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Effects of UV‑B radiation 
on epiphytic bacterial communities 
on male and female Sargassum 
thunbergii
Jing Wang 1, Zhibo Yang 1, Peiyao Lu 1, Yan Sun 1, Song Xue 1, Xuexi Tang 1,2* & Hui Xiao 1,2*

The effects of increased UV‑B radiation on macroalgae have been widely studied, but knowledge 
concerning the response of communities of algal epiphytic bacteria to increased UV‑B radiation and 
differences between male and female algae is still lacking. Via 16S rDNA high‑throughput sequencing 
technology, changes in the epiphytic bacterial communities on male and female S. thunbergii under 
increased UV‑B radiation were studied in the lab. Under different UV‑B radiation intensities, although 
the α diversity and community composition of epiphytic bacteria changed little, the β diversity 
indicated that the community structure of bacteria on S. thunbergii was obviously clustered, and the 
relative abundance of dominant bacteria and indicator species changed considerably. There were 
unique bacteria in each experimental group, and the bacteria whose abundance obviously changed 
were members of groups related to environmental resistance or adaptability. The variation in the 
abundance of epiphytic bacteria was different in male and female S. thunbergii, and the bacteria 
whose abundance greatly changed were mainly related to algal growth and metabolism. The 
abundance of genes with predicted functions related to metabolism, genetic information processing, 
environmental adaptation and infectious diseases changed with increased UV‑B radiation, and those 
variations differed between epiphytic bacteria on male and female S. thunbergii. This study found that 
the algal epiphytic bacteria were influenced by the increase in UV‑B radiation and underwent certain 
adaptations through adjustments to community structure and function, and this response was also 
affected by the sex of the macroalgae. These results are expected to serve as experimental basis and 
provide reference for further understanding of the response of algae epiphytic bacteria to enhanced 
UV‑B radiation caused by the thinning of the ozone layer and the resulting changes in the relationship 
between algae and bacteria, which may change the community of the marine ecosystem and affect 
important marine ecological process.

The increase in UV-B (280–315 nm) radiation caused by the continuous depletion of the ozone layer is consid-
ered a serious environmental issue. As important primary producers in marine ecosystems and as the organisms 
that respond mostly directly to increased UV-B radiation, intertidal macroalgae are periodically exposed to air 
with tidal changes and are highly susceptible to increased UV-B  radiation1. Studies on macroalgae have shown 
that increased UV-B radiation can affect macroalgae both macroscopically (age structure, population size and 
population growth dynamics, etc.)2,3 and microscopically (photosynthetic pigment destruction, decrease in 
photosynthetic rate and reduced glutathione, etc.)3,4. In fact, within an appropriate range, there are some positive 
effects of UV- B enhancement on plant growth and development, such as the regulation of plant morphological 
 development5, as well as improving quality by altering the accumulation of sugars and secondary metabolites. 
It can also induce plants to resist the stress of pathogenic organisms. These effects also happen on macroalgae. 
UV-B has been found to promote the growth of algae and improve antioxidant defenses, etc.6,7. However, the high 
UV-B radiation presents mainly harmful effects on macroalgae. Studies on Ulva pertusa8, Sargassum horner9, 
and S. thunbergii10–13 have obtained similar results, including damage to growth and development, decrease in 
biomass productivity, decline in oxidation and metabolism levels, inhibition of  photosynthesis6,13–16, etc.
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However, most of the relevant research has focused on the effects of increased UV-B radiation on algae 
itself, there are few studies on epiphytic bacteria of algae. The epiphytic bacteria, which adhere to the surface 
of marine macroalga, have multifaceted and complicated interactions with their host  macroalgae17. Algae and 
bacteria are the major biological factors driving carbon fixation and storage in the ocean. When seaweeds are 
stressed by enhanced UV-B radiation, the algal epiphytic bacteria are the most direct  responders18. UV-B radia-
tion enhancement could change the composition and activity of the bacterial community then affect the growth 
and development of the host algae, resulting in the changes of interaction between bacteria and algae, which 
will finally influence the marine biogeochemical cycle (such as carbon cycle). The effects of UV-B radiation on 
algal epiphytic bacteria mostly concerns two scopes. Firstly, UV-B radiation has a direct impact on plant epi-
phytic bacteria. Studies on higher plants show that different epiphytic bacterial groups have different sensitivi-
ties to UV-B radiation, that the growth of bacteria with low resistance is inhibited or that they die, and that the 
abundance of bacteria with strong resistance increases. For example, the community composition of epiphytic 
bacteria of the plant Erigeron breviscapus and 13 other plant species on the Qinghai-Tibetan Plateau was found 
to change under UV-B  radiation19,20. The only study on algal epiphytic bacteria showed that UV-B radiation can 
affect the community diversity and evenness and the relative abundance of epiphytic bacteria on the red seaweed 
Gelidium lingulatum21. Secondly, by affecting algae, UV-B radiation can indirectly affect epiphytic bacteria. Algae 
and bacteria in the ocean are inseparable and interact  intimately22. The community structure and composition 
of algal epiphytic bacteria, the element of which are significantly affected by environmental factors, are to the 
host state more than those of planktonic bacteria  are22,23. The exposure to UV-B radiation affected the host 
algae and then the epiphytic bacteria change accordingly. For example, changes in soluble sugars, free amino 
acids and soluble proteins in E. breviscapus were shown to directly lead to a decrease in the number of epiphytic 
bacteria and altered bacterial  dominance19. on this phenomenon in algae. How these indirect effects from the 
abovementioned changes in S. thunbergii and the direct effects of UV-B radiation on epiphytic bacteria alter the 
bacterial community is investigated in this study.

Recent studies have shown that changes in plants under UV-B radiation differ between sexes. Xu et al.24 
pointed out that the basal diameter and leaf nitrogen content of male Populus cathayana were significantly higher 
than those of female P. cathayana, indicating greater resistance to UV-B radiation in the former. Similarly, when 
UV-B radiation was increased, the chlorophyll content and osmotic regulatory ability of male mulberry seedlings 
were higher than those of female mulberry  seedlings25. However, female Populus tremula (L.) seedlings main-
tained a higher concentration of low-molecular-weight phenolics throughout the experimental period under 
increased UV-B  radiation26. There are also sex-related differences in the response of S. thunbergii to increased 
UV-B radiation. Lu et al.12 found that with an increase in UV-B radiation, the chloroplast lamellar structure of 
female S. thunbergii was damaged, and the damage was greater than that to male plants. Sun et al. found that the 
changes in the physiological responses and  metabonomics10, as well as the carbon  cycle11 of male and female S. 
thunbergii under UV-B radiation were related to sex. Whether different sexes of algae show different responses 
to UV-B radiation leads to differences in the response of epiphytic bacterial communities between male and 
female S. thunbergii is also investigated in this study.

S. thunbergii is a representative species of dioecious macroalgae, which has gradually become valuable, for it 
can be used as bait for sea cucumber and  abalone27. S. thunbergii, a very important genus to maintain the stability 
of the structure and function in coastal  ecosystem28, plays an important role in nutrient regulation and habitat 
 restoration29. Dioecious macroalgae not only are important components of coastal ecosystems but also are impor-
tant dominant species in many algal ecosystems. In recent years, the application of high-throughput sequencing, 
which allows for high resolution typing and study of bacteria at the strain  level30, has gained increased attention 
for its use in studying the influence of environmental factors on the  microbiota31. In this study, 16S rDNA high-
throughput sequencing technology was used to analyse changes in the epiphytic bacterial communities of S. 
thunbergii under increased UV-B radiation and differences between male and female S. thunbergii. This research 
provides new ideas for the application of high-throughput sequencing technology in the response of epiphytic 
bacteria on macroalgae to global climate change and has value in theory and in practice for explaining the 
changes and the host–bacterium relationship of epiphytic bacteria in marine ecosystems, especially macroalgae, 
in response to increased UV-B radiation.

Results
3263 different Amplicon sequence variant (ASV)s clustered together (male, 2830 ASVs; female, 2808 ASVs). 
Good’s coverage of all samples was higher than 0.99, and the rarefaction curves of all the samples tended to 
saturate with increased sequence amount (Supplementary Fig. S1), indicating that the sequencing depth could 
cover most species of the samples and could be used for further data analysis.

Effects of increased UV‑B radiation on the α diversity and β diversity of epiphytic bacteria on 
S. thunbergii. After the algae were exposed to increased UV-B radiation, there was no statistically significant 
difference in the α diversity of the epiphytic bacterial community on S. thunbergii (P > 0.05) (Supplementary 
Fig. S2), which was slightly lower in the UV-B radiation treatment group than in the control group. There was 
no statistically significant difference in α diversity between the males and females (P > 0.05) (Supplementary 
Table S1), but there was a significant difference in epiphytic bacteria on female S. thunbergii in response to the 
high and low UV-B radiation intensity treatments (P < 0.05) (Supplementary Table S1).

With an increase in UV-B radiation, the epiphytic bacteria of S. thunbergii clustered differently (Fig. 1), 
and there were significant differences in β diversity among the experimental groups (P < 0.01) (Supplementary 
Table S2). Under the same UV-B radiation level, the bacterial communities on the males and females clustered 
on the basis of the sex of S. thunbergii, and there was a significant difference among the groups (P < 0.01). 
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Interestingly, the β diversity of the epiphytic bacterial community significantly differed on female S. thunbergii 
(P < 0.01) but not on male S. thunbergii (P > 0.05).

Effects of increased UV‑B radiation on the epiphytic bacteria on S. thunbergii. Effects of in‑
creased UV‑B radiation on the community composition of epiphytic bacteria on S. thunbergii. With increased 
UV-B radiation, the community composition changed little at the phylum level and at the genus level (P < 0.05). 
However, UV-B radiation had a significant effect on the relative abundance of dominant bacteria in the com-
munity of epiphytic bacteria on S. thunbergii (Fig. 2) (P < 0.05).

In total, 30 phyla, 60 classes, and 430 genera of bacteria were detected. Figure 2A showed the dominant 
phyla of bacteria on S. thunbergii, accounting for 98.77–99.70% of all ASVs (Supplementary Table S3), and the 
remaining phyla of bacteria were classified as “others” or remained unclassified. Proteobacteria was the most 
dominant bacteria on S. thunbergii, followed by Bacteroidetes and Epsilonbacteraeota. Compared with that in the 
control group, the abundance of some bacterial phyla in the treatment groups changed significantly (P < 0.05). 
The relative abundance of Proteobacteria increased significantly after UV-B radiation treatment (P < 0.01)—from 
47.60% in the control group to 52.71% under low UV-B radiation and then to 71.31% under UV-B high radia-
tion. Conversely, the relative abundance of Bacteroidetes decreased significantly (P < 0.05)—from 15.94% in the 
control group to 15.73% under low radiation and 12.35% under high radiation. The abundance of Planctomycetes 
decreases significantly at low radiation (P < 0.05) and also at high radiation (P < 0.05), While the abundance of 
Epsilonbacteraeota has no significant change under low and high radiation. The kind of dominant bacteria phyla 
did not change before and after UV-B radiation treatment, and among the epiphytic bacteria on S. thunbergii, 
Proteobacteria were always the most abundant.

Figure 2B showed the dominant bacterial genera on S. thunbergii, accounting for 13.41–25.40% of all ASVs 
(Supplementary Table S4), and the remaining genera of bacteria were classified as “others” or remained unclassi-
fied. Under increased UV-B radiation, the total proportion of the top 12 dominant genera of the epiphytic bacteria 
on S. thunbergii increased significantly (P < 0.05)—from 19.41% in the control group to 35.05% under low UV-B 
radiation and 44.96% under high UV-B radiation. The relative abundance of several dominant bacteria increased 
significantly (P < 0.01); for example, the relative abundance of Vibrio increased from 0.95% in the control group 
to 3.80% under low UV-B radiation and 16.00% under high UV-B radiation, and that of Reinekea increased from 
0.31% in the control group to 1.62% under low UV-B radiation and 10.74% under high UV-B radiation. However, 
the abundance of Propionigenium decreases significantly (P < 0.05) under high radiation. and the abundance of 
Polaribacter_4 has no significant change under low and high radiation. After UV-B radiation treatment, the type 
of dominant bacteria genera did not change, but the relative abundance changed significantly, and genus with 
the highest relative abundance of bacteria changed from Arcobacter to Vibrio.

Effects of increased UV‑B radiation on unique epiphytic bacteria on S. thunbergii. During the increased UV-B 
radiation treatment, the presence of most of the bacterial species did not change. However, the number of species 
in the treatment group was lower than that in the control group, and there were unique bacteria present under 
different UV-B intensities.

Figure 1.  Principal coordinate analysis (PCoA) results of the epiphytic bacterial community on S. thunbergii 
under increased UV-B radiation.
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During the increase in UV-B radiation, the presence of 21 phyla and 239 genera of bacteria did not change 
(Fig. 2C). The number of unique bacteria on S. thunbergii decreased under the low-radiation-intensity treat-
ment but increased under the high-radiation-intensity treatment. For example, at the phylum level, the number 
of unique bacteria decreased from 4 in the control group to 0 in the low-dose group and then increased to 3 in 
the high-dose group. The same was true at the genus level − 70 in the control group to 24 in the low-dose group 
and then to 32 in the high-dose group. The number of bacteria is changing all the time. The difference between 
the bacteria under high radiation and the control group is large, and there are fewer bacteria in both groups.

Effects of increased UV‑B radiation on indicator taxa on S. thunbergii. LEfSe analysis and indicator analysis 
were used to determine the effects of UV-B radiation on the indicator bacteria and indicator values of dominant 
bacterial phyla (Fig. 3). Indicators with significant differences in abundance were found in all the experimental 
groups (Fig. 3). With an increase in UV-B radiation, the indicator values of bacteria on S. thunbergii tended to 
be similar, and the differences in the values decreased (Fig. 4).

Each experimental group had its own significantly different indicators. Bacteria of the genera Fusobacterium 
and Haloferula, Bacillus bogoriensis, Lachnospiraceae, and Desulfovibrionaceae were significantly enriched in 
the control group; bacteria of the families Nitrincolaceae and Alteromonadales and the genera Alteromonas 
and Psychrilyobacter were significantly different under low UV-B radiation (Fig. 3); and bacteria of the orders 
Oceanospirillales, Alteromonadales and Phormidesmiales and the genus Kordia were significantly different 
under high UV-B radiation.

Under increased UV-B radiation, the indicator types of dominant bacteria at the phylum level gradually 
decreased. We used indicator species analysis to describe the value of different species for indicating environ-
mental conditions (Fig. 4), and the significantly different bacteria in the high-UV-B radiation treatment group 
were significantly less than those in the low-UV-B radiation treatment group. In addition, the indicator value of 
the UV-B treatment group tended to decrease.

Effects of increased UV‑B radiation on the epiphytic bacteria on S. thunbergii in different sex‑
es. Effects of increased UV‑B radiation on the community composition of epiphytic bacteria on S. thunbergii 

Figure 2.  Effects of increased UV-B radiation on the top 10 phyla (A) and top 10 genera (B) of the epiphytic 
bacteria of S. thunbergii and the top 10 phyla; (C) Indicator species (P < 0.05) at the phylum level under 
increased UV-B radiation.
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in different sexes. In this study, the change trend of the relative abundance of dominant bacteria between the 
males and females was not the same (Fig. 5). The total number of phyla, classes, and genera common to both 
algal sex were 24 phyla, 45 classes and 292 genera (Supplementary Table S5). 28 phyla, 58 classes and 405 genera 
of epiphytic bacteria were detected on male S. thunbergii, while 31 phyla, 58 classes and 389 genera of epiphytic 
bacteria were detected on female S. thunbergii. When UV-B radiation was increased, the abundance of epiphytic 
bacteria of 7 of the top 12 phyla on males and females exhibited different trends, and the value of the reduction 
varied (see Table S3 for detailed changes). Interestingly, the five dominant bacterial genera showed different 
trends on male and female S. thunbergii. For instance, from control to low to high UV-B treatments, the abun-
dance of Proteobacteria (52.85%) first decreased (48.12%) and then increased (67.63%) on male S. thunbergii but 
continued to increase (from 42.34% to 57.30% to 74.99%) on female S. thunbergii. The abundance of Bacteroides, 
which had the second largest proportion (14.66%), first increased (16.16%) and then decreased (12.37%) on 
male S. thunbergii but continued to decrease on female S. thunbergii (from 17.23% to 15.29% to 12.31%). The 
trends of the abundance of the other 5 of the top 12 phyla are similar, for example, for Planctomycetes (from 
5.13% to 1.59% to 0.45% on males; from 3.27% to 1.06% to 0.32% on females). At the genus level, the change 
trends of most dominant bacteria were different. The increase or decrease in abundance of Arcobacter, Propi‑
onigenium, Wenyingzhuangia, Psychromonas, Alteromonas, Acinetobacter, Fusibacter and Polaribacter was not 
consistent between male and female S. thunbergii, with the exception of the abundance of Vibrio (from 0.59% to 
3.11% to 16.02% on males; from 1.30% to 4.48% to 15.99% on females) and Reinekea (from 0.32% to 0.84% to 
8.34% on males; from 0.29% to 2.40% to 13.13% on females) on both male and female S. thunbergii (see Table S4 
for detailed changes).

Effects of increased UV‑B radiation on unique epiphytic bacteria on S. thunbergii in different sexes. The changes 
in unique phyla and genera of bacteria were also different between the different sexes. On the different sexes of 
S. thunbergii, the species of bacteria were not identical (Fig. 6A, B). The 18 of the 19 phyla remained the same 
on male and female S. thunbergii, with the difference being the presence of Dadabacteria on male S. thunbergii 

Figure 3.  Bacterial species with significant differences in abundance on S. thunbergii under increased UV-B 
radiation (Forest plot showing taxa whose abundance was significantly different between the control group 
(blue), low-UV-B radiation group (green) and high UV-B-radiation group (red), as determined using the KW 
test. LDA score (effect size) indicating significant differences in bacterial taxon abundance (P value: Wilcoxon 
rank-sum test, LDA score > 2.0).
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Figure 4.  Indicator species (P < 0.05) at the phylum level on S. thunbergii under increased UV-B radiation. 
Indicator analysis calculates the indicator value (IndVal) for each species in each group based on the abundance 
and frequency of occurrence of the species in the sample, with higher values indicating a greater likelihood of 
the species being an indicator species for that group.

Figure 5.  Effects of increased UV-B radiation on the top 12 phyla (A) and top 12 genera (B) of the epiphytic 
bacteria on the S. thunbergii males and females.

Figure 6.  Venn diagram of epiphytic bacteria of S. thunbergii under increased UV-B radiation, (A) male S. 
thunbergii, and (B) female S. thunbergii (A mean ASV tag number less than 1 in a group indicates that there 
were no ASV species in that group).
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and Dependentiae on female S. thunbergii. Notably, at low UV-B radiation levels, female S. thunbergii presented 
unique bacterial phyla, while the males did not. Moreover, the number of different genera of bacteria present on 
the males and females remained unchanged (233 genera of bacteria on the males and 202 genera of bacteria on 
the females).

Effects of increased UV‑B radiation on indicator taxa on S. thunbergii in different sexes. The indicators varied 
depending on the different sexes of S. thunbergii (Fig. 7A, B). At the same time, the indicator values also varied 
between the males and females (Fig. 8).

There were great differences in indicators, with significant differences occurring between the two sexes. 
The indicator bacterial groups in each experimental group were different, and the indicator bacteria on female 
S. thunbergii were also significantly more abundant than were those on male S. thunbergii (P < 0.05) (Fig. 7B).

The indicators with significant differences between male and female S. thunbergii were not similar in the con-
trol group or in the low-UV-B radiation group, but with the highest UV-B radiation intensity, the change trends 
were similar (Fig. 8); that is, the indicator values gradually converged and decreased. In the high-UV-B radia-
tion group, the indicator values of epiphytic bacteria on both male and female S. thunbergii were similar. Taken 
together, these results indicated that the differences in abundance between the dominant bacteria decreased and 
that each indicator bacterium decreased at low abundance.

Effects of increased UV‑B radiation on the predicted functions in S. thunbergii. The results of 
PICRUSt 2 showed that the relative abundance of genes associated with predicted functions in epiphytic bacteria 
on S. thunbergii changed significantly with an increase in UV-B radiation, and this change also differed between 
samples from male and female S. thunbergii.

KEGG level 2 analysis of the predicted genes based on KEGG data indicated that the increased UV-B radiation 
resulted in obvious changes in the top 29 predicted functions (Fig. 9A), and the greater the dose of UV-B radia-
tion was, the more obvious the change. A heatmap (Fig. 9B) based on the abundance of 13 genes with predicted 
functions and whose abundance significantly changed (P < 0.05) was generated, which showed that the abundance 
of 7 genes decreased significantly(P < 0.05), including genes with functions related to metabolism, biosynthesis, 
translation, transcription, cell growth and death, signalling molecules and interactions, while the abundance 
of 6 genes increased, namely, genes with predicted functions in cell motility, environmental adaptation, signal 

Figure 7.  Bacterial species with significant differences in abundance on male (A) and female (B) S. thunbergii 
under increased UV-B radiation (Forest plot showing taxa whose abundance was significantly different 
between the control group (blue), low-UV-B radiation group (green) and high UV-B-radiation group (red), 
as determined using the KW test. LDA score (effect size) indicating significant differences in bacterial taxon 
abundance (P value: Wilcoxon rank-sum test, LDA score > 2.0).



8

Vol:.(1234567890)

Scientific Reports |         (2023) 13:3985  | https://doi.org/10.1038/s41598-022-26494-3

www.nature.com/scientificreports/

transduction, cellular community-prokaryotes, infectious disease and excretory system. Additionally, 69 of the 
179 genes with predicted functions at KEGG level 3 significantly changed (P < 0.05) with increasing UV-B radia-
tion. A heatmap (Fig. 9C) based on 23 genes whose abundance significant differed (P < 0.01) and some genes with 
predicted functions and whose abundance significantly differed (P < 0.05) was generated, which showed that as 
the radiation dose increased, the abundance of 11 genes with predicted functions related to metabolism (Strep-
tomycin biosynthesis, N-glycan biosynthesis, glycosaminoglycan degradation, etc.) and 4 genes with predicted 
functions related to genetic information processing (Proteasome, Non-homologous end-joining, nucleotide 
excision and base excision repair) decreased significantly(P < 0.05). However, the abundance of genes related 
to phosphotransferase system (PTS) functions related to membrane transport and plant–pathogen interac-
tions related to environmental adaptation increased significantly(P < 0.05). In terms of cellular processes, the 
abundance of genes associated with meiosis in yeast decreased, but that with bacterial chemotaxis and biofilm 
formation in Vibrio cholerae increased(P < 0.05). Similarly, regarding the genes with functions associated with 
Staphylococcus aureus infection decreased, the abundance of others (Vibrio cholerae infection and bacterial inva-
sion of epithelial cells) increased(P < 0.05).

Figure 8.  Indicator species (P < 0.05) at the phylum level under increased UV-B radiation.

Figure 9.  Heatmap of the abundance of genes with functional predictions within epiphytic bacterial 
communities on female and male S. thunbergii under increased UV-B radiation (A) Top 34 KEGG level 2 genes 
with functional predictions, (B) genes with significantly different functions (P < 0.05) at KEGG level 2, (C) genes 
with extremely significantly different functions (P < 0.01) at KEGG level 3, and some genes with significantly 
different functions (P < 0.05), according to the KW rank sum test. For clarity, we use the term “HSM” to refer 
to “Male-high UV-B”, “LSM” to refer to “Male-low UV-B”, “SM” to refer to “Male-control", “HSF” to refer to 
"Female-high UV-B”, “LSF” to refer to “Female-low UV-B”, “SF” to refer to "Female-control”.
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Furthermore, the heatmaps (Fig. 9) showed that the variation in the abundance of genes with predicted 
functions in response to increasing radiation was not the same in epiphytic bacteria between male and female S. 
thunbergii. When the algae were subjected to low-dose UV-B radiation, genes with predicted functions involv-
ing signalling molecules and interactions (KEGG level 2) and genes with predicted functions in carotenoid 
biosynthesis (KEGG level 3) were less abundant in samples on male S. thunbergii than in samples on female S. 
thunbergii. Conversely, the abundance of genes with predicted functions in response to Staphylococcus aureus 
infection from samples on male S. thunbergii was higher than that on female S. thunbergii. When the algae were 
subjected to high-dose UV-B radiation, the changes in the abundance of genes with predicted functions in epi-
phytic bacteria were essentially the same except that the variation in epiphytic bacteria on female S. thunbergii 
was greater than that on male S. thunbergii. It is worth noting that under high UV-B radiation, the functions of 
amino acid metabolism and lipid metabolism of epiphytic bacteria on male S. thunbergii are greater than those 
on female S. thunbergii.

Discussion
In this paper, the 16S rDNA high-throughput sequencing method was used to study the effects of increased 
UV-B radiation on the epiphytic bacterial communities on male and female S. thunbergii. The results showed that 
under increasing UV-B radiation, the relative abundance of dominant bacteria and indicator bacteria changed 
significantly, and the changes on the males and females were different.

As a stress factor, UV-B radiation can affect algal epiphytic bacterial communities. Bacteria with strong 
environmental adaptability became present or increased in abundance. In this study, the abundance of different 
bacterial groups may have increased or decreased due to differences in sensitivity or resistance to UV-B radia-
tion. For example, among the bacteria with increased abundance in this study, Alteromonas bacteria have been 
reported to show certain resistance to external environmental  disturbances32. Dobretsov et al.21 reported that 
the relative abundance of Alteromonas spp. increased during UV exposure, Vibrio bacteria have been reported 
to grow and reproduce efficiently under environmental  stress33, and Reinekea bacteria have also been reported 
to be highly adaptable to the  environment34. In contrast, Acinetobacter, whose abundance was reduced, is less 
adaptable to the  environment35. Additionally, with the increase in UV-B radiation, unique bacteria became pre-
sent on S. thunbergii. This phenomenon has also been reported in previous studies on bacteria within a maize 
canopy leaf layer under UV  radiation36. The presence of unique epiphytic bacteria on S. thunbergii under UV-B 
radiation suggests that sensitive species of epiphytic bacteria die and are replaced by tolerant species or that 
changes in the algae themselves after exposure to UV radiation support more diverse  populations36. Based on 
the abovementioned reasons, UV-B radiation treatment can alter the number of species of epiphytic bacteria on 
S. thunbergii. Notably, the diversity of epiphytic bacteria on S. thunbergii decreased under low UV-B radiation 
but increased under high UV-B radiation. This may be because increased UV-B radiation to some extent alters 
the microenvironment in which bacteria exist but increases the richness of bacterial communities, which is also 
consistent with the idea proposed by Lynch and  Neufeld37 that certain bacteria with a relatively low abundance 
in a community may help distinguish differences in their environments.

Furthermore, the results showed that after UV-B radiation treatment, the indicator species and indicator 
values of the epiphytic community of bacteria on S. thunbergii changed. There were significant differences in 
the abundance of some bacteria between the control group and the increased UV-B radiation treatment groups. 
For instance, Alteromonas increased significantly in the treatment group; these bacteria have been reported to 
have high resistance to UV-B  radiation21 and have the metabolic ability to degrade a variety of complex polysac-
charides and compete for inorganic  nutrients38,39. Acinetobacter, which significantly decreased in the treatment 
group, has also been associated with the decomposition of cyanobacteria toxins and organic  matter40. This sug-
gests that UV-B radiation may alter bacterial abundance by affecting the nutrient use ability of epiphytic bacteria 
on S. thunbergii. Moreover, Vibrio bacteria, whose abundance significantly increased, have been reported to be 
 pathogens41; indeed, many species of Vibrio are opportunistic pathogens. This may be due to the reduced health 
of S. thunbergii after UV-B radiation and because the change in physiological state is suitable for the growth of 
pathogenic bacteria. Notably under high UV-B radiation, the indicator values of bacteria tended to be smaller, the 
abundance of bacteria also tended to be similar, and the difference decreased. This may be because bacteria have 
a limited tolerance to stress and because the growth of all bacteria is inhibited under high UV-B radiation. When 
organisms are under stress, environmental conditions are not amenable to growth. Environmental conditions can 
lead to stress, which can reduce growth rates, and the same is true of bacteria. For example, Soto et al.42 found 
that the change in adaptability of bacteria under stress is related to the decrease in their growth rate. Besides, 
Di Cesare et al.43 found that, as a method of self-protection, bacteria produce nongrowing cells to improve their 
adaptability to adverse environments to reduce their sensitivity to harmful environments.

Functional analysis of predicted genes performed by PICRUSt 2 showed that the effects of UV-B radiation 
on epiphytic bacteria of S. thunbergii mainly focused on functions involving metabolism, genetic information 
processing, infectious diseases and environmental adaptation. The abundance of genes with predicted functions 
related to metabolism and genetic information of the epiphytic bacteria subjected to UV radiation was signifi-
cantly lower than that of the control group. These results indicated that increased UV-B radiation had negative 
effects on the growth and physiology of the epiphytic bacteria. As a mutagen, UV-B radiation mutates DNA 
redundant, which inevitably therefore gene transcription and protein synthesis and affect various physiologi-
cal functions of  bacteria44. In this study, the genes with predicted functions at KEGG level 2 related to genetic 
information processing, including transcription and translation, as well as the genes with predicted functions at 
KEGG level 3 involving the proteasome (the proteasome directly affects the recycling of some proteins, including 
misfolded proteins and many proteins that play an important role in biological activities), nonhomologous end 
joining (NHEJ), nucleotide excision repair and base excision repair decreased significantly, which indicated that 



10

Vol:.(1234567890)

Scientific Reports |         (2023) 13:3985  | https://doi.org/10.1038/s41598-022-26494-3

www.nature.com/scientificreports/

the transcription, translation, and repair of DNA along with protein recycling in epiphytic bacteria were severely 
damaged by increased UV-B radiation.

At the same time, the genes with predicted functions and that increased in abundance in epiphytic bacteria 
were mainly related to environmental adaptation. UV-B radiation can result in selective pressure on pathogenic 
 bacteria45, causing them to form a protective mechanism to resist UV-B radiation and prevent or reduce the 
damage to intracellular  components46. The same is true of the epiphytic bacteria of S. thunbergii, which adapted 
to UV-B radiation stress by increasing the abundance of genes associated with several predicted functions. For 
example, the abundance of genes with predicted functions in chemotaxis was upregulated, which helped bacte-
ria adapt to the change of chemical substance concentration in the  environment47. In addition, the genes with 
predicted function involving the PTS and that increased in abundance can help in the adaptation to the pressure 
of environmental radiation by controlling the uptake and metabolism of carbohydrates, interfering with the use 
of nitrogen and phosphorus and affecting the virulence of some  pathogens48.

The changes in the abundance of genes with predicted functions involving infectious pathogen in response to 
increased UV-B radiation were interesting. This may be due to the differences in resistance and sensitivity of the 
different bacteria to radiation and pathogens with high resistance have an abundance of genes with functional 
predictions. Another reason could be that, UV-B radiation damaged S. thunbergii and the ability of S. thunbergii 
to protect itself decreased, which is conducive to bacterial  invasion49. Huang et al.46 found that the expression 
of pathogenesis-related genes in pathogenic bacteria can significantly decrease during UV-B radiation expo-
sure. In the present study, the abundance of the genes with predicted functions associated with Staphylococcus 
aureus infection also decreased significantly. However, the abundance of genes with other predicted functions 
associated with Vibrio cholerae infection and bacterial invasion of epithelial cells in epiphytic bacteria of S. 
thunbergii increased significantly. The main pathway for pathogens to invade plants is to penetrate the host 
physiological defensive barrier through invasion and cause host decay via  toxins50. In this study, the abundance 
of genes with the predicted function of bacterial invasion of epithelial cells related to bacterial invasion as well 
as plant–pathogen interactions increased significantly strongly support the above view from the perspective of 
predicted functions.

On the one hand, after UV-B radiation treatment, the changes in the community of epiphytic bacteria on S. 
thunbergii were due to the direct impact of UV-B radiation on the bacteria themselves. On the other hand, it may 
be that the response of S. thunbergii to UV-B radiation resulted in alterations to the microenvironment on the 
surface of S. thunbergii, which indirectly affected the community of epiphytic bacteria. Due to the difference in the 
surface microenvironment between male and female algae, the changes in epiphytic bacteria on male and female 
S. thunbergii were different. In this study, at the phylum level, there were only a few dominant bacteria on male 
and female S. thunbergii, such as Bacteroides and Patescibacteria, with the same change trends, and the change 
trends of more bacteria were different. Most of the bacteria whose abundance significantly changed were related 
to the growth and development of algae, such as Proteobacteria (at the phylum level), the members of which 
were related to the growth of algae and account for more than half of the bacteria on both male and female S. 
thunbergii, Epsilonbacteraeota (phylum level), the members of which were related to the synthesis of plant organic 
 matter51, Fusobacteria (phylum level), the members of which play important roles in maintaining  health52, and 
Propionigenium (genus level), the members of which were related to the productivity of  algae53, and the changes 
in the abundance of these bacteria between male and female S. thunbergii were not consistent. Notably, among 
the bacteria whose abundance significantly differed, the abundance of Kiritimatiellaeota significantly differed 
between the males and females. The bacteria of this phylum have been reported to be related to the degradation 
of polysaccharides, Sun found soluble sugars served as the regulated metabolites in male S. thunbergii responding 
to UV-B radiation and Lu et al.12 also found that the content of soluble sugars significantly increased in male S. 
thunbergii under UV-B radiation. It suggests that the physiological and biochemical properties of S. thunbergii 
of the different sexes may influence the composition of bacteria to some extent. Therefore, we hypothesized that 
the different responses of epiphytic bacteria placed on male and female S. thunbergii to UV-B radiation were 
mainly caused by the metabolic difference between the sexes of host algae. The changes in the metabolism of 
male and female S. thunbergii could lead to the changes in the metabolism of algal epiphytic bacteria, resulting 
in the difference in the response of epiphytic bacteria communities on different sexes of the host algae to UV-B 
radiation. Further studies need to be performed to verify this hypothesis using the high-throughput sequencing 
combined with metabolome analysis.

Besides, the changes in the abundance of genes with predicted functions of epiphytic bacteria on male and 
female S. thunbergii were different. For example, at low doses of radiation, the genes with predicted functions 
involving Staphylococcus aureus infection were enriched in epiphytic bacteria on male S. thunbergii, while the 
genes with predicted functions involving carotenoid biosynthesis were enriched in epiphytic bacteria on female 
S. thunbergii. At high UV-B radiation doses, the types of and changes in the genes of predicted functions and that 
increased in abundance were essentially no different in epiphytic bacteria between male and female S. thunbergii. 
However, the genes with predicted function and that decreased in abundance in epiphytic bacteria on female S. 
thunbergii decreased more than those did on male S. thunbergii, indicating that high-dose UV-B radiation does 
more harm to females than to males. Previous studies have shown that under exposure to UV-B radiation, the 
amino acid and energy  metabolism12–14 of male S. thunbergii were enhanced compared with female S. thunbergii, 
which might help the males behaved better ability to resist and defend the UV-B stresses. Chen et al.25 reported 
that the chlorophyll content and osmotic regulatory ability of male mulberry seedlings were higher than those 
of female mulberry seedlings, and the antioxidant enzymes of male mulberry seedlings were more responsive 
to UV-B radiation. However, more experiments are needed to verify whether the epiphytic bacteria on male S. 
thunbergii were more resistant to UV-B radiation than were those on female S. thunbergii.

Knowledge concerning the effects of epiphytic bacteria on macroalgae in response to environmental stress is 
still limited due to the limitations of complex mechanisms and research  methods23. The method used to study 



11

Vol.:(0123456789)

Scientific Reports |         (2023) 13:3985  | https://doi.org/10.1038/s41598-022-26494-3

www.nature.com/scientificreports/

epiphytic bacteria on macroalgae is an important factor in identifying and understanding the diversity and func-
tion of bacteria on the surface of  macroalgae54. Our results indicated that it was feasible to use a high-throughput 
method to study the response of epiphytic bacterial communities to environmental changes and provide new 
idea for experimental methods of macroalga–bacterium interactions.

Conclusion
16S rDNA high-throughput sequencing was used to analyse the effects of increased UV-B radiation on com-
munities of epiphytic bacteria on male and female S. thunbergii. The results indicated that the increase in UV-B 
radiation had a direct impact on epiphytic bacteria on S. thunbergii and that the relative abundance of dominant 
bacteria, indicator species and indicator values changed significantly. Moreover, the changes in epiphytic bacteria 
on male and female S. thunbergii were different, which shows that changes in the microenvironment of the host 
S. thunbergii after UV-B radiation indirectly affects the epiphytic bacterial community. The predicted functional 
results indicated that with an increase in UV-B radiation, the abundance of genes whose functions are related 
to metabolism and genetic information processing decreased, and the abundance of genes whose functions are 
related to the environmental adaptation of bacteria increased significantly; however, the abundance of some 
genes with functions involving infectious pathogen increased, and that of some decreased. Taken together, our 
results revealed that 16S rDNA high-throughput sequencing is a feasible way to directly investigate the effects of 
increased UV-B radiation on epiphytic bacteria of S. thunbergii and can reveal the changes in bacterial commu-
nities after UV-B radiation. This study may provide a reference for clarifying the response of epiphytic bacteria 
on macroalga to enhanced UV-B radiation and reveale that the thinning of the global ozone layer will affect the 
community structure and function of the epiphytic bacteria of marine macroalgae, which will also lead to the 
destruction of their symbiotic relationship with the algae host, and may affect marine biogeochemical cycle.

Methods
Sampling site and sample collection. S. thunbergii samples were collected from the rocky intertidal 
zone (36°N, 120°E) in Qingdao (Shandong, China) in July, 2020. Samples of S. thunbergii of both sexes (with a 
similar habitat, that were growing well, approximately 10 cm in height and 25 g in weight, no spots caused by 
disease or insect pests) were selected and placed in sterilized sealed bags. There are significant differences in 
morphology and internal structure between male and female S. thunbergii during the reproductive  period55,56. 
Male receptacles were slender and smooth, while the females were short and coarse. The sex of S. thunbergii were 
identified according to the morphological features of the receptacles and then samples of similar numbers of 
males and females were collected and was taken back to the laboratory for further examination of the internal 
structure under a microscope (Nikon H600L, Tokyo, Japan). Female receptacles have many oval egg cells; while 
males do not, which could allow us to further determine the S. thunbergii sex.

UV‑B radiation treatment. After additional sand grains, sediment, small herbivores and epiphytic miscel-
laneous algae on the surface of the algal bodies were removed, S. thunbergii was cultivated and allowed to accli-
mated after repeated washes with sterilized natural seawater. The acclimation period was carried out in a glass 
incubator (120 cm × 70 cm × 50 cm) with 15 ± 0.5 °C at the photosynthetically active radiation (PAR) intensity of 
150 μmol·m−2·s−1, 12 L/12 D (light: dark cycle). S. thunbergii of similar size, of similar colour and displaying good 
growth were randomly chosen and subjected with UV-B radiation.

In the experiment, an irradiation system simulating increased UV-B radiation on macroalgae in the intertidal 
 zone57 was used for artificially imposing stress treatments under laboratory conditions. The sterilized natural 
seawater was used and replaced once every day. The seawater for experiment with the salinity of 31 ± 1 and pH of 
8.0 ± 0.2 was taken from macroalgal grown places and stored temporarily in the laboratory for a period of time 
after collection. The light was provided by fluorescent tubes (Philips TL-D, 36 W) and UV-B broadband lamps 
(Philips TL 40 W/12 RS) wrapped with cellulose acetate film. The radiation system needed to be continuously 
run for 3 days before the formal experiment to enhance the stability of membrane filtration. The light intensity 
between each radiation treatment group was adjusted by changing the number of light tubes and the distance 
between the tubes and S. thunbergii. The UV-B radiation intensity was measured with a UV spectroradiometer 
(Beijing Normal University, Beijing, China). According to the average intensity of UV-B radiation at sampling 
sites (2.29 W·m−2 at noon on sunny days in the summer in coastal areas of Shinan district, Qingdao, Shandong, 
China) and the preliminary results, one control group (UV-B radiation intensity of 0, normal fluorescent tube 
irradiation) and two radiation treatment groups (low UV-B radiation intensity (1.5 W·m−2) and high UV-B radia-
tion intensity (2.5 W·m−2) were included, and each group had 8 replicates (4 males/4 females). The experiment 
lasted for 5 days, with UV-B radiation applied for 8 h·day−1 58. Since the experimental algae began to wither and 
die on the 4th day (When the color of S. thunbergii become darker, the leaves fall off, the algae become soft and 
rotten, and the seawater in the incubator is turbid, and it can be considered that the algae is dead), the epiphytic 
bacteria of all groups were isolated and measured on the 3rd day (Table 1).

Henceforth, "high", "low" and " control " were used to distinguish the different UV-B radiation intensities, and 
"Male-high UV-B”, “Male-low UV-B”, and “Male-control" as well as "Female-high UV-B”, “Female-low UV-B”, 
and “Female-control" were used to distinguish the male and female experimental groups, respectively.

Acquisition of bacteria from the surface of S. thunbergii. Bacteria on the surface of S. thunbergii 
were obtained as previously  described59,60, with slight modifications. A 25 g sample of S. thunbergii at 3 days 
after treatment was weighed and placed in a sterile triangular flask, to which 70 mL of sterile phosphate-buffered 
saline (PBS) buffer solution (1 mmol·L−1) was added; afterward, the flask was sealed with sterilized film. The 
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flask was subsequently shaken (200 r·min−1) for 30 min at room temperature to obtain a suspension of epiphytic 
bacteria isolated from the surface of S. thunbergii.

High‑throughput sequencing of the 16S rDNA. In the past, studies on the effects of different stresses 
on algal epiphytic bacteria were mostly conducted in aseptic systems and isolation cultures and tried to identify 
epiphytic bacteria related to macroalgae. However, because sterile experimental systems are difficult to obtain 
and culturable bacteria constitute less than 1% of the bacteria present in nature, in actual algal environments, 
bacteria do not exist in  isolation61; thus, these methods are cumbersome, and the information obtained is not 
accurate or comprehensive. In this paper, high-throughput sequencing, which is relatively fast and has a rela-
tively low cost and  workload23, was used to extract DNA samples directly from algae.

On the ultra-clean platform, the bacterial suspension obtained in was filtered through sterile gauze to remove 
any impurities, and then the bacteria were filtered and collected on a 0.22 µm filter membrane using a vacuum 
filtration device. DNA was extracted from these membranes using an E.Z.N.A. Stool DNA Kit (Omega Bio-tek, 
USA) following the manufacturer’s instructions. At the same time, a negative control was used to determine 
the contamination from the DNA Kit. The 16S rDNA V3-V4 region was amplified via PCR using 341F (5′-CCT 
ACG GGNGGC WGC AG-3′) and 806R (5′-GGA CTA CHVGGG TAT CTAAT-3′) primers. The purified amplicons 
were subsequently sequenced (PE250) on the Illumina Hiseq 2500 platform according to standard protocols by 
Guangzhou Genedenovo Biotechnology Co., Ltd.

Data analysis. Data analysis was conducted according to the method described by  Mathai60. Paired-end 
16S sequences were assembled using FLASH (v.1.2.7). According to fqtrim (V 0.94), clean tags were acquired by 
quality filtering of the raw reads, after which chimeric sequences were filtered using Vsearch software (v2.3.4). 
DADA2 was further used to produce amplicon sequence variant (ASV) tables from the filtered data. QIIME 2 
 software62 was used to analyse the α diversity and β diversity, and R software was used to plot the results graphi-
cally. Welsh’s test and the Kruskal–Wallis (KW) test were used to evaluate the significance of the α diversity indi-
ces, and the difference in the β diversity was tested using the analysis of similarities (ANOSIM) test. BLAST was 
used for sequence alignment, and each representative sequence was annotated via the SILVA (Release 132) and 
Greengenes databases (v 13.5), which were used as reference taxonomic  databases63. Taxonomic summaries were 
performed by calculating the relative abundance across samples and normalizing to 100%. Rarefaction curves 
were plotted for each sample based on the ASV table to compare epiphytic bacterial species abundance among S. 
thunbergii  samples64. Linear discriminant analysis effect size (LefSe) analysis was subsequently performed using 
LefSe  software65 in conjunction with the KW rank sum test and the Wilcoxon rank sum test (linear discriminant 
analysis (LDA) score > 2). Indicator analysis was used to calculate the indicator value of each species in each 
group based on the abundance and frequency of occurrence of species in the sample. The R labdsv package was 
used to calculate the indicator value of species with an abundance value > 0 and a total proportion > 0.1% in each 
group within a comparison group. Cross-validation was then used for statistical testing to obtain p values. The 
results are displayed in a bubble chart. PICRUSt 2  software66 and the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway  database67–69 were used for functional gene annotation and  analysis70. After functional predic-
tions of each group, cluster analysis was carried out using a heatmap. The nonparametric factorial KW rank sum 
test was used to determine the taxa whose abundance significant differed.

Data availability
The datasets generated and analysed during the current study are available in the NCBI Sequence Read Archive 
(SRA) repository under BioProject ID PRJNA759186 (Biosample accession number SAMN21157271: Male-
high UV-B: SRR17154927, SRR17154928, SRR17154947, and SRR17154948; Male-low UV-B: SRR17154929-
SRR17154932; Male-control: SRR17154933, SRR17154938, SRR17154949, and SRR17154950; Female-high 
UV-B: SRR17154934-SRR17154937; Female-low UV-B: SRR17154939-SRR17154942; Female-control: 
SRR17154943-SRR17154946).
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Table 1.  Experimental groups of the effects of increased UV-B radiation on epiphytic bacteria of male and 
female S. thunbergii.  Only 22 samples were actually analyzed, because DNA was unable to be extracted from 2 
samples from S. thunbergii (1 female and 1 male) in the control group.

Experimental groups
PAR intensity 
(μmol·m−2·s−1) UV-B intensity (W·m−2) Samples Group name

Control group 150 0 8 (4 Male/4 Female) Male-control/Female 
-control

Low UV-B intensity treat-
ment 150 1 8 (4 Male/4 Female) Male- Low UV-B/Female 

-Low UV-B

High UV-B intensity treat-
ment 150 2.5 8 (4 Male/4 Female) Male-High UV-B/Female-

High UV-B



13

Vol.:(0123456789)

Scientific Reports |         (2023) 13:3985  | https://doi.org/10.1038/s41598-022-26494-3

www.nature.com/scientificreports/

References
 1. Roux, R., Gosselin, M., Desrosiers, G. & Nozais, C. Effects of reduced UV radiation on a microbenthic community during a 

microcosm experiment. Mar. Ecol. Prog. Ser. 225, 29–43. https:// doi. org/ 10. 3354/ meps2 25029 (2002).
 2. Häder, D. P., Helbling, E. W., Williamson, C. E. & Worrest, R. C. Effects of UV radiation on aquatic ecosystems and interactions 

with climate change. Photochem. Photobiol. Sci. 10, 242–260. https:// doi. org/ 10. 1039/ C0PP9 0036B (2011).
 3. Schmidt, É. C. et al. Response of the agarophyte Gelidium floridanum after in vitro exposure to ultraviolet radiation B: changes 

in ultrastructure, pigments, and antioxidant systems. J. Appl. Phycol. 24, 1341–1352. https:// doi. org/ 10. 1007/ s10811- 012- 9786-4 
(2012).

 4. Zhu, L. et al. Physiological responses of macroalga Gracilaria lemaneiformis (Rhodophyta) to UV-B radiation exposure. Chin. J. 
Oceanol. Limnol. 33, 389–399. https:// doi. org/ 10. 1007/ s00343- 015- 4073-2 (2015).

 5. Liu, Y. N., Ao, M., Li, B. & Guan, Y. X. Effect of ultraviolet- B( UV-B) radiation on plant growth and development and its applica-
tion value. Soils and Crops 9, 191–202. https:// doi. org/ 10. 11689/j. issn. 2095- 2961. 2020. 02. 011 (2020).

 6. Chen, Y. Y., Xu, X. L., Shen, X. Y. & Zhang, Z. G. Advances of Research on Effects of Enhanced UV-B on Algae. JiangXi Science 23, 
180–184. https:// doi. org/ 10. 13990/j. issn1 001- 3679. 2005. 02. 025 (2005).

 7. Aguilera, J., Bischof, K., Karsten, U., Hanelt, D. & Wiencke, C. Seasonal variation in ecophysiological patterns in macroalgae from 
an Arctic fjord. II. Pigment accumulation and biochemical defence systems against high light stress. Mar. Biol. 140, 1087–1095. 
https:// doi. org/ 10. 1007/ s00227- 002- 0792-y (2002).

 8. Xu, F. H., Zhang, P. Y., Yu, D. S. & Li, Y. The effect of enhanced UV-B radiation to the growth of Ulva Pertusa Kjell man and Platy 
monas Hel gol andi ca Kylin var. Tsi ngt aoensis. J. Qingdao Univ. (E & T) 21, 49–53. https:// doi. org/ 10. 3969/j. issn. 1006- 9798. 
2006. 02. 010 (2006).

 9. Guan, W. C., Chen, H., Wang, T., Chen, S. & Xu, J. Effect of the solar ultraviolet radiation on the growth and fluorescence parameters 
of Sargassum horner. J. Fish. China 40, 83–91. https:// doi. org/ 10. 11964/ jfc. 20150 109683 (2016).

 10. Sun, Y. et al. Physiological responses and metabonomics analysis of male and female Sargassum thunbergii macroalgae exposed 
to ultraviolet-B stress. Front. Plant Sci. https:// doi. org/ 10. 3389/ fpls. 2022. 778602 (2022).

 11. Sun, Y. et al. The differing responses of central carbon cycle metabolism in male and female Sargassum thunbergii to ultraviolet-B 
radiation. Front. Plant Sci. 13, 10. https:// doi. org/ 10. 3389/ fpls. 2022. 904943 (2022).

 12. Lu, P. et al. Gender differences response characteristics of Sargassum thunbergii in reactive oxygen species scavenging system to 
enhanced UV-B radiation. Period. Ocean Univ. China 52, 5259. https:// doi. org/ 10. 16441/j. cnki. hdxb. 20210 224 (2022).

 13. Ji, Y., Xu, Z., Zou, D. & Gao, K. Ecophysiological responses of marine macroalgae to climate change factors. J. Appl. Phycol. 28, 
2953–2967. https:// doi. org/ 10. 1007/ s10811- 016- 0840-5 (2016).

 14. Chen, S. W. & Wu, B. X. Algal responses to enhanced UV-B and its mechanism on molecular level. J. Jinan Univ. (Nat. Sci.) 21, 
88–94. https:// doi. org/ 10. 3969/j. issn. 1000- 9965. 2000. 05. 017 (2000).

 15. Pescheck, F., Lohbeck, K. T., Roleda, M. Y. & Bilger, W. UV-B -induced DNA and photosystem II damage in two intertidal green 
macroalgae: distinct survival strategies in UV-screening and non-screening Chlorophyta. J. Photochem. Photobiol. B 132, 85–93. 
https:// doi. org/ 10. 1016/j. jphot obiol. 2014. 02. 006 (2014).

 16. Dong, K. Physiological and biochemical responses of Ulva pertusa and Sargassum thunbergii to UV‑B radiation Master thesis, Ocean 
University of China (2008).

 17. Selvarajan, R., Sibanda, T., Venkatachalam, S., Ogola, H. & Msagati, T. A. Distribution, interaction and functional profiles of 
epiphytic bacterial communities from the rocky intertidal seaweeds, South Africa. Sci. Rep. 9, 19835. https:// doi. org/ 10. 1038/ 
s41598- 019- 56269-2 (2019).

 18. Zhang, Z. H., Tang, L. L. & Zhang, Y. Y. Algae-bacteria interactions and their ecological functions in the ocean. Microbiol. China 
45, 2043–2053. https:// doi. org/ 10. 13344/j. micro biol. china. 180178 (2018).

 19. Xuan, L. et al. Effects of UV-B radiation on quantity of epiphytic bacteria, endophytic bacteria and physiological mechanism of 
Erigeron breviscapus. Ecol. Environ. Sci. 18, 2211–2215. https:// doi. org/ 10. 16258/j. cnki. 1674- 5906. 2009. 06. 055 (2009).

 20. Zheng, H. Effects of UV‑B radiation on the endophytic bacteria in plants of Qinghai‑Tibet plateau Master thesis, Lanzhou University 
(2009).

 21. Dobretsov, S., Véliz, K., Romero, M. S., Tala, F. & Thiel, M. Impact of UV radiation on the red seaweed Gelidium lingulatum and 
its associated bacteria. Eur. J. Phycol. 56, 129–141. https:// doi. org/ 10. 1080/ 09670 262. 2020. 17753 09 (2021).

 22. Serebryakova, A., Aires, T., Viard, F., Serrao, E. & Engelen, A. Summer shifts of bacterial communities associated with the invasive 
brown seaweed Sargassum muticum are location and tissue dependent. PLoS ONE 13, e0206734. https:// doi. org/ 10. 1371/ journ al. 
pone. 02067 34 (2018).

 23. Florez, J. Z., Carolina, C., Hengst, M. B. & Buschmann, A. H. A functional perspective analysis of macroalgae and epiphytic bacte-
rial community interaction. Front. Microbiol. 8, 2561. https:// doi. org/ 10. 3389/ fmicb. 2017. 02561 (2017).

 24. Xu, X. et al. Different growth sensitivity to enhanced UV-B radiation between male and female Populus cathayana. Tree Physiol. 
30, 1489–1498. https:// doi. org/ 10. 1093/ treep hys/ tpq094 (2010).

 25. Chen, M. et al. Various responses of antioxidant enzyme system and photosynthetic pigments in male and female mulberry (Morus 
alba L.) seedlings to UV-B radiation. J. China West Normal Univ. (Nat. Sci.) 35, 327–332. https:// doi. org/ 10. 16246/j. issn. 1673- 5072. 
2014. 04. 010 (2014).

 26. Norul, S. et al. Accumulation of phenolics and growth of dioecious Populus tremula (L.) seedlings over three growing seasons 
under elevated temperature and UV-B radiation. Plant Physiol. Biochem. 165, 114–122. https:// doi. org/ 10. 1016/j. plaphy. 2021. 05. 
012 (2021).

 27. Sun, Y. et al. Development and utilization status of Sargassum thunbergii. Fish. Sci. Technol. Inf. 45, 343–346. https:// doi. org/ 10. 
16446/j. cnki. 1001- 1994. 2018. 06. 011 (2018).

 28. Amaral-Zettler, L. A. et al. Comparative mitochondrial and chloroplast genomics of a genetically distinct form of Sargassum 
contributing to recent “Golden Tides” in the Western Atlantic. Ecol. Evol. 7, 516–525. https:// doi. org/ 10. 1002/ ece3. 2630 (2016).

 29. Wu, H., Liu, H., Yang, D. & Li, M. Research present situation of Sargassum thunbergii. Terr. Nat. Resour. Study 1, 95–96. https:// 
doi. org/ 10. 16202/j. cnki. tnrs. 2010. 01. 009 (2010).

 30. Njage, P. et al. Quantitative microbial risk assessment based on whole genome sequencing data: case of Listeria monocytogenes. 
Microorganisms 8, 1772. https:// doi. org/ 10. 3390/ micro organ isms8 111772 (2020).

 31. McHugh, A. J. et al. Tracking the dairy microbiota from farm bulk tank to skimmed milk powder. mSystems 5, e00226-00220. 
https:// doi. org/ 10. 1128/ mSyst ems. 00226- 20 (2020).

 32. Sun, Y. Polyphasic Taxonomy of Fluviibacterium aquatile SM1902T and Effect of starvation treatment on the variation of bacterial 
community in the open ocean surface seawater Master thesis, Shandong University, (2020).

 33. Gao, X. et al. Survival, virulent characteristics, and transcriptomic analyses of the pathogenic Vibrio anguillarum under starvation 
stress. Front. Cell. Infect. Microbiol. 16, 389. https:// doi. org/ 10. 3389/ fcimb. 2018. 00389 (2018).

 34. Gao, Y. Study on denitrification performance of marine anammox bacteria under UV and electron mediators Master thesis, Qingdao 
University, (2020).

 35. Fernández Zenoff, V., Siñeriz, F. & Farías, M. E. Diverse responses to UV-B radiation and repair mechanisms of bacteria isolated 
from high-altitude aquatic environments. Appl. Environ. Microbiol. 72, 7857–7863. https:// doi. org/ 10. 1128/ aem. 01333- 06 (2006).

https://doi.org/10.3354/meps225029
https://doi.org/10.1039/C0PP90036B
https://doi.org/10.1007/s10811-012-9786-4
https://doi.org/10.1007/s00343-015-4073-2
https://doi.org/10.11689/j.issn.2095-2961.2020.02.011
https://doi.org/10.13990/j.issn1001-3679.2005.02.025
https://doi.org/10.1007/s00227-002-0792-y
https://doi.org/10.3969/j.issn.1006-9798.2006.02.010
https://doi.org/10.3969/j.issn.1006-9798.2006.02.010
https://doi.org/10.11964/jfc.20150109683
https://doi.org/10.3389/fpls.2022.778602
https://doi.org/10.3389/fpls.2022.904943
https://doi.org/10.16441/j.cnki.hdxb.20210224
https://doi.org/10.1007/s10811-016-0840-5
https://doi.org/10.3969/j.issn.1000-9965.2000.05.017
https://doi.org/10.1016/j.jphotobiol.2014.02.006
https://doi.org/10.1038/s41598-019-56269-2
https://doi.org/10.1038/s41598-019-56269-2
https://doi.org/10.13344/j.microbiol.china.180178
https://doi.org/10.16258/j.cnki.1674-5906.2009.06.055
https://doi.org/10.1080/09670262.2020.1775309
https://doi.org/10.1371/journal.pone.0206734
https://doi.org/10.1371/journal.pone.0206734
https://doi.org/10.3389/fmicb.2017.02561
https://doi.org/10.1093/treephys/tpq094
https://doi.org/10.16246/j.issn.1673-5072.2014.04.010
https://doi.org/10.16246/j.issn.1673-5072.2014.04.010
https://doi.org/10.1016/j.plaphy.2021.05.012
https://doi.org/10.1016/j.plaphy.2021.05.012
https://doi.org/10.16446/j.cnki.1001-1994.2018.06.011
https://doi.org/10.16446/j.cnki.1001-1994.2018.06.011
https://doi.org/10.1002/ece3.2630
https://doi.org/10.16202/j.cnki.tnrs.2010.01.009
https://doi.org/10.16202/j.cnki.tnrs.2010.01.009
https://doi.org/10.3390/microorganisms8111772
https://doi.org/10.1128/mSystems.00226-20
https://doi.org/10.3389/fcimb.2018.00389
https://doi.org/10.1128/aem.01333-06


14

Vol:.(1234567890)

Scientific Reports |         (2023) 13:3985  | https://doi.org/10.1038/s41598-022-26494-3

www.nature.com/scientificreports/

 36. Kadivar, H. & Stapleton, A. E. Ultraviolet radiation alters maize phyllosphere bacterial diversity. Microb. Ecol. 45, 353–361. https:// 
doi. org/ 10. 1007/ s00248- 002- 1065-5 (2003).

 37. Lynch, M. D. J. & Neufeld, J. D. Ecology and exploration of the rare biosphere. Nat. Rev. Microbiol. 13, 217–229. https:// doi. org/ 
10. 1038/ nrmic ro3400 (2015).

 38. Reintjes, G., Arnosti, C., Fuchs, B. & Amann, R. Selfish, sharing and scavenging bacteria in the Atlantic Ocean: A biogeographical 
study of bacterial substrate utilisation. ISME J. 13, 1119–1132. https:// doi. org/ 10. 1038/ s41396- 018- 0326-3 (2019).

 39. Roth Rosenberg, D. et al. Prochlorococcus cells rely on microbial interactions rather than on chlorotic resting stages to survive 
long-term nutrient starvation. MBio 11, e01846-01820. https:// doi. org/ 10. 1128/ mBio. 01846- 20 (2020).

 40. Berg, K. A. et al. High diversity of cultivable heterotrophic bacteria in association with cyanobacterial water blooms. ISME J. 3, 
314–325. https:// doi. org/ 10. 1038/ ismej. 2008. 110 (2009).

 41. Pootakham, W. et al. High resolution profiling of coral-associated bacterial communities using full-length 16S rRNA sequence 
data from PacBio SMRT sequencing system. Sci. Rep. 7, 2774. https:// doi. org/ 10. 1038/ s41598- 017- 03139-4 (2017).

 42. Soto, C. Y. et al. IS6110 mediates increased transcription of the phoP virulence gene in a multidrug-resistant clinical isolate 
responsible for tuberculosis outbreaks. J. Clin. Microbiol. 42, 212–219. https:// doi. org/ 10. 1128/ jcm. 42.1. 212- 219. 2004 (2004).

 43. Di Cesare, A. et al. Diverse distribution of Toxin-Antitoxin II systems in Salmonella enterica serovars. Sci. Rep. 6, 28759. https:// 
doi. org/ 10. 1038/ srep2 8759 (2016).

 44. Das, S., Saha, S. K., De, A., Das, D. & Khuda-Bukhsh, A. R. Potential of the homeopathic remedy, Arnica Montana 30C, to reduce 
DNA damage in Escherichia coli exposed to ultraviolet irradiation through up-regulation of nucleotide excision repair genes. 
Zhong Xi Yi Jie He Xue Bao 10, 337–346. https:// doi. org/ 10. 3736/ jcim2 01203 14 (2012).

 45. Jallouli, W., Sellami, S., Sellami, M. & Tounsi, S. Efficacy of olive mill wastewater for protecting Bacillus thuringiensis formulation 
from UV radiations. Acta Trop. 140, 19–25. https:// doi. org/ 10. 1016/j. actat ropica. 2014. 07. 016 (2014).

 46. Huang, L. et al. Effects of UV-B radiation on the expression of four pathogenic genes in the infection stage of Magnaporthe grisea. 
J. Agro‑Environ. Sci. 38, 494–501. https:// doi. org/ 10. 11654/ jaes. 2018- 0625 (2019).

 47. He, K., Marden, J. N., Quardokus, E. M. & Bauer, C. E. Phosphate flow between hybrid histidine kinases  CheA3 and  CheS3 controls 
Rhodospirillum centenum cyst formation. PLoS Genet. 9, e1004002. https:// doi. org/ 10. 1371/ journ al. pgen. 10040 02 (2013).

 48. Deutscher, J., Francke, C. & Postma, P. W. How phosphotransferase system-related protein phosphorylation regulates carbohydrate 
metabolism in bacteria. Microbiol. Mol. Biol. Rev. 70, 939–1031. https:// doi. org/ 10. 1128/ mmbr. 00024- 06 (2006).

 49. Li, L., Zhao, Y., Zhou, B., Dong, K. S. & Tang, X. X. Effect of UV-B irradiation on the activity and isoforms of antioxidant enzymes 
in the Brown Alga Sargassum thunbergii(Mert.) O.Kuntze. Period. Ocean Univ. China 39, 1246–1250. https:// doi. org/ 10. 3969/j. 
issn. 1672- 5174. 2009. 06. 012 (2009).

 50. Li, L., Tang, T., Hai, M., Chen, J. & Zhou, P. Response and molecular mechanisms of plants to enhanced UV-B radiation. Chin. 
Agric. Sci. Bull. 31, 159–163. https:// doi. org/ 10. 11924/j. issn. 1000- 6850. 2014- 1871 (2015).

 51. Zhang, Y. et al. Dietary corn-resistant starch suppresses broiler abdominal fat deposition associated with the reduced cecal Firmi-
cutes. Poult. Sci. 99, 5827–5837. https:// doi. org/ 10. 1016/j. psj. 2020. 07. 042 (2020).

 52. Pilla, R. et al. Effects of metronidazole on the fecal microbiome and metabolome in healthy dogs. J. Vet. Intern. Med. 34, 1853–1866. 
https:// doi. org/ 10. 1111/ jvim. 15871 (2020).

 53. Hong, S. Cloning and identification of a novel CDF family transporter gene cdffT from Planococcus sp. NEAU‑ST10–9 Master thesis, 
Northeast Forestry University (2014).

 54. Egan, S., Thomas, T. & Kjelleberg, S. Unlocking the diversity and biotechnological potential of marine surface associated microbial 
communities. Curr. Opin. Microbiol. 11, 219–225. https:// doi. org/ 10. 1016/j. mib. 2008. 04. 001 (2008).

 55. Wang, J. et al. Sex plays a role in the construction of epiphytic bacterial communities on the algal bodies and receptacles of Sargas‑
sum thunbergii. Front. Microbiol. 13, 935222. https:// doi. org/ 10. 3389/ fmicb. 2022. 935222 (2022).

 56. Wang, J. et al. Diversity of epiphytic bacterial communities on male and female Sargassum thunbergii. AMB Express 12, 97. https:// 
doi. org/ 10. 1186/ s13568- 022- 01439-1 (2022).

 57. Tang, X. X. et al. Simulated intertidal UV-B radiation enhancement large-sized seaweed culture irradiation system, has salinity 
detector and temperature detector, culturing tank provided with fluorescent lamp tube and adjustable bracket. China patent 
CN208047639-U (2018).

 58. Lu, P. et al. Gender differences response characteristics of Sargassum thunbergii in reactive oxygen species scavenging system to 
enhanced UV-B radiation. Period. Ocean Univ. China 52, 52–59. https:// doi. org/ 10. 16441/j. cnki. hdxb. 20210 224 (2022).

 59. Ren, G. et al. Response of soil, leaf endosphere and phyllosphere bacterial communities to elevated  CO2 and soil temperature in 
a rice paddy. Plant Soil 392, 27–44. https:// doi. org/ 10. 1007/ s11104- 015- 2503-8 (2015).

 60. Mathai, P. et al. Spatial and temporal characterization of epiphytic microbial communities associated with Eurasian Watermilfoil: 
A highly invasive macrophyte in North America. FEMS Microbiol. Ecol. 94, 12–21. https:// doi. org/ 10. 1093/ femsec/ fiy178 (2018).

 61. Czekalski, N., Berthold, T., Caucci, S., Egli, A. & Bürgmann, H. Increased levels of multiresistant bacteria and resistance genes 
after wastewater treatment and their dissemination into lake Geneva, Switzerland. Front. Microbiol. 3, 106–106. https:// doi. org/ 
10. 3389/ fmicb. 2012. 00106 (2012).

 62. Bolyen, E. et al. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nat. Biotechnol. 37, 
852–857. https:// doi. org/ 10. 1038/ s41587- 019- 0252-6 (2019).

 63. Janssen, S. et al. Phylogenetic placement of exact amplicon sequences improves associations with clinical information. MSystems 
3, e00021-e118. https:// doi. org/ 10. 1128/ mSyst ems. 00021- 18 (2018).

 64. Li, S. et al. Exploring untapped potential of Streptomyces spp. in Gurbantunggut Desert by use of highly selective culture strategy. 
Sci. Total Environ. 790, 148235. https:// doi. org/ 10. 1016/j. scito tenv. 2021. 148235 (2021).

 65. Qin, W. et al. Gut microbiota plasticity influences the adaptability of wild and domestic animals in co-inhabited areas. Front. 
Microbiol. 11, 125. https:// doi. org/ 10. 3389/ fmicb. 2020. 00125 (2020).

 66. Douglas, G. M., Beiko, R. G. & Langille, M. G. I. Predicting the functional potential of the microbiome from marker genes using 
PICRUSt. Methods Mol. Biol. 169–177, 2018. https:// doi. org/ 10. 1007/ 978-1- 4939- 8728- 311 (1849).

 67. Kanehisa, M. et al. KEGG: Ntegrating viruses and cellular organisms. Nucleic Acids Res. 49, D545–D551. https:// doi. org/ 10. 1093/ 
nar/ gkaa9 70 (2021).

 68. Kanehisa, M. Toward understanding the origin and evolution of cellular organisms. Protein Sci. 28, 1947–1951. https:// doi. org/ 
10. 1002/ pro. 3715 (2019).

 69. Kanehisa, M. & Goto, S. KEGG: Kyoto encyclopedia of genes and genomes. Nucleic Acids Res. 28, 27–30. https:// doi. org/ 10. 1093/ 
nar/ 28.1. 27 (2000).

 70. Douglas, G. M. et al. PICRUSt2: An improved and extensible approach for metagenome inference. BioRxiv 7, 672295. https:// doi. 
org/ 10. 1101/ 672295 (2019).

Acknowledgements
The authors would like to acknowledge American Journal Expert for the language editing.

https://doi.org/10.1007/s00248-002-1065-5
https://doi.org/10.1007/s00248-002-1065-5
https://doi.org/10.1038/nrmicro3400
https://doi.org/10.1038/nrmicro3400
https://doi.org/10.1038/s41396-018-0326-3
https://doi.org/10.1128/mBio.01846-20
https://doi.org/10.1038/ismej.2008.110
https://doi.org/10.1038/s41598-017-03139-4
https://doi.org/10.1128/jcm.42.1.212-219.2004
https://doi.org/10.1038/srep28759
https://doi.org/10.1038/srep28759
https://doi.org/10.3736/jcim20120314
https://doi.org/10.1016/j.actatropica.2014.07.016
https://doi.org/10.11654/jaes.2018-0625
https://doi.org/10.1371/journal.pgen.1004002
https://doi.org/10.1128/mmbr.00024-06
https://doi.org/10.3969/j.issn.1672-5174.2009.06.012
https://doi.org/10.3969/j.issn.1672-5174.2009.06.012
https://doi.org/10.11924/j.issn.1000-6850.2014-1871
https://doi.org/10.1016/j.psj.2020.07.042
https://doi.org/10.1111/jvim.15871
https://doi.org/10.1016/j.mib.2008.04.001
https://doi.org/10.3389/fmicb.2022.935222
https://doi.org/10.1186/s13568-022-01439-1
https://doi.org/10.1186/s13568-022-01439-1
https://doi.org/10.16441/j.cnki.hdxb.20210224
https://doi.org/10.1007/s11104-015-2503-8
https://doi.org/10.1093/femsec/fiy178
https://doi.org/10.3389/fmicb.2012.00106
https://doi.org/10.3389/fmicb.2012.00106
https://doi.org/10.1038/s41587-019-0252-6
https://doi.org/10.1128/mSystems.00021-18
https://doi.org/10.1016/j.scitotenv.2021.148235
https://doi.org/10.3389/fmicb.2020.00125
https://doi.org/10.1007/978-1-4939-8728-311
https://doi.org/10.1093/nar/gkaa970
https://doi.org/10.1093/nar/gkaa970
https://doi.org/10.1002/pro.3715
https://doi.org/10.1002/pro.3715
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.1101/672295
https://doi.org/10.1101/672295


15

Vol.:(0123456789)

Scientific Reports |         (2023) 13:3985  | https://doi.org/10.1038/s41598-022-26494-3

www.nature.com/scientificreports/

Author contributions
J.W., X.T., and H.X. conceived and designed the experiments. All authors participated in experimental design. 
J.W., Z.Y., P.L., Y.S. and S.X. performed material preparation. J.W. and Z.Y. performed the experiments. J.W. per-
formed statistical analyses and wrote the manuscript. J.W. and H.X. edited the manuscript. All authors discussed 
the results, and read and approved the final version of the manuscript.

Funding
This work was supported by National Natural Science Foundation of China (NSFC)—Shandong Joint Fund 
(U1806213), NSFC (42006144), National Key R&D Program of China (2019YFD0901204), and the NSFC-
Shandong Joint Fund for Marine Ecology and Environmental Sciences (No. U1606404).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 26494-3.

Correspondence and requests for materials should be addressed to X.T. or H.X.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-022-26494-3
https://doi.org/10.1038/s41598-022-26494-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of UV-B radiation on epiphytic bacterial communities on male and female Sargassum thunbergii
	Results
	Effects of increased UV-B radiation on the α diversity and β diversity of epiphytic bacteria on S. thunbergii. 
	Effects of increased UV-B radiation on the epiphytic bacteria on S. thunbergii. 
	Effects of increased UV-B radiation on the community composition of epiphytic bacteria on S. thunbergii. 
	Effects of increased UV-B radiation on unique epiphytic bacteria on S. thunbergii. 
	Effects of increased UV-B radiation on indicator taxa on S. thunbergii. 

	Effects of increased UV-B radiation on the epiphytic bacteria on S. thunbergii in different sexes. 
	Effects of increased UV-B radiation on the community composition of epiphytic bacteria on S. thunbergii in different sexes. 
	Effects of increased UV-B radiation on unique epiphytic bacteria on S. thunbergii in different sexes. 
	Effects of increased UV-B radiation on indicator taxa on S. thunbergii in different sexes. 

	Effects of increased UV-B radiation on the predicted functions in S. thunbergii. 

	Discussion
	Conclusion
	Methods
	Sampling site and sample collection. 
	UV-B radiation treatment. 
	Acquisition of bacteria from the surface of S. thunbergii. 
	High-throughput sequencing of the 16S rDNA. 
	Data analysis. 

	References
	Acknowledgements


