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Abstract
Maize can be a valuable source of pollen when plants attractive for bees are not avail-
able. Honeybees can forage from conventional maize as well as from genetically modified
(GM) maize. The Court of Justice of the European Union (EU) ruled that pollen in honey
must be treated as a food ingredient and therefore falls within the scope of Regulation
1829/2003/€C on GM food and feed and requires authorization. GM pollen unauthor-
ized in the EU cannot be present in honey at any level, and honey must be labelled if it
contains more than 0.9% of pollen from authorized GM plants in relation to total pollen
content. However, currently available analytical methods allow only for estimation of GM
pollen quantity in honey. Therefore, Directive 2001/110/€EC related to honey needs to be
amended so that pollen can be regarded as a natural constituent of honey. Because the
EU is a big honey importer, validated and harmonized detection methods are necessary

for the control of GM pollen in honey.
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INTRODUCTION

The honeybee is inextricably linked with ento-
mophilous spermatophyte plants, which are the
main source of the energy (nectar) and protein
(pollen) for honeybees that are necessary for
rearing the next generations of bees. However,
worker honeybees frequently visit the flowers
of anemophilous plants and gather only pollen
(Prabucki, 1998). The attractiveness of these
plants depends primarily on their pollen
efficiency, which is usually higher than that of
entomophilous taxa. Maize (Zea mays L. subsp.
mays group Saccharata) has a pollen efficiency
of 173 kg pollen/ha (Nowakowski and Morse,
1982).

Since implementation of the European Union
(EU) Regulation 1829/2003/€EC on genetically
modified (GM) food and feed, pollen in honey
has been classified as a natural component, and

honey containing GM pollen has not required
labelling. Recently, however, this situation
changed because the Court of Justice of the
European Union (ECJ) judged that pollen is
a honey ingredient and that honey containing
GM pollen can be placed on the market only if GM
pollen has been authorized as food and proper
labelling is in place (Court of Justice, 2011).

The EU accounts for around 13% of global honey
production (200,000 tonnes), where the largest
producer is Spain (33,000 tonnes), followed
by Italy, Hungary, Romania (each produce
around 22,000 tonnes), and Portugal (21,000
tonnes) (European Commission, 2012a). Honey
production in the EU is not sufficient for con-
sumption and industry needs. Therefore, ap-
proximately 40% of honey used in the EU is
imported from third-party countries (European
Parliament, 2013).Many GMplants(maize, cotton,
soybean, sugar beet, rapeseed) are cultivated
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outside the EU but are authorized in the EU for
food purposes, and food products containing
pollen from these plants must be labelled as GM
organisms (GMOs). Currently, only one GM crop
is cultivated in the EU on a commercial scale:
more than 240 varieties of GM MON 810 maize
suited for different climatic conditions can be
found in the Common Catalogue of varieties of
agricultural plant and vegetable species. Almost
all EU countries grow maize for a total area of
EU maize cultivation of about 9.8 million ha,
which represents 13.9% of all cereal, oilseed,
and protein crop area (European Commission,
2013a). In 2012, six EU countries (Spain,
Portugal, Czech Republic, Slovakia, Poland, and
Romania) cultivated GM maize on 129,071 ha,
with Spain growing 90% of the total GM maize
hectarage (James, 2013). Because bees can
collect pollen from conventional as well as from
GM maize (Lipinski et al.,, 2008), cultivation of
MON 810 maize in the EU can potentially affect
the honey industry in terms of GMO labelling
and coexistence measures. Asynchronous au-
thorization of GMOs in the EU and third-party
countries creates additional problems with
imported honey, which can contain pollen from
GM plants not authorized in the EU.

According to beekeeping practice, pollen should
not be treated as an ingredient of honey but as
a component because it enters honey naturally.
Moreover, analytical methods used for GMO
detection do not allow for proper quantifica-
tion of GM pollen in honey according to current
legal requirements. The aim of this article is to
discuss current problems with proper labelling
of products containing pollen from GM plants
and to highlight the need for amendments to
the EU regulations related to honey.

Decision of the European Court of Justice
regarding pollen in honey

In September 2011, the EC] decreed that
pollen is an ingredient of honey, not a natural
component. This decision was an outcome of
the legal proceedings of a German beekeeper
against the state of Bavaria in Germany. In
2005, this beekeeper had hives located 500 m
from a GM maize MON 810 trial field belonging
to the Bavarian government. In the samples of
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honey and pollen collected from his hives, DNA
and proteins from GM maize were detected
(Court of Justice, 201 1; Davison, 2011).

The E€EC| reclassification of pollen caused
problem for producers and retailers, so that
honey containing pollen of GM plants had to
comply with the Regulation 1829/2003/€C on
GM food and feed. It requires that any GMO to
be used as a food or feed has to go through
an approval process, proving that it is safe for
humans, animals, and the environment. These
regulatory changes have widespread conse-
quences for the testing and approval required
to deliver agricultural products to consumers
and markets (Davison, 2011). Fortunately, more
recently, work has gotten under way on the
revision of the Council Directive 2001/110/€C
related to honey, according to which pollen will
be considered a natural component of honey
(European Commission, 2012b).

Possible sources of pollen in honey

The presence of pollen in honey results from
a natural process of honey production by bees
(Bryant and Jones, 2001). Bees collect nectar
from melliferous plants. If anthers are situated
sufficiently close to nectaries, nectar is easily
contaminated by loose pollen. This contamina-
tion is further facilitated by gusts of wind and
the fact that flowers are visited by insects that
knock the pollen into the nectar. The nectar
containing pollen is subsequently harvested by
worker honeybees into their honey sacs and
transported to the hive.

Another source of pollen in honey is honey
extraction from the combs that contain bee
bread cells (Fernandez and Ortiz, 1994). In the
course of a traditional apiary cycle, beekeepers
create fresh frames with embedded founda-
tions (thin sheets of wax with foundations of
cells embedded on their surfaces) to equalize
the swarming tendency during the period of
intensive growth of bee colonies. If a bee colony
becomes so large that the combs fill the whole
interior of the beehive, it is necessary to remove
a few combs from the hive and transfer them
to the part of the hive that exclusively contains
honeycombs. This transfer requires the use of
combs containing the so-called capped brood,



around which bee bread cells are usually located.
Young bees leave the cells after a few days, and
empty or partially filled bee bread cells are filled
with nectar. The bee bread softens because
nectar and later honey contain water. During
the extraction process of honey from combs,
the bee bread falls outside the comb, causing
additional contamination of honey with pollen.
If, in addition to pollen of nectariferous plants,
the bee bread contains pollen from non-mellifer-
ous plants, such as maize pollen, there is a high
risk that it will contaminate the honey.

Some amount of pollen from anemophil-
ous plants gets into the honey together with
honeydew that sometimes develops profusely
on the leaves of certain trees, such as Tilia
spp., Acer spp., Quercus spp., Picea spp., Abies
spp., and Larix spp. Pollen easily adheres to the
honeydew, and maize pollen also can be found
among these grains.

Studies carried out by Wysocka (2009)
confirmed that bees gather pollen from both
conventional and GM maize varieties. Similarly,
studies conducted by Hofmann et al. (2010)
showed that honeybee workers visit GM maize
varieties for harvesting pollen.

Currently, the most frequently chosen method
to determine the botanical origin of apicultural
products is pollen analysis. This analysis enables
identification of the plant species that bees
visit, based on the characteristic species-specif-
ic features of pollen grain structure. Palynologi-
cal analysis of honey is performed to estimate
the percentage of nectar gathered from various
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species of nectar-generating plants (Louveaux
et al, 1970; Ricciardelli d'Albore, 1997). Pollen
grains from plants that do not generate nectar,
such as maize, are not included in this analysis,
but are calculated separately (Bryant and Jones,
2001).

The above-mentioned data indicate that maize
can be a valuable source of pollen for bees when
fields of this crop are located within their flight
range. In light of the widespread cultivation of
maize in EU countries, it must be assumed that
apicultural products, including honey, produced
within the EU territory can contain maize pollen.

Maize pollen in honey - results of studies in
Poland

The maize blossoming period in the territory of
Poland falls during the time of yearin which there
is shortage of nectar, pollen, and honeydew in
many parts of the country. It is also the period
of intensive brood breeding, which contributes
to the fact that bees regard maize pollen as par-
ticularly attractive. Maize has a high efficiency
of pollen production, especially during the phase
of bee larvae development (Maurizio, 1951).
Maize pollen also is among the most nutritious
pollens, with a relatively high protein content
(23.9%) (Roulston et al., 2000).

On the basis of different publications on palyno-
logical analyses of honey, bee bread, and pollen
loads, it can be concluded that maize pollen can
be present in apicultural products (Fig. 1) and
that its content in the analysed samples may
vary. Wréblewska (2002) reported that of 200

Fig. 1. Microscopic image of honey with maize pollen grains.
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honey samples gathered in the Podlasie region,
8% contained pollen from maize, and maize
pollen represented 16% of total anemophilous
plant pollen found in the honey. In the same
study, 11% of 54 samples of bee bread contained
maize pollen. Stawiarz and Wrdéblewska (2010)
claim that 30% of 73 samples of multifloral
honey from the Wyzyna Sandomierska region
contained maize pollen. The maize pollen was
present in <5% of bee bread samples originat-
ing from the Lubelskie voivodeship, and it rep-
resented less than 3% of total pollen grains
(Wrdblewska et al., 2010).

Maize pollen can be an important source of feed
for honeybees, especially when the apiaries
are located in proximity to large maize fields.
Maize pollen collected by foraging bees is mainly
used as feed for other bees and for brood cells;
therefore, itis relatively rare in honey, and maize
is classified as a minor pollen species.

Current status of GM crop cultivation

The large-scale cultivation of GM crops began in
1996, with a total area of 1.7 million ha. The
area planted with GM crops increased 100-fold
during the intervening 16 vyears, reaching
170 million ha in 2012. This trend continues,
with a 6% increase in cultivation area in 2012
as compared to 2011 (James, 2013). The most
prominent GM crop varieties under cultivation
are those tolerant to herbicides, followed by
those resistant to pests. In 2011, GM soybean
occupied 75.4 million ha or 47% of the global
area planted with GMO; GM maize occupied
51 million ha or 32% of the global area; GM
cotton occupied 24.7 million ha or 15% of the
global area; and GM canola occupied 8.2 million
ha or 5% of the global area under cultivation
with GM crops (James, 2012).

In the EU, 47 different modifications are
authorized for use as a food and feed, but only
two GM plants are authorized for cultivation: the
MON 810 Bt maize and the potato EH 92-527-1
Amflora. Amflora potatoes produce pure amy-
lopectin starch, which is used for industrial
processing. MON 810 maize contains the cry1Ab
gene from the bacterium Bacillus thuringiensis,
which encodes the Bt toxin that acts as an in-
secticide against Lepidoptera. Recently, the
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Polish government accepted regulations prohib-
iting the use of GM seeds of MON 810 maize and
the Amflora potato varieties in accordance with
the Polish Seed Act (Ustawa o nasiennictwie,
2012).0n 28 January 2013, Poland joined other
EU Member States (Austria, Germany, France,
Greece, Hungary, and Luxembourg) that banned
the use of MON 810 and Amflora seeds.

The EU regulation system for GMOs in food,
feed, and environment

The EU has a complex system for authoriza-
tion of GMOs for import, processing, and use
as food or feed and cultivation. The authoriza-
tion process for GMOs as food is based on the
Regulation 1829/2003/eC for GM food and
feed. It covers a GMO and food containing or
consisting of that GMO, as well as food produced
from or containing ingredients produced from
that GMO. The European Food Safety Authority
(EFSA) issues a specific safety assessment for
the GM product, which focuses on impact on
human and animal health and on the environ-
ment (European Food Safety Authority, 2011).
Based on the EFSA assessment, the European
Commission (EC) together with the EU Member
States decides whether or not to authorize
a GM product. The authorization process
carried out by the EU is considered to be very
strict, and the resulting decision applies to all EU
Member States.

The EU has stated that the rules of coexist-
ence include “the ability of farmers to make
a practical choice between conventional,
organic, and GM crop production, in compliance
with the legal obligations for labelling and/
or purity standards”. On 13 July 2010, the EC
issued a recommendation on guidelines for the
development of national coexistence measures
to avoid the unintended presence of GMOs
in conventional and organic crops (European
Commission, 2010). Coexistence enables
farmers to avoid the unintended presence of
GMOs in a food chain. Many studies have been
performed to assess the practicality of coexist-
ence and to suggest coexistence measures that
can be implemented in practice (e.g., Messean et
al., 2006). Coexistence laws with technical and
administrative requirements for GM farmers



exist in most EU countries, and they can be
highly variable depending on environmental
factors and the agriculture production systems.
The most important measure is field isolation.
Many EU Member States have adopted coex-
istence measures for Bt maize with different
isolation distances ranging from 25 m to 600 m.
However, concerns have been raised that the
EU coexistence rules are not stringent enough
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to prevent the presence of GM pollen in apicul-
tural products (Schiemann, 2011).

In November 2012, during the Plenary Meeting
of the European Coexistence Bureau, it was
agreed that the monitoring of the efficiency
of coexistence measures in respect to their
potential to reduce adventitious presence of
GM maize should be done at the field level. The
adopted strategy takes into account beekeeping

Sampling of honey
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DNA extraction
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Fig. 2. Example of honey analysis for GMO quantification.
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in the EU, honeybee foraging behaviour, effects
of honeybee foraging behaviour on maize,
foraging distances, and the location and size of
the monitored fields in relation to the GM maize
area (European Coexistence Bureau, 2013).
According to the Regulation 889/2008/€EC laying
down detailed rules for the implementation of
Regulation 834/2007/€C on organic production
and labelling of organic products, the hives shall
be located within a radius of 3 km from the apiary
site,and nectar and pollen sources consist essen-
tially of organically produced crops and/or spon-
taneous vegetation and/or crops treated with
low environmental impact methods. This radius
is approximately three times more than typical
honeybee flying distances. Analogical strategy
applied to conventional honey production and
GM fields would minimize the risk of GM pollen
presence in honey.

Unauthorized GMOs in honey

Europe is a significant honey importer. The EU
imports about 140,000 tonnes of honey mainly
from Argentina (about 40,000 tonnes) and
China (about 33,000 tonnes). In both of these
countries, GM varieties that are not authorized
in the EU are cultivated. Honey is also imported
to the EU from other countries cultivating GM
crops such as Mexico, the USA, Canada, and
Brazil (Filodda, 2011). Large-scale GM planta-
tions in those countries and especially the un-
authorized GMO (UGMO) varieties may threaten
honey import into the EU market.

Possible sources of UGMOs can be “asynchro-
nous” authorization, as GMO can be authorized
for commercial use as food or feed in a third-
party country but not in the EU. Another source
of UGMOs can be “escapes” of GM material from
field trials and laboratories, or intended illegal
releases (Holst-Jensen et al., 2006).

To detect unauthorized GM pollen in honey
samples, it is necessary to develop methods
that allow for extraction of good-quality DNA
in amounts sufficient to perform proper PCR
screening and event-specific tests.
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GMO labelling in food

In the EU, labelling of GM food has been
mandatory since 1997. In April 2004, a new
Regulation 1829/2003/€C on GM food and feed
entered into force. The authorization of MON
810 maize for food and feed had not previously
included pollen. In 2011, the EFSA published on
request from the EC a scientific opinion on the
safety of MON 810 maize pollen occurring in or
as food. EFSA concluded that the genetic modi-
fication in MON 810 maize would not constitute
an additional health risk if MON 810 maize pollen
were to replace maize pollen from non-GM maize
in or as food (European Food Safety Authority,
2011). The decision authorizing pollen produced
from MON 810 maize was adopted on 6
November 2013 by the EC. This authorization is
valid for 10 years, and food products produced
from or containing MON 810 pollen are subject
to the EU's strict labelling and traceability rules
(European Commission, 2013b).

According to the Regulations 1829/2003/€C
and 1830/2003/€C, a labelling threshold of
0.9% applies only if the presence of GMO based
on each of the ingredients considered individu-
ally is adventitious or technically unavoidable.
So far, pollen has not been regarded as a honey
ingredient because it is a natural component
that enters honey during production.

The EC| confirmed the policy of zero tolerance
for traces of GM material that does not have the
necessary authorization.

In September 2012, the EC proposed to amend
Council Directive 2001/110/EC and define
pollen as a natural constituent, not an ingredient
of honey (European Commission, 2012b). Still,
honey containing GM pollen could be placed on
the market only if GM pollen is covered by an au-
thorization, and the labelling rules on GMOin food
will apply. The Directive 2001/110/€C provides
detailed criteria for honey quality. According to
them, one of the most important requirements
for honey is the limit of water-insoluble content
(pollen, honeycomb fragments, bee, and dirt
elements). The required limits for such content
are in general less than 0.1 g per 100 g (0.1%),
with the exclusion of “pressed honey” in which
the limitis 0.5 g per 100 g (0.5%). Consequently,
every maize pollen grain in honey is considered
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Fig. 3. PCR analysis scheme targeting different DNA construct elements for detection and identification of

GMOs; an example of the MON 810 event.

1. Plant-specific test. In the absence of amplifiable DNA from a particular plant species, tests confirmed the

presence of amplifiable DNA
2. Screening test
3. Event-specific test

as a water-insoluble part, which should not
exceed required limits. Existing data show
that total pollen content in honey varies from
0.003% to 0.104% (Piazza and Persano Oddo,
2004). Such quantities of pollen in honey would
not exceed the mandatory labelling threshold
for GM food (0.9% of the total weight of honey).

Detection and quantification of GM pollen in
honey

According to the EC) decision, the pollen of
GM plants in honey must be classified as an
‘ingredient’. The percentage of GM pollen in
honey should be presented as the ratio of the
number of pollen grains from GM crops to the
total number of pollen grains. So far, routinely
used GMO quantification methods are based
on real-time PCR techniques (Ciabatti et al.,
2006). Real-time PCR quantifies GM DNA in
the sample with respect to a species-specific
reference sequence (Chouachi et al, 2008za;
Chouachi et al., 201 3). This technique was used
for quantification of pollen-mediated gene flow
from MON 810 maize to conventional maize
(Pla et al,, 2006) and to detect airborne MON
810 maize pollen (Kluga et al., 2012). However,
real-time PCR cannot differentiate between
a DNA sequence from GM pollen and a GM DNA
sequence from other plant parts that can be
present in honey. Most of the honeys contain
a mixture of pollen from different plant species.
To date, pollen-specific DNA sequences have
not been described. Therefore, to determine
the pollen grain number of a particular species,
microscopic analysis is used. The combination
of a real-time PCR technique and palynological
analysis allows only for estimation, not precise
determination of the quantity of GM pollen in
honey.

An example of the analysis of GM pollen in
honey is shown in Figure 2. Each quantifica-
tion process is built from several steps that
include (1) sampling (comprising homogeniza-
tion) and pollen isolation; (2) molecular analysis
(DNA extraction; PCR-based screening test and
event-specific test); and (3) microscopic analysis
(species-specific quantification of pollen).

1) Sampling of honey and pollen isolation
The first step of honey analysis is sampling. This
step is the most critical in the analytical process,
especially when the pollen is not homogene-
ously distributed in the lot, which is typical for
a GMO (Ancel et al., 2009). The sampling step
should be done as precisely as possible to collect
a representative sample from the batch and
thus obtain the most accurate value (Paoletti
et al.,, 2003; Bellocchi et al., 2009). Pollen grains
are unequally distributed in honey, and only
a few of them might be derived from GM plants
(Bobis et al., 2012). There are no international
standards that address the uncertainty of non-
homogeneous pollen distribution in large-scale
samples.

The second step of sampling covers the isolation
of pollen from the homogeneous honey sample.
This task is challenging because honey contains
very small amounts of pollen (Sawyer, 1988).
Centrifugation (according to German Standard
DIN 10760) or filtration (not standardized)
methods are generally used for the isolation of
pollen from honey (Cheng et al., 2007; European
Union Reference Laboratory, 2012).

The number of pollen grains from an individual
plant species that are present in honey
determines the amount of extractable DNA
for that species. Maize pollen is usually only an
additional source of food for bees; therefore,

I
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it is present in low amounts in honey when
compared to pollen from melliferous plants
(Sabugosa-Madeira et al.,, 2007; Wrdblewska et
al., 2010).

Honey is a difficult matrix for plant DNA
extraction because of the variable number of
pollen grains. Honey contains a composite mix
of various organisms: bees, bacteria, and fungi.
Furthermore, frequent contamination by plant
parts occurs in honey (Schnell et al., 2010;
Olivieri et al., 2012). After extraction, it is not
possible to separate pollen DNA from the total
DNA. In addition, honey contains up to 83%
sugars that can hinder DNA extraction, so the
separation of sugars from DNA is crucial (Cheng
et al, 2007). The acidity (pH value of approxi-
mately 3.9) and high viscosity (2 - 10 N's/m?)
of honey also complicate DNA extraction.

In palynological analysis, samples of 10 g are
routinely used for both quantitative and quali-
tative pollen analyses of honey. In the case
of quantitative pollen analysis, the laboratory
honey sample must be homogenized by heating
and stirring for a few minutes. The sample does
not require homogenization before performing
qualitative pollen analysis.

The qualitative pollen analysis of honey allows
determination of the source of nectar for
honeybees while quantitative pollen analysis
allows determination of the number of species-
specific pollen grains in honey. This parameter
is specific to each type of unifloral honey. With
this method, it is possible to estimate the level
of maize pollen admixture in honey.

2) PCR analysis

a) DNA extraction

The major challenge for detection of GMOs in
the honey matrix is DNA extraction. The quality,
purity, and concentration of DNA are crucial
factors that determine the detection and quan-
tification limits of the analyses.

An effective method of disrupting a very hard
pollen outer layer - exine - is an important
step for efficient DNA extraction. Mechanical
pre-treatment is more effective than chemical
disruption (Brodman, 2008). Few protocols and
methods are available for the extraction of plant
DNA from honey. The German Federal Office of
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Consumer Protection and Food Safety published
guidelines for sampling and analysis of GM pollen
in honey (German Standard DIN 10742:2011).
An inter-laboratory validation of a method
for DNA extraction from pollen in honey was
conducted in 2012 and confirmed that amplifi-
able plant DNA can be extracted from unifloral
or multifloral honey in this way (Waiblinger
et al, 2012). The European Union Reference
Laboratory for Genetically Modified Food and
Feed (European Union Reference Laboratory,
2012) has published a procedure for pollen
DNA extraction from honey. Validation of MON
810 maize DNA quantification was performed
on honey spiked with different MON 810 pollen
concentrations. The limit of quantification was
estimated at the level of 0.1% (w/w). Cheng
et al. (2007) described the DNA extraction
procedure from honey and a PCR protocol for
the detection of Bt cotton DNA sequences by
a qualitative PCR test. Efficient DNA extraction
from honey is not only necessary for GMO iden-
tification but also for the detection of plant
species and pathogens (Dobbelaere et al., 2001;
Piccini et al., 2002; Olivieri et al.,, 2012).

In response to market requirements, biotechnol-
ogy companies offer commercial kits for DNA
extraction from honey (e.g., Biolytix Prepara-
tion and DNA Extraction, Qiagen DNA Extractor
Honey). Honey contains a significant number of
PCR inhibitors, and purification of the extracted
DNA is recommended. The isolated DNA must be
of high quality for reliable PCR analysis.

b) Screening and quantification of GMOs

The detection of GM material is done at the
DNA level by measuring the presence of DNA
transgenes and/or by detecting the presence of
transgenic proteins (Linkiewicz et al., 2006; Zel
et al., 2012). For honey analysis, a PCR-based
test is used. The test detects specific DNA
fragments present in the GMO (Grohmann et al.,
2009; Eichner, 2011). The primary test, called
‘screening’, detects the most common elements
routinely used in the DNA constructs for trans-
formations such as promoter, terminator, or
marker genes. In a multiplex approach, a set
of simplex real-time PCR systems targeting
different elements (endogenous sequences,



genetic markers, and GM-specific elements) is
chosen in a system that allows for detection of
multiple GMOs in a single analytical run (Querci et
al., 2009; Kluga et al., 2012, Mano et al,, 2012).
In the case of MON 810, analysis sequences of
the npt-Il marker gene and regulatory P-E35S
promoter are targeted (Chaouachi et al., 2008b)
(Fig. 3).

To confirm the presence of amplifiable DNA,
a PCR test can be used that amplifies a plant-
specific DNA sequence, such as the p-actin gene
(ACT) (Laube et al,, 2010), chloroplast DNA, or
nuclear ribosomal small subunit genes (such
as 18S). To confirm the presence of maize, the
following genes can be used: the high-mobility
group gene (hmg), the alcohol dehydrogenase-1
(Adh1) gene, the maize starch synthase gene
(zSSlIb), and the invertase gene (ivr1) (Brooth-
aerts et al., 2008; Scholdberg et al., 2008).

The event-specific analysis has higher specifi-
city and targets the sequence of the transgene
integration border region (Fig. 3). Quantitative
PCR (gPCR; real-time PCR) methods are routinely
used for quantification of GMO in various food
products. Analysis of gPCR fulfils the EC recom-
mendation 2004/787 (European Commission,
2004), which states that the presence of GMO
material should be expressed as ‘the percentage
of GM DNA copy number in relation to target
taxon-specific DNA copy number calculated
in terms of haploid genomes' and compared
to the ratio for certified reference material of
known GM content. The percentage of GMO in
the sample is presented as the ratio of the copy
number of the GM-specific DNA sequence to the
copy number of the reference gene sequence
that is specific for the analysed species [100 x
(GM/reference)] (Zel et al,, 2012). The result on
the label indicating percentage of GMO is a sum
of detected GM events for the particular plant
species (e.g., maize).

If the food sample contains authorized GMOs,
then the amount of GMOs must be determined
by the event-specific method, typically covering
part of the host genome with the inserted re-
combinant sequence (Fig. 3) using, for example,
validated methods from the EU Reference
Laboratory for GM Food and Feed (European
Union Reference Laboratory, 2012; Scholtens
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et al, 2010, Ciabatti et al,, 2006). If the food
sample contains an unauthorized GMO, quanti-
tative analysis does not need to be performed
because such products cannot be present on
the market.

3) Species-specific quantification of pollen
using microscopy

Microscopic palynological analysis is used for
the estimation of honey origin. It allows the
identification of pollen grains from particular
plant species and quantification of pollen grains
in @ honey sample. Qualitative pollen analysis
(verification of honey species) in all countries is
performed according to the method of Louveaux
et al. (1978). Quantitative pollen analysis is
performed by counting all pollen grains in 1 or
10 g of honey (Louveaux et al., 1978), which
allows calculation of the abundance of anemo-
philous pollen grains (including maize pollen)
that have gotten into the honey with bee bread.
The International Commission of Bee Botany
recommends qualitative and quantitative
methods for pollen analyses (Von der Ohe et al,,
2004).

Combining PCR and microscope-based

methods for GM pollen quantification

Having in mind current method limitations and
the EC] decision that pollen is treated as a food
ingredient, it is important to emphasize that
available methods allow only for estimation of
the percentage of GM pollen in the total pollen
content. So far, none of the above-mentioned
methods (real-time PCR, palynological analysis),
when applied separately, allow for quantifica-
tion of GMO in honey. The only alternative for
the estimation of GMO is to combine the results
of PCR and microscope-based methods. The
results of PCR analysis give information only
about the percentage of GM modification in
relation to a particular species. The proposed
method is not accurate because it is not possible
to determine the precise quantity of GM pollen
in @ sample. Quantitative microscopic pollen
analysis gives information about the number
of pollen grains of particular species in honey;
however, palynological analyses are not useful
for differentiation between wild-type and GM
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pollen. Therefore, even the combination of quan-
titative PCR and palynological methods allows
only for the estimation of GM pollen content in
honey, not for the precise determination of GM
maize pollen in honey.

Three strategies for quantification of GM pollen
in honey are proposed, but none of them is
precise enough to meet the minimal perform-
ance criteria for the official control of GMO.
The first approach is based on the “worst case”
assumption that honey may contain GM pollen
as well as other parts of GM plants (Eichner,
2011). Because PCR quantification of GMO is
based on all DNA isolated from honey, it is not
possible to estimate the share of GM pollen in
the total GMO quantity. Therefore, if GM maize
and maize pollen are detected in the sample,
the assumption that all maize pollen comes from
GM plants is made. Labelling is required if the
maize pollen was detected in the honey sample
at a level of at least 0.9% in relation to the
total number of pollen grains and authorized GM
maize content in the sample reached 0.9%.

The second approach is based on the assumption
that GMO quantified by quantitative PCR in
honey comes from GM pollen only. If the honey
sample contains 5% of authorized GM maize and
maize pollen accounts for 10% of total pollen,
the result should be expressed as 10% x 0.05
= 0.5% of GM maize pollen in relation to total
pollen in honey. This value is less than 0.9%,
and this honey would not need to be labelled
(Lanzelotti, 2011).

The approach includes the classical calculation
of GMO concentration as a percentage of GM
DNA copy number in relation to target taxon-
specific DNA copy number calculated per haploid
genome equivalent (for example, percentage of
the MON 810-specific sequence copy number
to the copy number of the maize-specific hmg
gene). In that case, GM pollen quantification is
possible only in relation to the total amount of
particular species in honey.

SUMMARY

Maize can be an attractive source of pollen for
honeybees in case of shortage of entomophil-
ous plants. Honeybees can forage for conven-
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tional maize, as well as GM maize. According
to the judgment of the European Court of
Justice- Case C-442/09, pollen from GM plants
present in honey must be treated as a food
ingredient and requires authorization. In the
European Union, labelling requirements apply to
all GM food. Food containing less than 0.9% of
authorized GMO per ingredient does not have
to be labelled only if the GMO presence is ad-
ventitious or technically unavoidable. Develop-
ment of methods for good-quality DNA isolation
from honey is necessary for PCR-based identi-
fication of GMO. The proposed quantification of
GM pollen in honey is based on the combination
of molecular and palynological methods, but
currently available methods used for GMO quan-
tification even when combined with palynologi-
cal analysis do not allow for the precise quantifi-
cation of GM pollen in honey. These issues pose
a problem in terms of routine GM food control
performed by enforcement laboratories in EU
countries as well as for the harmonization of
GMO control at the global level. Because of dif-
ficulties in detection of unauthorized GMOs in
honey, suitable methods are necessary for DNA
extraction as a key step in quantifying GM pollen.
Alternatively, new analytical methods that allow
quantification of GM pollen in total pollen should
be developed. Because the current advances
in GMO analysis do not portend that such
methods will be developed in the near future,
in September 2012, the European Commission
proposed to amend the Directive 2001/110/
EC related to honey. The proposal describes
pollen as a natural constituent of honey, not as
an ingredient, which is in accordance with the
Food and Agriculture Organization of the United
Nations and World Health Organization criteria.
If pollen is no longer an ingredient in honey,
the quantification of GM pollen will be done in
relation to honey in general; consequently, any
special labelling of honey containing GMOs will
not be necessary.
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