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This advisory report concerns the cultivation of the genetically modified maize line 59122. The 
maize line contains the cry34Ab1, cry35Ab1 and pat genes conferring tolerance to glufosinate-
ammonium-containing herbicides and resistance to certain coleopteran insects such as the corn 
rootworm (Diabrotica spp.). 

Previously, COGEM concluded that the cultivation of maize line 59122 most likely poses a 
negligible risk to human health and the environment. However, COGEM was of the opinion that 
case specific monitoring of ladybirds should be carried out. 

Recently, EFSA published its opinion on cultivation of genetically modified maize 59122. 
The Dutch Ministry of Infrastructure and the Environment (IenM) asked COGEM whether the 
opinion of the EFSA GMO panel and the additional information that is provided by the 
applicant gives reason to reconsider the necessity for case specific monitoring of ladybirds 
(Coccinellidae).  

In its previous advice, COGEM was of the opinion that monitoring of ladybirds is necessary 
because in laboratory experiments exposure of ladybird larvae to high levels of 
Cry34Ab1/Cry35Ab1 proteins resulted in a reduced larval weight, which might affect the rate of 
reproduction.  

The applicant performed additional studies to assess possible adverse effects on Coccinella 
septempunctata, a ladybird common in Europe. However, in these studies, ladybirds were 
exposed to low or unknown levels of Cry34Ab1/Cry35Ab1 proteins, making it impossible to 
draw conclusions on the absence or presence of an effect.   

Additional field trials with 59122 maize were performed in Hungary in which visual 
observations were carried out to obtain more information on the occurrence of coccinellid 
species in maize fields. In all plots of the field trial (planted with 59122 maize or the non-
transgenic control) ladybirds were present in low numbers. Due to the low abundance of 
ladybirds the results cannot be used to draw conclusions about possible effects of 59122 maize 
on ladybirds. 

In summary, the additional information does not remove COGEM’s previous concerns. 
Therefore, in case 59122 maize is authorised for cultivation in COGEM’s view case specific 
monitoring of ladybirds, in particular of spider mite consuming ladybirds (i.e. ladybirds 
belonging to the Stethorini tribe), remains a necessity unless conclusive additional experimental 
data is provided showing unequivocally the absence of an effect. 

 
Introduction 
Maize line 59122 expresses the cry34Ab1 and cry35Ab1 genes, conferring resistance to certain 
coleopteran insects such as the corn rootworm (Diabrotica spp.). The cry34Ab1 and cry35Ab1 
genes exert a combinatory effect. The cry34Ab1 gene confers an average resistance to the corn 
rootworm, while cry35Ab1 alone confers no resistance at all. Expression of both genes in the 
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same plant however, results in a maximum resistance against the corn rootworm. Maize line 
59122 also contains a copy of the pat gene, conferring tolerance to glufosinate-ammonium 
containing herbicides.  

COGEM has previously advised on the environmental risks of cultivation of maize line 
59122.1,2 In its latest advice, COGEM concluded  that the cultivation of maize line 59122 most 
likely poses a negligible risk to human health and the environment, but was of the opinion that 
case specific monitoring of ladybirds should be carried out. COGEM considered case specific 
monitoring of ladybirds necessary because the results from a laboratory study with 
Coleomegilla maculata raised concerns (see below).2 

Recently, EFSA published its opinion on cultivation of genetically modified maize line 
59122. EFSA considers it unlikely that 59122 will have adverse effects on the environment, 
except for the possible development of Cry34Ab1/Cry35Ab1 resistant coleopteran target pests.3 

The Dutch Ministry of Infrastructure and the Environment (IenM) asked COGEM whether 
the opinion of the EFSA GMO panel and the additional information that is provided by the 
applicant gives reason to reconsider the necessity for case specific monitoring of ladybirds 
(Coccinellidae). 
 
Information assessed previously 
The applicant previously performed laboratory studies to assess possible effects of 
Cry34Ab1/Cry35Ab1 proteins on Coleomegilla maculata (Annex 21). A significant reduction in 
larval weight was observed when larvae were exposed to artificial diet containing Cry34Ab1 
and Cry35Ab1 proteins at concentrations of 900 ppm and 1 ppm respectively. According to the 
applicant, these concentrations correspond to ten times the expected environmental 
concentration. No significant differences on mortality or development were observed when 
larvae were exposed to inbred 59122 pollen. According to the applicant, the expression level in 
inbred 59122 pollen (117 μg/g for Cry34Ab1; Cry35Ab1 not determined) corresponds to 1.5 
times the expected environmental concentration. The expected environmental concentrations are 
based on the average Cry34Ab1/Cry35Ab1 expression levels in hybrid pollen, which according 
to the applicant is typical for field exposure.  

C. maculata larvae were also exposed to other Cry34Ab1/Cry35Ab1 expressing inbred 
maize lines. COGEM noted that the statistical analysis of mortality when exposed to pollen of 
inbred maize line 2.14 (175 μg/g Cry34Ab1; 75,5 ng/g Cry35Ab1) was just within range of non-
significance with a one-sided P-value.  

Although COGEM concluded that the cultivation of maize line 59122 most likely poses a 
negligible risk to human health and the environment, the results of the laboratory study on C. 
maculata was considered a point of concern. A reduction in larval weight might have an effect 
on life expectation and reproduction ability. If the reproduction rate would be affected this 
would influence population dynamics. Because COGEM could not exclude the possible 
occurrence of effects on reproduction due to the observed lower larval weight, COGEM deemed 
case specific monitoring of ladybirds necessary. 
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Exposure of Coccinellidae  
Ladybirds may be exposed to Cry proteins directly (when consuming maize pollen) or indirectly 
(when prey contains Cry proteins). Most of the Coccinellidae are predaceous and prey on 
Sternorrhyncha (homopteran insects like aphids and scale insects). 4 Aphids feed on the phloem 
sap of maize plants, which has been shown to contain no or very small amounts of Cry protein 
for maize expressing another Cry protein, i.e. Cry1Ab.5 Aphids collected from fields planted 
with other maize events that expressed either Cry1Ab or Cry3Bb1 proteins contained no or 
negligible amounts of Cry proteins.7,6 

In contrast to most Coccinellidae, members of the Stethorini tribe prey on spider mites 
(Acari: Tetranychidae).4 Stethorus punctillum, for instance, prey exclusively on spider mites.7. 
Spider mites (Tetranychus urticae) are known to contain high levels of Cry proteins. Laboratory 
experiments with another maize event expressing the Cry3Bb1 protein indicated that the level of 
Cry3Bb1 protein in spider mites was in the range of the concentration present in maize leaves.6,8 

Field-collected spider mites were found to contain levels up to 4.6 times higher than the level in 
maize leaves from another maize event expressing Cry1Ab.7,9  Cry1Ab and Cry3Bb1 proteins 
have been shown to remain in its active form in spider mites.10,11    

Many Coccinellidae consume some pollen, but pollen is an adequate larval diet for only a 
few select genera. The applicant performed some preliminary studies to investigate whether 
Cry34Ab1/Cry35Ab1 proteins could accumulate in prey species (corn leaf aphids and spider 
mites). The study that assessed Cry34Ab1/Cry35Ab1 protein accumulation in corn leaf aphids 
contains several flaws (such as a dilution error and contamination of control aphids with 
Cry34Ab1 protein). The study on spider mites exposed the spider mites to 59122 maize for only 
two days and not all study details (such as the number of replicates) are provided.  

COGEM is of the opinion that the quality of the preliminary studies is insufficient to draw 
conclusions about the Cry protein accumulation in prey species under field conditions. The 
available scientific literature, however, suggests that aphidophagous ladybirds are mainly 
exposed to Cry proteins via plant material such as pollen. In addition, the available scientific 
literature indicates that Cry proteins can accumulate in spider mites and spider mite consuming 
ladybirds such as S. punctillum may thus be exposed to Cry protein levels exceeding those 
found in maize leaves.   
 
Additional information  
 
Coccinella septempunctata 
The applicant performed additional studies to assess possible effects of 59122 maize on C. 
septempunctata, a ladybird species common in Europe.12  

C. septempunctata larvae were exposed to a mixed diet of pollen and ground Ephestia 
kuehniella eggs in a 1:3 ratio (by weight). No statistically significant differences were observed 
on mortality or development. COGEM notes that the level of Cry34Ab1 protein in the 59122 
maize pollen was 2.8 μg/g (dry weight), whereas the level of Cry34Ab1 protein in 59122 maize 
pollen collected from European field trials in 2003 and 2004 ranged between 45.4 and 146 μg/g 
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(dry weight). The applicant states that the level of Cry35Ab1 protein was not determined, 
because historically this level was found to be below the level of detection in pollen. Because of 
the low Cry34Ab1 expression level in the pollen used in the diet and because the Cry protein 
exposure was further reduced by the E. kuehniella eggs in the mixed diet, COGEM is of the 
opinion that this study is of limited value for the assessment of possible effects of 59122 maize 
on C. septempunctata and other ladybirds. 

 
In another study, C. septempunctata L2 larvae* were placed in aphid isolators containing bird 
cherry-oat aphids (Rhopalosiphum padi) and naturally occurring pollen densities. No significant 
difference in the numbers of L2 larva that molted to L3 was observed between 59122 maize and 
the isogenic maize line. In addition, twenty to thirty C. septempunctata larvae (L1 stage) were 
placed on aphid infested maize plants.  No statistically significant differences were observed in 
adult weight of C. septempunctata. COGEM notes that the expression level of 
Cry34Ab1/Cry35Ab1 in the pollen was not determined and points out that this severely hampers 
the interpretation of the study results.  
 
Abundance of ladybirds in maize fields 
The applicant also performed additional field trials with 59122 maize in Hungary (2007 and 
2008). In the 2007 Hungarian field trial no statistical differences related to 59122 maize were 
observed in the community level analysis. To obtain more information on the occurrence of 
coccinellid species in the 2008 Hungarian field trial, the applicant made additional visual 
observations when pollen shed and the abundance of aphids and spider mites were at its peak. 
No statistical differences were observed in the community level analysis, except for a difference 
at the second sampling data which appeared to be driven by the abundance of aphids.  

In both Hungarian field trials due to the low number of ladybirds the requirements for 
further statistical analysis of differences between 59122 and the non-transgenic control were not 
met for individual coccinellid taxa. The applicant concluded that the results from the field trials 
indicate that the ladybirds are present in low abundance even when abundant food sources are 
present.  

Due to the low number of Coccinellidae observed in field trials, the results from the field 
trials cannot be used to draw any conclusions about possible effects of 59122 on ladybirds.  

In the scientific literature, results are available from German and Spanish field trials planted 
with other maize events. In these field trials Coccinellidae were present in low numbers, but 
according to the authors they were one of the most abundant predatory groups.13,14  
   
 

                                                      
* The larval stages of a ladybird are called L1, L2, L3 and L4. The smallest larval stage is the L1 
stage which is the larval stage that hatches from an egg. The L4 stage is the last larval stage 
before pupation and adulthood.  
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Environmental risk assessment  
Ladybirds are potentially exposed to Cry34Ab1/Cry35Ab1 proteins via pollen and prey. The 
available information indicates that aphids contain no or negligible levels of Cry toxins. 
Aphidophagous ladybirds are therefore primarily exposed to Cry proteins when feeding on 
pollen. Coccinellid species belonging to the Stethorini tribe, such as Stethorus punctillum, prey 
on spider mites. The available information suggests that Cry proteins are able to accumulate to 
some extent in spider mites and remain in their active form. Spider mite consuming ladybirds 
may be exposed to Cry proteins at levels exceeding the levels in maize leaves. 
 
A significant reduction in larval weight was observed in a laboratory study exposing C. 
maculata to Cry34Ab1/Cry35Ab1 proteins at a level exceeding ten times the expected 
environmental concentration (based on the expression level in hybrid pollen). No significant 
differences were observed on mortality or development when larvae were exposed to inbred 
59122 maize pollen, but the effect of pollen from another Cry34Ab1/Cry35Ab1 protein 
expressing inbred maize line on C. maculata mortality was just within the range of non-
significance with a one-sided P value.  

A reduction in larval weight might have an effect on life expectation and reproduction 
ability. If the rate of reproduction would be affected this would influence population dynamics. 
The applicant did not investigate whether a reduced larval weight influences reproduction or 
population growth.  
 
The applicant did perform additional studies with C. septempunctata larvae but in these studies 
ladybirds were exposed to low or unknown Cry34Ab1/Cry35Ab1 expression levels.  

In European field trials carried out in 2003 and 2004, the Cry protein levels in pollen and 
maize leaves were highly variable.  The Cry protein levels in pollen ranged from 45.4-146 μg/g 
Cry34Ab1 (dry weight) (Cry35Ab1 below limit of detection), and the Cry protein level in leaves 
ranged from the limit of detection to 667 μg/g Cry34Ab1 or 307 μg/g Cry35Ab1(dry weight).  

Because the laboratory studies were carried out with low or unknown Cry34Ab1/Cry35Ab1 
protein levels and the expression level of these Cry proteins in the field is variable, COGEM is 
of the opinion that the additional studies with C. septempunctata are of limited value. Due to the 
low abundance of ladybirds in the field trials, the field trial results cannot be used to draw 
conclusions about possible effects of 59122 maize on ladybirds.   
 
According to literature, Coccinellidae are an abundant predator group in maize.13,14 Although 
the number of ladybirds in maize fields is small,  the number is similar to the number of 
ladybirds in other cultivated or semi-natural habitats.15  Therefore, it cannot be concluded that 
maize is insignificant to ladybird populations.  
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Conclusion 
COGEM is of the opinion that cultivation of 59122 maize most likely poses a negligible risk to 
ladybirds. However, concerns remain on the possible effect of 59122 maize on the rate of 
reproduction of ladybirds. The additional information that was provided by the applicant is 
insufficient to draw conclusions on this subject. Therefore, COGEM is of the opinion that in 
case 59122 is authorised for cultivation, case specific monitoring of ladybirds, in particular of 
spider mite consuming ladybirds (i.e. ladybirds belonging to the Stethorini tribe), remains a 
necessity unless conclusive additional experimental data is provided.  

The experimental data should provide information on the maximum level of 
bioaccumulation of Cry proteins in spider mites over a prolonged time period and should assess 
the effect of Cry proteins on spider mite consuming ladybirds at levels corresponding to a worst 
case bioaccumulation scenario in spider mites. 

 
In summary, the additional information provided does not remove COGEM’s previous concerns 
regarding the reduced larval weight of C. maculata ladybirds that was observed in a laboratory 
study. Therefore, in case 59122 maize is authorised for cultivation, in COGEM’s view case 
specific monitoring of ladybirds, in particular of spider mite consuming ladybirds (i.e. ladybirds 
belonging to the Stethorini tribe), remains a necessity unless conclusive additional experimental 
data is provided showing unequivocally the absence of an effect. 
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