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INTRODUCTION

This document provides a comprehensive review of 
the information and data relevant to the environ-
mental risk assessment of two proteins encoded by 
genes isolated from Bacillus thuringiensis, Cry 34Ab1 
and Cry35Ab1, and presents a summary statement 
about the environmental safety of these proteins 
when produced in the genetically engineered (GE) 
maize event DAS-59122-7 (Zea mays, L.). All sourc-
es of information reviewed herein are publicly avail-
able and include dossiers presented to regulatory 
authorities, decision documents prepared by regu-
latory authorities, product descriptions prepared by 
product developers, and peer-reviewed literature.

Environmental risk assessments related to the plant-
ing of GE crops are conducted on a case-by-case 
basis, taking into account the biology of the plant, 
the characteristics of the transgenes and the encoded 
proteins, the phenotype conferred by the transgenes, 
the intended uses of the crop, and the nature of the 
receiving environment into which the plant will be 
introduced. These assessments, which consider both 
hazard and exposure, typically involve comparisons 
to an untransformed parental line or closely related 
isolines (Craig, Tepfer, Degrassi, and Ripandelli, 
2008; OECD, 2007). The goal of these compari-
sons is the identification of potential risk the GE 
plant might present beyond those already accepted 
for similar, non-GE plants grown in the environ-
ment. The consequences of these risks, if any, are 
then evaluated.

Regulatory approvals1 for the environmental re-
lease and food and feed use of GE maize event 
DAS-59122-7, present singly in a maize variety 

1  Regulations may require periodic renewal of pesticide 
registrations. For example, the current status of USEPA 
registrations can be found at http://www.epa.gov/oppbppd1/
biopesticides/pips/pip_list.htm.

or stacked with other GE events, have been issued 
in three countries: Canada (in 2005), Japan (in 
2006), and the United States (in 2005) (See ILSI, 
GM Crop Database, http://cera-gmc.org/index.
php?action=gm_crop_database).

ORIGIN AND FUNCTION OF THE 
CRy34Ab1 AND CRy35Ab1 PROTEINS

Bacillus thuringiensis and the Cry34Ab1 and 
Cry35Ab1 Insecticidal Proteins

Bacillus thuringiensis (Bt) is a rod-shaped, gram-
positive bacterium that produces long-lived en-
dospores. Although considered a soil bacterium, Bt 
is ubiquitous in the environment. It has been ex-
tensively studied and used commercially for many 
years as an agricultural pesticide, due to its ability 
to synthesize a large number of proteins with activ-
ity against a wide variety of crop pests (Hofte and 
Whiteley, 1989; OECD, 2007; Schnepf et al., 1998; 
van Frankenhuyzen, 2009).

Preparations of natural isolates of Bt bacteria were 
first used as commercial insecticides in France in 
1938, and since that time, the use of Bt preparations 
as insecticides has become commonplace around 
the world. Bacillus thuringiensis  has been registered 
for use in the United States since 1961 (USEPA, 
1998), and various Bt preparations have been reg-
istered in Australia, Canada, and the European 
Union (APVMA, 2013; DGSANCO, 2013; Health 
Canada, 2008; Kumar, Sharma, and Malik, 1996; 
Schnepf et al., 1998). Because these preparations are 
derived from cultured cells of Bt bacteria, they con-
tain a complex mixture of all the pesticidal proteins 
produced by the Bt strain used. Several hundred pes-
ticidal proteins have been isolated from Bt cultures 
(Crickmore et al., 2012), and these proteins display 
tremendous variety in sequence diversity, mode of 
action, and target specificity (Hofte and Whiteley, 

http://www.epa.gov/oppbppd1/biopesticides/pips/pip_list.htm
http://www.epa.gov/oppbppd1/biopesticides/pips/pip_list.htm
http://cera-gmc.org/index.php?action=gm_crop_database
http://cera-gmc.org/index.php?action=gm_crop_database
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1989; OECD, 2007; Pigott and Ellar, 2007; Schnepf et al., 1998; 
Vachon, Laprade, and Schwartz, 2012; van Frankenhuyzen, 2009). 
They include antifungal compounds, ß-exotoxins, Cyt (cytolytic) 
proteins, vegetative insecticidal proteins (Vip) and the δ-endotoxins, 
a group that includes the insecticidal Cry (crystalline) proteins 
(Hofte and Whiteley, 1989; OECD, 2007; Schnepf et al., 1998). 
These proteins may interact with each other to influence the toxicity 
and activity spectrum of individual bacterial preparations (OECD, 
2007; Schnepf et al., 1998).2

In 2002, industry scientists reported the isolation of a novel proteina-
ceous substance from crystalline parasporal inclusion bodies of sev-
eral Bt strains (Ellis et al., 2002; Narva et al., 2000). It was discovered 
that this substance was toxic to western corn rootworm (Diabrotica 
virgifera virgifera) (WCR) but not to European corn borer (Ostrinia 
nubilalis) (ECB), corn earworm (Helicoverpa zea), or black cutworm 
(Agrotis ipsilon). Further analysis revealed that the toxin was actually 
composed of two proteins, one of approximate mass of 44 kDa and 
the other with a mass between 13 and 14 kDa. The two proteins 
were encoded by adjacent genes in a single operon, with the gene 
encoding the smaller protein located upstream of the gene for the 
larger protein, separated by a spacer of approximately 100 bp. While 
neither of the proteins had significant sequence homology to known 
Cry insecticidal Bt proteins, the 44 kDa protein had approximately 
26 to 29% sequence homology to insecticidal Cry proteins from B. 
sphaericus3 having activity against mosquitoes (Ellis et al., 2002; Jones 
et al., 2007; Schnepf et al., 2005).

Recombinant Bt strains producing only the 14 kDa or the 44 kDa 
protein were not insecticidal to WCR, leading to the conclusion that 
the two proteins make up a binary toxin (Ellis et al., 2002).4  When 
tested on southern corn rootworm larvae (Diabrotica undecimpuncta-
ta howardi) (SCR), the 14 kDa protein alone inhibited insect growth, 
but its toxicity against SCR was synergized by the 44 kDa protein. 
Relatively small amounts of the 44 kDa protein appear to be neces-
sary for synergism, for example, a 9:1 ratio of 14 kDa:44 kDa is 
sufficient for high SCR mortality. However an optimal ratio has not 
been identified (Ellis et al., 2002; Herman et al., 2002).

The 14 kDa and 44 kDa proteins are classified as Cry δ-endotoxins 
and have been designated Cry34Ab1 and Cry35Ab1,  respectively 

2  The activity spectrum of sprays prepared from a particular Bt culture is due 
to a combination of the multiple toxins produced by the bacterium as well as the 
qualities of the bacterial cells, which can have an impact of the selectivity and 
host range of a particular preparation (Schnepf et al., 2005; Tabashnik, 1992). 
Therefore, the activity spectrum of sprays made from Bt bacterial cultures may 
differ from the activity spectrum of individual Bt proteins produced by a GE plant 
(OECD, 2007).

3  Bacillus sphaericus has been renamed Lysinibacillus sphaericus (See Ahmed 
et al. 2007. International Journal of Systematic and Evolutionary Microbiology 
57(5): 1117-25.

4  In this paper the terms “binary toxin”, “Cry34Ab1 and Cry35Ab1”, and 
“Cry34Ab1/Cry35Ab1” will be used interchangeably.

(Crickmore et al., 2012). The genes encoding the proteins, cry34Ab1 
and cry35Ab1,5 have been cloned into Pseudomonas fluorescens for 
heterologous expression (Gao et al., 2004; Huang, Badger, Haney, 
and Evans, 2007). The biological activity of the binary form of the 
toxin, when produced in P. fluorescens, was comparable to that of the 
toxin that was produced in GE maize plants (Gao et al., 2004; Huang 
et al., 2007; Moellenbeck et al., 2001; USEPA, 2005a). The proteins, 
whether produced in P. fluorescens or maize, had the same molecular 
weight, immunogenic recognition, and N-terminal sequences. In ad-
dition, neither of the proteins are glycosylated in P. fluorescens or in 
maize, even though both proteins contain N-glycolsylation sites (Gao 
et al., 2004). Cry34Ab1 readily undergoes C-terminal truncation in 
the midgut of sensitive insects, which reduces its molecular weight to 
40 kDa, but the truncation does not inhibit the synergistic effects of 
Cry35Ab1 on the toxicity of Cry34Ab1; in fact, the truncated ver-
sion of Cry35Ab1 has a stronger potentiation effect on the toxicity of 
Cry34Ab1 (Gao et al., 2004).

The binary toxin has a narrow activity spectrum, being toxic pri-
marily to larvae of coleopteran species. Larvae of WCR, SCR, and 
Northern Corn Rootworm (Diabrotica barberi) are the most sensi-
tive. Therefore, genes encoding the binary toxin are used, either alone 
or in combination with genes for other Diabrotica-active Bt toxins, in 
maize varieties likely to be grown in regions where rootworm preda-
tion causes significant crop losses (Baum et al., 2004).

Mechanism of Cry34Ab1/Cry35Ab1 Insecticidal Activity

Like other Cry insecticidal proteins, the binary toxin causes cell 
damage in the midgut of susceptible insects through the creation of 
ion channels, resulting in membrane destabilization. This effect is 
significantly enhanced under acidic conditions, such as those typical 
for coleopteran guts, as opposed to the alkaline conditions found in 
the lepidopteran larval midgut (Masson et al., 2004; Moellenbeck 
et al., 2001). Pores can be created by either the Cry34Ab1 or by 
the Cry35Ab1 protein acting alone, but mixtures of the two pro-
teins result in pores that remain open longer, causing greater mem-
brane destabilization. In addition, the 40 kDa truncated version of 
the Cry35Ab1 protein was more effective at pore formation than 
the native 44 kDa version. The conversion of the native protein to 
the truncated version has an optimal pH of 5.5-6.0, similar to the 
midgut pH of coleopteran larvae, and it is thought that the trun-
cation process may be crucial for full activity of the binary toxin. 
The lepidopteran midgut provides a more alkaline environment, and 
this difference may be a factor in the selectivity of the binary toxin 
(Masson et al., 2004). Although the precise mechanism by which 
the binary toxin forms pores and destabilizes membranes is un-
known, it appears to involve a different mechanism than the one as-

5  Further research has revealed that the Cry34Ab1/Cry35Ab1 binary toxin is 
a member of a family of toxins produced by various strains of B. thuringiensis 
found in Asia, Australia, and North and South America (Jones et al., 2007). How-
ever, of the toxins discovered so far within this family, the Cry34Ab1/Cry35Ab1 
binary toxin has the highest level of pesticidal activity against WCR (Baum et al., 
2004; Schnepf et al., 2005).
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sociated with Cry3Bb1, another Bt insecticidal protein active against 
WCR (Gassmann, Petzold-Maxwell, Keweshan, and Dunbar, 2011; 
Masson et al., 2004).

Expression of Cry34Ab1/Cry35Ab1 in Insect-Resistant GE 
Maize

Transgene expression levels in a GE plant can be influenced by sev-
eral factors related to the genetic transformation process, including 
the types of promoter and terminator sequences employed, as well as 
the chromosomal location where the transgene 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 under which the plant was 
growing. Data from enzyme-linked immunosorbent assays (ELISA), 
showing levels of Cry34Ab1 and Cry35Ab1 protein expression in GE 
maize DAS-59122-7 have been made available in publicly accessi-
ble regulatory submissions and decision documents associated with 
regulatory authorization processes at the national, supranational, 
and member state levels (BBAC, 2009; CFIA, 2005a; EFSA, 2008, 
2009a, 2009b; FSANZ, 2005; USDA, 2005). Samples were collected 
from several tissue types, at multiple growth stages, and from plants 
grown in several different locations to produce data representative of 
the typical range of protein expression for both of the proteins. Table 
2 presents the highest reported values of Cry34Ab1/Cry35Ab1 ex-
pression in GE maize plants containing DAS-59122-7 alone or when 
DAS-59122-7 is stacked with other events in the same plant. Protein 
expression data may be used to estimate the potential exposure of 
various organisms in the environment to Cry34Ab1/Cry35Ab1 when 
GE maize event DAS-59122-7 producing these proteins is cultivated. 
Currently available protein expression data for Cry34Ab1/Cry35Ab1 
by DAS-59122-7 and by DAS-59122-7 stacked with other GE 
events are presented in Annex I. In some cases when the GE maize 
plants contained cry34Ab1/cry35Ab1 as well as a gene for herbicide 
tolerance (pat or epsps), protein expression data were collected from 
plants that had been treated with the appropriate herbicide, glufosi-
nate or glyphosate, as well as from plants grown in the same location 
but not sprayed, to determine whether the herbicide had any effect 
on protein concentrations.

Table 1.  Highest reported protein concentration of Cry34Ab1 and 
Cry35Ab1 in GE maize DAS-59122-7 and stacks of DAS-59122-7 tissues.

Tissue ng Cry34Ab1/mg dry weight
(growth stage)

ng Cry35Ab1/mg dry weight
(growth stage)

Leaf 302
(R4 – kernel contents are doughy)

126
(R4 – kernel contents are doughy)

Grain 117
(Seed maturity)

3.7
(Seed maturity)

Root 102
(Maturity)

15.4
(V9 – collar of 4th leaf is visible)

Pollen 87.2
(Anthesis)

0.15
(Anthesis)

Whole 
Plant

88
(Maturity)

18.1
(R1 – silks become visible)

Modifications to the genes encoding Cry34Ab1 and 
Cry35Ab1 in GE maize

To produce GE insect-resistant maize DAS-59122-7, cry34Ab1 and 
cry35Ab1 genes were isolated from B. thuringiensis Berliner strain 
PS149B1 (Ellis et al., 2002). Synthetic versions of the genes were 
created in which the DNA sequences had been modified to reflect 
codon preference in maize, for optimal protein expression (Murray, 
Lotzer, and Eberle, 1989). The amino acid sequences of the resulting 
Cry34Ab1 and Cry35Ab1 proteins were identical to the sequences of 
the native bacterial proteins. Transcription of the cry34Ab1 and cry-
35Ab1 genes was directed by the ubiquitin promoter and the wheat 
peroxidase promoter, respectively. Transcription termination was di-
rected by the 35S terminator (CFIA, 2005a; EFSA, 2008; FSANZ, 
2005; Health Canada, 2006; USDA, 2005; USEPA, 2005a, 2005b, 
2010; USFDA, 2004).6

NON-TARGET ORGANISmS TESTING AND 
ImPACTS OF ExPOSURE TO THE CRy34Ab1 AND 
CRy35Ab1 PROTEIN

The Cry34Ab1/Cry35Ab1 binary toxin has insecticidal properties 
against certain coleopteran insect species when expressed in GE maize 
DAS-59122-7. The toxin targets root-feeding coleopteran insect 
pests, thereby reducing feeding damage (Baum et al., 2004; Ellis et 
al., 2002; Gao et al., 2004; Herman et al., 2002; Kaiser-Alexnat, 
Büchs, and Huber, 2009; Oppert, Ellis, and Babcock, 2010; Schnepf 
et al., 2005; Storer, Babcock, and Edwards, 2006). Organisms in the 
environment that are not pests of maize but are directly or indirectly 
exposed to the binary toxin are called non-target organisms (NTOs). 
Direct exposure occurs when NTOs feed on living crop tissues ex-
pressing the binary toxin or on crop residues, either above or below 
ground. Indirect exposure results from the predation by one organ-
ism on another organism that has had direct exposure to the binary 
toxin. The potential for harm to NTOs from exposure to the binary 
toxin has been considered in risk assessments conducted by several 
regulatory authorities (CFIA, 2005a; EFSA, 2008; USDA, 2005; 
USEPA, 2005a, 2010). Data collected from field trials of GE maize 
producing the binary toxin and submitted to regulators have estab-
lished that the Cry34Ab1/Cry35Ab1 proteins are active specifically 
against the subset of coleopteran pests which feed on maize roots and 
are harmless to vertebrate species and other NTOs (CFIA, 2005a; 
EFSA, 2008; FSANZ, 2005; Health Canada, 2006; USDA, 2004, 
2005; USEPA, 2005a, 2010).

Assessments of the potential impacts to NTOs, and the regulatory 
decisions informed by the assessments, have been grounded in the 
well-documented and long history of evaluation of classical insecti-

6  The DNA sequence used in the original transformation process, which resulted 
in the isolation of event DAS-59122-7, also contained the pat gene, which confers 
tolerance to glufosinate-ammonium herbicides. For a full discussion of the envi-
ronmental safety of the PAT protein, please see “A Review of the Environmental 
Safety of the PAT Protein” (CERA, 2011).



4

cidal formulations including microbial formulations of B. thuringien-
sis (Romeis et al., 2008, 2013; Sanvido et al., 2012). Assessments of 
impacts to NTOs include the critical review of data submitted by the 
product developer to demonstrate that NTOs exposed to the binary 
toxin, either directly or indirectly, are not harmed. The NTO risk 
assessment typically begins with a determination of the organisms 
that are likely to be directly or indirectly exposed to the binary toxin. 
Particular consideration is often given to NTOs having beneficial en-
vironmental functions, such as pollinators or the natural enemies of 
agricultural pests. Regulatory authorities may give special attention 
to NTOs that have been designated as threatened or endangered spe-
cies or species of recognized cultural value. These species, or valid 
surrogates of these species, are then tested to determine if exposure to 
the binary toxin could cause significant adverse impacts.

The “tiered” approach for assessing the impacts of chemical pesticides 
on NTOs has been used effectively for many years, and tiered testing 
has also been determined by scientists and regulators to be appropri-
ate for the assessment of potential impacts of GE crops on NTOs 
(Duan, Lundgren, Naranjo, and Marvier, 2009; Dutton, Romeis, 
and Bigler, 2003; EFSA, 2006; Garcia-Alonso et al., 2006; Raybould, 
2006; Romeis et al., 2008, 2013; USEPA, 2007, 2011). Early tier 
studies generally involve the exposure of NTOs or surrogate species 
to high concentrations of the pesticide, under controlled laboratory 
conditions. These studies identify those species that are significantly 
affected by the pesticide. Such effects, when found, may require fur-
ther analysis at a higher tier level. Early tier tests also identify NTOs 
that are unaffected by the pesticidal protein and for which higher 
tier testing is unnecessary. Higher level tier testing may also be ap-
propriate when the results of early tier tests are inconclusive. Testing 
at higher tiers typically involves increasing levels of complexity and 
increasingly realistic assay conditions (EFSA, 2006; Garcia-Alonso et 
al., 2006; Romeis et al., 2008; USEPA, 2007, 2011).

Routes of Environmental Exposure

In addition to direct contact with the GE maize plant, regulatory 
authorities may consider other routes of potential exposure to the 
Cry34Ab1/Cry35Ab1 binary toxin: exposure to the toxin in pollen, 
exposure to toxin deposited in the soil by decomposing plant mate-
rial, and exposure to predator species consuming herbivores that have 
been feeding on the GE maize plants (CFIA, 2005a; EFSA, 2007, 
2008; FSANZ, 2005; Health Canada, 2006; USDA, 2004, 2005; 
USEPA, 2005a, 2010).

Exposure to Cry35Ab1 via pollen is limited by the low expression 
levels of that protein in the pollen of varieties that have been author-
ized for environmental release by regulators (see Table 2 and Annex 
II). Expression of Cry34Ab1 in pollen is comparable to levels found 
in whole maize plants, but exposure to Cry34Ab1 via pollen is limited 
by the rapidly decreasing density of pollen deposition with increas-
ing distance from the source plant (JBCH, 2006a). (See Annex I for 
expression level data in the pollen of approved varieties.) In addition, 
data submitted to regulatory authorities indicate that the binary toxin 

is quickly degraded once released from decomposing plant tissue and 
is not likely to persist or accumulate in the soil environment (USDA, 
2004, 2005; USEPA, 2005b, 2010).

Ecotoxicological Testing of Cry34Ab1 and Cry35Ab1 on 
Non-Target Organisms

Ecotoxicological testing of Cry34Ab1 and Cry35Ab1 on NTOs has 
been conducted on a variety of well-characterized test organisms that 
are typically used for ecotoxicological testing of chemical pesticides, 
and the data from these tests have been evaluated by regulatory au-
thorities in the course of performing risk assessments for the envi-
ronmental release of GE maize varieties. Although some biologically 
signficant exposure may occur within a short distance of crop fields, 
regulatory authorities have generally requested data only for impacts 
of the binary toxin on representative pollinator species, i.e., honey 
bees. In addition, the specificity of the binary toxin to Coleoptera, 
as well as evidence suggesting the potential for exposure from the 
soil, has led regulators to require the testing of representative soil 
dwelling arthropod species. Some regulatory authorities also require 
data to be collected on non-arthropod, soil-dwelling species, such as 
earthworms, to demonstrate that there are no significant impacts to 
these species from exposure to the binary toxin. Test organisms have 
included Apis mellifera (honeybee); Orius insidious (minute pirate 
bug); Coleoptera: Coccinella septempunctata, Hippodamia convergens, 
and Coleomegilla maculata (ladybird beetle) Chrysoperla carnea (green 
lacewing); Nasonia vitripennis (parasitic wasp); Folsomia candida 
(springtail); Daphnia magna; and Eisenia foetida (earthworm) (Balog, 
Szenasi, Szekeres, and Palinkas, 2011; CFIA, 2005a; FSANZ, 2005; 
Health Canada, 2006; USDA, 2004, 2005; USEPA, 2005a, 2010). 
Test organisms were exposed to levels of Cry34Ab1 and Cry35Ab1 
representing worst case scenario exposure estimates based on the high-
est observed tissue concentrations of the binary toxin in GE maize 
plants, ranging from 0.15 – 302 ng/mg dry tissue weight (See Table 
2). None of the test organisms showed a significant response to the 
binary toxin (CFIA, 2005a; FSANZ, 2005; Health Canada, 2006; 
USDA, 2004, 2005; USEPA, 2005a, 2010). Additionally, vertebrate 
toxicological testing and nutritional equivalence testing has been 
conducted on Mus musculus (mouse); Oncorhynchus mykiss (rainbow 
trout); Gallus domesticus (chicken); and Rattus rattus (Sprague-Daley 
rat)(CFIA, 2005a; EFSA, 2007; FSANZ, 2005; Health Canada, 
2006; Malley et al., 2007; USDA, 2004, 2005; USEPA, 2005b, 
2010).7  See Table 2. 

The results from Tier 1 tests indicate that no higher tier testing is 
necessary from a regulatory standpoint, because no adverse effects 

7  The USEPA issued a conditional registration of event DAS-59122-7, but 
required the applicant to perform two additional tests, using Orius insidiosus 
(minute pirate bug) and a carabid (ground beetle) (USEPA, 2005a).
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Table 2.  Summary of ecotoxicological studies of Cry34Ab1 and Cry35Ab1 on non-lepidopteran non-target organisms (Malley et al., 2007; USDA, 2004) 

Species Method of Exposure Results Comments

Apis mellifera (honeybee) Cry34/35Ab1 pollen from event 
TC5639 

NOECpollen = 2 mg/larvae (0.056 μg Cry34/35Ab1 ICP†/larvae)
NOECICP = 20 μg/larvae

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

NOECCry34Ab1 = 3.2 μg/larvae
NOECCry35Ab1 = 2.4 μg/larvae

Chrysoperla carnea
(green lacewing)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

NOEC > 280 μg a.i./mL
LC50 Cry34Ab1 > 160 μg a.i./mL
NOEC Cry34Ab1 > 160 μg a.i./mL
LC50 Cry35Ab1 > 120 μg a.i./mL
NOEC Cry35Ab1 > 120 μg a.i./mL

Coleomegilla maculata
(twelvespotted ladybird 
beetle)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LC50 > 902 μg a.i./g
NOEC > 902 μg a.i./g
LC50 Cry34Ab1 > 900 μg a.i./g
NOEC Cry34Ab1 > 900 μg a.i./g
LC50 Cry35Ab1 > 2 μg a.i./g
NOEC Cry35Ab1 > 2 μg a.i.

Weight reduction reported

Homozygous inbred pollen mixed 1:1 
with ground corn earworm eggs

NOEC >58.52 μg a.i./g
NOEC Cry34Ab1 > 58.5 μg a.i./g
NOEC Cry35Ab1 > 0.02 μg a.i./g

No effect on mortality, 
weight, or development

Daphnia magna Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

EC50 > 100 mg a.i./L
NOEC > 100 mg a.i./L
LC50 Cry34Ab1 > 57 mg a.i./L
NOEC Cry34Ab1 > 57 mg a.i./L
LC50 Cry35Ab1 > 43 mg a.i./L
NOEC Cry35Ab1 > 43 mg a.i./L

Eisenia fetida
(earthworm)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LC50 > 25.4 mg a.i./kg dry soil
NOEC > 25.4 mg a.i./kg dry soil
LC50 Cry34Ab1 > 6.4 mg a.i./kg dry soil 
NOEC Cry34Ab1 > 6.4 mg a.i./kg dry soil
LC50 Cry35Ab1 > 19.0 mg a.i./kg dry soil
NOEC Cry35Ab1 > 19.0 mg a.i./kg dry soil

Folsomia candida
(Collembola)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LC50 > 12.7 mg a.i./kg diet
NOEC > 12.7 mg a.i./kg diet
LC50 Cry34Ab1 > 3.2 mg a.i./kg diet
NOEC Cry34Ab1 > 3.2 mg a.i./kg diet
LC50 Cry35Ab1 > 9.5 mg a.i./kg diet
NOEC Cry35Ab1 > 9.5 mg a.i./kg diet

Gallus domesticus
(chicken)

Feed consisting of 60% maize, event 
DAS-15344

LC50 > 25.1 ng a.i./mg diet
NOEC > 25.1 ng a.i./mg diet
LC50 Cry34Ab1 > 23 ng a.i./mg diet
NOEC Cry34Ab1 > 23 ng a.i./mg diet
LC50 Cry35Ab1 > 2.1 ng a.i./mg diet
NOEC Cry35Ab1 > 2.1 ng a.i./mg diet

No effects on mortality, 
weight gain, feed efficiency, 
or carcass yields

Hippodamia convergens
(ladybird beetle)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LC50 ICP > 280 μg a.i./mL
NOEC > 280 μg a.i./mL
LC50 Cry34Ab1 > 160 μg a.i./mL
NOEC Cry34Ab1 > 160 μg a.i./mL
LC50 Cry35Ab1 > 120 μg a.i./mL
NOEC Cry35Ab1 > 120 μg a.i./mL

Mus musculus
(mouse)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LD50 Cry34Ab1> 2700 mg a.i./kg
LD50 Cry35Ab1> 1850 mg a.i./kg
LD50 Cry34/35Ab1> 2000 mg a.i./kg

Nasonia vitripennis
(parasitic wasp)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LC50 > 280 μg a.i./mL
NOEC > 280 μg a.i./mL
LC50 Cry34Ab1 > 160 μg a.i./mL
NOEC Cry34Ab1 > 160 μg a.i./mL
LC50 Cry35Ab1 > 120 μg a.i./mL
NOEC Cry35Ab1 > 120 μg a.i./mL

continued on page 6
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Table 2 (cont’d)

Species Method of Exposure Results Comments

Oncorhynchus mykiss
(rainbow trout)

Microbially produced Cry34Ab1 
protein (54% pure) and Cry35Ab1 
protein (37% pure)

LC50 > 100 mg a.i./kg diet
NOEC > 100 mg a.i./kg diet
LC50 Cry34Ab1 > 25 mg a.i./kg diet
NOECCry34Ab1 > 25 mg a.i./kg diet
LC50 Cry35Ab1 > 75 mg a.i./kg diet
NOEC Cry35Ab1 > 75 mg a.i./kg diet

Rattus rattus
(Sprague Daley rats)

90-day subchronic assay; feed 
consisting of 35% maize, event DAS-
59122-7

No adverse diet-related 
differences observed

† ICP = Insecticidal Crystalline Protein

were noted;8 however, as discussed below, studies of the effects of the 
binary toxin on natural populations of NTOs have been performed.

Field Studies of Cry34Ab1/Cry35Ab1 on Non-Target 
Organisms

Regulatory authorities have considered the potential impact of the 
binary toxin on natural populations of NTOs and determined that 
adverse effects on NTOs are unlikely for several reasons. First, the 
binary toxin has a narrow spectrum of pesticidal activity. Second, Tier 
I laboratory assays, employing a range of invertebrate species present 
in maize agricultural ecosystems, or surrogates for those species, have 
shown that the binary toxin causes no significant observable effects 
in these species. Third, Tier I studies have also demonstrated that the 
binary toxin has no observable effect on representative vertebrate and 
aquatic species. Fourth, the levels of the binary toxin used in these 
Tier I assays were much higher than those measured in GE maize 
tissues growing in the field. Fifth, field studies of corn varieties pro-
ducing the binary toxin show no significant adverse effects on rove 
beetles, a beneficial, non-target arthropod (Balog et al., 2011) and no 
effect on black cutworm (Agrotis ipsilon) (USDA, 2004). Sixth, when 
compared to insect control via the binary toxin, traditional insect 
control using chemical pesticides significantly alters species diversity 
and harms non-target species. Together, these findings indicate that 
the binary toxin is unlikely to have adverse effects on natural popula-
tions of organisms, except for the target coleopteran crop pests (Balog 
et al., 2011; CFIA, 2005a; EFSA, 2008; FSANZ, 2005; Health 
Canada, 2006; USDA, 2004, 2005; USEPA, 2005a, 2010).

ESTABLISHmENT AND PERSISTENCE IN THE 
ENVIRONmENT OF mAIZE PLANTS ExPRESSING 
CRy34Ab1 AND CRy35Ab1

Biology of the Plant Species 

The biology of the non-GE plant species in the receiving environ-
ment is typically the starting point for environmental risk assessments 

8  Conducting field studies is considered case-by-case, based on the level of 
potential hazard and exposure, and goals may be adjusted as information and 
experience accumulate (USEPA, 2007).

of GE plants (OECD, 2003, 2007). Information about the biology 
of the non-GE plant can be used to assess whether a GE variety of 
the plant may become weedy, invasive, or otherwise harmful to the 
environment. It can also provide details on significant interactions 
between the plant and other organisms that may be important when 
considering potential harms. By considering the biology of the host 
plant, a risk assessor can identify potential hazards that may be as-
sociated with the expression of the novel protein (e.g., Cry34Ab1 or 
Cry35Ab1) and then be able to assess the likelihood of these hazards. 
For example, whether the plant is an annual or perennial species or 
whether the plant is self pollinated or wind pollinated can bear on the 
assessment of the likelihood of the GE plant establishing and persist-
ing outside of cultivation (EFSA, 2006; OECD, 1992, 2003, 2007).

Phenotypic Data

Information about the phenotype of GE plants expressing Cry34Ab1 
and Cry35Ab1 is collected from laboratory, greenhouse, and field 
trial studies and is presented in regulatory submissions to (1) iden-
tify any intentional changes to the phenotype that might impact the 
environmental safety of the plant and (2) to identify any unintended 
changes to the biology of the plant that might impact environmental 
safety. Phenotypic data in regulatory submissions and peer reviewed 
publications have focused on characteristics of the plant that might 
contribute to its survival or persistence (i.e., potential weediness), or 
that negatively affect agricultural performance (e.g., disease suscep-
tibility and yield data) (CFIA, 2005a; JBCH, 2006a; USDA, 2004, 
2005; USEPA, 2005a, 2010). The phenotypic observations take into 
account the desired phenotype resulting from the transgenic trait, 
in this case insect predation resistance mediated by Cry34Ab1 and 
Cry35Ab1. Some of the collected data are quantitative (e.g., plant 
height or percent seed germination) while other data are qualita-
tive and observational (e.g., symptoms of disease susceptibility). 
Statistically significant differences between GE maize plants express-
ing the binary toxin and controls were observed, but these differences 
were not consistent among the field trial locations and fell within 
the reported range for non-GE maize varieties (CFIA, 2005a; JBCH, 
2006a; USDA, 2004, 2005; USEPA, 2005a, 2010). Collectively, 
regulators have determined that the phenotypic data do not support 
the hypothesis that the expression of the binary toxin had any unin-
tended impact on the gross morphology or phenotypic characteristics 
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of maize plants, besides conferring resistance to coleopteran insect 
pests (CFIA, 2005a; JBCH, 2006a; USDA, 2004, 2005; USEPA, 
2005a, 2010).

Weediness in Agricultural Environments

Maize is not generally regarded as a weed, possessing few of the char-
acteristics that increase the likelihood of a plant to become a weed, 
such as seed dormancy, shattering, and competitiveness (Baker, 1974; 
Carpenter et al., 2002; JBCH, 2006a; OECD, 2003; Raybould et 
al., 2011; USDA, 2004, 2005; USEPA, 2005a, 2010). There are no 
data indicating that expression of the binary toxin results in altered 
seed dormancy, over-wintering capacity, or other characteristics that 
would alter the prevalence of volunteer maize in subsequent grow-
ing seasons (Carpenter et al., 2002; JBCH, 2006a; OECD, 2003; 
Raybould et al., 2011; USDA, 2004, 2005; USEPA, 2005a, 2010). 
Following-season maize volunteers producing the binary toxin would 
not be expected to present any management difficulty and can be 
dealt with in the same manner as conventional volunteers of maize.

Weediness in Non-Agricultural Environments

The primary mechanisms by which the binary toxin may be intro-
duced into a non-agricultural environment are through the move-
ment of propagules outside of cultivated areas and gene flow from the 
GE plant to a naturalized population of sexually compatible relatives 
(Lee and Natesan, 2006). Risk assessments for GE maize express-
ing the binary toxin have considered the potential impacts associated 
with both types of movement (Carpenter et al., 2002; JBCH, 2006a; 
OECD, 2003; Raybould et al., 2011; USDA, 2004, 2005; USEPA, 
2005a, 2010). As a result of extensive selective breeding, commercial 
maize varieties are severely restricted in their ability to persist in non-
agricultural environments without human intervention, and maize is 
not considered to be an invasive or aggressive weed outside of agricul-
tural systems (Carpenter et al., 2002; JBCH, 2006a, 2006b; OECD, 
2003; USDA, 2004, 2005; USEPA, 2005a, 2010). Agronomic data 
show that the binary toxin does not have a significant impact on 
traits associated with weediness (Carpenter et al., 2002; JBCH, 
2006a; OECD, 2003; USDA, 2004, 2005; USEPA, 2005a, 2010). 
Although release from natural control factors (including insect her-
bivores) has been offered as a partial explanation for the success of in-
vasive species (Blumenthal, 2005; Keane and Crawley, 2002; Mack, 
1996; Mason, Braun, Warwick, Zhu, and Stewart, 2004), regulatory 
decisions have determined that it is unlikely that resistance to coleop-
teran pests would allow maize producing the binary toxin to become 
invasive in non-agricultural environments (Carpenter et al., 2002; 
JBCH, 2006a, 2006b; OECD, 2003; USDA, 2004, 2005; USEPA, 
2005a, 2010).

Movement of the Transgene to Sexually Compatible Relatives

The movement of transgenes from a GE plant to its wild relatives is 
pollen mediated, and the production of reproductively viable hybrids 
depends on several factors: whether the pollen donor is self-pollinat-

ed, the physical and temporal proximity of the GE plants to sexually 
compatible species, pollen mobility and viability, and the presence 
of appropriate pollinators. Maize is predominantly wind pollinated 
and does not have sexually compatible relatives that are considered 
invasive (Carpenter et al., 2002; OECD, 2003). Maize freely hybrid-
izes with wild teosintes, but gene introgression is thought to be lim-
ited (Baltazar, De Jesús Sánchez-Gonzalez, De la Cruz-Larios, and 
Schoper, 2005; Castillo-Gonzalez and Goodman, 1997; OECD, 
2003). Wild teosinte populations are limited to Mexico, Guatemala, 
and a single population in Nicaragua, and while teosinte is consid-
ered a serious weed by some farmers in Mexico, it is used as a forage 
plant by other farmers and is considered a culturally significant spe-
cies (González and Corral, 1997; Mondragon-Pichardo and Vibrans, 
2005). Crosses between teosinte and GE maize expressing Cry34Ab1 
and Cry35Ab1 are not expected to occur more frequently than those 
between teosinte and traditionally bred maize varieties (Carpenter et 
al., 2002; USDA, 2004, 2005; USEPA, 2005a, 2010).

COmPOSITIONAL ANALySIS OF mAIZE PLANTS 
ExPRESSING CRy34Ab1 AND CRy35Ab1

A compositional analysis is required in many regulatory approv-
al processes for GE plants intended to be used in food or feed. 
Compositional data can be used to identify unintended changes in 
the crop due to the presence of the transgene. The analysis typically 
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 over the course of more than one year, because local envi-
ronmental conditions may impact nutritional composition even in 
conventionally bred varieties. The goal of the analysis is to verify that 
the values obtained for the GE plant are within the range observed in 
traditional varieties grown under comparable conditions.

Seed from GE maize expressing Cry34Ab1 and Cry35Ab1 has under-
gone proximate analysis to determine levels of crude protein, crude 
fat, fiber, moisture, and ash. In addition, levels of select minerals, 
fatty acids, and amino acids have been determined. Some crop plants 
produce toxins or anti-nutritive compounds, and levels of these 
compounds are also measured to determine whether the presence of 
the transgenes has inadvertently resulted in elevated production of 
these substances. Maize is known to produce the anti-nutritive com-
pounds phytic acid, raffinose, and trypsin inhibitor (OECD, 2002), 
and levels of these substances were determined. Data from publicly 
available sources are summarized in Annex II. All differences noted 
between the GE maize varieties analyzed and the comparator varieties 
were within the normal range of variation, and these differences were 
deemed irrelevant to environmental safety (CFIA, 2005a; EFSA, 
2008, 2009b; Health Canada, 2006; USDA, 2004, 2005; USEPA, 
2005a, 2010).
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CONCLUSION

The Cry34Ab1 and Cry35Ab1 proteins produced by insect-resistant 
GE maize plants are derived from the common soil bacterium Bacillus 
thuringiensis and are specifically toxic to Coleoptera. Toxicity testing 
with a range of representative non-target organisms produced NOEC 
values at concentrations significantly higher than the expected envi-
ronmental concentrations of Cry34Ab1 or Cry35Ab1. Field data sug-
gest that cultivation of GE maize plants expressing the binary toxin 
does not affect the abundance of non-target arthropods. The binary 
toxin in plants can be toxic to non-target Coleoptera, but regulatory 
risk assessments for approved products have concluded that the risk is 
low, due to the lack of exposure to the toxin in the environment, es-
pecially when compared to other insect-control practices. The weight 
of evidence from analyses of phenotypic and compositional data 
demonstrates that Cry34Ab1 and Cry35Ab1 expression in approved 
maize varieties do not alter the gross physiology of the crop plants 
and indicates that these plants are not more likely to become weedy 
or invasive than conventional maize varieties.
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Table I.1. Maximum and minimum mean expression levels of Cry34Ab1 
and Cry35Ab1 in DAS-59122-7 corn

Minimum Mean
ng/mg tissue dry weight

Maximum Mean
ng/mg tissue dry weight

Cry34Ab1 29.2
(sprayed* hybrid stalk)

232
(sprayed hybrid leaf )

Cry35Ab1 0.01
(sprayed hybrid pollen)

85.3
(non-sprayed hybrid leaf )

* “sprayed” treatments received two sequential applications of glufosinate 
ammonium herbicide.

Table I.3. Summary of expression levels of Cry34Ab1 protein in DAS-59122-7 corn grain harvested at maturity

Mean
(ng/mg dry dry weight)

Standard Deviation Range
(ng/mg dry weight)1

Number of Samples2

Non-GM control 0 0 0-0 6/6

GM hybrid unsprayed 49.7 16.2 28.9-84.8 30/0

GM hybrid sprayed 61.1 19.4 30.9-117 30/0

GM inbred 51.7 11.5 38.6-78.3 15/0

1 The limit of quantitation (LOQ) for Cry34Ab1 for grain was 0.072 ng/mg dry weight.
2 Number of samples = the number samples analyzed/the number of samples below the LOQ.

Table I.4. Summary of expression levels of Cry35Ab1 protein in DAS-59122-7 corn grain harvested at maturity

Mean
(ng/mg dry dry weight)

Standard Deviation Range
(ng/mg dry weight)1

Number of Samples2

Non-GM control 0 0 0-0 6/6

GM hybrid unsprayed 0.99 0.33 0.48-1.58 30/0

GM hybrid sprayed 0.92 0.30 0.50-1.61 30/0

GM inbred 1.10 0.54 0-1.83 15/2

1 The limit of quantitation (LOQ) for Cry34Ab1 for grain was 0.072 ng/mg dry weight.
2 Number of samples = the number samples analyzed/the number of samples below the LOQ.

Table I.5. Mean expression levels of Cry34Ab1 and Cry35Ab1 in tissues from a hybrid maize line containing event DAS-59122-7 (USEPA, 2005a, 
2010)

Tissue Cry34Ab1 (ng/mg tissue dry weight ± standard deviation)* Cry35Ab1 (ng/mg tissue dry weight ± standard deviation)*

Leaf 50±8 - 220±38 41±7 - 85±19

Root 37±9 - 50±20 3±2 - 8±8

Whole Plant 32±16 - 77±10 7±2 - 14±2

Pollen 74±7 0.02±0.04

Stalk 33±4 10±2

Forage 53±10 12±3

Grain 50±16 1±0.3

* Ranges reflect the range of means at different growth stages.

Table I.2. Expression levels in grain (ng/mg tissue dry weight)(EFSA, 2008, 2009a, 2009b)

59122 x NK6031 59122 x 15072 59122 x 1507 x NK603 59122

Mean Range Mean Range Mean Range Mean Range

Cry34Ab1 52 34 – 76 52 28 – 88 48 23 – 70 41 30 – 51

Cry35Ab1 2.8 2.1 – 3.7 2.3 1.7 – 3.1 2.1 1.4– 2.9 2.2 1.3 – 3.2

1 Parental line NK603 conferred glyphosate tolerance (CP4 EPSPS).
2 Parental line 1507 conferred glufosinate tolerance and insect resistance (PAT and Cry1F).

ANNEx I: SUmmARy OF CRy34Ab1/CRy35Ab1 
ExPRESSION DATA

The tables that follow present summary data from decision docu-
ments prepared by regulatory authorities, and regulatory submis-
sions. Whenever possible, the data and accompanying statistics are 
presented as they appeared in the cited document to facilitate cross-
referencing. Additional information on collection and sampling 
methodologies can be found in the referenced sources.
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Table I.7. Summary of expression levels of Cry35Ab1 protein measured in tissues collected from corn hybrid 59122 (event DAS-59122-7) (USDA, 2004)

Growth Stage Tissue Mean of Cry34Ab1 (ng/
mg Tissue Dry Weight) Standard Deviation Range of Cry34Ab1 (ng/

mg Tissue Dry Weight)1 Number of Samples2

V93

Leaf 40.7 7.29 29.7 – 55.1 30

Root 8.06 2.98 4.08 – 15.4 18

Whole Plant 7.36 2.19 4.13 – 10.1 6

R14

Leaf 52.2 12.9 29.2 – 80.8 30

Pollen 0.02 0.04 0 – 0.15 30

Stalk 10.0 2.26 5.64 – 14.2 30

Root 5.08 1.57 2.49 – 8.85 30

Whole Plant 12.3 3.54 9.02 – 18.1 6

R45

Leaf 85.3 18.9 61.1 – 126 18

Root 3.50 0.85 1.74 – 5.76 18

Forage 12.4 2.77 8.44 – 16.4 6

Maturity6 Grain 0.99 0.33 0.48 – 1.58 30

R67

Leaf 54.4 22.2 1.41 – 77.3 18

Root 3.10 2.43 0.72 – 10.6 18

Whole Plant 13.9 1.91 10.7 – 16.4 6

1 Sample limit of quantitation (LOQ) for Cry34Ab1: 0.18 ng/mg dry weight for leaf; 0.26 ng/mg dry weight for pollen; 0.12 ng/mg dry weight for stalk; 0.99 ng/mg dry 
weight for root; and 0.072 ng/mg dry weight for grain and whole plant tissues.
2 All samples measured were above LOQ
3 Growth stage when the collar of the fourth leaf becomes visible.
4 Growth stage when silks become visible.
5 Growth stage when the material within the kernel produces a doughy consistency. This stage can occur as early as 24 days after pollination.
6 Typical harvest maturity for grain.
7 Maturity, the typical harvest maturity for grain.

Table I.6. Summary of expression levels of Cry34Ab1 protein measured in tissues collected from corn hybrid 59122 (event DAS-59122-7) (USDA, 2004)

Growth Stage Tissue Mean of Cry34Ab1 (ng/
mg Tissue Dry Weight) Standard Deviation Range of Cry34Ab1 (ng/

mg Tissue Dry Weight)1 Number of Samples2

V93

Leaf 49.5 7.79 37.0 - 81.4 30

Root 38.8 8.28 24.6 - 56.3 18

Whole Plant 31.5 15.5 8.67 - 51.9 6

R14

Leaf 80.6 12.4 59.1 - 103 30

Pollen 74.4 6.57 62.9 - 87.2 30

Stalk 32.9 4.14 25 - 40.6 30

Root 36.8 8.54 23.3 - 52.1 30

Whole Plant 45.4 13.5 35 - 71.9 6

R45

Leaf 220 37.5 143 - 302 18

Root 49.1 9.23 33.3 - 67.3 18

Forage 53.1 19.1 30.5 - 82.6 6

Maturity6 Grain 49.7 16.2 28.9 -- 84.8 30

R67

Leaf 163 83.6 4.26 - 296 18

Root 49.7 19.6 25.7 - 102 18

Whole Plant 76.5 10.3 60.5 - 88 6

1 Sample limit of quantitation (LOQ) for Cry34Ab1: 0.18 ng/mg dry weight for leaf; 0.26 ng/mg dry weight for pollen; 0.12 ng/mg dry weight for stalk; 0.99 ng/mg dry 
weight for root; and 0.072 ng/mg dry weight for grain and whole plant tissues.
2 All samples measured were above LOQ
3 Growth stage when the collar of the fourth leaf becomes visible.
4 Growth stage when silks become visible.
5 Growth stage when the material within the kernel produces a doughy consistency. This stage can occur as early as 24 days after pollination.
6 Typical harvest maturity for grain.
7 Maturity, the typical harvest maturity for grain.
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Table I.8. High-end exposure estimates (HEEE)1 for expression of Cry34/35Ab1 proteins. The HEEE are based upon expression values obtained from 
corn plants not sprayed with glufosinate-ammonium and plants sprayed with glufosinate-ammonium. (USDA, 2004)

Cry34Ab1 Cry35Ab1
Sum of 

Cry34 and 
Cry35

Tissue (Growth Stage) Mean Std. Dev. HEEEa N Mean Std. Dev. HEEE N HEEE

Leaf (V9) 45.93 7.56 47.19 60 36.27 9.07 37.79 60 84.98

Whole Plant (V9) 39.41 22.76 48.31 12 7.75 1.92 8.50 12 56.81

Root (V9) 38.48 8.72 40.37 36 8.05 2.80 8.65 36 49.02

Pollen (R1) 74.27 6.09 75.29 60 0.02 0.03 0.03 60 75.32

Stalk (R1) 31.03 4.62 31.81 60 8.64 2.54 9.06 60 40.87

Root (R1) 40.58 10.43 42.32 60 5.24 1.58 5.50 60 47.83

Leaf (R1) 76.24 1.257 78.34 60 54.51 14.30 56.91 60 135.25

Whole Plant (R1) 46.48 14.23 52.05 12 12.66 4.27 14.34 12 66.38

Forage (R4) 46.58 24.23 56.06 12 13.25 2.89 14.38 12 70.44

Root (R4) 57.98 22.00 62.75 36 3.70 1.02 3.93 36 66.68

Leaf (R4) 226.44 39.52 235.03 36 83.01 18.39 87.00 36 322.03

Grain (R6, Harvest) 55.39 18.3 58.51 60 0.95 0.31 1.01 60 59.52

Whole Plant, Including Grain  
(R6, Senescence) 86.30 18.01 93.35 12 15.38 2.93 16.52 12 109.87

Whole Plant, Excluding Grain  
(R6, Senescence) 109.032 132.533

Root (R6, Senescence) 54.04 20.83 58.56 36 3.33 2.18 3.80 36 62.37

Leaf (R6, Senescence) 149.52 81.93 167.31 36 53.20 23.26 58.25 36 225.57

1 High-end exposure estimate = Mean + (t0.1, upper tail, n-1 x Std. Dev.)/n1/2.
2 Grain g dw/A = ((235 bu/A – 235 bu/A x (1-0.85 dry weight)) x 56 lb/bu) x 1 g/0.002205 lb = 5073016. Stover g dw/A = Grain g dw/A x 1/0.45 = 11273369. Protein 
in stover μg/g dw = (Protein in Whole Plant, Including Grain (R6, Senescence) x Sum of Grain+Stover g dw/A. Protein in Grain (R6, Harvest) x Grain g dw/A) x 1/Stover 
g dw/A = (93.35 x 16346384 – 58.51 x 5073016) x 1/11273369 = 109.03.
3 (109.87 x 16346384 – 59.52 x 5073016) x 1/11273369 = 132.53.

Table I.9. Average Cry34Ab1 and Cry35Ab1 protein produced in DAS-59122-7 corn (CFIA, 2005b)

Leaf,  
all growth stages

Root,  
all growth stages Stalk Grain Pollen Forage

Cry34Ab1 54.9-266.41 35.4-43.7 49 36.4 64.7 97.7

Cry35Ab1 23.3-97.1 5.3-15.5 19.3 2.0 0.06 28.1

1 All values expressed as nanograms protein per milligram dry weight tissue.
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ANNEx II:  SUmmARy OF COmPOSITIONAL 
ANALySES OF GE mAIZE ExPRESSION CRy34Ab1 
AND CRy35Ab1

Table II.1. Summary of proximate and fiber analysis in DAS-59122-7 corn grain (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 unsprayed DAS-59122-7 sprayed Control

Crude protein 6-16.1 10.0* 10.3* 9.61

Crude fat 1.2-18.8 4.69 4.62 4.49

Crude fibre 1.6-5.5 2.3 2.2 2.3

Acid detergent fibre 1.82-11.3 3.5 3.6 3.5

Neutral detergent fibre 3.0-22.6 10.8 11.2* 10.3

Ash 0.62-6.28 1.55* 1.6* 1.42

Carbohydrate3 63.3-89.8 83.8 83.5* 84.5

1 Percent dry weight
2 Least square means
3 Carbohydrate=100% - % protein -% fat -% ash
* Statistically significant difference between DAS-59122-7 grain and Control grain (P<0.05)

Table II.2. Summary of proximates and fiber analysis for DAS-59122-7 and control forage (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 Control Standard Error

Crude protein 3.14 - 15.9 6.45 6.27 0.097

Crude fat 0.37 - 6.7 2.73 2.68 0.068

Crude fiber 19 - 42 24.0 23.7 0.237

Acid detergent fiber 16.1 - 41.0 31.7 31.1 0.363

Neutral detergent fiber 20.3 - 63.7 49.4 49.4 0.388

Ash 1.3 - 10.5 5.60* 5.13 0.103

Carbohydrate3 66.9 - 94.5 85.2* 85.9 0.210

1 Percent dry weight
2 Least square means
3 Carbohydrate=100% - % protein -% fat -% ash
* Statistically significant difference between DAS-59122-7 grain and Control grain (P<0.05)

Table II.3. Summary of mineral analysis of DAS-59122-7 corn grain (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 unsprayed DAS-59122-7 sprayed Control

Calcium 0.002-0.1 0.00278* 0.00286* 0.00227

Phosphorus 0.21-0.75 0.299 0.308* 0.266

Copper 0.000085-0.001 0.000112 0.000104 0.000118

Iron 0.0001-0.01 0.00199 0.00225 0.00194

Magnesium 0.08-1.0 0.117 0.123 0.108

Manganese 0.00007-0.0054 0.000648 0.000686* 0.000577

Potassium 0.28-0.72 0.352 0.362 0.332

Sodium 0.0-0.15 0.000427 0.000367 0.000378

Zinc 0.00065-0.0037 0.00183 0.00179 0.00163

1 Percent dry weight
2 Least square means
* Statistically significant difference between DAS-59122-7 grain and Control grain (P<0.05)
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Table II.4. Summary of fatty acid analysis of DAS-59122-7 corn grain (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 unsprayed DAS-59122-7 sprayed Control

Palmitic acid 6.51-19 11.5* 11.7 12.1

Stearic acid 0-4.17 1.39* 1.40* 1.57

Oleic acid 18.6-46 22.8 23.1 23.3

Linoleic acid 34-70 63.0* 62.4 61.7

Linolenic acid 0-2.0 1.14 1.15* 1.07

1 Percent dry weight
2 Least square means
* Statistically significant difference between DAS-59122-7 grain and Control grain (P<0.05)

Table II.5. Summary of amino acid analysis in DAS-59122-7 corn grain (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 unsprayed DAS-59122-7 sprayed Control

Methionine 0.1-0.46 0.20 0.19 0.19

Cysteine 0.08-0.32 0.23 0.22 0.22

Lysine 0.05-0.55 0.28 0.29 0.28

Tryptophan 0.04-0.13 0.06* 0.06 0.06

Threonine 0.21-0.58 0.38 0.41* 0.37

Isoleucine 0.19-.071 0.34* 0.35* 0.33

Histidine 0.15-0.40 0.26* 0.28* 0.25

Valine 0.21-0.85 0.46* 0.48* 0.45

Leucine 0.43-2.41 1.33* 1.38* 1.28

Arginine 0.22-0.64 0.29* 0.30* 0.28

Phenylalanine 0.04-0.83 0.56* 0.59* 0.54

Glycine 0.24-0.50 0.35 0.36* 0.33

Alanine 0.37-1.20 0.82 0.83* 0.80

Aspartic acid 0.37-0.95 0.69 0.70* 0.66

Glutamic acid 0.89-3.04 2.03 2.08* 1.97

Proline 0.43-1.46 0.96* 0.98* 0.91

Serine 0.24-0.91 0.51 0.54* 0.50

Tyrosine 0.11-0.79 0.24* 0.26* 0.21

1 Percent dry weight
2 Least square means
* Statistically significant difference between DAS-59122-7 grain and Control grain (P<0.05)

Table II.6. Summary of vitamin analysis of DAS-59122-7 corn grain (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 unsprayed DAS-59122-7 sprayed Control

Beta-carotene 1.0, 2.53 7.62 7.74 6.87

Vitamin B1 1.0-8.6 5.45 5.93 5.77

Vitamin B2 0.25-16.5 ND4 ND ND

Folic acid 0.147-1.209 0.593* 0.603 0.634

Vitamin E5 1.5-6.87 6.59* 6.60* 5.65

1 Percent dry weight
2 Least square means
3 Only 2 reference values were available
4 ND=not detected
5 Measured as α-tocopherol
* Statistically significant difference between DAS-59122-7 grain and Control grain (P<0.05)
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Table II.7. Summary of secondary metabolites and anti-nutrients of DAS-59122-7 corn grain (across 6 sites) (FSANZ, 2005)

Analyte1 Literature Range
Means2

DAS-59122-7 unsprayed DAS-59122-7 sprayed Control

Secondary metabolites

Inositol NR3 0.022 0.022 0.021

Raffinose 0.08-0.31 0.13 0.13 0.12

Furfural NR ND4 ND ND

P-Coumaric acid 0.003-0.058 0.014 0.014 0.015

Ferulic acid 0.02-0.37 0.177 0.176 0.182

Antinutrients

Phytic acid 0.29-1.29 0.877 0.798 0.798

Trypsin inhibitor (TIU/g) 1.1-7.18 2.82 2.84 2.84

1 Percent dry weight
2 Least square means
3 NR=not reported
4 ND=not detected


