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Large-scale whole-genome comparative genomics
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Comparative microbial genomics Shotgun metagenomics
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PhyloPhlAn (version 2)

An integrated framework for phylogenetic analysis
- Reference genomes from isolates
- MAGs from metagenomes
- Clade-specific phylogenetic markers
- Retrieval of additional genomes & MAGs
- Taxonomic assignment of MAGs

Main features:
- Scalable, flexible, automatic, modular, customizable
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MSAs QC

- several scoring position 
functions implemented, 
e.g. MUSCLE and trident

trimming

- trimAl
- gappy positions
- conserved positions
- all of the above

other QCs

- discarding low-quality inputs
- discarding low-quality markers
- discarding fragmenatary sequences
   extracted from inputs

MSAs subsample

- several subsampling 
approaches implemented
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PhyloPhlAn (version 2)

An integrated framework for phylogenetic analysis
- Reference genomes from isolates
- MAGs from metagenomes
- Clade-specific phylogenetic markers
- Retrieval of additional genomes & MAGs
- Taxonomic assignment of MAGs

Main features:
- Scalable, flexible, automatic, modular, customizable

Examples of use-cases:

Tree-of-life size 
phylogenies

Species-level 
phylogenies

Metagenomic 
application

High number of inputs
Universal markers Species-specific markers

Newly assembled MAGs
4



PhyloPhlAn (version 2)

INCREASING DIVERSITY / SAMPLE SIZE
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--diversity low
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Large-scale metagenomic assembly

Pasolli et al., Cell (2019) 6



Large-scale metagenomic assembly

Pasolli et al., Cell (2019)

● Single-sample assembly-based
● Strict QC on reconstructed genomes
● Implemented strain-heterogeneity filtering [new]
● Species-level genome bin (SGB) clustering [new]
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9,428 metagenomes

single-sample
assembly

154,723 reconstructed genomes
(45% of high quality)
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4,930 SGBs
(77% without a reference genome)
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9,428 metagenomes

single-sample
assembly

154,723 reconstructed genomes
(45% of high quality)

Species-level Genome Bins
clustering

4,930 SGBs
(77% without a reference genome)

Large-scale metagenomic assembly

Pasolli et al., Cell (2019) 6



Microbial tree of life of 17,672 SGBs

Including all isolate genomes in NCBI, 
all MAGs from Parks (2017) and Pasolli 
(2019)

Phylogeny based on the 400 
PhyloPhlAn marker genes validated in 
Qiyun (2019) with 4,522 AA positions

Building took 10 days and 15 hours 
using 100 CPUs

PhyloPhlAn for microbial tree-of-life phylogenies

Tree-of-life size 
phylogenies 7



Phylogeny tree of the 4,930 
human-associated SGBs

Distribution of the number of genomes 
for each SGB ⇒ several SGBs without a 
reference genome (uSGBs) are highly 
prevalent

Diversity and prevalence of human-associated SGBs

Pasolli et al., Cell (2019)
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Phylogenetic tree of the 4,930 
human-associated SGBs

Distribution of the number of genomes 
for each SGB ⇒ several SGBs without a 
reference genome (uSGBs) are highly 
prevalent

Pasolli et al., Cell (2019)

Characterization of lower taxonomic clades
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uSBG 15286: “Candidatus Cibiobacter qucibialis”
Pasolli et al., Cell (2019)

Most prevalent 
uSGB with 1,813 
reconstructed 
genomes

Subtrees 
associated with 
geography and 
non-Westernized 
populations

Species-level 
phylogenies
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New Ethiopian non-Westernized dataset of 50 metagenomes
1. Which SGBs are present in this population?
2. Which new SGBs can be found in this population?

Automatic SGBs assignment to new MAGs

Metagenomic 
application

in collaboration
with MC Collado
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New Ethiopian non-Westernized dataset of 50 metagenomes
1. Which SGBs are present in this population?
2. Which new SGBs can be found in this population?

Automatic SGBs assignment to new MAGs

Metagenomic 
application

Focus on two SGBs:
1. Escherichia coli (kSGB 10068) → common gut commensal
2. uSGB 19938 that do not have any reference genomes

in collaboration
with MC Collado
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kSGB 10068: E. coli

Species-level 
phylogenies

Automatic download of E. coli core set 
of UniRef90 proteins

Automatic download of 1,000 E. coli 
reference genomes

Ordination of the phylogenetic 
distances of the E. coli phylogeny 
comprising the 8 Ethiopian MAGs
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The lower taxonomic assignment for 
uSGB 19938 is the Chlamydiae phylum

Automatic download of reference 
genomes for the Chlamydiae phylum and 
two Mycobacterium species (rooting)

Reconstruction of a phylum-level 
diversity phylogeny

uSGB 19938: Chlamydiae (?)

Tree-of-life size 
phylogenies 12



An integrated framework for phylogenetic analysis
- Reference genomes from isolates
- MAGs from metagenomes
- Clade-specific phylogenetic markers
- Retrieval of additional genomes & MAGs
- Taxonomic assignment of MAGs

Main features:
- Scalable, flexible, automatic, modular, customizable

- Available open-source in Bitbucket: https://bitbucket.org/nsegata/phylophlan
- Will be soon available in 
- Working on tutorials to describe the new functionalities by example
- The software can be used and any feedback is appreciated!

PhyloPhlAn (version 2)
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Metagenomic Analysis

Integrated approach for metagenomic analysis

Quantitative 
taxonomic 
profiling

Quantitative 
functional 

potential profiling
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Metagenomic Analysis

Integrated approach for metagenomic analysis

Quantitative 
taxonomic 
profiling

Quantitative 
functional 

potential profiling

(novel) genome 
reconstruction 
+ PhyloPhlAn

14

Characterize new MAGs within the SGBs

Phylogenetic investigations including 
available reference genomes

New data to update the SGB resource 
to improve future analyses



Metagenomic Analysis

Integrated approach for metagenomic analysis

95% median
mappability
(stool samples)

Mappability

Feedback to improve 
taxonomic and 

functional analyis

Quantitative 
taxonomic 
profiling

Quantitative 
functional 

potential profiling

(novel) genome 
reconstruction 
+ PhyloPhlAn

Pasolli et al., Cell (2019)

14

Characterize new MAGs within the SGBs

Phylogenetic investigations including 
available reference genomes

New data to update the SGB resource 
to improve future analyses
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Siavash et al., Bioinformatics (2014)
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• No tips branch length
• Better for large phylogenies

• Tips branch length
• Better for low-diversity phylogeny
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Stamatakis, Bioinformatics (2014)

ASTRAL
ASTRID

Vachaspati and Warnow, BMC Genomics 
(2015)

Rokas et al., Nature (2003)



Automatic and manual single-sample assembly and 
co-assembly evaluation



Large-scale single-sample assembly approach



CuratedMetagenomicData

• Mandatory metadata fields:
sampleID DNA_extraction_kit
subjectID            
sequencing_platform
body_site            number_reads
country              number_bases
antibiotics_current_use
minimum_read_length
study_condition     median_read_length
disease              NCBI_accession
age_category         PMID
gender               non_westernized

• Optional metadata fields are... All the available 
ones!

• Currently >10,000 metagenome samples
• New available datasets are continuosly included

https://waldronlab.github.io/curatedMetagenomicDat
a

Pasolli et al., Nat Methods (2017)


