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Microbes are everywhere

* They thrive In every known environmental
niche

 Animals, plants and other eukaryotic
organisms are no exception

* [he association between microbial
and eukaryotic organisms is called

holobiont and it represents the unit of
selection for evolution

.
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Obtainable information

Analysis space In meta-analyses Analysis resolution )
(sequence coverage and redundancy for specific genes)
A
° Targeted metagenomics Focused m1etagennmic: space
Focused on a single “analysis N
space” for increasing analysis Targeted
reSOI U thn Targeted metagenomics B
metagenomics A
 Untargeted metagenomics |

All information available with
relatively low resolution
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Random sequence analysis of metagenome
(Unselective metagenomics)
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Untargeted Metagenomics

Analysis resolution
(sequence coverage and redundancy for specific genes)

Assembly-based Mgi l Rids Assembly-free
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Targeted vs. Untargeted Metagenomics

U NTARG ETED Assembly-based il Assembly-free

approach === approach
APPROACHES ====
assembly Mapping on
reference genomes

Public DB

Gene calling | > >
and annotation — <—
— == - [unctional
—_—=—  inference
Novel genes and pathways can be identified * More sensitive
Useful if no reference genomes is available e |ess time consuming
Biased towards higher-abundance * |ess specific in functional identification

community members
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Assembly-free approaches

Kraken

Query sequence

K-mer to LCA mapping
(pre-computed database)

-

Examine hit taxa
and ancestors

Taxonomy tree

Sequence classified as belonging to leaf of
classification (highest-weighted RTL) path

(Wood et al 2014)

- - Kk-mers

Classification
tree and path

Metagenomic reads are split into k-mers
and mapped onto a pre-computed tree
using “Lowest Common Ancestor”
algorithm (LCA)

The taxonomic composition of each
sample is reconstructed following the
highest “Root To Leaf” (RTL) path
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Assembly-free approaches
MetaPhlAn

Genaome catalog

1,008,148 genomes

236,620 references
771,528 MAGs

O Input/output © Genomic database

Marker identification

O MetaPhlAn 4

Taxonomic info

|

SGB organization

70,927 SGBs

23,737 kSGBs
47,190 uSGBs
(5,692 uSGBs with
at least 5 MAGs)

o SGB quality control

o Gene calling and annotation

o Clustering unknown genes

o Identify core genes
o Mapping core genes
o Identify marker genes

o Marker quality control

NCBI taxonomy

l

MetaPhlAn 4 DB

b

MetaPhlAn 4

21,978 kSGBs
4,992 uSGBs

5.1 M markers

4.1 M for kSGBs
1M for uSGBs

Sequence
alignment

Mapping
QC

Clade’s coverage
robust average

Abundance
normalization

Metagenomic
samples

1

|

ATCCTAGEGT ATGAG
GTATCTGA GATTTAAG

TITATCYGTATE AALKAAGGGLT
ACACAGATCGCGG

Taxonomic
profiling

Samples

(Blanco-Miguez et al 2023)

SEASN +SgOSH
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Taxonomic info

NCBI taxonomy
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MetaPhlAn 4 samples

l

MetaPhlAn 4 DB

21,978 kSGBs
4,992 usSGBs

5.1 M markers

4.1 M for kSGBs
1M for uSGBs

Sequence
alignment
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|

ATCCTAGGGT ATGAG
GTATCTGA GATTTAAG

TITATCYGTATS AALKAALGGCT

ACACAGATCGOGG

ggpplng Taxonomic

profiling

Clade’s coverage
robust average

SEASN +SgoOSH

Abundance
normalization

Samples

(Blanco-Miguez et al 2023)

taxonomically curated marker gene set
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taxonomically curated marker gene set

a set of unique genes for each clade:
one gene = one taxon



Assembly-free app

HUMANN

HUMARNNZ input:
meta’omic sequences
(DNA or RNA reads)

Species 1

Species 2

First search tier:
ID known species
using marker genes
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Second search tier:
Map reads to ID'ed
species’ pangenomes

Species 2 pangenome

Third search tier:
Translated search
unclassified reads

Compute gene family
and pathway abundancas
(community + stratified)

Feature RPK
GeneX 8
GeneX | Species 2
GeneX | Species?2 3
GeneX | Unclassified 3

(Franzosa et al 2018)
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HUMARNNZ input: First search tier: Second search tier: Third search tier: Compute gene family
meta’omic sequences ID known species Map reads to ID'ed Translated search and pathway abundancas
(DNA or RNA reads) using marker genes species’ pangenomes unclassified reads (community + stratified)
Species 1 - ie(;iég 2 . el e R o - Feature RPK
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(Franzosa et al 2018)

Taxonomic profiling obtained with MetaPhlAn are used to subset
functional genes



Assembly-free approaches
HUMANN

HUMARNNZ input: irst search tier: Second search tier: Compute gene family

meta’omic sequences ' Map reads to ID'ed and pathway abundances
(DNA or RNA reads) ' species’ pangenomes (community + stratified)

Species 1 _ . SPecies? Feature APK
__ | GeneX 8
T - GeneX | Species1 2

= a— __ GeneX | Species? 3
e GeneX | Uncl: 3
~ Novel

(Franzosa et al 2018)

Taxonomic profiling obtained with MetaPhlAn are used to subset
functional genes

A translated search is then performed against the reduced
database produced above
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(DNA or RNA reads) using marker genes species’ pangenomes

Species 1

Species 2

BPPDBD| --

Species 2 pangenome

Third search tier:
Translated search
unclassified reads

Y

™~

Compute gene family
and pathway abundancas
(community + stratified)

Feature RPK
GeneX 8
GeneX | Species1 2
GeneX | Species? 3
GeneX | Unclassifi 3

(Franzosa et al 2018)

Taxonomic profiling with MetaPhlAn



What we are going to do today

("b:‘) Delete Allowed pair state
.~ .. .. lransitions
AN hiy -
W W (R -
AEANE AN M DG
HUMARNNZ input: First search tier: M N —
meta’'omic sequences ID known species \ A A A = n
(DNA or RNA reads) using marker genes WA A X e K ) P
( \ , gﬁgb;{g) ~ /iD
Species 1 and 2 marker e Qcons. - VAEREEM
ene: read: \,ﬁ t o, 2 VAREM

Y co-emitted seq
VVAEREEM

| |wm| DG ﬁVA RE-M

Taxonomic profiling with MetaPhlAn

Inspecting functions with HMMER
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