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m Bee pollen is an important nutritional source for the growth and development of bee colonies. The
botanical origins of bee pollen can vary significantly based on geographic and temporal factors.
This study employed both palynological and molecular identification methods to determine the
botanical origins of bee pollen samples collected from Tashkent, Uzbekistan. The palynological
analysis identified 11 botanical origins, with major sources including Capparis spinosa,
Apiaceae, Hypericum scabrum, Onobrychis sp., Papaveraceae, and Capparaceae. In contrast,
the molecular method, employing DNA metabarcoding, identified 26 plant taxa, demonstrating
higher resolution and efficiency. Major taxa identified included Capparis spinosa, Cucurbitaceae,
Papaveraceae, Onobrychis sp., Eremurus robustus, and Rosa sp. A linear mixed-effects model
(LMEM] revealed a positive correlation between the proportion of rbcL reads and the actual
proportion of taxa, underscoring the reliability of molecular methods. The use of both methods
highlighted the strengths and limitations of each approach: palynology offers cost-effective and
stable morphological identification, while molecular identification offers greater accuracy with
a wider range of taxa. The findings of this study provide valuable insights into the available floral
resources and foraging preference of honey bees in Uzbekistan and can be utilized by policy
makers and local beekeepers to enhance the sustainability and productivity of honey bees.
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INTRODUCTION

Bee pollen is a complex and nutrient-rich mixture
composed of plant pollen, saliva, and nectar collected
by bees. Bees use this mixture to form small granules,
which they transport back to their hives. This substance
serves as an essential source of nutrition, especially
protein, fat, and micronutrients, for adult bees as well as
bee larvae, aiding their growth and healthy development
(Mejias and Montenegro, 2012). Beyond its importance
to bee health, bee pollen offers valuable insights into the
ecological preferences and environmental conditions
that influence bee foraging behavior. The composition
of bee pollen is highly variable, influenced by factors
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such as geography, season, and the availability of floral
resources, making it a useful indicator of bees’ preferred
food sources and the surrounding flora (Danner et al.,
2016; Giampieri et al., 2022).

Analyzing the botanical origin of bee pollen can pro-
vide important information about the biodiversity and
health of ecosystems. There are two primary methods for
such analysis: palynology and molecular identification.
Palynology involves the visual identification of pollen
grains using morphological characteristics and micro-
scopic examination. This method relies on established
morphological keys to trace the botanical origins of pol-
len grains (Feds et al., 2010). While palynology is a tra-
ditional and widely used technique, it can be limited by
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the expertise required for accurate identification and the
potential for morphological similarities between differ-
ent plant species.

Molecular identification, on the other hand, employs
genetic analysis to identify plant species present in the
bee pollen. This method involves extracting DNA from
bee pollen samples and using techniques such as poly-
merase chain reaction (PCR) and DNA sequencing to
determine the botanical origins. Molecular identification
offers a more precise and potentially comprehensive
approach, as it can distinguish between species with sim-
ilar morphological characteristics and detect plant taxa
that are difficult to identify visually (Chang et al., 2018).
The advent of high-throughput sequencing technologies
has further enhanced the potential of molecular methods
to provide detailed and accurate insights into the botani-
cal composition of bee pollen.

Uzbekistan, located in Central Asia, presents a unique
environment for studying bee pollen due to its diverse
topography and climate. The country is characterized by
a predominance of desert (85%) and a smaller propor-
tion of mountains and foothills (15%). This diverse land-
scape supports a variety of cultivated and wild melli-
ferous plants, which are crucial for local beekeeping
practices (Mamadalieva et al., 2017; Atamuratova et al.,
2021). The rich floral diversity in Uzbekistan offers an
excellent opportunity to study the interactions between
bees and their foraging environments. However, despite
the importance of these plants for local beekeeping, res-
earch on their taxonomy and the properties of the honey
produced from them remains limited (Atamuratova et
al.,2021).

In this study, we aim to address this research gap by
analyzing bee pollen from Uzbekistan to determine its
botanical origin using both palynology and molecular
identification methods. By comparing these two analy-
tical approaches, we seek to establish which method
is more suitable for accurately identifying the diverse
plant sources of bee pollen in this unique region. This
investigation will not only enhance our understanding of
the botanical diversity in Uzbekistan but also contribute
to the broader field of palynology and the study of pol-
linator-plant interactions. Furthermore, the findings of
this study could have practical implications for beekeep-
ing practices and the conservation of floral resources in
Uzbekistan, ultimately supporting the health and sus-
tainability of bee populations in the region.
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MATERIALS AND METHODS

The experiment was conducted using three bee pollen
samples purchased directly from the Mirabad Bazaar in
Uzbekistan on July 28, 2022.

1. Palynological analysis

For the palynological analysis, subsets of at least 0.25
g of bee pollen from each sample were processed. Each
subset was homogenized in a test tube with 10 mL of
95% glacial acetic acid under a fume hood to remove
water from the samples. The mixtures were vortexed
and centrifuged at 1,060 g for 2 minutes. After decanting
the glacial acetic acid, 10 mL of an acetolysis mixture,
consisting of a 9: 1 ratio of acetic anhydride to sulfuric
acid, was gradually added. The mixtures were stirred
occasionally and allowed to react on a heating block
at 80°C for 10 minutes. Once the reaction was com-
plete, the samples were topped off with glacial acetic
acid, allowed to cool, and centrifuged again at 1,060
g for 2 minutes. The supernatant was discarded, and
the samples were subjected to a series of washes with
glacial acetic acid and distilled water. Finally, 10 mL of
95% ethanol was added, and the samples were centri-
fuged at 1,060 g for 2 minutes. The samples were then
transferred to Eppendorf tubes containing glycerin and
left open for 24 hours to dry the ethanol. The following
day, slide samples were prepared by evenly spreading a
drop of bee pollen residue across the slide and sealing it
with a coverslip using clear nail polish. The slides were
photographed at 200x magnification using a micro-
scope (OLYMPUS BX53) using IMT i-Solution Lite
software (Copyright® 2001-2019 IMT i-Solution Inc.,
308-4501 North Road, Burnaby, BC, CANADA). The
identification of pollen grains was made possible by
comparing surface pattern features of pollen such as the
arrangement, shape, and number of germination spheres
with the guidelines available in the pollen guidebook
published by the National Biological Resource Center
(Republic of Korea) and native plants of Uzbekistan
as reference (Jumayev et al., 2021; Rakhimova et al.,
2021). Pollen morphology was possible by comparing
with guidelines available in online databases such as
Pollen Wiki and PalDat-Palynological.

2. Molecular analysis

DNA extraction was performed following the method

http://journal.bee.or.kr/



Botanical Origins of Bee Pollen

described by Richardson et al. (2021). Briefly, each bee
pollen jar was subsampled and homogenized in three
replications. For each subsample, 20 g of each bulk
sample was mixed with distilled water to yield a final
concentration of 0.1 g/mL of bee pollen. The bee pollen
mixture was homogenized in a blender for 2.5 minutes.
Subsequently, 1.4 mL of the bee pollen homogenate was
placed in a 2 mL microcentrifuge tube containing ster-
ilized beads and vortexed for 5 minutes at the highest
speed. From this homogenate, 400 uL. was used for DNA
extraction using the DNeasy Plant Minikit (QIAGEN
Inc., Germany) according to the manufacturer’s protocol.

Library preparation of the rbcL (ribulose-1,5-bisphos-
phate carboxylase/oxygenase large subunit) DNA bar-
code marker region was carried out using two rounds of
PCR, following the method described by Mohamadzade
Namin et al.(2022a). Sequencing was performed by
Macrogen (Seoul, South Korea) and all sequence inform-
ation has been deposited in the National Center for Bio-
technology Information (NCBI) Sequence Read Archive
(accession code PRINA1126295). The bioinformatic
analysis also followed the protocol of Mohamadzade
Namin et al. (2022a). The BLASTN algorithm (blast-
2.11.0) was used to align representative sequences with
the GenBank-derived sequence library, applying the
following settings: E-value cutoff le-125, number of
alignments 5, output format O, number of descriptions
10, and a percent identity threshold of 95%. The species
name was assigned to a sequence when the top bit score
matched a single species. If the top bit score was the same
for different species within the same genus, the sequence
was identified at the genus level. A family-level assign-
ment was made when the top bit score matched multiple
genera within the same family. Sequences that could
not be identified at the family level were discarded. The
relative abundances of each taxon, expressed as percent-
ages, were used as a semi-quantitative measure to infer
the foraging behavior of honey bees.

3. Data analysis

We evaluated the correlation between the proportion
of DNA sequencing reads and the proportion of plant
species identified through palynology using a linear
mixed-effects model (LMEM). This analysis was con-
ducted with the ImerTest package in R. In the model,
plant species within different pollen samples were treated
as a random effect. Additionally, we employed the

Mann-Whitney U test to compare differences in taxa
richness detected by the molecular and morphological
identification methods.

RESULTS AND DISCUSSION

1. Palynological analysis

The palynological analysis identified a total of 11 bota-
nical origins in the bee pollen samples. The major pollen
sources included Capparis spinosa, members of the Api-
aceae family, Hypericum scabrum, Onobrychis species,
and various members of the Papaveraceae family (Table

Table 1. Plant taxa and their proportion (mean+SD %) in the
analyzed bee pollen samples using palynology and metabarcoding
approaches

Sample N Taxa Metabarcoding ~ Palynology
1 Capparis spinosa 56.15+0.03 21.69+18.77
2 Cucurbitaceae 18.95+0.09 0
3 Papaveraceae 12.83+£0.02 19.49+7.45
4 Capparaceae 5.21£0.00 0
5 Plantago sp. 1.55+£0.00 0
6  Apiaceae 1.30+£0.00 27.88+18.77
BPL 0 Limonium sp. 0.88+0.00 0
8  Sorghum bicolor 0.84+0.00 0
9  Rosa sp. 0.76+0.00 0
10 Hypericum scabrum 0.61£0.00 27.54+14.93
11 Centaurea behen 0.60+0.00 0
12 Tamarix sp. 0.33+0.00 3.39+£2.04
1 Onobrychis sp. 55.28+0.01 94.76 +1.96
2 Eremurus robustus 25.98+0.00 148+0.5
3 Rosa sp. 10.46+0.00 1.15+12
4 Potentilla sp. 5.31+0.00 239+0.5
5 Vicia cracca 1.44%0.00 0
BP2 6  Hypericum sp. 0.61+0.00 0
7  Apiaceae 0.44+0.00 0
8  Trifolium sp. 0.27+0.00 0
9 Ligularia sp. 0.10£0.00 0
10 Geranium sp. 0.06+0.00 0
11 Thalictrum sp. 0.05+0.00 026+0.75
1 Papaveraceae 78.17£0.02 77.11+3691
2 Resedaceae 8.53+0.00 0
3 Capparis spinosa 5.84+0.02 0
4 Rubus sp. 5.07+0.00 0
BP3 5 Capparaceae 1344000  2289+1237
6 Convolvulus sp. 0.61+0.00 0
7  Plantago sp. 0.32+0.00 0
8 Brassicaceae 0.14%+0.00 0
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1). Figs. 2-4 show microscopic photographs of the
bee pollen after classification by color and subsequent
morphological identification. Pollen samples from BP1
were divided into five color groups, whereas the pollen
samples from BP2 and BP3 were divided into four and
two color groups, respectively. The analysis of pollen
samples after separation based on color demonstrated
that, while most bee pollen samples originated from
a single plant source, some of them originated from
multiple plant sources (Fig. 3-B). Generally, bee pollen
from a single plant origin will exhibit a uniform color,
while pollen from multiple botanical origins will display
a mixture of colors. However, previous studies have
shown that the relationship between pollen color and
plant origin does not necessarily indicate a direct link
(Almeida-Muradian et al., 2005). Thus, while color
classification may provide some consistency, it is not a
fully reliable method for identifying botanical origins
(Chin and Sowndhararajan, 2020).

Palynology requires significant expertise and exten-
sive botanical knowledge on the part of the researcher. It
is particularly limited in distinguishing between pollen
from morphologically similar plant species (Williams
and Kremen, 2007). These limitations can often lead to
erroneous results, as noted by Khansari et al. (2012).
Therefore, while palynology remains a valuable tool
for botanical identification, its reliance on morpholog-
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ical characteristics presents challenges in accuracy and
consistency.

2. Molecular analysis

The molecular identification method revealed a total
of 26 botanical origins in the bee pollen samples. The
primary melliferous plants identified included Capparis
spinosa, Cucurbitaceae, Papaveraceae, Onobrychis, Ere-
murus robustus, and Rosa (Table 1). We also conducted
an LMEM analysis to assess the quantitative matching
between the percentage of sequence reads and the pro-
portion of each taxon in the pollen samples. Our results
indicated a positive correlation between the proportion
of rbcL reads and the true proportion of taxa (Fig. 1,
adjusted R2: 0.34, intercept=3.16, slope=0.67). The
positive correlation between the results of palynology
and the proportion of reads using chloroplast molecular
markers underscores the reliability of molecular methods
and has been reported previously in numerous studies,
making molecular markers such as rbcL, matK, and
trnL preferable for qualitative and quantitative analysis
of pollen samples (Keller et al., 2015; Kraaijeveld et al.,
2015; Pornon et al., 2017; Baksay et al., 2020).

Table 1 indicates the plant origin of pollen samples and
their proportions within the samples for both identifica-
tion methods. The molecular method identified a broad-
er range of plant species than the palynological method,
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Fig. 1. (A) The correlation between the observed proportion of each plant taxon using palynology and the proportion of molecular reads in
three pollen samples from Uzbekistan using the linear mixed effect model (LMEM). (B) Box plot comparing the plant taxa richness of pol-
len samples from Uzbekistan using two methods, Metabarcoding and Palynology.

136

http://journal.bee.or.kr/



Botanical Origins of Bee Pollen

Fig. 2. Morphological analysis of BP1, (A) Capparis spinosa, (B)
Papaveraceae, (C) Apiaceae, (D) Hypericum scabrum, (E) Tamarix sp.

suggesting that the molecular approach may be more
effective for comprehensive botanical surveys. In the
palynological method, pollen samples were first divided
based on their coloration and then prepared as microsco-

Fig. 3. Morphological analysis of BP2, (A) Onobrychis sp., (B) Ere-
murus robustus & Potentilla sp., (C) Rosa sp., (D)Thalictrum sp.

pic slides for identification. However, the results might
differ if the pollen were thoroughly mixed before slide
preparation (as done for the molecular method) and then
identified. When classifying based on color, we excluded
bee pollen with a mixture of colors, which likely exclu-
ded bee pollen with a relatively small number of colors.
The comparison of the two methods highlights the
strengths and weaknesses of each approach. Palynologi-
cal analysis, is cost-effective and capable of visual iden-
tification of pollen morphology, benefits from the stable
nature of pollen, which retains its morphology over time
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Fig. 4. Morphological analysis of BP3, (A) Papaveraceae, (B) Cap-
paraceae.

(Mackenzie et al.,2015; Chang et al.,2018). However, it
is limited by the need for expert botanist and the poten-
tial for morphological misidentification. On the other
hand, the molecular methods have the advantage of distin-
guishing between morphologically similar plants. Addi-
tionally, as the identification is conducted using DNA bar-
code markers (Bruni et al., 2012), there is a reduced like-
lihood of observer error, leading to more objective and
reliable results (Pospiech et al., 2021; Soares et al., 2023).
Furthermore, there is a possibility to process a larger sam-
ple size in a relatively shorter period (Wu et al., 2021).
Despite its advantages, the molecular method is also lim-
ited by its expensive infrastructure, being susceptible to
sample contamination, DNA degradation, sequencing er-
rors, and the need for a bioinformatics specialist for data
analysis (Wu et al., 2021; Mohamadzade Namin et al.,
2022b). Given these strengths and limitations, it is most
effective to use a combination of both analytical methods
where the infrastructure and requirement for the appli-
cation of both methods are available. Complementary
experiments that integrate palynological and molecular
techniques can provide a more comprehensive and accu-
rate identification of pollen sources.

The findings of this study provide valuable insights
for the development of beekeeping in Uzbekistan and
contribute to better management of honey bee foraging
plants. Although the lack of detailed collection infor-

138

mation for the bee pollen samples hinders the ability to
draw more robust conclusions about the botanical ori-
gins and ecological contexts, this study provides import-
ant insights into the preferred foraging plants of honey
bees in Uzbekistan, for which limited information was
available. Additionally, local beekeepers can use this in-
formation to make informed decisions about the selection
and management of foraging plants, ultimately support-
ing the health and productivity of their colonies. Future
studies should focus on collecting pollen samples using
pollen traps throughout the season. This approach will
help create a more comprehensive database of the pollen
foraging plants available to honey bees in Uzbekistan.
Such information will enhance our understanding of the
foraging activities and preferences of honey bees and
can be utilized in developing conservation strategies
necessary to support honeybee populations, which are
currently in decline. Moreover, future research should
consider integrating additional analytical techniques,
such as chemical analysis, to complement the palynolog-
ical and molecular methods (Kendel and Zimmermann,
2020). Chemical analysis can provide detailed informa-
tion about the nutritional and chemical properties of the
pollen, such as protein content, amino acids, and second-
ary metabolites. This data can help elucidate the nutri-
tional preferences of honey bees and their responses to
different pollen sources. By combining these methods,
researchers can gain a more comprehensive understand-
ing of the factors influencing bee pollen composition and
its implications for bee foraging behavior and colony
health. This integrated approach can lead to more effec-
tive conservation strategies and enhance the sustainabil-
ity of honeybee populations.
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