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There is a world-wide decline in biodiversity recorded. Especially insects and accompanying pollinators are 
threatened. When the foraging behaviour of pollinators is understood in detail, future crop and floral pollina-
tion services can be sustained and it is possible to establish projects for the conservation of pollinators and 
plant biodiversity. With the use of nanopore sequencing methods it is possible to detect pollen species that were 
collected by pollinators by their genetic information. In this study, a protocol for portable nanopore sequencing 
of DNA from pollen that was collected by honey bees, bumble bees and wild bees is being designed. DNA-
metabarcoding is used to identify species within the mixed DNA sample. The ITS2-region will be used as a bar-
code. We will investigate pollen preferences of three pollinator species by placing their hives or nests at the 
same. Based on the results, landscape management schemes are developed that target pollen preferences and 
nutritional requirements of managed and wild social bee species as well as solitary wild bees. 

Ein weltweiter Rückgang der Artenvielfalt ist zu verzeichnen. Besonders Insekten und damit einhergehend Be-
stäuber, sind bedroht. Wenn das Nahrungssuchverhalten von Bestäubern im Detail verstanden wird, können 
zukünftig die Bestäubungsleistungen von Feldfrüchten und Blumen aufrechterhalten werden. Außerdem kön-
nen Projekte zum Erhalt von Bestäubern und der Pflanzenbiodiversität etabliert werden. Mit dem Einsatz der 
Nanoporen-Sequenzierung ist es möglich, Pollenarten, die von Bestäubern gesammelt wurden, anhand ihrer 
genetischen Information zu erkennen. In dieser Studie wird ein Protokoll zur portablen Nanoporen-Sequenzie-
rung von DNA aus Pollen, der von Honigbienen, Hummeln und Wildbienen gesammelt wurde, entwickelt. Wir 
verwenden DNA-Metabarcoding, um Arten innerhalb der gemischten DNA-Probe zu identifizieren. Dazu wird 
die ITS2-Region als Barcode verwendet. Mit einer Biodiversitätsanalyse wird untersucht, wie die drei Bestäube-
rarten die umliegenden Pollenressourcen nutzen, wenn sich ihre Stöcke bzw. Nester am selben Standort befin-
den. Basierend auf den Ergebnissen werden Landschaftsmanagementpläne entwickelt, die auf die Pollenpräfe-
renzen und den Nährstoffbedarf von bewirtschafteten und wilden sozialen Bienenarten sowie solitären Wild-
bienen abzielen. 

1. Introduction  

In the past 20 years, high-throughput DNA sequencing 
(HTS) has proven to be a powerful tool for tracking spe-
cies biodiversity. Taxonomic identities can be identified 
based on short DNA sequences [1]. Traditional monitor-
ing processes such as observing or counting individuals 
are less precise and require high time effort (due to ge-
ographical or seasonal factors) and exceptional taxo-
nomic expertise. Due to less standardised sampling 
techniques of traditional monitoring methods, for large-
scale analyses, genomic methods are more suitable. And 
as species declines are becoming more and more seri-
ous, a reliable method is needed [2]. With this in mind, 
environmental DNA (eDNA) analyses are appropriate in 
the sense that species under study are not injured. A 
mixture of DNA from different organisms that can be 
found in an environmental sample like faeces, water, soil 
or other sediments is called eDNA. It has proven to be a 
useful material for biodiversity monitoring [3] as interac-
tions between organisms and the environment can be 
characterized [4].  

Great need exists in the analysis of plant- pollinator net-
works, not only in agricultural landscapes, but also in ur-
ban ecosystems [5; 6]. Pollinators are indispensable, due 
to their pollination services (Figure 1). This is expressed 
not only by the growth of important crops but also by 
the genetic mixing of wild and cultivated plants [7]. 
Honey bees for example, store pollen as an energy re-
source to supply their colony. In the form of pollen loads, 
they transport the captured pollen grains from the 
flower to their hive [1]. In contrast, mason bees collect 
pollen on their abdomen and store it in a clump at their 
nest site for their offspring [8]. eDNA analyses based on 
collected pollen determines the plant species most used 
by pollinators. With this diet analysis based on pollen-
DNA, the diversity of the surrounding flora can be meas-
ured and evaluated [4].  

To identify species from a mixed-DNA sample so called 
DNA-metabarcoding is used. Therefore, not a whole 
DNA strand is used, but only one DNA-segment, so called 
barcode. An ideal barcode is as short as possible (<100-
150 bp), displays a highly variable sequence and it is en-



closed by two conserved regions serving as primer mo-
tifs [3]. Realizing this approach with mixed community 
samples, it allows species detection and diversity mea-
sures. That means, a barcode represents a species and 
its quantity within a mixed sample due to its variable se-
quence. DNA-Metabarcoding is performed with poly-
merase chain reaction (PCR) and subsequent HTS-me-
thods such as next generation- or nanopore sequencing 
[9]. For floral taxonomic issues, barcodes such as the in-
ternal transcribed spacer region (ITS2) or the chloroplast 
genes rbcL or matK and others are used. ITS2 reveals a 
high level of discrimination at species level and is there-
fore often used [10]. With metabarcoding of pollen DNA, 
plants visited by pollinators can be identified [11]. And 
this kind of information can be used to promote ade-
quate floral resources at the appropriate place and time 
for an efficient habitat management [6]. For pollen 
metabarcoding, it requires a good cell breakage method 
to reach the pollen contents such as the DNA [12]. The 
pollen wall of seed plants, called sporoderm, is com-
posed by two layers: the inner intine and the outer exine. 
The exine, mainly consists of the polymer sporopollenin 
and is very robust as it is acetolysis- and decay-resistant 
[13]. These morphological traits enable the preservation 
of the pollen nutrients [12]. As pollen contains carbohy-
drates, lipids, vitamins, minerals and all the basic amino 
acids it is of great importance for pollinators health. 
Thus, the quality of honey bee products like honey or 
propolis for example are influenced by pollen composi-
tion and its diversity. So, to identify the visited plants is 
also of importance to guarantee consumers and prod-
ucts safety [11] next to the evaluation of the plant envi-
ronment [4]. As already mentioned, genetic biodiversity 
monitoring can be realized with HTS methods such as 
nanopore sequencing. Devices from Oxford Nanopore 
Technologies (ONT) like the MinION can be used to per-
form a portable sequencing process in field or areas 
without laboratory infrastructure [9]. This nanopore-
based sequencing technology allows rapid analyses of 
DNA samples on site and avoids transport to distant la-
boratories. For eDNA studies this is an advantage [14]. 
The fact that DNA can be decoded is achieved with the 

membrane potential. Using a motor protein, single-
stranded DNA passes through nanopores embedded in 
a bilipid double layer membrane. When an external uni-
lateral voltage is applied, the ion current can be detected 
in a measured manner, which is characteristically 
blocked by the DNA (Figure 2) [15]. With the help of this 
technology a genetic biodiversity test is to be developed, 
to evaluate the floral biodiversity and the foraging be-
haviour of pollinators. The protocol that will be designed 
in this process should be useful for ecological questions. 
It is the aim to create a protocol, that allows DNA extrac-
tion, sequencing and data analysis right at the study site. 
At the same time during this study, the generated data 
will be used for further research questions: 1. What are 
the main pollen species used by honey bees, bumble 
bees and wild bees in the respective habitats (urban, ur-
ban edge, village, forest edge, near field) when these pol-
linators are located at the same site? 2. To what extent 
does pollen use overlap among the four pollinators and 
do they share important pollen resources? 3. How do the 
main pollen sources of the three pollinator species 
change over the time of April-August? 4. Which proper-
ties has the recorded pollen diet of the pollinators con-
cerning bee health and the amino acid composition of 
certain pollen species?  

2. Methods 

2.1 Study Area and Pollen Sampling  

Sampling of collected pollen from wild bees, honey bees 
and bumble bees is taking place in the vicinity of the ci-
ties of Chemnitz and Frankenberg. At these sites honey 
bee hives of private beekeepers are installed. For this 
study a bumble bee colony and a nesting aid for wild 
bees is installed at each of these sites as well to record 
the resource use of the three pollinator species. From 
the middle of April until the end of August, every two 
weeks pollen loads resp. wild bees stored pollen will be 
yielded. From honey bee colonies, pollen loads will be 
collected with pollen traps. Wild bees stored pollen bags 

Figure 2: Principle of nanopore sequencing. The ion current in 
a nanopore protein embedded in a membrane is characteris-
tically blocked when DNA transfers it (created with bioren-
der.com) 

Figure 1: Bumble bee (Bombus terrestris) during foraging. Pol-
len grains start to accumulate on her legs to form loads 



will be collected with a spatula. For the time of sampling, 
pollen will be yielded from the cells of the plates from 
the nesting aid. From the bumble bee colonies, pollen 
loads will be collected with insect bottles.  

2.2 Pollen disruption and DNA extraction  

As pollen is a very robust natural material, an efficient 
disruption method needs to be applied. Therefore, a se-
ries of tests with a ball mill and a vortex device was car-
ried out with commercial pollen loads and tulip pollen. 
The size and type of ceramic and steel beads as well as 
the speed and time of the ball mill treatment were varied 
in this process. The number resp. weight of pollen loads 
was varied, depending on the manufacturer’s instruc-
tions from the used DNA-extraction kit or literature ref-
erences. The success of the mechanic pollen disruption 
was checked with a microscope. First, only samples with 
completely destroyed pollen grains were used for a sub-
sequent DNA extraction. Later samples with half cracked 
pollen were used as well for a better assessment of the 
experimental conditions. For DNA extraction three dif-
ferent extraction kits were used (GenElute TM  Plant Ge-
nomic DNA Miniprep Kit from Sigma-Aldrich, MasterPure 
TM  Complete DNA and RNA Purification Kit from epicen-
tre and the DNeasy® Plant Mini Kit from Qiagen). The 
success of the DNA extraction from the disrupted pollen 
loads and tulip pollen was checked with measuring DNA 
purity and concentration. Therefore, UV absorbance was 
measured with a UV-Vis Spectrophotometer (NanoVue 
TM plus GE Healthcare GmbH). Additionally, the concen-
tration of the extracted pollen DNA was measured with 
a fluorometer (Qubit® 2.0, Invitrogen Corporation). 

2.3 Nanopore Sequencing and Read-Processing 

For the plant identification of the mixed pollen samples, 
the ITS2 region, as a standard plant barcode [10] is ap-
plied for the amplification of the pollen DNA. For se-
quencing, the amplified ITS2 region of the pollen DNA is 
fragmented. Thus, multiple samples (12-24) can be se-
quenced at the same time, the DNA library will be pre-
pared with EXP-NBD104 resp. EXP-NBD114 and SQK-
LSK109 kits (ONT). Nanopore sequencing is carried out 
with the MinION Sequencer and the Flongle Adapter us-
ing the R9.4.1 Flongle flow cell (Figure 3).  

 

Figure 3: Flongle adapter attached to MinION sequencer from 
ONT for sequencing prepared DNA samples 

Resulting data files are base-called using the ONT-soft-
ware GUPPY. The generated sequence data are further 
analysed for subsequent BLASTs. For the sequence data 
analysis, the datasets are examined with bash command 
line-based programming. For this, several steps must be 
performed in series [9]. In the first step, basecalled reads 
are demultiplexed, to assemble the sequence data to 
sampling modules (one file of sequence data corre-
sponds to the pollen collected by one pollinator species 
at a certain time). Therefore, the third-party application 
DeepBinner resp. Porchop is used [16]. For a first quality 
check of the generated reads (number of reads, read 
length, per base sequence quality, per base N content, 
GC content per base etc.) NanoPack [17] and FastQC [18] 
are applied. VSEARCH is used as well for checking phred 
scores for an additional quality assessment of the raw 
nanopore generated reads [19]. With USEARCH [20] 
reads are filtered with a mean phred score of a mini-
mum threshold (default resp. value depending on first 
quality check) and minimum read length (70 bp). 

2.4 ITS2-BLAST and Biodiversity analysis 

For plant species monitoring based on sequencing 
methods, a sequence database of the used barcode is 
necessary for subsequent BLAST analyses. Therefore, a 
global ITS2 database [21] is used in this project. As the 
sampling of the pollen loads will be carried out in Sax-
ony, the database was filtered with a list of Saxon plants. 
To create a complete list of all plants that have been de-
scribed in Saxony, three publications from the Säch-
sisches Landesamt für Umwelt, Landwirtschaft und Geolo-
gie were merged [22, 23]. These are ferns and seed 
plants, woody plants and herbaceous plants. Further-
more, the ITS2-Database was filtered with a list of Ger-
man Plants [24]. Boxes for trap nesting bees and bumble 
bees as well as the beehives for honey bees are placed 
in resp. near urban ecosystems. As in that regions non-
native plants could be possibly exist due to private gar-
dening [5], the unfiltered global ITS2 plant database is 
used for BLAST’s as an additional control. For Biodiver-
sity analysis the software RStudio (version 1.2.5001) is 
used. After BLASTing the generated reads against the 
ITS2-databases, it is calculated how often plant species 
occur in the samples. With this numerical values pollen 
richness, Shannon- and Simpson diversity index is calcu-
lated to describe samples’ pollen type diversity (vegan R-
package). To compare them for the three pollinator spe-
cies Kruskal-Wallis is carried out (psych R-package). Pol-
len-use networks for each pollinator per sample are cre-
ated as well (bipartite R-package).  

3. Results and Discussion so far 

The commercial pollen loads are very hard in their ap-
pearance. As these loads are sold as human food, it is 
possible that they are specially treated to be preservable 
like freeze-dry or heating. Consequently, it can be as-
sumed that the cell components are somehow dena-
tured or unusable. This assumption was confirmed dur-
ing the following DNA extraction experiments within this 



test series. Microscopic analysis showed that in some 
samples (both tulip and commercial Pollen loads) every 
pollen grain was damaged in a way after the treatment. 
In other samples half of the pollen grains were still intact 
or only cracked. This could have been observed when 
the samples were disrupted with both the ball mill and 
the vortex device (Figure 4).  

 

Figure 4: Tulip pollen loads that were mechanically disrupted. 

After pollen disruption and DNA extraction of 62 sam-
ples it can be summarized: when using DNeasy® Plant 
Mini Kit from Qiagen the best results can be achieved for 
tulip pollen disrupted with ceramic beads in 200 μl lysis 
buffer with a vortex device. But it has to be kept in mind, 
that fresh pollen loads, that are yielded from pollinators 
are treated with pollinators salvia to get the ball shape 
of a pollen load [1]. Or that the pollen that is collected 
from wild bees stored in shape of a pollen bag, is treated 
with salvia and nectar as well [8]. In this part of the ex-
periment, this fact was not considered yet, due to the 
autumn and winter season. 
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