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The influence of host evolution and 16S rRNA amplicon

ecology on gut microbiome diversity sequencing data
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Pattern of phylosymbiosis?

Phylosymbiosis?
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Phylosymbiosis versus other factors
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Phylosymbiosis versus cophylogeny

Phylobiosis: community similarity
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Phylosymbiosis versus cophylogeny
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Cophylogeny for the entire microbial community
Procrustean Approach to Cophylogeny (PACO0)
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Pattern of cophylogeny?

Cophylogeny for the entire microbial community
Procrustean Approach to Cophylogeny (PACo)
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Specific host-microbe associations

Host order

LIPA: Local Indicator of
Phylogenetic Association
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Associations with host diet

Trait-trait associations, while
controlling for diet

e Phylogenetic Generalised Least
Squares (PGLS)

e Trait, => host diet
e Trait, => microbial diversity
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Associations with host diet

Diet & alpha diversity
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Beyond 16S rRNA: utilizing metagenomics
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Metagenome profiling: improving the reference database
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Metagenome profiling: improving the reference database

The GTDB is expanding rapidly
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Metagenome profiling: improving the reference database

Struo2: efficient metagenome
profiling database construction
for ever-expanding microbial

genome datasets
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Beyond 16S rRNA: utilizing metagenomics
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Expanding known microbial genomic diversity via metagenome assembly

Metagenome assembly pipeline (simplified)

Raw sequence data
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Quality control
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Expanding known microbial genomic diversity via metagenome assembly

Extending the assembly pipeline to
14 other vertebrate gut datasets
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Using deep learning to improve metagenome assemblies

Bioinformatics, 36(10), 2020, 3011-3017

doi: 10.1093/bicinformatics/btaa124

Advance Access Publication Date: 25 February 2020
Original Paper

Genome analysis
DeepMASED: evaluating the quality of metagenomic

assemblies
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Goal: identify errors in metagenome assemblies via deep learning
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Using deep learning to improve metagenome assemblies

Task: map reads back to contigs & predict misassembled contigs
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MAGs significantly increase the % of reads classified
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Most MAGs are host-associated

“host-environment” metagenome dataset

1522 species-level MAGs
(5596 at the strain-level)

Environmental Host-associated

% Biome
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MAGs with predicted phenotypes
Host & env. associated traits | Envionment || Fost || Nefher
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log2 Fold Change
5
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Machine learning:
predicting traits
based on Pfam
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Yellow pigment
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Youngblut et al., 2020. mSystems No. of MAGs

o

200 400



8

© o0
(o]

o ©

o @0e®® o o-

M%W, 2223
sg8 - 0000
o 00 <] ° 0@
) o
. . clee
© ©- 00 000 c@°00 00O
° ° I\
0o o
(@) o - @

00000 - oQ
o [X)
o o
oo o o
00 - e @
-0
e O

@0: oo 000

068
o
)
o)
Q
8

BGCs identified with antiSMASH
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Species with 23 BGCs (n = 233)

5) BGC counts per MAG

W nRPs

1) Phylum [ others

W sacteroidota [] PKS-NRP_Hybrids
[l Firmicutes [ Pxsi

[l Firmicutes_C [ PKsother

I RPPs

[T Actinobacteriota Terpene

L
RiPPs q
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A large amount of gene-level diversity

Shotgun metagenomics
(Mumina HiSeq)

Gene-based assembly: PLASS

Cluster: linclust

Steinegger et al., 2019

Phylum

>150 million gene sequences

Proteobacteria A 1888435 (68.2%)

Firmicutes 410693 (14.8%)

Bacteroidetes 4 255362 (9.2%;

Actinobacteria
Fusobacteria

Tenericutes o

unknown -

Spirochaetes -
Euryarchaeota
Fibrobacteres
Lentisphaerae -
Synergistetes

Candidatus Melainabacteria 4

9.2%)
3106 (0.1%)
1783 (0.1%)

Domain

- Archaea
. Bacteria
. Viruses

(0%)
Planctomycetes -
Verrucomicrobia

Candidatus Saccharibacteria -
Chlorobi 4

Chlamydiae

Deferribacteres - [R5

X
%

X,
%

No. of clusters
(50% seg-id)
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CAZy family

No. of clusters
(50% seq-id)

Glycosyltransferase 51
« Glycoside Hydrolase 13
Glycoside Hydrolase 18
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Functional redundancy for major gene categories

COG categories

Environment

Host-associated

Proteobacteria
Euryarchaeota q
Planctomycetes 4
Synergistetes
Lentisphaerae 4

Chlorobi

Nitrospirae 4

Deferribacteres

Chloroflexi 4

Acidobacteria -

Elusimicrobia -

Candidatus Saccharibacteria -
Verrucomicrobia 4
Candidatus Melainabacteria -
Fibrobacteres

Chlamydiae 4

Spirochaetes

Fusobacteria -

Actinobacteria 5

Phylum

Tenericutes
Bacteroidetes
Firmicutes
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processing
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Poorly
characterized

log2 fold
change

1

O0O0Oo0 o
o A~ wWwN

KEGG pathways

Starch and sucrose metabolism -

Metabolic pathways Major =

Biosynthesis of antibiotics 5

Biosynthesis of secondary metabolites -
Two-component system

Butanoate metabolism -

Microbial metabolism in diverse environments <
Fructose and mannose metabolism -
Cysteine and methionine metabolism
Pentose phosphate pathway -

Citrate cycle (TCA cycle) 1

Biosynthesis of amino acids

Nitrogen metabolism =

Aminoacyl-tRNA biosynthesis -

Carbon metabolism 4

Streptomycin biosynthesis 4

Glycolysis / Gluconeogenesis 4

Bacterial secretion system

Glyoxylate and dicarboxylate metabolism 5
Galactose metabolism -

mino sugar and nucleotide sugar metabolism =
Protein export 4

Ribosome -

Alanine, aspartate and glutamate metabolism <
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Starch and sucrose metabolism 5

Metabolic pathways Major -

Biosynthesis of antibiotics 5

Biosynthesis of secondary metabolites -
Two-component system -

Butanoate metabolism -

Microbial metabolism in diverse environments 4
Fructose and mannose metabolism -

Cysteine and methionine metabolism 4
Pentose phosphate pathway -

Citrate cycle (TCA cycle) 5

Biosynthesis of amino acids 4

Nitrogen metabolism 4O

Aminoacyl-tRNA biosynthesis -

Carbon metabolism -

Streptomycin biosynthesis 4

Glycolysis / Gluconeogenesis <

Bacterial secretion system <

Glyoxylate and dicarboxylate metabolism
Galactose metabolism

Amino sugar and nucleotide sugar metabolism 4
Protein export 4
Ribosome

KEGG pathw.
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log2 fold
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o 1

o
o
o
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Functional
Level 2

Amino acid
metabolism
Biosynthesis
of other
secondary
metabolites
Carbohydrate
metabolism
Energy
metabolism
Folding,
sorting

and
degradation
Global and
overview
maps
Membrane
transport
Signal
transduction

Translation



Summary

> Novel taxonomic diversity

> Most MAGs were host-associated

> Traits enriched in host- and
environment-specific species

> Large BGC diversity
o RIiPPs & NRPS most prevalent

> Large gene diversity
o Functional redundancy

e scale: 0.1 ————

GTDB-Phylum
W sacteroidota
W Firmicutes

[ Proteobacteria

[7] campylobacterota
Verrucomicrobiota_A
[I Desulfobacterota_A

[l Fibrobacterota
W chioroflexota

[l Thermoplasmatota
[l spirochaetota

B Euryarchaeota

[l Deferribacterota

1522 species-level MAGs
(5596 at the strain-level)




Future directions

> Species-level phylosymbiosis &

cophylogeny
o Genome phylogeny

> Phylosymbiosis at the functional level
o Genes/pathways

> Diet-function associations

> Adaptation to the gut environment &
symbiosis
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Bioinformatics working group
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