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Abstract Diamondback moth (DBM), Plutella xylostella, is a worldwide devastating pest of Brassicaceae, and is well known
as one of the most difficult pests to control, because of its wide distribution, rapid reproduction, and high resistance to
agrochemicals. Bacillus thuringiensis (Bt)-based insecticides plays a key role of great importance in bio-control of DBM.
DBM is the first pest species that evolves resistance to Bt Cry toxins in outdoor fields, and its resistance development and
associated underlying mechanisms have received global attention. This paper first summarizes the global infestation of DBM
and previous studies on its insecticide resistance, and elaborates the Bt story of discovery, development and application, and
then further analyzes the DBM resistance to Bt toxins and resistance mechanisms. In addition, prospects on risks of resistance
development, cultivation of transgenic oilseed crops, as well as further investigation on resistance mechanisms are discussed in
some detail, with the hope to provide strategies for development of optimal resistance management and sustainable utility of
Bt-based insecticides and Bt-transgenic crops.
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Table 1 Case studies on the resistance of Plutella xylostella to Bt toxins
Strain Country Toxin ratio Resistance Reference
NO-P USA-Hawaii CrylAc 150 Tabashnik et al., 1991
NO-Q USA-Hawaii CrylAc 180 Tabashnik et al., 1991
NO-R USA-Hawaii CrylAc 190 Tabashnik et al., 1991
No name Philippine-Baguio CrylAb >200 Ferré et al., 1991
NO-QA USA-Hawaii Btk 1 800-6 800 Tabashnik et al., 1993
NO-QA USA-Hawaii CrylF >240 Tabashnik et al., 1994
NO-QA USA-Hawaii CrylAb >750 Tabashnik et al., 1994
Resistance colony USA-Florida Btk >1500 Tang et al., 1996
PEN USA- Pennsylvania CrylJ 1000 Tabashnik et al., 1997
Cry1C-Sel USA-Massachusetts CrylC 12 400-63 100 Zhao et al., 2000
Btk-Sel Malaysia-Melaka Btk 112 Sayyed et al., 2000
Bta-Sel Malaysia-Melaka Bta 30 Sayyed et al., 2000
Cry1Ab-Sel Malaysia-Melaka CrylAb 500 Sayyed et al., 2000
CrylAc-Sel Malaysia-Melaka CrylAc >10 500 Sayyed et al., 2000
PXR Japan CrylAc 126 000 Kumaraswami et al., 2001
CrylAc-Sel-SERD4 Malaysia CrylAc >150 Sayyed et al., 2008
SZBT China-Guangdong CrylAc 1200 Gong et al., 2010
SZ-R (T2-R) China-Shenzhen CrylAc 450 Guo et al., 2015a
SH-R China-Shanghai Btk 1 900 Guo et al., 2015b
NIL-R (BC6F4) USA-Florida CrylAc 5000 Zhu et al., 2015
DBMI1Ac-R USA-Florida CrylAc 5100 Zhu et al., 2015
Bt 1953 >200 Ferré etal. 1991
2014 91
12 Bt 1 500 Tang et al. 1996
IRAC 2015 Machekano etal. 2017 PEN Bt Cryl]
Bt 1 000 Tabashnik et al. 1997
Zhao 2000
Tabashnik 1991 Cry1C-Sel CrylC
NO-P NO-Q NO-R CrylAc 2
150 180 190 12 400 63 100
NO-QA Btk 1 800-6 Sayyed 2000
800 Tabashnik et al. 1993 Bt Btk Bta CrylAb CrylAc
Bt CrylF  CrylAb >240 150
>750 Tabashnik et al. 1994 ROTH 112 30
CrylAc 500 10 500
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Table 2 Mechanisms of Cry toxin resistance in Plutella xylostella reported from laboratory,
greenhouse, and field studies
) . Mechanism of resistance
Strain Country Toxin
343 USA Btk® Altered/loss of binding site (not yet identified)
Dpl-r %[E USA Btk® Altered/loss of binding site (not yet identified)
Multiple Brazil Bta’% Btk Physiological adaptation
SZ-R(T2-R) China CrylAc ABC Mutation in ABC transporter protein
SH-R China CrylAc ABC Mutation in ABC transporter protein
Btk-Sel Btk* Altered/loss of binding site (not yet identified)
Malaysia
Bta-Sel Bta® Altered/loss of binding site (not yet identified)
Malaysia
Cry1Ab-Sel CrylAb Altered/loss of binding site (not yet identified)
Malaysia
CrylAc-Sel CrylAc
Malaysia Toxin activation defects; toxin sequestration/coagulation; altered/loss of binding site
(not yet identified)
No name CrylAb Altered/loss of binding site (not yet identified)
Philippines
PHI CrylAa, Altered/loss of binding site (not yet identified)
Philippines Cty1AD,
CrylAc
CrylAc-R USA CrylAc CDH N (APN)
(DBMl1Ac) (ALP) ABC Altered/loss of binding site (not yet
identified); mutation in CDH; altered transcription of APN; altered transcription of
ALP; mutation in ABC transporter protein
NIL-R USA CrylAc Altered/loss of binding site (not yet identified)
(BC6F4)
NO-95C USA CrylC
Putative: toxin activation defects; altered proteinase activity
NO-P USA CrylAc Altered/loss of binding site (not yet identified)
NO-Q USA CrylAc Altered/loss of binding site (not yet identified)
NO-QA USA CrylAa, Altered/loss of binding site (not yet identified)
CrylAb,
CrylAc
NO-QAGE USA CrylAc ABC Mutation in ABC transporter protein
NO-R USA CrylAc Altered/loss of binding site (not yet identified)
NO-U USA CrylAc Altered/loss of binding site (not yet identified)
PEN USA CrylAa,
gryiﬁb’ Altered/loss of binding site (not yet identified); increased nonspecific toxin-binding
rylAc
PXR Japan CrylAc Reduced glycolipid levels
SZBT China CrylAc Altered/loss of binding site (not yet identified)

c: CrylAa, CrylAb, CrylAc, Cry2Aa, Cry2Ab, Cry2B; o: CrylAa, CrylAb, CrylCa, CrylDa .
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