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INTRODUCTION

This document provides a comprehensive review of information and data relevant
to the assessment of the protein Cry2Ab for food and feed safety. All sources of
information cited in this document are publicly available and include dossiers
presented to regulatory authorities, decision summaries prepared by regulatory
authorities, peer reviewed literature, and product summaries prepared by product
developers. These documents reflect a common approach to safety assessment
based on comparison of the genetically engineered (GE) plant to the non-GE plant
and the safety of the non-GE plant as an accepted level of safety (OECD, 1986; NRC,
1989; CBD, 2000; Codex, 2003a, 2003b; EFSA, 2006, 2011).

The Codex Alimentarius Guidance CAC/GL 45-2003 (Codex Plant Guideline) covers
safety assessment of foods derived from GE plants and provides a framework for
conducting food safety assessments on GE plants (Codex, 2003a, 2003b). Safety
assessments related to the use of GE plants in food and feed are conducted on a
case-by-case basis, taking into account the following factors:

« The biology of the unmodified plant;

« The traditional uses of the unmodified plant in food and feed;

« Theintended uses of the GE plant in food and feed;

« The nature of the transgene, the donor organism, and the protein it produces;

« The phenotype conferred by the transgene;

« Compositional analyses of key components including metabolites;

« The presence of known toxins, allergens, and anti-nutritional substances;

« Toxicologic and allergenic properties of the expressed protein;

« Feeding studies for GE plant that is intended to confer nutritional
improvement;

« The potential impact of food and feed processing on safety.

Since this monograph is on the safety of the Cry2Ab protein and not on GE crops
containing the protein, not all the safety assessment elements in the Codex Plant
Guideline are relevant. The topics covered in this monograph are “Origin and
Function of Cry2Ab” (including its mechanism of action on targeted species), “Ex-
pression of Cry2Ab in Insect-Resistant GE Plants” (including the expression levels
of Cry2Ab in various parts of the crops), and “Food and Feed Safety of the Cry2Ab
Protein” (including information on toxicology assessment and allergenicity as-
sessment). Compositional analysis, which is a key component of the Codex Plant
Guideline and is commonly part of the submission for food safety approvals, is
mainly used to identify unintended changes in the nutritional profile of the food
crop due to the insertion of the gene (Codex, 2003b) and is not directly relevant to
risks associated with the protein. However, because compositional analysis has
been consistently considered in food safety assessments in all countries, a discus-
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sion on the composition profile of the GE crops expressing
the Cry2Ab protein is also included as part of this review.

Global Food Safety Approvals of Cry2Ab Expressing Crops

To date, 60 GE events in which the Cry2Ab protein is ex-
pressed have been produced in three crops (cotton, maize,
and soybean) and approved in multiple countries. Table 1,
2 and 3 show the details of regulatory approvals!* for food
and feed in these crops, according to ISAAA’s GM Approval
Database (ISAAA 2025). To date, food and/or feed safety ap-
provals of these crops have been issued in 28 countries and
the European Union (EU), representing 60 transformation
events (including ‘stacked’ events) (maize - 46 events, cot-
ton - 11 events, and soybean - 3 events). In total, there are
364 regulatory approvals for food safety in these countries
which include 30 approvals in soybean, 72 in cotton and 262
in maize. Food safety approvals are issued more often than
approvals for cultivation, primarily to establish food safety of
the GE crops by importing countries where they are intended
for food and/or feed, not to be grown?.

Among the approved lines of maize (Table 1), event MON89034
(YieldGard™ VT Pro™) is the only single transformation event®
with Cry2Ab protein expression approved for food and feed,
(or for cultivation) in any country. MON89034 has been ap-
proved for food and feed safety in 19 countries and the Eu-
ropean Union between 2007 and 2019, with one more recent
approval (at the time of this writing) in Switzerland in 2024.
Another 45 ‘stacked event’ maize lines developed through
conventional breeding to combine the Cry2Ab insect resis-
tance in MON89034 with other GE traits have received food
safety approvals in at least one of 17 countries* and the Eu-
ropean Union. Twelve additional MON89034-derived stacked
event maize lines (not included in the table) have received
food safety approval only in the European Union. The Euro-
pean Union has issued as many as 26 food safety approvals
for maize lines expressing Cry2Ab, and Japan has issued more
than 20 food safety approvals as have Colombia and Taiwan.
The earliest of these MON89034 stacked event approvals was
2008 in Japan, and a number have been issued since 2020.

Table 1: Cry2Ab maize events with food safety approvals by multiple countries (x = food, or food and feed; o = feed only).
Approvals after 2020 are highlighted.
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4114 x MON89034 x MON87411 x DAS40278 X | X X o | X X
MON89034 x MON88017*** X | X X | X | o] x| x X | X | x| x| x X | x| o X
MONS89034 x NK603 X | x X | X | o | X | XxX|X X X | X X | x| o
MON89034 x TC1507 x MON88017 x 59122 X | X X | X X | X X X | X X
MON89034 x TC1507 x NK603 X | X X | X|o0o| X | X X X | X X X
MON89034 x TC1507 x NK603 x MIR162 x
ZeamaysL. | pasa027s X | X o | X X | X X X X
(Maize)
MON89034 x TC1507 x MON88017 x 59122 x X x| x X X
DAS40278
MON89034 x TC1507 x NK603 x DAS40278 X | X | X | X | X | 0| X | X X | X X
MON89034 x TC1507 x NK603 x MIR162 X | X | x| o X X X X
MON89034 x TC1507 x 59122 X X
MON89034 x GA21 X | X
MON87427 x MON89034 x MIR162 x MON87419 ° X o X
x NK603

1. ‘Regulatory approval’ should not be interpreted as an indication that the product is in commercial production. There are many examples of products that were
assessed for safety and granted regulatory approval but were never commercialized, or if they were, have been subsequently discontinued.

2. Some countries issue a separate approval for food and feed. In a few cases, countries have approved events for feed only, not for food. Those feed only approvals
have been indicated in Tables 1 and 2.

3. A’single-transformation event’ refers to the specific, one-time insertion of foreign DNA into a plant genome, creating a distinct GE plant. A ‘single transformation
event’ can have one or multiple (‘stacked’) genes inserted, different than ‘stacked’ events developed through conventional breeding. In this document, ‘stacked
events’ refer to events with multiple genes combined through conventional breeding (‘breeding stacks’).

4. Some countries, including the US, Canada, Australia/New Zealand, consider breeding stacks with approved single events as safe for food based on the existing
approvals of the transformation events from which the stacks are derived and therefore approvals of breeding stacks may not be recorded in these countries.
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MON87427 x MON89034 x TC1507 x MON87411 < | x| x < | x
X 59122 x DAS40278
MON87427 x MON89034 x TC1507 x MON88017 | < | x . < x| x
X 59122
ZeamaysL. | MON87427 x MON89034 x MON87419 x NK603 X
(Maize) MONS87427 x MON89034 x TC1507 x MON87411 N
X 59122 x MON87419
MON89034 x MON87460 X X
MON87460 x MON89034 x MON88017 X x| x x| x X x| x
MON87460 x MON89034 x NK603 x| x x| x X | x X X | x
Bt11 x MON89034 x GA21 X
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Bt11 x MIR162 x MON89034 x GA21 x| x X o X X X | x x| x
MIR162 x MON89034 x | x X X X X
MIR162 x MON89034 x GA21 X

"‘OECD Unique Identifiers for the event names can be found in the ISAAA GM Crop Approval Database.
“MONB89034 also has food approvals in Australia, China, Indonesia, Malaysia, New Zealand, Russia and Vietnam. This is the only Cry2Ab maize event approved for food

in these countries.

“"MON89034 x MON88017 also has food approval in Honduras. This is the only Cry2Ab event with food approval in this country.

In addition to the approvals for maize expressing Cry2Ab, one
single transformation event in cotton, MON15985 (Bollgard
[I™ Cotton), has been issued food and/or feed approvals in
19 countries and the European Union, and 16 of those coun-
tries have also approved at least one of nine cotton breeding
stacks derived from crosses with MON15985 (Table 2). The
earliest Cry2Ab cotton food approvals, as well as approvals
for cultivation, were in 2002 in Australia and the USA. One
soybean single transformation event, MON87751, has been is-
sued food safety approvals in 19 countries (Table 3) between
2015 and 2024, and one soybean breeding stack derived from
crossing with MON87751 has been approved for food safety
in as many as 15 countries and the European Union. This
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breeding stack was issued an approval in the European Union
in 2022, without an approval for event MON87751. Brazil also
issued an approval for a second soybean stack in 2024,

Regulatory submissions, safety assessments, and decisions
for many of these GE events expressing the Cry2Ab protein
are available from different regulatory agencies around the
world. A number of those documents are publicly avail-
able and are listed in Annex 1. Where regulatory decisions
or outcomes of regulatory risk assessments are referred to
throughout this monograph, examples of these decisions or
assessments can be found in the documents in Annex 1.
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Table 2: Cry2Ab expressing cotton events with food safety approvals. Approvals after 2020 are highlighted.

Event Name*

Argentina
Australia
Burkina Faso
Colombia

MON15985

European Union
Malaysia

New Zealand
Paraguay
Philippines
Singapore
South Africa
South Korea
Switzerland
Vietnam

MON15985 x MON1445

MON88913 x MON15985

LLCotton25 x MON15985

COT102 x MON15985

MON88701

Gossypium | COT102 x MON15985 x MON88913 X | X X
hirsutum L.
(Cotton) COT102 x MON15985 x MON88913 x x | x X X X X X

GHB614 x LLCotton25 x MON15985

MON88701 x MON88913 x MON15985

MON88702 x MON15985 x COT102 x
MON88701 x MON88913

MON15947

‘OECD Unique Identifiers for the event names can be found in the ISAAA GM Crop Approval Database.

Table 3: Cry2Ab expressing soybean events with food safety a

Event Name*

Argentina
Australia

MON87751

pprovals. Approvals after 2020 are highlighted.

Paraguay
Philippines
Singapore
South Korea
Switzerland

European Union
Vietnam

Colombia
Indonesia
Malaysia
New Zealand

MON87751 x MON87701 x MON87708

Glycine max L.
x MON89788

(Soybean)
MON87701 x MON87751 x MON89788
x MON94313 x MON94637

‘OECD Unique Identifiers for the event names can be found in the ISAAA GM Crop Approval Database.

ORIGIN AND FUNCTION OF CRY2AB

Bacillus thuringiensis and the Cry2Ab Insecticidal Protein

Insect resistant GE crops adopted at high rates have pre-
dominantly been developed using genes from the bacteri-
um Bacillus thuringiensis (Bt) (Bravo et al., 2023; Gassmann &
Reisig, 2023). B. thuringiensis is a rod-shaped, gram-positive
bacterium capable of forming long-lived endospores. It is of-
ten referred to as a soil bacterium, although it is ubiquitous
in the environment (Martinez & Caballero, 2002; Apaydin et
al., 2008; Seifinejad et al., 2008). B. thuringiensis has been
studied extensively and used commercially for many years
due to its ability to synthesize proteins with pesticidal prop-
erties (Hofte & Whiteley, 1989; Cannon, 1996; Schnepfet al.,
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1998; OECD, 2007; van Frankenhuyzen, 2009). The species
produces diverse insecticidal proteins with distinct structures
and modes of action (Crickmore et al., 2021; Liu et al., 2021;
Bravo et al., 2023). Of these, the Cry insecticidal proteins,
so named because they are the primary component of the
protein parasporal crystals that are characteristic of spore
formation in B. thuringiensis, have been used most commonly
(Hofte & Whiteley, 1989; Kumar et al., 1996; Schnepf et al.,
1998; OECD, 2007; Liu et al., 2021; Bravo et al., 2023).

Preparations of natural isolates of B. thuringiensis were first
used as a commercial insecticide in France in 1938, and B.
thuringiensis subspecies kurstaki (which produces Cry2Ab
among other Cry proteins) has been registered with US
EPA since 1961 (US EPA, 1998). Microbial preparations of B.

Page 4 of 21



thuringiensis are currently approved for use around the world
including in Africa, Australia, Brazil, Canada, the European
Union, and the United States (US EPA, 1998; Health Canada,
2008; Kabaluk et al., 2010; do Nascimento et al., 2022; APVMA,
2023; Ragasruthi et al., 2024; EU Pesticides Database, 2025).
Bt preparations are the most widely used microbial insecti-
cidesin agriculture and forestry and considered a low-risk op-
tion to control Lepidoptera, Diptera and Coleoptera insects,
due to their lack of polluting residues and high specificity
to target insect species (Adang et al., 2014; Liu et al., 2021;
Ragasruthi et al., 2024).

There have been changes to the nomenclature assigned to
the insecticidal proteins from B. thuringiensis and from other
bacteria over the years (Crickmore et al., 2021; Bravo et al.,
2023). A systematic nomenclature for identifying and differ-
entiating Cry proteins proposed in 1989 initially grouped
them into four classes I, Il, lll, and IV based on their toxicity
to particular orders of insects (Hofte & Whiteley, 1989; OECD,
2007). Cryl proteins were those toxic to Lepidoptera, Cryll
proteins were those toxic to Lepidoptera and Diptera, Crylll
proteins were toxic to Coleoptera and CrylV proteins were
those toxic to Diptera. As technology for studying the proteins
advanced, it became apparent that proteins with shared se-
quence homology had different pesticidal specificities, and
the proteins were subsequently reclassified not by pesticidal
specificities but according to amino acid sequence similarity
(Crickmore et al., 1998). Proteins sharing not more than 45%
amino acid sequence similarity were divided into primary
groups (Cryl, Cry2, etc.). Within those primary groups, pro-
teins with up to 78% sequence similarity were placed into
secondary groups (Cry2A, Cry2B, etc.), and proteins within
those secondary groups with at least 95% similarity were
placed into tertiary groups (Cry2Aa, Cry2Ab, etc.). A fourth
level of grouping divided proteins within the tertiary groups
that shared more than 95% sequence identity (Cry2Aal,
Cry2Aa2, etc.) (Crickmore et al., 1998).

This four-level naming system within the Cry proteins has
been modified only slightly in recent years, based mainly on
structural similarities (Crickmore et al., 2021). The Cry pro-
teins are now clearly designated as separate from other bac-
terial derived-insecticidal proteins (e.g., Cyt, Vip, SIP) based
on structural differences, with the defining structure for the
Cry proteins being the classic three-domain structure (Crick-
more et al., 2021). To date, according to this system based
on amino acid sequence identity, there are 755 different Cry
proteins described and classified in at least 57 groups and
166 subgroups (Crickmore et al., 2021; Bravo et al., 2023). The
proteins designated as Cry2 share at least 45% amino acid
sequence similarity, those designated as Cry2A are at least
76% similar, and Cry2Ab proteins are at least 95% identical
in amino acid sequence. The Cry2Ab protein shares up to
94% sequence identity with other Cry2A proteins (including
Cry2Aa, Cry2Ac, and other Cry2A proteins) (Crickmore et al.
2021).

A Review of the Food and Feed Safety of the Cry2Ab Protein

Since its initial discovery, genes encoding Cry2Ab proteins
have been identified in Bt strains found throughout the world
(Jain et al., 2006; Jouzani et al., 2008; Saadaoui et al., 2010;
Saleem & Shakoori, 2010; Alvarez & del Valle Loto, 2012).
However, the peptide corresponding to cry2Ab is typically
not produced by these strains, and the native cry2Ab is there-
fore considered to be a pseudo- or cryptic gene (Hodgman
etal., 1993). Lack of expression of the native cry2Ab is due to
the absence of a functional promoter, and it was also deter-
mined that a molecular chaperone necessary for the forma-
tion of Cry2Ab crystals is missing from the bacterial strains
bearing the cryptic cry2Ab (Crickmore et al., 1994; Boucias &
Pendland, 1998). Expression of Cry2Ab was accomplished in
heterologous systems by replacing the regulatory sequences
upstream of cry2Ab (Widner & Whiteley, 1989, 1990; Dankoc-
sik et al., 1990; Hodgman et al., 1993; Crickmore et al., 1994).

Mechanism of Cry2Ab Insecticidal Activity

The classic model for Cry protein mode of action follows a
series of steps (Vachon et al., 2012; Pardo-Lépez et al., 2013;
Adangetal.,2014; Bravo et al., 2023). The crystal is produced
by the Bt bacterium during sporulation and ingested by the
insect. The protein in the crystal, in the form of a ‘protoxin’,
is solubilized in the insect midgut, and the solubilized pro-
toxin is activated by midgut proteases. Two different types of
Cry protoxins have been described based on their size, short
(~70-73 kDa) protoxins characteristic of the Cry2 and Cry3
proteins and long (~120-130 kDa) protoxins characteristic
of the Cry1 proteins (OECD, 2007). After activation (cleavage)
by host gut proteases, all Cry protoxins yield a ~55-60 kDa
three domain ‘activated’ toxic core (de Maagd et al., 2001;
OECD, 2007). Cry1 proteins are cleaved at both the C-terminal
and N-terminal regions of the protoxin, while cleavage only
occurs at the N-terminal region of the shorter Cry2 and Cry3
protoxin, although precise cleavage sites are not clear (Liu
etal., 2020).

This ‘activated’ form of the protein is believed to interact
with specific receptors on the surface of midgut epithelial
cells, allowing them to insert into the membrane through
the formation of transmembrane pores. These pores lead to
increased permeability, osmotic imbalance, and disruption
of the membrane. This damage to the cells of the midgut
epithelial tissues ultimately leads to the death of the insect.
Although there are other models for the insecticidal mecha-
nism of the Cry proteins, this classic ‘pore formation’ model
is the most widely accepted (Bravo et al., 2023). It has also
been proposed that the binding to receptors of the active
toxin in the insect midgut stimulates an intracellular signal-
ing pathway that leads to necrotic cell death with a minimal
role of pore formation, although there is more evidence sup-
porting the importance of pore formation than this ‘signaling
pathway’ theory proposes (Soberén et al., 2009; Vachon et
al.,2012; Adangetal., 2014; Khorramnejad et al., 2020; Bravo
etal., 2023)
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A distinguishing characteristic of the Cry proteins is the
three-domain structure that forms the ‘active’ protein cen-
tral to the insecticidal mode of action (Crickmore et al., 2021,
Bravo et al., 2023). The N-terminal domain | is involved in
toxin oligomerization, membrane insertion and pore forma-
tion; domain Il is involved in binding to Cry receptors and is
considered an important specificity domain; domain Ill binds
to larval gut proteins and is also involved in stabilization of
the three-domain toxic core against protease action (Bravo et
al., 2023). Cry proteins show high levels of specificity for their
target organism, relying on the specific interaction with the
different midgut membrane proteins of the insect that are the
Cry receptors (Pardo-Lépez et al., 2013; Adang et al., 2014).
While a great deal is understood about the Cry protein mode
of action and the different receptors, the details by which
solubilization, binding, oligomerization, pore formation, and
membrane insertion occur and their role in the interaction
of the active toxin with the host receptor in determining the
specificity of the Cry proteins to target organisms remain
significant topics of study (Jurat-Fuentes & Crickmore, 2017;
Bravo etal., 2023).

Modifications to the Cry2Ab Gene and Cry2Ab Protein in
GE Plants

There are two main types of modifications to the cry genes
from Bt that are common for its use in GE plants (Sanahuja
etal.,2011; Koch et al., 2015). The first type, typical for any
bacterial gene expressed in GE plants, involves modifications
to the nucleotide sequence. These modifications, also termed
codon optimization, are primarily used to increase the trans-
lation of the gene by modifying codon usage to align with
plant preferred codons (Murray et al., 1989). Because the DNA
of plants and bacteria differ in nucleotide content (Perlak et
al.,1991; Sanahuja et al., 2011), to increase the expression of
the Cry2Ab protein in maize to a level sufficient for pest con-
trol, the coding sequence has been modified for optimized
codon usage (Widner & Whiteley, 1990; Donovan, 1991; EFSA,
2008; FSANZ,2008). Other strategies include the use of strong
promoters, inclusion of plant introns in the expression con-
struct (Sanahuja et al., 2011), and targeting expression of cry
genes to the chloroplast (McBride et al., 1995; Sanahuja et al.,
2011). Examples in MON89034 maize are the use of the first
intron from the maize heat shock protein 70 gene (Hsp70)
in the cry2Ab cassette and signaling the production of the
Cry2Ab protein by fusing the coding sequence to a chloro-
plast transit peptide region of maize ribulose 1,5-biphosphate
carboxylase small subunit and its first intron (EFSA, 2008). A
similar strategy has also been used in cotton and soybean.

The second type of modification involves modifications to
the amino acid sequence of the resulting protein through de-
letion of sequences outside of the sequence of the core pro-
tein responsible for insecticidal activity (Perlak et al., 1991).
These ‘truncated’ proteins expressed in plants consist of the
shorter “activated” form of the Cry protein following protease
digestion in the insect midgut (Perlak et al., 1991). In most Bt
crops expressing Cryl proteins, such as CrylAb, truncations
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of the protein rather than the full-length protein from Bt have
been submitted for regulatory approvals (OECD, 2007). How-
ever, the shorter full-length protoxin expressed by the cry2Ab
gene, which is already close in size to the ‘activated’ form of
the protein, has not typically been truncated in approved GE
crops (OECD, 2007).

All approved GE plants expressing the Cry2Ab protein have
been developed using modifications to the nucleotide se-
quence of cry2Ab genes as described above. These modifica-
tions do not alter the structure or function of the toxic core
protein to the degree that it affects the safety of these pro-
teins, and the history of safe use of the ‘native’ cry proteins as
a pesticide applied to crops can still be applied to the assess-
ment of these modified proteins (Koch et al., 2015). For these
reasons, regulatory authorities have concluded in their safety
assessments that these modifications to the Cry2Ab proteins
in Bt crops do not raise safety concerns (See Annex 1).

EXPRESSION OF CRY2AB IN INSECT RESISTANT
GE PLANTS

Food and feed safety assessments of Bt crops typically take
into consideration the concentration levels of the Cry protein
in various parts of the GE plants because these levels, togeth-
er with consumption information, can be used to estimate
the human and animal exposure to the protein for safety
assessment (Delaney et al., 2008; Brune et al., 2021). Trans-
gene expression levels in a GE plant can be influenced by
several factors related to the genetic transformation process,
including the types of promoter and terminator sequences
employed, as well as the chromosomal location of the trans-
gene that has been incorporated into the genome. Expression
levels may also be influenced by the type of tissue sampled,
the age of the plant at the time the sample was taken, and
the environmental conditions during plant growth (Brune
etal., 2021). Each transformation event therefore exhibits a
different expression profile.

Data on the level of expression of Cry2Ab in GE plants that
have obtained regulatory approvals are available in publicly
accessible regulatory submissions and decision documents
(See Annex 1). Typically, one or more samples of plant tis-
sue are taken at a field trial site and pooled for analysis. The
amount of Cry2Ab is normally determined on a dry weight
basis then calculated to provide values relative to the total
fresh weight of the sample and represented in a ratio (e.g.,
micrograms of Cry2Ab protein per gram of fresh weight).
Samples are usually collected from several tissue types and at
multiple growth stages providing data from plants over time
and from multiple locations. The exposure assessment may
also consider the effects of processing on levels of the Cry
protein. In most cases the data are presented as a mean value
(normally a mean of means as values were averaged within a
field trial and across trials as well) and a range (normally also
a range of means representing the average expression at a
trial site, although this may vary depending on the individual
example). In other data sets, means are provided with the
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standard deviation or the standard error of means. Tissue
types and collection methods differed between studies, but
typically an enzyme-linked immunosorbent assay (ELISA)
or Western blot analysis is used to quantify the amount of
Cry2Ab protein presentin a sample.

Some examples of Cry2Ab expression data are provided
in Annex 2. Variations in methodology for sample collec-
tion make direct statistical cross-comparisons of the data
inappropriate, but the weight of evidence from regulatory
submissions suggests that Cry2Ab is expressed at very low
levels relative to the total protein synthesized by the plant.
For food and feed safety assessment, the level of protein in
the tissue, once measured, can then be used to calculate the
exposure to humans and animals taking into consideration
the dietary exposure, i.e., the amount of crop consumed as
a percentage of the diet and the parts and proportions of
crops consumed, if this is known (Delaney et al., 2008). These
patterns can vary depending on the population likely to be
exposed, and dietary exposure to humans is often different
from those consumed by animals.

For example, Cry2Ab protein levels expressed in eight dif-
ferent tissues in MON87751 soybean event as presented in
Table 1.7 in Annex 2 were used along with estimates of soy-
bean consumption to assess exposure to Cry2Ab protein
for the general population and non-nursing infants in the
US. Based on the levels of expression of Cry2Ab on a fresh
weight basis, it was estimated that intake for the overall US
population would be 0.000962 mg/kg body weight/day and
0.012355 mg/kg body weight/day for non-nursing infants.
The margins of exposure (MOEs) for acute dietary intake of
Cry2Ab were estimated to be 2,300,000 times for the gen-
eral population and 180,000 times for non-nursing infants.
These very large MOEs indicate that there is no meaningful
risk to human health from dietary exposure to Cry2Ab pro-
tein produced by MON87751. For livestock including lactat-
ing dairy cows, poultry, and swine, calculations were made
considering the daily dietary intake of protein. Based on the
calculations, consumption of MON87751 seeds in feeds would
result in livestock consuming less than 0.003% (g/g) of the
total protein as Cry2Ab. These numbers indicate that adverse
health effects in livestock consuming MON87751 are unlikely.

The mechanism of insecticidal activity, specificity to the tar-
get pests, and the history of safe use of the Cry proteins, and
other information such as bioinformatics and toxicity test-
ing, provide a meaningful weight of evidence for the safety
of these proteins, i.e., low risk due to negligible hazard for
humans and animals, even without a detailed exposure as-
sessment (Koch et al., 2015). However, because the Cry genes
have a ‘toxic’ mode-of-action (toward the insect pest of the
crop), safety assessments of Cry2Ab proteins have included
an exposure assessment. In every case, for every crop and
event approved, the assessment has concluded that the lev-
els of Cry2Ab detected in the crop do not raise any food or
feed safety concerns (See Annex 1).
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US EPA grants registrations for the sale and use of pesticides,
including plants genetically engineered to produce a pes-
ticidal substance (termed plant-incorporated-protectants
(PIPs) by the US EPA). As part of the registration process, US
EPA issues tolerances or tolerance exemptions for residues
of pesticidal substances on food and/or feed (Mendelsohn
etal.,2003). These tolerance exemptions are issued, for any
pesticide, when the EPA determines based on toxicity and ex-
posure data that there is no maximum residue limit necessary
to establish “reasonable certainty of no harm” (US EPA, 2025).
The dietary exposure assessment is a key consideration in
establishing a tolerance limit or exemption. EPA has issued
tolerance exemptions for all registered GE crops expressing
the Cry2Ab protein (US EPA, 2015; 2010; 2003).

FOOD AND FEED SAFETY OF THE CRY2AB PROTEIN

General Considerations in Assessing Food and Feed
Safety of GE Crops

In assessing food safety for GE crops, comparative as-
sessment is a key concept, although it is not a safety as-
sessment in and of itself. This concept is used to identify
relevant differences between the new food and its conven-
tional counterpart. It helps to identify potential safety and
nutritional issues and therefore is widely accepted as the
most appropriate strategy for safety assessment of GE
foods (Codex, 2003b; Codex, 2009). Regulatory agencies
around the world regulate GE crops for food and/or feed use
based on safety assessment of the specific GE crop products.
Although countries follow the same Codex Plant Guideline,
the data requirements for regulatory approvals may not be
the same in all countries/regions (Waters et al., 2021).

According to the Codex Plant Guideline (Codex, 2003b), when
assessing potential toxicity of an expressed protein in GE
crops, the following aspects should be considered: history
of safe use of the protein in food or feed, primary sequence
similarity between the protein and known protein toxins and
anti-nutrients, stability to heat or processing and to enzy-
matic degradation, and oral toxicity studies in cases where
the protein present in the food is not similar to proteins that
have previously been consumed safely in food. In addition,
allergenicity of the protein should be assessed. These factors,
along with function or mode of action and expression levels
and potential dietary exposure, as described above, and the
outcome of the compositional analysis, are considered as
part of a “weight-of-evidence” approach in identifying the
hazard associated with the newly expressed protein (Codex,
2003b; Delaney et al., 2008; EFSA, 2011).

Toxicological Studies on the Cry2Ab Protein

Toxicity Prediction Based on Bioinformatics

To assess the safety of GE crops, one important consider-
ation is possible protein structural similarities of the in-
troduced proteins to known protein toxins (Delaney et al.,
2008; Brune et al., 2021). In regulatory submissions, several
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different databases have been utilized for a bioinformatic
analysis to compare the amino acid sequence of the intro-
duced protein to that of known toxins, including TOXING,
GenBank, RefSeq, Uniprot Swissprot, PIR (Protein Informa-
tion Resource), PRF (Protein Research Foundation) and PDB
(Protein Data Bank) or other protein toxin databases. For
example, a bioinformatic analysis for the Cry2Ab protein in
soybean event MON87751 is described in the safety assess-
ment report by FSANZ (FSANZ 2016). That analysis searched
for the Cry2Ab protein sequence from the event in GenBank
protein database (PRT_2013) and a subset of sequences
derived from PRT_2013 was compiled to contain only tox-
in proteins (TOX_2013). The search of the PRT_2013 data-
base indicated there was no biologically relevant structural
similarity between Cry2Ab and any proteins of concern. The
TOX_2013 database search showed that no alignments with
Cry2Ab generated an E-score® of <le-5. Various regulatory
authorities have concluded that Cry2Ab does not share struc-
tural similarities with protein toxins to humans or livestock
animals (See Annex 1).

Acute Toxicity Studies on the Cry2Ab Protein

Acute toxicity studies have been required by regulatory
agencies for assessing food and feed safety of Cry2Ab de-
rived from GE crops. Acute oral toxicology studies with
Cry2Ab have been conducted in support of the maize event
MON89034. Results indicate that Cry2Ab caused no adverse
effects in mice, with No Observed Adverse Effect Levels for
Cry2Ab at 2198 mg/kg body weight (bw), the highest dos-
es tested (US EPA, 2010). The Cry2Ab protein from soybean
event MON87751 is functionally equivalent to the protein
used in acute toxicity assays, originally conducted in sup-
port of MON89034, and the data are therefore applicable to
MONS87751. In a study on the Cry2Ab protein submitted for
soybean MON87751, no adverse effects were observed from
a mouse 28-day toxicity study at the highest dose tested at
1000 mg/kg bw per day (EFSA, 2018). In all cases, regulators
have concluded that the Cry2Ab protein is toxic to lepidopter-
an insects but non-toxic even in high doses to humans and
animals (See Annex 1).

Allergenicity of the Cry2Ab Protein

Another consideration for the safety of GE crops is the risk
of introducing new allergens through the expression of new
proteins in the plant. Here the primary focus is on the aller-
genicity of the Cry2Ab protein, not that of the whole plant. As
with toxicity assessment, the assessment of allergenicity for
a protein follows a weight-of-evidence approach by taking
into account all of the information obtained, since none of the
commonly used experimental methods can provide confirma-
tive evidence on allergenicity (Codex, 2003b; EFSA, 2006, 2011,
Herman et al., 2006; Codex, 2009). Allergenicity assessments
of newly expressed proteins in GE crops typically consider the
source of the gene, the similarity of the amino acid sequence

of the protein of interest to that of known allergens, the sta-
bility of the protein to digestibility by pepsin in an in vitro di-
gestibility assay, and if it were ever necessary, in vitro human
sera testing or clinical testing (Codex, 2003b; Goodman et al.,
2005; Delaney et al., 2008). Studies on structural similarity to
known allergens and protein digestibility studies are routine-
ly considered in the assessment of potential allergenicity of
newly expressed proteins in GE crops (See Annex 1).

Allergenicity Prediction Based on Bioinformatics

The primary amino acid sequence of the Cry proteins in GE
crops, including Cry2Ab have repeatedly been compared to
the amino acid sequence of known allergens using bioin-
formatic analysis (Randhawa et al., 2011). These analyses
compare the protein produced in the plant to allergens in
databases, such as the COMPARE allergen database (van Ree
etal.,2021) used for the allergenicity assessment of Cry2Ab in
maize (FSANZ,2008) and soybean (EFSA, 2018) or the Food Al-
lergy Research and Resource Program (FARRP) allergen data-
base found in AllergenOnline (Goodman et al., 2016) used for
the assessment of Cry2Ab in maize (US EPA, 2010). The anal-
ysis typically includes searches for overall similarity between
the Cry2Ab protein and known allergens, sequence identity
with known allergens above 35% in a given 80-amino acid
length of sequence, and small regions of the Cry2Ab protein
(not smaller than 8 amino acids) sharing identity with known
allergens (US EPA, 2010; USDA APHIS, 2014; EFSA, 2018). The
lack of sequence homology based on these analyses indi-
cates that the Cry2Ab protein is not a known allergen and
not likely to be cross-reactive to known allergens. Numerous
bioinformatic analyses of Cry2Ab in safety assessments of GE
crops have not identified any significant similarities to known
allergens (See Annex 1).

Digestibility Studies on Cry2Ab Protein

Rapid digestibility studies are also used to test for allerge-
nicity, as well as toxicity, of newly expressed proteins in GE
plants, usually through a simulated (mammalian) gastric fluid
assay (Delaney et al., 2008). Rapidly digestible proteins, like
most food proteins, are unlikely to result in allergic or toxic
reactions. Digestibility studies are an expected test for safety
of newly expressed proteins in GE crops, although some stud-
ies have concluded that stability to digestion and allergenicity
are not related (Fu et al., 2002; Herman et al., 2007; Bagh &
Madsen, 2016). Allergenicity and toxicity assessment based
on history of safe use, mode of action and bioinformatics,
without digestibility studies may be sufficient to demonstrate
safety of newly expressed proteins in GE crops (Brune et al.,
2021).

A standard protocol for an in vitro pepsin digestion assay is
typically used to assess digestibility in safety assessments of
newly expressed proteins (Thomas et al., 2004; Delaney et al.,
2008). For example, the resistance of Cry2Ab protein to degra-

5. Comparisons between highly homologous proteins yield E-values approaching zero, indicating the very low probability that such matches would occur by chance.
A larger E-value indicates a lower degree of similarity. Typically, alignments between two sequences will need to have an E-score of 1e-5 (1x10-5) or smaller to be

considered to have significant homology

A Review of the Food and Feed Safety of the Cry2Ab Protein
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dation by pepsin was investigated in solutions at pH ~ 1.2 in
two independent studies followed by an analysis of protein
integrity by SDS-PAGE gel electrophoresis and by Western
blotting (EFSA, 2018). No intact Cry2Ab protein was observed
after 30 seconds of incubation. Low-molecular-weight frag-
ments of ~ 4-5 kDa observed in samples of Cry2Ab completely
disappeared after 2 min of incubation. Western blots showed
that none of these fragments were immunologically reactive
to a polyclonal antibody against Cry2Ab (EFSA, 2018). The
digestibility evaluated for safety of Cry2Ab protein in GE crops
has indicated that Cry2Ab is rapidly digested like most food
proteins and is unlikely to result in allergic or toxic reactions
(See Annex 1).

Feeding Studies on Food and Feed From GE Crops
Expressing the Cry2Ab Protein

When the weight-of-evidence in the food and feed safety
assessment of newly expressed proteins in GE crops based
on all of the above safety considerations indicates no poten-
tial adverse effect on human or animal health, whole food
studies should not be necessary, and animal feeding studies
should not be conducted when there is not a testable risk
hypothesis (Delaney et al., 2008; Devos et al., 2016; Waters
etal.,2021). Feeding studies that aim to evaluate potential
adverse effects of a whole food are difficult to design and the
subsequent data interpretation is also difficult (Bartholomae-
us et al., 2013). It is worth noting that according to a review
(Zdziarski et al., 2014) on feeding studies with GE crops using
rats, many feeding studies either lack methodological details,
methodological consistency, or defined criteria for outcomes
that would be considered toxicologically or pathologically
significant, making generalization difficult. However, such
studies are periodically associated with food and feed safety
review for GE plants (Taylor et al., 2007; Li et al., 2008; Singhal
etal.,2011; Weber et al., 2011), often due to the mandatory
request for such studies for all single events in the EU (Gar-
cia-Alonso et al., 2025).

Though 90-day feeding studies are generally not required for
regulatory approval, there are peer-reviewed studies inves-
tigating sub-chronic effects of feeding GE crop-derived food
that contains Cry2Ab protein. Bollgard Il cotton event 15985
expresses two proteins, CrylAc and Cry2Ab. Compositional
analyses (see the following section on compositional analy-
sis) were conducted to measure key components and results
showed that the cottonseed and cottonseed oil from the GE
cotton event were comparable in composition to those of
the conventional control cotton line and other commercial
varieties (Hamilton et al., 2004). To strengthen the findings
from composition analyses, feeding studies were conducted
with dairy cows, catfish, and quail. Results from these studies
showed the compositional and nutritional equivalence of
Bollgard Il cotton with conventional cotton varieties (Ham-
ilton et al., 2004).

Liagat et al. (2023) conducted a 90-day risk assessment study
on Wistar rats fed with GE maize event CEMB-413 (no infor-
mation on regulatory approval of this event could be found in
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existing literature) expressing binary insect-resistance genes
(crylAc and cry2Ab) at low (30%) and high (50%) dose. The
study concluded that the GE diet had no adverse effects on
parameters associated with the animal’s health. A similar 90-
day feeding study was done on Wistar Han RCC rats using
grain from LP007-1, a new maize variety developed by Long-
ping Biotechnology (Hainan) Co., Ltd., expressing modified
crylAb, cry2Ab, vip3Aa and cp4-epsps genes for insect-resis-
tance and herbicide-tolerance traits (Zhou et al., 2023). The
rats were fed maize grains from LP007-1 at 25% and 50%
concentrations by mass. No biologically relevant differences
were observed in rats fed with maize LP007-1 compared to
rats fed with a non-GE control maize with respect to a variety
of parameters. The results of this study provided evidence
that LP007-1 maize did not exhibit toxicity (Zhou et al., 2023).
While event LP007-1 has not been authorized by any regula-
tory agency, another event developed by the same compa-
ny, LP026-2 expressing cry2Ab, cry1Fa, crylAb and epsps (Ag)
genes, has been issued a biosafety certificate for nationwide
cultivation and processing, by the Ministry of Agriculture and
Rural Affairs, People’s Republic of China (USDA GAIN Report
CH2024-0009). Cry2Ab protein is expressed in both events.
Studies such as these on whole foods from crops expressing
Cry2Ab protein, and similar studies with crops expressing
other Cry proteins, support the conclusion that whole food
feeding studies indicate no adverse effect with food or feed
from GE crops expressing Cry2Ab protein (See Annex 1).

COMPOSITIONAL ANALYSIS OF GE CROPS
EXPRESSING CRY2AB PROTEIN

A compositional analysis is required in most regulatory ap-
proval processes for GE plants intended to be used in food
or feed (WHO, 1995; FAO/WHO, 1996; Codex, 2003a, 2003b;
EFSA, 2006, 2011). Compositional data is primarily used to
establish whether the genetic modification has resulted in
changes in key components that could lead to adverse effects
on human or animal health (Codex, 2003a, 2003b). This is part
of the hazard identification step and the weight of evidence
approach used to identify potential unintended changes that
could lead to adverse effects. The results of the compositional
analysis may be taken as an indication that the GE crop is ‘as
safe as’ the non-GE crop if no biologically relevant changes
are identified, but it is not necessary to establish safety of
the protein. The analysis does not usually test a plausible
risk hypothesis related to the protein, as is best practice for
risk assessment of GE crops (Delaney et al., 2008; Brune et
al.,2021; Waters et al., 2021).

Composition data has been produced for all single-trans-
formation events that have been developed and evaluated
in accordance with the Codex framework. The analysis typ-
ically compares the GE plant to the untransformed parent
line or a closely related isoline, and the analytes measured
depend on the crop and its intended uses. The analysis may
use plants grown in a variety of locations and may include
data from multiple growing seasons, because local environ-
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mental conditions may impact nutritional composition even
in conventionally bred varieties. The goal of the analysis is
to verify that the genetic modification has not resulted in
significant changes in values of key analytes compared with
the comparator and if significant changes are observed, to
establish whether these changes are within the range ob-
served in traditional varieties (AFSI 2025; Bajaj et al., 2026).

In the submissions for food safety approvals of crops express-
ing Cry2Ab, any differences noted between the GE plant and
the comparator were within the normal range of variation,
and the comparisons revealed no differences relevant to food
or environmental safety (Hamilton et al., 2004; Drury et al.,
2008; Singhal et al., 2011; and See Annex 1). Brief summaries
of the compositional profile in Cry2Ab-expressing events for
maize, cotton, and soybean are provided in this section.

Maize

Seed and forage from Cry2Ab maize have been subjected
to proximate analysis to determine levels of crude protein,
crude fat, fiber, moisture, and ash. In addition, levels of
select minerals, fatty acids, amino acids, and antioxidants
have been determined, and the anti-nutritive compounds
of phytic acid, raffinose, and trypsin inhibitor have been
measured (OECD, 2002). In line with OECD recommenda-
tion (OECD, 2002), nine components were analyzed in for-
age, and 68 components were analyzed in grain from maize
varieties expressing Cry2Ab, in comparison to conventional
maize varieties. The results of compositional analysis showed
that the forage and kernels of maize MON89034 are compo-
sitionally equivalent to those of non-GE control and other
reference varieties except for the presence of the novel pro-
teins (See Annex 1). Any noted differences were small, and
mean values and ranges of values for the compounds studied
were within the range of natural variation. Considering the
field trial design, biological variation, and the level of the
analytes studied, no statistically significant differences have
been found to be biologically relevant in Cry2Ab-expressing
maize events.

Cotton

Compositional analysis of cotton event MON15985 involved
evaluation of 48 different components important for food
and feed uses in cottonseed. The levels of these compo-
nents were assessed and compared to the parental con-
trol (DP50B), as well as other commercial cotton varieties.
Field trials were conducted at eight U.S. locations across six
states (Alabama, Arizona, Louisiana, Mississippi, South Car-
olina, and Texas). Proximates (ash, calories, carbohydrate,
fat, fiber, moisture, and protein), amino acids, fatty acids,
minerals (calcium, copper, iron, magnesium, manganese,
phosphorus, potassium, sodium and zinc), gossypol, cyclo-
propenoid fatty acids and aflatoxin content were measured
in cottonseed. Additionally, compositional analyses of cot-
tonseed oil (bleached and deodorized) and meal (toasted)
from a subset of samples were conducted. Among the 48
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comparisons across the trials, differences were noted in six
instances between the GE cotton event MON15985 and the
parental line. All these differences were found to be within
the normal range of variation for commercial cotton. Statis-
tically different means were not observed at all locations,
demonstrating the impact of environmental conditions on
variability. These noted differences in composition were
considered to be not relevant to food and feed safety of
Cry2Ab-expressing MON15985 cotton (See Annex 1).

Soybean

Comparisons were done among forage and seed collected
from soybean event MON87751, the conventional non-GE
counterpart, and other soybean reference varieties across
eight field sites in the United States in 2012, in accordance
with the principles and analytes outlined in the OECD consen-
sus document for soybean (OECD, 2012). A total of 66 com-
ponents were measured in forage and seed derived from this
transgenic event. Of these, 50 components were assessed
statistically and compared with control in addition to 19 ref-
erence varieties of soybean. 14 components were excluded
from the analyses as more than 50% of the observations
were found to be below the limit of quantitation. Eight of
the components analyzed showed a significant difference
between MON87751 and the conventional non-GE counter-
part. However, these differences were within the range of the
other conventional soybean varieties and were not consid-
ered biologically meaningful for nutrition or food and feed
safety. MON87751 soybean is compositionally equivalent to
commercially cultivated varieties of soybean (See Annex 1).

SAFETY ASSESSMENT OF STACKED EVENTS

The global trend in approvals of GE maize, as demonstrated
for the cry2Ab gene in Table 1, particularly for Bt insect resis-
tance and herbicide tolerance (HT), has clearly been toward
events with stacked traits, i.e., those with more than one gene
introduced typically by conventional breeding with two or
more GE plant varieties of the same species (EFSA, 2007;
Goodwin et al., 2021). This is also the trend for other crops
including cotton and soybean. In the U.S., the adoption rates
for stacked varieties of maize and cotton with one or more Bt
and HT traits have increased steadily since 2000, with more
than 80 percent of U.S. acreage of these two crops planted
with stacked seeds in 2025 (USDA ERS 2025).

Most regulatory authorities, including in the US, Canada, and
Australia/New Zealand, do not require additional safety as-
sessments for stacked GE events produced by conventional
breeding ( ‘breeding stacks’) where all single events have
been previously assessed (US EPA, 2009; Sul et al., 2021). In
contrast, the European Union mandates safety assessments
for all breeding stacks even when all singles have been as-
sessed and determined to be as safe as the conventional
counterparts (EFSA, 2007, 2011; Garcia-Alonso et al., 2025).
Besides the safety data on the single transformation GE
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events used to produce the stacked events through cross-
ing, data on possible changes and potential adverse effects
as a result of interactions between the introduced genetic
modifications are taken into account for food and feed safety
assessments of stacked events (EFSA, 2006; De Schrijver et
al.,2007). These reviews consider data on the stacked event
including molecular characterization, comparative analysis
of agronomic, phenotypic, and compositional characteristics,
and the outcome of toxicological, allergenicity, and nutri-
tional assessment.

The European Food Safety Authority has issued opinions
based on extensive reviews for as many as 29 stacked prod-
ucts with the cry2Ab gene (Scientific Opinions available on-
lineinthe EFSA Journal). EFSA concluded from these assess-
ments that stacked events expressing Cry2Ab (as for other Bt
proteins) did not add extra food or feed risk via interactions
between the expressed gene products since the expressed
proteins are non-toxic to humans and animals and the ex-
pression levels are too low to trigger synergistic, antagonistic,
or other combined effects. Similar conclusions have been
reached on stacked events expressing Cry2Ab in other coun-
tries based mainly on information and data generated for the
safety assessment of the single events. As experience has
increased with the assessment and adoption of GE crops,
many countries have developed simplified procedures for
regulation of stacked trait products generally considering
breeding stacks as safe for cultivation based on the existing
approvals of the transformation events from which the stacks
are derived (Kok et al., 2014; Goodwin et al., 2021; Sul et al.,
2021).

A Review of the Food and Feed Safety of the Cry2Ab Protein

CONCLUSION

The Cry2Ab protein expressed in insect-resistant GE plants
is sourced from the common soil bacterium Bt and is toxic
to Lepidoptera. Three GE crops (cotton, maize, and soybean)
expressing Cry2Ab protein have been approved for food and
subject to food safety assessment in more than 30 countries.
Bioinformatic analyses in publicly available regulatory sub-
missions and peer reviewed literature demonstrate that
Cry2Ab does not share sequence or structural characteris-
tics with known human or animal toxins. Toxicity studies
submitted with regulatory dossiers did not identify any tox-
ic effect in humans or animals at any tested concentration
of Cry2Ab, including concentrations far exceeding expected
levels in food derived from Cry2Ab expressing GE plants. Bt is
not a known source of allergens and Cry2Ab protein does not
share sequence homology with known allergens. Itis rapidly
degraded by simulated gastric fluid. There has been no evi-
dence of an added risk to human or animal health due to in-
teraction effects between the Cry2Ab protein and other newly
expressed products, including other Cry proteins, combined
in approved ‘stacked events’, beyond the safety assessment
of the single transformation events used to breed for the
stacked events. To date, regulators have consistently con-
cluded based on a weight-of-evidence approach that Cry2Ab
in GE crops does not pose a food or feed safety concern.
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ANNEX 1: REGULATORY DOCUMENTS OF SOME CROP EVENTS EXPRESSING THE CRY2AB PROTEIN
APPROVED FOR FOOD SAFETY

Crop/Event | Title Reference
Maize Request for the determination of non-regulated status for MON89034. Washington, DC. USDA APHIS 2006
MON89034 United States Department of Agriculture. Finding of no significant impact: Petition for non-regulated status for corn event USDA APHIS 2008
MON89034 (APHIS 06-298-01p). Washington, DC.
Biotechnology Consultation Note to the File, BNF No. 000107: Bacillus thuringiensis Cry1A.105/Cry2Ab2; MON89034. Washington, US FDA 2007
DC.
Decision document DD2008-74: Determination of the safety of Monsanto Canada Inc.’s corn (Zea mays L.) event MON89034. Cana- CFIA 2008
dian Food Inspection Agency. Ottawa, Canada.
Application (Reference EFSA-GMO-NL-2007-37) for the placing on the market of the insect-resistant genetically modified maize EFSA 2008
MONB89034, for food and feed uses, import and processing under Regulation (EC) No 1829/2003 from Monsanto. The EFSA Journal
909: 1-30.
Final assessment report, Application A595, Food derived from insect-protected corn line MON89034. Food Standards Australia New | FSANZ 2008
Zealand. Canberra, Australia.
Biopesticides registration action document: Bacillus thuringiensis Cry1A.105 and Cry2Ab2 insecticidal proteins and the genetic US EPA 2010
material necessary for their production in corn [PC Codes 006515 (Cry2Ab2), 006514 (Cry1A.105)]. U.S. Environmental Protection
Agency, Office of Pesticide Programs, Biopesticides and Pollution Prevention Division, Washington, D.C.
Parecer Técnico No 3045/2011. Comissdo Técnica Nacional de Biosseguranga. Brasilia, Brazil. MON89034 CTNBio 2011
Cotton Petition for determination of regulatory status for Bollgard I cotton event 15985. Washington, DC. USDA APHIS 2000
MON15985 Biopesticides Registration Action Document, a summary of the risk assessments and regulatory decisions for each registered PIP US EPA 2003
active ingredient. Bacillus thuringiensis Cry2Ab2 protein and its genetic material necessary for its production in cotton.
Biotechnology Consultation Note to the file, BNF No. 000074: Insect-protected Bollgard Il cotton line 15985. Washington, DC. US FDA 2002
Final assessment report, Application A436, Oil and linters derived from insect-protected cotton containing event 15985. Food FSANZ 2002
Standards Australia New Zealand. Canberra, Australia.
Parecer Técnico No. 8038/2022. Comissdo Técnica Nacional de Biosseguranca. Brasilia, Brazil. MON15947 CTNBio0 2022
Novel food information -- Food biotechnology, insect-protected cotton event 15985. Ottawa, Canada. Health Canada 2003
Decision document DD2003-45: Determination of the safety of Monsanto’s insect resistant Bollgard II™ Cotton (Gossypium hirsutum | CFIA 2004
L.). Canadian Food Inspection Agency. Ottawa, Canada.
Risk assessment and risk management plan for DIR 066/2006. Office of the Gene Technology Regulator. Canberra, Australia. OGTR 2006
Parecer Técnico No. 1832/2009. Comissdo Técnica Nacional de Biosseguranca. Brasilia, Brazil. (Cotton) MON15985 (Bollgard® I1) CTNBio 2009
EFSA GMO Panel (EFSA Panel on Genetically Modified Organisms), 2014. Scientific Opinion on applications (EFSA-GMO-UK-2008-57 | EFSA 2014
and EFSA-GMO-RX-MON15985) for the placing on the market of insect-resistant genetically modified cotton MON15985 for food
and feed uses, import and processing, and for the renewal of authorization of existing products produced from cotton MON15985,
both under Regulation (EC) No 1829/2003 from Monsanto. The EFSA Journal 12(7): 3770, 42 pp.
Soybean Request for an extension of determination of nonregulated status for lepidopteran-protected soybean MON87751 (APHIS 13-337- USDA APHIS 2014
MON87751 01p (Extension of 09-082-01p). Washington DC.
Biopesticides Registration Action Document, a summary of the risk assessments and regulatory decisions for each registered PIP US EPA 2015
active ingredient. Plant-Incorporated Protectants Bacillus Thuringiensis Cry1A.105 and Cry2Ab2 Proteins and the Genetic Material
(Vector PV-GMIR13196) Necessary For Their Production in MON87751 (OECD Unique ID. MON-87751-7) Soybean [PC Code 006614
and PC Code 006527].
Biotechnology Consultation Note to the File BNF No. 0001444. MON87751 insect-resistant soybean. Washington, DC. US FDA 2015
Safety Assessment Report, Application A1110, Food derived from insect-protected soybean line MON87751. Food Standards Aus- FSANZ 2016
tralia New Zealand. Canberra, Australia.
EFSA Panel on Genetically Modified Organisms (GMO, Assessment of genetically modified soybean MON87751 for food and feed EFSA 2018
uses under Regulation (EC) No 1829/2003 (application EFSA-GMO-NL-2014-121).
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https://www.aphis.usda.gov/sites/default/files/06_29801p_com.pdf
https://www.aphis.usda.gov/sites/default/files/06_29801p_com.pdf
https://hfpappexternal.fda.gov/scripts/fdcc/index.cfm?set=NewPlantVarietyConsultations&id=MON-89034-3
https://hfpappexternal.fda.gov/scripts/fdcc/index.cfm?set=NewPlantVarietyConsultations&id=MON-89034-3
https://inspection.canada.ca/en/plant-varieties/plants-novel-traits/approved-under-review/decision-documents/dd2008-74
https://inspection.canada.ca/en/plant-varieties/plants-novel-traits/approved-under-review/decision-documents/dd2008-74
https://www.efsa.europa.eu/en/efsajournal/pub/909
https://www.efsa.europa.eu/en/efsajournal/pub/909
https://www.efsa.europa.eu/en/efsajournal/pub/909
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A595_DAR_MON89034_Corn_FINAL.pdf
https://www.foodstandards.gov.au/sites/default/files/food-standards-code/applications/Documents/A595_DAR_MON89034_Corn_FINAL.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/mon-89034-brad.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/mon-89034-brad.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/pip/mon-89034-brad.pdf
https://ctnbio.mctic.gov.br/en/liberacao-comercial/-/document_library_display/SqhWdohU4BvU/view/678017
https://www.aphis.usda.gov/sites/default/files/00_34201p.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/decision_PC-006487_4-Mar-03.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/registration/decision_PC-006487_4-Mar-03.pdf
https://hfpappexternal.fda.gov/scripts/fdcc/index.cfm?set=NewPlantVarietyConsultations&id=MON-15985-7
https://www.foodstandards.gov.au/food-standards-code/applications/applicationa436insectprotectedcottonevent15985/applicationa436insec666
https://www.foodstandards.gov.au/food-standards-code/applications/applicationa436insectprotectedcottonevent15985/applicationa436insec666
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ANNEX 2: SUMMARY OF CRY2AB PROTEIN EXPRESSION DATA

The tables that follow present summary data from regulatory submission and decision documents. Whenever possible,
the data and accompanying statistics are presented as they appeared in the cited document to facilitate cross-referencing.
Additional information on data collection and sampling methodologies can be found in the referenced sources.

Table I.1: Summary of Cry2Ab protein levels in tissues from MON89034 (USDA APHIS, 2006; FSANZ, 2008).

Cry2Ab
Mean (SD)
Tissue Type Growth State [Range], n=15
ng/g fresh wt. ug/g dry wt.
Young leaf 2 -4 Leaves 29 (6.8) 180 (59)
[19-43] [94 - 270]
Pollen Silking 0.34 (0.084) 0.64 (0.091)
[0.21-0.47] [0.49-0.79]
Silk Silking 8.2(3.6) 71(35)
[3.3-16] [33-160]
Forage Early dent 12 (4.0) 38 (14)
[6.5-18] [15-55]
Forage root Early dent 4.1(1.4) 21(5.9)
[2.2-6.5] [14-33]
Grain Maturity 1.1(0.31) 1.3(0.36)
[0.67-1.8] [0.77-2.1]
Stover After harvest 22(3.6) 62 (15)
[17-29] [46-97]
Senescent root After harvest 5.3(2.0) 26 (8.8)
[2.4-9.1] [13-43]

Table 1.2: Cry2Ab Protein Expression Levels in Tissues From Mon89034 (Mg/G Dry Wt.) (EFSA, 2008).

Year/Location Grain Forage Pollen Forage root Stover
2004/Argentina 0.95 45 0.56 31 44
2005/USA 13 38 0.64 21 62

Table 1.3: Cry2Ab protein expression levels in tissues from MON89034 (ug/g dry wt.) (CFIA, 2008).

Tissue Cry2Ab

Leaves 130-180
Root 21-58
Whole Plant 38-130
Grain 13
Pollen 0.64
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Table I.4: Cry2Ab Protein Expression Levels in Over Season Tissues of MON89034 (USDA APHIS, 2006).

Days After Planting (DAP)

28-43 41-53 56 - 68 100 - 120 130 - 160
Tissue
ug/gFW  pg/gbW pg/gFW  pg/gDW pg/gFW  pg/gDW  upg/gFW | pg/gDW  pg/gFW  pg/gDW  pg/g FW

Leaf Mean 180 29 170 32 130 29 160 37 N/A N/A N/A N/A

(sb) (59) (6.8) (34) (5.3) (34) (5.4) (44) (12)

Range 94 -270 19-43 110-230 | 23-44 85-200 23-41 48 - 210 11-56 N/A N/A N/A N/A
Whole Mean 130 13 79 75 40 4.2 39 59 38 12 62 22
Plant (SD) (51) (4.6) (18) (1.8) (9.9) (0.94) (16) (2.6) (14) (4.0) (15) (3.6)

Range 52-230 52-21 45-110 4.0-9.7 22-61 24-58 5.0-67 0.7-11 15-55 6.5-18 46 -97 17-29

Root Mean 56 6.4 58 7.6 35 5.0 26 4.2 21 4.1 26 5.3
(D) 1 (L6) (18) (4.2) 1 @7 (.7 (12) (5.9) (1.4) 8.8) (2.0)

Range 33-100 | 4.4-10 25-86 25-15 17-74 22-12 15-45 32-76 14-33 22-65 13-43 24-9.1

Table 1.5: Mean levels of Cry2Ab protein in cotton event 15985, the parental control DP50B, and the non-transgenic con-
trol DP50 (USDA APHIS, 2000; FSANZ, 2002; US EPA, 2003; CFIA, 2004; OGTR, 2006).

Cotton Line Cry2Ab (ug/g fresh weight)

Leaf!
15985 23.8+6.3%
(10.1-33.332
DP50B <2.65
DP50 <2.65
Seed*
15985 43.2+5.7
(31.8-50.7)
DP50B <231
DP50 <231
Whole plant®
15985 8.80+1.20
(7.28 - 10.46)
DP50B <1.24
DP50 <1.24
Pollen®
15985 <0.25
DP50B <0.25
DP50 <0.25

ILeaftissue n = up to 6 plants/plot from each site, 8 sites, taken at 4 - 6 weeks post planting.

2Mean and standard deviation were calculated from samples, one from each of 8 field sites except for tissues collected from a single site.
*Range is the minimum and maximum value from samples across sites.

“Bulk seed samples were collected for each line from each plot.

°The sample of whole plant and pollen was up to 16 plants per line.

Table 1.6: Levels® of Cry2Ab Protein Detected in Leaf Samples Of Transgenic Cotton Line 15985 and a Control Line at Vari-
ous Sampling Dates During the 1998 And 1999 Growing Seasons (USDA APHIS, 2000; US EPA, 2003; OGTR, 2006).

Days After Planting 15985 DP50B

1998 1999 1998 1999
28 21+49 7.1+1.6 Not Detected Not Detected
55 40.1+6.5 143+53 Not Detected Not Detected
85 19.7+2.7 17.0+1.2 Not Detected Not Detected
108 16.7+0.6 11.9+29 Not Detected Not Detected

1 Mean (ug/g fresh weight) + standard deviation.
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Table I.7: Levels of Cry2Ab Protein in Tissues Harvested at Eight Different Growth Stages From MON87751 Soybean Parts
(Averaged Across 5 Sites Except for Pollen) (FSANZ, 2016).

Mean (SD)
Tissue Type! Development Stage! Range
(ng/g dw)
Leaf V3-Vv4 24 (5.9)
17-37
Leaf V5 -V7 26(3.1)
20-33
Leaf R2-R3 32(5.2)
25-43
Leaf R6 24 (2.7)
18-29
Root R6 15(2.7)
11-22
Forage? R6 14 (2.2)
11-18
Seed R8 4.0 (0.77)
26-51
Pollen/Anther® R2 <LOoQ*

1 For information on soybean growth stages see [e.g. lowa State University]

2 Forage is the above ground plant parts used for animal feed.

3 Flowers from which pollen and anther tissue was collected were grown only at one site in Champaign, lllinois
4LOQ=limit of quantitation
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