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Abbildung 5. Sequenzierungsdichte 
aller Samples für die Amplicon 
Sequenzierung der variablen Region 
bakterieller 16S rRNA Gene. Die 
Höhen der Säulen geben die Anzahl 
der Sequenzen wieder, heller 
gefärbte Anteile sind chimäre 
Sequenzen, die von der weiteren 
Analyse ausgeschlossen wurden. 
Orange repräsentiert schlecht 
sequenzierte Samples die ebenfalls 
von der Analyse ausgeschlossen 
wurden (Ein Sample von IG). 
 

 

 

 

 

 

 

 
 
 
Abbildung 6. Einzigartigkeit der OTUs 
in der 16S Datenmatrix (chimäre 
Sequenzen wurden ausgeschlossen). 
Jeder Punkt entspricht einem OTU, 
das entsprechend der Anzahl an reads 
in allen Samples aufgetragen wurde in 
Relation zur Anzahl der Samples in 
denen diese OTU vorhanden war. Die 
blau punktierte Linie repräsentiert den 
Medianwert der Samples in denen 
individuelle OTUs gefunden wurden. 

 

 

 

 

 

 

 

 
 
 
 
 
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 Samples vorhanden 
waren. 
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Qualitätssicherung 

 

a. Feldarbeit 

Bei den Feldarbeiten wurde entsprechend der best practice darauf geachtet, dass bei der Probennahme keine Kontaminationen 

aus umgebenden Bodenanteilen eingeschleppt werden, Entnahmewerkzeuge wurden zwischen den Probenahmen sorgfältig 

gereinigt und die Proben wurden aureichend gekühlt bzw. eingefroren, um mikrobielle Veränderungen nach der Probenahme 

auszuschließen. 

 

 

b. Laborarbeit 

Die Laborarbeiten wurden routinemäßig nach best practice, wie in der Molekularbiologie üblich, und mit den nötigen Kontrollen 

durchgeführt.  

 

 

c. Datenverarbeitung 

Die Qualitätssicherung in der Datenanalyse ist bereits implizit in der Darstellung der Analyseschritte für dieses Modul geschildert 

worden und wird daher hier nicht mehr im Detail wiederholt. Wichtige Schritte sind hier die Ausfilterung von Sequenzen 

unzureichender Qualität, chimären Sequenzen, sowie unzureichend sequenzierter Proben. 

 
Interpretation der wichtigsten Erhebungsparameter 

 

Zum gegenwärtigen Zeitpunkt lassen sich noch keine Langzeit-Aussagen mit den in der Pilotphase einmalig erhobenen Daten 

anstellen. Erst die wiederholte Beprobung wird zeigen, in wie weit sich im Laufe des Langzeitmonitorings Verschiebungen in der 

Bodengemeinschaft einstellen werden. Die durch die Pilotphase gewonnenen Daten bilden die Datengrundlage für künftige 

Vergleiche. Wir schlagen vor die Beprobung alle 4 Jahre und dann wieder konzertiert mit der Probenahme durch die anderen 

Module des Langzeitmonitorings durchzuführen. Was sich aber anhand der vorliegenden Erhebung der mikrobiellen 

Diversitätmuster anhand der erstellten OTU-Tabellen sagen lässt, ist, das es deutliche Unterschiede zwischen den Standorten als 

innerhalb der Gradienten gibt. Dies ist für die Pilze deutlicher als für die Bakteriengemeinschaften festgestellt worden, letztere 

scheinen hingegen in ihrem OTU-Reichtum gegen die pessimalen Bereiche der Gradienten abzunehmen. Weitere Interpretationen 

sind dem Endbericht zu entnehmen. 
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Anhang 

 

a. Vorlagen digitale Datenverarbeitung. Pipeline 16S 

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

 

#!/bin/bash/  

# ------------------------------  

# Pipeline Metabarcoding 16S  

# HTNP pilot project  

# 

# FFM 2018  

#-------------------------------  

# 

# 

working_dir="/home/fernando/Documents/8_Martin"  

raw_data_16S="/home/fernando/Documents/8_Martin/M577/Reads_16S/Trimmed_reads/"  

raw_data_ITS="/home/fernando/Documents/8_Martin/M577/Reads_16S/Trimmed_reads/"  

# 

#source activate qiime2 - 2018.2  

# 

# 1. FastQC to allow manual inspection of the quality of sequences  

#--------------------------------------------------------------------  

# 

cd $working_dir  

#[ - d 01_fastqc ] || mkdir 01_fastqc/16S && mkdir 01_fastqc/ITS  

# 

#!#fastqc - t 4 $raw_data_16S/* - o ./01_fastqc/16S  

#!#fastqc - t 4 $raw_data_ITS/* - o ./01_fastqc/ITS  

# 

# 2. Process with multiqc  

#-------------------------------  

# 

#!#multiqc ./16S/ - o ./16S/  

#!#multiqc ./ITS/ - o ./ITS/  

# 

# 

export PATH=$PATH:/usr/local/etc/microbiome_helper/  

# 

# 3. Create data structure  

#------------------------------------  

#1_CLEAN=00_Cleaned  

#2_MERGE=01_Merged 

#3_DISC=02_Discarded  

#4_QUAL=03_quality  

#5_TRIM= 

#6_CHIM= 

[ - d 01_fastqc ] || mkdir 01_fastqc/16S && mkdir 01_fastqc/ITS  

mkdir - p ./02_16S/00_Cleaned  

mkdir - p ./03_ITS/00_Cleaned  

mkdir - p ./02_16S/01_Merged  

mkdir - p ./03_ITS/01_Merged  

mkdir - p ./02_16S/02_Discarded  

mkdir - p ./03_ITS/02_Discarded  

mkdir - p ./02_16S/03_quality  

mkdir - p ./03_ITS/03_quality  

mkdir - p ./02_16S/04_trimmed  

mkdir - p ./03_ITS/04_trimmed  

mkdir - p ./02_16S/05_f asta/  

mkdir - p ./03_ITS/05_fasta/  

mkdir - p ./02_16S/06_derep/  

mkdir - p ./03_ITS/06_derep/  

 

#-------------------------  

# X. Adapter trimming (nope)  

#------------------------  

 

 

#for BASENAME in $(ls M577/Reads_16S/Trimmed_reads/ | rev | cut - c 24 -  | rev | uniq);  

#do  

A
n

h
a
n

g
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#trimmomatic PE - threads 16 - phred33 \  

#./M577/Reads_16S/Trimmed_reads/${BASENAME}R1_001_trimmed.fastq.gz \  

#./M577/Reads_16S/Trimmed_reads/${BASENAME}R2_001_trimmed.fastq.gz \  

#./M577/Reads_16S/Trimmed_reads/${BASENAME}_forward_paired.fq.gz \  

#./M577/Reads_16S/Trimmed_reads/${BASENAME}_forward_unpaired.fq.gz \  

#./M577/Reads_16S/Trimmed_reads/${BASENAME}_reverse_paired.fq.gz \  

#./M577/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 - i ./02_16S/01_Merged/${BASENAME}L001_flash2.extendedFrags.fastq - f 11 - m 

340 - Q33| fastx_trimmer - t 10 - Q33| fastq_quality_filter - q 25 - p 95 - 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 {$(ls M577/Reads_16S/Trimmed_reads/ | rev | cut - c 24 -  | 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 \  

#outu1=./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 - p 4 - o ./02_16S/01_stitched_reads 

$raw_data _16S/*  

#/usr/local/etc/microbiome_helper/run_pear.pl - p 4 - o ./03_ITS/01_stitched_reads 

$raw_data_ITS/*  

# 

# 

# 4.1. STITCHING WAS DONE DONE USING FLASH2  

# 

# 

# 16 S  

# 

#N=4 

for BASENAME in $(ls M577/Reads_16S/Trimmed_reads/ | rev | cut - c 24 -  | rev | uniq);  

do 

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

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

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

- d ./02_16S \  

- o ${BASENAME}flash2  

done  

# 

# ITS  

# 

for BASENAME in $(ls M577/R eads_ITS/Trimmed_reads/ | rev | cut - c 29 -  | rev | uniq);  

do 

flash2 ./M577/Reads_ITS/Trimmed_reads/${BASENAME}L001_R1_001_trimmed.fastq.gz \  
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./M577/Reads_ITS/Trimmed_reads/${BASENAME}L001_R2_001_trimmed.fastq.gz \  

- d ./03_ITS \  

- o ${BASENAME}flash2  

done  

# 

# 4.2. Reorder files  

 

for dir in ./02_16S ./03_ITS  

do 

mv  $dir/*.extendedFrags.fastq $dir/01_Merged/  

mv  $dir/*.* $dir/02_Discarded  

done  

# 

# 5. READ FILTERING  

# 

# 

# 5.1 Controlo las cosas  

x 

fastqc - t 4 ./02_16S/01_Merged/* - o ./02_16S/03_quality/  

fastqc - t  4 ./03_ITS/01_Merged/* - o ./03_ITS/03_quality/  

# 

# 5.2. Process with multiqc  

#-------------------------------  

# 

multiqc ./02_16S/03_quality/* - o ./02_16S/03_quality/  

multiqc ./03_ITS/03_quality/* - o ./03_ITS/03_quality/  

 

# 

#5.3. Read filtering  

#---------- ---------  

#Option A: Read filtering without requiring primer sequences to be at the beginning and 

end of each re  

#read_filter.pl - q 30 - p 90 - l 400 -- primer_check none -- thread 4 02_16S/01_Merged  

# 

# 

# 

for BASENAME in $(ls ./02_16S/01_Merged/ | rev | cut - c 32 -  | rev | uniq)  

do 

fastx_trimmer - i ./02_16S/01_Merged/${BASENAME}L001_flash2.extendedFrags.fastq - f 11 - m 

340 - Q33| fastx_trimmer - t 10 - Q33| fastq_quality_filter - q 25 - p 95 - Q33 > 

./02_16S/04_trimmed/${BASENAME}trimmed.fastq &  

done  

# 

# 6. Dereplicat e 

# 

# 6.1. Convert FASTQ stitched files to FASTA AND remove any sequences that have an 'N' 

in them.  

# 

for BASENAME in $(ls ./02_16S/01_Merged/ | rev | cut - c 32 -  | rev | uniq)  

do 

# 6.2. Discard sequences containing Ns, add expected error rates  

vsearch \  

-- quiet \  

-- fastq_filter ./02_16S/04_trimmed/${BASENAME}trimmed.fastq \  

-- fastq_maxns 0 \  

-- relabel_keep \  

-- eeout \  

-- fastqout ./02_16S/04_trimmed/${BASENAME}trimmed_2.fastq 2>> 

./02_16S/04_trimmed/0vsearch.log  

 

# 6.3. Discard sequences containing Ns, con vert to fasta  

vsearch \  

-- quiet \  

-- fastq_filter ./02_16S/04_trimmed/${BASENAME}trimmed_2.fastq \  

-- fastq_maxns 0 \  

-- fastaout ./02_16S/05_fasta/${BASENAME}trimmed_2.fasta 2>> 

./02_16S/04_trimmed/0vsearch.log  

     

# 6.4. Dereplicate at the study level  

vsea rch \  

-- quiet \  

-- derep_fulllength ./02_16S/05_fasta/${BASENAME}trimmed_2.fasta \  

-- sizeout \  

-- fasta_width 0 \  
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-- relabel_keep \  

-- output ./02_16S/06_derep/${BASENAME}_derep.fasta 2>> ./02_16S/04_trimmed/0vsearch.log  

done  

# 

# 

# 7. Global dereplication, clustering and chimera detection  

# 

#---------------------------------  

#VSEARCH=$(which vsearch)  

#SWARM=$(which swarm)  

TMP_FASTA=$(mktemp -- tmpdir=".")  

FINAL_FASTA="./02_16S/complete_16S.fas"  

# 

# 7.1. Pool sequences  

# 

cat ./02_16S/06_derep/*.fasta > "${TMP_ FASTA}"  

# 

# 7.2. Dereplicate (vsearch) Created a problem downstream  

# 

#vsearch -- derep_fulllength "${TMP_FASTA}" \  

#             -- sizein \  

#             -- sizeout \  

#             -- fasta_width 0 \  

#             -- output "${FINAL_FASTA}" > /dev/null  

 

vsear ch -- sortbysize "${TMP_FASTA}" \  

              -- output "${FINAL_FASTA}" > /dev/null  

 

rm - f "${TMP_FASTA}"  

 

 

# 7.3. Clustering  

THREADS=16 

TMP_REPRESENTATIVES=$(mktemp -- tmpdir=".")  

swarm \  

    - d 1 - f - t $THREADS - z \  

    - i ${FINAL_FASTA/.fas/_1f.struct} \  

    - s ${FINAL_FASTA/.fas/_1f.stats} \  

    - w ${TMP_REPRESENTATIVES} \  

    - o ${FINAL_FASTA/.fas/_1f.swarms} < ${FINAL_FASTA}  

 

# 7.4. Sort representatives  

vsearch -- fasta_width 0 \  

             -- sortbysize ${TMP_REPRESENTATIVES} \  

             -- output ${FINAL_FASTA/.fas/_1f_representatives.fas}  

rm ${TMP_REPRESENTATIVES} 

   

# 7.5. Chimera checking  

REPRESENTATIVES=${FINAL_FASTA/.fas/_1f_representatives.fas}  

UCHIME=${REPRESENTATIVES/.fas/.uchime}  

BLAST=${REPRESENTATIVES/.fas/.uchime}  

vsearch -- uchime_denov o "${REPRESENTATIVES}" \  

             -- uchimeout "${UCHIME}"  

 

# 

# 8. blast  

# 

# 

#blastn - query "${REPRESENTATIVES}" \  

blastn - query 

/home/fernando/Documents/8_Martin/02_16S/complete_16S_1f_representatives.fas \  

- db nt \  

- outfmt 0 \  

- num_threads 30 \  

- out /home/fernando/Documents/8_Martin/02_16S/complete_16S_1f_blast.txt  

 

blastn - query 

/home/fernando/Documents/8_Martin/02_16S/complete_16S_1f_representatives.fas \  

- db /home/fernando/Documents/8_Martin/99_silva/ARB_sequin.fasta \  

- outfmt 0 \  

- num_thread s 30 \  

- out /home/fernando/Documents/8_Martin/02_16S/complete_16S_Silva.txt  

 

# 
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# 9. Qiime to calculate LCA instead of Megan  

# 

# 

source activate qiime2 - 2018.2  

qiime tools import \  

  -- input - path complete_16S_1f_representatives.fas \  

  -- output - path complet e_16S_1f_representatives.qza \  

  -- type 'FeatureData[Sequence]'  

   

   

  qiime feature - classifier classify - sklearn \  

    -- i - classifier gg - 13- 8- 99- 515- 806- nb- classifier.qza \  

    -- i - reads complete_16S_1f_representatives.qza \  

    -- o- classification taxonom y.qza  

 

  qiime metadata tabulate \  

    -- m- input - file taxonomy.qza \  

    -- o- visualization taxonomy.qzv  

 

qiime tools export taxonomy.qza -- output - dir 07_taxonomy  

 

# 

# 

# 

# 

# 

# 

# 

#In R  

# 

load("/Users/ferninfm/Desktop/microbiome/dataset_v2.Rdata")  

tax_16S< - read.table("/Users/ferninfm/Desktop/microbiome/taxonomy_16S.tsv",sep=" \ t")  

 

library(ape)  

ITS_files< - list()  

i=1  

for (FILE in list.files(pattern="_ITSx.fasta.ITS2.fasta"))  

{  

ITS_files[[i]]< - read.dna(FILE,format="fasta")  

i< - i+1  

}  

names(ITS_files)< - st rsplit(list.files(pattern="_ITSx.fasta.ITS2.fasta"),"_")  

save.image("../ITS_dataset_v1.Rdata")  

 

 

 

 

b. Vorlagen digitale Datenverarbeitung. Pipeline ITS 

Die folgende Pipeline ist für die Analye der pilzlichen ITS Gene vorgesehen.  

 

#!/bin/bash/  

# Set working directory  

working_dir="/home/fernando/Documents/8_Martin"  

# Set location of demultiplexed data files  

raw_data_ITS="/home/fernando/Documents/8_Martin/M577/Reads_ITS/Trimmed_reads/"  

# Activate Conda environment for QUIIME  

source activate qiime2 - 2018.2  

#----- ---------------------------------------------------------------  

# 1. FastQC to allow manual inspection of the quality of sequences  

#--------------------------------------------------------------------  

# 

cd $working_dir  

#[ - d 01_fastqc ] || mkdir 01_fastqc/ 16S && mkdir 01_fastqc/ITS  

# 

#!#fastqc - t 4 $raw_data_16S/* - o ./01_fastqc/16S  

fastqc - t 4 $raw_data_ITS/* - o ./01_fastqc/ITS  

# 

# 2. Process with multiqc  

#-------------------------------  

# 

#!#multiqc ./16S/ - o ./16S/  

multiqc ./ITS/ - o ./ITS/  
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# 

# 

export PATH=$PATH:/usr/local/etc/microbiome_helper/  

# 

# 3. Create data structure  

#------------------------------------  

#1_CLEAN=00_Cleaned  

#2_MERGE=01_Merged 

#3_DISC=02_Discarded  

#4_QUAL=03_quality  

#5_TRIM= 

#6_CHIM= 

[ - d 01_fastqc ] || mkdir 01_fastqc/ITS  

 

mkdir - p ./03_ITS/00_Cleaned  

mkdir - p ./03_ITS/01_Merged  

mkdir - p ./03_ITS/02_Discarded  

mkdir - p ./03_ITS/03_quality  

mkdir - p ./03_ITS/04_trimmed  

mkdir - p ./03_ITS/05_fasta/  

mkdir - p ./03_ITS/06_ITSx  

mkdir - p ./03_ITS/07_derep/  

 

#-------------------------  

# X. A dapter trimming (nope)  

#------------------------  

# 

# 4. Stitching reads  

#--------------------------------  

# 

# 

# 4.1. STITCHING WAS DONE DONE USING FLASH2  

# 

# 

# ITS  

# 

for BASENAME in $(ls M577/Reads_ITS/Trimmed_reads/ | rev | cut - c 29 -  | rev | uniq);  

do 

flash2 ./M577/Reads_ITS/Trimmed_reads/${BASENAME}L001_R1_001_trimmed.fastq.gz \  

./M577/Reads_ITS/Trimmed_reads/${BASENAME}L001_R2_001_trimmed.fastq.gz \  

- d ./03_ITS \  

- o ${BASENAME}flash2  

done  

# 

# 4.2. Reorder files  

# 

for dir in ./03_ITS  

do 

mv  $dir/*.exte ndedFrags.fastq $dir/01_Merged/  

mv  $dir/*.* $dir/02_Discarded  

done  

# 

# 5. READ FILTERING  

# 

# 

# 5.1 Controlo las cosas  

fastqc - t 4 ./03_ITS/01_Merged/* - o ./03_ITS/03_quality/  

# 

# 5.2. Process with multiqc  

#-------------------------------  

# 

multiqc ./03_ITS/03_quality/* - o ./03_ITS/03_quality/  

 

# 

#5.3. Read filtering  

#-------------------  

# 

for BASENAME in $(ls ./03_ITS/01_Merged/ | rev | cut - c 32 -  | rev | uniq)  

do 

fastx_trimmer - i ./03_ITS/01_Merged/${BASENAME}L001_flash2.extendedFrags.fastq - f 11 - m 

340 - Q33| fastx_trimmer - t 10 - Q33| fastq_quality_filter - q 25 - p 95 - Q33 > 

./03_ITS/04_trimmed/${BASENAME}trimmed.fastq &  

done  

# 
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# 6. Dereplicate  

# 

# 6.1. Convert FASTQ stitched files to FASTA AND remove any sequences that have an 'N' 

in them.  

# 

for BAS ENAME in $(ls ./03_ITS/01_Merged/ | rev | cut - c 32 -  | rev | uniq)  

do 

# 6.2. Discard sequences containing Ns, add expected error rates  

vsearch \  

-- quiet \  

-- fastq_filter ./03_ITS/04_trimmed/${BASENAME}trimmed.fastq \  

-- fastq_maxns 0 \  

-- relabel_keep \  

-- eeout \  

-- fastqout ./03_ITS/04_trimmed/${BASENAME}trimmed_2.fastq 2>> 

./03_ITS/04_trimmed/0vsearch.log  

 

# 6.3. Discard sequences containing Ns, convert to fasta  

vsearch \  

-- quiet \  

-- fastq_filter ./03_ITS/04_trimmed/${BASENAME}trimmed_2.fastq \  

-- fastq_maxns  0 \  

-- fastaout ./03_ITS/05_fasta/${BASENAME}trimmed_2.fasta 2>> 

./03_ITS/04_trimmed/0vsearch.log  

done  

     

 

# 

 

# 

# 7. ITS2 extraction  

# 

for BASENAME in $(ls ./03_ITS/01_Merged/ | rev | cut - c 32 -  | rev | uniq)  

do 

ITSx \  

- i ./03_ITS/05_fasta/${BASENAME}tri mmed_2.fasta \  

- o ./03_ITS/06_ITSx/${BASENAME}ITSx.fasta \  

- p /usr/local/etc/ITSx_1.1/ITSx_db/HMMs \  

-- save_regions ITS2 \  

- t F \  

-- cpu 32  

done  

# 

for BASENAME in $(ls ./03_ITS/01_Merged/ | rev | cut - c 32 -  | rev | uniq)  

do 

# 6.4. Dereplicate at the study l evel  

vsearch \  

-- quiet \  

-- derep_fulllength ./03_ITS/06_ITSx/${BASENAME}ITSx.fasta.ITS2.fasta \  

-- sizeout \  

-- fasta_width 0 \  

-- relabel_keep \  

-- output ./03_ITS/07_derep/${BASENAME}_ITS2_derep.fasta 2>> 

./03_ITS/07_derep/vsearchITS2.log  

done  

# 

# 

# 8. Global dereplication, clustering and chimera detection  

# 

#---------------------------------  

#VSEARCH=$(which vsearch)  

#SWARM=$(which swarm)  

TMP_FASTA="./03_ITS/complete_ITS2_erase.fas"  

FINAL_FASTA="./03_ITS/08_swarm/complete_ITS2.fas"  

# 

# 8.1. Pool sequenc es  

# 

cat ./03_ITS/07_derep/*__ITS2_derep.fasta > "${TMP_FASTA}"  

# 

# 8.2. Dereplicate (vsearch) # This creates a problem Information on sequences belonging 

to each cluster is lost  

# 

#vsearch -- derep_fulllength "${TMP_FASTA}" \  

#             -- sizein \  
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#             -- sizeout \  

#             -- fasta_width 0 \  

#             -- output "${FINAL_FASTA}" > /dev/null  

vsearch -- sortbysize "${TMP_FASTA}" \  

              -- output "${FINAL_FASTA}" > /dev/null  

 

rm - f "${TMP_FASTA}"  

 

# 8.3. Clustering  

THREADS=30 

TMP_REPRESENTATIVES=$(mktemp -- tmpdir=".")  

swarm \  

    - d 1 - f - t $THREADS - z \  

    - i ${FINAL_FASTA/.fas/_1f.struct} \  

    - s ${FINAL_FASTA/.fas/_1f.stats} \  

    - w ${TMP_REPRESENTATIVES} \  

    - o ${FINAL_FASTA/.fas/_1f.swarms} < ${FINAL_FASTA}  

 

# 8.4. So rt representatives  

vsearch -- fasta_width 0 \  

             -- sortbysize ${TMP_REPRESENTATIVES} \  

             -- output ${FINAL_FASTA/.fas/_1f_representatives.fas}  

rm ${TMP_REPRESENTATIVES} 

   

# 8.5. Chimera checking  

REPRESENTATIVES=${FINAL_FASTA/.fas/_1f_re presentatives.fas}  

UCHIME=${REPRESENTATIVES/.fas/.uchime}  

vsearch -- uchime_denovo "${REPRESENTATIVES}" \  

             -- uchimeout "${UCHIME}"  

 

# 

# 9. blast  

# 

# 

#blastn - query "${REPRESENTATIVES}" \  

blastn - query ./03_ITS/08_swarm/complete_ITS2_1f_representatives.fas \  

- db nt \  

- outfmt 0 \  

- num_threads 30 \  

- out ./03_ITS/complete_ITS2_1f_blast_Unite.txt  

 

# 

# 9. Qiime to calculate LCA instead of Megan  

# 

# 

 

source activate qiime2 - 2018.6  

## 

# 

#. Import unite  

# 

 

#qiim e tools import \  

# -- type FeatureData[Sequence] \  

# -- input - path sh_refs_qiime_ver7_dynamic_s_01.12.2017.fasta \  

# -- output - path unite_ver7_dynamic_seqs_01.12.2017.qza  

# 

# 

# 

#qiime tools import \  

# -- type FeatureData[Taxonomy] \  

# -- input - path sh_taxonomy_ qiime_ver7_dynamic_s_01.12.2017.txt \  

# -- output - path unite_ver7_dynamic_tax_01.12.2017.qza \  

# -- source - format HeaderlessTSVTaxonomyFormat  

# 

# 

# 

#qiime feature - classifier fit - classifier - naive - bayes \  

# -- i - reference - reads unite_ver7_dynamic_seqs_01.12.2017.qza \  

# -- i - reference - taxonomy unite_ver7_dynamic_tax_01.12.2017.qza \  

# -- o- classifier unite_ver7_dynamic_classifier_01.12.2017.qza  

 

# 

# Taxonomy  
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# 

source activate qiime2 - 2018.2  

qiime tools import \  

  -- input - path ./03_I TS/08_swarm/complete_ITS2_1f_representatives.fas \  

  -- output - path ./03_ITS/11_LCA_qiime/complete_ITS2_1f_representatives.qza \  

  -- type 'FeatureData[Sequence]'  

 

 

  qiime feature - classifier classify - sklearn \  

    -- i - classifier 

03_ITS/11_LCA_qiime/0_refere nce/unite_ver7_dynamic_classifier_01.12.2017.qza \  

    -- i - reads ./03_ITS/11_LCA_qiime/complete_ITS2_1f_representatives.qza \  

    -- o- classification ./03_ITS/11_LCA_qiime/ITS_taxonomy.qza  

 

  qiime metadata tabulate \  

    -- m- input - file ./03_ITS/11_LCA_qiim e/ITS_taxonomy.qza \  

    -- o- visualization ./03_ITS/11_LCA_qiime/ITS_taxonomy.qzv  

 

qiime tools export ./03_ITS/11_LCA_qiime/ITS_taxonomy.qza -- output - dir  

./03_ITS/11_LCA_qiime  

 

 

 

 

c. Verarbeitung im Programm R 

# 

# Processing results and importing data structures into phyloseq objects  

# 

# FFM 8.2018  

# 

# 

#---------------  

 

# 

# 0. Reorganize_dataset  

# 

dataset< - read.table("/Users/ferninfm/Desktop/microbiome/dataset_file",sep=" \ t")  

 

foo< - as.character(dataset[,4])  

foo[dataset[,1]=="FU"&dataset[,4]%in%c("T","1" ,"2")]< - "T"  

foo[dataset[,1]=="FU"&dataset[,4]%in%c("3","4","5")]< - "M"  

foo[dataset[,1]=="FU"&dataset[,4]%in%c("6","7","K","A")]< - "K"  

# 

foo[dataset[,1]=="IG"&dataset[,4]%in%c("T","1","2")]< - "T"  

foo[dataset[,1]=="IG"&dataset[,4]%in%c("3","4","5")]< - "M"  

foo[da taset[,1]=="IG"&dataset[,4]%in%c("6","8","B","K")]< - "K"  

# 

foo[dataset[,1]=="OB"&dataset[,4]%in%c("1")]< - "T"  

foo[dataset[,1]=="OB"&dataset[,4]%in%c("4")]< - "M"  

foo[dataset[,1]=="OB"&dataset[,4]%in%c("6","7")]< - "K"  

# 

foo[dataset[,1]=="UN"&dataset[,4]%in%c("T","1","2")]< - "T"  

foo[dataset[,1]=="UN"&dataset[,4]%in%c("3","4","5")]< - "M"  

foo[dataset[,1]=="UN"&dataset[,4]%in%c("6","7","K")]< - "K"  

foo[dataset[,1]=="UN"&dataset[,2]=="6"&dataset[,4]=="5"]< - "K"  

foo[dataset[,1]=="UN "&dataset[,2]=="2"&dataset[,4]=="6"]< - "M"  

foo[dataset[,1]=="UN"&dataset[,2]=="1"&dataset[,4]=="6"]< - "M"  

# 

foo[dataset[,1]=="SE"&dataset[,4]%in%c("T","1","2")]< - "T"  

foo[dataset[,1]=="SE"&dataset[,4]%in%c("3","4","5")]< - "M"  

foo[dataset[,1]=="SE"&dataset[,4]% in%c("6","7","B","K")]< - "K"  

foo[dataset[,1]=="SE"&dataset[,2]=="3"&dataset[,4]=="5"]< - "K"  

dataset< - cbind(dataset,CODE=foo)  

rownames(dataset)< - sapply(strsplit(rownames(dataset)," "),`[`,2)  

 

# 

# 1. Mainframe dataset tables  

# 

# 

dataset.16S< - read.table("/Users /ferninfm/Desktop/microbiome/dataset_file",sep=" \ t")  
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dataset.ITS< - dataset.16S  

# 

# 2. Samples  

# 

# 

# Read files  

# 

library(ape)  

library(reshape2)  

sample.list.16S< - list()  

j=1  

for (i in (list.files(path = "/Users/ferninfm/Desktop/microbiome/16S/06_derep")))  

{  

sample.list.16S[[i]]< -

names(read.dna(paste("/Users/ferninfm/Desktop/microbiome/16S/06_derep/",i,sep=""),format

="fasta"))  

j< - j+1  

}  

# 

# Generate matrix  

# 

#####sample.list.16S< - sample.16S  

sample.list.16S< - melt(sample.list.16S)  

colnames(sample.list.16S)< - c("se q","sample")  

sample.list.16S[,2]< - sapply(strsplit(sample.list.16S$sample,"_"),`[`,1)  

sample.list.16S< - as.matrix(sample.list.16S)  

sample.list.16S< -

cbind(sample.list.16S,size=sapply(strsplit(sample.list.16S[,1],";"),`[`,2))  

 

sample.list.16S[,3]< - substr(sampl e.list.16S[,3],6,nchar(sample.list.16S[,3]))  

# 

# Read files  

# 

sample.list.ITS< - list()  

j=1  

for (i in (list.files(path = "/Users/ferninfm/Desktop/microbiome/ITS/07_derep")))  

{  

sample.list.ITS[[i]]< -

names(read.dna(paste("/Users/ferninfm/Desktop/microbiome/ITS/07_derep/",i,sep=""),format

="fasta"))  

j< - j+1  

}  

# 

# Generate matrix  

# 

sample.list.ITS< - as.matrix(melt(sample.list.ITS))  

colnames(sample.list.ITS)< - c("seq","sample")  

sample.li st.ITS[,2]< - substr(sample.list.ITS[,2],1,nchar(sample.list.ITS[,2]) - 18)  

sample.list.ITS< -

cbind(sample.list.ITS,size=sapply(strsplit(as.character(sample.list.ITS[,1]),";"),`[`,2)

)  

sample.list.ITS[,3]< - substr(sample.list.ITS[,3],6,nchar(sample.list.ITS[,3]))  

# 

# 3. Clusters  

# 

swarms.16S< - readLines("/Users/ferninfm/Desktop/microbiome/16S/complete_16S_1f.swarms")  

swarms.ITS< -

readLines("/Users/ferninfm/Desktop/microbiome/ITS/08_swarm/complete_ITS2_1f.swarms")  

# 

# Add to matrix  

# 

sample.list.ITS< - cbind(sample.lis t.ITS,otu=0)  

foo2< - sapply(strsplit(sample.list.ITS[,1]," \ \ |"),`[`,1)  

for (i in 1:length(swarms.ITS))  

{  

foo< - sapply(strsplit(unlist(strsplit(swarms.ITS[i]," "))," \ \ |"),`[`,1)  

sample.list.ITS[foo2%in%foo,4]< - i  

}  

 

# 

# 

# 

sample.list.16S< - cbind(sample.list.16S,otu=0)#  

foo3< - sapply(strsplit(sample.list.16S[,1],";"),`[`,1)  
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rownames(sample.list.16S)< - foo3  

rename_fer< - function(x)  

 {  

 return(sapply(strsplit(unlist(strsplit(x," ")),";"),`[`,1))  

  }  

 

foo_new1< - lapply(swarms.16S,re name_fer)  

#foo_new2< - melt(foo_new1) is too slow  

library(future)  

plan(multiprocess)  

names(foo_new1)< - as.character(1:length(foo_new1))  

res1 %< - % melt(foo_new1[1:200])  

res2 %< - % melt(foo_new1[201:500])  

res3 %< - % melt(foo_new1[501:1000])  

res4 %< - % melt(foo_new 1[1001:2000])  

res5 %< - % melt(foo_new1[2001:3000])  

res6 %< - % melt(foo_new1[3001:6000])  

res7 %< - % melt(foo_new1[6001:8000])  

res8 %< - % melt(foo_new1[8001:10000])  

res9 %< - % melt(foo_new1[10001:13000])  

res10 %< - % melt(foo_new1[13001:14000])  

res11 %< - % melt(foo_ new1[14001:15000])  

res12 %< - % melt(foo_new1[15001:20000])  

res13 %< - % melt(foo_new1[20001: 40000])  

res14 %< - % melt(foo_new1[40001: 50000])  

res15 %< - % melt(foo_new1[50001: 60000])  

res16 %< - % melt(foo_new1[60001: 70000])  

res17 %< - % melt(foo_new1[70001: 80000])  

res18 %< - % melt(foo_new1[80001: 90000])  

res19 %< - % melt(foo_new1[90001: 100000])  

res20 %< - % melt(foo_new1[100001:110000])  

res21 %< - % melt(foo_new1[110001:120000])  

res22 %< - % melt(foo_new1[120001:130000])  

res23 %< - % melt(foo_new1[130001:140000])  

res 24 %< - % melt(foo_new1[140001:150000])  

res25 %< - % melt(foo_new1[150001:160000])  

res26 %< - % melt(foo_new1[160001:170000])  

res27 %< - % melt(foo_new1[170001:180000])  

res28 %< - % melt(foo_new1[180001:190000])  

res29 %< - % melt(foo_new1[190001:length(foo_new1)])  

 

fo o_new2<- rbind(  

   res1,  

      res2,  

      res3,  

      res4,  

      res5,  

      res6,  

      res7,  

      res8,  

      res9,  

      res10,  

      res11,  

      res12,  

      res13,  

      res14,  

      res15,  

      res16,  

      res17,  

      res18,  

      res19,  

      res20,  

      res21,  

      res22,  

      res23,  

      res24,  

      res25,  

      res26,  

      res27,  

      res28,  

      res29)  

   # 

   # 

   # 
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   # 

    

 

 

save.image('~/Desktop/microbiome/datasets_final5.Rdata')  

rownames(foo_new2)< - foo_new2[, 1]  

foo_new2< - foo_new2[foo3,]  

# 

# Check  

# 

table(rownames(sample.list.16S)%in%foo3)  

sample.list.16S[,4]< - foo_new2[rownames(sample.list.16S),2]  

 

#foo< - NULL 

#for (i in 1:length(swarms.16S))  

#{  

#foo< - rbind(foo,cbind(sapply(strsplit(unlist(strsplit(swarms.16S[i]," 

")),";"),`[`,1),i))  

#}  

#rownames(foo)< - foo[,1]  

#sample.list.16S[,4]< - i  

#}  

## 

## 

## 

## 

## 

#library(foreach)  

#library(doParallel)  

## 

###setup parallel backend to use many processors  

##core s=detectCores()  

#cl < -  makeCluster(31) #not to overload your computer  

#registerDoParallel(cl)  

#culote< - function(x.swarms,j)  

#{  

# foo< - sapply(strsplit(unlist(strsplit(x.swarms[j]," ")),";"),`[`,1)  

# x.list[names(x.list)%in%foo]< - j  

# return(x.list[names(x.li st)%in%foo])  

#}  

#finalMatrix < -  foreach(i=1:length(swarms.16S), .combine=rbind) %dopar% {  

#   tempMatrix = culote(foo4,swarms.16S,i)  

#   tempMatrix #Equivalent to finalMatrix = cbind(finalMatrix, tempMatrix)  

#}  

##stop cluster  

#stopCluster(cl)  

 

 

 

 

 

# 

# 

# 

rownames(sample.list.ITS)< - foo2  

rownames(sample.list.16S)< - foo3  

 

rm(foo,foo2,foo3)  

# 

# 4. Chimeras  

# 

chimera.16S< -

read.table("/Users/ferninfm/Desktop/microbiome/16S/complete_16S_1f_representatives.uchim

e")  

chimera.ITS< -

read.table("/Users/ferninfm/Desktop/m icrobiome/ITS/08_swarm/complete_ITS2_1f_representat

ives.uchime")  

# 

# 

# 

rownames(chimera.16S)< - sapply(strsplit(as.matrix(chimera.16S$V2),";"),`[`,1)  

rownames(chimera.ITS)< - sapply(strsplit(as.matrix(chimera.ITS$V2)," \ \ |"),`[`,1)  

chimera.16S< - cbind(chimera.16 S,V19=0)  

chimera.ITS< - cbind(chimera.ITS,V19=0)  
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# 

# ITS primera parte  

# 

#---------------  

# 

#-------------------  

fer.subset< - function(x,sept1=" ",sept2=" \ \ |")  

{  

 sapply(strsplit(unlist(strsplit(x,sept1)),sept2),`[`,1)  

}  

 

 

#####  

 

foo< - sapply(swarms.ITS,fer.subset)  

for (i in 1:length(swarms.ITS))  

{  

foo< - sapply(strsplit(unlist(strsplit(swarms.ITS[i]," "))," \ \ |"),`[`,1)  

chimera.ITS[rownames(chimera.ITS)%in%foo,19]< - i  

}  

otus.ITS< - chimera.ITS[,c(19,18)]  

# 

# 16S primera parte  

# 

chimera.1 6S[,19]< - foo_new2[rownames(chimera.16S),2]  

otus.16S< - chimera.16S[,c(19,18)]  

#--------  

# To avoid repeating lengthy computations I did this to repair faulty output  

# chimera.ITS< - chimera.ITS[!is.na(chimera.ITS$V1),]  

# otus.ITS< - chimera.ITS[,c(19,18)]  

#-----------------  

# 

# 5. Taxonomy  

# 

tax.ITS< -

read.table("/Users/ferninfm/Desktop/microbiome/ITS/11_LCA_qiime/taxonomy.tsv",sep=" \ t",h

eader=T)  

rownames(tax.ITS)< - sapply(strsplit(as.matrix(tax.ITS$Feature.ID)," \ \ |"),`[`,1)  

 

#source("https://bioconductor.org /biocLite.R")  

#biocLite("phyloseq")  

 

 

foo< - sapply(as.matrix(tax.ITS$Taxon),parse_taxonomy_qiime)  

names(foo)< - rownames(tax.ITS)  

tax.ITS< - build_tax_table(foo)  

# 

# 

# 

# 6. Build OTU_sample tables  

#-------------------------------  

# ITS dataset  

#---------------- ----------------  

# test  

table(rownames(tax.ITS)==rownames(otus.ITS))  

# 

tax.ITS< - cbind(otus.ITS,tax.ITS)  

colnames(tax.ITS)< - c("otu","chim",colnames(tax.ITS)[ - c(1,2)])  

filtered.dataset.ITS< - aggregate(as.numeric(size)~otu+sample,data=sample.list.ITS,sum)  

foo< - tax.ITS  

rownames(foo)< - paste("otu",foo$otu,sep="_")  

foo< - as.matrix(foo)  

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

# 

filtered.dataset.ITS< -

cbind(filtered.dataset.ITS,foo[paste("otu",filtered.dataset.ITS$otu,sep="_"),])  

rownames(dataset.ITS)< - sapply(strsplit(rown ames(dataset.ITS)," "),`[`,2)  

filtered.dataset.ITS< -

cbind(dataset.ITS[filtered.dataset.ITS$sample,],filtered.dataset.ITS)  

unfiltered.dataset.ITS< - filtered.dataset.ITS  

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

rm(chimera.IT S, dataset.ITS, otus.ITS, sample.list.ITS, sample.list.ITS.bkp, swarms.ITS, 

tax.ITS)  

#-------------------------------  
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# 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_qiime)  

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  

#otus.16S< - chimera.16S[,c (19,18)]  

# 

# test  

# 

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

# 

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

colnames(tax.16S)< - c("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)  

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

# 

filtered.dataset.16S< -

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

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

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

# 

# 

# 

# 

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.ITS[filtered.dataset.ITS$Kingdom=="Fungi",]  

filtered.dataset.16S< -

filtered.dataset.16S[filtered.dataset.16S$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< -

cbind(as.factor(dataset[filtered.dataset.ITS$sample,6]),filtered.dataset.ITS)  

#filtered.dataset.16S< -

cbind(factor(dataset[filtered.dataset.16S$sample,6]),filtered.dataset.16S)  

# 

#filtered .dataset.ITS$QUADRAT[filtered.dataset.ITS$QUADRAT=="A"]< - "7"  

#filtered.dataset.16S$QUADRAT[filtered.dataset.16S$QUADRAT=="A"]< - "7"  

#filtered.dataset.ITS$QUADRAT[filtered.dataset.ITS$QUADRAT=="B"]< - "8"  

#filtered.dataset.16S$QUADRAT[filtered.dataset.16S$QUAD 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.ITS$sample),levels=rownames(dataset))  

filtered.dataset.16S$sample< -

factor(as.character(filtered.dataset.16S$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 Aliquandostipitaceae",  

"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",  
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"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 eae",  

"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",  
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"Chytridiomycota 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[!duplicated(x)&x!="unidentified"])),"unidentified"))  

filtered.dataset.ITS$Order< -

factor(filtered.dataset.ITS$Order,levels=c(as.character(with(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.ITS$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( foo))),])))  

# 

# aposteriori fix tax_table(phyloseq.ITS)< -

tax_table(as.matrix(foo[order(as.numeric(rownames(foo))),]))  

# 

# 

# 13. 16S  

# 

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

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

#!!! missing strsplit names seqs.16S  

filtered.seqs.16S< - seqs.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$tip.label< - sapply(strsplit (tree.16Sp$tip.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)  

```{r}  

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)  

l ibrary(xtable)  
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library(ggplot2)  

library(reshape2)  

library(grid)  

library(phyloseq)  

library(vegan)  

library(lme4)  

library(stargazer)  

library(edgeR)  

source("/Users/ferninfm/Desktop/05_Manuscripts/02_microbiome/functions.r")  

# 

colnames(unfiltered.dataset.ITS)[8]< - "size"  

aggr< - aggregate(size~sample,data=filtered.dataset.ITS,sum)  

aggr2< - aggregate(size~sample,data=unfiltered.dataset.ITS,sum)  

pops< - rbind(aggr[,2],aggr2[,2])  

pops[2,]< - pops[2,] - pops[1,]  

colnames(pops)< - aggr[,1]  

out_sa mples_ITS< - colnames(pops)[pops[1,]<=100000]  

pops< - rbind(pops,as.numeric(pops[1,]<=100000)*pops[1,])  

pops[1,]< - as.numeric(pops[1,]>=100000)*pops[1,]  

# 

# 

# 

# FIXING OF OBERETTES?  

# 

# 

sample_data(phyloseq.ITS)[c("OB1 - c6da",  

"OB1- c6dul",  

"OB1- c6dur",  

"OB2- c6da ",  

"OB2- c6dul",  

"OB2- c6dur",  

"OB3- c7da",  

"OB3- c7dul",  

"OB3- c7dur",  

"OB1- c4da",  

"OB1- c4dul",  

"OB1- c4dur",  

"OB2- c4da",  

"OB2- c4dul",  

"OB2- c4dur",  

"OB3- c4da",  

"OB3- c4dul",  

"OB3- c4dur",  

"OB1- c1da",  

"OB1- c1dli",  

"OB1- c1dre",  

"OB2- c1da",  

"OB2- c1dur",  

"OB3- c1da",  

"OB3- c1dul",  

"OB3- c1dur"),6]< - c("T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"K",  

"K",  

"K",  

"K",  

"K",  

"K",  
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"K",  

"K")  

# 

sample_data(phyloseq.16S)[c("OB1 - c6da",  

"OB1- c6dul",  

"OB1- c6dur",  

"OB2- c6da",  

"OB2- c6dul",  

"OB2- c6dur",  

"OB3- c7da",  

"OB3- c7dul",  

"OB3- c7dur",  

"OB1- c4da",  

"OB1- c4dul",  

"OB1- c4dur",  

"OB2- c4da",  

"OB2- c4dul",  

"OB2- c4dur",  

"OB3- c4da",  

"OB3- c4dul",  

"OB3- c4dur",  

"OB1- c1da",  

"OB1- c1dli",  

"OB1- c1dre",  

"OB2- c1da",  

"OB2- c1dur",  

"OB3- c1da",  

"OB3- c1dul",  

"OB3- c1dur"),6]< - c("T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"T",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"M",  

"K",  

"K",  

"K",  

"K",  

"K",  

"K",  

"K",  

"K")  

# 

# Subset samples for national Park  

# 

sub_NP<-

c("IG1A1C","IG1A2B","IG1BTD","IG1C3C","IG1CKA","IG2A1C","IG2AKC","IG2C4D","IG2C5D","IG2C

KB","IG2CTD","IG3A1A","IG3A3A","IG3A5A","IG3A6A -

C","IG3AKP","IG3BKB","IG4A2A","IG4A4C","IG4A6C","IG4A8C","IG4ATC","IG4CBD","IG5A3C","IG5

A4C","IG5ATA -

C","IG5C2D" ,"IG5C4D","IG5CKD","SE1A4A","SE1A6D","SE1A7D","SE1ATA","SE1C1B","SE1C3D","SE1

C5B","SE1C7A","SE2A2D","SE2A3D","SE2AKB","SE2ATC","SE2C2C","SE2C5A","SE2C5D","SE2CTC","S

E3A1B","SE3A4B","SE3AKB","SE3ATB","SE3BKB","SE3BTA","SE3C1A","SE3C1B","SE3C4D","UN1A2C",

"UN1BKD","UN1BTA","UN1C4A","UN1C6D","UN1C7A","UN2A6A","UN2ATB","UN2BKA","UN2C1C","UN2C3A

","UN2C6C","UN3A6C","UN3BTD","UN3C4D","UN3C5A -

C","UN4A1A","UN4A6C","UN4BKA","UN4BTC","UN4C4A","UN5A3A","UN5A6D","UN5BTD","UN5C1A","UN5

CKC","UN6A3C","UN6A5C","UN6BTA","UN6C 5A")  

# 

# Prune for NP  

# 

phyloseq.ITS< - prune_samples(sub_NP,phyloseq.ITS)  

phyloseq.ITS< - prune_taxa(colSums(phyloseq.ITS@otu_table)!=0,phyloseq.ITS)  
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   foo_venn< - t(otu_table(foo_venn))  

   }  

  if (reads==FALSE)  

   {  

 foo_venn< - vennCounts((foo_venn))  

   }  

  if (reads==TRUE)  

   {  

 foo_venn< - vennCounts(foo_venn,)  

  }  

# 

# https://scriptsandstatistics.wordpress.com/2018/04/26/how - to - plot - venn - diagrams - using -

r - ggplot2 - and- ggforce/  

# 

class(foo_venn) < -  "matrix"  

df.vdc < -  as.data.frame(foo_venn)[ - 1,] %>%  

  mutate(x = c(0, 1.2, 0.8, - 1.2, - 0.8, 0, 0),  

         y = c(1.2, - 0.6,  0.5, - 0.6, 0.5, - 1, 0))  

df.venn < -  data.frame(x = c(0, 0.866, - 0.866),  

                      y = c(1, - 0.5, - 0.5),  

                      labels = cat.names)  

p1<-  ggplot(df.venn) +  

  geom_circle(aes(x0 = x, y0 = y, r = 1.5, fill = labels), alpha = .3, size  = 1, colour 

= 'grey') +  

  coord_fixed() +  

  theme_void() +  

  theme(legend.position = 'bottom') +  

  scale_fill_manual(values = colorinos) +  

  scale_colour_manual(values = colorinos, guide = FALSE) +  

  labs(fill = NULL) +  

  annotate("text", x = df.vdc$x, y = df.vdc$y, label = df.vdc$Counts, size = 5)  

p1 

}  

 

venn_phyloseq(phyloseq.ITS,"LOCALITY",colorinos=c(2,3,4))  

 

```  

 

```{r}  

venn_phyloseq(phyloseq.ITS,"CODE",colorinos=c("#542788","#e08214","#f7f7f7"))  

```  

 

```{r}  

venn_phyloseq(phyloseq.16S,"LOCALITY")  

 

```  

```{r}  

venn_phyloseq(phyloseq.16S,"CODE",colorinos=c("#542788","#e08214","#f7f7f7"))  

 

```  

## Taxonomic profile of the ITS dataset  

 

```{r}  

# COMNPUTE DATASET 

cumulative.ITS < -  

data.frame(abundance=colSums(otu_table(phyloseq.ITS)),tax_table(phyloseq.ITS))  

cumulative.16S < -  

data.frame(abundance=rowSums(otu_table(phyloseq.16S)),tax_table(phyloseq.16S))  

norm.ITS < -  transform_sample_counts(phyloseq.ITS, function(x){x/sum(x)})  

norm.16S < -  transform_sample_counts(phyloseq.16S, function(x){x/sum(x)})  

# 

# 

```  

Taxon omic composition of the fungal dataset at Class level  

```{r}  

erase.me< - aggregate(abundance~Class,cumulative.ITS,FUN=sum)  

erase.me$Class< -

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

# 

ggplot(erase.me,  

 aes(x=Class,y=abundance, fill=Class)) +  

 geom_col() +  

 theme(legend.position='none') +  

 theme(axis.text.x = element_text(angle = 90, hjust = 1))  
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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")  

```  

 

```{r, 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    

```{r}  

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=Order,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  

 

```{r, 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)  

```  

 

 

```{r}  

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))  

```  

```{r}  

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))  

```  

```{r}  

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.me[order(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  

```{r, results='asis'}  

erase.me< - cbind(tax_table(phyloseq.ITS),total_reads=colSums(otu_table(phyloseq.IT S)))  

erase.me< - head(erase.me[order(as.numeric(erase.me[,8]),decreasing=TRUE),],40)  

stargazer(erase.me,type="html")  
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```  

##Community 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  

```{r}  

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

# 

p1<- plot_ordination(phyloseq.ITS, ITS.ord, type="taxa", axes=1:2, color="Phylum", 

title="taxa")  

p1+ 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  

```{r}  

p1<- plot_ordination(phyloseq.ITS, ITS.ord, type="samples", axes=1:2, color="LOCALITY", 

shape="CODE", title="samples")  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

 #   

 

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  

```{r}  

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  

```{r}  

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    

```{r}  

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  

```{r}  

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

```  

 

Ord ination 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  

```{r}  

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)  

# 

p1<- plot_ordination(norm.ITS, ITS.ord, type="taxa", axes=1:2, color="Phylum", 

title="taxa")  

p1+ 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}  

p1<- plot_ordination(norm.ITS, ITS.ord, type="taxa", axes=1:2, color="Order", 

title="taxa")  

p1 + facet_wrap(~Class) + theme(legend.position="none")  

```  

 

```{r, fig.width = 12, fig.hei ght = 10}  

legend < -  cowplot::get_legend(p1)  

grid.newpage()  

grid.draw(legend)  

```  

 

```{r}  

p1<- plot_ordination(norm.ITS, ITS.ord, type="samples", axes=1:2, color="LOCALITY", 

shape="CODE", title="samples")  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

 #   

 

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  

```{r}  

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  

```{r}  

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    

```{r}  

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  

```{r}  

p3 + facet_wrap(~LOCALITY) + geom_point(size=4)  

```  
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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 three. Faceted by position in the 

gradient  

```{r}  

p3 + facet_wrap(~CODE) + geom_point(size=4)  

rm(p1,p2,p3)  

```  

##Taxonomic composition 16S  

Taxonomic composition of the bacterial dataset at Class level  

```{r}  

# FIRST CUMULATIVE PLOT 16S  

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

erase.me$Phylum< -

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

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

# 

ggplot(erase.me[1:50,],aes(x=Phylum,y=abundance,fill=Phylum)) + geom_col() + 

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

```  

 

```{r, fig.width = 12, fig.height = 5}  

foo.plot< - plot_ bar(norm.16S,x="Sample",y="Abundance",fill="Phylum") +  

geom_bar(aes(color=Phylum, fill=Phylum), stat="identity", position="stack")  

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

```  

 

 

```{r, fig.width = 12, fig.height = 5}  

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

grid.newpage()  

grid.draw(legend)  

```  

 

```{r}  

# FIRST CUMULATIVE PLOT 16S  

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

erase.me$Class< -

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

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

# 

ggplot(erase.me[1:50,],aes(x=Class,y=abundance,fill=Class)) + geom_col() + 

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

```  

 

Taxonomic composition b acterial samples at Class level   

```{r, fig.width = 12, fig.height = 5}  

foo.plot< - plot_bar(norm.16S,x="Sample",y="Abundance",fill="Class") +  

geom_bar(aes(color=Class, fill=Class), stat="identity", position="stack")  

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

```  

 

 

```{r, fig.width = 12, fig.height = 5}  

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

grid.newpage()  

grid.draw(legend)  

```  

 

 

Taxonomic composition of the bacterial dataset at Order level    

```{r}  

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

erase.me$Order< -

factor(erase.me$Order,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=Order,y=abundance,fill=Order)) + geom_col() + 

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

 

```  

 

Taxonomic composition bacterial samples at Order level    

```{r, fig.width = 12, fig.height = 5}  
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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)  

```  

 

```{r}  

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))  

```  

 

```{r}  

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< - cbind(tax_table(phyloseq.16S),total_reads=rowSums(otu_table(phyloseq.16S)))  

erase.me< - head(erase.me[order(as.numeric(erase.me[,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    

```{r}  

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

# 

p1<- plot_ordination(phyloseq.16S,  ord.16S, type="taxa", axes=1:2, color="Phylum", 

title="taxa")  

p1 + geom_point(size=2) + theme(legend.position="none")+ facet_wrap(~Phylum)  

legend < -  cowplot::get_legend(p1)  

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    

```{r}  

p1<- plot_ordination(phyloseq.16S, ord.16S, type="samples", axes=1:2, color="LOCALITY", 

shape="CODE", title="samples")  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

p2<- plot_ordination(phyloseq.16S, ord.16S, type="samples", axes=1:2, color="LOCALITY", 

shape="CODE", title="samples")  
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p2 + geom_point(size=2)  

```  

 

Ordina tion 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  

```{r}  

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

```  

 

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

scaling (MetaMDS) with predefined K=2. Axes  two and three. Faceted by position in the 

gradient  

```{r}  

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

rm(p1,p2)  

```  

### Normalized  

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

scaling (MetaMDS) with predefined K=3. Axes  one and two    

```{r}  

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

# 

p1<- plot_ordination(norm.16S, ord.16S, type="taxa", axes=1:2, color="Phylum" , 

title="taxa")  

p1 + geom_point(size=4) + theme(legend.position="none")+ facet_wrap(~Phylum)  

```  

```{r}  

legend < -  cowplot::get_legend(p1)  

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    

```{r}  

p1<- plot_ordination(norm.16S, ord.16S, type="samples", axes=1:2, color="LOCALITY", 

shape="CODE", title="samples")  

p1 + 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    

```{r}  

p1<- plot_ordination(norm.16S, ord.16S, type="samples", axes=2:3, color="LOCALITY", 

shape="CODE", title="samples")  

p1 + 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 sampling locality  

```{r}  

p1 + facet_wrap(~LOCALITY) + geom_point(size=4)  

```  

Ordination plot o f 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  

```{r}  

p1 + 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  

```{r}  

p2<- plot_ordination(norm.16S, ord.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  

```{r}  

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

```  
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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  

```{r}  

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

rm(p1,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)  

 

# 

p1<- plot_ordination(phyloseq.16S, unifrac.16S, type="taxa", axes=1:2, color="Phylum", 

title="taxa")  

p1 + geom _point(size=2) + theme(legend.position="none") + facet_wrap(~Phylum)  

```  

 

```{r, fig.width=15,fig.height=15}  

p1<- plot_ordination(phyloseq.16S, unifrac.16S, type="taxa", axes=1:2, color="Class", 

title="taxa")  

p1 + geom_point(size=2) + theme(legend.position ="none") + facet_wrap(~Class)  

```  

```{r}  

legend < -  cowplot::get_legend(p1)  

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    

```{r}  

p1<- plot_ordination(norm.16S, unifrac.16S, type="samples", axes=1:2, color="LOCALITY", 

shape="CODE", title="samples")  

p1 + 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    

 

```{r}  

p1 + 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  

```{r}  

p1 + 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  

```{r}  

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  

```{r}  

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  

```{r}  

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

rm(p1,p2)  

```  
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#Diversity plots  

###ITS  

 

Diversity ITS  

```{r, fig.width = 9}  

 alpha_meas = c(  

  "Observed",  

  "Chao1",  

  "ACE",  

  "Shannon",  

  "Simpson",  

  "InvSimpson")  

 

 # The g lobal plot   

 p1<- plot_richness(  

  phyloseq.ITS,  

  "CODE",  

  "LOCALITY",  

  measures=alpha_meas)  

 p1 + theme_bw() + geom_boxplot(  

  data=p1$data, aes(x=CODE, y=value, color=NULL), alpha=0.1)  

 # 

 # Save for later  

 #$ 

 divs.ITS< - p1$data  

 #$ 

 divs.ITS< -

cbind(divs.ITS,reads=rowSums(otu_table(phyloseq.ITS))[divs.ITS$samples])  

```  

 

###Diversities per locality  

 

Diversity ITS  

```{r, fig.width = 9, fig.height = 10}  

 p1 + theme_bw() + facet_wrap(~LOCALITY*variable,ncol=6, scales = "free") + 

geom_boxp lot(  

  data=p1$data, aes(x=CODE, y=value, color=NULL, alpha=0.1))  

```  

% 

%-------------------------------- % 

% 

Diversity 16S  

```{r, fig.width = 9}    

 p2<- plot_richness(  

  phyloseq.16S,  

  "CODE",  

  "LOCALITY",  

  measures=alpha_meas)  

 p2 + theme_bw() + geom_b oxplot(  

  data=p2$data, aes(x=CODE, y=value, color=NULL), alpha=0.1)  

 #$ 

 # For later lm4 and other mixed models  

 divs.16S< - p2$data  

 #$ 

 divs.16S< -

cbind(divs.16S,reads=colSums(otu_table(phyloseq.16S))[divs.16S$samples])  

 #$  

```  

Diversity 16S  

```{r, fig.width = 9, fig.height = 10}     

 

 p2 + theme_bw() + facet_wrap(~LOCALITY*variable,ncol=6, scales = "free") + 

geom_boxplot(  

  data=p2$data, aes(x=CODE, y=value, color=NULL, alpha=0.1))  

```  

 

##Modelling diversity  

### ITS  

33_Div_modelling_ITS, fig. height=4, echo=FALSE, messages=FALSE, warning=FALSE, 

prompt=FALSE, results = 'asis  

####Test Normality  

```{r, results='asis'}  

# 
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# 

# 

# RESCALE READS 

# 

divs.ITS< - cbind(divs.ITS,norm.reads=((divs.ITS$reads -

min(divs.ITS$reads))/(max(divs.ITS$reads) - min(divs.ITS $reads))))  

divs.16S< - cbind(divs.16S,norm.reads=((divs.16S$reads -

min(divs.16S$reads))/(max(divs.16S$reads) - min(divs.16S$reads))))  

# 

# Save backup  

# 

#save.image("/Users/ferninfm/Desktop/microbiome/datasets_Manuscript_filtered.Rdata")  

# 

# Test NORMALITY  

# 

library(lme4)  

x<- list()  

for (i in levels(divs.ITS$variable))  

 {  

 x[[i]]< - shapiro.test(divs.ITS$value[divs.ITS$variable==i])  

 }  

foo< - unlist(lapply(x,as.matrix))  

dim(foo)< - c(length(foo)/6,6)  

tit< - foo[3,1]  

foo< - foo[1:2,]  

foo< - substr(foo,1,6)  

rownames(foo)< - names(x[[1]])[1:2]  

colnames(foo)< - names(x)  

stargazer(title=paste("Normality test of Diversity estimates across the ITS dataset. 

",tit,sep=""),foo,type="html")  

```  

```{r, results='asis'}  

# 

# 

# 

# RESCALE READS 

# 

divs.ITS< - cbind(divs.ITS,norm.reads=((divs.ITS$r eads -

min(divs.ITS$reads))/(max(divs.ITS$reads) - min(divs.ITS$reads))))  

divs.16S< - cbind(divs.16S,norm.reads=((divs.16S$reads -

min(divs.16S$reads))/(max(divs.16S$reads) - min(divs.16S$reads))))  

# 

# Save backup  

# 

#save.image("/Users/ferninfm/Desktop/microbiome/datasets_Manuscript_filtered.Rdata")  

# 

# Test NORMALITY  

# 

library(lme4)  

x<- list()  

for (i in levels(divs.ITS$variable))  

 {  

 x[[i]]< - shapiro.test(log10(divs.ITS$value[divs.ITS$variable==i]))  

 }  

foo< - unlist(lapp ly(x,as.matrix))  

dim(foo)< - c(length(foo)/6,6)  

tit< - foo[3,1]  

foo< - foo[1:2,]  

foo< - substr(foo,1,6)  

rownames(foo)< - names(x[[1]])[1:2]  

colnames(foo)< - names(x)  

stargazer(title=paste("Normality test of the logarithm of diversity estimates across the 

ITS dataset. ",tit,sep=""),foo,type="html")  

```  

####TEST HOMOCEDASTICITY (One way rank anova)  

```{r, results='asis'}  

# 

x<- list()  

for (i in levels(divs.ITS$variable))  

 {  

 x[[i]]< -

kruskal.test(divs.ITS$value[divs.ITS$variable==i]~as.numeric(factor(divs.ITS$CODE[divs.I

TS$variable==i])))  

 }  
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foo< - unlist(lapply(x,as.matrix))  

dim(foo)< - c(length(foo)/6,6)  

tit< - foo[4,1]  

foo< - foo[1:3,]  

foo< - substr(foo,1,6)  

rownames(foo)< - names(x[[1]])[1:3]  

colnames(foo)< - names(x)  

stargazer(title=paste("Heterocedasticity in Diversity estimates across the ITS dataset. 

",tit,".",sep=""),foo[c(2,1,3),],type="html")  

```  

 

#### Heterocedasticity Bartlett  test  

```{r, results='asis'}  

for (i in levels(divs.ITS$variable))  

 {  

 x[[i]]< -

bartlett.test(divs.ITS$value[divs.ITS$variable==i],divs.ITS$CODE[divs.I TS$variable==i])  

 }  

# 

foo< - unlist(lapply(x,as.matrix))  

dim(foo)< - c(length(foo)/6,6)  

tit< - foo[5,1]  

foo< - foo[1:3,]  

foo< - substr(foo,1,6)  

rownames(foo)< - names(x[[1]])[1:3]  

colnames(foo)< - names(x)  

stargazer(title=paste("Heterocedasticity in Diversity estimates across the ITS dataset. 

",tit,".",sep=""),foo[c(2,1,3),],type="html")  

```  

 

##### PAIRWISE DIFFERENCE OF MEANS  

```{r, results='asis'}  

x<- list()  

for (i in levels(divs.ITS$variable))  

 {  

 x[[i]]< -

pairwise.wilcox.test(divs.ITS$value[divs.ITS$variable==i],divs.ITS$CODE[divs.ITS$variabl

e==i])  

 }  

foo< - unlist(lapply(x,as.matrix))  

dim(foo)< - c(length(foo)/6,6)  

tit< - foo[1,1]  

foo< - foo[c(3,4,6),]  

foo< - substr(foo,1,6)  

rownames(foo)< - c("KM","KT","MT")  

colnames(foo)< - names(x)  

stargazer(title=paste("Difference in statistical distribution Richness and diversity 

estimates in the ITS dataset among positions in the snowbed slope gradient. ",tit,". 

Table values represent the Holm adjusted probability that dive rsity and richness 

estimates for K,M,T positions across gradients belong to the same 

distribution.",sep=""),foo,type="html")  

```  

 

##### Modelling Richness and diversity with read depth as a covariate and LOCALITY as a 

random effect  

```{r, results='asis'}  

 

mods<- list()  

for (i in levels(divs.ITS$variable))  

 {  

 mods[[i]]< - lmer(value~as.numeric(factor(CODE))+norm.reads+(1|LOCALITY),  

 data=divs.ITS[divs.ITS$variable==i,],REML=FALSE)  

 }  

 

stargazer(mods,title="Influence of the position in the Slope gradient on Ric hness and 

Diversity metrics for the ITS dataset. Linear mixed - effects models accounting for 

individual localities as blocks and sampling intensity as 

covariate",dep.var.labels=names(mods),covariate.labels=c("Slope","Intensity", 

"Constant"),type="html")  

```  

 

```{r, results='asis'}  

nmods<- list()  






















