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S. No.

Event

COT102 (IR102)

GHB614 x T304-40 x
GHB119 x COT102

COT102 x COT67B

COT102 x COTB7B x
MONB88913

3006-210-23 x 281-24-236 x
MONB88913 x COT102

COT102 x MON15985

COT102 x MON15985 x
MONB88913

COT102 x MON15985 x
MONB88913 x MON88701

281-24-236 x 3006-210-23 x
CoT102

281-24-236 x 3006-210-23 x
COT102 x 81910

Developer

Syngenta

Bayer Crop Science

Syngenta
Syngenta and
Monsanto

Dow AgroSciences LLC

Monsanto

Monsanto

Monsa nto

Dow AgroSciences LLC

Dow AgroSciences LLC

Name of Countries and
approval year

Australia (2005), Canada
(2011), China (2015),
Colombia (2016), Costa
Rica (2017), Japan (2012),
Mexico (2010),

New Zealand (2005),
Philippines (2015),

South Korea (2014), Taiwan
(2015), United States
(2005)

Australia (2016), Brazil
(2017), Japan, Mexico
(2015), Philippines (2020),
South Korea (2015), Taiwan
(2016)

Costa Rica (2009)

Costa Rica (2009)

Japan (2013), Mexico
(2014), South Korea (2014)

Australia, Japan, Mexico
(2014)

Australia (2014), Brazil
(2016), Japan (2014), South
Korea (2015), Taiwan (2016)
Australia (2016), Brazil
(2018), Colombia (2012),
Japan (2016), Mexico
(2015), South Korea (2016),
Taiwan (2017)

Brazil (2018)

Brazil (2019), Japan (2016)

Trade Name

VIPCOT™ Cotton

Twin Link Plus (Glytol™ x
Twinlink™ x VIPCOT™ Cotton)

VIPCOT™ Cotton

VIPCOT™ Roundup Ready
Flex™ Cotton

Wide Strike 3 (Widestrike™ x
Roundup Ready Flex™ x
VIPCOT™ Cotton)

Bollgard® Il

Bollgard® Il x Roundup
Ready™ Flex™

Not available

Not available

Not available

Genes

VipBA(a)

cry1Ab + cry2Ae + vip3A(a)
+ mepsps

cry1Ab + vip3A(a)

cry1Ab + Vip3A(a) + cp4
epsps

cry1Ac + VvipBA(a) + cry1F
+ cp4 epsps + pat

cry1Ac + cry2Ab2 +
vip3A(a)

crylAc + cry2Ab2 +
vip3A(a) + cp4 epsps

crylAc + cry2Ab2 +
vip3A(a) + cp4 epsps +
dmo + bar

cry1Ac + VvipBA(a) + cry1F

cry1Ac + vipBA(a) + cry1F
+ pat + aad-12

Target traits

Lepidopteran insect
resistance

Herbicide tolerance and
lepidopteran insect
resistance

Insect resistance

Herbicide tolerance and
Insect resistance
Herbicide tolerance and
lepidopteran insect
resistance
Lepidopteran insect
resistance

Herbicide tolerance and
lepidopteran insect
resistance

Herbicide tolerance and
lepidopteran insect
resistance

Lepidopteran insect
resistance

Herbicide tolerance and
Insect resistance
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11. 3006-210-23 x 281-24-236 x
MONB88913 x COT102 x
81910

12. GHBB811 x T304-40 x
GHB119 x COT102

13. T304-40 x GHB119 x
CoT102

Dow AgroSciences LLC

BASF and Bayer Crop
Science

Bayer Crop Science

Japan (2015), Mexico
(2016), South Korea (2017)

Brazil (2016)

Brazil (2018)

Compiled from ISAAA GM Approval Database (http://www.isaaa.org/gmapprovaldatabase).

Not available

Not available

Not available

cry1Ac + VvipBA(a) + cry1F
+ cp4 epsps + pat +
aad-12

cry1Ab + cry2Ae + Vip3A(a)
+ hppdPF W336 + pat

cry1Ab + cry2Ae + Vip3A(a)
+ bar

Herbicide tolerance and
Insect resistance

Herbicide tolerance and
lepidopteran insect
resistance

Herbicide tolerance and
lepidopteran insect
resistance
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S. No.

Synergism

I

Antagonism
1.
2.
3.

Expressed proteins

Vip3Aa29/Cyt2Aa3

Vip3Aa/Cry1lalo

Vip3Aa/Cry9a

Vip3Ca/Cry1Ab

Vip3AcAa+Cry1Ac

Vip3Aa/Cry1Ab; Vip3Aa/Cry2Ab; Vip3Ca/Cry1Ea;
Cry1Ab/Cry2Ab/Nip3Aa

Vip3Aa/Cyt2Aa
Cry1lal0 + Vip3Aa

Vip3A/Cry1A; Cry1Ca/Vip3Aa; Cry1Ca/Vip3Ae;
Cry1Ca/Vip3Af; Vip3Af/Cry1Aa

Target pest

Chilo suppressalis, S. exigua

Spodoptera albula, S. frugiperda and S. cosmioides
O. furnacalis, Chilo suppressalis

O. furnacalis, Mythimna separata

Cry1Ac resistant H. armigera

S. frugiperda

Culex quinquefasciatus
S. eridania
S. frugiperda

References

Yu et al. (2012)
Bergamasco et al. (2013)
Wang et al. (2018)

Yang et al. (2018)

Chen et al. (2018)
Figueiredo et al. (2019)

Yu et al. (2012)
Bergamasco et al. (2013)
Lemes et al. (2014)
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S. No. Modified/Interactive
protein combination

Proteins involved

Technique used

Effect on toxicity

References

1 Vip3AcAa

2. Vip3AaAc

3. Cry1Ac-Vip3

4. Cry1C-Vip3

5 Cry9C-Vip3
Cry1Ac-Vip3
Vip3Ab1-740

8 Vip3A-Vip3C (Vip3_ch1)

9 Vip3A-Vip3C (Vip3_ch2)

10 Vip3A-Vip3C (Vip3_ch4)
Double chimeric

11 Vip3A-Vip3C (Vip3_chb)

12 Vip3_ch1

13 Vip3_ch4

GIA, gain of insecticidal activity; lIA, increase in insecticidal activity; RIA, reduction insecticidal activity; LIA, lost insecticidal activity; EIA, equal insecticidal activity; NIA, no insecticidal activity.

Vip3Ac1 (N-terminal) Vip3Aai
(C-terminal)

Vip3Aa1 (N-terminal) Vip3Ac1
(C-terminal)

Cry1Ac Vip3Aal4

Cry1C (promoter) Vip3Aa7 (truncated)
Cry1C (C-terminal)

Cry9Ca (N-terminal) Vip3Aa7

Cry1Ac (N-terminal) Vip3Aa16
Vip3Ab1 (C-terminal)

Vip3Ca2 (N-terminal) Vip3Aa45 (Central
Domain) Vip3Aa45 (C-terminal)

Vip3Aa45 (N-terminal) Vip3Ca2 (Central
Domain) Vip3Ca2 (C-terminal)

Vip3Ca2 (N-terminal) Vip3Aa45 (Central
Domain) Vip3Ca2 (C-terminal)
Vip3Aa45 (N-terminal) Vip3Aa45
(Central Domain) Vip3Ca2 (C-terminal)
Vip3Ca2 (N-terminal) Vip3Aa45 (Central
Domain) Vip3Aa45 (C-terminal)
Vip3Ca2 (N-terminal) Vip3Aa45 (Central
Domain) Vip3Ca2 (C-terminal)

Domain Swapping

Domain Swapping

Protein fusion

Protein fusion and change
in promoter of gene
Protein fusion

Protein fusion

Modified 177 aa at
C-terminal

Domain Swapping

Domain Swapping

Domain Swapping

Domain Swapping

Domain Swapping

Domain Swapping

Ostrinia nubilalis (GIA); S. frugiperda, H. zea, and
Bombax mori (IIA); Cry1Ac resistant strain of
Trichoplusia ni (GIA)

S. frugiperda and H. zea (RIA); Bombax mori (LIA)

H. armigera and P, xylostella (EIA as Cry1Ac);
S. litura (RIA compared to Vip3Aa14)

P, xylostella, H. armigera, and S. exigua (RIA)

P, xylostella (I1A)
E. kuehniella (IIA)
S. frugiperda (EIA); S. eridania (GIA);

O. furnacalis, Anticarsia gemmatalis (LIA);
S. frugiperda, S. littoralis, M. brassicae, H. armigera
(RIA) comparative to Vip3Aa

S. frugiperda (IIA compared to Vip3Ca)
O. furnacalis, M. brassicae, A. gemmatalis (RIA)

S. frugiperda, S. littoralis, S. exigua, A. gemmatalis,
H. armigera, M. brassicae (LIA)

S. frugiperda, S. littoralis, S. exigua, A. gemmatalis,
H. armigera, M. brassicae, O. furnacalis (NIA)

A. ipsilon (RIA) comparative to Vip3Aa19

A. ipsilon (RIA) comparative to Vip3Aa19

Fang et al. (2007)

Fang et al. (2007)

Saraswathy et al. (2008)

Song et al. (2008)

Dong et al. (2012)
Sellami et al. (2018)
Bowling et al. (2019)

Gomis-Cebolla et al. (2020)

Gomis-Cebolla et al. (2020)

Gomis-Cebolla et al. (2020)

Gomis-Cebolla et al. (2020)

Yan et al. (2020)

Yan et al. (2020)
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S. No. Country Isolates Gene size % Gene Isolation source References
(number) (bp) frequency
1 United States 125 652 23.32 Soil and grain dust Rice (1999)
2 India 49 700 2 Soil Selvapandiyan et al. (2001)
3 Brazil 12 150, 1210 100 Soil Loguercio et al. (2002)
4 France and 31 125 678 52.8 Soil, plants, animal waste, dust, Espinasse et al. (2003)
countries of 5 insects, etc.
continents
5 Costa Rica 105 — 74 Soil, Foliage, Leaf litter Arrieta et al. (2004)
6 Costa Rica 146 54 Soil, leaf litter, fresh leaves, other Arrieta and Espinoza (2006)
material of forest area
7 Tunisia 256 419 30 Soil Mesrati et al. (2005)
8 China 606 1456 63.03 Not mentioned Liu et al. (2007)
9 Australia 187 1621 87 Soil, bird nest, and grain dust Beard et al. (2008)
10 Iran 70 1000 82.6 Soil, leaf samples, and dead insects Seifingjad et al. (2008)
11 Spain and Bolivia 507 1621 48.9 Soil from Agricultural, Mountain, Hernandez-Rodriguez et al.
Wetland and Forest, fodder and grain (2009) Hernéndez-Rodriguez
from silos and mills, olive factory, Tuber and Ferré (2009)
warehouse, Insects, damaged crops,
wine factory, dung, etc.
12 Tunisia 212 670-2370 30 Soil Sellami et al. (2013)
13 China 2,134 364, 444 67.4 Soil from Mountain, Forest Farmland Yu et al. (2011b)
and snowcapped mountain
14 Western 8 2300 37.5 Agricultural and urban soil, dead larvae Abulreesh et al. (2012)
Saudi Arabia
15 India 39 1113 12.5% Not mentioned Shingote et al. (2013)
16 India 44 700 43.18 Lake sediments, forest soil, and maize Lone et al. (2016)
field
17 India 150 675 5.33 Soil/infected insects Rangeshwaran et al. (2016)
18 Argentia 268 608 91.3 Soil, spider web, leaves, dust, dead Sauka and Benintende (2017)
larvae
18 Algeria 137 1888 69.3 Lake sediments, rhizospheric and Djenane et al. (2017)
non-rhizospheric soil, dead insects, and
stored grain
20 India 15 1400 40 Soil from tea and rice field Rabha et al. (2018)
21 Turkey 80 1395 23 Soil, fruits, and fig leaves Sahin et al. (2018)
22 Sri Lanka 21 1029 42 Soil Baragamaarachchi et al. (2019)
23 Thailand 511 1591 47.55 Soil Boonmee et al. (2019)
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Old/New Name*

Total number in database
Gene Length

Signal peptide (aa)
Protoxin Protein size (kDa)
Active Protein size (kDa)

Amino Acids (aa)
Domain

Conserved domain name

PDB code

Mode of Action

Target pest/Insect order

Transgenic Crop

References

*As per new nomenclature assigned by Bt nomenclature committee and available as pesticidal protein database (www.bpprc.org).

Vip1/Vpb1 Vip2/Vpa2

14 21

4 to 5 kb separated by 4-16 bp intergenic spacer

35 50

100 52

82 45

881 462

Binary_ToxB (1) N-terminal (60-265 aa) (2)
exotoxin bacterial NAD-binding domain (266-461
domain aa)

pfam07691, cd00233

pfam03495,

pfam17475,

pfam17476

6SMS 1982

A+ B type binary toxins: B (Vip1/Vpb1) as Receptor
binding domain and A Vip2/Vpa2) as Cytotoxic
domain with ADP-ribosyltransferase activity and
inhibiting polymerization of actin filaments
(Disintegration of insect cytoskeletion)

Hemipteran and Coleopteran

NA

Warren et al. (1998); Shi et al. (2007); Sattar and
Maiti (2011); Bi et al. (2015); Chakroun et al. (2016);
Crickmore et al. (2020)

Vip3/Vip3

110

~2.4 kb

12-188

89

62-66 along with N-terminus

19 kDa

787-789

(1) Domain | (1-199 aa): essential
for activity; (2) Domain Il (200-325):
Stabilization of oligomer; Domain |ll
(328-536 aa): interacts with domain
I; Domain IV and V: Carbohydrate
binding motifs

pfam12495, pfam02018

6VvV1vV
Apoptosis/Pore formation

Lepidopteran

Maize and Cotton (Commercially
available)

Estruch et al. (1996); Lee et al.
(2003); Rang et al. (2005); Ruiz de
Escudero et al., 2014; Zack et al.
(2017); Chakrabarty et al. (2020);
Crickmore et al. (2020);
Nufiez-Ramirez et al. (2020)

Vip4/Vpb4

6

~2.9 kb
1-28

~ 108
NA

937-965

Vpb4Aa1

(1) PA14 domain,

(2) BinaryTox B domain
Vpb4Da2

(1) PA14 domain;

(2) Binary_Tox B

(3) Binary ToxB_2 and

(4) Binary Tox_3 domains
pfam07691, pfam03495,
pfam17475, pfam17476

6SMS
NA

Vpb4Da2 against Western corn
root worm (Diabrotica virgifera
virgifera LeConte) (Yin et al., 2020)

Maize

Palma et al. (2014); Chakroun et al.
(2016); Yin et al. (2020); Crickmore
et al. (2020)
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S. No.

Event

Bt11 x MIR162

Bt11 x MIR162 x
GA21

Bt11 x MIR162 x
MIR604 x GA21

Bt11 x MIR162 x
TC1507 x GA21

MIR162

BT11 x MIR162 x
MIRGO4

5307 x MIR604 x
Bt11 x TC1507 x
GA21 x MIR162

MONB9034 x
TC1507 x NK603
x MIR162 x
DAS40278

Developer

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Dow Agro
Sciences LLC

Name of Countries and approval year

Argentina (2014), Brazil (2015), Colombia
(2016), European Union (2016), Japan (2010),
Mexico (2017), Philippines (2013), South Korea
(2016), Taiwan (2015)

Argentina (2011), Brazil Canada (2010),
Colombia (2012), European Union (2016),
Japan, Mexico (2010), Paraguay (2015),
Philippines (2010), South Africa (2011), South
Korea (2012), Taiwan (2011), Uruguay (2012)
Argentina (2012), Brazil (2014), Canada (2010),
Colombia (2012), European Union (2016),
Japan, Mexico, Philippines, South Korea
(2010), South Africa, Taiwan (2011)

Argentina (2014), Canada (2010), Colombia
(2016), Japan (2010), Mexico (2011),
Philippines (2010) South Korea (2012), South
Africa, Taiwan (2011)

Argentina (2011), Australia, Brazil (2009),
Canada (2010), China (2014), Colombia,
European Union (2012), Indonesia (2011), Iran
(2016), Japan (2010), Malaysia (2016), Mexico
(2010), New Zealand (2009), Paraguay (2014),
Philippines (2010), Russia (2011), Singapore
(2017), South Africa (2014), South Korea
(2010), Taiwan (2009), Turkey (2015), United
States (2008), Vietnam (2014), Zambia (2017)

Brazil (2019), European Union (2016)

Argentina (2018), Brazil (2015), Canada (2013),
Colombia (2016), Japan Mexico (2013), South
Africa (2014), Taiwan (2013)

Brazil (2018), Japan (2016), Mexico, South
Korea, Taiwan (2018)

No. of
countries

9

13

i

25

Trade Name

Agrisure® Viptera™ 2100

Agrisure® Viptera™ 3110

Agrisure® Viptera™ 3111,
Agrisure® Viptera™ 4

Agrisure® Viptera™ 3220

Agrisure™ Viptera

Agrisure® Viptera™ 3100

Agrisure® Duracade™ 5222

Power Core™ x MIR162 x
Enlist™

Genes

cry1Ab (truncated) +
vip3AaZ20 + pat

cry1Ab + vip3Aa20 +
mepsps + pat

cry1Ab + vip3Aa20 +
mcry3A + mepsps + pat

cry1Ab + cry1Fa2 +
vin3Aa20 + mepsps + pat

vip8Aa20

cry1Ab + mery3A +
vip8Aa20 + pat

cry1Ab + cry1Fa2 +
ecry3.Ab + mcry3A +
vin3Aa20 + mepsps + pat

crylFa2 + cry2Ab2 +
vip8Aa20 + cp4 epsps +
pat + aad-1

Target traits

Herbicide tolerance and
lepidopteran insect
resistance

Herbicide tolerance and
lepidopteran insect
resistance

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
lepidopteran insect
resistance

Lepidopteran insect
resistance

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
lepidopteran insect
resistance
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MIR162 x GA21

MIR162 x MIR604

MIR162 x MIR604
x GA21

MIR162 x MIR604
x TC1507

MIR162 x MIR604
x TC1607 x 5307

MIR162 x MIR604
x TC1607 x 5307
x GA21

Bt11 x MIR162 x
MIRG04 x
MONB89034 x
5307 x GA21

BT11 x MIR162 x
MIR604 x TC1507

BT11 x MIR162 x
MIR604 x TC1507
x 56307

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Syngenta

Argentina, European Union (2016), Paraguay
(2015)

Brazil (2019), European Union (2016)

European Union (2016)

Brazil (2019)

Brazil (2019)

Brazil (2019)

Canada (2017), Japan (2016), South Korea,

Taiwan (2018)

Brazil (2019)

Brazil (2019)

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

Not available

vip8Aa20 + mepsps

vin8Aa20 + mcry3A

vip3Aa20 + mcry3A +
mepsps

vip3Aa20 + cry1Fa2 +
mcry3A + pat

vip3Aa20 + cry1Fa2 +
mcry3A + ecry3.1Ab + pat

vin8Aa20 + cry1Fa2 +
mcry3A + ecry3.1Ab +
mepsps + pat

cry1A.105 + cry1Ab +
cry2Ab2 + mery3A +
ecry3.Ab + vip3Aa20 +
mepsps + pat

cry1Ab + cry1Fa2 +
mcry3A + vip3Aa20 + pat

crylAb + crylFa2 +
mcry3A + ecry3.Ab +
vip3A(a) + pat

Herbicide tolerance and
lepidopteran insect
resistance

lepidopteran and
coleopteran insect
resistance

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)

Herbicide tolerance and
insect resistance
(lepidopteran and
coleopteran)
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Trypsin cleavage site

Retained in Stabilization Interact with Carbohydrate Binding Motifs
activated Vip3A of oligomer domain I
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Vpa2Ca (1)
Vpa2Aa (3) Vip3Aa (80)
Vpa2Ab (1) (ERErA: @ Vip3Ab (2)
Vpa2Ac (2) Vip3Ac (1)

Vpa2Ad (1) vpazea (2) VipBBa (2) Vip3Ad (6)

Vpa2Ae (3)  ypaop) (4) Vip3Bb (3) Vip3Ae (1)
Vpa2af(2) " s

Vip3Ca (4)

Vip3Bc (1) Vip3Af (5)
Vpa2Ag (2) Vip3Ag (15)
Vip3Ah (2)
Vip3Ai (1)
VpblAa (3) Vip3Aj (1)
VpblAc (1)
Vpb1Ad (1) Vpb4Aa (2)
Vpb1Ba (2) Vpb4Ba (1)
Vpb1Bc (1)

VpblDa (1)
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