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Fig, I Fecdlll~ offi.q ",,(ar C"lor,,(1l1 p"t<.tl(l bc~tk, <)11 Pl)l~tl) iLlle' with 1l,·,turilL 8J-b~,eIL "oJ ((Hnhined l1"st planl r~"stJllce l11eeha'li""" 10 no-choke (kt"chcu
ll'1Ifh,,,,l""y' ti-.r 7'1 h, Fccdill~ i., c:;lim~le<J ,I' pcn:entagc ofth" 'J{us,et Burhank' conlrt>l. Put~to Imc' nr~ ~rQureJ hy host plont "',,,WI1l''' rnech"'li,,,, Pot"to 
Illle, Wllh tht' «Imc lettcr d~S[g.n.1llun ar~ nOI ,i~OJf,canlly different;" delt'nnlllcd hy P~II-""','>e comr,tri",,," Ilf lc<.tst 'qu~re, I1lt~ll' 10' =' (J.O) I RB" 'Hu"ct 
Burh;,nk': I.F ~ Lemhi Ru,sel': SP = 'Spunt'l', CoT = LD4-5, LT '-' USDA 13.'\80-1 

w,------------------------------------------------, 

POt.alO Une Grouped hy Ho>1 PLanl Resl>lance ,Vlerll.nj,ru 

cry3A Lept;nes GlandUlar Die bornes cry5 cry) gus- c,)-'5 Super c')'5 Pa;al'll 
+cry5 -t-cryS promoter promoter 

rig ~,PCfC<lIt m"na!tty ql' f'N 111St.lI Colmauo rotatl) beetk, Qn plll"CO Imc, wIth n"WrJI. Br-bJ,~d, ;mu c"IlIbillCd host pin,,! r""i.<I~JK~' mlOchHI1"m, in nll-cholCC 
,kl;H.'ht'd-k"f bi"n,s,,)', til' 7~ 11, Pcn'~lIt "'"J1,tlil)' \\.'-' "~lcul"\cd "" l1umb~. of d"'ld 1"I"ae!JO x I(JOCk POlalo I<m'\ are :Cloupcd hy h"sl plJnl .e."'I"llce 
nh',h1lnISm POl"IO lin~, with th~ same k11<:r dc.' ::l1alJon arc not ,,€nJfil'aruly difkrtfll ," d~l~rnlioed by p,!ir-\\ ','e "urllpanson, oj le'''I-squm,',-, I1lL3n~ (tJ = 
oli~) RB =-RU"CI Burhank', LR = 'Lemhi Russet': SP ='Spun!a', GT '" L214-5_ LT = LSDA SJSO-I. 
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(Fig. I J. However. RBN 15 and RBN20 were 
sel~cted as the best of a number of BI-enJA 
lines. Similarly, most of tbe BI-crv5 potalo 
lines had lower and more variable beetle mor
tality Ihan the B/-cry3A potato lines, but feed
ing and mortality on SPG3 were not signifi
cantly different from feeding on RBN 15 and 
RBN20 (Fig. 2). For SPP2 and SPP6. the BI
ery5 gene expression was targeted to the luber. 
and wedid nOI expect any foliar beetle control. 
Inother lines. such as GT8, GT 13. LR I. LR 14. 
and SPS I. the lack of control is <lltribUled to 
lhe lower Cry5 protein levels in the leaf from 
the fusion of the glls gene wilh the BI-er1'5 
gene (CaMV35S181-Cly5/~II.l')(Mohammed el 
oJ.. 2000: Westedt et al.. 1998). SPG3. SPG2. 
and SPG4 differed from our other BI-crv5 
gene constructs in Ihat the gus gene was not 
fused with lhe 81-cry5 gene in the construct. 
Our BI-cry5 gene constructs (CaMV35SIBI
0)'5) without the glls gene often cause higher 
rnonality to the potato rubermOlh (Mohammed 
el al.. 2(00). Position effects of the integrated 
transgene may have also contributed to the 
variability observed between the 8f-( rv5 hnes 
In locations where both potato tuber molh and 
Colorado potato beetle are in.sert pe.qs (l,e .. 
Mediterranean region). a BI-cry3A Illle such as 
SPG3 may be desirable. 

The glandular trichome line NYL2.15-4. 
pmviously noted for its effecl iveness against 
the Colorado potato beetle- in lhe tield(plaisled 
et al.. 1992). was not )Igoifictullly different 
trOn1r~llSSel Burb,lllk' III ourlests. Neitherof 
the GT+81-('(\'5 line' (GT8 nor GT 13) re
duced reedlllg in Ihis no-chOice detached-Ieat 
study. Glandu lar Irk homes have demonst rated 
rtosiswnce 10 J l'.'lde n.ll1ge of insect pests ()f 
potato (Tingey. 1091). Thts natural host planl 
resistance, if combined With BI-crr3A or ,I 
highly active BI-en-5 for pOlUto beetle U)I1trol. 
would 'atll be oj value tn commercial produc
lion because of lIs control of othersmall-bodied 
insects (e.g.. aphids and pOlmo leaf hoppers). 
thus providing brO~Klcr lIlsect c(mtrol. 

While Bt-lTansgt:me plants offer a ~afe and 
effective means of Il1sect cOlHrol. there IS 

concern thm the intense selecti on pressu re 
applied through their widespread lise willlci.ld 
to resistant insect populations ~lld the loss o( 
thb \'~Iuable 1001,,1 IPM (Whalon 1llld laro 
1991\) Currently. BI-cn'3A cullivars provide 
excellent control uj tile beetle (Perlak et al.. 
1(91): however, lhe Colorado patalO beelle 
has .-;!town lhe ability to "dapl 10 81-r r:v3A in 
the lub (Wh~lon et al. 1993) At present, no 
beetle populallons In the field have ~howll any 
adaptation to BI-crr3A, but the pOlential ex
ists. Re~iSlance l11ana:2('rllCnl pillns for the 
prevention ofevol Ullon ot res ISWnt Inseet popu
lations assume thaI resl,tance alleles are rare 
(gene frequencies < I0 oJ. effecti vely reces
sive. and that there IS a fItness cost associated 
with r'esist<lnce (Gould, 1998). However. re
cent genetic studies of insect populations eSII
mate Bl-reslstance aiJeles ranging in frequency 
from O.OOIS (Gould et al.. 1997) to 211'; 
(Tabashnik et <.II.. I (97). For Color,ldo potal\) 
beetlc, initial gene frequency lor resistance to 
the in~ecti"ide l'8rbofuran ""a, 2 x 10-' 
(loanniJis et ,J!" 1992), Even with [111', rda

lIvely 10\.\ Inilial gene lrequency. carbofurall 
resistance Increase.' rapidly with .scJeClion be
,'ause orlhe Intensity of selection (99.9% from 
;:l single Carbofurnn appl icat ion) and the singIe 
dom ina nt gene nature of I he carhol ur,lI1 resi~
lance, Inheriwnee 01 SI-erdA resistance in a 
Co!or'ldo potato :""etl e Iaboratory ~Ir~lin was 
Vld multiple semidorninWll genes (RahMd)i\ 
and Whalon. 1995). Thesl': factOrs suggeslt hat 
81 reSistance in Colorado potato beetle m~y 

not meet the resistance managelllenl a.ssump
tHlI1\. Therefore, muhiplesource"ofhost plant 
res,qance milY be needed. 

In thiS study. we 11J\e ~hown that SI-cn'3A. 
BI-en-5. follJr lepline.'>. and the combination 
or BT-, ry5 and foliar lepline<. are effective in 
rt:duc I ng feed ing and both BI genes ,'au~e 

significant mortality. Foliar lepllnes may a.lso 
C;luse mortality in longer-tenn studies, If we 
pyrJmld the,e engineered ~nd rlaturul hust 
phlilt resistance mechanisms in a potato CUlli
I'ar Ot Jep]oy them )pallally or temporarily. 
we may be able to ~xlend lhe u.\efulness of 
these indIVidual hO~1 plant resi<;lance mech<.l
nisms and provide long-term sustainable man
agement of this highly aJaptJblc pest 
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