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List of Training Materials


Background Material


Factors influencing course design


	Organisms

	Audience/Student expertise

	Course length

	Compute resources

	Trainer knowledge

	Environment/Biome

	Available Datasets






Links to resources that cover several for the above topics


	CABBIO [http://tbb.bio.uu.nl/dutilh/CABBIO/]

	EDAMAME

	de.NBI/DZIF Workshop [http://dzif-metagenomics-workshop.readthedocs.org/en/latest/]

	CAMI Challenge [https://data.cami-challenge.org/]






Background


	Experimental Design

	Computer Literacy

	Cloud Computing

	Sequencing options

	Statistical power






Links to resources that cover several for the above topics


	Morgan Langille [http://bioinformatics.ca/metagenomics2015module1pptx]

	TGAC [https://github.com/TGAC/361Division/blob/master/Metagenomics%202015/alston_TGAC-metagenomics-from-bench-to-data-analysis_FINAL.pptx]

	VanHijum tutorial [http://www.nbic.nl/uploads/media/Day1_vanHijum_introduction_metagenomics_2013.pdf]

	Linux from BAS [http://bioinformatics.bio.uu.nl/manuals/introlinux/]

	Linux from TGAC [https://github.com/TGAC/361Division/blob/master/Metagenomics%202015/Introduction%20to%20Linux.docx]

	UC Davis Korf Lab [http://korflab.ucdavis.edu/bootcamp.html]

	EDAMAME Shell [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-22-introduction_to_the_shell.md]

	Software Carpentry Shell [http://swcarpentry.github.io/shell-novice/]

	Python [https://github.com/datacarpentry/python-ecology-lesson]

	Github [http://swcarpentry.github.io/git-novice/]

	Data Carpentry Automation [https://github.com/qingpeng/2016-02-22-isu/blob/gh-pages/lessons/Day1Afternoon-Shell_by_Jin/genomic_shell_04_automating_a_workflow.md]

	EDAMAME Cloud Computing [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-22-EC2_Startup.md]








Pre-Processing


Data treatment/pre-processing


	Quality

	Filtering Reads

	Trimming Reads

	Contamination

	Barcodes / multiplexing

	Read Merging






Links to resources that cover several for the above topics


	Methods for Microbial Ecologists [http://metagenomic-methods-for-microbial-ecologists.readthedocs.org/en/latest/day-4/]

	EDAMAME Read Processing [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-22_FastQC_tutorial.md]

	BPA CSIRO [https://github.com/BPA-CSIRO-Workshops/btp-module-ngs-qc]

	Metagenomics TGAC [https://github.com/TGAC/361Division/blob/master/Metagenomics%202015/Metagenomics%20v4.pdf]






Assembly


	Short reads

	Long reads

	Hybrid

	Data reduction / Clustering / Dereplication






Links to resources that cover several for the above topics


	Dutilh Assembly [http://www.nbic.nl/uploads/media/Day3_Dutilh_Metagenome_assembly_2013.pdf]

	Assembly [https://drive.google.com/open?id=0B-b6Xw3NFeyKWjIyTFVtUEhuSkk]

	EDAMAME workshop [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-25-assembling_your_metagenome.md]








Types of Analysis


Marker gene amplicons


	16s rRNA, 18s rRNA, ITS1/2

	Taxonomic profiling

	OTU clustering

	taxonomy -> function inferences






Links to resources that cover several for the above topics


	Hsiao tutorials [http://bioinformatics.ca/metagenomics2015module2pptx]

	Morgan Langille [https://www.dropbox.com/s/e8e6p62k92s1fo9/Langille_PICRUSt_STAMP_Lecture.pptx?dl=1]

	EDAMAME course






Shotgun metagenomics & metatranscriptomics


	To assemble or not?

	To gene call or not?

	Kmers (“reference-free”)

	Taxonomic profiling

	Coverage estimation

	Reference mapping / alignment

	Gene Catalogues

	Marker-Based approaches

	Read-based approaches

	Functional profiling/annotation

	Functional hierarchies / ontologies

	Depth comparisons

	Binning

	Whole genome assembly and evaluation

	Pathway Analysis / Metabolic modeling

	Cross assembly






Links to resources that cover several for the above topics


	John Parkinson [http://bioinformatics.ca/metagenomics2015module5pptx]

	Reference Tutorial [http://www.nbic.nl/uploads/media/Day2_deJager_MG_RAST_workshop_2013.pdfhttp://www.nbic.nl/uploads/media/MGRast_workshop_130207.pdf]

	BioMAS [https://www.dropbox.com/s/ijwkd4ifgb9nlb2/BioMaS_demo_Recas.mov?dl=0]

	Morgan Langille metagenomic tutorial [http://bioinformatics.ca/metagenomics2015module3pptx]

	Metagenomics Crash Course [http://metag-crash-course.readthedocs.org/en/latest/]

	CABBIO [http://tbb.bio.uu.nl/dutilh/CABBIO/]

	TGAC [https://github.com/TGAC/361Division/blob/master/Metagenomics%202015/TGAC_metagenomics_151015_publicdataresources_JP.pdf]








Comparative Analyses


Statistics and visualization


	Metadata integration

	Sample comparison

	Ecological measurements/indexes

	Multivariate and comparative statistics

	Machine Learning






Links to resources that cover several for the above topics


	STAMP [https://www.dropbox.com/s/e8e6p62k92s1fo9/]

	Dutilh [http://www.nbic.nl/uploads/media/Day3_Dutilh_Comparative_metagenomics_2013.pdf]

	Luis Pedro [http://mybinder.org/repo/luispedro/StructureFunctionOceanTutorial]

	Stuart Jones EDAMAME [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-27-Jones_R.md]

	BPA CSIRO [https://github.com/BPA-CSIRO-Workshops/metagenomics-module-vis/blob/master/handout/vis.tex]
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Data treatment/pre-processing


	Quality

	Filtering Reads

	Trimming Reads

	Contamination

	Barcodes / multiplexing

	Read Merging




Learning Objectives


	Assess the overall quality of NGS (FastQ format) sequence reads

	Visualise the quality, and other associated matrices, of reads to decide on filters and cutoffs for cleaning up data ready for downstream analysis

	Clean up adaptors and pre-process the sequence data for further analysis






Examples of Tutorial with Specific Learning Objectives

crAssphage Assembly Workshop
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Amplicon analyses


Marker gene amplicons


	16s rRNA, 18s rRNA, ITS1/2

	Taxonomic profiling

	OTU clustering

	taxonomy -> function inferences






Links to resources that cover several for the above topics


	Hsiao tutorials [http://bioinformatics.ca/metagenomics2015module2pptx]

	Morgan Langille [https://www.dropbox.com/s/e8e6p62k92s1fo9/Langille_PICRUSt_STAMP_Lecture.pptx?dl=1]

	EDAMAME course






Learning objectives


	Define a marker gene and its taxonomic relevance.

	Distinguish between amplicon vs. shotgun approach.

	Apply a marker gene analysis workflow

	Analyse the taxonomic composition of an environment.

	Interpret results in biological context

	Describe and execute an amplicon workflow

	Install software for amplicon analysis

	Assemble paired-end reads

	Execute a shell script to automate a process

	Describe input and output files for amplicon workflows and scripts

	Describe the structure and components of a good mapping/metadata file

	Move sequences from compute resources to local computer

	Obtain summary information about sequence files (fasta, fna, fastq)

	Define operational taxaonomic units (OTUs)

	Align sequences, assign taxonomy, and build a tree with representative sequences from OTU definitions

	Calculate similarity of two samples (similarity matrices)

	Visualize comparative diversity across a priori categorical groups

	Convert .biom formatted OTU tables to text files for use outside of QIIME
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Shotgun Analyses


Shotgun metagenomics & metatranscriptomics


	To assemble or not?

	To gene call or not?

	Kmers (“reference-free”)

	Taxonomic profiling

	Coverage estimation

	Reference mapping / alignment

	Gene Catalogues

	Marker-Based approaches

	Read-based approaches

	Functional profiling/annotation

	Functional hierarchies / ontologies

	Depth comparisons

	Binning

	Whole genome assembly and evaluation

	Pathway Analysis / Metabolic modeling

	Cross assembly






Links to resources that cover several for the above topics


	John Parkinson [http://bioinformatics.ca/metagenomics2015module5pptx]

	Reference Tutorial [http://www.nbic.nl/uploads/media/Day2_deJager_MG_RAST_workshop_2013.pdfhttp://www.nbic.nl/uploads/media/MGRast_workshop_130207.pdf]

	BioMAS [https://www.dropbox.com/s/ijwkd4ifgb9nlb2/BioMaS_demo_Recas.mov?dl=0]

	Morgan Langille metagenomic tutorial [http://bioinformatics.ca/metagenomics2015module3pptx]

	Metagenomics Crash Course [http://metag-crash-course.readthedocs.org/en/latest/]

	CABBIO [http://tbb.bio.uu.nl/dutilh/CABBIO/]

	TGAC [https://github.com/TGAC/361Division/blob/master/Metagenomics%202015/TGAC_metagenomics_151015_publicdataresources_JP.pdf]






Learning objectives

Shotgun metagenomics & metatranscriptomics (Intro):


	Discern the difference between genetic potential and expressed genes.

	Evaluate the advantages and disadvantages between the metaT and metaG

	Aware of the cost and depth of sequencing differences for metaT and metaG



Reference mapping / alignment:


	Understand approaches to the elimination of host-associated or contaminating material

	Apply reference mapping to assess community structure

	Interpret the mapping outcomes as representative abundance of taxa.

	Compare the mapping approach with the “reference-free”.



Taxonomic profiling:


	Compare taxonomic profiling using metagenomics and amplicon-based approaches.

	Utilise both marked based and all-read methods for determining taxonomic profiles from metagenomic data

	Apply one or more methods to create a taxonomic profile

	Distinguish reference taxonomies and database limitations.

	Apply appropriate statistical methods for comparative analysis.

	Demonstrate knowledge of the limitations of quantifying microbes as relative abundances



Functional profiling:


	Recognise the role and application of different reference databases in functional assignments

	Use tools to perform functional annotations of nucleic acid and protein sequences found in metagenomics datasets.

	Demonstrate an understanding of the relationship between ontologies (e.g. GO) and functional assignments as a means  of hierarchically viewing the data.

	Critically assess the functional assignments in terms of confidence, with clear understanding about the limitations of the algorithms and databases used.

	Apply pathway gap-filling methods to overcome low coverage sequencing
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Statistics and visualization - Comparative Analyses


	Metadata integration

	Sample comparison

	Ecological measurements/indexes

	Multivariate and comparative statistics

	Machine Learning




Links to resources that cover several for the above topics


	STAMP [https://www.dropbox.com/s/e8e6p62k92s1fo9/]

	Dutilh [http://www.nbic.nl/uploads/media/Day3_Dutilh_Comparative_metagenomics_2013.pdf]

	Luis Pedro [http://mybinder.org/repo/luispedro/StructureFunctionOceanTutorial]

	Stuart Jones EDAMAME [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-27-Jones_R.md]

	BPA CSIRO [https://github.com/BPA-CSIRO-Workshops/metagenomics-module-vis/blob/master/handout/vis.tex]






Learning objectives

Normalization / appropriate comparisons:


	basic: applying DeSEQ for normalization

	more advanced: raise awareness and discuss the possible limitations of DeSEQ and rarefaction for metagenomics analysis



Ecological measurements/indexes:

Alpha diversity (Chao, Simpson, etc. )


	basic: knowing that alpha diversity refers to diversity of a single sample. Understanding what the inputs are, that it can be computed/reasoned at different taxonomic levels (species, genus, …). Ability use some software package to compute.

	More advanced: Interpreting the values, knowing which measures are more robust to low abundance taxa, different sampling depths, &c. Understanding the effects of “dark matter” when using reference based methods (ie, microbes that do not match the reference being employed would not be counted towards diversity).

	Advanced: knowing the formulas and understanding the underlying ecological/mathematical assumptions.



beta diversity (bray curtis distances, Unifrac etc,)


	Basic: knowing that beta diversity refers to diversity across samples (differing definitions in the field). SImilar to alpha diversity, can be computed at different taxonomic (or functional) levels. Ability to use a software package.

	Intermediate: Understanding the effects of different normalization procedures.



Multivariate statistics (Differential expression, comparison)


	general statistics knowledge, unspecific to metagenomics (p-values, multiple comparison correction, difference between statistical significance and effect size, training/testing split in machine learning).

	Knowing how auto-correlation can lead to spurious correlations (ecological studies).

	More advanced: knowing which methods attempt to correct for auto-correlation and how to apply them in software.



Machine Learning


	Basic: knowing that an ordination plot represents distance between samples in a low dimensional space. Knowing that the output represents the input distance matrix (i.e., different input matrices would lead to different results: see discussion on beta diversity). Being able to generate a plot in software.

	Intermediate: knowing what the “fraction of explained variance” represents. Advanced: understanding the difference between the different methods.
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Assembly Analysis



		Short reads


		Long reads


		Hybrid


		Data reduction / Clustering / Dereplication






Links to resources that cover several for the above topics



		Dutilh Assembly [http://www.nbic.nl/uploads/media/Day3_Dutilh_Metagenome_assembly_2013.pdf]


		Assembly [https://drive.google.com/open?id=0B-b6Xw3NFeyKWjIyTFVtUEhuSkk]


		EDAMAME workshop [https://github.com/edamame-course/2015-tutorials/blob/master/final/2015-06-25-assembling_your_metagenome.md]








Learning Objectives





Comprehension



		Students can list assembly methods (Overlap-Layout-Consensus; De Bruijn graphs; hybrid methods) and explain the (dis-)advantages


		Computational requirements


		Read length


		Basic types of assembly parameters (overlap length/kmer; identity


		Students should be aware that shotgun metagenomic data can be assembled


		Know that assembly requires high computational resources


		Know that assembly can improve annotation (longer sequences, less data so more sensitive homology annotation)


		Know that assembly can lead to chimeras


		Understand that assembly collapses at the lower taxonomic levels


		Students can interpret assembly results








Application


During the hands-on workshop, students will learn to:



		Create a k-mer profile of a metagenome and use it to assess whether assembly could be feasible


		Apply different assembly programs and understand program parameters


		List and apply metagenome assembly quality assessment measures (tool: Quast)


		How many reads from the original metagenome dataset map back to the assembly?


		N50 (length-based only)


		NGA50 (based on aligned to reference)


		% of ref genome covered


		misassemblies


		Evaluate assemblies and compare assembly results from different programs and/or parameter settings (tool: ALE)





For mock (or biome with good reference genomes) dataset by mapping contigs back to reference



		For paired reads by mapping reads back to contigs


		Decide which is best








Synthesis



		Students can explain when assembly would be a good approach in a metagenomic study


		Students can design a metagenomic study involving assembly


		Following the course students will be able to critically review a metagenomics study involving assembly


		Assess whether assembly was the right approach to use considering biological question


		Assess how good the assembly was: were assembly quality checks incorporated? Did the assembly represent the metagenome?





ASSEMBLY is closely related to BINNING but we have not included that here. Assembly-binning-reassembly could be a pipeline.
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crAssphage Assembly Workshop



Keywords


Alignment, Differential-expression, Feature-summarisation, Pre-processing, QC





Authors


Bas Dutilh, http://tbb.bio.uu.nl/dutilh





Type



		Course








Description


In this course we will assemble viral metagenomes derived from twelve human fecal samples, using de novo cross-assembly. We will use depth profiling to discover sequence elements (contigs) that are shared between the metagenomes and identify them. The aim is to get acquainted with metagenome assembly and the concept of binning by using depth profiles.





Aims





Prerequisites


Some experience with command line will be useful, although links are provided with explanation of the linux commands





Target audience


Wet lab biologists with little programming experience.





Learning objectives



		Perform a simple metagenome cross-assembly


		Identify contigs present in many samples


		Identify contigs with correlating depth profiles


		Students who are less familiar with the command line will also be able to pick up some linux basics








Materials


Two one-hour preparatory lectures can be given in the morning and can be found here:
* CABBIO [http://www.slideshare.net/bedutilh/metagenome-sequence-assembly-cabbio-20150629-buenos-aires]
* VIRAL [http://www.slideshare.net/bedutilh/viral-metagenomics-cabbio-20150629-buenos-aires]


The hands-on workflow can be found at here <http://tbb.bio.uu.nl/dutilh/CABBIO/>_ and should be doable in one afternoon with supervision. There is also an iPython notebook about this `here: [https://github.com/linsalrob/CrAPy]





Data


The data consists of twelve viral metagenomes derived from human fecal samples from different individuals (described in PMID 20631792) and can be downloaded here: http://www.ncbi.nlm.nih.gov/sra/SRX023429





Timing


1 day





Content stability


Stable





Technical requirements


idba_hybrid, bowtie2, crAss v2.0, SPAdes v3.5.0





Literature references



		to do








Changelog
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