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SUMMARY 

One of the specific allergy risks of genetically engineered crops is associated with alterations to the 
allergenicity of the whole product, e.g. due to over-expression of natural endogenous allergens as an 
unintended effect of the genetic modification. 
 
The objective of the study was to compare the expression level of known endogenous soybean 
allergens between the transgenic Glycine max FG72 elite event and its non-transgenic counterpart 
(Jack soybean).  
 
Five types of seeds grown at the same period in the same location of the United States of America 
(Marcus; Iowa) were used: the transgenic Glycine max FG72 elite event; its counterpart variety Jack 
(non-transgenic near-isogenic), as well as three commercial non-transgenic control soybean lines 
(Stine® 2686-6, Stine 2788 and Stine 3000-0). Although the number of commercial soybean lines 
was limited, their presence was important for assessing the biological variability of known 
endogenous soybean allergens. 
 
After protein extraction, the two-dimensional polyacrylamide gel electrophoresis method 
(2D-PAGE) was used to separate the proteins. Coupled with image analysis, it allowed 
quantification of different classes of soybean allergen proteins.  
 
For each type of seed samples, 2D-PAGE triplicates were performed using either 60 µg or 600 µg 
of protein extract to analyze 18 highly abundant polypeptides or 19 less abundant polypeptides, 
respectively. In total, 37 allergen proteins representing the 5 known soybean food allergen families 
(glycinin, Kunitz trypsin inhibitor, β-conglycinin, Bd 28K and Bd 30K), as identified in 
AllergenOnline database (www.allergenonline.com), were investigated in each type of seeds.  
 
Among 37 polypeptides, the expression level of three allergens (two Kunitz trypsin inhibitor and 
one β-conglycinin polypeptides) was lower in the FG72 soybean than in the Jack variety. These 
differences were small as they ranged between -21 and -43 % in mean quantity.  
 
The level of the two Kunitz trypsin inhibitor allergens (among 7 Kunitz trypsin inhibitor allergens 
studied) in FG72 soybean fell within the range of natural variability observed in the 4 
non-transgenic soybean lines. The level of the β-conglycinin allergen (among 4 β-conglycinin 
polypeptides studied) was slightly lower than the range of natural variability observed in the 4 
non-transgenic soybean lines. We cannot conclude that the decrease in this β-conglycinin allergen 
level would reduce the allergic potential of FG72 soybean seeds. 
 
In conclusion, based on the investigation of the allergen content in seeds, the allergenic potential of 
the transgenic Glycine max FG72 elite event is similar to that of non-transgenic soybeans, namely 
the near-isogenic Jack variety and the three soybean commercial soybean lines.   
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INTRODUCTION 

One of the specific allergy risk of genetically engineered crops is associated with alterations to the 
allergenicity of the whole product, e.g. due to over-expression of natural endogenous allergens as an 
unintended effect of the genetic modification (EFSA, 2006). 
 
The objective of the study was to compare the expression level of known endogenous soybean 
allergens between the transgenic Glycine max FG72 elite event and its non-transgenic counterpart 
(Jack soybean) by using the two-dimensional polyacrylamide gel electrophoresis method 
(2D-PAGE).  
 
The study protocol and the protocol amendment are presented in Attachment 1. 
 
 
The study schedule was as follows:  
 
 

Study initiation date* May 04, 2009 

Sponsor representative protocol approval date  May 04, 2009 

Experimental starting date May 04, 2009 

Experimental completion date August 31, 2009 

* Date of protocol approval by Study Director 
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MATERIAL AND METHODS 

1 - PLANT MATERIAL 

All the seeds were supplied by BioAnalytics (Bayer CropScience, RTP, NC, USA). 
 

The FG72 Glycine max elite event is genetically modified to be tolerant to the 
herbicides isoxaflutole and glyphosate. The test item was the transgenic Glycine max 
FG72 elite event (sprayed with isoxaflutole and glyphosate). 
 
The comparator was the non-transgenic near-isogenic counterpart Jack soybean. 
 
Major variations in protein profiles were observed between different soybeans (Thomas 
et al., 2008). Although limited in term of number, three non-transgenic commercial 
soybean lines were also supplied for establishing the biological variability of 
endogenous soybean varieties.  
 

Seeds were stored at room temperature until analysis. 
 
All groups were identified by a letter code (A,C,D,E,F) as follows: 
 

Names (Glycine max) Letter Codes 
Transgenic FG72 C 

Near-isogenic non-transgenic Jack A 
Commercial non-transgenic Stine® 2686-6 D 

Commercial non-transgenic Stine 2788 E 
Commercial non-transgenic Stine 3000-0 F 

 
All the seeds used in the study were grown in Marcus, Iowa, which is one of the typical soybean 
production areas in the United States of America (USA).  
 
Three plots for both transgenic FG72 and non-transgenic Jack, were harvested. One hundred grams 
of FG72 or Jack seeds of each plot were pooled before grinding. A single plot was available for 
each commercial variety. 
 
For each type of seeds, 16 g were ground in liquid nitrogen using a mortar and a pestle and stored at 
approximately -74°C.  
 
The certificate of analysis is presented in Attachment 2.  
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2 - SAMPLE PREPARATION, ANALYSIS AND STORAGE  

 Frozen soybean seed powders were used for total soybean protein extraction (Friry-Santini et 
al., 2007). Frozen soybean seed powders were homogenized with an Ultraturax in urea/thiourea 
buffer (7 M urea, 2 M thiourea, 4% 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate 
(CHAPS) (w/v), 0.24% Triton X100 (v/v)) supplemented with 20 mM spermine, and 50 mM 
dithiothreitol. After incubating for 1 hour at room temperature, 100 mM iodoacetamide was added 
to the samples, and the mixtures were incubated for a further 3 hours at room temperature in the 
dark. After centrifugation (15 000 rpm for 30 min at 20°C), supernatants were removed, aliquoted 
and kept frozen at approximately -74°C until used.  
 
Protein concentrations were determined by the modified Bradford protein assay (Ramagli et al., 
1985) using bovine serum albumin (BSA) as the standard.  

3 - TWO-DIMENSIONAL POLYACRYLAMIDE GEL ELECTROPHORESIS 

 For each type of soybean seeds, two protein extract quantities at 600 µg (q1) and 60 µg (q2) 
were used. For each condition, the 2D-PAGE analysis was performed in triplicate.  
Each sample was identified by the letter code (A, C, D, E or F), the replicate number (1 to 3) and its 
protein quantity (q1 or q2). 
In total, 48 gels were generated:  

Experiment 1: 3 replicates from FG72 sprayed (C) and Jack (A) were analyzed at 2 protein 
quantities (q1 and q2) leading to 12 gels. 
Experiment 2: 3 replicates from FG72 sprayed (C) and (D) variety were analyzed at 2 protein 
quantities (q1 and q2) leading to 12 gels. 
Experiment 3: 3 replicates from FG72 sprayed (C) and (E) variety were analyzed at 2 protein 
quantities (q1 and q2) leading to 12 gels. 
Experiment 4: 3 replicates from FG72 sprayed (C) and (F) variety were analyzed at 2 protein 
quantities (q1 and q2) leading to 12 gels. 

3.1 Isoelectric focusing 

  Isoelectric focusing (IEF) was carried out using a Protean IEF Cell (Bio-Rad). Precast 
immobilized pH gradient (IPG) ReadyStrips (pH range 4-7, 24 cm) were rehydrated with 460 µl 
urea/thiourea buffer supplemented with 100 mM 2-hydroxyethyl disulfide (2-HED, Acros Organics, 
Geel, Belgium) and 0.001% bromophenol blue as a tracking dye (approximately 9 hours of passive 
rehydration at 20°C). Using a cup-loading system (Bio-Rad), total soybean proteins in 75 µl 
urea/thiourea buffer supplemented with 100 mM 2-HED were loaded onto IPG strips. 
 
Loading order of each sample on Precast IPG ReadyStrips was randomly defined. 
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The proteins were focused successively for 15 min at 250 V, followed by a slow voltage ramping to 
10 000 V. Focusing was continued at 10 000 V up to 300 000 Vh at 20 °C under low viscosity oil.  
After IEF, Precast IPG ReadyStrips were stored at approximately – 74°C until SDS-PAGE. 

3.2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

  Sodium dodecyl sulfate-polyacrylamide gels electrophoresis (SDS-PAGE) was carried 
out by using the Ettan DaltSix and Ettan DaltTwelve Electrophoresis Units (GE Heathcare, 
Orsay, France). 
 
Prior to SDS-PAGE, the IPG strips were incubated at room temperature for 30 minutes in an 
equilibration buffer (0.375 M Tris-HCl [pH 8.8], 6 M urea, 20% glycerol, 4% SDS) containing 
65 mM dithiothreitol. A second equilibration step was carried out for 40 minutes under the same 
conditions, except that dithiothreitol was replaced by 135 mM iodoacetamide and 0.001% 
bromophenol blue was added as a tracking dye.  
 
The equilibrated strips were then loaded onto home made 12.5% SDS-polyacrylamide gels, with 
4% SDS-polyacrylamide gels on top as a stacking gel. IPG strips were sealed with 1% low melting 
point agarose to ensure good contact between the IPG strips and the SDS-polyacrylamide gel.  
 
The electrophoresis was performed at approximately 15°C with Tris-glycine buffer (25 mM trizma 
base, 192 mM glycine, 0.1% SDS) at a constant power of 5 watts per gel for 30 minutes followed 
by 12.5 watts per gel until the tracking dye reached the bottom of the gel. 

3.3 Staining and scanning 

  The gels were stained with colloidal Coomassie blue dye as recommended by the 
manufacturer (SafeStain, Invitrogen, Cergy Pontoise, France) and digitalized using the GS-800 
calibrated densitometer (Bio-Rad), high-resolution scanner. 
 
The gels are stable for only few months at 4°C in 5% acetic acid so the raw data are the scanned 
image. 

4 - DATA ANALYSIS 

 The scanned images of the 2D-PAGE gels were analyzed with the PDQuest image analysis 
system (version 7.2, Bio-Rad). Briefly, after automatic spot detection allowing the detection of the 
majority of protein spots, the images were edited manually, e.g. adding, splitting and removing 
spots, to detect those corresponding to the known soybean food endogenous allergens. 
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A total of 37 spots were analyzed on the 2D-PAGE maps (see an example in Figure 1). These spots 
correspond to polypeptides that form the 5 known soybean food allergen families (glycinin, Kunitz 
trypsin inhibitors, β-conglycinin precursor, Bd 28K and Bd 30K), as identified in the public 
peer-reviewed AllergenOnline database (www.allergenonline.com). Table 1 summarizes the list of 
polypeptides referenced in AllergenOnline by gi number. 
 
In order to ensure an accurate measurement of the level of accumulation of the polypeptides, the 
highly abundant soybean seed proteins (18 polypeptides in total) were quantified in the gels loaded 
with 60 µg of proteins (q2 gels) whereas those which were less abundant (18 polypeptides in total) 
were quantified in the gels loaded with 600 µg of proteins (q1 gels). 
 
To compare qualitatively (presence/absence of spots) and quantitatively (spot intensity) the known 
soybean food endogenous allergens, twenty four images for each protein concentration (q1 and q2) 
were analyzed together. One gel was automatically selected (based on gel and spot quality) as the 
master gel, against which all remaining gels were matched. Automatic matching of spots on each 
gel was performed. All spots matched by the software were manually verified. For each gel, the raw 
intensity (quantity) of each protein spot detected was normalized to minimize gel-to-gel variation 
due to slight variation in protein load per gel, staining efficiency or image capture. The 
normalization was performed by dividing the raw intensity of each spot in a gel by the total 
intensity of all the spots in that gel that have been included in the master gel.  
 
Qualitative (presence/absence of spots) and quantitative (spot intensity) comparisons were 
performed between the FG72 soybean gels and its non-transgenic near-isogenic Jack for each spot 
corresponding to a known soybean food endogenous allergen. In addition, data obtained with the 3 
commercial soybean lines were used to investigate the biological variability. 

5 - STATISTICAL ANALYSIS 

 - Normalized quantity of the protein allergens 
Mean and standard deviation were calculated for FG72 and Jack seed groups. 
Means of the FG72 group were compared to the means of the Jack group using the t-test (2-sided). 

Group means were compared at the 5% and 1% levels of significance. 
Statistical analyses were carried out using the software Spotfire version 9.1.1 module functional 
genomics 
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6 - DATA STORAGE 

 All raw data, supporting documents as well as protocol, protocol amendments, aliquot of the 
test substance solution and final report are maintained in the archive room. 
 
All of the above will be archived for at least 10 years in the designated areas at: 
 

Bayer CropScience 
355, rue Dostoïevski 
BP 153 
06903 Sophia Antipolis Cedex 
France 
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RESULTS AND DISCUSSION 

The seed food allergenic proteins described in AllergenOnline and found in the transgenic Glycine 
max FG72 elite event were compared to its non-transgenic counterpart Jack variety (near-isogenic). 
Table 1 summarizes the list of the 37 allergen proteins, which have been studied, with their 
identification number (ID). 
 
In order to have a better understanding of the natural variability of known endogenous soybean 
allergens, the same allergens found in the transgenic Glycine max FG72 elite event were also 
compared to those of the three commercial non-transgenic soybean lines by 2D-PAGE separation 
technique.  
 
Representative gel image obtained in this study is presented in Figure 1.  

1 - PROTEOMIC ANALYSIS OF SOYBEAN ALLERGENS - QUALITATIVE COMPARISON   

All the 37 allergens proteins have been detected in all the gels generated during the course of 
the study. Therefore, neither the transgenic modification nor the genetic background of the soybean 
seeds used in this study is related to the disappearance of the selected allergens. 

2 - PROTEOMIC ANALYSIS OF SOYBEAN ALLERGENS - QUANTITATIVE COMPARISON    

For each selected spot, mean normalized quantities related to the FG72 seeds (C) were 
compared to mean quantities of the non-transgenic counterpart Jack (A).  
 
In order to evaluate the biological variability of allergens, the range of mean quantities of the non-
transgenic soybean spots (A, D, E and F) were reported. 
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Mean normalized quantity ± standard deviation of allergen 
proteins (% change compared to A seed mean values) 

Allergen ID 

Near-isogenic Jack (A) Transgenic FG72 (C) 

Range of means of 
normalized quantity of 

allergen proteins in 
non-transgenic  

(A, D, E, F) 
KTI3_1 4066.55 ± 1127.55 2802.26 ± 308.68 (-31%;NS) [4066.55 - 7924.32] 
KTI3_2 139679.19 ± 19924.25 134509.54 ± 12093.84 (-4%;NS) [139679.19 - 176393.37] 
KTI3_3 8022.43 ± 1054.06 4545.46* ± 1688.47 (-43%) [3207.66 - 16554.94] 
KTI (1,2,3)_4 1212.69 ± 225.12 1307.85 ± 305.94 (+8%;NS) [469.04 - 1212.69] 
KTI (1,2,3)_5 17157.39 ± 1566.51 12136.31* ± 1040.83 (-29%) [6174.92 - 29330.38] 
KTI (1,2,3)_6 5414.91 ± 638.59 6471.51 ± 1770.52 (20%; NS) [1541.03 - 5473.84] 
KTI (1,2,3)_7 4443.12 ± 752.66 3531.98 ± 830.72 (-21%; NS) [606.78 - 6521.12] 
GY4B3_8 79542.92 ± 70208.89 50424.50 ± 43829.33 (-37%;NS) [11583.50 - 89345.21] 
GY2B1a_9 1610.41 ± 407.95 1553.78 ± 756.18 (-4%; NS) [441.24 - 2775.71] 
GY2B1a_10 1283.59 ± 532.30 993.66 ± 80.27 (-23%; NS) [1283.59 - 2642.62] 
GY3B1b_11 112083.91 ± 56327.09 80299.20 ± 14241.82 (-28%; NS) [17576.44 - 128334.17] 
Bd28K_12 13026.71 ± 784.31 10511.81 ± 1711.98 (-19%; NS) [12800.03 - 14476.91] 
GY2A2_13 2038.54 ± 105.68 2216.69 ± 604.39 (9%; NS) [1583.95 - 2132.17] 
GLCA_14 18730.59 ± 2817.29 15291.34 ± 6659.37 (-18%; NS) [14148.05 - 35497.17] 
GLCA_15 6824.39 ± 740.42 9564.08 ± 5169.69 (40%; NS) [6824.39 - 14261.88] 
GLCA_16 2883.43 ± 786.25 3217.47 ± 1203.01 (12%; NS) [2214.35 - 3048.21] 
GLCA_17 5826.04 ± 588.98 4607.60* ± 262.20 (-21%) [5826.04 - 11362.28] 
GY4A5A4_18 7667.24 ± 1089.88 9864.07 ± 2344.50 (29%; NS) [7239.04 - 8383.10] 
Bd30K_19 6734.98 ± 965.93 8877.07 ± 1517.69 (32%; NS) [2740.91 - 7317.09] 
Bd30K_20 8737.26 ± 1189.58 10100.13 ± 1514.16 (16%; NS) [4440.92 - 8737.26] 
GY4A4_21 78424.62 ± 23037.33 74461.86 ± 8483.96 (-5%; NS) [78424.62 - 104979.97] 
GY4A4_22 142843.36 ± 1927.07 196324.87 ± 117996.30 (37%; NS) [142843.36 - 248128.62] 
GY2A2_23 16698.35 ± 5047.68 15579.62 ± 3158.70 (-7%; NS) [16698.35 - 52548.34] 
GY2A2_24 159313.57 ± 24542.22 138123.85 ± 20765.32 (-13%; NS) [159313.57 - 234949.85] 
GY2A2_25 134837.20 ± 9246.75 120332.26 ± 14004.00 (-11%; NS) [134837.20 - 195044.58] 
GY1A1a_26 20752.56 ± 4586.23 25692.80 ± 5854.61 (24%; NS) [18825.71 - 26191.78] 
GY1A1a_27 88168.49 ± 10912.87 91768.18 ± 16840.07 (4%; NS) [88168.49 - 118372.49] 
GY1A1a_28 40635.33 ± 8645.97 46826.39 ± 6455.31 (15%; NS) [40635.33 - 98518.16] 
GY1A1a_29 133147.36 ± 43516.56 170338.73 ± 45920.77 (28%; NS) [133147.36 - 244853.79] 
GY1A1a_30 210855.16 ± 10126.33 211583.18 ± 17966.82 (0 %; NS) [210855.16 - 379073.23] 
GY1A1a_31 118662.27 ± 13461.40 125006.38 ± 16501.60 (5%; NS) [118662.27 - 230831.66] 
GY1A1a_32 8433.95 ± 690.29 9634.57 ± 2260.37 (14%; NS) [8433.95 - 16856.83] 
GY1A1a_33 2508.66 ± 1083.85 8058.85 ± 6699.11 (221%; NS) [1643.24 - 17240.99] 
GY1A1a_34 9167.11 ± 703.01 6962.05 ± 1716.41 (-24%; NS) [5464.59 - 9167.11] 
GY5A3_35 34800.08 ± 1925.41 36013.78 ± 6665.05 (3%; NS) [18459.23 - 56760.83] 
GY5A3_36 166489.22 ± 54745.55 199609.05 ± 11447.19 (20%; NS) [166489.22 - 313264.81] 
GY5A3_37 20282.73 ± 5358.07 16286.40 ± 713.63 (-20%; NS) [18115.12 - 29300.05] 
 
NS: Not statistically significant 

*: Statistically different from near-isogenic Jack (A) seeds (p≤0.05) 
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Among the 37 allergen proteins investigated, only the KTI3_3, KTI (1,2,3)_5 and GLCA_17 
polypeptides were found statistically different between the FG72 soybean (C) and the near-isogenic 
Jack soybean comparator (A). Mean quantities of these allergens were smaller in the FG72 seeds 
(C) than in the Jack seeds (A), respectively by -43%, -29% and -21%.  
 
KTI3_3 and KTI (1,2,3)_5 belong to the Kunitz trypsin inhibitor family (among 7 Kunitz trypsin 
inhibitor polypeptides studied). Mean quantities of KTI3_3 and KTI (1,2,3)_5 allergens in the FG72 
seeds (C) felt within the range of biological variability observed in non-transgenic soybean seeds 
(A, D, E and F seeds).  
 
GLCA_17 belongs to the β-conglycinin family (among 4 β-conglycinin polypeptides studied). A 
small decrease (-21%) was observed between the mean quantities in the FG72 (C) and in the Jack 
(A) seeds. Moreover, mean quantity of the GLCA_17 protein in the FG72 soybean seeds was 
slightly below the range of biological variability observed in non-transgenic soybean seeds (A, D, E 
and F). Given the limited data on quantitative thresholds for sensitizing individuals to most 
allergens (Goodman et al., 2008), it is not possible to correlate allergen expression with food allergy 
relevance. Therefore, while we cannot conclude that the decrease in GLCA_17 allergen level would 
reduce the allergic potential of FG72 soybean seeds, there were no increases in amounts of 
allergenic protein of FG72 as compared to Jack seeds or any of the three conventional soybean 
soybean lines.  
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CONCLUSION 

Among 37 polypeptides, the expression level of three allergens (two Kunitz trypsin inhibitor and 
one β-conglycinin polypeptides) was lower in the FG72 soybean than in the Jack variety. These 
differences were small as they ranged between -21 and -43 % in mean quantity.  
 
The level of the two Kunitz trypsin inhibitor allergens (among 7 Kunitz trypsin inhibitor allergens 
studied) in FG72 soybean fell within the range of natural variability observed in the 4 non-
transgenic soybean lines. The level of the β-conglycinin allergen (among 4 β-conglycinin 
polypeptides studied) was slightly lower than the range of natural variability observed in the 4 non-
transgenic soybean lines. We cannot conclude that the decrease in this β-conglycinin allergen level 
would reduce the allergic potential of FG72 soybean seeds. 
 
In conclusion, based on the investigation of the allergen content in seeds, the allergenic potential of 
the transgenic Glycine max FG72 elite event is similar to that of non-transgenic soybeans, namely 
the near-isogenic Jack variety and the three soybean commercial soybean lines.   
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ABBREVIATIONS 

 
% Percentage 
°C Degree (s) Celcius 
2D Two-dimensional 
µg Microgram (s) 
µl Microliter (s) 
CHAPS 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate 
EDTA Ethylendiamineteraacetic acid 
g Gram (s) 
g/ml Gram/milliliter 
GLP Good Laboratory Practice 
HED Hydroxyethyl disulfide 
ID Identity 
IEF Isoelectric focusing 
IPG Immobilized pH gradient 
ILSI International Life Science Institute 
kDa Kilodalton 
kg Kilogram (s) 
M Molar 
mg Milligram 
mg/ml Milligram/milliliter 
Min Minute (s) 
ml Milliliter 
mm Millimeter(s) 
mM Millimolar 
No Number 
Norm Qty Normalized quantity 
PAGE Polyacrylamide gel electrophoresis 
pH Potential of hydrogen 
q or Qty Quantity 
SDS Sodium dodecyl sulfate 
USA United States of America 
V Volt 
Val Value 
Vh Volt hour 
v/v Volume /volume 
w/v Weight/volume 
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FIGURE 

FIGURE 1 - REPRESENTATIVE GEL IMAGE OF A SOYBEAN SEED 2D-PAGE MAP 

 
 
 
 
 
Note: The description of the spots can be found in Table 1 "List of allergens". 
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TABLES 

TABLE 1 - LIST OF ALLERGENS 

 
 
 
 
 
 
 
Note: This table includes: 

- a list of polypeptides as identified on 2D-PAGE gels 
- a list of polypeptides as identified in Allergenonline database (corresponding to gi 

numbers) 
Allergenonline was accused on the 16th of September (http://www.allergenonline.org). 
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TABLE 2 - MEAN NORMALIZED QUANTITIES OF EACH PROTEIN IN q1 GELS 
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TABLE 3 - MEAN NORMALIZED QUANTITIES OF EACH PROTEIN IN q2 GELS 
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APPENDICES 

APPENDIX A - INDIVIDUAL NORMALIZED QUANTITIES OF EACH PROTEIN IN q1 GELS 
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APPENDIX B - INDIVIDUAL NORMALIZED QUANTITIES OF EACH PROTEIN IN q2 GELS 
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ATTACHMENTS 

 
ATTACHMENT 1 - PROTOCOL AND AMENDMENT 
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ATTACHMENT 2 - CERTIFICATE OF ANALYSIS 

 
 
 
 
 
Note: The samples corresponding to the Marcus location have the field sample number 

HT08SOY002-01. 
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FINAL REPORT AMENDMENT 

There is no final report amendment at this time. 
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