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Metagenomics

•Study of genetic material recovered directly from 
environmental samples
•isolation and lab cultivation not required

•High-throughput sequencing
•16S rRNA targeted
•Whole-genome shotgun

Grice E.A. & Segre J.A. (2012) The Human Microbiome: Our Second Genome, Annu. Rev. Genomics Human Genet. 13, 151-170



Metagenomics

Grice E.A. & Segre J.A. (2012) The Human Microbiome: Our Second Genome, Annu. Rev. Genomics Human Genet. 13, 151-170

16S rRNA Whole-
Genome



Whole-Genome Shotgun 

Computational Biology Methods and Their Application to the Comparative Genomics of Endocellular Symbiotic Bacteria of Insects. Biol. Procedures Online (2009). 



16S rRNA

Tringe SG, Rubin EM. Metagenomics: DNA sequencing of environmental samples.Nat Rev Genet. 2005 Nov;6(11):805-14. Review. PubMed PMID: 16304596.

Tortoli E. Impact of genotypic studies on mycobacterial taxonomy: the new mycobacteria of the 1990s.  
Clin Microbiol Rev. 2003 Apr;16(2):319-54. Review.

Julien Tremblay. JGI.
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Importing FTP uploaded files into Galaxy



Create Dataset Collection



QC, Prepare, manipulate, filter Reads

Input: a List of paired sequencing Reads
Outputs: QC’d Joined paired reads, filtered for chimeras (FASTA)

Quality Reports (html and single summary table) 



Create Workflow for Easy-to-Read FastQC Report

^>>.+\t.+

Use as a SubWorkflow
Treat an entire workflow as a 
single Tool Module



Single Summary FastQC Report
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Classify Reads

•“Binning”
•"best effort" to identify reads or contigs with certain groups 
of organisms designated as OTUs

•Operational Taxonomic Units (OTUs)
•operational definition of a species or group of species 

•Algorithms
•Taxonomy Dependent
•alignment to known sequences and species
•misses reads that are absent in database
•obtain estimates of the profile/abundance of ‘known’ 
taxonomic groups 

•Taxonomy Independent
•group/bin reads in a given dataset based on their 
mutual similarity
•considers content of reads only
•no database



Kraken Classifier

• assign taxonomic labels to short DNA sequences 
• exact alignment of k-mers

Wood DE, Salzberg SL: Kraken: ultrafast metagenomic sequence classification using exact alignments. Genome Biology 2014, 15:R46.



Classify Reads

Input: a List of sequencing Reads (FASTA or FASTQ)
Outputs: Summary Table of counts (filtered or non-filtered joined)



Abundance Counts
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Normalizing

• Rarefy
• Total sum scaling

• Cumulative Sum Scaling
• DeSeq2 process
• …



Rarefaction

Mohd Shaufi MA, Sieo CC, Chong CW, Gan HM, Ho YW. 
Deciphering chicken gut microbial dynamics based on high-
throughput 16S rRNA metagenomics analyses. Gut Pathog. 2015 
Feb 26;7:4. doi: 10.1186/s13099-015-0051-7.

Wooley JC, Godzik A, Friedberg I. A primer on metagenomics. 
PLoS Comput Biol.  2010 Feb 26;6(2):e1000667.

• Have we sequenced enough?
• Normalize counts across samples

bad ok

good



Vegan Tool Suite - Rarefaction Plot



Vegan Tool Suite - Rarefaction Slopes



Doing It

• QC and Preparation 
• Classify Reads 
• Normalize 
• alpha diversity 
• beta diversity 
• Downstream Analysis and Visualization



α-diversity

• biodiversity in a defined 
• habitat
• ecosystem
• sample

• Community Richness
• how many organisms are really there



Alpha Diversity



Doing It

• QC and Preparation 
• Classify Reads 
• Normalize 
• alpha diversity 
• beta diversity 
• Downstream Analysis and Visualization



β-diversity

• compares species diversity between
• habitats
• samples

• How similar are two samples?



Beta Diversity



Doing It

• QC and Preparation 
• Classify Reads 
• Normalize 
• alpha diversity 
• beta diversity 
• Downstream Analysis and Visualization



Metadata Handling

• Additional information about each sample 
• Parallel tabular files (e.g. LEfSe: cat on top of 

input) 
• BIOM format (not handled by many tools) 

Use converters between tabular files and BIOM, 
various ways of pulling in and out metadata 
values



Combine Metadata with Relative Abundances



LEfSe - LDA Effect Size

https://bytebucket.org/biobakery/galaxy_lefse/wiki/lefse_ove.png

https://bytebucket.org/biobakery/galaxy_lefse/wiki/lefse_ove.png


Format Data for LEfSe



Plot LEfSe Results



Visualization: Phinch

https://github.com/PitchInteractiveInc/Phinch
https://github.com/blankenberg/Phinch

http://www.bx.psu.edu/~dan/Phinch/

https://github.com/PitchInteractiveInc/Phinch
https://github.com/blankenberg/Phinch
http://www.bx.psu.edu/~dan/Phinch/
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Decreasing load times for list of saved histories

• Operations that can be done in the Database 
should be done in the Database 



Multiple History View

•Fast view across many histories
•Drag and drop to copy Datasets



Dataset Collection Operations



Naming of Datasets

Concern 
• Default Galaxy names lose Sample names 

(Tool xyz on Dataset 1,2,3,4) 

Solution 
• Dataset Collections have an Element 

Identifier that is maintained throughout jobs 
• Tools that make use of ${dataset.name} 

should now use ${dataset.element_identifier}



Future Work: Scaling Up

• Viewing Large Histories 
• Pagination 
• Infinite Scrolling 
• Dataset Bundling 

• Uploading Large Collections 
• Better handling of selecting many files 
• Importing multiple files from an archive 
• Provide a manifest file that instructs Galaxy 

to build a Collection



Additional Options Available: Mother



Additional Options Available: Qiime



Additional Options Available: FROGS

FROGS: Find Rapidly OTUs with Galaxy[5] Solution
Frédéric ESCUDIE*, Lucas AUER*, Maria BERNARD, Laurent CAUQUIL, Katia VIDAL, Sarah MAMAN, Mahendra MARIADASSOU, Guillermina

HERNANDEZ-RAQUET, Géraldine PASCAL

*These authors have contributed equally to the present work. Contact: geraldine.pascal@toulouse.inra.fr

For the tests we use two sets of species manually extracted from LTP 115. These species were
chosen to obtain near and distant species in the same dataset.
For each set of species we generate 5 artificial runs of 10 samples. In each sample the abundance of
species following a power law. The ranking of species abundance is randomly determined in each
sample. Then, an Illumina error profile is applied on reads and 20 % of chimera are added.
All the runs are processed after FROGS preprocess by FROGS and UPARSE [6].

• Evaluate FROGS on others 

metrics and datasets 

(mock community, real 

already known 

community).

• Add multi-best-hit 

information with blast 

(different species with the 

same amplicon sequence).

• Add FROGS in the 

toolshed and open a 

github repository.

• Add databases for 

affiliation (greengenes, 

ITS).

[1] Mahé & co. (2014) Swarm: robust and fast clustering method for amplicon-based studies.

[2] VSEARCH GitHub repository. doi 10.5281/zenodo.15524.

[3] Wang & co. (2007) Naive Bayesian classifier for rapid assignment of rRNA sequences into the new bacterial taxonomy.

[4] Altschul & co. (1990) Basic local alignment search tool.

[5] Goecks & co. (2010) Galaxy: a comprehensive approach for supporting accessible, reproducible, and transparent computational

research in the life sciences.

[6] Edgar. (2013) UPARSE: Highly accurate OTU sequences from microbial amplicon reads.

[7] Bokulich (2013) Quality-filtering vastly improves diversity estimates from Illumina amplicon sequencing

References

Accuracy on simulated data set

Core workflow FROGS = complete analyze

Analyses of bacterial

communities

High-throughput

sequencing

16S/18S RNA 

amplicons 

Illumina data, 

sequenced

great depth

Bioinformatics data 

processing
Abundance

table

ID Taxonomy Sample
A

Sample
B

OTU_1 Bacteria;chlorobi 12 895 54

OTU_2 Bacteria;firmicutes 0 6 812

+                   +                  +                 =User-friendly Accuracy Speed Scalability

Pre-process

Affiliation

Clustering

Chimera

Filters

To merge paired-end reads : Flash

Trimming: Cutadapt

Denoising and Clustering with

local threshold: 

SWARM [1]

Efficient Chimera Removal : 

VSEARCH [2]

A wide choice of filters.

We advise to filter OTU 

abundances at 0.005% [7].

Double taxonomics affiliation

RDP classifier [3] until species.

Blast+ [4] with multi species 

correspondences.

MiSeq 
Fastq R2

Multiplex 
sequences

Already 
contiged

18S

16S

454

MiSeq 
Fastq R1

Pre-process
AffiliationClustering

Chimera Filters

Data acquisition

Demultiplexing
Normalisation

Statistics
BIOM to TSV

Interconnectable with 

BIOM format

Great graphics outputs

Speed on real datasets
9 600 000 sequences of a complete MiSeq run

~
 8

 h
o

u
rs

RDP affiliation

Blast affiliation

FROGS : 1400 OTUs

PhiX removal

Small OTUs filtering : 20 000 OTUs

Chimera removal : 540 000 non-chimeric cl.

Swarm clustering : 680 000 clusters

Preprocess : 9 300 000 sequences 16 min

7 hours

14 min

~8 min

~20 min

~40 min

Upcoming

Divergences on expected affiliations

FROGS guidelines* UPARSE*

500sp 500sp

Kingdom 0.00 0.00

Phylum 0.43 7.64

Class 0.65 10.11

Order 0.88 11.17

Family 1.12 12.12

Genus 1.52 12.61

Species 5.24 15.18

Divergence of abundance rates

FROGS 

guidelines
+ UPARSE

+

OTUs Observed Missing Observed Missing

500 sp.

Median 553 8 548 10

100 sp.

Median 124 0 126 0

* in percentage

+ in OTU number



Take Home

• You can do metagenomics with Galaxy 
• Many different modules to swap in and out 

• You can do large-scale multiple sample analysis 
with Galaxy 
• 500 Samples are no problem 
• 5,000+ Samples through API 
• Client-side is under active development
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Watch out for Drop Gators!

http://www.winknews.com/2016/07/06/spotted-in-cape-coral-an-alligator-in-a-tree/


