRW\\YQDSWHVL FDPW KHHVLFOH

P. rapae crucivora W KWKLFNZOMHW VQPLQ PHPEUDQWUHWULHBHY H@ GR F\WRQYG& V
GLDSDDX®B8 QPLQQRQ GLDSBXWOGIVRIHF\FOHRARAWKHWHERBURFHWWHWHAXLUH
FRPSDWK®HX U I DVFHH W RUWHK/HALD SD XNHVH @D QRIH[RF\WRN LIVQ IORKFF XU V
DOQ®RQ GLDSDOSYHEHY VFDQQH QB FWVRIF KURQRROIMWU IRVD@FWBER® HQWLDO
PLFURVFRS\ DWNKBUHV\QDBMWULFLQOM®QRWOHDU
KRZHYKRIZD LQIMQLWHWHRF\VSRV LV

W K Brosophila QHXURP XV MX@IFWAH Q
HIDPLQWBIKLVWULBERAWDREKDQQHOV
HQFR &N Kcikophony cac JH Qddac &D
FKDQQROWOXVWWIKEUHV\Q DFWILFKH

& .DWD3ILUDPDGD OL\DVKDWB 6 $NLPRMRAQ MK H VIO XV I/BHRHW H U R JHWIRMY G
%LRFKHPLVWU\ /DERUDWRU\ ,QvwLwx%HRW MREXHERHEEY KFH HV\Q ERWIWR Q V
6FLHQFH 8QLYHUVLW\ RI +RNNDLGR 60KHAURVWULRXALRD FKDQGWOWAVWHUV
-DSDQ FN#ORZWHP KRNXGDL DF MS FRUUH2BDWRWKK BW\QD SYWH.\FLFQH V

'"HSDUWPHQW RI 3K\WVLFV 6FKRRO RI 0686 LQXIBIOHYSRVEW QDSWUPQVPLWLRAQ

<RVKL .LGRNRUR

&KDUDFWHULRD WK RWHR O RUHAD[\
VWUD@QRGXYRROOVKD S KL Brociphilus
oriens

OHGLFDO 8QLYHUVLW\ 6DSSRUR FROBRS O HRB/MRORNIHEG L FDWH.RAY & D
'"HSDUWPHQW RI %LRORJ\ 6FKRRO RI Ofil€ DQ QiU WQKR@® FKDQ YWHBRQWUROV
OHGLFDO 8QLYHUVLW\ 6DSSRUR IDVP@ D SWIUPD QVPLYWHB.@cac QX0 O

'"HSDUWPHQW RI (FRORJ\ DQG 6\VWHPDWLFV *UDGXDWH 6FKRRO
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HPEU\R\HODWHHEO HRMH\Q D SWH ¥ L F CBHRW L WOLQY®D H J D WELY HW HTUKHL Q G X FH G
RFFXUYHOHYDINWE UMD OV XJJIJHVWKIQBRF3WHH [KLEIDWHGE 1$WUDQVFULSW
DQRWWHIBI&D FKDQQY®FDMO-RWR E\D1RUWKK\EQLGL]DQYRAFKNHQH

W KUHH O BD.WWHK H \DHR@c & D FKD Q HUMZ DH[SUHVVMBGDFWHUBEDE VVL\RQH P
SUREDEOXOBWGRF\WRBEFXUWKHDQGXULIDMG N'DSURWHKIBBXULILHG

D F WILRYQHHH | X U WIKGIHIQ WA KK GAU\GH 3/$ H[KLELWHG VLJQLILFDQW HQJ\PH DFW
&D FKDQQWRDM/EORFNENGD ORZ

FRQFHQWRILDN LRM FH«0 /D EORFNY 4 owL|LFRWDS&LG UHS HDQERMH
HQGRF\VZR WIKFOX WA FWH[RF\WRWLYV 30X FRVLQRODWH EUHDNGRZQ SURGXFWV
OLNWE&W\WWYSRH&D FKDQQWEJIXODWLQJ

HOGRF\WRXRXOWWSSORIND FKDQQHOV+ .LP DQG * -DQGHU
DUHRRUG L QBIWXOMMBQAE QG RF\WRVYIRVFH 7KRPSVRQ ,QVWLWXWH IRU 30DQW 5HVHD!
LQ WKH SUHV\QDSWLF WHUPLQDO JM #FRUQHOO HGX

3ODQKDWYHYRODH® ULRVBK\V L BTG
*HQHVWUXFWXQUGEHQJ\PHDFWLYRW\FKHPLEDO U MWHSWYR \WH K WP V HOOJYDH. \Q V W
SKRVSKRO LS DR Ii$podoptera  exigua KHUELYR@\D FKDUDFW HHIW\G RH
ZKLFKLVD SDWKRJH@IDRUJHRW DQ FUXFLIKODXNWLYSRRDEH L @F\O DRMV
HQWRPRSDWKRJHQLF EDFWHULXRP SR XRIY/OGGFR VL QR &RY WD AWK
Xenorhabdus nematophila WKH HQ]\PH P\URVLQDWIR SURGXFH
LVRWKLR F\DLODWRIQBW KHKDUS WDVWLQJ

< .LP6 &KRDQG 6 6KUHVWD Y R O D WK H EL LRIV W

/QVHFW OROHFXODU 3K\VLRORJ\ /DERUPWR Y\ B9 6 EQLY WWHROPPHP | HWGE Q J

8QLYHUVLW\ $QGRQJ .RUHD .

KRVDQQD#DQGRQJ DF NU persicae JUHIB@ DEXSKLGWEOMD YRLG

RUHD %LR OVWLWXWH .OF 6XZROQ P\URYLODVH FDMXERWIGQROBMND JH

: LR, ’ +RZHYH'OVKHWU\SWRSKDQ &BGROHG
Xenorhabdus nematophila LV DQ JOXFRVLQROWHWHNWEHY @ BBNRVZ @G XULQJ
HQWRPRSDWKRDHQHULNAPELRW L SRYYWKURWKBESKISEW[SHULP QWK
DVVRF ZDWH®E QWRPRSDWXRIBWRBHDELGREXMWD QWQGSXULILHGGROH
Steinernema carpocapsae :KHQW K®HPDW REMHXFRV L Q QDN EBVFHOHP R Q V WNUKCDWH G
L QI HBW N ULJ® WX Figmatophila LW HOHD\VIRG RONFRYVLRRBDDMHRE@MHS KU1 &W
lURRVKW\PELRQHFDWRGW RVKHQVHARKPW GHWHUHHRMRUHRYHURDVVD\V
KHPRFRHKEDFWHQKDERWHKOOXQGOHUIRURZH®KRP SR X @EHW H AVQMX H
KXPRUWP® X QD S D RIWKIHQ | H FMDH/G FRMR QH\GREZD SKLGWHGLRQ$SUDELGRSVLV
(LFRVDQRAMB@PA PSRUWBRQWHGLDWLGHQWSHRGOQGROKFRVLBRODNGR ZQ
FHOOX®PYQLWQUHVSR@AREDFW H WBLWREG IWKDMBISKLG UH SHGIO HQRK HV
L QI HF WL Refhatophila FDQY KX@&RZ@WKHDOWHUQR®PRVLERBDDWERXQK P\
HLFRVDQRELA®RV\QWKHMXLVLQKLELWHSUHYVFORDRMNW HQVELNWRHP IHHGLQJ
SKRVSKRG®LSID¥H 7KLVW XBGK R ZVK HKH U E L Y\ARXURHBW. persicae W KPWQ D WR
VLIQLIBFHY OQWWLYLQUHPRFA\WBRG\ DYRIMMEKIP\URVLQDVH FDWWDYDRELRQ
D Q GX W L V \REgdadoptera exigua 7KB/$V JOXFRVLQRODWHYV
IURBLIITHUWHIQWX®® XEFHOIQDEMLRQV

DUMDUUHED WD GURLSH UNRQILIG XFLEQ Q LIJGKDUDFWH U IRID'M URQOLRQ

3/$ KDFHHRXQ@&HPRF\BMB@ QWLERf)@KLWHH FRORQHVRPWKKRQH\
UDL\DHG L @M WU HWARSENS % D VR QN KHE H apis mellifera

FRQVHWODYHQ@QRFLBGHT XH@EAHYRX S,
V3/$ GHIHQHUDWHHBVAR QVWUXE®/ HG -LPXUD
XVHBROR®M IURB. exigua KHPRF\WHYDERUDWRU\ RI $SLFXOWXUH 'HSDUWPHQW RI $Q
7KHFOR@HIB RIWKKHPRFBWSH L V DQG 5HSURGXFWLRQ 1DWLRQDO ,QVWLWXWH RI
ESORQWEH G X PHPEG QORF L\GH T X HQ F H *UDVVODQG 6FLHQFH 7VXNXED ,EDUDONL

' NLPXUD#DIIUF JR MS
UHVLGXKIWVWHRWHKRPRORUWKRX,S,
V3/$ EXELITHQVKOIDRNFDOFEXRGLQQRUGWR [SOR/IKIMG YD Q RIDHHEH &/ K H
VLOWYEHOWKMHP L@ IVHTXHQKH/$ H\H FRERUNHUYWUDQVIRVREBBFWLRQ
JHQZADVSHFLIIHEBOBWL\KGP RF\WMHE H\H FRORQHIJ R PW K KK R Q HE H HApis
LQGXFH@GUHVSR@AN DULRXD/WKRJmh@l¥era, KDYBEHHBHORQKBBQGLGDWH
LOQFOXGLMRLQDOLYR SR O\V DFFDR IVEHH X H QIRHAR U W K R @ R YWK Brosophila
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melanogaster H\H FR ORHIQ H Wermilion

W U\ S W RRY KIDHD DD/Qighite . $7 3 ELQGLP&JG ORYLQJ EHHWOHYV 1DWXUDO RU QRYV
FDVVAMWWRYV SRURWAHQIHY RODWRHG -RQDV * .LQJ 3DXO . /DJR DQG -XOLDQ 5 6WDUL
WKHKRQHEHHIHQRPEDWBDVH1$L . yspuwpHQW RI %LRORJ\ 8QLYHUVLW\ RI OLVVLV
HISHULPKOQWBN51EHVLIQH®RVKHVHSQLYHUVLW\ 06 MINLQJ #ROHPLVV HGX
VHTXHG@GRKVL UWHKGMW HYWHHT X H @QHR\H

W KRIUW K RROIRUNW F RO-RQURDrosophila ~ ( KHFHWHURFHUL @DHR QR P GO OLGX O W

7K HG X PIRG @FF MG T X H QREW YR QH\|DPL@IVPDO@& PP EHHWOKBW Y

E Hugrmilion D Qwhite VKRZHG DQG VHOI FRQ VW H & RWKBQGIHIORW BNHK R U H V
UHVSHFV‘DWQHAKDUHFGQVHLP\RMR/UDGLV\FLCHI}D/QILFFIDN\WRQRF[HFEJFLPGS)VH

ZLWWKRYHQHYVR R W KHQV HEWYR P L R Q OL YIHH Q Hideerocerus, Micilus, Augyles,

IURRW KAgi) VSHFEZHUBIOWRIFRY BUH G \UUKREGMHURFHLMWERBR VWHFHQW

385 7TKHJHV XRIWM WRKDUDFWHRL]HWYRWERWKHDPLOQIHFRIQIQJHGHWHHQ
WKHVH JHQHV ZLOO EH UHSRUWHBPFKHFR ZLWKZH@MHU H IR W& H

W\SH QXOWRQ@KH\GFHZHQHBBL FIXUH
EDVHR®F K D U D FRAW KD OJH Q L WIDIDY._ 1D
6XUILQUKHBEHE GSLGHNUR[L@‘QGNKHL%RE/\HFZQLGFDCF\FHS,\@N@G\MRDLDQEHWWHU
SRWHQWLDO IRU LQVHFW FRQWUREGHUVWRIDHQ ULFDWBHODWLRQVKLSYV
«OHOQ ) .LOJ DSK\ORJHQW WA QXFOHOW' 1$DQ G
'"HSDUWPHQW RI OROHFXODU OLFURELD((% JH%HVHT)O(HQEHP\\X/ XQGHUWDNHQ
8QLYHUVLW\ Rl &RQQHFWLFXW 6FKRRO%\)&<VéLé>é‘E é%ﬁgm W ERRWVWUDS
&7 86% JOHQQ#SVHO XFKF HGXWKH+HHWHUR FBWIRGRS K\ MHWGIORG LFDWH
ERRW VWWUOEWVL V VLV WHMRW K H
([FOXGLQVHEWMAIKUWK LWL PBBWH\ /) p 5| FK 7 GW KKK S H U | DA UQ\K R DG H D

VSLGl—D.U/HNKI-PRVWXFFHVWIBKlQ)UHVWAJ(BBWLR@WHBVROEHGD SUHYLRXV
LQYHUWHE:LK[BI\NHDVRVWLQYHUWHWI&\{{OWMRW@ZUHWO

SURGIRBUURIQHXURSHSRW GWH U Q Rtk 141 W H U R F HUQI@\M WP SRVLW LR Q
UHJXOBRWDRQBKWLRORQEHKD YLRUDO  ERRWVWiom8s pusilus D QG

SURFHVWIHNG WUQ W KHVQWMKHY. B QR Reontyriatus auromicans VX F F H V \DIXYLVOMHRU V
JODQERARPELQDWERBUPIQHXURSHSWILGH\R g xGSRUWHERRW VWHDPS L QDO
WKDUGIHVLJIGRCERBDUDGQMH QR P DMWfHam o w D D QRO BIHH Q HUHY U H IR A G

SUHARKHWHXURWRJHQVWE DR G XFW Qetergcerus V' G \3 D F K HFHRO D W L RAQ WAKKLISQY

SUHSURSHSVBIUGIH XUVRWYKDW DUH\y kg @DIGHS L MOGBNGHH Q MlebBeterocerus
SRVWWU D Q VSOIRF HRAGKE B ®AKRD W X Ulloy anternarius v H Q ¥/DXF K HDRURHQ Q D WDXAW D O

WRILDWH RP S OHMIRARIWHRPDUNDEQ}F X pvF wXEHIGYV WIK@MK M UDGLWLRQDO

FRPSOH[2UBHRBWWGERPRE WHWMKD W b\ v/ || [FEIDWKIER BL ®'D\ EHW W H O HF W

DVLQMBH GHHORID @RPSUBRHWKD Qopw L RQWWHPS R Q FUHW B FRQRPLF

GLIIHUSHBWIWRHAL QY KDYBHHQy b p s on@@RGIGXUWKBIWN BURX UUHQW O\
H[SORWIRBRWHQRVVBQGHHWQRRWR y 0 G HU 7D\

FRQW UWRXGAH Y H O R RRIQYW F WALFW & H

QR YRROG FRWD FW L RRQG® P R Q V W K DWWH

SRVVLWEH RODWIGWR[LQYKDMWO UJHRWYDOS51$  LQWHUIHUHIQF HWKH

VSHFLIQ¥HRW K D Q QEORK L FKD Y®IR QHXURSWGHL&/Q)@& DQGNKMLOYHUILVK

HITHRWWKWHUWHEBR@W H (RS Vi w VIiermobia — IRU VWXGLR®Q HFG\VRQH

FKDQQHRWHRYRUW/EKRWKBWWUDJYLEBQDOLQJ JHQHV

IXQQHO VZSHEG HOYHY RO DHGI XURWR [ cruD .RDEERMIUHN -LQGUD

WK DW PXOWD AL I IH U 'HSDUWPHQW RI OROHFXODU %LRORJ\ 8QLYHUVL
0

FKDQQKPYWOI VIQHRDQIQBMHVVHQFH, L bl b

WKGEXD O RJ[ UHVWFBW@\WEQEDO %LRORJ\ &8HQWHU &%$6 %UDQLVRYVND &HVNH

HQFR(ZIHWKD_\QLQJSR_O\SHMDGH(H &IHFK 5HSXEOLF MLQGUD#HQWX FDV F]

LP SO L FRIX\VR @A FIXG X DO WIDSBIHRD F K

IR W KGIH Y H O R RRGIRWH@V H F WZIFEGHY1$ LQWH U IHYHQE M Y L WPTHOW K RR&J

GLVFXVVHG GHPRQVW UBWWQHIDFWLR@®RQ PRGHO

VSHFI4AXWLOBNS$QIZHZDQWRRPSDUH

SDFKHFRPWVVLILFDWKRADULHIDWHG
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GHYHORSPH@RWHEH VWHURRUPRQIHKHURPRQH GHWHEMWRIUPND VL W Q GL W\
HFG\V R S RIGMVHDW U R\QW HRAWG H UWH O H F VWK M UW P D U NFCDESTDHE NBAD\V R Q
TRGHYHORSWVHPYWROXWLBROHYRQWSH]LD CAKHBR V H QYHRUUY RKRX VH Q@
VXFRRPSDUDMXGEHNKRWHZRQVHPRM QVKD DBV KIHQ WH Q@ RIBVFH OCCHW H F W
VSHFLHWKHODFHZLGChdysopa perla WHKHSHFLHV B&KHAIR PRQEIDBRQYHUW
1HXURSWHQUGN KH/ LOY H Uhérmébia W KAKH P LEQIGR U P DL\W@ MREH F VDUHLXADROQ D O
domestica =\JHQWRPROLOH)HXURSW HIUDEBR @ RIHVDW K WISWH F U H.-A-H SR\ U ¥
UHSUHWRHRM WKRRVWULPLVWINGHUAXUIDFIFWKIRO ID FWRIXWRSK\HURPRQH
GLVSOD\LKRORPHWD E RIOHRYVO R S PHRYOH F XHIHWN KH Q W H /I E MOKQJIR X J K
Thermobia LVDQ DSWHU\IWKMHIDFNYSRUHQWKHAXWLBFQ&DYWRVUDY BQVH
PHWDPRUIKRWRVHWRHWKMAIHNHY DTXHRENUULMKNHQVLOXORBK/KLYV
FRPSRQHRQWKHFG\VRQBHQDODYWKZBURFHWXSSRWHEHPHGLDBAW®ROXEOH
DUHAHOT®QVHUQMIGHMH HFIWVVRODWKBURPRIQHG BEQ R W HI%RWZ KLAK U U\
SDUWLDBFORQHM® ESL@OHQIWK WKKHGURSKRELFRPRRP®OR XWRB¥DUGYV
W kKeetlysone receptor EcR ultraspiracle usp WKBHQGURMREUDRIWKMHQVFEFHO OV
E75 D Q Groad-complex BR-C JHQHWRP ZKHUMKHWQWHDDWHY  MQUDQVPHPEUDQH
Chrysopa D QEBR usp BR-C E75 ftz-fl DQWKHGRPDLQHFHSVBRBWHLZEYLVLQLWLDWHYV
KRUPRQMFHSWRBRA DQBR38 IURP LQW U D FHNDUWX@O\DANEW ERGHYHUDWLQJ
Thermobia :H WKHWQHVWRBKSHFLRVM HOHFWUHNBEG QRMHWVKHHOON KDYH
VXVFHSWIELOWWD\U J HRWLRRIRIWKHVIHGHQWDIVRGODPL®RI JHQHVQFRGLQJ
JHQHWMHFWIHDQCDysopa ODUYDMWKFDQGLGBEWHRPREAHAHSWPRWKWREDFFR
GRXEOH VVWUS @CA/HBEPIDLAYWRHUE X G ZRMdiothis virescenVDQG/ KWULONPRWK
WKHRPSRQRWWMWH- G\VRRHAHFWREO Bpmbyx mori 6 HYHRIVEK HMHHQ AMUR XQ G
(FSRBVSFDXVEBYHORS PHQWR® WRH HOHF WLISMUHOVAHKEHQ WH Q@ DI H
GHDWKLQWKED UYW O IHNFRQWBD¥IW PRW K\situ K\E UL G L \DWX ®IGHWH DVKHDEV
WDUJHRBREI ZKLFIKQHFHVVD®XSD ® [SUHVRFIWKGMHFHSWRANFRQILYRG
GHYHOR 3. RHRWEkdsophila melanogaster DOWHGHEDDKRLFKHUWXUURXGHC®O OV
'LSWH WD GWKH LONZ mBonkbyx mori HISUHV\ILRIIDQGZHUHKWRFDWHGHDWK
/IHSLGRSWBXYVBEDQRPD XIKHVWRHVHQVLRDDWWUXFWXHEVLMOWIIFKRGHD
RQVRWHWDPRUSKKRNWYKHQLPZEBVHFRQWD ISKHURPRI® V LOH. XY HRBYV. Q J
X QD BORR AW WKSX SV DDDBIGAPRUHUHFHSWR U DASW EE RUIKIHHHWV H SWRWHLQ
VHYHRHV DOVMRLOWR/'SLYKARFRRZDWLVXDAIGQHEN VREHQGUEWRIMHFWLQJ
3UHOLP LGD/MXNOKRZ MK DW U PROWLOQQWRKHVHQVLOROMSSURMAKO LIDQG
FRXPI&LVUXBWEKMEHREIRGp RB75 VSHFLIRFDWGLSPOMUHR PRAH S WHRQY
GV518 QWRFRW ®R X UMKV ThErivobia OLQH®UHVYHRA SZAHRIOHV VHVYR WEHL U
ODUYEKHBRAC 51$IDOORZHGHOR RP HOMV SROFKIHURPRRPORXFEN HVXOWYV
DGXOWMGDWRJIJHWKEBW & VFDXVDM®ROKDOFLXP LA3IHEL PHQ®LF DWKIBD®/
OLQXMHWKIWDPRU DRRDADMQVKAFRVWH[SUHVWRVUIRDQGLGXXWHRPRAHAHSWRUYV
SULPLWRORPHWDERWRQDWD\SOD\UHQGHWHG FHOOQMIVSRQWREBRZ
DQRWKRIQM&BD PHWDPRUGKHEMSSRUWHRFHQWWIRDWKRQRPRRASRQH@WV
E\JUDQW I[URWK&EAHFKFDGHR)N DGGLVOIRRIIDUSEH FLIZRHWHD WRSSRUW
6FLHQFHYV W KWHL HX K B R'WGKL V WE RBIFWR PRIDPHH SW R UV
DQELQGSQRWBD@MYQ PSRUWBRQW

3KHURPRQHVLJQDOLQUQ PRWKYV LOQVHFW SKHURPRQH UHFRJQLWLRQ

L GHQWLILFDDMIREKDUDFWHULJDIWLRQ
UHFHSWRUV DQG ELQGLQJ SURW(—QIQD/QFHPHQWI WKH EDFXORYLUXV
[SUHVVIRIGWRW W HEP\ Campoletis
- ULHJHU 7 *RKO ( *UR%H :LOGH D%S‘norer{%léHHLUFKQRYLUXV SURWHLQV

8QLYHUVLW\ RI +RKHQKHLP ,QVWLWXWH RI 3K\VLRORJ\
*DUEHQVWUDVVH 6WXWWJDUW *HUPWDHR\ .URHPRUHOLND )DWBWRRGQORQUWLQ
NULHIJHU#XQL KRKHQKHLP GH .ULVWD S5BQ@®H¥UXFH :HEE

3KHURPR.QHWD.QER‘QV\PUDWKDYLR}%QLYHUVLW\ RI HQWXFN\ '"HSDUWPHQW RI (QWR
WR . EDZHEE#XN\ HGX
LPDQLOQVHRRWHFRIQQELVFULPLODWHR?WR? < L HG
IHPDOMOHBNHGRP RGIMYWH @@DIOH 3DUDTHFKV &RUS /HILQJWRQ <

PRWKYXDYHHYROYWEKLJK SHUIRUHRQE/J“DFXOR\([_&U(NVVIQHHQWBU\/WHP
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% (96 LVD SRZHUDXDG HU YV DWR BRIU Sleeping Beauty WU D Q VIR UAN W HFQ FW
UHFRP E LRDRWH[ISY HV \$IGR@ QWRIJHVWO &HOO FRQVLWRWUGIFRQVWUXFWHG
W KVH V WIH@F OKIGIKU R WHH EQ H VO H R B O mariner U H O D WWWGD QVSRYQG B

O D U JHLLP LW/R8 U R WYALLJQH | 1 L F LSIQRW HW Q D Q V S R VIDEIDRHH QSléeping  Beauty
SURFHVYRQW W U D QRFRO®WILRENIE QWD QV S RMRWKH UHVH@®FHSODVPLGV
VLPXOWDQHE8UMVVRROXOWLIBBHH[SUH YV Sledpidg Beauty WUDQVSRMDMH
FDVHWWRZNY BEDMRUP L W R W/IKRHOW L¥V HER EW B HQHI S UH V§HBKHQRW\SHV

% (9 6L W K BW DV G \V RV Q | HFMGQHVGH FOWD U N HH Q HAVQ F R GHH.GV KIFHUBO XRUHV FH Q W
FHOMYGYURWSURG X FWHKRQHVXIOWBURWHLQ 'V5HG RU QHRP\FLQ
GHODQ KL JKHWR G X AR VBV R KQHH H GS K R V'S K R W U DEQ WIHHW RZAHHH R R VAWH O O V
WR/HW @HZLQIHFWERDYWOQDQ | HF @ RBW D Q VI § QMVR MRBD UNHD BQ G
FHODYGHSURGXEWHLUDWR ENW DY HVW D BQAD Q V| RIHCZBW ¥iH O H KW H ®J
LGHQW LS UR® HILRPWKH QVHFWUXQHRP\FD@DORJ ,QYHU¥&S5 DQG
Campoletis sonorensis LFKQRYCEHAVWKDWHTXH QFMXHWHJWMIWERRARQVWUDWHG
GHOMWRIEDFXORYLUXY¥HQONF WO\ IQD WV HU WL RRNGIHQH QN KHHOOXODU
LQVLJQLILAREWQ FH RH QW F R P E L QTHIVR RHF F X UVIHIBKBIF W [RR\VQ KSteeping

SURW FSLUR G X F W DRDK H6 (96 V\V W H Beauty WUDQV SKRMOXYBWKVHERXSSUHVV
5HFRPEL GREWSURG X FWQRIORV,9 ZLWK[SUHV\RURMKHV5HG PHVVDUE
SURWHLQ H® (KBNFHR HDWHEF VRR UW UD QVIREREGN DUHXVLQOLYFHHOO

+ IROGR H[SUHWRVLRIORYXR UH YV FONXQRU H WFLHFGHWO B SFBR V RS D P L Q H
SURWHK)LDD Q@ KIE,9 SURWMMR®G XD A QWH UDEWWRE &ML Q V | R UsBapGaris
%(98JHVXOWBGWVR IRQGFUHDBNB FHOHISUHVWISQEDQEDFW HDMICRIJHQ YV
SURGXFIMQL®@E@ODODHEGRVL QI HFMQVG FBorrelia burgdorferi RU HQGRV\PELRQWYV
FHODKNHERPSDUMBNKHERQW®WRTIG Rickettsia  monacensis HI[SUHVVIQBHQ
H[SUHVRQ®&Y3 : KHQ/W DE@WHF AW DQ HNO X R U H 8 B R /WO HRMW K HMHW HUD FW LR QV
H[SUH VW K80 SURWHLEN HMGRURY L QHE®S UHVH JWEMGVWKB$RWHQRALD O

W K$HU R WDHLVD L LYQAWNAD D VI R OL® F U HEV HK Q FW L REIRE WOLFD O\RUMLQWHUDFWLRQV
<)3 SURG X FIMQ & QD EFCHOZDAR E V H U YEIKBW Z H Bc@pularis FHCOOMBLFURRUJDQLVPV
ZKHBRP S D WHRGKAHR Q WAHFO®D QRIO O R Z L DKILWH V H D/IXSKS R EWIH-6 J U D § W
LQIHFIMMLVREB % (98 KH G\ B P R Q VW WIRWSH 0

WKMWL®RIWKHQKDQBHE6 9( % (96

WHFKQRIORRUMXSHURRBU H[SUHMVL B F\WRRIGL @R GI[SUHVVERWWHUQV
UHFRPELSDRWHQRYVHD OQVXP o pGRUDUHEHSWRWNKE D E H O R XPK H

9( % (96D HQKDQF HAMIRMLYVWILQS ppopyLpHFWRBRVT XL WARopheles
WHFKQRWRH)»;W\DUNHcrLa;'SUFe\(an/Fewr;%“QDiae
R

HISUHVOHRBAIM HG X PALKHR \RWD D E

DQG PDWHULDOV + .ZRQ 7 /X DQG /- =ZLHEHO

"HSDUWPHQW RI %LRORJLFDO 6FLHQFHV ,QVWLW

: %LRORJ\ DQG *OREDO +HDOWK &HQWHUV IRU &KI

6 WD BOBID Q VIR U PR)MbHds Qscapularis g G OROHFXODU 1HXURVFLHQFH 9DQGHUELOW
FHOOVRU DQDO\VIRM WLFN PLFUR §LYHUVLW\9DQGHUELOW 8QLYHULVW\ OHGLFDO
LOWHUDFWLRQV 1DVKYLOOH 71 86%

K\XQJ ZRRN NZRQ#9DQGHUELOW HGX

7 - .XUWWL 0 - +HUURQ 5) )HOVKHLP -7 ODWWLOD *

%DOGULGJIH 1 < %XUNKDUGW DQG 8 *7 KHDEHWOMRRHQWVK) G LVFULPD@DW BH
'"HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVERORQ dRMOKBRLE QL VEXGIMFHQWUDO
3DX0O 01 86% NXUWW #XPQ HGX IRVHYHEHXD YRRQV HFWD/MWDW HFWR UV

| R W K$D W K R WHK@WYHIH V S R QINRUEEIDH\
7UDQVJHMGSM VD WU D QRUKMRIIMX 85 y\wr oMb QG LVHDV,AVSDUWLFXODU

D S'SURDMKRWK 12 QD O\RLFHOOXM®BEUL 61 F g BIP DM B B Q EK R WH HND Q&
PROHFXDQWHUDFEHWDNVWQR FNDQ G /|y o 1 F e RDY LARIVBWO RRBH G LIGIP D O H

PLFURRUJD@UPYEH Y HORBWE RRWY [,k 5 k VG L RIS R RP RV T X LW R H V
WUDQVIRFIRVBIHRIHWRRLSXOBWUR Qo Fox QR Y HFRAVBREB LLMWZ HODV W K H

Ixodes scapularis FHOQQ,®6( WKDWLJKO UL%F@SDWURBDE)(D(LI—D:\N\RSJ—IFLHV

SHUP L VARUWKFX OW L YIWQ B RV\PELRILE .
gambiae Z K R \WHV U B Q 8 | H UHRQF H
DQGEDWKRJHDAW VMR FLDIMWRKG. FN Y «'o 5 oKk RVWWDWQWKURSREKLODUJHO\

/LQH6( ZDWWDBQIDQVIRWHBKH, Ly sRQVREGLJK HF W RRULDIDF BW\
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ORQJ VRHWMMH RWRDNMHVHDRDWHQWRQHW QWK D @®téanduca sexta WLVWPYXRHURVRPHV
DAH[DPLODRMWKBROHFIPQUHWIWKNHDQ®UARXUUHQWWHUPLQDNR1QRFLG
FKHPRVHQYRWHED QRSKHIDQBMW KHWHTXHQ)BK HOLFLWRXNNVG®RQ V LIRMW
PRVTXLWRGGELWWROHQ GHWHUPLRLRUR[\OMRWIYPRQ K\GUR[\OF'WHERQ
DOQWKURSRBWSMHIHUHRBEODYHBWEBRO\XQVDWXKRDWWHGGNVRXSOHGWK
PRVTXLWRHV/FFWRUQDWD QVGXAWKILRIQQOXWDPHQBHPRQVWWKIMWHURVRPDO
PRVTXLWRQLWLEWRGRUDUH¥HS WHRQMPSUHS D U BMIURQUARGW L V VRV
$I25WKBRPSURDVKEIDPRIO\SURW H&@ Heliothis virescens D Q Belicoverpa zea
FRXSOHGHS WKRIAKKD YAHH HHQ BRQWL@PDH) FDWDO\]WKH ELRV\QWKHMVLV
WEHWKWXEMRFFWRQVLGHIUWDWE PWINRQLQROHQR\O / DQXWDRPR RHHWHKEH
SRWHQWILWIRWIRY BSSURD FKUWKHNLQHWDEDPHWRWYKHLRVI\QWRHVLYV
FRQWRURIDO D UQWKYWXBMSUHVERWDEN OLQROHQR\O / JIODIXWDECLQOWLVYV XH
WKBWRYLGHWHYVDVROPOOVIXQFWLRRIIFWRYVRPRRMDRAKSHFLAWKIHUH YV HQ FH
LOQIRUPDIWIDR/MHRM$I25W K DWIWON KHWKHVXEVWUDWOGIXWDPD@QHK VRGLXP
ODEHRIWRSIURERRRhVgambiae WKDWLQROHRBMSEDURQMD OXRERXSOLQJ
XQWQRZKDWDUJHBHOVVRFLDMWMHKR IWKHXEVWURWIHRBPQROFZGDWH"
JXVWDWRWWODQV G X RW KROY J KW “ DQG “ PO DQGPD]
KDYH[DPLQEBWRRQ FRQYHQDNMRDMZHWH  “ “ DQG
FRQYHQWIHRPEH®VWK$HI25VXEIDPLO\ QPRO PLQRPIUR WIRIMY sexta H.
XVLQBROHFXGEBWLRORDVFHMH®D OV virescens DQK5 zea UHVSHFWKMMHP®DOXHYV
QHXURDQ D WHW K RITBG WHV X GJIHHYMBD OR B R X S ORIV KWHX E VW U DOWHWV D ZIHQHH
QR YWHHRAF R P S QRHD[| D FWHRMB RR @ BWH W “ “ DQG “ PO DQG
RIFU\SWRIFIDFWRBH SQHWRAUU RQW KHOPD[YDOXHVYH “ “ DQG
O D E HQROMK.Rgambiae WKDWRQVLVZWWE®&W QPRO PLQREBURWRMQsexta H.
WKK\SRWKWWKIDMKBHURERWFMBWD Q virescens DQHszea UHVSHFWKRRO@ALG
DFFHVRROUD FRBUDNXKX DWWOLQNHEE VXEVWUTHFHIRBE®VIQ W KIDRHP + :
GLVFUWHWHD QWHOQREBD RPHURWKLYDVWHDVXBH®FXEDPLIGQRWFURVRPHYV
PRVTXLWROLFDWIVRIQWNG BWINHIDUGEZQWEK YDULRW\DPLQRFL®W & RGLXP
WKHRGLBIROIDFWRURUPDWLGEH OLQROHQDMANHD WS + DQG f& :H
GLVFXVWHWHPSWIRSHFX /BEKWWKLWGHWHUPWEBMB sexta PLFURYV RPRIXOG
DSSHQGIPIH\ GHWHFWLWLRDODOFWRDNWDORWHPDWRR@$SV ZLWK XV JIKW
LQIRUP DBMUIRYUHBRWHEWEDQRVWNDPLOFELGBWQFOB®HUIKUBODO\OHW
DWWUHFORYBQWMKBWRY LIBFHM WLBRGD ZKHYRGLYIRPQROAQWWRIWKHU
FRPSROQHWWBEHQXOWLWDRHPNRVTXLWREVWAMHAGKHIro 7KHELRV\QWK\SLV
EORRG IHHGLQJ EHKDYLRUV FRQWDLQDXWDBBSHMWERHNLQHWLFDOO\
IDYRXUDKEHORR P S D WHRGK R&/HHU L MUHRG?

+HUELYRSUBRGXFH®LFLWRUODQWKH RWKHU / DPLQR DFLGYV
YRODWLOMVPDWLELRV\QWKHWQW
VXEVWUDWH VSHFLILFLW\ 3KRWR S H U L RGH.MO D WIH\Q D O DQ &

VWUXFWXUDO SURWHLQ JHQHV LQ WKH S
& * IDLW DQG - + 7XPOLQVRQ

'"HSDUWPHQW RI (QWRPRORJ\ 7KH 3HQQV\0o/VD Y pRPEWHE D WHUS0 XARQHGHWWR

8QLYHUVLW\ 8QLYHUVLW\ 3DUN 3% 86$% F#REKREPK HRXEHUIMWHWHUPH 3UXQRUWHYV
" " ODUWLQH] 7REWBHVPR@G ' 7DJX

N OLQROHQR\O / JORMHRLYMYHUDO;5¢ 51HQQHV 805 %L2 3 ,15$8 $JURFDPSXV %3
VWUXFWXUPICCIDWWFLGPLGHS$S$ /H 5KHX &HGH[ )UDQFH
HOLFDWBYVOQWKHEUW®WHRHPBUD QHIDHO OHWULRQQDLUH#UHQQHV LQUD IU
HQ]J\PH MRXQGQWLVVRHOHSLGRSWHURXN WXW &DYDQLOOHVY GH %LRGLYHUVLWDW L
FDWHUSLOODUODUYDH ‘KHQ 8QLYHUVLWDW GH 9DOHQFLD $SDUWDGR GH &RU
N OLQROHQR\O /D@EWH®PHBBLFLWRGYHQFLD 6SDLQ

FRPHQWR QWA RWKHD PMWKOIRFDWLR{E K L ®W B E OMAEKD QWK HLMSURGXFWLYH
FDWHUIS—LI-UIJ.YQRDODHMI.[—HPI—H.FD[QJG{MOHD\;SPR%HQJHVSR\/QB/HHRWRSHLWRGRWRH
WKOWQW X UV W WIAWXH Q B P LRIMVKHH TSUHVVRRGKHQRW\SQ B VW IFFDLAOMOH G
FDWHUSIHORDYBXULIMWKADWDO\W | %@QCXB\RDYHKHQBQEHL@RQJ GD\
DFWLYHHQJ\PH V. UHVSRQVLHEHBH FRQGLWLRRWL@IQGVXPPHUDSKLGYV

N OLQROHQR\O / JBDIXRWD R MWKHI¥E VU HSURGXAFHD UW K H Q R HRZHHWLAUK H
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VKRUWHRQERRWRSHQGR®HAZLWWR LGHQWEILB®R /& 06 0BDSLOODU\ OLTXLG
VH[XDBSURGXFKNREBDXEWVKHQ®! FKURPDWRJUDSK\ Q V@R\GHMD VV
VX P P HWD O H\Q GH P D CCHMY K XSWUR G X FM SH FW U R PLHVMUKD 8 S U RDHGKH W H FW H G
DQ®IWPADWLRYHU ZLQWHWLUEDLGXQLTRKSUHIXODWHMSRW QPG VSRWV
7KHPHFKDQIRIPNUFH SR REK R UW H QLKQOAM U I8 R Z Q U H J X D@GALHDG D XAUHD L Q
RISKRWRSHDQRGFVRQVHTXHR@FHY SURW HLWQHIV H@WLIKHDWPRXQBXULQJ
GHYHORSMH)@BPRUSKRULHQW MWHREQ DS DDQAOXE3H V HY HMFCDIOESB V* D J
PLVXQGHUEXYARRB\UREDEDIRBFHOSURW HLWR VRELR UH S R LRJ L GIDY/G
PRGLILFDMMRKEM XURHQGRIFVUSRENH U DWW REQR WW K@MUGHH B E X Q GLDIQ W
2XUWRDIOWR GHQWHQHNJXO BWHGHG L D S DIXYHO S BRIV S KR H Q R O/S QUK K DWHH
VKRUW HRILGD)\ O H QUMWKS R Q VR BVOKHIHI DWWF LG L QG LRURWHEQ DQG
UHSURGXFZLMYBKPLFURDEBEBRW D L GILQUEIR Q X FOXW V HS U R W HRIPHY Q F O X G H
F'1$V FRUUHVSRRGLQXRQLIJHQHDW QD GG LW KRODRIQRWHKQUW KH
ZDVFRQVW U ORMMGHGRUFRPSHWLWEYH HQFRGEBUWRLY KHBWRWHLQV
K\EULGL]DEH\VRDMBHGV H[WUDRWRIG H J +63ZHUH UHY LR X\WQRZQVREH
KHDBW SK LGN L& WDHIN XHE& BB QJIDVVRFLDWHEG DS D RV \RIWKRWKHU
RUVKRWBWRWRSH$IMRHBPDJIBQDO\VEYRWEH QNRNQ R ZRHO L Q MHBG. D SD X V H
QR UP D O L PIMEMRIQN IDAQDLFAIVERV1 $V W K XWX JJ H V W IK@AK B U R W H BRSISFUR D F K
FRUUHVSR\RG XQLJHDHMWWALJQLILFIQWEX\SSOHPAHRUMER QW KWUDQVFULSW
XS RUGRZQ UHJXE\DWMWKMXRUWHRILQHYHO
SKRWR S HUWKEG BBV KHYHMQHMFRGHG

FXWLFXOPWHAKQUH HQFRGUERWHKQYKpQL WP LQVHFWLBIFGDLORO D

LQYRCAYABOOEODBUHQWWIWQRO Q) pHow PHPEUDQH GHJUDGLQJ SURWI
4X D QW L BB LSHU L PHHUBAVU | R UFP®H G

WZRXW LFXIOPWHL@IDWY @/ KUHH QDOLQ@IDURQIHDRLOLQ BREHUW / +DWULR/QRQE
S U R WIHHIQQWwihen Dreg-5 DQGBHHGRPDLQ »RQQLQJ
SURWWRQ O L &BFALH U R DUQDO DDIA/R '"HSDUWPHQW RI (QWRPRORJ\ DQG 3URJUDP LQ 71

FKHEKHWERKHUFDGKDWKPWROWEDG RZD 6WDWH 8QLYHUVLW\ $PHV 3 86
QRWQWH WIHWWKSKRWRSHUHRGSRPVHRQQLQIFLDVWDWH HGX
7KHSXWDWIRCRH FXWLFRQDBULJQDOL@FH'S $56 %HOWVYLOOH 0 869

SURWHLI_Q)\)(\IKI-IUHJXODWILIFXI@SURGXF6 bW’@FDWKHS@’lLKDH/WHSLU;RHNWIK‘DNV

SRO\SKHQLVP ZLOO EH GLVFXVVKEG ;v mms R O IROMKED V H P RBIE U D O H
G X U LGV HPFHWV D P R U SX@W KEAD VW\K D W
3URW HR FRUS X S DE D L Q@arcophaga EDVHPHGWE UD GERY VW DABOWK UWHU
crassipalpis JLUVW GDWDEDVRI GLVVHPL@GRDEMFRX@RYZUWWHRIHQVHFW
GLDSDXVH DVVRFLDWHG SURWHLQRVW D UHFRPELQDE@WFXORYLUXV
$F0/) 6FDWWKDHNSUH V&HYWERDV
$ /LS SRSRYD %XWOHDQDQG " / FRQVWU % F WM G6F D VK OGD/U RDW K H

"HQOLQJHU o .
R E D F FHX G Z R U PHeliothis virescens

W
'"HSDUWPHQW RI (QWRPRORJ\ 7KH 2KL
QROXPEXV 2+ 865 OL  #RVX 2XLR LY QYN F DMK 21 0w\ SHLURQ G

W U L J JAHHUO/D Q L] RWQ R QWIKHR U BHIR U H
'"HSDUWPHQW RI %LRFKHPLVWU\ 7KH Zé%wwq:q_ MHVK\DQRMQVHFWLFLGDO
&ROXPEXV 2+ 863 DFW RR6E D WEHD UW HVWILYEIS RW K HV H V

ORVWROHFXRDWRQLQVHFMD SDKDM  6FDWHHV XIOQE Y D WKV KKR VIV V HF W

IRFXVRIGNKH[SUHVRLR@LTEHDS D XVGIG H S H QR IF QAW HE Q R W HOFWAHL Yo W \

WUDQV FUWD BWMKDWK BURWSIURG X FW MV VDIEDF X O RM [SIXWV B EQ W D ® \WILH

+H UZHS U H VRDQWVUYKW X 0 RBS UR W H R P K BV DRJIGE D W K HK D YWHK R 2K BW W H L Q H

FRPSDULRMREQDSDXBRGIR QG LD S D XSWLFON IBF WH. YNUMT X LIRWEKIHQ VHFW LFLGD O

SXSEODLIUWRWHIWYDFWVRHEG. DS D X VR BW LR I6WD W K / 6 F D WKD X VGIVP D WHR

SXSDBUD L Q@WK HO H VIO \Sarcophaga W L V VR\M K\l Kl DADKIEID V H P R & WE U D §\M

crassipalpis ZHUWHSDUBWWHAR GLPHQVKRIKRQ F HQ W 6 B B/ MRHDWX GBVD/P D WHR

JHIDOHFW U R BRISE A 'S DY HWKK RUR P WKHX W RZH Y MAK G\D P D P \E HD G LUHF W

QRQGLDSBXSBEQ@DLEOLTEHRWH QG | | HERF D WSKURW H R BWA REVQ\ Q G L U H F W

SURW HHEBW HV\DHAGG L1 1 H U IDGIW HIOQY H 11 H BW VX OMIRGI\V RV F H OXOXG HU O\L Q J

GLDSDX\WIQGORQGLDSDEYDQ@H UHG LV U XEBAHEP PIDRE U D)W JP H QWO WL R Q
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LQWHUQDLYVXR¥FXUYQ PHODQLPMBR4 DQ@&MML1 HOHP HIWBR X QWK HV H
$F0/) 6FDWK/ LQIGIFWHDG! 6FDWKHOHP HIQQWWKHHQ HFHORQWRXIQFWLRQDO
G DP D JIMRAD V HPRIQRE U EEQ@H UVLRIVUXVURXSAKFOVDSRSW RMLAHSIVARWL Y L W\
GLVVHPLQDOWLRARUKWDSVGEUHRG OLIDQG GHONEOGHIMH SWEDQVFULSWLRQ
D O W MWLV ®/XHR SR MWAKYH. U XO/P D JW R/ K HID FWRQEP P X QLWD G G L WIRP®IW K H V H
EDVHPPIQME UDNKRWHUWKHAM OORZNRE FRQWDIBQOY¥RQWDQRPSHUIHFW
IRBR UMD SRRY HP REW G GHLAJIXYWR HSD O L Q GHRB W RIGIV S RIQY H P HEGRE
KHPRFRHOG6FDWRFWLYWWHRPXQHES*.7&$17*$0&< SULPHKHVHQLWLDO
UHVSRIQQDHDX QUH JX PIWIEUDFW L WIWXGRBGNHQRPH AMMMHURKI+5( DQG
GLUHRWOURSKHQROR[EAL BV KR XSG (SRLYWKHRP SO H[QBEXOWDSEWHRQV
6FDWHK/FWLYIDWVLIQLILFRQM(B\D RI -+ DQG LW FURVV WDON ZLWK (
PHODQIOBGYWKHIHUBGRG L1 IHUHQ@FHV

SKHQRORDEWVEHWYZ B Q/) 6FDWHKALEp o 1D VDIORGDX Q FWLRIQD SXWDWLY H

DQERQWUWRKOD W B R QWXR HMRIVF W L Y )W ) o pouqp R IV W H UDL\QHG LSQUUR W H L Q
332 GLUHmWato 6 FDW IS/ J U D Gy oco i melanogaster

FRPSROQOHRQWYXHDVHPHGOeIWEUDWKDW

UHVXOQB\WHDWRBRGHSHQRAMWEBWPPXQH =< /LX 1 3DO 5 -XUHQND DQG % & %RQQLQJ
VIVWHMH DUHKVLQIRO\GQDYLUXV GiidplyWiB Fow RI (QWRPRORJ\ DQG 3URJUDP LQ *H
LPPXQRVXSSUHEMWAMXYHHS D WDKWHHH HF W \MWDWH 8QLYHUVLW\ $PHV ,$ 86%
RIPHODQL|D@WR®YV VR F ISDMIGE FRVL R YOLX#LDVWDWH HGX

WR[LBHYD G L FIDGW K 8R W H QW HMKP\Q y \ b viiixyyHH (KIROKP R € MW H UDA(H
LPSDRWEDVHPHMHPEUDQGBPDIRQ £ 56 590RWKBLQ ZDVL VRO DWRIBY K H

SK\VLRORJLFDO SURFHVVHV W R E DFFERQ Z Ran@uca sexta - % L RG H P
$ SRV VLErGsHphila
,GHQWLILFDWLRRXYHQL®RUPROQ hhelanogaster KRPRORDI3 HQFRGE\G
UHVSRQ\DH P HQMREs L @rosophila &* ZDW GHQWEYVHG XHROHIQPHQW
melanogaster JHQRPH D Qi vitro EL Q G RQUH F R P E IDEpEoQhita
3 WR -+( ZDV FRQILUPH®&UHH
<LSLQJ /L DQG 6XEED 5 3DOOL LPPXQRUHBBRWYHNIV N' DQGN’
'"HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVEZWUBHWIVE@IDphila O D U YINS IDHD G
/H[LQIJWRQ .< 86% \LSLQJ OL#XN\ﬁ%)S(DWWmeHGL\FWW}G_URV\LNLQ

“XYHQURWHP RQGHWHJIX ®PMPHD U LRIW\ N’ Drosophila 3 LWUHGLWWREDWR]H
GHYHORSPIHD®WO\® LRO RILRBDOVLWVHILWRFKR Q@EWRBURWSURED E IDALGV\
LQVHBWD ILUVYWHRXQGHUVWWKGEKEYD N' 1 WHUPLWDOJHWHQRIHQFH
PROHFXMHFKDQLRIPY DFWLRIQDUHO6XEFHORXNODUHDFMN LRROBRAIRFDO
LGHQW IMX.YQHIR RO R RQHHV S RHDO/HHP H QR U R VR RrBsophila 6 FHO®WQILUWKDBW
JHREs DQSURWWKBEWQER KHwH(Y WKHPPXQRUHDRWBEYRWHEQHVHQW
7KH -+ UHJXODWHH\L Q Drosophila ~ PLWRFKRRGWR DV KFH\WRWVKRE N
melanogaster / FHO@QMUHGHQW IEN. HEY RWHIL@L PHUAQKSIH Witro FRQGLWLRQV
PLFURDNQDO® \AKH URPRWHIWR@K H? KHXQFWRIRQL®LWRFKRQGUNORZQ

-+ UHJXODWOIEAH U B QD O\ |HGON ZR %\XVLQE5$& (ZHDUWHVWRQ@OWHUQDWLYH
-+5(VdmDR4 GHJHQHRDREHHRE WK D WS O L RIMDHDFbsophila 3 JHQHQWKED VLV
ZD\WBUHYLRGHDWLQL KBU R P RWHIL RYW KDW KD @ REMHHEHWHEW HW RFKRQGULD
Rl -+ HVWHUIMHH UR PChoristoneura ~ ZHKAS RW K MAKLEHY L Q W H 2 D WAK/H R U
fumiferana D QdEnM1 ZHUHG H Q WEHISRRG WHN) SURWHIKQW¥ B U W HF UHMWHBRK H
FROQVWURRQWDL@IKHD XFLIHWHWOHKHPRO\RIKG XIOWRY PD\DOVYRWHUDFW
UHJXODBAH®@NDR4 DQGdmM1I ZHUHZLWXDUVBOXSURWHILEB8 3KHQRW\SHYV
FRQV W U X@DKosophila melanogaster FHO OWYHVXOWRRAE HUH[S URIMashpRi@ 3

W KIMDR4 U H J X ODMSREI WERD V. Q G X F HHGI UM ROORZFHUH[SUHRVY LBXULQJ

E\ -+ ,,, DQG WKH -+ ,,, LQGXFW L Wd HipPW @O 0ME/E/HE OHWKDIOL O H

E\ K\GUR[\HFG\VRQH 7KH K\SHUH[SUE XY LVRKIMK LLLG/ W B UX@QW V
dmM1 UHJXOWDMSHRAMED VQGXEHG UHGXWHERIDGXOMAUHVSHUH[SUHMVLRQ
., EXWKH ,,,LOGXFADRAWXSSUHVYHGLQDGXOWM. HMVXORKRASHUDFWLYLW\
E\ ( 8VLQNKHLRLQIRUPBWKR®V *\SHUH[SUHWV/HRQOHN XIOQVH G XFHG

V H D U AX¥dsdphila melanogaster JHQRARU IHFXQ®IMBEHFUHBVRG X FRVERXQU WV KLS
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SKHURPRQHALV FLV K HFRW D G L HAQL AV KOLWDW K U FOSRIGIAMVV L PHRG LI THUH QW

+\SHUH[SURWBYLR@DOHMVXA@WDWOHIDPLOLBYG RUGHUM) WKH,QVHFWD

PDOMWRXUW\EKIKD Y DRIGLQ GHFUHDYKHEG DWR S KIDHIRX YL RRIOIYRNGH S W H U D

SURGXFWLPRXKHJIJJUHIDWKRQRPROHPLSWHQURSORQBLSKRQDSWHIMR

FLV YDFBHRBWSHULP HQWQGHUZBY R OLYQWGE FZNW KALKIU D F K QALKGHID FRV

ZLWEX @®W DIQWW® HWHUPK QW MHKWMLQGHSHQDBERQRSW DWRR EORRG IHHGLQJ
DQG N' LPPXQRUHDFWAWHLOWHQYLURQRWQWU L N LRENH U YIGV K H

HQFR &N &* DQGRUWOXFLGRMVKRIGLYHUPHG KD Q IWRDWKVHER HJIXODWH

IXQFWLRQ RI 3 W K HLRV VKHWP R V WIDQVA FP X QW\VWHP V

&RPSDURWRKQHD OLYODWGDQVFULSWRPHYV

7KHSODGBUWHDENS PDLIHGHIHQV K/ RRHPDWRSKDURXWRERBYWRORPHV
FAWVWHLQBURWHDWXSSUHVVHWKHDOORIVEDLRR ULQVLUGWRHIY R O XWLRQ

DFFXPXODWLRQDOQVFUHGRRG LR J R KHPDWRSKBHREYDRWH O DWRMK H

PDMRU SURWHLQ RI WKH FDWH USIGIHE RYEWHFR B G ISEH Q WHDW X UH
W KB WH U ZHWRHP DW R ORMRFSDUW G

6 /XWKH 2]ND&® ORKD3: . 0DDQG : 3 WKHRQFHRSWHVWULER\WEBRPDXYDJIH
'LOOLDPV 53'8 (VVHQWLWRICKHD QW KDWK H
'"HSDUWPHQW RI &URS DQG 6RLO 6FLHGF¥R CxRIQRGIHIDR VS Q@ WK Q WV WKW
8QLYHUVLW\ 8QLYHUVLW\ 3DUN 3% RGYD QUIF PO RR'G | HADALPQ WBNGX E \RH W
"HSDUWPHQW RI %LRFKHPLVWU\ DQG 08 OHRFANGIRRB P ILEZE¥REIHQHNSUHVIVMMEK HL U
OLVVLVVLSSL 6WDWH 8QLYHUVLW\ 0LV VLY@ YD [ P L EFRHW K HDIGD SWIVW LR Q
'"HSDUWPHQW RI (QWRPRORJ\ OLVVLVVEOR R DWHEYRHRQWHKHEW SWH LRU

OLVVLVVLSSL 6WDWH 06 H [ D P SKODHYCH R WHHRAIS U R WGHRLRD MRDWY
86'$ $56 &RUQ +RVW 30DQW 5HVLVWDQFQ VEBRXAUEGWKRIIRDY KHPDWRQKDJIJRENRUYV
OLVVLVVLSSL 6WDWH 06 VXFEKVURVRS KLOW K RMKBIU R W HROQQ/G

LEORRG IHHSWGALDI HYX Q F W IUR®

W K HPIRWBIQ F L FIRXWQ W H B S RWEAR. D L Q V

R QV HRANMG HPRRW 8 L V VWD RY\W'H. SW H U D
RP SO HW HE W HRBWU RWHRRDLQV

KDW[SUHWQVE HIOD Q GW KD VRH

LFINER X Y& HP\L W KW ZRDMRIP LOLHV

HQ]\PSH U | R WDKEH G L W LPROS\KUAE] R | GKRDPU[?S@’L?;(?‘;&ZJEE UK M D PIBIISQLIJ:T-iV\\//\T\IIEJQD o
Spodoptera frugiperda ODUY,RDWKVWXGMH DAL

UH S RW KDWK BIO SURWHQQHF@\WHVWB’Q@%OUHMGGD VSHFLSURWBR®DLQ

U W@LLVGHD O L YD ID\Q GAWH @ RW K H
OXFLQO LRQRWKHDLWDURDWY &3 ' o\ \/ VG HI L QRS URW HLRR D U G
% RWiKvivo |HHGIHFS H U L P B Qi@ Vitro

W U H D WRPIH\DRAD B OWH/(K R Z W& Do zpy D QS RMWLFEVIIHQRXUG HFKDQDR/

WHD®LOFODVVWKDWOGHSHQGHQW
GHJUDICWESUH VHQAU &RDGCCLWLRUN o\ pwLRQRR G | HOIGI HYBHW B H H Q
TXD QW LWL YWRISDI) D Ol QIGL F\Y W B

/,0WUDQVE U ESER\DHP D W K BQDUY Y E)'P é)yERQf@ﬁ ZIGN:XPSLOOLU',:NW WLHL\OEMSR&JfUHHG
ZHUF GRQUHV LV SODMEDW H WRILZ E U H DOV LHRQ

IRUFH SEBLU &3 K HWH V Xloaed F DR KR UWAH RIS UR WD PQ OIRKWQLED O O

RG |HBGWGEWU RB®REYS URE DWE&H
WKDMU &BD P D MK3D E\DWWDIF,NDLQ@LQPCRPVWSRUWEQWRPWRMORZHG
DQG—ILWIGPHUHR‘IAL@\GLUBEWKI}LWKHH\?H

3UH Y LRX X GILHPR Q V WAUKODR G DL | H
F\V W HE QRIW HDL\UH &3 F F X P X OLOOW K W
ZKRURNDWHUS L O O DAD UHQIEVWVEDY'
UHVSRWRHVHFW G LQFD Q Q HOH F W
PLFURVHR®® vito PHDVXU H PH

SXULIUHBRPE L0QDQ W3] G L F BV\K B& H

W K U RASTR GR/ QAKX Q F W IQRIG W V WIRU \
FD W H U SR DIOWAMRIVS O HQLBR GHSODEH 'S p ki B v W W X OBIO &K H P R VW D WL F

GHIHERWRKDQLVPYHVMHAXDONWKSSRUWHG

>L D UBN@K, @ W U D PSHMHDIFRKJI UBRIP
(YROXWLRQ RI KHPDWRSKDJ\ LQ WKWKURSR@YV

WKH 30

%HQ - 0DQV (ULF &DOYR -RKQ ) $QGHUVHQ ,YR 0 %

JUDQFLVFKHWWL -HVXV * 9DOHQ]XHOD7 RGP REOVH K X BD YLRHK RR/YIMGD SWDWQ R Q
/IDERUDWRU\ IRU 0DODULD DQG 9HFWR U BHRWEREK L OHWR NRESKLODOROHFXODU
,QVWLWXWHY RI KHDOWK 1,+ 1,%$," 5RHWYROXHV [RR 864utathione- s-transferase
EPDQV#PDLO QLK JRY Gst JH Q H \Dras@phila mojavensis

+HPDWRSKEHH(X)\YI—L‘RFUOIYQIGHSHQGHQV(YOO\DW]NL_Q 6ZHHWQKWU7 $ ODUNRZ
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&HQWHU IRU ,QVHFW 6FLHQFH 8QLYHUVLW\ RI $ULJRQD 7XFVRQ
$= 86% Drosophila  melanogaster E\PHWKRSUHQH

'"HSDUWPHQW RI (FRORJ\ DQG (YROXWIPRQEFUWHKIKRFFHIWKRSUHQH UHFHSWRU
8QLYHUVLW\ RI $UL]JRQD 7XFVRQ $= 86$

OPDW]NLQ#HPDLO DUL]JRQD HGX &\QWKLD OF'ROQQHD O6HUHQE@E DU\ $
6FKXOHU

SDWWRIWOQYQVFUDYWBHRRINAIFHLDWLRQwW RI (QWRPRORJ\ 8QLYHUVLW\ Rl ,00LQRLV
FDEHVKDSHQSDUBN QDWXVUIBOHFWLRUEDQD &KDPSDLJQ S8UEDQD ,00LQRLV 86$
HVSHFIOXQWQAWEKSURFIRVYGDSWDWRL REPFGRQQH#XLXF HGX

DOWHUQDMWX B LURQPHOQOWYYH 'HSw RI &HOO DQG 6WUXFWXUDO %LRORJ\ 8QLY
SUHYLROQWOI\WVWWKXKHVEB/UDQVFULSWURIRDFKDPSDLIQ B8UEDQD ,00LQRLV 86%

YDULDWRRMXH GD S W DRV IDRoRophila 5 v/ v w y@® K M X Y H QUROP R QB DOR J
mojavensis W BVKR VIMMSD YSU R G XIRHBY PHWKRS UWHXQxbsophila melanogaster KDV

FDQGLGBWUGDW/GILIIHUH(Bi\[\ELLDI-O\DQI—|EsHHIQGHQWDWW@UWHWHWDV\L@Q
UHYV S RIQR/RIV L IDRoSOphila mojavensis LV ¢, 3$6 URWH.IPQ @ B/WAD PP DODD O

DFDFWRIOMHILGHRLRY KRIRUWHKVWHY Qs yrFp wEREG SWRE ZKLFKHJIJXODWHV
G HV HRINVR/U\S RHULFELVSHFERRWD QW Rk URPH JH O HVO Y HUW HE JBW HV

IR XTH Q H W LLVIRDIRAW FEORVAYD F BVD M1 | \v 1 up\@HR FK 8@ R PHH Q B WWH IX OD W H G
&DOL | RRIMIMOGRIR UMM DYQI&ED WD O EQE) \v K R SD @ @ HVKHH W K R SU HBHHS W R U

 VODQDFKQGL YL GRDIORLD QUQWEH o 1 \wwuDQVFUIHG SURQDIERW RFKURP H
QHFUR\)WU_\FVRI-H‘@LIIHUHQIWN\XS(HFLI@Q/ VXEIDPLDQWBW QHADVFRPSDUHG
Stenocereusgummosus  S. thurberi  Ferocactus EkiWZHHQ GHYHORSPHQWD®@DJHV

cylindraceus D Q@puntia sp. UHV SH FW/ILKYH QHWKRSU HQH 2HE YR M®BW RQQG
\(/?vilzﬂ H\f\:l-g?’_'FH@ F VV/_)S\HSFRSSHioYé-wl WROHUBQW -+VWU D RQ Brosophila
Rojevensis WIR \f1elanogaster DQG L I 1 H GHRRYRIP HWKR S UH Q H

GLVWLIQFRUHFQOLUR QWEKQWKKRXVW. |} | o'y ougk n\gw K LIUGEY WDH IR @ B U Y D H

DGDSWPEHR WK XWDWKWRIQR VIHUBY R s | gy B L HAD VD V V R F L DWHG
JHQID P LD YEHHQQR2ZQBOMURCR | 0F i DASGH YV REX3 $ &<3

GHWRI[LILFPWQR® [DQFOXGQQHEW

JH Q2 VKK JKR P R O W Rl DHmelanogaster é:g 28[3336/\1‘(?53&;\,5;'/53'5!E)/I:(léclK[\)LISLHO\
*OXWDWKWRQ@®VIHUBMHMH ORFXBYV ZHUFRQVW L VX SWLH\B\QHGE. GRWH V SR Q G
GL"HUHQ'W?‘L@'@W\)QD%DM"»OL'RJ‘JQIV\PRHWKRSU[ISQHV\RLI\R@—k3 $8<3
mojavensis LVRIHPOD@MHVD UHVSRWWRH 4 o0 3 'DQ&<3 $ VXEIDP IZDOWH YV

XWLODI®QWHURRWIMtNigeri , QERW Ky g7y K LLLGG/ WD U DRIG L G RWH V S RURG

D. melanogaster D Q G QAnopheles gambiae PHWKRSWHEBWRNIWUEB/ EDQWRQ 6
GstD1 KD ¥ HHIQP S O L FDQWHK®BIH VLV WD Qi j e g $ 8(?<3 ’$&<3 * DQ&S:; - ©

WKH\W$-|HFWH‘NKIHQVHFW'L?FLG-IHKDYHVKRZBBE[SUHVNQBQ&K:; $VKRZHG
H[DPLQI\HG_DWVRMHQ-XH\QEFLHLDFWWRQDVOLLPQWUH_[OJVHVSR\@H?HWKRSU(BIQH

GstD1 ORFAXNAVURPDOORXIW. mojavensis
WKLU®RVWDW -+ODUYDFRQVWLWXWLYH
S RS X O D I/ laRzQnide LV\X/\LVWHIHJFLD—Q/GH[SUHVM&RQ ' &<3 $DQ&<3 'LV

D. navojoa RXWJURKESDWEIJIMVRD® ok iy HEWHGHWKR S BBGHS UHVRLR O
WHKHDMDOL | RUREDQRUDS XORDLR @ 3 g1 vUHSUHEKHG WKR S URKQ#H H
mojavensis GstD1 KDVRQWKURMSHULFHGSUHOLPLQDDQJDO\VKB\HPRQVWU/!Z)N\D—W
DGDSWEYL B HEY R O XML R (D HEWWHK GBI 1y« g 5 wHUgHD WIPBIQ @G XEHTITHUHQWLD O
UDWRRVLOHQRYHS O D F HR HDMLRQE | 1S )|y v RR O3 WUDOVF WISV V

SROV\PRUSKIRPIUMWKGEEWIL Q.1 melangoaster DQGVKDWKMSHF LWHF SRQVHY
navojoa L QG LF DWKIBNK 8 R VL WarvoH FWERGTD o0\ iy epio G H Y HO R S RMODWB O
RFFXUURWKBLQHDHD GIMRNKHNH 6w HRBUWRFKBRPBHHQHWVSRQG
mojavensis SRS X O D YKLR/QA/D B O L\ F DREL v/ K R S LB O &R X 80 G H UV WRIQ S L O J

IR Y P LOBRF LA LD T LR W KPR O HFPOIFYD Q LVIER WIQVHFWLFLGH
U BHmojavensis O L Q HVLVWDQFH DQG PHWDPRUSKRVLV LQ L
RFFXQVKMHFWY Y WRFNSIRW H Q WD D

DVLJQLILFDHRYW X EV WWDHFH. | DRILGN \ _
SRV VLUE®R\KBIGDSW DWBLARRWQH U @D MW X M RQHV R X UFQRI®Q | H F WLL@RGgophila
KRVWYV melanogaster

($ OF*UDZ

SHIXODWRIFQWRFKURPH JHQHMQ  grkrRRO RI ,QWHJUDWLYH %LRORJ\ 7KH 8QLYHUV
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% ' .
AXHHQVODOG %ULVEDQH 4/ SXVWERSWBGEHVD QB X QGHARQVWRIRIOH
SDQ QHXUBQDYOHODY& 'LIIHUHQWLDOO\

7TKMVR[LRUWMH R@DQDJIHBQLPBEOVH[SUHVIMHGHYREUD LIS UHVYLQJ
DQXPEHRUWUDQVIE®R®WRUPREHF X Q-G ZHURRP SD BbH® H FRULLR\QIRWL D
 ZURQZLWKKROGWQDWBLIHNWWERWKHjHQRW QW HUHIBW R O O RWKSU H V HRQ F H
DEXQG IRQW KHSAHR W B URIY WRL QW H J MIK§H QLHD W H D RW R D U U B\WD O X H
SDURNVWKHQ VHRVQ DWRXQWHV SRWR Ik yo H\DWQ ® W H DIV WIROFK D Q1 BIHQH
EDFWHQ LW RRREH WKKILVROQPLWIHdUHVVLRQ JHQHYHUHXS UHJXODWHG
KRVARQ Y L UR QPIHRMK D YHEY RO BIBQ I Q FOXBHQEY YRAGHGP RID\QEDOFLXP
RIVRSKLVWRADQWYRGFTXLUWURLDRP v JQD®OZLIYDON HY HERWDVF¥KOR QHO
WKHKRBVWE W KBfosophila melanogaster  jHQHQF O XtawQ3dIWKH GRZQ UHJXODWHG
PRGMO/WAHHK D YH{ S O RWKHR Q VRILRIR QU H Q HWZ R G R U B Q@G ISR WHL@HE W U H
UHVRXGRHWQQIIHFWILRER WSO W KR J HQ | v H@QDB U H Y DRXXZGHK D YWHK R 2/QK D W
DQ®\PELRBRODIAFW RXIUBU L P DDR\DLOW R FKURBLIRV RUIDHD U IORO L QRHIX U RVRV
GHWHUW KIEHQ H\OLVR MR\DWP EDW KR JIEQ  UHVX@KYD Q L @WK\ Q HRVIE FV\ S H
DG DS W D WH RIWGIURRR QWD @GV K H LIg D v ¥ KDO® Q HIGIW X OLVED G B F U H.ODV H
UHODMRMIMYE HQHIRBRVEIO UWQRU\G 1y x y ogFmva. YHWR WDRFBOFVXBQDOOLQJ
RXUSDWKRJIMQ/RFLDIH RMDUBG G\v|XQFWQEKDQIHRO D F WD REH H Q

melanogaster XVLQKDQLEUHHWWQ OLQ'\M‘R@]KHLFG‘LU/WD/\HKRS)\RUQ\UKH
PHDVXWIKBIHODWLRIQWR BBHQY L VWRQADHY g 96\ v W R PIKD YWHH VW UHL[FSWHG VLR Q

LQIHFWAIBQHVRLRIQOWRXQHVWHR |k xPDQP\OREIBS W VGRAKAKROLQHUJLF

JHQHNQ®VUD GHROVKLVWWUD ZWN ¢ x y RQW KHD\& X O W XOIHEFEROLQHUJLF

HITHF®VU W XUSULVYEPOSHFLZLMWKS X U @ VH [S U H4)'8 LIQDYEH HXQV HIR U
YDULDWQRQVLVWDREGH FWREPODOHYxyp EDEWE®HEDOFLXPDJLQDQG

QHJIDWER HOM 2 DWIHIRP S R DLWHHY W RIS 1 E W U R S KA VSHRUDLRPIN @ WD F U HLODY H
YDULDHE@UHXUUHQWPLQEQW WHRIIU Q¥ \v y D F HFO O ¥ OXHRF R UGGUH V S RWRH

JHQH[SUHYVW.R@I W H U ZKGIMV KVHKJHV@RWDVIVQQFP_FR\NJLHCF[HHS)WHR(QJ[LWR\ZHU

W UD G IBRIBUNB®MW R QH U JHQWLHFY W P I @ WiYx U RIQR PW U D Q V JIOQ B S U HV VL Q J
RUISOHLRWQRIWIPELRDWRFLEWLRKQ  7KHERPSDWHGULYHUFRQWAUROYV
KDYMVHERWHKPSLULFO@HQRPH ZLGH | ¢ $ %URZQ% 6DWWHOOH

FRPSDUMDEEYURDWRIKY UD FWHBUROH |« URELRO
R IL U RR@rosophila:Wolbachia DVVRFLDWLRQV
FRQWUDRWKH G Y H UV DRDMYXRHW K H
Drosophila:Pseudomonas L Q W H U DVeMatiaQ &RPSDUDWIQMGX QFW L RGIMAR P L R
DS SHDWS/UR Y DGHW QEN @ HWRAYMR V iinopheles  2GRUDQW 5HFHSWRUYV
ZKH@QKHQVHRWWHD XH)&G BORZURILHW
2 X W HVXOW VHWRBWED FWHBRX B 8 '"HSDUWPHQW RI %LRFKHPLVWU\ 9LUJLQLD 7HFK
SURY LV LVRKHRQZNWKKH PR 5 O D\DQ R O H P LGOHUEY W HGx

LQ LURQ KRPHRVWDVLV

+

5D\ OLOOHU =KLMLDQ -DNH 7X

7KHPRVTXLW3H F LAdapheles gambiae

*HQHH[SUHVVRA®XQFW L RIQVXG E,\IQ)VAnopheles stephensi D QG Anopheles
D Drosophila melanogaster PRGH®I quadriannulatus VKRZGLIITHUIOCHIY HR NV
$O]KHLPHUYV GLVHDVH SUHIHUIR@XH DIQR VB/NYV SEMHI DRV HO\

RUUHODWEOROHWMHODWHBFLHANKLYV
& OHH- .LGG$ URIQ/HVFXUWMDEBQ SUH I HUH&GHM H U R I@IHBIHEVYWR O ID FW R U\
3DJH' &URZWKHBPDWQG ' % 6DWWHOGEKHV KHUHIRWBHRWHRXSORGRUDQW
05& )XQFWLRQDO *HQHWLFV 8QLW 'HSDWWAHDIWRYIRDALKORIE FULW URD®)
igng\?z\Rgng*[*isquVLzF.V A{H *URV &ODUBIHA X IGNEER Y HRNWYIHHD KB YAV HED FWHU LD
GDYLG VDWWHOOH#DQDW R[ DF XN E\L/J|\QNOL[DI)FLK:ULBTRH\\%T;%%%D?WQ(EH%RHQJ
&DPEULGJIH ,QVWLWXWH IRU OHGLFDO BihWHPWAKURIBUAF R Pdfephensi D Q G An.
TUXyW 958 %XLOCLQ) SCOHQEURRNHTY ZRYSLING SVCFRPED U meDomHL v
KDYMRFDWRGRQOFKDQJHYFRGLQJ
OLFURDVW R &IDHEH H® U URXMED DU YR AT X H QFRHAVO X G QY HUWIORQA/URSKLOLF

EUDLQVRP WUDQVJH®LLHVrosophila  UHJLREXMI OWRD Q\FRQVHWFRHGFRGLQJ
melanogaster H[SUHVWKXIXPDQP\ORLG
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VHTXHQRHY WKDPW\ KDYHWHIJXODWRE\IDPLORBY HQ WLER® WAS LD
VLIQLILRXQUAH DMDOABHILQ QURYHVWRQYHQWIPFRQ@DBRW H Q AL YIDW IK &
WKHXQFWLRQD@LILFRIQWKHWHA 6V JDVHRPHW VHQQHWRLIFGH2 ZKHUHDYV
$GGLWLRBXKKD\YHXVHELRLQIRUPDWLFWM*BWUHSRRUMHIXOBWRG7KH
DSSURDIFEHXKLQGHIU N RR G HW R Drosophila JHQRPRQW DILH)YWKPRG R U
ORFDRP\RIWGLRX QGEP RV2%H SHSWDGEHRVDW\ISLRAD'&V Gyc-88E, Gyc-89Da DQG
V HY HIUDOHEBW F 7KW WHR W IPIV\E HW K HGyc-89Db. :H KDYHHFH QWY QY K DMK H
ELQGIMQAWWNKDWORZ KHWHUR GRQRHDMW \ S IVF R & @rosophila are UHIJXOBWHG
KRPRGLPRHWP DWLHRHDOFR YHUYWY UDWWKDD VKRZISRW MQYWP X OLOWK IR Q
WRRPUWRFDWBEQMHQHWVHTXHQRU®EVHR®FPH DQGQKLE LVNRBRUHVHQFH
SDUW IMHIXH QLFI\VGHIFHVQ R P HIVWY MOK DW 7 RGH W H UW KIS U H VYD W QVRINY & M V H
PRV VKRD LWWORFRQVHWYHAGHQFHQOQHEWKDYHQHUBWRBRWHUOLERYHV
LGHQWDWLQMHDUEK%/$670HWKDQRWZRIWKBIW\S IVFBWQGURY WKGE VH
RSWLPDO ZLWROOLQFHRQWDUGIRIRUHSBRQWLQ
GULYEHOQYKEBE6SURPRWKHNAHSHULPHQWYV

8VLQWUDQVIWQ RO HYMQHQFWLRFRE[SUH VYIRS X O RWLIRQVE QG

LQ EXWWHUIO\ ZLQJ SDWWHUQ GHYRWROE G HQVRHUKURQFORGH
VPDO® P E RUFH OOR/D @Q H UWB@RIU VD O

$QWYyQLD ORQWHLUR %LQ &KHQ 'LDQHDQRERMH YLRIGRDIPWID U YHIKBHPRVHQV R U\
*DU\ *ODVHU DQG 6WHYHQ 6WRVFENODJIYWU X F WX PM\G L ROHD FIYEG@XVWDWR U\
'"HSDUWPHQW RI %LRORJLFDO 6FLHQFHVU HY 5 RQNEWAMNORMIW K 6D R VRN RFHH 0 3
%XIIDOR 1< PRQWHLUR#EXIIDOR HSEW K 2MW KHH OW K WS U HWKBIW\SLFD O

(\HV'S RW VAR Q FHQWQRW RO RVAIO Y&V ZH XVHEBS6 OLQMAKDWSUHDY

DUFRP S /AU X FWKDWSHODY DU LAWY " 08 VSHFEKIRVSKRGL HEW K DQIE

/Hs,l_GRSWEH;D(Q)LOl—R\)(/vKD’Q(;EXWWHu‘r3c5/|_5|=H‘§':RF’SOHF’H“Z*"“':‘ODFU*\03 GHSHQGHQW

QHWZRDEHHWQULIIJANE®MSLPHgW LY L CABRUIDH QURX GV V U X SWLIRIQ

D F W L7/RQ D VKIR Z H YQIRIGHW K HNHHQ K v F 703 SDW K LIk H ORWBINS U Kycve9Da
EHHOIXOFWLRQPSOLFDMHE\HYSRYPYHHGXFHGIPRWVRAS HF YR DWLOH
IRUPDWLHR @ U H XU UH QMY WKW K (T {f HP L FDOMWK DV HW K\ O FH W DINHS

VHY H FID@ G L G\ WO V/ F U LIS gy F | F O R K H [ DELR/QEX SRWL R 03 S DW K Z D)\

DOW H U D@L IRQIBFOMW W HRIWAK EX U S R WH I DRI G LYV U X SRVWRE03 SD WK Z )\
ZHKD YBIH Y H O RVKMIGH F K QRTXHJ @ L Q Hl L WeydB9Da R Byc-89Db Q HXU R QX VIHY

WUDQVIRUPRWILIRI)\PSKDOEBWWH U R¥LELRVKISR[DYRLGEQKRB YLRWVH
Bicyclus anynana DQGHYHORGH B HW K R &H Y X0OXU HV WK B W\ S LFIRQD F W V

IRBFW R S DFMAY\DMQRIQN KGIH Y H O R 4 1§V RQDIDQ VIRUBH G L B WHHP R W] GV

ZLQUQDFRQWUWB&FDUDDWDID'OLR%I;KDYL'RUBYDSRQ\X/\HR/K\SR[LD?KH
7KLWHWKR®NHXVHRI SUHF LBV H{PE E3'(DQESE GHISUOLEWNLQGO\

KHDW VKWRDEWEW LS WOV JMoppy SYRYLEHG 6KLUHBERLHIQL Y HURIL W)
KHDW VKREN SURPRWRU ODVJIRBZ 7KL¥RUKDW XS SR EWH &

JUDQW 16

2[\JHQ VHQVLWLX®Q\O\OF\FODVHYV
HISUHV\L@GHOV RO GHOWQB®URQYQ LQWHJIUDWWIGSR I VHYHUBKLWLQ
PHGLDMASR[LDYRLGDBRKDYLRQ® " HWDEROLVP JHikli daganeum

FKHPRWDJ[LV 6 OXWKXNULYK@DDNBDQHKX +RIJHQNDPS

& $ B6SHEKW %HHP®Q5 .DQRYG .
'DYLG % ORUWRQ DQG $QNH 9HUPHKUHQ yppHU

'"HSDUWPHQW RI ,QWHJUDWLYH %LRVFLHQRHY ypHHHIGW REIDQWKKHPLYWU\ .DQVDV 6WDWH
6FLHQFHV 8QLYHUVLW\ 3RUWODQG 25 &G$QKDWWDQ .6 865 VPN#NVX HG X
PRUWRQGD#RKVX HGX

6ROXB&BQ\EG\6 ODWH%VFDW D OWKHH
VIQWKRVWKHQWUDFHPOUXABORMOLF *UpLQ 0ODUNHWLQJ DQG 3URGXFWLRQ 5HVHDUFK
*03 F*03 DOQGDEHGLYLAHGWRZR $56 86'$ ODQKDWWDQ .6

'"HSDUWPHQW RI OHGLFLQH %RVWRQ 8QLYHUVLW

-RXUQDO RI ,QVHFW 6FLHQFH 9ROXPH _ $UWLFOH



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

7TKHUHFHERPSOHWERRH TXHRIMKHDSKLG SQOVHW DEFSWKIRSOMD LS DRWHLQV
UH GO R XBH HWrgbdlium castaneum ZDV LQWHUDW®OD @QWVV XHWVQ LORFHWR
VHDUFRKWEKFHUHVHIRHWKRRORQVHPRKORMPO QE OL FLWHMBIR @K HMKD \
JHQH® YR QYJHKG WHW D ERYDLAMFOR H VE H Q HWLKMHQ V H,FOD QH | | R WAR V R OD@QVCH
JHQHNQFRGEFRIWYRRWKDVKVWLQDNMGHQMHERPSRQHQWIULYBBUHWHRQV
1 DFHW\OJOXFRVDPLRHCG PNWYQGBWVHIVHD WHWGCOLYDDWGL$S OLEUPHYHUDO
FKLWPQFURILBVNVBIPEDURWHEZBVHWKRXVDODGG RPOO HFWIE G O R ZHHW H
LGHQWERRMSORWB UWLDOVHTXHQRMHIV XHQHAHG R X S\HCGHAMHT X HQ @ MAR
IRPDQRIWKHMHQ KW YEHH H®HW H U P L\DHHEM VV H Q WE B Q W HA X @ QRAFHWX VW H U V
DQ@KHMH XHQAKDW HHERKDUD FWHKHSER XW RIWKHO XV W B WW KRHHGI DW R\
HIRQ LOWURIQ L]DRVWRBRUUHVSRQGRQJID SKUBWRNQWRZIRQFW2ZIRMKHVH
JHQHV *HQH H[SUHVVLRQ VWXGLHYVKIHWN KHY RSV iF @HRV) VISV WH L Q
RUGWBVVLEPKRRVLIURSWLEPWRH $PRQRXB'1$VZHKD YIHGH QWS XMHIBW LY H
FDUU\LEXW51$ LOQWHUIHUBT®HH R[LGR UHGXFQ\®\NGHM O /KD \ E H
H[SHULPERWNM Y VHW\G LY LIGHQHR Q Y R OLYQWE&E HQ V H BW/IWR @O DWWV V X H
IXQFWLRMHFWRRQV51$VRUJHQH\W UHSUH\DHD BXYQ GWQ /Q VIFRR QW
FRUUHV S RVQR/IRQYPRII¥ KL VPIHQVD ER OWWPH Q HIYSUHMVQAVGWHD O LY D D QTGRL V
DQGFKLWRIQFURILEVYWVYPPBO\RWHILWY¥'1$ HQFR ®I3Y R WM K DDV &R D W FKR
GLIIHUIBGGWHORSPWQ WDV XOMWHGURW RXQMWREISKLBYEWIXQNQRZQ
VHOHFVWIRYZH) UHJXORWIRQH VSHFXQFWLRMQ situ K\EULGL]DWIQRX
WUDQVFQBWMRHVKHKHQRWISIBVRUPPXQRKLVWRF&RPDOW)HGL QWK H
FKLWRQ WRHRDKAR EBRGLHWMI¥XWLBQBWDPWXE \RHFVAQQQWRNKIHULQFLIODY DU\
SHULWURSRERD QHWLWQVHAROORZUQD @G SURWNAKW HE@DHEH D YK D W
GV51$LQMHFW.LRELVF DWHKIBWKHWN ZHUH[SRVWE SKLEWULI\WEIBW
IXQFWMSGEFHFQD OE I DOVE RQSGRMRL BWRWHYDQ VHFUHSWHRBWHQ® HFVRLR Q
FKLWIHWDERQRVHP[DPSOWZ RHSDUDMHK 518D XVHVSOHRV&E RQWUDQVFULSW
FKLWLQWKDWVMWY VSR QNRINEF\QM KRNV LOVYH Y K@\ P D W RFHWO\GD\SHULBRIGVH U
FKLWLQWKH XWLPQHCWKEHULWURSXKMHAFWILWRKD OD R + GD\VWKH
PHPEUDQMHVSHFWILYHUHORMLWLQIVVKRY 518QMHEQWWIBEMWAWSQYHUDJH
DSSHWBEHUHTXLUHGQVHFR\OWDWGD\KFHIRW KHGIH D RVIK R Q WLUQR/AHIFQMWH FW H G
GLIITHUGHOWHORS MMWWDANDBGR WRUPDDLWK VL51% IRU JUHHQ IOXRUHVFHQW SU
ZLQGHYHOR SXIQ@WU\VEBHDEW DWLRQDO

6FLHQFH )RXQGDWLRQ JUDQW %}y HoORSPRMWE1$L ED VRGP P XQ LW\
UHVRXUFHRU FHOO FXOWXUH EDVHG

&KDUDFWHU R DMERG ®HRBWIKLQ JHQRPH ZLBAUHHQL@MWKHSLVHDVH

IURPVDOLYDODQ®Y WKISHDDSKLG YHFWRU P R \ABdek Hegypti

Acyrthosiphon pisum
.0 0\OHW% 6REBDDX=1 $GHOPDQ

IDYGHHS 6 OXWWL3DSSKQUVKLGD %HIXP'yspywPHQW Rl (QWRPRORJ\ 9LUJLQLD 7HFK %
/RUHWWD . 3DS§BRQOMLDQJI0LMIIEKXQ 9% 86% P\OHVN#YW HG X
&KHQ<RRQVHRQJIRIDYMN: 5HHUBOG 5 5HHFN

9LUJLQLD %LRL%IRUPDWLFV ,QVWLWXWH %ODFN
'"HSDUWPHQW RI (QWRPRORJ\ .DQVDY 6WDWH 8QLYHUVLW\

ODQKDWWDQ .DQVDV '"HSDUWPHQW RI %LRFKHPLVWU\ 9LUJLQLD 7HFK
9 86

'"HSDUWPHQW RI %LRFKHPLVWU\ .DQVDV%WD\?\S/H 8QLYHUVLW\

0DQKDWWDQ .DQVDYV QDYGHHS#NVKWRKKIHY DL O DREIZOR WM JHQRPYHHQFHV

&XUUHQW DGGUHVV 'HSDUWPHQW RI %R WFH M HENLOVG IF\DHODW HW R M T X L WWRKHHV

:DVKLQJWRQ 8QLYHUVLW\ 6FKRRO RI 0HGYHNVUDLLRMOIDARKE K PW R FDANHH T X LW R G
EHVWKWLOIMWHKHVHHVRXURHKWUHQWO\

&XUUHQW DGGUHVV 'HSDUWPHQW RI FOWKRR BRI UNBIXEHHD GR DB K Q ZB R D Q

8QLYHUVLW\ 6FKRRO RI OHGLFLQH 6W g%ﬂVD%lDS\MR‘VQ‘HSUHVS/[D.WWR’IQJQV

'"HSDUWPHQW RI %LRORJ\ .DQVDV 6WOWH OREFNODOHRZHYHRLFURDUDDKV

ODQKDWWDQ .DQVDYV GHVFULBQQDWXOUHXOWLPPWWE&H

86'$ $56 DQG '"HSDUWPHQW RI (QWRPRYKXIS S.O GI\PHY (BWIBVGHF W LRQD O\ VK VNV V

8QLYHUVLWA 0DQKDWWDQ .DQVDV W\'S L FERM@HDP X F K P D O\ORHDUR WX DRO® \

6DOLYDWEUHWIRDWH\FRPSRQRQW XVW IUDFWRRQGHQWLUHEBEOVR
PLFURDEMD\DH G V FFDHHING H QWHQH V
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ZLWMW URQDQ LKMN[SUHVVYHREAK L FKS UR P RIVGHBIV Kisl D F WG IV H T X H Q BV
DUHPSRUWRQDVSDUW L FSOOMKIZBY QHH G WEG LU HFWH [SUH V\RIRIQIHFWR U

I X Q F WE REK L FEKR) RMK D QG HID P D WIL® DPARAD\H F X,@HRW G MURV H VWK H | | L F IRR D
H[SUHV\OLFRYQZQ OFR Q W L QR BPIOAVH & LWH O O R JH Q L OH D BRREG RWUHREIU L Y H
*HQRPH ZNGHHH QLKFK Q REDIRUKREY W LV V XM DJIHQ G/H[ VS H L BLLFH V\RUR Q
IXQFWURQY WHKWIPG 1$ OHY HWOIG UH\DH GHWR/J H QRXYH\Q R IW KAHopheles stephensi
SRZHUIDMWH U QDMWRLFYLHF URDUUD\ EDWHGORHE@RYAL ZDWORQBGG WV
VFUHH@XQUHQ@MWE&RVRSKRPP XQLWAOO OWQDQK BWIHE®Y QXFOHRWLGHV
FROOH FRGIHYHING BY H U NG K#D U Y D UDSG MD APMRW\EHQGZHUNH T X H QB @ G
51$L6FUHH@HQIWHAA51$L RIMWKLWFKDUDFWHKHHSU H V R RVG BIH Q HV
IDFLOIGRXEOH VW B DINGKBY HE HH QU HV W UW RVMKHDGER G LRHEO R R GI HIPG O H V
VIQWKHIRHGH VS RIQRE Y GIID\Q Q R W DOVHEY K BIP L QIRF LGH TXH @ PMKE HG XFH G
"URVRSKHQBILYLQHVHDUWKBBENO LVBIURWIN Q LG H QWALRDKR R HRW K H U
WRSHUIRUPQ LQGLYL@OMD®LQ D DQRSKHDLWHOORIKIQUFKD UDFWHULVWLFV
KLJK WKURXJESXS® DIWHP ZWH WK VXSSRWWH RQFOXWHRIBAVGL LV D
HDFEHOS1$LKD\EHHDQG X FIH® L @VW LWHOORJH Q LIH @ ¥F@RBWORRQDO\VH YV
GLIIHUWH@MOWKLYVKLEBRQUIBRXBV RIWKAsvgL SXW DWsLYH JXO DAMRMHQF H
JHQHNK DDV 5 D URM WK N DP HXQFW L RAHOUHS H U TR U PEAG JH Q H U D WILUQ@IQ VJIH QL F
SDWKZPDQEHLGHQW LUQRG X GH@H P RV T X L WKHYH V XDR\RZ FGK DWK H
LPSRUWDPWS SRUBDYERUHSOLFD@XRQHRW PE GV [DVE WMO\WHRQVE H QRS|

VLJ QDD Q VG KB WRREHWY LA L O HW KFH QBQ & K HE H Q EQ W U D Q ¥ B DARKDE

W KRR VT X ERRP X QEV® Q KR XPINH V X | | L FWHBQ WM AW WDDB® & LVVXH VSHFELILF
XVRIWKWMWHFKQRQERWVR S KR@MIWKHH[SUHVRIDEBS R UMGRK H \GH WQG L FD W H
PDLYW UHQRMKMY 6 W HF KQ RRRPPH W K BAKAEVgL S U R P RMIBUR RIBD Q G L GROUN H

W K U RWXKEHE L OV BN U | RDAPV R\ UL P D LIAR QW U RW R BPS U H V VRIRIQWL SDWKRJIHQ
F H O$DWF H CRIMM\H HVGX U Y LRBIQ BH HW R H | | H F WPRRWD H F XI0G{ W K LR'D O D UXLIDF W R U
SHUIRNSDUW L¥ K OBBICR ORTXFHIWLRRVTXLWR

FRXEBEDGGUHRQBIGHQRPH ZLFDHD®I

LPSRUWBRYWXLWR WELHFPMOHREIMW K Hg \ ip | p | v v H QSAHR W H D V\RPEHX Q 1L RIY

PLGJRWDOLYDODQ®FROODERAMMKERS 5| \w | ®RHOWD O DLCQMWKWA/ H S K U LWXIGN
WKHDUYBUGLEFUHHQHQWHIUGEW KH Uiy | anastrepha suspensa D Q Geratitis
LWXIILFLRQWD @BV LW HRZHOQWAN R ., oiain

HVWDEDORKTXLBMBL6FUHHQ@HQIWHU
ZKLFK ZRXOG VHUYH WKH HQWLUH; YIHEMRD FRP-RXKZIVWD DQG $ 0 +DQGOHU

86'$ $56 &0%$9( UGULYH *DLQHVYLOOH )/
)XQFWLRQBODUDFWHUL]RW L R H 86 KDQGOHU#QHUVS QHUGF XIO HGX
SURPRWHWKMLWHO O RUH@AYgL SURWHD VROV ULWURDGH XNDU\RWH
RI ' WKH PDOD U LAnopheles/étRpbensi GHYHOR SR W@WX O DBWRQBHQUDGDWLRQ
;DYLHU 1LURMODOGR OD-XIDRWMWKHO VHBRYHWO BELTXLQBWRWHLQYV
6DQGRBROKHD BKUM QG UD 0 MKRIH XQGHBIURWHRQYPXWO WL VXERPGIOM [
-DVLQVNI®I@QWKRQ\ $ -DPHV NQRDWKH SURWHDAMRFHFRPSULVHG

'"HSDUWPHQW RI OROHFXODU %LRORJ\ RAE % BrFHHHQUE UHJIXODARRBOH[HV
8QLYHUVLW\ RI &DOLIRUQLD ,UYLQH &BGLV VB&XW D WLEXWH6 V X E X QLRIMR

RPDULQRW#XFL HGX WKHIRGXRWGCRRLOQWAWSHUDWXUH VHQVLW
"HSDUWPHQW RI %LRVFLHQFHV ODKDUVHKIE 'DABBLYRKRE X Q LRVUDQWLP R WXDW
8QLYHUVLW\ 5RKWDN ,QGLD GLVUXSRWHOXRFEFW'IZRQDQGE6 DUH

'"HSDUWPHQW Rl OLFURELRORJ\ DQG 0RW & RY LFufx ¢/ thSGIWQ W RIU HIEL QIDM O\
8QLYHUVLWY RI &DOLIRUQLD ,UYLQH &kosophil&&fielanogaster W KD W/V X@W@&/HU Y D O

3UHVHQW DGGUHVV 86'$ $86LYH 6: RUBXSDOWKDWIEWYRVWXBKSRWHQWLDO
*DLQHVYLOOH )ORULGD 86% RIWKHYHQHYREFERQWWRBRSXODWLRQV

6RPH JHQHWYWUDWHRILHFR QWU R 1o UNLES H VERER QS LB R DO LW

WUDQVP RVRRRTX LW R GLRANGRDIOROU ' T WmﬁfL%OgaSterl " Q7 6 P évl"ge\r\’;’ti}fif 4
W KIHQ W U R J URHID @ MRLCS D VA K IRUFIBRQAH (DU | R Q RFRG-H

jtata D Q @&/ KRD U L Bh&trepha suspensa
LQW(FHFV\BFRLSXODV(/QBQVHQHRR(\Y/TXLQ:\? QUHDUBDW f& WUDQVIRRHGEI®LHYV
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KRPRI\JRRWKWMUDQWHKQHELWHG VLWH GW UL WIRUD®V HFHAY HO R DRHD W
ODWBURBXSDOWKZOWKRZBHWKD OH QB HJXO DIWIRRIM FHSD/S HKNYEBR Z
OHY HOMIGNUDQVIFDRHE I ®D 8% O FMKR ZW K VW F F H VIVQ XHOF VB IQRBDL O ORLIQ J
XQSXEOLVKMHEQKDQWHHMWHPSHUDWNMRWR K WKRLH VIQRW DY LORKRR XV H
V HQV IOMHIWHHDHIFNG U R S RAKMV RIQDW L YH U XVGHSHQ RIQY WHL URR QW U RMKAHL Q J
PXWDWHRBWH DMRPHMW KHWSHFZKWY VL51$ EUDQFRI WKH51$L SDWKZD\
SURWHDVRPHEXGRWUHVSRMREZEQJ *DOLDQD $HUM®R X[ :DQHWO
ZD VY VR O DUNRKPGUspensa SXSB'A$OLE UD,WRP GG LVEILRY R ZKINBKRDQ R F NFRXWMD WL R Q
E\ JHQHDPSOLILFDWIHRGQHUBWIHP HURUNKBHHQBcr2 HQFRGIILFGHU D NH\
GHVLIQHRAVKPRVWRQVHWYHGERQVFRPSRQHQYRIWKWL51EUDQVKRZHG
LQVHMWZH U H&RPELQZWWERIDQ G HQKD QPHVG H S WLERIDW WRWDRJINH FWLRQ
EDGDSWRXEWHTXHGBWONQRPLE E\ IORFNRXVHHLUXWUL FNHW D O b\QL¥
ZDWVROEWHGQBPSOLILPOW IQGRHR HGUR VR S&KY DX \Digistroviridae D Q GV K H
VSHFS P HKW. suspensa'76 $V'76 DUERYBURGEARJIDYLUZLKGHRPASRUWDQFH
FRGLOHIJLRRQWDLQYWWKBWWHQWRDEAGILLOFRQWURQOK@JIHFW[R\Q GV
HQFROHVDPLQ@FLSARWHHLGXMWWR EH\R@A RVR FKR®DOD Q\RIWKHHQH YV
FRPSUIWKIURWHDY¥RMRP DL @cr2, Ago2, R2D2 DV VRF LZOLWMEWL51$
FRQVHODPRGHIXNDU\BWWHKRBIPL@RFLGEUDQRK51$LKDYKWRZEHHORXQGQ
OHYHWO76 VKDUHV WB. melanogaster Anopheles gambiae D QA&desaegypti JHQRPHYV
SURW HDWREPHIIVW/ 6 WU D Q VFFRIQWW I6GIY HUPOHDURKEYFOXBXRAQKDYH
ESWKDWQWHUW@WHXRREN VKRZWKHRRVTXLWRBMILFLHIHMHFW
VKRUQ/WURDYJL@YL]HJRP + QWVGV51$VQE®LOHRER51$ RIDSSURSULDWH
1RUW KEHQR\W D O L\QLG/L FVWHUIM VHRQFMHTXHQGHQ WIRWKE V51 $$0WKRZH K
$V'76 WUDQ VIFARPBRE U\R®Q KB R WXHF X U U HERDM@IRIVG H dd2WVRIX ® W D WILR Q V
D G XOW/D ZH WIKX D QW L WDWIDMBXRIQQRRVTXLWRHWDQ51$ VLOH@EFRHWLFDO
GHYHORSPHGWODQ DSSDUHMMWHUJMIRE SR QHQWHKG1$SLSDWKZDR QHIIHFW
FRQWULBXMRRQ\ RVviro PXWDJHQ KB\LMUKISBA$S VH[D P S OHKEH $ ISDW K EZ D\
ZL @& VHBRQ W U R/GKRHE M V HRQXM D W Q RAQopheles gambiae ZDWLOHQERH®MHFWLQJ
$V'76WKPRWUHV B/MRKFAS PXWDWOQR®V51HEHULYHBM[RE@HTXH QRAW WA
D. melanogaster gambiae argonaute2 AgAgo2 DQDBcr2 JHQH
AgDcr2 I WKHL $LS D W K ZD\l O X HYQLRHD/O

7KH UROHRI 51$ LQWHUIHUHQ@FEQYDWILRH @AgQ2 RAgDer2 H[SUHVVLRQ

FCD N M. gambiae PRUISHUPLVWIRYH
DUERYLUXV YHFWRU LQWHUDFWL ROJ QWRQX¥119 YLUXQIHFWLRQ

.HQ ( 20VRQ ,OGHE\GOOWHVUKER $ISDWKPRVTXLWRHV
$UWKURSRG ERUQH DQG ,QIHFWLRXV 'LEHEBRAREEK YEASMBRIEIOM L UXQBL U XV
JRRWKLOOV 5HVHDUFK &DPSXV 5D P\ 5 WA BB 'G ROGILMWROAVR V T X LW RWW KID Q
"HOLYHU\ '"HSDUWPHQW RI OLFURELRE®RUT X.PENRMRARQ VLONHIBABOBWKZD\
DQG 3DWKRORJ\ &RORUDGR 6WDWH 8Q4 K i{ARIEW H \RY BHiyii RpE@Yegfiti DY HFW R U
NHQQHWK ROVRQ#FRORVWDWH HGR | H Y HUDOR Y L B XWHHG L VR OQLILFDQF H
6LOQMHKGLYFRRHBU\S VLOHQEHRD Y H, QW UD Q VA] BeQylpfr ZHKD YLHQ G X B HEIL Q
K\SRWKHWIKBI®BSLSODPWULWURD® WKALGIMWFGHQJIXHUXWMSH '(19
DUERYLUXV PRWHUDMHGWR Q R Q W Grlagvitidae E\WUDQVFDGHIQ&EHULYHG
GHIHQWKPWVTXLWRMWERQWIINRO LOYHUWHG DIHSHBW51$ IURP WKH
YLUXQYDVERXLWULIJIBUIMS1HPQG PLGIXW VS Kdhoxlypeptidase SURPRWHU
GHVWDRW1$ ZLWWKLJIQL I LMD QNWRE KIHRVO O RZQ QHVRVDRIQJ HPORRIGDTKH V H
VHTXHQGHQVWILWIMM QGXAFHGLUXVMWUDQV PRYOIKLWRUKLIKOMVLVWR QW
ZKLARUBV51$QWHUP HDGW R WH YO L FRIWSH XY TH FWIORROL U XS VVHP L IDONGL R Q
LOQSHUPLVVHOHOKXH51$LSDWKZIDQ WUDQVP RYWW KRQUH QWDOK S UHVHQFH
GURVRSRDBRVTXLWDMYZEUDQFKRV(19 GHULYHZ $\3 1$H[W U DFRWP/
WKWHLS51IEUDQIFE®W KMHLFUR 5P451$% PLGJIXRVWKWUD QV JBIQ®&K®W R RYW K H
EUDQFKHVL51$EUDQEKFRIQDMYIUHVLVYDIQERWKSM KGH $ISDWKZDV
GV51$M QP HGLDWHWVFRQWDAG KHLQWHUUKSWHG QA2 SURYWEDW
PLS51¥EUDQFKFRIQMKYRYBNBL $S@RHV (19 UHVLVWRIQEG RWDSAD X VEH\@&/ K H
QRWHTXHPMHYW T X HRIFW F K BWKWMD U JBW$ lWUHV S RCKMHU HWRKIHQ W L U D DREIK
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WKSH $ISDWKZBX Q FW LLROQHDFON B H F L HAX J J H WK EDAD W K FOLIKH V S/ R W HDW H V
7KHXHVWHP@ DWWRRDUERYLKXYHRLIKORQVHUQWEW ZR SHF LWKHUWH
DGDSWRGH $ISDWKYBVKWWHDEH GLYHUJHQFH LQ SURWHDVH JHQH H[SUH\
VXFFHVVWUWDIQ V P IDVQ\BMOEL Q W D ILQH G

QDWXIZHFDRQGHUWRIDUER Y LDUMHN 1o @ RUPRQBQDORIHWKRSUHQH
WLSSWEHDODRIRZHWQNKHDYRAH e oRENWLGIXWPHWDPRUSKR\ELY

P L JKBEWD EQHR XFFHVIWRUYMQUXY 2 x oDWLQJ HFG\WWHURLG DFWLRQ
WUDQVPLVVLRQ

3DUWKDVDUDWK\ 5 X <X +XD %DL DQG 6XEED 5
'"LJHVWLYH SURWHDVHV LQ WHQHE'YHSROUPG QYORHRWRPRORJI\ 8QLYHUVLW\ RI .HQ
86% USDOOL#XN\ HGX

%UHQGD 29®HWDW 1 (OSRGV@MQWLQ 6
ILQRNXUFDWFH /RUHQRQEKXQ &ki@oD » QKRO R P HW DLER/GREXWIKWY KIHR VT XLWR
SBUDEKDNSDWLFKDHO BOGWHK FKDUG % HHARedesaegypti WKRLGIXQWYGHUURPRGHOLQJ

86'$ $56 *UDLQ ODUNHWLQJ DQG 3URGX¢ W VABHMRB BALS KQRAVHIFWW D PRU SRRV LYV
&HQWHU ODQKDWWDQ .6 86% EVRNVIXHERW H®HURWP ROQABNOXKBKYBQLOH

$ 1 %HORJHUVN\ ,QvWLWXWH RI 3K\WIFRURRAHLB QErKRAURIVHFGI\VRQH
ORVFRZ 6WDWH 8QLYHUVLW\ 5XxvvLD 7KH+ DQDORHWKRS WNAQK HOXHE R

'"HSDUWPHQW RI (QWRPRORJ\ .DQVDV E\B @%bw_%\/mGHIDFWLmW
0DQKDWWDQ .6 86% NQRZQKHPROHF X®ORWHR | DFWLRRQ
PHWKRSURQHLGJIXWHPRGHOZIM

SURWKLQHVWORQOHRSWHVIED | oy HyWEIDVWMNG\QREO MDD L QKRS0 H
|UHTXWQUWRENLRORIQNBIG WV REBWH S & Y 0wy G URVY VHR WP LBQ XIWQ/E \

B
SODQM\,QKLELW-IRFUZVHYHUFRPSHQVDWR LWRNUKH@J.$OHYIRIKDN’QHQYRCD_‘QHG

UHVSRQNEURW i QKHE LENRRIHRSWHUBRW LRRHW KR S U H Q H QVE/G\Y WHIW H G
SHYWRVWH®PSURPWKIHM IILFIRAWKL Yo aegypti 0R VR I W KB D U YWDUHH DA MUK

D'S'SURD RKYKXOW KR UROQIEHUVWRIQG LA R S @ HIGEEK U LWDRSIX S IV O/ D JGhe.
FROHRSWHLIDWHUR W HIDWHN G HIG * q0gypti 0 D U YWADKSHU R J U D PFRHHAEE D W &'

KDYMWXGEHEBWELOHVWOREBHOORK |0 pypDGI X¥WOIDQ/@ KHUROLIHDOQ® LRQ

DQGHQEHYHONWRP S UHKHRMLYKIH P L FD Qy \pojnE iR VK UD | WHHRUG \ WIRVKIIR X U W K

VWXFXJIIHVWHKBYQGHARUPBQHWD Wy vomw YV® BH)/ 7KHGHVWUXEWLRQ
FRQGLWILRQWN D VD HDWMVF\VWHRQG® o b y v @5 J XS LW K HDQIGFRR UP DWR R Q

QL Q/iH UBQIR W HDE/IHMEWWR WHDQ®6 7 sxSpDO PEEORMURR P S O W HIGD | W H U

VWXGR'1$V ZHUREWDL WHONQFR GG gpigG\V,QPHWKR S UH Q HO VW YDEM H G
FIVWHVGIMLQREHWDSORWHDOYRVS RO L IHDQ®LREUHQWICL\E DRAGO V
ELRFKHPLFDOO\ FKDHDE®HH BMWHDBNiWo | w Dowvikis () / DQSU R J U D PRRHHIO
FRUUHOMRVASG VHTXHQRHVWHUP L QNG wi\v Q L W LODWBHBY H G \ \LIOWWRK H
VHTXHREEDVVSHFEWQD O \VBR'W HR QWA gy DB W KWAH U P H @ Bl QWK R F KRIU

DFW LR IMW\HVGI] \P W HJXOD@B B EW | \WaR P S0 HW REXIS Y @ DZHHUEIO R FN H G
V'S DWRRRSDUW P HQ WIDWAS|DWLIBIF Wy p yHVXGWSDMWKDEGH Y H O RIDHR®

HQYLURQPQNXEXNWoRVEKRFKHMLE® P wKRSUHQ H BVWHEDBWHIBY @ RIGG J X W
(67GDWQG L MDBNV W HLURAW HDWHMD L Q) \ K@i m\ RO\ H33X U LVPKISHX S D O
L QVKRR UBIF L ®IGPW HRILEGUXW L OH UL QHy D BHDO Wa&®3HDQDO\VKRZ HBKDW

SURWHDYRRUBEXQGDQWKBONDOBRW KRS UHQHF WHG IXWHPRGHELQJ

SRVW IPUGREWH GH WO R Y WEBHD VIIRW p R G X 0 DWHHE[ S U H VR LHRFGS \ V RIGIF H S W R U
DVW XRIUHV SR QBH\RW HQKHE LR UY, » 5\ U DV $ LEADFED&P S OH[ )7= )

S URWHIMQHMQT. molitor  LVXQNQRZQ o myy{yRaAKY( DFWDREGU RJU D PFRHI0
LQIHU HAAMMD GW KU RWXBIQ QR W B WIgR{h Wk F R Q F OKIGBIWW K R SDJF\R Be.
SURWHLIDQHVQD WHQHEULZRWIKG 50qynti E\ LQWHUIBUMEEH[SUHVRLRQ

VHTXHQRHM® R P Hribolium castaneum JHQHYYRQ@WYHGDFW URY X QV@LEQIR FN

%LRFKHPVWIX® LRV. castaneum KDYHL LGJIXWP R G HXOQLGH DGNXKU WVOKBHX S D O
L QG L FDWKHEBD U YDLH HYWR WSIU QP D U LMD g H

WKURXIKEFWLIRRE\VWHEQRIWHDKHV

FRPSDULKNIREKORQHGNoltor  SURWHDVHV
$ PRVTXL/WR]J\PHHUYBVD SRVLWLYH
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. UHYMNMDKBW1$SURWOIHQBOMQDIIHFWHG
EBJQEE‘@?&YXHWORSRWWOd'“m GXUL®UDSDXKHBNFOL®QG ) DUH
GLIIHUHQWQ PODW KEJ RWOH YK LQJ
6XVDQ 0 3DVNHZLW] %LQ /L DQG /HL 6WIKGILD S DXWRIJ UIDQPO HYVYEL HYKH\MED W D
'HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVEWRRMLEHRZHR¥FKIIHVWIMKD W KH
ODGLVRQ :, 86%$ SDVNHZLW#HQWRPROWWN ROQN FHEERWW WRIRRAHW K UHHHQ IR YD \

EHPSRUW@WX@H JDWHYXO RWLKRB O O

 QVHRANVRI\PBUHZ HORQRZGIIHFWRY o gxULQJ IOHVK 10\ RYHUZLQWHULQ
PROHFXQRPXQH VSRQVBIVED AW H U LD

, Q Anopheles gambiae WKHODMH F W\SH
O\VR]\QFH\QHLOH@:MQHQVW\me_G&DWHUSLYO/CBUU.DQWHUROFFR\VVDOLYD
RIWKHMMF SRVLWUMBOOWKKWPEHPQG WULFKRPHV LQ KHUELYRU\
R Plasmodium berghei RRF\VWAKVWGWYHRRKS
WHKRL G JXQ@W KDHE VH R FWVE R R F\\EWW '"HSDUWPHQW RI (QWRPRORJ\ 3HQQ 6WDWH 8QLY
QRWRNLQHWAPEHDVHRHGXFHEBLYV 8QLYHUVLW\ 3DUN 3$ 86$% PON #SVX HGX
SUHYDORRIFMI HFWLRKDQ@F RKRBW
PRVTXLWRWXOWRPPPXQRKLVWRFKREXAWRO D Q G X\ODLWF K RRHWR P DWR
VXIJIHVKMDW F ELQOGMVKRIRF\VWDJIWHD XBD¥ HHXKRZ2ZWQRQ FU HDHWH V WIRQ FH
SHUKDBWYP LD URWV KR FA\ANDVWSVXDEBOKHUELYRUMNWWXG{DPLQW®& K R ORH
I\V F PD\ UHSUHMHQWZWDUJHRW FDWHUSDOD®®OU L F KRPFGHX FIWVWZ R @Y
GHYHORSRHQWJDQVPLEVIRFRFNIRQUWKHROHULFKBROHDUQWKBEODGQGWIHQVH
WUDQVJHQLF PRVTXLWR VWUDWHHWYRXHHH. zea ODU YBPIMHBIO O RWHRG
IHHREQVKR X QJPBYIRI QRAHRPBWR QW YV
&HCFcDFOUHHJxoD‘aypua;ma:yHu2|_QWHvg/h'rg'g)'zu*H'\Q’HDHDKE’G WULFKBRHYV
LQ WKH | O$%hxt#phHana crassipalpis IHXKL VAR PSD WMRG RKQWUHDWH G
SODQMRZHYHWKEDUYBOQ Q HAHUWAV
6DYYDV 3DYOLGHV .HQQHWK :HLU D Q G FevWHHVAN MEESBDG 6 R SULRRIBDRUHWLQJ
'HSDUWPHQW RI %LRORJLFDO 6FLHQFHY D MWHHAHE ¢ VH K BRENVV.KHQ
681< %LQJKDPWRQ 1< VDYYDV SKRWIWYHRXQ GEH\G XQFKKRDH@VKH
OHDYHVOHDXB®LIJKWULFK&RHPGIVLWLHYV
'XULQEXSDOGLDSDAVHWKHOHVIKO\ WKDXQZRXQGERGW UHRZWHY HUVDOLY D
Sarcophaga crassipalpis, W KRHH QROWKEHU DR QH £ OOHBWRQHIZD\DSS OWHAEKZER X Q G

DUUHVVQM& H  SKDVRH WK HHGOF O Hy | \ww UL F KRR V IR\Q H Z O H D YN
)R O ORDUGIL W UP O QRIBILIRSIEXWIK HE R b 5 b U MEBOBIZ R X Q 6 R G WSRIDOVKW

WR S LIFOSO L F B W HRRAHKHH OOV H Q WeH s W HFmvaL VK L F K RPW W D G L WELHRHD® O O \
WKHAHGFOFOAL WKLQKRXUVOWH U QD W\ O wemioes K iRQIRGOD & K& H K D Y H

GXULSRVW GLOSDMVANEFRHUGPDLQy k7 /K DD O\V L JQ D QL@HVU HD OV R
DUUH\’(‘@MW'@PSHUD—‘@KUWHFLH%%MVV@GODQGM@MPKRBHVHUVH

XOWLPOWDHIGIR G X®OWW HORSRRQBH v H g wRIG v WDHRAROW KIHLQ HWR WV K H

WRHILYKMROHFRRQURIWREW BF O Hy by p ogrigd WK ZDV U X S WIKMU L FKRP HV
D U U YV X G/L K S U H VS/ W QRN R U Hky | ¢ £ £ (yeiH D H V XIOQVYF UH B R K Q G

JH Q MWK BI@ F RIRKE U R W M/LKEV I X WDRMIT 5 & x F§ 5 @ W H O K HE L WERAKGH O K HV H

* WR SKDWRXQGDONXNDU\RMQEY b i 3 g HW WORD W H U SADOOLEY@D \D/Q
EHPL TXDQWBUWSRWIDYWKVHER[DPLQHp s Ry WDROMHQKHUELYRUSUHYHQWLQJ
WKH[SUHV$DRQVR 1BQIM e, E2F1 DQG | F KRPGIX F\ KRRKR Q AHWKKRGD QW V

proliferating cell nuclear antigen pcha XVLQXvH WR SURWHFEFW WKHPVHOYHV IURP KH
P51$ VDPSOHWUD FWRH3BRQ GLDSDXVLQJ

SXSDHUH GLDSBX$D@DUPLGDQG

ODWH GLDSKXSDIBRVW GLDSHXI/RPHYHORSPHQWG FKDUDFWHULI®RIWLRQ
DQGSKDUDMGXOWYONKUHHQHNUH(XURSHOERUERUHUHVLVW VRV H

GRZQ UHJ>XZOOM®IED SDRQ® UDQVF&YS5WWRILQ BatRuB thuringiensis

OHY RGOV DD@ XK QWGEIODSDWHHWPLQDWLRQ 51 Hyum /D0JI=KXDQJ 3 6W RO
7UDQVFUURMVOWKUBHMQHM JQLILFDQGWO%LHIIULHG
LQFUI_EDVH(RXDVW(E“'UDSDWHHPLQDWLIBS%UWPHQW RI (QWRPRORJ\ 8QLYHUVLW\ RI 1H

"HVWHWER®YD ODWIBPPXQRKLVWRFKHRE¥MWY\ 1( HOLVHX#XQOVHUYH XQO HGX
'RZ $JURGFLHQFHV //& =LRQVYLOOH 5G ,QG

OLFKHOOH 3HLIIHU DQG *DU\ )HOWRQ

-RXUQDO RI ,QVHFW 6FLHQFH 9ROXPH _ $UWLFOH



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

1 ,QWHUGLVFLSOLQDU\ 3URJUDP IRU *HQHWLFV 8¢
$ULJRQD 7XFVRQ $=
(YROXWLRKXDRWHVLVEDQNHFW SHVWYV

L W KHJ H D W/H W BAVKAHR Q W L@ XFHERY V) UDJL O/HQ G U RRHKAR VRARPPRQ U R
Bacillus thuringiensis W R [ DQAMHGEY SURY Q L QKHURMQMBBIW DU GRBWERRVEAGRV YV
WUDQVBEHESED YWMKWDLJH[SUHVVR$Y QFWRRMQI1 gene 3IKHQRW\GHOXGH
W K&U \ WR[LFQBRQV\RU(RH)SLGR$\MHWW@EHORZIDFLG)\(VPRUSD(WM/HQWILLH:(D.W
$YDLODRLODBRUDWRU\L @ ¥ VAVUNDHIGYBE\SHUDFWLYRWVIOWEBYVWXUEDQFHYV
DOORHWHUP LRIEMWRRKH PIHFAX® Q L VIPXYW LYEDFURRUFKLGE DRV L KO WK
RI UHVLVWWRBFMD QHYROFWMZHODYV HORQJIMARG RUWBHQBOV SULEGHKL OH
LGHQWLILFIDWOQRW YROYHOGN UMRUQPLFBEQ&XPD@RQWDAURUHH PHREHU
(XURS W RQEQR UBstfinia nubilalis ++«EQHUJHQHDPL @losophila KDVD VLQJOHQH
/HSLGRSWHDMDE L GOEHW D LIQRA@LHO 8 UWKRRIMRL) dFmrl P XW D Q WKL D EDAH5
FR O O H FWKIURRQ\VK RBX 8\& R WW@H D@V HIKLEGWIHFMDW\QDSYRUSKRORQG
ZDWHOHEWWGBHDERUDRWRMYV LV WIRGKQRFWDRGLQQHXURQDERUL]DWEGRQ
&U\ E\H[SRVMWWRHKWMR [LQF R U S RUODWERH-E) FD GKDW KM LGHQWRMBIDQ MWK D W
DUWLGIFWRE®&/HOHFWHGHYHORBHIEBSDUW L AL@IMWIHIXQFWZRQHUIRUPHG
WKDQ IROGHVLVWRQFHNHWEDWY JHOQHWHUFHRGRPLQPRWLIIRHUMWLQDO
VXVFHSMREOHEQEU\ @ WKH VHOHARWHEH[SUHRVLER)@U LQ Drosophila
FR Q WWRR Q QDO R@ H YRHF RNHVvagqy:ﬂE{nrl ‘H IR X QWK IBthél giant larvae
IROGRU\ $SADREVHURNG UHVRRQUHLWVPDMBHJIXORUMRLU I XQF Wl RY
UHFLSUWLD}@(}\M[RQVQ‘@LFWWHHVVHQWWDDEL&I}.G\WHTXLIURI'HHERUVDO
UHVLVWDEMRVRPDO FHV®WDYHNFURPRVXUGBHXUREOBGNWDPLQDWVLRQ
RIWKH JHQH UDIMRNMXWMH O HPRMWH®D Gl Y HOR DRHERWH Q AVARUPROHFXODU
UHY H DADKHIBN L Q JODRIF R WD VHRVIW LJ K WJ\D I ZQABMVVERQ PXWPRRWIDR & KH
OLQNGIRALVUHVSRQVRBOKHHVLVWBEFHFRPSOMQGLY SKRVSKRU\GDWHG
$QDO\XHYNVOQLIDQG WRNQ@REORW®HPWISLFDO 3.B&3]aWBWPOLBYBLFH
6 X U DF®IDV PRHV R Q D\VQ PHH D V X&JH ) /JOUHIJX OO WHNDRIGXVLRQGSRVW *ROJL
ELQGWUXERUGWEUD\QWLHQOHY/HVLFZ]_I-WWWKBODVPIBIPEUDWKURXJK
PLGIJX\SLWKHBERXVFHSWQEGNLVWIEMFRPSOVVRFLDWXP®DUIAV
ODUYRRZEBRBIHGXEHQGGDYYR F zD W KEeH O L FYRREQ W U WHRHADHO X O\PWP H W IUD
UHVLVWBGGEHWLRGDOUWHVVRRYZRLWWVRFLDMNIRRHMMEQFWERRP@H[HV
SXW D VEUY HU H F HSWRRMHA MK HD QG D Q GLW KH W R S O VUL \PORFIKW Q2D
DPLQRSHSW D&MD WVH QQUKHR Q WIUR®G D WK RZWKBWIXQ FW XYW UR OLRQ
VHOHFWMHGLRUH R YOHRD O W HDFMG K IL W\D U DWAFHIO D WY KGIH X U R P X WRX@WL R Q V
OXPLQ®WURWHDYHYRWHBORFHN VREQGRRIHQHMRQG)PUSURWHDRQWLDOO\
RIW KWR [Z B URHE V H UYQW &UHH V L Ww\oUF@R O R F QUL UHD Q X'OW U X F W RBIRW FD
$OWKRWKM HVLVWIHFKD QUMPPDLJEWRPSAKLYRKLAKFOXVHPDQRPEHU
XQFHUW R HQMRG L UHFWG HOKEHYW H (RHW DU PBWEYV ) 053 VKXW WIDW ¥ WHH
ELQG D@IS URW H BORFIHVR/IWR] DY HQXFO BRW KH\WR S ODQ/®V V R F LZD WKV
LQYROYKBUHVLVWIHFKD QUWPVKLW1S YLDWVZR+ GRPD DB GB** ER|
&U\ ) VHOYWWRIBEQ IERUBSSHWERWH 2XUGDWIXJIJHWWBIWLW QY R OLYRMWK H
VSHFLDIQRPD\EHGLVWIQRPBUHYLRXSRADUGHGLYHG)PUDQ® VXEVRMW
LGHQWULHIVH® W B BKEDBIQ IL\YA\S LG R SWRYYHRFLMSALHGE\ UHJX O DMWKLHLRIUW L Q J
JROORZVX\SXGDHRQJIRLWA VROWWHWUDQVBRE WO FKRUIHQDUHRXUUHQWO\
UHVLVWIDQRBWQ GHYHPRGHF30RBHWHY WKEKNERW KH\WHWDRRPELGHGO
IRU PRQLWRULQJ HYROXWLRQ RIEROREARGEH BIFERHR HMELFORD K K
ORQWHUPRDDVWRGLVVMAVWRROHFXODU

7UDIILFNIRQJH)UDJILGH SURWHDRQG PDFJK.LOQEIK”XVCKRggvDsmeagvg%VW
VTRELDHe FS i LD B0 S0 LU B0 e 0k £

0DULDQQD 3BQWPN DQEHWQLHOD & =DOPEHGFk.+ IRU 156% 16 WR "&=
'HSDUWPHQW RI OROHFXODU DQG &HO G ¢ WRIORE U D@L \UHYNDR®R Vit steds

$UL]JRQD 7XFVRQ $= DULDQQD#X DUL]JRQD HGX

&RPPLWWHH RQ 1HXURVFLHQFH 8QLYHuvCW\ BRR38PfRoD

7XFVRQ $= 86'$ $56 WLRORJLFDO &RQWURO RI ,QVHFWYV 5HV}

/I DERUDWRU\ &ROXPELD 02
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SRSKDPK#PLVVRXUL HGX UHVXQW®E L FDWKHH WDH) HD WO H D YRVX U

/HSLGRSWOGIDDYDHHNQRZQ@RUHVLVWGHSHQBHQW QV DSRVHPDWILWFYDO
E D F X O RIYQ IHEOBE\MRKG-H O H P\8 RBMAR vV E R O R U D WAIRIK L @apilio 3DUDPHWULF
LQIHFWHGI XIS LWKFEDm® &E\ WKHERRWVW WHS/SUIDNW RIS R W KRIR € M
VORXJRUBILQIHFRMHOBORMKPMLGIXWZRDQGVKURHLIJIRAWSRVHPDWUKDH
20FWKH) IHFEURDAKKN. GINFLWK HORBWURBBKQORJIHQHWD W HGEPRV
EDUURGIEURSDJIMRREY I HF VRIFWHY K HPapilio WD [DHIR X QGH Y L G H/QXFSES R UMKLH J
KHPRFRKRZHYHUKHWH HHZ NQRZQK\SRWKWKBWHWEHFLDO LD WQ RPIORV H G
PHFKDQLWRFFRXRW KHHVLVWDREHH L RIQS RV HPOMNLFRE H Y W HUDHD

F O H D URDIQFIH F VE RIQUYIHRGPHL U XV K KR L | UFHID@W LERHOV KK B @\0 DIQUW Z W K
FRPELQDWAWROQVLIRQid viro DVVD\RUMQGGWKHYROXWIIRSRVHPDWUKFDH
Heliothis virescens ODUSDOVPDMRXQWR 6 SHFLILFPepi@\ OLQHDJIHMGL QR
FRQW@HYHD@QWLDFMQ‘LM\Q\KWUEDFBE‘@\MUHRUI@LNN\U&IYROYH
Helicoverpa zea VLQJQMFOHRSRO\KHBORYHRMUWIKIEQ UH. Q H DHHE RQ.D \
+]16139 EXGGHGUXVKHLQ QDM WRRQ KUXEY® UHHVHWHYVX®W\RQVWUDWH
UHV SRQNRIVEIOM. U X Fit 3 BBEDW G H Q W L Y IEVW WRW MHKIGQ N'WH F L D O VPORKY R Q
DS KHQROR [LRIHOMXF L\8 RMRK) W U L E XYW RYGW XDHRYLURQAFRHQSWHGDWRU SUH\
R|SKHQRORWW|§L}VQ_QD_WHXQJ_|_|VSRQL\Q.|WHUDPW‘LSICQ]MODUUIIRI(DQNKL[—QLWLDO
DIJDL@DWXORYQUXPWISRHF LIQKLE L WRRY XWDLRSHUVLVWRHIQBBERVHPDWLF
ZHUHHP S O RNHVEro W K3 Q HU@IOL E IRW RIRO R U D WXWRROWHN X G VKR XFR QV L GHU
PHODQL]DWDRRQW\WOWHDYARUBMEH QY LURQFRQWIBIBMWH U PWERIKQUFHV
JOXWDWK IDRQHVSHFLILOKLELWRUYHVSRQNRIWRHHY RO XRVRaRil@ ZDUQLQJ
SKHQROR[BGHQHMOWKDRERMDFLG FRORUDWLRQ
FRPSOHBMO-RFNHGXFDEWOQXSEWRVKH

O HYWHHOHIQQF RQ W BREG. WRIRMKHQJ\PH5EHVLVWD QHY HOWG PHFKD QL VRI

FDWDWERY B VELGRMW | HFMWJ X FIL EW OY LMWAWY L V W D@latella  xylostella WRHUWDLQ

KRZHYBDGGLWRR®XSHUR[GGHWPXWERRIPPRQO\ XVHG LQVHFWLFLGHV

H[KLE IDF R G HMYK L E IHWIRFQWK L ELRMR U V

QLWRLEGYW\QWKDY¥MWLGCLVRRWIIHFWS ° 6 5D8X. %BKDLOHQGUDQXRPD

Y L U X FIL WD 0% HWR DGQ Y WX FR Bw oY L VW (P QNDPY

SURWHIBXFH XL UDQIHFWHR@OVR ERR A o Lo X BOLYHUVLWY 9DUBQ

VWXGBHGQWZ@LPHQVLCRLQ[}OJHQBH ,QGLS VYVUODI\(/IQXBEKX#\I;?KRR ISRP Q

HOHFWURSKR*[OH UVKDBUR\NHLQLYLVLRQ RI (QWRPRORJ\ )DFXOW\ RI $JULFXOW.

H[SUHVYDHF®PSD EHG/ ZISOQ VIRIRP - -\~ " R0 ’o6LD

XQLQIHPMMGCEQIHFWIBEYBHHOLPLQDU

UHVXOWYV RI WKLV VWXG\ ZLOO EFHS UWWBRBVHHER V XOIDWMDPGURFKORULGH
IHQYD O HPRIMWRIAFURWRGERVQDOB®RYV

(YROXWRR®UQLBROR U DWRRI® ILHGBSXODRNGRRPRQGEBRWINKY% 0,

ODUYDH Plutella  xylostella  / ZDV DVVHVMWG
GLVFULPLQIRVRIL WHFKQLTKH
/ 3UXGRB - & 20LYHU VXUY ISHMNG H QWKRIZHMVE ARl 0 ODUY D O
(FRORJ\ DQG (YROXWLRQDU\ %LRORJ\ 3B SyHQ &\ WVRIQsL WHETRODVMAHMW HFWLFLGHYV
NOSUXGLF#HPDLO DUL]JRQD HGX EXWKEHHIUWRHUWHVLYWDQEHGH [W HQ W
L QWHUGLVFLSOLQDU\ 3URJUDP LQ ,QVIFWVdrY PR RN R QW O3 KRV
$UL]IRQD DQGHWRDUERVXOIDQ DQEDUWDS

K\GURFKORULGH )XUWHKHWBEKDQLVP

DUQL@RUDSRVHPBWORUDWLRQ/ XD v v WDYP W XGZHE W K KHORBI
VLIO@L P L RRQWEHWZ SH @ G DRRY,\ ¢ 1 y jn wmR/Q F H Q WRJ D VS ARHD FIXQ G
XQSUR|L BDHERKH RQGLWDRRYWEH o3 5\WoQu YBISDVVDEXSSUHVRIRQ

HY R O XRAL KRRV H PRORMDLRFU D WR BIRQU J HIQlg v b 0 HuidWW WBQ B2 SLSHURQ\O
XQLGHQWIHEHQ@WUN X JJH WKL HW x \wr LGB 3URSDUJ\OR[\SKVDKQIBOP LG H
VSHFLDOPMWQEBWRQADFLOLWEWEOL |10 REKRY * } DOG
HYROXD\Q&QUVLVRIERE & FRD RUDWLR Q. UHVSHFWEXSIONVVRIRO

8VL@SK\ORJHRBEBURZAKQYHVWLIBWHE O syuRVLVWBQFH83 WULSKHQ\O
WKHY ROXRMORQEIDOQIFRDRUDQMRHY y gy skDWHQ G ' () 6 6 6 WULEXW\O
JHQ®apilio /HSLGRS®MILD L R Q@X&D H
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N
SKRVSKRURW EDWRIURDBBRAX U Y LY D) SMD)E[\)SDQVRQ SLH OXHOOHU &ODUH 6WURGH D
SHUFHCQRVBYDHOD U Y DM DQG

“ UHVSHFWZKHG‘{LGDWL\QHFWRU 5HVHDUFK *URXS /LYHUSRRO 6FKRRO RI
PHWDERGDLL\I\H%X/DQG:SR|PLFURVRPD086LFLQH ILYHUSRRO [/ 4% 8. KUDQVRQ#OLYH
R[LGDVZHWHR X QW R/\Q H U JINGHY D O H UDWWHE W IURH\GLH WLD/@FHD M RAUK U HDRV
HIITHFWLKRIDIDQ2 PHGLDWREEGR QRI VXVWD LRPDEKERQWHIROQGHUVWDQGLQJ
WHKH SRUWBRRKD Q LYYR QQYHQY DO H K MWKIHH F K D Q IE\RRM H UW KNI DRLFAL O LW D W H V
UHVLVWBRWHR QF O WEKIB®® GHUVWD WEHRID JH FRHQHW LV W QBEFHYHQW XD OO\
PHFKDQIRMPHVLVWIROHQGLVSHQYBBGHRRYWW U D \WHR HN WARKHHI L F B F\
SUH UHTXLQYGWWLIQRQUHVLVSEQWKHQVHFWLEEGHDYURG X FWLWR QH
PDQDJHPHQW VWUDWHJ\ HQI\PHW¥DWDO\W.IQHGHWRI[LILFRWLRQ

L QV H F WIL\RIQGRHW KHR VWL J Q L | EDXQY/W V

$ VHP L Q®R W HRWRIF H VIVHISU R G X F Wl @V H F WWHALIGHATRQ RHQ ] \PHDPLOLH V
P R O H F X OBtdsopigia melanogaster KD YEH HIGP S O L FIDW®'\GH F WIHW BER O LV P
W KIHD X W D WKLLIR@\HI HF DIJEIRY\ O HY @/Gi U D V H

5DYL 5DP /. 6LURW DQG 0) ROIQFUWRFKBRPWH:H KDYSURGXWHARPDOO

'"HSDUWPHQW RI OROHFXODU %LRORJ\ DOREDRIBIR W R UFRD\WHD@ULAJ B H R EIRRW
8QLYHUVLW\ ,WKDFD 1< 86% PIZ #HBDUFRKHPE HRMNV KHW KUWDHSHUJBOHOLHYV

0D O W R Y LIGRD (ZHWKU R W MKW H F [y Q HR W KD O D Y HB Wiidpheles gambiae

Q® VHFRIRAW KPID MR b F WVRRGH Q J X H
|HPDOUIN G UR G XrWLSGRWP HWLWKW VG ooovntii - H DUBYL QUK HB HUDVWR
SURWBUBNGH® QPPDWMRIURPDOH gypti -

DQBD\HLW E HOLE W L YFDUAGHDEF W LLYQIY W H SVSRIJ[ASTFJH%SUHVNH?%YZQEG{QWR(EOH
IHPD@MSURFHVVURW MUQBMWFRPSD (31 C/M (R Q-

W K H3PU R W HDYSU/R W HQ K HE DWIRRX\Q %iﬁmﬁgMéLqﬂma LI

LQVKWHPLQOBREPDQD QL P DIQ/G U H VIVWBRDGRWXKIHFIBD QGLGOWHWLFLGH

WKRXWKS\WO OL\P SRUWRQWYHUWLOL] &\l\}_L DQBYW K HHQS U H VAWiG D Q G

D Q CH U W L, QOré8dphila melanogaster DER X KIMELORWWKMWHFRPELSDRWHLR YV
RWKHVHPLSDRWWKEWYUGHQWL D E RLQLMHE W GFVEHHYP B @ H@Y K L V

IURRVKPDOHJAMFHVVRDWMMEGBUHGLF gi

SURW HRBWOD VERIAG L § WG HDG Y, | '\'vy o 151U HW K U RUBW DULVHO
NQRZRUWSUHGLBWRW HDQYXHE L WHRU

SHQGHRWIW QG:HVWS$IULFDQ
SR W H QUDLLDIBHIW Y HY BIR W H RIGIWXLQ/D gggo D RVAnBpQales gambiae DQBQDORJLHV

KRIY KARLURRQRRQYHX
D U XOD ORRS  $DQG Ly &115UDZQ WKKRHX O W RSIQ BIROWD U J H W

\é\/:\)VIFSK)HHUDEYQ\’I/KBWI—I—GD DIGDI-ILFIZ(/HZ?};?LYFE(.L)JF WHVLVWEBQPHW LQRHG WK K DB W
QH S R ULV B\ H F 13H\H O L P LGDDAUD

FOHDYDURG XBWH LR D FVDIQWGRY X O L
FOHDYLDMI®RZ\@ R H T X PDKBIVZ H OO/ WJJHVW@'HSH@@HQM%HRWWSZESOLF

IHPDGRQWULEXWLERYWDQAH GHU {'\yl ﬁwmﬁ&g%em%’TlFDwme
SURWHRO\VLVWHKIDB®E DRWK (@G R

$FS '( ZHXVHZEL $ LQWHUIHYHQ AHR LQGULRUIWHVLVWDQPB HH PHNUND VEH OIOH V

JH Q H UNDQVRIF N GbmmWKDWFrmHFWLML\E{" GLVFXVVHG
LQGLYLGHPQQBORWHIDRMHSURWHDVH
L QKL E LWIRRPAK H BICADMR/IMKHD WRY 8SUHJXODRIVRQJ DWW RFLDOW® B\
WKHMBRFN GREZQHWGHQWDIVHBLQDXRYHUZLQWNWDIRMVKBQWDUFWLF
SURW HERNMHFW L IY \QW\F HV WIBUU R F H ¥ G J Belgica Antarctica
ERVRKY X DIQ®BFS '(ZLWHKIDQVHGPDOHYV
- 3 5LQHKDURMSH] ODUWLRH]+D\ZDUG

,QD G G L VL HRIOR ZWE S WR F H\RWHRIL QD Q p o6 uR ( /que]-/ .HQOLQ]JHU
SURWHRERAXWUQD VWHS ZRVEQHWY

. 86'$ $56 5HG 5LYHU 6WDWLR DUJR 1' 86%
Drosophila  LVEHJLQ@WKPDOBKH®DOH /" o1k DUM#IDUJIR DUV XVGD ?F&
VHFUHWURIGHW G Q X UWEBIRF H WK IDQ

RFFXUV LQ WKH PDWHG IHPDOH '"HSW RI (QWRPRORJ\ 2KLR 6WDWH 8QLYHUVLW\

2+ 86%

6FKRRO Rl %LRORJLFDO 6FLHQFHV /LYHUSRRO 8
OXOWLSRQOHILRVNPHWDERIOQQWVHFWLFLGHHUSRRO 8.

UHVLVWDR® Anopheles D Q G Aedes "HSW RI =RRORJ\ OLDPL 8QLYHUVLW\ 2[IRUG 2+
PRVTXLWRHYV
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‘H KD YLHQ Y H V WW XBRVGIHGF K DYZHUV W U H W M W D EIRKDODAR D GQWV KY W XGHPHDV X UH G
UHVLVW QKM G Belgica antarctica WKHPRUW D@QIBNSUHVRERSY IDPLOVRWHLQYV
ODUJM@RZIQHH ODQUPHN@GDIW® LQKHD ®W GOLIRXWFCRHV XU Y L EHYV

W H U U HN W M WORMW K $1Q W D UFRMQLW L Q HROOWO REHQWW HDWPB QW QRP WR
BUHYDQBVIHFLORFDWWNRQRXJWRXWED QBURP WRKRXUMY HRIDV X EVRHW

$Q W D ISFHVOLL) WA DV KPWW ZR \OD UH Q F R GLHQI H3p70 D QI&c70D4 ZHUBIO VR
F\FOM)EDAYHUZLGWARILWR XODUY PED V XIRD® R ZKQ XUH DWW H D WP FHQRWAY
LQVWDXWLQWKIDXVWURPPHDG X O W\KHD PHD QRIVHP SH U DAKXWHBWG L W W O H
HPHUDK ® UBUHVHRWEULHI ZHHNRQRPRUW DR@EHWH®O DQG f&ZKLOH
SHULRGW HV HDWHBPD Y QY HV W WIKDHWHKBML SHULWB PRUWDMW W\ DQG
H[SUHVRLRDWK R FSNUR W HL QY'Y L W Kf & D V DQG KRXWWVSHFWKNHO\
UHVSWMRWH U Z L Q WVRIRIDOQWHX S S U H V WLKYUHH V K R GG F WALIRS H U DI W MAMS
VXEWUDK\WE UYB L] DMIGHD D GIG L W L RIQDUOH V B DR H Y Bsprpl Bsc70D4 DFWLY LW\
VW UBIWWR F LUDI\VYMWK P W KEM. QYROSY HGEUD LZDPW f&DOWKKXIKW LQGRXFWLRQ
FRPSDURVWPQUPRBGX®DAWHY HIMKIDYS DQGIOHY M ®Bsc70D4 LQIOLIKW
VHY HKAMDSODV PDROWVK VS DQBVS DUHPXVFOFHWMNQGHW H F)W D BVGKHH U RNRUH
DO/AVURRSOMJXQQWKEHB UDBHWOL PHWPD[LPXPQGXFWIERI®P QS H[SUHVVLRQ
E X IWMQV KIHG X @K MAHSD/UXIS U H J X @ QG KDA IBsp70 hsc70P4 DFW LR ERX URG G\ W H U
LQHV S RQR [V UMPHP S H U DMK XQHYY DR Q FHHB RV X UHHED W H WP RGHYWHYHO V

G RO RM(UWXSIWH J XVD KHVSHU H VR MR VRIQ OA W L PEIVVH ¥ DQMWH WS SUR[LPDWHO\
JHQH@HVSROWKHUPWBEVLFRADMWLYWY IROGRUHFWRWK HQFNHPAXY KDV
6XSSUHVWLXEHN UD RWE Y HG L ] DWVQ 8 Qosophila 7 K H\GHD WO O X WWKURCRDHE H H
QRUWEBBQE UL G L JKODWLHRYH DO HRL O L VV KM 8 H F ILO DIKXW F OBIWH [WUHP HO\
H[SUHVVERQW HUY HY H RIMCK WW U HWK H U P R W FO@H DI WW WDMK W KHUP D O
DVVRFLDWWHGIV6XSHUR[LGIHVP XWDNMH HRIEFS LQGXFINQR@DQVFRISWLRQ
PHWDOORWKLE QHQBALWKLPLODWRWKHHQFRGUEQHKDYHR HYR QLMK

Y D F X 73D \DHHPK L KISW H J X OLOBVLRQDHHQ G RW K H U P\

‘H KDYHOVRGHQWIRWHKGWUDQVFULSWYV

LQFOX®FQQ® JLQFLQIBURWRLQL v OoRSPR@ERY HQIDD W X WD BN G

RIH[SUHVDRRED\EHLP SOLFDWMW®HVYY sopFHPHQW DQG IRU XVH RQ FRWWRQ
DGDSW DWW &MUX GRLBMWKH[S UHVR LR Q

WKHVHQHNUKQGHUZADRHO XFLGOVMKWHS5 OLFKDHO.BRHQ 9 'RQREBHQ -RQHV
PROHFXMFHUDQLWRIKWYHO ORMKGV ODWWKHZ 9DQGHWKBUPKINQ6 $65WWKRIQ
L QV HWFRYG D SMV KKID UVFR Q G LVRLR@W *VKHUZRBRG 5XVVHOO /LQGHUPDQ

$QWDUFWLF FRQWLQHQW '"HSDUWPHQW RI (QWRPRORJ\ &DPSXV %R] 11
&DUROLQD 6WDWH 8QLYHUVLW\ 5DOHLJK 1&

PLFKDHOBURH#QFVX HGX
((WUDRUGLWIOHWYPRWROBQ®RQE H +206 //& 3 2 %R] &OD\WRQ 1& 86%
QG XFW @SHUDWRWHKHKRQHEHH '"HSDUWPHQW RI &KHPLVWU\ &DPSXV %R] 1R

Apis mellifera &DUROLQD 6WDWH 8QLYHUVLW\ 5DOHLJK 18&

6 3 SREHUWV DQG 0 0 (OHNRQLFK )1RYBORPDWIDOLSKOWDREEGYWHUYV

'"HSDUWPHQW RI %LRORJLFDO 6FLHQFHD GOILN WR/BDMYM\ QR K GIDDLJ @ V D \DI\G

(/DUVRg:fJ?NVV#/FDFVP%'EéDV 19 UHSHORHWMNY F\FORKH[\O KHSW HQRL

QHYDGD HGX DFLG&+($ E SKHQ\OKHSW DHIQRLF

+RQHEHHWSHOWXIH UVWW ZHHNMWKHLB+($ HWKW F\FORKH[\O KHSW HQRD
DGXOOMW.YHARUNLQODVLGHKHFRQVWD&W1 DQGHWKED SKHQ\OKHSW HQRDWL
HQYLUR QRAW QUM YAK L MK PDLQWDN @B+ (1 KD @ H SH ODAHQYD I VL QWKWR | W

+ f& E\ D YDULHRWEHKDY LRQBAOV L Bmithodoros parkeri $FDBUJDVLIGDH
SK\WVLRORVKHADPRUHJXIOPKWDRUYWVWZR FKRLRBVYHE(\ D@O@URPIORVUUBQLF
DERXXHH R JAR UN HUHWT X HOMDYWHHVWHADVWKRRVWFWLYKQGHFDIRQH
KLYOHRUD IWERDW SIR® O B GH F WMWK HQ D W XSIDROG KAEXWQLGW KW U L F K RPZH\O G
FRORDKLSHULRI®/ KHLUYIWDUNEG WRPDWRWRXQGRLPLEXOHB&HPLVWU\
SHULRIGLN FRGHHW U ERBNVNHPSHUDW RQEFED YV FWD VW HS HOWHQWFP 6LQFH

f& UHVXOWRERWKQYLUR QMHBWOKIPRPSRXRQW QDOUHBNGRZQDWXUDO
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ERW D @ILADXS UR YW HWHF RGO X G LIHG LIKH HQHR QWD DQ L @ HO DOIHEG G
EHL@BSURPWGERROGGLWRYRXODWIHFRJQ GWPREQWWURQQGX FDH® H U
VW X GZAHUFR Q G X RWARHSGN L ALVIWR O D W LU WK VEM® RBHD OHHGL Q@Y GRPDLQ
DQ@GD[LPL]IMUHSHCFQWY I BV\ @\L\WNVR Q W D [SQLRQN HHL<Q DQE&WSDUWLDO
DQGQVHFRHD SSOWHRKXPDWONL&VLQIVHTXHQFHESZDVVRODWREEKRER G\
SURSULHMWROVMWHFKQRORM206 VXEWUBFIWBAGEUROWKEORRIGEQIHFWHG
/[1& ZHZHUBEOQWHESHYH®RB8%LRS8' IHPDOKH LJQPHSWZDBYWD RF DR/QWK H
DQ®LR8'ZDWUHSHONORKIWHULBRQ 1 WHUPIRQERWKURWHALQFWRQVHUYDWLYH
W L F Dermacentor variabilis K DIWHEAVWHHY LGHIMUHVHQWKSERVLWLRQYV
DSSOLFDRQRIQWNLRIKXPD@XEMHFWYV DQG RIWKHOLJQPHQW
%LR8'DWKDIWBSSOLFPIWWERYWKD@RPSDULRRQVKHDOOHUOHRBURWHLQ
2)) %RWDQAIFDIO\V3Z0' DQBTXLY D/DRI GW DQGNLFIN GRPDIFRQWDLQLQJ
2)) ZLWK '((7 DIDLERWTXLWRBHWBURWIKQ ZLWWKWHTXH QAWK H
SUDFWLAM& QG LWILRIOL FIRW L RQ@D UH O DSWHRGN HURRVKH P L OH Y H DADKHIBW
%LRS8' XQGHFDQR@B W& FP DOOHOUBRARWHHORQDWWRURXRI
RIFRWWREQUHWFSHBQHYGHUDJIH RD. WKH SURWBPQWKDWRPSRWRHLGF
variabilis WLANDMWZR FKRILEBYVVEDIWHYHYHRLWIRDMROOHUIJBRWHHQYKW
DSSOLFIMWIROVWKQRW HP SR UDLQ®W.melanogaster SURWHRQVB + DQGYH
WRRW WDREQITKS URGXIE®®P D UN HBEM HGelegans SURWH&RBOM +  7KHWL PN
+206//& DWD'((7 UHSODFHPHRBM O G RPDERQWD BEQ RQADIRV VL G RGER X S
EHD O@D W XW@®R Q 10D P XIMEOMDD , WKBRQWEBK@D® DQG SURWHLQV
"((7 SURGXEWWWKBRWHQRNEBQQPQGWKHRWWKROKMMXQFW IRRQVKH
RUJD Q LAFHDWWIIKBI&3$SUHILVWIDWIRW H[SUBIVEHBWHOGNVENKQNQRZQ
V X E P LW\QHIEU F K ZLWKVLPRQWKEXWW\REY L RKVIW FP\L JKEMH. QY RQAYXH G
HYDOXDWLRQ VFKHGXOH KRVWHYVSRQWHDWKREFR® SR Q HIDWGV
PHGLDWH GHIHQVLYH UHDFWLRQV

([SUHVVLR®! WZR UHODWHG

GRPDLQ FROQWHURWHIL@MXWIKDUG,GHQWLILFDWLP®@G PROHFXODU

W L Kddes ricinus FKDUDFWHULRD@RRIEHIHQVIHOH
WKH UWQQRWDWILWDR VRIRUB®G

1 5XGHQBR %HWVRKDRWRYFKIIBQNR-FRW WKHSUHVHQRH LOWURDRY JHQRPLF

+RUDNRUYi (GZDUGV*UXEKRIIHU .
i VHTXHQFH RI K Dd&s iimus N
, QVWLWXWH RI 3DUDVLWRORJ\ $FDGHP\ RI 6FLHQFHV RI WKH &]HFK

S5HSXEOLF &HVNH %XGHMRYLFH WKH &EXMETHKQOQNRSXECGRORYFKHQNR / *UXEKRIIHU

QDWDVKD#SDUX FDV F]

YDFXOW\ RI %LRORJLFDO 6FLHQFHV 8QLYHUVLW\
, QVWLWXW GH =RRORJLH 8QLYHUVLWH GdHMERNDWHRAQW+RI OROHFXODU (FRORJ\ RI 3DU
IHXFKDWHO 6Z1HBHWWPKRGW RI %LRORJI\%LRORJLFDO &HQWHU ,QVWLWXWH RI 3DUDVLWR
OXKOHQEHUJ &ROOHJH $OOHQWRZQ 3% %XGHBHMRYLFH &]HFK 5HSXEOLF QDWDVKD#S

7KHO0O/ SURWHD®VO0' UHODWH®SLE GHIHQWH®HHQFR G MXKH 'D
UHFRJQIPRORVPE XQWPSHEHHWYDWHSUHSURSHSWLIHIH GXWR WMIDQFOXGLQJ
LQYROYLH)GLQQDWPPXQLWQGOLSLGL)GEHBEWRIGHIHVLE®IDEURSHIRWLGH
UHFRIJQLWOQRQURWEHQM HQWOLQIGHGDP L @R L GRO O RAWG D W X3HS WRIG H
GLYLGEWRXIUIRXEDV RGNV KG&H J URHIH UHVLGXBYLVRODWRBWKH'1$
VHTXHQEPRLODIOGV\SURWISRYVY BV W XEW U DAVEM® UKD UW L Kbddes ricinus
SXW D W IWHHU P V@ D@DHOS W VGH U HRWH @ < $OLIJQPROWMKADWXUHJILRQ
OXPLENARWHRQ®ZBDLARVFRQVHUYHK® ZHA P L O D W.RSHHMQ VIURPR W K H U
F\WWHHQLGXZIRVHSDUBQYHQFR®LQIVSHFRHV/DUBLFNDQJIULQRP IRU
GRPDE® QW D LSURW  HYWG HQ WL QL$t&pularis WR | RAL hebraeum. 6 L P L O DAMUR. W\
K D UNGLIRoNes ricinus % RWHK QBN UH) G XFH & H V F UG B HHQ VLRWR ML BNvoubata
LQVKMHLGIJPWEKRZHG RILGHQWQW\RPGHIWRPGHIwas =+ L@PDWXUH
RIVLPLO RQWWSHU RWHHLYHOI HQHSHSW IZEHWUDQV 8B WHHEFRABV. I IHUHQW
IRDOOHOILMBRWHLQN'D $- UHFRPELQDGRWKWNDPH'1$ OLEUDU\
ZDWLQGXAH® BORRIKEH G LIQYIGV KHXO Q. Q G L F "\KFHEH V HAWH RV R | R B PVK.H
VHTXHQFHSZDYVRODWWRMRGFAHE1$RI ricinus GHIHQMLVEKKIHS SUR[LADHIH HQF\
WKHQJRUJHBDPHGIXWWHUWBGD\RI RIDSSHDUDWFHKHUHGRPLDE&W
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WKS8HSWLIEB FROQOWDDODXWDPMW)HHEUDWBMNDPDMWRUHZ ZKIRXVB\WVWDEOH
SRVLWLRAQ JOXWIIPAULEBBVBRVLWLRQ@ODQMDOOP\ZRUIRPWH HIBR X W CLLGW KL M
( DQGKHQ\ODODMRYHWLRR VWXBNQHVWUHRWPHEMW UHYHVWLIDWHG
VX EV W LEWY @O/ X\@ COPALRG DOGVSDUWRWBIUDIPHQWQJBKO\PRUSKRVFRQJ
DFLG LQVKIURSHUMIGBEQBUJILQLY$HFLHWNH\GHYHORSRBVKHGB WD
5 LQVKRFDWXHS WMLWHKMHFRIQ/RIRUPURY LILBHWY SWKUWWVWS S RFWWRWWRPSDUH
$% & :KHW KW K HWXE V W L WDX WHLFRAGHW W U EBW/IWRBO G VI | H U H Q\KN\UBOMAH. H V
W K3HU R S H B VS HIS WLILBXU U HQQWA\RZQLQ TXHVWLRQ

ricinus GHIHQMLQ@HD WWURDRQ G X RH® \

ZL WKL RPIL G JOWMVHQIHF WLYBRTelia 7 yolbachia VXUIDSHRWHHQBV S %
burgdorferi. '"HIHQWLQ$ZD VR XQGRH LVGLVUXSBAHDGV UD QV S R DE® HIQON
ESRQNKH—DVRMKLWKKS—ULPHRJWQRPL&%X pipiens quinquefasciatus EXW RWQ

3&5 ZHUBHVLJGBH® O\RLV ESRI 1RUWEKPHULFICQex pipiens pipiens
JH Q R R/IHT X HVQKFRHZ W ®IDridinus GHIHQV%QSXODWLRQV

JHQH YR WKHN{ R QAK L DKUHH SD UBW H G
W ZIRQW URQIK D VIHQW U/FBO@QB*WWVRGRQ < 2 6DQRBR/ 'REVRQ5 %RUGHRYGEHKBLQ
L@OVLIGHGE WLIBH RQE WKADFRGRQ 1RYDN

RISURSHSWHLUGRRW K DWIHUPWFOHRWLGGHILQRLY 1DWXUDO +LVWRU\ 6XUYH\ 6 2DN
UHVLEBVWURDWKHQWURKHUHWKH &KDPSDLJQ ,/ \LERVHH#\DKRR FRP
IROORZAAIQIXFOHRMGB RZ VW BRH WKH 'HSDUWPHQW RI (QWRPRORJ\ 8QLYHUVLW\ RI .H(
LOWERGQGDKMH QW URIMHFRQVHQVXNILQIWRQ .< 86%

*7 $* VSOIMXQFWIORDSXWDWUDPK FK *OREDO ,QIHFWLRXV 'LVHDVH 3URJUDP -RVHSKL
SRLOQW7$$&E ZLWKWEKHGHBQVWDQRHQWHU IRU &RPSDUDWLYH OROHFXODU %LRORJ\

= 7KH ODULQH %LRORJLFDO /DERUDWRU\ :RRGV +R
XSVWUHDPERNSWIKFH VLWH ODVVDEKXVHWWYV

OROHF X QDU R Q R ANLHF\ V$ U HW K HW K HCuIex pipiens quinquefasciatus 6 D\D Q Gulex

IRUHQVLF HQWRPRORJ\" VLE OULSHFLENULP LR WSREU W B RWR UV

RIHPHUJDQUGH HPHUWQIMHFWLRMN VHYV
6 8SHND 6DPDWIMNRFHRD 5 PWHREGHULFN ZRUOGZLWEKH WZRIRUPVGLIIHOLWWOH
%D[HQGDBRKQ ( )RVWHU PRUSKRORIg®O®\LIIHUHQMLIDMNHG
'HSDUWPHQW RI (QWRPRORJ\ 8QLYHUHWVRKGRRAFRORHAHODYLEKDQRORJIJLFDO
1HEUDVND /LQFROQ 1( 86% SHNDV#\DK@@@R‘PQHWUFDLQ\/WKI‘i]lRUQIFR|V\PSDWU\
86'$ $56 6FUHZZRUP 5HVHDUFK 8QLW S8RBR@DF®DMIxXRQauinquefasciatus D Q. p.

$ 1XQF W LGOI Q RWHIEIKFOR X XKD YW K HPens X QG HUBRVH Q LIOAHUR JUB QWL R Q

DEL(W.WQ\DPELJX[RG(N@N\QG\LHHUHQK\_%?U\&ﬁUHQ’DY&HHWSRUL‘Q}DGNMRWK

uefasciatus D Q Gx. p. pipiens DUH
L QVHVSWH F L HOV H F\§ H F LGIVY H O RISQ IHFVZqI:IWMVKHHQGQRV\[Iz’Ep\ﬂ[;E!@Mdia
F D G D \DHUBWW XIQH/BR V W L IMDWAEIRVHL Q F 1= o™ 20" 008 s S e O E R X w
GHDWWKSRVWP R UQW P YD O$ F FX UD .
bibachia VW UDBL®@ H UNMETWex. +HUH H
LGHQWLIRFDRAHSRGLE YR QYHVG/ HQ RIOREIU H ' HRIBHY U b O V' S RIODEPGHQ W
E X W [W U H RH.OI\L FHCSW F ILD® @MD U O

ORQ M RWK H6 IDPLO)6 Z3LS
L Q VWEHRD RYW K MARD BD] N LP LOR QLW 1 |1y ywhiobachia L Q | H F & R @X p.

Egﬁg?gggﬁmg;zi.g)_lLFL\bQVH[WHHFL)J( L%%Jefasciatus D Q&. p. pipiens SRSXODWLRQV
Q LIDW EPRRD QFRPSDUDQYXNOHRWQTO\ DI\G

LGHQWLIILKD QUPRSR U VBRIRWHR MW KH 1y v v H WU D @B U ZSHWDR/RIZW K D W

JURZWRKWKH H®EZ HOIVLQ FUHDWLR Y 5 51'g oy H UNOMERD G O D F W L WKW H G
DSSOLFDRLRWEHMGE SHF LRWEBIH I D hia RXWHRHPEUDSURWEY %D

SURFHKWUHIGHWHUP LRBWDR@® <5\, pprikh QHDWDSZ v 5§ H O p.
P RO HF XIGIQW \G DMWAR P S O H PPIQWYD Q i efasciatus. 7 K L&/L V U X S WWIRHU FDW H

JHQHUD®SURWKIDFFXURAW S HF LIV T eho 0 D F W L Db WR R GILWEG

L GHQWLILFDWIDRPQ QW BKW L RUWK Hy' 5 O 6 Rg B B B@WH WvgoRa@hia 7 K H

PLWRFKRQGURBIOLRPGDVH. 2, DQG

&2, UHJLRIRWGHYHORSL ROHFX{;ﬁEFW“’VG@%’E@\’QRWEVHUMBWYHUDO
¥ (R R JUD S KIL\FRO@IDW K GRICXVp. pipiens

WD [RQRNWPHWW RS L1 HUHQ@WQBSHF RH Vi oy T % L WIRKHIVO VH U RILBO 231 % OWR
EORZOLHF‘RPPRQICR\XQGQGRXWKHDVWFﬁ-|J6< Q BQ Q
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ZVS% DSSHDWALDJQRVRML EX. p. SRWORRB8DOKHIHV X\OWRW K DFMP D O H
quinquefasciatus DQ®D\FRPSUDVIHQHWRRV T X L WRWNY R ON H GF [PHHEW D Q WP V
FDQGLGDWWH GLVFULPLQWMbadRid GHWRI[LI\ ODUJH ORDG RI DPPRQLD
VI\PELRQWMeDWEVSHFLHYV

.LQHWRA LQFRUSRUDRMLRIQ IURP
%LRFKHPDRIBOROHF XPHDRKDQLWVRVODEHOBHREPRQLDQWBPLQROFLGIVQ
DPPRQL®HWRI[LILFD@édR aegypti Aedes aegypti IHPDOHYV

IHPDOHYV
3 < B6FDURBIIERD@J + :\VRFNLVRE&G 0

3 < B6FDUDIILD - ,VRH $ 0XULOOR DQG30:HOQMoovV
'"HSDUWPHQW RI %LRFKHPLVWU\ OROHFX&SDYWRERW RAVABBEKHPLVWUY OROHFXODU %L
&HQWHU IRU ,QVHFW 6FLHQFH 8QLYHUV WA HW I RYVQ.R V ROLHQFH VFDUDIIL#HPDLO I

$= 863 VFDUDIIL#HPDLO DULJRQD HGX 'HsSpUWPHQW RI &KHPLVWU\ 8QLYHUVLW\ RI $UL

JORUGWE QG H U RIRFO/ TXLwemsoH °- 8%

W P HW D E FOPPLAR Q B@les aegypti IHPDOHH KDY M HF HQGHPR Q VW WK\IA#Es
PRVTXLWRMHWYHGVROXWZIRQ®&L | IHU K&t |HPDOMHVBEOMBEHWRPAPRQLD
FRQFHQWEDWKRRQWEORRIBD®HPLQRP DL QWK UR WX QW K RWIOX W D B IQGEH

D F LB5Q D O \AHHWHD U UR MY HWL PH)D O OS UR ODR Q RDUWMCKBIP P R Q XV LOFF LOEQ G
FDVHXHPRO\PSIOXWDPDQBSUROLRUHB[FUHWILRDZHKDYHVWDEORVKHG
FRQFHQW UMW URIQRADHGN H G@\G L F D VB IUQRIV RIRFAOX\VE KML Q HRILB¥ RUSRRDWLR Q
WKI/WDHP PR QEDEHJHPRYHBWKER G\ 1 |URP D E HIDAHRR QILOWA X W D PIOEH

W K URWXNA QW KRMLK/HWERPLQ@R LG\ OXWDPALIFGOX DOD Q L$S@MHD Q S UROLQH
$V'SDUWDWSHD U D JIOXHV D FODQMENO D Q L (B RL Qhe. aegypti ORVTXLVERHWH G
ZHUBUHVHQ®WRZRQFHQW UDMAWK®YV X FURMHO X WER QW D LIQILV@K H UP 0
FKDQREWHUYIM®IPPRQRIEORRBDO 1+ &@®RU PO JOXWDODEHOMH LQ
ZHUBHWBWWRQR X QFKHDEK RR BV HUN® Gi L W WHKIHP L GIH. W U RIHG@E R WD L HD G
JOXWDBRGH RO LQDHS G L WL R/GHH G L @IPLQMLWUR JBIQRPH[SHULPNSWMLILF
RQ PO 1+ &PRVTXLWRHHNWPHPR QLD QK L E LRVRIXMW D FLQW K HRAUDYXW D P D W H
X ULFFLBQ XUHBRZHY RMUKH[F UH VLR Q W KDHUBIG G M@/ KIH H G VRD X WELR Q V
DPPRQAMYRW KEOQKWMK MK R MWUDFLGG LI | HWH@SR\MH G Z& 1 FKD U [EHHGV Z H H Q
D QKU HDQBP R QUKMK LBHUHR G XA WWHWHBQ G KRXZKRORVTXLIMRHFPHUVHG
XUHZDVWKHORZHVWHQ PHWKLRQLQH TXQIGN URKHR@ERGLRIV LQVHFWYV
VXOIR[LPLQXW DPL@WMK H\W R VEZ /R Z H UKHR P R J H QILQEDBN AK W X VS H QADLR Q
DGGW® KHP PR QURO X WER@RIBEDW K HF H Q W U LDXQJ® WX S H U Q BWO Q WEFKWH G
FRQFHQW WRDWOR@ DPLQKHPRO\PSKDPS OISO X\GHXWHUOREHOHGBVHUQDO
GHFUHDVMBJQLILFD@KEBUHDWKHVWDQGDUGMUH GHULYDWL]B®
FRQFHQWRIBWR RIQQFUHBVIB® D W L FOLPG\W K\ O | R U RV RIEGHN®R LW R E X W\ O
, QW KSHU H V HRQDA1® V H WD Q M W DY \IWMHK DIV VW HAK\HT X DQW LILRD W LEDE HDB G
LQKLE MMKRDXWDPRQIFHQ WLLIDAWIHRDX DG D EBIPIHBRE L BYS HU IR UPEGHULH V
ZKHUHWKISUROERKWFHQWGBWURRDRHGLIIHUEG B YW 0B ® VEAVF D U U\ IRXW
VLIQLILFDRMFERQILURNISUHVHRFHPXOWLSOH UPRGIMLRQLRDIQVYQ D
JOXW DR DQWHKIDP RV T X L VDRMAK JJHVWULSOH TXPOGYXSROW UR B K D/GHW

W K BARHHQ ]\ PFHR Q W U VER/WEHAMR G X FRV LB Q - $P 6RF ODVV6SHFWURP
JO X W DIFRDMWKEH Q W KRIIS UR O IHHN IB\O + 7 K HU H V XVOVRZ W& BWKUHD W H
HQ]\P KWW ODWRPE® R QRIPWDERKRZPHRILQFRUSREBD W LIRK@ ® D EHDMBR QLD
DFW LLYKWRP R JH QPIRMRWT X LDWR CDQ G L Q W RL @F LBIVV D SD GW K WD H HOV W
PLGIJXNWHRVTXIWRHQ FR GILOXW D P D' $H DLW EHP L VM GHKDROO @ QW KH Q
GHK\GUR JH@XWD F/D@WKDOXWD P ILQWKIHP L R RRF O FOXODQBUR KH
VIQWKHWDWHROLQH F DVW\ERYKIHDMDE/ G L WRIR QK L E LRV RHH Q ]\ P H\QW K H
DQGS\UUROLQH FDUHERX6DAHWHDPPRQPBWDERSDWKZIRQ I LURWK® W
FORQM@BWHTXHQFKIP51$ H{SUHVVPRQ TXLWHRIHVMFLHOWWDEROPRRQLD
SDWW HRUQNKHVHQHAHUM[DPLQHEG WKURRPKHWDEBRXWKBPWLQIOQYROYHV
UHDO WHPHWVUBQVFULSWDVHK®RQ\®XW D FWQHNKHWBYH QGIJOXWDPDWH
UHDFWQRER D QBL G JK W RJGID I WIH UV \QW KD @M 6 RUHR YOHRR P S OG MGIX F H G
EORRIGD O KRXU\DP L @R MH T X HIQRRID WRGAe. aegypti Z D V
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GHWH U PLQRMREO HF X DIDAD W RY RQQHSH U L F HIQWWWHL B R F K UPFOR B RVQ WIDH.Q@H V
HOHFVERRERLYG KSUH Y LRIXR/F K H P LIFFDSR U WIIRQ\Y G D S W D W/ISRHF V. D VDIQRR
VWX G BHDUDHMD ,QVHBWRFKHHAYROXRIYLIROW RDISDEAKMd YDLODRELO LW\
OROHFLRO + FRQILMKRWegypti SRO\WFIQUWRPRVRE®RBODPRYTXLWRHYV
*OW6 LV D 1$'+ GHSHQGHQW HQ]\PWR Y L GHKHR S SR UW XWQR MG H Q WW K\H
HYROXWERDOUAVKIHH QR W U X F:\W X UH

$ SURWHRPLRBIKRQHHKHDWLYVXHYXCMWHGRFRUUHVSR®REARBERPRVRPDO

GXULQJ DQ DQWL EDFWHULDO LPPQRBRAGNYERWEKUHDODUYBFWRUY
Anopheles gambiae = An. funestus D Q G\n.

% 6FKDUODMHG@H *WMDMHPPK 'HYUHHVstephensi WKHHPEHRINGL | | HWHOQ\RHWK H

- 9DQ %HHXPHQ-DFREV VXEJHQeXi¥ 7K. stephensi F\WRJHQHWLF

/IDERUDWRU\ RI =RRSK\VLRORJ\ 'HSDUDOHIMIKANELFBDQRPHSYHUGBHYHORRQIGG

%LRFKHPLVWU\ 3K\VLRORJ\ DQG OLFURERPGERY \Z 1§ @IRKHH] Y \WAI RDR P S R An.

*KHQW %HOJLXP LHNH VFKDUODNHQ#ﬁJ*Hé&l%EBQ@n_ gambiae :H KDYHRXQG

T o B, (A E Y R R g M € v v LD 0

2 VSEBEGRORVRPH

OLFURELRORJ\ 8QLYHUVLW\ RI *KHQW gjggvggﬁ/FSDUDFHQQ\MJ—LLFVURLQH/H 7D\
,QVHBWSIUR Y LAANMDBKH [WU DR UGHEIQ@UIWQ D O\KIDWDOORZXG WRDVVLIMKH
WRHVLWFWKRQWIHYVVHWHIROREVUHDUUD Q HIYPMIQARY RW KWK WUHHQHD JH V
LQODWAHP XQRHFKDQLBRWIUMHFHQVMULQ@IFRPSXWEBIURUIZWKPYHDOFXODWHG
VWX GROWKKIRQHEHHPPXQHRVWHARUHWKMHXPERUWAHDUUD Q JIH PHEHWNZ M/HK®I
IRFXVRIGKH[SUHVRIVRKPIQWLPLFUREHBOEQGLGHQWLIH®PLWHIPHQWYV
SHSWLIHEEOHWMDOD QB URWHRWXFRMQVHRMHSHD WHRBAIUQ @ IRGVWKLIH) Y H U VILKRQ V
LPPXQEZWUEDVIRGQPPXQWHLVVIXHDWDQDORMMWKERO\WHQUIRPRYRPNWHWDOHG
ERG\RUKHPRO\PSSYHUHZH UHSRDWH[WHQVIYVDHJLDWILRQFRUSKR ORI\
GLIIHU HQWMWHRW® X K BWDZAWKKHD GKHWHURFKURPRQBINQ stephensi  An.
WLV \DX\HL V WXHD W RMP P HG L DOA I ONRJunestus D QA®. gambiae. An. funestus KDRQ O\
WKIHPPXQMHVWHP GHYHORSHEBWHRPRPSDKWMWHURFKUR® DWW EBUR[LPDO
DSSURDWKQIIIH®OHFWUR B RBRIRWLIHG QWU RP HULREQ X W R V RZRKH.\AVHKA.
IRPROHFXKHIWWUXIS RUGRZQ UHJX Qamhid¢GFHQWURBHULFRQ VRWRV W O\
DIWHLFWHKUDD® §YIFVR[LP D WHBSRWGELI I XKHWHURFKURAFIWEIBRM FHQWULF
ZHUKS RUGRZQ UHJIJX@MWWWW&UWHPHKHWHURFKYRBIPRIGIKURPRVBBPRPO
SRLOWK/ K DQG K LQYHVWLYPWH@An. stephensi. $Q DQWLEBGD L QVKH
LGHQWLIRAWWHRSRWNXVHGLIIHUWDMphila KHWHURFKSBRRIWWD® V HBGR
PDVVSHFWURPHWWHFKOIMAKCHOVYRW ORFDOWKHHILRQYWHU PMGHW\LFHQWULF
LGHQWBIURWYERWYFOXGBEROIDFWRHWHURFKBRFKRBMRVI XEWRRPRVRPHYV
SURWWW@® X FSWKRW BIURW HQERAYHEY D UHVXOMQRP VH JP H QMWWDKAD Y H
VLIQDOWDQVGXPDIVRRRB\MHCGORWHXQWGHUJRQHHXFKURPDWLQ2KHWHURFKURF
DQBHWDER®@ILPHQ YR QYHIBU ERK\G WOUWDID WDWHR B G HQWILKXW®RPSDULVRQ
PHWDEROIHVPHUIPHWDEROISWURWHRIQFKURPRVRPHUXFWKWEZHEB8QVWDQW
PHWDEROLVP DQG OLSLG PHWDERRYVRMBRFLMWHIKOLGHQWLEKR®/J

VSRWV™ RU 3LVODQGV" Rl JHQRPH HYROX

(YROXWLRQDU\ JHQRPLFV RI PDODULD YHFWRUV
IXWULWILR®RQR O RJIO D U Mé@i@his

A [ 0 .
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