Y MONASH MONASH
University CENTRAL

CLINICAL
SCHOOL

ADEA Symposium: Diabetes & the
Gut Microbiota

MATTHEW SNELSON

ylﬁ$ SRBIGHT Y @matt_snelson | mattsnelson.com

AUSTRALIA




University

Outline

e What is the microbiota

* How is it measured
— Techniques
— Sampling Issues
— Best Practice Recommendations
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Microbiota vs Microbiome

Often used synonymously.
“Microbiota” — Collection of organisms.

“Microbiome” — Collective genetic material of
a microbial community.
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What is the microbiota?

* Collection of microorganisms
— Bacteria :I— Most studies referring to gut microbiota
— Archaea
— Fungi - Mycobiome
— Viruses - Virome

— Bacteriophages - Phageome
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Bacteria:
10" cfu g* faeces,
27% of stool dry mass,
~4x10™ (~0.2 kg) total

~93% of total DNA,
(Sender et al., 2016)

Archaea:
10*- 10" cfu g faeces,
~0.8% of total DNA
(Wampach et al., 2017)

Shkoporov 2019 Cell Host & Microbe
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What is the micrg biota?

U
Bacteria Archaea Eukaryota ”5/?5
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e Bacteria: Human Cells
* Bacteriophages: Bacteria

Hsu 2019 Cell Host & Microbe

Bacteriophages
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University
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Bacteriophages

a Phage therapy b Phage enzymes

Drug-sensitive | Death |
enzyme -

Nature Reviews | Microbiology

Set Phages to Stun: Reducing the
Virulence of Staphylococcus aureus in
Diabetic Foot Ulcers

Diabetes 2015:64:2701-2703 | DOI: 10.2337/db15-0543 Salmond 2015 Nat Rev Microbiology
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Bacteria:
10" cfu g* faeces,
27% of stool dry mass,
~4x10™ (~0.2 kg) total

~93% of total DNA,
(Sender et al., 2016)

Archaea:
10*- 10" cfu g faeces,
~0.8% of total DNA
(Wampach et al., 2017)

Shkoporov 2019 Cell Host & Microbe
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Nomenclature

<=
Eukarya A Bacteria
= =>
Animalia A Bacteria
S
Chordata A Firmicutes
G2
Mammalia A Bacilli
===
Primates A Lactobacillales
GSEsSP
Hominidae A Lactobacillaceae
S

Homo Lactobacillus

GiE
Homo sapiens Am Lactobacillus rhamnosus

-_—
Species Strain: Lactobacillus rhamnosus GG (ATCC 53103)
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Alpha Diversity

* Within sample measure
— Simpson, Chaol (richness)

— Shannon Index (richness and evenness)
Being rich is good! o~ C:ff’(
Belng diverse is good!
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Low richness Low richness High richness ngh rlchness

3 types fruit 3 types fruit 7 types fruit 7 types fruit

Low evenness High evenness Low evenness High evenness

Lots of (common) types  Similar abundance of Lots of (common) types Similar abundance of

Few of (rare) types each type Few of (rare) types each type
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Beta Diversity

* Between sample measure

Site A Site C

Site B

Site A Site C

Alpha diversity: 3 Alpha diversity: 2

Beta diversity between A&B: 2
(3-2)+(3-2)=

Beta diversity between B&C: 3
(3-1)+(2-1)=

Site B

Alpha diversity: 3
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Outline

e What is the microbiota

* How is it measured
— Techniques
— Sampling Issues
— Best Practice Recommendations
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Measuring Microbiota

* Targeted qPCR
*(16S rRNA gene |
* Shotgun sequencing

° I\/Ietatranscrlptomlcs What are

— Measuring bacterial mMRNA they doing?
e Microbial Metabolomics

— Measuring metabolites
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Sequencing Popularity

“16S rRNA sequencing”

333333

“shotgun sequencing”

Web of Science
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Targeted qPCR

* Using bacteria specific primers

Table 2 Primers used for gqPCR in this study

Target bacteria Primer Sequence (5-3") Annealing Product
temperature (°C)  size (bp)

Roseburia spp. Ros-F GCGGTRCGGCAAGTCTGA 60 81
Ros-R  CCTCCGACACTCTAGTMCGAC
Faecalibacterium prausnitzii  Fae-F' GGAGGAAGAAGGTCTTCGG 60 248

Fac-R  AATTCCGCCTACCTCTGCACT

Jiang 2016
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16S rRNA gene & Uty

16S rRNA gene (bacteria and archaea)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp
Cvioove | v v vs vl vil ve

CONSERYVI EGIONS: unspecific applications
VARIABLE REGIONS: group or species-specific applications

, <
ITS (fungi) Z
[ B
o
(V)]

o P Y £
185 - 285
nSSU = 585 ITS2) /g,

C




16S rRNA gene
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* Bacteria can have multiple 16S rRNA genes

20 -
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16S copies / genome
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15

“Only a minority of bacterial genomes harbors identical 16S rRNA gene copies”

Vétrovsky 2013 PLOS ONE



7 identical,
3 different

2 identical,
5 different

2 identical

Thomas et al, 2015 — Future Microbiology

52.6%

0%

36.8%

10.5%

Amplification
failed

OTUs

i

43.5%

17.4%

30.4%

8.7%

8 identical,

2 different

3 identical,

1 different

3 identical,

4 different

2 identical

MONASH
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16S rRNA Sequences

Sequence

@MO0S596:209: 00P00000-BN38H: 1:2102:13747:1220 1:M:0:NCTCGCTA+AAGGCTAT
ATACGGEGGECTGCAGTGAGGAATATTGLTCAATGGACGAGAGT CTGAACCAGCCAAGTAGCGTGAAGGAT GACT GLCT

BB CCCEGGS18=8:: :C:CDS: FEF<FGFGFF, K6 AEEFFGGGGE PEFAEGGEFFEBCEF ?FFGFFEGEBEDEEDSB=D,

CCTRCGGGRGGC&GCR GAGGAATATTGETCAATGEACGAGAGT CTGAACCAGCCARGTAGCGT GAAGGAT GACT GCCH
+ Quality Score

—BACCGCCDFES88== C=CFGFDFGLGEGEEEEFGEEEEGGGGF<F<CFGFGEEG ?FFFGFFGFFCTFGGG<9<FCFFGI
EMO0596:209:000000000-BN38H:1:2102:18144:1231 1:M:0:NCTCGCTA+AAGGCTAT
CCTACGEETGECTCCAGTGEEEAATATTGEECALT GEECCGCALMGCCTGATCCAGCARCGOCGOET GAAGEGAAGA L T (T
+

—-BACCGEEGe=5:8 CCEGGEFEGGEGECEFFCFEFE, BE@EB+CFGEGE, EEFGGEFGEDTFEGEEEEEGFF=EF<, , CCI
EMO0E596:209:000000000-BHN38H:1:2102:95943:123% 1:N:0:NCICGCTL+LAGGCTAT
CCTACGGGAGGCAGCAGTGAGGAATATTGETCAATGETCGECAGACT GAACCAGCCAAGTCGCCT GAGEEAAGACEECCH
+

BBACCGCGGFB>>=8 ; C=EEGGGFGEEEEEEEEEEEECFGEEEELFGEEEFGEEEEEEEEEEEEEEEEEEEFEEEEEEE
EMO0596:209:000000000-BN38H:1:2102:15257:1241 1:M:0:NCTCGCTA+AAGGCTAT
ACTARCOGEEEEECTECAGTGEEEALTATTGEECALT GEECGCARGCCTGACCCAGCALCGOCGOET GAAGEAA G B (T
+

~BRACCGED>>8>=88: CCEEGG?FFGGGGGGGGGGGGGGGGGGGGGGGGGFGFGFGGFGGGGGGGGG+@FFGGGGGGGGI

F T T - - - e m  m — o — - - - - —— - - - = R - o o — o e — o —— —
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Representative Sequences

Operational Taxonomic Units

sample amplicon reads _OTUs
sequences y N
o ° / \
. | | _mam
.. ....' \ 'y < o N\
‘ ° ~ ~ - 7 \
® °® o B \ i
° 3 /
N _ 7/
Errors -
—- Make OTUs
DADA2

Exact Sequence Variant (ESV)

Susan Holmes (Stanford)
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16S rRNA Summary

* Most popular way to measure microbiota

e Uses primers for a specific part of the
hypervariable region

* Sequences
— Old Method: Use OTUs
— New Method: Use ESVs (ASVs)



Shotgun Sequencing

Microbiome

Metadata
information

MONASH
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Biological/clinical
interpretation

Biomarker
discovery

Microbiome-based
prediction tools

Subtype/

clustering analysis

Co-occurrence/
ecological modeling

Phylogeny
reconstruction

Strain tracking

Epidemiology and
population genomics

.

o

hN

Microbial species

B ==

Functions/pathways

0

Size: ~MBs

/

Read-based taxonomic profiling
Map reads to genomes or marker genes

Read-based metabolic profiling

Map reads to annotated genes,
proteins or pathways

Metagenome / Metagenomic data set
——m -
Sample €D DNA WY DNA | ocacciosw | Multiple
collection t"w"ﬁo extraction WM sequencing | TCACATCAGGTCA TTACEA I samples
—> o Ug® — > oo ——> | e ——3
o® &4 | e
0{:2} !': w | TACETACAT |
: - - fremal-
- A :
Contigs ac \
\ WP TP Assembly-based profiling
W (Co)assemble reads into contigs
WP ROBAN
WRITHRITITRITH. +
Genes Taxonomic and functional annotation -
WO W v
%W Map reads to annotated contigs
W WP

/

Independent
validation

Reference information

Available microbial proteins,

genomes and annotations
Annotated pathways

Sire: ~GBs

[ 1. Expenmental pipeline j [2_ Pre—prooessing: [; 3. Sequence analysis J [4. Puet—pmcessingJ [5. Validation J

Quince 2017 Nature Biotechnology
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Genome Transcriptome Proteome

Transcription > Translation >( Proteins )

Central dogma of molecular biology
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Metatranscriptomics

* Measuring the entire transcriptome ' erna-on

® DNA > RNA
10” Starch and sucrose metabolism Phe, Tyr, and Trp biosynthesis
3
c
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I 10 e
@
~ 10" o
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Mean Relative DNA Abundance Mean Relative DNA Abundance

Franzosa 2014 PNAS



4 MONASH
University

Outline

e What is the microbiota

* How is it measured
— Techniques
— Sampling Issues
— Best Practice Recommendations



Stool Sampling

Subject

1001 -1
1001 -2

Proportion (%)
82.0

B 700

| 1emz
I 40.0
I 20.0
B 09.0
07.0
BN 05.0
03.0

01.0

00.6

N 00.4
I 00.2
1 0.00

Filalg  glo' 0

« Taxa present >1% -> all present in both samples
« Low abundance taxa (0.2-0.4%) -> 35% were not detected in 2"? replicate

Wu 2010
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Actinobacteria all genera

Bacteroidetes Baclercides

Bactercidetes Prevotella

Bacteroidetes Alistipes

Bactermdetes Farabacteroides
Bacteroidetes Megamonas

Bacteroidetes Xylanibacter

Bacteroidetes Other

Firmicutes Lachnospiraceae Incertae Sedis
Firmicutes Faecalibacterium

Firmicutes Lachnespiraceae Unknown Genus
Firmicutes Ruminococcaceae Unknown Genus
Firmicutes Roseburia

Firmicutes Subdoligranulum

Firmicutes Veillonellaceae Unknown Genus
Firmicutes Ruminococcus

Firmicutes Dialister

Firmicutes Coprococcus

Firmicutes Anaerotruncus

Firmicutes Ruminococcaceae Incertae Sedis
Firmicutes Bryantella

Firmicutes Coprobacillus

Firmicutes Daorea

Firmicutes Erysipelotrichaceae Incertae Sedis
Firmicutes Peplococcus

Firmicutes Papillibacter

Firmicutes Succinispira

Firmicutes Lachnospira

Firmicutes Anaerovorax

Firmicutes Acetanaerobacterium
Firmicutes Peptostreptococcaceae Incertae
Firmicutes Holdemania

Firmicutes Butyrivibrio

Firmicutes Catenibacterium

Firmicutes Acidaminococcus

Firmicutes Streptococcus

Firmicutes Qribactarium

Firmicutes other

Fuschacteria all genera

Protecbacteria Alphaprotecbacteria
Protecbacteria Betaproteobacteria
Protecbacteria Deltaprotecbacteria
Protecbacteria Epsilonprotecbacteria
Protecbacteria Gammaproteobacteria
Unknown Proteabacteria

Unclassified bacteria

Other Phyla



Outside vs Inside of Stool B Uy

Bacteroidetes Firmicutes Firmicutes : Bacteroidetes ratio
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"oxygen tension would affect the growth of facultative and
strict anaerobic bacteria differently”

Gorzelak 2015
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Homogenisation
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Gorzelak 2015

Homogenized  Not-Homogenized

a —

gPCR
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6000000+

Mean Variance

4000000+

2000000+

T T
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Enterobacteriaceae
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Mean Variance
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Lactobacillus spp.

——

T T
Homogenized Not-Homogenized

"By far the most important recommendation
generated by this study is to homogenize the

entire faecal sample prior to analysis."
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Normalized Relative
Expression
[=]
i

0.0

Room temp for 15 or 30 mins, before DNA extraction

Bacteroidetes

Storage: Room Temp

T

2.0+

154

1.04

Normalized Relative
Expression

15 min

30 min

Lactobacillus spp.

1

0.0
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*

1
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30 min

Normalized Relative

Expression

2.0+

1.5+

1.04

0.5-

E

P9 MONASH

B

‘@ University

Enterobacteraceae

0.0

Ll
16 min

30 min

Gorzelak 2015



Storage: Effect of -20°C Free

Fecal
samples

Pre-
treatment

Donar |1  =—p
Donor 2 =—»

DonNar 3 e

Storage

DNA
extractions

No 53 £ 5 days,

?:;?UQUE gﬁoﬁaﬁ% fﬂr_S;;hodsjreplicas
ol s JUUUU
guoou | 00000

w (mee UUUUU

Firmicutes/Bacteroidetes Ratio

gogug—|_ S

gPCR
analysis

6 primer sets,
90 DNA extractions

DNA Extraction:

M: Powersoil

Q: QlAamp DNA Stool Minikit
B: QlAamp with beadbeating

Donor 1 Donor 2
100 100
10 % 10
R b daa, ke M o
I = & e ‘& ] s
oy ‘
0.1 ; T T T T T 0.1 T T T T T T
S O o & & O & @ &
4.4 5.2 1.8 0.9 1.2 1.8
%* * * * *
Bahl 2012

Donor 3
100
10
ey
—=—
1#1* *
0.1 T T 1 T ¥ i
& O K& 0 K
1.0 2.4 1.3
%* *



Qiagen
DNA
Stool

Minikit

Wu 2010
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DNA Extraction Protocol ® tresv

v

Phenol

Bead Beater

v

95°C 5 mins

Qiagen
DNA
Stool

Minikit

Extraction

Storage

Proportion (%)

B 700
Il 60.0
Il 40.0
Il 200
 09.0

07.0
B 05.0
[ 03.0

01.0

00.6
B 004
I 00.2
1000

-
c
1]
o

B

s}
g
N
=]
=

i

>

Frozen - Qiagen 2

Frozen - PhBB-Qia

Actincbacteria all genera

Bacteroidetes Bacteroides

Bacteroidetes Prevotella

Bacteroidetes Alistipes

Bacteroidetes Parabacteroides
Bacteroidetes Megamonas

Bacteroidetes Xylanibacter

Bacteroidetes Other

Firmicutes Lachnospiraceae Incertae Sedis
Firmicutes Faecalibacterium

Firmicutes Lachnospiraceae Unknown Genus
Firmicutes Ruminococcaceae Unknown Genus
Firmicutes Roseburia

Firmicutes Subdoligranulum

Firmicutes Veillonellaceae Unknown Genus
Firmicutes Ruminococcus

Firmicutes Dialister

Firmicutes Coprococcus

Firmicutes Anaerotruncus

Firmicutes Ruminococcaceae Incertae Sedis
Firmicutes Bryantella

Firmicutes Coprobacillus

Firmicutes Dorea

Firmicutes Erysipelotrichaceae Incertae Sedis
Firmicutes Peptococcus

Firmicutes Papillibacter

Firmicutes Succinispira

Firmicutes Lachnospira

Firmicutes Anaerovorax

Firmicutes Acetanaerobacterium

Firmicutes Peptostreptococcaceae Incertae
Firmicutes Holdemania

Firmicutes Butyrivibrio

Firmicutes Catenibacterium

Firmicutes Acidaminococcus

Firmicutes Streptococcus

Firmicutes Oribacterium

Firmicutes other

Fusobacteria all genera

Protecbacteria Alphaprotecbacteria
Proteobacteria Betaproteobacteria
Proteobacteria Deltaprotecbacteria
Proteobacteria Epsilonprotecbacteria
PFrolecbacleria Gammaprolesbacteria
Unknown Proteobacteria

Unclassified bacteria

Other Phyla
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Best Practice....

wemaan  |Applied and Environmental

SOCIETY FOR

MICROBIOLOGY MICT’Obl'Ology
The Madness of Microbiome: Attempting To Find Consensus

“Best Practice” for 16S Microbiome Studies

Jolinda Pollock,2® “' Laura Glendinning,® Trong Wisedchanwet,? (2’ Mick WatsonP

@e)MICROBIOME

Best practices for analysing
microbiomes

Rob Knight@=512*_ Alison Vrbanac®'?, Bryn C. Taylor® 2, Alexander Aksenovs,
Chris Callewaert®s, Justine Debelius®, Antonio CGonzalez®, Tomasz Kosciolek®®,
Laura-lsobel McCall®, Daniel McDonald®, Alexey V. Melnik®, James T. Morton*~,
Jose Navas®, Robert A. Quinn?, Jon G. Sanders®*, Austin D. Swafford’,

Luke R. Thompson®’™2, Anupriya Tripathi®, Zhenjiang Z. Xu*, Jesse R. Zaneveld'®,
Qiyun Zhud*, J. Gregory Caporaso'' and Pieter C. Dorrestein'>*

B ., | miBic
Identifying and Overcoming Threats to Reproducibility,
Replicability, Robustness, and Generalizability in Microbiome

Research

Patrick D. Schloss?®
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Recommendations

* Stool sample: Ideally homogenise entire stool.
* Collection/Storage: ‘

— Immediate storage at -80°C
— OR Stabilise in 95% ethanol / omnigene.GUT

e DNA extraction: -

L
E
-l
T
=
|

el HOHMEC

— Include mock community controls “": ¥
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Explore your E
m icrObiome. The best kit for curious l

explorers. Sample one Sample your gut three
site: your gut! times: before, during and
Lec n Clbout Your micrt From just one gut sample, you after a diet or lifestyle
get o comprehensive change.

c‘nd breakdown of your
. . microbiome, how it's Our most popular bundle goes
join the thousands Wh¢ i ctioning and how it o step further with multiple

. . . compares to others'. gut samples, to see how your
thel r Ml CrOblomes Seql microbiome changes over time.

$ 89 ::IUF;:-CIS; $1 99 ::'._.':::CIS._;

Subscribe and

$ 71 20 save 205 : A 25% discou |- off the “f"_“’n_tl__ Cti,,t kit,

Celivered every



Jessica Richman
Zac Apte

Founded in 2012
raised >S100M
Valued at S600M (May 2019)

P4 MONASH
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“No cost to you” o
ee00C T-Mobile F 10:13 PM 719} 40% @
X b &
Comprehensive report In its medical policy, Anthem considers uBiome’s tests “investigational and not medically

The SmartGut™ test report allows

necessary,” and Aetna considers the tests “experimental and investigational because their

to better understand:

1) If there are specific pathogens | TOle in clinical management has not been established.”

causing illness

2) The balance of commensal and beneficial bacteria

that may be contributing to symptoms CUStomers faced unexpeCted bills Of 28 mUCh =
3) Risk factors relating to the microbiome $U53 000
’

Company insiders describe how health start-up uBiome routinely billed patients
multiple times without consent and pressured its doctors to approve tests with
minimal oversight.

No cost to you

Throughout the duration of

uBiome's SmartGut pilot period
uBiome will NOT balance bill
patients. That means any costs not

covered by your insurance company

wil be covered by uBiome. The FBI reportedly just raided microbiome-
testing startup uBiome as part of an
investigation into improper billing

Request your test LYDIA RAMSEY
APR 27, 2019, 7:46 AM

https://www.businessinsider.com.au/customer-complaints-about-ubiomes-microbiome-tests-and-billing-2019-5
https://www.cnbc.com/2019/05/02/ubiome-what-really-happened-at-health-start-up-raided-by-fbi.html



https://www.businessinsider.com.au/customer-complaints-about-ubiomes-microbiome-tests-and-billing-2019-5
https://www.cnbc.com/2019/05/02/ubiome-what-really-happened-at-health-start-up-raided-by-fbi.html
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* May 2019: Stopped selling the “SmartGut”
and “SmartJane” kits (doctor ordered).

* May 2019: Took down stock photos that were
used in customer testimonials on website
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e Zac Apte and Jessica Richman

— “on leave”
— “misrepresented their relationship”

— Jessica lied about her age
e 2014: Bl: “30 most important women under 30 in tech”
e 2015: CNN money “Upstart 30: The Futurists”
e 2018: Bl: “30 healthcare leaders under 40”
e Actual age: 45 (2019)
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Silicon Valley + Health =

Following the Recent Raid, Could uBiome
Become Theranos 2.0?

frontlinegenomics.com WEREN D

Theranos but for poop

boingboing.net

NATIONAL BEST SELLER

Secrets and Lies

Questionable Silicon Valley Health Startups:

in a Silicon

Valley Startup - Theranos
- uBiome
- Nurx (“the uber of birth control”)
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THANK YOU
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