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The “HMP2” IBD MultI’'omics Data resource

http://ibdmdb.org
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http://ibdmdb.org

%» The MicroBiome Quality Control
Project (MBQC)
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http://mbqc.org

e  Microbiome functional epidemiology In
dietary cancer risk and population studies
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Taxonomic profiles as expected,

down to the strain level
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http://huttenhower.sph.harvard.edu/metaphlan2

StrainPhlAn: metagenomic
strain identification and tracking

Metagenomic dataset Species-specific Markers
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http://segatalab.cibio.unitn.it/tools/strainphlan

Taxonomic profiles as expected,
down to the strain level

Strain diversity of Faecalibacterium prausnitzii Strain diversity of Eubacterium siraeum

PCo1 (17 %) PCo1 (43 %)
HMP1-11 (313) MLVS (366) HMP1-11 (115) MLVS (240)



http://segatalab.cibio.unitn.it/tools/strainphlan
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HUMANN?Z for taxon-specific metagenome
and metatranscriptome functional profiling
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Lt Functional potential and expression are correlated,
but with very different contributing taxa
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Type 1 diabetes, the gut microbiome, and the
hygiene hypothesis In Infancy

[r
N
of 3
Tommi
Vatanen

fﬁgiy ~E

In Finland, 6-fold higher incidence of T1D compared to Russia

In Estonia, rapid transition towards Finnish incidence after Soviet exit

~1000 newborn infants were screened for increased HLA-conferred susceptibility to

autoimmunity

15



DIABIMMUNE infants have similar
genetic risk for autoimmunity

Number of subjects
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Number of stool
samples sequenced:

1585 (16S sequencing)
785 (WGS sequencing)
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HMO metabolism is driven by different
species in Finland and Russia

R 2 3 8
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%8 a8 %8 a8
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Phylotype I Firmicutes ! Bacteroidetes Il Actinobacterial! Proteobacteria’ Verrucomicrobia

Most HMO utilization genes are conferred by Bifidobacterium in

Russians and Bacteroides in Finns and Estonians
17



Lipopolysaccharide (LPS) biosynthesis pathways are
differentially abundant between Finland and Russia

Higher in Finland = » Higher in Russia

First year After first year

—

Lipid A biosynthetic process

=

— Lipopolysaccharide biosynthetic
g process

=10 =05 00 05
Logs fold change

http://huttenhower.sph.harvard.edu/lefse
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Finnish and Estonian microbiome has
LPS from many Bacteroidetes species

(%)

Relative abundance

. Escherichia coli

3 6 9 12 18 24
Age / months

Bacteroides dorei has been previously associated

with T1D pathogenesis (Davis-Richardson et al. 2014)
19



Intensity (%)

Lipid A of E. coli Is hexa-acylated

e Lipid A is a lipid component of LPS responsible for its immunostimulatory properties

e The number of acyl chains is known to affect the immune activation

e E. coli has six acyl chains

E. coli
100+
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| HO 5
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0 OH
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50 1
uter Core
|/ PO
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Intensity (%)

Lipid A In B doreil Is tetra/penta acylated

e Repeating the same experiment with B. dorei LPS shows two peaks

100 ~ B. dorei
1690.85

z“w«ea

OH

[$2)
o
1

W w \uml . Exact mass: 1435.0 Exact mass: 1689.2
0 . ~

1000 1200 1400 1600 1800 2000 2200 2400 2600
Mass (m/z)

The structure of B.dorel lipid A

may be less immunostimulatory
21



LPS from Bacteroides species Is less
Immunostimulatory compared to E. coli LPS

HEK293 NFkB reporter
downstream TLR4 signaling

NFkB-luciferase

T 4

Escherichia coli |___

32101234
Log LPS (ng/ml)

B. dorei and B. vulgatus harbor
iImmunologically silent form of LPS

22



Population studies of the
human microbiome

A conserved bacterial protein induces

Predicting and Manipulating Cardiac @ pancreatic beta cell expansion during
Drug Inactivation by the Human Gut zebrafish development
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MUCOSAL IMMUNITY

Inflammation, Antibiotics, and Diet
as Environmental Stressors of the Gut Microbiome Tuft cells, taste-chemosensory cells,

'n Pediatric Crohn’s Disease orchestrate parasite type 2 immunity

James D. Lewis,%"? Eric Z. Chen,%° Robert N. Baldassano,' Anthony R. Otley,® Anne M. Griffiths,* Dale Lee," °
Kyle Bittinger,® Aubrey Bailey,® Elliot S. Friedman,” Christian Hoffmann,® Lindsey Albenberg,’ Rohini Sinha,” m the t
Charlene Compher,® Erin Gilroy,° Lisa Nessel,® Amy Grant,* Christel Chehoud,® Hongzhe Li,® Gary D. Wu,”"* gu
and Frederic D. Bushman®*
Michael R. Howitt,! Sydney Lavoie,’ Monia Michaud,! Arthur M. Blum,? Sara V. Tran,*
. s . . Joel V. Weinstock,” Carey Ann Gallini," Kevin Redding,” Robert F. Margolskee,”
Propionibacterium-Produced Coproporphyrin III Induces  Lisac. 0sborne,** David Artis,* Wendy S. Garrett**

Staphylococcus aureus Aggregation and Biofilm Formation

Michael S. Wollenberg,®®* Jan Claesen,® Isabel F. Escapa,®® Kelly L. Aldridge,®* Michael A. Fischbach,® Katherine P. Lemon®d

Translating the microbiome starts with population studies...
* Not all mechanisms are taxon-linked — multromics.
 Dynamic on an intermediate time scale — longitudinal samples.
* Microbial physiology is strain-specific — culture isolates.
o Causality is unclear in humans — model systems.




A virtual environment for First hit when you google “biobakery”

meta’omic analysis

< biOBakeI‘y http://huttenhower.sph_harvard.edu/biobakery
J f

Composition Analysis

These tools can determine the composition in terms of (i) microbial species and their associated abundances (MetaPhlAn) or (ii) genes and associated pathways (HUMANN) in the dataset.
Please click on the links below for detailed tutorials:

HUMAnN PhyloPhlAn PICRUSt
* Microbial species and * Predict metagenome

associated genes and * Reconstruction of functional content from * Abundance of proteins of
path phylogenetic trees marker gene interest in genetic data

Statistical Analysis
These tools can determine the associations from the provided metadata information and microbial composition tables. Please click on the links below for detailed tutorials:
CCREPE LEfSe MaAsLin

= Association between * Association between microPITA
metadata (max. 2) and metadata (no restriction) * Sample selection in two

HAIIA ARepA

* Hierarchical All-against- * Extract ‘omics data from
All association testing repositories

* A hierarchical model of

microbial species and and microbial species and stage-tiered studies Ht E ! 9”
abundances abundances [

* Assess the significance of
general similarity measures
in compositional datasets

Infrastructure and Utilities

The following tools may be used for additive utility and framework for your projects:

o Kooars o Upstream microbial genome curation

*Removing ‘contaminant”

* Generating cladograms s

sAutomating data analysis

Taxonomic & functional profiling of meta’omes
(metagenomes + metatranscriptomes)

Microbial & clinical association discovery

Reproducible workflows & infrastructure
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®» High-level taxonomy Is as expected,
but with tremendous diversity
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" Positive controls: fecal and oral
defined communities

Il Fecal, self extracted
Fecal, centrally extracted
I Oral, self extracted
Oral, centrally extracted

from truth

-
iFi 3‘_

HLG HLM HLB HLC HLJ HLH HLF HLN HLI

Handling labs

EEm Fecal, self extracted
Fecal, centrally extracted
I Oral, self extracted
Oral, centrally extracted

BL8 BL4 BLY9A BL1 BL9B BL3 BL2 BLG6
Bioinformatics labs

29



%» Anything that can go wrong,

Amnon
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Knight lab
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Negative controls: buffer blanks

Handling labs
HL-A  HL-E HL-H HL-L HL-N  HL-B  HLF

B|O|nf0rm a_tICS |abS s_Lactobacillus_iners |

g__Pseudomonas
s__Faecalibacterium_prausnitzii
g__Bacteroides
f__Enterobacteriaceae .
g__Staphylococcus
f__Lachnospiraceae
g__Leptospira
f_Ruminococcaceae
s__Bacteroides_plebeius
g__Comamonas
g__Lactobacillus
g__Fusobacterium
f_Comamonadaceae
g__Lactococcus
g__Blautia
g__Dialister
g__Limnohabitans
s__Pseudomonas_veronii
o_ Clostridiales

Emma .
Schwager Handling labs




¥ Outcomes from the MBQC-baseline

[

« EXxplored sequencing and bioinformatics protocol space
— Labs chose very broadly from among
nearly all possible protocol variables

— The HMP explored microbiome variation;
MBQC-base outlined protocol variation

« All of that possible technical variation...
— ...was no bigger than, and often smaller than, biological phenotypes

Artificial

: Human I
Chemostat I

Bray-Curtis
Variability

Technical Different Different Different Different
Extraction Biospecimen

Replicates  Bioinformatics Sequencer




Positive controls Negative controls
MBQC-base mocks Storage fixative
OMNIgene, ZymoBIOMICS, Norgen, EtOH HMP mocks (DNA+cell) Extraction kits
-80 C, 4C, RT ZymoBIOMICS PCR kits
Swab, FOBT, etc. Isolates (3 domain) /

- —
Sample sets: QIAGEN ZymoBIOMICS

165 +185/1TS

Shotgun

—
lllumina sequence generation PacBio

BT Tb2. b3 4. TEhs. . e
’ -
Evaluation:

<l - Gioinformatics:
A
Data 165 tool SOPs Functional prof. Positive control Negative control
accuracy background
A — \

Coordinating T8S/ITS SOPs ~  Targeted tools
Center ' Between-group
“Taxonomic prof. consensus

Nanopore Targeted Assays




B. dorei LPS antagonizes
Immune stimulation by E. coli LPS

Stimulate human PBMCs:
@ E coliLPS

@ CX) @ B. dorei LPS
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B. dorei LPS dose (log ng/ml)



Microbe-specific LPS stimulation may be responsible
for a component of the hygiene hypothesis

Human milk ——, - : )
oligosaccharides . & <
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Failure to induce Induction of
endotoxin tolerance : endotoxin tolerance
Increased : Decreased
autoimmune activity : autoimmune activity
, Bacteroides % E. coli f Bifidobacterium

@ Bacteroides-derived LPS @ E. coli-derived LPS 35




