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The i11dusti.y atloptctl :1 ircccssarily conscrvtrtivc i l ivl l '  Sor I~ lgar t l "  t l ~ i c  to tlic crit ical 
i~nportancc o f p r c s c r v i ~ i g  tlic ( ~ ' r y l  i \c gciic prcscnt i n  tliis varicty imt i l  i i iorc r oh i~s t  iwo-gcnc 
trairsgcnic cotton was av:~ilahIc, I\ key coriipoircnt \\:as to l i n i i i  p lant ing lrrgardQ to a ~ n ; i x i n i ~ i ~ i i  
o f  30% o f  tlic total arcn. Cirowcrs \\,ere also rccluirctl to plant convcniional crops alongside 
iransgc~ric iiclils--tlicsc "rcfugcs" Iiarbour s~isccpt iblc moths that sho~ i l t l  ii intc \uit l i  potentially 
resistant in i l iv i t l~ ia ls  l'roni the 1iiFartl1'. tlicrcby d i lu t i i ig  rcsistaucc i n  111~ populat ion 

111 the 2004/5 sctison Bolignrtl 11" rcplacctl lngert18 21s the transgciiic varicty o f co i t o i i  
availnblc to Austi.alia11 growcrs. I t  iniprovcs on ingartl"' by  incorporating ail : i t l t l i t io~ial 
i nsx t i c i t l c  protcin (CryZAb) to cotlibat IHclicovcrpa. I l u c  to the pcrccivctl t l i i l i c ~ i l t y  ib r  
fle/ic.o~w;i)rr spp. to s i r i i ~ i l i ~ r ~ i c o ~ ~ s l y  c w l v c  rcsistancc to ho ih proteins \\- i t l i i i i  I3ollgartl 11" tlic 
I l M P  for ti.atisgctiic cot to^^ was rcltisctl to t i l low growcrs to [plant l i p  to 0% o f  tlic iot:rl area io 
this p rod t~c t  iSiq)propriilte rcSiige was also grown. l3ollgartl 11" was \vcII x lopict l .  wi l l1 an 
average of70'% planted area t l i rougl ioi~t tlic intiustry. Ciivcn the incrcssctl oppor t i~ i i i ty  for ~ i i o t l i s  
to at l i~pt  to t~xi isgct i ic c o t i ~ i i .  tlic ~ii:i~icIatory f l M P  \\'ill be rigorously icstctl h r  the l i rst  tiiirc. 

I ' I i c  cotton i i r t l~ is t ry  lias souglit to accjiiirc early warnings ofcl iangcs i n  sensitivity o f  
illsect popiilations to toxii is lliat tiray signal tlic prcsc~icc of rcs is ta~icc to transgciiic varieties of 
cotton. T l ic  sc~ is i t i v i i y  ol'l ' iclcl-collcc~cd l pop~~ la t i o~ i s  o l ' / l c~ l i c (~ i : c~ iy~~ i  s p p  to l 5 t  ~ ~ r o d i ~ c t s  WIS 

assayed b c l i ~ c  antl suhscq~iciit to i l ic \vitlcsprcatl t lcp loy~i icnt  o f  ingarti' cotton expressing 
Cry  I A c  i n  ilrc tiiitl-I~)OO's. Dur ing the current p r ~ j c c t ,  bascliric lcvcls o f  si isccptibii i ty to 
C y Z A b  wcrc cstahiislictl i n  p r c p a ~ x t i o ~ i  ibr rcplacc~irci i t  i n  tlrc 2004/0i season o f  I~igart l \v i t l r  
l o l l g i r l  I I'rcscr\:iiig tlic eff icacy oi 'CryI Ac  antl (.ry?i\b is crit ical for the hitt ire o f  tlic 
ii1tliist1-y, irot on ly  lbr tlic eff icacy o f  Bollgartl 11" vririctics. b i ~ t  also ibr the long-tcrni I ' t~ t~ i re  oi' 
vnricties cxprcssing Cry  l!\c or  CryZAb in  co~ i i b i ~ i n t i on  w i t l i  other cf fcct ivc toxiiis. I n  atlilition, i f  
l ic l t l  rcsistaiicc to Boi ignrt l  11'' occiirs. i t  w i l l  not on ly  be morc d i f f icu l t  to iilarltct new traiisgctiic 
 products for cotton. but other iiidiistrics. growers and publ ic pcrccptions could be affcctctl. 



Tl ic  statitlartl ~ ~ i c t h o t l  Sor 131 rcsistaticc inonitor ing tests the F',lgcncraiion o f i ~ i s c c t s  collcclctl 
t l ircctly ii.otii the l ic l t l .  l h c  to the rcccssivc nature o f  riiost previous insta~iccs o f  rcsista~icc to 13t 
i n  l..cpitloptwa, t l lcscscrcc~is arc l ikc ly  to detect on ly  inti ivit l i tals that Iiavc i w o  rcsistancc allclcs 
(RR. l i o~~ iozygo i t s  resistant). 111 the early stages o f  the evolution o f  rcsistancc sucli I IR  
intlivitliials arc l i kc ly  i o  he cstrcincly rare. F? screens test the "gf i~nt lch i l t i rc~ i "  o f  single pairs oL' 
insects collcctctl fi.om tlic l ic l t l  anti can itlcntiSy intl ivit l i ials that have o ~ i c  resistance allclc sntl 
one si~sccpt iblc allclc (SII, lictcrozygotcs). 

1:rom l W l 0 . 5  iui t i l  2002/03, the l3t forli1uli1tio1is MVI)I~" ant1 1)il'cl" ~ v c r c  iisctl i n  I:,l 
scrcc~is for the prcscncc ol'rcsistaiit intiivitlitals oi ' / lcl icot:eiy~il spp. to C'ry tosins Soiintl w i th in  
l i lyart i t  cotton. [vlVl 'I l" and l l i l ' c l "  \\:ere a rcatl i ly availtiblc anti cost-effective soiircc o f tcs t  
inntcrial. t lo\vcvcr,  both conieit i  l 'ormdatio~i ingrctlicnts as \veil as C r y  I Ac. ant1 ~ i l ' c l "  contains 
a variety o f  insccticitlal protciiis atltlitiotial to C r y l  A c  (i.c., Cky IAa, C ry  I A b .  Cry2Aa). D i ~ c l "  
was itsctl to scrccii Sor a tlicorctical form o f  rcsistaiicc that provit icd protcctioti to combinations ol- 
Cry  tosiiis. 

7'11~ l".csciicc o f  atltlitional protlttcts iii the lor1i1i1letctl MVI ' I l i '  rcntlcrcti i t  iinpcrli.ct for use 
it1 ilssi~ys t l c s i y c d  to ~ i io t i i t o r  rcsist:~~ice to C'ry LAC. WC t l i c rck~rc  rcv ic ' \~cd  this ~ p r o t ~ c o l  atitl 
dcvcIop~cJ s ~ i i s i i i v c  rcsisti~tice ~ ~ ~ o i i i t o r i i i y  tcc lmiq i~cs b i~sct l  OII d i s c r i t i ~ i ~ i i i t i t ~  IIOSCS ol-pure 
C'ry I Ac.  Tl ic pi i rc tox in  was obtaiiicti fro111 a bacterial strain (1-11173) i l lat was or igi i ia l ly cu l t~ i rcd  at 
(.'SIR0 1:ntomology. W i t h  i l ic yrcalcr t lc~iiatit ls associatctl w i t h  thc t i ioi i i tori i i f  progt.a~n: toxin 
p r ~ d i i c t i o ~ i  was outsoi~rcct l  to a large t;'r~iicntatioii facil i ty that protlucctl a cu l t i ~ r c  tlcsignelctl 
Cif lD73. l ' l i c  product was siini lar to tlic parciit cu l t i ~ r c  i n  its toxici ty to li, cii.ii~igeizi. 1)wing the 
sccoi~t l  year of this project \vc si~ii i~lt:tt icuiisly cmployct l  I:~scrccns \vit l i  tlic siiiglc C'ryl Ac protein 
a ~ i t l  M\;I'lI "io 'calibrate' the i i ict l iod. 1li1ri1rg the third year o f  tile project, wc  ccasctl using 
ivl\;1'11" anti the spordcrystal prclxiratioii was used in  tlic I : ~~sc rcc~ i i i i g  p r o g i m ~ .  



111 ~ i i o s i  C~ISCS wit11 I:: SC~CCIIS. l i lrgc ~ i ~ ~ ~ i b e r s  of  i i~ t l iv id i ia ls  l ion1 tlic saiiic f i i i i i l y  ;\re 
i~vai lab lc  l i ~ r  tcstiiig against both C r y l  Ac  a ~ i d  Cry2Ab.  TlicrcSorc, i n  the tl i irt l  year oStlic prc!jccl. 
\vc d i d  not inclutlc scrcc~is for 1)i1'eli' bccaiisc our 1'2 scrcciis rising both toxins ~ v o u l t l  i t icntif j f  
any rcsistcincc to a co~ i ib i i i a l io i i  o f  Cry  I /\c anti C.'ry1Ah toxins. 

Unlcss otl icrwisc stated. a l l  bioassays l i ~ r  t lcvcloping t l iscr i r i i i i ra t i~~g (loses wcsc set up  in  74-wel l  
trays containing treated diet Lo wl i ic l i  i i cw ly  ~ i io i i l t c i l  larwic were odtlctl, otic larva per \vcll. 
Assays were pcrSor~ncil on  tiircc occasiolis h r  each strain using t l i f fcrcnt cohorts. Caiitlitlatc 
tloscs h r  i ie l t i  scrcc i i i iy  \\;ere icstctl using 72 iarvac for cacli dose. A t  the chosc~ i  t i iscr i i i i i~ iat i i ig 
tloscs, soinc (prcs~i i i ia l) ly I i o ~ i i ~ x y g o i ~ s )  si~sccpi iblc si~r\ : i \ :~rs w i l l  bc cxpcctcd. 

Using carly 3"' instars iii l l ic 1;(, scrcciiing progl.a~ii i s  k i vo i~ r cd  bccruisc i t  is t l i f f i c i ~ l t  tu itlciitiSy 
(noii-tlcstriictivcly) I;irv;iI iIc/icoi..cipci spp. bc f i ~ r c  the laic 2"" instar. Ilowc\:cr. i t  is not 
logisi icaliy possible to adopt this nictl iotl wl icn tlic toxin is t l i f f i c~ i l t  to p r ~ t l i ~ c c  aii i l ior ii rcl i t i ivcly 
high tlosc o f t l i c  tos i i i  is rcquirctl to liill 3"' i~lstars. \Vlicir this was tlrc case. we tlc\:clopctl a 
bioassay for ncoix~tcs. :itid cstiniatctl tlic rcl:iiivc lproportions o f cac l i  spccics tcstctl basctl an 
lt i iowlctlgc of the l iosl p r c S c r c ~ ~ ~ s  o f  tlic t l i f k rc i i t  spccics (i.c., I / ,  cci.ir~i~yci.ci i h v o i ~ r  ~ i ia i zc  and 
~ ~ r c d o ~ i i i ~ i a i ~  011 liiic SC~ISOII coltoil, ~ I ~ e r c i l s  11. j>iii~:lig~~'c~ pi.~t lo~i i i i i ; i tc o i l  carly scaso~i cottun). 
I ' i ir i l~cr. t l i ~ r i ng  tlic f i l ial ycnr ol'tlic stiitly wc cstiinatctl tlic relative prupor t io~ is  o fc i i c l i  spccics 
iised ill iiconatal assays hasctl on the r c l a t iw  ipropuriions o f  eiicli spccics rcarctl for the I.'? S C ~ C C I ~ S  

in a sub-sa i i~p ico f  i l ic same coi icc t io~r .  

I'rc\.ioi~s s ~ r e c ~ i i i ~ g  :ISSBYS (i isi i iy MVI'II~') IISC~ ~ i io r ta l i t y  criteria ['or nsscssing 
siisccptihility ol-3"' instass. I-lo\vcvcr, Sor 3"' iiistar larvae cxposctl to single Cry  toxins tlic slope 
o f  the tlosc response l ine for tlc\:cIopti~cnt assays i s  greater tlinn tliosc hi. ~ i io r ta l i t y  essays and a 
stccpcr slopc is f i i \w i~rcd.  I ' l icrclbrc. calibration o f t l i c  GI I 0 7 3  c i ~ l t i ~ r c  against l lc/ icoi :optr  spp. 
\\,as contliictetl using diet i ~ i co l pv ra t i o i ~  to assess t lcvc lop~l icnt  o f  carly 3"' to 4"' instar Iirrvac over 
scvcn (lays. B y  incorporaii i ig (;111)7.3 i n  t l ic i  at wrr ioi~s conccntrat io~~s w c  t lctcr~i i inct l  i l ic dose at 
i\.liicli O X %  i)i'larvnc k o n l  i ic l t l  stmiiis o f  I-lclicovcrpa wcrc iinablc to t lcvclop h.0111 the 3"' to 4'" 
i i ~ t a r  over a period o f 7  days. 



t ;o i~rtccn ficltl-tlcl-ivctl strains o F I I  r i i ~ i t ~ i g i w  and  13 l ic ld- t lcr ivet l  strains of'//. /~ciiicl;~qei-cr 
wc rc  tcstcci against ( i l l D 7 3  ("l'ablc I ) .  F ro in  tlicsc tlata t l iscr imi i rat i i ig doscs o f  Cil-ID73 Sol- I / .  
cii.iiiigei.ci ai l t l  / I ,  /)ii i ir/i,y<~i.ii \vcl-c set at  XOpg/ml ol ' t l ict anti l2OpgI1nl of diet, respcct ivcly.  

Siic 

I lrccz;~ NS\V 11:1) '0.3 

Ckm~c l iw i~ id i  (jl..D ( F ] )  '04 

i3iii.l-ci1 Siii~ction NSW il:ll 

Wce \Vaa NSW (ITl j 

(;oontIiwi~itli QLI )  (PI) ' 0 2  

Morcc NSW (PI) 

\Vet \Vaa NSW (PI) 

lIi1lst1111 NSW (F1) 

IV iga NSW (PI) 

13ogphl-i NSW (I:l) 

Moi.cc NS\V (f:11 '04 

War rc~ i  SS\V (I:!) 
R~... LLAI .. . NS\\.' ( F ,  '04 

St George Q1.D (F:) 

11, />llnctiger(i 

G u ~ ~ ~ t l i v i i ~ ~ d i  QILE 

\Vcc Wan NSW (I:,) 

Iirccza NSW '04 

Morcc NSW (Fl j 

Myol l  Vale NS\V (I:?) 

Si (icorgc QLI )  (I::! 

1 ~ i 3 y  o m  (I:!! 
l~:ll1cr~llll O L D  1.1:1 j 

L311rrc1i S i~~ ic t io i i  NSW j h l  

\ilaiiIcs Cwck NSW 0:11 

\ilaliics ('reek NSW 

IKii~gnroy QlLC 

\\/:lrrcn NS\V (FI) 



A total o f  I 3  ficltl-tlcrivctl strains oS l l .  eii.ii~igei-o ailti 12 l icit l-t icriveti streins o f  /I. 
piiiic.t;,~yi.ci wcrc tcstctl ag:li~rst ihc C'ry2Ab spoi-c/crystal prcparalioi i i l 'ablc 2) .  Tllcsc data wcrc 
L I S C ~  to dctcrini i ic tlic t l i s ~ r i i i r i ~ i a t i ~ i g  dose 0 f C r y 2 A b  at 5.9211g'mI o f t l i c t  for both 11, iii.117igei.ci 
wtl 11. l)iii ic~/igcvci. I.)iiriiig l l ic 2003,04 season approx i~ i ia tc iy  I500  atlditional 11. ciiwiigei.ci froin 7 
I ic ld-dcr ivcd stl.iiins \vere tesictl i l g i l i ~ i s ~  C'ry2Ab at each of  i i ic  tloscs consitlcrctl as ca~rtiitlalcs lbr 
i l ic  field screcniiig. Wlr i lc  1101 inc l i~ t lc t l  iicrcin. tlicsc data conf irmct l  tlic t l iscr i~ i i i i ia t ing tlosc o f  
Cry'lAh a i  5.02j1g/riil o f  diet (ILisa Bird, pcrsonal comiirunicaiioi1). 

LVc iisctl a t l iscr i~ni i iet i t ig tlosc o f  lLtS/cniL oSCry2Ab corn po\vtler i n  the I:,, scrcciis for 
bo ih 1-1. eii. i i i ig~i.~r :~iitI 11. ~~IIIIL.I~~~~I~u. I h r i n g  C:SE 1 OK this dose W:IS t lctcri i i i i icd to JI~CVCII~ 00% 
o f ~ ~ c s u m p i v c  Iroinozygoi~s rcccssive I-Iclicovcrpa Sroiii t lcvcloping li.o~n ~ i n f c t l  neonates to i l ic 
3rd . ~ns ta r  i n  7 tiays. k toxin was r~ppl ic t l  as ri SLI~IICC t ~ . c a l ~ l i e ~ ~ l  :li icI larvae were S C O I . ~ ~  Soi. ht1t11 
~ i io r la l i t y  and gro\vth. 

Mor ls l i i y  cr i lcr in gave tlic bcst close rcsponsc c~ i r vcs  for asscssiiig susceptibility o f  
11con;rtal larvac i o  pure C'ry I ;\c. 'TlicrcSorc. Sor the F2 scrccns, calibration o f  h e  pure Cry  i A c  
agaiiisi l l c l i c o ~ ~ o p c i  s p p  \vas c o ~ i t l ~ i ~ t c d  ~ ~ s i i r g  a SII~~;ICC trc:it~iicnt test to assess i i iort id i ty o f  
i i c o ~ ~ a t c  larvac a l ic r  s c v c ~ i  tiays. I3y overlaying the toxin on tlict at various conccnt i .al io~~s \vc 
t lcicri ir i i ict l the tlosc at wl i ic l i  98'14 o f  iiconatc i a r v x  Sroin field slmins wcrc I<illctl. 

\Vc ~ i sc t l  a t l i sc r im i~ ia t i~ ig  tiosc ol-0.25~1~1c11r\of C'ryl Ac ( G I  11173) i ~ i  l l ic  I;,, scrcciis l i ~ r  
11, ciinii,~yi.ci. I ~ I - i n g  (.'S1:104C' this tlosc was tlctcri i i i i ict l Lo k i l l  98'X 01' P ~ C S L I I I I J ) ~ ~ ~ ~  l r o i i i o x y g ~ ~ i ~  
rcccssivc 11. rii.iitigri.ci iiconaics ei icr 7 clays w l i c ~ i  applied as e s u r t k  trcatmcni. l'liis tlosc ki l ls 
50i.% ofl ictcrozygotcs. and 10-20'X o f  l ioinozygolcs o f  a Cry  I A c  resistant laboratory strain (i3X). 

( i i )  C ry2Ab  ~r i i l l c t l  corn po\vticr 

Scc tlctails for "I:!, scrce~is. ( i i i )  C ' r y lAh  tirilleti corn powtlcr" above 



cotion 0.10 

cottill1 0.1 S 

Colloll 0. IS  

cotton 0.23 

cotroll 0.22 

colloll 0. I X 

co t i o~ i  0.24 

cotloll 0.29 

cottll l l 0.28 

cotto11 0.4 I 

~ j ' " I a 5 5  

coiion 0.62 



HLISI.CII JIICI C~IIOII 10.6 33.7 I .6 84.7 97. I 100.0 

[+ >. . LCLA cotlon 318  65.6 I .9 72.2 '14.4 97.2 

Myal l  Valc c ~ l i o n  12.7 27.8 I .0 9 X . 0  98.0 08.6 

Wcc \Vaa c o l i t ! ~ ~  I '1.0 .3 1.2 2.3 9 8.0 '18.6 100.0 



A n y  eggs rcccivcti oi l  leaves \\rcrc transferred onto art i f ic ial  diet. The eggs on  t l ic l  \\,ere 
PILICC~ LIIKIC~ ~t i i i rdard  larval rearing conditions unt i l  lhcy I-caclictl the rccliiirctl stage for tcst i~ig.  
To iiiasiririzc the i i ~ i ~ i i b c r s  o f  i~isccts availahlc for testing t l i ~ r i n g  normal work ing  l i o i ~ r s  wc  ( I )  
clrcckctl inaterial twice t la i ly t lur i i ig i i ic  week :lird t lai ly on wcckcntls arid (2)  cooled r i r o~ i l t i ~ i g  2"" 
i ~ i s t w s  and black eggs owrn ig l i t  to slow t lcvclop~ncnt.  

111 tlic first t\,vo scasons o f  tire 131-ograrri, v ir tual ly a l l  o f t l i e  larvae wc ic  allocatctl l o  tlic F(, 
scrccns. Dur ing  2004105 w e  aliocatctl sroiititl l r a l f o f  thc l a r v x  somplctl per collection f rom each 
vallcy, L I ~  to 50  larvae for Inrgc sa~iiplcs. to tlic Fz scrcciis. ' f hc  i ~ p p c r  l i r i i i t  to tlic number of  Fz's 
was tlctcrrnincd by tlic \\'~rklo;rd IICCCSS;I~~ to c o ~ i d i ~ c t  F2 SCI-CCIIS. A p p r o ~ i i ~ r i l t c l y  50% o f  
allocntctl larvae s i icccss l~ i l ly  cotnplctctl tile lcstiirg rcgiiric. 0111. a im was to si~rnplc i i r ~ t i i i d  150 
single inntctl !pairs o f  inoi l is (600 alleles) o fcec l i  species. I n  all years, i f l a r vac  ini t ia l ly tlcstinctl 
lix I:(, tests c l e \~e i~ped  past thc carly 3"' instar (overnight or t l i i r i i ig tile day on the weekends). we 
i i I loci~tc(l 111e1ii to the 1:: s ~ r c c n i ~ i g  progrilnr (200203 and 2003104: C:SE I OK; 2004105: this 
~".o,iccl). 

For both types ol'scrccn. laruac at the appropriate stage o f  ticvcloprncnt wcrc plncctl into 
24-\vcll trays co i r la in i~ ig  Ut  trcatctl diet. These trays wcrc kepi  unticr staiitlnrtl larval rearing 
conditions unt i l  ~ISSCSSII~CIIL. Lath \vcck t l i roi~glrout the scnsoli. a susceptible laboratory strain 

Tahlc 5 o i ~ t l i ~ i c s  tlic iprotli~cts aiid associaictl bioassay ~nclhot ls  t~sc t l  in the I'ri prograni during 
c;~cli year o l l l i c  project. For l v l ~ l ' l l "  antl Dil 'cl" wc  asscssctl s~rrvivorsl i ip of early 3'" i~istars. 
Tl ie ivlVl'lli ' s c i cc~ i  was asscsscil alter I 0  tlays (aSlcr l l a i ig  & ( i i~ r~ i r ing  2001) \vhilc the l l i l ' c lX  
assay was asscssctl a l ic r  7 days (aster Forrcsicr 1005). For <i11173 wc  asscssctl ~ I c ~ c I o ~ ~ ~ i i c ~ r t  of  

qrcl . carly .> liisitrrs to 4"' instars alter 7 ihys .  For tlic Cry2Ab sporclcrystd prcpamtioir and i i ic 
C.ry7Ah iri i l lct l corn po\vtlcr ivc  asscssctl t l cvc iop~ i i c~ i t  o f ~ i c o ~ i a t c s  to 3"' iristars after 7 tlays. 



a ~ i i , i i i i ' c i o i i i " " " . ' i . . c i . r r  

t l ic t  I,,! I!?'O\ M\il' l l ('ry I ;\c in  cIc:d 3u!1!1l .ik11:111l .t hill 7 
/ ~ r c i i du~ i i o i i i ~ .~  UIIS 

2111g'1nl 2ing:iiil cl icl ,!/I l)iI1cl C'rylj\:~. ('syl,~\l>. kill I 0 

111 ass~";si~ig the tliilii. we \\,ere 1110~1 intcrcstc(I i n  111rcc J'c;iturcs tli;~t wo~11d i i l l ~ ~  11s to 
dcwct tlic ( I c v ~ l i ) p ~ i ~ c i i t  ~ / ' r c s i s i i ~ ~ i ~ e :  ( I )  shifts i n  tlic s i~ rv iva l  o f l l e / i c o ~ ~ c ~ p ~ i  ainoilg seasons; (2) 
sli i l is i n  tlic survival o i ' l l i d i c o i ~ e ~ p ~ ~  wi t l i in  seasons: 2nd (3) sliifts iii the survival o f  ilelicovl:!~pci 
bci\\,ccii rlic cud o f  one scason and tlic start o f t l i c  ricxt scasoii. The  analyses on possible sliifts 
L V C ~ C  restricted to data t'roiii the Nanioi!Ciwytlir rcgioi i  bccai~sc i t  was only  li.0111 this area ilrat wc 
Iiavc good s i ~ ~ i i p l c s  o f  i i i iccts. 'I'lic i ~~ i i i l y scs  ~ v c r e  ~ o ~ i i l ~ ~ c t e t l  011 t l ~ c  ~CSIII~S fro111 ciicli SOLI~CC 01' 
Iox i i i  iliiil s p i ~ ~ i c t l  ~ o ~ ~ s e c i i t i v c  yciirs i ~ l i d i o r  W C ~ C  [)I.OCCSSC~ i i t  rcgul i i~.  intcrvii ls l I i r ~ ~ i g / i ~ i ~ t  the 
scaso11 



( i )  1:intiings: 

D i ~ c l "  scrccl~s \vcrc c ~ i ~ p l o y c t l  to tlctcct lpossil~lc '.si~pcr-rcsista~icc" i o  a suite o f  Cry 
iosins. Survivors k o n i  i l ic  i I iPc l \ sccc~ i  \vcrc rare t i ~ i r i ng  thc 2003/04 season and i l i is trcnti is 
c o ~ i s i s ~ c ~ i t  \vi i l i  data obt;i i~ictl since 1 '1W00 (Figure I ) .  This rcsul l  i s  sir i i i iar Sor hot11 spccics o f  
l / i ~ / i ~ ~ ~ ~ e i p r i .  

Sur\;ivors t'ro~ii t11c MVI ' I I "  scrccii wcrc rclativcly co i i i i no~ i  (luring i l ic  2003/04 scason 
but this o\-craii lcvcl  \ w s  around 2'X lower t l i a ~ i  that obtained i n  ttic p r c v i o w  season (Figure 2 ) .  
"l'liis i r e ~ i d  is s i n i i l i ~ r  (;)I- 110th species o S I I i ! / i ~ o ~ ~ e i p c i  and rcprcscnts a c v ~ i t i i i i ~ i ~ i g  t lcclinc iii scason 
iolals s i ~ i cc  200 1/02. 

'l'hcrc was no  ~ i iar l tc t l  variation in  tlic proportion of insects surv iv ing scrccns ~ v i t h  i l ic p~ r r c  
Cry  I Ac scrcc~is it1 2003104 versus 200'1!05 (b ' ig~~rc  3). This trci i t l  was simi lar  IS both spccics. 

( i i )  (~ 'oi ic l~is ions: 
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Suniniary tlata ii1r all rcgioiis aiitl ail tosins sanq~lctl during Lhis prqjcct arc prcscntctl i'or 
c;icli season in  Tabic 6. Tile i iu~i ibcr  of  i~itIi\,iciuels tcsicd in cach category s l i o ~ ~ l t l  be consitlcrctl 
\YIICII c x m i ~ i i n g  tlicsc cl:~ii~. 

( i) I i ~ i d i ~ i g s :  
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l n  contfiist, t l ~c re  is cvideiicc o l ' a~ i  iiicrciisc i n  s i ~ i - ~ i v a l  c l~ i r i i i g  the season froii1 tlic 12 
sainplcs froti, co i t t ~ i i  (Figtire 6). 1\11 eilalysis o f  thcsc data i i i t l icatctl thcrc is a siznif icant 
rc l i i t io~ is l i ip  I ~ e t ~ v c e ~ i  tlic diitc o f  ~ o l l c c t i o i i  ai id tlic proportioi l o f  l i irvi lc tIi;ii siir\:ivcd the SC~CCII 

= I . ! :  I := O l O )  We also piirt i t ioi icti tlic c o t t w  saniplcs into early niitl iiiitl to late 
seiisoi~: ihosc i i lkcii t l u r i i ~g  tlic e:~rly part of tlic scason tiiffix f r om those col lccict l  later_ d i l i o i igh  
tllc t l i l ' fc rc~~cc is barely s ign i l i cn~ i t  at i l ic 0.05 lcvc i  (I:,i,;i,, - '1.976: P :- 0.1149). 
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1 120 
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2003104 season 

A major ol?jccii\:c clitring 7003104 was io re-cxatni~lc scasonal cliangcs. and cotnpst-c 
tlicsc t r d s  with t l l ~ s e  obtainctl tiuritig screens with thc single Cry 1 c\c tosin. L3y sa~npling eggs 
ji.0111 SWCI.(II viu~iciics ofcoiio~i .  wc \verc ahlc to pcrform analyses ihat consiticrctl seasonal 
e l ~ i ~ n g ~ s  i~~iiotig coirvcirtional V C ~ S L I S  tr;~~isgciiic crops. \Ve LVCK able to cxi~~liiiic illesc tt-ends i n  
both 11. iii.iiiigei.ci and I / .  ~ni~iciigri-u. "l'o pcrSostn e~relyscs wc sniii~iictl data li'om properties tliat 
\verc sai~iplctl a! tire samc tinic to reach Lest sizes ofa t  least 40 intlivitluals pcr tinrc pcriotl 
i/lro~igl1011t il1c sc;IsOIl. 

(i) F i ~ ~ d i ~ r g s :  

L.css then 13% oSilic I299 11. ci~.migo.ci icstctl againsi MVI'II" tliiri~ig 200.1104 ~vcrc koni 
IIOII-coit011 e r ~ p s .  and ~iotic of tlrcse L i ~ ~ o ~ r - e ~ ) t t o ~ ~ "  J;~rvac s ~ i r v i ~ c d  the SC~CCIIS. I-Io\vcvcr, the 
li.cqucncy o f / / ,  cn.iiii:,.eici sitrvivi~ig IVIVL'LI" s c r c c ~ ~ s  across all cotioti varieties iticrcasctl 
ihrougl~oui tihe seasoti = 4.78: I' = 0.042). I:os conventional cotton tlicsc is IIO trci~tl it1 the 
proporiioti of sitr\;i~ors xgitinst MVPII" :IS the season ~~rogrcsscs (F , I . I  I )  - 0.01: I' = 0.032: I:igurc 
7). In contrast. for tlxnsgcnic varictics tlrcrc is a positive relationship bctwccn ilic proportion of 
larvae surviving V I V I ' L ~ "  anti tl:ltc ofcollcction (I:,l.ll>, == 8.38; P 0.OI8). \.\/itl~in ilic two 
transgenic varictics tlrcrc is a signitica~il i~rcrcasc tliroi~glioitt tllc season i n  siirvivnl o f  larvac fro111 
higarti" (I:il:, = 29.01: P = 0.002: 1:igiirc 8) hut noL li.0111 f3ollyru.tl 11' '  ( F , I . ~ ,  = 2.66; 1' = 0. 16). 

Less than 8% o f  ihi. 33 10 I / .  piiiic~/igci~ii tcsicti against M~l'1l"'  tli~riiig 2003104 ucrc koin 
tioil-cotton crops. iiiitl I8 ol'tlicsc 245 "tioil-cotton" Izrr\w siirvivctl the scrcci~s. 'This represents 
7% siirvival. wlricli is slighlly lower iliati the season avcsagc. Thc li-cqi~cncy of 11. piiticiig~i'ii 
stwiving MVPII:' screens across all cotton viirictics (lid not significantly iiicrcasc tllrougliout tlic 
scason (t:,I;.I, - 3.88: 1' - 0,057). and ihc satlie li~itli~ig lioltls k)r convciitiot~c~l cotton (I:,l,lc,, - 
0 .  19; I' = 0.674). For tra~isgcnic mriciics thcrc is a positive rclaiionship bctwccn tile proportion 
oi'larvac stirc.iving JVIVI'II" antl tiate ofcollection ( t , l . i 7 ,  = 5.77: P = 0.02S). I I O I Y C V C ~ ,  this trend 
rcflccis ilic sur\!ivai oS I0 o f80  tcstcd larvac from Uollgartl II" during early Marcli. 'flic this fc~r 
l3ollgartl ( I i '  ~vcrc ~iot  str~tisiically a~ialysctl bccaitsc of siriall sil~nple sizes but a visual inspcctio~i 
iiiilicitics 110 trends i i i  L I I C  pm1mriion o f  s ~ ~ r v i w r s  over tinre. I'I~crc is 110 ~liarltctl seasonal trctitl ill 

surviwrsllip oflarvac li-om 1ngwtii' (I :c l . l . , ,  == 1.34: I' = O.2tiS). 
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L. LSS .. . . tIii111 6% ol't lrc 3 I 0 7  11. piii~c~/igw~i tested agai~ist  GI-1117.3 dur ing 2003/04 were fro111 

11011-cottoil c r ~ p s .  a ~ i d  only  one ol 't l icsc "lion-cotton" 1arv:ic si irvivctl tlic scrccirs. 'flrcl-c is no 
i ~ ~ t l i c n t i o ~ i  that tlic f i c c j~ i c~ i cy  o f l I  pi i i ic~i igmzi surviving (it-ID73 scrcciis i~icrcasct l  throughout the 
sciisoti. This r c s ~ ~ l t  Iiolds true when co~is idcr i i ig  diita for a l l  cotton varieties (Fil,.al = 1.50; 1' = 

0.272). convcnt io~ie l  cotton (,l(,.i;, = 0.13: 1' - 0.724). transgenic cotton (i:,l.~i, - 2.70: P - 0.122). 
and ingartI1' (1:,1,1~, = 3.85: 1' - 0.076). T l ic  data lix Dol lgart l  11' cvcrc not statistically a~i i i lysct l  
bcca~isc ofs i i ra l l  s i i~r iplc s ix ' ;  hut visuii l  i~ ispcct ion i i i d i c i i t ~s  110 n i i ~ r k c d  sciisoiiiil t r c ~ i d  i n  the 
1)roportion o f  s ~ i r v i w r s .  

O i ~ r  data do not suggest any signil icant change during the season i ~ i  li.cqi~ciicy o f / / .  
p i u i c i i ~ c ~ i ~ i  surviving M V l ' l l "  scrccns or  GI-11178 (Cry I A c )  scrccns. 

As  o b s c r \ ~ ~ l  in 7002/03, tlic f rcquc~icy o f / i  tiiwrigcwi s~ i r v i v i ng  MVI ' I I "  scrccns across 
a l l  cotton .r':irictics i i icr~; iscd t l ~ r o ~ ~ g l i o ~ ~ t  the scas011, A n  i i i ipor~: i~ i t  i i is igl i t  /i.om d;iiii co/Icctcd 
t lw i t ig  2003/'04 is illat this trcntl pr i t i ier i ly rctlccis an incrcasc i n  sur\:ivorsliip dur ing tlic scason 
o f  If. (ii.~~ii:;(,i.a collcctcti li.o~n l i igart l "  cottoil ant1 not  Sroiii convcntion:il varieties anti L3ollgarti 
11". Importantly. across all crops tlicrc was no intl icatioi i o f a  seasonal incrcesc i n  survivorship o f  
I .  i i ~ ~ i g c i i  scrcci~ct l  against tlic single C ry  I A c  toxin. This rcsult tlismisscs tile possibil i ty that 
tIie i ~~c reascd  s i~rv ivors l i ip  (luring tlic season is ~ L I C  to tlic I3X h r m  ofrcsistancc to C:ry I A c  that 
has bccn dctcctctl i n  11. cii.iii igwa. Wc t l icrcfbrc interpret the trcntl l o r  I\.IVI'lL': as rct lcct ing an 
i~icrcasc d ~ ~ r i n g  tlic season i n  t o l c r i ~~ i cc  to a i i o~ i -C ry  I A c  e ( m p o ~ i c ~ i t  o r t h i s  f o r ~ i ~ ~ ~ l : i t i o ~ i .  

I~ i ip rovc t i  si irvivorship o f  l i lrvi ic fro111 lngartl\is tlic scasoii progrcsscs may be o f  l i t t le 
~ ~ ~ i s e q ~ ~ c ~ i e e  to rcsist;i~?cc 1110ii11gc11rc1it since this variety was co~np l c l c l y  rcpl:icctl w i th  Bollgi irt l  
11" f rom 2004105 on\\wtIs. I-lowcvcr, i t  i s  worth not ing h a t  this l in t l ing indirect ly suggests that 
/ Ic/ icor.eip~i niay be ratlicr s c t k~ i t a r y  wi th in  a particular crop, anti i f  so. this \ vo~ i l t l  r c t l~ icc  tllc 
cf l icacy of  r c i ~ ~ g c s .  

i\rouiit l  54% oi'tlic I 560  11, cii.iiiigeiri tested against pure C ry  I Ac  t l i i r ing 2004i05 wcrc 
f rom iron-cotto11 crops, iiiiil foils o f  tlicsc "IIOII-cotton" liirviic s ~ ~ r \ ~ i v e d  tlic SC~CCIIS. SIic k c q ~ ~ c ~ i e y  
o f l i  i . r i . i i i i ~c i~ i i  surviving C ry  I i \ c  scrccns d i d  not iiicrcasc sigii i f icniit ly tlirouglrout tire season 
wl ic i i  diita l i ~ r  ill1 crops c o ~ i i b i ~ i c d  was  coiisidcrcd ( I ; ( I . ~ ~ )  - 0.40: I' = 0.85). 7'lic sanic t rc~ i t l  lioltls 
true w l i c ~ i  tlic data arc tli\:itlcti into siiriiplcs fro111 e l l  cotton conibi i ic i l  (I:O.I-,~ - 0.32: P - O..iR)_ 
co r i \ ~c~ i t i o~ in l  crops (I.'ilj,, - 4 4 0 :  I' = 0.07). 13oligl1rd 1 1 "  crops (F11.7) :::: 0.0.5; P = 0.83). or 11011- 
cotton c r o p s ( ( I ~ ~ . ~ ~  :- 0.33: P - 0.59). 



A l l  o f  tlic 1304 11. pi~iic:ligei.~i tcstctl against Cry2Ah t l ~ i r i i ~ g  2004i05 wcrc t'rorn cotton 
crop% Tlic li.cqwncy o f  11. p i i i i c~ igwc i  surviving Cry2Ab scrccns did i iot iiicrcasc sigi i i f ic~uit ly 
i l i r o ~ ~ g I i ( ~ ~ i t  tlic season \~IK!II data for all crops coi~ ib inct l  was consicicrctl (I:i~.~~il -: 0. 15; P > 0.50). 
Tlic same trend liolils triic wlicri the dais i'ro~ii Boilgartl 11'' s:i~lipIcs arc co~~s i t i c rc t l  alone (k:i~.~(,, = 

0.24: I' > O . 5 0 ) .  Too li.w samples \vcrc collcctcd from cou\w i iona l  cotton to csplorc wlicthcr 
tlicrc \\,as a trcuil i n  surv iv~i l  i l i ro i~g l io i~ t  the scasun 01' iiisccts I'roni tlicsc crops. 

(i) C'onclusions 

Oiir  data do iiot suggest that a significaiiL cliangc occurrcd durii ig tlic scnsoli i n  tlic 
li.cqi~c~icy o f 1 1  cii.tiiigei.~i or / I  p i i ~ i c t i g e ~ ~ ~ ~  s~irvi\, ing SC~CCIIS wi th citlicr p i ~ r c  Cry1 Ac or Cry2Ab 
coil1 po\vdci-. 

Docs c ~ ~ t l  of'scesor~ survivorship " ~ ~ s c t "  before the followii~g season:' 

Givci i  t l i ;~t ,  for ni Ic;lst two years. tlic [proportion o f 1 1  o i . i i i ige i~ i  larvac t l i ~ t  survivctl screens 
wainst - ~ l V P l l ' ~ '  i~ierc:~setl tIirougl10~11 tllc cottoii season, i t  is importan1 Lo t lctcr i i l i~ic w l ~ c t l ~ c r  
siir\!i\:~rsliip "resets" b c t ~ v c c ~ i  SU~SC~L IC I IL  SC~ISI)IIS. I:igurc 1 I shows tlic proport io~i  o f  l i ~ r ~ i ~ c  
si~rvi\:ing MVPI I ' '  screciis t l~ i r i i ig  the final inontli o f  oilc scason ailti the first riiontli oi'tlic 
~ i ~ b s c q ~ ~ c n t  SCBSOII. Note illat this analysis ilcccssarily contailis data Srotii :ill crops, since cliffcrciit 
varictics \\;ere sampled to tliffcrcnt tlcgrccs atiioiiy scasoiis. Small sample sizes of eggs from 
transgenic cottoti prior to tlic 2003i04 scason prevent 11s f i o i ~ i  csainiiiing trends spccilic to 
Iiigarti" or I3ollgartl I li' . 



% survival 

season 

This ~~ i c t l i o c l  assayed the "gsantlcliiltlrcn" o f  single pairs o f  insccts collectctl fsoiii i l ic f ield to 
ic lcn~i iy  intl ividi iais  hat liavc one rcsistancc allele and one srisccptiblc nllclc (SR. hctcsozygotcs). 
I n  i~rost  lines. I:2 fc~i ia lcs li~itl cnorigli eggs l o  enable scsccni~ig against boil1 CI-y 1 A c  ; ~nd  CryZAb. 
tlicrcby c i l ab l i i ~g  tile t lcicction ol ' rcr ista~icc for cit l icr tosins to bc t lctcrmii ictl by challenging 
tIifll.i.cnt hatclics oi'lasvnc. A t  tlic i i ~ i i c  cacli I:? l k ~ i i i l y  was Icstcd; vie set i ~s i dc  21 s i~bsei  oS i~isecls 
that \vcsc reared oi l  r c g i h r  tlict, I S o i ~ r  asscssrncnls i i i t l icaictl that a ' rcsistai i~ gene' was p ~ ~ c s c n i  
ill ihc i:,lniily. \vc attcnrptctl i o  ilia1 gcnc b y  rceri i ig tlic r c l c va~ i i  sr~bsct o f  iiisccts i l l ro r~g l l  
i o  tlic IIUS~ gcncm l i o~ i  Soi. Siiril~ci. testing by col lcag~ics at lhc CSl I10  l intoinology silc a1 H l w k  
Mountain. 

[:or i l lc p i ~ r c  C'ry I Ac s c r c c ~ ~  \ve esscssctl t l ~ c  niortal i ly oS1icona1:il larvae :tlicr 7 days 
i isi i ig diet covcl-ctl \\:it11 GI-11173 at ;I ilosc of 0.25 pg!ciii"or [ I ,  cii.i~rigo.ci ancl 1-11173 at a tlosc o f  



f a h l c  0 sii i i i~ir irr izcs tlrc tlaia li-on1 tlic t:? scrccirs i b r  2004/05 according to spccics antl 13t 
tosi i i .  A lso i i rc l i~ t lc t l  i n  i l i is tahlc arc data collcctctl as pari  o f  CSC i 0 4 C  ti i ir i irg 2002i03 and 
2003/04, Each IF-. f i t i r i ly  tcstcti cfSccti\,cly scrcciis for 4 allclcs, two  cacli Srom tlrc riralc antl 
fctn;tlc tlrat coirrprisctl tlic single [pair mating that gciicl.atcd tllc litrc. 

Oi'ilii: 780 allclcs o l ' l l .  iii.iiiigci.u, r r i i t l  I 080  allclcs o f 1 I  /~iiiic/i,qco.ci. w l i i ch  l iavc b c c ~ i  scrcc~rctl 
against C ry  I A c .  n o w  tcstctl ipositiuc ibr resistance. I-lowcvcr, oirc si i rv ivor li.o~n tlic 2002i03 F,, 
scrcc~rs wit11 M V l ' I I "  was matctl w i th  a 1110th k o m  a sirsccptihlc laboratory strain (ANGII ) .  Tlrc 
offspr ing of this cross \ v u c  inatctl to a C ry  I A c  resistant strain of/$.  uiwiigei~ci (13.X) and tl icir 
ol'l'spring cl1allcngctl iv i th a tlosc of tox in  that ~voi r l t l  i t lcnl i fy l i omozygo i~s  in t l iv i t l i~a ls  UX. Tl i is 
c ~ i ~ r ~ I e ~ r r c i i t i ~ t i ~ ~ ~ i  test scored p o s i l i w  udi ic l i  i~rdic:~tcs t l i i ~ t  tlic in i t ia l  s i ~ r v i v o r  oi'tllc h;lVI'II" 
scrccn was carrying tllc US form ol'rcsistancc, probably as a l ictcrozygotc. 

01't l ic 7x4 allclcs of/- / .  cn.iiiigei.ci wl i ic l i  liavc been scrccnctl against Cry2Ab,  tlircc have 
tcstctl positive li)r rcsisti l~icc. A l l  were tlctccted as part o f C S E 1  04C. f w u  or ig i~ la tc t l  f rom maize 
in  C;rit'filli ntitl one oi.igii1ati.d froin cottoil i n  Morcc, l3asctl on tlrcsc data ol i r  hcst cstiiiiatc o T t k  
l'rcqiicncy o i ' l l .  oi.iiiigc!i.ci iirotlis w i th  C ry2Ab  resistant allclcs i n  f ie ld lpopiilations is 0.004. Wc 
i ~se i l  stirtistics to assig~r an tipper a ~ i d  i o ~ v c r  v a i ~ ~ c  around this kccjucncy that cstirni~tcs tlic range 
wi th  rr 95[!4, ccrtaiiity, taking inlo accoiint tire ~ iu i r ibcr  oSelli.lcs sninplctl. [:or the estimate the 
i ippcr WILK is 0.01 I mtl tire lowcr  \!;tl~ic is O.OOOS. A i l  o f t l i csc  rcsist;irit l i l ~ c s  WCK 

siiriitltc~ricoirsly scrccnctl against Cry  I Ac anti no cross-rcsistaiicc was tlctccictl. 

Ol-thc 1002 allclcs o f  11, pi i i ic / igo. i i  w l i ic l i  have been scrccnctl against C1.y2Ab, orrc 
tested posit ive for r ~ s i s t a ~ i c c .  I t  was tlctcctctl as part of the currcnt project, atrtl originated f rom 
cotton i n  St Cicorgc. Bascti on thcsc data oils best cstimatc o f  ihc f icqi icncy o f / / ,  piiirc/igei.ii 
~ i i o t hs  w i t h  Cry2Ah rcsista~rt allclcs i n  f ield pop t i la t iow is  0.009. Fol- this Rcqircircy cstiiiratc the 
lowcr \ ~ d i i c  is 0.000 I anti tlic i ippcr vali ic is 0.0052. This rcsistant lirlc was sir~iuliai icously 
scrcciictl agnirrst C ry2Ab  arrd n o  cross-rcsislaiicc was tlctccictl. 

T,IR[.I; 7: .C~i i i i i i icr i : ) :  i i ! / i ~ i . i i i i c l i o i r , / i ~ i ~  ilrc, F: st.i.ceii,s ciccoidii ig l o  .spc~c,ic.c. (1-1, arniigcra r:ci:siis 1-1. 
pi~rictigcra), coltoii zcosoii c i i i d  lji 1o.viii. 

....... ............. . --- ... . . l osin Species Scc~son No, allclcs No. ................ 

C ry  I A C  11, iii.iiii,ycwi 2002103 I 3 0  0 0 
2003i04 280 0 0 
200~1105 3 64 0 0 
.I'O'r!\ I., 780 0 0 

I/. p i i i i ~ ~ / i g c w  2002/03 X 0 0 
2003104 60 0 0 
2 0 0 4 i 0  10112 0 0 
'l'o'l'/\1, .............................. 1080 0 0 .. .- 

Cry2Ab  I/, cii.iiii~ywir 2002i03 132 I 0.OOS 
2003:'04 284 - 7 0.007 
2004K15 36s 0 0 
'f'O'l'A1, 784 3 0.004 

1.1. ~ ~ ~ i ~ i c / i , q ~ w  2002!03 X 0 0 
2003i04 00 0 0 
2004i05 1024 I 0.000 
.SO'I'!\l, 1092 .. 1 0.009 



'I'llcrc i i w c  bccii i io rcportctl f ic ld t'ailiircs of f io l igar t i  11" d i ~ c  to rcsistniicc. I-lowcver. a gcnc that 
conScrs l i igl i  level rcsistancc to C'ry2Ah is prcscilt in  ficltl populations o l ' l l ,  i i i.ii i igeivi. This ~c11c 
tiocs 11oi conl'cr resistaim to Cry IAc .  Our ccirrcnt best cstiiliatc bascti oti CSiRO tlata is that ii 
occiii-s at a l i igli frccji~cncy oSO.Ot14. i\notl icr gcnc (LlX-like) is Iprcscnt i n  l ic l t l  populaiioris of 11. 
i i i . i~~igci , i r  that coirfcrs l i igli- lcvcl rcsiskincc to Cry l Ac.  'This gcuc t n ~ i s t  be rerc as s~ i c l l  gciics l i w c  
iiot yet bccn tlctcctctl ill tlic 780 ;rllcIcs csciiiii~ictl. I t  is not cross-rcsistallt lo Cry2Ab. 

Oiic ~possibic csplanatioii is  that the t l iott~ lias been csposcd to C'ry?i\b k o n i  net~iral ly 
occurring Bt bacteria prcscnt in  soils. \\iliile tliis is e rcasonablc ilicory, i t  is l~crl iaps tlawctl, as 
~ h o i ~ g l i  C'ry2Ah iosin is protliicctl by sotiic Australian t 3  bx tc r ia .  i t  i s  no1 a corirtno~i clc~nci i t .  
Tl ic Cry I A c  toxin is lnr mot-c coil if l ion in  native l l t 's yet rcsistaiicc to i l i is toxin in  11. u i w i x w i i  i s  
I-arc. \\ic s i~ i ip ly  (lo not know w h y  il ic li-cqiicncics ol'Cry2Ab rcsiste~icc gc~ ics  arc ;is cointiion as 
they arc. Ho\vcvcr, one tlicory that wc ;ire csemining i s  that i i i i i tat in~is vi.Iiic11 co~iScr rcsisiaiicc lo  
C.'ry2Ab niny occ~i l-  in ~ i a t i ~ r a l  populalions o i ' l l  oi.iiiigei.u a te  very high rate. 

4. I'roviilc s coiiclusior~ as to rcscarch ootcolrlrs compared w i t h  ot?jcct i~es. What arc the 
"talic I r on~e  niessagcs":' 

1Vc acliicvetl our i l iain ol),jcctivc wl i ic l i  \\itis to look for early signs o f l h c  clcvclopriicnt of 
rcsistancc by 1-lclico\wpa to tlic 131 toxins within genetically riiotlifictl cotton. 

O i ~ r  tlata ibr the ti-ccjitcncy oi'('ry2Ah rcsisteticc gcncs in  natiiral popi~lalions is 
interesting bcca iw  it is nil icl i liiglicr tliaii cspcctcti. Clearly l i l tme p r o g r ~ l s  sllottld corcl't~lly 
riionitor ziiiy c1i;ingcs iii this kcqiiciicy. 



rural pwplc. s~ipport for nn intluzii'y that is committcti to k i n g  c~iviro~~tucntally fricntily, aiitl 
ail opportiinity to ~liaiiitiiiii profitability antl con~pctitivc~icss in tlic world cotton market. 

'T'l~c monitoring lprogratn rcportctl licrciii aims to pro\+ic an carly \varnitrg of'tlic atlvcnt 
of rcsisiancc by l icl imi~ivpc~ spp, to this i~iiportant technology. 111 doing so. i t  supplies 
itiforniatio~i on whicli ilic i~itltistry can judge the ci'lcciivciicss ol-its cttrrcnt llM1'. 'fliis 
inli>rnlatiot~ is csscntial to !prevent il(!li<.o~~opci spp, from tlcvclopiiig i'iclcl-scale rcsistancc, 
anti thcrchy proloiig tlic iinportmit ccoiiomic, ctivironnicntal antl social bcnclits outlinctl 
abo\:c. 

;I) technical atlvanccs ;rchicvctl (cg cotntncrciallg significar~t tlevclop~ner~ts, patents 
applied for or  g r a ~ ~ t c t l  licctlses, ctc.) 

b) other information tlcvclopctl from resetwcl~ (eg tiiscowries in inetltoclologg, 
equipment tlcsiyrl. etc.) 

c) a r e  cllaxlges t o  t l ~ c  intellectual 1'ropcr.t) rcgistcr t'equirctl? 

No cliangcs arc rcili~irctl to tlic IP rcgistcr 

7. Detail a plat1 for the i~ctivitics o r  otber steps that  ruag be tRltc11: 

(a)  to further &\clop or  to r\ploit the project tecboolog~. 

(I)) for the fitturc p rcsen ta t io~~  and tlisseminatiorl of tile project outco~ncs.  

Approxi~natcly cvcry iiionth tliroughout the scasoii, tlic findings li.0111 the l3t rcsislancc 
~iioiiitoring program wci'c tlistrilx~lctl to intiustry v i n  written reports to IDO's atid other 
rcgioiial contacts. lii1i)rnial talks were given at SL Cicorgc, atid tlic I..o\vcr atid IJppcr Namoi 
(:C'AIAWM groi~p mcctiiigs. 

The c~itl of season rcsillts ii.o~n tlic 131 rcsistancc monitoring program wcrc tlistribi~tctl 
to industry via written rcporis, and talks at the T'llvlS Iloatlshow, CC'A ('otton Prodi~ction 
Scininar and c\(iM. ( ' R I X '  I<csistancc Forum, ailti CSD Scicncc llcvicw. Tlicy arc 
su~niiiarisctl i i i  tlic RMI' scciioo oftlic 2005 Cotion I'cst tvla11;igcincnt Cit~itlc, antl will hc 
pt~blislictl i n  tlic [kc-Sail issue of T11e .A~irtizi/iclii Coltoii Gt.owei.aIong with a rcniintlcr to 
ititltistry ;~hoiit tlic i~~iporl;~iicc ol'coiitributing cggs to ilic prograni. Scc also our rcspoi~sc to 
qttcstioii 8. 



8. l i s t  the pnblicatiorls ;irising horn tlrc rcsc;ircli projcct i i ~ ~ d / o r  :I publici i t i~n plan. (NB: 
\Yherc possible. please provide a copy of any prrl)lic;itioa!s) 

I )owncs SJ, Ilossilcr I . .  2004. I'rcv~~iiti~~g 1I~~licoiei.po scsist:~incc: why wc incctl your eggs. T/IP 
:iri.sii?i/i~iii ( iJ i iO11 (;i.oil(!i- (kt-No\:: !ti- 15 

Malion R.I. Olscii KM. (iorsi;~ I<. Young Sic. 2005. Resistance lo the 111 iosii~ C'ry1Ab in a 
sll-aiii ii~l1c~lii~oi:o~~ir ot.iiiiiqci.ii (Iliih~icr) (1.cpitlq)ter:i: h'wu~itlnc). 111 prep itoigcl 
iot~r~ial. .I I~;COII lh to~~iol )  

0. 1l:iw you tlcvelopetl any onlinc resources and what is tlic wchsitc address:' 

A summary of tlw i-cs~ilts Ssom this projcct arc given in the flivll' section of tlic 2005 Cotton 
['cst ivlaii:rgcinc~it (iuitlc, a link to wl~icll will nppc;rr on ilnc Cotton C'llC' Wcbsitc. 

10. I'rovitlc ;In nssessnierrt of t l ~ c  lilicl? impact of tlrc results and cnrrclnsiorts of thc research 
project For tlie cotton intlostly. Wlicrc possible iticlutlc R st:itt'rnent of the costs atltl 
potcrrtial berlcfits to the :\iistrali;~it cotton ititlostry or  the i\~rstr:iliari conitnonity. 

The flcsistancc ivlenagcnrcnt I'kin (RMI') Lor Pdlgartl 11" is dcsignctl Lo slow the rate tirat I-I. 
i i r i t~ igci .~  and or 11. priiicligei.ci tlcuclop ficltl-scale rcsistaiicc. 'l'liis is i~iiposta~it 21s ihc two 
ilisccticitlal genes i n  Llollgartl I I "  arc likcly to be the lhasis on wliich ilcwcr insccticirlal gcircs 
arc atltlctl, This incans ihat protecting Llollgartl 11'' also represents t l~c  protcclio~i of t 'ul~rc 
iii\:cst~ncirt i n  trnnsgi.nic crops for tlic Austt.aliam coiton industry. 



In  the 1991,/07 season tlic A~islral ian cotton i i i h s l r y  adoptctl ;in inscci-rcsista~it 
variety o f c o t l o i ~  ( lngart lu) tliai is specific to Llic groiip of  i~isccts it icl i ldiny the target 
( / c / i c~~~~r ! i pu  spp. b i l l  csclutl i i lg predators anti parasitoitls ol 't l i is pest. T o  proloiig ilrc cfl icecy 
oi'transgciiic cotton ayninst He l i~~o i~c ipc i  spp.. a resislancc maiiagcriiclit plan (ICMI') that 
restricted tlic a rm grow11 LO lnfartlii was iniplcuic~itct l  tlw to the critical ilriporiancc of 
prcscrving tllc cfl'icacy o f  l l lc Cry I A c  gcilc. 

111 tlic 200~15 scnsoii 13ollgartl 1lii rcplacctl lngartl'; as tlic tsansgcnic vciricty o f  cotion 
nvaiiahlc to A~ is t ra l i a~ i  gro\vcrs. It irliprovcs o n  lngartl" by  iilcorporating a n  atltlilional 
insccticidc protcii i (C'ryZAb) to co~i ibat 1-lclicovcrpa. D i ~ c  to the pcrccivctl tIiSliciilty Ibl- 
llc/ic~oi:c~~pci spp. to e\:olvc resisici~icc to both proicins s i ~ ~ i u l t a ~ ~ c o u s l y  wit l l i i i  Bollgartl 11". tlic 
Illvll' for tsaiisgcnic cottoil was rc1axcd to ;illo\v gro\vcrs to plant to 05'%, ol'tlic tole1 area 
to l l i is protiiict. Bollgarti 11'' was well atloptctl, wi th up to 70% (200.000 licctarcs) lplantctl 
area tlirouglic~ut the i~i t lustry. 

Tlic sc~isi t iv i ty o f  ficltl-collcctctl populations of l Id i r .~~i :e ipc i  spp. Lo 131 protlucts was 
assaycti b c h r c  ant1 si~bsccliicnt l o  i l ic witlcsprcatl tlcployincnt o f  l i igartl" colt011 csprcssing 
Cry I Ac  iii the mit i-  IOOO's. I :ro~i i  I 90405  iinti l 2002108, a l3t spray (MVI'LI tlial contained 
Ibr~i i i i la l io i i  ingrctlicnts ailtlitioncil to Cry I A c  was  ilsctl in  the scrccns. l 'hc  program also 
iiicorpot.atctl a l3t spsay (Dil'cl") w i i l i  insecticidal protciils ntltlitional lo  Cry I A c  to test for 
rcsistancc to coinbiiiations o f  Cry toxins. Tlic 1progr;uii ilsctl only l:o scrcciis I l owc \w  this 
111ct11od c;i~iiiot detect indi\~idi~; l ls tliai arc Iictcrozygo~is h r  n rcccssivc Form oircsistancc. 

During this pro,jcct we tlcvclopctl scrccns l~s i i i g  c i  pure Cry I Ac sporc/crystaI tnix as 
oiir source o f  toxin. I n  anticipation of Dollgarcl I I \ c p l i ~ c i ~ i g  liigartll' in  2004105. we 
t lcvclopxl iirctliotls LO screen for rcsistailcc to Cry2Ab. 111 ilt l t l i l ion Lo pcr for~ni i ig  I:(, scrcuis 
to tlctcct iliajor cliangcs i n  gcnc frcqi~cncics. wc iiicorporalctl ail C:z scrccn to tlctccl and 
ic;ipti~re' i ~ i i y  rare resistii~icc a l l ~ l c s  in  i i ; i t i~r i~l  polx~lations. This tiictliotl allo\vctl 11s to 
s i t i ~ i i l t i ~~ ieo i~s l y  scrcc~i h r  resist i~~icc to C'ry I .L\e antl C.'ryLAb, Iicncc iiialting tllc scrccns rising 
Dil'cIii rcd~intlant. 


