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The Microbiome

Appanna V.D. (2018) The Human Microbiome: The Origin. In: Human Microbes - The
Power Within. Springer, Singapore. https://doi.org/10.1007/978-981-10-7684-8 1
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Visible Organs Invisible Microbiome Complete Human

» 51
107 cells b ~10°** million microbes  Normal functioning body
P = 23000 genes * ~ 9 million genes
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What is the aim?

DNA-Based RNA-Based Protein-Based Metabolite-Based l
Approaches Approaches Approaches Approaches e
Whois there? How do they respond? How are they interacting What are the chemical High throughaut caltning
What can they do? What pathways are with the host? outcomes of their activity? LB
activated? What proteins are being o
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National Academies of Sciences, Engineering, and Medicine. 2018. Environmental Chemicals, the Human Microbiome, and Health Risk: A Research Strategy. Washington, DC: 'I;jhe National
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Study design

Study design o
Y g =

High variability of microbiome DNA
. . . . . . . exmcuon
Specific inclusion/exclusion criteria
° More homogenous group
° Increased study power | R |
Define «healthy controls», if needed
o 18-64 years

o No chronic autoimmune, gastrointestinal, oncological diseases

Collection of metadata = information on factors that could impact the Seenos
results quality control

o Antibiotic treatment \‘
o Other diseases T Clustering and
o Diet - i taxonomical

o 5 identification
Other factors /_/
o e.g., Skin microbiome needs ~2hours to rebalance after washing hands SR -
interpreting
results
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http://dx.doi.org/10.1186/s40413-015-0074-z

Design — case/control

100 =

v'Match study groups
= Age
= Sex

C Corynebacterium
*I  Oribacterium
C Actinomyces
L Capnocytophaga
@ Leptotrichia
1 ueme

—

[ C Granulicatella

—— L Porphyromonas ——

—— @ Gemella

—— ™ Veilonella

t E Neiserria 4

—— C Fusobacterium

—— C Prevotella

— 3 Streptococcus —

I*

= BMI g 80—
']
v'High intra- & inter- individual variety =
= Lifestyle e
. 3 60—
= Diet <
* Medication 9
= Physiology %
= Geographic location e 47
v'>1 control group
= Healthy individuals 20 —
= Asymptomatic patients
= Different stages of disease/therapy response
v'Time of sample collection °
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Case

Control

* Low Abundance Genera

Dialister
Photobacterium
Propionibacterium
Shuttleworthia
Mogibacterium
Streplobacillus
Kingella
Simonsiela
Peptoniphilus
Chrysecbacterium
Cardiobacterium
Bifidobactzrium
Alloscardovia
Rummeliibacillus
Eikenella
Pelomaonas
Bacteroides
Enteracaceus
Campylobacter
Clostridium
Aggregatibacter
Sphingomonas
Sneathia
Acinetobacter
Peplococcus

ENSEODJEOOCDOCODNEDODIDIOEOICORE

ONENODCONCOO0IODEEEEZIINCOOC

Rnhodopseludomonas
Finegoldia
Peptostreptococcus
Moryella
Catonella
Abiotrophia
Treponema
Mycaplasma
Butyrivibrio
Ralstonia
Maraxella
Atopobium
Lautropia
Selenomonas
Tannerella
Eubacterium
Anaerococcus
Staphylococcus
Delftia
Actinobacillus
Lactobacillus
Filifactor
Bulleidia
Haemophilus




The perfect control group = monozygotic twins

Bacteroides ovatus
Bacteroides uniformis
Bacteroides stercoris
Bacteroides doreilvulgatus
Bacteroides thetaiotaomicron
Bacteroides xylanisolvens
Bacteroides fragilis
Bacteroides caccae
Bifidobacterium adolescentis

Bifidobacterium longum
~ Bifidobacterium catenulatum—
tenwlatum complex

rea formicigenerans
Dorea longicatena
butyrate-producing bacterium SS3/4
butyrate-producing bacterium
mOTU_431
mOTU_346
mOTU_212
mOTU_334
mOTU_103
mOTU_383
mOTU_307
mOTU_470
B Bacwokla

I Acsncbeactana
B Closrida
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https://www.cell.com/cell-systems/issue?pii=S2405-4712(15)X0020-2
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Design — longitudinal

??7? 1
v'"How many time points ,
v'Observational / with intervention
v'Seasonal impact; Sample collection time !

3

+
v'First sample as control ’
v'Increased study power :

- 1
v'Adherence. 8

Published in final edited form as:
Cell 2014 July 17; 158(2): 250-262. doi:10.1016/).cell.2014.06.037.

Conducting a Microbiome Study 3

Julia K. Goodrich'2, Sara C. Di Rienzi' 2, Angela C. Poole', Omry Koren'Z2, William A.

Walters®, J. Gregory Caporaso*®, Rob Knight®7-€, and Ruth E. Ley'2"’ Day of life

m Staphylococcus

Actinomyces » Enterococcus # Steptococcus
At caRare /29521 (701 Negativicoccus Escherichia » Proteus Klebsiella




Defining a healthy plane

Microbiome dynamics in IBD

a ¢ -
> Microbiome of IDB patients is fluctuating more T . O
. . o 1 —-Aﬁlib—-‘—_J
o Some IBD patient samples periodically where on the —- s
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o .
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28191884

Study power calculations

v'Current methods based on:
= PERMANOQOVA

= Dirichlet Multinomial

" Random forest analysis https://fedematt.shinyapps.io/shinyMB/

Power & Sample Sizes Tool for Case-Control Microbiome Studies

Abundance Curves Power vs. Sample Size How to use it Methodology Examples
v'Some tools for case-control studies  cnhoose Reiative Abundance Curve for _ |
Controls (1) Desired R AD.s Power Estimate
shape (Option 1)
Stool - power nl n2
>:< 6 =0.026 —+ ™ Value .03 40 40
Stratification # of OTUs Overdispersion ‘é B X T2
NO v 50 0.0 g
€ 8 |
8 e
<
. [
OR Estimate It From Your Data g
Separator Quote Load your data § °
® Comma None No fi.._osen é -
Semicolon @ Double =
= X N = = = AN PR RN PO PO Lelal
single Remove File s
[ Strata 10) e L T T T T 1
Factor Ignore uploaded file (only 0 10 20 30 40 50
in 2nd once).

OTU Index of Controls
row
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https://fedematt.shinyapps.io/shinyMB/

REVIEW ARTICLES

A guide to human microbiome research: study
design, sample collection, and bioinformatics
analysis

D . . . b . t d Qian, Xu-Bo'; Chen, Tong?; Xu, Yi-Ping'; Chen, Lei?; Sun, Fu-Xiang®; Lu, Mei-Ping’; Liu, Yong-Xin>®
eS I g n I n g a I I I IC rO |OI I l e S u y Editor(s): Shi, Qiang Author Information &
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Chinese Medical Journal: August 5, 2020 - Volume 133 - Issue 15 - p 1844-1855
doi: 10,1097/ CM9.0000000000000871

Considerations Details

Study type [Cross-sectional [JCase-control [JLongitudinal (JRCT [JOther:
Sex [IMatched [JUnmatched [JOther:

Age [OMatched [(JQUnmatched [JOther:

BMI [OMatched [JUnmatched [JOther:

Ethnicity [OMatched [(JQUnmatched [JOther:

Geographic location
Diet

Season factor
Medications
Inclusion criteria
Exclusion criteria

Sample size
Sequencing methods

Negative and/or positive controls

Multi-omics methods
Sample types

Animal model

[IMatched [JUnmatched [JOther:

[OMonitored: detailed information

[ONot monitored

[JAIll samples in different groups are collected in the same season(s)
[JAIl samples in different groups are not collected in the same season(s)
What kinds of medications were used before the study?

How long were the medications not used before the study?

[IDefined well [JNot defined well

[Defined well [JNot defined well

[JEstimated [JNot estimated

OAmplicon [JMetagenome

[ONegative controls: detailed information

[Positive controls: detailed information

[OMetabolome [JMetatranscriptome [[JMetaproteome

[JFecal sample [JColonic lavage fluid [JLuminal brush [JPinch biopsy
[JSub-mucosal biopsy [JSynovial fluid [JUrinary sample [JDental plaque
[Saliva [JSkin [JOther samples:

[JResults will be verified in an animal model

[OResults will not be verified in an animal model

BMI: Body mass index; RCT: Randomized controlled trial.
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Methods

Overview of the most often used approaches for microbiome analysis

15.10.2021. ML4MICROBIOME



Sample

——

Culturomics 1 DNA based
~High throughput culturing Genomic analysis
i 9 \\\

16s rRNA gene
sequencing

Whole genome sequencing

E=a

= Taxonomy

S~ \‘ Phylogeny
Diversity
Composition
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Metagenomics
l Shot-gun metagenomics

]

RNA based

Functional analysis

. Y
N vy

Metatranscriptomics
Metaproteomics

Metabolomics l

direct analysis

e Protein, metabolite pathway

indirect analysis

inference



https://dx.doi.org/10.14218/JCTH.2019.00035

Bacteria, archaea, fungi,
viruses
~-| Small amount of data

o

Traditional approach for characterizing
bacteria, as well as some archaea and viruses

\ Allows to perform functional in Vvitro
Oy experiments
Basis for development of probiotics

Possible to combine with other - DNA and

\ RNA based - methods

Culture-dependent methods

-

Complicated due to:
o Anaerobic microbiota

° Interaction between taxa

Information is limited to
knowledge and skills

corresponding

Relatively low % of microorganisms for which
the culturing conditions are known

15.10.2021.
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All microorganisms

O Eum — Small amount of data

PCR-based arrays
+

-

One or some number of specific Datalimited tothe array

microorganisms can be included
PCR artefacts

\ Fast; suitable for diagnostics, forensics

o Amplification Amplification

\ SCIENTIFIC REP{E}RTS " /)

i OFEN Rapid oral bacteria detection based 20 | s 3 R NN
. M 2000 S = zt\\:\e SS8
on real-time PCR for the forensic 2 | /| = -
identification of saliva | - sy R
Recedved: 23 November 2017 JuYeon Jung®, Hyun Kyu Yoon?, Sanghyun An?, Jee Won Lee (%, Eu-Ree Ahn?, Yeon-Ji Kim!, ” ‘ - :':»:,d:;:rm, R'=0.088, Slope=-3.378, y-int=38.832

Accepted: 9 July 2018 Hyun-Chul Park!, Kyungmyung Lee?, Jung Ho Hwang* & Si-Keun Lim! ~— HEX, E=99.7%, R?=0.999, Slope=-3.328, y-int=43.780

Published online: 18 July 2018 3 . . . . o ~— Texas Red, E=103.0%, R*=0.999, Slope=-3.252, y-int=42.076 | [ W4



Bacteria, archaea,

,_ eukaryotes, fungi
O :

= | Large amount of data

Analysis of marker-gene amplicon

o -

° Various types — barcodes: Number of marker-gene copies can be variable
% > 16S rRNA — bacteria, some archaea _
- 185 rRNA - eukaryotes Mostly can classify up to genus level
\ > ITS - fungi Resolution depends on the chosen marker-gene
s Fast & widely used method and its region
Can obtain information about most of the present NO information if the detected microorganisms

microorganisms (corresponding to marker-gene) are dead, alive, active
\ Low biomass requirement PCR artefacts, primer specify

@Y Suitable for samples with high abundance of host DNA  False positive results in low-biomass samples

High number of publicly available data Limited data about functions (prediction tools?)

15.10.2021. ML4MICROBIOME



All organisms — including

the host

i Ed e
2" »o| Large amount of data
X Shotgun metagenomics o
RS Obtain most of the available genetic Part of the datais taken by host DNA
information in the sample _ , ,
\ - Dependent of sequencing depth Incomplete information in the reference
databases
o Resolution up to species and strain level
O . _ _ For comprehensive microbiome
: Informatlon about taxonomic and functional  .p5racterization — high sequencing depth is
profile needed
N\ o Gene families
> Pathways No information if the detected microorganisms
Oy are dead, alive, active
o[ Possible to perform de novo assembly

Assembly artefacts

15.10.2021. ML4MICROBIOME



All organisms — including
| the host
| Large amount of data

Metatra NSCriptomics

o

-

Can identify live microorganisms (e.g. in Complex sample collection and storage

combination with marker-gene analysis) _ ,
\ Expensive and complex sample processing
Host mRNA and rRNA contamination

S Gives information about the dynamic inter- , , ,

o individual differences Data can be affected by microorganisms with

high transcriptional activity

\ Need to be combined with DNA sequencing to
Gives information about microbial activity, distinguish transcription level from specific

Qf) including about response reaction to changesin abundance of taxonomic groups

intervention or other factors

15.10.2021. ML4MICROBIOME



A% All organisms — including
\ .L\ the host
Oy £°47 | Large amount of data

Metabolomics and Metaproteomics

-

\
@

O .

Targeted > for detection of known Cannotbe connected to specific organisms

metabolites/proteins (e.g. bile acids) _
\ Expensive and complex
Untargeted = for search of new compounds
& P Differences in stability of study subjects
o Give opportunity to evaluate functional

O .

hanges
C

15.10.2021. ML4MICROBIOME



LETTERS

nature
blOtﬁChﬂOlogy hitps:/Adoi.org/10.1038/541587-019-0183-2

Spatial metagenomic characterization of microbial
biogeography in the gut

Ravi U. Sheth®*?, Minggiang Li®3, Weigian Jiang?, Peter A. Sims'*°, Kam W. Leong* and
Harris H. Wang @+

a
Embed sample in Fracture into clusters, Encapsulate with Migroblonme Isolated calls Amplifled genontle DMA
palymer matrix lyse and size select barcoded beads  Diufion,

v /o) @ | meedeon /o) W y o |
i 4 A - - | i -3 i
intestine . , I 3 ,.-"/ FACS, ";_,. E ‘,J' - ""XJ_ 'Ly-..o._
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, LY )| woa b4
- - A - T:f
Nif —
Genomis Genome Assembled genomes Sequencing
Phylogeny variation analysls . AMigneads i .
Barcode 165 sequence ‘ ‘ SR Ao "= —ﬁ R — o — [F ‘-1 . I’r
: d / e — y . AR A
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Break droplals Release primers, gDNA
and sequence and PCR amplify 165

Fardzic & boad primers

{MICROBIOME



Sampling

Factors significantly impacting the data

15.10.2021. ML4MICROBIOME



Logistics

v" Who will collect the sample?

v" Precise instructions for collection
v’ Patient safety

v' Assisting devices

v Transportation

v Animal studies (?)

15.10.2021.
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Sample collection
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Sample type
\//

Zhang et al.Front. Cell. Infect. Microbiol., 24 February 2017

Colonoscopic biopsy

,/':..
A ~
Transverse colon .
P Protected specimen brush

Laser capture microdissection

Ascending colon

Descending colon

Rectal swab

(1

Caecum

L

Collectiof

oeze =
S ‘ ER
o ;é;un. CONTAIN p— Store at 25
= 3 ‘ ‘ | wra
Rectum

‘ e
ttion Tub*
Yore at 25"

shutterstock.com « 658332607

Outer mucus layer

Inner mucus layer

>

Epithelium

e Lumen

ML4MICROBIOME
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Sample transportation and storage

v St ora g e: A 12oNb of observed species B Taxonomy at the species level
. . P rtion of n (%)
v'Immediate freezing % - grop:; og 0 :equge ce: o
v'Long term storage at +4 C (?) ZE . ==_ s
\/Room temp up to 24h 0 i (PP P — —
s % ¥ : N e e e e S e = Y
v'Avoid thawing/freezing cycles C ou | o8 — |
v'Usage of stabilizers (RNAlater, OMNIgene Gut, :

| —
Eswab kit, etc.) E —T—
UF1h '

UF3h

#3
U"" RT3h |
RT3h RT24h
UF3h RT2w |
e RT24h

0.02 —

!
UF1lh
UF3h

R13h

RT24h

. RT2w #4
Tedjo, Danyta | et al. PloS one vol. 10,5 e0126685. 29 May. 2015. :;;*: RT3h
RT24h

Cardona, Silvia et al. BMC microbiology vol. 12 158. 30 Jul. 2012. RTZW RT2w

15.10.2021. ML4MICROBIOME




PostScript
Letter

A widely used sampling device in colorectal cancer screening
programmes allows for large-scale microbiome studies 3

Pz, | mSystems

Dita Gudra’', Saeed Shoaie” 3, Davids Fridmanis’, Janis Klovins!, Hugo Wefer® 4, Ivars Silamikelis’, Raitis Peculis!, Ineta Kalnina', llze

Elbere’, lize Radovica-Spalvina', Rolf Hultcrantz?, Girts Skenders® 6, Marcis Leja® ¢, Lars Engstrand® *

PostScript
Letter

Preservation Methods Differ in Fecal , . , _ L o PDF
Microbiome Stability, Affecting High stability of faecal microbiome composition in guanidine
Suitability for Field Studies thiocyanate solution at room temperature and robustness during

colonoscopy 38

“'Se Jin Song,*® Amnon Amir,* Jessica L. Metcalf,** Katherine R. Amato,*

Zhenjiang Zech Xus Greg Humphrey;* ob Knight~ Yuichiro Nishimota?, 4
Shinichi Yachida®, Tal S( ‘ E N T‘ I: ‘ C R E PQRTS

RESEARCH ARTICLE

The Effect of Sampling and Storage on the Fecal Microbiota Sample storage conditions
Composition in Healthy and Diseased Subjects signiﬁcantly influence faecal

Danyta . Tedjo, Daisy M. A E. Jonkers, Paul H. Savelkoul, Ad A Masclee, Niels van Best, Marigke J. Pierik, John Penders =]

L ] L]
Published: May 29, 2015 « https://doi.org/10.1371fournal.pone 0126685 MICro blome proﬁles

Received: 2& July 2015
Accepted: 13 October 2015 - Jocelyn M Choo®”, Lex EX Leong™" & Geraint B Rogers'?

Published: 17 Movember 2015

15.10.2021. ML4MICROBIOME




DNA extraction

Various kits available, however, the first step is the key.




Cell degradation: Enzymatic vs Mechanistic

https://www.thermofisher.com
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Claassen, Shantelle et al. Journal of microbiological
methods vol. 94,2 (2013): 103-110.

Cell degradation: Enzymatic vs Mechanistic

Mostly — mechanistic method is used —
A - 3 B
. . 20000 y —2% i o 22-
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day 0

native

Omni

native

ffects of sample processing on study results

MO BIO MP QIA

11,9% 6 79, 191%  7,1%

17,3%

48,6% 24,8%

17,8%
10,3% 11,7%

30,1%

43,8%

13,4% 51%
20,7%

20,8%

13,4% 12,4% 12,4%
16,9% 21,5% 17,4%

42,3%

M Bacteroidaceae

B Lachnospiraceae

® Ruminococcaceae

M Prevotellaceae

® [Barnesiellaceae]

® Porphyromonadaceae

m Veillonellaceae

M Rikenellaceae

m Alcaligenaceae

m Bifidobacteriaceae

® [Odoribacteraceae]

m Coriobacteriaceae

m [Paraprevotellaceae]

m Clostridiaceae

' Erysipelotrichaceae
m Streptococcaceae
1 Christensenellaceae
' Pasteurellaceae

Desulfovibrionaceae
Peptostreptococcaceae
Other

-

\

Combination of
extraction kit,
preservation buffer,
and time.

J



https://www.nature.com/srep

Subject specifity can be
observed independently of

f

the workflow.

J

.

[
©
3o
g ®
S o
o v
o8 o
oc®
009
SO
S8 2
£379
a8 5
0= 3
2598
Q v »
o Y ©
a0a

o
e ©
S o
=} o
< D
= ©
L c
S @
® @
a8 =
<] 2z
ﬂ %]
- =
c i&
w (=)
=

()
@
(]
o
o
o
o
o
o
o
=
9
=
e
w

n
@
<
re3
o

“ Erysipelotrichaceae

® Porphyromonadaceae
® [Barnesiellaceae]

o Prevotellaceae

m Clostridiaceae
w [Paraprevotellaceae)

w Coriobacteriaceae
® [Odoribacteraceae)
m Bifidobacteriaceae
w Alcaligenaceae

® Rikenellaceae
® Ruminococcaceae

W Streptococcaceae
m Veillonellaceae

® Lachnospiraceae
W Bacteroidaceae

$I7IUWO VI
0 uwo v
$T 73U VIO
073eU YD
P IUWO N
0 1uwo di
pTIeU dN
073eU dA

vI uwo g
0 luwo g
v Ieu g
0 leu gN

D4

INg on study results

PT7IUWo VI
0 1uUwo™ v
$173eUT VIO
07 1eU"YID
PTuWo dN
0 1uWo™dW
PT3BU dN
073U dN

pT uwo g
0 luwo g
¥ eu g
0 1euT g

PTUWo VIO
0 luwo™ v
$173eU" VIO
07 3eu"viD
YT UWO dN
0 1UWo g
T IeUTdN
01U 4

pT IUWo g
0 luwo g
(A ']
0 eu g

YT uWwo Vo
0 1uUwWwo v
(2B T}
0 @AeuYID
PTUWO 4N
0 1uUWo g
PTIeUTdN
01U dINl

PI WO gIn
0 luwo g
A

0 eu g

Effects of sample process

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

basin

100%

YT uWo v
07 luwo Yo
T 3eu"ViD
073eU"YID
PTTIUWO N
0 uwo d
PT3eU dN
038U dN
$T WO g
0 luwo g
pTIeu" g
0 leuT g

$T7uWo Vo
0 luwo Vo
$173eUTVID
038U YID
pI IUWo diN
0 1uwWo™d
138U dN
073U d
pT uwo g
0 luwo g
¥ eu g
0 U g

YT uWo Vo
0 1uwo™ v
178U VIO
073eu VI
pTTIUWO dIN
0 1uwo™dW
I IBUTdN
073U d
PT uWwo N
0 luwo g
R T
0 eu g

¥T7uWo Vo
07 1uWo v
$171eU"VID
073eu"vIiD
PTUWO dIN
0 1uWo™d
PTIeUTdN
018U dIAl
yT uwo g
0 luwo g
A ]
0 U g


https://www.nature.com/srep

DNA processing
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Software and analysis

Sequencing Library construction
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=30240894

https://www.cifar.ca/cifarnews/2017/06/08/our-microbes-ourselves
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Stage of experiment:
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Data analysis >

Recommended practice:
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“
Wear deansuit; dean gloves; face mask
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Decontaminate working area befare use
Perform lab work in a controlled environment
(cabinet), physically isolated from post-PCR facilities
Use DMA extraction blank controls
vy
~

Wear deansuit; dean gloves; face mask

Decontaminate working area before use
Perform lab work in a controlled environment (cabinet)

Use no-template amplification controls

r
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Report taxa found in negative controls
Comparison of taxa found in controls to those
identified in biclogical samples
Use of subtractive filtering to remove contaminants
from biclogical samples [68—71]

Trends in Microbiology

Figure 2. Flowchart of Methods To Minimize the Influence of Contaminant DNA in Low Microbial Biomass

Samples. Measures to reduce experimental bias and the introduction of contaminant DMA, in low microbial biomass

microbiome studies.
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