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Extended Methods
DNA extraction
Prior to DNA extraction, samples were thawed at room temperature and centrifuged at 10,000xg for 10 minutes. Supernatants were saved for subsequent quantification of inflammatory markers and pellets were used for DNA extraction. For amplicon sequencing (16S rRNA sequencing), DNA extraction was carried out following QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) protocol with minor modifications: initial sample volume was set to 400µL and the volumes of buffers and Qiagen protease were adjusted. Elution volume was reduced to a quarter of the recommended. Eight negative controls, in which saliva was replaced with phosphate-buffered saline, were included to control for background bacterial contamination. 
For shotgun metagenomics sequencing, DNA was extracted with Phenol-Chloroform (1). Quantity and quality of the extracted DNA was assessed with Qubit dsDNA HS Assay Kit (Invitrogen, Massachusetts, USA), Denovix DS-11 spectrophotometer to evaluate OD260/280 and OD260/230 ratio, and agarose-gel electrophoresis.
16S rRNA gene amplification and sequencing
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Descrição gerada automaticamente]16S rRNA gene amplification and sequencing was carried out at the Gene Expression Unit from Instituto Gulbenkian de Ciência (Oeiras, Portugal) following the implemented protocol. Briefly, for each sample, the hypervariable V4 region of 16S rRNA gene was amplified, using universal pair of primers F515 (5′-CACGGTCGKCGGCGCCATT-3′) / R806 (5′-GGACTACHVGGGTWTCTAAT-3′). Samples were then pair-end-sequenced on an Illumina MiSeq Benchtop Sequencer, following Illumina recommendations.
Shotgun metagenomics sequencing
Shotgun metagenomics sequencing was performed for the 15 samples of patient-1 collected during 6-months. Sequencing was carried out at Centre Regulation Genomica from Centre nacional d'anàlisi genòmica (Barcelona, Spain) following the implemented protocol. Samples were then pair-end-sequenced on Illumina NovaSeq6000 system, following Illumina recommendations.
Quantification of inflammatory markers in saliva samples
The bead assay LEGENDplex™ Human Inflammation Panel 1 (13-plex) with V-bottom Plate (BioLegend, San Diego, CA, USA), previously used successfully with saliva samples (2,3), was used to quantify inflammatory markers (IL-1β, IFN-α2, IFN-γ, TNF-α, MCP-1, IL-6, IL-8, IL-10, IL-12p70, IL-17A, IL-18, IL-23, and IL-33) in oral samples from patient-one at 6 timepoints, two in stability prior ECOPD, and 4 comprising different stages of ECOPD. Specifically, the supernatants obtained after sample centrifugation for 10 min at 10,000g were used for cytokine quantification following manufacturer’s recommendations. Data acquisition was performed with BD AccuriTM C6 Plus flow cytometer and analysed with online version of LEGENDplex™ Data Analysis Software Suite. Values below the limit of detection were estimated by extrapolation from the standard curve. Cytokine values exceeding the upper limit of detection were replaced with the corresponding maximum detectable concentration.
Sample characterisation (relative to Table 1)
Among the 33 patients followed over a 6-month period, 26 did not experience ECOPD and were therefore included as the control group. These 26 patients were also included in (4).
Descriptive statistics was used to characterize clinical date of intervention and control groups at baseline. Data normality was assessed with Shapiro-Wilk and D’Agostino-Pearson omnibus normality tests, ensuring the assumptions of parametric statistics approach. Comparisons between intervention and control group were conducted with unpaired t-test with Welch’s correction, when quantitative data followed normal distribution, Mann-Whitney U-test, when quantitative data violated the assumptions of parametric tests and Chi-square test, when qualitative data was considered (statistical analyses were performed in GraphPad Prism 8 and R software v 4.2.1 (5). Statistical significance was considered for p-values below 0.05.
Analysis of amplicon sequencing data (16S rRNA sequencing)
Paired-end sequencing data from the stable control group, available under BioProject PRJNA872131 in the Sequence Read Archive (SRA) of the National Center for Biotechnology Information (NCBI), were used to assess whether microbiota shifts observed during ECOPD exceeded the magnitude of normal microbiota fluctuations during clinical stability.
QIIME2 2020.8 (6) was used to perform microbiota analyses. Demultiplexed 16S paired-end sequences were imported and q2-vsearch plugin was applied to join forward and reverse reads. Quality control was assessed via q-score base filtering, chimera removing and 16S-denoising with Deblur (7). Next, to control for bacterial background contaminations, we used the DECONTAM package (8) from R software with the prevalence method and a threshold of 0.5, meaning that amplicon sequencing variants (ASVs) were classified as contaminants if present in a higher fraction of negative controls than true samples. This allowed us to identify 66 contaminant ASVs that together with ASVs from mitochondria, chloroplasts and cyanobacteria were removed from the dataset prior to conducting subsequent analyses. Results from previous steps were summarized in a feature table. Q2-phylogeny plugin (6) was next employed to produce a MAFFT alignment (9) of ASVs which was later used to construct a rooted phylogeny with FastTree2 (10) for subsequent applications.
Taxonomy assignment of ASVs was performed with q2-feature-classifier plugin (11), through classify-sklearn method with pre-trained Naïve Bayes classifier against 99%-eHOMD_v15.1 reference database (12) (sequences trimmed to only include 250bp of V4 region, bound by the F515/R806 primer pair).
Subsequent analyses were performed upon ASVs. Differential abundance analyses were conducted on both ASVs and OTUs at taxonomic level 6.
Diversity analyses
Alpha- and beta-diversities were estimated with q2-diversity plugin (6) after rarefaction to 10600 sequences per sample (subsample without replacement). Spatial dissimilarities between bacterial communities of different groups and/or periods were assessed with principal coordinate analyses (PCoA) and biplots based on Weighted Unifrac distance. Differences in beta-diversity between groups, periods and/or time points were quantified by permutational multivariate analysis of variance (PERMANOVA) (13) conducted with adonis2 function (vegan package from R software). For all statistical analyses a p-value of ≤0.05, corrected for multiple testing whenever necessary, was considered statistically significant. Kruskal Wallis Test with Dunn’s correction for multiple comparisons was used to compare the beta diversity within each patient undergoing ECOPD and the control group.
Differential abundance analyses of taxa
Analysis of composition of microbiomes (ANCOM II) (14) and Differential gene expression analysis based on the negative binomial distribution (DESeq2) analysis (15) were performed to identify differentially abundant OTUs between timepoints of stable and ECOPD status. DESeq2 algorithm estimates variance-mean dependence in count data from each taxon and tests for differential expression based on a model using the negative binomial distribution. DESeq2 does not account for the compositional nature of the microbiota, ANCOM II uses a log ratio analysis to make point estimates of the variance and mean (16), taking into consideration the compositional nature of the data, but comprises an additional step to deal with different types of zeros, which was further described by Kaul et al (14). These analyses were conducted with the feature table collapsed at genus taxonomic level (L6). DESeq2 was performed in R software with the default parameters (Wald test with Benjamini and Hochberg correction) and an adjusted p value threshold of 0.05. ANCOM II was also performed in R software using ANCOM 2.1 script with taxa-wise multiple correction and a W cut-off of 0.7 significance (both recommended by the developer, based on simulation data).
Longitudinal analyses (linear mixed-effects models)
· Data normalization and transformation
To evaluate the global rate of change of beta diversity of patients undergoing ECOPD and controls, all the timepoints of both groups were normalized through subtraction of baseline values.
· Loess Lines
Loess Lines plots were produced to observe dissimilar tendencies in beta-diversity during the 3 consecutive months (M0 to M3) of the study between patients undergoing ECOPD and controls. In brief, Loess regressions were fitted over longitudinal data beta-diversity and ASVs/OTUs’ relative frequencies and then plotted with ggplot2 package from R software (5).
· Linear mixed-effects models
Longitudinal analyses with linear mixed-effects models, were performed to compare the longitudinal dynamics of beta- diversity (Weighted Unifrac distances) between patients undergoing ECOPD and controls. Independent variables included the timepoints (3 months) and the experimental design groups (ECOPD and control). Subjects were incorporated in the model as random factors, using lmer function of the lme4 package (17) of R software. P-values were obtained using the Anova function from R-stats package and statistically significant results were considered valid if the assumptions of the model were validated. Additionally, contrast analysis with the Bonferroni correction for multiple comparisons was also executed. Statistical significance was considered for p-values below 0.05.
Inference and comparative analysis of oral microbiota functional potential
Picrust2 was used to predict the functional potential of the oral microbiota based on 16S (18). Results were annotated against Metabolic Pathway database (MetaCyc (v28.5) (19)). Furthermore, Stamp (20) was further used to analyse the obtained functional profiles and explore differences between status (stable vs ECOPD and stable vs the first week of ECOPD). 
Analysis of NovaSeq 6000 metagenomics data
FastQC (21) was used to assess the quality of the paired end reads. Clumpy.sh function from BBTools (22) was used to remove the optical duplicates and tile-edge duplicates of the reads with an optical duplication distance of 12000 (recommended for reads generated with NovaSeq 6000). Automatic Filtering, Trimming, Error Removing and Quality Control for FASTQ data (AfterQC) was used to perform quality control (adaptors trimming and correction and filtering of low-quality reads). For further analysis, host DNA was removed FastQScreen. Repair.sh and BBmerge.sh functions from BBTools (22) were used to resynchronize and merge the paired reads. 
Kaiju (23) was used to perform taxonomic assignment of reads with nr_EUK database (non-redundant BLAST database including all the identified protein sequences from archaea, bacteria, viruses, fungi and microbial eukaryotes). Kaiju translates metagenomic sequencing reads into the six possible reading frames and searches for maximum exact matches (MEMs) of amino acid sequences in a given database of annotated proteins from microbial reference genomes.  If matches to one or more database sequences are found for a read, Kaiju outputs the taxonomic identifier of the corresponding taxon, or it determines the LCA in the case of equally good matches to different taxa. Kaiju’s underlying sequence comparison algorithm uses the Burrows–Wheeler transform (BWT) of the protein database, which enables exact string matching in time proportional to the length of the query, to achieve a high classification speed. Reads are directly assigned to a species or strain, or in case of ambiguity, to higher level nodes in the taxonomic tree. For example, if a read contains an amino acid sequence that is identical in two different species of the same genus then the read will be classified to this genus
Phyloseq package (24) (R software (5)) was used to filter out reads without taxonomic annotation and/or with taxonomic annotation at phyla level and all the taxa that were not present in at least 20% of samples (n=3) with a count sum of 5. Furthermore, data was segregated by domain for further analyses. Diversity and composition analyses were conducted with Metagenome Analyzer - MEGAN6 tool-box (25) together with Phyloseq package (24) (R software  (24)).
Functional profile assignment of the paired-end reads was performed with SUbsystems Profile by databasE Reduction using FOCUS (SuperFOCUS) (26) and Stamp (20) was further used to analyse the obtained functional profiles. Linear discriminant effect size (LEfSe) analysis (27) with an LDA score for significance of 2.5 was used to have further insight of which functional pathways were differentially abundant between stability and the 9 days of ECOPD). 
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Figure S1 – Transient reductions in oral microbiota α-diversity at ECOPD onset. 
Changes in oral microbiota α-diversity were assessed using the Shannon diversity index across stability and ECOPD. Significant reductions in α-diversity were observed at the onset of ECOPD (ECOPD) compared with patients who remained stable (stable COPD) and with samples collected during pre-ECOPD. Statistical comparisons were performed using a Kruskal–Wallis test with Dunn’s post hoc correction (H = 4.2, p = 0.017; ECOPD vs stable COPD, p = 0.009; ECOPD vs pre-ECOPD, p = 0.018). 
“Stable COPD” includes all timepoints of all patients who remained stable.
“Pre_ECOPD” includes all time points collected before exacerbation onset from patients who experienced an ECOPD.
“ECOPD” includes one sample per patient, corresponding to the first-week ECOPD time point with the lowest alpha diversity, typically day 5 or day 7.
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Figure S2 – Relative abundance of pathobiont during early ECOPD.
Violin plots show the distribution of relative abundances for genera identified as differentially abundant between samples collected during pre-ECOPD and during the first week of ECOPD (days 1–9), as determined by DESeq2 and ANCOM-II (v2.1). Genera exhibiting increased abundance during ECOPD include Haemophilus, Pseudomonas, and Escherichia. Each dot represents an individual sample, with green dots indicating pre-ECOPD and red dots indicating ECOPD samples. P-values were adjusted for multiple comparisons using Bonferroni correction. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure S3 – Relative abundance of differentially abundant genera during the ECOPD full course.
Violin plots depict the distribution of relative abundances for taxa identified as differentially abundant between samples collected during pre-ECOPD (days −150 to −30) and during ECOPD (days 1–21) as determined by DESeq2. Each dot represents an individual sample, with green dots indicating pre-ECOPD and red dots indicating ECOPD samples. P-values were adjusted for multiple comparisons using Bonferroni correction. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure S4 – Prevotella abundance in patients who remained stable and those who experienced an ECOPD.

In the control group, each dot represents the median Prevotella relative abundance across all control subjects at a given time point (days −90 to 60). For patients P1–P7, each dot corresponds to the Prevotella relative abundance in an individual sample collected pre-ECOPD. The horizontal dotted line at 18% indicates the reported mean Prevotella abundance in the oral microbiota of individuals with stable COPD, as previously described (28).
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Figure S5 –– Differential abundance of predicted functional pathways during ECOPD. 
Predicted functional profiles of the oral microbiota were inferred from 16S rRNA gene sequencing data using PICRUSt2 and annotated as KEGG pathways. STAMP was used to identify differentially abundant pathways between pre-ECOPD samples, collected from day −150 to day −30, and ECOPD samples, collected from day 1 to day 21.  Bar plots on the left show the mean relative proportion of each pathway in pre-ECOPD (green) and ECOPD (red) samples. Dot-and-whisker plots on the right show the difference in mean proportions between the two states, with 95% confidence intervals; positive values indicate enrichment during ECOPD. KEGG pathways shown in bold are frequently associated with bacterial pathogenesis. q-values shown on the far right correspond to Bonferroni-adjusted p-values. 



























Table S1 – Summary of clinical parameters at baseline, at onset of ECOPD and post ECOPD.
	Characteristics
	Stable (pre)
(n=7)
	ECOPD
(n=6)
	Stable (post)
(n=6)

	SpO2
	-
	93.5±1.5
	95.8±1.3

	mMRC
	3±0.5
	2±0.7
	2±1

	CAT, mean±SD
	20±8
	25±4
	20±5

	1-minute sit-to-stand
	22±9
	26±5
	25±4

	FEV1 (L), mean±SD
	1.43±0.7
	1.29±0.5
	1±0.2

	Dyspnoea mBorg
	-
	1.6±1.1
	1.6±1

	Fatigue mBorg
	-
	2.5±1.7
	1±1.3

	Medication, n (%)

	     ICS
	1 (14%)
	1 (14%)
	1 (14%)

	     LABA
	3 (43%)
	3 (43%)
	3 (43%)

	     LAMA
	3 (43%)
	3 (43%)
	3 (43%)

	     LTRA
	1 (14%)
	1 (14%)
	1 (14%)

	     SABA
	1 (14%)
	1 (14%)
	1 (14%)

	     SAMA
	1 (14%)
	1 (14%)
	1 (14%)

	      Methylxanthines
	1 (14%)
	1 (14%)
	1 (14%)

	      Antibiotics
	0
	3 (43%)
	0

	[bookmark: OLE_LINK2]      Mucolytic Agents
	1 (14%)
	2 (43%)
	0

	      Bacterial Lysates
	0
	1 (14%)
	0

	SD: standard deviation, n (%): absolute and relative frequency, respectively; SpO2:peripheral oxygen saturation, mMRC: modified medical research council scale for dyspnoea, CAT: COPD assessment test, FEV1pp: forced expiratory volume in 1 second percent predicted, mBorg: modified borg sacale, ICS: inhaled corticosteroids, LABA: long-acting beta agonists, LAMA: long-acting muscarinic agonists, LTRA: leukotriene receptor antagonists, SABA: short-acting beta agonists, SAMA: short-acting muscarinic agonists.



Table S2 – ECOPD severity and changes in medication during ECOPD per patient.
	Patient
	ECOPD severity*
	Change in medication
	Antibiotic
	Mucolytic agents
	Bacterial 
lysate
	Hospitalization

	P1
	Mild
	Yes
	
	Acetylcysteine
	
	No

	P3
	Mild
	No
	
	
	
	No

	P4
	Moderate
	Yes
	Amoxicillin/ Clavulanic Acid
	
	
	No

	P5
	Mild
	Yes
	
	
	Yes
	No

	P6
	Moderate
	Yes
	Azithromycin
	Acetylcysteine
	
	No

	P7
	Moderate
	Yes
	Azithromycin
	
	
	No


No clinical data exists for P2 during the ECOPD period. *ECOPD severity was classified according to (29). 

Code for data analyses

QIIME2 2020.8
Sequencing data import using prepared manifest file

qiime tools import \
 --type 'SampleData[PairedEndSequencesWithQuality]' \
 --input-path pe-33-manifest.tsv \
 --output-path paired-end-demux.qza \
 --input-format PairedEndFastqManifestPhred33

Joining of the read pairs, and quality assessment

qiime vsearch join-pairs \
 --p-allowmergestagger \ 
  --i-demultiplexed-seqs paired-end-demux.qza \
  --o-joined-sequences demux-joined.qza
qiime demux summarize \
  --i-data demux-joined.qza \
  --o-visualization demux-joined.qzv
qiime quality-filter q-score \
  --i-demux demux-joined.qza \
  --o-filtered-sequences demux-joined-filtered.qza \
  --o-filter-stats demux-joined-filter-stats.qza

Denoising with Deblur and statistics visualization

qiime deblur denoise-16S \
  --i-demultiplexed-seqs demux-joined-filtered.qza \
  --p-trim-length 250 \
  --p-sample-stats \
  --o-representative-sequences rep-seqs.qza \
  --o-table table.qza \
  --o-stats deblur-stats.qza
qiime feature-table summarize \
  --i-table table.qza \
  --o-visualization table.qzv \
  --m-sample-metadata-file sample-metadata.tsv
qiime feature-table tabulate-seqs \ 
  --i-data rep-seqs.qza \
  --o-visualization rep-seqs.qzv
qiime deblur visualize-stats \
  --i-deblur-stats deblur-stats.qza \
  --o-visualization deblur-stats.qzv

### Filtering data to remove contaminant ASVs found with DECONTAM ###

 qiime feature-table filter-features \
--i-table table.qza \
--m-metadata-file features-to-keep.txt \       #features-to-keep.txt is the list of non-contaminant ASVs
--o-filtered-table filtered-nocn-merged-table.qza
qiime feature-table filter-seqs \
 --i-data rep-seqs.qza \
 --i-table filtered-nocn-merged-table.qza \
 --o-filtered-data filtered-nocn-merged-rep-seqs.qza

Extract eHOMD_15.1 reference sequences according to primers and sequence length, train Naïve-bayes classifier and preform taxonomy assignment
#extract reference sequences
qiime tools import \
  --type 'FeatureData[Sequence]' \
  --input-path HOMD_16S_rRNA_RefSeq_V15.1.p9.fasta \
  --output-path HOMD_otus.qza
qiime tools import \
  --type 'FeatureData[Taxonomy]' \
  --input-format HeaderlessTSVTaxonomyFormat \
  --input-path HOMD_16S_rRNA_RefSeq_V15.1.qiime.taxonomy \
  --output-path ref-taxonomy.qza
qiime feature-classifier extract-reads \
  --i-sequences HOMD_otus.qza \
  --p-f-primer GTGCCAGCMGCCGCGGTAA \
  --p-r-primer GGACTACHVGGGTWTCTAAT \
  --p-trunc-len 250 \
  --p-min-length 100 \
  --p-max-length 400 \
  --o-reads ref-seqs.qza
#Train the Naïve-bayes classifier
qiime feature-classifier fit-classifier-naive-bayes \
  --i-reference-reads ref-seqs.qza \
  --i-reference-taxonomy HOMD_taxonomy.qza \
  --o-classifier classifier.qza
#Taxonomy assignment
qiime feature-classifier classify-sklearn \
  --i-classifier HOMD_classifier.qza \
  --i-reads rep-seqs.qza \
  --o-classification taxonomy.qza
qiime feature-classifier classify-sklearn \
  --i-classifier HOMD_classifier.qza \
  --i-reads filtered-nocn-rep-seqs.qza \
  --o-classification filt-taxonomy.qza

Sequences alignment and generation of a rooted tree for phylogenetic diversity analyses

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences filtered-nocn-rep-seqs.qza \
  --o-alignment aligned-rep-seqs.qza \
  --o-masked-alignment masked-aligned-rep-seqs.qza \
  --o-tree unrooted-tree.qza \
  --o-rooted-tree rooted-tree.qza

Rarefaction and diversity analyses

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny rooted-tree.qza \
  --i-table filtered-nocn-merged-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file sample-metadata.txt \
  --output-dir core-metrics-results

qiime diversity alpha-group-significance \
  --i-alpha-diversity core-metrics-results/shannon_vector.qza \
  --m-metadata-file sample-metadata.txt \
  --o-visualization core-metrics-results/shannon-group-significance.qzv
qiime diversity alpha-group-significance \
  --i-alpha-diversity core-metrics-results/faith_pd_vector.qza \
  --m-metadata-file sample-metadata.txt \
  --o-visualization core-metrics-results/faith-group-significance.qzv
qiime diversity alpha-group-significance \
  --i-alpha-diversity core-metrics-results/evenness_vector.qza \
  --m-metadata-file sample-metadata.txt \
  --o-visualization core-metrics-results/evenness-group-significance.qzv
qiime diversity alpha-group-significance \
  --i-alpha-diversity core-metrics-results/observed_features_vector.qza \
  --m-metadata-file sample-metadata.txt \
  --o-visualization core-metrics-results/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix core-metrics-results/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Subject_status \
  --o-visualization core-metrics-results/bray-curtis-status-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Subject \
  --o-visualization core-metrics-results/wUnifrac-status-significance.qzv \
  --p-pairwise

###beta diversity per patient###

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P6-rep-seqs.qza \
  --o-alignment P6-aligned-rep-seqs.qza \
  --o-masked-alignment P6-masked-aligned-rep-seqs.qza \
  --o-tree P6-unrooted-tree.qza \
  --o-rooted-tree P6-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P6-rooted-tree.qza \
  --i-table P6-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P6-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P6-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P6-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P4-rep-seqs.qza \
  --o-alignment P4-aligned-rep-seqs.qza \
  --o-masked-alignment P4-masked-aligned-rep-seqs.qza \
  --o-tree P4-unrooted-tree.qza \
  --o-rooted-tree P4-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P4-rooted-tree.qza \
  --i-table P4-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P4-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P4-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P4-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P3-rep-seqs.qza \
  --o-alignment P3-aligned-rep-seqs.qza \
  --o-masked-alignment P3-masked-aligned-rep-seqs.qza \
  --o-tree P3-unrooted-tree.qza \
  --o-rooted-tree P3-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P3-rooted-tree.qza \
  --i-table P3-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P3-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P3-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P3-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P1-rep-seqs.qza \
  --o-alignment P1-aligned-rep-seqs.qza \
  --o-masked-alignment P1-masked-aligned-rep-seqs.qza \
  --o-tree P1-unrooted-tree.qza \
  --o-rooted-tree P1-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P1-rooted-tree.qza \
  --i-table P1-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P1-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P1-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P1-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P5-rep-seqs.qza \
  --o-alignment P5-aligned-rep-seqs.qza \
  --o-masked-alignment P5-masked-aligned-rep-seqs.qza \
  --o-tree P5-unrooted-tree.qza \
  --o-rooted-tree P5-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P5-rooted-tree.qza \
  --i-table P5-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P5-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P5-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P5-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P7-rep-seqs.qza \
  --o-alignment P7-aligned-rep-seqs.qza \
  --o-masked-alignment P7-masked-aligned-rep-seqs.qza \
  --o-tree P7-unrooted-tree.qza \
  --o-rooted-tree P7-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P7-rooted-tree.qza \
  --i-table P7-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P7-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P7-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P7-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences P2-rep-seqs.qza \
  --o-alignment P2-aligned-rep-seqs.qza \
  --o-masked-alignment P2-masked-aligned-rep-seqs.qza \
  --o-tree P2-unrooted-tree.qza \
  --o-rooted-tree P2-rooted-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny P2-rooted-tree.qza \
  --i-table P2-table.qza \
  --p-sampling-depth 10360 \
  --m-metadata-file merged-metadata.txt \
  --output-dir P2-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix P2-core-metrics-results/weighted_unifrac_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Group \
  --o-visualization P2-core-metrics-results/wu-group-significance.qzv \
  --p-pairwise

Exporting a taxonomy table for differential abundance analyses

qiime taxa collapse \
  --i-table filtered-nocn-merged-table.qza \
  --i-taxonomy taxonomy.qza \
  --p-level 6 \
  --o-collapsed-table collapsed-filtered-table-l6.qza 

qiime tools export \
--input-path collapsed-filtered-table-l6.qza \
--output-path exported-filtered-abs-tablel6
cd exported-filtered-abs-tablel6
biom convert -i feature-table.biom -o otu_table_abs_l6.tsv --to-tsv --header-key taxonomy

Producing data for the longitudinal model

qiime feature-table filter-samples \
  --i-table filtered-nocn-merged-table.qza \
  --m-metadata-file longmodel-samples-to-keep.txt \
  --o-filtered-table longmodel-table.qza

qiime feature-table summarize \
  --i-table longmodel-table.qza \
  --o-visualization longmodel-table.qzv \
  --m-sample-metadata-file merged-metadata.txt

qiime feature-table filter-seqs \
--i-data filtered-nocn-merged-rep-seqs.qza \
--i-table longmodel-table.qza \
--o-filtered-data longmodel-rep-seqs.qza

qiime feature-classifier classify-sklearn \
  --i-classifier HOMD_classifier.qza \
  --i-reads longmodel-rep-seqs.qza \
  --o-classification longmodel-taxonomy.qza

qiime phylogeny align-to-tree-mafft-fasttree \
  --i-sequences longmodel-rep-seqs.qza \
  --o-alignment aligned-longmodel-rep-seqs.qza \
  --o-masked-alignment masked-aligned-longmodel-rep-seqs.qza \
  --o-tree unrooted-longmodel-tree.qza \
  --o-rooted-tree rooted-longmodel-tree.qza

qiime diversity core-metrics-phylogenetic \
  --i-phylogeny rooted-longmodel-tree.qza \
  --i-table longmodel-table.qza \
  --p-sampling-depth 13656 \
  --m-metadata-file merged-metadata.txt \
  --output-dir longmodel-core-metrics-results

qiime diversity beta-group-significance \
  --i-distance-matrix longmodel-core-metrics-results/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Subject_status \
  --o-visualization longmodel-core-metrics-results/bray-curtis-status-significance.qzv \
  --p-pairwise

qiime tools export \
  --input-path longmodel-core-metrics-results/bray_curtis_distance_matrix.qza \
  --output-path exported-bcmatrix


Picrust2
module load qiime2/2021.2

qiime feature-table filter-samples \
  --i-table filtered-nocn-merged-table.qza \
  --m-metadata-file All-AECOPD-samples-to-keep.txt \
  --o-filtered-table AECOPD-table.qza

qiime feature-table filter-seqs \
--i-data filtered-nocn-merged-rep-seqs.qza \
--i-table AECOPD-table.qza \
--o-filtered-data AECOPD-rep-seqs.qza

qiime feature-table filter-samples \
  --i-table filtered-nocn-merged-table.qza \
  --m-metadata-file P1-samples.txt \
  --o-filtered-table P1-table.qza

(repeat for all samples)

qiime feature-table filter-samples \
  --i-table filtered-nocn-merged-table.qza \
  --m-metadata-file alfadrop-samples.txt \
  --o-filtered-table alfadrop-table.qza

qiime feature-table filter-samples \
  --i-table filtered-nocn-merged-table.qza \
  --m-metadata-file no-alfadrop-samples.txt \
  --o-filtered-table no-alfadrop-table.qza

qiime picrust2 full-pipeline \
   --i-table AECOPD-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir AECOPD_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose


qiime feature-table summarize \
   --i-table AECOPD_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization AECOPD_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table AECOPD_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization AECOPD_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table AECOPD_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization AECOPD_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table AECOPD_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 1063252 \
   --m-metadata-file merged-metadata.txt \
   --output-dir AECOPD_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity AECOPD_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization AECOPD_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity AECOPD_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization AECOPD_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix AECOPD_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization AECOPD_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix AECOPD_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Subject \
  --o-visualization AECOPD_pathabun_core_metrics_out/bray-curtis-subject-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix AECOPD_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization AECOPD_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix AECOPD_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt \
  --m-metadata-column Subject \
  --o-visualization AECOPD_pathabun_core_metrics_out/jaccard-subject-significance.qzv \
  --p-pairwise

qiime tools export \
   --input-path AECOPD_q2-picrust2_output/pathway_abundance.qza \
   --output-path AECOPD_q2-picrust2_output/AECOPD_pathabun_exported

biom convert \
   -i AECOPD_q2-picrust2_output/AECOPD_pathabun_exported/feature-table.biom \
   -o AECOPD_q2-picrust2_output/AECOPD_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path AECOPD_q2-picrust2_output/ec_metagenome.qza \
   --output-path AECOPD_q2-picrust2_output/AECOPD_ec_metagenome_exported

biom convert \
   -i AECOPD_q2-picrust2_output/AECOPD_ec_metagenome_exported/feature-table.biom \
   -o AECOPD_q2-picrust2_output/AECOPD_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path AECOPD_q2-picrust2_output/ko_metagenome.qza \
   --output-path AECOPD_q2-picrust2_output/AECOPD_ko_metagenome_exported

biom convert \
   -i AECOPD_q2-picrust2_output/AECOPD_ko_metagenome_exported/feature-table.biom \
   -o AECOPD_q2-picrust2_output/AECOPD_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime picrust2 full-pipeline \
   --i-table P1-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P1_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose


qiime feature-table summarize \
   --i-table P1_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P1_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P1_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P1_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P1_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P1_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table P1_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 1321609 \
   --m-metadata-file merged-metadata.txt \
   --output-dir P1_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity P1_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P1_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P1_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P1_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P1_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P1_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P1_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P1_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P1_q2-picrust2_output/pathway_abundance.qza \
   --output-path P1_q2-picrust2_output/P1_pathabun_exported

biom convert \
   -i P1_q2-picrust2_output/P1_pathabun_exported/feature-table.biom \
   -o P1_q2-picrust2_output/P1_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P1_q2-picrust2_output/ec_metagenome.qza \
   --output-path P1_q2-picrust2_output/P1_ec_metagenome_exported

biom convert \
   -i P1_q2-picrust2_output/P1_ec_metagenome_exported/feature-table.biom \
   -o P1_q2-picrust2_output/P1_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P1_q2-picrust2_output/ko_metagenome.qza \
   --output-path P1_q2-picrust2_output/P1_ko_metagenome_exported

biom convert \
   -i P1_q2-picrust2_output/P1_ko_metagenome_exported/feature-table.biom \
   -o P1_q2-picrust2_output/P1_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime picrust2 full-pipeline \
   --i-table P5-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P5_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table P5_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P5_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P5_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P5_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P5_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P5_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table P5_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 1814336 \
   --m-metadata-file merged-metadata.txt \
   --output-dir P5_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity P5_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P5_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P5_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P5_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P5_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P5_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P5_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P5_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P5_q2-picrust2_output/pathway_abundance.qza \
   --output-path P5_q2-picrust2_output/P5_pathabun_exported

biom convert \
   -i P5_q2-picrust2_output/P5_pathabun_exported/feature-table.biom \
   -o P5_q2-picrust2_output/P5_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P5_q2-picrust2_output/ec_metagenome.qza \
   --output-path P5_q2-picrust2_output/P5_ec_metagenome_exported

biom convert \
   -i P5_q2-picrust2_output/P5_ec_metagenome_exported/feature-table.biom \
   -o P5_q2-picrust2_output/P5_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P5_q2-picrust2_output/ko_metagenome.qza \
   --output-path P5_q2-picrust2_output/P5_ko_metagenome_exported

biom convert \
   -i P5_q2-picrust2_output/P5_ko_metagenome_exported/feature-table.biom \
   -o P5_q2-picrust2_output/P5_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table P7-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P7_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table P7_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P7_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P7_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P7_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P7_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P7_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table P7_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 2448451 \
   --m-metadata-file merged-metadata.txt \
   --output-dir P7_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity P7_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P7_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P7_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P7_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P7_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P7_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P7_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P7_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P7_q2-picrust2_output/pathway_abundance.qza \
   --output-path P7_q2-picrust2_output/P7_pathabun_exported

biom convert \
   -i P7_q2-picrust2_output/P7_pathabun_exported/feature-table.biom \
   -o P7_q2-picrust2_output/P7_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P7_q2-picrust2_output/ec_metagenome.qza \
   --output-path P7_q2-picrust2_output/P7_ec_metagenome_exported

biom convert \
   -i P7_q2-picrust2_output/P7_ec_metagenome_exported/feature-table.biom \
   -o P7_q2-picrust2_output/P7_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P7_q2-picrust2_output/ko_metagenome.qza \
   --output-path P7_q2-picrust2_output/P7_ko_metagenome_exported

biom convert \
   -i P7_q2-picrust2_output/P7_ko_metagenome_exported/feature-table.biom \
   -o P7_q2-picrust2_output/P7_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table P2-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P2_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table P2_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P2_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P2_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P2_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P2_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P2_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table P2_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 1063252 \
   --m-metadata-file merged-metadata.txt \
   --output-dir P2_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity P2_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P2_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P2_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P2_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P2_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P2_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P2_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P2_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P2_q2-picrust2_output/pathway_abundance.qza \
   --output-path P2_q2-picrust2_output/P2_pathabun_exported

biom convert \
   -i P2_q2-picrust2_output/P2_pathabun_exported/feature-table.biom \
   -o P2_q2-picrust2_output/P2_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P2_q2-picrust2_output/ec_metagenome.qza \
   --output-path P2_q2-picrust2_output/P2_ec_metagenome_exported

biom convert \
   -i P2_q2-picrust2_output/P2_ec_metagenome_exported/feature-table.biom \
   -o P2_q2-picrust2_output/P2_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P2_q2-picrust2_output/ko_metagenome.qza \
   --output-path P2_q2-picrust2_output/P2_ko_metagenome_exported

biom convert \
   -i P2_q2-picrust2_output/P2_ko_metagenome_exported/feature-table.biom \
   -o P2_q2-picrust2_output/P2_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table P3-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P3_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table P3_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P3_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P3_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P3_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P3_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P3_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table P3_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 2157P2 \
   --m-metadata-file merged-metadata.txt \
   --output-dir P3_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity P3_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P3_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P3_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P3_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P3_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P3_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P3_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P3_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P3_q2-picrust2_output/pathway_abundance.qza \
   --output-path P3_q2-picrust2_output/P3_pathabun_exported

biom convert \
   -i P3_q2-picrust2_output/P3_pathabun_exported/feature-table.biom \
   -o P3_q2-picrust2_output/P3_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P3_q2-picrust2_output/ec_metagenome.qza \
   --output-path P3_q2-picrust2_output/P3_ec_metagenome_exported

biom convert \
   -i P3_q2-picrust2_output/P3_ec_metagenome_exported/feature-table.biom \
   -o P3_q2-picrust2_output/P3_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P3_q2-picrust2_output/ko_metagenome.qza \
   --output-path P3_q2-picrust2_output/P3_ko_metagenome_exported

biom convert \
   -i P3_q2-picrust2_output/P3_ko_metagenome_exported/feature-table.biom \
   -o P3_q2-picrust2_output/P3_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table P6-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P6_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table P6_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P6_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P6_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P6_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P6_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P6_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table P6_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth P4400P4 \
   --m-metadata-file merged-metadata.txt \
   --output-dir P6_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity P6_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P6_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P6_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P6_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P6_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P6_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P6_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P6_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P6_q2-picrust2_output/pathway_abundance.qza \
   --output-path P6_q2-picrust2_output/P6_pathabun_exported

biom convert \
   -i P6_q2-picrust2_output/P6_pathabun_exported/feature-table.biom \
   -o P6_q2-picrust2_output/P6_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P6_q2-picrust2_output/ec_metagenome.qza \
   --output-path P6_q2-picrust2_output/P6_ec_metagenome_exported

biom convert \
   -i P6_q2-picrust2_output/P6_ec_metagenome_exported/feature-table.biom \
   -o P6_q2-picrust2_output/P6_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P6_q2-picrust2_output/ko_metagenome.qza \
   --output-path P6_q2-picrust2_output/P6_ko_metagenome_exported

biom convert \
   -i P6_q2-picrust2_output/P6_ko_metagenome_exported/feature-table.biom \
   -o P6_q2-picrust2_output/P6_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table P4-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir P4_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table P4_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization P4_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table P4_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization P4_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table P4_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization P4_q2-picrust2_output/ko_metagenome.qzv


qiime diversity alpha-group-significance \
  --i-alpha-diversity P4_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P4_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity P4_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization P4_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix P4_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P4_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix P4_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization P4_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path P4_q2-picrust2_output/pathway_abundance.qza \
   --output-path P4_q2-picrust2_output/P4_pathabun_exported

biom convert \
   -i P4_q2-picrust2_output/P4_pathabun_exported/feature-table.biom \
   -o P4_q2-picrust2_output/P4_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P4_q2-picrust2_output/ec_metagenome.qza \
   --output-path P4_q2-picrust2_output/P4_ec_metagenome_exported

biom convert \
   -i P4_q2-picrust2_output/P4_ec_metagenome_exported/feature-table.biom \
   -o P4_q2-picrust2_output/P4_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path P4_q2-picrust2_output/ko_metagenome.qza \
   --output-path P4_q2-picrust2_output/P4_ko_metagenome_exported

biom convert \
   -i P4_q2-picrust2_output/P4_ko_metagenome_exported/feature-table.biom \
   -o P4_q2-picrust2_output/P4_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table alfadrop-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir alfadrop_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table alfadrop_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization alfadrop_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table alfadrop_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization alfadrop_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table alfadrop_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization alfadrop_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table alfadrop_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth 1063252 \
   --m-metadata-file merged-metadata.txt \
   --output-dir alfadrop_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity alfadrop_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization alfadrop_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity alfadrop_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization alfadrop_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix alfadrop_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization alfadrop_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix alfadrop_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization alfadrop_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path alfadrop_q2-picrust2_output/pathway_abundance.qza \
   --output-path alfadrop_q2-picrust2_output/alfadrop_pathabun_exported

biom convert \
   -i alfadrop_q2-picrust2_output/alfadrop_pathabun_exported/feature-table.biom \
   -o alfadrop_q2-picrust2_output/alfadrop_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path alfadrop_q2-picrust2_output/ec_metagenome.qza \
   --output-path alfadrop_q2-picrust2_output/alfadrop_ec_metagenome_exported

biom convert \
   -i alfadrop_q2-picrust2_output/alfadrop_ec_metagenome_exported/feature-table.biom \
   -o alfadrop_q2-picrust2_output/alfadrop_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path alfadrop_q2-picrust2_output/ko_metagenome.qza \
   --output-path alfadrop_q2-picrust2_output/alfadrop_ko_metagenome_exported

biom convert \
   -i alfadrop_q2-picrust2_output/alfadrop_ko_metagenome_exported/feature-table.biom \
   -o alfadrop_q2-picrust2_output/alfadrop_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv


qiime picrust2 full-pipeline \
   --i-table no-alfadrop-table.qza \
   --i-seq AECOPD-rep-seqs.qza \
   --output-dir no-alfadrop_q2-picrust2_output \
   --p-placement-tool epa-ng \
   --p-threads 1 \
   --p-hsp-method mp \
   --p-max-nsti 2 \
   --verbose

qiime feature-table summarize \
   --i-table no-alfadrop_q2-picrust2_output/pathway_abundance.qza \
   --o-visualization no-alfadrop_q2-picrust2_output/pathway_abundance.qzv

qiime feature-table summarize \
   --i-table no-alfadrop_q2-picrust2_output/ec_metagenome.qza \
   --o-visualization no-alfadrop_q2-picrust2_output/ec_metagenome.qzv

qiime feature-table summarize \
   --i-table no-alfadrop_q2-picrust2_output/ko_metagenome.qza \
   --o-visualization no-alfadrop_q2-picrust2_output/ko_metagenome.qzv

qiime diversity core-metrics \
   --i-table no-alfadrop_q2-picrust2_output/pathway_abundance.qza \
   --p-sampling-depth P4400P4 \
   --m-metadata-file merged-metadata.txt \
   --output-dir no-alfadrop_pathabun_core_metrics_out \
   --p-n-jobs 1

qiime diversity alpha-group-significance \
  --i-alpha-diversity no-alfadrop_pathabun_core_metrics_out/shannon_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization no-alfadrop_pathabun_core_metrics_out/shannon-group-significance.qzv

qiime diversity alpha-group-significance \
  --i-alpha-diversity no-alfadrop_pathabun_core_metrics_out/observed_features_vector.qza \
  --m-metadata-file merged-metadata.txt \
  --o-visualization no-alfadrop_pathabun_core_metrics_out/observed_features-group-significance.qzv

qiime diversity beta-group-significance \
  --i-distance-matrix no-alfadrop_pathabun_core_metrics_out/bray_curtis_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization no-alfadrop_pathabun_core_metrics_out/bray-curtis-group-significance.qzv \
  --p-pairwise

qiime diversity beta-group-significance \
  --i-distance-matrix no-alfadrop_pathabun_core_metrics_out/jaccard_distance_matrix.qza \
  --m-metadata-file merged-metadata.txt\
  --m-metadata-column Group \
  --o-visualization no-alfadrop_pathabun_core_metrics_out/jaccard-group-significance.qzv \
  --p-pairwise


qiime tools export \
   --input-path no-alfadrop_q2-picrust2_output/pathway_abundance.qza \
   --output-path no-alfadrop_q2-picrust2_output/no-alfadrop_pathabun_exported

biom convert \
   -i no-alfadrop_q2-picrust2_output/no-alfadrop_pathabun_exported/feature-table.biom \
   -o no-alfadrop_q2-picrust2_output/no-alfadrop_pathabun_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path no-alfadrop_q2-picrust2_output/ec_metagenome.qza \
   --output-path no-alfadrop_q2-picrust2_output/no-alfadrop_ec_metagenome_exported

biom convert \
   -i no-alfadrop_q2-picrust2_output/no-alfadrop_ec_metagenome_exported/feature-table.biom \
   -o no-alfadrop_q2-picrust2_output/no-alfadrop_ec_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime tools export \
   --input-path no-alfadrop_q2-picrust2_output/ko_metagenome.qza \
   --output-path no-alfadrop_q2-picrust2_output/no-alfadrop_ko_metagenome_exported

biom convert \
   -i no-alfadrop_q2-picrust2_output/no-alfadrop_ko_metagenome_exported/feature-table.biom \
   -o no-alfadrop_q2-picrust2_output/no-alfadrop_ko_metagenome_exported/feature-table.biom.tsv \
   --to-tsv

qiime diversity alpha-rarefaction \
  --i-table filtered-nocn-merged-table.qza \
  --i-phylogeny rooted-tree.qza \
  --p-max-depth 25000 \
  --m-metadata-file merged-metadata.txt \
  --o-visualization alpha-rarefaction.qzv



R software
DECONTAM
library(tidyverse)
library(qiime2R)
library(phyloseq)
library(ggplot2)
library(decontam)
phy<-qza_to_phyloseq(features="D:/AECOPD/16s final/table.qza", metadata="D:/AECOPD/16s final/sample-metadata.txt", taxonomy="D:/AECOPD/16s final/taxonomy.qza", tmp="C:/tmp")
head(sample_data(phy))
df <- as.data.frame(sample_data(phy))
df$LibrarySize <- sample_sums(phy)
df <- df[order(df$LibrarySize),]
df$Index <- seq(nrow(df))
ggplot(data=df, aes(x=Index, y=LibrarySize, color=Sample_or_Control)) + geom_point()

##identify contaminants - prevalence?
sample_data(phy)$is.neg <- sample_data(phy)$Sample_or_Control == "Control"
contamdf.prev <- isContaminant(phy, method="prevalence", neg="is.neg")
table((contamdf.prev)$contaminant)
head(which(contamdf.prev$contaminant))
head(which(contamdf.prev))
show(contamdf.prev)

contamdf.prev05 <- isContaminant(phy, method="prevalence", neg="is.neg", threshold=0.5)
table(contamdf.prev05$contaminant)
table(contamdf.prev05)
show(contamdf.prev05)


# Make phyloseq object of presence-absence in negative controls and true samples
phy.pa <- transform_sample_counts(phy, function(abund) 1*(abund>0))
phy.pa.neg <- prune_samples(sample_data(phy.pa)$Sample_or_Control == "Control", phy.pa)
phy.pa.pos <- prune_samples(sample_data(phy.pa)$Sample_or_Control == "Sample", phy.pa)

# Make data.frame of prevalence in positive and negative samples
df.pa <- data.frame(pa.pos=taxa_sums(phy.pa.pos), pa.neg=taxa_sums(phy.pa.neg),
                    contaminant=contamdf.prev$contaminant)
ggplot(data=df.pa, aes(x=pa.neg, y=pa.pos, color=contaminant)) + geom_point() +
  xlab("Prevalence (Negative Controls)") + ylab("Prevalence (True Samples)")


#writte table 

write.table(contamdf.prev05, "D:/AECOPD/16s final/contamdf.prev05_all without batches.txt", sep="\t")

R software
Beta-diversity longitudinal models 

###############ECOPD vs Control ALL#################

library(readr)
library(readr)
beta <- read_delim("distance-matrix.tsv", 
                   "\t", escape_double = FALSE, trim_ws = TRUE)
View(beta)

beta=beta[,-1]
rownames(beta)=colnames(beta)
beta1=as.data.frame(beta)
colnames(beta1)<-c('sampleP19M2','sample674M1','sample674M2','sampleP209M0','sampleP118M1',
                   'sample3R512M0','sampleP118M0','sample3R512M2','sample674M0',
                   'sampleP118M3','sample3R496M3','sampleP19M1','sampleP209M1',
                   'sample3R496M1','sample3R334M1','sample3R334M0','sample3R496M0',
                   'sample3R334M2','sample3R512M3','sampleP19M0','sample3R512M1',
                   'sampleP118M2','sampleP19M3','sample3R496M2','sampleP209M2',
                   'sample665M1','sample3R451M1','sample897M1','sample508M3',
                   'sample801M3','sample884M3','sample880M1','sample884M0',
                   'sampleP101M2','sample934M2','sample519M1','sample884M1',
                   'sample907M0','sampleP204M0','sample519M3','sample851M3',
                   'sampleP204M1','sample801M0','sample3R451M2','sample508M2',
                   'sample3R452M2','sample807M2','sample833M1','sample833M0',
                   'sample3R451M3','sample807M3','sample509M0','sample3R452M1',
                   'sampleP201M2','sample934M1','sample801M2','sample880M0',
                   'sample837M3','sample3R451M0','sample884M2','sample663M1',
                   'sample583M1','sample885M0','sample833M2','sampleP101M0',
                   'sample663M3','sample519M0','sample801M1','sample837M1',
                   'sample527M3','sample897M2','sample578M3','sample885M2',
                   'sample907M1','sample885M1','sample809M1','sample508M1',
                   'sampleP204M2','sampleP101M1','sample665M0','sample509M2',
                   'sample583M2','sample3R452M3','sample833M3','sampleP201M1',
                   'sample3R452M0','sample885M3','sampleP201M0','sample907M2',
                   'sample509M1','sample809M2','sample897M3','sample665M3',
                   'sample807M0','sample807M1','sample519M2','sample851M0',
                   'sampleP204M3','sample809M0','sample907M3','sample934M3',
                   'sample663M0','sample880M2','sample897M0','sample663M2',
                   'sample578M2','sample578M0','sample527M2','sample527M1',
                   'sampleP201M3','sample851M2','sample837M0','sample851M1',
                   'sample837M2','sampleP101M3','sample934M0','sample508M0',
                   'sample578M1','sample527M0','sample809M3','sample665M2',
                   'sample509M3','sample880M3','sample583M0','sample583M3')
rownames(beta1)=colnames(beta1)  
  

#Matrizes com os dados todos
library(dplyr)
# M0 #

M0AE=matches(c('sample3R334M0',
               'sample674M0',
               'sampleP118M0',
               'sampleP19M0',
               'sampleP209M0',
               'sample3R496M0',
               'sample3R512M0'),vars = rownames(beta1))

M0C=matches(c('sample3R451M0',
              'sample3R452M0',
              'sample508M0',
              'sample509M0',
              'sample519M0',
              'sample527M0',
              'sample578M0',
              'sample583M0',
              'sample663M0',
              'sample665M0',
              'sample801M0',
              'sample807M0',
              'sample809M0',
              'sample833M0',
              'sample837M0',
              'sample851M0',
              'sample880M0',
              'sample884M0',
              'sample885M0',
              'sample897M0',
              'sample907M0',
              'sample934M0',
              'sampleP101M0',
              'sampleP201M0',
              'sampleP204M0'),vars = rownames(beta1))

WU1=beta1[M0C,M0AE]
WU1f=NULL

for(i in 1:nrow(WU1)){
  WU1f=c(WU1f,WU1[i,])
}

WU1f=as.data.frame(WU1f)

# M1 #

M1AE=matches(c('sample3R334M1',
               'sample674M1',
               'sampleP118M1',
               'sampleP19M1',
               'sampleP209M1',
               'sample3R496M1',
               'sample3R512M1'),vars = rownames(beta1))

M1C=matches(c('sample3R451M1',
              'sample3R452M1',
              'sample508M1',
              'sample509M1',
              'sample519M1',
              'sample527M1',
              'sample578M1',
              'sample583M1',
              'sample663M1',
              'sample665M1',
              'sample801M1',
              'sample807M1',
              'sample809M1',
              'sample833M1',
              'sample837M1',
              'sample851M1',
              'sample880M1',
              'sample884M1',
              'sample885M1',
              'sample897M1',
              'sample907M1',
              'sample934M1',
              'sampleP101M1',
              'sampleP201M1',
              'sampleP204M1'),vars = rownames(beta1))

WU2=beta1[M1C,M1AE]
WU2f=NULL

for(i in 1:nrow(WU2)){
  WU2f=c(WU2f,WU2[i,])
}

WU2f=as.data.frame(WU2f)

# M2 #

M2AE=matches(c('sample3R334M2',
               'sample674M2',
               'sampleP118M2',
               'sampleP19M2',
               'sampleP209M2',
               'sample3R496M2',
               'sample3R512M2'),vars = rownames(beta1))

M2C=matches(c('sample3R451M2',
              'sample3R452M2',
              'sample508M2',
              'sample509M2',
              'sample519M2',
              'sample527M2',
              'sample578M2',
              'sample583M2',
              'sample663M2',
              'sample665M2',
              'sample801M2',
              'sample807M2',
              'sample809M2',
              'sample833M2',
              'sample837M2',
              'sample851M2',
              'sample880M2',
              'sample884M2',
              'sample885M2',
              'sample897M2',
              'sample907M2',
              'sample934M2',
              'sampleP101M2',
              'sampleP201M2',
              'sampleP204M2'),vars = rownames(beta1))

WU3=beta1[M2C,M2AE]
WU3f=NULL

for(i in 1:nrow(WU3)){
  WU3f=c(WU3f,WU3[i,])
}

WU3f=as.data.frame(WU3f)

# M3 #

M3AE=matches(c('sample3R334M3',
               'sample674M3',
               'sampleP118M3',
               'sampleP19M3',
               'sampleP209M3',
               'sample3R496M3',
               'sample3R512M3'),vars = rownames(beta1))

M3C=matches(c('sample3R451M3',
              'sample3R452M3',
              'sample508M3',
              'sample509M3',
              'sample519M3',
              'sample527M3',
              'sample578M3',
              'sample583M3',
              'sample663M3',
              'sample665M3',
              'sample801M3',
              'sample807M3',
              'sample809M3',
              'sample833M3',
              'sample837M3',
              'sample851M3',
              'sample880M3',
              'sample884M3',
              'sample885M3',
              'sample897M3',
              'sample907M3',
              'sample934M3',
              'sampleP101M3',
              'sampleP201M3',
              'sampleP204M3'),vars = rownames(beta1))

WU4=beta1[M3C,M3AE]
WU4f=NULL

for(i in 1:nrow(WU4)){
  WU4f=c(WU4f,WU4[i,])
}

WU4f=as.data.frame(WU4f)

# Todos os TPs #
WUeg=cbind(WU1f,WU2f,WU3f,WU4f)
WUeg=t(WUeg)
WUeg=as.data.frame(WUeg)
WUeg$TimePoint=c(rep(1,ncol(WU1f)),rep(2,ncol(WU2f)),rep(3,ncol(WU3f)),rep(4,ncol(WU4f)))
WUeg$id=rownames(WUeg)
WUeg$TP=as.factor(WUeg$TimePoint)
colnames(WUeg)=c("WU","TimePoint","id","TP")

library(ggplot2)
ggplot(data=WUeg, aes(TimePoint,WU))+ 
  geom_smooth(method="loess")+
  ylab("Weighted Unifrac distance between groups")+
  ggtitle("AEvsCT")



# Data frame para o WU em cada  grupo e em cada TP #


# TP 1 #

WU1I=beta1[M0AE,M0AE]

WU1I[upper.tri(WU1I)] <- NA
WU1I[WU1I==0]=NA

WU1WI=NULL

for(i in 1:nrow(WU1I)){
  WU1WI=c(WU1WI,WU1I[i,])
}

WU1WI=as.data.frame(WU1WI)

F1=1;Fn=0

for(i in 1:nrow(WU1I)){
  for(j in 1:ncol(WU1I)){
    Fn=Fn+F1
    colnames(WU1WI)[Fn]=paste(rownames(WU1I)[i],"/",colnames(WU1I)[j])
  }
}

colnames(WU1WI)=sub("M0","",colnames(WU1WI))
colnames(WU1WI)=sub("M0","",colnames(WU1WI))

WU1WI=as.data.frame(WU1WI)


WU1C=beta1[M0C, M0C]
WU1C[upper.tri(WU1C)] <- NA
WU1C[WU1C==0]=NA

WU1WC=NULL

for(i in 1:nrow(WU1C)){
  WU1WC=c(WU1WC,WU1C[i,])
}

WU1WC=as.data.frame(WU1WC)

F1=1;Fn=0

for(i in 1:nrow(WU1C)){
  for(j in 1:ncol(WU1C)){
    Fn=Fn+F1
    colnames(WU1WC)[Fn]=paste(rownames(WU1C)[i],"/",colnames(WU1C)[j])
  }
}

colnames(WU1WC)=sub("M0","",colnames(WU1WC))
colnames(WU1WC)=sub("M0","",colnames(WU1WC))
WU1WC=as.data.frame(WU1WC)


# TP 2 #

WU2I=beta1[M1AE, M1AE]
WU2I[upper.tri(WU2I)] <- NA
WU2I[WU2I==0]=NA

WU2WI=NULL

for(i in 1:nrow(WU2I)){
  WU2WI=c(WU2WI,WU2I[i,])
}

WU2WI=as.data.frame(WU2WI)

F1=1;Fn=0

for(i in 1:nrow(WU2I)){
  for(j in 1:ncol(WU2I)){
    Fn=Fn+F1
    colnames(WU2WI)[Fn]=paste(rownames(WU2I)[i],"/",colnames(WU2I)[j])
  }
}

colnames(WU2WI)=sub("M1","",colnames(WU2WI))
colnames(WU2WI)=sub("M1","",colnames(WU2WI))

WU2WI=as.data.frame(WU2WI)


WU2C=beta1[M1C, M1C]
WU2C[upper.tri(WU2C)] <- NA
WU2C[WU2C==0]=NA

WU2WC=NULL

for(i in 1:nrow(WU2C)){
  WU2WC=c(WU2WC,WU2C[i,])
}

WU2WC=as.data.frame(WU2WC)

F1=1;Fn=0

for(i in 1:nrow(WU2C)){
  for(j in 1:ncol(WU2C)){
    Fn=Fn+F1
    colnames(WU2WC)[Fn]=paste(rownames(WU2C)[i],"/",colnames(WU2C)[j])
  }
}

colnames(WU2WC)=sub("M1","",colnames(WU2WC))
colnames(WU2WC)=sub("M1","",colnames(WU2WC))
WU2WC=as.data.frame(WU2WC)

# TP 3 #

WU3I=beta1[M2AE, M2AE]
WU3I[upper.tri(WU3I)] <- NA
WU3I[WU3I==0]=NA

WU3WI=NULL

for(i in 1:nrow(WU3I)){
  WU3WI=c(WU3WI,WU3I[i,])
}

WU3WI=as.data.frame(WU3WI)

F1=1;Fn=0

for(i in 1:nrow(WU3I)){
  for(j in 1:ncol(WU3I)){
    Fn=Fn+F1
    colnames(WU3WI)[Fn]=paste(rownames(WU3I)[i],"/",colnames(WU3I)[j])
  }
}

colnames(WU3WI)=sub("M2","",colnames(WU3WI))
colnames(WU3WI)=sub("M2","",colnames(WU3WI))

WU3WI=as.data.frame(WU3WI)


WU3C=beta1[M2C, M2C]
WU3C[upper.tri(WU3C)] <- NA
WU3C[WU3C==0]=NA

WU3WC=NULL

for(i in 1:nrow(WU3C)){
  WU3WC=c(WU3WC,WU3C[i,])
}

WU3WC=as.data.frame(WU3WC)

F1=1;Fn=0

for(i in 1:nrow(WU3C)){
  for(j in 1:ncol(WU3C)){
    Fn=Fn+F1
    colnames(WU3WC)[Fn]=paste(rownames(WU3C)[i],"/",colnames(WU3C)[j])
  }
}

colnames(WU3WC)=sub("M2","",colnames(WU3WC))
colnames(WU3WC)=sub("M2","",colnames(WU3WC))
WU3WC=as.data.frame(WU3WC)

# TP 4 #

WU4I=beta1[M3AE, M3AE]
WU4I[upper.tri(WU4I)] <- NA
WU4I[WU4I==0]=NA

WU4WI=NULL

for(i in 1:nrow(WU4I)){
  WU4WI=c(WU4WI,WU4I[i,])
}

WU4WI=as.data.frame(WU4WI)

F1=1;Fn=0

for(i in 1:nrow(WU4I)){
  for(j in 1:ncol(WU4I)){
    Fn=Fn+F1
    colnames(WU4WI)[Fn]=paste(rownames(WU4I)[i],"/",colnames(WU4I)[j])
  }
}

colnames(WU4WI)=sub("M3","",colnames(WU4WI))
colnames(WU4WI)=sub("M3","",colnames(WU4WI))

WU4WI=as.data.frame(WU4WI)

WU4C=beta1[M3C, M3C]
WU4C[upper.tri(WU4C)] <- NA
WU4C[WU4C==0]=NA

WU4WC=NULL

for(i in 1:nrow(WU4C)){
  WU4WC=c(WU4WC,WU4C[i,])
}

WU4WC=as.data.frame(WU4WC)

F1=1;Fn=0

for(i in 1:nrow(WU4C)){
  for(j in 1:ncol(WU4C)){
    Fn=Fn+F1
    colnames(WU4WC)[Fn]=paste(rownames(WU4C)[i],"/",colnames(WU4C)[j])
  }
}

colnames(WU4WC)=sub("M3","",colnames(WU4WC))
colnames(WU4WC)=sub("M3","",colnames(WU4WC))
WU3WC=as.data.frame(WU4WC)

# Todos os TPs numa dataframe #
WUig=cbind(WU1WI,WU1WC,WU2WI,WU2WC,WU3WI,WU3WC,WU4WI,WU4WC)
WUig=t(WUig)
WUig=as.data.frame(WUig)
WUig$TimePoint=c(rep(1,(ncol(WU1WC)+ncol(WU1WI))),rep(2,(ncol(WU2WC)+ncol(WU2WI))),rep(3,(ncol(WU3WC)+ncol(WU3WI))),rep(4,(ncol(WU4WC)+ncol(WU4WI))))
WUig$Grupo=c(rep("AE",ncol(WU1WI)),rep("Control",ncol(WU1WC)),rep("AE",ncol(WU2WI)),rep("Control",ncol(WU2WC)),rep("AE",ncol(WU3WI)),rep("Control",ncol(WU3WC)),rep("AE",ncol(WU4WI)),rep("Control",ncol(WU4WC)))
WUig$id=rownames(WUig)
WUig$TP=as.factor(WUig$TimePoint)
WUig$Grupo=as.factor(WUig$Grupo)
colnames(WUig)=c("WU","TimePoint","Grupo","id","TP")
WUig=WUig[complete.cases(WUig),]

library(ggthemes)
ggplot(data=WUig, aes(TimePoint,WU))+ 
  geom_smooth(method="loess", aes(color=Grupo))+
  ylab("Weighted Unifrac distance within groups")+
  theme_classic()+
  labs(colour="Grupo")


library(tools)
WUig$id=file_path_sans_ext(WUig$id)

WUig$Baseline=NULL
for(j in 1:298){
  for (i in 1:nrow(WUig)){
    if(WUig$id[i]==WUig$id[j]){
      WUig$Baseline[i]=WUig$WU[j]
    } 
  }
}

WUig$Baseline[round(WUig$Baseline,6)==0.22996527]=NA#Adaptar para o primeiro valor da matriz  
WUig$Baseline[WUig$id=="sample674...sample3R334"]=0.22996527#Adaptar para o primeiro valor da matriz  

library(lme4)
model1 <- lmer(WU ~ Grupo * TP + Baseline + (1|id), data = WUig)
summary(model1)

library(car)
LME=Anova(model1, test.statistic = "F", type = "III")
LME


#global rate of change

WUig$Norm_WU=NULL

for(i in 1:nrow(WUig)){
  WUig$Norm_WU[i]=WUig$WU[i]-WUig$Baseline[i]
}

WUig$Norm_WU[WUig$TP=="1"]=0


library(ggthemes)
ggplot(data=WUig, aes(TimePoint,WUig$Norm_WU))+ 
  geom_smooth(method="loess", aes(color=Grupo), se=T)+
  ylab("Weighted Unifrac (Global Rate of Change)")+
  labs(colour="Grupo")+
  theme_classic()+
  scale_x_continuous(labels=as.character(WUig$TimePoint),breaks=WUig$TimePoint)

library(lme4)
model2 <- lmer(Norm_WU ~ Grupo * TP + (1|id), data = WUig)
summary(model2)

library(car)
LME=Anova(model2, test.statistic = "F", type = "III")
LME

#  Qualidade dos modelos #
AIC(model1)
AIC(model2)

library(MuMIn)
r.squaredGLMM(model1)

res1=residuals(model1)
mean(res1)

qqnorm(res1, datax = TRUE)
qqline(res1, datax = TRUE)

r.squaredGLMM(model2)

res2=residuals(model2)
mean(res2)

qqnorm(res2, datax = TRUE)
qqline(res2, datax = TRUE)

library("olsrr")
ols_test_normality(res1)
ols_test_normality(res2)

#effect sizes

library(effectsize)
eta_squared(model1, partial=TRUE)
eta_squared(model2, partial =TRUE)

# Contrastes
library(gmodels)
library(lsmeans)
ref1<-lsmeans(model1 ,c("Grupo","TP")) 
ref1 #check the combination of factors for contrasts
ContrastVec <- list(TP1=c(1,-1,0,0,0,0,0,0),TP2=c(0,0,1,-1,0,0,0,0), TP3=c(0,0,0,0,1,-1,0,0),TP4=c(0,0,0,0,0,0,1,-1))
cont_result_model1<-summary(contrast(ref1, ContrastVec), adjust = "bonferroni")
cont_result_model1
library(xlsx)
write.xlsx(ref1,"lsmeans_not_norm.xlsx",append=TRUE)
write.xlsx(cont_result_model1,"contrast_analysis_model1.xlsx",append=TRUE)

ref2<-lsmeans(model2 ,c("Grupo","TP")) 
ref2 #check the combination of factors for contrasts
ContrastVec <- list(TP1=c(1,-1,0,0,0,0,0,0),TP2=c(0,0,1,-1,0,0,0,0), TP3=c(0,0,0,0,1,-1,0,0),TP4=c(0,0,0,0,0,0,1,-1))
cont_result_model2<-summary(contrast(ref2, ContrastVec), adjust = "bonferroni")
cont_result_model2
write.xlsx(ref2,"lsmeans_grc.xlsx",append=TRUE)
write.xlsx(cont_result_model2,"contrast_analysis_model2.xlsx",append=TRUE)

#Tabela de an?lise descritiva
M_WIG.G=aggregate(WU~ Grupo+TimePoint, data = WUig, FUN= "mean" )
SD_WIG.G=aggregate(WU~ Grupo+TimePoint, data = WUig, FUN= "sd" )
SD_WIG.G$WU=as.numeric(SD_WIG.G$WU)
Table1=M_WIG.G
Table1$TimePoint=factor(rep(c("TP1","TP2","TP3","TP4"), each=2), levels = c("TP1","TP2","TP3","TP4"))
Table1$WU=round(as.numeric(Table1$WU),2)
View(Table1)

for(i in 1:8){
  Table1$WU[i]=paste(Table1$WU[i],"\u00B1", round(SD_WIG.G$WU[i],2))}

colnames(Table1)=c("Grupo","Timepoint","Mean \u00B1 SD")

ref1=as.data.frame(ref1)

Table1$lsmean=NULL
for(i in 1:8){
  Table1$lsmean[i]=paste(round(ref1[i,3],2),"\u00B1",round(ref1[i,4],3))
}  

Table1=Table1[,c(2,1,3,4)]


library(kableExtra)
kbl(Table1) %>%
  kable_classic(full_width=F) %>%
  column_spec(1, bold = T) %>%
  row_spec(c(0),bold = T)%>%
  collapse_rows(columns = 1, valign = "middle")


library(xlsx)
write.xlsx(Table1,"Tabelas descritivas_not_normalized.xlsx",  sheetName ="WU-not-normal",append=TRUE)

M_WIG.G=aggregate(Norm_WU~ Grupo+TimePoint, data = WUig, FUN= "mean" )
SD_WIG.G=aggregate(Norm_WU~ Grupo+TimePoint, data = WUig, FUN= "sd" )
SD_WIG.G$Norm_WU=as.numeric(SD_WIG.G$Norm_WU)
Table2=M_WIG.G
Table2$TimePoint=factor(rep(c("TP1","TP2","TP3","TP4"), each=2), levels = c("TP1","TP2","TP3","TP4"))
Table2$Norm_WU=round(as.numeric(Table2$Norm_WU),2)
View(Table2)

for(i in 1:8){
  Table1$Norm_WU[i]=paste(Table1$Norm_WU[i],"\u00B1", round(SD_WIG.G$Norm_WU[i],2))}

colnames(Table2)=c("Grupo","Timepoint","Mean \u00B1 SD")

ref2=as.data.frame(ref2)

Table2$lsmean=NULL
for(i in 1:8){
  Table2$lsmean[i]=paste(round(ref2[i,3],2),"\u00B1",round(ref2[i,4],3))
}  

Table2=Table2[,c(2,1,3,4)]


library(kableExtra)
kbl(Table2) %>%
  kable_classic(full_width=F) %>%
  column_spec(1, bold = T) %>%
  row_spec(c(0),bold = T)%>%
  collapse_rows(columns = 1, valign = "middle")


library(xlsx)
write.xlsx(Table1,"Tabelas descritivas_global rate of change.xlsx",  sheetName ="WU-grc",append=TRUE)



# GRAFICOS DOS LSMEANS #

ref1=as.data.frame(ref1)
colnames(ref1)[1]="Grupo"
lsmeans1=ref1[,c(1,2,3)]

library(ggplot2)
library(ggpubr)
ggline(ref1, x="TP",y="lsmean", color = "Grupo")+ylab("lsmeans Weighted Unifrac")

ref2=as.data.frame(ref2)
colnames(ref2)[1]="Grupo"
lsmeans2=ref2[,c(1,2,3)]


library(ggplot2)
library(ggpubr)
ggline(ref2, x="TP",y="lsmean", color = "Grupo")+ylab("lsmeans GRC Weighted Unifrac")+labs(colour="Grupo")



Differential Abundance analyses

### DESeq2 – code for patient 1 (the remaining were adapted accordingly) ###
library(DESeq2)

# P1 st vs AE

RP1 <- read.table("C:/Users/sarad/OneDrive/Documentos/METAGENOMICS/16s results/AECOPD/P1.txt",header=TRUE, row.names=1)
metadataDESEQ2 <- read.table("C:/Users/sarad/OneDrive/Documentos/METAGENOMICS/16s results/AECOPD/3RP1_metadata.txt",header=TRUE, row.names=1)


RP1.dds<-DESeqDataSetFromMatrix(countData = RP1,colData = metadataDESEQ2,design = ~Group)
RP1.dds<-DESeq(RP1.dds)

condx <- "st"
condy <- "AE"

## Naming res with other name (such as "oldveryold.res") often gives problems... although it worked for the other 2 datasets below this one

res <- results(RP1.dds, contrast = c("Group", condx, condy))
table(res$padj<0.05)
## Order by adjusted p-value
res <- res[order(res$padj), ]
## Merge with normalized count data
resdata_1 <- merge(as.data.frame(res), as.data.frame(counts(RP1.dds, normalized=TRUE)), by="row.names", sort=FALSE)
names(resdata_1)[1]<- "Taxonomy"
head(resdata_1)
resdata_1
## Write results
write.csv(resdata_1, file="diffexpr-results_DESeq2_3R_P1.csv")
write.table(resdata_1, file="C:/Users/sarad/OneDrive/Documentos/METAGENOMICS/16s results/AECOPD/resultsDESeq2_3R_P1.txt", sep = "\t" )
write.table(res, file="C:/Users/sarad/OneDrive/Documentos/METAGENOMICS/16s results/AECOPD/DESeq2_3R_P1.txt", append = FALSE, sep = "\t" )

plotDispEsts(RP1.dds)
plotMA(res)

## Volcano plot

resdata_1$label=c(1:nrow(resdata_1))
resdata_1$label[1:13]="yes"  
resdata_1$label[14:nrow(resdata_1)]="no"  

library(ggplot2)

ggplot(data=resdata_1, aes(x=log2FoldChange, y=-log10(padj), col=label, label=Taxonomy)) +
  geom_point() + 
  theme_minimal() +
  scale_color_manual(values=c("blue", "black", "red")) 


## Volcano plot with "significant" genes labeled ----> NOT WORKING WELL YET because of labels 
volcanoplot <- function (res, lfcthresh=2, sigthresh=0.05, main="Volcano Plot", legendpos="bottomright", labelsig=TRUE, textcx=1, ...) {
  with(res, plot(log2FoldChange, -log10(pvalue), pch=20, main=main, ...))
  with(subset(res, padj<sigthresh ), points(log2FoldChange, -log10(pvalue), pch=20, col="red", ...))
  with(subset(res, abs(log2FoldChange)>lfcthresh), points(log2FoldChange, -log10(pvalue), pch=20, col="orange", ...))
  with(subset(res, padj<sigthresh & abs(log2FoldChange)>lfcthresh), points(log2FoldChange, -log10(pvalue), pch=20, col="green", ...))
  if (labelsig) {
    require(calibrate)
    with(subset(res, padj<sigthresh & abs(log2FoldChange)>lfcthresh), textxy(log2FoldChange, -log10(pvalue), labs=Taxonomy, cex=textcx, ...))
  }
  legend(legendpos, xjust=1, yjust=1, legend=c(paste("FDR<",sigthresh,sep=""), paste("|LogFC|>",lfcthresh,sep=""), "both"), pch=20, col=c("red","orange","green"))
}
png("C:/Users/sarad/OneDrive/Documentos/METAGENOMICS/16s results/AECOPD/volcanoplot_3RP1.png", 1200, 1000, pointsize=20)
volcanoplot(resdata_1, lfcthresh=1, sigthresh=0.05, textcx=.8, xlim=c(-2.3, 2))
dev.off()

### ANCOM 2.1 – script for P1 (the remaining were adapted accordingly) ###
library(readr)
library(tidyverse)
library(nlme)
library(dplyr)
library(ggplot2)
library(compositions)


# OTU table should be a matrix/data.frame with each feature in rows and sample in columns. 
# Metadata should be a matrix/data.frame containing the sample identifier. 

# Data Pre-Processing
feature_table_pre_process = function(feature_table, meta_data, sample_var, group_var = NULL, 
                                     out_cut = 0.05, zero_cut = 0.90, lib_cut, neg_lb){
  feature_table = data.frame(feature_table, check.names = FALSE)
  meta_data = data.frame(meta_data, check.names = FALSE)
  # Drop unused levels
  meta_data[] = lapply(meta_data, function(x) if(is.factor(x)) factor(x) else x)
  # Match sample IDs between metadata and feature table
  sample_ID = intersect(meta_data[, sample_var], colnames(feature_table))
  feature_table = feature_table[, sample_ID]
  meta_data = meta_data[match(sample_ID, meta_data[, sample_var]), ]
  
  # 1. Identify outliers within each taxon
  if (!is.null(group_var)) {
    group = meta_data[, group_var]
    z = feature_table + 1 # Add pseudo-count (1) 
    f = log(z); f[f == 0] = NA; f = colMeans(f, na.rm = T)
    f_fit = lm(f ~ group)
    e = rep(0, length(f)); e[!is.na(group)] = residuals(f_fit)
    y = t(t(z) - e)
    
    outlier_check = function(x){
      # Fitting the mixture model using the algorithm of Peddada, S. Das, and JT Gene Hwang (2002)
      mu1 = quantile(x, 0.25, na.rm = T); mu2 = quantile(x, 0.75, na.rm = T)
      sigma1 = quantile(x, 0.75, na.rm = T) - quantile(x, 0.25, na.rm = T); sigma2 = sigma1
      pi = 0.75
      n = length(x)
      epsilon = 100
      tol = 1e-5
      score = pi*dnorm(x, mean = mu1, sd = sigma1)/((1 - pi)*dnorm(x, mean = mu2, sd = sigma2))
      while (epsilon > tol) {
        grp1_ind = (score >= 1)
        mu1_new = mean(x[grp1_ind]); mu2_new = mean(x[!grp1_ind])
        sigma1_new = sd(x[grp1_ind]); if(is.na(sigma1_new)) sigma1_new = 0
        sigma2_new = sd(x[!grp1_ind]); if(is.na(sigma2_new)) sigma2_new = 0
        pi_new = sum(grp1_ind)/n
        
        para = c(mu1_new, mu2_new, sigma1_new, sigma2_new, pi_new)
        if(any(is.na(para))) break
        
        score = pi_new * dnorm(x, mean = mu1_new, sd = sigma1_new)/
          ((1-pi_new) * dnorm(x, mean = mu2_new, sd = sigma2_new))
        
        epsilon = sqrt((mu1 - mu1_new)^2 + (mu2 - mu2_new)^2 + 
                         (sigma1 - sigma1_new)^2 + (sigma2 - sigma2_new)^2 + (pi - pi_new)^2)
        mu1 = mu1_new; mu2 = mu2_new; sigma1 = sigma1_new; sigma2 = sigma2_new; pi = pi_new
      }
      
      if(mu1 + 1.96 * sigma1 < mu2 - 1.96 * sigma2){
        if(pi < out_cut){
          out_ind = grp1_ind
        }else if(pi > 1 - out_cut){
          out_ind = (!grp1_ind)
        }else{
          out_ind = rep(FALSE, n)
        }
      }else{
        out_ind = rep(FALSE, n)
      }
      return(out_ind)
    }
    out_ind = matrix(FALSE, nrow = nrow(feature_table), ncol = ncol(feature_table))
    out_ind[, !is.na(group)] = t(apply(y, 1, function(i) 
      unlist(tapply(i, group, function(j) outlier_check(j)))))
    
    feature_table[out_ind] = NA
  }
  
  # 2. Discard taxa with zeros  >=  zero_cut
  zero_prop = apply(feature_table, 1, function(x) sum(x == 0, na.rm = T)/length(x[!is.na(x)]))
  taxa_del = which(zero_prop >= zero_cut)
  if(length(taxa_del) > 0){
    feature_table = feature_table[- taxa_del, ]
  }
  
  # 3. Discard samples with library size < lib_cut
  lib_size = colSums(feature_table, na.rm = T)
  if(any(lib_size < lib_cut)){
    subj_del = which(lib_size < lib_cut)
    feature_table = feature_table[, - subj_del]
    meta_data = meta_data[- subj_del, ]
  }
  
  # 4. Identify taxa with structure zeros
  if (!is.null(group_var)) {
    group = factor(meta_data[, group_var])
    present_table = as.matrix(feature_table)
    present_table[is.na(present_table)] = 0
    present_table[present_table != 0] = 1
    
    p_hat = t(apply(present_table, 1, function(x)
      unlist(tapply(x, group, function(y) mean(y, na.rm = T)))))
    samp_size = t(apply(feature_table, 1, function(x)
      unlist(tapply(x, group, function(y) length(y[!is.na(y)])))))
    p_hat_lo = p_hat - 1.96 * sqrt(p_hat * (1 - p_hat)/samp_size)
    
    struc_zero = (p_hat == 0) * 1
    # Whether we need to classify a taxon into structural zero by its negative lower bound?
    if(neg_lb) struc_zero[p_hat_lo <= 0] = 1
    
    # Entries considered to be structural zeros are set to be 0s
    struc_ind = struc_zero[, group]
    feature_table = feature_table * (1 - struc_ind)
    
    colnames(struc_zero) = paste0("structural_zero (", colnames(struc_zero), ")")
  }else{
    struc_zero = NULL
  }
  
  # 5. Return results
  res = list(feature_table = feature_table, meta_data = meta_data, structure_zeros = struc_zero)
  return(res)
}

# ANCOM main function
ANCOM = function(feature_table, meta_data, struc_zero = NULL, main_var, p_adj_method = "BH", 
                 alpha = 0.05, adj_formula = NULL, rand_formula = NULL, ...){
  # OTU table transformation: 
  # (1) Discard taxa with structural zeros (if any); (2) Add pseudocount (1) and take logarithm.
  if (!is.null(struc_zero)) {
    num_struc_zero = apply(struc_zero, 1, sum)
    comp_table = feature_table[num_struc_zero == 0, ]
  }else{
    comp_table = feature_table
  }
  comp_table = log(as.matrix(comp_table) + 1)
  n_taxa = dim(comp_table)[1]
  taxa_id = rownames(comp_table)
  n_samp = dim(comp_table)[2]
  
  # Determine the type of statistical test and its formula.
  if (is.null(rand_formula) & is.null(adj_formula)) {
    # Basic model
    # Whether the main variable of interest has two levels or more?
    if (length(unique(meta_data%>%pull(main_var))) == 2) {
      # Two levels: Wilcoxon rank-sum test
      tfun = stats::wilcox.test
    } else{
      # More than two levels: Kruskal-Wallis test
      tfun = stats::kruskal.test
    }
    # Formula
    tformula = formula(paste("x ~", main_var, sep = " "))
  }else if (is.null(rand_formula) & !is.null(adj_formula)) {
    # Model: ANOVA
    tfun = stats::aov
    # Formula
    tformula = formula(paste("x ~", main_var, "+", adj_formula, sep = " "))
  }else if (!is.null(rand_formula)) {
    # Model: Mixed-effects model
    tfun = nlme::lme
    # Formula
    if (is.null(adj_formula)) {
      # Random intercept model
      tformula = formula(paste("x ~", main_var))
    }else {
      # Random coefficients/slope model
      tformula = formula(paste("x ~", main_var, "+", adj_formula))
    }
  }
  
  # Calculate the p-value for each pairwise comparison of taxa.
  p_data = matrix(NA, nrow = n_taxa, ncol = n_taxa)
  colnames(p_data) = taxa_id
  rownames(p_data) = taxa_id
  for (i in 1:(n_taxa - 1)) {
    # Loop through each taxon.
    # For each taxon i, additive log ratio (alr) transform the OTU table using taxon i as the reference.
    # e.g. the first alr matrix will be the log abundance data (comp_table) recursively subtracted 
    # by the log abundance of 1st taxon (1st column) column-wisely, and remove the first i columns since:
    # the first (i - 1) columns were calculated by previous iterations, and
    # the i^th column contains all zeros.
    alr_data = apply(comp_table, 1, function(x) x - comp_table[i, ]) 
    # apply(...) allows crossing the data in a number of ways and avoid explicit use of loop constructs.
    # Here, we basically want to iteratively subtract each column of the comp_table by its i^th column.
    alr_data = alr_data[, - (1:i), drop = FALSE]
    n_lr = dim(alr_data)[2] # number of log-ratios (lr)
    alr_data = cbind(alr_data, meta_data) # merge with the metadata
    
    # P-values
    if (is.null(rand_formula) & is.null(adj_formula)) {
      p_data[-(1:i), i] = apply(alr_data[, 1:n_lr, drop = FALSE], 2, function(x){
        suppressWarnings(tfun(tformula, 
                              data = data.frame(x, alr_data, 
                                                check.names = FALSE))$p.value)
      }
      ) 
    }else if (is.null(rand_formula) & !is.null(adj_formula)) {
      p_data[-(1:i), i] = apply(alr_data[, 1:n_lr, drop = FALSE], 2, function(x){
        fit = tfun(tformula, 
                   data = data.frame(x, alr_data, check.names = FALSE), 
                   na.action = na.omit)
        summary(fit)[[1]][main_var, "Pr(>F)"]
      }
      )
    }else if (!is.null(rand_formula)) {
      p_data[-(1:i), i] = apply(alr_data[, 1:n_lr, drop = FALSE], 2, function(x){
        fit = tfun(fixed = tformula, 
                   data = data.frame(x, alr_data, check.names = FALSE),
                   random = formula(rand_formula),
                   na.action = na.omit, ...)
        anova(fit)[main_var, "p-value"]
      }
      ) 
    }
  }
  # Complete the p-value matrix.
  # What we got from above iterations is a lower triangle matrix of p-values.
  p_data[upper.tri(p_data)] = t(p_data)[upper.tri(p_data)]
  diag(p_data) = 1 # let p-values on diagonal equal to 1
  p_data[is.na(p_data)] = 1 # let p-values of NA equal to 1
  
  # Multiple comparisons correction.
  q_data = apply(p_data, 2, function(x) p.adjust(x, method = p_adj_method))
  
  # Calculate the W statistic of ANCOM.
  # For each taxon, count the number of q-values < alpha.
  W = apply(q_data, 2, function(x) sum(x < alpha))
  
  # Organize outputs
  out_comp = data.frame(taxa_id, W, row.names = NULL, check.names = FALSE)
  # Declare a taxon to be differentially abundant based on the quantile of W statistic.
  # We perform (n_taxa - 1) hypothesis testings on each taxon, so the maximum number of rejections is (n_taxa - 1).
  out_comp = out_comp%>%mutate(detected_0.9 = ifelse(W > 0.9 * (n_taxa -1), TRUE, FALSE),
                               detected_0.8 = ifelse(W > 0.8 * (n_taxa -1), TRUE, FALSE),
                               detected_0.7 = ifelse(W > 0.7 * (n_taxa -1), TRUE, FALSE),
                               detected_0.6 = ifelse(W > 0.6 * (n_taxa -1), TRUE, FALSE))
  
  # Taxa with structural zeros are automatically declared to be differentially abundant
  if (!is.null(struc_zero)){
    out = data.frame(taxa_id = rownames(struc_zero), W = Inf, detected_0.9 = TRUE, 
                     detected_0.8 = TRUE, detected_0.7 = TRUE, detected_0.6 = TRUE, 
                     row.names = NULL, check.names = FALSE)
    out[match(taxa_id, out$taxa_id), ] = out_comp
  }else{
    out = out_comp
  }
  
  # Draw volcano plot
  # Calculate clr
  clr_table = apply(feature_table, 2, clr)
  # Calculate clr mean difference
  eff_size = apply(clr_table, 1, function(y) 
    lm(y ~ x, data = data.frame(y = y, 
                                x = meta_data %>% pull(main_var),
                                check.names = FALSE))$coef[-1])
  
  if (is.matrix(eff_size)){
    # Data frame for the figure
    dat_fig = data.frame(taxa_id = out$taxa_id, t(eff_size), y = out$W, check.names = FALSE) %>% 
      mutate(zero_ind = factor(ifelse(is.infinite(y), "Yes", "No"), levels = c("Yes", "No"))) %>%
      gather(key = group, value = x, rownames(eff_size))
    # Replcace "x" to the name of covariate
    dat_fig$group = sapply(dat_fig$group, function(x) gsub("x", paste0(main_var, " = "), x))
    # Replace Inf by (n_taxa - 1) for structural zeros
    dat_fig$y = replace(dat_fig$y, is.infinite(dat_fig$y), n_taxa - 1)
    
    fig = ggplot(data = dat_fig) + aes(x = x, y = y) + 
      geom_point(aes(color = zero_ind)) + 
      facet_wrap(~ group) +
      labs(x = "CLR mean difference", y = "W statistic") +
      scale_color_discrete(name = "Structural zero", drop = FALSE) + 
      theme_bw() +
      theme(plot.title = element_text(hjust = 0.5), legend.position = "top",
            strip.background = element_rect(fill = "white"))
    fig  
  } else{
    # Data frame for the figure
    dat_fig = data.frame(taxa_id = out$taxa_id, x = eff_size, y = out$W) %>% 
      mutate(zero_ind = factor(ifelse(is.infinite(y), "Yes", "No"), levels = c("Yes", "No")))
    # Replace Inf by (n_taxa - 1) for structural zeros
    dat_fig$y = replace(dat_fig$y, is.infinite(dat_fig$y), n_taxa - 1)
    
    fig = ggplot(data = dat_fig) + aes(x = x, y = y) + 
      geom_point(aes(color = zero_ind)) + 
      labs(x = "CLR mean difference", y = "W statistic") +
      scale_color_discrete(name = "Structural zero", drop = FALSE) + 
      theme_bw() +
      theme(plot.title = element_text(hjust = 0.5), legend.position = "top")
    fig
  }
  
  res = list(out = out, fig = fig)
  return(res)
}


###P1 st vs AE
#importing data#
otu_data = read_tsv("~/METAGENOMICS/16s results/AECOPD+CTR/AECOPD- diff abundance/P1.txt")
otu_id = otu_data$`OTU_ID`
otu_data = data.frame(otu_data[, -1], check.names = FALSE)
rownames(otu_data) = otu_id

meta_data = read_tsv("~/METAGENOMICS/16s results/AECOPD+CTR/AECOPD- diff abundance/P1_metadata.txt")[-1, ]
meta_data = meta_data %>% rename(Sample.ID = `#SampleID`)

#data processing#
feature_table = otu_data; sample_var = "Sample.ID"; group_var = "Group"
out_cut = 0.05; zero_cut = 0.90; lib_cut = 8000; neg_lb = TRUE
prepro = feature_table_pre_process(feature_table, meta_data, sample_var, group_var, 
                                   out_cut, zero_cut, lib_cut, neg_lb)
feature_table = prepro$feature_table # Preprocessed feature table
meta_data = prepro$meta_data # Preprocessed metadata
struc_zero = prepro$structure_zeros # Structural zero info

# Step 2: ANCOM

main_var = "Group"; p_adj_method = "fdr"; alpha = 0.05
adj_formula = NULL; rand_formula = NULL
control = lmeControl(maxIter = 100, msMaxIter = 100, opt = "optim")
t_start = Sys.time()
res = ANCOM(feature_table, meta_data, struc_zero, main_var, p_adj_method, 
            alpha, adj_formula, rand_formula, control = control)
t_end = Sys.time()
t_run = t_end - t_start # around 30s

write_csv(res$out, "~/METAGENOMICS/16s results/AECOPD+CTR/AECOPD- diff abundance/P1_ancom2.1.csv")

# Step 3: Volcano Plot

# Number of taxa except structural zeros
n_taxa = ifelse(is.null(struc_zero), nrow(feature_table), sum(apply(struc_zero, 1, sum) == 0))
# Cutoff values for declaring differentially abundant taxa
cut_off = c(0.9 * (n_taxa -1), 0.8 * (n_taxa -1), 0.7 * (n_taxa -1), 0.6 * (n_taxa -1))
names(cut_off) = c("detected_0.9", "detected_0.8", "detected_0.7", "detected_0.6")

# Annotation data
dat_ann = data.frame(x = min(res$fig$data$x), y = cut_off["detected_0.7"], label = "W[0.7]")

fig = res$fig + 
  geom_hline(yintercept = cut_off["detected_0.7"], linetype = "dashed") + 
  geom_text(data = dat_ann, aes(x = x, y = y, label = label), 
            size = 4, vjust = -0.5, hjust = 0, color = "orange", parse = TRUE)
fig  
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Metagenomics
#Metagenomics data analysis
#SMD_26_5_2022

mkdir analysis

cp -r /storage/home/smd/METAGENOMICS/CNAG/SOUSAANA_01/20211013/new_fastq/ .

md5sum filename > md5_test.txt

module load conda
screen
___

zcat 259UDI-idt-UMI_1.fastq.gz | head
zcat 259UDI-idt-UMI_1.fastq.gz | head -n 100
#nr of raw reads
zcat 631_EX1_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX1_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX2_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX2_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX3_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX3_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX4_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX4_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX5_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX5_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX6_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX6_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX7_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX7_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX8_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX8_2.fastq.gz | paste - - - - | wc -l
zcat 631_EX9_1.fastq.gz | paste - - - - | wc -l
zcat 631_EX9_2.fastq.gz | paste - - - - | wc -l
zcat 631_FU1_1.fastq.gz | paste - - - - | wc -l
zcat 631_FU1_2.fastq.gz | paste - - - - | wc -l
zcat 631_FU2_1.fastq.gz | paste - - - - | wc -l
zcat 631_FU2_2.fastq.gz | paste - - - - | wc -l
zcat 631_FU3_1.fastq.gz | paste - - - - | wc -l
zcat 631_FU3_2.fastq.gz | paste - - - - | wc -l
zcat 631_FU4_1.fastq.gz | paste - - - - | wc -l
zcat 631_FU4_2.fastq.gz | paste - - - - | wc -l
zcat 631_FU5_1.fastq.gz | paste - - - - | wc -l
zcat 631_FU5_2.fastq.gz | paste - - - - | wc -l
zcat 631_PostEX_1.fastq.gz | paste - - - - | wc -l
zcat 631_PostEX_2.fastq.gz | paste - - - - | wc -l

#quality check
module load seqkit
seqkit stats *.fastq.gz -a

#convert to fasta
seqkit fq2fa 631_EX1_1.fastq.gz -o 631_EX1_1.fasta
seqkit fq2fa 631_EX1_2.fastq.gz -o 631_EX1_2.fasta
seqkit fq2fa 631_EX2_1.fastq.gz -o 631_EX2_1.fasta
seqkit fq2fa 631_EX2_2.fastq.gz -o 631_EX2_2.fasta
seqkit fq2fa 631_EX3_1.fastq.gz -o 631_EX3_1.fasta
seqkit fq2fa 631_EX3_2.fastq.gz -o 631_EX3_2.fasta
seqkit fq2fa 631_EX4_1.fastq.gz -o 631_EX4_1.fasta
seqkit fq2fa 631_EX4_2.fastq.gz -o 631_EX4_2.fasta
seqkit fq2fa 631_EX5_1.fastq.gz -o 631_EX5_1.fasta
seqkit fq2fa 631_EX5_2.fastq.gz -o 631_EX5_2.fasta
seqkit fq2fa 631_EX6_1.fastq.gz -o 631_EX6_1.fasta
seqkit fq2fa 631_EX6_2.fastq.gz -o 631_EX6_2.fasta
seqkit fq2fa 631_EX7_1.fastq.gz -o 631_EX7_1.fasta
seqkit fq2fa 631_EX7_2.fastq.gz -o 631_EX7_2.fasta
seqkit fq2fa 631_EX8_1.fastq.gz -o 631_EX8_1.fasta
seqkit fq2fa 631_EX8_2.fastq.gz -o 631_EX8_2.fasta
seqkit fq2fa 631_EX9_1.fastq.gz -o 631_EX9_1.fasta
seqkit fq2fa 631_EX9_2.fastq.gz -o 631_EX9_2.fasta
seqkit fq2fa 631_PostEX_1.fastq.gz -o 631_PostEX_1.fasta
seqkit fq2fa 631_PostEX_2.fastq.gz -o 631_PostEX_2.fasta
seqkit fq2fa 631_FU1_1.fastq.gz -o 631_FU1_1.fasta
seqkit fq2fa 631_FU1_2.fastq.gz -o 631_FU1_2.fasta
seqkit fq2fa 631_FU2_1.fastq.gz -o 631_FU2_1.fasta
seqkit fq2fa 631_FU2_2.fastq.gz -o 631_FU2_2.fasta
seqkit fq2fa 631_FU3_1.fastq.gz -o 631_FU3_1.fasta
seqkit fq2fa 631_FU3_2.fastq.gz -o 631_FU3_2.fasta
seqkit fq2fa 631_FU4_1.fastq.gz -o 631_FU4_1.fasta
seqkit fq2fa 631_FU4_2.fastq.gz -o 631_FU4_2.fasta
seqkit fq2fa 631_FU5_1.fastq.gz -o 631_FU5_1.fasta
seqkit fq2fa 631_FU5_2.fastq.gz -o 631_FU5_2.fasta

#Concatenate
cat 631_EX1_1.fasta 631_EX1_2.fasta > 631_EX1_cat.fasta
cat 631_EX2_1.fasta 631_EX2_2.fasta > 631_EX2_cat.fasta
cat 631_EX3_1.fasta 631_EX3_2.fasta > 631_EX3_cat.fasta
cat 631_EX4_1.fasta 631_EX4_2.fasta > 631_EX4_cat.fasta
cat 631_EX5_1.fasta 631_EX5_2.fasta > 631_EX5_cat.fasta
cat 631_EX6_1.fasta 631_EX6_2.fasta > 631_EX6_cat.fasta
cat 631_EX7_1.fasta 631_EX7_2.fasta > 631_EX7_cat.fasta
cat 631_EX8_1.fasta 631_EX8_2.fasta > 631_EX8_cat.fasta
cat 631_EX9_1.fasta 631_EX9_2.fasta > 631_EX9_cat.fasta
cat 631_PostEX_1.fasta 631_EX9_2.fasta > 631_PostEX_cat.fasta
cat 631_FU1_1.fasta 631_FU1_2.fasta > 631_FU1_cat.fasta
cat 631_FU2_1.fasta 631_FU2_2.fasta > 631_FU2_cat.fasta
cat 631_FU3_1.fasta 631_FU3_2.fasta > 631_FU3_cat.fasta
cat 631_FU4_1.fasta 631_FU4_2.fasta > 631_FU4_cat.fasta
cat 631_FU5_1.fasta 631_FU5_2.fasta > 631_FU5_cat.fasta

#fastqc
module load fastqc
fastqc 631_EX1_1.fastq.gz 631_EX1_2.fastq.gz 631_EX2_1.fastq.gz 631_EX2_2.fastq.gz 631_EX3_1.fastq.gz 631_EX3_2.fastq.gz 631_EX4_1.fastq.gz 631_EX4_2.fastq.gz 631_EX5_1.fastq.gz 631_EX5_2.fastq.gz 631_EX6_1.fastq.gz 631_EX6_2.fastq.gz 631_EX7_1.fastq.gz 631_EX7_2.fastq.gz 631_EX8_1.fastq.gz 631_EX8_2.fastq.gz 631_EX9_1.fastq.gz 631_EX9_2.fastq.gz 631_FU1_1.fastq.gz 631_FU1_2.fastq.gz 631_FU2_1.fastq.gz 631_FU2_2.fastq.gz 631_FU3_1.fastq.gz 631_FU3_2.fastq.gz 631_FU4_1.fastq.gz 631_FU4_2.fastq.gz 631_FU5_1.fastq.gz 631_FU5_2.fastq.gz 631_PostEX_1.fastq.gz 631_PostEX_2.fastq.gz --dir fastqc

#clumpify in NovaSeq data
module load BBTools
clumpify.sh in1=631_EX1_1.fastq.gz in2=631_EX1_2.fastq.gz out1=631_EX1_1_clumped.fastq.gz out2=631_EX1_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX2_1.fastq.gz in2=631_EX2_2.fastq.gz out1=631_EX2_1_clumped.fastq.gz out2=631_EX2_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX3_1.fastq.gz in2=631_EX3_2.fastq.gz out1=631_EX3_1_clumped.fastq.gz out2=631_EX3_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX4_1.fastq.gz in2=631_EX4_2.fastq.gz out1=631_EX4_1_clumped.fastq.gz out2=631_EX4_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX5_1.fastq.gz in2=631_EX5_2.fastq.gz out1=631_EX5_1_clumped.fastq.gz out2=631_EX5_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX6_1.fastq.gz in2=631_EX6_2.fastq.gz out1=631_EX6_1_clumped.fastq.gz out2=631_EX6_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX7_1.fastq.gz in2=631_EX7_2.fastq.gz out1=631_EX7_1_clumped.fastq.gz out2=631_EX7_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX8_1.fastq.gz in2=631_EX8_2.fastq.gz out1=631_EX8_1_clumped.fastq.gz out2=631_EX8_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_EX9_1.fastq.gz in2=631_EX9_2.fastq.gz out1=631_EX9_1_clumped.fastq.gz out2=631_EX9_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_FU1_1.fastq.gz in2=631_FU1_2.fastq.gz out1=631_FU1_1_clumped.fastq.gz out2=631_FU1_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_FU2_1.fastq.gz in2=631_FU2_2.fastq.gz out1=631_FU2_1_clumped.fastq.gz out2=631_FU2_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_FU3_1.fastq.gz in2=631_FU3_2.fastq.gz out1=631_FU3_1_clumped.fastq.gz out2=631_FU3_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_FU4_1.fastq.gz in2=631_FU4_2.fastq.gz out1=631_FU4_1_clumped.fastq.gz out2=631_FU4_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_FU5_1.fastq.gz in2=631_FU5_2.fastq.gz out1=631_FU5_1_clumped.fastq.gz out2=631_FU5_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g
clumpify.sh in1=631_PostEX_1.fastq.gz in2=631_PostEX_2.fastq.gz out1=631_PostEX_1_clumped.fastq.gz out2=631_PostEX_2_clumped.fastq.gz dedupe optical dist=12000 -Xmx8g

mkdir clumped
cp *clumped.fastq.gz /storage/home/smd/METAGENOMICS/CNAG/SOUSAANA_01/20211013/analysis/clumped/
cd clumped
module load afterQC
#add R to sequence name
after.py -d ./ -t 1 

cp *clumped.good.fq.gz /storage/home/smd/METAGENOMICS/CNAG/SOUSAANA_01/20211013/analysis/clumped/no_host
 cp 631_PostEX_R1_clumped.good.fq.gz /storage/home/smd/METAGENOMICS/CNAG/SOUSAANA_01/20211013/analysis/clumped/no_host
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_PostEX_R1_clumped.good.fq.gz 631_PostEX_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_FU1_R1_clumped.good.fq.gz 631_FU1_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_FU2_R1_clumped.good.fq.gz 631_FU2_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_FU3_R1_clumped.good.fq.gz 631_FU3_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_FU4_R1_clumped.good.fq.gz 631_FU4_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_FU5_R1_clumped.good.fq.gz 631_FU5_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX1_R1_clumped.good.fq.gz 631_EX1_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX2_R1_clumped.good.fq.gz 631_EX2_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX3_R1_clumped.good.fq.gz 631_EX3_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX4_R1_clumped.good.fq.gz 631_EX4_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX5_R1_clumped.good.fq.gz 631_EX5_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX6_R1_clumped.good.fq.gz 631_EX6_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX7_R1_clumped.good.fq.gz 631_EX7_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX8_R1_clumped.good.fq.gz 631_EX8_R2_clumped.good.fq.gz
fastq_screen -conf /usr/local/software/bioinformatics/fastqScreen/0.15.1/fastq_screen_human.conf --nohits 631_EX9_R1_clumped.good.fq.gz 631_EX9_R2_clumped.good.fq.gz

cp *clumped.good.tagged_filter.fastq.gz /storage/home/smd/METAGENOMICS/CNAG/SOUSAANA_01/20211013/analysis/clumped/filtered/

module load seqkit
seqkit stats *.good.tagged_filter.fastq.gz

module load BBTools
repair.sh in=631_EX1_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX1_R2_clumped.good.tagged_filter.fastq.gz out=631_EX1_R1_pair.fastq.gz out2=631_EX1_R2_pair.fastq.gz outs=631_EX1_unpair.fastq.gz
repair.sh in=631_EX2_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX2_R2_clumped.good.tagged_filter.fastq.gz out=631_EX2_R1_pair.fastq.gz out2=631_EX2_R2_pair.fastq.gz outs=631_EX2_unpair.fastq.gz
repair.sh in=631_EX3_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX3_R2_clumped.good.tagged_filter.fastq.gz out=631_EX3_R1_pair.fastq.gz out2=631_EX3_R2_pair.fastq.gz outs=631_EX3_unpair.fastq.gz
repair.sh in=631_EX4_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX4_R2_clumped.good.tagged_filter.fastq.gz out=631_EX4_R1_pair.fastq.gz out2=631_EX4_R2_pair.fastq.gz outs=631_EX4_unpair.fastq.gz
repair.sh in=631_EX5_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX5_R2_clumped.good.tagged_filter.fastq.gz out=631_EX5_R1_pair.fastq.gz out2=631_EX5_R2_pair.fastq.gz outs=631_EX5_unpair.fastq.gz
repair.sh in=631_EX6_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX6_R2_clumped.good.tagged_filter.fastq.gz out=631_EX6_R1_pair.fastq.gz out2=631_EX6_R2_pair.fastq.gz outs=631_EX6_unpair.fastq.gz
repair.sh in=631_EX7_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX7_R2_clumped.good.tagged_filter.fastq.gz out=631_EX7_R1_pair.fastq.gz out2=631_EX7_R2_pair.fastq.gz outs=631_EX7_unpair.fastq.gz
repair.sh in=631_EX8_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX8_R2_clumped.good.tagged_filter.fastq.gz out=631_EX8_R1_pair.fastq.gz out2=631_EX8_R2_pair.fastq.gz outs=631_EX8_unpair.fastq.gz
repair.sh in=631_EX9_R1_clumped.good.tagged_filter.fastq.gz in2=631_EX9_R2_clumped.good.tagged_filter.fastq.gz out=631_EX9_R1_pair.fastq.gz out2=631_EX9_R2_pair.fastq.gz outs=631_EX9_unpair.fastq.gz
repair.sh in=631_FU1_R1_clumped.good.tagged_filter.fastq.gz in2=631_FU1_R2_clumped.good.tagged_filter.fastq.gz out=631_FU1_R1_pair.fastq.gz out2=631_FU1_R2_pair.fastq.gz outs=631_FU1_unpair.fastq.gz
repair.sh in=631_FU2_R1_clumped.good.tagged_filter.fastq.gz in2=631_FU2_R2_clumped.good.tagged_filter.fastq.gz out=631_FU2_R1_pair.fastq.gz out2=631_FU2_R2_pair.fastq.gz outs=631_FU2_unpair.fastq.gz
repair.sh in=631_FU3_R1_clumped.good.tagged_filter.fastq.gz in2=631_FU3_R2_clumped.good.tagged_filter.fastq.gz out=631_FU3_R1_pair.fastq.gz out2=631_FU3_R2_pair.fastq.gz outs=631_FU3_unpair.fastq.gz
repair.sh in=631_FU4_R1_clumped.good.tagged_filter.fastq.gz in2=631_FU4_R2_clumped.good.tagged_filter.fastq.gz out=631_FU4_R1_pair.fastq.gz out2=631_FU4_R2_pair.fastq.gz outs=631_FU4_unpair.fastq.gz
repair.sh in=631_FU5_R1_clumped.good.tagged_filter.fastq.gz in2=631_FU5_R2_clumped.good.tagged_filter.fastq.gz out=631_FU5_R1_pair.fastq.gz out2=631_FU5_R2_pair.fastq.gz outs=631_FU5_unpair.fastq.gz
repair.sh in=631_PostEX_R1_clumped.good.tagged_filter.fastq.gz in2=631_PostEX_R2_clumped.good.tagged_filter.fastq.gz out=631_PostEX_R1_pair.fastq.gz out2=631_PostEX_R2_pair.fastq.gz outs=631_PostEX_unpair.fastq.gz

bbmerge.sh in1=631_EX1_R1_pair.fastq.gz in2=631_EX1_R2_pair.fastq.gz out=631_EX1_merged.fastq.gz outu1=631_EX1_unmerged_R1.fastq.gz outu2=631_EX1_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX2_R1_pair.fastq.gz in2=631_EX2_R2_pair.fastq.gz out=631_EX2_merged.fastq.gz outu1=631_EX2_unmerged_R1.fastq.gz outu2=631_EX2_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX3_R1_pair.fastq.gz in2=631_EX3_R2_pair.fastq.gz out=631_EX3_merged.fastq.gz outu1=631_EX3_unmerged_R1.fastq.gz outu2=631_EX3_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX4_R1_pair.fastq.gz in2=631_EX4_R2_pair.fastq.gz out=631_EX4_merged.fastq.gz outu1=631_EX4_unmerged_R1.fastq.gz outu2=631_EX4_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX5_R1_pair.fastq.gz in2=631_EX5_R2_pair.fastq.gz out=631_EX5_merged.fastq.gz outu1=631_EX5_unmerged_R1.fastq.gz outu2=631_EX5_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX6_R1_pair.fastq.gz in2=631_EX6_R2_pair.fastq.gz out=631_EX6_merged.fastq.gz outu1=631_EX6_unmerged_R1.fastq.gz outu2=631_EX6_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX7_R1_pair.fastq.gz in2=631_EX7_R2_pair.fastq.gz out=631_EX7_merged.fastq.gz outu1=631_EX7_unmerged_R1.fastq.gz outu2=631_EX7_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX8_R1_pair.fastq.gz in2=631_EX8_R2_pair.fastq.gz out=631_EX8_merged.fastq.gz outu1=631_EX8_unmerged_R1.fastq.gz outu2=631_EX8_unmerged_R2.fastq.gz
bbmerge.sh in1=631_EX9_R1_pair.fastq.gz in2=631_EX9_R2_pair.fastq.gz out=631_EX9_merged.fastq.gz outu1=631_EX9_unmerged_R1.fastq.gz outu2=631_EX9_unmerged_R2.fastq.gz
bbmerge.sh in1=631_FU1_R1_pair.fastq.gz in2=631_FU1_R2_pair.fastq.gz out=631_FU1_merged.fastq.gz outu1=631_FU1_unmerged_R1.fastq.gz outu2=631_FU1_unmerged_R2.fastq.gz
bbmerge.sh in1=631_FU2_R1_pair.fastq.gz in2=631_FU2_R2_pair.fastq.gz out=631_FU2_merged.fastq.gz outu1=631_FU2_unmerged_R1.fastq.gz outu2=631_FU2_unmerged_R2.fastq.gz
bbmerge.sh in1=631_FU3_R1_pair.fastq.gz in2=631_FU3_R2_pair.fastq.gz out=631_FU3_merged.fastq.gz outu1=631_FU3_unmerged_R1.fastq.gz outu2=631_FU3_unmerged_R2.fastq.gz
bbmerge.sh in1=631_FU4_R1_pair.fastq.gz in2=631_FU4_R2_pair.fastq.gz out=631_FU4_merged.fastq.gz outu1=631_FU4_unmerged_R1.fastq.gz outu2=631_FU4_unmerged_R2.fastq.gz
bbmerge.sh in1=631_FU5_R1_pair.fastq.gz in2=631_FU5_R2_pair.fastq.gz out=631_FU5_merged.fastq.gz outu1=631_FU5_unmerged_R1.fastq.gz outu2=631_FU5_unmerged_R2.fastq.gz
bbmerge.sh in1=631_PostEX_R1_pair.fastq.gz in2=631_PostEX_R2_pair.fastq.gz out=631_PostEX_merged.fastq.gz outu1=631_PostEX_unmerged_R1.fastq.gz outu2=631_PostEX_unmerged_R2.fastq.gz

module load multiqc
multiqc .

mkdir pairs
cp *pair.fastq.gz /storage/home/smd/METAGENOMICS/CNAG/SOUSAANA_01/20211013/analysis/clumped/pairs/

#copy files from one server to the other
#always writte the commands in iBiMED server
#from server (ibimed) to cluster (ua)
scp 6*.fastq.gz smd@192.168.163.130:/storage/home/smd/pairs
#from cluster (ua) to server (ibimed)
#scp smd@192.168.163.130://storage/home/smd/pairs .

#taxonomic assigment of reads
module load kaiju
module help kaiju


#analysing all samples
module load kaiju

#run for all samples (or use the files produced above)
kaiju -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp -f /usr/local/software/metagenomics/kaiju/databases/progenomes/kaiju_db_progenomes.fmi -i <(gunzip -c 631_EX1_R1_pair.fastq.gz) -j <(gunzip -c 631_EX1_R2_pair.fastq.gz) -z 4 -x -s 75 -e 5 -o ex1_proGenomes_kaiju.out -v

kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex1_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex1_proGenomes_kaiju.names.out.taxa 
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex2_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex2_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex3_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex3_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex4_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex4_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex5_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex5_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex6_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex6_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex7_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex7_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex8_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex8_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i ex9_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o ex9_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i fu1_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o fu1_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i fu2_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o fu2_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i fu3_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o fu3_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i fu4_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o fu4_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i fu5_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o fu5_proGenomes_kaiju.names.out.taxa
kaiju-addTaxonNames -t /usr/local/software/metagenomics/kaiju/databases/nodes.dmp  -n /usr/local/software/metagenomics/kaiju/databases/names.dmp -i postex_proGenomes_kaiju.out -r superkingdom,phylum,class,order,family,genus,species -o postex_proGenomes_kaiju.names.out.taxa

head ex1_proGenomes_kaiju.names.out.taxa 
#ex1->sample1; ex2->sample2; ex3->sample3; ex4->sample4; ex5->sample5; ex6->sample6; ex7->sample7; ex8->sample8; ex9->sample9; fu1->sample10; fu2->sample11; fu3->sample12; fu4->sample13; fu5->sample4; postex->sample15

awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex1_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample1_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex2_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample2_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex3_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample3_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex4_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample4_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex5_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample5_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex6_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample6_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex7_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample7_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex8_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample8_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' ex9_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample9_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' fu1_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample10_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' fu2_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample11_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' fu3_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample12_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' fu4_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample13_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' fu5_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample14_countTaxa.txt
awk -F '\t' 'BEGIN{FS=OFS="\t"}{print $8}' postex_proGenomes_kaiju.names.out.taxa | sort | uniq -c | sed -E 's/^ *//; s/ /\t/' | awk 'BEGIN {FS="\t"; OFS="\t"} {print $2, $1}' > sample15_countTaxa.txt


sort -t$'\t' -k2 -nr sample1_countTaxa.txt > sample1_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample2_countTaxa.txt > sample2_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample3_countTaxa.txt > sample3_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample4_countTaxa.txt > sample4_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample5_countTaxa.txt > sample5_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample6_countTaxa.txt > sample6_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample7_countTaxa.txt > sample7_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample8_countTaxa.txt > sample8_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample9_countTaxa.txt > sample9_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample10_countTaxa.txt > sample10_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample11_countTaxa.txt > sample11_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample12_countTaxa.txt > sample12_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample13_countTaxa.txt > sample13_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample14_countTaxa.txt > sample14_countTaxa_sorted.txt
sort -t$'\t' -k2 -nr sample15_countTaxa.txt > sample15_countTaxa_sorted.txt

#add manually the NA; NA; NA; NA; NA; NA; NA; to non assigned reads of each sample

mv merge_tables.txt merge_tables.py
python3 merge_tables.py *_countTaxa_sorted.txt > merged_kaiju.txt

	#reapt the analyses of all samples with the data base nr_euk in the cluster
/software/metagenomics/kaiju/databases/nodes.dmp
/software/metagenomics/kaiju/databases/names.dmp
/software/metagenomics/kaiju/databases/nr_euk/kaiju_db_nr_euk.fmi

#run for all samples
kaiju -t /software/metagenomics/kaiju/databases/nodes.dmp -f /software/metagenomics/kaiju/databases/nr_euk/kaiju_db_nr_euk.fmi -i <(gunzip -c 631_EX1_R1_pair.fastq.gz) -j <(gunzip -c 631_EX1_R2_pair.fastq.gz) -z 4 -x -s 75 -e 5 -o ex1_nr_euk_kaiju.out -v

#producing files for phyloseq analyses
	#taxonomy file
	awk 'BEGIN {FS="\t"}; {print $1}' merged_kaiju.txt | awk '$1=$1' FS="; " OFS="\t" | sed 's/[[:space:]]*$//' | sed '1d' > taxonomy.txt
	#read count file
	awk 'BEGIN {FS=OFS="\t"}; {print $2,$3,$4,$5,$6,$7,$8,$9}' merged_kaiju.txt > read_counts.txt
	#or
	awk 'BEGIN {FS=OFS="\t"}; {print $2,$3,$4,$5,$6,$7,$8,$9}', print all columns, except column 1


#functional profiles
cd METAGENOMICS_ALL/CNAG/SOUSAANA_01/20211013/analysis/clumped/pairs/
mkdir functionality
cp 631*_pair.fastq.gz functionality
#in folder pairs
module load superfocus
superfocus -q functionality -dir func_prof -a diamond -n 0 -t 16 -db DB_98
#functionality is the folder where the paired reads were; func_prof is the output file
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