
Taxonomic assignment



Overview of this talk
Taxonomic analysis of metagenomes

Visualization of taxonomic profiles

What’s in the databases
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100%

Direct isolation of gDNA from the environments

Cultivation: Only 1% in most environmental samples

Recap - How do we study microbiomes?
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A ”typical”J metagenomic study



Amplicon sequencing (16S rRNA) and random sequencing

Primer pair

Target-specific PCR

Addition of adaptors

Amplicon ready for sequencing

http://www.gatc-biotech.com

Random sequencing16S rRNA amplicon sequencing

Two methods for performing taxonomic profiling of microbiomes



It depends on what you want to know

Main difference: taxonomic profile vs taxonomic and functional profile
16S rRNA amplicon sequencing Random sequencing

Amplicon vs random sequencing



16S primers are not universal - 16S rRNA amplification differences lead to biased 
estimates of relative abundance

This can give an over-representation or under-representation of sequences in the 
some genera

Eg. Clostridium and Lactobacillus contain sequences that are perfectly 
complementary to the primers used for amplification

Sequences in the Enterobacteriaceae family and the Clostridiales order poorly 
resolves using the 16S V4 or V3-V4 regions

Amplicon vs random sequencing



16S amplicon Random

Analysis of large number of samples pro con

Depth - resolution pro con

Computational resources (and skills) pro con

Expenses pro con

PCR amplification bias con pro

Discovery of new bacterial genes and genomes con pro

Simultaneous study of several domains con pro

Amplicon vs random sequencing – pros and cons



The study of genetic material directly from a sample 

Direct 
isolation 
of gDNA

Sequencing 
library

Sequencing

How is taxonomic classification done?



Each sequence read is a tiny genomic fragment from a specie in the sample

In a metagenome a sequence read is basically representing a specie

How is taxonomic classification done?

Sample

AGTCCAGGTAACGTTACAACG



Compare your sample against a database of known species

Compare

Database

Sample

AGTCCAGGTAACGTTACAACG

How is taxonomic classification done?



Compare your sample against a database of known species

Compare

Database

Sample

How is taxonomic classification done?



Quantify occurrences

Sample 4 2 5 5 6 2

Unknown

Create a taxonomic profile



Compare two or more samples 

Sample 4 2 5 5 6 2

Sample 2 1 10 0 2 0 3

Unknown

Compare taxonomic profiles



Compare two or more samples – relative abundance 

Compare taxonomic profiles
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The taxonomy of species that contain highly similar 
sequences will be more difficult to resolve

When reads are too similar, they are assigned at higher levels of the taxonomy tree

Genus

Family

Order

Class

Phylum

Domain Bacteria

Proteobacteria

Gammaproteobacteria

Enterobacterales

Enterobacteriaceae

Escherichia

Species Escherichia coli

Strain Escherichia coli K12 Escherichia coli O157

Shigella

Shigella flexneri

Tools to hierarchically classify 
pre-aligned sequences on a 
taxonomy tree using an LCA 
algorithm:
• Qiime
• LCAClassifyer
• Megan
• Lots of other
• Motur



Taxonomic profiling – K-mer based search

Kraken is a taxonomic sequence classifier that assigns taxonomic labels to short 
DNA reads

Using exact alignments of k-mers

Kraken's default database contains just under 14 billion distinct k-mers, and requires at least 
500GB of disk space (Oct 2017).

Kraken requires enough free memory to hold the database in RAM. The default database size is 
174GB (Oct 2017), and so you will need at least that much RAM if you want to build or run with 
the default database.

When Kraken is run with a reduced database, it is called MiniKraken



Taxonomic profiling – Search against protein databases

Kaiju is a taxonomic sequence classifier that use a reference database of protein 
sequences

Finds maximum matches on the protein-level using the Burrows–Wheeler transform

Reads are directly assigned to taxa using the NCBI taxonomy and a reference database of protein 
sequences from microbial and viral genomes

Kaiju can be installed locally or used via a web server

Can be run against various databases (eg. NCBI RefSeq)

It can also be run against the Mar databases from the Marine Metagenomics Portal



Taxonomic profiling – Search against protein databases

Kaiju is a taxonomic sequence classifier that use a reference database of protein 
sequences

Claim to be faster and more sensitive than K-mer based methods

Peter Menzel Nature Communications 7, Article number: 11257 (2016)



Taxonomic profiling - Clade-specific markers

MetaPhlAn2 is a taxonomic sequence classifier that use a clade-specific marker 
database 

Using read coverage of clade-specific markers to detect the taxonomic clades present in a 
microbiome sample and estimate their relative abundance

Map reads against clade-specific marker sequences that are pre-selected from coding sequences 
that identify specific microbial clades at the species or higher taxonomic levels

The clade-specific markers cover all main functional categories

MetaPhlAn2 includes ~1 million markers from >7,500 species



Taxonomic profiling - Clade-specific markers

MetaPhlAn2 is a taxonomic sequence classifier that use a clade-specific marker 
database 

Dark blue is restricted yet universal across Clade 1

Green genes are restricted to Clade 2, red genes to Clade 3

Clade 1

Clade 2

Clade 3
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Taxonomic binning

Clustering of assembled contigs that apparently originate from the same source 
population

Assign to the closest possible taxonomy

Enables the discovery of new microbial of new organisms

Tools for binning of contigs
MaxBin

MyCC

Metawatt

MetaBAT



CAMI - Compared taxonomic profilers – not binning

Profilers fell into three categories: 

(i) profilers that correctly predicted relative abundances

(ii) precise profilers

(iii) profilers with high recall

Nature Methods 14, 1063–1071 (2017)

Highest precision



Technical variations influence results

DNA extraction had the largest effect on the outcome of metagenomic analysis

Effects of protocol manipulations on sample composition

Costea et al, Nature Biotechnology 35, 
1069–1076 (2017)

amazon.com

SAMPLE 1
EXTRACTION A

SAMPLE 1
EXTRACTION B



Sequencing depth influence results

Increasing sampling depth = increased detection of taxa

Taxonomic classification for the same library at different sequencing depths is surprisingly 
consistent (Jovel et al., 2016)

The proportion error and its variance decrease with increasing sampling depth

Jovel et al., 2016



Visualization – it is a jungle out there….



Krona charts - Quick and easy way to visualize a taxonomic profile

Krona allows hierarchical data to be explored with zooming, multi-layered pie charts

The interactive charts are self-contained and can be viewed with a web browser



MEGAN can perform both taxonomic and functional analysis

Reads are compared against a database (eg. BLAST)

The sequence comparison are imported into MEGAN where the taxonomy is 
automatically classified, quantified and can be visualized

MEGAN is a comprehensive toolbox for analysing microbiome data

http://ab.inf.uni-tuebingen.de



Taxonomic analysis using the NCBI taxonomy or SILVA

Bar charts, word clouds, Voronoi tree maps and many other charts

PCoA, clustering and networks

Supports metadata

MEGAN is a comprehensive toolbox for analysing microbiome data



Number of species on earth

We know very few…

Earth contains 10^11 to 10^12 species of microbes (some estimate 10^19)

The total number of described bacterial species is very low 10^4

NCBI list of taxonomically approved names contain 17.989 bacterial species

space.com

= 510 100 000 km²

Lisboa city centre = 5,1 km²
Google maps



You only find what is in the database...

What is in the databases - for example RefSeq?

The Reference Sequence (RefSeq) collection is a comprehensive, integrated, non-redundant, 
well-annotated set of sequences, including genomic DNA



You only find what is in the database...

What is in the databases - for example RefSeq?

Large fraction of Proteobacteria

Host-associated are overrepresented

Ecosystem Total

Host-associated 11,816

Humans 4973

Animal 1804

Plants 1410

Mammals 867

Other 2762

Environmental 6774

Aquatic 4559

Terrestrial 2057

Other 158

Engineered systems 1658

Food production 440

Wastewater 410

Lab synthesis 387

Other 418

Total 20,248 GOLD database

RefSeq



You only find what is in the database...

92 named bacterial phyla – but constantly changing

The total number has been estimated to exceed 1,000 bacterial phyla

Martin Keller & Karsten Zengler
Nature Reviews Microbiology volume 2, pages 141–150 (2004)



Effect of missing genome
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