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The measurement of endogenous allergens is required by the European Commission (EC) as part of the
compositional analysis for GM products from host plants that are common causes of food allergy, such
as soybean (EC Implementing Regulation No. 503/2013). In each case, the EC Implementing Regulation
indicates that analysis be conducted on identified allergens as specified in the Organization of Economic
Cooperation and Development (OECD) consensus documents on compositional considerations for new
plant varieties. This communication discusses the methods available to measure endogenous allergens
as well as the endogenous soybean allergens that should be analyzed. It is suggested herein that in con-
junction with the 2012 OECD consensus document on soybean, any list of soybean allergens should be
based on clinically relevant data among publicly available allergen databases and peer-reviewed scien-
tific publications, and the ability to measure the identified allergen. Based on a detailed analysis of the
scientific literature, the following key points are recommended: (1) the acceptance of serum-free,
quantitative analytical method data as an alternative to traditional IgE reactivity qualitative or semi-
quantitative data for evaluation of endogenous soybean allergen content; (2) eight of the 15 potential
allergens listed in the OECD soybean consensus document (Gly m 3, Gly m 4, Gly m Bd28K, Gly m
Bd30K, Gly m 5, Gly m 6, Gly m 8, and Kunitz trypsin inhibitor) have both appropriate supporting clinical
data and sufficient sequence information to be evaluated in comparative endogenous soybean allergen
studies; and (3) the remaining seven proteins (Gly m 1, Gly m 2, unknown 50 kDa protein, unknown
39 kDa protein, P-22-25, lipoxygenase and lectin) lack sufficient data for clear classification as confirmed
allergens and/or available sequence information and should not be currently included in the measure-
ment of endogenous soybean allergens in the compositional analysis for the EU.

� 2014 Elsevier Inc. All rights reserved.
The comparative composition analysis between the edible tis-
sues of a genetically modified (GM) crop and those of non-GM
comparators has been a recommended component of the safety
assessment of GM crops for over 20 years (Organization of
Economic Development and Cooperation (OECD), 1993). Over
these two decades, many studies have been conducted to evaluate
crop composition, and results consistently indicate that transgene-
sis affects the composition much less so than conventional
breeding methods (DiLeo et al., 2014; Herman and Price, 2013;
Ricroch, 2011, 2013). Our understanding of the molecular mecha-
nisms that affect crop composition have also increased and are
consistent with the finding that the insertion of a small number
of genes via transgenesis is less impactful on crop composition
compared with traditional breeding methods (Herman et al.,
2009; Herman and Price, 2013; Parrott et al., 2010). However,
analysis of crop composition continues to be a key regulatory
requirement for gaining approval to commercialize GM crops,
and additional regulatory requirements in this area have been for-
mulated, including a recent requirement from the European Union
(EU) Commission to measure endogenous allergen levels in soy-
bean as part of the compositional assessment of GM crops
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(European Commission Implementing Regulation No. 503/2013).
This new requirement has been implemented in the EU even
though allergens have not been included in the list of compounds
required to be measured in compositional analyses of GM soybeans
(OECD, 2012).
1. Should endogenous allergens be measured as part of the risk
assessment of GM crops?

The measurement of endogenous allergens is mentioned as part
of the ‘compositional analysis of key components’ in GM crops
including nutrients, anti-nutrients, and toxicants in the Codex Ali-
mentarius document (Codex, 2009). This recommendation, how-
ever, has generated much debate on the relevance of such data in
the risk assessment process (Panda et al., 2013; Fernandez et al.,
2013; Herman and Ladics, 2011; Doerrer et al., 2010; Goodman
et al., 2008). The main reasons why the measurement of endoge-
nous allergens in GM crops does not add to the risk assessment
include the following: (1) allergic individuals will attempt to avoid
offending foods completely, whether GM or non-GM. Given that
soybean containing products are labeled, based on labeling regula-
tions including the regulation in the EU, this risk is manageable by
allergenic patients. Therefore, the level of allergen(s) is irrelevant
when the food is already known to be allergenic and is regulated
as such; (2) measurement of endogenous allergens in non-GM
crops indicates a wide range in seed concentrations due to differ-
ences in the genetics of commercial varieties (Houston et al.,
2011) and the interactions of those varieties with the environment
(i.e., temperature, moisture, nutrients, plant pathogens, insect
loads) (Stevenson et al., 2012; Doerrer et al., 2010; Goodman
et al., 2008; Sancho et al., 2006 a,b). The outcome is very similar
to what has been observed with other seed analytes where it has
been reported that environmental and genetic differences have a
much greater effect on expression of proteins, metabolites, etc.
(Panda et al., 2013; Harrigan et al., 2010; Natarajan et al., 2010;
Sancho and Mills, 2010; Davies et al., 2010; Bradford et al., 2005)
compared with the insertion of a small number of genes via trans-
genesis (Ricroch et al., 2011); (3) lack of threshold data on individ-
ual proteins for either the sensitization or elicitation phase of an
allergic reaction prevent the interpretation of any differences
between the GM and non-GM crop (Crevel, 2010; Chassy, 2010;
Taylor and Hourihane, 2008; Taylor et al., 2002). Furthermore,
there is no quantitative association between the exposure to an
individual amount of a protein allergen(s) and the risk for sensiti-
zation and/or clinically relevant reaction (Panda et al., 2013). In
other words, although the capability to measure small differences
in allergens among crop varieties is growing, it will remain a chal-
lenge to place these data within the context of assessing food
safety risk. For these reasons, it is not clear what relevance the
measurement of endogenous allergens has to the risk assessment
of GM crops (Rouquie et al., 2010). Any guidance associated with
a risk assessment process should have defined acceptance criteria
to allow assessment of outcomes.
2. What methods are available to measure endogenous
allergens?

Despite the lack of a well-defined hypothesis, the measurement
of endogenous allergens is required by the European Commission
as part of the compositional analysis for GM products from host
plants that are common causes of food allergy, such as soybean
(European Commission Implementing Regulation No. 503/2013).
Prior to this new regulation in the EU, endogenous allergen data
for GM soybean (versus its non-GM counterpart control and a
few commercially available non-GM reference varieties) were
generated using IgE immunoblots and/or IgE ELISA or similar
techniques (e.g., radioallergosorbent test) that employ sera from
well-characterized soybean allergic individuals. The sera’s IgE anti-
body reactivity to soybean allergens was measured either qualita-
tively or quantitatively to assess the allergen content.

The European Commission Implementing Regulation (No. 503/
2013) indicates that generation of endogenous allergen data is
‘‘Generally performed by analytical methodologies such as proteo-
mics in association with the use of allergic human sera probes. Sera
from clinically well-characterized allergic individuals that are the
reference material for IgE binding studies may be available in lim-
ited number, volume, and quality.’’ The latter point is an important
consideration as several hundred samples are measured for com-
positional analysis in support of EU submissions. Conducting IgE
serum screening studies (i.e., immunoblots) to evaluate endoge-
nous allergens on such a large number of samples is difficult due
to the lack of availability of well-characterized, clinically relevant
serum samples from a sufficient number of allergic subjects since
the prevalence of individuals with food allergies in general is quite
low (i.e., approximately 1–2% of adults and 4–6% of children)
(Ladics et al., 2008). For specific food allergies the prevalence is
even lower. For example, the prevalence of soybean allergy is esti-
mated at 0.4% in children and 0.3% in adults in North America and
even lower in the EU ranging from 0.04% to 0.2% (Sicherer and
Sampson, 2010; Zuidmeer et al., 2008). It should also be noted that
although access to any given serum sample does not take away
from validating an ELISA (or other methods) using that serum for
quantitative purposes. There is the inherent variability in serum
IgE content from each donor patient (Shek et al., 2004; Yunginger
et al., 2000) that limits the ability to repeatedly source serum as
a reproducible reagent with the same IgE binding characteristics.
Furthermore, with the new EC Implementing Regulation No. 503/
2013, there is a need to have quantitative and comparative data
from appropriately designed field trials for all compositional ana-
lytes including allergens and use of IgE containing sera to evaluate
endogenous allergens by immunoblots is qualitative.

Several analytical tools, such as quantitative mass spectrometry
(Stevenson et al., 2010, 2012; Houston et al., 2011) and ELISAs (Liu
et al., 2012; Ma et al., 2010; You et al., 2008), are now available as
alternative methods. These methods are commonly used to
quantitatively measure protein expression level, and with proper
validation can accurately and reproducibly measure allergen(s)
with reliable specificity and sensitivity. Therefore, to comply with
the new EU regulation, it is recommended that analytical tools
such as ELISAs and/or mass spectrometry be employed to quantita-
tively measure allergens. Both of these approaches offer the oppor-
tunity for validating robust analytical methods.
3. Which endogenous soybean allergens should be measured?

The European Commission Implementing Regulation (No. 503/
2013) indicates that ‘‘. . .the compositional analysis shall be carried
out on an appropriate range of compounds. In each case, the appli-
cant shall provide at least analysis on ... already identified allergens
. . . as referred to in the Organization of Economic Cooperation and
Development (OECD) consensus documents on compositional con-
siderations for new plant varieties’’. The scientific guidance for
selecting key allergens for measurement is based on the identifica-
tion of proteins with sufficient allergenic potency and abundance
in foods to be important for public health (Bjorksten et al., 2008;
EFSA, 2010). Therefore, as part of the overall recommendations to
the endogenous allergen assessment, it is suggested herein that
in conjunction with the OECD consensus document on soybean,
any list of endogenous soybean allergens should be based on clin-
ically relevant data among publicly available allergen databases
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(e.g., www.allergenonline.org) and peer-reviewed scientific
publications, and the ability to measure the identified allergen.
Endogenous allergens should only include those proteins with
appropriate clinical evidence of allergy and confirmation of an
available sequence allowing the development of an analytical
method (Table 1).

To this end, in this short communication the peer-reviewed
literature was evaluated for 15 potential soybean allergens listed
in the OECD soybean consensus document on compositional con-
siderations for new varieties of soybean (OECD, 2012). The list of
potential soybean allergens includes Gly m 1 (lipid transfer pro-
tein), Gly m 2 (defensin; storage protein), Gly m 3 (profilin), Gly
m 4 (pathogenesis related protein; Bet v 1 homolog), Gly m 5 (b-
conglycinin; storage protein), Gly m 6 (glycinin; storage protein),
Gly m Bd30K (protease), Gly m Bd28K, Gly m 8 (2S albumin),
Kunitz trypsin inhibitor (protease inhibitor), soybean lectin;
lipoxygenase, unknown 50 kDa, and unknown 39 kDa proteins,
and P22-25 protein (OECD, 2012; L’Hocine and Boye, 2007). The
following criteria were used to determine if these proteins had suf-
ficient scientific evidence to be classified as allergens: (1) the pro-
tein has been demonstrated to specifically bind IgE using sera from
individuals with a clinically relevant allergy to the source of the
gene/protein and/or (2) the protein causes basophil activation or
histamine release, skin test reactivity and/or challenge test reactiv-
ity using subjects allergic to the soybean source.

Eight of the 15 putative OECD soybean allergens have clinically
relevant data indicating that they are well-characterized food
allergens (Gly m 3, Gly m 4, Gly m Bd28K, Gly m Bd30K, Gly m
5, Gly m 6, Gly m 8, and Kunitz trypsin inhibitor) (Ebisawa et al.,
2013; Klemans et al., 2013; Julka et al., 2012; Fukutomi et al.,
2012; Holzhauser et al., 2009; Hiemori et al., 2000; Helm et al.,
1998; Burks et al., 1994). Two peer-reviewed papers suggested that
Gly m 3 might be a soybean food allergen (Rihs et al., 1999; Mittag
et al., 2004). Rihs et al. (1999) used serum from patients that did
not have clinically diagnosed soybean induced allergic symptoms,
but instead had allergic symptoms to several other foods. These
patients had IgE antibodies that bound Gly m 3; however, since
they did not have symptoms when eating soybean, it was not clear
that these IgE antibodies, which recognized Gly m 3, had any clin-
ical significance for soybean allergic reactions. In a more recent
paper, Mittag et al. (2004) reported that 25% (6/22) of soybean
allergic subjects with a positive double blind placebo controlled
food challenge and/or positive case histories of soybean allergy
had IgE binding to Gly m 3. Although the data is limited, given
the described reactivity to soybean allergic patients, Gly m 3 is
considered a putative soybean allergen.
Table 1
Summary of endogenous soybean proteins listed as allergens and the availability of their

Soybean proteinsa Allergen
nomenclature

Clinically relevant data

Hydrophobic protein Gly m 1 No
Defensin Gly m 2 No
Profilin Gly m 3 Yes
SAM22 Gly m 4 Yes
P34 Gly m Bd 30K Yes
Unknown asn-linked glycoprotein Gly m Bd 28K Yes
b-Conglycinin (vicilin, 7S globulin) Gly m 5 Yes
Glycinin (legumin, 11S globulin) Gly m 6 Yes
2S albumin Gly m 8 Yes
Lectin Not assigned No
Lipoxygenase Not assigned No
Kunitz trypsin inhibitor Gly m TI Yes
Unknown 39 kDa Not assigned No
Unknown 50 kDa Not assigned No
P22-25 Not assigned No

a Soybean proteins listed as allergens in the OECD soybean consensus document (201
By comparison, Gly m 1, Gly m 2, unknown 50 kDa protein,
unknown 39 kDa protein, P-22-25, lectin, and lipoxygenase lacked
sufficient data for clear classification as confirmed allergens and/or
available sequence information. Gly m 1 is a protein present in
soybean hulls which are removed during soybean processing and
used for animal feed. Gly m 1 may be a possible respiratory or
occupational allergen that sensitizes some workers in soybean
handling facilities (Codina et al., 1999). Although there was a
report of IgE binding to Gly m 1, it has also been reported that
the respiratory allergy associated with soybean handling was due
to contamination of the soybean by potent allergenic molds
(Codina and Lockey 1998). Therefore, it is not evident that Gly m
1 is responsible for the observed occupational allergies.

Gly m 2 and the unknown 50 kDa protein are also expressed in
the hull and considered as possible respiratory or occupational
allergens (Codina et al., 2002; Codina et al., 1999). However, like
in the Gly m 1 report described above, it was not clear if the allergic
symptoms reported were associated with soybean handling or was
due to contamination of the soybean by potent allergenic molds
(Codina and Lockey 1998). In addition to the lack of information
to conclude that they are true allergens, Gly m 2 and the unknown
50 kDa protein have only been identified by short N-terminal
sequences in the scientific literature. Since there are no full-length
sequences currently available for Gly m 2 and the unknown 50 kDa
protein, currently it is not technically feasible to identify and
quantify these proteins.

The unknown 39 kDa protein belongs to a family of plant-
specific proteins of unknown function but has been found to be
strongly associated with oil bodies. IgE binding was assessed for
recombinant proteins that were fused to thioredoxin, a known fun-
gal allergen (Xiang et al., 2008). The thioredoxin protein alone was
also shown to bind IgE, indicating that the IgE binding might be to
the thioredoxin protein and not to the unknown 39 kDa soybean
protein. For this reason, the authors cautioned against interpreting
the allergenic potential of the unknown 39 kDa protein (Xiang
et al., 2008).

The P22-25 is a crude protein fraction with no publications
demonstrating IgE reactivity to soybean allergic subject serum.
Furthermore, there are no full-length or even partial protein
sequences available. Since there are no full-length sequences cur-
rently available for these proteins, it is not technically feasible to
identify and quantify them.

Soybean lectin is included in the compositional analysis as an
anti-nutrient; however, there are no peer-reviewed publications
that indicate soybean lectin could be an allergen.
sequences and clinical data in the peer-reviewed literature.

available? Sequence
available?

Family

Yes Lipid transfer protein
No Storage protein
Yes Profilin
Yes Pathogenesis related protein PR-10
Yes Protease
Yes Unknown
Yes Storage protein
Yes Storage protein
Yes Prolamin
Yes Lectin
Yes Enzyme
Yes Protease inhibitor
Yes Unknown
No Homology to chlorophyll A-B binding protein
No Unknown

2).

http://www.allergenonline.org
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Lipoxygenases are enzymes that catalyze the deoxygenation of
polyunsaturated fatty acids in lipids. These enzymes are found in
plants, animals and fungi and yet are not known to be allergenic
(FARRP, 2014). To date, only one peer-reviewed publication (Baur
et al., 1996) indicated soybean lipoxygenases as potential
allergens. However upon closer review of the study, the authors
likely used a contaminated test substance. Multiple bands around
the molecular weight of glycinin were observed in the SDS-PAGE
of the soybean lipoxygenase commercially purchased for perform-
ing the study (Lakshmi et al., 2012).

4. Recommendations and conclusion

Based on a detailed analysis of the 2012 OECD soybean consen-
sus document and the scientific literature, the following key points
are recommended:

1. The acceptance of serum-free, quantitative analytical method
data as an alternative to traditional IgE reactivity qualitative
or semi-quantitative data for evaluation of endogenous soybean
allergen content.

2. The OECD soybean consensus document on compositional
considerations for new varieties of soybean (2012) is used in
conjunction with publicly available allergen data bases and
the peer-reviewed literature, along with the confirmation of
available sequence, to formulate the list of endogenous soybean
allergens to measure for the purpose of GM crop allergenicity
assessments. Based on our review of the peer-reviewed scien-
tific literature, eight of the potential allergens listed in the
2012 OECD soybean consensus document (Gly m 3, Gly m 4,
Gly m Bd28K, Gly m Bd30K, Gly m 5, Gly m 6, Gly m 8, and
Kunitz trypsin inhibitor) have both appropriate supporting clin-
ical data and sufficient sequence information to be evaluated in
comparative endogenous soybean allergen studies. The remain-
ing seven proteins (Gly m 1, Gly m 2, unknown 50 kDa protein,
unknown 39 kDa protein, P-22-25, lipoxygenases and lectin)
lack sufficient data for clear classification as confirmed aller-
gens and/or available sequence information and should not be
included in the measurement of endogenous soybean allergens
in the compositional analysis (Table 1). Also, the annual re-
evaluation of this list of soybean allergens and proteins as addi-
tional scientific information becomes available is supported.
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