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Latvia has documented cases of unintentional release of genetically modified plants (GMP), in-
cluding contamination of rapeseed with GM varieties such as GT73. Due to significant import and
export of rapeseed (over 120 thousand tons annually from 2020 to 2022), monitoring is essential
to evaluate accidental GMP spread in the environment. Similar studies in Germany, Switzerlanad,
the Netherlands, and Lithuania have been conducted to monitor GM rapeseed near processing
plants, ports, and transport routes, generally finding minimal or no GM contamination in ruderal
populations. By using bees as natural pollen collectors, pollen sampling serves as an indicator of
GMO presence and spread while also providing insight into gene-flow risks within terrestrial eco-
systems. Given Latvia’s recent detection of accidental GM rapeseed admixtures and limited an-
nual testing, this study prioritised pollen analysis and monitoring of ruderal rapeseed plants. This
study presents a comprehensive two-year monitoring effort of ruderal rapeseed populations in
Latvia, focusing on potential contamination with GMPs near ports, railway cargo areas, and rape-
seed processing factories. It also includes a nationwide screening of pollen samples to detect
GMP presence, aiming to assess the environmental impact and spread of GMP in Latvia. None of
the samples were considered to contain GMP screening elements.

Keywords: environmental risk assessment, pollen monitoring, gene flow, hybridisation, biosafety,
Brassica napus.

INTRODUCTION gene flow to compatible wild relatives, thereby testing key

assumptions of the environmental risk assessment. Monitor-

According to EFSA (2011) guidance on Post-Market Envi-
ronmental Monitoring, monitoring of ruderal, feral, or vol-
unteer genetically modified (GM) plants is required as part
of General Surveillance to detect unanticipated environ-
mental effects beyond cultivated fields. Such plants may
arise from seed spillage, transport losses, or persistence of
volunteers, leading to unintended establishment along road-
sides or in ruderal habitats. Their occurrence can serve as an
early indicator of environmental exposure and potential
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ing the establishment, persistence, and hybridisation poten-
tial of these plants is therefore essential for verifying con-
tainment effectiveness, identifying unforeseen ecological
consequences, and ensuring the protection of biodiversity
and ecosystem functions.

In recent years, several cases of unintentional release of ge-
netically modified plants (GMP) in the environment has
been documented in Latvia. In 2021, as part of the monitor-

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https:/creativecommons.org/licenses/by/4.0/).

252

Proc. Latvian Acad. Sci., Section B, Vol. 80 (2026), No. 3.



ing of seed and plant propagating material, rape seed con-
tamination with GT73 rape seeds was detected. The total
area of sowing was 843.33 ha. All fields were destroyed by
farmers (Diezina, 2021). Earlier, in 2017, in the framework
of the project “Assessment of possible risks of genetically
modified seeds and propagating material in the territory of
Latvia and development of risk management recommenda-
tions in accordance with Latvian agro-economic condi-
tions”, two small lots of seeds (maize and soybean) contain-
ing GM seed impurities were found and the sown fields
were destroyed. In 2017, genetically modified petunia seed-
lings and seeds were detected as well. Latvia is exporting
and importing rapeseed; in 2020-2022 the import was over
120 thousand tons per year (according to Central Statistical
Bureau of Latvia). Therefore, the need to evaluate the
spread of unintentional GMOs in the Latvian environment
is relevant and justified.

Similar studies have also been conducted in other European
countries as well. For example, in a study in Germany, the
task was to monitor the presence of GM rapeseed in the en-
vironment as a result of the spilling of imported seeds. The
most important rapeseed crushing and processing compa-
nies were identified and monitored from April to May. An
inventory of rapeseed and potential hybridisation partners
was carried out at the study sites. The number of samples
collected was proportional to the size of the corresponding
plant group at a given site. Wild rapeseed was found in all
study areas, both in the territory of processing companies
and in publicly accessible places in their surroundings. The
wild cruciferous species (mainly Sinapis arvensis) was
found only in some places. Most rapeseed plants were ob-
served and sampled along roads and railroad tracks. Only
one plant out of 1918 tested was GM positive (Roundup
Ready™) — in the port of Neuss (Franzaring et al., 2016).

A study in Switzerland was aimed to carry out risk-oriented
monitoring of GM rapeseed along the railway lines from the
Swiss border with Italy and France to the rapeseed process-
ing plants. In the risk assessment, based on the ability to po-
tentially persist under Swiss conditions, rapeseed Brassica
napus was recognised as the most important (ability to ger-
minate outside agricultural areas and form wild populations,
ability to cross with related wild and cultivated species).
Two rapeseed processing plants and railway sections used
for their supply in the south and north of the country, as
well as two transshipment points at the Rhine port in Basel,
were selected for monitoring. Railroad crossings and sharp
bends were considered as hotspots. GT73 rapeseed was
found at three locations. The GM canola plants found con-
tained gox and CP4 epsps genetic elements and were resis-
tant to herbicides. None of the collected plants of potential
hybridisation partner species were GM (Hecht et al., 2014).

A study in Netherlands was carried out to find whether and
to what extent GM B. napus is imported into the Nether-
lands and to determine the transport routes; to determine
whether B. napus populations exist in connection with
transshipment sites and transport routes; to analyse the per-
sistence and size of populations formed as a result of seed
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spillage; and to check the possible presence of GM B.
napus. It was concluded that the size and type of processing
plants should be taken into account for the monitoring: in
large oil presses located in close proximity to ports and
where high temperatures and chemicals are used, spillage of
seeds could only occur as a result of transshipment opera-
tions, but not with processing waste products. Small oil
presses use the mechanical pressing method, as a result of
which viable seeds can remain in the waste products. River-
banks, the vicinity of ports, roadsides, railway areas have
been identified as potential places for seed spillage outside
transshipment points. In total 160 combined samples of five
leaves from different plants were analysed. Molecular
analyses did not show a conclusive presence of GM B.
napus in ruderal populations (Luijten et al., 2019).

In Lithuania monitoring was carried out in 2019-2020 as
part of the project “Assessment of the impact of GMO risks
on the environment”. One of the project’s goals was to pre-
pare methodological instructions for the creation of a moni-
toring programme for spontaneous GM plant populations,
summarising the regulatory framework and the experience
of European countries for the management of potentially
self-sowing GM plants. The study was based on a technical
report by the European Network of Environmental Protec-
tion Agency Managers (EPA Network), the European Na-
ture Conservation Agency Managers Network (ENCA) and
the Joint EPA ENCA Interest Group on Genetically Modi-
fied Organisms (Ziind et al., 2019). The target audience of
the developed programme was competent state authorities
and other persons tasked with monitoring GM plants. Five
sites close to port and processing companies were chosen in
priority order, as well as one railway section and Al high-
way. Not only rapeseed plants, but also the charlock Sinapis
arvensis and the wild radish Raphanus raphanistrum were
taken for analysis, mostly in cases where there were no
rapeseed plants in the previously selected monitoring sites.
In 2019, 64 samples were taken and analysed with molecu-
lar biology methods, and in 2020 — 29 samples. In the 1™
year, samples were tested for the presence of the followin%
GM rapeseed events: GT(RT)73, MS8, RF3, T45. In the on
year, samples were tested for a wider spectrum of GM rape-
seed events: GT(RT)73, MS8, RF3, T45, MS11, DP073496,
0XY235, and MON88302. No genetically modified plants
were found (Paulauskas, 2020).

Pollen has been used in GMO research elsewhere. For ex-
ample, Germany looked for the admixture of GM corn in
pollen samples by comparing those collected with special
devices to those collected by bees. Pollen collected by bees
was found to have a similar proportion of GM maize pollen
to samples collected with pollen collectors (Hofmann et al.,
2010). As a result of this research, special regulations were
developed in the European Union regarding the presence
and detection of GM corn pollen in honey (Binimelis and
Wickson, 2018).

Pollen can be used as a verifiable indicator to determine the
possible spread of transgenes in the environment in the con-
text of the goal of protecting terrestrial ecosystems — the
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protection of biological diversity (genetic variability, the di-
versity of species and their functions, the diversity of habi-
tats and ecosystems), as well as the prevention of air pollu-
tion. Bee colonies can be used as a biological form of pollen
extraction similar to technical pollen extraction devices
(Zughart et al., 2013).

The bee colony collects nectar and pollen within a radius of
2 km from the location of the apiary (Mizis, 2015), but 3 to
10 km is mentioned in other literature sources as well.

The spectrum of plant species that may have been modified
and have accidentally entered and spread into the environ-
ment varies significantly in different regions of the world.
For example, in New Zealand, the main nectar plants that
could theoretically have been genetically modified and acci-
dentally entered the environment are considered to be white
clover, rapeseed, eucalyptus, kiwi, apple and maize (Ma-
lone, 2002). In China, however, scientific experiments have
shown that Chinese honey bees (Apis cerana cerana Fabri-
cius) collected pollen from GM rapeseed to a similar extent
as pollen from non-modified rapeseed (Liu et al., 2017). In
the European Union, of course, the most relevant GM crop
is maize MONS810, which has been cultivated for a long
time in Spain and Portugal (Arpaia et al., 2021).

However, taking into account that in Latvia in 2021, acci-
dental admixtures of GM rapeseed were detected in summer
rapeseed material, and that only 40 seed samples are tested
for the presence of accidental GM admixtures in Latvia
each year, as well as the conclusions of experts in this and
the previous project (2016-2018), that GM rapeseed in Lat-
via is more likely to survive and spread among other GM
plants, increased attention was paid to the monitoring of ru-
deral rapeseed plants and pollen samples specifically in re-
lation to rapeseed cultivation and import and export in Lat-
via.

The aim of the present study was to monitor ruderal rape-
seed populations in areas potentially contaminated with ge-
netically modified plants in Latvia and to include pollen
samples in the country wide GMPs monitoring as well. The
following tasks were determined: 1) to carry out monitor-
ing and collect samples of ruderal rapeseed plants in sur-
roundings of ports, railway cargo handling areas, rapeseed
processing factories, etc.; 2) to determine the presence of
GMO screening elements in the collected plant and pollen
samples.

MATERIALS AND METHODS

Study sites, monitoring and plant samples. A methodol-
ogy developed in Germany was chosen for the study
(Sukopp and Schmitz, 2013). This floristic mapping method
includes a 2 km zone around grain processing plants, ports,
transshipment areas. If the company is located by the river,
then this zone includes a stretch of the river 2 km upstream
and 3 km downstream. Access roads, railway lines and rele-
vant river sections are surveyed within a radius of 2 m
around the respective company. Mapping of found rapeseed
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plants was carried out with notes, photos and GPS coordi-
nates.

Information in the mass media and on the websites of the
companies working in the industry were used to find out
where the ports, railway cargo transshipment points, rape-
seed processing plants and rapeseed receiving points are lo-
cated. Ports where grain transshipment takes place were lo-
cated in Riga, Liepaja, Ventspils, and Mérsrags. In the Riga
Freeport, grain transshipment takes place in 13 terminals on
both banks of the Daugava river. Grain harvests of Lithua-
nian origin are also loaded onto ships in the ports of Riga.
In larger towns like Riga, Liepaja, and Ventspils several
grain logistic and processing companies were located close
to each other with the same main streets for logistic traffic.
The most important railway cargo transshipment points in
terms of grain transport were Bolderaja 2 and Zemitani. In-
tensive freight train traffic takes place on the railway sec-
tion Zemitani — gl,(irotava. Each urban/port area (Riga,
Ventspils, Liepaja) was treated as a “sampling cluster”
rather than individual companies (Table 1). Other monitor-
ing objects located all around the country included grain ac-
ceptance points and cooperation partners of the agricultural
services’ cooperative societies like LATRAPS and VAKS,
and companies Baltic Agro, Linas Agro, Balticovo, and
Vidzeme Oil Factory.

Increased attention was paid to objects located near pro-
tected natural areas: 1) “Alfa Port” in Riga, located near the
Nature Reserve Vecdaugava; 2) Meérsrags port, located near

Table 1. Number of sampling sites in each town or county, total population
of Brassica napus plants and total number of sampled leaves

Town / Municipality Number of Total Total number
sampling population of sampled
sites in town /| of Brassica leaves
county napus

Riga 82 5177 764
Ventspils 24 621 234
Liepaja 19 883 201
Bauska Municipality 13 288 125
Jelgava Municipality 13 520 130
Madona Municipality 13 642 125
Aizkraukle Municipality 12 160 120
Jekabpils Municipality 11 1668 109
Valmiera Municipality 9 100 92
Talsi Municipality 7 118 58
Rézekne Municipality 6 68 57
Saldus Municipality 4 246 36
Augsdaugava Municipality 4 91 45
Dobele Municipality 4 41 40
Gulbene Municipality 4 2080 41

Tukums Municipality 2 71 20
Ogre Municipality 1 23 1

Salaspils Municipality 1 18 6

Kuldiga Municipality 1 8 8

Césis Municipality 1 11 10
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Engure Nature Park; 3) Vidzeme Oil Factory, located near
the territory of the Gauja National Park; and 4) Otanki Dzir-
navnieks, located approx. 500 m from the NATURA 2000
nature area by Lake Liepaja. Natura 2000 is a network of
protected areas across the European Union aimed at pre-
serving biodiversity. Contamination with GMPs in such ar-
eas is particularly undesirable (EFSA, 2011).

The monitoring was carried out in the period from May un-
til end of September in 2023 and 2024. The surroundings of
69 objects were surveyed (Figs. 1 and 2). Total distance

travelled was 7500 km. The number of combined B. napus
samples taken was 230 (10 leaves each, if available), of
which 223 were rapeseed leaf samples, four were B. napus
seed samples, but three samples were wheat (Triticum aesti-
vum), barley (Hordeum vulgare), and mustard (Sinapis
alba) leaves. The pooled samples were from a total of 2200
plants and represented a population from ca. 12,800 plants.
Plant samples were collected in sterile Nasco Whirl-Pak
bags and kept in the foam box with cold elements during
transportation and later in the refrigerator till the extraction
of DNA. Seed samples were collected in paper bags.

Fig. 1. Location of 69 monitoring objects on the map of Latvia — surroundings of ports, railway cargo handling areas, and rapeseed processing factories.
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Fig. 2. Location of monitoring objects within the territory of Riga.
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Fig. 3. Places of the origin of 97 pollen and three bee bread samples on the map of Latvia.

Other Brassicaceae species detected in the monitored terri-
tories were, for example, tall rocket Sisymbrium altissimum,
warty-cabbage Bunias orientalis, mustard Sinapis sp.,
shepherd’s-purse Capsella bursa-pastoris, and field penny-
cress Thlaspi arvense. Other plants detected along road
sides in few cases were field beans Vicia faba and peas
Pisum sativum. Maize Zea mays and soybean Glycine max
plants were not detected.

Pollen samples. In the first year of the project, 49 pollen
samples were collected from retail outlets in person and on-
line. In the second year of the project, 48 pollen samples
and three bee bread samples were collected in collaboration
with the Latvian Beekeeping Society. Places of the origin of
97 pollen and 3 bee bread samples on the map of Latvia are
given in Figure 3. Distribution of the samples by counties is
given in Table 2.

Total sample coverage. Figure 4 illustrates the location of
the pollen samples and monitoring sites around the country
and in relation to Natura 2000 areas. Several apiaries were
located within the protected nature territories like Slitere
National Park territory, Gauja National Park Nature Reserve
and Landscape Protection Zone, and Talsi Hills Nature
Park. One sample was declared to be from an organic farm.

GMO screening and further analysis. Rapeseed leaves
and pollen samples were crushed using a mortar and a pes-
tle. DNA was isolated from 200 mg of the homogenised
sample in duplicate using the NucleoSpin Food, Mini kit
(Macherey-Nagel).

DNA concentration and absorbance were determined with a
NanoDrop ND-1000 at 230, 260, and 280 nm. The next
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DNA quality control step involved amplification of a plant
chloroplast gene, which indicates whether the sample con-
tains amplifiable plant DNA, and/or amplification of a plant
taxon-specific gene:

1) Plant chloroplast intron gene frnL — according to ISO
21569:2005 Annex A.2. “Determining the sequence of a
multicopy gene (frnL intron) in plant chloroplasts”;

Table 2. Distribution of 97 pollen samples and 3 bee bread samples across
the municipalities of Latvia

Municipality Number Municipality Number
of samples of samples
Aizkraukle 3 Madona 6
Aluksne 3 Marupe 1
Augsdaugava 2 Ogre 8
Adazi 1 Olaine 2
Bauska 3 Preili 3
Cesis 3 Reézekne 2
Dienvidkurzeme 3 Riga 2
Dobele 3 Ropazi 3
Gulbene 3 Salaspils 2
Jelgava 2 Saldus 4
Jekabpils 3 Sigulda 5
Kraslava 3 Smiltene 2
Kuldiga 4 Talsi 5
Kekava 2 Tukums 4
Limbazi 2 Valmiera 3
Livani 3 Ventspils 2
Ludza 3 - -
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Fig. 4. Location of the pollen samples and monitoring sites around the country and in relation to Natura 2000 areas. The Natura 2000 areas map layer was
used from: https://bio.discomap.eea.europa.eu/arcgis/rest /services/ProtectedSites/CDDA_Dyna_WM/MapServer.

2) The plant taxon-specific gene — cruA (cruciferin A gene
for rapeseed), according to GMOMETHODS: EU Data-
base of Reference methods
https://gmo-crl.jrc.ec.europa.eu/gmomethods/,
cruA — CRL-GMFF: Protocol RT73.

The DNA extracts of the samples were screened for GMO
on six genetic elements:

1) cauliflower mosaic virus CaMV 35S promoter and
nopaline synthase terminator T-nos — ISO 21569:2005
Annex B.9. “Determination of certain DNA sequences
often used in GM organisms, originating from CaMV
35S promoter (P35S), as well as Agrobacterium tume-
faciens terminator (T-nos), in food products — screening
method”;

2) phosphinothricin N-acetyltransferase gene pat — “Quanti-
tative PCR method for detection of phosphinothricin
N-acetyltransferase gene”, JRC Compendium of Refer-
ence Methods for GMO Analysis;

3) figwort mosaic virus 34S promoter pFMV, ISO/TS
21569-5:2016 “Real-time PCR-based screening method
for determination of FMV promoter (P-FMV) DNA se-
quence’;

4) E9 terminator of the pea ribulose-1,5-bisphosphate
carboxylase small subunit (rbcS) gene tE9, GMO
Methods: EU database of reference methods. Qualitative
PCR method for detection of tE9 terminator (2016);
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5) phosphinothricin acetyltransferase gene bar, ISO
21569:2005 Annex B.8. “Real-time PC R-based screen-
ing method to detect Streptomyces hygroscopicus bar
gene”’;

6) for pollen samples two closely related genes within the
cryl family, both targeting Lepidopteran insects —
crylAb and crylAc genes — GMO Methods: EU data-
base of reference methods, Qualitative PCR method for
detection of cryl Ab/Ac gene (2017);

7) in addition, all samples were screened for the presence of
genetic material specific to the GM rapeseed events
DP-073496-4 and MON94100, as there are no screening
genes (Jacchia er al., 2014).

DNA obtained from certified reference material traceable to
SI units was used as a positive control in PCR reactions.
Reference materials were purchased from European Refer-
ence Materials (ERM) and the American Oil Chemists’ So-
ciety (AOCS). Extraction blank controls and negative real
time PCR controls were used in every reaction.

The estimated limits of detection (LOD) for all screening el-
ements were as follows: CaMV 35S promotor < 0.07 %,
FMYV 35S gene (pFMV) 1.00 %, NOS terminator < 0.07 %,
pat gene 0.09 %, bar gene 0.10 %, tE9 0.01 %, and
crylAb/Ac 0.001 %. One 100 %-GMO plant among 10
equal-mass leaves contributes about 10 % GMO DNA to
the pool. All of the listed LODs (0.07% — 1%) are much
lower than 10%, so each of those targets should be detect-
able if a single GMO plant is present in a 10-leaf pool.
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Those DNA extracts from canola leaves that showed any
amplification for the screening elements were tested for par-
ticular canola events using event-specific methods accord-
ing to the GMO Methods database
(https://gmo-crl.jrc.ec.europa.eu/gmomethods/): RT73,
MONS88302, Ms11, RF1, RF3 in 2023 and RT73,
MONB88302, Topas19/2, T45, Msl, Ms8, Msl1, RF1, RF2,
RF3 in 2024 (depending on the screening element combina-
tions). These samples were tested for the natural CaMV 35S
promoter as well (Chaouachi et al., 2008).

The upper 95% confidence intervals for combined plant
samples and pollen samples were calculated using the “3/N”
method (Rule of Three: when O positives in N independent
tests, a simple 95% upper bound is = 3/n).

Data analysis. Maps were created using QGIS 3.10.14-A
Coruna. The Natura 2000 areas map layer was used from:
https://bio.discomap.eea.europa.eu/arcgis/rest/services/Pro-
tectedSites/CDDA_Dyna_WM/MapServer.

RESULTS

Results of the rapeseed monitoring. Out of 69 facilities
(Fig. 1), 58 facilities (84%) were found to have rapeseed
plants at their surroundings in at least one of the monitoring
years. Rapeseed plants were not detected in the vicinity of
11 surveyed objects. Flowering of rapeseed plants were ob-
served from the second half of June, but recently sprouted
plants were found in large numbers at the beginning of har-
vesting. The territories close to objects located near pro-
tected natural areas had few (4 to 10 plants) or no rapeseed
plants at all.

During the monitoring in 2023, four places in Riga were
found, where the existing rapeseed populations could be de-
scribed as permanent populations, and the situation was
monitored also in the next year. In these territories it was
observed that rapeseed plants grow at a distance of several
meters (up to 8 m) from the edge of the roadway, and rape-
seed plants in various stages of growth were found, includ-
ing flowering plants and plants with ripe seeds. The plant
density was variable (Table 3). Individual plants did not
have many seeds and mostly they were poorly developed
and infested by pests (example from Vecaki Prospectus in
Table 4). Seed counts per individual plant at Vecaki Pro-
spectus ranged from 52 to 236 seeds, with pod counts be-
tween 9 and 29 pods per plant.

In total, 216 of 230 monitored samples showed no amplifi-
cation for any of the six screening elements (CaMV 35S
promoter, T-nos, pat, pFMV, tE9, bar), as well as the rape-
seed event DP-073496-4 and MON94100. During both
monitoring years in total 14 pooled rapeseed leaf samples
from port surroundings in Riga, Liepaja, and Ventspils
showed late amplification (Ct 39) for one or more screen-
ing genes in one or both duplicate DNA extractions in one
or several repetitions of particular real-time PCR reactions
(Table 5). According to the methodology developed by
Luijten and colleagues (2019), such Ct values should be
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evaluated as negative. To check the reliability of the method
developed in the Netherlands, for sample 8.5. DNA was ex-
tracted from each rapeseed leaf individually in two repli-
cates, and all screening reactions were performed except for
the bar gene (Table 6). The Ct values obtained for the indi-
vidual leaf samples were also late ( 39) and were evaluated
as negative.

Results of the pollen monitoring. Amplification on the
cruciferin A gene CruA was obtained for all samples, ex-
cept for one sample from Rézekne district. Real-time PCR
amplification Ct values of the cruciferin A gene CruA
ranged from 22.45 to 38.27 (mean 26.27), indicating that
nearly all samples contained pollen from canola and other
cruciferous plants.

With the method used, positive amplification can be ob-
tained not only for canola, but also for plants of other cru-
ciferous plant species: Arabidopsis thaliana, various sub-
species of mustard B. juncea, black mustard B. nigra,
various subspecies and cultivars of garden cabbage B. oler-
acea, various cabbage B. rapa subspecies, radish R. sativus
and white mustard S. alba (Wu et al., 2010).

All 97 pollen and three bee bread samples were negative for
the screened genes tested, as well as for the individual
canola events DP-073496-4 and MON94100.

The study power. Each “sampling cluster” around the larg-
est urban/port areas (Riga, Ventspils, Liepaja) had the high-
est numbers of sampling sites and highest numbers of com-
bined rapeseed leave samples. However, since there are
relatively few beekeepers in urban areas, the number of pol-
len samples in these areas was small.

The 95% confidence levels for plant samples, pollen sam-
ples and across all samples together were as follows:

e Pollen samples (n = 100): the 100 pollen samples were
treated as independent, so the 95% upper bound on the
proportion of pollen samples that would contain GMO
screening elements was 2.95%;

Table 3. Average rapeseed plant population density in four locations in
Riga

Population Number of plemts/m2
Daugavgrivas Street 2.0
Lejasvoleri port 5.0
Bolderaja, Gaigalas Street 6.6
Vecaki Prospectus 13.0

Table 4. Number of pods and seed of individual plants in Vecaki Prospec-
tus

Sample Number of pods Total number
of seeds
26.2 26 64
26.3 29 221
26.4 9 52
26.5 25 236
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Table 5. Examples of late amplifying samples in 2023 and 2024

Sample CruA, Cut-off, Screening elements Natural
Ct average Ct p35S (NOS pat (E9 pEMV bar DP-073496-4 | CaMV p35S
Samples in 2023
4.11. 23.84 31.16 negl neg neg 40 neg neg neg NA®
5.3. 24.47 30.79 neg/ >40 neg neg neg neg neg neg
7.1. 26.16 33.48 neg/ >40 neg neg/ > 39 neg neg neg neg neg
8.4. 24.15 32.47 neg/ > 39 neg neg neg neg neg neg neg
8.5.! 23.57 30.89 neg/ > 40 39 neg > 40 neg neg neg neg
8.6.! 23.73 31.05 neg neg neg > 40 > 40 neg neg NA
8.9. 23.20 30.52 neg/ > 40 neg neg neg neg neg neg neg
10.6. 2491 3223 neg neg >39 neg neg neg neg NA
12.7.1 24.94 32.26 neg neg neg > 40 neg neg neg NA
Samples in 2024
8.3. 23.69 31.01 neg/ > 39 neg/ > 40 >37 neg/ > 39 neg neg neg neg
8.4. 22.25 29.57 neg/ > 38 neg/ > 39 > 39 neg neg neg neg neg
8.5. 22.01 29.33 neg neg/ > 39 neg/ > 38 neg/ > 39 neg neg neg NA
8.6. 25.41 32.73 neg/ >40 neg neg /39 neg neg neg neg neg
8.7. 26.43 33.75 neg/ > 40 neg neg neg neg neg neg neg
Other 24.33 31.55 neg neg neg neg neg neg neg NA
(n=216)
! neg — negative; 2 _ for the wheat and barley sample positive amplification of the chloroplast intron gene trnL; 3 NA - not assessed
Table 6. Results of individual leaf examinations of Sample 8.5 in 2023
Sample CruA, Cut-off, Screening elements
Ctaverage ct P35S NOS pat {E9 pEMV
8.5.-1 28.21 32.21 neg neg neg > 40 neg
8.5.-2 27.03 31.03 neg neg neg neg/ > 40 neg
8.5.-3 25.22 29.22 > 40/neg neg neg neg neg
8.5.-4 233 29.30 neg neg neg neg/ > 40 neg
8.5.-5 24.23 28.23 neg neg neg neg neg
8.5.-6 24.7 28.7 neg neg neg neg/ > 40 neg
8.5.-7 23.83 27.83 neg neg neg neg/ > 40 neg
8.5.-8 24.18 28.18 neg neg neg neg/ > 40 neg
8.5.-9 23.58 27.58 neg neg neg/ > 39 > 40 neg
8.5.-10 24.74 28.74 neg neg neg/ > 39 neg neg

Combined plant samples (n = 230): for the 230 com-
bined plant samples, the 95% upper bound on the pro-
portion of combined samples that would test positive

was 1.29%;

e Across all samples together (n = 330): pooling evidence
across pollen plus plant samples (assuming independ-
ence), the 95% upper bound on the proportion of all

tested samples that would be positive was 0.90%.

DISCUSSION

The findings of this monitoring align with other interna-
tional studies indicating that while GM oilseed rape can un-
intentionally disperse and establish ruderal populations, ac-
tual GMP contamination events in the environment were
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rare or minimal. However, monitoring ruderal rapeseed
populations and screening pollen samples for GMO contam-
ination are critical for understanding and managing the en-
vironmental impact of GMP plants.

Studies have shown that oilseed rape (B. napus) can unin-
tentionally disperse during transportation, leading to the es-
tablishment of feral populations. For instance, a pilot proj-
ect in Italy monitored possible GM oilseed rape along
transport routes and found evidence of seed dispersal of
non-GM oilseed rape and potential interspecific gene flow
with species like Raphanus raphanistrum (Rastelli et al.,
2025).

In Canada, surveys along railways and roadsides revealed
that transgenic herbicide-resistant oilseed rape is prevalent
in ruderal areas, with a significant proportion of plants be-

259



ing transgenic (Yoshimura et al., 2006). This persistence is
influenced by factors such as traffic intensity and proximity
to grain elevators (Knispel and McLachlan, 2010). The es-
tablishment of GM oilseed rape in non-crop areas poses
risks of gene flow to wild relatives and other Brassica spe-
cies, potentially leading to hybridisation and persistence of
transgenes in the environment (Elliott ez al., 2004; Wurbs et
al., 2010).

Pollen from GM crops can travel significant distances, con-
tributing to gene flow. For example, a study on maize pol-
len deposition found that pollen can be detected several
kilometres from the source, indicating the need for buffer
zones to prevent contamination (Hofmann ez al., 2014). Ef-
fective monitoring involves both technical and biological
sampling methods. For instance, pollen mass filters and
honey samples collected by bees have been used to detect
the presence of GM pollen, although improvements in puri-
fication methods are needed for routine use (Kuhlmann and
Beismann, 2004; Kollner et al., 2006). In Serbia, a case-
specific monitoring protocol was developed to detect
herbicide-tolerant GM oilseed rape in seed and feed prod-
ucts. This study found GM material in feed samples, high-
lighting the need for continuous monitoring to ensure com-
pliance with labelling thresholds (Nikoli¢ et al., 2010).

Remote sensing and GIS techniques can help locate rape-
seed fields and potential sites of gene flow, improving the
efficiency of ground surveys and spatially explicit model-
ling of pollen dispersal patterns (Elliott er al., 2004;
Schmidt and Schréder, 2008). Programmes like BINATS in
Austria provide baseline data on biodiversity and habitat
configuration, which are crucial for assessing the long-term
impacts of GM crop cultivation on biodiversity (Pascher et
al., 2011).

In the present study, the widespread presence of rapeseed
plants in the vicinity of 84% of the monitored facilities indi-
cates that rapeseed is a common species in these environ-
ments, from which many were located in or in vicinity of
protected nature sites, like Natura 2000 territories. This high
prevalence suggests that rapeseed plants are well-adapted to
the local conditions and may have established stable popu-
lations in these areas. The identification of permanent rape-
seed populations in four locations in Riga further supports
this observation, highlighting the ability of rapeseed to per-
sist and thrive in urban settings.

In summary, monitoring ruderal rapeseed populations and
screening pollen samples for GMO contamination are vital
for managing the environmental impact of GM crops. These
efforts require a combination of field surveys, molecular
analysis, and advanced monitoring techniques to ensure ef-
fective detection and mitigation of gene flow.

CONCLUSIONS

In general, evaluating the data obtained by analysing ruderal
rapeseed samples and pollen samples, it can be concluded
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that there are no indications that an accidental and unde-
tected spread of GM plants has taken place in Latvia so far.

The spread of rapeseed in the environment is due to acci-
dental seed dispersal, which can lead to the formation of a
persistent soil seed bank. In areas without regular mainte-
nance (mowing or herbicide treatment), rapeseed plants can
flower and produce seeds that can spread further. According
to the literature, if other plants of the Brassicaceae family
grow naturally in these places, their spontaneous hybridisa-
tion with rapeseed may occur. The establishment of persis-
tent wild rapeseed populations increases the possibility that
genetic material from GM rapeseed can spread in the envi-
ronment through hybridisation. Continuous monitoring re-
mains essential to manage these risks.

This comprehensive monitoring effort provides valuable
baseline data on the status of GMO presence in Latvia’s en-
vironment, supporting informed decision-making for bio-
safety and environmental protection.
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DIVUS GADUS ILGS SAVVALA AUGOSU RAPSU POPULACILIU MONITORINGS TERITORIJAS, KAS POTENCIALI
PIESARNOTAS AR GENETISKI MODIFICETIEM AUGIEM, UN VALSTS MEROGA PUTEKgNU PARAUGU SKRININGS GMO
PIESARNOJUMA NOTEIKSANAI LATVIJA

Latvija ir dokumentéti gadijumi, kad gen&tiski modificéti augi (GMA) nejausi nonak vidg, tostarp rap$a piesarnojums ar genétiski
modificétam Skirném, pieméram, GT73. Nemot véra ieveérojamo rapSa importu un eksportu (vairak neka 120 tukstosi tonnu gada no 2020.
lidz 2022. gadam), monitorings ir bitisks, lai izvérteétu nejauSu GMA izplatiSanos videé. Lidzigi pétijumi veikti Vacija, Sveicg, Niderlandé
un Lietuva, lai uzraudzitu genétiski modificéta rapSa sastopamibu parstrades uzn@mumu, ostu un transporta marSrutu tuvuma, un tajos
parasti konstat€ts minimals vai neeso§s GMA piesarpojums savvalas vai ruderalajas populacijas. Izmantojot bites ka dabiskas putekSnu
savacgjas, putekSpu paraugu analize kalpo ka raditajs GMO klatbiitnei un izplatibai, vienlaikus sniedzot ieskatu génu pliismas riskos
sauszemes ekosistémas. Nemot véra neseno nejauso genétiski modificéta rapsa piejaukumu konstateSanu Latvija un ierobeZoto ikgadgjo
testéSanu, $aja pétijuma prioritate tika pieSkirta putekSnu analizei un ruderalo rapSa augu monitoringam. P&tijuma apkopoti visaptverosi
divu gadu monitoringa rezultati par ruderalajam rapSa populacijam Latvija, ipaSu uzmanibu pievérSot iespg€jamam piesarnojumam ar
genétiski modificétiem augiem ostu, dzelzcela kravu apstrades teritoriju un rapSa parstrades riipnicu tuvuma. Pétfjuma ieklauta ari valsts
méroga putekSnu paraugu skrininga analize, lai noteiktu GMA klatbuitni un izvertétu to ietekmi uz vidi un izplatibu Latvija. Neviena no
paraugiem netika konstatéti GMA skrininga elementi.
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