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DATE: April 19, 2018

SUBJECT:  Transmission of Background Materials and Charge to the Panel for the July17-20,
2018 Session of the FIFRA Scientific Advisory Panel (FIFRA SAP) Reviewing
Resistance in Lepidopteran Pests to Bacillus Thuringiensis (Bt) Plant Incorporated
Protectants in The United States: EPA’s Analysis of Scientific Uncertainties
Related to Resistance Management and Proposals to Enhance the Current Insect
Resistance Management Program

TO: Steven Knott
Executive Secretary
FIFRA Scientific Advisory Panel Staff
Office of Science Coordination and Policy

FROM: Robert McNally, Director
Biopesticides and Pollution Prevention Division
Office of Pesticide Programs

Transmitted with this memo are copies of the EPA white paper, essential background documents
(or links to them), and the charge to the Panel for the July 17 through 20, 2018 session of the
FIFRA SAP reviewing Resistance in Lepidopteran Pests to Bacillus thuringiensis (Bt) Plant
Incorporated Protectants (PIPs) in The United States: EPA’s Analysis of Scientific Uncertainties
Related to Resistance Management and Options to Enhance the Current Insect Resistance
Management (IRM) Program. These documents do not contain any information protected under
statute as Confidential Business Information (CBI). Some of these materials contain information,
which may be proprietary in nature and/or are protected from disclosure to foreign and multi-
national pesticide producers under FIFRA Section 10(g). In addition, several materials include
information protected by copyright. The tabulated documents have completed QA/QC review and
are listed below in the attached Table 1.



Table 1: Transmission of Background Materials and Charge to the Panel for the July 17-20, 2018 Session of the FIFRA Scientific
Advisory Panel (FIFRA SAP) Reviewing Resistance in Lepidopteran Pests to Bacillus thuringiensis (Bt) Plant Incorporated
Protectants (PIPs) in The United States: EPA’s Analysis of Scientific Uncertainties Related to Resistance Management and Options
to Enhance the Current Insect Resistance Management (IRM) Program

Master Record
FIFRA 10(g) e
Document Title Author(s) Date Protected? e Ide&:ﬂ;‘rl]%a;trlon
(MRID)*
Resistance in Lepidopteran Pests to Bacillus (Martinez et al., 2018)
thuringiensis (Bt) Plant Incorporated Protectants
(PIPs) in The United States: EPA’s Analysis of X Not applicable
Scientific Uncertainties Related to Resistance
Management and Options to Enhance the Current
Insect Resistance Management (IRM) Program
EPA Charge Questions to the Scientific Advisory (Martinez et al, 2018)
Panel Related to Identified Risk Factors for X Not applicable
Lepidopteran Resistance to Bt and Resistance
Monitoring Improvements
BPPD Review of ABSTC’s 2014 — 2016 (Martinez and Reynolds, 2017)
Compliance Assurance Program (CAP) Reports for X Not applicable
Bt Corn Products Targeting Corn Borer and Corn
Rootworm
White paper on corn rootworm resistance (U.S. EPA, 2013) X Not applicable
monitoring for Bt Plant-Incorporated Protectants
Terms and Conditions for Bt Corn Registrations (U.S. EPA, 2010) X Not applicable
Monitoring the susceptibility of field populations of | Berman, K., D.
Heliothis virescens and Helicoverpa zea to CrylAc | Sumerford, P. 2017 FIFRA 10(g) X No MRID
and Cry2Ab2 proteins: 2016 monitoring results Price
Baseline susceptibility of bollworm (Helicoverpa Payne, G., S. No MRID
zea) and tobacco budworm (Heliothis virescens) Piper, T. 2014 FIFRA 10(g) X
larvae to Cry1Ab and Cry2Ae Bt proteins — 2013 Dennehy, C.



https://www.regulations.gov/docket?D=EPA-HQ-OPP-2017-0617
https://www.regulations.gov/docket?D=EPA-HQ-OPP-2017-0617
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584385
http://www.regulations.gov/document?D=EPA-HQ-OPP-2013-0490-0030
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584376
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Document Title

Author(s) Date

FIFRA 10(g)
Protected?

QA/QC

Master Record
Identification
Number
(MRID)*

Sansone

Unusual survival report: susceptibility of bollworm
(Helicoverpa zea) to Cry2Ae and Cry1Ab Bacillus
thuringiensis (Bt) proteins — 2016

Payne, G., T.
Dennehy, C.
Sansone

2017

FIFRA 10(g)

MRID 503633-01

Monitoring the susceptibility of southwestern corn
borer, Diatraea grandiosella, collected from
unexpected damage fields containing event DAS-
01507-1

Crespo, A.E., Z.
Pan, J. Staley, C.
Pilcher, R.
Binning

2015

FIFRA 10(g)

MRID 497854-01

Monitoring the susceptibility of southwestern corn
borer (Diatraea grandiosella) to the Cry1F protein
in southeastern Arizona: 2015 collection

Crespo, A., E.
Huang, C.
Pilcher

2017

FIFRA 10(g)

MRID 501749-01

The Impact of Inter-Kernel Movement in the
Evolution of

Resistance to Dual-Toxin Bt-Corn Varieties in
Helicoverpa

zea (Lepidoptera: Noctuidae)

(Caprio et al., 2016)

Field-evolved resistance in corn earworm to Cry
proteins expressed by transgenic sweet corn

(Dively et al., 2016)

Cry1F resistance in Fall armyworm Spodoptera
frugiperda: single gene versus pyramided Bt maize

(Huang et al., 2014)

Evaluation of tolerance to Bacillus thuringiensis
toxins among laboratory-reared western bean
cutworm (Lepidoptera: Noctuidae)

(Dyer et al., 2013)

Monitoring susceptibility of western bean cutworm
(Lepidoptera: Noctuidae) field populations to
Bacillus thuringiensis Cry1F protein

(Ostrem et al., 2016)

Evidence for field-evolved resistance of Striacosta
albicosta (Lepidoptera: Noctuidae) to CrylF

(Smith et al., 2017)



http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584370
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584374
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584382
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584375
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584391
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584399
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Document Title

Author(s) Date

FIFRA 10(g)
Protected?

QA/QC

Master Record
Identification
Number
(MRID)*

Bacillus thuringiensis protein and transgenic corn
hybrids in Ontario, Canada

Susceptibility of field populations of the cotton
bollworm in the southern US to four individual Bt
proteins

(Yang et al., 2017a)

Pollen contamination in seed mixture increases the
dominance of resistance to Bt maize in Spodoptera
frugiperda (Lepidoptera: Noctuidae)

(Yang et al., 2017b)

Blended Refuge and insect resistance management
for insecticidal corn

(Onstad et al., 2018)

Factors associated with willingness to plant non-Bt
maize refuge and suggestions for increasing refuge
compliance

(Reisig, 2017)

Can pyramids and seed mixtures delay resistance to
Bt crops?

(Carriere et al., 2016)

Density dependence and growth rate: evolutionary
effects on the resistance development to Bt
(Bacillus thuringiensis)

(Martinez et al., 2017)

An empirical test of the F2 screen for detection of
Bacillus thuringiensis-resistant alleles in tobacco
budworm (Lepidoptera: Noctuidae)

(Blanco et al., 2008)

Mechanism and DNA-based detection of field-
evolved resistance to transgenic Bt corn in fall
armyworm (Spodoptera frugiperda)

(Banerjee et al., 2017)

Considerations for design of insecticides resistance
monitoring programs

(Roush and Miller, 1986)

Insect resistance to Bt crops: evidence versus theory

(Tabashnik et al., 2008)

Field evolved resistance to Bt toxins

(Moar et al., 2008)



http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584406
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584408
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584392
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584372
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584384
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584369
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584367
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584397
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584400
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584387
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Master Record
QA/QC Identification
Number
(MRID)*

FIFRA 10(g)
Document Title Author(s) Date Protected?

Defining Terms for Proactive Management of (Tabashnik et al., 2014)
Resistance to Bt Crops X
and Pesticides

Early detection and mitigation of resistance to Bt (Andow et al., 2016)
maize by western corn rootworm (Coleoptera: X
Chrysomelidae)

Impact of small fitness costs on pest adaptation to (Gould et al., 2006)
crop varieties with multiple toxins: a heuristic X
model

Cross-resistance to toxins used in pyramided Bt (Welch et al., 2015)
crops and resistance to Bt sprays in Helicoverpa zea

Two-toxin strategies for management of insecticidal (Roush, 1998)
transgenic crops: can pyramiding succeed where X
pesticide mixtures have not?

Susceptibilities of Helicoverpa zea and Heliothis (Ali et al., 2006)
virescens (Lepidoptera: Noctuidae) populations to X
Cry1Ac insecticidal proteins

*|f applicable

Ali, MI; Luttrell, RG; Young, SY. (2006). Susceptibilities of Helicoverpa zea and Heliothis virescens (Lepidoptera: Noctuidae) populations
to CrylAc insecticidal proteins. J Econ Entomol 99: 164-175. http://dx.doi.org/10.1603/0022-0493(2006)099[0164:Sohzah]2.0.Co;2

Andow, DA; Pueppke, SG; Schaafsma, AW; Gassmann, AJ; Sappington, TW; Meinke, LJ; Mitchell, PD; Hurley, TM; Hellmich, RL;
Porter, RP. (2016). Early detection and mitigation of resistance to Bt maize by western corn rootworm (Coleoptera: Chrysomelidae).
J Econ Entomol 109: 1-12. http://dx.doi.org/10.1093/jee/tov238

Banerjee, R; Hasler, J; Meagher, R; Nagoshi, R; Hietala, L; Huang, F; Narva, K; Jurat-Fuentes, JL. (2017). Mechanism and DNA-based
detection of field-evolved resistance to transgenic Bt corn in fall armyworm (Spodoptera frugiperda). Sci Rep 7: Article #10877.
http://dx.doi.org/10.1038/s41598-017-09866-y

Blanco, CA; Perera, OP; Gould, F; Sumerford, DV; Hernandez, G; Abel, CA; Andow, DA. (2008). An empirical test of the F2 screen for



http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584403
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584364
http://hero.epa.gov/index.cfm?action=search.view&reference_id=475603
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584405
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584394
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584363
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584363
http://dx.doi.org/10.1603/0022-0493(2006)099%5b0164:Sohzah%5d2.0.Co;2
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584364
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584364
http://dx.doi.org/10.1093/jee/tov238
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584367
http://dx.doi.org/10.1038/s41598-017-09866-y
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584369
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detection of Bacillus thuringiensis-resistant alleles in tobacco budworm (Lepidoptera: Noctuidae). J Econ Entomol 101: 1406-1414.
http://dx.doi.org/10.1603/0022-0493(2008)101[1406:AETOTF]2.0.CO;2

Caprio, MA; Martinez, JC; Porter, PA; Bynum, E. (2016). The impact of inter-kernel movement in the evolution of resistance to dual-toxin
Bt-corn varieties in Helicoverpa zea (Lepidoptera: Noctuidae). J Econ Entomol 109: 307-319. http://dx.doi.org/10.1093/jee/tov295

Carriéere, Y; Fabrick, JA; Tabashnik, BE. (2016). Can pyramids and seed mixtures delay resistance to Bt crops? [Review]. Trends
Biotechnol 34: 291-302. http://dx.doi.org/10.1016/j.tibtech.2015.12.011

Dively, GP; Venugopal, PD; Finkenbinder, C. (2016). Field-Evolved Resistance in Corn Earworm to Cry Proteins Expressed by Transgenic
Sweet Corn. PL0oS ONE 11: e0169115. http://dx.doi.org/10.1371/journal.pone.0169115

Dyer, JM; Sappington, TW; Coates, B. (2013). Evaluation of tolerance to Bacillus thuringiensis toxins among laboratory-reared western
bean cutworm (Lepidoptera: Noctuidae). J Econ Entomol 106: 2467-2472. http://dx.doi.org/10.1603/EC13190

Gould, F; Cohen, MB; Bentur, JS; Kennedy, GG; Van Duyn, J. (2006). Impact of small fitness costs on pest adaptation to crop varieties with
multiple toxins: A heuristic model. J Econ Entomol 99: 2091-2099.

Huang, F; Qureshi, JA; Meagher, RL, Jr; Reisig, DD; Head, GP; Andow, DA:; Ni, X; Kerns, D; Buntin, GD; Niu, Y; Yang, F; Dangal, V.
(2014). Cry1F resistance in fall armyworm Spodoptera frugiperda: single gene versus pyramided Bt maize. PLoS ONE 9: €112958.
http://dx.doi.org/10.1371/journal.pone.0112958

Martinez, JC; Caprio, MA; Friedenberg, NA. (2017). Density dependence and growth rate: Evolutionary effects on the resistance
development to Bt (Bacillus thuringiensis). J Econ Entomol 111: 382-390. http://dx.doi.org/10.1093/jee/tox323

Martinez, JC; Reynolds, A. (2017). BPPD Review of ABSTCs 2014 2016 Compliance Assurance Program (CAP) Reports for Bt Corn
Products Targeting Corn Borer and Corn Rootworm. Martinez, JC; Reynolds, A.

Moar, W; Roush, R; Shelton, A; Ferre, J; Macintosh, S; Rogers Leonard, B; Abel, C. (2008). Field evolved resistance to Bt toxins [Letter].
Nat Biotechnol 26: 1072-1074. http://dx.doi.org/10.1038/nbt1008-1072

Onstad, DW; Crespo, ALB; Pan, Z; Crain, PR; Thompson, SD; Pilcher, CD; Sethi, A. (2018). Blended refuge and insect resistance
management for insecticidal corn. Environ Entomol 47: 210-219. http://dx.doi.org/10.1093/ee/nvx172

Ostrem, JS; Pan, Z; Flexner, JL; Owens, E; Binning, R; Higgins, LS. (2016). Monitoring susceptibility of western bean cutworm
(Lepidoptera: Noctuidae) field populations to Bacillus thuringiensis Cry1F protein. J Econ Entomol 109: 847-853.
http://dx.doi.org/10.1093/jee/tov383

Reisig, DD. (2017). Factors associated with willingness to plant non-Bt maize refuge and suggestions for increasing refuge compliance. J
Integr Pest Manag 8: 9. http://dx.doi.org/10.1093/jipm/pmx002

Roush, R. (1998). Two-toxin strategies for management of insecticidal transgenic crops: Can pyramiding succeed where pesticide mixtures
have not? Philos Trans R Soc Lond Ser B Biol Sci 353: 1777-1786. http://dx.doi.org/10.1098/rstbh.1998.0330

Roush, RT; Miller, GL. (1986). Considerations for design of insecticides resistance monitoring programs. J Econ Entomol 79: 293-298.
http://dx.doi.org/10.1093/jee/79.2.293

Smith, J; Lepping, M; Rule, D; Farhan, Y; Schaafsma, A. (2017). Evidence for field-evolved resistance of Striacosta albicosta (Lepidoptera:



http://dx.doi.org/10.1603/0022-0493(2008)101%5b1406:AETOTF%5d2.0.CO;2
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584370
http://dx.doi.org/10.1093/jee/tov295
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584372
http://dx.doi.org/10.1016/j.tibtech.2015.12.011
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584374
http://dx.doi.org/10.1371/journal.pone.0169115
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584375
http://dx.doi.org/10.1603/EC13190
http://hero.epa.gov/index.cfm?action=search.view&reference_id=475603
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584382
http://dx.doi.org/10.1371/journal.pone.0112958
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584384
http://dx.doi.org/10.1093/jee/tox323
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584385
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584387
http://dx.doi.org/10.1038/nbt1008-1072
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584389
http://dx.doi.org/10.1093/ee/nvx172
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584391
http://dx.doi.org/10.1093/jee/tov383
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584392
http://dx.doi.org/10.1093/jipm/pmx002
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584394
http://dx.doi.org/10.1098/rstb.1998.0330
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584397
http://dx.doi.org/10.1093/jee/79.2.293
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584399
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Noctuidae) to Cry1F Bacillus thuringiensis protein and transgenic corn hybrids in Ontario, Canada. J Econ Entomol 110: 2217-2228.
http://dx.doi.org/10.1093/jee/tox228

Tabashnik, BE; Gassmann, AJ; Crowder, DW; Carriere, Y. (2008). Insect resistance to Bt crops: Evidence versus theory. Nat Biotechnol 26:
199-202. http://dx.doi.org/10.1038/nbt1382

Tabashnik, BE; Mota-Sanchez, D; Whalon, E; Hollingworth, RM; Carriere, Y. (2014). Defining terms for proactive management of
resistance to Bt crops and pesticides. J Econ Entomol 107: 496-507. http://dx.doi.org/10.1603/EC13458

U.S. EPA (U.S. Environmental Protection Agency). (2010). Terms and Conditions for Bt Corn Registrations.
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/bt-corn-terms-conditions.pdf

Welch, K; Unnithan, G; Degain, B; Wei, J; Zhang, J; Li, X; Tabashnik, BE; Carriére, Y. (2015). Cross-resistance to toxins used in
pyramided Bt crops and resistance to Bt sprays in Helicoverpa zea. J Invertebr Pathol 132: 149-156.
http://dx.doi.org/10.1016/j.jip.2015.10.003

Yang, F; Kerns, D; Gore, J; Catchot, A; Lorenz, G; Stewart, S. (2017a). Susceptibility of field populations of the cotton bollworm in the
southern US to four individual Bt proteins. 2017 Beltwide Cotton Conferences.

Yang, F; Kerns, DL; Brown, S; Head, GP; Huang, F. (2017b). Pollen contamination in seed mixture increases the dominance of resistance to
Bt maize in Spodoptera frugiperda (Lepidoptera: Noctuidae). Pest Manag Sci 73: 2379-2385. http://dx.doi.org/10.1002/ps.4631



http://dx.doi.org/10.1093/jee/tox228
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584400
http://dx.doi.org/10.1038/nbt1382
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584403
http://dx.doi.org/10.1603/EC13458
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584376
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584405
http://dx.doi.org/10.1016/j.jip.2015.10.003
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584406
http://hero.epa.gov/index.cfm?action=search.view&reference_id=4584408
http://dx.doi.org/10.1002/ps.4631

