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human microbiome
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The "HMP2” IBMMult'omicsData resource
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%» 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



http://huttenhower.sph.harvard.edu/metaphlan2

DOC StrainPhlAn . metagenomic
[ strain identification and tracking



http://segatalab.cibio.unitn.it/tools/strainphlan

Taxonomic profiles as expected,
down to the strain level



http://segatalab.cibio.unitn.it/tools/strainphlan

But important to link taxonomy to metagenomic and
metatranscriptomic functional profiles

Pathways
contributed by
specific organisms
to the gut
metagenome.




HUMANNZfor taxonspecific metagenome
and metatranscriptomefunctional profiling
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http://huttenhower.sph.harvard.edu/humann2

Lt Functional potential and expression are correlated,
but with very different contributing taxa




Lt Functional potential and expression are correlated,
but with very different contributing taxa




H» Contributional diversity : linking
[ ecological structure and function _erc

Franzoss

A pathway’s
contributional alpha-diversity
IS calculated from the distribution
of taxa providing it (DNA or RNA)
within a community;

contributional beta-diversity
IS the corresponding comparison
between communities.




Type 1 diabetes, the gut microbiome, and the
hygiene hypothesis in infancy

Tommi
Vatanen

In Finland, €old higher incidence of T1D compared to Russia

In Estonia, rapid transition towards Finnish incidence after Sexiet

~1000 newborn infants were screened for increased-Eluferred susceptibility to

autoimmunity
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DIABIMMUNE infants have similar
genetic risk for autoimmunity

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

Bacteroidetes

P\c\'\r\obao\er\a

Most HMO utilization genes are conferred bBifidobacteriumin
Russians an®acteroidesn Finns and Estonians
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Lipopolysaccharide (LPS) biosynthesis pathways are
differentially abundant between Finland and Russia

http:// huttenhower.sph.harvard.edu /lefse


http://huttenhower.sph.harvard.edu/lefse

Finnish and Estonian microbiome has
LPS from many Bacteroidetes species

Bacteroides dorehas been previously associated
with T1D pathogenesis (DavRichardson et al. 2014)
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Lipid A ofE. coliis hexaacylated

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

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

' E. coli has six acyl chains

20



Lipid A InB dorelis tetra/penta acylated

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

The structure ofB.doreilipid A
may be lessmmunostimulatory
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LPS fronBacteroidesspecies Is less
Immunostimulatory compared tce. coliLPS

+ (. 1) % UHSRUWHL
downstream TLR4 signaling

B. doreiand B. vulgatusharbor
immunologically silent form of LPS
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Population studies of the
human microbiome

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.




http://  huttenhower.sph.harvard.edu/biobakery
First hit when you googldéfobakery

Upstream microbial genome curation

Taxonomic & functional profiling ofieta’'omes
(metagenomes etatranscriptome

Microbial & clinical association discovery

Reproducible workflows & infrastructure



http://huttenhower.sph.harvard.edu/biobakery
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> High-level taxonomy is as expected,
[ but with tremendous diversity
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=% Positive controls: fecal and oral
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Amir,
Knight lab

%» Anything that can go wrong,
[ will go wrong, sometimes  «w




Negative controls: buffer blanks

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

Bioinformatics labs

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

Bray -Curtis
Variability

Technical Different Different Different Different
Replicates Bioinformatics Sequencer Extraction  Biospecimen




“ ¥ What's next for MBQC-II?

Specimens:

Stool Skin? Saliva? Chemostat Positive controls Negative controls
MBQCbase mocks Storage fixative
OMNIgene ZymoBIOMICNorgen EtOH HMP mocksDNA+cell Extraction kits

-80 C, 4C, RT ZymoBIOMICS PCR kits
Swab, FOBT, etc. Isolates (3 domain)
Blinding
Sample sets:

16S + 18S/ITS

QIAGEN ZymoBIOMICS

Shotgun

lllumina sequence generation PacBio Nanopore Targeted Assays
Lab 1 Lab 2 Lab 3 Lab 4 Lab 5 Lab 1 Lab 1 Lab 1 Lab 1

Bioinformatics:

16S tool SOPs  Functional prof. Positive control Negative control
accuracy background
18S/ITS SOPs Targeted tools
Betweengroup

. Replicateagreement
Taxonomic prof. consensus




B. dorelLPS antagonizes
Immune stimulation byE. coliLPS

Stimulate human PBMCs:

TNFa concentration
(pg/ml)

B. dorei LPS dose (log ng/ml)
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Microbe-specific LPS stimulation may be responsi
for a component ofthe hygiene hypothesis
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