Amplicon Analysis Report

CASCABEL is designed to run amplicon sequence analysis across single or multiple read libraries. This report consists of the ASV table
creation and taxonomic assignment for all the combined accepted reads of given samples or libraries, if multiple.

User description: Example for single library run with Cascabel using the ASV analysis workflow
Filter and Trim

Once that all the individual libraries were demultiplexed, the fastq files from all the samples for all the libraries were processed together.

The filter and trimming steps were both performed with the filterAndTrim() function from the R package dada2, according to user
parameters.

Tool: dada2

Version: [1] ‘1.14.1°

Function: filterAndTrim()

Max Expected Errors (maxEE) FW: 3
Max Expected Errors (maxEE) RV: 5
Forward read truncation: 200
Reverse read truncation: 200

Command:

Scripts/asvFilter.R $PWD T 200 200 3 5 10 ",truncQ=2, rm.phix=TRUE" CascabelTest/runs/report_test/asv/filter_summary.out

Output file:
- Filtered fastq files: CascabelTest/runs/report_test/<Library>/demultiplexed/filtered/
- Summary: CascabelTest/runs/report_test/asv/filter_summary.out

Note: To speed up downstream computation, consider tightening maxEE. If too few reads are passing the filter, consider relaxing maxEE,
perhaps especially on the reverse reads.

Make sure that your forward and reverse reads overlap after length truncation.

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

378.85 15403.61 21201.64 13860.07  14040.03  1099.64 97158 0.00

Amplicon Sequence Variants
In order to identify ASVs, dada2 workflow require to execute several steps. Following a summary of these steps and its main parameters.
Tool: dada2

Version: [1] ‘1.14.1°
Learn errors

The first step after filtering the reads is to learn the errors from the fastq files.
Function: learnErrors(filteredFQ)

Error plots:

- FW reads error plot:: CascabelTest/runs/report_test/asv/fw_err.pdf

- RV reads error plot:: CascabelTest/runs/report_test/asv/rv_err.pdf
ASYV inference

The amplicon sequence variant identification consists of a high resolution sample inference from the amplicon data using the learned
errors.



Function: dada(filteredFQ, errors, pool="pseudo’)

Merge pairs

In this step, forward and reverse reads are paired in order to create full denoised sequences.
Function: mergePairs(dadaF, dadaR)

Min overlap: 12

Max mismatch: 0
Length filtering

Sequences that are much longer or shorter than expected may be the result of non-specific priming.
- Shortest length: 242

- Longest length: 262
Remove chimeras

Sequence variants identified as bimeric are removed, and a bimera-free collection of unique sequences is generated.
Function: removeBimeraDenovo()

Method: consensus

Output files:

- Representative ASV sequences: CascabelTest/runs/report_test/asv/representative_seq_set.fasta

The total number of different ASVs is: 2629

Assign taxonomy

Given a set of sequences, assign the taxonomy of each sequence.

Tool: RDP

Function: assignTaxonomy() implementation of RDP Classifier within dada2

Reference database: /export/data01/databases/silva/r132/dada2/silva_nr_v132_train_set.fa.gz

The percentage of successfully assigned ASVs is: 99.70%

Output file:

- ASV taxonomy assignation: CascabelTest/runs/report_test/asv/taxonomy_dada2/representative_seq_set_tax_assignments.txt
The previous steps were performed within a Cascabel R script according to the following command:

Command

Scripts/asvDada2.R $PWD pseudo 10 T selfConsist=FALSE CascabelTest/runs/report_test/asv/ 260 220 10 T
/export/data01/databases/silva/r132/dada2/silva_nr_v132_train_set.fa.gz

/export/data01/databases/silva/r132/dada2/silva_species_assignment_v132.fa.gz T minBoot=45 12 0

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

8201.23  8875.18 10157.10 8865.45 8868.06 104252  1.47 0.00

Make ASV table

Tabulates the number of times an ASV is found in each sample, and adds the taxonomic predictions for each ASV in the last column.

Command:

cat CascabelTest/runs/report_test/asv/taxonomy_dada2/representative_seq_set_tax_assignments.txt | awk 'NR==FNR{if(NR>1)
{tax=$2;for(i=3;i<=NF;i++){tax=tax";"$i};h[$1]=tax;}next;} {if(FNR==1){print $0"ttaxonomy"}else{print $0"t"h[$1]}' -

CascabelTest/runs/report_test/asv/asv_table.txt > CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable.txt

Output file:



- ASV table: CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable.txt

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

0.03 0.00

Convert ASV table

Convert from txt to the BIOM table format.
Tool: [BIOM]

Version: biom, version 2.1.6

Command:

biom convert -i CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable.txt -0
CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable.biom --table-type 'OTU table' --table type "OTU table" --to-hdf5 --

process-obs-metdata taxonomy

Output file:
- Biom format table: CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable.biom

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

0.91 65.07 474477 62.83 62.87 0.00 0.01 0.00

Summarize Taxa

Summarize information of the representation of taxonomic groups within each sample.
Tool: [QIIME] - summarize_taxa.py
Version: summarize_taxa.py 1.9.1

Command:

summarize_taxa.py -i CascabelTest/runs/report_test/asv/taxonomy_dada2/otuTable.biom --level 2,3,4,5,6,7 -0

CascabelTest/runs/report_test/asv/taxonomy_dada2/summary/

Output file:

- Taxonomy summarized counts at different taxonomy levels:
CascabelTest/runs/report_test/asv/taxonomy_dada2/summary/otuTable L**N**.txt

Where N is the taxonomy level. Default configuration produces levels from 2 to 6.

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

1578 139.28 5691.64 136.97 137.02 0.81 2.99 0.00

Filter ASV table

Filter ASVs from an ASV table based on their observed counts or identifier.
Tool: [QIIME] - filter_otus_from_otu_table.py

Version: filter_otus_from_otu_table.py 1.9.1

Minimum observation counts: 2

Command:

filter_otus_from_otu_table.py -i CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable.biom -0




CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable_noSingletons.biom -n 2

Output file:
- Biom table: CascabelTest/runs/report_test/asv/taxonomy_dada2/otuTable_noSingletons.biom

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io out mean_load

187 129.54 5575.93 127.27 127.32 0.82 0.02 0.00

Convert Filtered ASV table

Convert the filtered OTU table from the BIOM table format to a human readable format
Tool: [BIOM]

Version: biom, version 2.1.6

Command:

biom convert -i CascabelTest/runs/report_test/otu/taxonomy_dada2/asvTable_noSingletons.biom -o
CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable_noSingletons.txt --table-type 'OTU table' --header-key taxonomy --

to-tsv

Output file:
- TSV format table: CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable_noSingletons.txt

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

1.01 72.38 4788.71 70.28 70.32 0.00 0.01 0.00

Filter representative sequences
Remove sequences according to the filtered OTU biom table.
Tool: [QIIME] - filter_fasta.py

Version: filter_fasta.py 1.9.1

Command:

filter_fasta.py -f CascabelTest/samples/report_test/asv/representative_seq_set.fasta -o
CascabelTest/samples/report_test/asv/taxonomy_dada2/representative_seq_set_noSingletons.fasta -b

CascabelTest/samples/report_test/asv/taxonomy_dada2/otuTable_noSingletons.biom

Output file:

- Filtered fasta file: CascabelTest/samples/report_test/asv/taxonomy_dada2/representative_seq_set_noSingletons.fasta
Align representative sequences

Align the sequences in a FASTA file to each other or to a template sequence alignment.

Tool: [QIIME] - align_segs.py

Version: TBD

Method: [pynast]

Command:

align_seqgs.py -m pynast -i CascabelTest/runs/report_test/asv/dada2/representative_seq_set_noSingletons.fasta -o

CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_aligned.fasta

Output files:

- Aligned fasta file: CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_aligned.fasta



- Log file: CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_log.txt
Benchmark info:
s max_rss max_vms max_uss max_pss io_in io_out mean_load

70.07  340.83 5686.10 337.20 337.26 5179 14.61 0.00

Filter alignment

Removes positions which are gaps in every sequence.
Tool: [QIIME] - filter_alignment.py
Version: filter_alignment.py 1.9.1

Command:

filter_alignment.py -i
CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_aligned.fasta -o

CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/filtered/

Output file:

- Aligned fasta file:
CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_aligned_pfiltered.fasta

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load
12.50 142.64 5668.98 140.34 140.39 19.20 0.96 0.00
Make tree

Create phylogenetic tree (newick format).
Tool: [QIIME] - make_phylogeny.py
Version: make_phylogeny.py 1.9.1
Method: [fasttree]

Command:

make_phylogeny.py -i
CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_aligned.fasta -o

representative_seq_set_noSingletons_aligned_pfiltered.tre -t fasttree

Output file:
- Taxonomy tree: CascabelTest/runs/report_test/asv/taxonomy_dada2/aligned/representative_seq_set_noSingletons_aligned.tre

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

18.79  142.04 5694.46 138.03 138.11 1.34 0.96 0.00

Krona report

Krona allows hierarchical data to be explored with zooming, multi-layered pie charts.
Tool: [Krona]

These charts were created using the ASV table without singletons

The report was executed for all the samples.

Each sample is represented on a separated chart (same html report).

You can see the report at the following link:

- Krona report: kreport



Or access the html file at:
- Krona html file: CascabelTest/runs/report_test/asv/taxonomy_dada2/krona_report.html

Benchmark info:

s max_rss max_vms max_uss max_pss io_in io_out mean_load

3.07 3411 389.77 27.23 28.57 4.70 5.80 0.00

Final counts

Following the read counts:

File description

Demultiplexed
reads

QA filtered &
trimmed reads

Denoised FW
reads

Denoised RV
reads

Merged and full
denoised reads

Length filtered

Chimera
removed

ASV table

Taxonomy
assignation

ASV table (no
singletons: a > 2)

Assigned no
singletons

Location

CascabelTest/runs/report_test/<LIBRARY>_data/demultiplexed/* .fastq.gz

CascabelTest/runs/report_test/<LIBRARY>_data/demultiplexed/filtered/*.fastq.gz

No intermediate file generated

NO intermediate file generated

No intermediate file generated

No intermediate file generated

No intermediate file generated

CascabelTest/runs/report_test/asv/asvTable.ixt

CascabelTest/runs/report_test/asv/taxonomy_dada2/representative_seq_set_tax_assignments.txt

CascabelTest/runs/report_test/asv/taxonomy_dada2/asvTable_noSingletons.txt

CascabelTest/runs/report_test/otu/taxonomy_vsearch/asvTable_noSingletons.txt

#

6484697

6275118

6227699

6215133

5969708

5969503

5375705

2629

2621

2626

2618

(%)

100%

96.77%

96.04%

95.84%

92.06%

92.06%

82.90%

0.04%

99.70%

99.89%

99.70%
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Note:

- Assigned ASVs percentage is the amount of successfully assigned ASVs.
- No singletons percentage is the percentage of no singletons ASVs in reference to the complete ASV table.
- Assigned No singletons is the amount of successfully no singletons assigned ASVs.
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