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Mikrobiyota calismalarinin hedefi

* Tiplendirme
* Kantitasyon
e Aktivasyon
* Fonksiyon
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* Metagenom

* Metatranskriptom
* Metaproteomik

* Metabolomik




Who is there?

What are they doing?
Who is doing what?
How are they doing it?
How can this be used to benefit host health?

Salmonella enteritidis |
2016 Pseucomonas aeruginosa
Clostridium septicum |
Clostridium tetani |
Proteus mirabilis |
Clostridium perfringens
Lactobacillus sp.
Staphylococcus aureus
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Sequencing Klebsiella sp. |
Enterobacter sp.
Escherichia coli
Enterococcus faecalis
Bacteroides oralis |
Bacteroides fragilis |
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Barsak Mikrobiyotasi Filogenetik siniflandirmasi
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Barsak mikrobiyotasinda predominant bulunan bakteriler

Phyla Representative genera

Firmicutes (60-80%) — Ruminococcus

— Clostridium

— Lactobacillus

— Enterococcus
Bacteroidetes (20-30%) — Bacteroides

— Prevotella

— Xylanibacter
Actinobacteria (< 10%) — Bifidobacterium
Proteobacteria ((< 1%) — Escherichia

— Enterobacteriaceae

Munoz-Garach A, Diaz-Perdigones C, Tinahones FJ.
Microbiota y diabetes mellitus tipo 2. Endocrinol Nutr. 2016;63:560---568.
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Mikrobiyota konak lliskisi
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Credit: Cani PD / Gut 2018 (CC BY 4.0)
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Problemler......

* BUyuk verilerin Gretilmesi ve islenmesi
* Hastaliklarla iliskilendirilmesi icin kanitlanmasi

* Sadece populasyonun tanimlanmasi yeterli degil aktivitelerinin
gosterilmesi

e Standart saglikli populasyon yok
* Teknik avantajlar ve problemler
* Ornek alma, transport belirsiz
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1 gr diski= 100.000.000.000 bakteri
1 bakteri= 5.000.000 baz (1 milyon byte)

1 gr:10°10%=10 17=100.000.terabyte
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Mikrobiyota calismalarinda neden sonug iliskisi: Koch's
postulat

Identify Isolate, purify Intervene Detect/Re-isolate

& culture & ameliorate
nnnn

Current Opinion in Microbiology
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https://www.sciencedirect.com/topics/medicine-and-dentistry/kochs-postulates

Fekal mikrobiyota calismalari

* Ornek:

oDiski

olntestinal biyopsi
olntestinal mukozal lavaj

* Calisma ve kontrol gruplarindan 6rnek
alinmali

* Uygun sartlarda islenmeli ve saklanmali

28.04.2019 13



Fekal Orneklerin Hazirlanmasi

International Human Microbiome Standards Consorsium (IHM)

1- Hand washing is mandatory and essential
2- The fecal sample minimal volume must be at least the volume of a clementine
3- The maximal volume is determined by the volume of the plastic bag (i.) and white pot {(ii.)
4- The plastic bag (i.) must NEVER be closed
5- Close the pot [ii.) tightly with the plastic lid (iii.)
6- Stool samples should be kept at room temperature
7- Stool samples should be brought to the ‘laboratory’ within 4 h after collection for aliquoting
and storage at -80°C
(i.)*refers to the picture below cf. 8. Step by step procedure

o . 1] I
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International Human Microbiome Standards Consorsium (IHM)

/ H /l\lf = Projet SOPS Team Contact 7
N Ev—zy_m FRAMEWORK

ROGRAMME

Sample Collection and Handling — Decision Tree

Samples

Collection

Stool can be handled in
biology lab within 24h ?

/ \
Yes No
¥ X Or
Stool can be handled in biology lab Stool will be frozen and Stool will be collected in
within 4h ? shipped on dry-ice stabilizing solution
/ \
Yes No
X

¥

http://www.microbiome-standards.org
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Mikrobiyotanin ¢alismalarinda kullanilan yontemler

A. Kiltture Dayali Yontemler
B.Molekuler Yontemler
a. Sekans disi yontemler
|. Floresan insitu hibridizasyon flow sitometri
Il. Pulse field jel elektroforezi
lll: Denattrasyon gradient jel elektroforezi
IV. Isi gradient jel elekroforezi

b. Sekansa dayali yontemler
|. 16S rRNA ve hipervariable bolgelerin sekansi ( Hedefe odakli sekans)

Il. Tm genom sekansi (metagenom)

[1l.TGm RNA sekansi (meta_RNA transkriptom)
C. Kucuk metabolitlerin saptanmasina dayali yontemler

|. Gaz koromotografisi, Kitle spektrometrisi

l: Kitle spektrometrisine eslenmis kapiller elektroforez

Ill. NUkleer ve proton manyetik rezonans spektrometrisi

28.04.2019 17

IV. Infrared spektrometri



16s rRNA geni mikrobiyota calismalarinin hedeflerinden biridir

235
505 / Plus 32
\ proteins
55
w \
165 Plus 21 proteins
70S RNA
16S rRNA gene
1500 bp ’ Vi V2 3 V4 V5 V6 V7 V8 V9 ’
> —3
nnnn j Constant region D Hypervariable region
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Hipervariable bolgelerin ve kGtUiphanelerinin secimi

* 16S rRNA V3, V4 ve V6 bolgeleri
* V3-V4 veya V4-V5 bolgeleri en iyi taksonomik sonucg

* MUmkun oldugunca cok tur
* Ayirrm gucu yuksek
* Uretilen uzunluktaki sekanslari diisik maliyette okuma

28.04.2019
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KGtUuphanelerin hazirlanmasi ve sekanslama

A - DNA region of interest
3I
’ D g
3l
4 <€
= €

Forward Primer JoWld 9SJ9AY

Barcode
(Index)

——— Binding sites for lllumina sequencing primers

v
Index sequencing primer

> P5 adapter P7 adapter <

B Primer name Primer nucleotide sequence

V3F 5’-aatgatacggcgaccaccgagatct acactctttccctacacgacgetcttccgatct NNNNCCTACGGGAGGCAGCAG-3’

V3R 5’-caagcagaagacggcatacgagat XXXXX gtgactggagttcagacgtgtgctcttccgatct ATTACCGCGGCTGCTGG-3’
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Eslestirme

 Adaaptor ve primer sekanslari temizlenir
* Rve F okumalar birlestirilir
e 250-550 bp fragmentler

Overlap region

Forward Read 5 I :: >” 3
" Jﬂ‘ | rfs peay 95I9A3Y
SRS |
\é 3
Ava ntajla ri: Reconstructed sequence

obtained by merger of forward and reverse reads
 Daha uzun nukleotod ( i KNS )

* Dusuk kaliteli okumalar elenir
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16S rRNA Sekanslama
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Cluster
sequences
into
operational
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Masif paralel sekans

e Kucuk fragmentlar (150-300 bp)
e Buyuk veri

* Analiz kabusu
* Gelisen software teknolojisi

* configs

28.04.2019

KLIMIK

TURK KLINIK MIKROBIYOLOJIVE
INFEKSIYON HASTALIKLARI DERNEGI

KLIMIK DERNEGI MIKROBIYOM VE
BIYOLOJIK TEDAVILER GALISMA GRUBU

MIBITCG .




Kulanilan Teknolojiler

* [lumina
* Miseq (250-300 baz uzunlugu)
* Hiseq (150 baz uzunlugu) yuksek kapasiteli
* Novaseq
* Cogunlukla basarili

* Single molecule real time (SMRT) -16S rRNA n
* Yaygin degil -Pahall |

28.04.2019 23



Table 2 Popular Bicinformatics Tools Used for 165 rRNA Metagenome Analysis.

Purpose Tools URL
Trimming of primers and adapters Cutadapt https://github.comy marcelm,/ cutadapt
Sickle https://github.com/ najoshi/ sickle
cutPrimers https://github.com/aakechin/cutPrimers
AdaperRemoval https://github.com/MikkelSchubert/adapterremoval
Quality control NGS-QC ToolKit http:/ fwww.nipgr.res.in/ ngsqctool kit. htmil
Trimmomatic http:/ /www.usadellab.org/cms/ ?page=trimmomatic
clinQC https:// sourceforge.net/projects/clinge/
AfterQC https:// github.comy OpenGene/AfterQC
Merger of pairedend reads Pandaseq https://github.com/neufeld/ pandaseq
PEAR https://sco.h-its.org/ exelixis/web/software/pear/
FLASH https://ccbjhu.edu/software/FLASH/
MeET https://github.comy/ nisheth/MeFIT
16S-rRNA metagenome analysis pipelines QIME http:/ fgiime.org/
MOTHUR https://www.mothur.org/
MGRAST http:/ /metagenomics.anl.gov/
MICCA http:/ /micca.org/
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Alfa ve Beta Diversity

Beta Diversity Index : BDI(K,L)
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Diversity of the human microbiome is concordant among measures, unigue to
each individual, and strongly determined by microbial habitat.

a Within-sample alpha diversity c
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C Huttenhower et al. Nature 486, 207-214 (2012) doi:10.1038/nature11234
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Mycobiota

Prokaryotic rRNA operon

Veri Analizi
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ShotGun Metagenomik Sekans (MSS)

16S rRNA dsekans dezavantajlari

e Sinirli Siniflandirma Yapabilme

* Sadece bakteri tanimlayabiliyor
* Fonksiyonel analiz etkinligi sinirli

MSS

* Ornekteki tiim genomlari gérebilme
* Fonksiyonel analiz yapabilme

VT
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Carriage of microbial taxa varies while metabolic pathways
remain stable within a healthy population.

a Phyla

N Firmicutes
EN Actinobacteria
BN Bacteroidetes

Proteobacteria
BN Fusobactena
BN Tenericutes
BN Spirochaetes
N Cyanobacteria
s Verrucomicrobia
. TMT7

b Metabolic pathways

mmm Central carbohydrate metabolism

mmm Cofactor and vitamin biosynthesis

e Olgosaccharide and polyol transport system
| = Purine metabolism

, b S Bealdna oy ‘ ] BN Phosphate and amino acid transport system
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Anterior nares RC  Buccal mucosa  Supragingival plaque Tongue dorsum Stool Posterior fornix

C Huttenhower et al. Nature 486, 207-214 (2012) doi:10.1038/nature11234
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Tam Genom Sekans Calismalari

Actual
relative
abundance
=

Replication
origin

X
Dividing //:\\
bacterial m
population

Non-dividing
bacterial
population

Paired-end sequencing
—_—

Estimated
relative
abundance

Sample from microbial community

1]l
11

‘

Reference-based
classification

Unknown taxa may
not be detected

“Known"

= &:3 species
g{;j/‘ “Unknown”
species

Rare species

‘ DNA extraction

‘ DNA fragmentation

‘ Prepare library and sequence

‘ Quality control

‘

Metagenomic
assembly

Rare taxa may
not be detected

Unknown species can dominate
microbial communities (Nayfach
et al., 2016) and are not detected
by reference-based methods

DNA from the host (Ames et al.,

2015) or laboratory environment

(Salter et al., 2014) can contami-
nate a biological sample

Extraction efficiency varies between
taxa (Kennedy et al., 2014)

Dividing bacterial genomes have
higher and less even genomic
coverage (Korem et al., 2015)

Extracted DNA is fragmented

at breakpoints that preferentially
occur at certain di-nucleotides
(Poptsova et al., 2014)

Library preparation protocol
affects estimated community
composition (Jones et al., 2015)

Sequencing technologies have
different read lengths and error
rates (Quail et al., 2012)

Duplicate reads eliminated
Read-tails trimmed
Low-quality reads filtered
DNA contamination removed

Estimated
relative
abundance

Konak DNA kontaminasyonu
* Filtreleme
Yiksek Taksonomik ayirim glicli= Buyuk Data
* Biyoinformatik araclar
Tum mikroorganizmalarin tam genomlarinin
veri bankalarinda olmamasi
Cok buylk sekans=Pahall
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Comparison of 16S rRNA gene sequencing (16S), metagenomic shotgun sequencing (MSS), and

bacterial group quantitative polymerase chain reaction (QPCR).

Time Microbial Data Estimated
required for Potential : Method of Functional = Computing storage cost
: populations e ) : :
data PCR bias analvzed guantification  analysis  requirements (per (excluding
production y sample) labor)
$10-
Open-source $50/sample (if
Relative software that batched with
16S Days to weeks Yes Bacteria only No can berun on Megabytes
abundance alarge
desktop
number of
computers
samples)
Bioinformatic $200-
analysis is CPU $800/sample
Weeks to Bacteria, viruses, Relative intensive . (depending on
MSS months No fungi abundance ves (requiring Gigabytes depth of
computer coverage
clusters) desired)
[ ] N Al DI
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Metatranskriptomik Calismalar

Sample collection

Extraction protocol

A——7 DNA/RNA
extract DNA extract RNA 16S rRNA
Metatranscriptome
Active microbial community
Communlty genomic DNA Community total RNA
y Nt
MW AN
0N PN A WA 165 RNA
» AN analysis
NGS Sequencing

l rRNA removal

DNA sequence reads—l W

Shotgun analysis l

Metagenome = 1::4'05?:
Whole microbial community Y mRNA sequence reads

o e

Metatranscriptome |
Active microbial community and what are they doing

NGS Sequencing

NnnNnnNn

Similar microbiomes can express different functions

Dwinibw

oon of Taxa (nnd)

Perilipin2 XO mice fed a high fat diet exhibited
a similar microbiome as WT mice fed the same
diet....

P2 Migh Fat WT Migh Fat Acetolactate
synthatse
L .
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22416
however metabolic pathways are Isopropyimalate :
differentially expressed - host isomerase 42133
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A KLIMIK

TURK KLINiIK MIKROBIYOLOJi VE
INFEKSIYON HASTALIKLARI DERNEGI
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KLIMIK DERNEGI MIKROBIYOM VE
BIYOLOJIK TEDAVILER GALISMA GRUBU
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Sayin Katilimcilar
Calisma Grubumuzun Aktiviteleri icin
Latfen Hatta Kaliniz....
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