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Does exist the easy way how to
study the mlcroblume?

Petra Vide nska /
RECETOX, Masa;ryk University
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Culturable bacteria

Biochemical test

Isolation of
pure cultures

_ ¢ - .| Molecular
%{ N . | fingerprint
- # ., | Microscopy | methods




Uncultarable bacteria

Study of DNA - uncultered bacteria (>99,9%)

Millions to billions
sequences per sample
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Whole metagenomic sequencing
Metatranscriptomics
Metaproteomics

http://www.cbs.dtu.dk/researchgroups/metagenomics/metagenomics.php
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NGS
Next generation sequencing

First Generation Second Generation Third Generation
Shotgun Sequencing Massively Parallel Sequencing Single-molecule Sequencing

+ Number + Long reads
of sequences + Epigenetics
+ Price + Speed
+ Accurency + Single molecule

- Template - Price
amplification - Accurancy

- Short reads




Available platforms

e 454 (Roche)
e SOLID (Life Technologies)
* |llumina (lllumina)

* lon Torrent (Life Technologies) _

* PACBIO, Sequel System (Pacific
BioSciences)
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SBS sequencing technology
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., lllumina sequencing overview

The MiSeq sequences the DNA clusters using lllumina's Sequencing By Sythesis (SBS) Chemistry which
relies on Reversible Terminator Chemistry (RTC).

* All 4 labeled nucleotides in 1 reaction

* Higher accuracy
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Microbiome studies —

methological problems

* |[nconsistent approaches microbiome studies

* The composition of bacteria is influenced
— Sampling method
— Sample storage conditions
— DNA extraction
— Primers targeting different parts of 16S rRNA gene

— Bioinformatics analyses

nnnnnnnnnnn




Microbiome function

Immune system
stimulation

Brain development

Pathogen protection

Gut wall development

-Gut |
° \ ° ) y ¢ J
microbiome,

Innate imunity training

Food digestion

Fat storage

Vitamin biosynthesis (K, B)




Microbiome and health

Health
4 _ Ii)l(ternal . Homeosta5|s Internal host \
influences: properties
* Diet Age
* Prebiotics V2l 0 j i
* Probiotics AjcoRepee et
s Andiiot] Quantity: Stress
”n Ibiotics DiVersity Physiologic
L.r;eStS | Activity processes
|_! gs yle The anatomical
|V|pg structure and
\__environment i
physiology of the

digestive tract /

Cancer:

* Colorectal Gastrointestinal : Nerological
cancer diseases diseases:
* Breastcancer * Crohn disease «  Autism
* Inflammatory * Depression
Metabolic bowel syndrom e Alzheimer’s
diseases * Food allergy \_disease )
* Obesity * Celiacdisease
* Diabetes K




Our Study Design

Study design

Sampling kits DNA isolation kits gDNA quality Microbiome
tested tested check diversity
r ' ™y
5 S:Aa?f ([()){ITJA StTOI SK1_Qs DNAyield: ( Protocol: A
ini Kit (Qiagen
' “ £ —A | NanoDrop 165 rRNA library
o Powerlyzer PowerSoil g - 4 preparation
16 volunteers S DNA Isolation Kit (MoBio) J_*"-*> DNA purity: > <
o { NanoDrop | Sequencing:
(8]
= QlAamp DNA Stool 4 N MiSeq (lllumina)
= .
—> = g. Mini Kit (Qiagen) Sk2_as DNA quality: 2x 300 bp
Gel %
S - g
© Powerlyzer_ POW-'eFSOI| : SK2_PS electrophoresis Bioinformatic
_rgu DNA Isolation Kit (MoBio) Fragment analysis:
o | ; Analyser Qiime
= QlAamp DNA Stool = e \ Z \ y
Brief g Mini Kit (Qiagen) - ( PCR inhibitors ) Statistical analysis:
. . wv
questionnaire E Powerlyzer PowerSoll k3 S presence: { R3.3.2 )
= DNA Isolation Kit (MoBio) = L qPCR
‘ E-zo °C, athome / ( Human DNA
presence:
gPCR




DNA Extraction

PowerLyzer® PowerSoil® DNA Isolation Kit

Prepare Sample

Protein Precipitation

Inhibitor Removal Technology®

Bind DNA

Wash

Elute

- Add soil sample to Bead Tube
- Add Solution C1
I - Bead Beat or Vortex

[
|

Centrifuge

- Add Solution C2
- Incubate at 4°C

-

)

Centrifuge

e

- Add Solution C3
- Incubate at 4°C

Centrifuge

- Add Solution C4
- Load into Spin Filter

Centnluge

- Wash with Solution C5

C ey 7 W

L
| Centrifuge

- Elute with Solution C8

h *
5x diluted

v

Homogenized with 2.3 mm
zirconia beads

QIAamp DNA Stool Mini Procedure

‘L

T mm Homogenization
step with 0.1 mm

B\EP‘/ zirconia ber;lds
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SK1_PS

SK1_QS

5x diluted DNA in
extraction DNA

SK2_PS

Gel electrophoresis
SK2_QS SK3_PS SK3_QS

Power supply

Electrophoresis tank

%

DNA Quality (10 bp to 1500 bp)

Fragment analyzer

DNA Quality (1500 bp to 10000 bp)

DNA Quality (10000 bp to 40000 bp)
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PCR inhibitors
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100
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DNA
(E. coli)

gPCR - primers targeted
bacterial DNA (16S rDNA)
series of gDNA dilution
Calculated slope and
efficiency (= 10(-/slore) _1) of
the reaction

SK1_PS SK1_QS SK2_PS SK2_Qs SK3_PS SK3_Qs

* Sample groups x control DNA

Amplification over a broad dynamic range 0.0 melting curves
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Human DNA presence

Human DNA presence

< 2

% BB - oPCR - primers targeted
5 s bacterial DNA (16S rDNA)
; y and human DNA (protein

?g ) | kinase)

£ 3 Relative quantification —

S proportion of human DNA
E’j ° to bacterial DNA (24%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Subjects

— SK1_PS — SK2_PS — SK3_PS
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Library preparatio

Amplicon PCR (triplicates, after PCR pooled)

|
|

Overhange p

"y
Sy
€ Gene-specific sequence

Gene-specific sequem:e,q

%:94’ Overhange
Groupl Group2 Group3 Group9
InnerTagl InnerTagl InnerTagl InnerTagl
InnerTag2 InnerTag2 InnerTag2 InnerTag2
InnerTag3 InnerTag3 InnerTag3 InnerTag3
InnerTagl6 InnerTagl6 InnerTagl6 InnerTagl6

Gel electrophoresis, PCR Clean-up

Sample normalization (Fluorometrically),

pooling

i

Index Group
pooll

Index Group
pool2

Index Group
pool3

Index Group
pool9

Index PCR

&/
PS5 %,
P T,

e

)
>
£

P7

Gel electrophoresis, PCR Clean-up

Sample normalization (qPCR), pooling

Pooled 16S rRNA library

Check library (qPCR, Bioanalyzer)

Sequencing on MiSeq V3 chemistry, 2x300 bp
(8pM library, 20 % PhiX DNA)

SAAAAD2020713.1.1297 121.53.2_ 3037768

TGGGGAATAT

~ T TTRATACCTTTGCTCAT
ceaacT T66GCs

AxGCT

GACGAAGACTBACGC

SAAQLOI001287.5.1442 120.51.1_1130405

TARACTTCTATCC

axgTC TITGGATACT
ar

SAALOI006928.1,1434 113,62 2 2457824

ARRGCT TGACH

AGOGGAATTE

SAASGOI010287,435.1801 120.82.3_3908221

TeAAC) CTAACTCTOTGCCAGEAG
TGTAGGTCOCTTTITANG




Sequencing results

Number of sequences per
sample after QC

Number of sequences per
sample after QC

Average: 51594
Max.: 78 498
Min.: 30012
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Chao 1 richness estimation

Observed species
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Concentration
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Abundant bacteria

Statistically signifficant different bacteria

Veillongjaceae
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Gram positive bacteria

Bacterial composition
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PS (Powerlyzer PowerSoil QS (QlAamp DNA Stool

DNA isolation Kit) MINI Kit)
DNA yield J 11
DNA purity 14 B
DNA quality ZT ,l,
Presence of inhibitors .1, 1,
Presence of human DNA E 3T
Observed species 4T 4T
G+ bacteria isolation B J

*There is no statistical significant correlation between DNA yield and observed species

The effect of extraction kits increases with higher taxonomical level
I11Complication in comparison between different studies!!!
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