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Abstract

:

Fungi have shaped the biosphere since the development of life on Earth. Despite fungi being present in all environments, most of the available fungal research has focused on soils. As a result, the role and composition of fungal communities in aquatic (marine and freshwater) environments remain largely unexplored. The use of different primers to characterise fungal communities has additionally complicated intercomparisons among studies. Consequently, we lack a basic global assessment of fungal diversity across major ecosystems. Here, we took advantage of a recently published 18S rRNA dataset comprising samples from major ecosystems (terrestrial, freshwater, and marine) to attempt a global assessment of fungal diversity and community composition. We found the highest fungal diversities for terrestrial > freshwater > marine environments, and pronounced gradients of fungal diversity along temperature, salinity, and latitude in all ecosystems. We also identified the most abundant taxa in each of these ecosystems, mostly dominated by Ascomycota and Basidiomycota, except in freshwater rivers where Chytridiomycota dominated. Collectively, our analysis provides a global analysis of fungal diversity across all major environmental ecosystems, highlighting the most distinct order and ASVs (amplicon sequencing variants) by ecosystem, and thus filling a critical gap in the study of the Earth’s mycobiome.
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1. Introduction


Fungi represent a large part of the global genetic diversity, and their evolution and diversification had major implications for the development of life on Earth [1,2,3,4]. The total diversity of fungi has currently been estimated to be 2.2–3.8 million species [1,5,6]. These so-called mycobiomes are generally predominated by three phyla: the Ascomycota, Basidiomycota, and Chytridiomycota in marine ecosystems [7], while terrestrial ecosystems are generally dominated by Ascomycota and Basidiomycota [8].



In terrestrial and freshwater ecosystems, fungi are one of the key organismal groups necessary for the cycling of plant detritus, contributing to key elemental cycles by releasing CO2 into the atmosphere and inorganic nitrogen and phosphorous into the soil [9]. Previous analysis of soil samples using 454 sequencing technology on the internal transcribed spacer (ITS) region identified distance from the Earth’s equator and mean annual precipitation as factors with the strongest effects on the richness of soil fungi [8]. Less is known about the ecology of aquatic fungi (freshwater and marine), although recent evidence indicates they also play a critical role in those environments [9]. Although most of the studies on marine fungal ecology have been associated with debris such as driftwood or seafloor sediments [9], recent evidence suggests that fungi are also present in the oceanic water column exhibiting biomass levels as high as prokaryotes on particles [9,10,11,12,13]. A recent attempt focusing on samples from the marine environment using 18S rRNA found a diverse community composition that was influenced by salinity [7].



Yet, most of the research on fungal diversity has focused on genetic and molecular studies from soil environments, and the question of how fungal biodiversity is partitioned across different ecosystems as well as temporal and spatial scales remains unresolved. Moreover, different primers are frequently used to characterise fungal communities, complicating intercomparisons among studies. Therefore, a global integrative analysis including terrestrial, freshwater, and marine ecosystems is urgently lacking. This gap becomes even more relevant in light of recent findings highlighting the critical importance of fungi not only in soils but also in aquatic ecosystems [9,10,14,15,16,17]. To reduce this gap, here we used a recently published compilation of metabarcoding studies allowing for large-scale comparisons of eukaryotic microorganisms across ecosystems, which focuses on the V4 region of the 18S rRNA as ASVs [18]. We hypothesised to find different fungal diversities and community assemblages across systems, with higher diversities in soils than in aquatic environments.




2. Materials and Methods


Data retrieval. Data were retrieved from the metaPR2 web browser accessed in February 2022 (https://shiny.metapr2.org/metapr2/, accessed on 4 March 2022) [18]. Users need to ‘enter’ the website portal in order to access the database. The following samples were collected: V4 gene regions, DNA and RNA, all available ecosystems, all available substrates, and all available size fractions and depth levels for the Opisthokonta, including the Kingdom of Fungi. The data were downloaded as an RDS element that was directly imported into R using the command ‘readRDS(“metapr2_phyloseq_ALLFungi_2022-03-01.rds”, refhook = NULL)’. All following analyses were performed in the R version 4.1.3 (2022-03-10)—“One Push-Up”.



Statistical Analysis. The RDS format was a phyloseq object which is an R package [19] to import, store, analyse, and graphically display complex phylogenetic sequencing data that has already been clustered into Amplicon sequencing variants (ASVs) or more appropriately denoised, and it is most useful when there is also associated sample data, phylogeny, and/or taxonomic assignment of each taxon. phyloseq leverages and builds upon many of the tools available in R for ecology and phylogenetic analysis (vegan13, ade414, ape15), while also using advanced/flexible graphic systems (ggplot216) [20] to easily produce publication-quality graphics of complex phylogenetic data. The phyloseq package uses a specialised system of S4 data classes to store all related phylogenetic sequencing data as a single, self-consistent, self-describing experiment-level object, making it easier to share data and reproduce analyses. All multivariate statistical analyses were performed in the vegan package in R [21]. Diveristy plots were plotted using the plot_bar() function in phyloseq. The metadata (all environmental parameters) to the dataset were included in the downloaded RDS file.



DESeq2. Statistical significance of differences in ASV relative abundances between treatments was determined using DESeq2 (version 1.10.1) [22]. The workflow described as part of the phyloseq addition with DeSeq2 was used (https://joey711.github.io/phyloseq-extensions/DESeq2.html, accessed on 4 March 2022) and modified following the methodology used by Pelikan et al. [23]. Only ASVs that had ≥5 reads and that were present in ≥5 of the samples per ecosystem were kept. The ASV table from phyloseq was used as raw count data for DESeq2; however, all 0 values had to be transformed to 1. Results were extracted with the command: results(cooksCutoff  =  FALSE, contrast = c(“ecosystem”,”terrestrial”,”oceanic”)) and were considered statistically significant if the false-discovery-rate (FDR)-adjusted p value was below 0.05.



Data visualisation and availability. All Figures were produced in R using ggplot [20] and exported as svg formats, and merged in the open-source program Inkscape (https://inkscape.org/, accessed on 4 March 2022). All analysis files, as well as R markdown files, can be found on the publicly accessible GitHub page https://github.com/PavlaDe/ASV_FungiFun (accessed on 4 March 2022).




3. Results and Discussion


3.1. Global Comparison of Fungal Diversity by Ecosystem


The fungi dataset comprised 2332 samples compiled from 41 independent terrestrial, coastal, and oceanic sampling campaigns (Figure 1A). This dataset is extensive, although there is a high difference in sampling effort that is to be expected due to the heterogeneity of the datasets. The coastal dataset was the largest, with 1130 samples, followed by the oceanic and terrestrial (n = 924 and n = 800, respectively), and the smaller freshwater datasets (freshwater rivers, n = 154; and freshwater lakes, n = 246). The number of species per observation was clearly highest for terrestrial ecosystems, with a mean value of 57 fungal taxa by sample (Figure 1B). This was also represented by the highest Shannon diversity, which was significantly different (p < 0.001, ANOVA) between the five ecosystems, ranging from 2.75 in terrestrial to 1.6–1.26 in freshwater ecosystems, and down to 0.59–0.51 in marine systems (Figure 1C). Our findings confirm the assumption that terrestrial fungal diversity is highest and decreases towards aquatic ecosystems, although this observation might be biased by the lack of large-scale available data for fungi from aquatic ecosystems [24]. In the marine environment, the highest fungal diversities are often found in surface waters [25] and close to the coast [26,27,28], with the lowest diversity at oceanic sites [28], although not always; e.g., no significant differences were found for fungal diversity in a recent study along a transect covering estuary to oligotrophic waters in the Sargasso Sea [29].



We retrieved environmental parameters from the published database and focused our analysis on those common to all ecosystems. To understand the influence of environmental factors on fungal diversity, we tested salinity, temperature, and latitude as environmental indicators for the different ecosystems (Figure 1D–F). We focused on the specific V4 region of the 18S rRNA and calculated alpha diversity, inverse Simpson, and the Chao estimator. These further confirmed the observed diversity observations (Supplementary Figure S1). Maximum alpha diversities were found in terrestrial systems, increasing from 8.2 to 19.7 °C and then decreasing towards 30 °C (Figure 1D, Supplementary Figure S1A). In contrast, the highest diversities in rivers were found between 1.3 and 7 °C. Marine fungi communities increased in diversity with increasing salinity up to 37, while the highest diversities for rivers were found at 0 salinity (Figure 1E, Supplementary Figure S1B). The highest terrestrial fungal diversity was observed around 50 °N, contrasting previously observed highest diversity at the equator [8]. Interestingly, marine fungal diversity generally decreased towards high latitudes (Figure 1F, Supplementary Figure S1C), which is in line with observed decreases for fungal communities [13] as well as marine bacteria and phytoplankton diversity with increasing latitude [30,31,32].




3.2. Fungal Communities by Ecosystem


We further identified the main contributors to fungal diversity across ecosystems. In all ecosystems, the dominating fungal phyla were Ascomycota and Basidiomycota, followed by Chytridiomycota, with the highest contribution of Cryptomycota found in freshwater rivers (16.7%) (Figure 2A, Supplementary Figures S2 and S3). In terrestrial communities, Mucoromycota (16.6%) and Glomeromycota (4.8%) also contributed substantially. There was also a relevant contribution of fungi that are not classified (termed ‘Unkn’) in all ecosystems, particularly in the freshwater river (1.4%), lake (3.2%), coastal (0.9%), and oceanic ecosystems (5.8%). Although it is difficult to compare our relative abundances to previous work due to the lack of comparative analyses across multiple ecosystems, the main subphyla and class contributions obtained are in consensus to specific soil [8], marine [7,13], or freshwater datasets [33]. Analysis of Variance Using Distance Matrices (‘Adonis’ function in R) revealed that the communities were significantly different in their taxa composition between ecosystems. This was further confirmed by principal component analysis (PCA) (Supplementary Figure S4).



In order to identify specific differences in community composition between ecosystems, we performed differential expression analysis, modified for ASV count data, and focused on the taxonomic level of order (Figure 2). We further repeated the analysis with the genus-specific ASVs (Figure 3), although we acknowledge that the genus-level ASV-specific differences need to be taken with care due to the difficulty in differentiating genera from the sequencing of the 18S rRNA region [34].



The subphyla from coastal datasets with the highest differences (represented by greatest log2 fold changes) to terrestrial communities were Pucciniomycotina, Cryptomycotina, and Agaricomycotina (Figure 2B). For ocean datasets the subphyla Ustilaginomycotina, Pucciniomycotina, and not classified fungi had highest log2 fold changes to terrestrial communities (Figure 2C). All of these have been previously found in coastal and oceanic environments [35]. Members of the Ustilaginomycotina were described as marine smut fungi and have been isolated from anoxic zones of the Arabian Sea [36,37]. Pezizomycotina have shown to be dominant fungal symbionts of sponges together with Agaricomycotina in marine environments [38,39]. The coastal communities differentiated from the oceanic ones mostly by the subphyla Cryptomycotina and Agaricomycotina compared to Pucciniomycotina and Ustilaginomycotina (Figure 2D). Agaricomycotina have additionally been found to be associated with seaweeds in coastal waters [40]. Oceanic fungal communities exhibited the highest differences from freshwater lake communities in Ustilaginomycotina, Agaricomycotina, and the class Wallemiomycetes (Figure 2E), and from freshwater river communities in Cryptomycotina (Figure 2F). While the differences in freshwater lake communities compared to freshwater rivers were strongest in Wallemiomycetes, Agrarimycotina, and Ustilaginomycotina (Figure 2G).




3.3. ASV-Specific Differences by Ecosystem


The marine communities differentiated from the terrestrial ones by several specific ASVs, mostly Rhodotorula mucilaginosa (Figure 3A,B) and an undefined Chytridiomycota. The highest difference between oceanic datasets to coastal datasets was observed for Emericellopsis alkalina and Rhodosporidium diobovatum (Figure 3C). Rhodotorula species are predominant basidiomycete yeasts in the marine environment [14]. Rhodotorula mucilaginosa has been isolated from a sediment core at 3600 m depth and cultivated at atmospheric pressure. It is a fungal species of interest due to its ability to produce valuable natural products, such as lipids and carotenoids, with potential applications as surfactants, food additives, and pharmaceuticals [41]. Chytridiomycota have been defined as one of the dominant groups of parasites in aquatic ecosystems. The free-living zoosporic stage of Chytridiomycota actively searches for and infects host cells, extracting nutrients and developing into mature sporangia that release new zoospores [42]. These zoospores are a good food source for zooplankton in terms of size and shape and led to the development of the “mycoloop” concept [28]. When large inedible phytoplankton species are infected by chytridiomycota, nutrients within host cells are transferred to zooplankton via the zoospores of parasitic chytridiomycota. The “mycoloop” may play an important role in shaping aquatic ecosystems by altering sinking fluxes or determining system stability [43]. The identification of zoospores remains challenging, and the presence of these taxa in relation to the terrestrial datasets highlights their importance in marine ecosystems.



The highest difference between oceanic datasets to coastal datasets was observed for Emericellopsis alkalina and Rhodosporidium diobovatum (Figure 3C). Emericellopsis alkalina has foremost been described in alkali-tolerant soils with a growth optimum at pH above 9. The molecular adaptations to these alkaline conditions are of high interest for biotechnology, and the similarity of other Emericellopsis to the marine taxa has raised the hypothesis of its marine origin [44]. Its adaptation to alkaline environments could potentially explain its presence in the oceanic dataset that experiences changes in pH with depth. Rhodosporidium diobovatum was slated from marine and estuarine waters as well as deep-sea sediments and is defined as a relationship between the yeast form genus Rhodotorula and heterobasidiomycetous fungi [45,46].



Terrestrial differences from marine systems (oceanic and coastal) were fairly similar, with the most distinct ASVs being Geotrichum sp., Trichosporon sp., and Galactomyces geotrichum (Figure 3A,B). All three of these have been observed in soil samples from different parts of the world and are defined as soil fungi [8,24]. The fungal taxa explaining most of the variation in the terrestrial community was Mortierella hyalina belonging to the Mucoromycotina subphylum, which was significantly different from the marine samples (Figure 3A,B). Mortierella hyalina was also the driving ASV for terrestrial communities in the PCA, showing that the communities were significantly different in their taxa composition between ecosystems (Supplementary Figure S4). Mortierella hyalina is a known beneficial root-colonising fungus [47], and the morphological diversity of the Mortierella genus remains underestimated [48]. Given the plant association and filamentous nature, this species has been observed in the highest abundance in most soils from different ecosystems [8].



In freshwater lakes, the differences from oceanic communities were mostly due to Cladosporium sp. and Malassezia restricta (Figure 3D). Rivers, on the other hand, exhibited differences from oceanic ecosystems and freshwater lakes in two members of the Ascomycota, namely Ceuthospora sp., Mycosphaerella graminicola, as well as and the Chytridomycota member, Rhizophlyctis rosea (Figure 3E,F). These results are consistent with ecosystem-specific studies where each of those fungal taxa has been shown to be present and/or dominate in their corresponding ecosystem [44,46]. Many aquatic habitats construe a submersion gradient from land to water along a floodplain, and since the precise positions of such gradients may fluctuate seasonally and/or episodically with weather events, it is difficult to establish precise aquatic boundaries [49]. Additionally, the degree of submergence of the substrates of freshwater ascomycetes, for example, can vary with fluctuations in water level. Whether these taxa are truly freshwater species and not of terrestrial origin is difficult to assess [49]. This is also reflected in the number of shared ASVs between freshwater ecosystems to terrestrial ecosystems (Figure 3F).



Taken together, our results provide the exploration of fungal diversity on the order and ASV level across major ecosystems. We found that fungal diversities decrease from terrestrial > freshwater > marine environments. We also revealed the most distinct taxa by ecosystem, and concluding that the communities are shaped by environmental parameters resulting in ASV-specific communities. We acknowledge the difficulties associated with potential database heterogeneity; nonetheless, this study provides a base for ecosystem intercomparisons of fungal diversity. The increase in deposited sequence data will fuel future studies to describe a more complete picture of global fungal diversity.
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Figure 1. (A) Sampling locations from 41 campaigns and expeditions with presence of fungal ASVs. (B) Species richness by ecosystem; (C) Shannon diversity by ecosystem; (D) Shannon diversity by temperature (°C); (E) Shannon diversity by salinity; (F) Shannon diversity by latitude. 
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Figure 2. (A) Relative contribution of reads by ecosystem according to fungal class annotation. (B–G) Deseq2 Analysis was performed to highlight the differences in fungal order by ecosystem. For each comparison, the greatest log2 fold changes are depicted. Note the difference in Log2 Fold change per comparison. 
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Figure 3. (A–F) Deseq2 Analysis was performed to highlight the differences in ASVs by ecosystem. For each comparison, the greatest log2 fold changes are depicted. Note the difference in Log2 Fold change per comparison. 






Figure 3. (A–F) Deseq2 Analysis was performed to highlight the differences in ASVs by ecosystem. For each comparison, the greatest log2 fold changes are depicted. Note the difference in Log2 Fold change per comparison.



[image: Jof 09 00510 g003]













	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Oceanic

Coastal

Freshwater Lakes

Freshwater Rivers

Terrestrial

O
®
w
w

Ascomycota
Basidiomycota
Blastocladiomycota
Chytridiomycota
Cryptomycota
Entomophthoromycota
Glomeromycota
Mucoromycota

20 40 60 80 100
Relative contribution of reads (%)
B. Coastal Terrestrial C. Ocean Terrestrial
Pucciniomycotina ® Ustilaginomycotina
Fungi_UK @
Glomeromycotina
Pucciniomycotina +—@)— @@
Ascomycota_U @
Glomeromycotina o
- Py
E Cryptomycotina ow Ascomycota_U -
2 o
O Mucoromycotina o o Cryptomycotina CO
. Py Py
Chytridiomycotina 1@ @ Mucoromycotina b b
Chytridiomycotina —+—— @8- @& @
Pezizomycotina -H——@ @
Pezizomycotina +{@ o9 @
Agaricomycotina @ @ o O @
Agaricomycotina @ @ o @ ®
Saccharomycotina @ o0 O Saccharomycotina - e;-.e - o—@
5 0 5 10 5 0 5 10
Log2 Fold Change Log2 Fold Change
E. Ocean Freshwater L. F. Ocean Freshwater R.
Ustilaginomycotina @ @
Cryptomycotina @
Agaricomycotina @
Chytridiomycotina o 9 @& {4
Wallemiomycetes -
—
(0]
©
—
O Chytridiomycotina O ., Fungi_UK S
Fungi_UK @
Pucciniomycotina o0 —
Pucciniomycotina - —
Pezizomycotina T—@ @
Pezizomycotina - @ o0 @
10 £ 0 5 25 0 25 5

Log2 Fold Change

Unknown
Zoopagomycota

Logo Fold Change

Cryptomycotina

Agaricomycotina

Ustilaginomycotina

Chytridiomycotina

Pucciniomycotina

Fungi_UK

Pezizomycotina

Cryptomycotina

Wallemiomycetes

Agaricomycotina

Chytridiomycotina

Ustilaginomycotina

Pezizomycotina

D. Coastal Ocean
@
o
@
@ o«® { ol
o
o0
L 4 L @
25 0.0 25
Log2 Fold Change
G. Freshwater R. Freshwater L.
@
=
o
| o e
@ @
@ @ L @
£ 0 5 1

Log2 Fold Change






nav.xhtml


  jof-09-00510


  
    		
      jof-09-00510
    


  




  





media/file0.png





media/file2.png
B. Species richness

C. Shannon diversity

=275

mean

=0.59

mean

=0.51

mean

o -

AYsJaAIp UouuBYS UBS|\

Oceanic Freshwater Freshwater Terrestrial

=

|L L -

Coastal

A.Map of sampling locations

o

(@]
[@] (@]
AN

suoneAlasgo Jad saioads Jo Jaquinp

. Freshwater Lakes . Freshwater Rivers ‘ Terrestrial

® Coastal @ Oceanic

Freshwater Freshwater Terrestrial

Oceanic

Coastal

—~

o

o

@0

I

c

£
—
b
L

21

re
©
%4

2N
© Il

—c
£

—

<

N

)]

1i

c

£

—~

o

™

—

A

I

c

=

—~

o

o]

@0

I

c

£
—

b
L

2

re
©

%4

o

© Il

—c
=

—

<

N

)]

1i

c

£

—~

o

]

—

A

I

c

=

° ooo oooooooo co.‘ko”o‘o’lﬂ‘
. g
[ ] ‘oo oMo"..o'o.o |_k0u
® .*J _—
° on o oewme h'o*hoo;o .Q‘Ooofuo&‘ ¢
* emesme ‘o “on
oooocoloo b oou
R e 2 aasr at as ....._.... .
® o o0 com oo o 80 oo ooc~ . . oo . LO
o ® ° ..OJ [
(1] %... L] ¢ O.
° ° L oo.‘
m » e o o o e o oo .oo’ no o‘..‘oo% ".
m ° oooo ° |_k0u
TS somw @0 o _wnmad =
< © ~ - o
xXapul >u_._w.h®>_ﬁ_ uouueys
o
E
L O
N~
L O
T}
P
W oo o oo ‘ oo
s Co
n e "o *
E L] L] L] .. ” ] “. p O
< ™ N - ©
Xapul >u_._w.h®>_ﬁ_ uouueys
- o0 - lo
. ° o % % N ™
ooo o.. ‘ -oo oo ooo ﬁooo o. o‘ oo
o"ooo-o 0-. ° o-o‘ﬂo L ‘o OV uooo cu
1Y .{.‘ 8 oo ¢ 0 oo‘ﬁ oro J?ﬂ s o
e ¥ ' uoo «e o -O. o.ooo ,‘Oﬂoo o‘-o ‘s
.. oL ® L N
3 .c.&.f!b .ul...... o .._as .mu. o...u..v .c.u..m o
'ooo. e o ° ooooo o ”u-oo o-o o.o
o 2 .mﬂnhﬁo“oﬂr?‘to oo odu ro*loa oon © % e
- o'f“ioo*o. L) 3 .. oo..oo-o < .u oo"
wole o oo.olo- e® o o o ooo ooo ‘o olouoo ﬂ"o\ XX
eoe ° ‘edee o o oﬁ\ o’ °Ce o. oﬂO |m
° oﬂ o h QA . e s o
o) @ © Ssase e ¢co
.M ¢ o\ ° s *° .o”nlo ¢ °
m . . Y .
3 N A R I ORI
= .‘oo oo‘oo T
m o o . *Te o0 .
D- L] L] L] L]
< ™ N - ©

xapul AjisleAlg uouueys

Sal

°C





media/file5.jpg





media/file6.png
A. Coastal

Chytridiomycetes_U_sp.

Rhodotorula_mucilaginosa

Terrestrial

Aspergillus_sojae

Lecanicillium_saksenae

Candida_boidinii

Mortierella_minutissima

Candida_ghanaensis

ASV

Rhizophydium_elyensis

Trichosporon_loubieri

Cryptococcus_podzolicus

Mortierella_hyalina

Entophlyctis_luteolus

Trichoderma_virens

Cyberlindnera_saturnus

Geotrichum_sp.

Trichosporon_sp.

Galactomyces_geotrichum

D.

(€]

0 5
Log, Fold Change

Ocean

Freshwater L.

Cladosporium_sp.

Malassezia_restricta

Tilletiopsis_albescens

Malassezia_globosa

Ascochyta_pisi_var._pisi

Chytridiomycotina_UU_sp.

Alternaria_gaisen

> Flammulina_velutipes

< Aspergillus_penicillioides

Rhyzophidiales_sp.

Rhyzophidiales_U_sp.

Wallemia_sebi

Mycosphaerella_graminicola

Chytridiomycetes_U_sp.

Fungi_Unkn_sp.

Rhodotorula_mucilaginosa

Rhodosporidium_diobovatum

Emericellopsis_alkalina

10

5 0
Log, Fold Change

B.

Emericellopsis_alkalina
Rhodosporidium_diobovatum
Rhodotorula_mucilaginosa
Fungi_Unkn_sp.
Chytridiomycetes_U_sp.
Candida_boidinii
Mortierella_minutissima
Candida_ghanaensis

Rhizophydium_elyensis

Terrestrial

Trichosporon_loubieri

Cryptococcus_podzolicus

Mortierella_hyalina

C.

Coastal

Ocean

Aspergillus_sojae

Cryptomycotina_UU_sp.

Sistotrema_resinicystidium

Rhyzophidiales_U_sp.

Camptobasidium_hydrophilum

Gliomastix_murorum

Lecanicillium_saksenae

Acremonium_sclerotigenum

Tilletiopsis_minor

A PR
na

Entophlyctis_luteolus

Trichoderma_virens

Cyberlindnera_saturnus

Geotrichum_sp.

Trichosporon_sp.

Galactomyces_geotrichum

E.

r Y
|
0 5 10

Log, Fold Change

Ocean Freshwater R.

Ceuthospora_sp.

Rhizophlyctis_rosea

Mycosphaerella_graminicola

Cryptomycotina_UU_sp.

Rhyzophidiales_U_sp.

Articulospora_tetracladia

Chytridiomycetes_U_sp.

Fungi_Unkn_sp.

Rhodotorula_mucilaginosa

Rhodosporidium_diobovatum

Emericellopsis_alkalina

25 0 25 5

Log, Fold Change

|-I I, il . sp.

Chytridiomycetes_U_sp. +@

Rhodosporidium_diobovatum

Fungi_Unkn_sp.

Emericellopsis_alkalina

F. Freshwater R

25 0

25

Log, Fold Change

Freshwater L.

Ceuthospora_sp. -

Cryptomycotina_UU_sp.

Rhizophlyctis_rosea

Mycosphaerella_graminicola

Wallemia_sebi

Rhyzophidiales_sp.

Aspergillus_penicillioides

Flammulina_velutipes

Alternaria_gaisen

Chytridiomycotina_UU_sp.

Rhyzophidiales_U_sp.

Ascochyta_pisi_var._pisi

Malassezia_globosa

Tilletiopsis_albescens

Malassezia_restricta

Cladosporium_sp.

0 £
Log, Fold Change

>

INK





media/file3.jpg





media/file1.jpg





