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Abbildung 5. Sequenzierungsdichte
aller Samples fur die Amplicon
Sequenzierung der variablen Region
bakterieller 16S rRNA Gene Die
Hohen der Saulen geben die Anzahl
der Sequenzen wieder heller
gefarbte  Anteile sind chiméare
Sequenzen, @i von der weiteren
Analyse ausgeschlossen  wurden
Orange reprasentiert schlecht
sequenzierte Samples die ebenfalls
von der Analyse ausgeschlossen
wurden (Ein Sample von IG)

Material und Methoden

Abbildung 6. Einzigartigkeit der OTUs
in der 165 Datenmatrix (chimée
Sequenzen wurden ausgeschlossen)
Jeder Punkt entspricht einem TQ,
das entsprechend der Anzahl an reads
in allen Samples aufgetragen wurde in
Relation zur Anzahl der Samples in
denen dieseOTUvorhanden war Die
blau punktiere Linie reprasentiert den
Medianwert der Samples irdenen
individuelle OTUs gefunden wurden.

Abbildung 7. Dichteprofile  der
Sequenzierungdes 16S rRNA Gen
Datensatzes Die Farbcodestrennen
OTUs die in einzelnen Samples
gefunden wurden, von jenen die in
mehr als einem Samples vorhanden
waren.
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Bei den Feldarbeiten wurde entsprechend der best practice darauf geaciasst bei der Probennahme keine Kontaminationen E—J)
aus umgebendenBodenanteilen eingeschleppt werden, Entnahmewerkzeuge wurden zwischen den Probenahmen sorgfaltig
gereinigt und die Proben wurden aureichend gekihlt bzw. eingefrorenmiknobielle Veréanderungen ich der Probenahme 2
auszuschlieRen. f_:_)ti
o

b. Laborarbeit

Die Laborarbeiten wurden routinemafig nach best practice, wie in der Molekularbiologie iibigtimit den nétigen Kontrollen
durchgefihrt.

C. Datenverarbeitung

Die Qualitéssicherung in der Datenanalyse ligreits implizit in der Darstellung der Analyseschritte fir dieses Modul geschildert
worden und wird daher hier nicht mehr im Detail wiederholt. Wichtige Schritte sind hier die Ausfilterung von Sequenzen
unzureichender Qualitat, chiméren Sequenzen, soweuveichend sequenzierter Proben.

Interpretation der wichtigsten Erhebungsparameter

Zum gegenwartigen Zeitpunkt lassen sich noch keine Langasfiagen mit den in der Pilotphase einmalig erhobenen Daten
anstellen. Erst die wiederholte Beprobung wird zeigen, in wie weit sich im Laufe des Langzeitmonitorings Verschiebumgen in de
Bodengem@schaft einstellen werden. Die durch die Pilotphase gewonnenen Daten bilden die Datengrundlage fir kiinftige
Vergleiche. Wir schlagen vor die Beprobung alle 4 Jahre und dann wieder konzertiert mit der Probenahme durch die anderen
Module des Langzeitmonitongs durchzufihren.Was sich aber anhand der vorliegenden Erhebung der mikrobiellen
Diversitdtmusteranhand der erstellten OTFUDabellensagen lasst, ist, das egutliche Unterschiede zwischen den Standorten als
innerhalb der Gradienten gibt. Dies ist fdie Pilze deutlicher als fir die Bakteriengemeinschaften festgestellt worden, letztere
scheinen hingegen in ihrem OR&ichtum gegen die pessimalen Bereiche der Gradienten abzunehmen. Weitere Interpretationen
sind dem Endbericht zu entnehmen.



Abbildung 1. Schematische Darstellung der analytischen Pipeline. Die Skript Dateien werden vom
Nationalparktservice angeboten. Der Hauptpfad, in dem alle Proben zusammen verarbeitet werden, ist farblich
hervorgehoben. Namen in Kursivschrift markieren die wichtigstesultierenden Datenstrukturen.
Bibliotheksvorbereitung, Sequenzierung, Demultiplexen und Trimmen wurden von Microsynth GMbh
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Abbildung 2.Sequenziarngsdichte aller Samples fur die Amplicon Sequenzierung der variablen Region der pilzlichen
ITS Gene. Die Hohen der Saulen geben die Anzahl der Sequenzen wieder, heller gefarbte Anteile sind chimare
Sequenzen, die von der weiteren Analyse ausgeschlossatiemuOrange reprasentiert schlecht sequenzierte
Samples die ebenfalls von der Analyse ausgeschlossen wurden: Vier Samples von UN und zwei von IG; Eines von
der Kopfzeile (K), zwei vom mittleren Bereich (M) und drei von der Tiefzeile (T).........ccooveiiiiereriiiinnd 7

Abbildung 3.Einzigartigkeit der OTUs in der ITS Datenmatrix (chiméare Sequenzen wurden ausgeschlossen). Jeder
Punkt entspricht einem OTU, das entsprechend der Anzahl an reakeinSamples aufgetragen wurde in
Relation zur Anzahl der Samples in denen diese OTU vorhanden war. Die blau punktierte Linie reprasentiert den
Medianwert der Samples in denen individuelle OTUs gefunden Wurden...........c.oooevvvevvieeieeeniiniiieeeneennn. 1.

Abbildung 4.Dichteprofile der Sequenzierung des ITS Gen Datensatzes. Die Farbcodes trennen OTUs, die in einzelnen
Samples gefunden wurden, von jenen die in mehr als einem Sample vorhanden.waren........................ 7
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Abbildung 6.Einzigartigkeit der OTUs in der 16S Datenmatrix (chimare Sequenzen wurden ausgeschlossen). Jeder
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Relation zur Anzahl der Samples in denen diese OTU vorhanden war. Die blau punktierte Linie reprasentiert den
Medianwert der Samples in denen individuelle OTUs gefunden wurden..........cccccovvvivviiiieeniee e siciinnnn, 8

Abbildung 7.Dichteprofile der Sequenzierung des 16S rRNA Gen Datensatzes. Die Farbcodes trennen OTUs, die in
einzelnen Samples gefunden wurden, von jenen die in mehr als einem Samplesdesrhaaren.................. 8

10



Abarenkov KNilssonRH LarssorkKH Alexanderl] EberhardtU, ErlandS HgilandK, et al.(2010 The UNITHlatabase formolecular
identification of fingi-- Recent pdates anduture perspectivesNew Phytologisi86: 281¢85.

Anders S, Huber \(2010)Differentialexpressioranalysis forsequence ount data. Genome Biolog$1:R106

Andrew S (20105astQC: Auality control tool for highthroughputsequencedata. https://github.com/s-andrews/FastQC
Bartlett M (1937)Properties of sufficiency and statistical tedesoceedings of the Royal Statistical Society SA&riE80:268;282.
BatesD, MéachleiM, Bolker BWalkerS(2015)Fitting linear mixed-effects modelsusing Lme4Journal of Statistical Softwaf¥: 1¢48.

BengtssorPalmeJ, VeldreV, RybergM, HartmannM, BrancoS WangZ, GodheA, et al. (2013)TSx: Improvedoftware detection and
extraction of ITS1 and ITS2 franbosomal ITSequences ofungi andother Eukaryotesdr use inenvironmental sequencing.
Methods in Ecology and Evolutién914;19.

Bokulich NAKaehleBD, RideoutJR DillonM, BolyenE KnightR Huttley GA Caporas@G(2018)Optimizingtaxonomicclassification of
markergeneampliconsS Ij dzS§y 0SS & 4 A (HFeatweClassifeplugif. Micrabiomes: 1¢17.

BolgerAM, LohseM, Usadel §2014)Trimmomatic: Alexibletrimmer for llluminasequencedata. Bioinformatics30: 2114;2120.

CaoY, Willians WP, Bark AW (1993)milaritymeasurebias inriver benthic Aufwuchscommunity analysis.Water Environment Research
69: 95¢106.

Caporasa)G Kuczynski) Stombaugh] Bittinger K, Bushnan FD, Costello ElRerer N, et al. (2010RIIME allows analysis ofhigh
throughput community sequencingdata. Nature Methods7: 335%336.

Chang Q, Luan BunF (2011¢ | NA | yOS | R2dza (i § Roowelulbata&divedsity mpagukeGabniparigcommunitiesbased
on phylogeny BMC Bioinformatic$1: 118.

Edgar R (2018)CHIME2: Improvechimeraprediction forampliconsequencing BioRxiy 074252. https://doi.org/10.1101/074252.

Edgar B, Haa8J ClementelC QuinceC Knight R (2011yCHIMEmMprowes sensitivityand speed ofchimeradetection. Bioinformatic27:
2194¢2200.

EwelsP, MagnussomM, Lundin S, Kaller M (2018)ultiQC: Summarizenalysisresults formultiple tools and samples in asingle report.
Bioinformatics32: 304%3048.

Faith DP, Minchin PR, Belbin L (198@jnpositional tsimilarity as aobustmeasue of ecologicaldistance.Vegetatio69: 5%68.
Hannonrlab (2018) FASTX Toolkitttp://Hannonlab.Cshl.Edu/Fastx_toolkit/Index.Htrhttp://hannonlab.cshl.edu/fastx_toolkit/

Huber W CareyJ GentlemarR, AndersS CarlsonM, CarvalhdS BravoHCet al. (20150rchestratinchigh-throughputgenomic analysis
with BioconductorNature Methodsl2: 115¢121.

Huson DhMitra S RuscheweylJ (2011)Integrativeanalysis ofenvironmental sequencesusing MEGAN4Genome Resear@il: 155%;
1560.

Katoh K, MisawaK, Kuma K, Miyata T (200MJAFFT: A novel ethod for rapid multiple sequencealignment based onfast Fourier
transform.Nucleic Acids Researgf: 3053;3066.

Katoh S (2013)MAFFT Multiple Sequence Alignment Software Version 7: Improveneperformance andusability. Molecular Biology
and Evolutior80: 772,780.

Kdrner C (2019).angzeitmonitoringerrestrischeralpiner hkosystemeim Natbnalpark Hohe TauernKonzept md Rahmenbedingungen.
Wissenswert, Methodeig Handbuch.

Kruskal JBL9649 Multidimensionalscaling byoptimizing Goodnessf-Fit to anonmetrichypothesis Psychometrik29: 1¢28.
T T T.1964b.Nonmetricmultidimensioral scaling: Anumericalmethod. Psychometrik29: 11%29.

Legendre PLegendrd (2012)Numerical Ecology8rd Ed Elsevier.

LozuponeC, KnighR(2005)UniFrac: Axew phylogenetionethod forcomparingmicrobial communities 71 8228;8235.

Lozupne C LladserME, KnightsD, Stombaugh J, KnighiR @010 UniFrac: Aneffective distance metric for microbial community
comparison.The ISME Journal 169;172.

al 326 ¢3x { | fFLASH:Nakindthadjustmentiofehort reads toimprovegenomeassembliesBioinformatics27: 2957c2963.

MahéF, Rogned, QuinceC de Varga€, DunthornM (2014) arm: Robust andast dusteringmethod forampliconbasedstudies.PeerJ
2:e593.

Martin M (2011)Cutadaptremovesadapter sequences fromhigh-throughputsequencingeads. EMBnet.Journd7: 10g12.

McCarthy DJClen Y, Smyth GK (201Pjfferential expressionanalysis ofmultifactor RNAseq experiments withrespect tobiological
variation.Nucleic Acids Researéf: 428&4297.

McMurdie PJ, Holmes @013 Phyloseq: An Rackage foreproducibleinteractiveanalysis andyraphics ofmicrobiomecensusdata. PLoS
ONES8: e61217

T T T (2014)Waste Not, Want Not: Whsarefyingmicrobiomedata is hadmissiblePLoS Computational Biolo@)§:e1003531

11



MinchinPR (1987An evaluation of therelativerobustness ofechniues forecologicalordination. Vegetatio69: 89¢107.

Newesely CTappeiner U,K2mner C R019) Largzeitmonitoring terrestrischer lpiner hkosystemeim Nationalpark Hohe Tauern
MethodenhandbuchModul 01:Standortkima, Bodenphysik, Bodenchemie unfiapzliche Produktivitt. Wissenswert, Methoden
[OX3

NilssonRH,Larssork-H, TaylorAFS BengtssofPalmeJ JeppeseMS SchigeD, KennedyP, et al(2019)The UNITHatabase formolecular
identification offungi: Handlinglark taxa andparallel taxonomicclassificationsNucleic Acids Researdfi (D1): D2564.

NilssonRH, TaylorAFS Baes ST, Thomas D, Bengtsdaime J CallagharTM, DouglasB, et al. (2013 Towards aunified paradigm for
sequencebasedidentification offungi.Molecular Ecolog?2:5271¢5277.

Oksanen JBlanchetFG FriendlyM, KindtR LegendreP, McGlinnD, Minchin PR et al. (2019) Pakage, Vegan: Community Ecology.
https://cran.r-project.org/package=vegan.

Paradis, Claude] Strimmer K (2004\PE: Analyses ohplogenetts and evolution in RihguageBioinformatic20: 28990.
Price MNDehal PS, Arkin AP (20E3stTree 2 Approximately maximuntikelihood trees for large lgnments.PLoS ONK3): €9490

PruesseE, QuastC, KnittelK, FuchBM, Glo FO, Ludwig W (2003)LVAA comprehensive online resource for quality checked and aligned
ribosomal RNAesjuence data ompatible with ARBNucleic Acids Resear8h (21): 718896.

Quast G KlindworthA, PruesséE SchweefT, Horn M, Oliver Glo FQ@13) Evaluatiom of general 16S ribosomal RNéng PCR primers for
classical andext-generation equencingbased diversitytsidies Nucleic Acids Researéi 1¢11.

QuastC Pruessd, Yilmaz, Gerken] SchweeiT, Glo FO, YarZa (2013 The SILVA ribosomal RNA gene database project: impratad d
processing and webased bols.Nucleic Acids Researéh: 59¢;96.

R Development Core Team, R Fouimtafor Statistical Computing (201B) A language andeironment for statistical omputing.Vienna,
Austria.

RobinsonMD, McGrthy DJ, Smyth GK (201BjigeR: A Bioconductoagkaye for differential expressionnalysisof digital gene expression
data. Bioinformatics26: 13%40.

RognesT, FlouriT,NicholsB, QuinceC Mahé H2016 VSEARCH: A versatifgen source tool for mtagenomicsPeerJ184:e2584
Shapiro SS, Wilk MB (1965) An analysis of variance test for normality (complete saBipes)rika52: 591611.

White TJ, ThoBruns TDeeS Taylor JW (1990 mplification ad direct sequencing of fungabosomal RNA genes fdylogeneticsin PCR
Protocols: A Guide to Methods and Applicatjedited by M.A. Innis, D.H. Gelfand, J.J. Sninsky, and T.J. Whifg231San Diego:
Academic Press Inc.

WilcoxonF (1945)ndividualcomparisons by ranking ethods.Biometrics Bulletii: 80¢83

Zharg Z, Schwartz S, Wagner L, Miller W (260@yeedy &yorithm for aligning DNAesjuencesJournal of Computational Biolo@y 203;
14.

12



Anhang

a. Vorlagen digitale Datenverarbeitung. Pipeline 16S

Die folgende Pipeline ist fur die Analye der bakteriellen 16S rRNA Gene vorgesehen.




#trimmomatic PE - threads 16 - phred33 \

#./M577/Reads_16S/Trimmed_reads/${BASENAME}R1_001_trimmed.fastq.gz \
#./IM577/Reads_16S/Trimmed_reads/${BASENAME}R2_001_trimmed.fastq.gz \
#.IM577/Reads_16S/Trimmed_reads/${BASENAME} _forward_paired.fq.gz \
#.IM577/Reads_16S/Trimmed_reads/${BASENAME}_forward_unpaired.fq.gz \
#.IM577/Reads_16S/Trimmed_reads/${BASENAME} reverse_paired.fq.gz \
#.IM577/Reads_16S/Trimmed_reads/${BASENAME} reverse_unpaired.fq.gz \

#ILLUMINACLIP:TruSeq3 - PE.fa:2:30:10 LEADING:3

#TRAIL ING:3 SLIDINGWINDOW:4:15 MINLEN:36

#HEADCROP:10 MINLEN:200 AVGQUAL:30

#((i=i%N)); ((i++==0)) && wait

#echo ./02_16S/01_Merged/${BASENAME}L001_flash2.extendedFrags.fastq

#fastx_trimmer -1./02_16S/01_Merged/${BASENAME}L001_flash2.extendedFrags.fastq -f11
340 - Q33| fastx_trimmer -t10 - Q33| fastg_quality_filter -q25 -p9% -Q33>
./02_16S/04_trimmed/${BASENAME}trimmed.fastq

#&

#

# 4. Stitching reads

#

#

#Stitch paired - end reads together PEAR not available BBMERGE

#cd $w orking_dir

#mkdir 02_16S

#mkdir 03_ITS

#mkdir 02_16S/01_Merged
#mkdir 03_ITS/01_Merged
#mkdir 02_16S/02_Discarded
#mkdir 03_ITS/02_Discarded

#

#

#N=4

#for BASENAME in {$(Is M577/Reads_16S/Trimmed_reads/ | rev | cut -c24 - |rev|uniq)}
#do

# ((i=i%N)); ((i++==0)) && wait

#/usr/local/etc/BBMap/bbmerge.sh \
#in1=M577/Reads_16S/Trimmed_reads/${BASENAME}R1_001_trimmed.fastq.gz \
#in2=M577/Reads_16S/Trimmed_reads/${BASENAME}R2_001_trimmed.fastq.gz \

#out=./02_16S/${BASENAME}merged \
#outul=./02_16S/${BASENAM E}R1 unmerged \
#outu2=./02_16S/${BASENAME}R2_unmerged
#done

#Stitch paired - end reads together (summary of stitching results are written to
"pear_summary_log.txt")

#/usr/local/etc/microbiome_helper/run_pear.pl -p4 -0./02_16S/01_stitched_reads
$raw_data _16S/*

#/usr/local/etc/microbiome_helper/run_pear.pl -p4 -0./03_ITS/01_stitched_reads
$raw_data_ITS/*

#

#

# 4.1. STITCHING WAS DONE DONE USING FLASH2

#

#

#16 S

#

#N=4

for BASENAME in $(Is M577/Reads_16S/Trimmed_reads/ | rev | cut -Cc24 - |rev|unig);
do

# ((i=i%N)); ((i++==0)) && wait

flash2 ./M577/Reads_16S/Trimmed_reads/${BASENAME}R1_001_trimmed.fastq.gz \
IM577/Reads_16S/Trimmed_reads/${BASENAME}R2_001_trimmed.fastq.gz \

-d./02_16S \

- 0 ${BASENAME}flash2

done

#

#ITS

#

for BASENAME in $(Is M577/R eads_ITS/Trimmed_reads/ | rev | cut -c29 - |rev|uniq);
do

flash2 ./M577/Reads_ITS/Trimmed_reads/${BASENAME}L001_R1_001_trimmed.fastq.gz \
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b. Vorlagen digitale Datenverarbeitung. Pipeline ITS

Die folgende Pipelinist fir die Analye der pilzlichen ITS Gene vorgesehen.













Verarbeitung im Programm R
















# 16S dataset

#

tax.16S< -

read.table("/Users/ferninfm/Desktop/microbiome/16S/taxonomy.tsv",sep=" \t",header= T)
rownames(tax.16S)< - sapply(strsplit(as.matrix(tax.16S$Feature.ID),";"), [",1)

library(phyloseq)

foo< - sapply(as.matrix(tax.16S$Taxon),parse_taxonomy_giime)
names(foo)< - rownames(tax.16S)
tax.16S< - build_tax_table(foo)

# preparatory fixing errors to avoid re computing
#rownames(chimera.16S)< - sapply(strsplit(rownames(chimera.16S),";"),’[",1)
#rownames(sample.list.16S)< - sapply(strsplit(rownames(sample.list.16S),";"),’[*,1)

#chimera.16S$V19< - sample.list.16S[rownames(chimera.16S),4] wrong
#0tus.16S< - chimera.16S[,c  (19,18)]

#

# test

#

table(rownames(tax.16S)==rownames(otus.16S))

#

tax.16S< - chind(otus.16S,tax.16S)

colnames(tax.16S)< - ¢("otu","chim",colnames(tax.16S)[ - c(1,2)])
filtered.dataset.16S< - aggregate(as.numeric(size)~otu+sample,data=sample.list.16S,sum)
colnames(filtered.dataset.16S)[3]< - "size"

#

foo< - tax.16S

rownames(foo)< - paste("otu”,foo$otu,sep="_")
foo< - as.matrix(foo)

fool[is.na(foo)]< - "unidentified"

#

filtered.dataset.16S< -
cbind(filtered.dataset.16S,foo[paste("otu” filtered.dataset. 16 S$otu,sep="_"),])

filtered.dataset.16S< - chind(dataset[filtered.dataset.16S$sample ] filtered.dataset.16S)
colnames(filtered.dataset.16S)[9]< - "size"

unfiltered.dataset.16S< - filtered.dataset.16S

filtered.dataset.16S< - filtered.dataset.16S[filtered.dataset. 16 S$chim=="N",]

rm(c himera.16S, dataset.16S, otus.16S, sample.list.16S, swarms.16S, tax.16S,f00,i,))

#

#

#

#

filtered.dataset.ITS[, - 7] - >filtered.dataset.ITS # ERROR it was set at 6
filtered.dataset.16S[, - 7] - >filtered.dataset.16S
#colnames(filtered.dataset.ITS)[8]< - "size"

#

# 7. Filter by taxonomy

#

filtered.dataset.ITS< - filtered.dataset.| TS[filtered.dataset.ITS$Kingdom=="Fungi",]

filtered.dataset.16S< -
filtered.dataset.16S[filtered.dataset. 16 S$Kingdom!="unidentified",]

#

# 8. Make OTU tables

#

#table.otus.16S< - xtabs(size~otu+sample,data=filtered.dataset.16S)
#table.otus.ITS< - xtabs(size~otu+sample,data=filtered.dataset.ITS)
#

#

# 10. Clean_out and reorder levels

#

#filtered.dataset.ITS< - droplevels(filtered.dataset.ITS)
#filtered.dataset.16S< - dr oplevels(filtered.dataset.16S)

#

# Unnecesary

#filtered.dataset.ITS< -
chind(as.factor(dataset([filtered.dataset.ITS$sample,6]),filtered.dataset.ITS)
#filtered.dataset.16S< -
cbind(factor(dataset[filtered.dataset. 16 S$sample,6]) filtered.dataset.16S)

#

#filtered .dataset.ITSSQUADRAT(filtered.dataset.ITSSQUADRAT=="A"]< -7
#filtered.dataset. 16 SSQUADRATfiltered.dataset. L6SSQUADRAT=="A"]< -7
#filtered.dataset.ITSSQUADRAT(filtered.dataset.ITSSQUADRAT=="B"]< -"8"
#filtered.dataset. 16 SSQUADRATfiltered.dataset. 16 SSQUAD RAT=="B"|< -"8"

#dataset$QUADRAT[dataset$QUADRAT=="A"]< - "7"
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#dataset$QUADRAT[dataset$QUADRAT=="B"]< - "8"
filtered.dataset.ITS< - droplevels(filtered.dataset.ITS)
filtered.dataset.16S< - droplevels(filtered.dataset.16S)
dataset< - droplevels(dataset)
dataset< - datas et[with(dataset,order(CODE,LOCALITY,QUADRAT)),]
#
filtered.dataset.ITS$sample< -
factor(as.character(filtered.dataset.I TS$sample),levels=rownames(dataset))
filtered.dataset.16S$sample< -
factor(as.character(filtered.dataset.16 S$sample),levels=rownames(dataset))
#
#
# 11. Sort different levels ITS
#
filtered.dataset.ITS$Phylum< - factor(filtered.dataset.ITS$Phylum,levels=

c("Ascomycota",

"Basidiomycota”,

"Morti erellomycota”,

"Glomeromycota",

"Mucoromycota"“,

"Rozellomycota”,

"Chytridiomycota",

"Entorrhizomycota",

"Olpidiomycota",

"Aphelidiomycota”,

"Entomophthoromycota",

"Kickxellomycota",

"Blastocladiomycota”,

"unidentified"))
#
colnames(filtered.d ataset.ITS)[1]< - "Zone"
colnames(filtered.dataset.16S)[1]< - "Zone"

sort.list< -c(

"Ascomycota Archaeorhizomycetes Archaeorhizomycetales Archaeorhizomycetaceae",
"Ascomycota Archaeorhizomycetes unidentified unidentified",

"Ascomycota Arthoniomycetes Lichenostigmatales Phaeococcomycetaceae",
"Ascomycota Dothideomycetes Abrothallales Abrothallaceae",

"Ascomycota Dothideomycetes Botryosphaeriales Botryosphaeriaceae",
"Ascomycota Dothideomycetes Capnodiales Capnodiales_fam_Incertae_sedis",
"Ascomycota Dothideomycetes Capnodiales Cladosporiaceae",

"Ascomycota Dothideomycetes Capnodiales Extremaceae”,

"Ascomycota Dothideomycetes Capnodiales Mycosphaerellaceae"”,

"Ascom ycota Dothideomycetes Capnodiales Teratosphaeriaceae",
"Ascomycota Dothideomycetes Capnodiales unidentified",

"Ascomycota Dothideomycetes Dothideales Aureobasidiaceae",

"Ascomycota Dothideomycetes Dothideales Dothideaceae",

"Ascomycota Dothideomycetes Dothideales Dothideales_fam_Incertae_sedis",
"Ascomycota Dothideomycetes Dothideales Dothioraceae",

"Ascomycota Dothideomycetes Jahnulales Aliguandostipitaceae",

"Ascomycota Dothideomycetes Minutisphaerales Minutisphaeraceae",
"Ascomycota Dothideomycet es Mytilinidales Gloniaceae",

"Ascomycota Dothideomycetes Pleosporales Cucurbitariaceae",

"Ascomycota Dothideomycetes Pleosporales Didymellaceae",

"Ascomycota Dothideomycetes Pleosporales Didymosphaeriaceae",
"Ascomycota Dothideomycetes Pleosporales Le ntitheciaceae",
"Ascomycota Dothideomycetes Pleosporales Leptosphaeriaceae",
"Ascomycota Dothideomycetes Pleosporales Lindgomycetaceae",

"Ascomycota Dothideomycetes Pleosporales Massarinaceae",

"Ascomycota Dothideomycetes Pleosporales Melanommataceae",
"Ascomycota Dothideomycetes Pleosporales Phaeosphaeriaceae",
"Ascomycota Dothideomycetes Pleosporales Pleomassariaceae",

"Ascomycota Dothideomycetes Pleosporales Pleosporaceae",

"Ascomycota Dothideomycetes Pleosporales Pleosporales_fam_Incertae_sedis"
"Ascomycota Dothideomycetes Pleosporales Sporormiaceae”,

"Ascomycota Dothideomycetes Pleosporales unidentified",

"Ascomycota Dothideomycetes Tubeufiales Tubeufiaceae",

"Ascomycota Dothideomycetes Venturiales Sympoventuriaceae",

"Ascomycota Dothideomycetes Venturiales Venturiaceae",

"Ascomycota Dothideomycetes unidentified unidentified",

"Ascomycota Eurotiomycetes Chaetothyriales Chaetothyriales_fam_Incertae_sedis",
"Ascomycota Eurotiomycetes Chaetothyriales Cyphellophoraceae",
"Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae",
"Ascomycota Eurotiomycetes Chaetothyriales Trichomeriaceae",
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"Ascomycota Eurotiomycetes Chaetothyriales unidentified",
"Ascomycota Eurotiomycetes Eurotiales Aspergillaceae",

"Ascomycota  Eurotiomycetes Eurotiales Thermoascaceae",
"Ascomycota Eurotiomycetes Eurotiales Trichocomaceae",
"Ascomycota Eurotiomycetes Onygenales Arthrodermataceae",
"Ascomycota Eurotiomycetes Verrucariales Verrucariaceae",
"Ascomycota Eurotiomycetes Verrucaria les unidentified",
"Ascomycota Eurotiomycetes unidentified unidentified",

"Ascomycota GS37 GS37 unidentified",

"Ascomycota Geoglossomycetes Geoglossales Geoglossaceae",
"Ascomycota Geoglossomycetes Geoglossales unidentified",
"Ascomycota Lecanoromycet es Acarosporales Acarosporaceae”,
"Ascomycota Lecanoromycetes Acarosporales unidentified",
"Ascomycota Lecanoromycetes Agyriales unidentified",

"Ascomycota Lecanoromycetes Caliciales Physciaceae",

"Ascomycota Lecanoromycetes Candelariales Candelariacea e,
"Ascomycota Lecanoromycetes Lecanorales Cladoniaceae",
"Ascomycota Lecanoromycetes Lecanorales Lecanoraceae",
"Ascomycota Lecanoromycetes Lecanorales Micareaceae",
"Ascomycota Lecanoromycetes Lecanorales Parmeliaceae",
"Ascomycota Lecanoromycetes Lecanorales Porpidiaceae",
"Ascomycota Lecanoromycetes Lecanorales Ramalinaceae",
"Ascomycota Lecanoromycetes Lecanorales Squamarinaceae",
"Ascomycota Lecanoromycetes Lecanorales Stereocaulaceae",
"Ascomycota Lecanoromycetes Lecanorales unidentified",
"Ascomycota Lecanoromycetes Lecanoromycetes_ord_Incertae_sedis
Lecanoromycetes_fam_Incertae_sedis",

"Ascomycota Lecanoromycetes Lecideales Lecideaceae",
"Ascomycota Lecanoromycetes Ostropales Stictidaceae",

"Ascomycota Lecanoromycetes Ostropales uniden tified",
"Ascomycota Lecanoromycetes Peltigerales Peltigeraceae",
"Ascomycota Lecanoromycetes Pertusariales Icmadophilaceae",
"Ascomycota Lecanoromycetes Pertusariales Megasporaceae",
"Ascomycota Lecanoromycetes Rhizocarpales Rhizocarpaceae",
"Ascomyc ota Lecanoromycetes Teloschistales Teloschistaceae",
"Ascomycota Lecanoromycetes Trapeliales Trapeliaceae",
"Ascomycota Lecanoromycetes Trapeliales Trapeliales_fam_Incertae_sedis",
"Ascomycota Lecanoromycetes Umbilicariales Umbilicariaceae",
"Ascomycot a Lecanoromycetes unidentified unidentified",
"Ascomycota Leotiomycetes Helotiales Dermateaceae",

"Ascomycota Leotiomycetes Helotiales Helotiaceae",

"Ascomycota Leotiomycetes Helotiales Helotiales_fam_Incertae_sedis",
"Ascomycota Leotiomycetes Helotial es Hyaloscyphaceae",
"Ascomycota Leotiomycetes Helotiales Leotiaceae",

"Ascomycota Leotiomycetes Helotiales Myxotrichaceae",

"Ascomycota Leotiomycetes Helotiales Rutstroemiaceae",
"Ascomycota Leotiomycetes Helotiales Sclerotiniaceae",

"Ascomycota Leot  iomycetes Helotiales Vibrisseaceae",
"Ascomycota Leotiomycetes Helotiales unidentified",

"Ascomycota Leotiomycetes Phacidiales Phacidiaceae",

"Ascomycota Leotiomycetes Phacidiales unidentified",

"Ascomycota Leotiomycetes Rhytismatales Rhytismataceae",
"Ascomycota Leotiomycetes Rhytismatales unidentified",

"Ascomycota Leotiomycetes Thelebolales Pseudeurotiaceae",
"Ascomycota Leotiomycetes Thelebolales Thelebolaceae",
"Ascomycota Leotiomycetes Thelebolales unidentified",

"Ascomycota Leotiomycetes uni dentified unidentified",
"Ascomycota Orbiliomycetes GS33 unidentified",

"Ascomycota Orbiliomycetes Orbiliales Orbiliaceae",

"Ascomycota Orbiliomycetes Orbiliales Orbiliales_fam_Incertae_sedis",
"Ascomycota Orbiliomycetes Orbiliales unidentified",

"Ascomycota Orbiliomycetes unidentified unidentified",

"Ascomycota Pezizomycetes Pezizales Ascobolaceae",

"Ascomycota Pezizomycetes Pezizales Pezizaceae",

"Ascomycota Pezizomycetes Pezizales Pyronemataceae",
"Ascomycota Pezizomycotina_cls_Incertae_sedi s Pezizomycotina_ord_Incertae_sedis
Pezizomycotina_fam_Incertae_sedis",

"Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae",
"Ascomycota Saccharomycetes Saccharomycetales Saccharomycetales_fam_Incertae_sedis",
"Ascomycota Saccharomycetes Sa ccharomycetales unidentified",
"Ascomycota Saccharomycetes unidentified unidentified",
"Ascomycota Sordariomycetes Chaetosphaeriales Chaetosphaeriaceae",
"Ascomycota Sordariomycetes Coniochaetales Coniochaetaceae",
"Ascomycota Sordariomycetes Coniochae tales unidentified",






"Basidiomycota Agaricomycetes Hymenochaetales Hymenochaetales_fam_Incertae_sedis",

"Basidiomycota Agaricomycetes Hymenochaetales Rickenellaceae",
"Basidiomy cota Agaricomycetes Hymenochaetales Schizoporaceae",
"Basidiomycota Agaricomycetes Hymenochaetales Tubulicrinaceae",
"Basidiomycota Agaricomycetes Jaapiales Jaapiaceae",
"Basidiomycota Agaricomycetes Polyporales Coriolaceae",
"Basidiomycota Agaricomyce tes Polyporales Fomitopsidaceae",
"Basidiomycota Agaricomycetes Polyporales Ganodermataceae”,
"Basidiomycota Agaricomycetes Polyporales Hyphodermataceae",
"Basidiomycota Agaricomycetes Polyporales Meripilaceae",
"Basidiomycota Agaricomycetes Polyporales Meruliaceae",
"Basidiomycota Agaricomycetes Polyporales Podoscyphaceae”,
"Basidiomycota Agaricomycetes Russulales Albatrellaceae",
"Basidiomycota Agaricomycetes Russulales Bondarzewiaceae",
"Basidiomycota Agari comycetes Russulales Peniophoraceae",
"Basidiomycota Agaricomycetes Russulales Russulaceae",
"Basidiomycota Agaricomycetes Russulales Stereaceae",
"Basidiomycota Agaricomycetes Russulales unidentified",
"Basidiomycota Agaricomycetes Sebacinales Sebacin aceae",
"Basidiomycota Agaricomycetes Sebacinales Serendipitaceae",
"Basidiomycota Agaricomycetes Sebacinales unidentified",
"Basidiomycota Agaricomycetes Thelephorales Thelephoraceae",
"Basidiomycota Agaricomycetes Trechisporales Hydnodontaceae",
"Basidiomycota Agaricomycetes Trechisporales unidentified",
"Basidiomycota Agaricomycetes Tremellodendropsidales unidentified",
"Basidiomycota Agaricomycetes unidentified unidentified",
"Basidiomycota Agaricostilbomycetes Agaricostilbales Chionosphaerac
"Basidiomycota Agaricostilbomycetes Agaricostilbales Kondoaceae",
"Basidiomycota Cystobasidiomycetes Erythrobasidiales
Erythrobasidiales_fam_Incertae_sedis",

"Basidiomycota Cystobasidiomycetes Erythrobasidiales unidentified",
"Basidiomycota Exoba sidiomycetes Entylomatales Entylomataceae",
"Basidiomycota Exobasidiomycetes Exobasidiales Exobasidiaceae",
"Basidiomycota Exobasidiomycetes Exobasidiales unidentified",
"Basidiomycota Exobasidiomycetes Georgefischeriales Tilletiariaceae",
"Basidiomyco ta GS27 GS27 unidentified",

"Basidiomycota Malasseziomycetes Malasseziales Malasseziaceae",
"Basidiomycota Microbotryomycetes Leucosporidiales Leucosporidiaceae",
"Basidiomycota Microbotryomycetes Leucosporidiales unidentified",

"Basidiomycota Microbot ryomycetes Microbotryomycetes_ord_Incertae_sedis Chrysozymaceae",

"Basidiomycota Microbotryomycetes Sporidiobolales Sporidiobolaceae",
"Basidiomycota Microbotryomycetes Sporidiobolales unidentified",
"Basidiomycota Microbotryomycetes unidentified uniden tified",
"Basidiomycota Pucciniomycetes Platygloeales Eocronartiaceae",
"Basidiomycota Pucciniomycetes Septobasidiales Septobasidiaceae",
"Basidiomycota Pucciniomycetes unidentified unidentified",

"Basidiomycota Spiculogloeomycetes Spiculogloeales Spic ulogloeaceae",
"Basidiomycota Tremellomycetes Cystofilobasidiales
Cystofilobasidiales_fam_Incertae_sedis",

"Basidiomycota Tremellomycetes Cystofilobasidiales Mrakiaceae",
"Basidiomycota Tremellomycetes Filobasidiales Filobasidiaceae",
"Basidiomycota Tremellomycetes Filobasidiales Piskurozymaceae",
"Basidiomycota Tremellomycetes Filobasidiales unidentified",

"Basidiomycota Tremellomycetes Holtermanniales Holtermanniales_fam_Incertae_sedis",
"Basidiomycota Tremellomycetes Tremellales B ulleraceae",
"Basidiomycota Tremellomycetes Tremellales Bulleribasidiaceae",
"Basidiomycota Tremellomycetes Tremellales Phaeotremellaceae",
"Basidiomycota Tremellomycetes Tremellales Rhynchogastremataceae”,
"Basidiomycota Tremellomycetes Tremellales Tremellaceae",

"Basidiomycota Tremellomycetes Tremellales Trimorphomycetaceae",
"Basidiomycota Tremellomycetes Tremellales unidentified",

"Basidiomycota Tremellomycetes Trichosporonales Tetragoniomycetaceae",
"Basidiomycota Tremellomycetes Trichosporonales Trichosporonaceae",
"Basidiomycota Tremellomycetes unidentified unidentified",

"Basidiomycota Ustilaginomycetes Urocystidales Urocystidaceae",
"Basidiomycota Ustilaginomycetes Ustilaginales Ustilaginaceae" ,
"Basidiomycota unidentified unidentified unidentified",

"Aphelidiomycota Aphelidiomycetes GS16 unidentified",

"Blastocladiomycota unidentified unidentified unidentified",

"Chytridiomycota Chytridiomycetes Chytridiales Chytridiaceae",
"Chytridiomycota Chytridiomycetes unidentified unidentified",
"Chytridiomycota Lobulomycetes Lobulomycetales Lobulomycetaceae",
"Chytridiomycota Rhizophydiomycetes Rhizophydiales Alphamycetaceae",
"Chytridiomycota Rhizophydiomycetes Rhizophydiales Terramycetaceae",

eae",
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"C hytridiomycota Spizellomycetes Spizellomycetales Spizellomycetaceae",
"Chytridiomycota unidentified unidentified unidentified",

"Entomophthoromycota Basidiobolomycetes Basidiobolales Basidiobolaceae",
"Entorrhizomycota Entorrhizomycetes Entorrhizales En torrhizaceae",
"Glomeromycota Archaeosporomycetes Archaeosporales Ambisporaceae",
"Glomeromycota Archaeosporomycetes Archaeosporales Archaeosporaceae”,
"Glomeromycota Archaeosporomycetes Archaeosporales unidentified",
"Glomeromycota Glomeromycetes Diversisporales Acaulosporaceae”,
"Glomeromycota Glomeromycetes Diversisporales Diversisporaceae",
"Glomeromycota Glomeromycetes Gigasporales Gigasporaceae",

"Glomeromycota Glomeromycetes Glomerales Claroideoglomeraceae",
"Glomeromycota Glomeromycetes Glomerales Glomeraceae",

"Glomeromycota Glomeromycetes Glomerales unidentified",

"Glomeromycota unidentified unidentified unidentified",

"Kickxellomycota Harpellomycetes Harpellales Legeriomycetaceae",
"Mortierellomycota M ortierellomycetes Mortierellales Mortierellaceae",
"Mortierellomycota Mortierellomycetes Mortierellales unidentified”,
"Mortierellomycota unidentified unidentified unidentified",

"Mucoromycota Endogonomycetes Endogonales Endogonaceae",

"Mucoromycota En  dogonomycetes Endogonales unidentified",

"Mucoromycota Endogonomycetes GS22 unidentified",

"Mucoromycota Mucoromycetes Mucorales Mucoraceae",

"Mucoromycota Umbelopsidomycetes Umbelopsidales Umbelopsidaceae",
"Olpidiomycota Olpidiomycetes Olpidiales Olp idiaceae",
"Olpidiomycota Olpidiomycetes Olpidiales unidentified",

"Rozellomycota Rozellomycotina_cls_Incertae_sedis GS06 unidentified",
"Rozellomycota Rozellomycotina_cls_Incertae_sedis GS11 unidentified",
"Rozellomycota unidentified unidentified unidentified",

"unidentified unidentified unidentified unidentified")

#

# 11.2 rename unidentified

#

filtered.dataset.ITS$Class< -

factor(filtered.dataset.ITS$Class, levels=c(as.character(with(data.frame(x=sapply(strs pli
t(sort.list," "),’[",2)), x['dupllcated(x)&x' "unidentified"])),"unidentified"))
filtered.dataset.ITS$Order<
factor(flltered.dataset.ITS$Order,IeveIs—c(as.character(W|th(data.frame(x=sapply(strspli
t(sort.list," "), [,3)),x[!duplicated(x)&x!="unidentifie d"])),"unidentified"))
filtered.dataset.ITS$Family< -
factor(filtered.dataset.ITS$Family,levels=c(as.character(with(data.frame(x=sapply(strspl
it(sort.list," "), [",4)),x['duplicated(x)&x!="unidentified"])),"unidentified"))

#

#

# 11.3. tabulate. OTUs, filter table.OTUS and dataset by number of reads (must be a bove
50)

#

#

#

table.otus.ITS< -
tabulate.and.print(data=filtered.dataset.ITS,7,9,8,category=colnames(filtered.dataset.IT
S)[i],print=FALSE,normalize=FALSE)

table.otus.ITS< - table.otus.ITS[[1]][,1:4427]

filt  ered.dataset.ITS< -

filtered.dataset.ITS[filtered.dataset.I TS$otu%in%colnames(table.otus.ITS),]

#

# 12. Import to phyloseq ITS

#

library(phyloseq)

foo< - filtered.dataset.ITS[!duplicated(filtered.dataset.ITS$otu),11:17] #postrepaired
rownames(foo)< - filtered.da taset.ITS[!duplicated(filtered.dataset.ITS$otu),9]
#

rownames(foo)< - gsub("[[:blank:]]",",rownames(foo)) #post repaired
phyloseq.ITS< -
phyloseq(otu_table(table.otus.ITS,taxa_are_rows=F),sample_data(dataset),tax_table(as.mat
rix(foo[order(as.numeric(rownames( f00))).]))

#

# aposteriori fix tax_table(phyloseq.ITS)<

tax_table(as.matrix(foo[order(as. numerlc(rownames(foo))) 1)

#

#

#13. 16S

#

# Reorder OTUs import to phyloseq 16S
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filtered.dataset.16S$otu< -

factor(filtered.dataset.16 S$otu,levels=order(sort(as.numer ic(filtered.dataset.16 S$otu)))
)

#table.otus.16S< -
tabulate.and.print(data=filtered.dataset.16S,7,9,8,category=colnames(filtered.dataset.16
S)[i],print=FALSE,normalize=FALSE)

table.otus.16S< - xtabs(size~otu+sample,data=filtered.dataset.16S)

foo< - filtered.datas et.16S[!duplicated(filtered.dataset.16S$otu),11:17]

rownames(foo)< - filtered.dataset.16S[!duplicated(filtered.dataset.16S$otu),9]
rownames(foo)< - gsub("[[:blank:]]"," ,rownames(foo)) #post repaired

class(table.otus.16S)< - "matrix"

library(ape)

seqs.16S< -
read.dna("/Users/ferninfm/Desktop/microbiome/16S/complete_16S_1f representatives.fas",fo
rmat="fasta")

#!1 missing strsplit names seqs.16S

filtered.seqs.16S< - segs.16S[sort(as.numeric(rownames(foo)))]

names(filtered.seqs.16S)< - paste("otu",sort(as. numeric(rownames(foo))),sep="_")
write.dna(filtered.seqs.16S,"~/Desktop/microbiome/16S/filtered_16S_representatives.fas",
format="fasta")

#

# FORGOT TO ADD TREE

#

phyloseq.16S< -
phyloseq(otu_table(table.otus.16S,taxa_are_rows=T),sample_data(dataset),tax_tabl e(as.mat
rix(foo[order(as.numeric(rownames(foo))),])))

# Fix names tax_table(phyloseq.16S)< -
tax_table(as.matrix(foo[order(as.numeric(rownames(foo))),]))

#

tree.16Sp< - read.tree("~/Desktop/microbiome/16S/16S_NS2_fasttree")
tree.16Sp$tip.label< - sapply(strsplit (tree.16Spstip.label,"_"),’[",2)
require(phangorn)

phy_tree(phyloseq.16S)< - phy_tree(tree.16Sp)
#phy_tree(phyloseq.16S)< - midpoint(phy_tree(phyloseq.16S))

# Now 16S

#

# 11. Save dataset
save.image('~/Desktop/microbiome/datasets_final_all4.Rdata’)

d. Vorlagen digitale Datenverarbeitung. Datenanalyse mit R und Markdown

title: "NPHT longterm monitoring project. Template for data analyses"
author: "Fernando Fernandez Mendoza"
date: "4/9/2019"
output:
html_document: default
word_document: default

* {r setup, include=FALSE}
knitr::opts_chunk$set(echo = TRUE)

# Results
## Description of the dataset

Amplicon sequencing of fungal ITS. Sequencing intensity across samples. Barplot heighth

represents the raw number of reads, light colored fraction r epresents chimeric reads
excluded from the analysis. Yellow highlights underepresented sample points excluded

from the analysis: four samples from UN, two from IG and one from from Furca pass (FU);

together the mean two from the transect head (K), two from the middle section (M) and
three from the base (T)

T

load('/Users/ferninfm/Desktop/05_Manuscripts/02_microbiome/datasets_phyloseq.Rdata’)
load('/Users/ferninfm/Desktop/05_Manuscripts/02_microbiome/filtered_unfiltered_backups.R

data’)

library(knitr)

| ibrary(xtable)
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Taxonomic composition fungal samples at Class level

“r, fig.width = 12, fig.height = 5}

foo.plot< - plot_bar(norm.ITS,x="Sampl e",y="Abundance" fill="Class") +
geom_bar(aes(color=Class, fill=Class), stat="identity", position="stack")

foo.plot + theme(legend.position="none")

Hr, fig.width = 12, fig.height = 5}

legend < - cowplot::get_legend(foo.plot)
grid.newpage()

grid.draw(legend)

Taxonomic composition of the fungal dataset at Order level

{n

erase.me< - aggregate(abundance~Order,cumulative.ITS,FUN=sum)
erase.me$Order< -
factor(erase.me$Order,levels=erase.me[order(erase.me[,2],decreasing=T),1])
erase.me< - eras e.me[order(erase.me$abundance,decreasing=TRUE),]

#

ggplot(erase.me[c(1,2,4:41),],aes(x=0rder,y=abundance,fill=Order)) + geom_col() +
theme(legend.position="none")+ theme(axis.text.x = element_text(angle = 90, hjust = 1))

Taxonomic composition fungal s amples at Order level

A, fig.width = 12, fig.height = 5}

foo.plot< - plot_bar(norm.ITS,x="Sample",y="Abundance" fill="Order") +
geom_bar(aes(color=Order, fill=Order), stat="identity", position="stack") +
theme(legend.position="bottom")

foo.plot + theme (legend.position="none")

r, fig.width = 12, fig.height = 10}

legend < - cowplot::get_legend(foo.plot)
grid.newpage()

grid.draw(legend)

{n

erase.me< - aggregate(abundance~Family,cumulative.ITS,FUN=sum)
erase.me$Family< -
factor(erase.me$Family,levels=erase.me[order(erase.me[,2],decreasing=T),1])
erase.me< - erase.me[order(erase.me$abundance,decreasing=TRUE),]

#

ggplot(erase.me[2:41,],aes(x=Family,y=abundance,fill=Family)) + geom_col() +

theme(legend.position ='none')+ theme(axis.text.x = element_text(angle = 90, hjust = 1))

{n

erase.me< - aggregate(abundance~Genus,cumulative.ITS,FUN=sum)
erase.me$Genus< -
factor(erase.me$Genus,levels=erase.me[order(erase.me[,2],decreasing=T),1])
erase.me< - erase.me[order(e rase.me$abundance,decreasing=TRUE),]

#

ggplot(erase.me[2:41,],aes(x=Genus,y=abundance,fill=Genus)) + geom_col() +
theme(legend.position="none")+ theme(axis.text.x = element_text(angle = 90, hjust = 1))

{n

erase.me< - aggregate(abundance~Species,cumu lative.ITS,FUN=sum)
erase.me$Species< -
factor(erase.me$Species,levels=erase.me[order(erase.me[,2],decreasing=T),1])
erase.me< - erase.meforder(erase.me$abundance,decreasing=TRUE),]

#

ggplot(erase.me[2:41,],aes(x=Species,y=abundance,fill=Species)) + geom_col()
theme(legend.position="none")+ theme(axis.text.x = element_text(angle = 90, hjust = 1))

##### The 40 most sequenced fungal OTUs

# Appendix 1. ITS

Hr, results="asis'}

erase.me< - chind(tax_table(phyloseq.ITS),total_reads=colSums(otu_table(phyloseq.IT
erase.me< - head(erase.me[order(as.numeric(erase.mel,8]),decreasing=TRUE),],40)
stargazer(erase.me,type="html|")

S)

39



#tCommunity structure ITS

### Non - normalized

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling  (MetaMDS) with predefined K=3. Axes one and two

1}

ITS.ord < - ordinate(phyloseq.ITS, "NMDS", "bray",k=3)

#

pl<- plot_ordination(phyloseq.ITS, ITS.ord, type="taxa", axes=1:2, color="Phylum",

title="taxa")

pl+ facet_wrap(~Phylum)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two
1}

pl<- plot_ordination(phyloseq.ITS, ITS.ord, type="samples", axes=1:2, color="LOCALITY",
shape="CODE", title="samples")
pl+geo m_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two. Faceted by sampling locality

1}

pl + facet wrap(~LOCALITY) + geom_point(size=2)

Ordin ation plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two. Faceted by position in the

gradient

{n

pl + facet_wrap(~CODE) + geom_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three
{n

#

p2<- plot_ordination(phyloseq.ITS, ITS.ord, type="samples", axes=2:3, color="LOCALITY",
shape="CODE", title="samples")
p2 + geo m_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three. Faceted by Sampling locality

{n

p2 + facet_wrap(~LOCALITY) + geom_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three. Faceted by position in the

gradient

{

p2 + facet_wrap(~CODE) + geom_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and three
{

p3<- plot_ordination(phyloseq.ITS, ITS.ord, type="samples", axes=c(1,3),
color="LOCALITY", shape="CODE", title="samples")
p3 + geom_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and three. Faceted by LOCALITY

{

p3 + facet_wrap(~LOCALITY) + geom_point(size=2)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and three. Faceted by position in the

gradient

{n

p3 + facet_wrap(~CODE) + geom_point(size=2)

rm(p1,p2,p3)

### Normal ized
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Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two

“r, fig.width=8, fig.height=8}

ITS.ord< - ordinate(norm.ITS, "NMDS", "bray",k=3)

#

pl<- plot_ordination(norm.ITS, ITS.ord, type="taxa", axes=1:2, color="Phylum",

title="taxa")

pl+ facet_wrap(~Phylum) + theme(legend.position="none")

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) wi th predefined K=3. Axes one and two

“r, fig.width=10, fig.height=10}

pl<- plot_ordination(norm.ITS, ITS.ord, type="taxa", axes=1:2, color="Order",

title="taxa")

pl + facet_wrap(~Class) + theme(legend.position="none")

Hr, fig.width = 12, fig.hei ght = 10}
legend < - cowplot::get_legend(pl)
grid.newpage()

grid.draw(legend)

T

pl<- plot_ordination(norm.ITS, ITS.ord, type="samples", axes=1:2, color="LOCALITY",
shape="CODE", title="samples")

pl + geom_point(size=4)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two. Faceted by sampling locality

{

pl + facet wrap(~LOCALITY) + geom_point(size=4)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two. Faceted by position in the

gradient

{

pl + facet_wrap(~CODE) + geom_point(size=4)

Ordination plot of the ITS OTU table. Ordination method non - metric mul  tidimensional

scaling (MetaMDS) with predefined K=3. Axes two and three
{n
#

p2<- plot_ordination(norm.ITS, ITS.ord, type="samples", axes=2:3, color="LOCALITY",
shape="CODE", title="samples")
p2 + geom_point(size=4)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three. Faceted by Sampling locality
{n

p2 + facet_wrap(~LOCALITY) + geom_point(size=4)

Ordination plot of the ITS OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three. Faceted by position in the

gradient

{n

p2 + facet_wrap(~CODE) + geom_point(size=4)

Ordination plot of the ITS OTU table. Ordination method non - metric m ultidimensional
scaling (MetaMDS) with predefined K=3. Axes one and three
T

p3<- plot_ordination(norm.ITS, ITS.ord, type="samples", axes=c(1,3), color="LOCALITY",
shape="CODE", title="samples")
p3 + geom_point(size=4)

Ordination plot of the IT S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and three. Faceted by LOCALITY
T

p3 + facet_wrap(~LOCALITY) + geom_point(size=4)
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foo.plot< - plot_bar(norm.16S,x="Sample",y="Abundance" fill="Order") +
geom_bar(aes(color=Order, fill=Order), stat="identity", position="stack")
foo.plot + theme(legend.position="none")

“{r, fig.width = 15, fig.height = 15}

legend < - cowplot::get_legend(foo.plot)
grid.newpage()

grid.draw(legend)

{n

erase.me< - aggregate(abundance~Family,cumulative.16S,FUN=sum)

erase.me$Family< -
factor(erase.me$Family,levels=erase.me[order(erase.me[,2],decreasing=T),1])

erase.me< - erase.me[order(erase.me$abundance,decreasing=TRUE),]

#

ggplot(erase.me[2:51,],aes(x=Family,y=abundance fill=Family)) + geom_col() +
theme(legend.position="none")+ theme(axis.text.x = element_text(angle = 90, hjust = 1))

(1}
erase.me< - aggregate(abundance~Genus,cumulative.16S,FUN=sum)
erase.me$Genus< -

factor(erase.me$Genus,levels=erase.me[order(erase .me[,2],decreasing=T),1])
erase.me< - erase.me[order(erase.me$abundance,decreasing=TRUE),]
#

ggplot(erase.me[2:51,],aes(x=Genus,y=abundance,fill=Genus)) + geom_col() +
theme(legend.position="none")+ theme(axis.text.x = element_text(angle = 90, hjust = 1))

“r, results="asis'}

erase.me< - chind(tax_table(phyloseq.16S),total_reads=rowSums(otu_table(phyloseq.16S)))

erase.me< - head(erase.me[order(as.numeric(erase.mel,8]),decreasing=TRUE),],40)
stargazer(erase.me,type="html")

##Community structure 16S
### Non- normalized

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes one and two

{

ord.16S < - ordinate(phyloseq.16S, "NMDS", "bray",k=3)

#

pl<- plot_ordination(phyloseq.16S, ord.16S, type="taxa", axes=1:2, color="Phylum",
title="taxa")

pl + geom_point(size=2) + theme(legend.position="none")+ facet_wrap(~Phylum)
legend < - cowplot::get_legend(pl)

grid.newpage()

grid.draw(legend)

Ordination plot of the 16S OTU table. Ordin ation method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes one and two
{n

pl<- plot_ordination(phyloseq.16S, ord.16S, type="samples", axes=1:2, color="LOCALITY",
shape="CODE", title="samples")
pl + geom_point(size=2)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes one and two. Faceted by sampling locality

{n

pl + facet_wrap(~LOCALITY) + geom_point(size=2)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes one and two. Faceted by position in the

gradient

{

pl + facet_wrap(~CODE) + geom_point(size=2)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three

T

p2<- plot_ordination(phyloseq.16S, ord.16S, type="samples", axes=1:2, color="LOCALITY",
shape="CODE", title="samples")
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Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes two and three. Faceted by position in the

gradient

(1}

p2 + facet_wrap(~CODE) + geom_point(size=4)

rm(pl,p2)

##Phylogenetic structure of the bacterial community

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional

scaling (MetaMDS) based on weighted Unifrac distances, K=2. Axes one and two
“{r, fig.width=10,fig.height=10}
#

#phy_tree(norm.16S)< - root(phy_tree(n orm.16S),"46270" resolve.root=TRUE)
unifrac.16S < - ordinate(norm.16S,"MDS","UniFrac", weighted=TRUE, normalized=TRUE,
parallel=TRUE, fast=TRUE)

#

pl<- plot_ordination(phyloseq.16S, unifrac.16S, type="taxa", axes=1:2, color="Phylum",
title="taxa")

pl + geom _point(size=2) + theme(legend.position="none") + facet_wrap(~Phylum)

“Hr, fig.width=15,fig.height=15}

pl<- plot_ordination(phyloseq.16S, unifrac.16S, type="taxa", axes=1:2, color="Class",
title="taxa")

pl + geom_point(size=2) + theme(legend.position ="none") + facet_wrap(~Class)

{n

legend < - cowplot::get_legend(pl)
grid.newpage()

grid.draw(legend)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes one and two

{n

pl<- plot_ordination(norm.16S, unifrac.16S, type="samples", axes=1:2, color="LOCALITY",
shape="CODE", title="samples")

pl + geom_point(size=4)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes one and two

{n
pl + facet_wrap(~LOCALITY) + geom_point(size=4)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes one and two. Faceted by p osition in the
gradient

{n

pl + facet_wrap(~CODE) + geom_point(size=4)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=3. Axes two and three

{

p2<- plot_ordination(norm .16S, unifrac.16S, type="samples", axes=1:2, color="LOCALITY",
shape="CODE", title="samples")

p2 + geom_point(size=4)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes two and three. Faceted by Sampling locality
{

p2 + facet_wrap(~LOCALITY) + geom_point(size=4)

Ordination plot of the 16S OTU table. Ordination method non - metric multidimensional
scaling (MetaMDS) with predefined K=2. Axes two and three. Faceted by position in the
gradient

{

p2 + facet_wrap(~CODE) + geom_point(size=4)
rm(p1,p2)










































