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The impact of summer drought on peat soil microbiome
structure and function-A multi-proxy-comparison
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Different proxies for changes in structure and/or function of microbiomes have been developed, allowing assessing microbiome
dynamics at multiple levels. However, the lack and differences in understanding the microbiome dynamics are due to the
differences in the choice of proxies in different studies and the limitations of proxies themselves. Here, using both amplicon and
metatranscriptomic sequencings, we compared four different proxies (16/18S rRNA genes, 16/18S rRNA transcripts, mRNA
taxonomy and mRNA function) to reveal the impact of a severe summer drought in 2018 on prokaryotic and eukaryotic microbiome
structures and functions in two rewetted fen peatlands in northern Germany. We found that both prokaryotic and eukaryotic
microbiome compositions were significantly different between dry and wet months. Interestingly, mRNA proxies showed stronger
and more significant impacts of drought for prokaryotes, while 18S rRNA transcript and mRNA taxonomy showed stronger drought
impacts for eukaryotes. Accordingly, by comparing the accuracy of microbiome changes in predicting dry and wet months under
different proxies, we found that mRNA proxies performed better for prokaryotes, while 18S rRNA transcript and mRNA taxonomy
performed better for eukaryotes. In both cases, rRNA gene proxies showed much lower to the lowest accuracy, suggesting the
drawback of DNA based approaches. To our knowledge, this is the first study comparing all these proxies to reveal the dynamics of
both prokaryotic and eukaryotic microbiomes in soils. This study shows that microbiomes are sensitive to (extreme) weather
changes in rewetted fens, and the associated microbial changes might contribute to ecological consequences.
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Soil microbiomes are complex assemblages, consisting of both
prokaryotic (bacteria and archaea) as well as eukaryotic (fungi,
protists and metazoan) organisms [1] that interact in a multitude
of ways critical for ecosystem functioning [2]. Correctly probing
the dynamic microbiome response to abiotic and biotic factors is
crucial for our understanding in times of global change. How to
measure microbiome dynamics? Different proxies for changes in
structure and/or function of microbiomes have been developed
and applied. The amplicon sequencings of 16S and 18S rRNA
genes are widely used to access total prokaryotic and eukaryotic
communities, respectively. Next to the bias introduced by primers
and amplification, the persistence of relic DNA from dead
organisms can obscure microbial responses to environmental
changes [3]. To mitigate this bias, rRNA transcripts have been
employed as the proxy to target active organisms or living
biomass. However, a new concern arises given that soils likely
contain a large dormant fraction of organisms, which can
contribute considerable amounts of rRNA [4]. Metatranscriptomics
allowing the simultaneous assessment of rRNA and mRNA can
alleviate the above-mentioned drawbacks, as mRNA reflecting the
gene expression is metabolically incidental, providing a highly
sensitive bioassay for environmental changes relevant to microbes
[5]. This “double-RNA” approach also provides both taxonomic
and functional insights in microbiome compositions [6]. While

mRNA has been largely employed to interpret microbial functions,
the taxonomy assigned with mRNA, which could be a good
indicator of metabolically active microorganisms, is despised. To
date, a comparison of all these proxies for assessing microbiome
dynamics is still lacking.

Understanding the temporal dynamics of microbiomes in the
course of drought in wetland ecosystems is important as such
extreme weather now occurs more often due to climate change.
However, there are still the lack and debates in understanding the
temporal dynamics of microbiomes due to the differences in the
choice of proxies in different studies and the limitations of proxies
themselves. Rewetted fen peatlands are locally novel ecosystems
[71, and microbiomes in these ecosystems are still under-
characterized. A previous study showed the seasonal dynamics
mainly in eukaryotic microbiomes in three rewetted fens [8], but it
remains unclear if this pattern persists in the year with extreme
weather events and if the chosen proxy matters in revealing
microbiome dynamics.

Here, we delineated the impact of summer drought on the
microbiome structure and function in two rewetted fen peatlands
in northern Germany, namely coastal fen and percolation fen [9],
with the comparison between four different microbiome proxies:
(I) 16/18S rRNA genes, (Il) 16/18S rRNA transcripts, (lll) mRNA
taxonomy, (IV) mRNA function, based on amplicon sequencing
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Changes in microbiome structures and function compositions. a Sampling timeline. b Microbiome composition. c-f PCoA showing

changes in prokaryotic and eukaryotic microbiome structures and function compositions over the studying months based on 16/18S rRNA
genes (c), 16/18S rRNA transcripts (d), mRNA taxonomy (e), mRNA function (f). The color codes in (c-f) correspond to color codes in (a).

and metatranscriptomic sequencing. In 2018, a severe heatwave
and drought hit Europe in the summer, with significantly higher
temperature and less precipitation (from April to September)
compared to previous years [10-12]. Consequently, this summer
drought resulted in a significant decline in water level (down to
around —80 and —20 cm) and an increase in redox potential (up
to around 120 and 100 mV) in coastal and percolation fen,
respectively (Fig. S1). Soil samples were taken in two-month
intervals from April 2018 until February 2019 (Fig. 1a), covering the
periods before, during and after the drought happened (Fig. S1).
Both prokaryotic and eukaryotic microbiomes (Fig. 1b) were
investigated with these proxies. The detailed methods are
described in the Supplementary Information.
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To assess the drought impact, 18-Apr and 19-Feb were
considered as wet months (water level =sampling depth, Fig. S1)
while 18-Jun, 18-Aug and 18-Oct were considered as dry months
(water level < sampling depth, Fig. S1). The principal coordinate
analysis showed that, on DNA level, the difference in microbiome
composition between dry and wet months was only significant in
eukaryotes in the coastal fen (Fig. 1c), as characterized by
permutational multivariate analysis of variance (Table S1). Surpris-
ingly, mRNA proxies suggested strong and significant impacts of
drought on prokaryotic compositions in contrast to rRNA proxies
(Fig. 1d-f; Table S1). However, 185 rRNA transcript and mRNA
taxonomy indicated stronger drought impact on eukaryotic
compositions especially in the coastal fen (Table S1).
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Fig. 2 Accuracy of microbiome changes in predicting dry and wet months under different proxies. a Accuracy of prokaryotic microbiome
changes in predicting in the coastal fen. b Accuracy of eukaryotic microbiome changes in predicting in the coastal fen. ¢ Accuracy of prokaryotic
microbiome changes in predicting in the percolation fen. d Accuracy of eukaryotic microbiome changes in predicting in the percolstion fen. The
values are shown as mean + standard deviation (n = 100). Different letters indicate significant differences between different proxies (Kruskal-Wallis
posthoc dunn test adjusted P < 0.05). DNA indicates 165/18S rRNA genes, while rRNA indicates 165/18S rRNA transcripts.

Random forest was employed to compare the accuracy of
microbiome changes in predicting dry and wet months between
different proxies. The accuracies of the proxies are in the following
order: mRNA function = mRNA taxonomy > rRNA transcript >
rRNA gene for prokaryotes (Fig. 2a and c); rRNA transcript = mRNA
taxonomy > mRNA function and rRNA gene for eukaryotes
(Fig. 2b and d). This comparison suggests that mRNA proxies are
better in revealing prokaryotic microbiome dynamics while
taxonomy-based RNA proxies perform better for eukaryotic
microbiomes. The limitation of the current databases for
eukaryotic functions may lead to the weaker performance of
mRNA function for eukaryotes, but it might also be due to the
shared same basic metabolic activities among eukaryotes [13, 14].
The poor performance of DNA proxies in both cases suggests that
16S and 18S rRNA genes that have been widely used may not be
sufficient in revealing the microbiome changes in a dynamic
environment.

Remarkably, both prokaryotic and eukaryotic microbiome
compositions showed a hydrology-related (wet vs. dry months)
change based on corresponding proxies (Fig. 1). These changes
were weaker in percolation fen (Table S1), probably due to the
weaker decline of the water level in the dry months (Fig. S1).
However, compared with the previous year without drought [8],
these patterns were much stronger in both sites, illustrating that
microbiomes are sensitive to (extreme) weather changes in
rewetted fens. To gain insights from the functional level, the
mMRNA transcripts related with stress responses annotated with
SEED [15] were investigated. Most of the stress-response-
functions (including those oxygen- and temperature-sensitive
ones) showed a significant increase in the dry months (Fig. S2),
highlighting a mechanistic response of microbiomes to summer
drought.

Our study compared four different proxies for microbiome
structure and function, suggesting that the choice of proxy
matters in revealing microbiome dynamics. With corresponding
proxies, we found that both prokaryotic and eukaryotic micro-
biomes showed a strong response to summer drought in two
rewetted fens. Future microbiome analyses are needed with
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integrated process data to understand the related ecological
consequences.

DATA AVAILABILITY

All the sequencing data are available through the European Nucleotide Archive of
European Molecular Biology Laboratory with the study accession number
PRJEB51908.

REFERENCES

1. Fierer N. Embracing the unknown: disentangling the complexities of the soil
microbiome. Nat Rev Microbiol. 2017;15:579-90.

2. Faust K, Raes J. Microbial interactions: from networks to models. Nat Rev
Microbiol. 2012;10:538-50.

3. Carini P, Marsden PJ, Leff JW, Morgan EE, Strickland MS, Fierer N. Relic DNA is
abundant in soil and obscures estimates of soil microbial diversity. Nat Microbiol.
2016;2:1-6.

4. Blazewicz SJ, Barnard RL, Daly RA, Firestone MK. Evaluating rRNA as an indicator
of microbial activity in environmental communities: limitations and uses. ISME J.
2013;7:2061-68.

5. Moran MA, Satinsky B, Gifford SM, Luo H, Rivers A, Chan LK, et al. Sizing up
metatranscriptomics. ISME J. 2013;7:237-43.

6. Urich T, Lanzen A, Qi J, Huson DH, Schleper C, Schuster SC. Simultaneous
assessment of soil microbial community structure and function through analysis
of the meta-transcriptome. PLoS One. 2008;3:e2527.

7. Kreyling J, Tanneberger F, Jansen F, van der Linden S, Aggenbach C, Bluml V,
et al. Rewetting does not return drained fen peatlands to their old selves. Nat
Commun. 2021;12:1-8.

8. Wang H, Weil M, Dumack K, Zak D, Miinch D, Giinther A, et al. Eukaryotic rather
than prokaryotic microbiomes change over seasons in rewetted fen peatlands.
FEMS Microbiol Ecol. 2021;97:fiab121.

9. Jurasinski G, Ahmad S, Anadon-Rosell A, Berendt J, Beyer F, Bill R, et al. From
Understanding to Sustainable Use of Peatlands: The WETSCAPES Approach. Soil
Systems. 2020;4:14.

10. Magnusson L, Ferranti L, Vamborg F. Forecasting the 2018 European heatwave.
ECMWF  Newsletter. 2018. https://www.ecmwf.int/en/newsletter/157/news/
forecasting-2018-european-heatwave. Accessed 16 December 2021.

11. NOAA National Centers for Environmental Information, State of the Climate:
Regional Analysis for Annual 2018. 2019. https://www.ncdc.noaa.gov/sotc/global-
regions/201813. Accessed 16 December 2021.

SPRINGER NATURE


https://www.ecmwf.int/en/newsletter/157/news/forecasting-2018-european-heatwave
https://www.ecmwf.int/en/newsletter/157/news/forecasting-2018-european-heatwave
https://www.ncdc.noaa.gov/sotc/global-regions/201813
https://www.ncdc.noaa.gov/sotc/global-regions/201813

H. Wang et al.

12. Heffron C, Cereceda R. The record breaking heatwave that is gripping northern Eur-
ope. Euronews. 2018. https://www.euronews.com/2018/07/19/the-record-breaking-
heatwave-that-is-gripping-northern-europe. Accessed 16 December 2021.

13. Carlile M. Prokaryotes and Eukaryotes-Strategies and Successes. Trends Biochem
Sci. 1982;7:128-30.

14. Oren A. Metabolic diversity in prokaryotes and eukaryotes. In: Minelli A, Con-
trafatto G (eds). Biological Science Fundamentals and Systematics-Volume II.
EOLSS Publications, Paris, 2009. pp, 40-76.

15. Overbeek R, Begley T, Butler RM, Choudhuri JV, Chuang H-Y, Cohoon M, et al. The
subsystems approach to genome annotation and its use in the project to
annotate 1000 genomes. Nucleic Acids Res. 2005;33:5691-702.

ACKNOWLEDGEMENTS

This study was supported by the European Social Fund (ESF) and the Ministry of
Education, Science and Culture of Mecklenburg-Western Pomerania (Germany)
within the scope of the project WETSCAPES (ESF/14-BM-A55-0034/16 and ESF/14-BM-
A55- 0030/16). T.U. and H.W. acknowledge additional support by the DFG (German
Research Foundation, project number TU/4-1). We thank Micha Weil for his help with
the sampling and Marc Piecha for his help with the conceptual figure. We thank
Dr. Gerald Jurasinski and Dr. Anke Giinther for providing the water level data.

AUTHOR CONTRIBUTIONS

TU and HW conceived the study, collected the samples, and wrote the manuscript.
MM and CJ conducted the experiments and prepared the sequencing library. HW
performed the data analysis and prepared the figures. TU, HW, and AWK interpreted
the data. All authors revised and commented on the manuscript. All authors have
read the final version of the manuscript and approved of its content.

FUNDING
Open Access funding enabled and organized by Projekt DEAL.

SPRINGER NATURE

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/543705-022-00164-x.

Correspondence and requests for materials should be addressed to Haitao Wang or
Tim Urich.

Reprints and permission information is available at http://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

BY 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://
creativecommons.org/licenses/by/4.0/

© The Author(s) 2022

ISME Communications


https://www.euronews.com/2018/07/19/the-record-breaking-heatwave-that-is-gripping-northern-europe
https://www.euronews.com/2018/07/19/the-record-breaking-heatwave-that-is-gripping-northern-europe
https://doi.org/10.1038/s43705-022-00164-x
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The impact of summer drought on peat soil microbiome structure and function-A multi-proxy-comparison
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




