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CONCLUSIONS AND RECOMMENDATIONS

The proposed IRM stralegy and data to support it arc “acceptable™ except that the in-ficld
stip relude mast be at least 4 rows wide (36 rows wide preforred) based on reeent larval
movement data, 11 resistance 1s reeessive, then the proposed IRM plan nsing a 20%
structured refhige will be adequuate ta delay resistance for at least 15 years given the
assumptions of Syngenta’s model, 1T MIR604 maize is plantcd in areas with ohscreable
rotation-resistance in WCORW. then pliting transgenic com only m rotated maize fickds



15 2 pood 1RM strategy that will delay the evolution of resistance by at least |5 years
regandiess ol gene exprassion.

. s recomimended that the IRM “termis and conditions™ of registranion be analogouns
teowvhar has previously been requived {or ather registered non-high dosc com
ronbworm-protected 8¢ comi products,

2. Specific resistance monitoring and remedial action plan recommendations are
deseribed below withim the body of the review.
3. Specific cross-resistance studies arc recommended. Syngenta should establish straing

ol CRW that are resistant o mCry3A to imvestigale the nature, inheritance, and
tiiness costs of specific niechanisms ot resistance to the mCry3A protein expressed in
MUROUA marze. .

4,1 recommciled that the hehaviorad deterrence (avoidance) imechanisim be studied
turther hy Sengenta and approprisic resnlis shonld he submitied to the Agency when
this rescarch is completed.

5. M reconnmended that that Syngenta continne its studies on the biological impact off
aduits snrviving on MIR6O4 maize and subnit these results when they are completed.

0. The EFA-approved changes granted on June 16, 2006 to the annuasl IRM reporting
regiivements and the Compliance Assuraiice Program for the lepidopteran-proiected
A rvinze registrihions shonld be incorporated into Syngenta’s IRM Compliance
Assarance Program for MIRG0O4 Corn Prodiwts,

BACKGROUND

Syngenia submitted an amendesd insect resistance management strategy in suppaort ol their
FIFRA Section 3 Registration for Event MIR604-derived transgenic maize thal expresses
madiited Cry3A (mCry3 A) pratein {MRID# 46529G-01. McCaffery et al,, 20053,
Madiied Cry3A n MIRGO4 is expressed al a non-high dose against infestation by the
Wester com rootworm (WCRW; Diabrotica virgifera virgifera Le Conte) and the
Nothern com wotworm (NCRW: D, longicorais barberi Smith and Lawrence). A
hehayoral aveidance mechanisin is slso present. BPPD reviewed Syngenta’s previonsiy
suhmitted 1RM stralegy and noted several deficiencies in the simnlation imodcling and
evabuition af eross-resistance potential (Maltten. 2005). These deficiencies are adihressed
m the mnended IRM stralegy submission (McCafery et al., 2005, MRID# 465296-01),
the snivect of this review,

SUMMARY OF SYNGENTA’S SLUBMISSION

Syngenti’s subimission is divided into threc main parts: 1) Sustainable deployment of
Event MIRGO4 maire through effective insect resistance management (1IRM), 2) IRM
plar for MIR 604, and 3) Justification for the proposed IRM plan for MIR604. The first
two siinons of the revised Syngenta’s snbmission were originally submitted hy Syngenta
(McCaliery and Stein, 2004) and reviewed by BPPD (Matien, 2305). There wers
sighiticant deficiencies identitied in the IRM modeling and evaluation of cross-resistance
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potential. Syngenta has addressed these deficiencics in the scction entitled, “Instification
for the jwoposcd IRM plan for MIR604.™

Syugenia’s IRM plan for MIR604 maize contains the following elemnents:
204 structured reluge and its deployment and management;

IR as a component ol an integrated pest management program; and
aradact stewardship progran,

i fd

The presluct stewardship program consists of the Tallowing aspuicts:

1. drawer education plans;

2 arawer ohligations;

3 wrower compliance:

4. annual resistance monitoring,

5. action plan in the event of nmexpected levels of CRW damaye;
0. ~emecinl action plans; and

ot

amual TRM plan review.

Syngana has provied the follawing areas of support for its propased IRM plan for
MIRGHS muaize:

b cose ol mOry3 A expressed m MIR604 (raot expression assays, labaratory
reeding assavs using excised roats. field eflicacy. and adnlt zmergence studics);
<nnalation mudels for development of resistance;

anpact on MIRGO4 mairc on biolagy nf CRW:

Cross-resistance polential,

e et

BPPD REVIEW

Nurure and Dorivation of Syngemnta’s MIR6G04 CRW-Contral Maize

Acrvded genc from Bucillus thuringiensis subsp. tenebrionis (B.1.6) (Sekar et al., 1987)
was syithesized by Syngenta scientisis for optimal expression in maize. The gene was
ihen modificd (heremafier refered to us “mCry3A™ or “modified Cry3A™) to enhance
activity against the Diabrotica virgifera virgifera (Western com rontworm, WCRW) and
Divtbrearca longicoruis burberi Smith and Lawrence (Northern corn rootworn, NCRW).
The imtroduction of a particndar serine protcase recognition site (both chymotrypsin and
cathepsin G are serine proteases) into the native Cry3A results in a much more rapid and
comnplete processing al'the 67 kDa pratem to 35 kDa and thus increased activity against
WORA and NCRW. After inding to the receptar, the mCry3 A protein inscrts rapidly
andhires arsbly Tato the plasma menbrane of the cell 1o form ion permeable pores in a
st i Lashion as other Cry toxins (Voa Rie ¢f uf., 1989 Carcia-Alonso and Vlachos,
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20035 These ion channels cause a loss in mambrane potential and the formatian of thesc
1

lesiots leads to Jeath resnlting from septicacimia and/or starvation (Sclmepl ef «f.. 1998).
Cora Roopworp Species Controlled

Native Crv3A is primarily achive againsy Colorado polalo beetle (Legtinotarsu
deremineatee) and bas minimal aclivity against NCRW, both members of the
Clrysomelidae fanily of beevies, The mCry3A protein has 8 similar spectrum of activily
 the native Cry3 A, hut with enhanced loxicity (o NCRW and WCRW, hoth mgjor
enlcapleran pests of maize in the USA. Modified Cry3A has some activity againsl
Dinhrotica balteata (Banded cucumber beetle). Trials were conducied 1in 2005 {dala not
availahle for this review) to determine the level of control of Dinbrofica virgifera zea
(Mexicon com molwornn, MCRW{ by mCry3A expressing maize plants (Event
MIRGUA)., Madified Crv3 A has no achivity agpinst non-colcopteran pesis inclnding
vartons leprdopteran pests ainmaize. MIR604 matze is most clfective against larvae,
espectaliyv the fird instar. Syngemst’s IRM strategy focuses entirely on rootworms.

Pest Biology

A cloar nmtlersianding ol pest biclogy and ¢cenlogy s essential (o the develypient ofa
soind KM plan. MIR604 Br corn was developed (o control tive primary com roolworm
species: weslem corn raotwarm {Dicheotica vicgifera virgifera | .eConle, WCRW) and
northern corm rootworm (0. Burberi Smith & Lawrence, NCRW). WCRW is 1the mosi
prevalenn target pest in the United States and throughout most of the Comn Belt'. NCRW,
also fimnd throughout the Corn Bell, is considered the second most prevalent raatweorm
pest in the Uinited Siales, and s the primary target pest of the north-central rcgiunz. Key
facrars believed o inflnence CRW adgptation lo MIRGC4 corn include distribution,
errvolitnsin, adunlt dispersal among helds, adult dispersal withm fields, larval dispersal
across rows, lrval mortality due to density-dependent processes, insecticide use, egg
sl leenndity, and adult and larval population densily. Syngenta has pravided a
suflicten: summuary ol the bology and ccolagy of the corn reotwornm target pesi(s) both in
the current IRM sirategy subnussian (McCaffery et al., 2005, MRID# 465296-01) and the
original IRM sirategy submission (McCaffery and Stein, 2004, MRID# 462¢56G-17). See
Matten {2003) Idr BPPD s review of Syngenta™s original IRM strategy subnussion sind
pust brodsgy informarion,

4 ren . . L . . . . 1 : 3
WOR b the primary rootworm pest in Colorado, Kansas, Nebraska, Ohio. Indiana,
s, lowa, Missourt, und Michigan.

T NCR s the primary roolworm pest in Wisconsin, Minnesota, South Dakota and
porthern fowa,




IRM Plan for MIRGO4

Syigenta’s IRM plan for MIR604 maize contains three megor components: 114 20%
stractired refuge; 2) [IRM is part of an integrated pest management prograny; and 3)
product stewardsbip. Bach of {liese components will be discussed below.

1Y 2 5 strwectured refuge and ifs deplovment and management

There ais two ways o grower can implement the refuge requirement: a pon-Bit cor
reluge can be planted as a continueas dlock adjacen! to The MIRG{UE waize Giclds or as
von-transgenic stnps planted within transgeme ficld. Considering the limited movement
ol CRW Tarvoe, planting refliges close o transgenic felds in Targe blocks is preferred to
narrow skrips (Gray 1999, Meinke ef of. 2001). Syvogenta will vequire growers {u plant a
mininino structtred refuge of non-corn rootworm-cootrol (CRW) maize on at leust 20%
of their maize acres. Refuge ficids mast nal be planted with other transgenic cor used (o
conlrol rootworns becovse neither acts us a refuge lor the other.  Use of a 20% refuge
with MIROO4 muhize camplements uther technologies and provides a degree of unilormity
far CRW control as well as with prodicts orith both CRW avd lepidopieran contral. This
witiformny provides growers with a siraighitforward and understandable message about
reluge regaireincitts and promotes comphance, Justification of the 20% reluge
reqaircinent 1s discussed later in tas review.

Syogenti will requive growers to plant the structured refuge as blocks, strips, perimeter
borders or pivol corners. Encotwagement will be given to growers to plant these non-
CRW conwrol cor acres within their CRW-control acces. Syngenta has proposed that in-
field stnips be at Teast d 1o 12 pan-rootworm protected Br corn rows, aithough this row
width size may be larger than vecessiry based on the current anderstanding ol rootworn
biology. BPPD bas reviewed lurvil moventent data published by Flibbard et al. {2D03).
This snily indicated that betweea (175% and 0% of larvac maved across carn rows.
fhese resaits represent a relatively bigh-end estimate of the number of larvae thd cross
rows. T means that much narvower in-field strips should be sufiicient to provide
adequate protection from sub-icthul selection consed by CRW larvid movement across
rows and inaintain low functional recessiveness. Any increase in subletbal selection
world be affset by a grealer probabihty that potentiaily resistant adults emerging from
the Br com rows would be mated by susceptible adults from the refuge row. Single-row
stips wonld fikely be oo narow and allaw o much lorval movement across rows (v
sufticiently naintanic low {unctivnal vecessiveness.  Therelore, sced mixes wonld not be
A goad retuge stralegy Tor rootworms. [n-field strips of 24 rows would provide the
advanitige ol being more computible with he current in-field stip width requirement for
iepidopteran-protected Bz corn bybrids (=4 row strips, with =6 row sirips preferred ! In-
feld sinps o rows would also be more practical and flexibie for the grower because
of the compatibility with splie-planter desigps. Berause mCry3A will be stacked with
Loy EAT Gadsmissian pending). a recomaendation of >4 row strips will provide the
grawer a diore casily understandable and consistent message regarding, the width ol in-
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ficld strips. Overall, BPPD's reconunendation is that Syngenta require growers 1o plant
in-ficld strip refages with widihs af 24 navs (26 rows preferred) for rootworm-protected
By cort hybhrids, This will simplify refuge deployment and potentially imercase grower
compitunce with refige reguirements. Use of an in-field strip refuge is nov intended for
ficlds plamed to increase inbred seed sinee these ficlds need 1o be isolated lrom extermal
corn pollen soarces. An m-field or adjacent non-Bt comn refuge would be incansistent
with inbrel sced production practices.

Managcoment of the structured refuge must confonn ta the rotational and management
praclices to achieve synchronons CRW development in both reluge and MIR604 maize
ficids  Grawers will have the ontion of treahng the refuge with conventiunal imsccticides
(seed treatiments, soil applications and lolar applications) to control severe damage hy
CRW and 10 cartro! sccondary pests. These reatments will impact the overall mimber ol
heetles thay emerge from the refige fields even though their efficacy is tess than 100%.
Syngenia’s modeling study examines one scenario i which a nommal 50% ol refuge
msects are removed by insecticide control which hmpacted the potential development of
resistance {see modeling section below). Syngenta indicates that there is na evidence for
any cross-reststance, synergy, or antagonism between the mCry3A in MIRG0M maize and
CryLAD and othaer B¢ toxins in Lepidoptera-control matze varieties. There we alsa o
known interactions baween mCry3A and insccticides.

Syngcma notes that the use of cantinuons eom acres for refuge fields is always 1o be
encowsaaxd. s also permissible for growers to plant the refuge acres on firsi-year com
acres. but only where the CRW-control com is also planted on first-year com acres. This
distimeiion s made for arcas in which WCRW has adapted to cmp rotation and sizable
papmiatinng ol'these insects will amerge from first-yewr com. There is also vartant of
NCRW i which theve is extended digpanse. Both rotation-resistant CRW variants
impact the ellicacy of crop votation.

2R s Farr of an Iniegrated Program

Syngema stressad that the IRM strategy for MIR604 maize is part wian averall package
o mieyrated crop managenment techniyues, These taciics incinde:

Lo Crop renation. Growers will be erconrnged 1o maintain cyp rotation as o vital part of
CRW management. The presence of rotation-resistant phenotypes, however, may render
such an qproach melfertive tn same arcas.

2. Rehige quality. Grawers will be edacated on management pracrices to maximize the
elfectivencss of their refuges.

3. Insecticide use. When moderate to high CRW population pressures in the refiige,
growers will be cnconraged to treat the refuge with a soil insecticide or use seed
reatmenis in a manner to maitain overail survival of CRW (o finction effectively as
refage noming parthers, '
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33 Product Stewardship

Growers are cnicial to the suceess of any IRM plan becanise they are responstble is
unplementation on the practical level. Syngenta has devcloped a product stewardship
pragrmn that stresses the tmportance of implementation of the IRM plan for MIR604
maize. Syngenta's product stewardship program consists of the following aspects:

i vrower education plans {e.g., Syvgenta giide).

2. wrawer obhgations (grower agreements),

K3 grower camplionce,

4. amtaal resistance monilaring,

5 zehion plan i the event olinexpecicd levels of CRW damage,
0, rimedial action plans. and

ammal IRM plan review.

Compinnee programs are inportant i that they cheourage growers to comply with IRM
requirernents, wiile providing mechanisms by which registrants can be held acconntable
tor nonconipliant growers. The compliance program presented in this submission mrrors
thase develaped for existing lepidopteran-protected Br maize registrations. The gpecilic
complunice assnrance program components are: 1) Anmial IRM Swurvey, 2) Mechanism
for Handling Tips and Complaints, 3) On-Farm Vishs, and 4) Phased Compliance
Approach, Syngenta will respond to instances of non-comphance through the Phased
Comnpliance Appraach and will alse nise grower agrcements and an annual affirmation
scheme h reinforce grower nmlerstanding and compliance.  Grower edncation prograins
give growers a clear inderstanding of the importance af IRM and its implementiainn.
The IRM progranm will be commimicared 1o growers by Syngenta through its anthorized
sales agenis using both print and other media inchiding workshops. educational
pamphicts/hrochures, anid an assorunent of public relation activities. BPPD finis
Syngenis’s comphiance gssurance program ta he “acceptable” with the following cuveats.
The EPA-approved changes {granted an June 16, 2000) 1o the anneal IRM reporting
regquiretnents and the Compliance Assnrance Program for the fepidopteran-protected Be
ize reuistrations showld be incorporated into Syngenta’s 1RM Compliance Assirance
Program {or MIR604 Com Products,

The need tor proactive resistance detection and mionitoring is critical to the survival of 8¢
(cchnotayy. Consequently, the Agency mandates that a resistance monitoring plan mus
be implenented Tor all registered Br maize products. Resistance can eviylve regionally ar
as 2 locai increasc in resistance {4-) allele frequency. The resistance monitoring plau
designed tar MIRGO4 maize is an adapration of the ABSTC program developed for
tepidopicran-prolected B7 maze, This program will altempt to detect either local or
reglonsl resislance early enongh to niliate effective remedial action. As far all other B
at/e produets, Svngenla’s resislance monitoring pragram will be implemented (hrangh
i wak-pronged appmach, inehdiny field reports of unexpected damage and popnlation
testing and sampling, The initia] erphasis of their monitoring plan will be on
cstublisting the baseline sexceptibility for WCRW. Growers will hic asked (0 report (o
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Syngenia any anexpected field damage. Diagnostic bioassays of larvae from cugs haid by
ficid-collccted WCRW adults will be used to survey susceptibility of the insects 1o
mCryAAa, The momtoring efforts will forus on regions of the Comn Belt where WURW
papulations are known to reznlarly reach high mumbers and where the highest MiR604
adoptian is expected. Detecting shifts in the Irequency of resistance genes (i.c.
susceptihulity changesy through resistance memitoring can be an aggressive methuad for
defeeting the onsct ol resistance prior to widespread crop failure. As such, the niilization
al sensive and effective resistance monitoning techimques is critical to the success of an
IRM plan. BPPIY finds that Syngenta’s basic resistance monitonng pian and remedial
action pian for the mCry3A pratemn expressed in MIR064 maize are “acceplabie,”
although certaim issnes need o be addressed. These are discussed below.,

. The monttoring plan only focises on WCRW, CRW species are chalienging to
rear m the lahoratory, OF the identified turgel pest species, scientists have had the
meost suecess rearing WORW, and have had little success with NCRW.
Censequently, BPPD agrees with Syngenta that iaitial momtoring through populatian
sarpiing will focus on WORW, hut shauld include NCRW populations when
availahle. Noonformation exists on MCRW. These data shonid be provided 1o BPPD
wirwer: they hecome available,

I A diagnostic method cannot be developed until (he dose-response relatianships
ror WORW to cstablish the bascline sensitivity to mCry3A, While BPPD agrees that
a seraitive ond reliable luoassay shonld be developed, these cfforts are currentiy
der deveiopment. Once (his worlc is colplated, the registrants necd 1w develop
gudelines as o what level of root damage will be expecled under various conditions,
and what level of roulwerm control is normally achicved. Growers will have to
repurt any “unexpected damage.” However, without guidelines as 1o what is
“aceeptable™ rootworm daniage then it will not be possible (o determine what the
“uneuected” raotworm damage is. Once (hese guidclines arc established it will be
possible to define what is "suspected resistance™ as described under the “Remedial
Actien PPlans’ to mitigate the spread of putative resistant populations, Becunse of the
importance of these guidelines, it should be required that the registrant develops an
interin rootworm damage puidelines by 2008 and final guidelines by 2010 and
subnuts these ta the Agency for review,

His revenmended that MER60S maize be given the following resistance monitoring
FCUIICNTCI

{. Thcregistrants shonld monitor for resistance and/or trends in increased wolerance
for corn roatworm. Sampling should be focused in those areas in which there is the
highcst risk ol resistance development. The registrants shoold submit o EPA an
appropriaie sampling prolocol as part of its monitoring plan.

2. e registrants should provide EPA a descriplion of its resistance moenioring plan
by danmary 31, 2007, The deseription would inclode: sainpling (nunber of locations
and samples per locations), sampling methadology, bioassay methodoiogy.
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standardization procedures (including QAZAC provisions), detection lechnigue and
sensiivity, and the statistical analysis o' the probability of detecting vesistance, A
final resislance monitoring plan is requived by fannary 31, 2008.

3. The registranis shoudd develyp an appropriate discriminating or diagnostuic dose
assay by Janary 31, 2008.

4. Uhe registranls should follow-up on grower, extension specialist or consuhant
reports ol unexpected lamage or coniro! fatlures for comn rootworm.

5. The registrants should provide EPA with an annual resislance monitoring report.

The remedial action plan is designed as a nered approach for witigaling potential
WORW. NCRW, and MCRW resistance development to the Cry34/35ADb1 protein.
BPPD agrees with the general frameworl Tor the Remcedial Action Plan; howcever,
hecanse the “haseline sensitivity™ has not been ealibrated, this plan cannot be
implemeniad. The sabnussion states that mitigation measures will be inthiated when
mexpectled levels of CRW damage ocour. However, levels of “expected” damage cannol
be identfied untit baseline sensitivity is determinenl (sce discussion above "Resislance
momiormg ). Consequently, it should be requived that basehne sensiivity be established
within twa years of product commercialization, so that expected levels of crop damage
and arget pest resistance can be established, and a remcdial action plan imtiated when
nealed.

The lTollowmg program sununary describes, in order of events, the steps that should be
taken 1o implement a vemedial action plan if resistance to targel pests is canfirmed {this
generat graeess has heen implemented for other lepidopteran aml CRW Bl corn
prowduct: .

1. Definition of Suspected Resistance: Resistance will be suspected if investigations of’
unexpecied damage reporls shaw that
a. implicated maize plant roots were cxpressing the mCry3 A protein at the expected
leved,
b piernative causes of damage or lodging, such as non-target pest insecl species,
weather, physical damaye, larval movement fronm alternate hoslts, planting errors, and
othier reasonable caases for the obscrvations, have been mled oul;
¢ ihe level ol damage exceeds guidelines Tor expected damage.

I resistance 18 “saspected”, (he registrants will instruct affected growers to ase altemale
pest comrol measures such as adulticide lrcatment, crop rotation the following year, or
ase ol z0:l or seed msecticides the lollowing year. These measures are intended 10 reduce
the possibility of potentially resistant insects contributing to the following year's pest
populahico,

2. Contirmation of Resistance: Resistance will he continned it all of the following
calerss sreanel be progreny from the tavgel pest specics sampled from the area ol
Tguspeyted resistance”
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i the propartion of larvae that can feed and survive on mCry3A roots fvom
neonate o adult is sivnificantly higher than the bascline proportion (currently
heing estabhishedl;
f. the LCsy of the tesy population cxceeds the upper livit vl the 95%
contidence interval far the LCsy ol a standard unsclected population and/ar
survival in The diagnasiic assay is significantly greater than that ol a standard
anselected population, as established by the ongaing baseline monitoring
program;
. the abilily to survive is heritahle;
4. mCry3A plant assays determine that damage caused by surviving insects
would exceed economic thresholls;

the identified frequency of ficld resistance could lead to widespread
areduct faiture i subseguent collections in the alfected {ield arca(s)
Jemonstrated similar biaagsay resulis.

3. Response to Confirmed Resistance: When resistance is “confirmed™, the
Tolleaving steps will be taken:
1. EPA will receive noufication within 30 days of resistance confirmation;
b, affecied customers and extensian agents will be notified about confirmed
resistance;
alfected customers and extensian agents will be encouraged to employ
allernative CRW conlrol micasures:
1 sule and distribution of mCry3A midze in the affected arca will ceasc
mmecediatcly;
2. along-term resistance management action plan will be devised according
‘o 1he characteristics ol the resistance event and local agronamic needs. [The
Jdetails o7 such a plan should he approved by EPA and all appropriate
stukehohlers, This process may ake longer than 30 days following
sonhrmation of resigtance

Sunpport for Syngenta’s IRM Plan for MIR604 Maize
Doye

Idomitving the level ol dose, us related to selection intensity, is crucial when
deterniining size and structure of a refige needed to delay CRW resistance (o
MILGO4 maize. Syngenta conducted a series of Ticld cfficacy trials uacross the
Corn Belt in 2003 and 2004 to assess dose. This information was used in the
madeling study detailed later in this review. Additional data were obtained from
raol oxpressqon assays and /o virro feeding assays in the luboratory. Based on the
review ol Syngenta’s data. it can be concluded that MIR604 maize daes no
provide a hizh dose for CRW control.



Roop eaprossion gssuys

Levels of expression in leaves, roots, and whole plants were determined at twvo
developmental siages for two MIRG04 hybrids. Levels af expression were
merically higher in leaves than in roots at both the whort stage and at anthesis
andd somewhat higher in roots at the whorl stage than at anthesis, but there were
few. 1T any stitistically significant differences at p<0.05.  Root expression was
found to be uniform throughout the raat architecture implying that there are no
microhabitats. Therefore, larvac feeding on MIR604 roots should be umformly
exposed 10 the mCry3A 1oxin. Average values of mCry3A in voots vange from 1.3
w3 e mCry3A/g Tresh werght.

In the tirst laboratory feeding study, nine replicate groups of ten larvae were
plrced m plastic dishes containing 3 om root sections excised {ram MIROM
hyvhrids. Five of nine replicates cxhibited only minimal root damage (= 1 Teeding
hole! with an average of 22% martality; while, three of ming veplicates exhibied
v 1o three “ceding holes with an average of 13.3% mortality. Only one replicate
had smore than foar or more feeding holes,

i the second laboratory feeding siedy, mne replicate groups of ten larvae were
nineaed M plastic dishes were given a choice of two 3 em root sections excised
rony MIR60G4 and non-transgenic {control} hybrids. In this second experiment,
faryue preferred the non-transgenic hybrid to the MIR004 hybrid. Approximately
T3ve at nen-transgenic hybrid roots were heavily damaged with move than four
teedig holes per rool section. As in the first experiment, the mortality levels on
ransgenie root sections were fow, only 17%. A third expenment, tsing a similar
chowe protocol, prodaeced similar reselis ta the sceond experiment, but there was
considerably more varintion.

Follmymyg investigations by Syngenta and 11s co-operators, there s evidence for
hotlr ahreet mortahity mechanism of first instar CRW larvae as well as evidence
that MIR6GO4 hybrids have properties that might deter feeding. Thus, in terms of
roul prateciion, MIR604 plants exlubit a much higher dose than would othernwise
be ussumied Irom the consideration ol the mortality data alone. The behavioral
detrence mechanism needs 1o be studicd finther by Syngenta.

Fudid efficacy

n 2007 and 2804 Syngenta conducted field-based studies ol MIRGO4's cfficacy
aganmst WCERW and NCRW and study results were nsed to develop models ot
M4, Trals included natavally and arnficially infested snes and stindy
endpamts were survival until adult siage, ttming ol adull emergence, sex ralia,
and adult weight. Both artificial and netural infestation trials were conducted. A
bric” summary of the resaelts is provided belpw,



Eilicacy trials compared raoot damage among MIRG04 and non-MIRG604-derived

com bybrids. Experimental plats were artificially infesled (400 to 1450
cegs/rial), located in ficlds with naturally occurring popniations of corn

rantworm, or both approaches fo infestation were combined, When arlificially

msestatian was nsed, at the V2 to V3 leal stage raotworm eggs were mechanically
placed Y inches deep in soil. within 2 10 3 inches ol the comn stalk base.

Avisficial Infestation with WCRRW:

The pereen(age ol artilicially infested CRW cggs known to survive o the larval

staue is Jow, and ¢ven fower for adull survival. Consequently, at cach trial
Jacation the ratio of viable cgs 1o larvae was assessed, and comparative estimales
ol muarlality made.

Resnhs indicate that MIR604 provided better control of WCRW thanmtreatcd

nenaransgenic controls. Emergence data from 2003 show that MIRG04 controlled

an average of 89.9% af CRW, with a law af 74% at Walcott, 1A and a high of

7% at Blaomington, 11, (Table 1), Ov an emergence per hectare basys, non-
transygenie cantrol plots averaged 740,410 hectles per heclare, while MIRGO4 plots

averagad 72,019 heelles.

Table 1. Summary of artificial infestation trials that evaluate control of WCRW by

MIR®04 carn. Product elficacy is cstimated by the reduction in adult emergence
from MIRGO4 plants relative to nntreated. non-transgenic control plants.
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(acation 2003 2003 [ 2003 2003 Anificial Artificiat
Yairan Stamon Bloomingim Stanton inlestation infestatinn

o (A MN I MN tinls averages
Plantstha 61,307 61,507 61.567 61,307 61,507
Viahie 150 428 405 224 152
eges/nland L ;
(nitiat deasity 206 M 264 M 25.0M (3.6 M NI
Lggsia o
Emgergeare in 18 48 4 18 s W
MIR604 imul
AEG ] -
(£ nsrrgence in 143 1td 406 249 (104 LT

T on0d ToNg
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79325 123230 3053 46,969 288 073 72000

302,088 819344 (089407 T 780.203 2.961.642 740,410
i

T38% BL7% | 90.0%. O10% | 90.3% 00, 3%

Nurieral Infestation with WCRW:

Frelid (nals osimg nataral infestaninn were implemented al six locations in 2004,

Three ot these lacations (Clay Center, NE. Ames, 1A, and Higginsvitle, MO) were



liglnly mfested - characterized by lew beelles mid inmimal plant root damage.
The reniaining three localions (Blaomington, 1L, Urbana, 1L, and Mead, NE} had
a gl fevel of infeslation — characterized by high becetle popuiation denstlies and
a high level of plant rool damage.

Percent control was determilied by compariiug emergence in MIR604 piots against
e ron-transgenic controi. This method assumed that the natural infestation ol
WORW was evenly distribnied across treatments (an unlikcly scenario), althangh
e provedure maty pravide a raugh estumate of the efficacy of MIR604. Arthe
Hgltly infesnid localions, MIR604 pravided greater control af WCRW Lhan non-
transgeiic controls, with a mean of 92.2% beetic control compared to the controls
(Talile 2). At heavily infested locations MIRG04 provided an average of 11.1%
bevlie control, with a fow ol -13.5% and a high of 44.5%, compared to non-
transganic coittral lreatients {Table 2).

Tahle 2. Sernmary of light pressure naturdal infestation trials that evuluate control
of WCRYW by MIR604 corn. Product efiicacy is estiinated by the reduction in
adult emergence [rora MIRG604 plants relative to untreated, nen-transgenic control
plants.

Locatinm 2004 2004 2004 Light pressure ] Liglt pressure
Clay Cener Aanes Higginsville nalnral | oatural
NE LA MO infesiatian ! infestatihm :
o 1otals : averages !
Plantg/ha 0807 al,s67 61,507 ] L 61,507 !
Emergenee in ¢ 23 13 T 74 23
MIR604 5 |
Jotal {F-3M) SNV E N R A : S -'
Emergeacr in oz 276 S 412 Hal c 317 ;
negalive = :
contrral tmal | F+v ] i { :
Area ecaluatall | OHODIRY T L aama3gizy | HGRAgI STELE, TR TS N
[iEr caey 5
el LIk 1otal 6,0l 91328 41730 103,094 1,165
(F+Myha l
Negative vont. lolal | 086.260 TWI8ET 1,075,063 2480507 827.172
AF e ] :
Covambl 0 [O13% 0 (87A% 1961% N3.2% R

Tible 3. Snmmary of heavy pressure natural infestation trials that evaluate control
of WCORW by MIR604 corn. Prodict efficacy is estimated by the reduction in adult
emergence fram MIR6&04 plavts relative to untreated, non-transgenic control plants.

Liratiom ! 2004 ‘ 2004 2004 Uleavy pressare lleavy pressore
E Blnomingion Lirhana Miead il nmalural
1L. | L ‘ NE inTesiation infestation
CPlaes/ba | BLAWT G 61307 | 6Ls07 61,567




T TLocation 2004 2004 2004 Heavy prussure Heavy pressure
Blaominglen Livhana Mead ntaral natnral
1L 1L NE inlesiafion infestation
- o L __totals | averager
| 1mergence in MIRGH 136 ST 345 857 286
Do el (BN b e e | S N
i Emergerec in negative 227 : an ay? o4 321
cantigd : ! ‘
L. toud (FM) ; . _ e o e
Aren evalunled per entry nHIEI23 (RN ERAA ILORER22 11407 TRTUTARS A
_ _ tha} e hn _
. MIR604 1a1al (F+M)ha 328730 TN7219 | 900,233 2236235 | 745,413
| Negative cant. total 562328 RB7.188 135,922 2,515,438 $38.470
el O ] : .
' Wa vantrol 44.5% 1 3S% | 13w | N 1A%

Navreral Infestation with NCRW:

I-igh natural infestations of NCRW were scen at one location in 2003 and six
lacsiions in 2004, Infestations were light at Stanton, MN, Cuvour, SD,
Rioamington, [L, and Mcad, NE, while pressure was heavier in Walcott, 1A,
Ames, 1A, aud Higginsville, MO, Percenl control was delermined by conwaring
cmergence in MIR6D4 plols agatnst (he non-transgenic eontrol. This method
assimed (hat the nawral infestatian of NCRW was evenly distribuled across
leatnents (an nalileely scenario), althovgh the praceduve may provide a rough
estmaie ol the eficacy of MIRA604, Ar the Ames and Higginsville localions
NtRW emergencee reached ane 1hird off1oial CRW adull emergence. For these
locations, control of NCRW vanged from 45 10 93%,. Control ranged from 34.7 to
1015 s aress with laower NCRW pressiwe {Table 4).

Table 4, Snnunary of natural infestation trials tltat evatuate control of NCRW by
MIR604 corn. Produet eflicacy is estimated by the reduction in ndult emergence
from MERG04 plants relative 1o untreated. non-transgenic control plants.

5 Lacation 2003 . 2004 2004 2604 2004 2004 : 2004
Waleoll i Stantorr Cuvour Binomingion Aalles Higginsville Mead
I MN SD I tA MO NE
N Plants/ha | 61,507 61,507 1 61567 61,507 61,507 b1.507 127,859
Entergence in MIRGHM 1utaf 3 i o s 63 1T 37
(F+) N I |
Emergence in negative 73 21 53 2 I R T T B T 4y
coutrol Latal(\b+p) | | '
Area evalunienl per eniry bk ld DLANISI2ZL W IMBRIZNY | npinsazal i ALINANRIZAT IR LI TP TR R AR
(LEN . !
MIRGD] fotad (F+¥Oa | 5830 [ 5200 F R T AT C164.801 T e TTNEE0
Negative cant. total 152008 57406 PR 3031300078 568844 127850
e AERMYAR — i .
oo ecanteal s 6LO%. ] 909% 100,0% a3 . A32% L 0SAM 1 3T

To inake realistic iudgments regarding the dikelihoad that a resistant CRW bectle
weli pass on resistance alleles ta the hext generation, adill tiiness and linmving af
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entergence must beindersiood.  Both the fitiess of the surviving beetles und the
timing of their einergence from the crops huve it major impact on their ability 1o
ntate witie other WCRW adnits which will have @n impact on their ability to
contribute yenetically to the sehseqient gencration. Based on all MIR604
rephine treatments, there was a delay in the entergence of adults from the crop
witen compared to the unireated negative isohine control treatments.

Over all locations, a mean delay of 7.7 days was ssen for adult emergence i all
MIRGD4 treatments when compared (o non-transgenic controls. No discernable
differcnees were seen betweert treatments with light or ficavy pressure and
hehween male and female beeties.

Arvnffeid infestadion with WCRW:
it tials that used anificial infestation, delays ol 610 10 days compared to min-

iransgettic cantrols were commonly seen amang male and female beetles (Tahle
51

Table 5, Limergence delay times (days) for aduit mule and female WCRW in
emerging froin artificially infested MIR604 corn iields in 2003 and 2004.

Lacatian 12003 Walcol/ TA | 2003 | 2003 7604 Artificial infestation |
' Stantinr [Bloomin { Siantor . dverages
_________ . _ e e MN _jgtonIb P OMN | )
Emergeace paraineler !| o Emergence rdays) _
5% mate aipergence 6t 42 1 bt 184 o q2
S male vinergence 46 ) ¢.8 0.0 110 6.0
80% male emergence T 26 EER 0.2 A
5% female gmergece 1438 5 b3 204 1.0
0% female cmevgenes 0 89 | ¥4 ] 0.3 LI D @D
80% enale cmergence o A0 B § a0 S SN 1
Mean emecgencettelay Tur MAt a7 w07 {0tz f 73 J

Newaral infestarconwith WORW:

Faergence rlelays af over 10 days were seen among female CRW beetles in
Incimions wih light nateral helestation (Table 0). Fow males were identified int
these plots, 50 emergence wme canld not be reliably measured. Emergence delays
1 facaiions with heuvy natiral infestation were shorter than delays seen in siics
with lightt emergence (Table 7). However, this {inding was heavily influeaced by
the Urhanat 1L resuls, which were atypical and for efficacy piurposes, cansidered
an wather. Removing the Urbana results from the heavily infesied data set brings
theinean vahie for emergence to .5 days, which is more similar (0 resnits seen in
the artificial infestation trial.

Creradl, statistical wnalysis showed na significantlifference in rates of emcryettce
aninng scxes, lucations vr treatments. The most reliable data were coliected from
three tials tn 2004 which recorded vver 100 adalts in emergence cages. For these
sice, s mean delay af 3.8 days was colenlated for males and females.

TN



Consequently, the modeling study (described in modeling seclion) uses a standard
kebay ol 6 days Tor males and females emerging from MIR604 com fields.

Table 6. Finergence delay times (days) for aduit male and female WCRW in
emerging hrow light pressure naturally infested MIR604 corn fields in 2003 and

2004,
T Dbetin -[ 2004 2004 Ames 2004 Ligl;l pressure natural
| S Clay Cenfer NE TA Higginsville MO inlestation averages
Epwrgenre paramneter Emergenee (days| I
5% 1ale cinergence CONsRE T NIAR NIA® O NAr
3§%, matle emergence NAR ] NIAY N/A® KAz
§0%, male smergenee NIA* Neax o | _N/AF NiAT
8% Jemal: emnergence . 8.0 12,5 1.5 .8 N
: . '_"a[]"/u feinale emergence 154 12.1 10 11.5
. 80% femah: emergence 194112 5.8 T 126
l\lun f‘_ll)_l.‘l"gl.))te delay Tor M+F 14.4 113 8.1 1.a

NI

bt inens

- X heattes emerged from this ealry ar this foculion, imd therefore dma are exelullanl irom dvsy

Table 7. I.mergence defay times (days) for adult mate and female WCRW in
emerging from heavy pressure naturally infested MIR604 corn fields in 2003 and

1004,
Lpraiion 2104 [ 204 2004 Ieovy
Blno Lirbana vlead pressure
mingt 5 1L NE notnral
an 1L inlescation
e e ... Averages .
Enne T{,l'l)tt Limeryence {(days}
o paranter _
S mnle 1.1 iR n.s S8
- eniergriLee L
| 50% mwle 34 48 5.0 44
T emrrgence
811% male 112 32 5.9 4.6
_emergence o
% Temale 24 43 .6 58
. emeTgence
: A, Temate 7D -4.9 o4 18
; ermergence
! Ky female 87 <05 41 | T
\ _energence I o
Alean emergence | sa 1.3 T4V T Y
elay Iy MA

Arapvend infrstation wirh NCRHW
In 2085 and 2004 data on NCRW enmtergence was collected from fowr tocalions.
Althanh there was soute variability imong locations, entergence delays ranged
frrne 5.5 10 11 days. As noled with WCORW aincrgence data, beelle sex was not
showato aflect rate of entergence.
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Table 8. Emergence delay times (days) for aduit male and female NCRW in
emerging I'rom naturally infested MIR604 corn f{ields in 2003 and 2004.

EM"'"'"'#'"f',i{E:}n'm'{' T a8 004 2004 2004 NCRW
i " Walenit EA Ames 1A Higginsville Mend NE nalural
i MO infestalion
averages
{ Fmeryence Enwrrgence (days)
E parayeler
5% b 73 -' 0.0 NIAF 129 ’ 6.8
emergence R
0%, mnle PAY 0.1 N/AF 9.5 0.2
enerEenee . L o _ i
BB male i b NIAF 196G 83
cemergence | e o e e e e e ] e
2%, fomale P3¢ o4 131 4.4 : 13
K0% Temule ' 9.7 0.5 3.0 ! 6.3 8.6
clergence |
et e+ wan mmin b e+ e e b C e eed 0 e
R0% l'entle ! 6.} : fi.l 0.5 12 38
emergence ‘ [
Mean 1.7 ; 3.5 6.1 R 76
i rgence ;
leliy for MA+F JI B .
TG T T hedes emerged from s enmiry @ vhis tocatien. and i efore dataare excluded (l‘l!l;]"l.ii:.[:}.}'l CoTTT T T

TR EE [T

dduir bodv weight

The body weights of adull WCRW bectles were recorded at the artificially
miested mal in Stanton, MN. Resulis show that the mean body weight of adult
heeties emersing from MIRG04 comn fields was significantly grealer than the
welsin of those emerging [rom nen-transgenie plots,

Table 9. Mcan dry weight ol adult WCRW emerging from artificial infestation [ield
trial at Stantou, VN in 2003,

- Fremment "‘.u"(‘?'{;;ntrul KT S iﬁ“ﬁfﬁ'&n 1{'cigln o

— L uniyeated contrul g x 10-5)
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Mon-transgenjc + r TRk 232 &ab
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Shnrelation Models for Developmeni of Resistance

Senulauonuodeling was used by Syngeuta to predict the evolution of WCRW
resistance (o the mCry3 A oxin expressed in MIR604 maize. Models have been




uselni mnols iy the development of IRM strategies. Previousiy, Monsanto

nicab fierl a Caprio model for cotton bollworm {Helicoverpa zea) to predict the
risk of CRW developing resistance to MON8G3 corn (U.S. EPA, 2002). Andow
and Alstad {2002), Onstad er ¢/, (2001), and Onstad ¢7 ¢l (2003} used
deterministic models 1o predict the evoiution of WCRW resistance nsing a vaviely
ol manigement strategies. The Andow and Alstad model predicied that, ander
certwin covdiions, a 20% refige would probably delay vesistance for greater than
|5 generations when the dose was low, but would be nefllective for resistance
manayement of a high dose {U.S. EPA, 2003). fn Ovnstad et ¢/, {2001), the ipodel
showeld that when resistance was dominant, the resistance aliele frequency
exceeded 3% within 2-5 years as refiige size ranged (rom 3 to 305% for all duses of
toxi. it the resistance allele (requency never exceeded 3% when resistance was
recessive. This model was further modificd to examine the impact of Iandscape
an WORW resistance evaimtion {Onstad ef . 2003). Both of the Onstad models
were frtber expanded to evaluate the risk of resistance by WCRW to both
irnegenic craps and erp rotalion tn areas with or without rotation-resistant
phenolypes (Crowder er 1o, 2005). Storer {21303) developed a stochastic, spatiaily
explicit moded ta simulate adaptation {resistance) of WCRW in mnch of the 1JS
Corn Belt, In this model. the relative ru(e nf adaptation was aflected by the reiuge
size und the imanner in which the non-transgenic refuge maze was deployed.
Specifinally, the adaptation rate was lowest{ the non-tvransgenic refuge maze
wus plunted m the same (telids each ycar {Storer, 2003). This model was Turther
mad:ficih w predicy the evolution ufresistance (0 Cry34AbTCry35ALI wd
constdered the nfhience of rmatinn-resistant phenotypes (L).S. EPA, 2005).

Sraenne s Snecific Modeling for MIRGO4 Matze

Metils

Synyena worked with Dr. David Onstad of the University of [1iinois ta customize
the Crowider et ¢l {2005) modelusing the value for cfficacy {i.e. dose) generated
hy Syngenta {sce section on “Dose™ above),  The medel inciudes patches of crops
withoul explicit spavial siructure. Each patch had a basic spatial bnit ol a 1G0) ha
i and was in a homogencous regian consisting of sinvlar farms. The typical
mudel Tandscape had {our crops and MIR604 transgernic maize planted to both
erotinious and votated cornficlds. The crops include continaous corn, rotaled
cuni, rovated soybean, and extra vegetation. Six scenarios were studied. Scenano
{consisted only ol 100% continuns matze Relds in the landscape with no
rotaiinp-resistant WCOFW in this weea. Scenartos -V hanl Tandscapes with 5%
exira vegetation, 10% conbnuous com, 42.5%, soybean, and 42.5% rotated com
buxcel an the stanulard set i vhe work of Crowder ¢f il (2023). in these Tour
scorriag the areag wos inhabited by ratwion-resistant WCRW. Scenario VI was
sizlar 1o scenario §obul inthis case a sotl inserticide was nsed in the reliiges,
aicmg S0% sorvival of refige tnscets, In scenumos IV-V, lransgenic com wis
planted nnly i rotated maize lelds. Crowder o af. {2003} demonstrated that
plantiby transgenic maize niy in continuvus maize fields in these kinds ol
Lundscupes was aninferior sualegy so thas scenarto was bot evaluated. In areus
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wilh rolation-resistant WCRW (scenarios 1-V), there were two kinds of
Jandscapes evalated: one with an initial resistance allele frequency of 0.0001 of
the rotation-resistance allele {Y) in the roorwann population {scenarios 1l and 1V)
and the second had an initial Y-allele frequency of 0.1 {scenarios 1l and V). In
hoth vases, the expressian of the rotation resistance allele was dominant.
Proviously, Crowder et al. (2005) and Crawder and Onstad (20035) deinonstrated
that the stnmtation of realistic evolution of rotalian resistance required either
addiive or dominant expression.

Three refuge levels were evaluated: 10%, 20%., and 30%. The refiige ficlds and
MIRA04 fickds were assuined (o he planted together in either contimuous maize or
i rotated maize, The refiige was assumed to be planted in the MIR604 field or
adjacent to it Ifthe refuge was contimioas maize, the refage had (0 remam tn the
same place every year; otberwise, the refuge in rotation maize ficlds could change
lacurivn front year (o yeur,

The time horizon used was |5 years after introduction of MIRG0O4 transgenic
naise. This madel had a daily time step darving July-Seplember (o simelate adalt
TS ILRTI

Resmiance 1o MIRGO4 (ransgenic maize and rotation was modcled as dominant,
recessive, or additive. Precisc additive expression for resistance Lo (ransgenic
nunse was used. Resistunce to crop rotation was modeled as dontinant {Y allele},

The itial adult density was assumed (o be 50,000/ha of maize for all types. The
sex ranio of «dults was 50:50. The initial allcle frequency for resistance to
MIROUA ransgenic maize was 0.000t. The initial altele frequency for resistance
w relation was 0, 0.0001, or 0.1

A seed insecticide treatment was not inchided in imost scenarios except for
Sconana VEwneh included soil insecticide treatiment in refuge in continnoas

r

corn. Larval survival was 50%, helare density-dependent survival.

The mudel used a range o0 MIRGDE timsgenic maize mCry3A doses derived fromn
the adnh emwergence data provided by Syngenta {sce discussion above) and
calcalated nsing (wo farval survival imetions described hy Onstad e al. {2001,
2003y, These calcalalions arc nal shown in this review, bl can he found in
Metaitery of al. (2005, MRID# 465296-01). Homozygous resislant individuals
(RE)were assumed to always have H00% swvival to MIRG6O4 maize.
Heterozygouas individuals with R domiaant (sR) were assunted to always have a
Y% survival Lo the transgenic crop. The survival of hommzygous susceplible
mdividduals (SS1and heterozygote individuals with R reeessive (Sr) were assunmed
1 bave a suyviva) of 0, 0.GO1, 0.05, and 0.20 ta represent a theorelical high,
practical high, medium, or low toxin dosc, respectively.
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The standard density-dependen survival of larvae per state is 0.21 X exp (-0.058
EGCH, where EGG is the density of eggs im millions per ha. The maximumn larval
sarvival based on this function was 21%. I was assnmed that density-dependent
mortality occurred after mortality duc to overwintering and toxin expasure. Ina
second apyroach, it was assumed that niertalivy is density-independent based on
the fiell data collected by Hibbard er «f. (2004); thos, 5% of larvae survived after
overwintering and taxin exposure. The Urbana. IL field data collected in 2004
wus omitted [rom the analyses because it was considered an onther. The data
fron: 2003 and 2004 were combineld.  Assuming tha density-dependent survival
ocvars, the overall mean proportinn of survival by susceptibles to the mCry3A
toxin in the nine tnals was 1.093. For the ive trials with namral inlestations, the
niean gnrvival was 11,14, For the four tnals with artificial infegtations, the mean
suryival was 0.038. For density-dependent survival, a range of 0.038, 0.093, to
(.14 far the survival rate ol susceptible neonates encountering MIR6G transgenic
e AC was simulated.

The mean larval survival hased on the assumption of dengitv-independent
martahly afler sinviving toxin was calcnlated hased on proportional differences
between emergence of adilts in control cages and treated cages. The overall
meat sarvival by snsceptibles to the toxin m 1he nine tnals was 0.24. For the five
trials with natural jnfesiations, the mean snnvaval was 0.34, For the five tnals
witl nataral infestations, the inean survival was 0.34. For the finir tnals with
artificip] mfestations, the mean sarvival was {1125, Larval WCRW survival on
MIRGOD maize was simalated as 0,123, (.24, and (.34,

Delays in the emergence of adalts were determined from data supplied by
Svmgenta (see discussion on adult emergence abave). Inthe modeling done by
Urowvder or of. (20035), there was no significant effect ol early mortahity and delays
af 13 and 14 days. FFor all cases m 2003-2004 i which there were a1 least 38
adais emerging 10 the treatimem cages, there observed delays ranged fram np
teley 1o a delay of almast 15 days. A mean delay of 5.8 days was calculated tor
botly males and females far three snuations i which over [00 adnits emerged
Irom the weatme cages (most mnzhable data). The model used a standard delay of
6 days for both susceptible males and females emerging in MIR604 transgenic
maize liclds. Susceptible geneotypes are S8 when R is dominant and SS and 8
when R s recessive. For the additive case, simulations were rup with only SS
having early mortality, and then other simulativns were rin with both SS and RS
laving carly monality.

Seusiivity anglyses were conducted. T all senshivity analyses a refige size of
2ty was simolared.  Inthie sensitivity analysis all variables were set ta standard
conshuions Canless otherwise noted) except for the function being tested. The
ciivet of mnal populatinn size, effect of initial R allele freguencies (resistance to
rarsgenic comland the effect of lower fecandity hy sascentible adnlhis in
trarsyenic maize were alsn inchided inthe sensitivity analyses. The sensinvity
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analvsis alsa used a 12-day delay (in addition to the G-day delay) to detenmine
how the results were affected by a louger delay.

Table 10. Six Landscapc Scenarios Modeled.

Landscape Scenarios Modeled

|. No rotation resistance {Y allele frequency = 0); only continuous
uaize

i 1l. Rotated maize with Y allele {reqacney = 0.0001

544 extra vegetation, 10% continuous maize, 42.5% soybean, 42.5%
rotated maize

Transgenic MIR604 maize in both ratated and continvous maize fields
111, Rotated maize with Y allele frequency = 0.1 i

3 exira vegelalion, 10% cantinuous muize, 42.5% saybean, 42.5%
rotated maize :
Transgenic MIR604 maize in both rotated and continuous maize fields

IV, Rotated maize with Y allele frequency = 0.0001

% extra vegetation, | 0% continuous maize, 42.5% stybean, 42.3%,
ratated maize

V. Rotated maize with Y gllele frequency = 0.1

S% extra vegelation, | 0% continuous naize, 42.5% soybean, 42.3%
g rotated maize
| Transgenic MIR604 maize only in rotated maize fields
V. Na rotation resistance {Y allele (requency = 0); only continuous
maize
(Annual soil ipsecticide nse in refuge with larval survival of 50%

Resuwdi from Srnventa s Specific Modeling for MIR604 Muize

Syogenta’s inodeling results are found in Appendix 1 of their sitbmission
(MeCaffery er o, 2005, MRIDE 465296-01).

{. Recessive resistance allele. {Iresistance to transgenic MIR604 maize is
reeessive, then WCRW never becamc resistant within )5 years in all simulations
{Lr ald sconarios.



2 Daminant resistance allele, For scenanos 1-111, and V1, cither when larval
survival was densily-dependent or density-independent, resistance 1o transgenic
MIRG04 maive evolved in less than 13 years with a 20% refuge {(all three toxin
scenariog). For scenarios 1V and V, either when larval survival was density-
dependent or density-independent, resistance (o transgenic MIR604 maize did not
evalve within the 135 years of the simulation.  Resistance evolution using the 10%
retuge was worse for scenarios [-111, and VI than using the 20% refuge. The 30%
refuee delayed evolution ot resislance several years beyond 15 in Scenario I, 1V,
Vowhien farval sarvival was density-dependent and density-independent, but
resistance still evolved in less than |5 years tn Seenarios 1) 11 and V1,

3. Additive resistance sxpression. Two simulations representing two
nossihile effects ot additive expression on early mortality were run Jor cach
cambination of toxin sarvival (3 combinations) and refuge level (3 levels) [ora
loul of 18 simulations. Like the results for dominant resistance expression. the
resnlis tar scenarios 11 were much dilferent from thosc for scenarios | V-V when
expressian was additive.

Densitv-Dependent. For Scenarios 1 and {1, with density-dependent survival,
resistance evolved in less than 15 years using both the 10% and 20% rcfuge
options Yor all hiut one simulatinu that for additive expression case #1 1 which the
torin survival was 0.14 using a 2% refuge. No resistance was predicted i[a 30%
relige (with density-dependent sarvival) was nsed in any of the six landscape
seenarivs with additive expression (both case #1 and #2) during the 15 years of’
the: simlation. N resistance evolved during the 135 years af the nodel
suiwilations using scenarios IV and V (MIR604 maize was planted only in rolated
iy Nelds and rotation-resistunce existed).

Lensing -Independent. Resistance did not evolve during the 15 vears of the
sinmdation nnder scenarivs -V using a 20% and 30% refuge 1 dhere was density-
independent survival except in adilitive expression cdase #2 when toxin survival
wias L1225 for larvac in scenanias I-HL I these three simulations, resistance
evolved in 13 years, A 1'% refoge delayed resistance for at feast 10 years in
scenarios |11 Resistance did cvolve inless than 15 years using all refoge sizes
and 411 toxin comhinations with scenario VI (continuous matze treated with soil
mseytcide).  Inthis casce, the 20% refige with an annual soil insecticide causing
SO mevtality will effectively become a 10% refuuc. No resistance evolved
dnnng the 13 years uf the motel simulations nsing scenarios 1V and V,

tonclusions frost Svngenta's Specific Modeling for MIR6O4 Melze

The sensitivity analysis indicated that changes in the initial allele Trequesncy hal
the ercatcst effect on results, Results werc insensitive to recessive expressian in
MIROD4 maize. Simulations using scenaria V were inscusitive to changes in
miinhadule density, R-ullele frequency, and emergence delay. For scenaria | and
doniiam expression af resistance ta wansgenic MIR604 maire, the resulls were
genesliy not sensilive w inereascs in iaitial pest density, lengthening of the early-
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morlalily period, no reduction in tecundity of survivors in transgenic MIR604
miuse elds. For scenario | and additive expression or dominant expressiain,
rusnits were sensitive to changes in mitial allele frequency.

(4 roatworm resistance (o the mCry3A toxin as expressed in MIR604 maize is
revessive (this is thought o be the case), then (the modeling study suggests that an
IRM plan with a 20% reluge, as proposed hy Syngenta, will be adequalc lor
defaving the evolution ol resistance Tor at least 15 years, 1M MIRG04 maize is
planicd in arcas with observable ratation-resistance in the WCRW population,
then the simulations indicale that planting the transgenic maize only i rolaled
maiye Nelds s a good TRM plan that will delay resistance evolution to the
mlry3A toxin expressed in MIR604 miaize by at least 15 yoars regardless of gene
expression, This strategy will also counteract the rotation resistance in WCRW
{see Crowder et ., 20035).

'lic :nost complicated cases arc Tor arcas without rolation-resistance or for
framers who wanl to plant continnous corn. The simulations show thal regislance
ta MIRO04 maize may occur in 9-12 years with a 20% rcfuge, a toxin survival of
(L4933 (the oy crall mean) and with dominant expression of resistance. If
exprossion is additive, the evolntian ol resistance is delayed a hit more than far
donyimat expwession by 1-2 years. 1ihe inttial resistance allele freguency s
higher than assumed (hen resistance can ocaw a lew years earlier. 1 soil
isesticides are used on an annual basis in the refuge, then a 20% refge
elivctively becomes a 10% refuge when resistance expression is dominant or
akiinive and resistunce evolves mare quickly.

fmpact of MIRG604 ar Biology of CRE

in vrder to develop an effective IRM plan and appropriate deployment strategies
tor MIROU4, Syngenta suhmitted mformation deserihing CRW hiology, cecology,
belinvior and loxicology related to MIRG604. This information is especially
unportant (or this produet hecaase some mdividuals survive alter feeding an the
cvent. Notonly is it important te undersiand the relative fitness ol adulls that
cimerge afler feeding on MIRGU4, it s also impartant lo understand the behavior
of surviving farvae, Far the most part Syngenta submitted detailed information lo
addioss these issues. However, Syngenta considers their rezearch ongoing and
BRI anticinales addittienal niformation when it comes availzhie.

2vidence and observatians made hy Syngenta show that cormn rootworm mules
nornally start to emerge belore females and this emergence period gerierally
cestinges [or over a month (Moin at al,, 1998; Elliot and Flein, 1991; Meinke,
Tugs). Experiments condicled hy Syngenta in 2003 and 2004 indicale (hal
WORW adnils emergimyg from MIR604 cmerge an average of 6-7 days later than
WORW adnits emerging from non-transgenic isoline corn. A similar delay in
ericrgence was observed with NCRW, Syngenita found no evidence tat (here is a
ditTurence m the delay in enicrgence between malies and fenales (althongh there
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was some variability and the cimergence profiles did vary). This last abservalion
is rspecially important becuuse it implies that narmal mating patierns are nol
likelv to be disrupted by any shift in the sex ratios normally found in the field,
Given that the emergence period of WCRW is over a month, the observed delays
ol 0-7 days for WCRW achdts emerging from MIRG04 plots shonld not impact
their availability to matc with adnits from refuge plots. Syngenta also
investivated the impact of density-dependent and density-independent mortality
with respect to delays in emergence. Thesc fuctors were evaluated for their
impeet on the evolution of resistance fn Sygenta’s model (discussed above).

[1 15 clear from Syngenta’s snbmission that thie development of surviving larvae 13
siunificantly delayed, which is reficeted in the delay ol emerging adults.
Thercfore, it is also necessary 10 cstablish that adults emerging from MIR604 are
nol physiclogically compromised in a way that woald prevent them from mating
with refiige adalts. Syngenta is enrently working with collaborators to [ulty
nncderstand the relative fitness of adalts that emerge from MIRG04. Carreotly
hittle 1s known about sub-icthal effects af taxicants on specific Diabroticn species.
WCRW femnles mate soon after they emerge and need to [eed for about twa
weeks pefore they can lay cggs (Hein and Tollefson, 1985; Hein et al,, 1988).
Olservatians have shown early emerging adalts survived longer and were imore
fecundt than later emerging adults, conferring redoced fitness to the later emerging
resuits 1 Boetel and Fullec, 1997). Tn most cases, the fitness of insects that are
exyused to sub-lethal doses of an insccticide is decreased and the namber ol
nilspring is reduced (Haynes, 1988). The reduced relative fitness of insecticide-
resistant genotypes is also comman among inscets (Crow, 1957), which bas heen
ductmented for strains of insects resistant 1o synthetic insccticides {e.g. Ferran
and Crenghiou, 1981; Roush and Plapp. 1982) and strains resistant to Bocilius
tharmeienxie (Groeters eval, 1994 Alvokhin and Ferro, 1994). Syngenta’s
contnned research rewarding the biological impact of MIRG04 on CRW aduhis is
Impearant.

s ovident :tom submitted information that the prevention ol damage fo MIRGD4
con: roots is not necessarily accompanied by high levels of larval mortality,
Svigema and collaboratars conducted stidies to beticr understand the interactions
borween CRW larvace and MIRGO4 roots and the means by which roots are
pratected. To investigate these interactions, both MIR604 and negative isoline
plars were from seed and infested with newly hatched WCRW. At several
mtervass (1, 2, 3, 7 and 14 days) afler infestation estimates of root weight, larva
nursher, larval wet and dry weights and larval teeding activity were recorded.
Rusalts showed that the weight of MIRG( voots increased sigmi ficantly atter day
3 when compared with the conwrol roots, showing that MIR604 roots were
protected from WCORW damage. With regard to farval nambers. the numbers of
WURAW larvac on both negative isoling and MIR6004 routs declined after
inleatahion, but nn MIRGO4 this decline occurred more guickly and by day 7 no
farvae svere alive, This finding contrasis with the negalive isoline roats where
steiilicant survival was obsorved. Larvad feeding was recorded on each
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assessnient day wnd significantly fewer larvac were observed on the MIR604 roots
campared o the control. For example, ondays | und 2 less than 10% af the
farvae were present on MIRG04 roots and none were feeding on day 3, whereas
ahout $1% of Tarvae on the control roots were obscrved feeding at any onc time.
Ay enpected, this difference in feeding resnited 1 significant diffcrences in farval
weight between the two graups. Both wet and dry weights of lurvae feeding on
MIRG04 roots were significantly lower than those feeding on negative 1sofine
rools. Possibly the most importing nformation from Syngenta’s research were
she behavioral findings. It was observed that the larvae feeding on MIR604 roots
necame sick and either died within the first day or survived until day 2 but did not
contimie ta feed on root tissite. Larvae on the MIR604 roots appearcd to have one
ol twa hehaviors: 1) Feeding withont inhibition followed by death a shart tme
fater, ar 2) movement through the root zone, not feeding on the root tissuc, but
samphing root hairs and contimung to search for lood.  Applymg thesc finding to
a ficld sctting, it is possible that larvac can sbrvive to the 2% instar by feeding on
raat hatrs of MIRG04 plants, taking i small amounts of root tissuc, and
supplementing their dict with surrounding grassy weeds and plant roots (Wilsan
and Hihbard. 2004, Clark and Hibbard, 2004). By surviving to the 2 instar
stage, which is less susceptible to mCry3A than the 1™ instar stage, WCRW cauid
re-cstablish on MIR6O4. Although a re-cstablishment of the pest is possihie, i11s
docrimented that nawural foss of WROW between root pengiration and adalt
aergence s high (Eihat et al., 1989).

Cross-Resisrance

i1 is tmportant to consider the impact of cress-resistance on the gvolution of corn
rostbwurm resistance o MIROD4 maize. Cross-resistance occur when a pest
hecomes resistant (o one Bt toxin, for example, und by virtus of this resistance, it
coniers resistanice to another distinet 8¢ toxin, The degree to which this cross-
resrslance might accur depends fargely on the mechamsm of resistance
chaructlerizing the original resistance and (he degree to which the two (or maore}
woxins are mdependently compromised by those mechanisms. For example,
CrviAc and Cryvl F. two 87 Cry toxins that target Lepidoptera, have a icast one
mudgal receptor tn conmon and 1f target site imodification 1s responsikde for
reststanee then a degree of cross-resistance 15 probably (Granero et af., 1996:
Bulesier er of., 1999,

Syrgenta discussed the potential for cross-resistance involiving the mCry3 A taxin
m MIRG04 maize in the IRM sibmission. To date, no recepior for Cry3 toxins
has heen detinttely 1solided or charactenzed. Reecently, a cadherin-link protein
s been wdentified m the nidit of WORW (Stegfned er o, 2005).

Syugenta’s event MIR604 CRW-control maize will be deployed into a landscape
copsistng of conventional corn and othcr CRW-control varicties. Al present
thire ave twa commerciddly available CRW-control varieties that must be inciuded
i ne svalaation of cross-resistance: Monsanto’s YieldGard® Rootworm




(MONEG3) maize that expresses the Cry3Bb! taxin and Dow AgroSciences
Herculex@@ RW maize that expresses he Cry34Ab1/Cry35Ab1 toxims. The IRM
plan for MIR604 mus) therelore consider the likelihood and possible
cansequences of the evolwion of resistance inn CRW that confers cross-resistance
w mulliple transgemic varieties.

The mode of action of mCry3A expressed in MIR604 CRW-control maize is
similar o that of all known Cry taxins {see liscussion earlier in this review), The
degree ol sequence homotogy may inlluence the potential for cross-resistance. bt
this tlepends on the specilichy ol the mechanisin of resistance thal might arise.
For 8¢ Cry toxins, only twa modes of resistance have been ohserved: 1) alteted
detoxificarion by proteasc enzymes in the midgut lumen which cleave theoxin
and 2} maodilicarion of the target site receptor on the brush border membrane of
e midgut epitheliom so that binding of the toxin is prevented ar hindered (IFerré
and Van Rie, 2002). The latler mechanism was observed in diamondbaci moth
{Plutella xvlosiella) tha were selected with formalated microbial B¢ products
which resalled in Aeld resistance as described in Tabashnik ef «f. (1997). Ovher
nunarget site mechanisms of Ay resistance have also been described: reduced or
impaired gat proteolylic activity i Plodia interpunciella (Indian meal molh)
(Oppert et nl, 1994, 1997; Herrero et «f., 2001) and alternation of toxin
processing ar same other inetabolic step in laboratory-selected strains of Heliothis
vireseray (tobacco budworm) (Jurat-Fuentes e of,, 2003). A non-target site
mechamsm of resistance would be detmmental lo IRM strategies based aronmnd
reduced selection resuiting from stacked Cry toxin gencs or mosaic plantings of
varielics expressing different toxims. The degree to which sach non-target site
mechanismes of resistance might impact resistance to Cry toxing in CRW s
ciremnty uiknown.

As described in Ballesier @1 ¢/, (1999), modifications of the target site binding
protein resuiting from sclection are hikely to canler a very specilic spectmm ol
reststances o closcly related Cry prateins that alsa have some alTinity with the
binihayg site in question, Benween mCry3 A and native Cryv3Bb1 there is a 61.7%
ilentity und 69.1% similarity in amino acid sequences, Taking into consideration
the size diflerence between the native and modified Cry3A proteins (mCry3A
swris al residac #48), the identny is 74,3% and similarity 1s 66.5%. This level of
anino ackl homology is not considered to be particularly high and such
ditterences indicale that there may be a differential recognition of these two
pratens inthe msect nudgut. Galitsky ef el (2001) nole that there are diflerences
hetween Cry3A and Cry3Bbl in certain oligomeric structures in domain H and
domain 1 ihat affect pure formation in the inidgut membrane, regulation of
channel fnction, and specilicity towurds taryet pests. These differences may
aitzer the hehaviar of cach of these protcins and reduce thie Hkelihood al warget-
srle ceass-resistance, ahheoargh this is anknow,

the Cry3dAbl and Cry353Ab! toxing expressed in the Dow AgroScience’s CRW
prodoct, Hercadext® RW represent a new family of insecticidal crystal proweins
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(EHis er ., 2002). Although theharget site for these CRW-aclive proteins 1s
conipletely unknown. it can be argued that cross-resistance at the target-site
hetw een them and the Cry3 toxins is extremely unlikely give the marked
divergence in structure of these prateins from the Cry3 group, Therelore, cross-
resisiance between MIR604 and Herculex RW is considered to be unlikely aml
nced nat be considered further.

By i large, the mechanisms of resistance that might evolve lo Bt toxins in
Coleomera like the CRW are largely anknown. Based on the review of the
fersture, the only genuine cases of resistanee 1o 8r loxins snggest thal target site
resistance is the most common and probably yesponsible for the majority vl
resistance cases. Whether this wonld actually he the case for CRW is unknown.
However, work by Siegfricd ef af. {2005) suggested that there 1s simmlanty ol the
targa sites in Coleoptera and Lepidoptera su that if resistance 1o Cry3 toxms
evoives in CRW it might involve a targel site modification. For a brief period
when there was a commercially available Cry3 A-expressing potato in the US,
perential resislance mechanisms were studied in the taboratory. Based on lhese
experiiments. Colorado potato beetle was shown (o survive {or a short period of
tine on fransgenic plants (Rahardia and Whaton, 1997). No further
charcierizavion of this resistunce was ever undertaken as NatureMark stopped
niwkeiing these 57 polalocs in 2001,

Meore reeent studies by Rauscl! ¢r af. (2D04) compared the (nxin-binding
capacinies ol prateolvtically-processed Cry3A, Cry3B and Cry3C toxins to midgut
hrash horder membranes of Colorado potatn beetle, /n vitre hetcrologous
campetition hinding experiments showed that the three proteoloytically-activated
O3 oxins all shared a common binding site, but Cry3Aa and Cry3Ca have an
exra hinding site tha is nat shared with the Cry3Ba toxin. This mcans that there
centd be some differences in the binding of mCry3A in MIR604 and thal of
('ry3Bh! in YieldGard RW. The mCry3A has been modified 1o promote
processing so that the availability of active tbxin for interaction with the binding
site may he different lor different Cry3 toxins  the natoral siluation in CRW
HRTHHTICS

Receptors for Cry3 toxins have never been isolated and characterized. To date,
cadherm amnd aminopeptidase-N are most freguiently associated with Cry voxin
hanling in Lepidoptera (e.g., Gahan er o, 2001, Luo ¢f af., 1996), although actin
(Mo Nallamd Adang, 2003), alkaiine phosphatuse (McNall antd Adang, 2003), and
glyzohipids 1Graffith ¢f wd.. 2015) have also been identificd more recently in
budirg. Only insect cadhering have been proven b nutale (0 give resistance (o
Crvrosing i Lepidoptera (Gahan er al., 2001, Morin er af., 2003). Sicgfricd er
. {2003} used an exprossed seguence tag to identify the first Coleopteran
cadhierin geve in CRW. Cadherin could be a receptor for Bt proteins in CRW, but
Lurther sidies are necessary (o confirm this possibility. Genetic ane biocheniical
s.udies with different insec) species have shown that resistainze mechanisms hased
on target-site genes such as cadherin are inherited as recessive or incompletely
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rocossive traits (Ferre and Van Ric, 2002). On the other haod, non-targel site
mechanisms, such as altered metabolism or processing, arc more likely o be
inherited as incompletely domunant traits. One would therefore predict that a
recessively-ivdierited target site mechanism is (he most likely to evolve it
resistance oceurs to mCry3A in CRW, The modeiing studies (discussed above]
mehude varying degrees of dominance.

Ransseil ef ¢f. (21304) foand that CryBhi might confer some cross-resistance (2
CrvdA 1mCry3A) through modification of the shaved receptor. However, the
reverse is not necessarily true. That is, resistance 1o mCry3 A could ocenr throngh
modilication of o unigue hinding sitc with which Cry3Bb1 does not interact.
Thus, CRW dleveloping resistance 1o mCry3 A expressed in MIR60G4 maizc may
not conter complete resistance o Cry3BBhl maize. While Rauseil ef ¢, (2004)
did demonstrate specific binding of processed (oxin they did not demonstrate
fimctional receptor binding. Because there s a lack of real information on the
gahire ol resistance, especially in CRW, it is hesl to assume coniplete cross-
resestance between Cry3BbE and mCry3A. This “worst-case” was assied in lhe
niodeling studics discussed above, s more itkely, however, that if CRW
resistance does occur ® mOTy3 AL oniy partial cross-resistance to Cry3Bbi is
expeetet.

To stady these issues further, it is recommendexd that Syngenta conduct cross-
resistance studies using CRW colanies resistont to mCry3A. Experiments shonld
be conducted o investigale the nature, inheritance, and filness costs of specific
muchunisins of resistance o the mCry3A profein expressed in MIRG04 maize,
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