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Findik polen tanelerinde UV-B absorplayict bilesiklerin genotipik

Abstract: Pollen grains, as highly sensitive reproductive units, rely on structural and biochemical mechanisms to withstand
environmental stressors, particularly UV-B radiation. This study evaluated the UV-B absorbance capacity of UV-B absorbing
compounds extracted from cytoplasmic, wall-bound, and sporopollenin-associated fractions of pollen grains from four Corylus
avellana genotypes (Sari, Palaz, Kara, Yomra). Spectral analyses revealed distinct fraction-specific absorbance patterns,
showing a general decrease between 280-315 nm in the cytoplasmic and wall-bound fractions, whereas the sporopollenin
fraction exhibited an increasing trend. Spectrophotometric analyses revealed that the cytoplasmic fraction exhibited the highest
UV-B absorbance across all genotypes, followed by the sporopollenin and wall-bound fractions. Genotype-specific patterns
were evident, with Palaz showing the highest cytoplasmic absorbance and Sar1 displaying superior sporopollenin-associated
absorbance, while Kara consistently recorded the lowest across all fractions. Multivariate analyses, including principal
component analysis and heatmap clustering, confirmed distinct groupings among genotypes and UV-B absorbing compounds
fractions. These findings suggest that inherent variability in UV-B absorbing compounds distribution contributes to differential
photoprotection potential among genotypes. ldentifying hazelnut genotypes with stronger inherent UV-B defense capacity may
inform breeding strategies aimed at improving reproductive resilience under increasing UV-B exposure.
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Ozet: Polen taneleri oldukga hassas iireme yapilaridir ve UV-B radyasyonu da dahil olmak iizere gevresel streslere kars1 dayanim
i¢in yapisal ve biyokimyasal mekanizmalari kullanirlar. Bu ¢aligmada, dort farkli Corylus avellana genotipine (Sari, Palaz, Kara,
Yomra) ait polen tanelerinin sitoplazmik, hiicre duvarina bagli ve sporopolleninle iligkili fraksiyonlardan izole edilen UV-B
absorplayici bilesiklerin UV-B absorbsiyon kapasitesi degerlendirilmistir. Caligmada, spektral analizler, sitoplazmik ve duvar
bagli fraksiyonlarda 280-315 nm arasinda genel bir azalma, sporopollenin fraksiyonunda ise artig egilimi gostererek
fraksiyonlara 6zgii farkli absorbans paternlerini ortaya koymustur. Tiim genotipler icerisinde en yiiksek UV-B absorbsiyonunun
sitoplazmik fraksiyonda gerceklestigi, bunu sirasiyla sporopollenin ve duvar bagl fraksiyonlarin izledigi belirlenmistir.
Genotipe 6zgli orlintiiler belirgin olup, Palaz genotipi sitoplazmik absorbsiyonda en yiiksek degeri gosterirken, Sar1 genotipi
sporopolleninle iligkili absorbsiyonda 6ne ¢ikmig, Kara ise tiim fraksiyonlarda en diisiik degerlere sahip olmustur. Temel
bilesenler ve 1s1 haritas1 kiimeleme dahil ¢ok degiskenli analizler, genotipler ve UV-B absorplayici bilesik fraksiyonlar arasinda
belirgin ayrismalar1 dogrulamigtir. Bu bulgular, UV-B absorplayici bilesiklerin dagilimindaki kalitsal farkliliklarin genotipler
arast fotokoruyucu potansiyel farkliliklarina katkida bulundugunu gostermektedir. UV-B’ye karsi dogal savunma kapasitesi
yiiksek olan findik genotiplerinin belirlenmesi, artan UV-B maruziyeti altinda iireme dayanikliligini artirmaya ydnelik 1slah

stratejilerine yol gosterebilir.
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1. Introduction

The reliance of plants on sunlight for photosynthesis,
combined with their constant exposure to open
environments, makes UV-B radiation an unavoidable
stressor (Llorens et al., 2015). It is well documented that
UV-B radiation can directly or indirectly impair plant
growth and development by inducing various detrimental
effects (Yadav et al., 2020). However, the majority of
previous research have concentrated on vegetative organs
of plants, while relatively few researches have addressed
the effects of UV-B radiation on reproductive structures
and the protective mechanisms these structures may
develop (Llorens et al., 2015). Yet, reproductive structures
are often more susceptible to UV-B radiation than
vegetative tissues (Llorens et al., 2015). UV-B-induced

alterations in reproductive processes can also lead to
considerable financial losses by reducing crop yield and
quality (Llorens et al., 2015). Pollen grains are among the
least protected components of plant reproductive structures,
making them more exposed and significantly more
sensitive to UV-B radiation (Feng et al., 2000).

Pollen grains possess inherent structural features that
provide a certain level of protection against environmental
stressors, including a robust exine layer and a lipid- and
pigment-rich  outer coating known as pollenkitt
(Blackmore, 2007). In addition to these physical barriers,
biochemical defense against UV-B radiation is partially
supported by the presence of UV-B absorbing compounds
(UACs) (Sugioka et al., 2018; Seddon et al., 2019). These
compounds have the ability to selectively absorb UV-B
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wavelengths and reduce the oxidative stress associated with
UV exposure (Fraser et al., 2014). Within pollen grains,
UAGCs are distributed across three major fractions: a soluble
cytoplasmic fraction, an insoluble wall-bound fraction, and
an insoluble fraction associated with sporopollenin
(Rozema et al., 2001). The exine, serving as the external
wall of the pollen grain, is primarily composed of
sporopollenin—an extremely durable and chemically inert
biopolymer known for its exceptional stability against
physical, chemical, and enzymatic degradation (Heged(s et
al., 2021). This sporopollenin-based structure not only
ensures mechanical protection but also contributes to UV
shielding by retaining UACs within its matrix (Fraser et al.,
2012). Sporopollenin-associated UACs, located at the most
exposed interface, provide long-lasting and passive
photoprotection. Cytoplasmic UACs help neutralize
reactive oxygen species (ROS) generated within the cell,
while wall-bound UACs may act as a barrier limiting UV-
B transmission into the cytoplasm. This compartmentalized
distribution of UACs, together with the sporopollenin-rich
exine architecture, forms a multilayered defense strategy
that enhances the resilience of pollen grains to UV-B
radiation at both structural and biochemical levels (Rozema
et al., 2001). However, this multilayered defense system
may not function uniformly across all genotypes, as UV-B
tolerance varies not only between species but also among
genotypes, presumably caused by variations in composition
and distribution of UACs (Rozema et al., 2001).

UAC levels may vary in response to UV-B exposure,
evaluating their initial abundance allows for a comparative
analysis of the inherent structural photoprotective potential
among genotypes (Rozema et al., 2001). Given that
hazelnut pollen remains viable for an extended period
before fertilization and is exposed to various environmental
stressors during this time (Paradinas et al., 2022),
identifying genotypes with naturally higher UAC content is
important for selecting more resilient pollinator candidates.
For this reason, in this study, the UV-B absorbance
capacities of UACs, isolated under natural conditions from
pollen grains of different hazelnut genotypes prior to any
UV-B exposure, were evaluated. UACs were extracted
from three main fractions—cytoplasmic, wall-bound, and
sporopollenin-associated—and their distribution within the
pollen structure as well as their potential protective roles
were comprehensively assessed.

2. Materials and Method
2.1. Material

The study material was sourced from Akgakoca/Diizce
(Turkiye) in February 2024. Pollen grains were collected
from mature male catkins and cleaned by tapping over
parchment paper and sieving through a 100 pm mesh.
Following overnight desiccation in silica gel, pollen grains
were stored at -20 °C until the use.

2.2. Extraction of UACs

The UACs potentials of pollen samples belonging to the
Sar1, Kara, Palaz and Yomra genotypes were determined
between genotypes and in cytoplasmic, wall-bound and
sporopollenin  fraction extracts. Spectral absorbance
measurements for all three extracts were performed using a
Beckman Coulter DU 730 UV/Vis spectrophotometer
equipped with cuvettes with a path length of 1 cm, taking
measurements at 5 nm intervals in the 280-315 nm
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absorbance range. For statistical comparisons, absorbance
values were evaluated at 300 nm. This wavelength was
chosen because it lies within the biologically relevant UV-
B range and has been widely used in previous studies as a
standard reference point for assessing UV-B absorbance in
pollen fractions (Rozema et al., 2001). Using 300 nm
therefore allows both meaningful comparisons among
genotypes and consistency with existing literature
(Demchik and Day, 1996; Ruhland et al., 2000).

2.3. Cytoplasmic fraction

For cytoplasmic UAC extraction, 10 ml of methanol-water-
hydrochloric acid solution (79:20:1, v/v) was added to 0.05
mg of pollen grains and incubated in a 90 °C water bath for
2 hours. The pollen-containing solvent solution was then
centrifuged at 3500 rpm for 15 minutes. After
centrifugation, the supernatant representing the soluble
cytoplasmic fraction was carefully collected, while the
pellet was used to obtain the wall-bound fraction and the
sporopollenin-associated fraction. To determine the UACs
activity of the cytoplasmic fraction, a blank methanol-
water-hydrochloric acid solution (79:20:1, v/v) was used as
a blank and the supernatant was used for spectral
measurements.

2.3. Wall-bound fraction

Following the cytoplasmic fraction extraction process, the
remaining pellet was air-dried and then subjected to
alkaline hydrolysis by adding 10 ml of 2 M NaOH. After 5
minutes of sonication, the mixture was shaken at room
temperature for 1 hour. After centrifugation at 3500 rpm,
15 minutes, the supernatant was acidified with concentrated
HCI (220 pl) to adjust the pH to 1.0, and then used for
spectral measurements. 2 M NaOH was used as a blank.

2.4. Sporopollenin-associated fraction

Following the wall bound fraction extraction process, the
remaining pellet was reacted with a mixture of 95% H>SOx
and acetic anhydride (1:9, v/v) and incubated in a boiling
water bath at 90 °C for 1 hour with continuous shaking.
After cooling and centrifugation (3500 rpm, 15 minutes),
the pellet was rinsed twice with acetic acid and three times
with distilled water. The resulting brown residue was
dissolved in 1 ml glycerol, and then used for spectral
measurements (Ruhland et al., 2000; Rozema et al., 2001).
Glycerol was used as a blank.

2.5. Statistical analysis

Statistical evaluation was carried out using both SPSS 16.0
and the R programming environment. Differences among
the groups were statistically assessed via one-way
ANOVA, with statistical significance set at p < 0.05. For
data visualization and multivariate analysis, R packages
were utilized. Prior to the generation of heatmaps, the data
were normalized to enable direct comparisons across
variables. To identify similarities among genotypes and
fractions, hierarchical clustering was performed using the
pheatmap package, with Euclidean distance as the
dissimilarity metric and complete linkage as the clustering
method. This approach revealed similarity patterns among
genotypes as well as relationships between fractions.
Principal component analysis (PCA) was performed using
the FactoMineR package, and the results were visualized
with factoextra. This multivariate approach enabled
dimensionality reduction and helped identify the main



sources of variation in UV-B absorbance. Experimental
groups were color-coded on the resulting biplots to
illustrate group separation.

3. Results

To assess the distribution of UACs among pollen fractions,
spectral analyses were first conducted. The UV-B
absorption spectra of different pollen fractions from
genotypes revealed distinct variations. In the cytoplasmic
fraction, the highest absorbance values were recorded in
Palaz and Sari, respectively; Yomra showed intermediate
levels and Kara exhibited the lowest absorbance. A slight
decreasing trend was observed across all genotypes
between 280 and 315 nm (Fig la). In the wall-bound
fraction, Sar1 and Palaz displayed the highest absorbance,
respectively; Yomra showed intermediate values, and Kara
had the lowest, with a clear decreasing trend across all
genotypes (Fig 1b). In the sporopollenin fraction, Sari
exhibited by far the highest absorbance values. Yomra and
Kara showed moderate levels but no absorbance was
detected in the 280-285 nm range. Palaz displayed the
lowest overall absorbance, with no measurable values
between 280 and 290 nm. Interestingly, in all genotypes,
the sporopollenin fraction showed a distinct increasing
trend in absorbance with increasing wavelength (Fig 1c).
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Figure 1. UV-B absorbance spectra of different pollen fractions.
a. Cytoplasmic fraction, b. Wall-bound fraction, c. Sporopollenin
fraction.
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Following the spectral profiling, UV-B absorbance levels
at 300 nm were statistically compared across the different
fractions within each genotype. Among all genotypes, the
cytoplasmic fraction exhibited the highest overall UV-B
absorbance. The wall-bound fraction exhibited the lowest
values in the Sari, Kara, and Yomra genotypes, whereas in
the Palaz genotype, the sporopollenin fraction showed the
lowest value (Fig 2a).

In the next step, UV-B absorbance values at 300 nm were
examined in different fractions of the genotypes. In the
cytoplasmic fraction, the highest absorbance was recorded
in Palaz, followed by Sart and Yomra, while Kara showed
the lowest value (Fig 2b). For the wall-bound fraction, Sar1
displayed the highest absorbance, Kara the lowest, with
Yomra showing lower absorbance than Palaz (Fig 2c). In
the sporopollenin-associated fraction, Sari exhibited the
highest absorbance, while Palaz showed the lowest, and
Kara had lower values than Yomra (Fig 2d). Statistically
significant differences were observed among all fractions
within each genotype.

The relationships among cytoplasmic, wall-bound, and
sporopollenin fractions, as well as the similarities between
genotypes, were evaluated using heatmap and PCA
analyses (Fig 3). According to the heatmap generated based
on the UV-B absorbance values of UAC fractions, Kara and
Yomra clustered together in the same subgroup, while Sar1
and Palaz formed a separate subgroup (Fig 3a). The
cytoplasmic and wall-bound fractions were grouped within
the same cluster, which in turn was joined by the
sporopollenin fraction at a higher hierarchical level. When
all fractions were evaluated collectively, the overall UV-B
absorbance—based on column totals of the heatmap—
ranked the genotypes from highest to lowest as follows:
Sar1, Palaz, Yomra, and Kara (Fig 3a).

In the PCA analysis, the Kara genotype was positioned in
the positive direction of Dim1, far from all three fractions,
suggesting that its biochemical profile differs substantially
from the fraction-specific patterns observed in other
genotypes. Sar1 appeared in the upper-left quadrant, close
to the sporopollenin fraction, indicating that its composition
is more similar to this fraction compared with others. Palaz
was located in the negative directions of both Dim1 and
Dim2, making it the closest genotype to the cytoplasmic
fraction, implying a higher relative contribution of
cytoplasmic components. Yomra was near the origin of the
plot, reflecting an intermediate profile without a strong
association to any single fraction (Fig 3b).

4. Discussions

Spectral analyses revealed marked fraction-dependent
differences among hazelnut genotypes. In the cytoplasmic
fraction, the highest absorbance was recorded in Palaz and
Sar1, whereas Kara exhibited the lowest values; in the wall-
bound fraction, Sar1 and Palaz again showed the highest
absorbance, while Kara displayed the lowest; and in the
sporopollenin fraction, Sari exhibited the highest
absorbance, while Palaz showed the lowest. These findings
indicate that genotypes have developed distinct fraction-
specific defense strategies against UV-B radiation (Rozema
etal., 2001; Llorens et al., 2015).

The sequential extraction of UACs from distinct structural
components of pollen revealed a consistent absorption
pattern across all hazelnut genotypes: the cytoplasmic
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Figure 2. UV-B absorbing compounds’ absorbance in pollen
grains of four hazelnut genotypes. a. Comparison of fractions
showing overall differences in UV-B absorbance, b. Relative UV-
B absrobance of cytoplasmic fraction, c. Relative UV-B
absrobance of wall-bound fraction, d. Relative UV-B absrobance
of sporopollenin fraction. Different letters above bars indicate
statistically significant differences between groups according to
one-way ANOVA (p < 0.05).
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Figure 3. Comparative analysis of UV-B absorbing compound
fractions in hazelnut genotypes. a. Heat-map showing clustering
of genotypes and fractions based on UV-B absorbance values, b.
PCA biplot illustrating the relationships among genotypes and
fractions, with explained variance of Dim1 = 72.9% and PC2 =
26.7%

fraction exhibited the highest UV-B absorbance across all
genotypes. The wall-bound fraction generally showed the
lowest absorbance, with the exception of Sari, which
displayed higher values than the other genotypes in this
fraction. This pattern indicates that the majority of UV-B
absorbing metabolites are synthesized and stored in the
cytoplasm, where they can actively neutralize ROS
generated by UV-B exposure (Musil and Wand, 1994,
Fraser et al., 2014). The intermediate absorbance of the
sporopollenin fraction suggests a primarily passive but
highly durable barrier function, while the low absorbance
of the wall-bound fraction implies a limited role in UV
attenuation, likely due to lower phenolic content compared
to other fractions (Rozema et al., 2001).

Despite the general trend, significant genotype-dependent
differences were observed in absorbance levels. For
instance, the Palaz genotype showed the greatest
absorbance in the cytoplasmic fraction, whereas Sar1 stood
out with the greatest absorbance in the sporopollenin
fraction. In contrast, Kara displayed the lowest absorbance
in the cytoplasmic and wall-bound fractions, while Yomra
exhibited a more balanced and intermediate absorbance
profile across all three fractions. The high cytoplasmic
absorbance in Palaz could be explained by higher metabolic
activity or upregulation of phenolic biosynthetic pathways
in the cytosol (Musil and Wand, 1994; Yadav et al., 2020),
enhancing its ability to counteract UV-induced oxidative
stress—especially considering that up to 20% of incident
UV-B can penetrate the exine and reach the generative cell



(Demchik and Day, 1996). In Sari, the elevated
sporopollenin absorbance may reflect a genotype-specific
allocation of photoprotective compounds to the outer exine
layer, enhancing long-term passive defense during
extended pollen exposure (Fraser et al., 2012; Hegedis et
al., 2021). The consistently low absorbance of cytoplasmic
and wall-bound fractions in Kara suggests reduced
investment in biochemical UV-B defenses, potentially
increasing its vulnerability under enhanced UV-B exposure
(Llorens et al., 2015). Yomra’s intermediate profile may
indicate a generalized defense strategy without strong
specialization in either active (cytoplasmic) or passive
(sporopollenin) mechanisms.

Similar fraction-based absorbance patterns have been
reported in other species. Rozema et al. (2001) showed that
the wall-bound fraction had the lowest UV-B absorbance in
Helleborus foetidus, likely due to its relatively low
compound content compared to the cytoplasm and
sporopollenin. However, the same study also reported that
the sporopollenin fraction had the greatest absorbance,
while the cytoplasmic fraction was average. This
divergence from our findings could be ascribed to species-
specific discrepancies in the composition (quantity and
kinds of phenolic and related compounds) of sporopollenin
(Muthreich et al., 2020). Interestingly, Rozema et al. (2001)
later found that in Betula pendula—a species from the same
family as hazelnut—the cytoplasmic fraction exhibited the
highest absorbance, which aligns with our results. This may
reflect a shared UV defense strategy within the Betulaceae
family. This may point to a family-level evolutionary
tendency to prioritize cytoplasmic accumulation of UACs
as a primary UV-B defense mechanism.

Sporopollenin, a highly resistant biopolymer located in the
outermost layer of the pollen grain, can absorb up to 80%
of incident UV-B radiation (Demchik and Day, 1996),
making it a key structural component in UV defense. In our
study, the sporopollenin fraction consistently exhibited
intermediate absorbance levels across genotypes; however,
the Sar1 genotype showed notably high absorbance in this
fraction, suggesting genotype-specific variation in the UV-
shielding role of sporopollenin. This could be due to higher
sporopollenin density or specific compositional traits that
favor the retention of UV-absorbing phenolics (Muthreich
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et al., 2020). Meanwhile, UAC biosynthesis is known to
occur primarily in the cytoplasm (Musil and Wand, 1997),
which aligns with our finding that the cytoplasmic fraction
displayed the highest UV-B absorbance in all genotypes,
particularly in Palaz. This strong absorbance likely reflects
both the abundance and activity of UV-absorbing
compounds within the cytosol. Such cytoplasmic
accumulation is particularly vital, given that up to 20% of
UV-B radiation can bypass the outer wall and reach the
inner structures of the pollen grain, including the generative
cell (Demchik and Day, 1996). Thus, elevated cytoplasmic
UAC levels, as observed in certain genotypes, may serve a
critical role in safeguarding reproductive viability under
UV stress. Such cytoplasmic enrichment is critical because
UV-B radiation that bypasses the outer wall can damage the
generative cell, directly impairing fertilization success.

Our findings demonstrate that hazelnut genotypes differ
significantly in their inherent pollen-based UV-B defense
mechanisms. From a breeding perspective, genotypes like
Palaz and Sar—with elevated cytoplasmic and
sporopollenin absorbance, respectively-may be more
resilient in high UV-B environments. Conversely,
genotypes like Kara may require protective agronomic
measures when cultivated under intense UV conditions.
Importantly, this study assessed UAC levels under natural,
non-induced conditions, avoiding potential confounding
effects of UV-B-induced upregulation and allowing for a
clearer comparison of baseline photoprotective capacity
across genotypes. By highlighting these inherent
differences, our work provides a foundational framework
for future studies aiming to identify UV-B-resistant pollen
sources, both within hazelnut breeding programs and more
broadly across plant species affected by ozone depletion.
This approach provides a reliable foundation for selecting
UV-B-resistant pollinator sources both in hazelnut breeding
programs and in broader plant species affected by ozone
depletion.
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