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UPSTREAM ANALYSIS

Decompress files from Illumina sequencing

tar –xvf Name_File_PrimerSortedDemultiplexed.tgz

Join two reds (R1 and R2)

join_paired_ends.py –f $PWD/16S_V3_Sample1_GTATCGTCGT_R1.fastq –r
$PWD/16S_V3_Sample1_GTATCGTCGTA_R2.fastq –o $PWD/fastq-join_joinedSample1

- Output: you get a folder for each sample, containing 3 files: join reads, unjoin 1 and
unjoin 2 (all in .fastq format)

It can be done for each samples or use the multiple join script

multiple_join_paired_ends.py –i folder_samples –o folder_joinreads
--read1_indicator ‘_R1’ --read2_indicator ‘_R2’

- Output: folder with a log.txt file and a folder for each sample. Inside the folder of
each sample there are 3 files (same as above)

For further steps you will need the join reads file (.fastq format). For convenience I
took each file and changed the name of it according to the sample (i.e. S01_join.fastq,
S02_join.fastq, S03_join.fastq…) and store them on a new folder.

Split libraries

After you have a folder with join reads you continue to Split libraries (it’s a step for
quality filtering)

multiple_split_libraries_fastq.py –i join_reads –p parameter_file.txt –o
split_librariesSamples --demultiplexing_method sampleid_by_file

- Input: folder with the join reads of each sample as for –p you have to make a
parameter file in .txt format where you specify the setting for the original script (ie. If
you want to increase de quality score you will have to write on the parameter file:
split_libraries_fastq.py:phred_quality_threshold 19)
- Output: you get a folder with 4 files (histograms.txt, log_.txt, seqs.fna,
split_library_log.txt). The seqs.fna is the file you will need for further steps (in this file
now you only have the sequences and not the quality score anymore)

Pick OTUs and chimera checking
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On the same script you can pick the OTUs and do the chimera checking if you do it with
the method of “usearch” which uses UCHIME (it has been shown that is faster and
better than other methods for chimera checking)

pick_otus.py –i split_librariesSamples/seqs.fna –m usearch --db gold.fa –o
usearch_qf_resultsSamples/ --word_length 64

- Input: the seqs.fna file you got from the split libraries script
- Output: you get a folder with 27 files. The file you will need for further steps is
seqs_otus.txt. On the website: http://qiime.org/tutorials/usearch_quality_filter.html
you can see the 11 steps this scripts performs.

Pick representative set of sequences

After you have the OTUs you need to pick the representative sequence of each OTU

pick_rep_set.py –i usearch_qf_results3samples/seqs_otus.txt –f
split_librariesSamples/seqs.fna –m most abundant –o rep_setSamples.fna

- Input: you will need the file from the last step (pick_otus.py) and also as –f you need
the seqs.fna file you obtained from the split libraries script
- Output: a file that contains the representative sequence of each OUT in .fna format

You can change the method for picking the representative sequences: random, longest
or first

Assign taxonomy to OTUs

With this script you’re able to assign taxonomy to each OUT

assign_taxonomy.py –I rep_setSamples.fna –m rdp –c 0.80

- Input: the file you obtained from the last step of choosing the representative
sequence of each OTU (rep_setSamples.fna)
- Output: a folder with 2 files (rep_setSamples_tax_assignments.log and
rep_setSamples_tax_assignments.txt) you will need the file .txt for further steps.

There are different methods to assign taxonomy: BLAST, RDP, RTAX, mothur or uclust. I
used RDP (Wang et al, 2007) since is the recommended, only changing the confidence
value from 0.5 (default) to 0.8.

Make an OTU table

Now you tabulate the number of times an OTU is found in each sample
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make_otu_table.py –i usearch_qf_resultsSamples/seqs_otus.txt –t
rdp_assigned_taxonomy/rep_setSamples_tax_assignments.txt –o
otu_tableSamples.biom

- Input: the file you obtained from the pick otus script (seq_otus.txt) and as –t you need
the file from the assign taxonomy script (rep_setSamples_tax_assignments.txt)
- Output: a file in .biom format (Biological Observation Matrix).

Align sequences

The sequences must be aligned to infer a phylogenetic tree

align_seqs.py –i rep_setSamples.fna –o alignmentSamples/

- Input: the representative set of sequences file (.fna) from the pick_rep_set script
- Output: a folder with 3 files (sequences aligned.fasta, failures.fasta and log.txt) you
will need the aligned.fasta por further steps.

The default and recommended method in PyNAST, but you can choose from MUSCLE,
INFERNAL and PyNAST. The –t file (file of pre-aligned sequences) is a default file (from
GreenGenes) and QIIME has it already installed

Filter alignment

This script will remove positions, which are gaps in every sequence (common for
PyNAST)

filter_alignment.py –i alignmentSamples/rep_setSamples_aligned.fasta –o
filtered_alignmentSamples/ --remove_outliers

- Input: the aligned.fasta file from the last step
- Output: a folder with one file (rep_setSamples_aligned_pfiltered.fasta) you will need
this file to create the phylogenetic tree

I chose the option to remove sequences whose distance from the majority consensus
sequence is more that 3 SD above the mean

Make a phylogenetic tree

The phylogenetic tree represents the relationships among sequences in terms of the
amount of sequence evolution from common ancestor
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make_phylogeny.py –i
filtered_alignmentSamples/rep_setSamples_aligned_pfiltered.fasta –o
rep_set_treeSample.tre

- Input: the sequences aligned and filtered from the last step
(rep_set_Samples_aligned_pfiltered.fasta)
- Output: a file in .tre format that you can view with FastTree

DOWNSTREAM ANALYSIS

Filter OTU Table

To reduce the number of OTUs (the ones with little number of sequences)

filter_otus_from_otu_table.py –i otu_table.biom –o filter_otu_table.biom
--min_count_fraction 0.00005

- Input: OTU table; with a min count fraction of 0.00005 you are removing the OTUs
that have <0.005 of sequences from the total number of sequences
- Output: new OTU table filtered

OTU Table Summary

With this script you can review your OTU table: number of OTUs, number of samples,
total counts, min, max, mean, SD, sequences of each sample

print_biom_table_summary.py -i filter_otu_table.biom

- Input: any OTU table
- Output: you don’t get a file, on the terminal window you see the summary

Alpha Rarefaction

This script runs a workflow of other scripts:
1. multiple_rarefaction.py
2. alpha_diversity.py
3. collate_alpha.py
4. make_rarefaction_plots.py

alpha_rarefaction.py –i filter_otu_table.biom –o alpharare/ -t tree_repset.tre
–m map_file.txt –e 3778 –p parameter_file.txt

- Input: filtered OTU table, phylogenic tree, map file and parameter file (with the
parameter file you get to choose the index you want to use it needs to be a .txt file �
alpha_diversity:metrics shannon,PD:whole_tree,chao1,observed_tree), -e is the depth
of the sequences you want to run the script,
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- Output: a folder with two folders and a .txt file. You get the rarefaction plots.

Beta Diversity Through Plots

Calculates beta diversity, PCoA and 3D plots

beta_diversity_through_plots.py –i filter_otu_table.biom –o betadiv_plots –t
tree_repset.tre –m map_file.txt –e 3778

- Input: filtered OTU table, phylogenic tree, map file, and the depth of the sequences.
- Output: a folder with two folders and six files. With this you get the distance matrix,
principal component and unweighted/weighted 3D plots

Summarize Taxa

It creates plots and .txt files for each taxonomy level (2,3,4,5,6)

summarize_taxa_through_plots.py –o taxa_summary –i filter_otu_table.biom –m
map_file.txt

- Input: filtered OTU table and map file
- Output: plots and otu tables of each level

Make Distance Boxplots

It compares distances between and within groups

make_distance_boxplots.py -d betadiv_plots/unweighted_unifrac_dm.txt –m
map_file.txt –f Treatment –n 200 –o distance_boxplots

- Input: you need the distance matrix file from the beta_diversity_through_plots.py
script (unweighted_unifrac_dm.txt), the map file. The script needs the fields to
compare –f (ie. By Treatment) and the number of permutations –n
- Output: two files, a .pdf file with the boxplots and a .txt file with the statistics

Compare Alpha Diversity

Compares alpha diversity using t test (parametric or non-parametric)

compare_alpha_diversity.py –i alpharare/alpha_div_collated/PD_whole_tree.txt
–m map_file.txt –c Treatment –n 200 –o alphadiversity_compare

- Input: you need the .txt file from the alpha_rarefaction.py script, the category to
compare –c (ie. Treatment) and the number of permutations –n
- Output: a folder with two files, a .pdf file with the boxplots and a .txt file with the
statistics
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Jackknifed Beta Diversity

Uses jackknife replicates to estimate the uncertainty in PCoA and fierachical
clustering of microbial communitites. Performs several steps:

1. Computes beta diversity distance matrix from full OTU table and tree
2. Builds UPGMA tree from full distance matrix
3. Builds rarefies OTU tables
4. Computes distances matrices from rarefied OUT tables
5. Builds UPGMA trees from rarefied distance matrices
6. Compares rarefied UPGMA trees and determinates jackknife support for tree

nodes
7. Computes PCoA on each rarefied distance matrix
8. Compares rarefied PCoA plots from each rarefied distance matrix

jackknifed_beta_diversity.py –i filter_otu_table.biom –o
jackknifedbetadiversity –e 3778 –m map_file.txt –t tree_repset.tre

- Input: filtered OTU table, the map file and depth of sequences –e
- Output: a folder with one file and four other folders

Compare Categories

To analyze statistical significance of sample groupings using distance matrices; several
statistics can be performed:

● adonis
● ANOSIM
● BIO-ENV
● Moran’s I
● MRPP
● PERMANOVA
● db-RDA

compare_categories.py --method Adonis –i
betadiv_unweightedunifrac/unweighted_unifrac_filter_otu_table.txt –m
map_file.txt –c Treatmet –o Adonis/

- Input: this scripts needs the .txt file from the beta diversity script (ie.
Unweighted_unifrac_otu_table.txt), the method for the statistical analysis –method,
mapping file and the category to compare –c
- Output: a folder, which contains a .txt file with the statistical results (p value, R, r2, F,
etc.)

Make OTU Network

This script generates the OTU network files to be used in Cytoscape and statistics for
those networks.
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make_otu_network.py –i filter_otu_table.biom –m map_file.txt –b Treatment –o
otu_network

- Input: the filtered OTU table, and the category between samples –b
- Output: a folder containing the files necessary for creating the OTU network on
Cytoscape

Make OTU Heatmap

This script makes a heatmap where each row is an OTU and each column is a sample

make_otu_heatmap.py –i filter_otu_table.biom –m map_file.txt –c Treatment –t
tree_repset.tre –o heatmap_by_treatment

- Input: filtered OTU table, tree, mapping file and category to order the samples –c
- Output: a .pdf file with an image of the heatmap

** Additional Scripts**

Bootstrapped Tree

Creates a tree colored by bootstrap support:

● Red: 75-100%
● Yellow: 50-75%
● Green: 25-50%
● Blue: <25%

make_bootstrapped_tree.py –m
jackknifedbetadiversity/unweighted_unifrac/upgma_cmp/master_tree.tre –o
bootstrapped_tree.pdf

- Input: In this case I used the master tree you get from the jackknifed script
- Output: A .pdf file with the colored tree

2D Plots

Generates 2D PCoA plots using the principal coordinates file generated from beta
diversity of and OTU table

make_2d_plots.py –i jackknifedbetadiversity/unweighted_unifrac/pcoa/ -m
map_file.txt –b Treatment --ellipsoid_opacity=0.2 --ellipsoid_method= IQR –o
2dplots_jackknifed/

- Input: a file with the principal coordinate analysis or a folder (in case you use the
output from jackknifed), map file, category between samples (ie. Treatment) –b
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- Output: a folder with the 2D plots.
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