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The humane microbiome — the genetic repertoire changes

We focus a lot on which microbes are present  FaF 11080 (oI nammms
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Functional assignment - What are they doing?

Annotation of all available genes

We can only see part of the picture

Provides functional overview and novel genes
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Functional assignment of genes — Two approaches

Genes are predicted from either 1) raw reads or 2) assembled contigs and
annotated using a tool and a database
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Functional assignment of reads — Two approaches

Functional assignment can be done either on predicted genes or by mapping reads
against a database
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Assembly versus no assembly - Pros and cons

Functional annotation of full-length genes give more accurate assignments

Loose or complex to track abundance

Functional annotation assembled reads Functional annotation sequence reads



Functional comparison between EBI Metagenomics and Meta-pipe

Assembly VS. no assembly

5o.000 full length genesVS. 11.500.000 mostly fragmented genes
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Functional comparison between EBI Metagenomics and Meta-pipe

Sorted counts of GO-terms to
look at functional profiles
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Metagenomic gene prediction from metagenomic contigs or reads

Myriad of software available
Typically quick to run

Metagenomic contigs adds a layer of extra complexity (spurious contigs, codon
usage, etc.)
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Functional assignment tools

Used to query databases with predicted genes

Most commonly tools used:

HMMer - Search sequence databases with Hidden Markov Models

BLAST - Basic Local Alignment Search Tool

Typical runtime for 30GB raw input (1 GB assembled):

1-2 days (functional annotation on 400 cores, supercomputer)
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Functional assignment databases

Tons of databases available; some more generic, some specialized

"Defines” the workload in metagenomic processing

Endless amounts of databases

Uniprot, NCBI, COG, KEGG
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Functional assignment databases
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Prakash, Tulika & Taylor, Todd. (2012). Functional assignment of metagenomic data: Challenges and applications.
Briefings in bioinformatics. 13. . 10.1093/bib/bbso33.



Challenges in functional assignment

Databases are lacking reference data to a varying degree
Requires extensive hardware resources

Backed by cluster computer

Typical runtime for 30GB raw input:

5-6 hours (preprocessing)

1-2 days (functional annotation)

Not feasible on a laptop!



Functional analysis with Meta-pipe
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EBI Metagenomics - MGnify MQGn 1Ty

Submit, analyse, discover and compare microbiome data

Automated pipeline for the analysis and
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Functional assignment on sequence reads

Mapping or gene prediction
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SUbsystems Profile by databasE Reduction using FOCUS

Classifies each sequence in the metagenome into a subsystem

SLIPER
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sequences
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Pre-processing stage
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SEED database

SEED houses subsystems - collections of functionally related protein families

Composed of subsystems structured into three levels

Citrate synthase (si)

(EC 2.3.3.1)
Central carbohydrate
metabolism
TCA
Cycle
Aconitate hydratase
Carbohydrates (EC 4.2.1.3)

Malonate

>.—>‘ decarboxylase

alpha subunit

Organic acids Malonate

i i P 1

Level 1 Level 2 Level 3 Function



SUPER-FOCUS outputs tables for each subsystem

Two columns per sample:

Read counts - how many reads maps to each subsystem

Fractional abundance - how many percent of the total reads maps to each subsystem

Subsystem 1 Samplel counts Samplel % Sample2 counts Sample2 %
Amino Acids and Derivatives 100000 10 500000 50
Carbohydrates 200000 20 100000 10
Cell Division and Cell Cycle 300000 30 200000 20
Cell Wall and Capsule 300000 30 100000 10

Central metabolism 100000 10 100000 10



Visualizing taxonomic or metabolic profiles - it is a jungle out there....
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STAMP: Statistical analysis of taxonomic and functional profiles

Software package for analysing taxonomic or metabolic profiles
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PC2 (18.3%)

STAMP: Statistical analysis of taxonomic and functional profiles

Statistical hypothesis tests for pairs of samples or groups of samples is support
along with a wide range of exploratory plots

Carbohydrates
N % Amino Acids and Derivatives
0.04 - 1 Cofactors, Vitamins, Prosth G Pigm
: |
I
I
0.03 | Carbohydrat:
|
| .
Acids, Lipids, and d
0.02 [ o
i g
| N sides and Nuc d o
0.01 |
: Virulence %
3. EML o e s e e ] e e e S [ i e, e e e, e e n
! 5
1 Miscellaneous 5 15
-0.01 ! H
Regulati d Cell signaling e
[
-0.02 | :
| Membrane Transport 14 4
I
—0.03 1
I DNA Metabolism
I
—0.04 I 13
g . . . | : ’ : RNA Metabolism
—0.08 —0.06 —0.04 —-0.02 0.00 0.02 0.04 0.06
PC1 (62.9%) Stress Response
2 +
Cell Wall and Capsule
Respiration



HUMANN2 - The HMP Unified Metabolic Analysis Network 2

Analysis pipeline for abundance of
microbial pathways

Allows comparisons of multiple
samples

Combine taxonomic information with
functional information
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HUMANN2 - The HMP Unified Metabolic Analysis Network 2

Utility scripts for downstream analysis and visualization

A

Input " Output

* Shortreads + Gene abundance table
* Functional profiling
« Pathway reconstructions

Visualization




logl0(Relative abundance)

HUMARNNZ2 visualization

Bar plot that combine functional information with taxonomic contribution
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