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Course outline

What is metagenomics?
• In situ, culture-free genomic characterization of
the taxonomic and functional profiles of a
microbial community.
• Identifies and quantifies microbial taxa and/or
genes, to know “who” is there and what
functions can they perform.
• Generates millions of reads, typically more than
a single parasite genomic project.
• Challenges:
• Data management and analysis (too big and
on top of that too diverse).
• Experimental protocols and data-cleaning
produce bias in the samples.
• Due to the huge amount of data produced
comparison between studies is needed.
en.wikipedia.org

What can be achieved with
metagenomics?

The metagenomics process

The metagenomics process: Sample from microbial
community
• Collection of samples from a microbial community (water from the ocean,
faecal sample from a patient, environmental sample, soil, etc.)
• Who is there and what functions they perform?

Main Challenges
• Unknown species can dominate microbial communities (not detected by
reference-based methods).
• DNA from host (i.e. human gut) or laboratory can contaminate.

The metagenomics process

The metagenomics process: DNA extraction
• Extraction of the DNA from the organisms that are found in the bacterial
sample.
• Discard all the rest (proteins, membranes, organelles)

Main Challenges

• Extraction efficiency varies between taxa and depends on the protocol used.
• Dividing (more active) bacteria have a higher and less even coverage than nondividing bacteria.

The metagenomics process: DNA fragmentation

• Extracted DNA is fragmented by mechanical or enzymatic methods.

Main Challenges
• This fragmentation occurs at breakpoints that are not evenly distributed as they
occur more often in certain di-nucleotides.
• Some sequences are more likely to be breakpoints than others.

The metagenomics process

The metagenomics process: Preparation of the library
and sequence
• The libraries are prepared from the fragmented DNA and sequenced.
• This sequencing can be performed using different technologies (pyrosequencing
454, Illumina paired or single sequencing, PacBio SMRT Cell sequencing)

Main Challenges
• Library preparation protocols affect estimates of community composition.
• The different sequencing technologies have different read lengths and error
rates.
• DNA fragments with high or low GC% content can be under represented.

The metagenomics process

The metagenomics process: Quality control
• Bioinformatics tools are then performed on the reads to remove the low quality
data and obtain a robust dataset.
• The step will: eliminate duplicate reads, trim the read-tails (having lower
quality normally), remove reads that clearly come from a contamination source
and low quality reads are filtered out.

QC

Main Challenges
• The scale of the data.
• What is a contaminant? Is a bacteria a contaminant or an unexpected part of
the microbial community?

The metagenomics process: Data analysis
• To elucidate the composition of the microbial community, the resultant reads
(high quality ones) are either compared to a reference database or de novo
assembled.

Main Challenges
• Reference-based approaches cannot account for unknown species and
overestimates the known ones.
• The metagenomics assembly approach may not detect rare species and
overestimates the most abundant species.

Types of metagenomics studies
•
•

Meta-Omics

•
Metaproteomics

Viral Metagenomics

Metatranscriptomics

Metagenomics

16S Microbiome
Studies

454 Pyrosequencing
Microbiome Studies

Illumina Based
Microbiome Studies

The type of study (16S, Shotgun
metagenomics) will define the type of
analysis to be done.
The sequencing method (Illumina, 454
pyrosequencing) will also affect the QC and
analysis to perform.
Metadata should be kept to be able to track
and identify possible sources of
contamination and design analysis plans.

Shotgun
Metagenomics

454 Pyrosequencing
Shotgun
Metagenomics

Illumina Based
Shotgun
Metagenomics

Types of study

Shotgun
metagenomics

•
•

Less a priori knowledge before processing sample: we
get the sample and we sequence it.

16S Microbiome

•

Amplification step.

•

Needs more knowledge a priori about the community
(selection of primers depending on community).

•

Analysis of results and QC, only a small region is
sequenced (easy to spot obvious contaminants).

•

Are we capturing enough variation (strain variability)?

Analysis more complex due to diversity and size of
the data.

•

Several QC steps needed.

•

Are all the sequences present in the sample equally
represented?

Sequencing methods

VS.
Illumina

454 Roche

PacBio

?

Shotgun Sequencing

16S Microbiome analysis
• Microbiome is the genome collection of the microbial flora harboured by a human host.
• The gene codes for a prokaryotic 16S ribosomal RNA
• Has a structural role as a scaffold defining the positions of the ribosomal proteins.
• Highly conserved between bacteria and archaea.
• Split in regions that primers can target (V1,V2,V3,V4,etc.)
Structure

Amplification

Software and databases available for
Metagenomics
• Shotgun Metagenomics
• Qiime, (pronounced Xiime) is one of the most used metagenomics tool.
• PhylOTU, uses a phylogenetic tree to relate non-overlapping metagenomics 16S
homologs.
• Kraken, k-mer base approach to classify metagenomics sequences.
• Orione, Galaxy based platform to study metagenomics and microbiome datasets.
• PandaSeq, to assemble paired end read and correct errors.
• 16S Microbiome analysis
• mothur, k-mer base approach to classify metagenomics sequences.
• Qiime, it can also be used for Microbiome data.
• Ribosomal Database Project (RDP), includes online data analysis and aligned
and annotated Bacterial and Archaeal small-subunit 16S rRNA sequences
• Visualization tools
• KronaTools, visualization tool that allows intuitive exploration of relative
abundances within the complex hierarchies of metagenomics classifications.
• R, coding language.
• Elviz, website tool for metagenomics data visualization
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