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Bt transgenic crops for insect-resistance and modification of
Bt protein and utilization of stacking strategy
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Abstract: Insecticidal protein genes from Bacillus thuringiensis are currently the most widely used insect-resistant genes.
They have been transferred to many crops for breeding and production. Among them, cotton, maize, potato and other
insect-resistant crops are commercialized, creating considerable economic benefit. In this review, we summarized advances
in identifying functional genes and transgenic crops for insect resistance, compared different strategies for enhancing vigor
of insecticidal protein and utilizing gene stacking as well as listing valuable groups of stacked genes. In addition, the

methods for multiple gene transformation was discussed.
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Table 1 Approved GM events number with Bt in different crops around the world

Gene Trait Event number Maize Cotton Potato Rice Soybean Poplar Eggplant Tomato

crylA Lepidopteran 1 1
insect resistance

crylA.105 17 17
crylAb 57 48 7 2
crylAb 2 1 1
(truncated)
crylAb-Ac 2 2
crylAc 32 1 22 2 3 2 1 1
crylC 1 1
crylF 7 2 4 1
mocrylF 1 1
crylFa2 41 41
cry2Ab2 23 17 6
cry2Ae 3 3
cry9C 1 1
Vip3A(a) 3 3
vip3Aa20 15 15
cry34Abl Coleopteran 33 33
cry35Ab1 insect resistance - -
cry3A 30 30
cry3Bb1l 17 17
mcry3A 28 28
SUM 347 255 49 30 5 4 2 1 1

Data from website http://www.isaaa.org.
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Table 2 List of commercial GM insect resistance crops around the world

Event name Trade name Developer Crop Gene
CBH-351 Starlink™ Maize Bayer Maize  cry9C/Bar (Herbicides tolerence)
TC1507 Herculex™ I, Herculex™ CB Dow and DuPont Maize  crylFa2
DAS59122 Herculex™ RW Dow and DuPont Maize  cry34Abl/cry35Abl
GM Shanyou 63 BT Shanyou 63 Huazhong Rice crylAc/cryl Ab
Huahui-1/TT51-1 Huahui-1 Agricultural Ri 1Ac/eryl Ab

uahui- - uahui- University ice crylAc/cry
Eventl JK 1 JK Agri Genetics Ltd Cotton  crylAc
Bt Brinjal Event Maharashtra Hybrid
BARI Bt B -1,-2,-3 and -4 Eggplant LA
EE1 CEUERSS, 7o, Tl Seed Company EEpiatt efyiac
1Ac/BXN (Herbici
31707 BXN™ Plus Bollgard™ Cotton Monsanto Cotton crylac/ (Herbicides
tolerence)
ATBTO04 Atlantic NewLeaf™ potato Monsanto Potato  cry3A
BT New Leaf™ Russet Burbank potato Monsanto Potato  cry3A
DBT418 Bt Xtra™ Maize Monsanto Maize  crylAc
3A/ Di
HLMT15 Hi-Lite NewLeaf™ Y potato Monsanto Potato cry. pvy_cp (Disease
resistance)
MON1076 Bollgard™ Cotton Monsanto Cotton  crylAc
MON15985 Bollgard II™ Cotton Monsanto Cotton  crylAc/cry2Ab2
MONS531 Bollgard™ Cotton, Ingard™ Monsanto Cotton  crylAc
MONS810 YieldGard™, MaizeGard™ Monsanto Maize crylAb
MON&863 YieldGard™ Rootworm RW, MaxGard™ Monsanto Maize  cry3Bbl
3Bb1/CP4 (Herbicid
MONB88017 YieldGard™ VT™ Rootworm™ RR2  Monsanto Maize Y (Herbicides
tolerence)
MONg89034 YieldGard™ VT Pro™ Monsanto Maize  cry2Ab2/crylA.105
3A/pl f1/pl 2
RBMT New Leaf™ Plus Russet Burbank potato  Monsanto Potato cry. . rv_f)r P
(Disease resistance)
cry3A/ pvy_cp (Disease
SEMT15 Shepody NewLeaf™ Y potato Monsanto Potato .
resistance)
SPBT02 Superior NewLeaf™ potato Monsanto Potato  cry3A
Russian Acad f
1210 amk Lugovskoi plus u.ssmn SO Potato  cry3A
Sciences
Russian Acad f
2904/1 kgs Elizaveta plus u.ssmn SO Potato  cry3A
Sciences
5307 Agrisure® Duracade™ Syngenta Maize  ecry3.1Ab
Bt10 Bt10 Syngenta Maize  crylAb
1Ab/Bar (Herbicid:
Bt176 (176) NaturGard KnockOut™, Maximizer™ Syngenta Maize o ar (Herbicides
tolerence)
COT102 (IR102) VIPCOT™ Cotton Syngenta Cotton  vip3A(a)
MIR162 Agrisure™ Viptera Syngenta Maize  vip3Aa20
MIR604 Agrisure™ RW Syngenta Maize  mcry3A

Data from website http://www.isaaa.org; cases of stacking through cross breeding were not included.
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Fig. 1 Damage of stem borers and resistant effect of
transgenic plant in rice and maize after infestation of stem B
borers larvae. (A) Rice striped stem borer (Chilo t
(kozak Q)

suppressalis). (B) Asian Corn borer (Ostrinia furnacalis).
('C) Wild type I'ICC: (D) ‘Wlld type maize. (E) Transgenic (PRl1a KDEL)
rice. (F) Transgenic maize.
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Table 3 Comparison of resistance level against rice
stem borers between Cryl1C and Cry2A

Event number of

Protein . Adjust mortality rate (%)*
transgenlc rice

CrylC 9 92.93+8.20"

Cry2A 11 23.96+17.26"

Results from laboratory assay using artificial infestation
of first-instar larvae of stem borers. *: adjust mortality
rate (%):(MR transgenic plam_MR wild type control)/(l_MR wild
type control) X 100; #: data in cell of the table are expressed as
the X £ s deviation.
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